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Neuroblastoma is the primary cause of cancer-related death for children 1 to 5 years of age. New therapeutic 
strategies and medicines are urgently needed. This study aimed to investigate the effects of triptolide (TPL), 
the major active component purified from Tripterygium wilfordii Hook F, on neuroblastoma SH-SY5Y cell 
proliferation, migration, and apoptosis, as well as underlying potential mechanisms. We found that TPL inhib-
ited SH-SY5Y cell viability, proliferation, and migration, but induced cell apoptosis. The expression of matrix 
metalloproteinase-2 (MMP-2) and MMP-9 after TPL treatment in SH-SY5Y cells was decreased. The expres-
sion of microRNA-181a (miR-181a) was upregulated after TPL treatment. Moreover, suppression of miR-181a 
reversed the effects of TPL on SH-SY5Y cell proliferation, apoptosis, and migration. Overexpression of miR-
181a enhanced the TPL-induced activation of p38 mitogen-activated protein kinase (p38MAPK) and nuclear 
factor k light chain enhancer of activated B cells (NF-kB) pathways. In conclusion, our research verified that 
TPL inhibited the proliferation and migration of human neuroblastoma SH-SY5Y cells by upregulating the 
expression of miR-181a.
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INTRODUCTION

Neuroblastoma, a type of postganglionic sympathetic 
tumor, is the primary cause of cancer-related death for  
children between 1 and 5 years old1,2. The clinical symp-
toms of neuroblastoma are highly variable and dependent 
on several factors such as age of presentation, stage, ploidy, 
and genomic abnormalities3,4. Epidemiological data sug-
gest that the incidence of neuroblastoma has remarkably 
increased in recent decades2,5. Surgical resection, chemo-
therapy, and radiotherapy only temporarily improve the 
clinical symptoms of neuroblastoma, but cannot inhibit 
neuroblastoma recurrence and metastasis completely6,7. 
Identifying new therapeutic strategies and medicines for  
the treatment of neuroblastoma is urgently needed.

Plant-derived medicines have attracted attention all  
over the world because of their potential safety, effi-
ciency, and minimal side effects in cancer therapy8,9. 
Triptolide (TPL), a diterpenoid triexpoxide, is the major 
active component purified from Tripterygium wilfordii 
Hook F, which has been demonstrated to possess wide 

bioactivities such as anti-inflammatory10, antioxidative11, 
antirheumatoid12, and antitumor13,14. Zhu et al. demon-
strated that TPL inhibited the angiogenesis of anaplastic 
thyroid carcinoma by targeting vascular endothelial and 
tumor cells15. The experimental study from Huang et al. 
indicated that TPL suppressed the proliferation of prostate 
cancer cells by downregulating the expression of small 
ubiquitin-like modifier 1 (SUMO)-specific protease 116. 
In terms of neuroblastoma, Yan et al. demonstrated that 
TPL inhibited the cell proliferation and tumorigenesis of 
human neuroblastoma17. Krosch et al. reported that the 
nuclear factor k light chain enhancer of activated B cell 
(NF-kB) signaling pathway was involved in the TPL- 
induced neuroblastoma cell apoptosis and autophagy18.

MicroRNAs (miRNAs) are small single-stranded 
RNAs in eukaryotic cells that participate in the regula-
tion of cell proliferation, differentiation, and apoptosis by 
modulating the gene expression at the posttranscriptional 
level19. miRNA-181a (miR-181a) has been found to show 
tumor-suppressive effects against oral squamous cell 
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carcinoma20 and gastric cancer HGC-27 cells21, while pre-
senting tumor-promotable effects in ovarian cancer22 and 
colorectal cancer23. Cheng et al. reported that miR-181a 
suppressed parkin-mediated mitophagy and sensitized 
neuroblastoma cells to mitochondrial uncoupler-induced 
apoptosis24. More research is needed to further explore 
the effects of miR-181a on neuroblastoma cell apoptosis 
as well as the roles of miR-181a in TPL-induced neuro-
blastoma cell apoptosis.

Therefore, in the present study, we utilized the human 
neuroblastoma cell line SH-SY5Y to further validate the 
antitumor effects of TPL and to explore the effects of  
miR-181a on TPL-induced neuroblastoma cell prolif-
eration inhibition and apoptosis. These findings will be 
helpful for understanding the critical roles of miR-181a 
in neuroblastoma cell proliferation and apoptosis and 
provide new therapeutic medicine for neuroblastoma 
therapy.

