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Background: This study explored the relationship between myosin-regulated light chain interacting 
protein (MYLIP) and the prognosis of lung cancer and its effects on the proliferation, migration, and 
invasion of lung cancer cells. 
Methods: Bioinformatics analyses of databases were conducted to explore the relationship between 
the expression of MYLIP and the prognosis of lung cancer patients. Real-time fluorescent quantitative 
polymerase chain reaction  and Western blot analyses were used to measure the levels of MYLIP expression. 
Cell counting kit-8 (CCK8) and cell cloning experiments were used to determine the effects of MYLIP on 
cell proliferation.  The scratch test and invasion experiments were conducted to assess the effects of MYLIP 
on the migration and invasion of lung cancer cells. Tumor formation experiments were performed in nude 
mice to determine the effects of MYLIP on tumor growth. 
Results: The mRNA and protein expression of MYLIP in cancer tissues from lung cancer patients were 
significantly lower than that found in normal adjacent tissues (P<0.05). Bioinformatics analysis showed 
that lung cancer patients with high MYLIP expression had a better prognosis compared to patients with 
low MYLIP expression. The results of the CCK8 and cell proliferation experiments revealed that the 
proliferation ability of lung cancer cells overexpressing MYLIP was significantly lower than that of control 
cells (P<0.05). The scratch experiment and invasion experiments demonstrated that the scratch closure 
rate and the cell invasion ability of lung cancer cells overexpressing Experiments in nude mice showed that 
the tumor-forming ability of lung cancer cells with high expression of MYLIP was weaker than that of the 
control group, and the tumor growth rate and the tumor weight were also lower than that of the control 
group (P<0.05). 
Conclusions: Low levels of MYLIP expression were detected in the cancer tissues of lung cancer 
patients, and its expression levels were positively correlated with the prognosis of lung cancer. Furthermore, 
MYLIP had a significant inhibitory effect on the proliferation, migration, and invasion of lung cancer cells, 
suggesting that MYLIP may be a tumor suppressor gene for lung cancer. The results may have significant 
potential for clinical applications.
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Introduction

Lung cancer is the leading cause of death in patients with 
malignancies. However, there is no clear explanation for 
the high mortality rate (1). Although lung cancer screening 
has been extensively implemented in high-risk groups, the 
overall screening rate is still relatively low. Furthermore, 
with the worsening of air pollution and the increase in 
tobacco use, the incidence and mortality of lung cancer 
in clinical practice continues to increase (2-4). Although 
there are many treatment options for lung cancer, including 
surgery, radiotherapy, and chemotherapy, the majority of 
lung cancer patients are already in the advanced stages at 
diagnosis and thus treatment is difficult (5). In the past 
few years, there has been some progress in the targeted 
therapy of lung cancer. However, this method is not only 
very expensive, but the effects of the treatment are still 
controversial (6). There are many pathological types of 
lung cancer and different subtypes show different tumor 
incidence, treatment response, and prognosis. Therefore, 
identifying specific suppressor genes may be important for 
the development of targeted therapy in lung cancer patients. 

Myosin-regulated light chain interacting protein 
(MYLIP), also known as the ubiquitin-protein ligase, can 
regulate the post-transcriptional diversity of low-density 
lipoprotein (LDL) receptors, and can specifically induce 
the degradation of LDL receptor proteins (7). Studies 
have shown that MYLIP plays an important role in the 
development of cancer. For example, MYLIP can inhibit 
the metastasis and progression of breast cancer (8,9) and 
inhibit the growth of prostate cancer (10). Some studies 
have demonstrated that MYLIP can inhibit the progression 
of lung adenocarcinoma, and the hypoxic environment of 
the tumor can promote the DNA methylation of MYLIP. 
This latter study suggested that lung adenocarcinoma 
patients with low MYLIP methylation or high MYLIP 
expression had better prognosis (10). Similarly, it is possible 
that MYLIP acts as a tumor suppressor for lung cancer. 
Therefore, this study examined the effects of MYLIP on 
the proliferation, migration, and invasion of lung cancer 
cells. Understanding the role of MYLIP may provide an 
informative basis for the diagnosis and development of 
novel treatments for lung cancer. We present the following 
article in accordance with the MDAR checklist (available at 
http://dx.doi.org/10.21037/tcr-21-606).

