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Abstract. Melanocyte proliferating gene 1 (MYG1) is an 
exonuclease that participates in RNA processing and is required 
for normal mitochondrial function. However, its role in tumori‑
genesis remains unknown. The present study aimed to investigate 
the role of MYG1 and its underlying mechanisms in human lung 
adenocarcinoma (LUAD). The expression levels of MYG1 in 
tumor tissues of patients with LUAD were obtained from public 
cancer databases and analyzed using the UALCAN online 
software. The association between MYG1 expression levels 
and the prognosis of patients with LUAD was analyzed using 
the Kaplan‑Meier plotter. In addition, the role of MYG1 in the 
LUAD A549 and H1993 cell lines was determined by knocking 
down MYG1 expression with a specific small interfering RNA 
or by overexpressing it with a MYG1‑containing plasmid. 
The results demonstrated that MYG1 expression levels were 
upregulated in LUAD tissues compared with those in normal 
lung tissues from healthy subjects, and high MYG1 expression 
levels were associated with an unfavorable prognosis. MYG1 
promoted the proliferation, migration and invasion of A549 
and H1993 cells. In addition, MYG1 inhibited autophagy via 
the AMP-activated protein kinase/mTOR complex 1 signaling 
pathway. Collectively, the present results suggested that MYG1 
may serve an oncogenic role in LUAD and may be a potential 
therapeutic target for LUAD.

Introduction

Lung cancer is the most commonly diagnosed type of cancer 
and the leading cause of cancer‑related mortality world‑
wide (1). Non‑small cell lung cancer accounted for 85% of 

lung cancer cases and >85% of lung cancer‑related mortalities 
in 2006 (2). As the most common type of non‑small cell lung 
cancer, lung adenocarcinoma (LUAD) accounted for ~50% of 
non‑small cell lung cancer cases in 2006 (2). Understanding 
of the molecular mechanisms of LUAD has improved during 
the last few decades, and thus, the treatments for LUAD, such 
as targeted therapy and immunotherapy, have been applied in 
clinical management and improved patient progression‑free or 
overall survival (3). However, due to drug resistance and the 
need of personized medicine, it is crucial to discover novel 
therapeutic target molecules involved in LUAD (3).

mTOR is a serine/threonine protein kinase that coor‑
dinates cell proliferation and metabolism in response to 
nutrients and growth factors, and serves a central role in 
regulating numerous fundamental cell processes, such as 
protein synthesis and autophagy (4). mTOR forms the catalytic 
subunit of two distinct protein complexes, known as mTOR 
complex (mTORC) 1 and 2. mTORC1 comprises three core 
components, namely mTOR, regulatory protein associated 
with mTOR and mammalian lethal with Sec13 protein 8, as 
well as two inhibitory subunits, proline‑rich Akt substrate 
of 40 kDa and DEP domain‑containing mTOR interacting 
protein (4). mTORC1 functions as a downstream effector for 
multiple oncogenic pathways, including the PI3K/AKT and the 
Ras/Raf/MEK/MAPK pathways, resulting in mTORC1 hyper‑
activation in numerous types of human cancer, such as LUAD 
and colorectal carcinoma  (4). Mammalian AMP-activated 
protein kinase (AMPK), which is composed of catalytic 
subunits α and β, and a regulatory γ subunit, is an energy 
sensor that is sensitive to the cellular levels of ATP (5). AMPK 
is phosphorylated to an active state following ATP deple‑
tion (5). In addition, AMPK acts upstream of mTORC1 and 
links mTORC1 to energy stresses (5).

The human melanocyte proliferating gene 1 (MYG1) 
is a 376‑amino acid protein that harbors a mitochondrial 
targeting sequence among amino acids 1‑20 and a nuclear 
localization signal among amino acids 33‑39; therefore, the 
protein is localized in the nucleus and the mitochondria (6). 
MYG1 is ubiquitously expressed in all human tissues, with the 
highest levels in the testis (6). A previous study has reported 
that the‑119C/G polymorphism in the promoter of MYG1 
is associated with vitiligo susceptibility, and an Arg4Gln 
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polymorphism in the mitochondrial signal of MYG1 affects 
mitochondrial localization (7). Furthermore, MYG1 has been 
reported to act as a 3'‑5' RNA exonuclease and to be involved 
in the maturation of ribosomal and messenger RNA in the 
mitochondria; thus, it is required for mitochondrial func‑
tions (8). However, the roles of MYG1 in tumorigenesis and 
the potential underlying mechanism remain unknown.