MATERIALS AND METHODS

Cell Culture

Human neuroblastoma SH-SY5Y cells were obtained 
from Stem Cell Bank, Chinese Academy of Science 
(Shanghai, P.R. China). Cells were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM; Gibco, Life Tech-
nologies, Carlsbad, CA, USA) containing 10% fetal 
bovine serum (FBS; Gibco, Life Technologies), 100 U/ml 
penicillin–100 µg/ml streptomycin solutions (Hyclone, 
Logan, UT, USA), and 1 mM L-glutamine (Sigma-Aldrich,  
St. Louis, MO, USA). Cultures were maintained in a 
humidity incubator (Thermo Fisher Scientific, Waltham, 
MA, USA) at 37°C with 5% CO2.

Preparation of TPL Solution

TPL was purchased from Sigma-Aldrich (T3652) and 
dissolved in dimethyl sulfoxide (DMSO; Sigma-Aldrich) 
to a storage concentration of 50 mM. TPL solution was 
sterilized through a 0.22-µm filter (Millipore, Bedford, 
MA, USA) and stored at −20°C according to the manu-
facturer’s instruction. Serum-free DMEM was used to 
dilute TPL to 10, 20, or 50 nM before the experiments. 
The chemical structure of TPL is shown in Figure 1.

Evaluation of Cell Viability

Cell counting kit-8 (CCK-8; Beyotime Biotechnology, 
Shanghai, P.R. China) assay was performed to evalu-
ate the viability of SH-SY5Y cells after different con-
centrations of TPL treatment. Briefly, 1 ́  104 SH-SY5Y 
cells per well were seeded into a 96-well plate (Corning 
Incorporated, New York, NY, USA) and exposed to 10, 
20, or 50 nM TPL treatment for 24 h. The CCK-8 solu-
tion (10 µl) was added to the culture medium of each 
well. After that, the cell plate was incubated in humidity 

incubator for 1 h at 37°C, and the absorbance of each well 
at 450 nm was recorded using a microplate reader (Bio-
Tek, Winooski, VT, USA). Cell viability (%) was calcu-
lated as follows: average absorbance of TPL treatment  
group/average absorbance of DMSO group ́  100%.

Determination of Cell Proliferation

Cell proliferation was determined using a 5-bromo-
2¢-deoxyuridine (BrdU) incorporation assay kit (Sigma-
Aldrich) following the manufacturer’s instructions. 
Briefly, 3 ́  104 SH-SY5Y cells per well were seeded into 
24-well plates. BrdU solution was added into each well 
before 20 nM TPL treatment. After culturing for 24 h,  
the number of BrdU+ cells of each group was counted, 
which was proportional to cell proliferation.

Analysis of Cell Apoptosis

Fluorescein isothiocynate (FITC)-conjugated annexin 
V and propidium iodide (PI) staining was performed to 
analyze the apoptosis of SH-SY5Y cells after relevant 
treatment. Briefly, 3 ́  104 SH-SY5Y cells per well were 
seeded into 24-well plates and exposed to a different 
treatment for 24 h. The adherent and floating cells were 
both harvested and washed with phosphate-buffered 
saline (PBS) twice. Then the cells were diluted in 100 µl 
and incubated with 100 µl FITC-Annexin-V/ PI detection 
kit buffer (Yeasen, Shanghai, P.R. China) for 20 min at  
37°C in the dark. Cell apoptosis was quantified using 
Guava easyCyte 8HT (Millipore) in line with the manu-
facturer’s protocol.

Assessment of Cell Migration

Migration of SH-SY5Y cells was assessed using a 
two-chamber Transwell assay with a pore size of 8 mm. 
Briefly, 3 ́  104 SH-SY5Y cells per well were seeded into 
24-well plates and exposed to a different treatment for  
24 h. Adherent cells were harvested and washed with PBS 
three times. Then 1 ́  104 SH-SY5Y cells of each sample 
were resuspended in 200 µl of serum-free DMEM and 
added into the upper chamber. Complete DMEM (600 µl) 
was added into the lower chamber. After incubation at 

Figure 1. Chemical structure of triptolide (TPL).
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37°C for 48 h, cells were immediately fixed with metha-
nol. Nontraversed cells in the upper chamber were care-
fully removed using a cotton swab, and traversed cells 
in the lower chamber were counted under a microscope 
(Nikon, Japan). Relative migration (%) was calculated as 
follows: number of traversed cells in the treated group/
number of traversed cells in the DMSO group ́  100%.

