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Abstract 

Background  Cardiovascular disease and cancer are the main causes of morbidity and mortality worldwide. Studies 
have shown that these two diseases may have some common risk factors. Atorvastatin is mainly used for the treat‑
ment of atherosclerosis in clinic. A large number of studies show that atorvastatin may produce anti-tumor activities. 
This study aimed to predict the common targets of atorvastatin against atherosclerosis and non-small cell lung cancer 
(NSCLC) based on network pharmacology.

Methods  The target genes of atherosclerosis and NSCLC were obtained from The Cancer Genome Atlas (TCGA) 
and Gene Expression Omnibus (GEO) databases. The disease–target–component model map and the core network 
were obtained using Cytoscape 3.7.1. The MTS and wound healing assay were used to detect the effect of atorvas‑
tatin on cell viability and migration of A549 cells. The expression of potential common target genes of atorvastatin 
against atherosclerosis and NSCLC were confirmed in A549 cells and lung cancer tissues of patients.

Results  We identified 15 identical pathogenic genes, and four of which (MMP9, MMP12, CD36, and FABP4) were con‑
sidered as the key target genes of atorvastatin in anti-atherosclerosis and NSCLC. The MTS and wound healing assays 
revealed that atorvastatin decreased A549 cells migration significantly. Atorvastatin markedly decreased the expres‑
sion of MMP9, MMP12, CD36, and FABP4 in A549 cells and patients were treated with atorvastatin.

Conclusions  This study demonstrated 15 common pathogenic genes in both atherosclerosis and NSCLC. And veri‑
fied that MMP 9, MMP 12, CD 36 and FABP 4 might be the common target genes of atorvastatin in anti-atherosclerosis 
and NSCLC.
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Introduction
Recent studies have found that cardiovascular diseases 
and malignant tumors share several common pathogenic 
genes. At the same time, the two diseases often coex-
ist in the same patient. In industrialized nations, can-
cer and cardiovascular disease are the main causes of 
death. Up to 1 of every 10 patients with ischemic heart 
disease has a history of cancer, whereas 1 of every 30 
patients with ischemic heart disease develops a new can-
cer [1]. This might be because some risk factors leading 
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to cardiovascular diseases and malignant tumors are 
similar. For example, the balance between cell prolifera-
tion and apoptosis plays a key role in cell development 
and tissue homeostasis. Breaking this balance often leads 
to diseases such as cancer and atherosclerotic plaques. 
Similarly, inflammation and dysfunction of the extracel-
lular matrix (ECM) also cause atherosclerosis and malig-
nant tumors [2]. At present, lung cancer is the malignant 
tumor with the highest mortality rate in the world. There-
fore, it is worth studying the pathogenesis of atheroscle-
rosis and cancer by exploring common pathogenic genes. 
Non-small cell lung cancer (NSCLC) accounts for 85% of 
lung cancers, and the 5-year overall survival rate is only 
18% [3]. Current therapeutic methods include surgery, 
radiotherapy, chemotherapy, and targeted therapy. How-
ever, due to recurrence and metastasis, the overall 5-year 
survival rate of lung cancer patients is still relatively 
low. Statins have been widely used in the clinical treat-
ment of atherosclerosis. Recent studies have shown that 
statins have the potential to inhibit cancer and reduce 
the risk of cancer [4]. Huang et  al. [5] found that long-
term statin therapy reduced mortality from lung cancer 
and dyslipidemia. Recent studies have found that statins 
inhibit angiogenesis and induce apoptosis in cancer 
cells [6]. Our previous studies showed that atorvastatin 
decreased the expression of vascular endothelial growth 
factor and inhibited angiogenesis in NSCLC by inhibit-
ing the production of reactive oxygen species in vivo and 
in vitro [7]. We also found that atorvastatin can increase 
the sensitivity of NSCLC cells to carboplatin by inhibit-
ing protein kinase B (Akt) activation and up-regulating 
Recombinant Tissue Inhibitors of Metalloproteinase 1 
(TIMP1) expression, thus increasing the survival time of 
NSCLC tumor-bearing mice [8]. In addition, atorvastatin 
has been proved to inhibit the metastasis and invasion of 
breast cancer and prostate cancer [9]. It has been proved 
that atorvastatin therapy induced apoptosis in A549 cells, 
atorvastatin induced cell cycle arrest at G2/M phase in 
A549 cells. Dose-dependent treatment with atorvastatin 
consider ably increased caspase-3 and caspase-7 activity, 
indicating the induction of apoptosis [10]. Overall, these 
findings suggest that atorvastatin might have therapeu-
tic potential for NSCLC. However, systematic studies on 
the common target genes of atorvastatin in improving 
atherosclerosis and NSCLC have not been reported or 
clarified. In this study, we mainly used a network phar-
macology approach to predict potential common genes 
and signaling pathways of atorvastatin against atheroscle-
rosis and NSCLC. We then used NSCLC A549 cell line 
and lung cancer tissue samples from atorvastatin-treated 
or untreated patients to validate common pathogenic 
genes and regulatory mechanisms. We hope to find com-
mon pathogenic genes for cardiovascular disease and 

