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Background: There is a close relationship among inflammation, glycolysis, and tumors. 
The IL-1 family includes important inflammatory cytokines, among which IL-1β has been 
widely studied. In this study, we focused on the effect of IL-1β on glycolysis of lung 
adenocarcinoma (LUAD) cells in vivo and in vitro and explored its possible mechanisms.
Methods: A bioinformatic database and quantitative real-time PCR were used to analyze the 
expression of glycolysis-related enzyme genes and their correlations with IL1β in human 
LUAD samples. The human LUAD cell line A549 and Lewis lung carcinoma LLC cell line 
were stimulated with IL-1β. In vitro treatment effects, including glycolysis level, migration, 
and invasion were evaluated with a glucose assay kit, lactate assay kit, Western blotting, 
wound healing, and the transwell method. We established a mouse model of subcutaneous 
tumors using LLC cells pretreated with IL-1β and analyzed in vivo treatment effects through 
positron-emission tomography-computed tomography and staining. Virtual screening and 
molecular dynamic simulation were used to screen potential inhibitors of IL-1β.
Results: Our results showed that IL1β was positively correlated with the expression of 
glycolysis-related enzyme genes in LUAD. Glycolysis, migration, and invasion significantly 
increased in A549 and LLC stimulated with IL-1β. In vivo, IL-1β increased growth, mean 
standard uptake value, and pulmonary tumor metastasis, which were inhibited by the 
glycolysis inhibitor 2-deoxy-D-glucose and p38-pathway inhibitors. Small molecular com
pound ZINC14610053 was suggested being a potential inhibitor of IL-1β.
Conclusion: IL-1β promotes glycolysis of LUAD cells through p38 signaling, further 
enhancing tumor-cell migration and invasion. These results show that IL-1β links inflamma
tion to glycolysis in LUAD, and targeting IL-1β and the glycolysis pathway may be 
a potential therapeutic strategy for lung cancer.
Keywords: interleukin 1β, glycolysis, lung adenocarcinoma, p38 signaling

Introduction
The relationship between inflammation and cancer has been widely studied.1 Lung 
cancer has been proved to be one of the inflammation-associated cancers.2–4 Non– 
small cell lung cancer (NSCLC) accounts for approximately 85% of lung cancers, and 
adenocarcinoma is the most common subtype of NSCLC. Outcomes for lung cancer 
patients remain poor, with a 5-year survival rate of approximately 15%.5 An inflamma
tory factor, IL-1β belongs to the member of IL-1 cytokine family, and is secreted by 
almost all nucleated cells with external antigen and mitogen stimulation.6–8 Studies have 
revealed that IL-1β plays an active role in many biological processes. It has been found to 
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promote inflammatory tissue damage and induce edema for
mation in acute inflammation.9,10 This proinflammatory cyto
kine is involved in immunoregulation through activating 
CD4+ T cells.11 IL-1β has been found to enhance the bacter
icidal functions of neutrophils on hypervirulent Klebsiella 
pneumoniae in vitro and in vivo.12 Therefore, IL-1β is closely 
related to the degree and development of inflammatory and 
immune-system diseases, such as rheumatoid arthritis, asthma, 
and inflammatory bowel diseases.13–15 In recent years, the 
active role of IL-1β in malignant tumors has been widely 
studied, which suggested that IL-1β promotes the biological 
malignant behavior of cancer cells, such as metastatic breast 
cancer, gastric cancer, and human colon cancer.16–18 

Canakinumab is a currently available IL-1β inhibitor and in 
clinical trials for the treatment of malignant tumors 
(NCT04581343 and NCT04239157). A phase III clinical 
study revealed that canakinumab could reduce incidence and 
mortality in patients with lung cancer, showing promise in the 
treatment of malignant tumors.19 Yano et al found that IL-1β 
promotes metastasis of human lung cancer cells.20 Li et al 
revealed that IL-1β-induced epithelial–mesenchymal transi
tion of lung cancer cells, which was positively associated 
with the biological malignant behavior of cancer cells.21 

These results suggest that the relationship between IL-1β and 
lung cancer is worthy of being discussed further.

The Warburg effect has been suggested to be a key 
metabolic hallmark of cancer, wherein cancer cells con
sume glucose through aerobic glycolysis.22 An increase 
in the Warburg effect promotes malignant biological 
behavior of cancer cells, such as aberrant activation of 
glycolytic enzymes like hexokinase 2 (HK2), phospho
fructokinase (PFK), pyruvate kinase M2 (PKM2), and 
lactate dehydrogenase A (LDHA), accompanied by 
increased glucose uptake and lactate generation.23–27 

A preliminary study of ours found that the IL-1 subfam
ily (IL-1α, IL-1β, and IL-33) played an important role in 
various diseases, including malignant tumors, through 
targeting glycolysis.28 However, little is known about 
whether IL-1β promotes pathogenesis and development 
of lung adenocarcinoma (LUAD) through upregulating 
glycolysis. In this study, we determined the impact of IL- 
1β on growth and invasion of LUAD cells in vitro and 
in vivo through targeting glycolysis and explored the 
underlying mechanisms by which IL-1β upregulated the 
glycolysis of tumor cells. Our research will provide new 
insights into relationships among inflammation, meta
bolic reprogramming, and lung cancer.

Methods
Patient Sample
Tumors and the corresponding peritumor tissue of 36 patients 
with LUAD were obtained from the Department of Thoracic 
Surgery, Union Hospital, Tongji Medical College, Huazhong 
University of Science and Technology after obtaining 
informed consent from patients as described previously.29 

All procedures were approved by the ethics committee of 
Tongji Medical College, (2010, IEC [S202].

Reagents
Recombinant human IL-1β (Cat#AF-200-01B) and mouse 
IL-1β (Cat#AF-211-11B) were acquired from PeproTech. 
P38 inhibitor SB203580 (Cat#s1076) and glycolysis inhi
bitor 2-deoxy-D-glucose (2DG; Cat#s4701) were obtained 
from Selleckchem(Houston,United States). The inhibitors 
were dissolved in DMSO. Working concentrations of 
SB203580 and 2DG were 30 µM and 5 mM, respectively.

Cell Lines
The A549 human LUAD cell line (ATCC #CCL185) and 
the Lewis lung carcinoma (LLC) cell line (ATCC 
#CRL1642 were purchased from the American Type 
Culture Collection (Manassas, VA, USA). The two cell 
lines were cultured according to our previous studies.29 

Briefly, A549 was cultured in RPMI 1640 plus 10% 
serum, 2 mM L-glutamine, 1 mM pyruvate, 100 U/mL 
penicillin, and 100 mg/mL streptomycin, and LLC was 
cultured using DMEM. Cells were incubated at 37°C in 
5% CO2 and 95% air.