Quantitative Reverse Transcription PCR (qRT-PCR)

Total RNA in SH-SY5Y cells was isolated using 
TRIzol™ Plus RNA Purification Kit (Invitrogen, Carls-
bad, CA, USA) according to the manufacturer’s in-
struction. Single-stranded cDNA was synthesized using  
SuperScript™ IV First-Strand Synthesis System (Invitro-
gen). For the detection of the expression of miR-181a,  
SuperScript™ III Platinum™ One-Step qRT-PCR kit  
(Invitrogen) was used following the manufacturer’s  
instruction. The primers for miR-181a were 5¢-GCT 
GGCAACATTCAACGCTGTC-3¢ (forward) and 5¢-GT 
GCAGGGTCCGAGGT-3¢ (reverse). U6 small nuclear 
RNA was used as an internal control. The primers for 
U6 were 5¢-ATTGGAACGATACAGAGAAGAT-3¢ (for-
ward) and 5¢-GGAACGCTTCACGAATTT-3¢ (reverse). 
Data were calculated using the 2−DDCt method25.

Cell Transfection

The sequences of miR-181a inhibitor, miR-181a 
mimic, and their negative controls (NC, Scramble) were 
synthesized by GenePharma (Shanghai, P.R. China). 
Cell transfection was performed using Lipofectamine 
3000 reagent (Invitrogen) in line with the manufacturer’s 
instruction. The transfection efficiency was verified using 
qRT-PCR.

Western Blotting

Total protein in SH-SY5Y cells after different treat-
ments was isolated using RIPA lysis and extraction buffer 
(Thermo Fisher Scientific) according to the manufac-
turer’s protocol. The concentrations of proteins were 
quantified using BCA™ Protein Assay Kit (Thermo 
Fisher Scientific). Western blotting system was estab-
lished using the Bio-Rad Bis-Tris Gel System (Bio-
Rad Laboratories, Hercules, CA, USA) in line with the 
manufacturer’s instruction and performed as previously 
described26. Equal concentrations of proteins were electro-
phoresed and transferred onto nitrocellulose membranes 
(Millipore), which were incubated with relevant antibod-
ies. All primary antibodies used in this study were pur-
chased from Abcam Biotechnology (Cambridge, MA, 

Figure 2. TPL inhibited proliferation and induced apoptosis of SH-SY5Y cells. (A) Viabilities of SH-SY5Y cells after 10, 20, or 
50 nM TPL treatments were measured using cell counting kit-8 (CCK-8) assay. (B) Proliferation of SH-SY5Y cells after 20 nM TPL 
treatment was detected using 5-bromo-2¢-deoxyuridine (BrdU) incorporation assay. (C) Fluorescein isothiocynate (FITC)-conjugated 
annexin V and propidium iodide (PI) staining was used to determine the SH-SY5Y cell apoptosis after 20 nM TPL treatment. (D) The 
expressions of caspase 3 and caspase 9 in SH-SY5Y cells after 20 nM TPL treatment were analyzed using Western blotting. Data are 
presented as the mean ± standard deviation (SD). DMSO, dimethyl sulfoxide. *p < 0.05, **p < 0.01, ***p < 0.001.
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USA): anti-caspase 3 antibody (ab13585), anti-caspase  
9 antibody (ab32539), anti-matrix metalloproteinase-2 
(MMP-2) antibody (ab97779), anti-MMP-9 antibody 
(ab137867), anti-total (t)-p38MAPK antibody (ab27986), 
anti-phosphorylated (p)-p38-mitogen-activated protein  
kinase (MAPK) antibody (ab178867), anti-t-NF-kB sub-
unit 1 (p65) antibody (ab32536), anti-p-p65 antibody 
(ab86299), anti-t-inhibitor of NF-kB-a (IkBa) antibody 
(ab32518), anti-p-IkBa antibody (ab133462), and anti-
b-actin antibody (ab8227). Subsequently, the membranes 
were incubated with secondary antibodies {goat anti-rabbit 
(or anti-mouse) IgG H&L [horseradish peroxidase (HRP); 
ab205718 or ab205719; Abcam]} for 1 h at room temper-
ature, followed by adding 200 µl of Immobilon Western 
Chemiluminescent HRP Subs trate (Millipore) to the sur-
face of membranes. The protein signals were recorded 
using the Bio-Rad ChemiDoc™ XRS system (Bio-Rad 
Labo ratories). The protein expression was quantified 
using Image Lab™ Software (Bio-Rad Laboratories)27.

