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The clinical significance of MIA gene in tumorigenesis of lung cancer 

Q.H. GU, D. LI, Z.H. XIE, Q. B. SHEN*

Department of Cardio-Thoracic Surgery, Huzhou Central Hospital, Huzhou, China 

*Correspondence: sqb0046@126.com 

Received May 11, 2019 / Accepted September 11, 2019

Lung cancer is a common malignant disease in humans. Both the incidence rate and death rate keep growing in recent 
years and the prognosis of lung cancer patients is disappointing. Melanoma inhibitory activity (MIA) is a secreted protein 
and a serum marker for metastasis of melanoma. MIA was reported as an oncogene in several cancers. But its role in lung 
cancer was unknown. In this study, MIA level was shown to be increased in peripheral blood of 216 patients with lung 
cancer. And it was expressed much higher in tumor tissues than the normal control. Moreover, MIA expression was associ-
ated with the clinical stage of lung cancer. When MIA was knocked down, the viability, migration and invasion of A549 
cells were remarkably suppressed. But the cell apoptosis rate was enhanced reversely. In contrast, overexpression of MIA 
promoted cell proliferation, migration and invasion while cell apoptosis was inhibited. Mechanically, the anti-apoptosis 
marker Bcl-2 was increased and pro-apoptosis marker Bax was decreased after MIA was overexpressed in A549 cells, and 
vice versa. The level of PCNA and PI3K/mTOR signaling molecules was also increased when MIA was upregulated but 
declined after knockdown of MIA. In conclusion, MIA plays an oncogenic role in lung cancer and might be a potential 
marker for the diagnosis of lung cancer. 
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Despite the advancement in diagnosis and therapy, 
lung cancer remains the most common cause of cancer-
related deaths worldwide. The latest data demonstrates that 
the estimated number of new patients with lung cancer is 
230,000, accounting for about 13% of all new cases in the 
USA in 2018 [1, 2]. The estimated deaths are about 154,000, 
accounting for about 25% of all deaths caused by cancer [1, 
2]. What’s worse, the prognosis of patients with lung cancer 
is dismal. The 5-year survival rate was just 18% [1, 2]. And it 
was only 3% for those patients diagnosed at a distant stage. 
Unfortunately, 57% of patients were firstly diagnosed at a 
distant stage [1, 2]. One of the reasons might be the hetero-
geneity of lung cancer, which results in the inefficiency of 
current therapies and drugs [3]. Therefore, there is no time 
left to develop new molecular markers for diagnosis as well 
as therapy of lung cancer patients.

Lung cancer is heterogeneous cancer [3]. A list of genes 
has been proved to play critical roles in the development 
or progression of lung cancer [4, 5]. Melanoma inhibitory 
activity (MIA) is a small secreted protein mainly expressed 
in cartilage and malignant melanoma [6, 7]. MIA was proven 
as a serological marker for metastatic melanoma patients and 
inhibited growth or attachment of melanoma cells [8, 9]. MIA 

was shown to interact with extracellular matrix components, 
such as laminin, fibronectin and integrin receptors, such 
as integrin α4β1, α5β1 and cadherin-7. All these molecules 
played important roles in the process of cell migration and 
invasion [10, 11]. In a study by Schmidt et al., dimerization of 
MIA was shown to be essential for its function in melanoma, 
which resulted in the development of target agents against 
MIA [12]. Besides the role in melanoma, MIA was also 
shown to be expressed abundantly in neurofibromatosis 
type 1 [13]. And MIA was reported to be associated with 
nodal metastasis, lymphangiogenesis and poor prognosis in 
oral squamous cell carcinoma by regulating the expression 
of ERK1/2, p38 and VEGF family members [14, 15]. Then 
in high-grade glioma, the level of MIA was clinically corre-
lated to tumor progression [16]. In gastrointestinal cancers, 
MIA was detected positively in the serum of patients [17]. 
Further, MIA was involved in the tumorigenesis of pancre-
atic, liver, breast, and colorectal cancer [18–21]. In a word, 
MIA contributed to the formation and/or progression in a 
series of cancers. But the role of MIA in lung cancer is not 
known yet. 

In this study, we determined the expression level of MIA 
in the serum as well as in tumor tissues of patients with 
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lung cancer. Then we demonstrated that MIA was essen-
tial for proliferation, migration, invasion, and apoptosis of 
lung cancer cells. And western blot analysis suggested that 
the expression of apoptosis-related and proliferation-related 
molecules was regulated by MIA.