NSCLC and potential targets of atorvastatin to provide 
clues for the treatment of both diseases.

Methods
Data mining of atorvastatin targeted genes
Putative targets of atorvastatin were collected from six 
databases using the keyword “atorvastatin,“ species were 
selected as “Homo sapiens” with probability > 0 as the 
screening condition, including the databases DrugBank 
[11], STITCH [12], Comparative Toxicogenomics Data-
base [13], Similarity ensemble approach database [14], 
SwissTarget Prediction [15], and PharmMapper [16].

Identification of differentially expressed genes (DEGs) 
in Atherosclerosis and NSCLC
The RNA-seq files of the “TCGA-LUAD” and the 
“TCGA-LUSC” data sets were downloaded from the 
TCGA database [17]. The EdgeR package was used 
to analyze the DEGs of NSCLC, and the cutoff value 
and p value of fold change were 1.5 and 0.05, respec-
tively. We selected the GSE43292 data set from the 
GEO database [18], and GEO2R was used to identify 
significant DEGs based on |log2 (FC)| > 1 and p < 0.05. 
DEGs were mapped into a heatmap using the R heat-
map package.

Target genes of atorvastatin in treating Atherosclerosis 
and NSCLC
We used Cytoscape software to overlay atherosclerotic 
DEGs, NSCLC DEGs, and putative targets of atorvasta-
tin to establish an interaction network so as to get coin-
cidence genes of atorvastatin in treating atherosclerosis 
and NSCLC. UALCAN database was used to explore the 
expression of common targets in NSCLC and the expres-
sion of common targets in different cancers obtained from 
the Oncomine database [19] (Supplementary Material 3).

Functional enrichment analysis
The STRING database was used to construct the pro-
tein–protein interaction networks of common targets, 
and it is visualized by Cytoscape 3.7.1. The Cytoscape 
plug-in Bisogenet was used to evaluate the topological 
properties of the networks [20]. Metascape [21] was used 
to enrich genes for KEGG pathway analysis and GO anal-
ysis [22–24].

Survival analysis
Analysis of survival was performed using the Kaplan–
Meier plotter and OncoLnc database to explore whether 
the aforementioned common genes were associated with 
prognostic significance. A threshold of p < 0.05 was used 
to set cutoff criteria.
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Cell culture and cell viability
A549 human NSCLC cell line and human liver cancer 
HepG2 cells were obtained from the Shanghai Institute 
of Biochemistry and Cell Biology (Shanghai, China). 
A549 cells and HepG2 cells were cultured in Dulbec-
co’s modified Eagle’s medium/nutrient mixture F-12 
(DMEM/F12) containing 10% fetal bovine serum and 
1% penicillin–streptomycin. All cells were cultured at 
37  °C and 5% CO2. The MTS assay and CCK8 assays 
were used to detect cell viability. A549 cells were har-
vested into 96-well plates at a concentration of 5000 
cells/well. After 24  h, the cells were treated with dif-
ferent concentrations of atorvastatin for 24 h and then 
incubated with 20 µL of MTS solution for 2  h. CCK8 
assays were performed according to the manufacturer’s 
instructions. The optical density of each group was 
measured at 490 nm using a microplate analyzer.

Wound healing assay
A549 cells were counted in complete medium, spread 
on a six-well culture plates, and cultured overnight. 
Vertical scratches were created using a 200 µL pipette 
tip. The cells in six-well plates were washed with phos-
phate-buffered saline (PBS), and PBS was replaced with 
atorvastatin-containing cell culture and control media. 
After 0 and 24  h, The same part of the wound was 
photographed under an inverted microscope, and the 
inhibitory effect was evaluated by ImageJ, and the data 
were analyzed.

