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Abstract: Objective: Mechanism by which CCNB1 regulates the cell cycle progression and its prognostic function in
non-squamous non-small cell lung cancer (NSCLC) are necessary to be further elucidated. Methods: Data retrieved
from gene expression omnibus (GEO) and cancer genome atlas (TCGA) combined with clinical data were used.
Survival analysis was conducted in public datasets. Proteomics and co-immunoprecipation assays were designed
to unravel proteins with interaction with CCNBZ1. Short hairpin RNA and small interfering RNA as well as overex-
pressing genes of interest were used. Results: CCNB1 was not implicated in apoptosis, migration and invasion of
NSCLC cells. After either knockdown or overexpression of CCNB1, the occurrence of cell cycle arrest in G2/M phase,
fewer cloning formation and diminished dimension of xenograft tumors were observed. CCNB1 expression level was
clinically associated with several clinicopathological parameters including gender, smoking, T stage and N stage.
Survival analysis showed that the higher level of CCNB1, the more dismal outcome in overall survival as well as in
disease-free survival. Mechanistically, we confirmed that the role of CCNB1 on cell cycle and cloning formation was
dependent on UBA52, which was able to promote degradation of CCNB1; nevertheless, this consequence relied on
APC11. Knockdown of APC11 led to cell cycle arrest in G2/M and less cloning formation even in the presence of
overexpressed UBA52. Following upregulation of APC11, the protein of CCNB1 degraded with resultant cell cycle
progression and more cloning formation. Conclusion: Degradation of CCNB1 by APC11 via UBA52 ubiquitylation was
critical in cell cycle progression and proliferation of NSCLC cell lines.
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Introduction

Lung cancer is the leading cause of cancer-
related death worldwide [1, 2]. Although re-
markable advances have been made in the
treatment of this disease, the 5-year overall
survival rate is still only 19% based on the data
of patients definitively diagnosed between
2008 and 2014 as lung cancer [1]. Therefore,
lung cancer remains a great challenge with re-
spect to the improvement of prognosis within
this patient population. Owing to this unsatis-
factory status quo, further study on lung can-
cer is warranted.

Recently, studies on the mechanism of tumori-
genesis have revealed that tumors are as a
result of various gene mutations followed by
abnormality of cellular signal transduction pa-

thways, which are almost usually associated
with the signals stimulating the cellular prolif-
eration. It is the fact that cell cycle is the inte-
gration of all upstream signal pathways deter-
mining whether a cell with tumorigenic muta-
tions is able to develop into cancer; thus the
relationship between cell cycle and tumorigen-
esis has been emphasized [3, 4]. In human
body, the events of cell turnover are relevant to
cell cycle, with most cells as in quiescent state,
and the only cells being necessary for prolifera-
tion respond to growth signals, whereas they
are under strict regulations through a variety of
ways. Dysregulation of cell cycle of cancer cells
is characterized as one of the critical properti-
es evidenced by previous reports [4-6].

Cell cycle can be divided into several sequential
phases as follows: GO/G1, S and G2/M phases
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with the transition between phases occurring
to ensure the completion of cell cycle. The suc-
cessful transition from one prior phase to the
subsequent one is controlled by many specific
factors termed cyclins and cyclin-dependent
kinases (CDKs) [7]. CCNB1 as one of the essen-
tial cyclins plays important roles in G2/M tran-
sition and ensuring completion of M phase,
with the former effect achieved in conjunction
with  CCNA; whereas the latter one is only
accomplished by sole CCNB1 based on current
evidences [8-10]. To our knowledge, the goal of
cell cycle of mitosis is to form two daughter
cells, which are the consequent of successful
completion of M phase of cell cycle. Therefore,
the role of CCNB1 to play in M phase is of
extreme importance, thereby the exit of cell
cycle is implemented. To ensure the comple-
tion of cell cycle, the levels of CCNB1 must be
decreased in metaphase through the process
called ubiquitin-mediated degradation.

