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Abstract
Lung adenocarcinoma (LUAD) is the most frequent histological subtype of non-small cell lung cancer. Cyclin B1 (CCNB1) 
is the vital initiator and controller of mitosis. Studies have indicated that CCNB1 overexpression is closely associated with 
cell proliferation and tumorigenesis in many cancers. Thus, discovery of molecular mechanism of CCNB1 in LUAD is con-
ducive to developing new diagnostic or therapeutic targets for LUAD. We acquired mature miRNA and mRNA expression 
information of LUAD from TCGA database, as well as related clinical data. CCNB1 expression in normal and LUAD tissue 
was analyzed. Relationship between CCNB1 and patient’s survival and clinical stage was analyzed. Upstream regulatory 
gene miRNA of CCNB1 was predicted. qRT-PCR and western blot examined expression levels of CCNB1 and miR-139-5p 
in cells. CCK-8 tested cell proliferation. Scratch healing and Transwell determined cell migration and invasion. Flow cytom-
etry analyzed the cell cycle. Dual-luciferase verified targeting relationship between the two genes. Compared to controls, 
CCNB1 expression was prominently high in LUAD patient samples, and associated with advanced tumor stages and shorter 
overall survival. MiR-139-5p expressed an evidently negative correlation with CCNB1 and was predicted to target CCNB1. 
MiR-139-5p mimics reduced CCNB1 mRNA and protein expression, and suppressed luciferase activity in a target-specific 
manner, as confirmed by a control construct with a mutated miR-139-5p binding site. CCNB1 overexpression fostered pro-
gression of LUAD cells. Mechanistically, miR-139-5p might negatively regulate CCNB1 in LUAD, thereby suppressing cell 
proliferation, migration, invasion and cell cycle.

Keywords miR-139-5p · CCNB1 · Lung adenocarcinoma · Proliferation · Migration · Invasion

Introduction

Lung cancer accounts for more than 25% of all cancer deaths 
[1]. The 5-year overall survival rate of non-small cell lung 
cancer (NSCLC) is only 11% [2]. Lung adenocarcinoma 
(LUAD) is the most frequent subtype of NSCLC [3]. In 
recent years, development of molecular targeted therapy 
[4] and immunotherapy [5] has increased survival rate of 
LUAD. However, 5-year overall survival and prognosis of 
LUAD is still not optimistic [6]. The poor prognosis may 
result from the high rates of tumor metastasis and recur-
rence. As a result, a deeper understanding of the molecular 

mechanisms that control LUAD development helps to 
improve LUAD diagnosis and treatment.

Cyclins are proteins required to stimulate specific cyc-
lin-dependent kinases (CDKs) in cell cycle [7]. Cyclin B1 
(CCNB1) is the vital initiator and controller of mitosis. 
CCNB1 can regulate cyclin-dependent kinase 1 (CDK1) and 
combine with CDK1 to form a complex, thereby facilitating 
rapid passage of the cell cycle through the G2 phase of mito-
sis [8, 9]. Studies have shown that CCNB1, as an oncogenic 
factor, can participate in modulation of the progression of 
various cancers. For example, FOXM1 activates CCNB1 
through transcription and then promotes the proliferation of 
human hepatocellular carcinoma (HCC) [10]. Chk1 induces 
overexpressed CCNB1 and fosters tumor growth of colorec-
tal cancer cells [11]. Although some studies have expressed 
aberrant expression of CCNB1 in LUAD [12], the regulatory 
mechanism of CCNB1 in LUAD has not been studied.

MicroRNAs (miRNAs) are involved in mRNA degrada-
tion and translational repression by targeting the 3’-UTR 
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of mRNA, and they can function as tumor suppressors or 
oncogenes [13, 14]. MiR-139-5p is a normal mature miRNA 
produced by the precursor miR-139 [15, 16]. MiR-139-5p 
is proven to be repressed in many tumors, like glioblastoma 
multiforme [17], bladder cancer [18], HCC [19], and breast 
cancer [20]. MiR-139-5p is aberrantly expressed in LUAD 
as well [21]. Nonetheless, specific mechanism and function 
of miR-139-5p in LUAD are still unknown.

