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Abstract. Tyrosine kinase inhibitors, such as gefitinib, are 
currently widely used as targeted therapeutics for non‑small 
cell lung cancer (NSCLC). Although drug resistance has 
become a major obstacle to successful treatment, mechanisms 
underlying resistance to gefitinib remain unclear. Therefore, 
the present study aimed to investigate the impact of adjunc‑
tive cucurbitacin B (CuB) on gefitinib resistance (GR) in the 
PC9 cell line, including identifying underlying mechanisms. 
Reverse transcription‑quantitative PCR demonstrated signifi‑
cant downregulation of microRNA (miR)‑17‑5p expression in 
GR PC9 cells (PC9/GR), and this could be reversed by CuB. 
During combination treatment with CuB and gefitinib at IC25, 
PC9/GR cell proliferation was downregulated, and apoptosis 
was upregulated. The presence of a miR‑17‑5p inhibitor 
negated the effects of CuB and gefitinib, whereas the pres‑
ence of a miR‑17‑5p mimic enhanced them. Luciferase assays 
demonstrated that the hypothetical target gene, signal trans‑
ducer and activator of transcription 3 (STAT3), was directly 
targeted by miR‑17‑5p. Moreover, significant elevation of the 
STAT3 protein and phosphorylation levels in PC9/GR cells 
was reversed by the addition of CuB, despite a lack of change 
in STAT3 transcription level. During combined treatment 
with CuB and gefitinib at IC25, the STAT3 protein expression 
was negatively associated with the expression of miR‑17‑5p. 

Overexpression of STAT3 increased proliferation and 
decreased apoptosis and the protein levels of apoptosis‑related 
factors cleaved caspase‑3 and cleaved caspase‑9 of PC9/GR 
cells. Findings indicated that STAT3 protein and phosphoryla‑
tion levels became elevated in response to gefitinib, and that 
CuB‑induced miR‑17‑5p expression led to STAT3 degradation, 
thereby ameliorating GR. In summary, CuB reduced the prolif‑
eration of GR PC9 cells by modulating the miR‑17‑5p/STAT3 
axis, and may represent a promising potential novel strategy 
for the reversal of GR.

Introduction

Lung cancer is the leading cause of cancer‑related mortality 
worldwide, and non‑small cell lung cancer (NSCLC) is the 
most common type of lung cancer (1). Tyrosine kinase inhibi‑
tors, such as gefitinib, are widely used as targeted therapeutics 
for the treatment of NSCLC (2‑4). Although most patients 
with NSCLC initially respond to chemotherapy, their cancer 
gradually develops resistance, leading to cancer progression, 
or recurrence and poorer prognoses (5). Therefore, there is 
an urgent need to identify an appropriate agent that could be 
combined with gefitinib to effectively combat gefitinib resis‑
tance (GR). However, most agents that have been combined 
with gefitinib, such as pemetrexed  (6), thalidomide  (7) or 
metformin (8), have variable degrees of toxicity and several 
side effects.

Cucurbitacin B (CuB) is an oxidized tetracyclic triterpenoid 
derived from plants of the Cucurbitaceae family. This molecule 
exhibits antineoplastic activity in various types of cancer (9,10), 
with low toxicity and fewer side effects (9). In addition, CuB 
can activate the protein expression of apoptosis‑related factors 
cleaved caspase‑3 and cleaved caspase‑9  (11), inhibit the 
metastatic ability of NSCLC (12) and inhibit 4‑(methylnitros
amino)‑1‑(3‑pyridyl)‑1‑butanone‑induced lung tumors (13). In 
addition, Liu et al (5) found that CuB inhibited GR NSCLC 
by inducing lysosomal degradation of epidermal growth factor 
receptor. Therefore, gefitinib is a candidate for combination 
therapy.