Ubiquitin is a small molecular weight protein
composed of 76 amino acids, which are edited
by four types of genes UBA52, UBA8SO, UBB
and UBC [11, 12]. The products of UBB and
UBC are polyubiquitin chains [13] and those of
UBA52 and UBAS8O are fusion proteins contain-
ing ubiquitin at the N terminus [13, 14]. The
aforementioned forms of products of ubiquitin-
related genes are sources of ubiquitin in addi-
tion to free ubiquitin in cytoplasm. Ubiquitin
functions through a process called ubiquitina-
tion to induce its substrates to degrade [15,
16]. There are three key ubiquitin-related en-
zymes involving this process detailed as fol-
lows: firstly, ubiquitin activating enzyme (E1) via
the assistance of adenosine triphosphate (ATP)
providing energy activates ubiquitin by for-
mation of thiol ester bond between its ac-
tive cysteine sites and glycine residual sites;
subsequently, activated ubiquitin is transferr-
ed to ubiquitin conjugated enzyme (E2) through
thiol ester bond formed between activated
ubiquitin and E2; eventually, ubiquitin ligase
E3 recognizes its substrates and transfers the
E2-ubiquitin complex to their substrate to com-
plete the process ubiquitination of specific tar-
gets [17-19]. Ubiquitinated substrates are able
to be degraded by 26S proteasome [20]. This
model is the major approach to promote degra-
dation of proteins in cells [21]. The specificity
of ubiquitination is defined by E3 [22]. In mi-
tosis, anaphase promoting complex/cyclosome
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(APC/C) complex as an E3 ligase plays key ro-
les in the ubiquitination of substrates and is
extensively studied. The core structure of APC/
C is composed of APC11, APC2 and other elev-
en components, with APC11 functioning as E3
ligase and APC2 as the skeleton subunit [23,
24]. Ubiquitination of CCNB1 in cell cycle via
APC/C followed by its degradation is capable of
promoting the transition from metaphase to
anaphase and the mitotic exit to form two
daughter cells [25]. Based on these evidences,
ubiquitin mediated degradation of CCNB1 is
the essential step to ensure the completion of
mitosis.

However, there are four distinct genes associ-
ated with origin of ubiquitin, one of which is
UBAS2 as described above. The expression lev-
els of UBA52 in porcine blastocyst is 6 fold th-
at in metaphase follicles [26]. Similar phenom-
enon was found in both rhesus and mouse,
indicating its importance in the early develop-
ment of embryo [27, 28]. After inhibiting the
expression of UBA52, the deceleration of em-
bryo development of rhesus signified that UBA-
52 is able to promote embryo development [27,
29]. It is in fact that the embryo is featured by
rapid development, notable cell proliferation
and accelerated cell cycle progression; addi-
tionally, the level of UBA52 is higher in normal
developing embryos than that in stunted em-
bryos. Hence we hypothesized that UBA52
might positively stimulate the proliferation of
cells and this hypothesis have proven to be tr-
ue in a previous study, in which knocking out
UBA52 resulted in lethal arrest of porcine oo-
cyte development as well as cell cycle arrest
[28, 29]. In human tumors, UBA52 has been
shown to be able to promote tumorigenesis of
colorectal cancer [28]. Nonetheless, whether
UBA52 is capable of promoting M phase of cell
cycle to progress and proliferation of lung can-
cer cells through APC11 is unclear. In addition,
CCNB1 has been shown to be highly expressed
in lung cancer and associated with clinicopath-
ological parameters [30, 31]. However, these
results were mostly derived from squamous
cell carcinoma of non-small cell lung cancer
(NSCLC) with a lack of special address of the
relationship between CCNB1 and non-squa-
mous NSCLC.

