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Abstract. Non‑small cell lung cancer (NSCLC) poses a 
threat to human health and paclitaxel chemotherapy has been 
approved for the treatment of this type of cancer. However, 
resistance to treatment severely compromises the survival rate 
and prognosis of patients with NSCLC. The aim of the present 
study was to investigate the role of IL‑1β in paclitaxel sensitivity 
of NSCLC cells and elucidate the underlying mechanism. The 
expression of IL‑1β was found to be upregulated in NSCLC 
tissues and cells compared with healthy adjacent tissues and a 
normal epithelial cell line, respectively, as detected by reverse 
transcription‑quantitative PCR and western blot analyses. 
Subsequently, Cell Counting Kit‑8 assay and flow cytometry 
revealed that IL‑1β weakened the sensitivity of A549 cells to 
paclitaxel. It was subsequently demonstrated that IL‑1β induced 
A549 cell autophagy, while tunicamycin‑induced autophagy 
increased the IL‑1β expression level and weakened paclitaxel 
sensitivity. Thus, the results revealed that IL‑1β reduced the 
sensitivity to paclitaxel in A549 cells by promoting autophagy 
and suggested that IL‑1β may be of value for improving the 
therapeutic efficacy of paclitaxel chemotherapy in NSCLC.

Introduction

Non‑small cell lung cancer (NSCLC) is a major subtype of lung 
cancer, accounting for 11.6% of all new cancer cases and 18.4% 
of all cancer‑associated mortalities in 2018 worldwide  (1). 
Surgery, chemotherapy, radiation therapy and targeted therapy 
are currently the main options for NSCLC treatment (2). To 
date, platinum‑based chemotherapy remains the standard treat‑
ment for the majority of patients with advanced NSCLC (3). 
Despite the improved understanding of tumor progression and 

therapy, the overall survival rate remains low, particularly for 
patients with metastatic disease (4). Therefore, it is urgent to 
improve cure rate and prognosis of patients with NSCLC.

Paclitaxel, also known as Taxol/Tax, is a natural diterpene 
alkaloid initially extracted from the bark of the Taxus brevi‑
folia tree. The mechanism of action of paclitaxel is inducing 
cell cycle arrest and cell death by stabilizing microtubules 
and interfering with microtubule disintegration during cell 
division (5). Paclitaxel has been approved by the Food and 
Drug Administration for the treatment of several types of 
cancer, including ovarian, breast and lung cancer, and Kaposi's 
sarcoma  (6). The combination of paclitaxel and platinum 
chemotherapy has also been approved for the treatment of 
advanced NSCLC (7). In addition, paclitaxel as a single agent 
also exhibits similar antitumor efficiency in the second‑line 
setting (8). However, accumulating evidence indicates that 
the therapeutic efficacy of paclitaxel is compromised by drug 
resistance (9). Therefore, there is an urgent need to elucidate 
the underlying mechanism in order to overcome drug resis‑
tance and improve the efficacy of paclitaxel.

IL‑1β, one of the isoforms of IL‑1, is a pro‑inflammatory 
cytokine that is secreted in response to inflammatory stimuli, 
and aggravates the tissue injury caused by acute and chronic 
diseases (10,11). IL‑1β is mainly produced by myeloid cells 
and its expression is increased under disease conditions (12). 
Previous studies have demonstrated that IL‑1β plays a key role 
in various inflammatory diseases, including lung cancer (13). 
High serum IL‑1β level in NSCLC is associated with short 
overall survival (14). In addition, IL‑1β is associated with resis‑
tance to cancer drugs, such as cisplatin (15), 5‑fluorouracil (16) 
and imatinib (17). However, to the best of our knowledge, the 
association between IL‑1β and paclitaxel resistance in NSCLC 
remains largely unknown.

The aim of the present study was to investigate the role of 
IL‑1β in Paclitaxe resistance of NSCLC cells. The expression 
of IL‑1β in lung cancer tissues and cells was detected, and 
the effects of IL‑1β on paclitaxel sensitivity and autophagy, as 
well as the effects of autophagy on paclitaxel sensitivity, were 
investigated, in order to determine whether IL‑1β may be used 
for modulating the sensitivity of NSCLC to paclitaxel.

Materials and methods

Tissue samples. A total of 30 paired NSCLC tissues and adja‑
cent normal tissues after resection were collected from Xi'an 
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Chest Hospital (Xi'an, China) between January 2017 and June 
2018. The tissues were frozen at ‑80˚C. There were 19 males 
and 11 females, with a mean age of 62 years (range, 41‑74). The 
distance between the normal and the lung cancer tissue was 
>3 cm. None of the patients who participated in the present 
study had received any treatment prior to surgery. Written 
informed consent was obtained from each participant and the 
study protocol was approved by the Ethics Committee of Xi'an 
Chest Hospital (Xi'an, China).