Methods

Cell lines and experimental materials

The human lung cell line Beas-2b and the human lung 
cancer cell lines including A549, H1299, H460, and H146 
were purchased from (FuHeng Cell Center, Shanghai, 
China). Dulbecco’s modified Eagle’s medium (DMEM) 
medium, fetal bovine serum (FBS), and pancreatin were 
purchased from Gibco, USA. The lentivirus packaging 
helper plasmid psMYLIP was designed and synthesized by 
Addgene (Massachusetts, USA). The real-time polyermase 
chain reaction (PCR) kit was purchased from TAKARA, 
Japan, and the Cell Counting Kit -8 (CCK8) kit was 
obtained from Tongren, Japan. The PrimeScript RT kit was 
purchased from Beijing Baori Biotechnology Co., Ltd. and 
MYLIP antibody was purchased from Abcam, USA.

Experimental animals

Heathly 4-week-old male nude mice were provided by the 
Lanzhou University First Affiliated Hospital Experimental 
Animal Department and housed in specific pathogen 
free (SPF) areas with alternating day and night cycles. 
The  temperatures and humidity were suitable for normal 
breeding. All animal experiments were approved by the 
animal ethics committee of the Lanzhou University First 
Affiliated Hospital and all operations complied with the 
animal experiment regulations.

Tissue samples of lung cancer patients

Cancerous lung tissues and adjacent normal tissues 
were obtained from lung cancer patients at the Lanzhou 
University First Affiliated Hospital. The study conformed 
to the provisions of the Declaration of Helsinki (as revised 
in 2013) and study was approved by the Ethics Committee 
of Lanzhou University First Affiliated Hospital (NO.: 
LDYYLL2021-193) and informed consent was taken from 
all the patients.

Experimental methods

Cell culture 
The normal lung cell line Beas-2b and the lung cancer 
cell lines, including A549, H1299, H460, and H146, were 
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cultured in DMEM medium containing 10% FBS at 37 ℃ 
with 50 mL/L CO2 and saturated humidity. The cells were 
passaged and used for experiments at 90% confluency.

Lentivirus infection and verification of MYLIP 
overexpression 
The A549 and H460l lung cancer cell lines were inoculated 
into 6-well plates separately. At 60–70% confluency, the 
cells were infected with the lentivirus containing the empty 
vector or the psMYLIP plasmid, and incubated at 37 ℃. 
Cells were examined under a fluorescence microscope to 
determine the infection efficiency after 24, 48, 72, and  
96 hours.

RNA extraction and real-time fluorescence quantitative 
polymerase chain reaction (PCR) 
RNA from normal lung cells, lung cancer cells, and lung 
cancer cells overexpressing MYLIP were extracted with 
RNA extraction reagents according to the manufacturer’s 
instructions. The concentration of RNA was measured 
and a 1 L sample was used for the reverse transcription 
reaction. The corresponding primers, templates, and 
reagents were then added to the 25 L system and 40 cycles 
of the following were performed: pre-denaturation at 
94 ℃ for 3 minutes, denaturation at 94 ℃ for 4 seconds, 
annealing at 56 ℃  for 5 seconds, and extension at  
72 ℃ for 6 seconds. The forward and reverse primers 
for MYLIP were 5'-CCGCTGCACATCGTC-3' and 
5'-CGTGGAAGGCGGTGATCAG-3', respectively. 
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was 
used as an internal reference, and the relative expression 
level of MYLIP was calculated using the formula 2−ΔΔCt. 

Western blot analysis
Normal lung cells, lung cancer cells, lung cancer cells 
overexpressing MYLIP, and lung tissues from lung 
cancer patients were collected. After the lung tissue 
was homogenized into a single-cell suspension, it was 
treated with lysis buffer containing protease inhibitors for  
30 min at 4 ℃. Samples were then centrifugation at  
12,000 rpm for 15 min at 4 ℃, the supernatant was 
collected, and the protein concentration was determined 
using the BCA method. All samples were adjusted to 
the same protein concentration and 20 μg was taken for 
electrophoresis and transferred onto PVDF membranes. 
The membranes were then blocked with blocking solution 
containing 5% skim milk at room temperature for 2 h, 
followed by incubation with the primary antibody at 4 ℃ 

overnight. The membranes were then washed 3 times with 
TBST (Tris-buffered saline Tween) for 6 minutes each 
time. Subsequently, the membranes were incubated with 
the mouse monoclonal secondary antibody containing 
horseradish peroxidase at room temperature for 1 hour and 
washed again with TBST 3 times. The Image J software 
was used to analyze the band gray value.