For the sake of further validating the roles of
CCNBL1 in NSCLC specifically in terms of non-
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squamous NSCLC histology and probing wh-
ether ubiquitination of CCNB1 by APC11 via
UBAB2 is able to promote cell cycle progressi-
on in NSCLC cells, we conducted this study.
Our results showed that CCNB1 was associ-
ated with clinicopathological parameters of
patients with lung cancer and could promote
NSCLC cells proliferation and cell cycle progr-
ession. Its effect on proliferation and cell cy-
cle progression was accomplished through the
process of ubiquitination-mediated degradati-
on which was controlled by APC11 with UBA52
as the ubiquitin source.

Material and methods
Antibodies

Antibodies against MMP9 (ab228402), CCNB1
(@ab32053), CDK1 (ab131450), CCNA1l (ab-
133183), CDK2 (ab235941), Bcl-2 (ab196495),
UBAB52 (ab109227), rabbit IgG (ab172730) and
anti-FLAG tag (ab125243) were purchased
from Abcam (UK). Antibodies against CCNB1
(for Co-IP, sc-7393), APC11 (sc-517142) and
CCNB1 (sc-166757) were purchased from
Santa Cruz Biotechnology (USA). Antibodies
against ERK1 (#4372), ubiquitin (#3933),
mouse 1gG (#3420) and APC11 (14090s) were
purchased from Cell Signaling Technology
(USA). Rabbit anti-FLAG tag antibody (SAB-
4301135) was purchased from Sigma-Aldrich
(USA). Mouse anti-GAPDH antibody was pur-
chased from Bioss (China). Mouse antibody
against GAPDH (bsm-0978M) was purchased
from BIOSS (China). HRP conjugated goat-anti-
mouse 1gG (A0216) and HRP conjugated goat-
anti-rabbit 1gG (A0O208) antibodies were pur-
chased from Beyotime Biotechnology (China).

Cell lines and culture

The human NSCLC cell lines (H460 and PLA-
801D) were purchased from the Cell Bank of
the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). A549
and H1299 were kindly presented by Haiyang
Hu (Shanghai General Hospital), with 293T
and H1581 provided by Haixu Chen (Novobio
Scientific, Shanghai, China). Cell lines of 293T,
A549, H460 and PLA-801D were cultured in
Dulbecco’s modified Eagle’s medium (high glu-
cose, HyClone, USA) with H1299 in Roswell
Park Memorial Institute-1640 (RPMI-1640)
medium (Gibco, USA). All culture media were
supplemented with 10% fetal bovine serum
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(FBS; Gibco, USA) and 1% penicillin/streptomy-
cin (Life Technologies). Cells were cultured at
37°C under a humidified atmosphere with 5%
carbon dioxide.

Patients and tissue samples

A total of 83 patients with NSCLC were rec-
ruited between October 2018 and December
2018 in this study. All patients underwent
lobectomy for lung cancer with adenocarcino-
ma in histology as the selection criteria. Fresh
samples representing cancerous tissues and
paired adjacent normal tissues were obtained
and frozen in liquid nitrogen immediately after
the completion of procedure of lobectomy. The
clinicopathological parameters including age at
surgery, sex and pathological information were
collected from the medical history. All patients
provided written informed consent. This stu-
dy was approved by the ethics committee of
Shanghai General Hospital, Shanghai Jiao Tong
University School of Medicine (Shanghai, China)
(No. 2018KY253) and complied with the World
Medical Association Declaration of Helsinki.