The present study aimed to examine the expression levels 
of MYG1 in LUAD tissues and analyze the association 
between MYG1 expression and the prognosis of patients with 
LUAD. In addition, the present study aimed to investigate the 
function of MYG1 and its underlying mechanism in A549 and 
H1993 LUAD cells.

Materials and methods

Antibodies, plasmids and small interfering (si)RNA. The 
antibody against MYG1 (cat. no. sc‑393331) was purchased 
from Santa Cruz Biotechnology, Inc.. Antibodies against p62 
(cat. no. 39749S), AMPKα (cat. no. 2603), phosphorylated 
(p)‑AMPKα (Thr172) (cat. no. 2535S), p70 S6 kinase (S6K; 
cat. no. 9202), p‑S6K (cat. no. 9204), and HRP‑conjugated 
anti‑mouse (cat. no. 7076) and anti‑rabbit (cat. 7074) IgG anti‑
bodies were purchased from Cell Signaling Technology, Inc.. 
The antibody against microtubule‑associated proteins 1A/1B 
light chain 3B (LC3B; cat. no. ab192890) was obtained from 
Abcam, and the antibody against GAPDH (cat. no. TA505454) 
was purchased from OriGene Technologies, Inc.. The dilu‑
tions of the antibodies used for western blotting were 1:500 
for MYG1, 1:1,000 for LC3B, p62, AMPKα, p‑AMPKα, 
S6K, p‑S6K and GAPDH, and 1:3,000 for HRP‑conjugated 
anti‑mouse and anti‑rabbit IgG antibodies.

The cDNA of MYG1 tagged with FLAG at the C‑terminus 
was synthesized by ShineGene Bio‑Technologies, Inc. and 
cloned into the pFlag‑CMV‑4 vector, which was kindly 
provided by Dr Xianqiong Zou (Guilin Medical University, 
Guilin, China). The empty pFlag‑CMV‑4 vector was used as 
the negative control. MYG1 siRNA (MYG1 siRNA‑1, 5'‑GGA​
CGC​ACA​AUG​GCA​CCU​UTT‑3'; MYG1 siRNA‑2, 5'‑GGU​
CUU​UCA​CAG​AGA​CCA​UTT‑3'; MYG1 siRNA‑3, 5'‑GCC​
CAG​UUG​CUG​GGC​ACU​ATT‑3') and the negative control 
siRNA (control siRNA, 5'‑UUC​UCC​GAA​CGU​GUC​ACG​
UTT‑3') were synthesized by Shanghai GenePharma Co., Ltd..

Cell culture and transfection. The A549 and H1993 LUAD 
cell lines were purchased from the Kunming Cell Bank of 
the Chinese Academy of Sciences. The cells were cultured in 
RPMI‑1640 medium (Gibco; Thermo Fisher Scientific, Inc.) 
supplemented with 10% FBS (Gibco; Thermo Fisher Scientific, 
Inc.) at 37˚C in a humidified incubator with 5% CO2.

A549 and H1993 LUAD cells (1.5x105) were seeded into 
6‑well plates and cultured overnight, and transfection was 
performed using Lipofectamine® 3000 (Invitrogen; Thermo 
Fisher Scientific, Inc.) according to the manufacturer's instruc‑
tions. The transfection reagent was incubated with siRNA or 
plasmids at room temperature for 15 min and added to the 6‑well 
plates. A total of 2 µg plasmids/well was used for overexpres‑
sion experiments. MYG1 siRNA (75 pmol) and control siRNA 
(75 pmol) were used for RNA interference experiments. Cells 
were cultured at 37˚C and collected at 48 h post‑transfection.

Colony formation assay. Transfected A549 and H1993 cells 
were seeded into 6‑well plates in 2 ml growth medium at a 
density of 1x103 cells/well and cultured in RPMI‑1640 with 
10% FBS at 37˚C in a humidified incubator with 5% CO2 for 
10‑15 days. The culture medium was replaced every 2 days. 
The cells were washed three times with PBS and fixed with 
4% neutral paraformaldehyde solution at room temperature 
for 30  min, followed by another three washes with PBS. 
Subsequently, 2 ml 0.5% crystal violet solution was added to 
each well and incubated at room temperature for 2 h. The cells 
were washed three times with PBS. The plates were dried and 
scanned with Epson Perfection V370 Photo scanner (Seiko 
Epson Corporation). Cell colonies visible by the naked eye 
were manually counted.