It is necessary to explore the mechanisms of action of combined 
drug therapy for NSCLC. MicroRNAs (miRNAs/miRs)  
are a type of small non‑coding RNA. Dysregulation of specific 
miRNAs may be involved in the development of resistance to a 
variety of cancer treatments (i.e., modulating cancer cell sensitivity 
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to such therapies) (14,15). One such miRNA, miR‑17‑5p, is closely 
associated with the occurrence, progression and prognosis of 
lung cancer (16‑19). miRNAs can modulate the expression of 
target genes at both the transcriptional and post‑transcriptional 
levels (20). In the present study, the TargetScan database was 
analyzed and it was found that among the putative target genes, 
the signal transducer and activator of transcription 3 (STAT3) 
gene is a potential target for miR‑17‑5p.

STAT3 is a transcription factor known to promote tumori‑
genesis (21). It is frequently activated in pre‑neoplastic and 
cancerous cells and is frequently identified during research 
studies as being dysregulated in lung cancer (22‑24). Activation 
of STAT3 can promote proliferation and metastasis of NSCLC 
cells (25). Studies have shown that miRNAs, such as miR‑34a 
and miR‑519a, can inhibit the process of NSCLC by regulating 
STAT3 expression  (26,27). In addition, some studies have 
shown that miR‑17‑5p can target STAT3 to reduce the activity 
of rat cardiomyocytes (28), or promote the apoptosis of breast 
cancer cells (29), and this antagonistic regulatory relationship 
between miR‑17‑5p and STAT3 has been confirmed. However, 
the mechanism by which the miR‑17‑5p/STAT3 axis regulates 
CuB to inhibit NSCLC progression remains unclear.

In the present study, GR PC9 cells were cultured in vitro 
to simulate GR in patients with lung cancer, and the role of 
the miR‑17‑5p/STAT3 axis in regulating the effect of CuB 
in GR NSCLC cells was explored from the perspective of 
CuB‑miRNA‑mRNA interaction.

Materials and methods

Reagents, cells and biomolecules. CuB (cat. no. C8499) and 
gefitinib (cat. no. SML1657) were purchased from Sigma‑Aldrich 
(Merck KGaA). A human lung adenocarcinoma‑derived cell 
line (PC9) was purchased from Procell Life Science & Technology 
Co., Ltd., and 293T cell lines were purchased from the American 
Type Culture Collection. Roswell Park Memorial Institute 
(RPMI)‑1640 medium, phosphate‑buffered saline (PBS) and 
fetal bovine serum (FBS) were purchased from Gibco (Thermo 
Fisher Scientific, Inc.). A PrimeScript RT reagent kit and SYBR 
Premix ExTaq II kit were purchased from Takara Biotechnology 
Co., Ltd. Lysis buffer and ECL reagent were purchased from 
Thermo Fisher Scientific, Inc. A BCA protein assay kit was 
purchased from Tiangen Biotech Co., Ltd. Polyvinylidene fluo‑
ride (PVDF) membranes were purchased from MilliporeSigma. 
Sodium dodecyl sulfate (SDS), bovine serum albumin (BSA) 
blocking buffer (5%) and trypsin‑EDTA (0.25%) solution and 
trypan blue staining solution (0.4%) were purchased from 
Beijing Solarbio Science & Technology Co., Ltd. Anti‑STAT3 
(cat. no.  ab68153), anti‑phosphorylated  (p)‑STAT3 (cat. 
no. ab267373), anti‑caspase‑3 (cat. no. ab32351), anti‑cleaved 
caspase‑3 (cat. no. ab2302), anti‑caspase‑9 (cat. no. ab32539), 
anti‑cleaved caspase‑9 (cat. no. ab2324), anti‑GAPDH anti‑
bodies (cat. no. ab181602) and goat anti‑rabbit (cat. no. ab205718) 
were purchased from Abcam. Guangzhou RiboBio Co., Ltd., 
synthesized a miR‑17‑5p mimic (5'‑CAAAGUGCUUACAGUGC 
AGGUAG‑3'), miR‑17‑5p scrambled mimic negative control 
(NC; 5'‑ACUAAUGAGCGAGUGAAUCCGUG‑3'), miR‑17‑5p 
inhibitor (5'‑CTACCTGCACTGTAAGCACTTTG‑3') and 
miR‑17‑5p scrambled inhibitor NC (5'‑CAGUACUUUUGUG 
UAGUACAA‑3'). Sangon Biotech Co., Ltd., synthesized a 