Quantitative real-time PCR

Total RNA of tissue specimens and cells were
extracted using TRIzol reagent (Invitrogen, USA)
according to the manufacturer’s instructions.
M-MLV reverse transcriptase (Themo Fisher
Scientific, USA) was used to reversely tran-
scribe total RNA. Quantitative real-time poly-
merase chain reaction (QPCR) was performed
with Maxima SYBR Green qPCR Master Mixes
(Thermo Fisher Scientific) in a CFX96™ Real-
Time System (Bio-Rad, CA, USA). The corre-
sponding primers used in qPCR were shown
as follows: GAPDH, forward 5-CCCATGTTCG-
TCATGGGTGT-3’ and reverse 5-GATGGCATG-
GACTGTGGTCA-3’; CCNB1, forward 5-GCAGC-
ACCTGGCTAAGAATG-3’ and reverse 5-TGCCA-
CAGCCTTGGCTAAAT-3’; UBA52, forward 5'-TG-
ACCAGCAGCGTCTGATATT-3’ and reverse 5'-
GGAGCACACATACTTGCGG-3’; APC11, forward
5-CCCTGATGTCTAGGGAAGAGTC-3’ and reve-
rse 5-ACACTTGATCTGTGATGCCA-3’; Ubiquitin,
forward 5-CCTGAGGGGTGGCTGTTAAT-3' and
reverse 5-ATGCTACCATGCAACGAAACC-3'. Each
assay was performed in triplicate.

Western blot analysis and CO-IP

Total tissue and cell lysates were extracted
using RIPA lysis buffer with the protease inhibi-
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tor phenylmethanesuffonyl fluoride (Beyotime
Biotechnology, Jiangsu, China). Protein concen-
tration was determined with a BCA protein
assay kit (Beyotime Biotechnology) according
to the manufacturer’s instructions. The same
amounts of total protein 20 ug per lane were
electrophoresed via sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE)
gels and then transferred to polyvinylidene
fluoride (PVDF, Millipore, USA) membranes, whi-
ch was then blocked with 5% skim milk for one
hour at room temperature and followed by in-
cubation with primary antibodies at 4°C over-
night. After incubation with a secondary anti-
body for 1 hour at room temperature, the rela-
tive levels of proteins were detected with en-
hanced chemiluminescence system (Beyotime
Biotechnology, Jiangsu, China).

Co-IP assays were conducted using the Pier-
ce™ Classic Magnetic IP/Co-IP Kit (Thermofi-
sher, USA) according to the manufacturer’s
instruction.

Bioinformatics analysis

Seven microarray datasets regarding lung ade-
nocarcinoma [accession number: GSE19804
[32], GSE18842 [33], GSE191889 [34], GSE-
31552 [35], GSE43458 [36], GSE75037 [37],
GSE31210 [38] were retrieved from gene
expression omnibus (GEO) (https://www.ncbi.
nim.nih.gov/gds) database and lung adenocar-
cinoma dataset in the cancer genome atlas
(TCGA) (https://cancergenome.nih.gov/) data-
base was also obtained. The survival data were
available in both GSE31210 [38] and TCGA
datasets. The differently expressed genes
(DEGs) between cancerous and non-cancerous
tissue specimens in each dataset were identi-
fied by limma package under R language en-
vironment (R-3.4.2) from the Bioconductor proj-
ect with logFoldChang = 2 [39], which was also
used to detect DEGs in TCGA dataset. The
expression level of gene CCNB1 was validated
in these findings to confirm whether its expres-
sion levels were upregulated or downregulated
in cancerous tissues by comparison with nor-
mal lung tissues. Then the patients with lung
cancer in GSE31210 and TCGA datasets were
categorized into two groups according the
median expression levels of CCNB1 as either
high or low expression group. Subsequently,
the comparison of survival rate between these
two groups was conducted.

7169

Flow cytometry to evaluate apoptosis and cell
cycle

Apoptosis assays were performed using PE
Annexin V Apoptosis Detection Kit (BD Bio-
sciences) according to the manufacturer’'s
instruction. To assess the cell cycle distribu-
tion, cells were trypsinized, washed in PBS and
fixed with ice-cold 70% ethanol at 4°C over-
night. Prior to being stained, cells were washed
with PBS. The staining solution was composed
of 50 ug/ml Propidium lodide (Pl) (Beyotime
Biotechnology, China), 100 ug/ml ribonucle-
ase-A (RNaseA) (Beyotime Biotechnology,
China) and 0.2% Triton X-100 (Invitrogen, USA).
The cell pellets were resuspended with the
staining solution and stained in the dark for
30 min at room temperature. Cell cycle was
evaluated by a flow cytometer (FACSCalibur;
BD Biosciences). The data associated with flow
cytometry were dealt with FlowJo software.