Bioinformatics results showed that CCNB1 was mark-
edly fostered in LUAD, and it was targeted by miR-139-5p. 
Hence, this study aimed to study association between miR-
139-5p and CCNB1, and effect of miR-139-5p regulating 
CCNB1 on progression of LUAD cells. The analysis of 
mechanism of miR-139-5p/CCNB1 axis modulating LUAD 
growth can help us develop new targets for LUAD.

Materials and Methods

Microarray Analysis

The mature miRNA data and mRNA data of LUAD were 
provided by TCGA database. Differential expression of 
CCNB1 in normal and cancer tissue was tested by t-test 
based on the downloaded data. “Survival” package was 
employed for survival analysis [22]. One-way analysis of 
variance was applied to evaluate the correlation between 
CCNB1 and clinical features of LUAD. The differential 
analysis of miRNA data was carried out using the “EdgeR” 
package [23] with |logFC| > 1.5 and padj < 0.01 as thresh-
olds. StarBase database was utilized to analyze upstream 
regulatory miRNAs of CCNB1, and then the results were 
intersected with differentially downregulated miRNAs. Pear-
son correlation analysis was conducted for acquired miRNA 
and CCNB1, and t-test was employed to further clarify the 
differential expression of miRNAs in TCGA.

Cell Cultivation and Transfection

Human bronchial epithelial cell line BEAS-2B 
(BNCC101727), LUAD cell lines A549 (BNCC100215), 
PC9 (BNCC340767), H1299 (BNCC100268) and H1975 
(BNCC340345) were offered by BeNa Culture Collection 
(BNCC, China). Cell lines were incubated strictly comply-
ing with the operating instructions provided by BeNa Cul-
ture Collection. The following constructs were designed by 
GenePharma (Suzhou): miR-139-5p mimic (miR-mimic), 
pcDNA3.1-CCNB1 plasmids (oe-CCNB1) and si-CCNB1, 
as well as their control mimic NC (miR-NC), pcDNA3.1 
plasmids (oe-NC) and si-NC. Lipofectamine 2000 rea-
gent (Invitrogen, Carlsbad, CA, USA) was applied for 
transfection.

qRT‑PCR

For PCR analysis, miScript II RT kit (Qiagen, Germany) 
was employed to reversely transcribe extracted miR-
139-5p into cDNA, and PrimeScript RT Master Mix 
(Takara, P.R. Japan) was used to reversely transcribe 
CCNB1 mRNA into cDNA. Step One Plus real-time PCR 
system (Applied Biosystems Inc., Foster City, CA, USA) 
and SYBR Green real-time PCR Master Mix (Cat.# QPK-
212, Toyobo) were used to conduct qRT-PCR assay in line 
with the manufacturer’s specifications. MiR-139-5p took 
U6 as its internal reference, and CCNB1 took GAPDH as 
its internal reference. Primer sequences were expressed in 
Table 1. Relative expression of miR-139-5p and CCNB1 
mRNA in each group was compared by  2−ΔΔCt value.

CCK‑8 Assay

Cells (2 ×  103 cells/well) were inoculated into 96-well 
plates after 24-h transfection. Cell viability was measured 
by CCK-8 assay (Dojindo, Kumamoto, Japan) at 0, 24, 48, 
72, and 96 h after cultivation. The specific operation was 
carried out in accordance with the operating instructions. 
Finally, a plate reader from Molecular Devices (San Jose, 
CA, USA) was applied to count optical density at 450 nm.

Scratch Healing Assay

Cells were cultivated at 37 ℃ for 24 h and scraped with 10 µl 
pipette when cells reached 90% confluence. Later, phosphate 
buffer saline (PBS) was adopted for cells wash and then 
detached cells were removed. Remaining cells were culti-
vated at 37 ℃ in a medium plus 1% FBS for another 24 h and 
the motion of cells was analyzed by an optical microscope 
(Olympus Corporation, × 40). The relative mobility was cal-
culated as: (d1-d2) / d1 × 100%, and d1 is the scratch width 
at 0 h, d2 is the scratch width at 24 h.