Materials and methods

Cell culture and clinical samples. A549 cells were 
purchased from Cell Bank Type Culture Collection of 
Chinese Academy of Sciences (CBTCCCAS, China) and 
cultured in DMEM medium (Gibco, USA) with 10% FBS at 
37 °C under 5% CO2 conditions.

A total of 311 lung cancer tissues and the adjacent normal 
tissues were obtained from the Department of Cardio-
Thoracic Surgery in Huzhou Central Hospital, along with 
the peripheral blood from 214 healthy persons and 216 lung 
cancer patients. Written informed consent was obtained 
from each patient. All related experiments were approved by 
the Ethics Committee of Huzhou Central Hospital.

Transfection of siRNA and plasmid overexpressing 
MIA. About 2 μg of siRNA targeting MIA or plasmid 
overexpressing MIA was transferred into A549 cells with 
Lipofectamine™ 2000 transfection reagent (ThermoFisher 
Scientific, USA) for 4 h. Then the supernatant was replaced 
with fresh medium and cultured for 24 h to 48 h and treated 
cells were used for each experiment.

Cell viability assay. A total of 5000 A549 cells/well were 
inoculated into a 96-well plate and cultured in DMEM 
medium with 10% FBS (Gibco, USA). After 72 h, about 
20 μl of MTT agent (5 mg/ml, Sigma, USA) was added and 
cultured for another 4 h. Then the supernatant was replaced 
with 150 μl of DMSO (Sigma, USA) and the absorbance 
values (A) at 490 nm were measured on a microplate reader 
and recorded.

Cell migration assay. A total of 3×105 cells treated with 
siMIA or plasmid overexpressing MIA for 24 h were seeded 
into the upper chamber (8.0 µm pore size, Millipore, USA) 
and was inserted into a 24-well plate. In the lower chamber, 
600 μl of fresh medium containing 20% FBS was added. Then 
the cells were cultured for another 24 h at 37 °C. The cells on 
the upper part of the membrane were removed and the cells 
on the downside were stained with Hoechst 3342 dye. Then 
the cells in ten random fields were observed under a micro-
scope (Olympus, Japan) and the migration rate of A549 cells 
was calculated.

Transwell assay. The upper chamber (8.0 µm pore size, 
Millipore, USA) was coated with 100 μl Matrigel (BD Biosci-
ences, China) for 30 min at 37 °C and was inserted into a 
24-well plate. Then a total of 2×104 A549 cells were seeded 
into the upper chamber and treated with siMIA or plasmid 
overexpressing MIA for 24 h. In the lower chamber, 600 μl 
of fresh medium containing 20% FBS was added. Then the 
cells were cultured for another 24 h at 37 °C. The cells on the 
upside were removed and the cells on the downside were 

stained with Hoechst 3342 dye. Then the cells in ten random 
fields were observed under a microscope (Olympus, Japan) 
and the invasion rate of A549 cells was calculated.

Apoptosis analysis with Annexin V-FITC/PI. A549 cells 
treated with siRNA or plasmid overexpressing MIA were 
seeded into a 6-well plate and cultured for 48 h at 37 °C. About 
1×106 cells were collected and washed with PBS followed by 
suspending with 100 μl Binding buffer. Then 5 μl of Annexin 
V-FITC, 10 μl of PI and 5 μl of Hoechst33342 dye were added 
into the cells and incubated for 10 min at room temperature. 
At last, cells were analyzed with fluorescence microscopy 
(Nikon, Tokyo, Japan).

Immunohistochemistry analysis (IHC). A total of 40 
human lung cancer tissues and 10 normal tissues were 
fixed in 4% paraformaldehyde and embedded in paraffin. 
Tumor tissues were sectioned into 5 μm and incubated with 
antibody against MIA (1:300, ab166932, Abcam, NY, USA) 
for 12 h followed by incubation with streptavidin-peroxi-
dase complex. Peroxidase conjugates were determined using 
3,3’-diaminobenzidine solution.

