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A B S T R A C T

Background: Triptolide (TPL) is a potential anti-tumor natural compound. However, its role in nephroblastoma is
poorly studied. Herein, we aimed to reveal the regulatory effects of TPL on human nephroblastoma cells (G-401
and WiT49) as well as the regulatory mechanism in G-401 cells.
Methods: Effects of TPL on cell viability, migration and apoptosis of G-401 and WiT49 cells were measured by
CCK-8 assay, Boyden Chamber, and flow cytometry/Western blot analysis, respectively. Expression of miR-193b-
3p in TPL-treated G-401 and WiT49 cells was determined by RT-qPCR. Then, whether miR-193b-3p was the
downstream factor of TPL was studied. Alteration of KLF4 expression in TPL-treated cells and the relationship
between miR-193b-3p and KLF4 were assessed by Western blot analysis and luciferase reporter assay. Effects of
abnormally expressed KLF4 on G-401 cells were also assessed. Finally, the involvements of PI3K/AKT and ERK
pathways were measured by Western blot analysis.
Results: TPL reduced cell viability and migration while promoted apoptosis in G-401 and WiT49 cells. miR-193b-
3p level was up-regulated by TPL stimulation, and TPL might function through regulation of miR-193b-3p. KLF4
expression was down-regulated by TPL, and KLF4 was proven to be a target gene of miR-193b-3p. TPL mediated
the repressive roles in growth of nephroblastoma cells via KLF4 knockdown. Finally, we found phosphorylation
of PI3K, AKT and ERK was inhibited by TPL, possibly through miR-193b-3p-mediated regulation of KLF4.
Conclusion: TPL showed a tumor suppressive role in nephroblastoma cells via miR-193b-3p-mediated down-
regulation of KLF4, along with inhibition of the PI3K/AKT and ERK pathways.

1. Introduction

Nephroblastoma, also termed Wilms tumor, ranks the second among
the abdominal solid tumors in children (Richards et al., 2017). An-
nually, the incidence rate of nephroblastoma reaches 1/10000 among
children younger than 15 years worldwide, and 98% of those cases
occurred in children before the age of 10 years (Breslow et al., 1993;
Emerson et al., 2004). There are two treatment approaches available for
patients with nephroblastoma, including chemotherapy-resection-ad-
juvant therapy conducted by the Children's Oncology Group (COG) in
North America and immediate surgery conducted by the International
Society of Pediatric Oncology (SIOP) in Europe (D'Angio, 2008). After
treatments, the five-year survival rate has been improved to over 90%
currently (Hu et al., 2016b). However, tumor progression or recurrence
after treatments can be observed in 10–15% of patients, and 25% of the
survivors may live with serious chronic health conditions 25 years later

(Sarin and Raj, 2015; Tian et al., 2014). Therefore, innovative drugs for
treatment of nephroblastoma as well as the underlying mechanisms are
of utmost importance and highly warranted.

Triptolide (TPL), a highly oxygenated diterpene, is a key ingredient
from the Chinese herb Tripterygium wilfordii (Zhang et al., 2018). It has
been used in traditional Chinese medicine to treat autoimmune and
inflammatory diseases for centuries (Ziaei and Halaby, 2016). Recently,
more and more evidence has pointed out that TPL possesses an anti-
cancer property both in vitro and in vivo. For example, orthotopic
growth of lung cancer cells in rats was reduced by TPL, and prolifera-
tion, cell viability and self-renewal of lung cancer cells were suppressed
by TPL (Song et al., 2017). A previous study has shown that TPL can
decrease cell viability and promote apoptosis in liver cancer cells by
activating p53, a tumor suppressor gene (Sun et al., 2017). In addition,
TPL was proven to repress viability, migration and invasion of pituitary
adenoma cells with the involvements of the ADAM12/EGFR signaling
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cascade (Wang et al., 2018). However, the potential role of TPL in
nephroblastoma cells remains unclear, which needs more attention.