STAT3‑encoding plasmid (ov‑STAT3), a corresponding NC 
plasmid (ov‑NC) and PCR primer pairs targeting STAT3, 
GAPDH, miR‑17‑5p and U6. TRIzol®, Lipofectamine® 2000 
transfection reagent and the SYBR‑Green I Real‑Time PCR kit 
were purchased from Invitrogen (Thermo Fisher Scientific, Inc.). 
A Cell Counting Kit‑8 (CCK‑8) and RIPA lysis buffer were 
purchased from Beyotime Institute of Biotechnology. An 
Annexin V‑FITC Apoptosis Detection Kit was purchased from 
BD Biosciences. The wild‑type (WT) and mutant type (MUT) 
3'‑UTR of STAT3 were synthesized (Guangzhou RiboBio Co., 
Ltd.) and inserted into psiCHECK™‑2 vector plasmids and 
pRL‑SV40 reporter vector plasmids (all plasmids were purchased 
from Promega Corporation). psiCHECK‑2 plasmids carried two 
reporter genes (Renilla and firefly luciferases), whereas 
pRL‑SV40 plasmids carried only one (Renilla luciferase).

Culture conditions for PC9 or PC9/GR cells, induction of GR 
and transfection with miRNAs. The PC9 or PC9/GR cell lines 
were cultured at 37˚C and 5% CO2 in RPMI‑1640 medium 
supplemented with 10% FBS (hereafter referred to as normal 
culture medium). To produce a GR cell variant (PC9/GR), 
gefitinib concentration was progressively increased, as previ‑
ously described (30). Thereafter, resistance was maintained by 
including 1 µg/ml gefitinib in culture media. Once cells reached 
60‑80% confluence, they were transfected with 50 nM ov‑STAT3, 
100 nM miR‑17‑5p mimic, mimic NC, inhibitor or inhibitor 
NC using Lipofectamine 2000 liposomes at 37˚C, according to 
the manufacturer's instructions. Cells were incubated for 4 h, 
medium was replaced with normal cell culture medium, and 
cells were incubated for a further 48 h prior to analysis.

Confirmation of induced PC9/GR drug resistance and evalu‑
ation of the impact of CuB. Following incubation of PC9 and 
PC9/GR cells with varying concentrations of gefitinib (0, 0.39, 
0.78, 1.56, 3.125, 6.25, 12.5, 25 and 50 µM) and CuB (2, 4, 6, 
8, 10, 12 and 16 µg/ml) for 48 h, the number of viable cells 
was determined via CCK‑8 (according to the manufacturer's 
instructions). Concentrations of gefitinib that produced 50% 
inhibitory concentration (IC50) were used to calculate the drug 
resistance index (RI): RI = (IC50 for P9/GR cells)/(IC50 for PC9 
cells). PC9/GR cells were cultured at IC25 of CuB or gefitinib.