GEPIA Data Set
The GEPIA data set is an interactive web server that can 
be used for tumor/normal differential expression analysis, 
patient-survival analysis, and correlation analysis based on 
sample data from the Cancer Genome Atlas (TCGA) and 
the GTEx project.30,31 We used GEPIA for analyzing the 
expression of GLUT1, GLUT3, HK2, PFK liver (PFKL), 
PKM2, MCT1, MCT4, and LDHA in tumor and normal 
tissue and correlations between IL1β and glycolysis- 
related genes. Results of patient-survival analyses were 
also obtained from GEPIA .

TIMER Database
The Tumor Immune Estimation Resource (TIMER) is an 
online database (http://timer.cistrome.org), developed to 
study tumor immunity. Data in TIMER are derived from 
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TCGA and cover 32 types of cancer and up to 10, 897 
tumors.32,33 The invasive ability of six immunoinfiltrates 
(eg, B cells, CD4+ T cells, and CD8+ T cells) were estimated 
in advance in this database. We made use of the module 
Cancer Exploration to analyze associations between IL1β 
and glycolysis-related genes in various tumors.

Kaplan–Meier Plotter Database
Kaplan-Meier Plotter, a classic online tool (http://kmplot. 
com/analysis) for analyzing the effect of tumor genes on 
survival and prognosis, is able to conduct survival analysis 
with regard to 54,000 genes.34 Data in it are derived from 
GEO, EGA, and TCGA for 21 tumor types, including 
breast cancer (6,234 samples), ovarian cancer (2,190), 
lung cancer (3,452), and gastric cancer (1,440). 
We performed survival analysis through this database.

PrognoScan Database
The PrognoScan database is a website (http://www.abren. 
net/PrognoScan) allowing users to analyze the prognostic 
value of a single gene and realize meta-analysis later.35 It 
provides a powerful platform to estimate latent tumor mar
kers and therapeutic targets. With the help of this database, 
we explored prognostic values of glycolysis-related genes.

CCK8 Assay
A549 and LLC (104 cells/well) were incubated in a 96-well 
plate for 24 hours, then incubated with different concentra
tions of IL-1β for 24 and 36 hours. Subsequently, 10 μL 
CCK8 solution was added. Absorbance values were mea
sured at 450 nm with a microplate reader (DR-200Bs). For 
inhibitory assays, IL-1β-induced cells were stimulated with 
2DG for 48 hours. Cells stimulated with IL-1β in the 
absence of inhibitors and cells stimulated without IL-1β 
were selected as control groups.

Glycolysis
The level of glycolysis was detected according to the 
results of glucose consumption and lactate production in 
A549 and LLC cells. After stimulation with IL-1β, cells 
and supernatant were collected for measuring glucose con
sumption and lactate production using a glucose assay kit 
(Sigma-Aldrich GAGO20) and lactate assay kit (JianCheng 
A0192), respectively. For inhibitory assays, IL-1β-induced 
cells were stimulated with 2DG or pathway inhibitors for 48 
hours and 1 hour, respectively. Cells stimulated with IL-1β 
in the absence of the inhibitors were selected as the control 
group.

Quantitative Real-Time PCR
We used RNAiso Plus (Takara 9109) to isolate total RNAs 
from tissue. Then, a Vazyme cDNA-synthesis kit was used 
to reverse-transcribe according to the manufacturer’s 
instructions. Next, qRT-PCR was performed according to 
our previous study.29 Sequences of the primers used for 
PCR are shown in Table 1.

Western Blotting
Western blot analysis was used to evaluate the pathway of 
LUAD activated by IL-1β. A549 and LLC cells were 
cultured in six-well plates for 12 hours, then stimulated 
with the different treatments. Cell lysates quantified by 
BCA protein assay was separated via SDS-PAGE and 
PVDF membranes (Bio-Rad, Hercules, CA, USA). After 
incubation overnight at 4°C, primary antibodies were used 
for detecting the expression of target proteins: anti–β-actin 
(1:10,000, TDY, TDY051), anti-p-p38 (1:500, CST, 4511), 
anti-p38 (1:3,000, CST, 8690), anti-ERK (1:2,000, CST, 
4695), anti-p-STAT3 (1:500, CST, 9145), anti-STAT3 
(1:1,000, Abcam, ab109085), anti-p-JNK (1:500, CST, 
9251), anti-JNK (1:2,000, CST, 9252), anti-p-NFκB p65 

Table 1 Sequence of primers used for qRT-PCR amplification

Gene Forward primer (5′–3′) Reverse Primer (5′–3′)

GLUT1 CTCATCAACCGCAACGAGG TCGAAGATGCTCGTGGAGTAAT

GLUT3 TTCAAGGATGCAGGTGTTCAAG CCTGGCTGAAGAGTTCGGC

HK2 AGCCACCACTCACCCTACTGC CTGGAGCCCATTGTCCGTTAC
PFKL TTGAGGCCTATGAAGGGGTG AGGGACGTTGTTGCTGATGG

LDHA AATGAATGTTGCTGGTGTCTCTC CCCTTAATCATGGTGGAAACTG

MCT1 AGCAATTTCCAGGTATTGACC GAGAAGTTAAGCCTGGACACATG
MCT4 CTCATCCTCTGCGGCATCAC AGCCATCCCAGCAAAGAAACT

ACTB GTCCACCGCAAATGCTTCTA TGCTGTCACCTTCACCGTTC
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(1:1,000, CST, 3033), anti-NFκB p65 (1:3,000, CST, 
8242), anti-GLUT1 (1:1,000, Abcam, ab115730), anti- 
GLUT3 (1:3,000, Abcam, ab41525), and anti-MCT1 
(1:1,000, 20139-1-AP), anti-MCT4 (1:1,000, 22787- 
1-AP), anti-HK2 (1:500, ab209847), anti-LDHA 
(1:1,000), HRP–goat antirabbit (1:10,000, AS1107), 
HRP–goat antimouse (1:10,000, ASPEN, AS1106), 
HRP–goat antigoat (1:10,000, AS1108), HRP–goat antirat 
(1:10,000, AS1093), HRP–goat antisheep (1:10,000, 
AS1245).

Wound Healing
A549 cells were stimulated with or without human IL-1β 
(20 ng/mL) in a six-well plate for 36 hours. Cells were 
cultured for another 24 hours after a denuded area of 
constant width was scratched by a sterile 200 μL pipette 
tip. We used a microscope to monitor and photograph 
wound closure. The length of wound healing at 0 hours 
(L0h) and 24 hours (L24 hours) was measured by ImageJ 
software. The wound-healing ratio was calculated:

Wound healing ratio % ¼ ð1 � L0h
L24hÞ � 100%

This experiment was performed in triplicate with three 
independent repeats. For inhibitory assays, A549 cells 
incubated with human IL-1β (20 ng/mL) were stimulated 
with 2DG or pathway inhibitors for 48 hours and 1 hour, 
respectively. Cells stimulated with IL-1β in the absence of 
the inhibitors were selected as control group.