Statistical Analysis

All experiments in this study were repeated at least 
three times. Results of multiple experiments were pre-
sented as the mean ± standard deviation (SD). GraphPad 
6.0 software (GraphPad, San Diego, CA, USA) was used 
for statistical analysis. The p values were calculated using 
one-way analysis of variance (ANOVA) or Student’s 
t-test. A value of p < 0.05 was considered statistically 
significant.

RESULTS

TPL Inhibited Proliferation and Induced  
Apoptosis of SH-SY5Y Cells

The effects of TPL on SH-SY5Y cell viability, prolif-
eration, and apoptosis were detected using CCK-8 assay, 
BrdU incorporation assay, and FITC-annexin V/PI stain-
ing, respectively. As presented in Figure 2A, 10, 20, or  
50 nM TPL treatments significantly inhibited the viabil-
ity of the SH-SY5Y cells in a dose-dependent manner 
(p < 0.05, p < 0.01, or p < 0.001). Considering that the IC50 
value was calculated as 20.16 nM, 20 nM TPL was selected 
for further experiments. Figure 2B shows that the pro-
portion of BrdU+ cells was remarkably reduced after  
20 nM TPL treatment (p < 0.01), which displayed that TPL 
markedly inhibited the proliferation of SH-SY5Y cells. 
Moreover, the proportion of apoptotic cells was notably 
increased after 20 nM TPL treatment (p < 0.01) (Fig. 2C). 
Western blotting showed that the expressions of cleaved 
caspase 3 and cleaved caspase 9 in SH-SY5Y cells after 
TPL treatment were noticeably enhanced (Fig. 2D). These  
above results suggested that TPL inhibited the prolif-
eration and induced the apoptosis of SH-SY5Y cells.

TPL Inhibited the Migration of SH-SY5Y Cells

The effect of TPL on the migration of SH-SY5Y cells 
was measured using a two-chamber Transwell assay 
and Western blotting. Figure 3A shows that after 20 nM 
TPL treatment, the relative migration of SH-SY5Y cells 
was significantly decreased (p < 0.05). In addition, as 
shown in Figure 3B, TPL treatment remarkably down-
regulated the expression levels of MMP-2 and MMP-9 
in SH-SY5Y cells (p < 0.05 or p < 0.01). These above 
findings indicated that TPL inhibited the migration of 
SH-SY5Y cells.

TPL Enhanced the Expression of miR-181a  
in SH-SY5Y Cells

The relative expression of miR-181a in SH-SY5Y 
cells after 20 nM TPL treatment was determined using 
qRT-PCR. Figure 4 reveals that 20 nM TPL treatment 

Figure 3. TPL inhibited the migration of SH-SY5Y cells. 
(A) Relative migration of SH-SY5Y cells after 20 nM TPL 
treatment was detected using two-chamber Transwell assay. 
(B) Western blotting was performed to analyze the expres-
sions of matrix metalloproteinase-2 (MMP-2) and MMP-9 in 
SH-SY5Y cells after 20 nM TPL treatment. Data are presented 
as the mean ± SD. *p < 0.05, **p < 0.01.
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obviously upregulated the expression level of miR-181a 
in SH-SY5Y cells (p < 0.05). This result suggested that 
miR-181a might participate in the effects of TPL on 
SH-SY5Y cell proliferation and apoptosis.

Suppression of miR-181a Reversed the Effects of TPL on 
SH-SY5Y Cell Proliferation, Apoptosis, and Migration

To further explore the effects of miR-181a on the  
TPL-induced SH-SY5Y cell proliferation and migra-
tion inhibition as well as apoptosis enhancement, miR-
181a inhibitor or miR-181a mimic was transfected into 
SH-SY5Y cells, respectively. As presented in Figure 5A, 
the expression levels of miR-181a in SH-SY5Y cells were 
significantly decreased after miR-181a inhibitor transfec-
tion (p < 0.01) and remarkably increased after miR-181 
mimic transfection (p < 0.01). Figure 5B indicates that 
compared to single TPL treatment, the proportion of  
BrdU+ cells after TPL + miR-181a inhibitor treatment was 
remarkably increased (p < 0.05), which suggested that 
suppression of miR-181a significantly reversed the TPL-
induced SH-SY5Y cell proliferation inhibition. Figure 5C  
shows that miR-181a inhibitor transfection markedly 
decreased the TPL-induced SH-SY5Y cell apoptosis 
(p < 0.01). The expression levels of cleaved caspase 3 
and cleaved caspase 9 in SH-SY5Y cells after miR-181a 
inhibitor transfection were also reduced (Fig. 5D). In 
addition, results in Figure 5E show that compared to TPL 
treatment only, the relative migration of SH-SY5Y cells 
after TPL treatment and miR-181a transfection was sig-
nificantly increased (p < 0.05). Western blotting revealed 
that the expressions of MMP-2 and MMP-9 in SH-SY5Y 
cells were obviously enhanced after TPL treatment and 
miR-181a inhibitor transfection, compared to single 
TPL treatment (p < 0.05) (Fig. 5F). These above find-
ings suggested that miR-181a was involved in the effects 