Transfection, infection and establishment of
stable cell lines

The short-hairpin RNA (shRNA) interference
and overexpression assays were conducted
on the lentivirus-based plasmid pL6.3-shRNA-
NoGFP and pL6.3/MCS-BSD, respectively,
both of which were purchased from Novobio
Scientific (Shanghai, China). The restriction
sites BsmBl were selected to construct the
interference vector with Nhel and Ascl as the
restriction enzymatic sites for overexpression
vector. The shRNAs were synthesized by GE-
NEray (Shanghai) and after successfully an-
nealed into interfering vector, lentivirus-pack-
ing plasmids were transfected into 293T cells
using Lipofectamine 2000 (Invitrogen, USA).
The primary lentivirus were harvested at 48
hour or 72 hours after transfection, which were
used to infect AB49 and H1299 cells. The
sequences of corresponding genes for over-
expression experiments were synthesized by
GENEray (Shanghai). The shRNAs used were
shown as follows: CCNB1-shRNA2 forward:
5-CACCGGTTGTTGCA-GGAGACCATGTCGAAACA
TGGTCTCCTGCAACAACC-3’, reverse: 5-AAAA-
GGTTGTTGCAGGAGACCATGTTTCGACATGGTC-
TCCTGCAACAACC-3’; CCNB1-shRNA3 forward:
5-CACCGCAACATACTTTGGCCAAATACGAATAT-
TTGGCCAAAGTATGTTGC-3’, reverse: 5-AAAAG-
CAACATACTTTGGCCAA-ATATTCGTATTTGGCCAA
AGTATGTTGC-3’; UBA52-shRNA2 forward: 5-
CAC-CGGTGGCATTATTGAGCCTTCTCGAAAGAAG
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GCTCAATAATGCCACC-3, reverse: 5-AAAAGGTG
GCATTATTGAGCCTTCTTTCGAGAAGGCTCAATAA-
TGCCACC-3’; UBA52-shRNA3 forward: 5’-CAC-
CGCTTGCCCAGAAATACAA-CTGCGAACAGTTGTA
TTTCTGGGCAAGC-3’, reverse: 5-AAAAGCTTG-
CCC-AGAAATACAACTGTTCGCAGTTGTATTTCTGG
GCAAGC-3’; APC11-siRNA1, sense: 5-GCCC-
UUGAUCAAGAGACCATT-3’, anti-sense: 5-UG-
GUCUCUUGA-UCAAGGGCTT-3’; APC11-siRNA2,
sense: 5-CCUUGGUGCCUUGACCAUU-TT-3’, an-
ti-sense: AAUGGUCAAGGCACCAAGGTT-3'.

Transwell migration and Matrigel invasion as-
says

Tumor cell migration and invasion assays were
performed using Boyden chamber (Corning,
USA) containing 8 pm pore polycarbonate
membranes. Additional Matrigel (BD Bioscien-
ces, USA) was used in invasion assay compared
with migration one. A total of 200 pl of cell sus-
pension (1 x 10* cells) free of FBS was added
to the upper chamber and the lower chamber
was filled with 600 ul of medium supplemented
with 10% FBS. After incubation for 24 hours,
the cells in the upper chamber were removed
with those on the lower side of the membrane
fixed with 4% paraformaldehyde and subse-
quently stained with 1% crystal violet for 5 min-
utes. Cells were counted in five random fields.

Cloning formation assays

A amount of 200 cells were seeded in each well
of 6-well plate and incubated for 8-12 days
until the cloning was apparent. Prior to evalua-
tion, the cells were fixed by 4% paraformalde-
hyde and then stained with 1% crystal violet for
10 minutes. The number of colonies was calcu-
lated with the naked eye.