Cell-Migration and -Invasion Assays
Considering that LLC cells belong to a semiadherent cell 
line, we used transwell experiments to examine the cell 
migration of LLC cells induced by IL-1β. LLC cells (105/ 
well) cultured with or without IL-1β (20 ng/mL) were 
resuspended in 100 µL serum-free medium, then seeded 
into the upper chamber. Complete medium (500 µL) was 
added to the lower chamber. After 36 hours, cells that had 
migrated into the underside of the insert were stained with 
0.1% crystal violet and counted under microscopy. 
Migration ability was analyzed through the number of 
migrated LLC cells. The invasion assay was almost the 
same. The only difference was that Matrigel (BD 
Biosciences, San Jose, CA, USA) was added to the upper 
chamber. For inhibitory assays, A549 and LLC cells incu
bated with IL-1β (20 ng/mL) were stimulated with 2DG or 
pathway inhibitors for 48 hours and 1 hour, respectively. 
Cells stimulated with IL-1β in the absence of inhibitors 
were selected as the control group.

Animal Model
Six-week-old male C57BL/6 mice were purchased 
from Vital River Laboratory Animal Technology. All 
mice were kept in a pathogen-free vivarium at the 
Wuhan Laboratory Animal Center of Tongji Medical 
College according to the approved institutional guide
lines of the Animal Care and Use Committee. Mice 
were assigned to study and control groups randomly. 
Mouse LUAD models were established by subcuta
neous injection of 106 LLC cells in 0.1 mL PBS. In 
the study group, cells were pretreated with IL-1β (20 
ng/mL) for 36 hours. Ten days after injection, nine 
mice were scanned by PET (TransPET Discoverist 
180) to confirm glucose uptake through analyzing 
mean standard uptake value (SUVmean) using Carimas 
software (Turku PET Centre). Tumor and lung tissue 
were obtained after all of the mice had been killed, 
then tumor weight was measured by electronic balance 
and volume calculated: tumor volume (mm3) = 0.52 × 
longer length (mm) × shorter length2 (mm2). Lung 
tissue was fixed with paraformaldehyde for H&E stain
ing to confirm lung metastases. The rate of lung 
metastasis was calculated using ImageJ software. For 
inhibitory assays, cells were pretreated with IL-1β (20 
ng/mL), then cells stimulated with 2DG or p38-path
way inhibitor for 48 hours and 1 hour in the study 
group before model establishment. Cells stimulated 
with IL-1β in the absence of the inhibitor were 
selected as the control group.

Molecular Docking
Small-molecule data were downloaded from the ZINC15 
database and saved as SDF files. The structure of IL-1β 
(4DEP) was downloaded from the RCSB Protein Data 
Bank (http://www.rcsb.org). This kind of format was con
verted into Mol2 with the use of Open Babel software. For 
molecular docking, we used the script prepare_ligand4.py 
in the AutoDockTools program to implement batch pro
cessing of adding charges to molecules, assigning atomic 
types, setting rotatable bonds to flexible ones, and saving 
the file in PDBQT format. In Pymol 1.7, we deleted crystal 
water and other small molecules of receptor proteins and 
added hydrogen atoms. The result of changes was saved 
and then loaded into AutoDockTools 1.5.6 to add charges, 
assign atomic types, and save the file in PDBQT format, in 
order to form molecular docking receptors. Afterward, 
molecular docking was processed with Vina 1.1.2 
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software. The docking box was set to the appropriate size 
to be able to contain binding sites for the proteins. We 
selected the optimal conformation as the result of mole
cular docking. At the same time, we extracted and sorted 
docking scores, namely affinity data.

Molecular Dynamic Simulation
Molecular dynamic simulation for proteins and small 
molecules obtained from molecular docking was car
ried out using Amber18. Force-field parameter for pro
teins were defined using ff14SB, while for small- 
molecule ligands, the general parameter GAFF was 
chosen. Antechamber mode was used to compute the 
atomic charge of AM1-BCC. A protein–small-molecule 
compound was loaded with tleap mode, and hydrogen 
atoms and antagonistic ions were added automatically 
so as to neutralize charge. A TIP3P dominant water 
model was chosen, then periodic border conditions 
were set. In the process of molecular dynamic simula
tion, there were four steps: minimization of energy, 
calefaction, equilibrium, and productive dynamic simu
lation. Above all, heavy atoms of proteins, including 
small molecules were restrained, and 10,000 steps 
involving 5,000 steps of the steepest- descent method 
and conjugate-gradient method separately were con
ducted for the purpose of energy minimization of 
water molecules. Subsequently, the system was gradu
ally heated to 300 K in 50 ps, and then under NPT 
ensemble, it was balanced for 50 ps. In the end, under 
the same ensemble, molecular dynamic simulation was 
completed for 50 ns. Track data were stored every 
other 10 ps and they were analyzed using CPPTRAJ 
mode. Binding free energy between proteins and 
ligands was calculated using MMPBSA.py mode.

Statistics
Data in our research were processed using SPSS 26.0, 
and statistical set at P<0.05. Measurement materials 
are denoted by means ± SD, and independent-sample 
t-tests were used to compare results between the 
groups. Correlations between IL-1β and selected gly
colytic indicators were assessed with Pearson correla
tion analysis. Paired t-tests were used to compare gene 
expression between cancer and adjacent normal tissue. 
Growth of subcutaneous tumors in tumor-bearing mice 
within groups were analyzed using one-way ANOVA.

Results
Expression of Glycolysis-Related 
Metabolic Enzyme Genes in Cancerous 
Tumors and Normal Tissue
To discern the mechanism of enhanced ability of tumors to 
take up glucose, we analyzed metabolic enzymes associated 
with glucose metabolism in tumor tissue. GEPIA was utilized 
to show expression of GLUT1, GLUT3, PFKL, HK2, PKM2, 
MCT1, MCT4, and LDHA in multiple tumors. In contrast to 
normal tissue, gene-expression levels of these glycolysis- 
related metabolic enzymes were elevated in tumors and var
ied from tumor to tumor (Figure S1). For further study, we 
discovered that five preceding genes (GLUT1, HK2, MCT1, 
MCT4, and LDHA) attained generally higher expression in 
most tumors compared to normal tissue: GLUT1 (T>N, 
n=23), GLUT3 (T>N, n=8), PFKL (T>N, n=4), PKM2 
(T>N, n=17), HK2 (T>N, n=22), MCT1 (T>N, n=19), 
MCT4 (T>N, n=14) and LDHA (T>N, n=16; Figure S1A).

