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Abstract: Objective: To analyze the correlation of the expression of microRNA-92a (miR-92a), microRNA-224 (miR-
224), and microRNA-25 (miR-25) in non-small cell lung cancer with its clinical characteristics. Methods: This pro-
spective study was performed in 125 non-small cell lung cancer patients admitted to our hospital between January 
2019 and January 2020. All patients’ cancer and adjacent tissue were collected and the expression of miR-92a, 
miR-224, and miR-25 were detected using real-time fluorescence quantitative RT-PCR. Data were analyzed using 
SPSS statistical software (version 20.0). Correlation analysis was conducted using Pearson correlation coefficient. 
Results: Compared with adjacent tissue, the relative expression of miR-92a, miR-224, and miR-25 in cancer tissue 
were increased (all P<0.001). There was no correlation between the expression of miR-92a, miR-224, and miR-25 
and baseline data like gender, age, smoking history, and tumor size (all P>0.05). The relative expression of miR-92a, 
miR-224 and miR-25 in differentiated cancer patients were higher than those in highly and moderately differenti-
ated cancer patients (all P<0.05). The relative expression of miR-92a, miR-224 and miR-25 in patients with lymph 
node metastasis (LNM) were increased when compared with those had no LNM (all P<0.001). Compared with stage 
I and II patients, the relative expression of miR-92a, miR-224 and miR-25 in stage III and IV patients were increased 
(all P<0.001). The relative expression of miR-92a, miR-224, and miR-25 were positively correlated to each other 
(all P<0.01). Conclusion: miR-92a, miR-224, and miR-25 are overexpressed in non-small cell lung cancer and the 
expressions are related to the degree of differentiation, presence or absence of LNM, and TNM staging. In addition, 
the expression of miR-92a, miR-224 and miR-25 are positively correlated to each other. This suggests that miR-92a, 
miR-224, and miR-25 cooperatively participated in the occurrence and development of non-small cell lung cancer.
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Introduction

Lung cancer is most commonly observed clini-
cal malignant tumor of the respiratory system, 
with characteristics of high morbidity and mor-
tality [1]. There are numerous kinds of lung can-
cer. Among them, non-small cell lung cancer 
(NSCLC) is the most common one, accounting 
for about 80% [2, 3]. The data of relevant epide-
miological surveys show that a high incidence 
and death rate are characteristics of NSCLC. In 
addition, the incidence has been increasing 
year after year [4, 5]. MicroRNAs (miRNAs) are 
abundant in most organisms. A large number of 
experimental studies have displayed that miR-

NAs are closely related to physiologic process-
es, like cell differentiation, cell apoptosis, neu-
ron development, and fat metabolism. Tissue 
specificity, stability, and conservation are char-
acteristics of miRNAs. There is an intimate re- 
lationship between the occurrence and devel-
opment of tumor and miRNAs. During the 
development of cancer, miRNAs, which could 
be a cancer suppressor or promoter, are com-
monly applied clinical diagnostic markers of 
tumor [6-8].

Oncogenes are genes that are abnormally over-
expressed and can promote the occurrence 
and development of cancer. In miRNA family, 
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the microRNA-17-92 (miR-17-92) cluster is can-
cer-promoting. In other words, they play a role 
in accelerating the occurrence and develop-
ment of many malignant tumors. microRNA-
92a (miR-92a) is an important member of the 
miR-17-92 cluster, and its expression is inti-
mately correlated with the migration ability of 
cancer cells [9]. Studies have displayed that 
miR-92a can be used as a biomarker in the 
diagnosis and prognosis of colorectal cancer. 
Its expression is also related tovarious diseas-
es [10-12].

MicroRNA-224 (miR-224) is also an important 
oncogene. A large number of experimental 
studies have displayed that miR-224 plays a 
critical role in the occurrence and development 
of malignant tumors like gastric cancer and 
colorectal cancer [13]. It was reported that miR-
224 was abnormally overexpressed in malig-
nant tumors. Moreover, miR-224 can combine 
with its target gene Bim. miR-224 could thus 
regulate the proliferation and apoptosis of can-
cer cells through the adjusting Bim expression. 
Therefore, it could be speculated that the inhi-
bition of miR-224 expression could suppress 
cancer cell proliferation while accelerating its 
apoptosis. In short, miR-224 may be a marker 
and therapeutic target of cancer cells [14, 15].