Western blot analysis
In RIPAlysis buffer containing 1% PMSF, A549 cells 
were lysed on ice for 20 min, and the supernatant was 
collected by centrifugation. Total protein concentration 
was measured by BCA kit, the same amount (20 µ g) of 
protein was separated by 12% SDS-PAGE gel and then 
transferred to the PVDF membrane, which was cut 
into different bands according to the molecular weight 
of the protein. The membrane was then washed with 
TBS-0.1% Tween buffer and blocked with 5% bovine 
serum albumin at room temperature for 90 min. Next, 
the PVDF membrane was combined with the first anti-
bodies against MMP12 (Cat. No. 22989-1-AP), MMP9 
(Cat. No. AF5228), CD36 (Cat. No. bs-1100R), FABP4 
(Cat. No. DF6035), and GAPDH (Cat. No. AF7021)) at 
a 1:1000 dilution overnight at 4 °C. The membrane was 
incubated with HRP-conjugated secondary antibody 
(goat anti-rabbit immunoglobulin G; Cat No. ZB-2301) 
at a 1:10,000 dilution for 1 h at room temperature. Then 
the membrane was washed again, and the ECL detec-
tion kit (Cat No. KF005) was used.

Immunohistochemistry (IHC) analysis
We collected paraffin-embedded tumor tissue sam-
ples from 21 patients with NSCLC and corresponding 
adjacent non-cancerous tissue samples from surgical 
specimens for IHC studies. This study was approved 
by the Ethics Committee of the First Affiliated Hospital 
of Shihezi University Medical College. The tissue sec-
tions were rehydrated and heat-mediated antigen repair 
was carried out with sodium citrate by microwave, fol-
lowed by treatment with 3% hydrogen peroxide. Next, 
the slides were incubated with antibodies obtained 
in a humidified chamber at 4  °C overnight. Next, the 
first antibody enhancer was added drop by drop and 
incubated at 37  °C for 30  min. The HRP polymer was 
dropped, and the color reaction was achieved using 
DAB substrate kit for 3 min and nuclear counter stain-
ing with hematoxylin. The expression level of protein 
was evaluated based on staining intensity and 200× 
degree of staining under a microscope. The IHC inten-
sity was measured using ImageJ 2.0 software.

Statistical analyses
All data were expressed as mean ± standard deviation. 
The data were analyzed using SPSS Statistics 19.0 soft-
ware (IBM Corporation, NY, USA) and GraphPad Prism 
V8.01 (GraphPad, CA, USA). For multiple comparisons, 
one-way analysis of variance was performed. The follow-
ing p values indicated a statistically significant difference: 
*p < 0.05; **p < 0.01.

Results
Target genes collection of atorvastatin
We collected 5 potential atorvastatin targets from the 
DrugBank database, 10 potential atorvastatin targets 
from the STITCH database, 161 potential atorvastatin 
targets from the CTD database, 24 potential atorvasta-
tin targets from the SEA database, 100 potential atorvas-
tatin targets from the Swiss Target Prediction database. 
database, and 207 potential atorvastatin targets from the 
PharmMapper database. After eliminating redundancy, 
431 potential targets of atorvastatin were collected 
(Table S1).

Target genes of atorvastatin for anti‑atherosclerosis 
and NSCLC were predicted
The data set GSE43292 was downloaded from the 
GEO database, and 109 DEGs of atherosclerosis 
were screened (Fig.  1A and Table S2). The RNA-seq 
data for “TCGA-lung adenocarcinoma (LUAD)” and 
“TCGA-lung squamous cell carcinoma (LUSC)” sam-
ples (n = 999) and 103 adjacent normal controls were 
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downloaded from the TCGA data portal, and 545 
DEGs were screened by using the R software package 
edge (Fig. 1B and Table S3). Fifteen overlapping DEGs 
of atherosclerosis and NSCLC were observed, which 
were the potential common pathogenic genes between 
atherosclerosis and NSCLC (Fig.  1C). Among these 
15 pathogenic genes, MMP12, MMP9, CD36, FABP4, 
C7, ACP5, EMCN, CD52, C2, and CD163 were over-
expressed in atherosclerosis (Fig.  2A). MMP12 and 
MMP9 were overexpressed in NSCLC (Fig.  2B). After 
overlapping the 431 putative targets of atorvastatin 
with 15 common pathogenic genes between atheroscle-
rosis and NSCLC, then find 4 genes (MMP9, MMP12, 
CD36, and FABP4) were identified as potential thera-
peutic targets of atorvastatin for atherosclerosis and 
NSCLC (Fig. 2C). The Oncomine 4.5 database was used 
to explore the expression of four common targets in 
various cancers. The results showed that the expres-
sion of MMP9 and MMP12 in lung cancer tissues was 
higher than that in normal tissues adjacent to cancer, 
and the expression of CD36 and FABP4 in lung cancer 
tissues was lower than that in normal tissues adjacent 
to cancer (Fig. 2D).