Western blotting. A549 cells treated with siMIA or plasmid 
overexpressing MIA were cultured for 48 h and collected 
for extraction of total protein. Then the protein was quanti-
fied with BCA Protein Assay Kit (Generay, China). About 
30 μg of total protein were separated and transferred onto 
a PVDF membrane and incubated overnight with primary 
antibody against β-actin (A5441, 1:500, Sigma, USA), Bax 
(2772, 1:500), Bcl-2 (15071, 1:500), PCNA (2586, 1:500) 
from Cell Signaling Technology, USA, PI3K (ab138364, 
1:300), Akt (ab179463, 1:250), Cyclin D1 (ab226977, 
1:200), mTOR (ab109268, 1:250) from Abcam, USA. Then 
the membrane was incubated with goat anti-rabbit IRDye 
(926-32211, 1:20000, Odyssey, USA) or goat anti-mouse 
IRDye (926-32212, 1:20000, Odyssey, USA) for 1 h at 37 °C. 
After wash for 3 times with TBST buffer, the membrane was 
analyzed in an Infrared Imaging System (Odyssey, USA). 
And the gray value of each band on the PVDF membrane 
was calculated with Photoshop software.

Statistical analysis. All data were displayed as mean ± 
standard deviation and the differences between two groups 
were analyzed with unpaired t-test or ANOVA on SPSS 11.0 
software. A p-value ﹤0.05 stands for significant difference.

Results

MIA expression was increased in patients with lung 
cancer. MIA was proved to be a serological marker for 
the diagnosis of metastatic melanoma. Accordingly, we 
compared the expression level of MIA in peripheral blood 
of patients with lung cancer and healthy subjects. As shown 
in Figure  1A, MIA expression in the peripheral blood 
of 216 lung cancer patients was significantly increased 
compared to that in 213 healthy controls (1036±37.19 vs. 
898.5±50.53 pg/ml, p=0.0331). Furthermore, the concentra-
tion of MIA in lung cancer tissues was much higher than in 
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the healthy group (Figure 1B). The difference between these 
two groups was statistically significant (p=0.0244). Then IHC 
analysis of 40 cases displayed stronger expression of MIA in 
tumor tissues than the control (Figure 1C). In addition, the 
clinicopathological analysis showed that MIA expression 
level was much higher in stage III/IV tissues than in stage I/
II tissues (p=0.036, Table 1). Based on these data, MIA could 
be considered as a clinical marker for diagnosis or therapy of 
patients with lung cancer.

MIA was essential to the aggressiveness of lung cancer 
cells. MIA was reported to regulate cell invasion behavior in 
melanoma and pancreatic cancer. In this study, we increased 
the expression of MIA in A549 cells. As a result, the migra-
tion ability of A549 cells was enhanced (Figure 2A). But 

Table 1. Relationship between MIA expression and clinicopathological 
features of patients with lung cancer.

Group Cases (n)
MIA expression 

(pg/mg total protein)
p-value

Sex 0.073
Male 25 14.12±1.21
Female 19 16.03±1.21

Age 0.125
≥60 21 15.28±0.98
﹤60 23 13.71±1.06

TNM stage 0.081
T1/T2 15 20.46±0.93
T3/T4 29 19.81±1.93

Clinical stage 0.036
I/II 14 10.01±0.74
III/IV 30 28.08±1.83

Figure 1. The expression pattern of MIA in lung cancer. A) MIA was expressed significantly higher in peripheral blood from lung cancer patients than 
healthy persons. B) The protein level of MIA in tumor tissues was much higher than in paired adjacent normal tissues. C) IHC analysis showed the ex-
pression of MIA in tissues from healthy control, stage I, stage II, stage III/IV patients with lung cancer. *p<0.05 showed significant difference between 
two groups.

knockdown of MIA by specific siRNA suppressed migra-
tion of A549 cells (Figure 2B). Consistently, overexpression 
of MIA promoted invasiveness in A549 cells when knock-
down of MIA inhibited invasion of A549 cells by about 20% 
(Figures 2C, 2D). Therefore, MIA regulated cell migration 
and invasion in lung cancer.

MIA contributed to the proliferation of lung cancer 
cells. To date, the effects of MIA on cell invasiveness have 
been confirmed in more than one tumor, but its role in tumor 
cell proliferation was rarely reported. However, unlimited cell 
expansion is a hallmark in all types of tumors. In this study, 
the viability of A549 cells was shown to be enhanced by about 
40% after MIA was overexpressed (Figure 3A). In contrast, 
knockdown of MIA greatly inhibited the cell viability of 
A549 cells (Figure 3B). These data suggested for the first time 
that MIA played important roles in the proliferation of lung 
cancer cells.