Most members of the miRNA family are abnor-
mally expressed in malignant tumors. However, 
only a few members’ expression changes are 
detected in blood. Moreover, only miRNA, 
whose alteration can be detected in both the 
cancer tissue and blood of patients with malig-
nant tumors, can be implemented as a diag-
nostic indicator for malignant tumors. It was 
reported that microRNA-25 (miR-25) was abnor-
mally expressed in the cancer tissue and serum 
of patients with malignant tumors. Combined 
with the detection of miR-25 expression, the 
diagnosis of malignant tumors was more accu-
rate [16-18].

However, there are only rare reports on the cor-
relation between the expression changes of 
miR-92a, miR-224, and miR-25 and the occur-
rence and development of NSCLC. Here, we col-
lected the surgical resection specimens of 
patients with NSCLC and detected the expres-
sion of miR-92a, miR-224, and miR-25, hoping 
to explore the expression of miR-92a, miR-224, 
and miR-25 in NSCLC and their correlation with 
clinical characteristics.

Materials and methods

Materials

The prospective study was performed in 125 
NSCLC patients admitted to our hospital from 
January 2019 to January 2020. Among them, 
71 were males and 54 were females. They aged 
52-69 years, with an average age of 60.5±6.8 
years. TNM staging were divided into 4 levels, 
stage I (23 patients), stage II (35 patients), 
stage III (41 patients), and stage IV (26 pa- 
tients). As for the degree of cancer tissue dif-
ferentiation, 39 patients had highly differenti-
ated cancer, 52 patients had moderately dif- 
ferentiated cancer, and 34 patients had poorly 
differentiated cancer. Informed consent was 
signed by the patients or their family mem- 
bers. This study was approved by the Ethics 
Committee of our hospital.

Inclusion criteria: Patients met the diagnostic 
criteria of NSCLC defined in the Chinese 
Medical Association Guidelines for Clinical 
Diagnosis and Treatment of Lung Cancer 
(Edition 2018) [19]; patients had complete 
medical records; patients received surgical 
treatment.

Exclusion criteria: Patients with incomplete 
medical records; patients had non-surgical 
treatment; patients received relevant treat-
ment before enrollment; patients with heart, 
kidney, liver or other organ dysfunction; patients 
had another malignant tumor.

Methods

Specimen collection: All patients’ surgically 
removed cancer tissue and adjacent tissue 
located at more than 5 cm away from the can-
cer tissue were collected. These specimens 
were then fixed with 4% neutral formalin 
(Nanjing Senbeijia Biological Technology Co., 
Ltd., China). Thereafter, they were dehydrated 
and embedded in paraffin. After sectioning, 3 
μm slices were obtained.

Real-time fluorescent quantitative RT-PCR: An 
appropriate amount of liquid nitrogen was add- 
ed into cancer and adjacent tissues, which we- 
re frozen in liquid nitrogen, to grind them into 
powder. Following the instruction of RT-PCR kit 
(Shanghai Kule Biotech Co., Ltd., China; article 
number: V003), total RNA was extracted from 
the specimen to be detected. Thereafter, the 
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purity and quantity of RNA were tested. The 
fluorescence quantitative RT-PCR reaction sys-
tem and parameters were set up in accordance 
with the RT-PCR kit manual. The fluorescence 
quantitative RT-PCR was performed and a  
standard curve was drawn. Here, U6 was used 
as the internal reference. The expression of 
miR-92a, miR-224, and miR-25 were relatively 
quantified using 2-ΔΔCT. miR-92a primers: 5’- 
CCTGCAAGGCATAGTCTCATTGAA-3’ (forward pri- 
mer), 5’-GAACTTGGCCACTTGCTAGATCAA-3’ (re- 
verse primer). miR-224 primers: 5’-AGTCTCTG- 
GCTGACTACATCA-CAG-3’ (forward primer), 5’- 
CTACTCACAAAACAG-GAGTGGAATC-3’ (reverse 
primer). miR-25 primers: 5’-CGGCGGCATTG-
CACTTGGTCTC-3’ (forward primer), 5’-GTGC- 
AGGGTC-CGAGGT-3’ (reverse primer).

