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Background: Our current study was performed with an 
attempt to detect the expression of microRNA-22-3p 
(miR-22-3p) in lung adenocarcinoma, as well as to ana-
lyze its role in clinical practice. In addition, its relation-
ship with vascular endothelial growth factor (VEGF) and 
metastasis related indexes was focused. Material and 
Method: The trials in which 62 cases of lung adenocar-
cinoma were received to collect tumor tissue (study 
group) and normal lung tissue (control group) were eli-
gible for this study. The expression of miR-22-3p in the 
two groups was detected through RT-PCR. Immunohis-
tochemical method was used to detect the expression 
of VEGF and leukocyte differentiation antigen 31 (CD31) 
marked microvessel density (MVD) in lung adenocarci-
noma. The expressions of matrix metalloproteinase-3 
(MMP-3) and matrix metalloproteinase-7 (MMP-7) in lung 
adenocarcinoma were also detected through the use of 
Western Blot. Results: The present study revealed signifi-
cant difference in the expression of miR-22-3p between 
the two groups. No significant difference in the expres-
sion of gender, age, neural invasion and the number of 
lesions were observed between groups. There was sig-
nificant difference in the expression of miR-22-3p in the 
maximum diameter of tumor, pleural recidivism, vascular 
recidivism, lymph node metastasis and different TNM 
stages. Based on survival analysis, miR-22-3p was linked 
to survival time. Correlation analysis indicated that there 
was negative correlation between miR-22-3p and VEGF, 
miR-22-3p and MVD, miR-22-3p and MMP-3, and miR-
22-3p and MMP-7 in lung adenocarcinoma. Conclusion: 
Our findings provide evidence that miR-22-3p is low 
expressed in lung adenocarcinoma tissues and the low 
expression of miR-22-3p is closely associated with clin-
icopathological characteristics and the prognosis. MiR-
22-3p may be involved in the tumor progression of lung 
adenocarcinoma and may serve as a biomarker for the 
diagnosis and prognosis of lung adenocarcinoma.
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INTRODUCTION

The occurrence of lung adenocarcinoma is considered 
to be closely associated with the imbalance of gene and 
protein expression, which involves a variety of molecular 
biological mechanisms, such as DNA, RNA and so on 

(Yang et al., 2016). Micro-RNA (miRNAs) is a non-cod-
ing single-stranded small molecule RNA with a length 
of 21-25 nucleotides, which is related to the formation 
of epithelial malignant tumors based on several studies 
in recent years. It binds to the 3’UTR coding region of 
the target mRNA sequence, leading to the regulation of 
downstream factors after mRNA degradation to play a 
biological role (Cho et al., 2009; Sakamoto et al., 2014). 
TCGA database was utilized to screen the expression of 
miRNAs in lung adenocarcinoma (Zhao et al., 2019). The 
small RNA-22-3p (miR-22-3p) was selected in our study 
for its potential involvement in lung adenocarcinoma, 
which has not yet been reported. Meanwhile, miRtarbase 
was used to predict target factors, and the most corre-
lated upper vascular endothelial growth factor (VEGF), 
CD31 marked microvessel density (MVD), matrix metal-
loproteinase-3 (MMP-3) and matrix metalloproteinase-7 
(MMP-7) were selected for this experiment. The current 
study seeks to explore miR-22-3p and its regulatory ef-
fect on angiogenesis and metastasis by conducting a pro-
spective experimental study as a target to identify its po-
tential role in clinical practice.