of TPL on SH-SY5Y cell proliferation, apoptosis, and 
migration.

TPL Promoted the Activation of the p38MAPK 
and NF-κB Pathways in SH-SY5Y Cells

The effects of TPL and miR-181a on the activa-
tion of p38MAPK and NF-kB in SH-SY5Y cells were 
also investigated in our research. Figure 6A reveals that 
TPL single treatment obviously upregulated the expres-
sion of p-p38MAPK in SH-SY5Y cells, and miR-181a 
mimic transfection markedly enhanced the TPL-induced 
increase in p-p38MAPK (p < 0.01). Similar results were 
found in the NF-kB signaling pathway, which presented 
that the expressions of p-p65 and p-IkBa in SH-SY5Y 
cells were increased after single TPL treatment and were 
further upregulated after TPL treatment and miR-181a 
mimic transfection (p < 0.01) (Fig. 6B). These findings  
provided evidence that TPL promoted the activation 
of the p38MAPK and NF-kB signaling pathways in 
SH-SY5Y cells.

DISCUSSION

Neuroblastoma remains a therapeutic challenge for 
researchers because of the occurrence of tumor recur-
rence and metastasis after surgical resection, chemother-
apy, and radiotherapy28. This study revealed that TPL, a 
compound isolated from Tripterygium wilfordii Hook F, 
distinctly inhibited neuroblastoma SH-SY5Y cell pro-
liferation and migration but remarkably promoted cell 
apoptosis. Moreover, the expression of miR-181a was 
increased after TPL treatment. Suppression of miR-181a 
obviously reversed the TPL-induced SH-SY5Y cell pro-
liferation and migration inhibition, as well as apoptosis 
enhancement. Overexpression of miR-181a enhanced the 
TPL-induced activation of the p38MAPK and NF-kB 
pathways in SH-SY5Y cells.

Cell apoptosis plays critical roles in maintaining homeo-
stasis and can be induced and regulated by many intracel-
lular and extracellular molecules29,30. Inducing cancer cell 
apoptosis is considered to be the most effective method 
for cancer therapy31. Previous studies have demonstrated 
the antitumor effects of TPL on neuroblastoma17,18. In this 
study, we also found that TPL inhibited the viability and 
proliferation of SH-SY5Y cells in a dose-dependent  
manner. Moreover, TPL induced SH-SY5Y cell apopto-
sis by upregulating the expressions of cleaved caspase 3  
and cleaved caspase 9. These findings further proved the 
anticancer effects of TPL on neuroblastoma.

Inhibition of tumor metastasis is also considered as 
the important purpose in neuroblastoma treatment32. In 
the process of neuroblastoma metastasis, neuroblastoma 
cells obtain migration and invasion abilities to spread 
from the primary tumor site and establish secondary 