Western blotting. Western blot analysis was performed as 
previously described (9). The cells were washed three times 
with cold PBS and lysed with RIPA buffer (cat. no. R0020; 
Beijing Solarbio Science & Technology Co., Ltd.) on ice 
for 40 min. The lysate was centrifuged at 13,500 x g for 
15 min at 4˚C to obtain the supernatant, in which the protein 
concentration was measured with a BCA Kit (Beyotime 
Institute of Biotechnology) according the manufacturer's 
instructions. Proteins (30  mg/lane) were separated with 
10 or 15% sodium dodecyl sulfate‑polyacrylamide gels and 
transferred on a PVDF membrane, which was blocked with 
5% non‑fat milk at room temperature for 2 h. Subsequently, 
the membrane was incubated with the primary antibodies at 
4˚C overnight, washed with 1X TBST buffer, and incubated 
with the secondary antibody (HRP‑conjugated anti‑mouse or 
anti‑rabbit IgG antibody) at room temperature for 1 h. Blots 
were developed using the SuperSignal™ West Femto substrate 
(Bridgen Biotechnology Co., Ltd.). The optical density of 
the protein bands was semi‑quantified with ImageJ 1.53a soft‑
ware (National Institutes of Health) and normalized to that of 
the loading control.

Invasion and migration assays. At 48 h post‑transfection, A549 
and H1993 cells (3x103 cells/well) were seeded into a 24‑well 
Transwell insert (8‑µm pore size; BD Biosciences) with or 
without Matrigel® according to the manufacturer's instructions 
at room temperature for 30 min. FBS‑free medium was added 
to the upper chamber, whereas medium supplemented with 
20% FBS was added to the lower chamber. After incubation 
at 37˚C with 5% CO2 for 24 h, non‑invading or non‑migrating 
cells were removed from the top wells with a cotton swab. The 
cells that had transgressed to the bottom of the membrane 
were fixed with 4% paraformaldehyde at room temperature for 
15 min and stained with 0.2% crystal violet at 4˚C overnight. 
Images of five randomly selected independent fields from each 
well were captured under an Olympus TH4‑200 phase‑contrast 
microscope (x200 magnification; Olympus Corporation). The 
cells in each image were quantified with ImageJ 1.53a soft‑
ware, and the results were presented as a percentage of the 
control group.

A wound healing assay was conducted to determine cell 
migration. The cells were cultured to confluent monolayers 
in 6‑well plates. The monolayers were scratched with a 10‑µl 
pipette tip and washed twice with 1X PBS. A549 and H1993 
cells were cultured for 24 or 72 h, respectively, and images 
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were captured under an Olympus TH4‑200 phase‑contrast 
microscope (x200 magnification). The scratch area was 
measured with ImageJ 1.53a software. The quantitative results 
were calculated as described previously (10) and presented as 
wound closure percentage relative to the control group.

ATP assay. The ATP assay kit (cat. no. S0026) was purchased 
from Beyotime Institute of Biotechnology and performed 
according to manufacturer's instructions as previously 
described (11). Briefly, the transfected A549 and H1993 cells 
(5x105) were washed three times with cold PBS and lysed 
with ATP detection lysis buffer on ice for 40 min; the lysate 
was centrifuged at 13,500 x g for 15 min at 4˚C to obtain the 
supernatant, and 20 µl of the supernatant was mixed with 
100 µl substrate solution and incubated at room temperature 
for 10 sec. The luminescence was measured at 520 nm using 
a Synergy HTX Multi‑Mode microplate reader (BioTek 
Instruments, Inc.).

MYG1 expression in LUAD and prognostic analysis. MYG1 
expression in The Cancer Genome Atlas (TCGA) LUAD 
and normal tissue samples, as well as at different tumor 
stages were analyzed using the UALCAN online software 
(http://ualcan.path.uab.edu/) (12). The survival probability of 
patients with LUAD was analyzed using the Kaplan‑Meier 
plotter (http://kmplot.com) (13). A log‑rank test was used to 
assess statistical differences in survival probability, and the 
cutoff values of MYG1 expression were automatically selected 
by the software as follows: 527 transcripts per million (TPM) 
for overall survival (OS), 551 TPM for first progression (FP) 
and 781 TPM for post‑progression survival (PPS).