microRNAs (miRNAs/miRs) are non-coding RNAs with a length of
about 22 nucleotides. These single stranded RNAs are identified to be
deregulated in cancer cells and act as a tumor suppressor or an onco-
gene, affecting cancer malignancy (Li et al., 2016a). miR-193b-3p has
been proved as a tumor suppressor by targeting oncogenes in several
malignant tumors (Li et al., 2014; Okuda et al., 2013). In addition,
several studies described previously have attributed the anti-tumor ef-
fects of TPL to the downstream miRNAs, such as miR-21 (Li et al.,
2016b) and miR-181a (Jiang et al., 2018). Hence, the downstream
miRNAs might be a rational direction for the study of molecular me-
chanism underlying TPL. Kruppel-like factor (KLF4) has been reported
to be highly expressed in multiple cancer cells and exhibits accelerative
effects on the development of malignancies (Le Magnen et al., 2013;
Tetreault et al., 2010; Yu et al., 2011). Particularly, its modulatory
function is mediated by several miRs in the pathological progress of
cancers (Davis-Dusenbery et al., 2011; Okuda et al., 2013). However, it
is still incompletely understood whether the regulatory correlation
between miR-193-3p and KLF4 occurred in the nephroblastoma cells
under TPL-treated context.

Here, we analyzed the alteration of cell viability, migration and
apoptosis after TPL treatment in human nephroblastoma G-401 and
WiT49 cells. Additionally, miR-193b-3p was quantified in TPL-treated
G401 and WiT49 cells. To figure out the regulatory mechanism, the
correlation between TPL treatment and the target gene of miR-193b-3p
was studied in TPL-treated G-401 cells. In addition, the involvements of
the possibly associated signaling pathway were also investigated.

2. Materials and methods

2.1. Cell culture and treatment

The human malignant rhabdoid kidney tumor cell line, G-401
(ATCC® CRL-1441™), was obtained from American Type Culture
Collection (ATCC; Manassas, VA, USA). G-401 cells were maintained in
ATCC-formulated McCoy's 5a Medium Modified (ATCC) supplemented
with 10% fetal bovine serum (FBS; Hyclone, Little Chalfont, UK). For
cell growth, G-401 cells were subjected to a humidified incubator at
37 °C with 5% CO2, and the culture medium was renewed 2 to 3 times
per week. WiT49 cells were obtained from Jining No.1 People's
Hospital, which were cultured according to previously reported method
(Li et al., 2008). Briefly, WiT49 cells were cultured in Dulbecco's
modified Eagle medium (DMEM)/Ham's nutrient mixture F12 (1:1)
(Sigma-Aldrich, St. Louis, MO, USA), 10% FBS, 100 U/mL penicillin
(Sigma), and 100 μg/mL streptomycin (Sigma).

TPL, the purity of which was ≥98% (HPLC), was purchased from
(Sigma-Aldrich). TPL was dissolved in dimethyl sulfoxide (DMSO) to
generate a stock solution with a concentration of 10mM, and the stock
solution was stored at −20 °C. TPL was diluted from the stock solution
into FBS-free medium to 5, 10, 25 and 50 nM and applied to stimulate
cells for 72 h. The percentage of DMSO in the diluent was below 1%.

2.2. Cell transfection with miRNAs

miR-193b-3p inhibitor and its negative control (NC) were obtained
from GenePharma Co. (Shanghai, China). miR-193b-3p inhibitor was
transfected into G-401 cells for inhibition of miR-193b-3p using
Lipofectamine 3000 reagent (Thermo Fisher Scientific, Inc., Waltham,
MA, USA). Cell transfection was performed according to the manufac-
turer's protocol, and cells transfected with NC were acted as control.

