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Background: Lots of studies have shown that cyclin disorders can promote tumor devel-
opment. This study aims to investigate the biological function and molecular mechanism of
CCNB?2 in lung adenocarcinoma (LUAD).

Methods: LUAD data were downloaded from GEO database and TCGA-LUAD data-
base. Differential analysis was conducted to find the differentially expressed miRNAs and
mRNAs, while targeted prediction was done for the access of potential target mRNAs.
Gene expression level was detected by qRT-PCR and Western blot in human LUAD cell
lines A-427, A549, Calu-3, PC-9 and human bronchial epithelial cell line BEAS-2B.
MTT, colony formation, Transwell and flow cytometry assays were used to detect cell
proliferation, metastasis, and cell cycle changes of PC-9 cell line. The dual-luciferase
reporter gene was used to detect the targeted binding relationship of the target miRNA
and mRNA.

Results: CCNB2 was highly expressed and served as a biomarker indicating poor prognosis
in LUAD patients. Cell function experiments confirmed the inhibitory effects of silencing
CCNB2 on the proliferation, migration and invasion of LUAD cells and cell cycle was
blocked in the GO/G1 phase. In addition, with regard to the regulatory mechanism, we
demonstrated that miR-335-5p had binding sites with 3'-UTR of CCNB?2, indicating that
miR-335-5p could target the regulation expression of CCNB2. In subsequent cell function
tests, overexpression of miR-335-5p inhibited the proliferation and metastasis of cancer cells,
and the rescue experiments also verified that miR-335-5p could reverse the promotion of
CCNB2 overexpression on the progress of cancer cells.

Conclusion: In summary, our results revealed that miR-335-5p could target the down-
regulation of CCNB2 to inhibit the occurrence and development of LUAD.
Keywords: LUAD, CCNB2, miR-335-5p, proliferation, metastasis

Introduction

Lung adenocarcinoma (LUAD) mainly arises from small airway epithelial and type
IT alveolar cells' and is one of the main subtypes of non-small cell lung cancer
(NSCLC), accounting for 40% of lung cancer.” According to the statistics of the
national tumor registration points, LUAD accounted for 43.36% and squamous cell
carcinoma accounted for 32.23% of the NSCLC patients in China from 2002 to
2012.% It is obvious that LUAD has become the most common pathological type of
NSCLC. In addition, despite significant advances in early detection and treatment,
the prognosis of LUAD patients remains poor, with a 5-year survival rate less than
20%.%° Therefore, it is warranted to discover and develop new strategies for
accurate diagnosis and effective treatment of LUAD.
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Cyclin family members have long been considered as
key regulators of cell cycle progression, and abnormal
expression of cyclin is closely related to tumor develop-
ment and progression.”* For example, CCNA2 plays
a dual regulatory role in modulating CDK6 and MET-
mediated cell-cycle pathway and EMT progress in bladder
cancer.” CCNEI is a potential target for ovarian cancer
treatment.'” And HOXC13 promotes proliferation of
LUAD via modulation of CCNDI and CCNEL."" These
studies have indicated that cyclins play an important role
in regulating cancer progression accompanied by cell
cycle changes.

CCNB2 as a member of cyclin family, plays a key role
in G2/M transformation and has been found to be upregu-
lated in human cancers.'*'® For instance, CCNB2 over-
expression in human liver cancer is associated with poor
prognosis'* and the decrease of CCNB2 expression inhi-
bits metastasis and invasion of bladder cancer.” In addi-
tion, by analyzing Gene Expression Omnibus (GEO)
database and constructing PPI network, Piao et al found
that 14 genes including CCNB2 and CDC20 were asso-
ciated with the prognosis of NSCLC patients.'> Based on
bioinformatics, Ni et al obtained 15 genes including
CCNB2 and EGRI that were expected to be potential
biomarkers and candidate targets for LUAD, which
would be helpful to the diagnosis and treatment of
LUAD.'® However, the specific mechanism of CCNB2
regulating the development of LUAD remains elusive.