MIA suppressed apoptosis in lung cancer. Apoptosis was 
hazardous to tumor cells. Evading from cell apoptosis was 
common in tumors. Here, to determine the effect of MIA 
on apoptosis in lung cancer, fluorescence microscopy with 
Annexin V-FITC/PI dye was carried out. As seen in Figure 4A, 
Annexin V-positive cells were remarkably declined after MIA 
was overexpressed in A549 cells. The apoptosis rate of A549 
cells decreased by about 8% in MIA-overexpressing cells. On 
the contrary, the knockdown of MIA induced cell apoptosis 
to nearly 40% compared to only 20% in control (Figure 4B). 
Therefore, MIA suppressed cell apoptosis in lung cancer.

MIA regulated expression of apoptosis- and prolifera-
tion-related genes. Based on the above text, MIA was a favor-
able factor in the progression of lung cancer. But what’s the 
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Figure 2. MIA was essential to migration and invasion of A549 cells. A) Overexpression of MIA suppressed the migration of A549 cells. B) Knockdown 
of MIA inhibited the migration of A549 cells. C) Overexpression of MIA suppressed the invasion of A549 cells. D) Knockdown of MIA inhibited the 
invasion of A549 cells. *p<0.05 showed significant difference between two groups, hpf – high power field

Figure 3. MIA regulated cell viability of A549 cells. A) Overexpression of MIA increased the viability of A549 cells. B) Knockdown of MIA decreased 
the viability of A549 cells. **p<0.01 or ***p<0.001 showed significant difference between two groups.
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underlying mechanism? As MIA suppressed cell apoptosis in 
lung cancer, we determined the expression pattern of typical 
apoptosis-related genes, such as Bax and Bcl-2. As shown in 
Figures 5A, 5B and 5C, Bcl-2 was increased when MIA was 
overexpressed in A549 cells. But it was declined greatly after 

the knockdown of MIA. Reversely, Bax was reduced when 
MIA was overexpressed. And it was increased following 
the knockdown of MIA. PCNA is a marker of cell prolif-
eration. It was also increased in cells overexpressing MIA 
and declined after knockdown of MIA in lung cancer cells 

Figure 4. MIA regulated cell apoptosis in lung cancer. A) Overexpression of MIA in A549 cells suppressed cell apoptosis. B) Knockdown of MIA in A549 
cells induced cell apoptosis. *p<0.05 showed significant difference between two groups.

Figure 5. Western blotting analysis of downstream genes regulated by MIA. A, B and C) Bcl-2 was induced following MIA overexpression and decreased 
after MIA knockdown. Bax decreased with MIA overexpression but increased reversely after MIA knockdown in A549 cells. D and E) The level of PCNA 
was upregulated after MIA was increased in A549 cells but it was downregulated when MIA was knocked down. F, G and H) The expressions of Akt, 
Cyclin D1, phosphorylated PI3K, and phosphorylated mTOR were regulated by MIA. B, C, E, G and H) displayed the gray value of Bcl-2, Bax, PCNA, 
phosphorylated PI3K, phosphorylated mTOR, Akt, and Cyclin D1 in A), D) and F) respectively. *p<0.05 and **p<0.01 showed significant difference 
between two groups.
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(Figures 5D, 5E). In addition, the expressions of phosphory-
lated PI3K, phosphorylated mTOR, Akt and Cyclin D1 were 
decreased when MIA was knocked down. But the expres-
sions were increased when MIA was overexpressed in A549 
cells (Figures 5F, 5G). PI3K/mTOR signaling is also a prolif-
eration signaling pathway and abnormally activated in many 
types of tumors. Conclusively, MIA regulates the expression 
of apoptosis- and proliferation-related genes in lung cancer.

Discussion

Lung cancer is one of the most commonly seen leading 
causes of cancer-related deaths worldwide [1, 2]. The 
majority of lung cancer patients could not benefit much from 
traditional therapies, such as surgical removing or radio-
chemotherapy [1, 2]. Heterogeneity could partially account 
for the poor prognosis in lung cancer patients [22]. To date, 
more than one molecule has been proved to play critical 
roles in lung cancer and some of them were considered as 
biomarkers for the diagnosis or therapy of lung cancer. 
For example, CEA was upregulated in lung cancer and was 
chosen as a biomarker for the diagnosis of lung cancer [23]. 
PD-1 is an inhibitory signal molecule against the immune 
system and a specific antibody targeting PD-1 was developed 
to treat lung cancer patients in recent years [24].