Cell culture and treatment. The human NSCLC cell lines 
A549, HCC827 and H1650, and the normal epithelial cell 
line BEAS‑2B, were purchased from American Type Culture 
Collection. The cells were cultured in RPMI‑1640 medium 
supplemented with 10% FBS and 100  mg/ml  strepto‑
mycin and 100 U/ml penicillin (all from Gibco; Thermo Fisher 
Scientific, Inc.) at 37˚C with 5% CO2. A549 cells exposed to 
different treatments were used for subsequent experiments.

Cell Counting Kit‑8 (CCK‑8). The CCK‑8 assay (Dojindo 
Molecular Technologies, Inc.) was performed to test cell 
viability. Following treatment with 8 nM paclitaxel (APeXBIO 
Technology LLC), 20  ng/ml recombinant human IL‑1β 
(Sangon Biotech Co., Ltd.), 0.1 µg/ml tunicamycin (Beijing 
Solarbio Science & Technology Co., Ltd.), paclitaxel + IL‑1β, 
paclitaxel + tunicamycin and blank control, then 2x103 A549 
cells were seeded into 96‑well plates and incubated at 37˚C 
with 5% CO2 for 48 h. At 0, 12, 24 and 48 h, 10 µl CCK‑8 
reagent was added to each well and incubated with the cells 
for 2 h. Absorbance was measured at 450 nm by a microplate 
reader (Thermo Fisher Scientific, Inc.).

Flow cytometry. Cell apoptosis was analyzed using an 
Annexin V‑FITC Apoptosis Detection kit (BD Biosciences). 
A549 cells in the logarithmic growth phase were exposed 
to different treatments (same as in the CCK‑8 assay) at 37˚C 
with 5% CO2 for 48  h, washed twice with cold PBS and 
resuspended in binding buffer at a density of 1x106 cells/ml. A 
total of 5 µl Annexin V‑FITC and 5 µl propidium iodide were 
added to cells and incubated for 15 min in the dark at room 
temperature. Then, 400 µl binding buffer was added to each 
tube. Apoptosis was analyzed using a BD FACSCalibur flow 
cytometer (Accuri™ C6 Plus; BD Biosciences) within 1 h.

Reverse transcription‑quantitative PCR (RT‑qPCR) analysis. 
Total RNA was extracted from paired NSCLC and para‑carci‑
noma tissues and NSCLC cell lines using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) and 1 µg of total 
RNA was reverse‑transcribed to cDNA using PrimeScript RT 
reagent kit at 37˚C for 15 min (Takara Bio, Inc.). Subsequently, 
qPCR was performed using SYBR Premix Ex Taq (Perfect 
Real Time; Takara Bio, Inc.) and an ABI Prism 7700 
Real‑Time PCR system (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). The following thermocycling conditions were 
used: Initial denaturation for 30 sec at 95˚C; 40 cycles of 5 sec 
at 95˚C and 30 sec at 60˚C; and dissociation for 15 sec at 95˚C, 
30 sec at 60˚C and 15 sec at 95˚C. The specific primers for 
IL‑1β and GAPDH were synthesized by GenScript and the 
following sequences were used: IL‑1β forward, 5'‑ATG​GCA​
GAA​GTA​CCT​AAG​CTC‑3'; and reverse, 5'‑TTA​GGA​AGA​

CAC​AAA​TTG​CAT​GGT​GAA​CTC​AGT‑3'; GAPDH forward, 
5'‑TGA​CTT​CAA​CAG​CGA​CAC​CCA‑3' and reverse, 5'‑CAC​
CCT​GTT​GCT​GTA​GCC​AAA‑3'. The relative expression 
was calculated using the 2‑ΔΔCq method and presented as fold 
change (18). GAPDH was used for normalization.

