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Purpose: MicroRNA-4284 (miR-4284) was demonstrated to be aberrantly expressed and 
affected cell activities in some types of diseases, including cancer. However, the role of miR- 
4284 in non-small cell lung cancer (NSCLC) is largely unknown. The aim of this study was 
to investigate the expression and biological role of miR-4284 in NSCLC.
Patients and Methods: The qRT-PCR assay was applied to detect the expression of miR- 
4284 in NSCLC tissues and cell lines. Kaplan–Meier curve method and multiple Cox 
regression analyses were used to explore the prognostic factors for postoperative NSCLC 
patients. The CCK-8 assay was carried out to measure the proliferative abilities of A549 and 
H1299 cells. Transwell migration and invasion assays were used to determine the cell 
migratory and invasive capabilities of NSCLC cells.
Results: miR-4284 expression was upregulated in NSCLC tissues and cell lines. High 
expression of miR-4284 was correlated with poor differentiation, positive lymph node 
metastasis, and advanced TNM stages. In addition, postoperative patients with higher 
expression of miR-4284 exhibited a shorter overall survival time than those with lower 
expression of miR-4284. Moreover, the upregulation of miR-4284 accelerated cell prolif-
erative, migratory, and invasive abilities of A549 and H1299 cells, while the downregulation 
of miR-4284 inhibited these cellular capabilities.
Conclusion: miR-4284 was noticeably upregulated in NSCLC and associated with a poor 
prognosis of postoperative NSCLC patients. miR-4284 promoted the proliferation, migration, 
and invasion of A549 and H1299 cells. This study indicated that miR-4284 might serve as 
a prognostic biomarker and a potential therapeutic target for postoperative NSCLC patients.
Keywords: miR-4284, malignant activities, non-small cell lung cancer, prognosis, 
biomarker

Introduction
Lung cancer is one of the most common tumors of the respiratory tract in the world 
with the highest morbidity and mortality.1 The occurrence of lung cancer is 
a complex process of multi-gene involvement and multi-stage development.2 The 
high incidence and high morbidity rate of lung cancer have made it a global public 
health problem.3 According to histological characteristics, lung cancer can be 
roughly divided into small cell lung cancer (SCLC) and non-small cell lung cancer 
(NSCLC), among which NSCLC accounts for about 85–90%.4,5 There are multiple 
risk factors for the pathogenesis of NSCLC, such as smoking, environmental 
pollution, and genetic factors (such as genetic mutations).6–8 Surgery, radiotherapy, 
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and chemotherapy are the main therapeutic strategies for 
NSCLC. Because most of the cases are diagnosed in the 
middle and late stages, and after surgical resection usually 
occur relapse, the survival outcome of NSCLC patients is 
still poor.9 Thus, exploring new molecular therapeutic 
strategies is still imperative to improve the prognosis of 
NSCLC patients.

In recent years, microRNAs (miRNAs) have attracted 
more and more attention from many scientists, especially 
their roles in various diseases.10–12 miRNAs are a class of 
endogenous, small, highly conserved non-coding molecule 
RNAs with a length of about 19–23 nucleotides.13,14 The 
aberrant expression of miRNAs is involved in various 
cellular processes, such as differentiation, proliferation, 
metastasis, invasion, and apoptosis.15,16 In addition, it 
has been demonstrated that miRNAs play crucial roles in 
the pathogenesis and progression of cancers through func-
tioning as oncogenic or tumor suppressor.17 For instance, 
upregulation of miR-1323,18 miR-212-5p,19 and miR-671- 
3p20 was found in NSCLC tissues and cells and partici-
pated in the proliferation, migration, invasion, and apop-
tosis as oncogenes. In addition, the downregulation of 
miR-144,21 and miR-140-3p22 functioned as a tumor sup-
pressor in the development of NSCLC. miR-4284 has been 
reported to be abnormally expressed in several diseases, 
including cancer.23–25 Microarray analysis identified sev-
eral recurrence-associated differentially expressed 
miRNAs in lung adenocarcinoma, including miR-4284.26 

However, the expression pattern and potential role of miR- 
4284 in NSCLC is still exclusive.

In the present study, the expression of miR-4284 in 
NSCLC tissues and cell lines was evaluated. Then the 
relationship between miR-4284 expression and clinical 
characteristics of NSCLC patients, as well as its clinical 
prognostic significance for post-operative NSCLC patients 
was analyzed. In addition, to explore the potential func-
tional role of miR-4284 in NSCLC, we further analyzed its 
effects on proliferation, migration, and invasion of 
NSCLC cells.