In vivo xenograft assay

The animal experiments were approved by the
Institutional Animal Care and Use Committee
of Experimental Animal Center of Shanghai
Tongji University. Five-week-old male BALB/c-
nu mice were purchased from Shanghai La-
boratory Animal Center, Chinese Academy of
Science (Shanghai, China). Six in number of
mice were assigned into each group. A total of
2 x 10° cells suspended in 100 ul PBS were
subcutaneously injected into the right flanks
of each nude mouse. Tumor dimension mea-
sured every 3 days from 10 days after injection.
Tumor volume was calculated as follows: vol-
ume = 1/2 x length x width?. Six weeks later,
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all mice were sacrificed and tumors were
removed.

Proteomic analysis by LC-MS/MS

Cell lysates were electrophoresed onto SDS-
PADGE, which was subsequently digested by
Filter-aided sample preparation (FASP) Protein
Digestion Kit (Expedeon, UK) according to the
manufacturer’s instruction. Samples were dis-
solved in solvent A (0.1% formic acid) and load-
ed onto Zorbax300SB-C18peptidtraps (Agilent
Technologies, Wilmington, DE). The peptides
were separated by a liquid chromatography col-
umn (0.5 mm*150 mm, RP-C18, Column
Technology Inc.) with a gradient of 4%-50% sol-
vent B (0.1% formic acid in 84% methyl cya-
nides) for 50 min, 50%-100% solvent B for 4
min and then holding at 100% solvent B for the
ultimate 6 min. The products were analyzed by
Q Exactive mass spectrometer (Thermo Fisher).

Statistical analysis

All assays were in triplicate test. The data were
expressed as mean + standard deviation (SD).
Student’s t test or Wilcoxon test were used for
comparison between groups. The association
of CCNB1 mRNA level with clinicopathological
parameters was addressed using binary logis-
tic regression analysis. Survival analysis was
performed using Kaplan-Meier method with
log-rank test in SPSS software (17.0). The bioin-
formatic analysis method was described above.
Except survival test with SPSS, all statistical
analysis was conducted in the environment of
R language (R-3.4.2). P<0.05 was considered
statistically significant. The symbol * denotes
P<0.05 with ** for P<0.001.

Results

CCNBL1 affected cell cycle and proliferation of
NSCLC cells

Both of mRNA and protein of CCNB1 were
detected in several NSCLC cell lines. The simi-
lar manner of expression of CCNB1 mRNA was
found in surgical specimens from patients with
NSCLC, with the level of CCNB1 protein expres-
sion being significantly higher in lung cancer tis-
sues than that in adjacent normal lung tissues
(Figure 1A). After the process of inhibiting
expression of CCNB1 mRNA using shRNA, the
levels of several other proteins were not af-
fected; similarly, the expression of these pro-
teins was not influenced by the upregulation of
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Figure 1. Significance of CCNB1 for NSCLC. (A) The extensive expression of CCNB1 in NSCLC cells and in NSCLC
cancerous tissues. (B) None impact of CCNB1 expression on several other proteins observed. CCNB1 showed effect
neither in apoptosis (C) nor in migration and invasion (D) in NSCLC cell lines. NSCLC: non-small cell lung cancer.

shRNA: short hairpin RNA.

CCNB1 (Figure 1B). Following the process of
both inhibiting and upregulating CCNB1, there
was no statistical difference observed in apop-
totic assay and migration and invasion study
both in A549 and H1299 cells (Figure 1C, 1D).
In contrast, significant difference was found
both in cell cycle and proliferation assay. In
A549, the ratios of cells in G2/M phase to cells
of whole cell cycle in shRNA2 and shRNA3
groups were (18+0.73)% and (18.42+0.56)%,
respectively. In comparison to control group
(13.1+£0.47)%, there was a significant differ-
ence in each interfering group with both P value
less than 0.001. Similar consequence was de-
tected in H1299 in cell cycle assay with cells
in G2/M accounting for (22.39+0.91)% in sh-
RNA2 group and (18+0.9)% for shRNA3 gr-
oup. When compared with their corresponding
controls, statistical significance was obtained
both in shRNA2 and shRNA3 groups with P
value as 0.008 and 0.001, respectively. As to
the impact of the upregulation of CCNB1 on
cell cycle, flow cytometry study showed that the
ratios of cells in G2/M phase both in overex-
pression group and control were (15.75+0.39)%
and (11.9+0.49)%, respectively, with P value
less than 0.001 when compared to control
group. Upregulating CCNB1 also resulted in
G2/M arrest in H1299 with the ratio rising from
(11.94£0.49)% in control to (15.75+£0.39)% (P
less than 0.001). Whereas no difference was
noted in the ratio of cells in GO/G1 phase as
well as in S phase both in A549 and H1299
cells (Figure 2A).