METHODS AND MATERIALS

Participants

Totally, there were 62 patients diagnosed with lung 
adenocarcinoma in our hospital from November, 2013 
to August, 2014 as subjects. To be included in the cur-
rent study, the following inclusion criteria should be met: 
1) patients were diagnosed with lung adenocarcinoma 
through postoperative pathology, in accordance with the 
diagnostic criteria of WHO; 2) patients were firstly diag-
nosed and had receiving surgical intervention; 3) com-
plete clinical data. Exclusion criteria were as follows: 1) 
unclear diagnosis; 2) preoperative treatments for tumor; 
3) metastatic adenocarcinomas; 4) palliative operations. 
There were 33 males and 29 females in total, aged 33 to 
80 years, with a median age of 61 years. Among them, 
29 cases had pleural invasion and 33 cases had no pleu-
ral invasion. There were 20 cases with lymph node me-
tastasis and 42 cases without lymph node metastasis. The 
tumor tissue was used as the study group and the nor-
mal lung tissue larger than 3 cm away from tumor edge 
as the control group. The fresh specimens were frozen 
in the refrigerator at –80°C and the paraffin-embedded 
tissues were retained. The study was approved by the 
Hospital Ethics Committee and the families of patients 
signed informed consent forms.
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Evaluation of sample size

The sample inclusion formula of quantitative data was 
applied: n1=n2=2[ (uα+uβ)/δ/σ]2+1/4uα

2. Relevant litera-
tures were screened for the pre-experimental results. Our 
study predicted that the expression level of tumor tis-
sue and normal tissue was 1.2 and 1.8 respectively, and 
σ=0.6, δ/σ=0.5, α was 0.05 as median, and n1=n2≈62 
cases.

Detection of MiR-22-3p

Fresh samples were detected by real-time fluorescence 
quantitative PCR (real-time fluorescence quantitative 
PCR, qPCR). The primers were synthesized by Shang-
hai Laifeng Biotechnology Co., Ltd., with upstream: 
5’-TGACAACCGTTTTTGACTG-3’ and downstream: 
5’-TACTGTTTTGAAAATCGTT-3’. U6 small nuclear 
RNA was used as internal reference, with upstream: 
5’-GGAACAGAGAAGATTA GC-3’, and downstream: 
5’-TTGGAATCACGAATTCCG-3’. The total RNA was 
extracted from fresh tissue by TRIzol to measure the 
concentration of RNA and the integrity of RNA. 1 μg of 
total RNA was used to generate cDNA strand. CDNAs 
was synthesized from TaqMan MicroRNA reverse tran-
scription kit. The reagent was purchased from Shanghai 
Laifeng Biotechnology Co., Ltd. and ABI Company of 
the United States. The conditions for reverse transcrip-
tion were 40°C for 15 min and 90°C for 5 sec. Program 
setting was as follows: 95°C for 10 minutes for one cy-
cle, 95°C for 30 seconds, 59°C for 30 seconds, and 72°C 
for 30 seconds. The abovementioned steps experienced 
a total of 35 cycles, with 72°C for 7 min for extension. 
The fluorescence signal was collected at 60°C and the 
CT value was recorded. The results were expressed as 
2-ΔΔCt=[Ct target gene (unknown sample)-Ct GAPDH 
(unknown sample)]-[Ct target gene (calibration sample)-
Ct GAPDH (calibration sample)].

Detection of VEGF and CD31

Immunohistochemical two-step method was used to 
detect the expression of VEGF and CD31 in lung ad-
enocarcinoma. Immunohistochemical analysis of VEGF 
and CD31 was detected in paraffin embedded 4 μm sec-
tions of lung adenocarcinoma using 15 µg/mL VEGF 
or CD31 Antibody overnight at 4°C. Tissue was stained 
with the Anti-Goat HRP-DAB (brown and counter-
stained with hematoxylin (blue). VEGF, CD31 anti-
body and DAB chromogenic agents were purchased 
from Thermo Fisher Scientific and Beijing Zhongshan 
Jinqiao Biological Co., Ltd. Every experimental proce-
dure was strictly conducted. Results was interpreted by 
pathologist and blind method was used. The expression 
site of VEGF was cytoplasm, with brownish yellow as 
positive. Five hot spots were counted (400-fold), and 
the average value was taken as the positive rate. The 
expression site of CD31 was the cytoplasm and/or cell 
membrane of vascular endothelial cells, which was de-
termined as microvessels by continuous cell clusters, cell 
plexus or branched endothelial cells. The microvessel 
density (MVD) was counted in 5 tumor stromal regions 
(400-fold), and the average value was taken as the re-
sult of MVD. The number of positive-staining cells in 
ten representative microscopic fields was counted and 
the percentage of positive cells was calculated. Given the 
homogenicity of the staining of the target proteins, tu-
mor specimens were scored in a semiquantitative manner 
based on the percentage of tumor cells that showed im-
munoreactivity.