Expression of Glycolysis-Related 
Metabolic Enzyme Genes in Lung 
Adenocarcinoma and Normal Tissue
GEPIA was used to verify how genes of glycolysis-related 
metabolic enzymes were expressed in LUAD, revealing that 
mRNA expression of GLUT1 and LDHA were significantly 
higher in LUAD tissue than adjacent normal tissue, whereas 
GLUT3 was expressed more highly in the latter (Figure 1A). 
In addition, the results of RT-PCR showed that mRNA 
expression of GLUT1 and LDHA in LUAD tissue was con
sistent with results in GEPIA. Furthermore, MCT1 was 
expressed more in cancer tissue than adjacent normal tissue 
(Figure 1B), manifesting upregulation of glycolysis in LUAD.

Prognostic Value of Glycolysis-Related 
Enzyme Genes in Multiple Cancerous 
Tumors
With GEPIA, we analyzed prognostic values of glycolysis- 
related enzyme genes in 33 cancers so as to know about 
the impact of these genes in tumors. Among most of the 
cancers, high expression of these genes was related to poor 
prognosis (Figure S1B).

Prognostic Value of Glycolysis-Related 
Enzyme Genes in LUAD
The Kaplan–Meier Plotter database was chosen to eval
uate prognostic values of glycolysis-related enzyme 

Journal of Inflammation Research 2021:14                                                                                          https://doi.org/10.2147/JIR.S319433                                                                                                                                                                                                                       

DovePress                                                                                                                       
6495

Dovepress                                                                                                                                                              Tan et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=319433.pdf
https://www.dovepress.com/get_supplementary_file.php?f=319433.pdf
https://www.dovepress.com/get_supplementary_file.php?f=319433.pdf
https://www.dovepress.com
https://www.dovepress.com


genes in LUAD. The results suggested that high 
expression of GLUT1, GLUT3, PFKL, HK2, PKM2, 
MCT1, MCT4, and LDHA indicated shortened overall 
survival (OS) in LUAD. Except GLUT3, time to first 
advanced stage was shortened when these genes had 
relatively high expression (Figure S1C). Overall, active 
glycolysis in LUAD suggested adverse outcomes in 
patients.

Expression of IL1β in Tumor Tissue Using 
Pan-Cancer Analysis
The relationship between inflammation and cancer has 
attracted extensive attention. Research has confirmed 

that IL1β has close a relationship to tumors.16,18 To 
make clear the effect of IL1β on tumors, we performed 
survival analysis using three databases (GEPIA, 
Kaplan–Meier Plotter, and PrognoScan). 
We discovered that for all tumor types, OS was shorter 
in groups where IL1β was overexpressed, while dis
ease-free survival (DFS) showed no difference (OS HR 
1.5, log-rank P<0.001; DFS HR 1.1, log-rank P=0.11). 
In LUAD, IL1β could be a marker of poor prognosis. 
High expression was significantly associated with poor 
prognosis in LUAD patients (PrognoScan — OS HR 
1.6, Cox P<0.001, RFS HR 1.6, Cox P=0.11; Kaplan– 
Meier Plotter — OS HR 1.83, log-rank P<0.001, first 
progression HR 1.85, log-rank P<0.001; Figure S1D).

Figure 1 Expression and prognostic value of seven glycolysis-related genes and IL1β and their relationship analyzed with bioinformatic database and RT-PCR. (A) Relative 
mRNA expression of glycolysis-related enzyme genes in human lung adenocarcinoma tumor and normal tissue (GEPIA) (*P<0.01); (B) Relative mRNA expression of 
glycolysis-related enzymes genes in human lung adenocarcinoma tumor and adjacent tissue. Samples of human lung adenocarcinoma and paracancerous tissue were collected 
and RNA extracted, then RT-PCR used to detect the expression of gene mRNA. A paired t-test was used. (*P<0.05; **P<0.01). (C) Correlation analysis of IL1β and 
glycolysis-related enzyme genes in lung adenocarcinoma tissue (GEPIA). (D) Analysis of the relationship between IL1β and glycolysis-related enzyme genes in lung 
adenocarcinoma tissue (TIMER).
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Correlation Between IL1β and Glycolysis- 
Related Enzyme Genes Using Pan-Cancer 
Analysis
Our previous research uncovered that the IL-1 family 
participates in progression of various diseases, including 
tumors, through regulating glycolysis.28 The question was 
then raised as to whether IL-1β influenced LUAD by regulat
ing glycolysis. Bioinformatics was used as a tool to study 
associations between cancers and glycolysis-related enzyme 
genes. In the TIMER database, the results of correlation 
between 32 cancers and eight genes (GLUT1, GLUT3, 
PFKL, HK2, PKM2, MCT1, MCT4, and LDHA) showed that 
except PFKL, the other seven genes were positively associated 
with IL1β in multiple tumors, with statistical significance 
(Figure S1E). In LUAD, IL1β was positively associated with 
GLUT1 (r=0.243, P<0.001), GLUT3 (r=0.453, P<0.001), 
HK2 (r=0.33, P<0.001), PFKL (r=0.138, P=0.002), PKM2 
(r=0.135, P=0.002), MCT1 (r=0.349, P<0.001), and LDHA 
(r=0.21, P<0.001) in GEPIA, but the relationship between 
IL1β and MCT4 did not reach statistical significance (= 
−0.062, P=0.159; Figure 1C). After repeating such analysis 
on TIMER, we found that apart from MCT4, IL1β was posi
tively correlated with the other genes, attaining statistical 
significance (Figure 1D), in accordance with the GEPIA 
results. As results were analyzed, we speculated that IL-1β 
might regulate tumor progression via the glycolytic pathway.

IL-1β Upregulated Glycolysis in A549 and 
LLC Cell Lines
We chose human LUAD A549 and mouse LUAD LLC 
cell lines to confirm the relationship between IL-1β and 
glycolysis. We used CCK8 assays to detect the effect of 
IL-1β on cell proliferation. As shown in Figure 2A, A549 
cells stimulated with 1.5, 10, 20, 50, and 100 ng/mL IL-1β 
for 36 hours had a higher rate of cell proliferation than for 
24 hours. We found that the rate of cell proliferation was 
highest for IL-1β 20 ng/mL for 36 hours (OD450: 0 ng/mL, 
0.847±0.024, P<0.0001; 1.5 ng/mL, 0.887±0.039, 
P<0.0001; 10 ng/mL, 1.009±0.043, P<0.01; 50 ng/mL, 
1.065±0.05, P>0.05; 100 ng/mL, 1.03±0.042, P<0.05; 20 
ng/mL, 1.114±0.049). Similar results were found in LLC 
cells (OD450: 0 ng/mL, 0.761±0.039, P<0.0001; 1.5, ng/ 
mL, 0.813±0.039, P<0.0001; 10 ng/mL,0.917±0.026, 
P<0.01; 50 ng/mL, 0.956±0.032, P>0.05; 100 ng/mL, 
0.921±0.035, P<0.01; 20 ng/mL, 1.006±0.058; 
Figure 2A). Therefore, we chose 20 ng/mL as the stimulus 
concentration and stimulus time was 36 hours. 