Functional enrichment of common genes on atorvastatin 
against Atherosclerosis and NSCLC
Gene enrichment analysis was performed using the 
Metascape database to examine the function of atorvas-
tatin against atherosclerosis and NSCLC, including Kyoto 
Encyclopedia of Genes and Genomes (KEGG) and Gene 
Ontology (GO) analyses. The protein–protein interac-
tion networks of MMP9, MMP12, CD36, and FABP4 
of common genes were constructed by using Bisogenet 
in Cytoscape software (Fig.  3A). KEGG pathway analy-
sis showed that the genes were mainly correlated with 
ECM–receptor interaction signaling pathway, activation 
signaling pathway, and proteoglycans in cancer signal-
ing pathway (Fig. 3B). GO entries were categorized into 
three separate groups, such as molecular function (MF), 
biological process (BP), and cell composition (CC). The 
MF classification showed that these genes were mostly 
enriched in the combination of extracellular structure 
and growth factor. The BP classification showed that 
these genes were mostly concentrated in the extracellular 
structure and wound healing. The CC category showed 
that the genes were mostly enriched in ECM and platelet 
alpha-granules (Fig. 3C).

Fig. 1  DEGs of atherosclerosis and DEGs of NSCLC, and potential common pathogenic genes of atherosclerosis and NSCLC. A Heat map of DEGs 
in atherosclerosis: red represents higher gene expression and blue represents lower gene expression. B Heat map of DEGs in NSCLC: red represents 
an over expressed gene and blue represents low gene expression. C Overlapping DEGs of atherosclerosis and DEGs of NSCLC. The network revealed 
the number of shared and unique genes of atherosclerosis and NSCLC
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Expression level of common targets in NSCLC 
was confirmed by using the UALCAN database
The expression levels of four common target genes in 
NSCLC were verified by using the UALCAN database. 

The results showed that MMP12 and MMP9 were highly 
expressed in LUAD and LUSC tissues compared with 
normal tissues (Fig.  4A–D). CD36 and FABP4 were 
expressed at lower levels in LUAD and LUSC (Fig. 4E–H).