Clone formation and CCK8 proliferation experiments
A549 and H460 cells overexpressing MYLIP in the 
logarithmic growth phase and their corresponding empty 
vector control cells were harvested and trypsinized into 
single-cell suspensions. The cells were then diluted in a 
gradient, and 200 cells were inoculated into preheated  
(37 ℃) 10 mL petri dishes, and placed in an incubator for 
1–2 weeks. When macroscopic cell clones could be observed 
in the petri dishes, the supernatant was discarded and the 
cells were rinsed with phosphate-buffered saline (PBS). The 
cells were fixed and stained with Giemsa. The cell clones 
were visualized and counted with the naked eye . 

For the CCK8 experiments, A549 and H460 cells 
overexpressing MYLIP in the logarithmic growth phase 
and their corresponding empty vector control cells 
were harvested and trypsinized. After adjusting the cell 
concentrations, 100 L of cell solution was inoculated into 
96-well plates and cultured at 37 ℃ for 0, 24, 48, 72, and  
96 h. Cells were then incubated with the CCK8 solution for 
1 hour and the absorbance at 450 nm was measured with a 
microplate reader.

Scratch test and in vitro transwell invasion assay
The A549 and H460 cells overexpressing MYLIP and their 
corresponding empty vector control cells were cultured 
in 6-well plates. At 90% confluency, the head of a cell 
scraper was used to draw a line in the middle of the cell 
culture plate. The cell culture plate was rinsed 3 times with 
PBS and serum-free medium was added. The cells were 
incubated continuously for 48 h under normal conditions, 
and pictures were taken at 0 hours and 48 h to calculate the 
scratch closure rate. 

For the transwell invasion assays, 100 L Matrigel 
(diluted with serum-free medium) was added to the upper 
chamber of the transwell and air-dried in a 37 ℃ incubator. 
Subsequently, 500 L medium containing 100 mL/L FBS 
was added to the lower chamber, and 200 L single-cell 
suspension (1×105/mL) was added to the upper chamber. 
After 48 h of normal culture, cells on the upper layer of 
the Matrigel were wiped off and cells that had migrated 
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through the membrane were stained with Giemsa. Cells 
were counted from 5 random fields of view under an 
inverted microscope and pictures were taken.

Tumor formation experiments using nude mice
A total of 18 4-week-old male nude mice were randomly 
divided into three groups. A total of 5×106 normal lung 
tissue cells, A546 lung cancer cells, and H460 lung cancer 
cells were prepared. Mice were anesthetized and the 
corresponding cells were subcutaneously injected into the 
back of the mice. Tumor growth was observed and recorded 
every 3 days, and the experiment was terminated 21 days 
after inoculation, and the volume and weight of the tumor 
was measured.

Statistical analysis 

SPSS18.0 software was used to analyze the experimental 
data. The measurement data were expressed as mean ± 
standard deviation, and the comparison between different 
groups was performed using the t-test. A P value <0.05 was 
considered statistically significant.

Results

The expression of MYLIP and its relationship with patient 
prognosis

Analysis using the Kaplan-Meier plotter found that the 
expression of MYLIP was positively correlated with the 
prognosis of lung tumor patients. The higher the expression 
of MYLIP, the better the prognosis of the patient and the 
two probes were highly consistent (Figure 1A). The results 
from the The Cancer Genome Atlas (TCGA) database 
also revealed that lung cancer patients with high MYLIP 
expression had better prognosis (Figure 1B). MYLIP 
expression in lung carcinoma tissue was lower than that 
in normal adjacent tissues. Furthermore, the MYLIP 
expression in samples of lung tumor patients at different 
pathological stages decreased with the increasing degree of 
lymph node metastasis (Figure 1C,D).