We detected the glycolysis level in cells induced by IL- 
1β. After stimulation with IL-1β (20 ng/mL) for 36 hours, 
glucose in cell supernatant was downregulated and lactate 
upregulated significantly in both A549 and LLC 
(Figure 2B), which revealed that these cells were active 
in glycolysis. Subsequently, we tested expression of gly
colysis-related proteins (GLUT1, GLUT3, PFKL, HK2, 
PKM2, MCT1, MCT4, and LDHA) through Western blot 
assays, and as shown in Figure 2C, expression was 
enhanced in A549 and LLC cells. IL-1β promoted migra
tion and invasion of these cell lines on wound-healing and 
transwell assays, respectively (Figure 2D). In summary, 
we considered that IL-1β facilitated glycolysis in both cell 
lines.

IL-1β Promoted A549 and LLC Cell 
Growth and Invasion Through Regulating 
Glycolysis
In contrast to the control group, IL-1β promoted prolifera
tion of both A549 and LLC cells, while this inclination 
reversed when these cells were cultivated with IL-1β and 
2DG (Figure 3A). Further Western blot 
assays demonstrated that GLUT1, GLUT3, PFKL, HK2, 
PKM2, MCT1, MCT4, and LDHA were upregulated when 
LLC and A549 cells were treated with IL-1β, while on the 
contrary the expression declined with addition of 2DG 
(Figure 3C). With wound-healing and transwell invasion 
assays, we identified the migration and invasion ability of 
A549 cells. Compared with IL-1β group, where A549 cells 
were stimulated with only IL-1β, cell migration had been 
weakened, with lower wound-healing ratio and invasive 
cell numbers after A549 cells were stimulated with IL-1β 
+ 2DG (Figure 3D). To identify migration and invasion 
ability of LLC cells, we conducted transwell experiments. 
LLC cells stimulated with IL-1β showed stronger migra
tion and invasion, but this faded under the impact of 2DG 
(Figure 3E). We concluded that IL-1β promoted cell 
migration and invasion in A549 and LLC cell lines 
through regulating glycolysis.

IL-1β Promoted Lung Adenocarcinoma 
Growth and Invasion Through Promoting 
Glycolysis In Vivo
We further started animal experiments to explore the effect 
of IL-1β on mouse LUAD models established by subcuta
neous injection of LLC cells with or without stimulation of 
IL-1β. Before all were killed, they underwent PET–CT 
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scans, and glucose uptake by tissue was clear in the 
images (Figure 4A). Data on glucose uptake were col
lected and revealed that tissue was more active in glucose 
metabolism in the IL-1β group. Tumor volume and weight 
were measured, indicating that IL-1β facilitated tumor 
growth (Figure 4B). LLC cells stimulated with 2DG pre
viously were used to construct a subcutaneous tumor 
model as well. Figure 4D and E displays the mass weight 

and volume of naked tumors in three groups, and it was 
evident that the IL-1β group ranked top, followed by 2DG 
and the control group. We obtained lungs from dead mice 
and acquired H&E-stained histological images. As shown 
in Figure 4C, lung metastases from LLC subcutaneous 
tumors were more evident in the IL-1β group. From 
in vivo study, we concluded that IL-1β promoted metas
tasis of LUAD by upregulating glycolysis.

Figure 2 IL-1β promoted glucose consumption and lactate accumulation in A549 and LLC cell lines. (A) Cell-survival rates of A549 (left) and LLC (right) stimulated with 
different concentrations of IL-1β for 24 and 36 hours were analyzed with CCK8. A549 and LLC cells incubated with 20 ng/mL IL-1β for 36 hours reached the highest cell- 
survival rate. (B) A549 cells (upper) and LLC cells (below) treated with or without 20 ng/mL IL-1β for 36 hours. Compared with the control group, the IL-1β group showed 
lower levels of glucose and higher levels of lactate. (C) Western blot assay: expression level of GLUT1, GLUT3, PFKL, HK2, MCT1, MCT4 and LDHA in A549 (left) and LLC 
(right) treated with or without IL-1β. (D) Tests for cell migration and invasion ability under the impact of IL-1β. Wound-healing assay and transwell invasion in A549 cells 
(left); transwell migration and invasion analysis in LLC cells (right). *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
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Figure 3 IL-1β promoted invasion and migration in A549 and LLC cell lines. (A) OD values of CCK8 assay stood for cell proliferation in IL-1β, IL-1β + 2DG, and control 
groups. (B) A549 cells and LLC cells incubated with IL-1β or IL-1β + 2DG. IL-1β + 2DG group received an obviously higher levels of glucose and lower levels of lactate than 
the IL-1β group. (C) Western blot assay showed expression levels of 7 glycolysis-related proteins when A549 (left) and LLC (right) were not only treated with IL-1β but also 
with 2DG. (D) Effect of IL-1β and IL-1β + 2DG on cell migration and invasion through wound-healing test (upper) and transwell invasion assay (below) respectively in A549 
cells. (E) Transwell migration (upper) and invasion (lower) assays of LLC cells stimulated with only IL-1β (20 ng/mL, 36 hours) or with IL-1β + 2DG. *P<0.05, **P<0.01, 
***P<0.001, ****P<0.0001.
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Figure 4 IL-1β upregulated glycolysis of LLC cells and promoted pulmonary metastasis in vivo. (A) Animal PET–CT images reflected that standardized uptake value (SUV) 
was obviously higher in the IL-1β group. (B) Histogram of naked tumor mass (upper) and volume (below) in control and IL-1β groups. (C) Lungs in H&E-stained histological 
observation, showing alveolar structure destruction and tumor-metastasis area. (D) Gross observation of subcutaneous tumors in control, IL-1β, and IL-1β + 2DG groups. 
Their weight (E, left) and volume (E, right) were recorded. *P<0.05, **P<0.01, ***P<0.001.
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IL-1β Upregulated Glycolysis in A549 and 
LLC Cells via p38 Pathway
In order to figure out by which pathway IL-1β regulated 
glycolysis, we first incubated A549 or LLC cells with IL- 
1β (20 ng/mL) and then tested protein expression in five 
common IL-1β-related pathways (STAT3, p38, ERK, JNK, 
and NFκB) by means of Western blot assays. As shown in 
Figure 5A, only the p38 pathway was activated by IL-1β 
in both cell lines, so we focused on the influence of the 
p38 inhibitor on glycolysis and cell growth. Beforehand, 
we had evaluated phosphorylation of the p38 downstream 
pathway to confirm an appropriate and effective concen
tration of p38 inhibitor (Figure 5B). Subsequently, A549 
and LLC cells were stimulated with p38 inhibitor sepa
rately. As is apparent in Figure 5B, glucose 
levels increased and lactate levels decreased significantly 
in comparison with the control group, where these cells 
were cultured without certain inhibitors. It was proved 
through Western blot assays that protein expression of 
GLUT1, GLUT3, PFKL, HK2, PKM2, MCT1, MCT4, 
and LDHA had dropped under the effect of the p38-path
way inhibitor (Figure 5C). We also observed that the p38 
inhibitor had a negative effect on cell migration and inva
sion on wound-healing, transwell migration, and transwell 
invasion assays in A549 cell and LLC cells (Figure 5D and 
E). To further examine how the p38-pathway inhibitor 
influenced LUAD in vivo, we established a tumor mouse 
model by subcutaneously injecting LLC cells previously 
treated with the p38-pathway inhibitor. Size and weight of 
tumors are shown in Figure 5F. Tumors in the IL-1β + 
p38-inhibitor group became smaller than those in the IL- 
1β group. The results suggested that IL-1β upregulated 
glycolysis and mobility in A549 and LLC cell lines, 
mainly via the p38 pathway.

