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Abstract. Triptolide is used in traditional Chinese medicine. 
It has the advantages of a unique mechanism of action, a 
wide antitumor spectrum, multiple targets, multi‑channel 
effects and low toxicity. The current study was conducted 
to evaluate whether the potential anticancer effects of trip-
tolide reduces proliferation and enhances apoptosis of human 
non‑small cell lung cancer (NSCLC) cells, and to assess the 
underlying anticancer mechanisms. In PC‑9 cells, treatment 
with triptolide reduced cell proliferation and increased cell 
apoptosis and caspase‑3 and 9 activity. Triptolide treatment 
reduced miR‑21 expression and enhanced phosphatase and 
tensin homolog  (PTEN) protein expression levels in the 
PC‑9 cells. Furthermore, the upregulation of miR‑21 expres-
sion levels suppressed the effect of triptolide on cell viability 
and PTEN protein expression levels in PC‑9 cells. To the best 
of our knowledge, the present study is the first to demonstrate 
that triptolide reduced the proliferation and enhanced the 
apoptosis of human NSCLC cells through PTEN by targeting 
miR‑21.

Introduction

Lung carcinoma is one of the most common malignant tumors 
worldwide and the incidence nearly doubled in Asia over the 

past ten years (1). The most common type of lung carcinoma 
is non‑small cell lung cancer (NSCLC), which accounts for 
80‑85% of cases (2). In the past, due to the lack of effective 
treatment or early diagnosis, patient postoperative survival 
was poor, and tumor metastasis and recurrence determined the 
survival condition of patients (3).

MicroRNAs (miRNAs) are small non‑coding RNA mole-
cules, that are ~21‑25 nucleotides in length (4). They can be 
assembled into a ribonucleoprotein complex and are activated 
to target specific mRNA, by binding with the complementary 
sequence of the targeted gene. This results in the degradation 
or translational inhibition of the targeted mRNA molecule, to 
reduce the expression of target genes involved in cell prolif-
eration, differentiation, apoptosis and death processes  (5). 
Previous studies have observed that miRNAs are associated 
with the occurrence, development and prognosis of cancer, 
and can be used as molecular markers and guides in clinical 
diagnosis and treatment. miR‑21 is one of the most important 
miR molecules out of >700 types of miRs that have been 
identified (6). Furthermore, previous studies have identified 
increased miR‑21 expression levels in various types of cancer 
including liver (7), breast (8) and lung (9) cancer.

Phosphatase and tensin homolog (PTEN) is a newly identi-
fied tumor‑suppressor gene. It exists in a variety of healthy 
tissues, however it can also be expressed in the tissues of 
malignant tumors (10). At present, it is clear that the associa-
tion of multiple signaling pathway factors and PTEN serves an 
important role in cell growth, apoptosis and signal transduc-
tion, and participates in the occurrence and development of 
tumor malignancies (11).

Triptolide is isolated from the Tripterygium wilfordii plant. 
Components of Tripterygium wilfordii include highly activated 
diterpene lactone epoxide compounds, such as triptolide (12). 
It has numerous pharmacological purposes, including 
anti‑inflammatory, immunosuppressive and anticancer activi-
ties (13). It is clinically used in the treatment of arthritis and 
autoimmune disorders, various types of cancer, organ trans-
plant, kidney disease and asthma (14). In the present study, 
the antitumor activity of triptolide and the possible effects on 
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PTEN and miR‑21 expression were investigated, as its effect in 
human NSCLC cells remains unclear.

Materials and methods

Chemicals. RPMI‑1640 medium and fetal bovine serum (FBS) 
was obtained from Thermo Fisher Scientific, Inc. (Waltham, 
MA, USA). 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetra-
zolium bromide (MTT) was obtained from Sigma‑Aldrich 
(St. Louis, MO, USA). An annexin V‑fluorescein isothio-
cyanate (FITC)/propidium iodide (PI) apoptosis assay kit was 
obtained from Nanjing KeyGen Biotech Co., Ltd. (Nanjing, 
China).