Expression of MYLIP in lung cancer cell lines

In cell experiments, the level of MYLIP mRNA expression 
in all the lung cancer cell lines examined was significantly 
lower than that of normal lung cells (Figure 2A; P<0.05). 
The level of MYLIP protein was also significantly lower 

than that of normal lung cells (Figure 2B,C; P<0.05). 
Lentivirus was used to package A545 and H460 cells to 
stably overexpress MYLIP. The mRNA and protein levels of 
MYLIP were significantly higher in the cells overexpressing 
MYLIP compared to the corresponding control cells 
expressing the empty vector (Figure 2D,E,F; P<0.05).

Overexpression of MYLIP inhibits the proliferation of lung 
cancer cells

The proliferation ability of the A549 and H460 cell lines 
overexpressing MYLIP was examined using the CCK8 
assay. Cells overexpressing MYLIP had lower proliferation 
compared with control cells (Figure 3A,B). In the clone 
formation experiment, the number of clones in the A549 
and H460 cell lines overexpressing MYLIP was significantly 
less than that of the control cells (Figure 3C,D,E; P<0.05) 
suggesting that overexpression of MYLIP can inhibit the 
proliferation of lung cancer cells.

MYLIP inhibits the migration and invasion of lung cancer 
cells

The scratch test demonstrated that A549 and H460 cells 
overexpressing MYLIP had poorer cell migration ability 
compared to control A549 and H460 cells (Figure 4A,B,C; 
P<0.001). In the cell invasion experiment, the number 
of invasive cells in the MYLIP overexpression group 
was significantly reduced compared to the control group  
(Figure 4D,E,F; P<0.001), indicating that MYLIP can 
inhibit the migration and invasion of lung cancer cells.

MYLIP inhibits tumor formation in vivo

The A549 and H460 cell lines stably overexpressing MYLIP 
were inoculated into nude mice. The resultant tumor sizes 
were significantly smaller than that in mice inoculated 
with control cells (Figure 5A,B; P<0.001), and the tumor 
growth rate was also slower than that of the control group  
(Figure 5C,D; P<0.05), indicating that MYLIP had an 
inhibitory effect on tumor formation.

MYLIP is lowly expressed in lung cancer tissues

RT-PCR results showed that the level of MYLIP mRNA 
in lung tumor tissues from patients was significantly 
lower than that of adjacent normal tissues (Figure 6A). 
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Figure 2 MYLIP mRNA and protein expression in different cell lines. (A) The level of MYLIP mRNA expression in Beas-2b normal 
lung cells is significantly higher than that in the lung cancer cell lines A549, H1299, H460, and H146. (B) and (C) The protein expression 
of MYLIP is significantly higher in Beas-2b normal lung cells compared to the lung cancer cell lines A549, H1299, H460, and H146. 
Overexpression of MYLIP in A549 and H460 cells significantly increased (D) mRNA and (E) protein expression of MYLIP. (F) Relative 
protein expression of MYLIP in A549 and H460 cells. **P<0.01; ***P<0.001.

Figure 3 The effects of MYLIP on the proliferation of lung cancer cells. CCK8 assay in (A) A549 and (B) H460 cells shows that 
overexpression of MYLIP significantly decreased cell proliferation compared to cells transfected with the empty vector. Clone formation 
assays in (C) A549 and (D) H460 cells shows that overexpression of MYLIP significantly inhibited the ability of cells to form colonies. (E) 
Graph showing colony formation. *P<0.05; **P<0.01.
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Furthermore, Western blot analyses in 20 patients also 
demonstrated that MYLIP protein levels in many samples 
were significantly lower than that in the corresponding 
adjacent tissues (Figure 6B), suggesting that MYLIP is lowly 
expressed in lung cancer tissues. 

Discussion

MYLIP is a new E3 ubiquitin ligase which can promote the 
degradation of the myosin-regulated light chain (MRLC) 
and low-density lipoprotein receptor (LDLR) proteins 
through the ubiquitin/proteasome pathway (11). Reports 