Gene set enrichment analysis (GSEA). TCGA LUAD gene 
expression dataset was downloaded from cBioportal (www.
cbioportal.org). LUAD samples were classified into high‑ and 
low‑MYG1 expression groups using the median value of MYG1 
expression as cutoff. GSEA was performed using GSEA 4.0.3 
(http://www.broad.mit.edu/gsea/) with the pre‑defined hall‑
mark gene sets, each containing >4,000 genes (14,15). The 
default settings were used, and the thresholds for significance 
were determined by permutation analysis (1,000 permuta‑
tions). A gene set was considered significantly enriched when 
the false discovery rate was <0.25.

Analysis of the associations between MYG1 expression levels 
and the clinicopathological characteristics. The clinico‑
pathological data of the patients in TCGA LUAD cohort was 
downloaded from http://www.cbioportal.org/datasets. The 
stages of LUAD were determined according to American Joint 
Committee on Cancer (AJCC) Staging (3rd‑7th edition) (16). 
The patients from TCGA LUAD dataset were separated into a 
MYG1 high‑ and low‑expression group using the median value 
of MYG1 expression as a cutoff, and the data were analyzed 
using the χ2 test.

Statistical analysis. All experiments were conducted ≥3 times 
independently, and the data are presented as the mean ± SD. 
Statistical analyses were performed using GraphPad Prism 
8 (GraphPad Software, Inc.) and SPSS version 11.0 (SPSS, 
Inc.). Comparisons between two groups were conducted using 

unpaired Student's t‑test, and comparisons among multiple 
groups were performed using one‑way ANOVA followed by 
Tukey's post hoc test. The data from TCGA LUAD dataset 
were analyzed using the χ2 test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

MYG1 expression levels are upregulated in LUAD. The 
expression levels of MYG1 in LUAD were determined by 
analyzing TCGA LUAD data using UALCAN (12). Compared 
with those in normal lung tissues, MYG1 expression levels 
were significantly higher in LUAD tissues (Fig. 1A). The 
expression levels of MYG1 at clinical stages 1‑4 (stage 1, 
n=277; stage 2, n=125; stage 3, n=85; and stage 4, n=28) were 
significantly upregulated compared with those in normal lung 
tissues (n=59) (Fig. 1B). Additionally, the expression levels 
of MYG1 at stage 3 were significantly higher compared with 
those at stage 1 (Fig. 1B), whereas no significant differences 
were identified between any other stages of LUAD.

High expression levels of MYG1 are associated with an 
unfavorable prognosis in patients with LUAD. To identify 
the associations between MYG1 expression levels and the 
clinicopathological characteristics of patients with LUAD, 
the patients from TCGA LUAD dataset were separated into a 
MYG1 high‑ and low‑expression group using the median value 
of MYG1 expression as a cutoff, and the data were analyzed 
using the χ2 test. The results demonstrated that MYG1 expres‑
sion levels were significantly associated with the N stage 
(Table I).

To investigate the potential value of MYG1 in patient 
prognosis, the association between MYG1 expression levels 
and the survival of patients with LUAD was analyzed using 
the Kaplan‑Meier plotter. The results demonstrated that high 
expression of MYG1 was associated with a poor survival rate 
of OS and PPS, but not associated with FP (Fig. 2). However, 
multivariate analysis indicated that MYG1 was not an inde‑
pendent prognostic factor for OS, FP or PPS (Table II).

MYG1 promotes the proliferation of LUAD cells. To study the 
function of MYG1 in LUAD, three specific siRNA molecules 
targeting MYG1 were synthesized; MYG1 siRNA‑1 was 
selected for subsequent experiments as it exerted the strongest 
inhibitory effect on MYG1 protein expression (Fig. 3A).

Cell proliferation and colony formation were determined 
following overexpression or knockdown of MYG1 in A549 
and H1993 cells. The results demonstrated that MYG1 over‑
expression promoted cell proliferation and colony formation 
compared with those in the empty vector‑transfected cells, 
whereas knockdown of MYG1 exerted the opposite effects 
(Fig. 3B and C).

MYG1 promotes the migration and invasion of LUAD cells. To 
investigate whether MYG1 was involved in the migration and 
invasion of A549 and H1993 cells, the cells were transfected 
with MYG1 overexpression plasmids and an empty vector, 
or with MYG1 siRNA and control siRNA. Subsequently, 
Transwell and wound healing assays were performed. The 
results of the Transwell assays revealed that overexpression 
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of MYG1 significantly increased the number of the cells that 
crossed the membrane compared with those in the control 
group, whereas the opposite results were obtained in the MYG1 
knockdown group (Fig. 4A and B). The wound healing assay 
demonstrated that, compared with the corresponding control 
groups, overexpression of MYG1 increased cell migration, and 
MYG1 knockdown exerted the opposite effect (Fig. 4C and D). 
Collectively, the Transwell and wound healing assay results 
suggested that MYG1 promoted cell migration and invasion.