Screening of Small-Molecule IL-1β 
Inhibitor
Previous research has suggested that IL-1β has an influ
ence on the advancement of tumors. Our research showed 
that IL-1β upregulated glycolytic levels and further 
affected proliferation, invasion, and metastasis of LUAD. 
Consequently, we went deeper into mechanisms of how 
IL-1β affect occurrence and development of tumors. 
Medicine and monoclonal antibodies need to be constantly 
explored and updated for the purpose of clinical treatment 
of tumors one day. We hence used structural molecular 
biology and computer to assist in designing drugs. In other 

words, we imitated a combination mode of molecular 
receptors and ligands and selected potential drugs targeting 
IL-1β. We acquired crystal structures of proteins from the 
PDB (http://www.rcsb.org) and downloaded small-mole
cule drugs from ZINC15, which holds 32,190 natural 
small-molecule compounds. After that, AutoDockTools 
Vina 1.1.2 software, was used to perform molecular dock
ing. Compounds were ranked according to affinity scores, 
and ZINC14610053 got the highest absolute value (−6.7 
kcal/mol), indicating the strongest ability to combine with 
IL-1β (Table 2). 3-D interactions of ZINC14610053 inside 
the binding pocket of IL-1β (Figure 6A) revealed 
3H bonds (yellow dotted line). In theory, we inferred that 
this small-molecule compound could bind to IL-1β and 
inhibit its activity.

Molecular Dynamic Simulation Study of 
Effect of ZINC14610053 on IL-1β
In order to further research the effect of ZINC14610053 on 
IL-1β, we conducted molecular dynamic simulation to 
study whether ZINC14610053 could bind to IL-1β stably. 
We observed that the conformation changed in the initial 
stage (0–30 ns), and RMSD curve fluctuated with small 
amplitude. However, after 30 ns, the RMSD curve tended 
to stabilize and protein conformation gradually stabilized. 
Binding of ZINC14610053 to IL-1β did not cause signifi
cant changes in protein conformation, and the binding of 
small-molecule ligands to proteins was relatively stable 
(Figure 6B). Figure 6C reveals that the radius of gyration 
remained stable throughout the simulation, consistent with 
the RMSD result, indicating that binding of 
ZINC14610053 to IL-1β had stable conformation and 
compact folding. Then, we used an RMSF curve to detect 
fluctuation in amino-acid residues. It can be seen in 
Figure 6D that there was large fluctuation in residues in 
the range of 45–55. The area of this section was mainly 
composed of flexible loops (Figure 6D right panel, yellow 
line), so it fluctuated greatly. In other regions, the fluctua
tion in residues was relatively gentle. We then calculated 
binding free energy between ZINC14610053 and IL-1β by 
taking the RMSD stationary phase (30–50 ns) trajectory 
based on the MMGBSA equation. The results showed that 
they had good binding, and binding free energy was –18.1 
kcal/mol. After molecular dynamic optimization, interac
tion residues between ligands and proteins might change to 
a certain extent, ie, binding sites of ligands were stable 
after optimization. The main interaction residues are 
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Figure 5 IL-1β upregulated glycolysis and further facilitated migration and invasion of A549 and LLC cells via the p38 pathway. (A) Western blot assay: distinct pathway 
proteins (STAT3, p38, ERK, JNK, and NFκB) in A549 and LLC cells cultured with IL-1β (20 ng/mL) previously. The p38 pathway was activated. (B) Upper: concentration of 
p38 inhibitor (30 µM) in A549 and LLC cells was confirmed to be viable through immunoblots. Below: glucose and lactate levels of LLC and A549 cells cultured with 30 µM 
p38-pathway inhibitor and then stimulated with IL-1β (20 ng/mL). Glucose levels increased and lactate levels decreased significantly in the IL1β + p38 inhibitor group. (C) 
Seven glycolysis-related proteins were attenuated during existence of p38 inhibitor on immunoblots. (D) Wound-healing test (upper) and transwell invasion (lower) assays of 
A549 cells incubated with IL-1β or IL-1β + p38 inhibitor for 24 hours. (E) Transwell migration (upper) and invasion (lower) assays of LLC cells cultured with or without p38 
inhibitor and then stimulated with IL-1β. (F) Weight and volume of subcutaneous tumors when LLC cells were treated with p38 inhibitor in advance. *P<0.05, **P<0.01, 
***P<0.001, ****P<0.0001.
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shown in Figure 6E, mainly hydrophilic. In addition, the 
ligand could form a hydrogen bond with Arg4 with a bond 
length of 3.3 Å (Figure 6E). In conclusion, there was 
a theoretical possibility of stable binding with 
ZINC14610053. We speculated that ZINC14610053 inter
acted with IL-1β, which needs further study.