Reverse transcription‑quantitative PCR (RT‑qPCR) assay. 
Total RNA was extracted from PC9 cells, PC9/GR cells incu‑
bated in the presence or absence of varying concentrations of 
CuB (2, 4, 6, 8, 10, 12 and 16 µg/ml) and PC9/GR cells treated 
with a combination of CuB and gefitinib at IC25 using TRIzol 
reagent, according to the manufacturer's instructions. Extracted 
RNA was reverse transcribed to cDNA using a PrimeScript RT 
reagent kit, according to the manufacturer's instructions. The 
RT‑qPCR procedure was performed using a SYBR Premix 
ExTaq II kit (according to the manufacturer's instructions) in 
conjunction with a 7500  Real‑Time PCR System (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). Thermocycling 
conditions were as follows: 95˚C for 5 min, followed by 40 
cycles of 95˚C for 15  sec and 60˚C for 1 min. Primer pair 
sequences were as follows: STAT3 forward, 5'‑ATCCTGAAG 
CTGACCCAGG‑3' and reverse, 5'‑CTGCAGGTCGTTGGTG 
TCA‑3'; GAPDH forward, 5'‑GCTCATTTGCAGGGGG 
GAG‑3' and reverse, 5'‑GTTGGTGGTGCAGGAGGCA‑3'; 
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miR‑17‑5p forward, 5'‑ACACTCCAGCTGGGCAAAGTGC 
TTACAGTGC‑3' and reverse, 5'‑CTCAACTGGTGTCGT 
GGA‑3'; and U6 forward, 5'‑CTCGCTTCGGCAGCACA‑3' 
and reverse, 5'‑AACGCTTCACGAATTTGCGT‑3'. Target 
RNA levels were normalized to those of housekeeping genes 
GAPDH or U6. Relative mRNA expression levels were calcu‑
lated using the 2‑ΔΔCq method (31).

Western blotting. PC9 or PC9/GR cells were lysed using 
ice‑cold RIPA lysis buffer. Lysate protein concentrations 
were determined using a BCA protein assay kit. Equal 
amounts of denatured proteins (20  µg) were resolved via 
10% SDS‑polyacrylamide gel electrophoresis and separated 
proteins were subsequently transferred to a PVDF membrane. 
The membrane was blocked with 5% BSA for 1 h at 20˚C, 
incubated with primary antibodies (anti‑STAT3, 1:1,000; 
anti‑p‑STAT3, 1:1,000; anti‑caspase‑3, 1:5,000; anti‑caspase‑3, 
1:5000; anti‑cleaved caspase‑3, 1:500; anti‑ caspase‑9, 1:2,000 
and anti‑cleaved caspase‑9, 1 µg/ml) overnight at 4˚C, rinsed 
with TBS containing 0.05% Tween‑20 buffer (Beijing 
Solarbio Science & Technology Co., Ltd.) twice for 10 min 
each time, and subsequently incubated with the horseradish 
peroxidase‑conjugated secondary antibody (goat anti‑rabbit; 
1:10,000) for 2 h at 23±2˚C. Protein bands were visualized by 
the addition of ECL reagent in conjunction with an imaging 
system (DNR Bio‑Imaging Systems, Ltd.). Anti‑GAPDH 
antibody (1:10,000) was used as a loading control. ImageJ 
software (version 1.49n; National Institutes of Health) was 
used for densitometry.

Proliferation assay. A single‑cell suspension was prepared via 
trypsinization of PC9 or PC9/GR cells, and these cells were 
seeded into six‑well plates (Costar; Corning, Inc.) at a density 
of 500 cells per well in 2 ml culture medium. After cells were 
cultured for 2 weeks, stained with trypan blue staining solution 
(23±2˚C for 5 min) and counted. Survival rates were determined 
via CCK‑8, using 96‑well plates (cat. no. 3599; Costar; Corning, 
Inc.), according to the manufacturer's instructions. Briefly, 
cells were seeded at a density of 5x103 cells/well and cultured 
for 24‑48 h, 10 µl CCK‑8 solution was added per well, plates 
were incubated for 60 min at 23±2˚C and absorbance at 450 nm 
was measured using an enzyme‑labeled instrument (Multiskan 
MK3, Thermo Fisher Scientific, Inc.). The IC50 and IC25 values 
are obtained by analyzing the survival rate of PC9 or PC9/GR 
cells by GraphPad Prism 8 (GraphPad Software Inc.).

Apoptosis assay. Early + late apoptosis of PC9 or PC9/GR cells 
was assessed using an Annexin V‑FITC Apoptosis Detection 
Kit, according to the manufacturer's instructions. Briefly, cells 
(1x106 cells/ml) were harvested by trypsin digestion, washed 
twice using ice‑cold PBS and resuspended in 500 µl binding 
buffer. Next, cells were incubated with 5 µl Annexin V‑FITC 
and 5 µl propidium iodide  (PI) in the dark for 15 min at 
23±2˚C, followed by flow cytometry (BD  FACSCalibur; 
BD Biosciences); FlowJo software (version 10.6.2; FlowJo 
LLC) was used for analysis.