MYG1 inhibits autophagy in LUAD cells. Autophagy is a lyso‑
somal degradation process that serves a dual role in cancer (17). 
Since LC3B conversion (LC3‑I to LC3‑II) and lysosomal 
degradation of LC3‑II reflect the progression of autophagy, 
and the p62 protein is degraded by autophagy (18), LC3B and 
p62 are considered to be markers of autophagy. To identify 
the potential effects of MYG1 on autophagy, MYG1 was 
overexpressed or knocked down in A549 and H1993 cells. The 
expression levels of the autophagic markers p62 and LC3‑I/II 
were detected by western blot analysis 48 h post‑transfection. 
The results demonstrated that overexpression of MYG1 led 
to an increase in p62 protein expression levels, as well as a 
decrease in the ratio of LC3B‑II/LC3B‑I (Fig. 5), indicating 
reduced autophagy compared with the empty vector group. 

By contrast, knockdown of MYG1 resulted in a decrease in 
p62 protein expression levels and an increase in the ratio of 
LC3B‑II/LC3B‑I (Fig. 5), suggesting enhanced autophagy 
compared with the control siRNA group. Taken together, these 
results suggested that MYG1 inhibited autophagy.

Knockdown of MYG1 enhances the phosphorylation of 
AMPKα and suppresses mTORC1 activity. To identify the 
underlying mechanisms via which MYG1 mediates the afore‑
mentioned cancerous features, TCGA LUAD gene expression 
data were analyzed using GSEA. The results demonstrated that 
the ‘HALLMARK_OXIDATIVE_PHOSPHORYLATION’ 
and ‘HALLMARK_MTORC1_SIGNALING’ gene sets were 
enriched with high expression of MYG1 (Fig. 6A and B), 
indicating that MYG1 may be associated with oxidative phos‑
phorylation and mTORC1. To confirm the association between 
MYG1 expression and oxidative phosphorylation, the levels 
of the product of oxidative phosphorylation, cellular ATP, 
were measured after MYG1 knockdown and overexpression. 
The results demonstrated that the levels of cellular ATP were 
significantly decreased following knockdown of MYG1, but 
were significantly increased following MYG1 overexpression 
compared with those in the corresponding control groups 
(Fig. 6C).

AMPK is a cellular energy sensor, which is phosphorylated 
and activated during cellular ATP depletion (5). Therefore, 
phosphorylation of AMPKα was determined in A549 and 
H1993 cells following MYG1 knockdown and overexpression. 
The results demonstrated that knockdown of MYG1 enhanced 
the levels of AMPKα phosphorylation, whereas MYG1 over‑
expression decreased the levels of AMPKα phosphorylation 
compared with those in the corresponding control groups 
(Fig.  6D). mTOR is a serine/threonine kinase that forms 
mTORC1, which is downstream of AMPK and negatively 
regulates autophagy  (4). To determine mTORC1 activity 
following MYG1 knockdown or overexpression, the phos‑
phorylation of the mTORC1 substrate p70S6K was detected 
by western blot analysis. The results demonstrated that the 
phosphorylation levels of p70S6K decreased following MYG1 
knockdown, but increased following MYG1 overexpression 
compared with those in the corresponding control groups 
(Fig. 6D). Collectively, these results suggested that MYG1 
was positively associated with cellular ATP production, and 
that high levels of MYG1 expression may promote mTORC1 
activity via AMPK.

Discussion

MYG1 is ubiquitously expressed in healthy human tissues 
and is localized in the nucleus and mitochondria (6). MYG1 
is an exonuclease that participates in RNA processing and is 
required for mitochondrial functionality (8). Mitochondria 
are key factors in tumorigenesis due to their roles in energy 
production, regulation of cell signaling and cell death (19). To 
the best of our knowledge, no published studies are currently 
available on the function and clinical significance of MYG1 
in tumors, and thus, the present study aimed to investigate the 
potential role of MYG1 in LUAD.