Statistical methods

All data were processed by SPSS statistical 
software version 20.0. The measurement data 
were calculated as mean ± standard deviation 
(
_
x  ± sd); F test was implemented for compari-

son among multiple groups; LSD-t test was 
applied for inter-group comparison. Correlation 
analysis was performed using Pearson correla-
tion coefficient. The difference was significant 
when P value was <0.05.

Results

The expression of miR-92a, miR-224, and miR-
25 in cancer and adjacent tissue

The relative expression of miR-92a, miR-224, 
and miR-25 in cancer tissue were higher than 
those in adjacent tissue (all P<0.001, Table 1).

The relationship between the relative expres-
sion of miR-92a, miR-224, and miR-25 and 
baseline data

As displayed in Table 2, there were no signifi-
cant differences in the relative expression of 

no significant differences concerning the rela-
tive expression of miR-92a, miR-224, and miR-
25 between patients with tumor size above 5 
cm3 and below 5 cm3 (all P>0.05).

The relationship between the relative expres-
sion of miR-92a, miR-224, and miR-25 and the 
degree of differentiation

As shown in Table 3, compared with highly dif-
ferentiated cancer patients, the relative ex- 
pression of miR-92a, miR-224, and miR-25 in 
moderately differentiated cancer patients were 
increased (all P<0.05); the relative expression 
of miR-92a, miR-224 and miR-25 in poorly dif-
ferentiated cancer patients was higher than 
those in moderately differentiated cancer pa- 
tients (all P<0.05).

The relationship between the relative expres-
sion of miR-92a, miR-224, and miR-25 and the 
presence or absence of lymph node metasta-
sis (LNM)

The relative expression of miR-92a, miR-224, 
and miR-25 in patients without LNM were 
increased when compared with patients who 
had LNM (all P<0.001, Table 4).

Relationship between the relative expression 
of miR-92a, miR-224, and miR-25 and TNM 
staging

Compared with stage I and II patients, the rela-
tive expression of miR-92a, miR-224 and miR-
25 in stage III and IV patients were increased 
(all P<0.001, Table 5).

The correlation among the expression of miR-
92a, miR-224, and miR-25

As illustrated in Figure 1, correlation analysis 
was performed among the expression of miR-
92a, miR-224, and miR-25. The expressions  
of miR-92a were positively correlated to the 

Table 1. Expression of miR-92a, miR-224, and miR-25 
in cancer and adjacent tissue (

_
x  ± sd)

Tissue miR-92a miR-224 miR-25
Adjacent Tissue (n=125) 1.19±0.24 1.25±0.26 1.08±0.19
Cancer Tissue (n=125) 1.63±0.32 1.79±0.46 1.61±0.28
t 12.300 11.430 17.510
P <0.001 <0.001 <0.001
Note: miR-92a: microRNA-92a; miR-224: microRNA-224; miR-25: 
microRNA-25.

miR-92a, miR-224, and miR-25 between 
male and female patients (all P>0.05); 
there were no significant differences  
concerning the relative expression of 
miR-92a, miR-224, and miR-25 between 
patients aged below 60 years and above 
60 years (all P>0.05); there were no sig-
nificant differences on the relative ex- 
pression of miR-92a, miR-224, and miR-
25 between patients with and without 
smoking history (all P>0.05); there were 
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expression of miR-224 (r=0.296, P=0.001, 
Figure 1A); There was a positive correlation 

It was previously reported that the altered 
expression of miR-92a was involved in the 

Table 5. The relationship between the relative expression of miR-
92a, miR-224, and miR-25 and TNM stage (

_
x  ± sd)

TNM stage miR-92a miR-224 miR-25
Stage I and II (n=58) 1.49±0.26 1.58±0.41 1.46±0.32
Stage III and IV (n=67) 1.76±0.37 1.90±0.57 1.72±0.37
t 4.651 3.553 4.169
P <0.001 0.001 <0.001
Note: miR-92a: microRNA-92a; miR-224: microRNA-224; miR-25: microRNA-25.