Binding site prediction. The TargetScan database  7.2 
(http://www.targetscan.org/vert_72/) was used to predict 
STAT3 binding sites for miR‑17‑5p.

Dual‑luciferase reporter assay. 293T cells were cultured in 
Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 10% FBS. Thereafter, 293T 
cells were transfected with 500 ng each of a miR‑17‑5p mimic 
or inhibitor and their NCs, 1 µg each of the vector plasmid 
containing WT or MUT STAT3, and 50 ng pRL‑SV40 reporter 
vector plasmid using Lipofectamine®  2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.). Cells were incubated for 48 h, 
and luciferase activity was measured using a Dual‑Luciferase 
Reporter Assay System (Promega Corporation) according to 
the manufacturer's instructions. Briefly, absorbance at 490 nm 
(determined by luciferase activity) was measured, and target 
values were calculated with respect to the NC groups. The 
ratio of firefly to Renilla activity was used to normalize firefly 
luciferase values.

Statistical analysis. All experiments were performed in tripli‑
cate. All data are expressed as the mean ± standard deviation. 
All statistical analyses were performed using SPSS version 21.0 
statistical analysis package (IBM  Corp.). Comparison of 
multiple groups was performed using one‑way ANOVA 
followed by Dunnett's post hoc test. Means of two groups 
were compared using an unpaired Student's t‑test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Gefitinib‑induced downregulation of miRNA expression. The 
differences in the expression levels of various miRNAs in PC9 
and PC9/GR cells were detected via RT‑qPCR. The results 
showed that miR‑17‑92 family levels were downregulated in 
all PC9/GR cells compared with PC9 cells. Among them, 
miR‑17‑5p downregulation was the most significant, so in this 
study, miR‑17‑5p was selected for further study (Fig. 1A).

Confirmation of induced PC9/GR drug resistance. Survival 
rates of PC9 and PC9/GR cells following exposure to gefi‑
tinib were determined (Fig. 1B). Inhibitory concentrations 
of gefitinib were as follows: IC50 for PC9 cells, 3.89 µg/ml; 
IC25 for PC9/GR cells, 10.4 µg/ml; and IC50 for PC9/GR cells, 
20.6 µg/ml. A calculated RI of 5.3 indicated successful induc‑
tion of moderate GR in PC9/GR cells.

Addition of CuB ameliorates the gefitinib‑induced down‑
regulation of miR‑17‑5p expression. RT‑qPCR results showed 
that the expression of miR‑17‑5p in PC9/GR cells was 
gradually upregulated with a gradual increase of CuB concen‑
tration (Fig. 1C).

Effect of CuB on gefitinib‑induced resistance in PC9/GR cells. 
The CCK‑8 assay showed that the IC25 of CuB on PC9/GR 
cells was 2.6 µg/ml. (Fig. 1D). Then, the effect of the combined 
action of CuB (IC25) and gefitinib (IC50) on PC9/GR cells was 
analyzed. The results showed that the combination of CuB 
and gefitinib significantly increased apoptosis (Fig. 1E and F) 
and reduced survival rate (Fig. 1G) in PC9/GR cells compared 
with CuB (IC25) or gefitinib (IC50) treatment alone.