To examine the role of MYG1 in tumorigenesis, the present 
study first compared the expression levels of MYG1 in LUAD 

Figure 1. MYG1 is upregulated in LUAD compared with normal lung tissues. 
(A) MYG1 expression levels in LUAD (n=515) and normal lung (n=59) 
tissues from TCGA LUAD data were analyzed using UALCAN. MYG1 
expression levels were significantly higher in LUAD compared with those 
in normal tissues. (B) MYG1 expression levels in LUAD tissue from patients 
at different American Joint Committee on Cancer stages and in normal lung 
tissues from TCGA were analyzed using UALCAN. MYG1 expression levels 
in all stages of LUAD were significantly higher compared with those in 
normal tissues; in addition, the expression levels of MYG1 at stage III were 
significantly higher compared with those at stage I. *P<0.05, ***P<0.001 and 
****P<0.0001. LUAD, lung adenocarcinoma; MYG1, melanocyte proliferating 
gene 1; TCGA, The Cancer Genome Atlas.
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tissues with those in healthy tissue using the data of TCGA 
LUAD cohort. The results demonstrated that MYG1 expression 
levels were significantly upregulated in LUAD compared with 

those in the normal tissues. However, MYG1 expression levels did 
not change significantly from LUAD stage 1 to stage 4, indicating 
that MYG1 upregulation occurs early during the tumorigenesis 

Table I. Associations between MYG1 expression levels and the clinicopathological characteristics of patients in The Cancer 
Genome Atlas lung adenocarcinoma dataset.

	 MYG1 expression, n
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 Total, n	 Low	 High	 χ2	 P‑value

Age, years					   
  <60	 138	 63	 75	 0.9602	 0.3271
  ≥60	 364	 184	 180		
Sex					   
  Female	 277	 132	 145	 1.2080	 0.2717
  Male	 240	 126	 114		
T stage					   
  T1 	 168	 84	 84	 0.0237	 0.8776
  T2/3/4	 345	 170	 175		
  T1/2	 449	 227	 222	 1.2710	 0.2596
  T3/4	 65	 28	 37		
N stage					   
  N0 	 380	 168	 212	 19.0900	 <0.0001a

  N1/2/3	 126	 84	 42		
M stage					   
  M0 	 354	 171	 183	 0.1276	 0.7209
  M1	 25	 13	 12		
Clinical stage					   
  Stage I	 278	 141	 137	 0.0129	 0.9095
  Stage II/III/IV	 223	 117	 116		
  Stage I/ II	 399	 204	 195	 0.5126	 0.4740
  Stage III/IV	 110	 52	 58		
Predicted DLCO, %					   
  <80	 124	 64	 60	 1.4980	 0.2210
  ≥80	 75	 32	 43		
Bronchodilator FEV1, %					   
  <80	 50	 20	 30	 0.0305	 0.8615
  ≥80	 77	 32	 45		
Location in lung parenchyma					   
  Central	 64	 31	 33	 0.2123	 0.6450
  Peripheral	 127	 66	 61		
Tumor status					   
  Absent	 311	 160	 151	 0.1006	 0.7511
  Present	 109	 58	 51		
Smoking history indicator					   
  1/2	 196	 94	 102	 0.5357	 0.4642
  3/4/5	 306	 157	 149		
Packs of cigarettes per year, n					   
  <40	 175	 83	 92	 0.4116	 0.5212
  ≥40	 177	 90	 87		

aP<0.0001. MYG1, melanocyte proliferating gene 1; DLCO, diffusing capacity for carbon monoxide; FEV, forced expiratory volume.
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Table II. Cox regression multivariate analysis of MYG1 on overall survival, first progression and post‑progression survival of 
patients with lung adenocarcinoma.

A, Overall survival			 

Variable	 Hazard ratio	 95% CI	 P‑value

Sex	 1.50	 0.83‑2.70	 0.1824
Stage 	 2.52	 0.47‑13.56	 0.2812
AJCC stage T	 2.31	 1.13‑4.72	 0.0217a

AJCC stage N	 1.44	 0.26‑8	 0.6800
Smoking history	 0.91	 0.42‑2	 0.8207
MYG1	 1.57	 0.84‑2.92	 0.1536

B, First progression			 

Variable	 Hazard ratio 	 95% CI	 P‑value

Sex 	 1.25	 0.65‑2.42	 0.5035
Stage 	 1.02	 0.1‑9.95	 0.9855
AJCC stage T	 3.03	 1.25‑7.36	 0.0142a