Fig. 2  Key target genes of atorvastatin against atherosclerosis and NSCLC. A Volcano map of the expression of 15 identical pathogenic genes 
between normal tissues and atherosclerosis groups in the GEO database: the red represents the up-regulated genes in atherosclerosis tissues, 
and the green represents the down-regulated genes. B Volcano map of the expression of 15 same pathogenic genes in NSCLC; The red represents 
the upregulated genes in the NSCLC tissues and the green represents the down regulated genes. C Find 4 genes (MMP9, MMP12, CD36, and FABP4) 
were as potential therapeutic targets of atorvastatin for atherosclerosis and NSCLC through overlapped the genes of atorvastatin related targets, 
DEGs of atherosclerosis and DEGs of NSCLC. D Expression of four common genes associated with atorvastatin against atherosclerosis and NSCLC 
in various cancers
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Fig. 3  Topological properties, KEGG enrichment analysis and GO enrichment analysis. A The protein–protein interaction networks of MMP9, 
MMP12, CD36, and FABP4 of common genes were constructed by using Bisogenet in Cytoscape software. B KEGG analysis of top 10 enriched 
signaling pathways with p value < 0.05. C Top 10 signaling pathways of biological process, cell function, and molecular function in GO enrichment 
analysis with p < 0.05
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Fig. 4  Expression of MMP12, MMP9, CD36, and FABP4 in NSCLC. A MMP12 was overexpressed in LUAD. B MMP12 was overexpressed in LUSC. 
C MMP9 was overexpressed in LUAD. D MMP9 was overexpressed in LUSC. E CD36 was underexpressed in LUAD. F CD36 was underexpressed 
in LUSC. G FABP4 was underexpressed in LUAD. H FABP4 was underexpressed in LUSC
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Fig. 5  The relationship between overall survival and MMP9, MMP12, CD36, and FABP4 expression in patients with lung cancer. A MMP9 high 
expression was significantly correlated with lower overall survival (OS) rates in patients with lung cancer (p = 0.046). B The high expression of MMP9 
was significantly correlated with the low incidence of OS in patients with LUSC (p = 0.01). C The high expression of MMP12 was significantly 
correlated with low OS rates in patients with LUAD (p = 0.03). D The high expression of MMP12 was significantly correlated with lower OS rates 
in patients with LUSC (p = 0.01). E The high expression of CD36 was significantly correlated with lower OS rates in patients with LUSC (p = 0.05). F The 
high expression of FABP4 was significantly correlated with lower OS rates in patients with LUSC (p = 0.03)
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Expression of MMP9, MMP12, FABP4, and CD36 
was correlated with the overall survival in NSCLC using 
Kaplan–Meier plotter and OncoLnc database
Kaplan–Meyer plotter and OncoLnc database were used 
to evaluate the correlation between the expression of 
MMP9, MMP12, FABP4, CD36 and NSCLC patient sur-
vival rates. The results showed that the overall survival 
rate was lower in patients with lung cancer and LUSC 
with high MMP9 expression (p = 0.046 and p = 0.01, 
respectively) (Fig.  5A and B). Patients with higher 
MMP12 expression had significantly poor overall survival 
in LUAD and LUSC (p = 0.03 and p = 0.01, respectively) 
(Fig. 5C and D). Among patients with LUSC, the overall 
survival rate with high expression of CD36 was obviously 
lower (p = 0.05) (Fig.  5E); and patients with LUSC hav-
ing higher FABP4 expression had poor overall survival 
rate (p = 0.03) (Fig.  5F). The overexpression of MMP9, 
MMP12, CD36, and FABP4 may serve as a novel indi-
cator of reduced survival time in patients with NSCLC. 
Therefore, MMP9, MMP12, CD36, and FABP4 may be 
used as prognostic biomarkers for LUSC.

Inhibitory effects of atorvastatin on the cell viability 
of A549 cells
The MTS analysis was performed to evaluate the effect 
of atorvastatin on the viability of A549 cells, and the 
optimal concentration of atorvastatin was selected for 
further study. A549 cells were exposed to different con-
centrations of atorvastatin (0, 0.1, 0.3, 1, 3, 10, 30, and 
100 µM) for 24  h. Atorvastatin at concentrations of 10, 
30, and 100 µM significantly decreased the viability of 
A549 cells (p < 0.05) (Fig.  6A). At the same time, atorv-
astatin can also inhibit the proliferation of human liver 
cancer HepG2 cells in a concentration-dependent man-
ner (Fig. 6B).

Effects of atorvastatin on the migration of A549 cells 
detected using wound healing assay
We used a scratch wound healing test to further examine 
the potential of atorvastatin in inhibiting the migration of 

A549 cells. A549 cells were seeded in six-well plates, and 
wounding on the next day was exposed to atorvastatin at 
0, 0.1, 0.3, and 1 µM. Cell motility was monitored under a 
microscope at 0 and 24 h after the wound was produced. 
After 24 h, compared with the control group, the doses of 
0.3 and 1 µM significantly inhibited migration (Fig. 6C). 
These results showed that atorvastatin could significantly 
inhibit the migration of A549 cell.

Effects of atorvastatin on the protein expression detected 
using Western blot assay
We further studied the effect of atorvastatin on the 
expression of MMP9, MMP12, CD36, and FABP4 in 
A549 cells in order to explore the possible underlying 
mechanism of atorvastatin inhibiting the migration of 
NSCLC. In the present study, different concentrations of 
atorvastatin (0.1, 0.3, and 1 µM) significantly decreased 
the protein expression of MMP9, MMP12, CD36, and 
FABP4 in A549 cells (P < 0.05). Atorvastatin at doses of 
0.3 and 1 µM significantly decreased the expression of 
CD36 (Fig. 6D). These results suggested that the reduc-
tion in protein expression of MMP12, MMP9, CD36, and 
FABP4 played a key role in the inhibitory effect of ator-
vastatin on NSCLC cell migration. To verify whether 
atorvastatin can promote the apoptosis of A549 cells. We 
detected the expression of apoptosis-related proteins: 
anti-apoptosis protein Bcl-2 and increasing apoptosis 
protein Bax. Our results showed that atorvastatin sig-
nificantly up-regulated the expression of pro-apoptotic 
protein Bax and down-regulated the expression of anti-
apoptotic protein Bcl-2 (Fig. 6E).