To evaluate the role of CCNB1 to play in promot-
ing proliferation of NSCLC cell, cloning forma-
tion assay was conducted. The amount of clon-
ing formation for A549 was 13+5.7/well in
shRNA2 group and 22+4.9/well for shRNAS3;
when compared with control (52+4.1/well),
the difference was significant with P value of
0.0014 and 0.0027 for shRNA2 and shRNA3
groups, respectively. After the overexpression
of CCNB1, the upregulated group conversely
demonstrated less cloning formation (34+£3.3/
well) than control (52+4.9/well) with P value
of 0.012 (Figure 2B). The A549 cells receiving
the same treatment used in proliferative assay
were subcutaneously injected in nude mice,
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which were sacrificed 44 days after injection.
The ultimate volume of the xenograft tumor
was significantly less in two CCNB1 knockdown
groups than that in control, with both P values
of less than 0.001. Like the results observed in
proliferation assay, the ability of tumorigenesis
of Ab49 cells after overexpression of CCNB1
also declined as shown in Figure 2C.

Validation of CCNB1 expression and its pre-
dictive value of survival in NSCLC patients in
public database

Following the evaluation of the impact of CC-
NB1 on cell cycle and proliferation in NSCLC
cells, we further retrieved seven microarray
datasets of lung adenocarcinoma from GEO
database to investigate and validate its ex-
pression in lung specimens and its prediction
of prognosis of NSCLC patients. A total of the
seven datasets showed that the expression of
CCNB1 was significantly higher in tumors than
in adjacent normal lung tissues. Subsequently,
the similar result was documented in lung ade-
nocarcinoma dataset from TCGA database.
As to its capability of predicting prognosis of
patients with lung adenocarcinoma, the surviv-
al data from GSE31210 and TCGA were inter-
preted with log-rank analysis. The overall sur-
vival was significantly poorer in CCNB1 high
expression group than in low expression group
as validated in TCGA dataset with P value of
0.001 and 0.002, respectively. With respect to
the disease-free survival, CCNB1 high expres-
sion was a dismal indicator in this concern both
in GEO and TCGA datasets with P value of less
than 0.001 and 0.005, respectively as shown
in Figure 3. In addition to the relationship
between the level of expression of CCNB1 and
its prediction of prognosis of NSCLC patients,
the question whether its expression level was
related to clinicopathological parameters was
further to be elucidated.

Association of CCNB1 expression with the clini-
cal information of NSCLC patients

In our 83 patients with adenocarcinoma of the
lung in histology, they were categorized into
high and low expression groups according to
the relative expression level of CCNB1 mRNA
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Table 1. Clinicopathological parameters of lung cancer patients