In this study, we found that CCNB2 may play a critical
role in the progression of LUAD and is likely to be
regulated by miR-335-5p. In addition, the increase of
CCNB2
regulation of related tumor suppressor factors in LUAD
cells, while silencing CCNB2 inhibits the growth of
LUAD cells. Therefore, exploring the molecular mechan-
ism of CCNB2 in LUAD will help us to further understand
the process of LUAD.

expression is associated with the down-

Materials and Methods

Bioinformatics

GSE75037 (Normal: 83, Tumor: 83) and GSE130779
(Normal: 8, Tumor: 8) datasets were downloaded from the
GEO database (https:/www.ncbi.nlm.nih.gov/geo/). The

>

batch correction of the datasets was performed by “sva’
package, and the differential analysis between normal
group and tumor group was conducted by “edgeR” package

(logFC]>2.5, padj<0.05) to obtain the differentially

expressed mRNAs (DEmRNAs). Meanwhile, the profiles
of mature miRNA (Normal: 46, Tumor: 521) and mRNA
(Normal: 59, Tumor: 535) along with clinical data were
downloaded from TCGA-LUAD (https://portal.gdc.cancer.
gov/). The differential analysis on normal group and tumor

group was analyzed by “edgeR” package (|logFC[>1,
padj<0.05) to obtain the differentially expressed miRNAs
(DEmiRNAs). The upstream miRNAs of target mRNA were
predicted using mirDIP (http://ophid.utoronto.ca/mirDIP/

index.jsp#r) and starBase (http://starbase.sysu.edu.cn/) data-
bases, and the miRNAs with binding sites of target mRNA
were obtained by intersecting with DEmiRNAs. The “survi-

val” package was used for survival analysis of target mRNA
and corresponding miRNAs in TCGA-LUAD dataset, and
for clinical staging analysis of target mRNA. GSEA was
used for pathway enrichment analysis of target mRNA to
study the mechanism of target miRNA and its target genes
affecting LUAD.

Cell Lines and Culture

Human LUAD cell lines A-427 (BNCC341432), A549
(BNCC100215), Calu-3 (BNCC338514), PC-9
(BNCC340767) and human bronchial epithelial cell line
BEAS —2B (BNCC338205) were all purchased from BeNa
Culture Collection (BNCC, Beijing, China). All cell lines
were cultured in Dulbecco’s Modified Eagle Medium
(DMEM; sigma, USA) containing 10% fetal bovine
serum (FBS; Hyclone; GE Healthcare Life Sciences,
Logan, UT, USA),
Thermo Fisher Scientific, Inc.) and 100 p/mL penicillin

100 wmL streptomycin (Gibco;

(Gibco; Thermo Fisher Scientific, Inc.), then nurtured in
5% CO, at 37 °C. The cells used in this study were all at
24 passages after recovery.

Cell Transfection

Mimic NC, miR-335-5p mimic, sh-NC and sh-CCNB2
(sh-CCNB2-1, sh-CCNB2-2, sh-CCNB2-3), oe-NC and
0e-CCNB2 were obtained from GenePharma (Shanghai,
China) and transfected into LUAD cell lines by
Lipofectamine 2000 (Thermo Fisher Scientific, Inc.)
according to the manufacturer’s instructions. All cells
were cultured in complete medium for at least 24
h before transfection, and rinsed with phosphate buffered
saline (PBS, pH 7.4) before transient transfection.

RNA Extraction and qRT-PCR

Total RNA was isolated from cells using Trizol reagent

(Invitrogen) according to the instructions. Reverse
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transcription (RT) and qRT-PCR were performed using the
PrimeScript RT reagent kit (Takara, Dalian, China) and
SYBR Prime Script RT PCR kit (Takara, Dalian, China),
respectively. miR-335-5p and CCNB2 used U6 and
GAPDH as internal references, respectively. The results

Z*AACt

were calculated using the method. The primer

sequences were listed in Table 1.