Effect of CuB on miR‑17‑5p expression and cell prolif‑
eration/apoptosis at gefitinib IC25 in PC9/GR cells transfected 
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with miR‑17‑5p mimic or inhibitor. RT‑qPCR investigating the 
effect of CuB on miR‑17‑5p expression in PC9/GR cells trans‑
fected with miRNAs confirmed that miR‑17‑5p expression 
levels were lower in the miR‑17‑5p inhibitor group compared 

with in the inhibitor NC group, whereas levels were higher 
in the miR‑17‑5p mimic group compared with the NC mimic 
group (Fig. 2A). This result demonstrated that the synthetic 
miR‑17‑5p mimics and inhibitors were effective. Additionally, 

Figure 1. Effect of gefitinib, with or without CuB, on PC9 cells. (A) Expression levels of miR‑17‑92 family in PC9 and PC9/GR cells. *P<0.05 vs. PC‑9. (B) Survival 
rates of PC9 and PC9/GR cells. (C) Impact of differing CuB concentrations on expression levels of miR‑17‑5p in PC9/GR cells. (D) Impact of differing CuB 
concentrations on survival rate of PC9/GR cells. *P<0.05 vs. 0 µg/ml. (E and F) Impact of CuB/gefitinib on apoptosis of PC9/GR cells. (G) Impact of CuB/gefitinib 
on survival rate of PC9/GR cells. All values are expressed as mean ± standard deviation. *P<0.05. CuB, cucurbitacin B; miR, microRNA; GR, gefitinib‑resistant.
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the results of CCK‑8, flow cytometry and western blotting 
showed that the miR‑17‑5p inhibitor promoted the proliferation 
of PC‑9/GR cells and inhibited apoptosis and protein levels of 
cleaved caspase‑3 and cleaved caspase‑9 under the combined 
action of CuB and gefitinib (Fig. 2B‑D). Transfection with the 
miR‑17‑5p mimic induced the opposite effects of those noted 
for the miR‑17‑5p inhibitor.

STAT3 is directly targeted by miR‑17‑5p. Since miRNAs usually 
inhibit protein synthesis by binding to the 3'‑UTR region of 
mRNA, the putative downstream target genes of miR‑17‑5p 

were analyzed using the TargetScan database. The results 
showed that the oncogene STAT3, which has been demonstrated 
by a number of studies to play a key role in the development 
of NSCLC (25,32), is also one of the assumed target genes of 
miR‑17‑5p, so STAT3 was selected in this study for further study 
into the molecular mechanism of this miRNA. The TargetScan 
database analysis predicted the putative miR‑17‑5p binding site 
of the STAT3 oncogene (Fig. 3A). The dual‑luciferase reporter 
assay showed that luciferase activity was significantly down‑
regulated after transfection of miR‑17‑5p mimics in STAT3 
3'‑UTR group compared with NC mimic group. Meanwhile, 

Figure 2. Effect of CuB in the presence of gefitinib at IC25 on PC9/GR cells transfected with miR‑17‑5p mimic or inhibitor. (A) Transcript levels of miR‑17‑5p. 
(B) Cell proliferation rates. (C) Cell apoptosis rates. (D) Protein expression levels of caspase‑3, cleaved caspase‑3, caspase‑9 and cleaved caspase‑9. All values 
are expressed as mean ± standard deviation. *,#P<0.05. CuB, cucurbitacin B; miR, microRNA; NC, negative control; GR, gefitinib‑resistant.
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there was no significant difference in luciferase activity after 
the transfection of mimics with the MUT STAT3 compared 
with the NC mimic group. This result demonstrated that STAT3 
was directly targeted by miR‑17‑5p (Fig. 3B).

Effect of CuB on STAT3 transcription and protein expression 
levels. The RT‑qPCR assay demonstrated that GR did not signif‑
icantly alter STAT3 transcription in PC9/GR cells (Fig. 4A), 
whereas western blotting demonstrated that it significantly 
upregulated STAT3 expression levels and promoted the phos‑
phorylation of STAT3 (P<0.05; Fig. 4B). Then, RT‑qPCR and 
western blotting confirmed that the STAT3 transcript level was 
not significantly altered by CuB (P>0.05; Fig. 4C), but CuB 
decreased STAT3 protein expression and inhibited STAT3 
phosphorylation in a dose‑dependent manner (Fig. 4D).