Evaluation of the expression of MMP9, MMP12, CD36, 
and FABP4 in patients with LUAD and LUSC with or without 
atorvastatin administration
We detected the expression of MMP9, MMP12, CD36, 
and FABP4 in the tissues of patients. In all cases, IHC 
staining showed a cytoplasmic staining pattern for 
MMP12 and MMP9, FABP4 showed a nuclear and 
cytoplasmic staining, and CD36 showed a membrane 

(See figure on next page.)
Fig. 6  Effects of atorvastatin on the proliferation and migration of A549 cells. A A549 cells were exposed to atorvastatin at concentrations 
of 0, 0.1, 0.3, 1, 3, 10, 30, and 100 µM for 24 h, and then MTS assays was performed to determine the viability of the cell. Atorvastatin 
inhibited the proliferation of A549 cells in a dose-dependent manner. B  HepG2 cells were exposed to atorvastatin at concentrations of 0, 
0.1, 0.3, 1, 3, 10, 30, and 100 µM for 24 h, and then CCK8 assays was performed to determine the viability of the cell. Atorvastatin inhibited 
the proliferation of HepG2 cells in a dose-dependent manner. C A549 cells were treated with atorvastatin at concentrations of 0, 0.1, 0.3, 
and 1 µM for 24 h. Results of the wound healing assay showed that cell healing over scratch was inhibited by the treatment of atorvastatin. 
The result indicated that atorvastatin therapy reduced the migration of A549 cells in a dose-dependent manner. Scale bar = 50 μm. D Effects 
of atorvastatin on the activities of MMP9, MMP12, CD36, and FABP4 in A549 cells. Western blot was used to evaluate the expression of MMP9, 
MMP12, CD36, and FABP4. The result indicated that atorvastatin significantly reduced the expression of MMP9, MMP12, CD36, and FABP4 
in a concentration-dependent manner. E Atorvastatin treatment significantly upregulated the expression of pro-apoptosis protein Bax 
and downregulated the anti-apoptosis protein Bcl-2 protein. * p  < 0.05, ** p  < 0.01 vs. control, n  = 3. Scale bars = 20 μm
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Fig. 6  (See legend on previous page.)
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staining pattern. Representative IHC images showed 
higher expression of MMP12 and MMP9 in the tumor 
stroma of LUAD compared with adjacent noncancerous 
lung tissues and tissues from patients taking atorvastatin 
(Fig. 7A). Compared with the adjacent normal tissues and 
cancer tissues of patients taking atorvastatin, the expres-
sions of MMP9, MMP12, CD36, and FABP4 in LUSC tis-
sues increased significantly (Fig. 7B).

Discussion
Atherosclerosis and cancer have many similar pathogen-
esis, and many common risk factors have been found in 
the occurrence and development of these two diseases 
[25]. Atherosclerosis is characterized by intimal thick-
ening and plaque formation of arterial [26]. Concurrent 
inflammation and ECM dysfunction are common patho-
genesis of these two diseases. As lipid-lowering drugs, 
statins are widely used to reduce cholesterol levels to pre-
vent cardiovascular events, but the relationship between 
statins and cancer is still controversial. Previous studies 
have shown that atorvastatin could inhibit the prolif-
eration of breast cancer, pancreatic cancer, and prostate 
cancer cells in vitro by inducing apoptosis and autophagy 
[27]. Our previous research found that atorvastatin syn-
ergized with IFN-γ to inhibit the growth of NSCLC cells 
by reducing Rho activity [28]. Therefore, atorvastatin 
deserves further study in terms of potential adjuvant 
therapy for malignant tumors.