Detection of MMP-3 and MMP-7

Western Blot method was utilized to detect the ex-
pression of MMP-3 and MMP-7 in lung adenocarcinoma. 
Fresh frozen samples were used for protein extraction, 
concentration determination, denaturation, addition, elec-
trophoresis, electroporation and immune hybridization 

Figure 1. Expression of miR-22-3p in the control and study group (qPCR method). 
(A) qPCR results. (B) Expression of miR-22-3p in the control and study group. (C) Scatter plots of miR-22-3p and maximum diameter of le-
sions. (D) Scatter plot of miR-22-3p and number of lesions. ***P<0.05 compared with the control group.
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according to experimental process. 30 μg of total protein 
was used. The MMP-3, MMP-7 and GAPDH primary 
antibody and HRP-conjugated secondary antibody. were 
purchased from Abcam, UK. All antibodies were dis-
solved in antibody dilutions (Beyotime, Shanghai, China, 
P0023A) at a ratio of 1:1000. After taking out the film 
and adding the luminous solution, the film was exposed 
for 2 minutes and developed for 20 seconds. The ratio 
of target protein to GAPDH was analyzed by Image J 
software.

Statistical analysis

SPSS13.0 was used for analysis, t test, paired t test 
and analysis of variance (SNK method for pair com-
parison). Pearson correlation analysis and Kaplan-Meier 
survival analysis were applied and a P<0.05 represented 
significant difference.

RESULTS

Comparison of miR-22-3p expression between the two 
groups

There was significant difference in the expression of 
miR-22-3p between the two groups (P<0.05). The ex-
pression of miR-22-3p in the study group was signifi-
cantly lower than that in the control group. See Fig. 1.

Comparison of miR-22-3p expression in different 
clinicopathological features

Significantly differences of the expression of miR-22-
3p were observed in tumor maximum diameter, pleural 
invasion, vascular invasion, lymph node metastasis (see 
Fig. 2) and different TNM stages (P<0.05). There was 
no significant difference in the expression of gender, 
age, neural invasion and the number of lesions (P>0.05). 
See Table 1.

Relationship between miR-22-3p and survival time

All patients were followed up for 60 months. Updated 
to June 30, 2019, the survival time was 5 to 60 months, 
and the median survival time was 22 months. Among 
them, 15 cases survived, 44 cases died and 3 cases lost 
follow-up. Survival analysis showed that the expression 
of miR-22-3p was related to survival time (X2=5.67, 
P=0.011). See Fig. 3.

Correlation between miR-22-3p and VEGF, and miR-22-
3p and MVD

The positive rate of VEGF in lung adenocarcinoma 
ranged from 10% to 60%, with an average of 33.4%. 
Correlation analysis showed that there was a negative 
correlation between the positive rate of miR-22-3p and 
VEGF in the study group (r=–0.56, P=0.015). The range 

Figure 2. Lymph node metastasis of tumor (HE staining, 200-
fold magnification).

Table 1. Comparison of miR-22-3p expression in different clin-
icopathological features

Clinical features cases miR-22-3p t P

Gender

0.98 0.528male 33 1.28±0.39

female 29 1.22±0.35

Age

0.97 0.532<60 years 25 1.28±0.38

≥60 years 37 1.23±0.31

Number of lesions

0.84 0.6221 42 1.24±0.34

≥2 20 1.27±0.30

Neural
invasion

0.96 0.530N 52 1.24±0.41

Y 10 1.30±0.38

Pleural invasion 77.5

5.36 0.010N 33 1.40±0.31

Y 29 1.07±0.37

Vascular invasion

5.02 0.019N 51 1.30±0.36

Y 11 1.01±0.35

Lymph node meta-
stasis

7.30 0.003N 42 1.38±0.43

Y 20 0.98±0.42

Maximum diameter

7.39 0.002<3cm 37 1.38±0.44

≥3cm 25 0.99±0.45

TNM stage

5.30 0.012I-II 32 1.41±0.35

III-IV 30 1.08±0.39

Figure 3. Relationship between miR-22-3p and survival time
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of MVD was 13 to 40, with an average of 22.5. Based 
on correlation analysis, there was a negative correla-
tion between miR-22-3p and MVD in the study group  
(r=–0.54, P=0.013). See Figs 4–5.