Western Blot (WB)

The total proteins were loaded into sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred to the nitrocellulose membranes (Amersham, USA)
blocked with 5% skim milk powder at room temperature for
1 h. Then the membranes were incubated with CCNB2 rabbit
polyclonal antibodies (ab185622, 1:1000, abcam, Cambridge,
UK) and GAPDH rabbit polyclonal antibodies (ab9485,
1:2500, abcam, Cambridge, UK) at 4 °C overnight and washed
with PBST buffer (PBS buffer containing 0.1% Tween-20) for
10 min for three times. Horseradish peroxidase-labeled sec-
ondary antibody goat anti-rabbit IgG (ab6721, 1:2000, abcam,
Cambridge, UK) was added to the membranes for incubation
at room temperature for 1 h. The membranes were washed
with PBST buffer for 10 min for 3 times. Optical luminometer
(GE, USA) was utilized to detect immunoactivity.

MTT Assay

After transfection for 48 h, the cells were digested with
trypsin and then inoculated in 96-well plates (5x10° cells/
well). At 24 h, 48 h and 72 h, 10 pL MTT reagent with
concentration of 5 mg/mL was added to cells for incuba-
tion at 37 °C for 4 h. After the supernatant was discarded,
cells were exposed to 200 uL dimethyl sulfoxide (DMSO).
The absorbance at

490 nm was measured using

a microplate reader (Thermo Fisher Scientific).

Table | Primer Sequences

Target Gene Primer (5'-3')

miR-335-5p FTGTTTTGAGCGGGGGTCAAGAGC
R:CTCTCATTTGCTATATTCA

ué F.CTCGCTTCGGCAGCACA
R:AACGCTTCACGAATTTGCGT

CCNB2 F.CCGACGGTGTCCAGTGATTT
RTGTTGTTTTGGTGGGTTGAACT

GAPDH F:GGAGCGAGATCCCTCCAAAAT
R:GGCTGTTGTCATACTTCTCATGG

Colony Formation Assay

Cell proliferation was analyzed by colony formation assay.
After 48 h of transfection, 1x10* cells were seeded on the
plates to incubate at 37 °C for about 2 weeks. The cell
colonies were fixed with 70% alcohol for 5 min, and then
stained with 0.5% crystal violet. The number of colonies
was calculated.

Flow Cytometry (FCM)

The cell cycle was analyzed by FCM. Cells for the
experiment were collected, treated with trypsin, washed
with PBS, and then fixed with cold ethanol. Then pro-
pidium iodide (PI; Sigma, St Louis, MO, USA) was
used to stain cells for 15 min, and cell proportions of
each period were analyzed by FCM (Beckman Coulter,
Brea, CA).

Transwell

Cell migration and invasion tests were performed in
Transwell chambers (Corning Inc., Corning, NY, USA)
with a polycarbonate membrane. In Transwell migration
assay, 1x10° cells were seeded in serum-free DMEM in
the upper chambers, and the lower chambers contained
10% FBS. After incubation for about 10 h, cells in the
upper chambers were wiped off and cells in the lower
chambers were stained with crystal violet at 25 °C for 1
min, observed and counted under a light microscope
(Nikon, 100%). Cells from 5 randomly selected fields
were counted and averaged. The procedures of Transwell
invasion assay were the same as above, except that the
upper chambers were coated with 20 pg extracellular
Matrix gel (Sigma-Aldrich; Merck KGaA).

Dual-Luciferase Reporter Gene Assay
The luciferase reporter vectors based on psicheck2 were
constructed including wild-type CCNB2 (CCNB2-WT)
and mutant-type CCNB2 (CCNB2-MUT) at binding
sites of miR-335-5p. HEK293T cells were seeded into
24-well plates and co-transfected with CCNB2-WT
/CCNB2-MUT vector, miR-335-5p mimic/mimic NC
via Lipofectamine 2000. After transfection for 48 h, cell
lysates were collected and the luciferase activity was
measured by using dual-luciferase reporter gene assay
system (Promega).

Statistical Analysis
GraphPad Prism 6.0 (Graphpad Software Inc.) was
employed for statistical analysis. All data were presented
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as mean + standard deviation (SD). The difference
between two groups was analyzed by #-test. Pearson y2
test was used to analyze the relationship between expres-
sion of miR-335-5p and CCNB2. All the experiments in
the study were repeated three times. P<0.05 or P<0.01
were considered statistically significant.