Cell lines and cell growth. The human lung cancer cell line PC‑9 
was provided by the Experimental Center of Hebei University 
(Baoding, China) and maintained in RPMI‑1640 medium with 
10% FBS, 100 U/ml penicillin and 100 mg/ml streptomycin 
(both from Wuhan Procell Lite Science & Technology Co., 
Ltd., Wuhan, China) in 37˚C incubator with 5% carbon dioxide.

Cell viability. The in vitro effects of triptolide on cell viability 
of PC‑9 cells was determined by the MTT assay. PC‑9 cells 
were seeded at a density of 1x104 cells/well and plated onto a 
96‑well plate. Cells were exposed to different concentrations 
of triptolide (0, 10, 25 or 50 nM) for 3 days. Subsequently, 
20 µl 0.5% MTT solution with phosphate‑buffered saline 
(Wuhan Procell Lite Science & Technology Co., Ltd.) was 
added to each well and incubated for 4 h at 37˚C with 5% carbon 
dioxide. Following the incubation period, the culture medium 
was replenished with fresh medium and 200  µl dimethyl 
sulfoxide (Sigma‑Aldrich) were added to each well and shaken 
for 20 min at room temperature (PZ300; Wuhan LEHD 
Ruihua Instruments Equipment Co., Ltd, Wuhan, China). The 
optical density of each well was measured at 492 nm using a 
Multiskan MS Plate Reader (LabSystems, Inc.; Thermo Fisher 
Scientific, Inc. USA).

Annexin V‑FITC/PI apoptosis assay. The in vitro effect of 
triptolide (T3652; Sigma‑Aldrich) on the cell viability of 
PC‑9 cells was determined by the annexin V‑FITC/PI assay. 
PC‑9 cells were seeded at the density of 1x106 cells/well and 
plated onto a 6‑well plate. Cells were exposed to different 
concentrations of triptolide (0, 10, 25 or 50 nM) for 2 days. 
Annexin V‑FITC and PI were added to the cells and were incu-
bated for 10 min at room temperature in the dark according to 
the manufacturer's instructions. Cell apoptosis was examined 
by flow cytometry (LSRII; BD Biosciences, San Jose, CA, 
USA).

Analysis of caspase‑3  and  9 activation. PC‑9  cells were 
seeded at a density of 1x106 cells/well and plated onto a 6‑well 
plate. Cells were exposed to different concentrations of trip-
tolide (0, 10, 25 or 50 nM) for 2 days. PC‑9 cells were prepared 
in cell lysis buffer (1067‑100; Amyjet Scientific Inc., Wuhan, 
China) for 30 min on ice and then centrifuged at 12,000 x g for 
10 min at 4˚C. The concentrations of the proteins of interest 
were determined using the Pierce BCA Protein Assay kit (BD 
Biosciences). Equal quantities of protein (30 µg) were mixed 
with the caspase‑9 substrate Ac‑LEHD‑pNA (E607115, 

Sangon Biotech Co., Ltd., Shanghai, China) and the caspase‑3 
substrate Ac‑DEVD‑pNA (E607103‑0200, Sangon Biotech 
Co., Ltd.)), and incubated at 37˚C for 2 h in the dark. The 
optical density of each well was measured at 405 nm with a 
spectrophotometer.

Reverse transcription‑quantitative‑polymerase chain reac‑
tion (RT‑qPCR). Total RNA in PC‑9  cells was extracted 
with TRIzol reagent  (Thermo Fisher Scientific, Inc.) and 
miRNAs were specifically amplified with TaqMan microRNA 
assays (Thermo Fisher Scientific, Inc.) according to the manu-
facturer's instructions. Quantification of the miRNAs was 
performed using SYBR‑Green qPCR. The primers were used 
as follows: miR‑21, F 5'‑GGG​GGT​ACC​CTT​CAG​GAA​GCT​
GGT​TTC‑3' and R 5'‑GGG​GAT​ATC​TAC​ATG​TGA​GGC​AG​
GTT​CTCAC‑3'; U6, F 5'‑CGC​TTC​GGC​ACA​TAT​ACTA‑3' 
and R 5'‑CGC​TTC​ACG​AAT​TTG​CGT​GTCA‑3'.