Correlation between miR-22-3p and MMP-3, and miR-
22-3p and MMP-7

The range of MMP-3 detected by Western Blot was 
0.6 to 3.1, with an average of 1.8. Correlation analysis 
showed that there was a negative correlation between 
miR-22-3p and MMP-3 (r=–0.55, P<0.012). The range 
of MMP-7 was 0.7 to 2.8, with an average of 1.8. Cor-
relation analysis revealed that there was a negative cor-
relation between miR-22-3p and MMP-7 (r=–0.50, 
P<0.009). See Fig. 6.

DISCUSSION

Lung adenocarcinoma is a tumor caused by the ab-
normal regulation following genetic changes. According 
to recent studies (Flamini et al., 2017; Liu et al., 2017), 
miRNAs have been proved to play a crucial part in the 

evolution of lung adenocarcinoma, which mainly regulate 
the downstream target genes with the regulatory func-
tion at the transcriptional level. There are several miR-
NAs with complex mechanism, which not only regulate 
cell cycle, differentiation, cell proliferation and apoptosis, 
but also have potential role in metastasis and epithelial-
stromal transformation. The current study specifically 
focused on the significance of miR-22-3p expression, 

Table 2. Comparison of miR-22-3p expression in different clin-
icopathological features

Clinical features cases miR-22-3p t P

Gender

0.98 0.528male 33 1.28±0.39

female 29 1.22±0.35

Age

0.97 0.532<60 years 25 1.28±0.38

≥60 years 37 1.23±0.31

Number of lesions

0.84 0.6221 42 1.24±0.34

≥2 20 1.27±0.30

Neural
invasion

0.96 0.530N 52 1.24±0.41

Y 10 1.30±0.38

Pleural invasion 77.5

5.36 0.010N 33 1.40±0.31

Y 29 1.07±0.37

Vascular invasion

5.02 0.019N 51 1.30±0.36

Y 11 1.01±0.35

Lymph node meta-
stasis

7.30 0.003N 42 1.38±0.43

Y 20 0.98±0.42

Maximum diameter

7.39 0.002<3cm 37 1.38±0.44

≥3cm 25 0.99±0.45

TNM stage

5.30 0.012I–II 32 1.41±0.35

III–IV 30 1.08±0.39

Figure 4. Immunohistochemical diagram. 
(A) the expression of VEGF (200-fold); (B) CD31 labeled MVD in tu-
mor stroma (200-fold)

Figure 5. Correlation analysis diagram
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with an attempt to explore its role in vascular endothelial 
growth factor and metastasis. VEGF is a factor related 
to hypoxia, which is up-regulated in malignant tumors. 
In addition, it mainly interacts with receptor VEGFR2 
to induce proliferation and reproduction of vascular en-
dothelial cells, promote interstitial angiogenesis, and pro-
vide nutrition and oxygen for tumor growth (Frezzetti 
et al., 2017; Lin et al., 2017). In this study, CD31 was 
selected as a marker of vascular endothelial cells, which 
can objectively and accurately reflect the morphology of 
angiogenesis and vascular growth. MMP-3 and MMP-7, 
the classical members of MMPs family, were selected, 
which increase their expression during tumor growth 
with the strongest degradation effect on basement mem-
brane and type IV collagen, resulting in obvious destruc-
tion of cell metastasis barrier to provide a direct pathway 
for metastasis (Kim et al., 2005; Zheng et al., 2013).