Based on the method of network pharmacology, we 
found that there were 15 common genes in atherosclero-
sis and NSCLC, including CD163, MMP9, ACP5, FABP4, 
EMCN, CD52, NPR1, MMP12, C2, ITLN1, FHL5, CD36, 
FIBIN, C7, and NPNT. Among them, MMP12, C7, 
ACP5, CD36, EMCN, MMP9, CD52, C2, CD163, and 
FABP4 were highly expressed in atherosclerosis. MMP12 
and MMP9 were highly expressed in NSCLC. After the 
potential target genes of atorvastatin interact with more 
than 15 common genes in the aforementioned two dis-
eases, we obtained four genes: MMP9, MMP12, CD36, 
and FABP4. Further analysis using the UALCAN data-
base showed that MMP9, MMP12, CD36, and FABP4 
were over expressed in atherosclerotic tissues, while the 

expression of MMP9 and MMP12 were up-regulated in 
NSCLC tissues and the expression of CD36 and FABP4 
were down-regulated in NSCLC tissues. The pathway 
analysis showed that these genes were involved in ECM–
receptor interaction pathway, platelet activation path-
way, and proteoglycan in tumor pathway. Therefore, the 
therapeutic effect of atorvastatin on atherosclerosis and 
NSCLC may be on the ECM, which needs validation via 
further studies.

Fatty acid binding protein 4 (FABP4) is a member 
of the intracellular lipid binding protein family, which 
is mainly expressed in adipocytes, macrophages, and 
endothelial cells. As a fatty acid transporter, FABP4 
plays an important role in the uptake, transport, and 
metabolism of long-chain fatty acids and is closely 
related to atherosclerosis [29]. In this study, FABP4 was 
highly expressed in atherosclerosis, which was consist-
ent with existing reports. Studies showed that FABP4 
was associated with a high-risk phenotype of athero-
sclerotic plaques, including inflammatory and vul-
nerable plaques [30]. Llaverias et  al. [31] showed that 
atorvastatin alleviated atherosclerosis by inhibiting the 
expression of FABP4. Therefore, reducing FABP4 might 
be a potential treatment for atherosclerosis. The tumor 
microenvironment plays a crucial role in tumor growth 
and metastasis. Adipocytes provide fatty acids to meet 
the high energy requirement of tumor cell proliferation 
and invasion. This study showed that the expression of 
FABP4 was low in the tissues of patients with NSCLC. 
There was a significant difference in the expression 
of FABP4 between primary and metastatic tumors. 
Typically, FABP4 expression was higher in metastatic 
tumors but lower in primary tumors. This was probably 
due to FABP4, a mediator of lipid transport in adipo-
cytes and tumor-initiating cells. Adipocytes provide 
fatty acids to cancer cells, thus promoting rapid growth 
and metastasis of tumor [32]. Tang et  al. showed that 
increased FABP4 expression was closely related to 
advanced tumor metastasis [33]. Therefore, we hypoth-
esized that atorvastatin inhibited the metastasis of 
NSCLC by downregulating the expression of FABP4. In 
this study, we confirmed the hypothesis and found that 

Fig. 7  Immunohistochemistry staining determined MMP12, MMP9, CD36, and FABP4 expression in tissues of patients with NSCLC. A Compared 
with the adjacent non-cancerous lung tissues of patients taking atorvastatin, MMP12 and MMP9 were highly expressed in the tumor 
stroma of LUAD. CD36 presented a cell membrane pattern of staining, and the expression levels of CD36 in LUAD were higher compared 
with adjacent non-cancerous lung tissues in patients who took atorvastatin. FABP4 showed nuclear and cytoplasmic staining patterns, 
and the expression levels of CD36 in LUAD of patients taking atorvastatin was higher compared with adjacent noncancerous lung tissues. 
B Expression of MMP12, MMP9, CD36, and FABP4 expression in LUSC tissue samples and corresponding adjacent non-cancerous lung tissues. 
In patients taking atorvastatin, MMP12, MMP9, CD36, and FABP4 were highly expressed in the LUSC, butwere low expressed in the adjacent 
non-cancerous lung tissues. The intensity of immunohistochemical staining was analyzed using ImageJ 2.0 software. *p < 0.05, **p < 0.01 vs. control. 
##p < 0.01 vs. ATV. Scale bars = 50 μm

(See figure on next page.)
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Fig. 7  (See legend on previous page.)
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atorvastatin down-regulated the expression of FABP4 
in A549 cells.