Table 1  Primer sequence used for qRT-PCR

Gene Primer sequence (5ʹ → 3’)

miR-139-5p F: GCC TCT ACA GTG CAC GTG TCTC 
R: CGC TGT TCT CAT CTG TCT CGC 

U6 F: CTC GCT TCG GCA GCACA 
R: AAC GCT TCA CGA ATT TGC GT

CCNB1 F: CCA AAT CAG ACA GAT GGA AAT 
R: GCC AAA GTA TGT TGC TCG A

GAPDH F: GAC AGT CAG CCG CAT CTT CT
R: TTA AAA GCA GCC CTG GTG AC
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Transwell Invasion Assay

Matrigel (356234, BD, USA) was dissolved at 4 ℃ over-
night, diluted with serum-free medium and added to Tran-
swell (8.0 μm, 24 wells, Corning Incorporated, Corning, NY, 
USA) upper chamber. Thereafter, 3 ×  105 cells were put in 
the upper chamber and 500 μl culture medium plus 10% FBS 
was placed to the lower chamber. Cells passing through the 
membrane were treated by 4% formaldehyde solution and 
0.25% crystal violet solution at room temperature for 30 min. 
Then an inverted microscope (Olympus Corporation, Tokyo, 
Japan) was utilized to observe cells. The number of invading 
cells was counted in 4 random microscope fields.

Western Blot

RIPA buffer (Beyotime, Beijing, China) was applied to 
extract proteins. Samples (30 μg) were separated on 10% 
SDS-PAGE and then transferred to the nitrocellulose (NC, 
Millipore, Billerica, MA) membrane. After 1-h blocking 
with 5% skim milk, the membrane was cultivated with pri-
mary antibodies and secondary antibody in sequence. Pro-
tein bands were examined by an enhanced chemilumines-
cence detection system (Pierce, Billerica, MA).

Dual‑Luciferase Assay

Mutant (MUT) and wild-type (WT) DNA sequences of 
CCNB1(GeneChem Co., Ltd., Shanghai, China) were 
inserted into pGL3-control vectors (Ambion, Austin, TX, 
USA). Lipofectamine 3000 (Invitrogen) was used to co-
transfect 100 ng of the above pGL3-CCNB1 WT/MUT plas-
mids and 50 nm miR-139-5p mimic or mimic NC into A549 
cells. Luciferase activity was tested 48 h later.

Cell Cycle Detection

Cell cycle analysis kits (Beyotime Institute of Biotechnol-
ogy) were used for cell cycle measurement. Cells were col-
lected and fixed in 70% ethanol at 4 ℃ overnight. Prodium 
Iodide was added to dye cells and then the cells were ana-
lyzed with flow cytometry. Finally, FlowJo software (FlowJo 
LLC) was introduced to analyze cell cycle.

Data Analysis

Data analysis was done by using GraphPad Prism 6 Soft-
ware (GraphPad Software, Inc., La Jolla, USA). Student’s 
t-test was adopted to examine statistical significance of the 
difference among groups. Pearson correlation analysis was 
employed to clarify the correlation between miR-139-5p 

and CCNB1 expression. Data were acquired from at least 3 
independent assays and in the form of mean ± SD. P < 0.05 
indicates significant differences.

Results

CCNB1 Expression is Increased in LUAD Cells 
and Correlates with Tumor Stage of Patients 
with LUAD

Literature shows that CCNB1 is relevant with adverse 
prognosis and can be a novel therapeutic target for cancer 
[24–26]. Therefore, CCNB1 was chosen as the research 
object. Analysis of TCGA-LUAD data found that CCNB1 
expression was prominently elevated in LUAD tissue com-
pared with normal tissue (Fig. 1A), and patients with LUAD 
with high CCNB1 expression level had an evidently shorter 
survival time (Fig. 1B). Besides, CCNB1 expression was 
positively associated with staging of LUAD (Fig.  1C). 
CCNB1 expression in 4 LUAD cell lines (A549, PC9, 
H1299 and H1975) and one normal bronchial epithelial cell 
line (BEAS-2B) was also verified. It was found that CCNB1 
was also upregulated in these LUAD cell lines in comparison 
with that in normal cell line (Fig. 1D, E). Together, these 
findings suggested that CCNB1 was elevated in LUAD and 
indicated an adverse prognosis in patients with LUAD. A549 
cell line with the greatest difference in CCNB1 expression 
was selected to further explore the specific role of CCNB1 
in LUAD and its molecular mechanism.