Western blotting. PC‑9 cells, treated with 25 nM triptolide or 
miR‑21 plasmids, were prepared in cell lysis buffer for 30 min 
on ice and then centrifuged at 12,000 x g for 10 min at 4˚C. 
The protein concentrations of the samples were determined 
by the Pierce BCA protein assay kit according to the manu-
facturer's instructions. Equal quantities of protein (30 µg) 
were loaded and fractionated by 12% SDS‑PAGE gel (Wuhan 
Procell Lite Science & Technology Co., Ltd.) at 80 V for 
15 min, and transferred to nitrocellulose membranes (Santa 
Cruz Biotechnology Inc., Dallas, TX, USA). Membranes were 
incubated with PTEN Antibody (F‑1) (mouse monoclonal 
immunoglobulin G1; cat no., sc‑393186; dilution, 1:1,500; 
Santa Cruz Biotechnology) and rabbit polyclonal β‑actin (cat 
no., D110007; dilution, 1:500; Sangon Biotech Co., Ltd.) 
primary antibodies overnight at 4˚C. They were then incu-
bated with the appropriate conjugated to a bovine anti‑mouse 
immunoglobulin G‑horseradish peroxidase‑conjugated 
secondary antibodies (cat no., sc‑2371; dilution, 1:2,000; 
Santa Cruz Biotechnology). Membranes were detected 
using electrochemiluminescence detection system (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA) and observed using a 
luminescent image analyzer (Image Quant LAS4000 mini, 
GE Healthcare, Sweden).

Transfection. miR‑21 (5'‑AAC​AUC​AGU​CUG​AUA​AGC​
UAUU‑3') and negative control plasmids (5'‑CAG​UAC​UUU​
UGU​GUA​GUA​CAA‑3') were designed and purchased from 
Sangon Biotech Co., Ltd.. PC‑9 cells were seeded at a density 
of 1x106 cells/well and plated onto a 6‑well plate for 24 h. 
miR‑21 (100 ng/ml) and negative control plasmids (100 ng/ml) 
were transiently transfected into PC‑9 cells using 
Lipofectamine  2000 transfection reagent (Thermo Fisher 
Scientific, Inc.), according to the manufacturer's instructions. 
After 24 h of transfection, PC‑9 cells were used to perform 
this experiment.

Statistical analysis. Data are presented as the mean ± stan-
dard deviation and analyzed using SPSS software, 
version 17.0 (SPSS, Inc., Chicago, IL, USA). The statistical 
significance of results were determined using Student's t‑test. 
P<0.05 was considered to indicate a statistically significant 
difference.
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Results

Effect of triptolide on cell viability of PC‑9 cells. The chemical 
structure of triptolide (98% purity) is presented in Fig. 1. For 
the experimental purposes of the current study, triptolide was 
dissolved in physiological saline. The study investigated the 
predicted antitumor effect of triptolide on cell viability using 
the MTT assay. Fig. 2 demonstrates that the treatment with 
triptolide inhibited the cell viability of PC‑9 cells in a time‑ 
and dose‑dependent manner. The data additionally suggested 
that the cell viability of PC‑9 cells was effectively inhibited 
by 25 or 50 nM of triptolide after 2 or 3 days compared with 
the 0 nM control group (P<0.01). These data suggested that 
triptolide may inhibit human NSCLC cell viability.

Effect of triptolide on cell apoptosis of PC‑9 cells. To investi-
gate the predicted antitumor effect of triptolide on cell apoptosis 
in human NSCLC, an annexin V‑FITC/PI apoptosis assay was 
conducted. As demonstrated in Fig. 3, following a treatment 
period of 2 days, triptolide (25 or 50 nM) increased cell apoptosis 
compared with the control group (P<0.01). These data suggested 
that triptolide may promote human NSCLC cell apoptosis.

Effect of triptolide on caspase‑3 and 9 activity in PC‑9 cells. To 
further investigate the predicted antitumor effect of triptolide on 
cell apoptosis in human NSCLC, caspase‑3 and 9 were measured 
in PC‑9 cells. As demonstrated in Fig. 4, caspase‑3 and 9 were 
effectually activated by triptolide treatment  (25 or 50 nM) 
compared with the control group (P<0.01). These data suggested 
that triptolide may promote human NSCLC cell apoptosis by 
activation of the caspase‑3 and 9 pathway.