Based on the results, the low expression of miR-22-3p 
in lung adenocarcinoma was related to the maximum di-
ameter of the tumor, pleural invasion, vascular invasion, 
lymph node metastasis and different TNM stages, sug-
gesting that the low expression of miR-22-3p can pro-
mote the formation and progress of the tumor, which is 
similar to the function of tumor suppressor genes. The 
expression of miR-22-3p could be detected in the epithe-
lial tissues of normal organs, and the expression of miR-
22-3p decreases during tumorigenesis, especially obvious 
with continuous effect in the process of tumor growth, 
pleural invasion and lymph node metastasis. It was found 
that the abnormal expression of miR-22-3p was related 
to VEGF and interstitial MVD, indicating that the low 
expression of miR-22-3p can increase the production of 
VEGF. To our knowledge, VEGF acts by binding to 
the receptor VEGFR2 on its endothelial cell membrane. 
And VEGFR2 is a transmembrane receptor of endothe-
lial cells, which is a ligand-mediated dimer and can pro-
mote the phosphorylation of adjacent receptor subunits, 
activate signal transduction, and specifically promote the 
proliferation of endothelial cells. The increase of Ca2+ 
concentration in endothelial cells by VEGFR2 stimu-
lates the metabolism of inositol phosphate and caus-
es endothelial cells to migrate into collagen and form 
neovascularization (Sun et al., 2017). In this study, the 
CD31 neovascularization are single endothelial cells with 
branch buds and strips, all of which are new endothelial 

cells that form functional lumen due to physical factors 
such as blood flow shock. The correlation between miR-
22-3p and MMP-3, MMP-7 was observed, suggesting 
that miR-22-3p can regulate metastasis, and its regula-
tion of MMPs is one of the mechanisms. MMP-3 and 
MMP-7 are the most associated factors with miR-22-3p 
and the most important downstream genes of miR-22-3p 
(Hu et al., 2019; Lv et al., 2018). MMP-7 has the strong-
est effect on the degradation of extracellular matrix, and 
when MMP-7 is activated, which can regulate interstitial 
angiogenesis, epithelial-mesenchymal transformation and 
cell proliferation. Based on this study, no relationship 
between miR-22-3p and neural invasion was found, pos-
sibly due to the weak effect of miR-22-3p on the inva-
sion and interference of nerve fibers (Dai et al., 2019). 
Moreover, no correlation between miR-22-3p and the 
number of lung tumor lesions was found, indicating that 
the abnormal expression of miR-22-3p may not be in-
volved in the intrapulmonary dissemination of the tu-
mor. Given that miR-22-3p is related to survival time, 
possibility exists that the low expression of miR-22-3p 
may have potential in predicting the poor prognosis of 
tumor. Nevertheless, whether miR-22-3p can be used 
as an independent prognostic factor needs to be further 
confirmed by more clinical studies. Although studies of 
wider population are still needed, our study believes that 
the abnormal expression of miR-22-3p is an important 
molecular event in the formation of lung adenocarcino-
ma, with many downstream regulatory factors and regu-
latory functions (Li et al., 2017; Wang et al., 2018). We 
recommend an appropriate experimental design based 
on the awareness of the complexity of miR-22-3p if our 
findings could be confirmed in a larger follow-up studies 
to reveal the mechanism of miR-22-3p in lung adenocar-
cinoma.

Altogether, miR-22-3p is low expressed in lung adeno-
carcinoma tissues and the low expression of miR-22-3p 
is closely associated with clinicopathological characteris-
tics and the prognosis. In addition, the expression level 
of miR-22-3p is related to the degradation of VEGF and 
extracellular matrix in lung adenocarcinoma. MiR-22-3p 
may be involved in the tumor progression of lung ad-
enocarcinoma and may serve as a biomarker for the di-
agnosis and prognosis of lung adenocarcinoma.

Figure 6. Correlation between miR-22-3p and MMP-3, and miR-22-3p and MMP-7. 
(A) Correlation between miR-22-3p and MMP-3. (B) Correlation between miR-22-3p and MMP-7. (C) Western Blot results of MMP-3 and 
MMP-7 in normal lung tissue.
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