CCNB1 Promotes Progression LUAD Cells

To investigate effect of CCNB1 in LUAD cells. oe-CCNB1, 
si-CCNB1 and their negative controls were transfected into 
A549 cells. As expected, CCNB1 expression was remark-
ably increased in A549 cells transfected with oe-CCNB1 and 
decreased in the one transfected with si-CCNB1. (Fig. 2A). 
Subsequently, as result of CCK-8 manifested, the activity 
of A549 cells was significantly potentiated by transfection 
with oe-CCNB1 in contrast with the cells with oe-NC. The 
viablity of A549 cells was markedly weakened by transfec-
tion with si-CCNB1 in contrast with the cells treated with 
si-NC (Fig. 2B). Transwell (Fig. 2C) and scratch healing 
(Fig. 2D) assays observed that compared with oe-NC group, 
the invasion and mobility of A549 cells treated with oe-
CCNB1 were remarkably increased. Compared with si-NC 
group, invasion and mobility of A549 cells treated with 
si-CCNB1 were evidently declined. Cell cycle progres-
sion was analyzed via flow cytometry to further evaluate 
growth-enhancing effect of CCNB1 on A549 cells in LUAD. 
As results displayed, the overexpression of CCNB1 led to 
decrease of cells in G0/G1 phase, and silencing CCNB1 
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triggered the increase of cells in G0/G1 phase (Fig. 2E). 
To further confirm the conclusion, H1299 was also trans-
fected with si-CCNB1 and si-NC. The results implied that 
the conclusion drawn from A549 cells were also applicable 
to H1299 cells (Supplementary Fig. 1). All above results 
unveiled that CCNB1 was helpful to promote the cell cycle 
progression in LUAD and to accelerate growth of LUAD 
cells. Inhibition of CCNB1 expression repressed the malig-
nant progression of LUAD.

MiR‑139‑5p is Less Expressed in LUAD

To study mechanism of CCNB1 in LUAD progression, a 
total of 184 differential miRNAs were obtained through dif-
ferential analysis (Fig. 3A). The potential upstream miR-
NAs of CCNB1 were obtained using the starBase database, 
and were intersected with 39 differentially downregulated 
miRNAs. MiR-139-5p and miR-144-3p were predicted 
to have binding sites on CCNB1 (Fig. 3B). MiR-139-5p 
and CCNB1 showed a highly evident negative correlation 
as revealed by Pearson correlation analysis (Fig. 3C). In 

addition, miR-139-5p level in LUAD tissue was prominently 
lower than that in normal tissue (Fig. 3D). Hence, we chose 
miR-139-5p as the study object. Subsequently, it was found 
by qRT-PCR that miR-139-5p in LUAD cells was notably 
declined in comparison with normal lung cells (Fig. 3E). 
Subsequently, it was unveiled that miR-139-5p and CCN-
B1was negatively correlated  (R2 = 0.974, p < 0.01), which 
further verified the results of the above-mentioned bioinfor-
matics analysis (Figure F). Overall, results above confirmed 
that miR-139-5p level was low in LUAD and might target 
CCNB1 in LUAD.