Table 2. Relationship between the relative expression of miR-92a, miR-224, and miR-25 and baseline 
data (

_
x  ± sd)

Baseline data miR-92a t P miR-224 t P miR-25 t P
Gender
    Male (n=71) 1.61±0.28 1.242 0.217 1.75±0.42 0.721 0.472 1.58±0.31 0.765 0.446
    Female (n=54) 1.68±0.35 1.81±0.51 1.62±0.26
Age
    Above 60 years (n=75) 1.59±0.30 1.038 0.301 1.72±0.40 0.912 0.364 1.57±0.28 1.331 0.186
    Below 60 years (n=50) 1.65±0.34 1.79±0.45 1.64±0.30
Smoking history
    Present (n=62) 1.64±0.33 0.971 0.333 1.76±0.41 0.641 0.523 1.59±0.29 0.745 0.458
    Absent (n=63) 1.58±0.36 1.81±0.46 1.63±0.31
Tumor size
    Below 5 cm3 (n=66) 1.64±0.37 0.794 0.429 1.78±0.43 0.254 0.800 1.60±0.32 0.547 0.586
    Above 5 cm3 (n=59) 1.59±0.33 1.80±0.45 1.57±0.29
Note: miR-92a: microRNA-92a; miR-224: microRNA-224; miR-25: microRNA-25.

Table 3. Relationship between the relative expression of miR-92a, 
miR-224, and miR-25 and the degree of differentiation (

_
x  ± sd)

Degree of differentiation miR-92a miR-224 miR-25
High differentiation (n=39) 1.35±0.21 1.46±0.31 1.39±0.23
Moderate differentiation (n=52) 1.59±0.28* 1.72±0.45* 1.63±0.30*

Poor differentiation (n=34) 1.81±0.35*,# 1.91±0.49*,# 1.80±0.37*,#

Notes: Compared with high differentiation, *P<0.05; compared with moderate dif-
ferentiation, #P<0.05. miR-92a: microRNA-92a; miR-224: microRNA-224; miR-25: 
microRNA-25.

Table 4. The relationship between the relative expressions of miR-
92a, miR-224, and miR-25 and the presence or absence of lymph 
node metastasis (

_
x  ± sd)

Lymph node metastasis miR-92a miR-224 miR-25
Absent (n=64) 1.53±0.28 1.62±0.42 1.52±0.25
Present (n=61) 1.74±0.36 1.89±0.49 1.75±0.36
t 3.650 3.313 4.165
P <0.001 0.001 <0.001
Note: miR-92a: microRNA-92a; miR-224: microRNA-224; miR-25: microRNA-25.

between the expression of 
miR-92a and miR-25 (r= 
0.283, P=0.001, Figure 1B); 
the expression of miR-224 
was positively correlated to 
the expression of miR-25 
(r=0.319, P=0.001, Figure 
1C).

Discussion

Most NSCLC patients are not 
diagnosed until their condi-
tion has reached to an ad- 
vanced stage, posing a seri-
ous threat to the safety of 
these patients. Therefore, 
timely diagnosis and impro- 
vement of early diagnosis 
rate are significant for the 
clinical treatment and prog-
nosis of patients with NSCLC 
[20, 21]. At present, the 
pathogenesis of NSCLC has 
not been thoroughly studied. 
Many experts and scholars 
are devoting themselves to 
this study. In recent years, 
scholars have explored the 
pathogenesis of NSCLC th- 
rough the application of 
molecular biology and basic 
medicine [22, 23].
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occurrence and development of tumor. In can-
cer tissues, it was abnormally overexpressed, 
and the expression changes were closely relat-
ed to LNM [24, 25]. Our results revealed that 
miR-92a was abnormally overexpressed in 
NSCLC tissue, indicating that miR-92a, an on- 
cogene, plays a critical role in the occurrence 
and development of NSCLC. Here, we also test-
ed the expression of miR-92a in NSCLC tissue 
with different clinicopathologic characteristics. 
Our results displayed that the expression of 
miR-92a in cancer tissue of patients with poor-
ly differentiated, lymph node metastasized, 
and stage III and IV NSCLC were relatively high, 
suggesting that there is certain correlation 
between the expression of miR-92a and clini- 
cal characteristics such as the differentiation 
of cancer tissue, presence or absence of LNM, 
and TNM staging. Namely, miR-92a participat-
ed in the occurrence and development of 
NSCLC.