CD36 is a member of the scavenger receptor family, 
which is expressed in various tissues and cells, promot-
ing monocyte aggregation and infiltration to inflamma-
tory sites. CD36 is correlated with the occurrence and 
development of atherosclerosis [34]. In this study, we 
found that CD36 was highly expressed in atherosclerosis. 
This suggested that the inhibition of CD36 might reduce 
the number of macrophage foam cells. Furthermore, 
we found that CD36 expression was down regulated in 
patients with NSCLC tissues compared with adjacent 
normal tissues. These results are consistent with previ-
ous findings. CD36 is expressed on tumor cells, stromal 
cells, and immune cells, but at different levels in differ-
ent cell types and tumor stages. CD36 is overexpressed 
in metastatic tumors, whereas the expression of CD36 is 
basically negative in primary tumors. Therefore, CD36 
played an important role in lipid homeostasis and tumor 
metastasis [35]. It is generally believed that CD36 is a 
potential biomarker and therapeutic target for cancer. 
These results indicate that atorvastatin could inhibit the 
progression of NSCLC by inhibiting metastasis. Atorvas-
tatin can be used as an effective adjuvant drug targeting 
CD36 and preventing tumor metastasis.

This study found that MMP9 is highly expressed in ath-
erosclerosis. It was mainly released by neutrophils and 
macrophages, and it could degrade ECM proteins, lipo-
proteins and cell adhesion molecules. MMP9 could also 
degrade type IV collagen in the basement membrane and 
accelerate the rupture of plaque. As one of the important 
causes of plaque instability, the expression of MMP9 in 
unstable plaques is significantly higher than that in sta-
ble plaques [36]. Jia et  al. [37] showed that the reduc-
tion in MMP9 expression by atorvastatin contributed to 
plaque stability. The findings of this study suggested that 
MMP9 was highly expressed in NSCLC tumor tissues. 
MMP9 plays an irreplaceable role in tumor initiation 
and progression, including tumor angiogenesis, promo-
tion of tumor growth, and destruction of the basement 
membrane to promote tumor metastasis and spread [38]. 
Therefore, MMP9 can be used as a biomarker to predict 
the survival and prognosis of patients with NSCLC. Ator-
vastatin plays an important role in inhibiting the overex-
pression of MMP9. Studies are needed to further explore 
the mechanism of action of atorvastatin on MMP9 to 
effectively treat both atherosclerosis and NSCLC.

This study found by network analysis that MMP12 
was highly expressed in both atherosclerosis and 
NSCLC. MMP12 was initially found in the alveolar 
macrophages of smokers and was mainly secreted and 
expressed by activated macrophages. Studies showed 
that the overexpression of MMP12 was associated 

with atherosclerosis [39]. Also, Hofmann et  al. [40] 
showed that MMP12 was highly expressed in NSCLC 
tumor tissues, and the high expression of MMP12 
was correlated with metastasis and high recurrence 
rate in patients with NSCLC. Therefore, atorvastatin 
might inhibit atherosclerosis and NSCLC by inhibiting 
MMP12. It is reported that atorvastatin can improve 
survival rates of various cancers. Therefore, we stud-
ied whether MMP9, MMP12, FABP4, and CD36 genes 
are correlated with poor prognosis in various cancers. 
These results suggest that the inhibition of these genes 
with atorvastatin might prolong survival in patients 
with cancer.

In conclusion, MMP9, MMP12, FABP4, and CD36 
genes are closely related to the occurrence and develop-
ment of atherosclerosis and NSCLC. We hypothesized 
that atorvastatin could inhibit the expression of MMP9, 
MMP12, FABP4, and CD36 in patients with atheroscle-
rosis and NSCLC. Atorvastatin might reduce the degra-
dation of matrix components and inflammatory reaction 
in atherosclerotic plaques by regulating four genes, stabi-
lize atherosclerotic plaques, inhibit tumor metastasis and 
prolong patient’s survival. However, this study also had 
limitations. We used limited samples, leading to unex-
pected errors. Hence, in vivo studies are needed to vali-
date the findings of this study.

Conclusions
Based on network pharmacology analysis, further cell 
experiments in  vitro and IHC analyses of samples from 
patients with NSCLC in this study showed that athero-
sclerosis and NSCLC shared some of the same patho-
genic genes. The underlying molecular mechanism was 
mainly correlated with the regulation of the ECM–recep-
tor interaction signaling pathway. Atorvastatin inhib-
its atherosclerosis and NSCLC by down-regulating 
the expression of MMP9, MMP12, FABP4, and CD36. 
MMP9, MMP12, FABP4, and CD36 might be the poten-
tial therapeutic targets in treating atherosclerosis and 
NSCLC.
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