2.3. Cell transfection with plasmids

Full-length KLF4 sequences and short-hairpin RNA directed against
KLF4 were cloned into the pEX-2 and pGPU6/Neo plasmids

(GenePharma), respectively. After sequencing, these reconstructed
plasmids were referred to as pEX-KLF4 and sh-KLF4, respectively. The
pGPU6/Neo plasmid carrying a non-targeting sequence was used as a
negative control of sh-KLF4, which was termed sh-NC. Empty pEX-2
plasmid was used as a negative control of pEX-KLF4. The plasmids
talked above were transfected into G-401 cells using the lipofectamine
3000 reagent, followed by selection in culture medium containing
0.5 mg/mL G418 (Sigma-Aldrich). Stably transfected cells were ob-
tained after approximately 4 weeks and then stimulated with TPL.

2.4. Measurement of cell viability in vitro

Cell viability was assessed by the cell counting kit-8 (CCK-8) assay.
In brief, approximately 5× 103 cells were seeded into each well of 96-
well plates. Then, cells were incubated at 37 °C overnight for attach-
ment. After treatments, 10 μL of CCK-8 reagent, provided by Dojindo
Molecular Technologies (Kumamoto, Japan), was added into each well,
and the 96-well plates were subjected into a humidified incubator for
another 1 h at 37 °C. The OD values at 450 nm were detected by using a
Microplate Reader (Bio-Rad, Hercules, CA, USA).

2.5. Measurement of apoptosis in vitro

Identification and detection of apoptotic cells were executed using
the Annexin V-FITC Apoptosis Detection Kit (Solarbio), as suggested by
the manufacturer. Cells (1× 106 cells/mL) were plated into 6-well
plates and incubated at 37 °C overnight for attachment. After treat-
ments, cells were harvested, washed with PBS, and resuspended in
binding buffer. Then, cells were stained with 5 μL Annexin V-FITC and
5 μL propidium iodide at room temperature in the dark. Apoptotic cells
were detected using a flow cytometer (BD FACSVerse; BD Biosciences,
San Jose, CA, USA), and percentage of apoptotic cells was assessed by
the Cell Quest software (Becton-Dickinson, San Jose, CA, USA).

2.6. Measurement of migration in vitro

Cell migration was evaluated by Boyden Chamber assay according
to previous method (Sun et al., 2016). In brief, after treatments, cells
suspended in 200 μL of FBS-free medium were seeded in the upper
chamber in 24-well plate with an 8 μm pore (Millipore, Temecula, CA,
USA). The lower chamber was filled with 800 μL of FBS-free complete
medium. After incubation at 37 °C for 12 h, cells were removed from the
upper chamber and fixed with 4% formalin for 25min. Then, cells in
five fields were counted under a microscope (Olympus, Center Valley,
PA, USA).

2.7. Luciferase reporter assay

The correlation between miR-193b-3p and KLF4 was studied in
HEK293 cells (ATCC). The 3′-untranslated region (3’UTR) of KLF4,
which carries a miR-193b-3p-binding site, was ligated into the down-
stream of luciferase gene in pMIR-REPORT vector (Ambion, Austin, TX,
USA) to generate Luc-KLF4-wt (KLF4-wt). In the meantime, the putative
miR-193b-3p-binding site in KLF4-wt was mutated by site-directed
mutagenesis, and the mutated plasmid was referred to as KLF4-mt.
HEK293 cells were co-transfected with miR-193b-3p mimic (scramble
miRNA, both synthesized by GenePharma) and KLF4-wt (KLF4-mt)
using Lipofectamine 3000 reagent. Luciferase activity was assessed at
48 h post-transfection using the dual-luciferase assay system (Promega),
as suggested by the manufacturer.

2.8. Reverse transcription-quantitative PCR (RT-qPCR)

After treatments, total RNAs of cells were extracted using a Qiagen
RNA isolation kit (RNeasy, Qiagen, Valencia, CA, USA) following the
manufacturer's instructions. The RNA pellet was suspended in RNase-
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free distilled water, followed by measurements of the purity and con-
centration. Then, with the help of the Taqman MicroRNA Reverse
Transcription Kit (Applied Biosystems, Foster City, CA, USA), 50 ng
RNA was reversely transcribed into cDNA according to the manufac-
turer's protocol. The Taqman Universal Master Mix II (Applied
Biosystems) was utilized for real-time PCR to quantify miR-193b-3p.
Amplification was performed on an ABI 7500 Real-Time PCR system
(Applied Biosystems) with the following cycling conditions: 95 °C for
10min, followed by 40 cycles of 95 °C for 15 s and 60 °C for 1min. The
relative expression of miR-193b-3p was calculated using the compara-
tive cycle threshold (Ct) method (2−ΔΔCt) (Livak and Schmittgen, 2001)
with U6 as the endogenous control to normalize the data.