Effect of triptolide on miR‑21 expression in PC‑9  cells. 
RT‑qPCR was utilized to assess the predicted antitumor effect 
of triptolide on miR‑21 expression in PC‑9 cells. As demon-
strated in Fig. 5, the administration of triptolide (25 or 50 nM) 
suppressed miR‑21 expression in PC‑9 cells compared with 
the control group (P<0.01). These data suggested triptolide 
may weaken miR‑21 expression in human NSCLC cells.

Effect of triptolide on PTEN protein expression in PC‑9 cells. 
To identify the predicted antitumor effect of triptolide on 
PTEN protein expression in human NSCLC, PTEN protein 
expression levels were measured in PC‑9 cells using western 

Figure 1. Chemical structure of triptolide.

Figure 2. 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide 
assay demonstrating the in vitro effect of triptolide on cell viability of 
PC‑9 cells. **P<0.01 vs. 0 nM triptolide‑treated control group.

Figure 3. Annexin V‑fluorescein isothiocyanate/propidium iodide assay 
demonstrating the in vitro effect of triptolide on cell apoptosis of PC‑9 cells. 
**P<0.01 vs. 0 nM triptolide‑treated control group.

Figure 4. In vitro effect of triptolide on (A) caspase‑3 and (B) caspase‑9 in 
PC‑9 cells. **P<0.01 vs. 0 nM triptolide‑treated control group.

Figure 5. Reverse transcription‑quantitative polymerase chain reaction 
assay demonstrating the in vitro effect of triptolide on miR‑21 expression 
in PC‑9 cells. **P<0.01 vs. 0 nM triptolide‑treated control group. miR‑21, 
microRNA‑21.
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blotting. As demonstrated in Fig. 6, pre‑treatment with trip-
tolide (25 or 50 nM) enhanced PTEN protein expression levels 
in PC‑9 cell compared with the control group (P<0.01). These 
data suggested that triptolide may increase PTEN protein 
expression levels in human NSCLC cells.

Upregulation of miR‑21 influences the effect of triptolide on 
cell viability of PC‑9 cells. In order to further study the effects 
of triptolide on cell viability, miR‑21 and negative control plas-
mids were transfected into PC‑9 cells with Lipofectamine 2000 
reagent. As demonstrated in Fig.  7A, RT‑qPCR analysis 
indicated that miR‑21 plasmids promoted miR‑21 expression 
in the PC‑9 cells, following 2‑day triptolide (25 nM) treat-
ment, compared with the triptolide‑treated group (P<0.01). 
The reduction of cell viability following triptolide treatment 
(P<0.01 vs.  untreated control) was partially reversed by 
miR‑21 plasmid transfection. The miR‑21 plasmid‑transfected 
group exhibited significantly increased cell viability compared 
with the triptolide‑treated group (P<0.01; Fig.  7B).These 

data suggested that triptolide reduces proliferation in human 
NSCLC cells via downregulation of miR‑21.

Upregulation of miR‑21 influences the effect of triptolide on 
PTEN protein expression in PC‑9 cells. In order to decipher 
the effect of triptolide on the cell viability of PC‑9 cells, 
miR‑21 and negative control plasmids were transfected into 
PC‑9 cells. As demonstrated in Fig. 8, miR‑21 plasmid transfec-
tion suppressed PTEN protein expression levels in PC‑9 cells, 
compared with the 25 nM triptolide‑treated group (P<0.01). 
These data that suggested triptolide reduces proliferation in 
human NSCLC cells via the upregulation of PTEN expression 
levels.

Discussion

Lung carcinoma is the type of malignant tumor with the highest 
rate of mortality worldwide with 1.2 million diagnoses per year 
of various types of which 80% are NSCLC (15). At the point 

Figure 6. In vitro effect of triptolide on PTEN protein expression in PC‑9 cells. (A) Western blot analysis and (B) statistical analysis of PTEN protein 
expression levels in vitro. **P<0.01 vs. 0 nM triptolide‑treated control group. PTEN, phosphatase and tensin homolog. PTEN, phosphatase and tensin homolog.