CCNB1 is Targeted by miR‑139‑5p

Further analyses were carried out to dig whether miR-
139-5p can target and even regulate CCNB1. CCNB1 was 
predicted by starBase database as a target of miR-139-5p 
(Fig. 4A). Firstly, qRT-PCR tested the transfection effi-
ciency of miR-139-5p in the experimental group, uncover-
ing that miR-139-5p expression in miR-mimic group was 
prominently boosted compared to that in miR-NC group 

Fig. 1  Expression of CCNB1 increases in LUAD cells and correlates 
with tumor stage of patients with LUAD. A CCNB1 expression lev-
els in LUAD tumor tissue (red) and adjacent normal tissue (green); 
B Overall survival analysis based on CCNB1 in LUAD patients; C 

Expression level of CCNB1 in LUAD at different stages; D and E 
CCNB1 mRNA and protein levels in bronchial epithelial cell line 
BEAS-2B and LUAD cell lines A549, PC9, H1299 and H1975; 
*p < 0.05
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(Fig. 4B). Luciferase activity analysis displayed that, miR-
139-5p remarkably hampered luciferase activity of CCNB1-
WT 3’-UTR group in comparison with miR-NC group, but 
did not influence luciferase activity of the CCNB1-MUT 
3’-UTR group (Fig. 4C). Moreover, increased miR-139-5p 
in A549 cells notably reduced mRNA (Fig. 4D) and protein 
(Fig. 4E) levels of CCNB1. All the above results proved that 
CCNB1 was targeted and modulated by miR-139-5p.

MiR‑139‑5p Suppresses Progression of LUAD Cells 
Through Targeting CCNB1

To dig whether miR-139-5p participates in affecting LUAD 
cell function through targeting CCNB1, normal cell line 
(miR-NC + oe-NC), CCNB1-overexpressed cell line (miR-
NC + oe-CCNB1), miR-139-5p and CCNB1-overexpressed 
cell line (miR mimic + oe-CCNB1) were constructed. Firstly, 
we found through qRT-PCR and western blot that CCNB1 
mRNA and protein levels in miR-NC + oe-CCNB1 group 

was facilitated evidently, however, when miR-139-5p and 
CCNB1 both were accelerated, CCNB1 mRNA and protein 
in the cells were evidently reduced compared with those 
of miR-NC + oe-CCNB1 group (Fig. 5A, B). Additionally, 
overexpressed miR-139-5p eliminated the promotion influ-
ence of LUAD cells by overexpressed CCNB1 on prolifera-
tion (Fig. 5C), invasion and migration (Fig. 5D, E) and cell 
cycle progression (Fig. 5F). As suggested by these findings, 
miR-139-5p played an inhibitory part in LUAD by inhibit-
ing CCNB1.

Discussion

So far, several mRNAs that regulate LUAD progression 
have been identified as biomarkers for LUAD. For exam-
ple, SGK1 [27], AKT1 [28], ZEB2 [29], SATB1 [30] are 
identified as biomarkers of LUAD. In our paper, expression, 
biological function, and possible mechanisms of CCNB1 

Fig. 2  CCNB1 elevates cellular viability and hastens progression 
of LUAD cells. A CCNB1 level in A549 cells was determined; B 
LUAD cell proliferation; C Invasive capacity of transfected LUAD 
cells (×100); D Migratory capacity of transfected LUAD cells (×40). 

E Cell cycle analysis of transfected LUAD cells; The cell grouping 
settings were as follows: oe-CCNB1, si-CCNB1 and corresponding 
negative controls were transfected into A549 cells. *p < 0.05
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in LUAD progression were analyzed. The results suggested 
that increased CCNB1 could function as a therapeutic target 
for LUAD.

Previous literature shows that the hastened CCNB1 is 
relevant with poor prognosis of a variety of cancers and can 
be a novel target for cancer [24, 31]. For instance, CCNB1 
targeted by miR-718 plays an oncogenic role in NSCLC 
[25]. PKMYT1 targets and regulates CCNB1 and CCNE1 
to affect the growth of prostate cancer cells [32]. FOXM1 
activates CCNB1 to promote proliferation of human hepa-
tocellular carcinoma cells [10]. In this study, analysis of 
TCGA-LUAD data and cell experiment results uncovered 
high expression of CCNB1 in LUAD. As expected, CCNB1 
fostered progression of LUAD cells in vitro. In addition, si-
CCNB1 inhibited LUAD cell activity and cell cycle progres-
sion. These results suggested that CCNB1 could modulate 
the development of LUAD as an oncogenic factor.