AJCC stage N	 2.98	 0.31‑28.31	 0.3416
Smoking history	 1.39	 0.66‑2.96	 0.3867
MYG1 	 1.36	 0.66‑2.81	 0.4053

C, Post‑progression survival			 

Variable	 Hazard ratio	 95% CI	 P‑value

Sex 	 1.26	 0.57‑2.81	 0.5715
Stage 	 0.73	 0.06‑8.27	 0.7984
AJCC stage T	 1.94	 0.58‑6.45	 0.2796
AJCC stage N	 2.55	 0.21‑30.97	 0.4615
Smoking history	 1.37	 0.44‑4.24	 0.5852
MYG1 	 1.89	 0.75‑4.78	 0.1795

aP<0.05. MYG1, melanocyte proliferating gene 1; AJCC, American Joint Committee on Cancer.

Figure 2. High expression of MYG1 is associated with unfavorable OS and PPS of patients with lung adenocarcinoma. (A) High expression levels of MYG1 
were associated with unfavorable OS (cut‑off value, 527; HR=1.68; 95% CI, 1.32‑2.15; log‑rank P=2.4x10‑5). (B) MYG1 was not associated with FP (cut‑off 
value, 551; HR=1.32; 95% CI, 0.97‑1.8; log‑rank P=8.0x10‑2). (C) High expression levels of MYG1 were associated with unfavorable PPS (cut‑off value, 781; 
HR=2.64; 95% CI, 1.59‑4.38; log‑rank P=9.0x10‑5). Patients were separated using an auto‑select best cutoff. OS, overall survival; FP, first progression; MYG1, 
melanocyte proliferating gene 1; HR, hazard ratio; PPS, post‑progression survival.
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Figure 3. MYG1 promotes cell proliferation and colony formation of lung adenocarcinoma cells. (A) The effects of MYG1 siRNA on its protein expression. 
(B) MYG1 promotes cell proliferation. A549 and H1993 cells were transfected with MYG1 plasmids or siRNA for 48 h, and proliferation was determined 
by counting the number of cells. (C) MYG1 promotes colony formation in A549 and H1993 cells. **P<0.01, ***P<0.001 and ****P<0.0001. MYG1, melanocyte 
proliferating gene 1; siRNA, small interfering RNA.

https://www.spandidos-publications.com/10.3892/ol.2021.12595
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Figure 4. MYG1 promotes the migration and invasion of lung adenocarcinoma cells. (A) The results of the Transwell assays demonstrated that MYG1 promoted 
the migration and invasion of A549 and H1993 cells. Scale bar, 100 µm. (B) Quantitative results of the migration and invasion assays. (C) The results of the 
wound healing assay demonstrated that MYG1 promoted the migration of A549 and H1993 cells. Scale bar, 200 µm. (D) Quantitative results of the wound 
healing assay. **P<0.01, ***P<0.001 and ****P<0.0001. MYG1, melanocyte proliferating gene 1; siRNA, small interfering RNA.



ONCOLOGY LETTERS  21:  334,  2021 9

of LUAD. Subsequently, the association between the expression 
of MYG1 and the prognosis as well as the clinicopathological 
characteristics of patients with LUAD was evaluated, and the 
results indicated that high expression levels of MYG1 were asso‑
ciated with the N stage. Univariate analysis identified that high 
expression levels of MYG1 were associated with unfavorable OS 
and PPS rates. However, the results of the multivariate analysis 
indicated that MYG1 expression was not an independent indicator 
for either OS or PPS. Finally, in vitro experiments were performed 
to determine how high expression levels of MYG1 were associated 
with the progression of LUAD at the cellular level. The results 
demonstrated that MYG1 promoted the proliferation, migration 
and invasion, but suppressed autophagy.

As MYG1 knockout in yeast results in defects in respira‑
tory growth due to its key role in processing ribosomal and 
messenger RNA transcripts in the mitochondria (8), we hypoth‑
esized that changes in MYG1 expression levels may affect the 
respiratory function of LUAD cells. The results of the GSEA 
on LUAD gene expression data suggested that high expression 
of MYG1 was enriched with the gene set of ‘HALLMARK_
OXIDATIVE_PHOSPHORYLATION’, which suggested that 
the change in MYG1 expression may affect the production of 
ATP, which is a product of oxidative phosphorylation. Thus, the 
amount of ATP was measured following MYG1 knockdown, 
and the results demonstrated the levels of ATP were reduced 
by ~40% in the MYG1 knockdown group compared with those 