Western blot analysis. Total protein was extracted from tissues 
and NSCLC cells using ProteoPrep Sample Extraction kit 
(Sigma‑Aldrich; Merck KGaA). The QuantiPro™ BCA Assay 
kit (cat. no. QPBCA; Sigma‑Aldrich; Merck KGaA) was used 
to measure protein concentration. Protein samples (30 µg) were 
separated via SDS‑PAGE (10% gel; Bio‑Rad Laboratories, 
Inc.) and transferred to PVDF membranes. The membranes 
were then blocked with 5% non‑fat milk in TBS with 0.05% 
Tween‑20 for 1 h at room temperature. After the membranes 
were incubated with primary antibodies at 4˚C overnight, 
secondary antibodies were added and incubated with the 
membranes at room temperature for 1 h. The bands were visual‑
ized with an ECL Western Blotting substrate kit (cat. no. K820; 
BioVision, Inc.) and the protein expression was quantified 
using ImageJ v1.8.0 software (National Institutes of Health) 
with GAPDH as the loading control. The primary antibodies 
used included: Mouse anti‑IL‑1β (1:1,000; cat. no. 12242; 
Cell Signaling Technology, Inc.), rabbit anti‑LC3B (1:1,000; 
cat.  no.  ab51520; Abcam), rabbit anti‑P62 (1:10,000; 
cat. no. ab109012; Abcam) and rabbit anti‑GAPDH (1:2,500; 
cat. no. ab9485; Abcam). The corresponding secondary anti‑
bodies included: Anti‑mouse IgG HRP‑conjugated antibody 
(1;2,000; cat. no. 7076; Cell Signaling Technology, Inc.) and 
goat anti‑rabbit IgG HRP‑conjugated antibody (1:20,000; 
cat. no. ab205718; Abcam).

Statistical analysis. All statistical analyses were performed 
using GraphPad Prism 5.0 (GraphPad Software, Inc.). Paired 
Student's t‑test was used for measuring IL‑1β expression in 
paired tissues. One‑way ANOVA followed by Tukey's post hoc 
test was performed to evaluate differences between multiple 
groups. Data are presented as the mean ± standard deviation of 
three experimental repeats. P<0.05 was considered to indicate 
a statistically significant difference.

Results

IL‑1β expression is increased in NSCLC tissues and cell lines. 
In order to investigate the level of IL‑1β expression in NSCLC 
tissues and cell lines, RT‑qPCR and western blot analyses 
were used. As shown in Fig. 1A, IL‑1β mRNA expression was 
higher in tumor tissues compared with that in corresponding 
non‑tumor tissues (P<0.01). Furthermore, the western blot‑
ting data also demonstrated that the protein expression level 
of IL‑1β was higher in NSCLC samples than in normal lung 
tissue (P<0.01; Fig. 1B). In addition, the expression of IL‑1β 
was increased in NSCLC cell lines (A549, HCC827 and 
H1650), particularly in A549 cells, compared with that in the 
normal epithelial cell line BEAS‑2B, at both the mRNA and 
protein levels (all P<0.01; Fig. 1C and D).

IL‑1β regulates paclitaxel chemosensitivity in NSCLC cells. 
A549 cells were used for further experiments. To investigate 
the effect of IL‑1β on paclitaxel sensitivity, cell viability and 
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apoptosis were determined. The results demonstrated that 
cell viability was inhibited in the paclitaxel group, compared 
with the control group at 24 and 48 h (P<0.01; Fig. 2A), and 
increased in the paclitaxel + IL‑1β group compared with the 
paclitaxel group at 48 h (P<0.05; Fig. 2A). Compared with the 
control group, cell apoptosis was induced by paclitaxel (P<0.01; 
Fig. 2B) and inhibited by IL‑1β (P<0.05; Fig. 2B). Compared 
with paclitaxel treatment, cell apoptosis was decreased after 
paclitaxel + IL‑1β treatment (P<0.05; Fig. 2B). These results 
indicated that IL‑1β reduced the sensitivity of A549 cells to 
paclitaxel.

Association between IL‑1β and autophagy in NSCLC cells. 
The activity of autophagy in A549 cells treated with IL‑1β was 
examined. Tunicamycin is known to induce autophagy (19) and 
was used as a positive control in the present study. Western blot 
analysis results demonstrated that both tunicamycin and IL‑1β 
treatment increased the expression of LC3‑II and decreased 
the expression of P62 (Fig. 3A). Additionally, the effect of 
autophagy on the IL‑1β level was investigated. The expres‑
sion of IL‑1β was found to be upregulated by tunicamycin 
treatment compared with the control group (P<0.01; Fig. 3B). 
These results suggested that IL‑1β induced cell autophagy and 
autophagy further enhanced IL‑1β expression.