Figure 7. Upregulation of miR‑21 influences the effect of triptolide treatment on cell viability in PC‑9 cells. miR‑21 plasmids influence (A) the miR‑21 
expression levels and (B) cell viability in PC‑9 cells. **P<0.01 vs. 0 nM triptolide‑treated control group; ##P<0.01 vs. 25 nM triptolide‑treated group. miR‑21, 
microRNA 21.

Figure 8. Upregulation of miR‑21 influences the effect of triptolide on PTEN protein expression levels in PC‑9 cells. (A) miR‑21 plasmids influence PTEN 
protein expression levels in PC‑9 cells, assessed by western blot analysis. (B) Statistical analysis of PTEN protein expression levels in vitro. **P<0.01 vs. 0 nM 
triptolide‑treated group; ##P<0.01 vs. 25 nM triptolide‑treated group. miR‑21, microRNA 21; PTEN, phosphatase and tensin homolog.
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of diagnosis, 65‑70% of cases of NSCLC are in the late phase 
of the disease. Due to this, surgery is no longer a viable option 
as treatment, and chemotherapy becomes the key treatment 
strategy (16). At present, the most effective drug for NSCLC 
is platinum and the three generations of novel platinum‑based 
drugs introduced from 1990 onwards (17). The chemotherapy 
efficiency of the late phase of NSCLC is 20‑40%, with the 
median survival period being <10 months (18). The results of 
the present study indicated that the administration of triptolide 
effectively attenuated cell viability, induced cell apoptosis 
and activated caspase‑3 and 9 in PC‑9 cells. Previous studies 
have demonstrated that triptolide induced cell apoptosis in 
gastric (19), breast (20) and cholangiocarcinoma (21) cancer. 
The data from those studies and the present study, suggest 
a potential antitumor effect of triptolide on human NSCLC 
cells. However, this requires further investigation.

miRs are a newly identified type of non‑coding small 
RNA, which exist in eukaryotes (22). miR molecules regulate 
targeted gene expression through specific‑protein mRNA 
degradation or inhibition of translation, and are involved in 
cell growth, differentiation, apoptosis, and other important 
cell processes (22,23). miR‑21 is one of the earliest discov-
ered miRNA molecules, and its gene is located in the 3'UTR 
of the vacuole membrane protein  1 gene at chromosome 
17q23.1 (24). This region is usually amplified in neuroblas-
tomas and colon, breast and lung cancer (24). This is consistent 
with miR‑21 overexpression in various types of cancer (25). 
Yang et al (26) indicated that the downregulation of miR‑21 
expression suppresses NSCLC cell proliferation through the 
upregulation of programmed cell death. Data from the current 
study also suggested that triptolide reduced miR‑21 expression 
in PC‑9 cells. Li et al (27) indicated that triptolide inhibits 
miR‑21 expression levels, enhances PTEN expression levels 
and modulates the sensitivity of K562/A02 cells.

In the field of cancer research, researchers have identified 
various PTEN gene mutations and deletions, that lead to the 
formation of a defective protein, and abnormal protein expres-
sion (28). Studying the role of PTEN in tumor malignancies 
may contribute to an understanding of cellular signal trans-
duction mechanisms, and open up a novel direction for genetic 
therapies (29). Studies have observed that PTEN is abnormally 
expressed in various types of cancer (30). Research on PTEN 
and NSCLC association have been reported (31) and in the 
present study, data demonstrated that triptolide enhanced 
PTEN protein expression levels in PC‑9 cells compared with 
the control group. However, upregulation of miR‑21 expression 
levels suppressed the effect of triptolide on cell viability and 
PTEN protein expression levels in PC‑9 cells.

In conclusion, the results of the present study demonstrated 
that triptolide reduces the proliferation and enhances the apop-
tosis of human NSCLC cells by targeting miR‑21 via PTEN. 
The current study enhances the understanding of triptolide 
treatment and the regulatory mechanisms of miR‑21 in cancer 
progression.
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