Discussion
Metabolic reprogramming is a cancer characteristic in 
which aerobic glycolysis has attracted much attention.22 

Tumor cells give priority to glycolysis and obtain energy 
independently of oxygen. GLUTs help with glucose 
uptake. There are 14 types in the glucose-transporter pro
tein family, among which GLUT1 and GLUT3 take 
responsibility for actively transporting glucose from extra
cellular space to inside.36,37 Research has reported that 
carcinogenic mutations lead to mutations of GLUT1 and 
GLUT3.38,39 During process of glycolysis, there are three 
classic irreversible reactions, and the key enzymes are HK, 
PFK1, and PK, in that order. Four distinct types of HK 
occur, encoded by respective genes.40 HK2 has been dis
covered to have superior catalytic activity and maintain 
high expression in multiple tumors.41–43 There are three 
tissue-specific isoenzymes of PFK1 in human beings. 
These subtypes — M (muscle), L (liver), and 
P (platelets and placenta) —are expressed in all human 

tissue except skeletal muscles, which express only 
PFKM. Some malignant tumors or cancer cell lines in 
humans and rats mainly express type C.44–46 Four PK 
isoenzymes (L, R, M1, and M2) exist in mammals. PKL 
often appears in the liver and PKR in red cells, while 
PKM1 is expressed in muscle, heart, and the cerebrum 
and PKM2 is in early-stage fetal tissue. Tumor cells 
seem to prefer to express PKM2.47,48 Lactate fuels tumor 
cells in tumor circulation.49 LDH joins the process of 
glycolysis and gluconeogenesis, and is crucial in redox 
reactions between lactate and pyruvic acid. LDH is com
posed of two dominating subunits: LDHA and LDHB, and 
and can be assembled into five isoenzymes (LDH1, LDH2, 
LDH3, LDH4, and LDH5). LDHA encoded by the LDHA 
gene is the primary form in skeletal muscles and it shows 
high affinity for pyruvic acid. LDHA also plays an impor
tant role in cancer.50–52 Lactate, pyruvic acid, and ketone, 
standing for monocarboxylic acid, are essential metabolic 
products among a majority of mammals. Absorption and 
redistribution of these products are done by proton- 
coupled MCTs. Abnormal overexpression of MCT1, 
MCT2, and MCT4 promotes cancer progression via multi
ple pathways.53 MCT1 and MCT4 play a leading role in 
lactate transport.54 These are the reasons we selected 
GLUT1, GLUT3, PFKL, HK2, PKM2, MCT1, MCT4, 
and LDHA to evaluate glycolytic level in vitro or in vivo.

First of all, with the aid of bioinformatic technology, 
we estimated expression level of glycolysis-related 
enzyme genes and their association with prognosis in 
tumor patients. Most of these genes showed higher expres
sion than normal tissue. Except for GLUT3 and PFKL, 
other gene expression remained consistent in various 
tumors. Expression of GLUT1, HK2, MCT1, and MCT4 
varied to a relatively large extent. It should be noted that 
not all tumors have the characteristic of intensive glyco
lysis. These results embody metabolic heterogeneity 
among different tumor types, and histological origins 
might be a reason for this phenomenon.55 Lung and liver 
cancers rely more on glycolysis.56–58 For LUAD with 
obvious glycolytic properties, relatively higher glycoly
sis-related markers indicated shorter OS and progression- 
free survival, which could be markers of poor prognosis.

Studies have revealed that chronic inflammation 
takes part in occurrence and progression of 
cancer.1,59,60 Immunoinflammation in the tumor micro
environment is complicated, not only including tumor 
cells, stromal cells, immune-system cells, and fibroblasts 
but also involving cytokines and chemokines.22 The IL- 

Table 2 Screening of small-molecule IL-1β inhibitors by molecule 
docking (top 20)

Ligand Affinity (kcal/mol)

ZINC14610053.log −6.7

ZINC85531694.log −6.6

ZINC59588600.log −6.5
ZINC70455115.log −6.5

ZINC14455452.log −6.5

ZINC15121726.log −6.5
ZINC85488531.log −6.4

ZINC70454363.log −6.4
ZINC85545332.log −6.4

ZINC14447760.log −6.4

ZINC28536516.log −6.4
ZINC70455615.log −6.3

ZINC33832031.log −6.3

ZINC33830270.log −6.3
ZINC00265501.log −6.3

ZINC70454460.log −6.2

ZINC95910630.log −6.2
ZINC14677168.log −6.2

ZINC05849230.log −6.2
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1 family are important cytokines, participating in main
taining immunohomeostasis. IL-1β is being widely stu
died, and great achievement has been gained in 
inflammatory diseases and clinical application. In 2017, 
a retrospective clinical study on atherosclerosis found 
that inhibition of IL-1β caused declines in morbidity and 
mortality in all cancer types, especially lung cancer.19 

Although IL-1β mediates occurrence and development 
of various tumors, the mechanism remains unknown. 
Our study focused on the relationship between the IL- 
1 subfamily and glycolysis and the effect of IL-1 on 
disease progress.28 IL-1β promotes diseases, such as 
rheumatoid arthritis, asthma, and diabetes type 2, by 
upregulating glycolysis.28 As such, our study focused 

Figure 6 Molecular docking and molecular dynamic simulation study for ZINC14610053 on targeting IL-1β. (A) 3-D interactions of ZINC14610053 inside the active center 
of IL-1β (left panel); 2-D interactions of ZINC14610053 inside the binding pocket of IL-1β (right panel). (B) RMSD curve of conformation of ZINC14610053 and IL-1β. (C) 
Turning radius curve of conformation of ZINC14610053 and IL-1β. (D) RMSF curve of conformation of ZINC14610053 and IL-1β. (E) Interaction residues between 
ZINC14610053 and IL-1β after molecular dynamic optimization.
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on whether IL-1β and glycolysis would facilitate 
a tumor malignancy advancement.

In this study, we explore the effect of IL-1β on glyco
lysis in LUAD through both in vitro and in vivo experi
ments. Under aerobic culture, stimulation of IL-1β 
facilitated glucose consumption and lactate production in 
LUAD cell lines (A549 and LLC). At the same time, 2DG 
was used to suppress glycolysis and these outcomes were 
reversed. As a result, we concluded that IL-1β was able to 
elevate aerobic glycolysis in LUAD cells. Similarly, in 
another study, IL-1β promoted glucose uptake and accel
erated aerobic glycolysis via upregulation of GLUT1 and 
GLUT3, which induced differentiation of Th17 cells.61 

Furthermore, macrophages are typical immune cells 
secreting IL-1β whose metabolism and polarization are 
affected by glycolysis as well. Research has found that in 
gliomas, IL-1β from macrophage M2 induces transfer of 
glycolytic metabolism in glioma cells and enhances cell 
proliferation and formation by PI3K- and PKCδ-mediated 
activation of glycolytic enzyme glycerol-3-phosphate 
dehydrogenase (GPD2) and further phosphorylation of 
GPD2 pT10.62 Inflammasomes depend on IL-1β for the 
further control of glycolysis in macrophages.63 Lemos et al 
found that IL-1β activated Myc, resulting in accumulation 
of such proteins as PKM2, SLC2A3, and LDHA and etc, 
and then induced glycolysis and tubulointerstitial 
fibrosis.64 In general, we argue that IL-1β influenced the 
glycolytic pathway in numerous types of cells.