IL‑1β regulates NSCLC cell sensitivity to paclitaxel through 
controlling autophagy. Cell viability and apoptosis were 
detected by CCK‑8 and flow cytometry assays in control, 
tunicamycin, paclitaxel and paclitaxel + tunicamycin groups. 
As presented in Fig. 4A and B, compared with the control 
group, tunicamycin promoted cell viability and suppressed 

apoptosis (P<0.05), whereas paclitaxel inhibited cell viability 
and promoted apoptosis (P<0.01). Furthermore, tunicamycin 
enhanced paclitaxel‑induced cell viability (P<0.05) and 
repressed paclitaxel‑induced apoptosis (P<0.01), as compared 
with the paclitaxel alone group. These results suggested that 
autophagy reduced the sensitivity of A549 cells to paclitaxel.

To further elucidate the association between IL‑1β and 
paclitaxel sensitivity, control, paclitaxel, tunicamycin, IL‑1β, 
paclitaxel + tunicamycin and tunicamycin + paclitaxel + IL‑1β 
groups were used. In Fig. 4C, western blot analysis revealed that 
as an autophagy inducer, tunicamycin significantly increased 
the formation of LC3‑II and decreased the expression of 
P62 (both P<0.001). Further analysis revealed that paclitaxel 
inhibited the formation of LC3‑II (P<0.01) and increased the 
expression level of P62 (P<0.001) in tunicamycin‑treated A549 
cells. Furthermore, IL‑1β reversed the increased expression of 
P62 (P<0.05) induced by paclitaxel in tunicamycin‑treated 
A549 cells. These data suggested that IL‑1β reduced the pacli‑
taxel sensitivity of A549 cells by inducing autophagy.

Discussion

The expression level of the pro‑inflammatory cytokine IL‑1β 
was found to be elevated in various types of cancer and 
tumor microenvironments, and it is associated with tumor 
development  (20). However, it remains unclear whether 
it has beneficial or harmful effects  (21). IL‑1β has been 
reported to regulate malignant cell proliferation, migration, 
invasion and epithelial‑to‑mesenchymal transition (22,23). 
Furthermore, it has been shown to mediate apoptosis by 
regulating caspase‑3, poly ADP‑ribose polymerase and 

Figure 1. Upregulation of IL‑1β in NSCLC tissues and cells. The expression of IL‑1β in 30 NSCLC tissues and matched adjacent normal tissues was detected 
by (A) reverse transcription‑quantitative PCR and (B) western blot analyses. **P<0.01 vs. adjacent normal tissue. The same methods were used to measure the 
(C) mRNA and (D) protein expression of IL‑1β in the NSCLC cell lines A549, HCC827 and H1650 and the normal epithelial cell line BEAS‑2B. **P<0.01 vs. 
BEAS‑2B. Data are presented as the mean ± SD. NSCLC, non‑small cell lung cancer.
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inhibitor of caspase‑activated DNase (24), and Bcl‑2 protein 
family members (25). In patients with lung cancer, IL‑1β 
was found to be highly expressed  (26), and it favors the 
establishment of an inflammatory microenvironment that 
increases the risk of lung cancer (22), meaning that it could 
be a potential biomarker of lung cancer prognosis  (27). 
Paclitaxel is a well‑known chemotherapeutic drug used for 
the treatment of NSCLC; however, chemoresistance has 
been observed, which compromises clinical efficacy and 
adversely affects the quality of life of the patients  (28). 
Therefore, it is crucial to enhance the chemosensitivity 
of NSCLC cells to paclitaxel. IL‑1β is involved in drug 
resistance or chemosensitivity  (15‑17); however, to the 
best of our knowledge, there are few studies on the asso‑
ciation between IL‑1β and paclitaxel. For example, IL‑1β 
expression is upregulated in macrophages as a response to 
paclitaxel chemotherapy (29). Paclitaxel treatment causes 
IL‑1β production by LPS‑stimulated cells  (30). In the 
present study, the association between IL‑1β and paclitaxel 
sensitivity in NSCLC cells was investigated. First, it was 
observed that the expression of IL‑1β was increased in both 
NSCLC tissues and cell lines, suggesting that IL‑1β may act 
as a tumor promoter in NSCLC. Subsequently, IL‑1β was 
shown to promote paclitaxel‑suppressed cell viability and 

Figure 2. Effect of IL‑1β on the sensitivity of NSCLC cells to paclitaxel. A549 cells were treated with paclitaxel or IL‑1β alone, paclitaxel + IL‑1β or control. 
(A) Cell Counting Kit‑8 assay was used to evaluate cell viability. (B) Flow cytometry was used to evaluate cell apoptosis. Data are presented as the mean ± SD. 
*P<0.05 and **P<0.01 vs. control; #P<0.05 vs. paclitaxel. NSCLC, non‑small cell lung cancer; OD, optical density.