Previous studies have revealed that the ex- 
pression of miR-224 is abnormal in some dis-
eases. For example, Cecilia et al. found that 
compared with normal livers, the expression of 
miR-224 was significantly up-regulated in both 
peri-tumoral cirrhotic livers and HCC samples 
[26]. Zhang et al. reported that miR-224 could 
promote tumorigenesis by down-regulating cas-
pase-9 in triple-negative breast cancer [27]. 
Our results displayed that miR-224 was abnor-
mally overexpressed in NSCLC, denoting that 
miR-224 is a cancer promoter in the develop-
ment of NSCLC. Here, we also detected the 
expression of miR-224 in NSCLC tissue with  
different clinicopathologic characteristics. Our 
results showed that the expression of miR-224 
in cancer tissue of patients with poorly differ- 

entiated, lymph node metastasized, and stage 
III and IV NSCLC were relatively high, indicating 
that there is certain correlation between the 
expression of miR-224 and clinical characteris-
tics such as the differentiation of cancer tis- 
sue, presence or absence of LNM, and TNM 
staging. Namely, miR-224 participated in the 
occurrence and development of NSCLC.

Some researchers have reported the role of 
miR-25 in heart disease [28, 29]. However, 
miR-25 is also reported to play a role in cancer 
development. For example, a study reported 
that SOCS5/miR-18/miR-25 axis contributes to 
tumorigenesis in liver cancer [30]. Our results 
showed that miR-25 was abnormally overex-
pressed in NSCLC tissue, suggesting that miR-
25 is a cancer promoter in the development of 
NSCLC. We also detected the expression of 
miR-25 in NSCLC tissue with different clinico-
pathologic characteristics. Our results dis-
played that the expression of miR-25 in cancer 
tissue of patients with poorly differentiated, 
lymph node metastasized, and stage III and IV 
NSCLC were relatively high, indicating that 
there is certain correlation between the ex- 
pression of miR-25 and clinical characteristics 
such as the differentiation of cancer tissues, 
presence or absence of LNM, and TNM stag- 
ing. Namely, miR-25 participated in the occur-
rence and development of NSCLC.

However, this study is performed in a limited 
number of patients. In addition, we did not per-
form a targeted study to analyze the distribu-
tion of risk factors for NSCLC. Subsequent 
study will be conducted in a larger sample to 
compare the expression of miR-92a, miR-224, 
and miR-25 on the basis of distribution of risk 

Figure 1. Correlation among the expression of miR-92a, miR-224, and miR-25. A: Correlation between the expres-
sion of miR-92a and miR-224; B: The correlation between the expression of miR-92a and miR-25; C: The correla-
tion between the expression of miR-25 and miR-224. miR-92a: microRNA-92a; miR-224: microRNA-224; miR-25: 
microRNA-25.



The correlation of miR-92a, miR-224 and miR-25 with clinical characteristics

5566 Am J Transl Res 2021;13(5):5561-5567

factors for NSCLC. Due to funding constraints, 
we did not detect the level of miR-92a in serum. 
We will add this into our subsequent studies.

In summary, miR-92a, miR-224, and miR-25 
are overexpressed in NSCLC and their expres-
sions are correlated with the degree of diff- 
erentiation, the presence or absence of LNM, 
and TNM staging. In addition, the expression  
of miR-92a, miR-224 and miR-25 are positively 
correlated to each other. It could be assumed 
that miR-92a, miR-224, and miR-25 coopera-
tively participated in the occurrence and devel-
opment of NSCLC.

Disclosure of conflict of interest

None.

Address correspondence to: Peng Wei, Department 
of Pulmonary and Critical Care Medicine, Guigang 
City People’s Hospital, No.1 Zhongshan Middle 
Road, Gangbei District, Guigang 537100, Guangxi 
Zhuang Autonomous Region, China. Tel: +86-0775-
4200165; E-mail: weipeng1noo@163.com

References

[1] Duma N, Santana-Davila R and Molina JR. 
Non-small cell lung cancer: epidemiology, 
screening, diagnosis, and treatment. Mayo 
Clin Proc 2019; 94: 1623-1640.

[2] Arbour KC and Riely GJ. Systemic therapy for 
locally advanced and metastatic non-small cell 
lung cancer: a review. JAMA 2019; 322: 764-
774.