miR‑17‑5p/STAT3 axis is modulated by CuB and gefitinib 
combination treatment. In the presence of IC25 concentrations of 
CuB and gefitinib, RT‑qPCR and western blotting assays inves‑
tigating the impact of CuB on gefitinib sensitivity of PC9/GR 
cells transduced with miRNAs demonstrated that while the 
CuB‑induced change in miR‑17‑5p expression did not signifi‑
cantly alter STAT3 transcript level (Fig. 5A), STAT3 protein 
and phosphorylation levels were lower in the miR‑17‑5p mimic 
group than in the mimic NC group, and higher in the miR‑17‑5p 
inhibitor group than in the inhibitor NC group  (Fig.  5B). 
Furthermore, transfection with ov‑STAT3 increased the 
expression levels of the STAT3 transcript (Fig. 5C), STAT3 and 
p‑STAT3 protein expression levels (Fig. 5D), and negated the 
beneficial effects of CuB on gefitinib sensitivity in PC9/GR 
cells, including restoring increased proliferation (Fig. 5E) and 
decreased apoptosis (Fig. 5F) and protein levels of cleaved 
caspase‑3 and cleaved caspase‑9 (Fig. 5G) compared with the 
ov‑NC group. These results confirmed that overexpression of 
STAT3 could reverse the apoptotic effect of CuB on PC9/GR 
cells and increase cell proliferation. Briefly, these results indi‑
cated that CuB regulated the miR‑17‑5p/STAT3 axis to increase 
gefitinib sensitivity in PC9/GR cells.

Discussion

Multiple miRNAs, including the miR‑17‑92 family have 
been implicated in various types of malignancies  (33,34). 
Abnormal expression of miR‑17‑92 family members is 
closely associated with the occurrence and progression 
of lung cancer  (35,36). The present study investigated 
whether one miR‑17‑92 family member, miR‑17‑5p, may be 
involved in modulating NSCLC drug sensitivity. The find‑
ings demonstrated that, compared with gefitinib‑sensitive 
PC9 parent cells, PC9/GR cells expressed lower levels of 
miR‑17‑5p, suggesting that miR‑17‑5p may play a role in GR. 
This result is similar to the findings of a study conducted by 
Gong et al (37) on miR‑17‑5p regulating GR in A549 cells. 
As miRNAs typically regulate cellular functions through 
interaction with target genes (38), the present study identified 
STAT3 as a putative miR‑17‑5p target, including a plausible 
regulatory mechanism that may account for the modulation of 
GR. Indeed, the present study demonstrated that knockdown 
of miR‑17‑5p expression enhanced the expression of STAT3, 
thereby facilitating GR. However, the addition of CuB could 
upregulate miR‑17‑5p expression in GR PC9/GR cells, thereby 
ameliorating GR. Liu et al (5) reported that CuB could induce 
lysosomal stress‑dependent death of GR NSCLC cells, which 
was consistent with the results of the present study.

It has been shown that CuB exhibits potent antineoplastic 
effects across a wide variety of cancer types, including colon (9), 
bladder (10), pancreatic (39), breast (40) and NSCLC (41,42). 
It has been reported that miRNA can reverse the apoptotic 
effect of CuB on cancer cells (39). The present study demon‑
strated that inhibiting miR‑17‑5p negated the beneficial 
effects of CuB on PC9/GR cell responses to gefitinib, thereby 
upregulating proliferation, downregulating apoptosis and 
protein levels of apoptosis‑related factors cleaved caspase‑3 
and cleaved caspase‑9. This suggested that CuB‑mediated 
miR‑17‑5p expression modulation impacted the proliferation 
and apoptosis of PC9/GR cells. As the underlying mechanisms 
remained unclear, it was identified via a TargetScan database 
analysis that the putative miR‑17‑5p target gene STAT3 may 
play a key role in such mechanisms.