Figure 4. TPL enhanced the expression of microRNA-181a 
(miR-181a) in SH-SY5Y cells. Quantitative reverse transcrip-
tion polymerase chain reaction (qRT-PCR) was used to measure 
the expression of miR-181a in SH-SY5Y cells after 20 nM TPL 
treatment. Data are presented as the mean ± SD. *p < 0.05.
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Figure 5. Suppression of miR-181a reversed the effects of TPL on SH-SY5Y cell proliferation, apoptosis, and migration. (A) qRT-
PCR was performed to detect the expressions of miR-181a in SH-SY5Y cells after negative control (NC), miR-181a inhibitor, or 
miR-181a mimic transfection. (B) Proliferation and (C) apoptosis of SH-SY5Y cells after TPL treatment and/or miR-181a inhibi-
tor transfection were measured using BrdU incorporation assay and FITC-conjugated annexin V and PI staining, respectively. 
(D) Western blotting was used to analyze the expression levels of caspase 3 and caspase 9 in SH-SY5Y cells after TPL treatment 
and/or miR-181a inhibitor transfection. (E) Relative migration of SH-SY5Y cells after TPL treatment and/or miR-181a inhibitor 
transfection was detected using two-chamber Transwell assay. (F) The expressions of MMP-2 and MMP-9 in SH-SY5Y cells after 
TPL treatment and/or miR-181a inhibitor transfection were analyzed using Western blotting. Data are presented as the mean ± SD.  
*p < 0.05, **p < 0.01.
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tumors at other sites33. MMPs, especially MMP-2 and 
MMP-9, have been shown to participate in the tumor cell 
migration and invasion through various signal transduc-
tion pathways34. In our experiments, the relative migra-
tion of SH-SY5Y cells and the expressions of MMP-2 
and MMP-9 in SH-SY5Y cells after TPL treatment were 
both decreased, which revealed that TPL also had anti-
cancer effects on neuroblastoma by inhibiting neuroblas-
toma cell migration.

miRNAs do not encode proteins, but they regulate 
intracellular gene expression at the posttranscriptional 
level35. Research has demonstrated that miR-181a has 
various effects on different tumor cells20–23. In the pres-
ent study, we found that miR-181a was upregulated after 
TPL treatment in SH-SY5Y cells. Suppression of miR-
181a significantly reversed the TPL-induced SH-SY5Y 
cell proliferation and migration inhibition, as well as 
apoptosis enhancement. These above findings suggested 
that miR-181a showed a tumor-suppressive effect against 
SH-SY5Y cells and was involved in the effects of TPL 
on SH-SY5Y cell proliferation, migration, and apoptosis. 
Moreover, these results were consistent with the previous 
study, which pointed out that miR-181a showed tumor-
suppressive effects against oral squamous cell carcinoma 
and gastric cancer HGC-27 cells20,21.

Numerous studies have demonstrated that the 
p38MAPK and NF-kB signaling pathways play important  

roles in the regulation of various cancer cell functions,  
such as proliferation, differentiation, migration, auto-
phagy, and apoptosis36,37. Dedoni et al. reported that  
interferon-b counter-induced human neuroblastoma SH- 
SY5Y cell apoptosis by activating the p38MAPK signal-
ing pathway38. Liu et al. demonstrated that 7,8-dithydroxy-
coumarins protected human neuroblastoma cells from 
Ab-induced neurotoxic damage through inhib iting the 
C-jun N-terminal kinase 1 (JNK) and p38MAPK signal-
ing pathways39. Song et al. pointed out that chrysotoxine, 
a bibenzyl compound, inhibited 6-hydroxy dopamine-
mediated SH-SY5Y cell apoptosis via mitochondria 
protection and NF-kB modulation40. In this study, we 
also explored the effects of TPL and miR-181a on the 
p38MAPK and NF-kB signaling pathways in SH-SY5Y 
cells. We found that TPL single treatment activated the 
p38MAPK and NF-kB signaling pathways in SH-SY5Y 
cells by upregulating the expressions of p-p38MAPK, 
p-p65, and p-IkBa. In addition, over expression of miR-
181a obviously enhanced TPL-induced activation of 
p38MAPK and NF-kB signaling pathways in SH-SY5Y 
cells through further increasing the expression levels of 
p-p38MAPK, p-p65, and p-IkBa. These findings imply 
that the p38MAPK and NF-kB signaling pathways 
may participate in the effects of TPL and miR-181a on 
SH-SY5Y cells, although the specific cellular mecha-
nisms are unknown.

Figure 6. TPL promoted the activation of the p38 mitogen-activated protein kinase (p38MAPK) and nuclear factor k light chain 
enhancer of activated B cells (NF-kB) pathway in SH-SY5Y cells. (A, B) Western blotting was used to analyze the expressions of 
p38MAPK, NF-kB subunit 1 (p65), and NF-kB inhibitor a (IkBa) in SH-SY5Y cells after TPL treatment and/or miR-181a mimic 
transfection. Data are presented as the mean ± standard deviation (SD). **p < 0.01.
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In conclusion, our research verified that TPL inhib-
ited the proliferation and migration of human neuro-
blastoma SH-SY5Y cells by upregulating the expression 
of miR-181a. We proposed that TPL could be an effec-
tive therapeutic medicine for neuroblastoma treatment, 
despite further in vivo study and safety evaluation are 
still needed.
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