Results
CCNB2 Is Highly Expressed in LUAD and

Is Associated with Poor Prognosis

The CCNB2 expression in LUAD cells was significantly
higher than that in BEAS-2B cell line (Figure 1A and
B). In addition, through the analysis of DEmRNA
expression in GEO database, we found that CCNB2
was considerably highly expressed in tumor tissues
(Figure 1C). The survival analysis of the TCGA-
LUAD dataset showed that the survival time of patients
with higher CCNB2 expression was remarkably lower
(Figure 1D). Combined with the clinical information of
patients, it was revealed that CCNB2 showed significant
differences at different clinical stages (Figure 1E),
N stages (Figure 1F), and T stages (Figure 1G) of
LUAD, and the expression level was elevated with the
increase of tumor stage. Therefore, we believed that
CCNB2 might act as an oncogene in LUAD and was
associated with poor prognosis.

A B
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Relative expression of CCNB2 mRNA
N
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Down-Regulation of CCNB?2 Inhibits the
Proliferation, Migration, Invasion and Cell

Cycle of LUAD Cells
The mRNA and protein expressions of CCNB2 were sig-

nificantly decreased in PC-9 cells transfected with 3 sets of
sh-CCNB2 (Figure 2A and B). We selected sh-CCNB2-3
with the most significant decline for follow-up experi-
ments. The results of MTT (Figure 2C), colony formation
(Figure 2D) and Transwell (Figure 2E and F) assays
observed that reduced CCNB2 expression resulted in the
inhibition of the proliferation activity, colony forming,
migration and invasion abilities of PC-9 cells.

In addition, single-gene enrichment analysis showed
that CCNB2 was considerably enriched in the cell cycle
pathway (Figure 2G). Thus, we measured the cell cycle by
FCM. The results exhibited that compared with NC group,
the proportion of PC-9 cells in GO/G1 phase was signifi-
cantly higher, while that in S and G2/M phases was sig-
nificantly lower in sh-CCNB2 group (Figure 2H),
indicating that the decreased CCNB2 expression inhibited
the proliferation of cancer cells.

CCNB2 Is a Target Gene of miR-335-5p

To gain more insight into the mechanism of CCNB2 in
LUAD, we conducted in-depth mining and analysis of its
upstream regulatory factors. Firstly, according to the data in
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Figure | The expression and prognosis of CCNB2 in LUAD. (A and B) mRNA and protein expressions of CCNB2 in BEAS-2B and LUAD cell lines (A-427, A549, Calu-3, PC-9); (C)
The expression of CCNB2 was low in normal samples (green) and high in tumor samples (red); (D) Survival curves of CCNB2 expression for prognosis in the TCGA-LUAD dataset.
Red indicates high expression group and blue indicates low expression group; (E-G) Box plots of CCNB2 expression in different clinical stages, N stages and T stages of LUAD.

Note: *Indicates P<0.05.
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Figure 2 Low expression of CCNB2 inhibits the proliferation, metastasis and cell cycle of LUAD cells. (A and B) mRNA and protein levels in CCNB2-silenced LUAD cells;
(C) The MTT assay was used to measure the cell viability of LUAD cells at 24 h, 48 h and 72 h, respectively; (D) The proliferation of LUAD cells was determined by colony
formation assay; (E and F) Transwell assay was used to determine the migration and invasion abilities of LUAD cells; (G) GSEA pathway enrichment analysis results of
CCNB2; (H) FCM was used to analyze the proportion of cells in each cell cycle phase of LUAD cells (CCNB2-silenced cells and NC cells).

Note: *Indicates P<0.05.