2.9. Western blot analysis

After treatments, cells were harvested and lysed in RIPA buffer
(Beyotime, Shanghai, China). The protein extracts were centrifuged at
12000g for 15min, and the supernatant was loaded onto SDS-PAGE gels
after quantification of protein concentration using the BCA™ Protein
Assay Kit (Pierce, Appleton, WI, USA). After separation by SDS-PAGE,
proteins were transferred to nitrocellulose membranes. The membranes
were blocked with 5% bovine serum albumin (BSA) in Tris-buffered
saline, and were incubated with primary antibodies and HRP-con-
jugated secondary antibody (goat anti-rabbit, ab205718, Abcam,
Cambridge, UK), successively. Primary antibodies included antibodies
against cleaved caspase-3 (ab2302), cleaved caspase-9 (ab2324), Bcl-2
(ab32124), Bax (ab32503), Krüppel-like factor 4 (KLF4; ab106629),
total (t)-PI3K (ab191606), phospho (p)-PI3K (ab182651), t-ERK
(ab17942), p-ERK (ab214362), β-actin (ab8227, all Abcam), t-AKT
(#9272) or p-AKT (#9271, both Cell Signaling Technology, Beverly,
MA, USA). Finally, the protein bands were visualized using the en-
hanced chemiluminescence kit (Amersham Biosciences, Piscataway,
New Jersey, USA). The intensity of the bands was determined by
ImageJ software (National Institutes of Health, Bethesda, MA, USA).

2.10. Statistical analysis

Experiments were performed in triplicate with three repeats. The
results were presented as the mean ± standard deviation (SD). All data
were analyzed using Graphpad Prism 6 software (GraphPad, San Diego,
CA, USA). The statistical difference was assessed using the unpaired
two-tailed t-test or one-way analysis of variance (ANOVA). P value<
.05 was considered statistically significant.

3. Results

3.1. TPL inhibited cell viability and migration while promoted apoptosis in
G-401 and WiT49 cells

Effects of TPL on cell viability, migration and apoptosis were stu-
died. According to the results of CCK-8 assay, cell viability of G-401 and
WiT49 cells was significantly reduced by 10 nM TPL (P < .05), 25 nM
TPL (P < .01) and 50 nM TPL (P < .001, Fig. 1A and B). Cell viability
was reduced to a half when they were stimulated with 25 nM TPL;
hence, cells were stimulated with 25 nM TPL in subsequent experi-
ments. Similarly, cell migration was also markedly decreased by TPL
stimulation (P < .01, Fig. 1C and D). In Fig. 1E and G, percentage of
apoptotic cells in the TPL group was remarkably higher than that in the
Control group (P < .001). Western blot analysis in Fig. 1F and H
showed TPL observably induced expression of cleaved caspase-3 and
cleaved caspase-9, up-regulated Bax expression, and down-regulated
Bcl-2 expression. Results collectively illustrated that TPL could repress
cell viability and migration while promote apoptosis in G-401 and
WiT49 cells.

3.2. TPL up-regulated miR-193b-3p expression

Expression of miR-193b-3p after TPL stimulation was evaluated.
Fig. 2A and B showed levels of miR-193b-3p were notably elevated by
10 nM TPL (P < .05) and 25–50 nM TPL (both P < .01). Results illu-
strated that TPL could up-regulate miR-193b-3p expression in G-401
and WiT49 cells.