STAT3 is a known oncogene. Specifically, its transcription 
promotes the occurrence and progression of NSCLC (43‑45). 
Although the present study employed a dual‑luciferase 
reporter assay to demonstrate that STAT3 is directly targeted 
by miR‑17‑5p, the impact of the miR‑17‑5p/STAT3 axis on 
PC9/GR cell function requires further verification. Findings 
of the present study also indicated that CuB dose‑dependently 
enhanced STAT3 protein expression and phosphorylation, 
and during combined CuB and gefitinib (at IC25) treatment 
miR‑17‑5p negatively regulated STAT3 protein expression. 
Furthermore, overexpression of STAT3 increased prolif‑
eration and decreased apoptosis and protein levels of cleaved 
caspase‑3 and cleaved caspase‑9 of PC9/GR cells. These 
results indicated that miR‑17‑5p reversed the effect of CuB and 
gefitinib combination therapy in PC9/GR cells by activating 
the STAT3 protein. Notably, neither GR nor CUB treatment, 
nor miR‑17‑5p mimics or inhibitor transfection, affected the 
gene expression of STAT3 in PC9 or PC9/GR cells, suggesting 
that these factors could influence the post‑transcriptional 
regulation of STAT3, but not the transcriptional level of STAT3.

Figure 3. STAT3 gene is a direct target of miR‑17‑5p. (A) Prediction of puta‑
tive STAT3 gene binding sites for miR‑17‑5p. (B) Direct binding of miR‑17‑5p 
to STAT3 gene. All values are expressed as mean ± standard deviation. 
*P<0.05 vs. NC mimic. NS, not significant; miR, microRNA; mut, mutant.
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Figure 5. Effect of CuB in the presence of gefitinib at IC25 on PC9/GR cells transfected with miR‑17‑5p mimic or inhibitor, or overexpressing STAT3. 
(A) Impact of miR‑17‑5p mimic/inhibitor on STAT3 transcript levels. (B) Impact of miR‑17‑5p mimic/inhibitor on STAT3 protein levels. (C) Impact of 
STAT3 overexpression on STAT3 transcript levels. (D) Impact of STAT3 overexpression on STAT3 protein expression. (E) Impact of STAT3 overexpression 
on PC9/GR cell proliferation. (F) Impact of STAT3 overexpression on PC9/GR cell apoptosis. (G) Impact of STAT3 overexpression on caspase‑3, cleaved 
caspase‑3, caspase‑9 and cleaved caspase‑9 protein levels. All values are expressed as mean ± standard deviation. *P<0.05. NS, not significant; CuB, cucur‑
bitacin B; GR, gefitinib‑resistant; NC, negative control; miR, microRNA; p‑, phosphorylated; ov‑, overexpression vector.

Figure 4. Effect of GR and CuB on STAT3 transcript and STAT3 protein levels in PC9/GR cells. (A) Transcript levels in PC9 and PC9/GR cells. (B) Protein 
expression levels of STAT3 and p‑STAT3 in PC9 and PC9/GR cells. *P<0.05 vs. PC‑9. (C) Impact of differing CuB concentrations on transcript levels in 
PC9/GR cells. (D) Impact of differing CuB concentrations on protein levels of STAT3 and p‑STAT3 in PC9/GR cells. All values are expressed as mean ± stan‑
dard deviation. *P<0.05 vs. 0 µg/ml. NS, not significant; CuB, cucurbitacin B; GR, gefitinib‑resistant; p‑, phosphorylated.
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This study has some shortcomings. First, there is no further 
discussion on related pathways. Second, this study did not analyze 
the combination of CuB and gefitinib in vivo to see a true reflec‑
tion of the effects of this RNA‑drug interaction in a complex 
biological system. These are also the goals of our future research.

In conclusion, CuB ameliorated NSCLC resistance to gefi‑
tinib by modulating the miR‑17‑5p/STAT3 axis in a manner 
that decreased STAT3 protein levels and phosphorylation, 
inhibited proliferation and promoted apoptosis. These initial 
preclinical findings supported this axis as a potential novel 
target for prevention or amelioration of GR. Further research 
is required to confirm that the beneficial effects of CuB persist 
in  vivo, and such research should consider the associated 
biological pathways in more detail.
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