[3] Reck M, Borghaei H and O’Byrne KJ. Nivolum-
ab plus ipilimumab in non-small-cell lung can-
cer. Future Oncol 2019; 15: 2287-2302.

[4] Vansteenkiste JF, Van De Kerkhove C, Wauters 
E and Van Mol P. Capmatinib for the treatment 
of non-small cell lung cancer. Expert Rev Anti-
cancer Ther 2019; 19: 659-671.

[5] Wang L, Zhao D, Qin K, Rehman FU and Zhang 
X. Effect and biomarker of Nivolumab for non-
small-cell lung cancer. Biomed Pharmacother 
2019; 117: 109199.

[6] Hetta HF, Zahran AM, El-Mahdy RI, Nabil EE, 
Esmaeel HM, Elkady OA, Elkady A, Mohareb 
DA, Mahmoud Mostafa M and John J. Assess-
ment of circulating miRNA-17 and miRNA-222 
expression profiles as non-invasive biomarkers 
in egyptian patients with non-small-cell lung 
cancer. Asian Pac J Cancer Prev 2019; 20: 
1927-1933.

[7] Zheng J, Xu T, Chen F and Zhang Y. MiRNA-
195-5p functions as a tumor suppressor and a 

predictive of poor prognosis in non-small cell 
lung cancer by directly targeting CIAPIN1. 
Pathol Oncol Res 2019; 25: 1181-1190.

[8] Chen ZY, Liu HY, Jiang N and Yuan JM. LncRNA 
HOST2 enhances gefitinib-resistance in non-
small cell lung cancer by down-regulating miR-
NA-621. Eur Rev Med Pharmacol Sci 2019; 23: 
9939-9946.

[9] Chinese Medical Association; Oncology Society 
of Chinese Medical Association; Chinese Medi-
cal Association Publishing House. Chinese 
Medical Association guidelines for clinical di-
agnosis and treatment of lung cancer (2018 
Edition). Zhonghua Zhong Liu Za Zhi 2018; 40: 
935-964.

[10] Liu GH, Zhou ZG, Chen R, Wang MJ, Zhou B, Li 
Y and Sun XF. Serum miR-21 and miR-92a as 
biomarkers in the diagnosis and prognosis of 
colorectal cancer. Tumour Biol 2013; 34: 
2175-2181.

[11] Chen G, Gao JW, Sheng YG, Han XQ, Ji XG, Zhao 
MP and Wu J. Diagnostic value of miR-92a in 
asymptomatic carotid artery stenosis patients 
and its ability to predict cerebrovascular 
events. Diagn Pathol 2020; 15: 74.

[12] Sun LB, Jin XY, Xie LJ, Xu GJ, Cui YX and Chen 
Z. Swainsonine represses glioma cell prolifera-
tion, migration and invasion by reduction of 
miR-92a expression. BMC Cancer 2019; 19: 
247.

[13] Morris TA, Khoo C and Solomon BJ. Targeting 
ROS1 rearrangements in non-small cell lung 
cancer: crizotinib and newer generation tyro-
sine kinase inhibitors. Drugs 2019; 79: 1277-
1286.

[14] Shaikh FY, Gills JJ and Sears CL. Impact of the 
microbiome on checkpoint inhibitor treatment 
in patients with non-small cell lung cancer and 
melanoma. EBioMedicine 2019; 48: 642-647.

[15] Chen PH, Cai L, Huffman K, Yang C, Kim J, Fau-
bert B, Boroughs L, Ko B, Sudderth J, McMillan 
EA, Girard L, Chen D, Peyton M, Shields MD, 
Yao B, Shames DS, Kim HS, Timmons B, Se-
kine I, Britt R, Weber S, Byers LA, Heymach JV, 
Chen J, White MA, Minna JD, Xiao G and DeBe-
rardinis RJ. Metabolic diversity in human non-
small cell lung cancer cells. Mol Cell 2019; 76: 
838-851, e835.

[16] Hsu PC, Jablons DM, Yang CT and You L. Epi-
dermal growth factor receptor (EGFR) pathway, 
yes-associated protein (YAP) and the regula-
tion of programmed death-ligand 1 (PD-L1) in 
non-small cell lung cancer (NSCLC). Int J Mol 
Sci 2019; 20: 3821.