In this study, our data suggested MIA as a novel target for 
therapy of lung cancer. As stated above, MIA expression was 
positively associated with aggressive behaviors in lung cancer. 
The ability of migration, as well as invasiveness of A549 cells, 
was enhanced following MIA overexpression, and vice versa. 
This was consistent with the function of MIA in melanoma. 
MIA was reported to affect the attachment of melanoma cells 
to the extracellular matrix (ECM) followed by abnormal cell 
migration and invasion [7]. In pancreatic cancer, MIA also 
regulated cell migration and invasion [18]. But in previous 
reports, the cell proliferation was not influenced by MIA in 
cancer cells. However, the upregulated expression of MIA 
promoted proliferation in lung cancer cells A549 and vice 
versa. Known to us all, cancer is characterized by unlim-
ited cell expansion and aggressiveness [25]. Therefore, it was 
rational to deduce that MIA contributes to the progression 
of lung cancer.

Besides, MIA was demonstrated to suppress the apoptosis 
of A549 cells. But the cell apoptosis rate was induced 
following knockdown of MIA. Evading from cell apoptosis 
is another hallmark in cancers [25]. And this is the first 
study showing that MIA regulated cell apoptosis in cancers. 
In other words, our data further supported the oncogenic 
function of MIA in the progression of lung cancer by 
regulating cell apoptosis. Apoptosis is a programmed cell 
death process and plays an important role in the develop-
ment or homeostasis [26]. In nearly all types of cancers, 
apoptosis signaling is suppressed [26]. In this study, Bcl-2, 
an anti-apoptotic molecule, was increased when MIA was 
overexpressed in A549 cells. But the level of Bcl-2 was 

declined when MIA was knocked down. Bcl-2 is a crucial 
member of the Bcl-2 protein family and affects the intrinsic 
apoptosis pathway by regulating the release of cytochrome 
c from mitochondria or by interacting with Bax through 
binding to Apaf-1 [27]. Bax is a pro-apoptotic molecule and 
promotes cell apoptosis by forming mitochondrial permea-
bility transition pore followed by the release of cytochrome c 
in many kinds of cancers [28]. Cells are destined to die once 
the cytochrome c is released. In this study, the expression of 
Bax was shown to be negatively correlated with the level of 
Bcl-2 and MIA in lung cancer. In other words, a high level 
of MIA increased the expression of Bcl-2 but decreased Bax, 
which would lead to the release of cytochrome c followed 
by cell apoptosis in lung cancer. PCNA is a known marker 
for cell proliferation and is associated with the prognosis 
of cancer patients [29]. PCNA was demonstrated to be 
altered positively with the expression of MIA in A549 cells. 
Meanwhile, proliferative molecules such as PI3K, mTOR, 
Akt and Cyclin D1 were all regulated by MIA. PI3K/mTOR is 
a typical signaling pathway regulating cell proliferation and 
often over-activated in cancers. Based on the above in vitro 
data and molecular expression profile, MIA was deduced to 
be an oncogene in lung cancer.

MIA was considered as a serum marker to monitor the 
metastatic melanoma [30]. Here, MIA was also shown to 
be expressed significantly higher in the peripheral blood of 
lung cancer patients compared to that in healthy persons. 
Furthermore, the concentration of MIA in lung cancer 
tissues was much higher than in the adjacent normal 
controls. This was consistent with a previous report by 
Sasahira. Sasahira et al. proved by immunohistochemistry 
that MIA was expressed much stronger in tissues from lung 
cancer patients and proposed MIA as a useful marker for 
lung cancer [31]. Thereof, the data in this study further 
supported the conclusion by Sasahira and suggested that 
MIA might also be used as a serum marker for the diagnosis 
of lung cancer in clinics.

In summary, MIA was proved to be a tumor oncogene 
and promoted tumorigenesis in lung cancer. Moreover, MIA 
was clinically overexpressed in lung cancer tissues and was 
released into the peripheral blood of lung cancer patients. 
This study provides us a novel candidate biomarker for the 
diagnosis or therapy of lung cancer patients.
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