TCGA-LUAD, a total of 299 DEmiRNAs were obtained by
“edgeR” for differential analysis (Figure 3A). Then we
predicted the upstream miRNAs of CCNB2 through
mirDIP and starBase databases, and the potential regulatory
factor miR-335-5p of CCNB2 was obtained from the inter-
section of the down-regulated 79 DEmiRNAs (Figure 3B).
Pearson correlation analysis displayed that miR-335-5p was
negatively correlated with CCNB2 (Figure 3C) and extre-
mely in tumor tissues

significantly low-expressed

(Figure 3D), which was consistent with the results in cell

lines (Figure 3E). Moreover, TCGA-LUAD dataset survival
analysis also indicted that patients with high expression of
miR-335-5p survived significantly longer than those with
low expression (Figure 3F).

miRDIP and starBase databases were applied and
found that miR-335-5p and CCNB2 had targeted binding
regions (Figure 3G). In order to prove the targeted regu-
latory relationship between miR-335-5p and CCNE2, we
firstly detected the mRNA and protein expressions of
CCNB2 in miR-335-5p mimic group and NC group in
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Figure 3 miR-335-5p targeted down-regulates CCNB2. (A) DEmiRNA volcano map of normal group and tumor group in TCGA-LUAD dataset; (B) Venn diagram of
predicted upstream down-regulated DEmiRNAs for CCNB2; (C) Pearson correlation analysis of CCNB2 and miR-335-5p; (D) The miR-335-5p expression was highly
expressed in normal samples (green) and lowly expressed in tumor samples (red); (E) Expression of miR-335-5p in BEAS-2B cell line and LUAD cell lines (A-427, A549,
Calu-3, PC-9); (F) Survival curves of miR-335-5p expression for prognosis. Red indicates high expression group and blue indicates low expression group; (G) Binding sites of
miR-335-5p and 3 ‘UTR of CCNB2; (H and I) gRT-PCR and WB were used to detect the effects of miR-335-5p expression on CCNB2 mRNA and protein levels; (J) Dual-
luciferase reporter gene assay was used to determine the targeted binding of miR-335-5p and CCNB2.

Note: *Indicates P<0.05.

PC-9 cells, and the results showed that the expression of
CCNB?2 was significantly down-regulated when miR-335-
Sp was overexpressed (Figure 3H and I). The result of
Dual-luciferase reporter gene assay showed that miR-335-
S5p mimic significantly inhibited luciferase activity in
CCNB2-WT group (Figure 3J). Our results demonstrated
that CCNB2 was a target gene of miR-335-5p and was
negatively regulated by miR-335-5p in LUAD.

Overexpression of miR-335-5p Inhibits
Proliferation, Migration and Invasion of
LUAD Cells Which Can Be Reversed by

CCNB2
Based on the regulation of miR-335-5p on CCNB2, we
further investigated the effects of miR-335-5p expression

on cell functions. We firstly examined the overexpression
efficiency of miR-335-5p and CCNB2 (Figure 4A). The
results of MTT (Figure 4B), colony formation (Figure 4C)
and Transwell (Figure 4D and E) assays exhibited that
compared with the NC group, the overexpression of
miR-335-5p significantly inhibited the cell activity, prolif-
eration, migration and invasion, while with a concomitant
of overexpressed CCNB2 would reverse the inhibitory
effects of miR-335-5p overexpression in LUAD cells. In
addition, the cell cycle detected by FCM also reflected that
overexpression of miR-335-5p blocked cells in the GO/G1
phase to suppress cancer cell proliferation (Figure 4F). In
summary, our experiments showed that miR-335-5p inhib-
ited cell function, and its inhibitory effect could be
reversed by oe-CCNB2 in LUAD.
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Figure 4 Overexpression of miR-335-5p inhibits LUAD development which can be reversed by CCNB2. (A) Expression of miR-335-5p and CCNB in transfected cells was
detected by qRT-PCR; (B) MTT assay was used to determine the cell viability at 24 h, 48 h, and 72 h, respectively; (C) The proliferation of LUAD cells was determined by
colony formation assay; (D and E) Transwell assay was used to determine the migration and invasion ability of LUAD cells; (F) The proportion of cells in each cell cycle stage

of LUAD cells was analyzed by FCM.
Note: *Indicates P<0.05.