[17] Peng Y, Huang D, Qing X, Tang L and Shao Z. 
Investigation of MiR-92a as a prognostic indi-
cator in cancer patients: a meta-analysis. J 
Cancer 2019; 10: 4430-4441.



The correlation of miR-92a, miR-224 and miR-25 with clinical characteristics

5567 Am J Transl Res 2021;13(5):5561-5567

[18] Jiang M, Li X, Quan X, Li X and Zhou B. MiR-92a 
family: a novel diagnostic biomarker and po-
tential therapeutic target in human cancers. 
Front Mol Biosci 2019; 6: 98.

[19] Xu Z, Wang ZX, Sun HB and Xin H. Evaluation of 
exosomal miRNA in blood as a potential diag-
nostic biomarker for human non-small cell 
lung cancer. Med Sci Monit 2020; 26: 
e924721.

[20] Lu YY, Huang WD, Chen HW, Wei HJ, Luo AH, 
Xia GS, Deng XB and Zhang G. MicroRNA-224, 
negatively regulated by c-jun, inhibits growth 
and epithelial-to-mesenchymal transition phe-
notype via targeting ADAM17 in oral squamous 
cell carcinoma. J Cell Mol Med 2019; 23: 
4913-4920.

[21] Li S, Zhang JG, Zhao YW, Wang FL, Chen Y and 
Fei XB. miR-224 enhances invasion and me-
tastasis by targeting HOXD10 in non-small cell 
lung cancer cells. Oncol Lett 2018; 15: 7069-
7075.

[22] Wang L, Liu W, Zhang YP and Huang XR. The 
miR-224 promotes non-small cell lung cancer 
cell proliferation by directly targeting RASSF8. 
Eur Rev Med Pharmacol Sci 2017; 21: 3223-
3231.

[23] Wu TW, Hu H, Zhang TZ, Jiang LY, Li XY, Liu SY, 
Zheng C, Yan G, Chen WQ, Ning Y, Li Y and Lu 
ZX. miR-25 promotes cell proliferation, migra-
tion, and invasion of non-small-cell lung cancer 
by targeting the LATS2/YAP signaling pathway. 
Oxid Med Cell Longev 2019; 2019: 9719723.

[24] Li J, Yu M, Liu Z and Liu B. Clinical significance 
of serum miR-25 in non-small-cell lung cancer. 
Br J Biomed Sci 2019; 76: 111-116.

[25] Sui YT, Chi WC, Feng L and Jiang JK. LncRNA 
MAGI2-AS3 is downregulated in non-small cell 
lung cancer and may be a sponge of miR-25. 
BMC Pulm Med 2020; 20: 59.

[26] Scisciani C, Vossio S, Guerrieri F, Schinzari V, 
De Iaco R, D’Onorio de Meo P, Cervello M, 
Montalto G, Pollicino T, Raimondo G, Levrero M 
and Pediconi N. Transcriptional regulation of 
miR-224 upregulated in human HCCs by NFκB 
inflammatory pathways. J Hepatol 2012; 56: 
855-861.

[27] Zhang L, Zhang X, Wang X, He M and Qiao S. 
MicroRNA-224 promotes tumorigenesis th- 
rough downregulation of caspase-9 in triple-
negative breast cancer. Dis Markers 2019; 
2019: 1-9.

[28] Liu Q, Song B, Xu M, An Y, Zhao Y and Yue F. 
MiR-25 exerts cardioprotective effect in a rat 
model of myocardial ischemia-reperfusion in-
jury by targeting high-mobility group box 1. J 
Chin Med Assoc 2020; 83: 25-31.

[29] Wahlquist C, Jeong D, Rojas-Muñoz A, Kho C, 
Lee A, Mitsuyama S, van Mil A, Park WJ, Sluijter 
JP, Doevendans PA, Hajjar RJ and Mercola M. 
Inhibition of miR-25 improves cardiac contrac-
tility in the failing heart. Nature 2019; 508: 
531-535.

[30] Sanchez-Mejias A, Kwon J, Chew XH, Siemens 
A, Sohn HS, Jing G, Zhang B, Yang H and Tay Y. 
A novel SOCS5/miR-18/miR-25 axis promotes 
tumorigenesis in liver cancer. Int J Cancer 
2019; 144: 311-321.