3.3. TPL affected G-401 cells through up-regulating miR-193b-3p
expression

Whether miR-193b-3p was a downstream factor of TPL was studied
subsequently. Results in Fig. 3A showed miR-193b-3p expression was
prominently down-regulated in cells transfected with miR-193b-3p in-
hibitor compared with the NC-transfected cells (P < .01), suggesting
that miR-193b-3p could be silenced successfully after cell transfection.
Notably, miR-193b-3p silence per se augmented cell viability (P< .05,
Fig. 3B) and migration behaviors (P< .05, Fig. 3C) as well as impeded
apoptosis at least in part (Fig. 3D-E) in comparision with its negative
control. Then, effects of miR-193b-3p inhibition on alterations induced
by TPL were further investigated. Results implied effects of TPL were
attenuated by miR-193b-3p inhibition relative to negative control, as
cell viability was significantly increased (P < .05, Fig. 3B), migration
was markedly enhanced (P < .05, Fig. 3C), apoptotic cells were no-
tably lowered (P < .05, Fig. 3D), expression of cleaved caspase-3,
cleaved caspase-9 and Bax was down-regulated, and expression of Bcl-2
was up-regulated (Fig. 3E), when compared to the TPL+NC group.
Results collectively proposed that TPL might affect G-401 cells via up-
regulation of miR-193b-3p.

3.4. KLF4 was a target of miR-193b-3p

Next, the possible target gene of miR-193b-3p was explored.
Western blot analysis in Fig. 4A–B showed KLF4 protein expression was
markedly down-regulated by 25–50 nM TPL (both P < .01), presenting
an inverse trend after TPL stimulation compared with miR-193b-3p.
Results in Fig. 4C–D showed KLF4 protein level in cells transfected with
miR-193b-3p inhibitor was prominently higher than that in NC-trans-
fected cells (P < .01), suggesting a negative correlation between miR-
193b-3p and KLF4 expression. In Fig. 4E, luciferase activity was sig-
nificantly reduced by miR-193b-3p mimic in cells transfected with
KLF4-wt (P < .05), while the effects of miR-193b-3p mimic on luci-
ferase activity were non-significant in cells transfected with KLF4-mt.
Results collectively supported that KLF4 was a target of miR-193b-3p.

3.5. Effects of KLF4 knockdown on G-401 cells were consistent with that of
TPL

Effects of abnormally expressed KLF4 on cell viability, migration
and apoptosis were studied to illustrate whether the alteration of KLF4
was an explanation for the effects of TPL on G-401 cells. In Fig. 5A,
KLF4 protein levels in cells transfected with pEX-KLF4 were notably
higher than that in pEX-2-transfected cells (P < .01). Meanwhile, KLF4
protein levels in cells transfected with sh-KLF4 were significantly lower
than that in sh-NC-transfected cells (P < .01). Results illustrated that
stable transfection with recombined plasmid could alter expression
level of KLF4 successfully. Afterwards, we found KLF4 overexpression
could effectively increase cell viability (P < .05, Fig. 5B) and migra-
tion (P < .01, Fig. 5C), whereas KLF4 knockdown showed the opposite
effects on viability and migration (both P < .05). Furthermore, we
verified that the repressive functions of TPL on cell viability and mi-
gration were distinctly suppressed in G-401 cells transfected with pEX-
KLF4 (P < .05 or P < .01, Fig. 5B and C). Results showed non-sig-
nificant effects of KLF4 overexpression on apoptotic cells (Fig. 5D) and
expression of apoptosis-associated proteins (Fig. 5E). However, KLF4
knockdown could dramatically elevate percentage of apoptotic cells
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(P < .001), and effects of KLF4 knockdown on expression of apoptosis-
associated proteins were consistent with that on apoptotic cells. In
addition, the pro-apoptotic function of TPL was abolished in G-401 cells
which were transfected with pEX-KLF4 (P < .05 or P < .001, Fig. 5D
and E). Results talked above demonstrated that TPL exhibited an in-
hibitory effect on the growth of nephroblastoma cells via down-reg-
ulating KLF4.