Discussion
In this study, we confirmed that CCNB2 was significantly
upregulated in LUAD. Cytological studies showed that
silencing CCNB2 inhibited the proliferation and metastasis
of LUAD cells. Mechanism studies revealed that the
expression of CCNB2 could be regulated by miR-335-5p.
CCNB32 has been reported to be up-regulated in many
tumors, such as gastric cancer,'” hepatocellular carcinoma,'®
and glioma.'"” In this study, through the analysis of

GSE75037 and GSE130779 mRNA datasets of LUAD in
GEO database, we discovered significant differences in
CCNB?2 expression in normal group and tumor group.
Meanwhile, CCNB2 mRNA and protein levels also con-
firmed that CCNB2 was highly expressed in LUAD cell
Studies have indicated that CCNB2 may be
a potential biomarker of unfavorable prognosis over short-

lines.

term follow-up in breast cancer.”® Therefore, we used the

“survival” package to carry out survival analysis and clinical
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stage analysis on CCNB2 in TCGA-LUAD dataset, and
observed that the survival prognosis of patients with high
CCNB?2 expression was obviously poor, and there were sig-
nificant differences in different clinical stages, N stages and
T stages. It was suggested that CCNB2 could be served as
a prognostic factor for survival and early diagnosis of LUAD.
Furthermore, we also verified the effects of CCNB2 on cell
functions by silencing its expression in PC-9 cell line, and
found that silencing CCNB2 remarkably inhibited the pro-
liferation, migration and invasion abilities of cells and the
cell proportion was significantly increased in GO/G1 phase.
Our data further confirmed that CCNB2 played an important
role in the process of LUAD.

miRNA plays an important role in many biological
processes such as migration, differentiation, apoptosis
and transformation.?' It induces translational suppression
or post-transcriptional degradation of mRNA mainly
through binding to the 3'UTR of the target gene
mRNA.?>* In order to further explore the upstream reg-
ulatory mechanism of CCNB2, we used bioinformatics to
analyze miRNAs in TCGA-LUAD to obtain miR-335-5p,
which had targeted binding sites with CCNB2 and was
significantly down-regulated in LUAD. A series of experi-
ments results showed that miR-335-5p could target the
down-
regulation of CCNB2 in LUAD cell lines, indicating that it
was likely to regulate the process of LUAD as a tumor

SUppressor.
miR-335-5p has been related to certain types of
cancer.”* 2 miR-335-5p inhibits cell proliferation, migra-

tion and invasion in colorectal cancer through downregu-
lating LDHB.?” miR-335-5p targeting ICAM-1 inhibits
invasion and metastasis of thyroid cancer cells.”® And
miR-335-5p inhibits TGF-Bl-induced EMT in NSCLC
via ROCK1.*’ In this study, we also verified whether
miR-335-5p could affect the function of LUAD cells by
regulating CCNB2 at the cellular level. The results showed
that overexpression of miR-335-5p significantly inhibited
the proliferation and metastasis of LUAD cell lines, and its
inhibitory effect could be reversed when CCNB2 was
overexpressed, which were in parallel to the trend of
miR-335-5p effects in other tumors. Besides, miR-335-5p
has also been reported to restore cisplatin sensitivity in
ovarian cancer cells via targeting BCL2L2,** which indi-
cates that miR-335-5p may play an important role in the
process of tumor treatment. In the future, we can also use
the miR-335-5p/CCNB2 axis as a target site for LUAD

molecular therapy, so as to improve the therapeutic effects
and prognosis of LUAD patients.

CCNB2, as a key protein in the cell cycle, has
a significant impact on the proliferation of cancer cells.
Our study explored the mechanism of up-regulated
CCNB2 in regulating the malignant process of LUAD as
a target gene of miR-335-5p. In the future, CCNB2 can not
only be used as a marker for the diagnosis of LUAD, but
also may be able to improve the therapeutic effect of
LUAD patients. And this may be a new direction for our
future research. In conclusion, this study provides a new
theoretical basis for molecular targeted therapy of LUAD
in the future.
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