Materials and Methods
Patients and Tissue Specimens
A total of 125 NSCLC patients who underwent surgery 
from January 2012 to June 2014 in the Affiliated Hospital 
of Weifang Medical University was enrolled in this study. 
All the patients did not receive anti-tumor therapy before 
surgical resection. The 125 pairs of NSCLC tissues and 

adjacent non-tumor tissues were obtained from these 
NSCLC patients and immediately frozen in liquid nitrogen 
for further RNA extraction. The clinicopathological char-
acteristics of the patients were collected, recorded, and 
listed in Table 1. In addition, a 5-year follow-up survival 
information of all the patients was obtained for subsequent 
analyses. All the studies were carried out under the 
approval of the Ethics Committee of Affiliated Hospital 
of Weifang Medical University and the guidelines outlined 
in the Declaration of Helsinki were followed. Written 
informed consent was obtained from each individual.

Cell Culture and Transfection
Human NSCLC cell lines A549, SK-MES-1, H358, 
H1299, and normal epithelium cell line BEAS-2B were 
obtained from the Cell Bank of the Chinese Academy of 

Table 1 The Association Between miR-4284 Expression and 
Clinical Characteristics of NSCLC Patients Was Analyzed Using 
χ2 Test

Variables Cases  
(n = 125)

miR-4284 Expression P-value

Low  
(n = 58)

High  
(n = 67)

Age 0.893

< 60 59 27 32

≥ 60 66 31 35

Gender 0.660

Male 75 36 39
Female 50 22 28

Tumor size 0.072
< 5 cm 69 37 32

≥ 5 cm 56 21 35

Smoking 

history

0.244

No 80 34 46
Yes 45 24 21

Differentiation 0.039
Well- 

Moderate

74 40 34

Poor 51 18 33

Lymph node 

metastasis

0.025

Negative 82 44 38

Positive 43 14 29

TNM stage 0.004

I–II 76 43 33
III 49 15 34
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Science (Shanghai, China). All cells were cultured in 
DMEM (Gibco, Carlsbad, CA) medium added with 10% 
FBS (Gibco, Carlsbad, CA) in an incubator with 
a humidified atmosphere containing 5% CO2 at 37°C.

The NSCLC cells were seeded in 6-well plates before 
transfection. miR-4284 mimic, miR-4284 inhibitor, and 
miRNA negative control (miR-NC) were synthesized 
from GenePharma (Shanghai, China) to upregulate or 
downregulate the expression of miR-4284 in vitro. Then 
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA) was 
used for cell transfection assay following the manufac-
turer’s instructions.

RNA Isolation and Quantitative 
Reverse-Transcription PCR (qRT-PCR)
Total RNA from the frozen tissue specimens and cell lines 
was isolated with TRIzol reagent as per the manufacturer’s 
instructions. The concentration and quality of RNA were 
determined by measuring the optical density (A260/A280: 
1.8–2.0) with a Nanodrop ND-2000 (Thermo Fisher 
Scientific, Waltham, MA, USA). Then the RNA was reverse 
transcribed into cDNA by PrimeScriptTM RT reagent Kit 
(TaKaRa, Otsu, Shiga, Japan). The qRT-PCR was performed 
using the cDNA as targeted transcripts with SYBR Green 
Real-Time PCR Master Mix (Thermo Fisher Scientific, 
Waltham, MA, USA) on an ABI 7500 Real-Time PCR 
system. The relative expression of miR-4284 was calculated 
using the 2−ΔΔCt method normalized to U6.

Cell Proliferation Assay
The cell proliferation of A549 and H1299 cells was mea-
sured using cell counting kit-8 (CCK-8; Dojindo, Japan) 
following the manufacturer’s instruction. The NSCLC 
cells (2000 cells/well) were seeded into 96-well plates 
and incubated for 0, 1, 2, 3 days. Then, 10 μL CCK-8 
solution was added to each well and further incubated for 
2 h. A microplate reader was used to measure the absor-
bance at 450 nm.

Cell Migration and Invasion Assays
The transwell assays were used to access cell migration 
and invasion of transfected cells. The 24-well transwell 
upper chambers with 8 μm pore size membrane (Millipore, 
MA, USA) that coated without (migration assay) or with 
(invasion assay) Matrigel (BD Bioscience, CA, USA) was 
added transfected cells at a density of 1×105 cells/well in 
serum-free medium. The lower chambers were added with 

medium supplemented with 10% FBS. After 24 h of incu-
bation, the cells that migrated or invaded into the lower 
membranes were stained and counted by a microscope 
(Olympus, Japan).