3.6. TPL inhibited the PI3K/AKT and ERK pathways via miR-193b-3p-
mediated regulation of KLF4

Effects of TPL on signaling cascades were finally studied. Results in
Fig. 6A showed phosphorylation levels of PI3K, AKT and ERK were all

prominently reduced by TPL stimulation relative to the control group
(all P < .05). Those reductions could be markedly reversed by miR-
193b-3p inhibition (all P < .05), suggesting that TPL might inhibit the
PI3K/AKT and ERK pathways via regulation of miR-193b-3p. Results in
Fig. 6B showed phosphorylation levels of PI3K, AKT and ERK were
significantly enhanced by KLF4 overexpression (P < .05 or P < .01)
while were markedly reduced by KLF4 knockdown (all P < .05). Col-
lectively, we concluded that TPL might inhibit the PI3K/AKT and ERK
pathways through miR-193b-3p-mediated regulation of KLF4 in G-401
cells.

Fig. 1. Triptolide (TPL) reduced cell viability and
migration while promoted apoptosis in G-401 and
WiT49 cells. G-401 and WiT49 cells were stimulated
with 0, 5, 10, 25 or 50 nM TPL, and cells treated with
0 nM TPL were acted as control. (A, B) Cell viability
of G-401 and WiT49 cells was determined by CCK-8
assay, showing that TPL reduced cell viability. G-401
and WiT49 cells were stimulated with 25 nM TPL,
and untreated cells were acted as control. (C, D)
Relative cell migration of G-401 and WiT49 was
evaluated by Boyden Chamber, showing that TPL
repressed cell migration. (E, G) Percentage of apop-
totic G-401 and WiT49 cells was analyzed by flow
cytometry assay, showing that TPL promoted apop-
tosis. (F, H) Expression of apoptosis-associated pro-
teins was measured by Western blot, showing that
TPL promoted apoptosis of G-401 and WiT49 cells.
Data are presented as the mean ± SD of three in-
dependent experiments. *, P < .05; **, P < .01;
***, P < .001.
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4. Discussion

Nephroblastoma is the most common malignancy in the kidney of
children, along with high cure rates. However, the relapse after treat-
ments may lead to dismal outcome (Sarin and Raj, 2015). Herein, we
found TPL might be a potential drug for treatment of nephroblastoma as
it could repress cell viability and migration while promote apoptosis of

G-401 and WiT49 cells. We further proposed that TPL affected G-401
and WiT49 cells through up-regulating miR-193b-3p expression. In
addition, the miR-193b-3p-induced down-regulation of KLF4 was
proven to be an explanation for the effects of TPL on G-401 cells. Fi-
nally, we found TPL could inhibit the PI3K/AKT and ERK pathways
through miR-193b-3p-mediated regulation of KLF4.

Uncontrolled growth and spread of cells are chief concerns of cancer

Fig. 2. Triptolide (TPL) up-regulated miR-193b-3p expression in G-401 and WiT49 cells. (A) G-401 cells and (B) WiT49 cells were stimulated with 0, 10, 25 or 50 nM
TPL, and cells treated with 0 nM TPL were acted as control. Expression of miR-193b-3p was determined by RT-qPCR, showing that TPL elevated miR-193b-3p levels.
Data are presented as the mean ± SD of three independent experiments. *, P < .05; **, P < .01.