In the process of screening and verifying the upstream 
miRNAs of CCNB1, we unveiled that miR-139-5p had bind-
ing sites and was highly correlated with CCNB1. Hence, 

it was speculated that miR-139-5p modulated CCNB1 in 
LUAD and even affected the progression of LUAD. Other 
works found that miR-139-5p is suppressed in a variety 
of cancers and can be a cancer suppressor [33–36]. For 
instance, a study demonstrated that miR-139-5p is an inhibi-
tor for endometrial cancer [34]. Forced expression of miR-
139-5p in breast cancer alleviates radiation resistance by 
inhibiting multiple genes associated with ROS defense and 
DNA repair [37]. Paradoxically, however, miR-139-5p level 
in the blood of prostate cancer patients is higher than that 
of healthy controls [38]. Reduced miR-139-5p level facili-
tates prostate cancer progression via modulating SOX5 
[39]. These conclusions indicate that miR-139-5p may 
play different roles in varying species and tissues. In this 
article, analysis of TCGA-LUAD data and results of cell 
assays manifested that miR-139-5p was repressed in LUAD. 
CCNB1 was targeted by miR-139-5p in LUAD cells. Has-
tened miR-139-5p eliminated the promoting effect of over-
expression of CCNB1 on LUAD cells. Consistent with our 
research, miR-139-5p affects invasion and proliferation of 

Fig. 3  MiR-139-5p is repressed in LUAD cells. A Differential miR-
NAs in LUAD data set of TCGA (red dots: differentially upregulated 
miRNAs, green dots: differentially downregulated miRNAs); B Can-
didate differential miRNAs with binding sites on CCNB1; C CCNB1 
and miR-139-5p expression manifested a highly evidently-negative 

Pearson correlation; D MiR-139-5p level in LUAD tissue (red) and 
adjacent tissue (green); E: MiR-139-5p level in BEAS-2B, A549, 
PC9, H1299 and H1975; F CCNB1 and miR-139-5p showed a promi-
nently highly negative correlation in 4 LUAD cells. *p < 0.05
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Fig. 4  CCNB1 is targeted by miR-139-5p. A Targeted binding sites 
of miR-139-5p and CCNB1; B: MiR-139-5p level in each transfec-
tion group; C Luciferase activity of A549 cells co-transfected with 

miR-139-5p mimic or miR-NC, CCNB1-WT or CCNB1-MUT; D 
and E The mRNA and protein levels of CCNB1 in LUAD A549 cells; 
*p < 0.05

Fig. 5  MiR-139-5p inhibits progression of LUAD cells through tar-
geting CCNB1. A and B The expression levels of mRNA and pro-
tein of CCNB1 in A549 cells was determined; C Proliferation of 

A549 cells; D Invasion of A549 cells (×100); E Migration of A549 
cells (×40); F Flow cytometry analyzed the cell cycle of A549 cells; 
*p < 0.05



859Molecular Biotechnology (2022) 64:852–860 

1 3

LUAD cells by reducing SLITRK4 expression [40]. These 
results demonstrated that miR-139-5p might suppress LUAD 
tumor growth by inhibiting CCNB1. In addition, a study 
by Jian Wu et al. demonstrated that the lncRNA SNHG3/
miR-139-5p axis plays an imperative role in cell progres-
sion of hepatocellular carcinoma [41]. Based on previous 
studies and current experimental results, it is speculated 
that SNHG3 may affect the malignant phenotypes of LUAD 
cells through miR-139-5p/CCNB1 signaling pathway. This 
hypothesis has not been tested, but it will be the direction 
of future research.

In summary, in this study, CCNB1 was identified for the 
first time as a downstream target of miR-139-5p in LUAD. 
MiR-139-5p restrained LUAD cell proliferation, migra-
tion, invasion and cell cycle progression through targeting 
CCNB1. These outcomes uncover a novel mechanism for 
miRNA dysregulation and offer promising potential bio-
markers for LUAD.
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