Statistical Analysis
All experiments were repeated at least three times inde-
pendently and all the data were presented as mean ± SD. 
The statistical analysis was performed using SPSS20.0 
software (IBM, Armonk, NY, USA) and GraphPad 7.0 
software (GraphPad, San Diego, CA, USA). 
Comparisons between groups were analyzed using the 
Students’ t-test, whereas data among three or more groups 
were compared using one-way ANOVA. The χ2 test was 
used to analyze the relationship between miR-4284 
expression and clinical characteristics of NSCLC patients. 
Then, Kaplan–Meier curve with Log rank test and multiple 
Cox regression analysis was used to analyze the clinical 
prognostic significance of miR-4284. Differences of 
P value less than 0.05 were considered statistically 
significant.

Results
miR-4284 Was Upregulated in NSCLC 
Tissues and Cell Lines
The expression of miR-4284 in 125 pairs of NSCLC tissue 
specimens and matched non-tumor tissue specimens was 
detected using qRT-PCR. As presented in Figure 1A, miR- 
4284 expression in NSCLC tissues was markedly upregu-
lated compared with that in adjacent non-tumor tissues 
(P < 0.001). Furthermore, miR-4284 expression was mea-
sured in the human NSCLC cell lines A549, SK-MES-1, 
H358, and H1299, as well as the normal epithelium cell 
line BEAS-2B. As shown in Figure 1B, miR-4284 expres-
sion in NSCLC cell lines was increased relative to that in 
the normal lung epithelial cell line BEAS-2B (P < 0.01). 
Among these NSCLC cell lines, A549 and H1299 exhib-
ited higher expression levels of miR-4284, which were 
chosen for subsequent experiments.

Association Between miR-4284 
Expression and Clinicopathological 
Characteristics of NSCLC Patients
To explore whether miR-4284 expression was associated 
with the development of NSCLC, we analyzed the asso-
ciation between miR-4284 expression and clinicopatholo-
gical characteristics of NSCLC patients. The NSCLC 
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patients were divided into two groups (low miR-4284 
expression group and high miR-4284 expression group) 
according to their miR-4284 expression. The results in 
Table 1 showed that miR-4284 expression was signifi-
cantly associated with differentiation (P = 0.039), lymph 

node metastasis (P = 0.025), and TNM stage (P = 0.004). 
However, no significant difference was found between 
miR-4284 expression and other clinical characteristics of 
NSCLC patients, including age, gender, tumor size, and 
smoking history (all P > 0.05).

Figure 1 The expression of miR-4284 was upregulated in human NSCLC tissues and NSCLC cell lines. (A) The expression of miR-4284 was significantly increased in 
NSCLC tissues than in non-tumor tissues. (B) miR-4284 was significantly upregulated in NSCLC cell lines compared to normal human epithelial cell lines. **P < 0.01, ***P < 
0.001.

Figure 2 Kaplan–Meier curve method was used for the survival analysis of post-operative NSCLC patients. Higher miR-4284 expression exhibited a shorter overall survival 
time than lower miR-4284 expression patients. Log rank test P = 0.021.
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miR-4284 Expression Was Associated 
with Prognosis of Post-Operative NSCLC 
Patients
The 5-year follow-up survival information of the patients 
was recorded for survival analysis. The Kaplan–Meier 
curve was plotted and the result (Figure 2) implied that 
the patients with high miR-4284 expression levels had 
a poor survival compared to those with low miR-4284 
expression levels (Log rank test, P = 0.021). In addition, 
combining the clinical characteristics into the multiple 
Cox regression analysis, we observed that miR-4284 
expression, lymph node metastasis, and TNM stage were 
independent prognostic factors for the post-operative 
NSCLC patients (P < 0.05, Table 2).

miR-4284 Promoted Proliferation, 
Migration, Invasion Abilities in A549 and 
H1299 Cells
To explore the functional role of miR-4284 in NSCLC 
cells, we transfected miR-4284 mimic or miR-4284 inhi-
bitor into A549 and H1299 cells to upregulate or down-
regulate miR-4284 expression, respectively. After 48 h of 
transfection, qRT-PCR analysis was used to measure the 
expression levels of miR-4284 in these cells. The results in 
Figure 3A revealed that miR-4284 expression was upre-
gulated by miR-4284 mimic, while miR-4284 expression 
was downregulated by miR-4284 inhibitor, compared with 
untreated cells (P < 0.001). Then, CCK-8 assay was used 
to detect the effects of miR-4284 on cell proliferation and 
the results revealed that the proliferation of A549 and 
H1299 cells were promoted due to miR-4284 upregulation, 
while that was inhibited due to miR-4284 downregulation 

(P < 0.05, Figure 3B). The Transwell migration and inva-
sion assays showed that the increased miR-4284 expres-
sion promoted cell migration and invasion, while 
knockdown of miR-4284 suppressed cell migration and 
invasion (P < 0.001, Figure 3C and D).