Figure 4 The effects of MYLIP on lung cancer cell migration and invasion. The scratch test in (A) A549 cells and (B) H460 cells shows that 
overexpression of MYLIP inhibited lung cancer cell migration. magnification, 40×; (C) Graph showing migration ability of cells. In vitro cell 
invasion assays in (D) A549 cells and (E) H460 cells demonstrate that  overexpression of MYLIP inhibited the invasion ability of lung cancer 
cells. scale bar represents 50 μm, cells were stained with 0.5% crystal violet reagent; (F) Graph showing cell invasion ability of lung cancer 
cells. ***P<0.001.
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have shown that the MYLIP RING-in-between-RING 
(RBR) domain can interact with the UBE2D family of 
ubiquitin-conjugating enzymes (UBE2D1-4) to transfer 
ubiquitin to the target protein for degradation (12,13). 
Increasing evidence have demonstrated that E3 ligase plays 
a crucial role in tumorigenesis and development by targeting 
the degradation of tumor promoters or suppressors in 

human malignant tumors (14,15). Various inhibitors of the 
ubiquitin-proteasome system have been developed, some 
of which are used as drugs for cancer treatment (16,17). 
E3 ligase is particularly strict for substrate specificity, 
thus inhibition of E3 can be effective for controlling the 
expression of specific proteins. The LDLR has been shown 
to be a target substrate of MYLIP (18), although little is 

Figure 5 Tumor size and growth in nude mice inoculated with lung cancer cells. The tumor weight in mice inoculated with (A) A549 and (C) 
H460 cells overexpressing MYLIP was significantly less compared to mice inoculated with cells expressing the empty vector. Similarly, the 
rate of tumor growth in mice inoculated with (C) A549 and (D) H460 cells overexpressing MYLIP was significantly lower compared to mice 
inoculated with cells expressing the empty vector. *P<0.05; **P<0.01; ***P<0.001.

Figure 6 mRNA and protein expression of MYLIP in cancer tissues of lung cancer patients. (A) mRNA expression of MYLIP is significantly 
lower in lung tumor samples compared to the adjacent healthy tissue. (B) The protein expression of MYLIP was examined in 20 patients 
with lung cancer. In many samples, lung cancer tissue had lower MYLIP expression compared to the corresponding healthy tissues. 
***P<0.001.
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know about other substrates of MYLIP. Several E3 ligases 
can interact with their receptors (19,20), but whether 
MYLIP interacts with its receptors remains to be studied. 
To date, the relationship between MYLIP and lung cancer 
has only been reported in one study. The report pointed 
out that MYLIP is a tumor suppressor in the progression 
of lung adenocarcinoma. The hypoxic environment of 
lung cancer promoteds DNA methylation of MYLIP, and 
suggests that patients with MYLIP hypomethylation or 
high expression of lung adenocarcinoma have a better 
prognosis, while tumor growth is subject to complex cellular 
signaling pathways such as HIF-1α and NF-κB. NF-κB 
may be directly activated during hypoxia-related lung 
cancer progression (10). Therefore, studying the function 
of MYLIP and its mechanisms of action may reveal a novel 
therapeutic target for lung cancer treatment.

This study demonstrated that the levels of MYLIP 
expression were reduced in cancer tissues of lung cancer 
patients. Furthermore, bioinformatics analysis found 
that patients with high MYLIP expression had better 
prognosis, suggesting that MYLIP may be a potential 
tumor suppressor gene for lung cancer. Consistent with this 
hypothesis, this current study showed that overexpression of 
MYLIP inhibited the proliferation, migration, and invasion 
of lung cancer cells in vitro and in vivo using nude mice. 
In lung cancer cells overexpressing MYLIP, a significant 
reduction in cell proliferation and the number of cell clones 
were observed. The cell closure rate and the number of 
cells invading also decreased, suggesting that MYLIP 
inhibited the growth of lung cancer cells. Concurrently,  
in  v ivo  funct iona l  exper iments  us ing  nude  mice 
demonstrated that the rate of tumor formation of lung 
cancer cells overexpressing MYLIP was slower. The size 
and weight of the tumor at the conclusion of the experiment 
were also less than that observed in the control group. 
This further confirmed that overexpression of MYLIP 
inhibited lung cancer growth in vivo. Thus, understanding 
the inhibitory effects of MYLIP on lung cancer may lead 
to novel promising therapeutic targets for the treatment of 
lung cancer.

In summary, the low expression level of MYLIP in lung 
cancer tissues and its inhibitory effects on lung cancer 
cells suggests that it may be a novel potential target for the 
treatment of lung cancer. This has important implications 
for future clinical applications. Futher in-depth studies 
examining the mechanisms by which MYLIP inhibits lung 
cancer will provide a theoretical basis for future targeted 
therapies.
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