Fig. 3. Triptolide (TPL) affected G-401 cells through up-regulating miR-193b-3p. G-401 cells were transfected with miR-193b-3p inhibitor or its negative control
(NC). (A) Expression of miR-193b-3p was determined by RT-qPCR, showing that miR-193b-3p was successfully silenced after cell transfection. G-401 cells (trans-
fected or untransfected) were stimulated with 25 nM TPL, and untreated cells were acted as control. (B) Cell viability was assessed by CCK-8 assay, showing that miR-
193b-3p inhibition abolished the inhibitory effects of TPL on cell viability. (C) Relative cell migration was evaluated by Boyden Chamber, showing that miR-193b-3p
inhibition promoted cell migration which was retarded by TPL. (D) Percentage of apoptotic cells was analyzed by flow cytometry assay, showing miR-193b-3p
inhibition repressed apoptosis which was promoted by TPL. (E) Expression of apoptosis-associated proteins was measured by Western blot, showing miR-193b-3p
inhibition repressed apoptosis which was induced by TPL. Data are presented as the mean ± SD of three independent experiments. *, P < .05; **, P < .01; ***,
P < .001.
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(Prabhu et al., 2015). There is overwhelming evidence that TPL shows
pleiotropic anti-tumor activities in cancer cells through repressing cell
growth and promoting migration. Hu et al. have reported that TPL
significantly suppresses cell viability and induces apoptosis of human
ovarian carcinoma-derived COC1/DDP cells (Hu et al., 2016a). Li et al.
have proposed that TPL represses growth of human breast cancer MCF-
7 cells both in vitro and in vivo (Li et al., 2015). Reno et al. have also
implied that migration, invasion and metastasis of lung cancer cells are
suppressed by TPL (Reno et al., 2015). In our study, we firstly studied
the effects of TPL on G-401 and WiT49 cells focusing on the alteration
of cell viability, migration and apoptosis. Results showed an inhibitory
effect of TPL on viability and migration of G-401 and WiT49 cells and a
promoting effect of TPL on apoptosis of G-401 and WiT49 cells, which
was consistent with that reported in literatures described above. A
previous study has proven that the caspase-3-dependent apoptosis is
activated by TPL (Guan et al., 2017). Similarly, in our study, up-reg-
ulation of Bax, down-regulation of Bcl-2, and activation of caspase-9
and caspase-3 were observed in TPL-treated cells.

A growing body of research has focused on the contribution of miR-
193b-3p in cancer cells. miR-193b-3p promoted cell proliferation in
glioma cells (Zhong et al., 2014) and drove tumor progression in head
and neck squamous cell carcinomas (Lenarduzzi et al., 2013). Con-
versely, miR-193b-3p possessed an anti-tumor activity in ovarian
cancer cells (Zhang et al., 2017) and hepatocellular carcinoma cells (Xu
et al., 2010). Since the regulatory mechanism of TPL in cancer cells is
proven to be associated with miRNAs, therefore, we focused on the
correlation between miR-193b-3p and TPL stimulation in subsequent
experiments. Accordingly, the up-regulation of miR-193b-3p in TPL-
treated cells suggested a possible involvement of miR-193b-3p on TPL-
associated modulation both in G-401 and WiT49 cells. In addition, we
also found TPL-induced alterations of cell viability, migration and
apoptosis were effectively attenuated by miR-193b-3p inhibition. That

is to say, up-regulation of miR-193b-3p after TPL stimulation might be a
reason for the effects of TPL on G-401 cells.

KLF4 is related to both tumor suppression and oncogenesis. The
repression of p53 expression by acting on the promoter of p53 is re-
ported to be an oncogenic mechanism of KLF4 (Rowland et al., 2005).
The tumor suppressive effects of TPL on other cancer cells are widely
attributed to the association with p53 (Sun et al., 2017; Wang et al.,
2014). Therefore, we hypothesized there might be a correlation be-
tween TPL and KLF4 expression. Results in our study proved the hy-
pothesis and illustrated that TPL could down-regulate KLF4 expression.
Commonly, miRNAs participate in multiple biological processes
through base pairing to the 3’UTR of the target mRNA, resulting in
degradation of mRNA and inhibition of translation (Guo et al., 2010).
Several genes have been proven to be the target gene of miR-193b-3p in
previous literatures, such as p21-activated kinase 3 (Zhang et al., 2017)
and MYB oncogene (Mets et al., 2015). Hence, we speculated that there
might be a relationship between miR-193b-3p and KLF4. Subsequent
experiments in our study elucidated that KLF4 was a target gene of miR-
193b-3p, and KLF4 knockdown acted a tumor suppressive role in G-401
cells, which was consistent with TPL stimulation.