Figure 5. MYG1 inhibits autophagy in lung adenocarcinoma cells. The results of the western blot analysis demonstrated that overexpression of MYG1 
suppressed the conversion of LC3‑I to LC3‑II and the degradation of p62 in A549 and H1993 cells compared with those in the empty vector‑transfected cells. 
By contrast, knockdown of MYG1 enhanced the conversion of LC3‑I to LC3‑II and the degradation of p62 compared with those in the control siRNA group. 
*P<0.05, **P<0.01, ***P<0.001 and ****P<0.0001. MYG1, melanocyte proliferating gene 1; siRNA, small interfering RNA.

https://www.spandidos-publications.com/10.3892/ol.2021.12595
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https://www.spandidos-publications.com/10.3892/ol.2021.12595
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in the control group. As AMPK is a cellular energy sensor that 
is activated upon ATP depletion (5), and based on the GSEA 
results that suggested that the gene set of the mTORC1 signaling 
pathway was enriched with high expression of MYG1, the 
activities of AMPK and mTORC1 were examined following 
MYG1 knockdown. The results demonstrated that knockdown 
of MYG1 increased the phosphorylation levels of AMPKα and 
inhibited mTORC1 activity, which was demonstrated by the 

decreased phosphorylation of S6K. mTORC1 serves a central 
role in regulating numerous cellular processes, including 
protein synthesis, lipid, nucleotide and glucose metabolism, 
and autophagy (4). Therefore, high expression levels of MYG1 
may promote the cancerous features of LUAD cells and may 
be associated with an unfavorable prognosis. To the best of our 
knowledge, the present study was the first to reveal the role and 
mechanism of MYG1 in tumorigenesis.

Figure 6. MYG1 positively regulates the AMPK/mTORC1 signaling pathway by promoting the production of ATP in lung adenocarcinoma cells. (A and B) The 
Gene Set Enrichment Analysis results indicated that the gene sets of ‘HALLMARK_OXIDATIVE_PHOSPHORYLATION’ and ‘HALLMARK_MTORC1_
SIGNALING’ were enriched with high expression of MYG1. (C) Knockdown of MYG1 suppressed the production of ATP in A549 and H1993 cells, whereas 
overexpression of MYG1 enhanced the production of ATP compared with that in the corresponding control groups. (D) Knockdown of MYG1 promoted the 
levels of phosphorylation of AMPKα, but inhibited the levels of phosphorylation of p70S6K compared with those in the control siRNA‑transfected group; 
overexpression of MYG1 exerted the opposite effects on the phosphorylation of AMPKα and p70S6K. *P<0.05, **P<0.01, ***P<0.001 and ****P<0.0001. NES, 
normalized enrichment score; FDR, false discovery rate; MYG1, melanocyte proliferating gene 1; siRNA, small interfering RNA; AMPKα, AMP-activated 
protein kinase α; mTORC1, mTOR complex 1; p‑, phosphorylated.
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Since high MYG1 expression was observed in LUAD 
tissues and may contribute to cancerous features in the 
present study, the regulation of MYG1 expression LUAD 
should be further investigated. As the in vitro experiments in 
the present study were only performed in A549 and H1993 
cells, further experiments should be performed in additional 
LUAD cell lines in order to confirm the present conclusions. 
In addition, since MYG1 expression was only accessed in 
TCGA LUAD tissue samples in the present study, its expres‑
sion needs to be evaluated in other datasets to confirm the 
findings of this study. As it was observed that AJCC stage 
N was not an independent prognostic factor for OS, FP and 
PPS, and T stage was not an independent factor for PPS, 
these results may represent a potential limitation due to the 
cohort size. Therefore, more data from patients with LUAD 
should be analyzed to overcome this limitation. In addition, 
the expression levels and prognostic role of MYG1 in other 
types of cancer should be investigated.

In conclusion, the results of the present study demon‑
strated that the expression levels of MYG1 were upregulated 
in LUAD compared with those in normal lung tissues, and 
high expression of MYG1 was associated with unfavorable 
clinical outcomes. Furthermore, MYG1 may promote the 
proliferation, migration and invasion, as well as inhibit the 
autophagy of LUAD cells via the AMPK/mTORC1 signaling 
pathway. Collectively, the present results indicated that MYG1 
may serve an oncogenic role in LUAD and may be a potential 
therapeutic target for LUAD.
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