Figure 3. IL‑1β expression and autophagy are interrelated factors in NSCLC 
cells. (A) After A549 cells were treated with IL‑1β and tunicamycin, western 
blot analysis was performed to evaluate LC3 and P62 expression. GAPDH 
was used as the loading control. *P<0.05 and **P<0.01. (B) Expression of 
IL‑1β was measured by reverse transcription‑quantitative PCR analysis in 
A549 cells following treatment with tunicamycin. Data are presented as the 
mean ± SD. **P<0.01 vs. control. NSCLC, non‑small cell lung cancer.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  21:  293,  2021 5

inhibit paclitaxel‑induced cell apoptosis, suggesting that 
IL‑1β lowered paclitaxel sensitivity in NSCLC cells.

However, the underlying mechanism through which IL‑1β 
affects paclitaxel sensitivity remains elusive. The present 

study revealed that IL‑1β treatment was able to induce A549 
cell autophagy, and that the cells treated with tunicamycin 
exhibited increased IL‑1β levels. Autophagy is a conserved 
eukaryotic cellular degradation and recycling process, which 

Figure 4. IL‑1β modulates paclitaxel sensitivity of NSCLC cells via regulating autophagy. A549 cells were treated with tunicamycin, paclitaxel and tunica‑
mycin + paclitaxel, and the (A) cell viability and (B) apoptosis were measured by using Cell Counting Kit‑8 assay and flow cytometry, respectively. (C) A549 
cells were treated with paclitaxel alone, tunicamycin, IL‑1β alone, paclitaxel + tunicamycin and tunicamycin + paclitaxel + IL‑1β, and western blotting was 
performed to test LC3 and P62 protein expression levels. Data are presented as the mean ± SD. #P<0.05, ##P<0.01 and ###P<0.001 vs. control; *P<0.05 **P<0.01 
and ***P<0.001 vs. paclitaxel (B); #P<0.05, **P<0.01 and ***P<0.001 vs. paclitaxel + tunicamycin. NSCLC, non‑small cell lung cancer.
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may be subdivided into micro‑autophagy, macro‑autophagy 
and chaperone‑mediated autophagy (31). Dysfunction of the 
autophagic pathway may promote aging and various diseases, 
including infections, cancer, neurodegeneration and heart 
disease (32). During the autophagy process LC3‑I is converted 
to LC3‑II, while when autophagy is decreased, the p62 level 
is increased (33). Autophagy plays a key role in the immune 
system as a regulator of inflammatory cytokines, particularly 
the release of IL‑1 family members (34). A previous study 
reported that the IL‑1β secretion pathway is affected by 
autophagy, which may be promoted by starvation or pharma‑
cological drugs (35), and the results of the present study are 
consistent with this conclusion.

Autophagy occurs frequently during cancer chemo‑
therapy, and is involved in the development of multidrug 
resistance (36). Drug resistance of cancer cells may be over‑
come by inhibiting autophagy, which enhances the efficacy 
of anticancer therapies  (37). Previous studies revealed that 
autophagy mediates resistance or sensitivity to paclitaxel. 
For example, autophagy inhibition was reported to sensitize 
endometrial cancer cells to paclitaxel (38). In addition, inhibi‑
tion of cell autophagy promoted paclitaxel‑induced cell death, 
which improved the outcome of paclitaxel in the treatment of 
NSCLC (39). Furthermore, certain proteins and microRNAs 
may regulate paclitaxel sensitivity by inducing or inhibiting 
autophagy (40,41). In the present study, it was observed that 
autophagy may decrease the sensitivity of NSCLC cells to pacli‑
taxel. Furthermore, IL‑1β decreased NSCLC cell sensitivity to 
paclitaxel through inducing autophagy. Thus, it may be hypoth‑
esized that regulation of IL‑1β expression in NSCLC cells may 
alter the resistance to paclitaxel. To further verify the results of 
the present study, 3‑methyladenine as an autophagy inhibitor 
will be used to observe whether IL‑1β regulates autophagy 
via the PI3K pathway and reveal the unknown mechanism by 
which IL‑1β regulates paclitaxel sensitivity.

In conclusion, the present study suggested that IL‑1β may 
act as a tumor promoter in NSCLC. IL‑1β decreased the 
sensitivity of A549 cells to paclitaxel via inducing autophagy, 
which was reflected by increased cell viability and decreased 
apoptosis. The results of the present study indicated that IL‑1β 
may be a novel target for improving the therapeutic efficacy of 
paclitaxel chemotherapy in NSCLC.
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