Previous studies have reported that several molecular pathways are
involved in the TPL-associated modulation in cancer cells. Activation of
AKT, the downstream factor of PI3K, is inhibited by TPL in human
breast cancer cells (Xiong et al., 2016). The phosphorylation levels of
AKT and ERK are both decreased by TPL in human lung cancer cells
(Song et al., 2017). Consistent with studies described above, these two
pathways in our study were both inhibited by TPL stimulation. More
experiments also illustrated that miR-193b-3p-mediated down-regula-
tion of KLF4 might be an explanation for the inhibition of these two
signaling pathways.

Fig. 4. KLF4 was a target gene of triptolide (TPL). G-401 cells were stimulated with 0, 10, 25 or 50 nM TPL, and cells treated with 0 nM TPL were acted as control. (A-
B) Protein expression of KLF4 was measured by Western blot analysis, showing that TPL down-regulated KLF4 expression. G-401 cells were transfected with miR-
193b inhibitor or its negative control (NC). (C-D) Protein expression of KLF4 was measured by Western blot analysis, showing that miR-193b-3p inhibition up-
regulated KLF4 expression (E) Relative luciferase activity was analyzed by luciferase reporter assay, showing a direct targeting between miR-193b-3p and KLF4
3’UTR. Data are presented as the mean ± SD of three independent experiments. *, P < .05; **, P < .01.
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5. Conclusions

We reported for the first time that TPL acted as a tumor suppressor
in G-401 and WiT49 cells through inhibiting cell viability and migra-
tion while promoting apoptosis. TPL could up-regulate miR-193b-3p,
and miR-193b-3p-induced down-regulation of KLF4 might be a reason
for the tumor suppressive role of TPL. We also identified that TPL in-
hibited the PI3K/AKT and ERK pathways via miR-193b-3p-mediated
regulation of KLF4. This study showed an innovative regulatory me-
chanism of TPL in cancer cells, assisting in application of TPL as a
therapeutic drug of nephroblastoma. More evidence from animal ex-
periments is needed to support the conclusion.
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Fig. 5. KLF4 knockdown reduced cell viability and migration while promoted apoptosis in G-401 cells. G-401 cells were transfected with pEX-2, pEX-KLF4, sh-NC or
sh-KLF4, and untreated cells were acted as control. (A) Protein expression of KLF4 was measured by Western blot analysis, showing that KLF4 expression was
abnormally expressed after cell transfection. (B) Cell viability was assessed by CCK-8 assay, showing that TPL reduced cell viability via KLF4 knockdown. (C) Relative
cell migration was evaluated by Boyden Chamber, showing that TPL repressed cell migration via KLF4 knockdown. (D) Percentage of apoptotic cells was analyzed by
flow cytometry assay, showing that TPL promoted apoptosis via KLF4 knockdown. (E) Expression of apoptosis-associated proteins was measured by Western blot
analysis, showing that TPL promoted apoptosis via KLF4 knockdown. Data are presented as the mean ± SD of three independent experiments. *, P < .05; **,
P < .01; ***, P < .001.

Fig. 6. Triptolide (TPL) inhibited the PI3K/AKT and ERK pathways via a miR-193b-3p-mediated regulation of KLF4 in G-401 cells. G-401 cells (transfected or
untransfected) were stimulated with 25 nM TPL, and untreated cells were acted as control. (A) Protein expression of key kinases in the PI3K/AKT and ERK pathways
was measured by Western blot analysis, showing that TPL inhibited the PI3K/AKT and ERK pathways via up-regulating miR-193b-3p. G-401 cells were transfected
with pEX-2, pEX-KLF4, sh-NC or sh-KLF4, and untreated cells were acted as control. (B) Protein expression of key kinases in the PI3K/AKT and ERK pathways was
measured by Western blot analysis, showing that the PI3K/AKT and ERK pathways were activated by KLF4 overexpression while were inhibited by KLF4 knockdown.
Data are presented as the mean ± SD of three independent experiments. *, P < .05; **, P < .01.
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