Enhanced aerobic glycolysis results in large amounts of 
lactate production. In such situations, tumor cells gain 
energy. On the other hand, they adjust themselves to the 
local microenvironment, so some will evolve into a high- 
glycolysis phenotype and acid-resistant specialty, precipi
tating malignant ability to proliferate and invade. 
Glycolytic activity is closely related to tumor proliferation 
and metastasis.65 IL-1β plays a part in breast cancer bone 
metastasis66 and mRNA of IL-1β remains highly expressed 
in multiple metastatic tumor cell lines, including NSCLC, 
colorectal cancer, and melanoma.67,68 It has been shown to 
facilitate tumor occurrence and metastasis through inducing 
angiogenesis and polarization of Th17 cells and recruiting 
MDSC, TAM, and TANvia multiple pathways.69,70 In our 
study, it was shown that IL-1β increased migration and 
invasion in A549 and LLC cell lines. We found 2DG was 
capable of inhibiting the preceding effect in A549, which 
suggested that IL-1β made it possible to promote invasion 
and migration via upregulation of glycolysis in LUAD cells. 
For the purpose of demonstrating results in vitro, we further 

established an LLC C57 subcutaneous tumor model and 
discovered that tumors pretreated with IL-1β grew much 
more quickly than controls. Besides changes in size, of 
H&E images of lung tissue showed larger invasion 
areas in the IL-1β group than controls, and results from 
PET–CT suggested that tumors in the IL-1β group per
formed more actively in glucose metabolism. To sum up, 
we demonstrated that IL-1β boosted glucose metabolism, 
tumor growth, and metastasis in murine subcutaneous 
LUAD. A similar phenomenon has been reported in other 
research. An animal study showed that IL-1β specifically 
expressed in stomach activated MDSCs in both vitro and 
vivo via the IL1RI–NFκB pathway and led to spontaneous 
gastritis and gastric cancer.71 In a melanoma model with IL- 
1β knocked down, lung metastasis was ameliorated.72 In an 
NSCLC mouse model, exposure to cigarettes promoted 
inflammatory reactions (increased IL-1β and TNF-α) and 
tumor occurrence, while this happened less in knockdown 
mice, which did not react to smoke inflammation.73 

We believe that IL-1β played a role in advancement and 
metastasis of murine LUAD subcutaneous tumors and was 
related to the glycolytic metabolism pathway.

Ras and PI3K signal pathways are common in glyco
lytic regulation. Ras activates MAPK and PI3K, and then 
triggers the transcription factor cMyc, directly inducing 
considerable expression of glycolytic genes, such as 
GLUT1, HK2, PFK, enolase, and LDHA.74–78 PI3K is 
activated by ligand binding to receptor tyrosine kinase 
via Akt, and then stimulate cMyc and HIF1α, in order to 
regulate GLUT1 and several glycolysis-related enzymes, 
eg, HK2, PFK, aldolase A, and LDHA.79–81 One study 
found that IL-1β could combine IL1R1 and activate NFκB, 
JNK, ERK1/2, and the p38-signal pathway.82 Dang et al 
discovered that the IL-1β–IL-1R1 pathway upregulated 
HOXC10 via the JNK–cJun pathway, affecting metastasis 
of liver cancer. IL-1β also has an impact on activity of 
glycolysis-related enzymes via multiple signal pathways, 
leading to changes in glycolysis. According to Taneja et al, 
IL-1β enhances HK activity via IL-1R, Ras, and classic 
MAPK pathways.83 Riera et al considered that IL-1β 
increased glycolysis levels of supporting cells via the 
ERK1/2 pathway.84 We thus selected five classic pathways 
(NFκB, sTAT3, JNK, ERK, and p38), and inhibited each 
before observing the impact of IL-1β on LUAD glycolysis. 
We discovered that after p38 had been inhibited, glucose 
consumption and lactate production declined, indicating 
that the effect of IL-1β on LUAD glycolysis was amelio
rated. However, there was no obvious difference when 
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NFκB, sTAT3, JNK, and ERK were suppressed. Moreover, 
inhibiting p38 caused decreased invasive and migratory 
ability in LUAD cells. We inferred from this that IL-1β 
produced a positive impact on glycolysis and motor capa
city of LUAD via the p38 pathway, similar to another 
study in which IL-1β PKC and p38 pathways promoted 
glycolysis in human articular chondrocytes.85 

Additionally, Huang et al found that IL-1β induced p38 
activation and thus increased migratory and invasive capa
city of gastric adenocarcinoma in vitro and the potential 
for metastasis in vivo.86 We took into consideration all 
these results and thought that IL-1β could raise glycolysis 
in LUAD both in vitro and vivo and influence tumor 
migration, the process of which might be controlled 
through the p38 pathway.

Given that IL-1β has expansive functions in biology 
and shows bright prospects in clinical practice, we used 
combination modes of receptors and ligands imitating 
molecules, and then potential drugs targeting IL-1β were 
selected. We sorted descending qualifying small molecules 
according to docking scores, and the small-molecule com
pound ZINC14610053 was the last one, theoretically 
meaning that it might be the best to combine with IL-1β. 
We will explore the antagonistic effect of this small mole
cule on IL-1β in further study.

There remain shortcomings in our study. One of 
them is that design of the animal experiment needs to 
be modified. For instance, IL-1β knockdown mice could 
be used to illuminate the function of IL-1β in facilitating 
tumor growth and metastasis. Joint application of spon
taneous and experimental metastasis models using intra
venous injection could be used to prove metastatic 
efficiency. Since the small molecule was screened out, 
plenty of problems emerge as to whether this molecule 
actually binds to IL-1β and whether it performs like an 
inhibitor or a neutralizing antibody if it is able to con
nect to IL-1β. Whether it has a biological effect on an 
organism and whether it has advantages compared to 
current IL-1β drugs remain to be explored. Despite 
these matters needing to be solved, it still seems pro
mising to apply IL-1β in the clinical field for tumor 
remedies based on wide biological function and mature 
clinical drugs of IL-1β. It is worthwhile for us to probe 
more deeply into problems concerning 
associations between IL-1β and tumors. 
Breakthroughs may be made in conventional drugs in 
new use. For example, indications for them may by 

broadened or drug combinations may be more effective 
than a single one. In conclusion, it is worth looking 
forward to application of IL-1β and cytokines to tumor 
therapy or adjuvant therapy.

Conclusion
Expression of IL1β in multiple cancerous tumors was 
positively associated with glycolysis-related enzyme 
genes and steadily predicted poor prognosis in LUAD. 
IL-1β upregulated glycolysis levels of LUAD cells 
in vitro and in vivo and enhance migration, invasion, and 
metastasis of LUAD. This phenomenon might have been 
accomplished through the p38 pathway. Finally, we 
screened small-molecule compounds in the ZINC15 data
base and found that ZINC14610053 had the strongest 
binding force theoretically.
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