Discussion
The miRNA in this study, miR-4284, was reported to be 
aberrantly expressed in some types of diseases, including 
cancer.27,28 Tamaddon G and co-workers assessed the 
deregulation of miRNAs profiles in diffuse large B-cell 
lymphoma (DLBL) and indicated that miR-4284 and miR- 
4484 can act as a diagnostic biomarker for DLBL.23 In 
clear cell papillary renal cell carcinoma and radiotherapy 
prostate cancer, miR-4284 was abnormally expressed and 
it might be candidate miRNA for the development of 
novel prognostic biomarkers.29,30 However, no study exca-
vates its expression, clinical significance, and function in 
NSCLC. Firstly, we observed that miR-4284 was upregu-
lated in NSCLC tissue specimens when compared with 
adjacent non-tumor tissue specimens. Moreover, miR- 
4284 was upregulated in all NSCLC cell lines compared 
to normal epithelial cell lines. These results suggest that 
miR-4284 might play an oncogenic role in NSCLC. 
Additionally, high expression of miR-4284 was correlated 
with poor differentiation, positive lymph node metastasis, 
and advanced TNM stage, suggesting that miR-4284 
expression might be involved in the development of 
NSCLC.

Considering the abnormal expression of miR-4284 in 
NSCLC tissues, furthermore, the potential prognostic sig-
nificance of miR-4284 in NSCLC was explored. The result 
showed that postoperative NSCLC patients with higher 
miR-4284 expression levels exhibited a shorter survival 
time than those with lower miR-4284 expression levels. 
What’s more, multiple Cox regression analyses indicated 
that miR-4284 expression was an independent prognostic 
factor for postoperative NSCLC patients. The above 
results suggest that miR-4284 expression might be 
a prognostic marker for postoperative NSCLC patients.

The abnormal expression of miRNAs in NSCLC can 
regulate tumor cell proliferation and metastasis, thus 
affecting the development of lung cancer. A previous 
study has demonstrated that miR-4284 expression was 
increased in gastric cancer and its upregulation promoted 
cell growth, migration, and invasion by targeting ten- 
eleven translocation 1(TET1).31 In the present study, the 
results showed that overexpression of miR-4284 promoted 

Table 2 Multiple Cox Regression Analysis Analyzed Risk Factors 
to Survival Using Patients’ Characteristics and miR-4284 
Expression

Multiple Cox Regression Analysis

HR 95% CI P-value

miR-4284 expression 2.088 1.100–3.964 0.024

Age 1.211 0.686–2.138 0.509

Gender 1.649 0.902–3.014 0.104
Tumor size 1.789 0.965–3.316 0.065

Smoking history 1.365 0.768–2.427 0.289

Differentiation 1.769 0.942–3.321 0.076
Lymph node metastasis 1.872 1.064–3.291 0.030

TNM stage 1.811 1.054–3.110 0.031
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Figure 3 Overexpression of miR-4284 promoted cell proliferation, migration, and invasion, while knockdown of miR-4284 suppressed these cellular activities in A549 and 
H1299 cells. (A) Transfection of miR-4284 mimics induced miR-4284 overexpression, while transfection of miR-4284 inhibitors induced miR-4284 downregulation in NSCLC 
cells. (B) CCK-8 assays were used to detect the effects of miR-4284 on cell proliferation. (C) Transwell migration was used to measure the effects of miR-4284 on cell 
migration. (D) Transwell invasion assay measured the effects of miR-4284 on cell invasion. *P < 0.05, ***P < 0.001.
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cell proliferation, migration, and invasion of A549 and 
H1299 cells, while downregulation of miR-4284 exhibited 
the opposite activities. Thus, miR-4284 might play an 
oncogenic role in the progression of NSCLC.

The present study still has some limitations, and the 
results are preliminary. Firstly, the sample size of the 
patients was small. Secondly, although these results pro-
vided a novel insight into the role of miR-4284 in NSCLC, 
the detailed mechanisms remain unclear. Previous studies 
indicated that miR-4284 might play a role in the develop-
ment of tumors by targeting TET131 or CXCL5.24 

However, whether the molecules mentioned above were 
also involved in the detailed mechanism of miR-4284 
remains unclear, which will be investigated in future 
researches.

Conclusion
In conclusion, these findings support that miR-4284 was 
upregulated in NSCLC tissues and cell lines. The upregu-
lation of miR-4284 in NSCLC might be a candidate prog-
nostic factor. Furthermore, an increase of miR-4284 
expression might play an oncogenic role in the progression 
of NSCLC by promoting cell proliferation, migration, and 
invasion. Thus, miR-4284 may be a novel prognostic 
biomarker and therapeutic target for the treatment of post-
operative NSCLC patients.
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Ethics Committee of Affiliated Hospital of Weifang 
Medical University and the guidelines outlined in the 
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