between CCNB1 high and low expression groups

derwent multivariate analy-
sis subsequently, which con-

Number of patients

firmed the association of the

expression level of CCNB1

Variables CCNB1 CCNB1 P . .
high-expression group low-expression group with gender, smoking, T
stage as well as N stage. And
Number 41 42 0.913 this relationship was validat-
Age (years) 0.915 ed by TCGA dataset (Table
>70 7 5 2).
55-70 20 25
<55 14 12 Owing to the significance of
Gender 0.012 CCNB1 in NSCLC cell lines
Female 26 15 and clinical data, the further
Male 15 o7 elu0|dat|.on of |ts. pqtgnt|al
) mechanism by which it influ-
Smoking (pack/year) 0.002 ences the cell cycle and pro-
None 17 7 liferation of NSCLC cell is
1-20 3 2 warranted.
20-50 8 6
>50 13 27 Identification of proteins
T stage 0.012 interacting with CCNB1 and
T 19 7 Qetermlnatlon of the gene of
o 18 30 interest to study
13 4 4 Co-immunoprecipitation as-
T4 0 1 say was conducted using
N stage 0.019 anti-CCNB1 antibody both in
NO 29 20 A549 and H1299 cells.
N1 10 14 The immunoprecipitation sa-
N2 2 8 mples were sent for pro-
teomics study. The findings
Metastases 0.986 showed that there were 15
No 40 41 proteins pulled down by anti-
Yes 1 1 CCNB1 antibody in both cells
TNM stage 0.033 shown in Figure 4A. After a
I 18 12 combination of our finding
I 21 20 and referring to literatures,
M 1 9 we selected UBA52 as the
v 1 1 potential gene of interest.

in cancerous tissues, with its median value as
the threshold value. The use of this criteria lead
to 41 patients divided into high-expression gr-
oup with the remaining 42 into the low-expres-
sion group. The age and state of metastases
appeared no difference between two groups.
In contrast, there was significant difference
among gender, smoking, T stage, N stage and
TNM stage between the two groups as shown
in Table 1. In the univariate analysis, gender,
smoking, T stage, N stage and TNM stage were
related to the level of CCNB1 mRNA as validat-
ed in TCGA dataset. The variables that showed
statistical difference in univariate analysis un-
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Then, we further validated
whether there was the pres-
ence of interaction between UBA52 and CCNB1
with UBA52 overexpressed and labeled with
FLAG tag. We first performed CO-IP using anti-
CCNB1 antibody and immunostained samples
with anti-FLAG antibody, with the resulting iden-
tification of FLAG-UBA52 band. Simultaneously,
CO-IP was conducted, whereas with anti-FLAG
antibody as the one that pulled down its target
protein and with anti-CCNB1 antibody as the
antibody that was used in the process of immu-
nostaining blot. The band related to CCNB1
was still present (Figure 4B). Therefore, we
deemed that UBA52 might interact with CCNB1
in NSCLC cells.
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Table 2. The association of CCNB1 expression level with variables from surgical specimen and TCGA

lung adenocarcinoma dataset

Univariate Multivariate

Variable Patient data TCGA Patient data TCGA

OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P
Age 1.010 (0.523-1.946) 0.977 1.284 (0.940-1.754) 0.116 - - - -
Gender 3.120(1.274-7.642) 0.013 2.065 (1.363-3.128) 0.001 3.149 (1.091-9.092) 0.034 2.051(1.335-3.149) 0.001
Smoking 1.708 (1.188-2.454) 0.004  1.177 (1.006-1.377) 0.043 1.648 (1.091-2.486) 0.017 1.185(1.007-1.395) 0.041
T stage 2.418 (1.146-5.103) 0.021  1.498(1.099-2.041) 0.010  3.374(1.304-8.729) 0.012 1.475(1.007-2.162) 0.046
N stage 2.259 (1.144-4.460) 0.019 1.502(1.120-2.016) 0.007 4.869 (1.302-18.212) 0.019 1.659 (1.069-2.573) 0.024
Metastases 0.976 (0.059-16.147) 0.986 3.034 (0.855-10.763) 0.086 - - - -
TNMstage 1.959 (1.033-3.721) 0.039  1.372(1.057-1.780) 0.017 0.433(0.123-1.527) 0.193 0.837 (0.540-1.298) 0.837

Notes: OR: odds ratio; CI, confidence interval; TCGA: The Cancer Genome Atlas.

UBA52 was able to affect cell cycle progres-
sion and A549 cell proliferation

Following the knockdown and overexpression
of UBA52, the former would lead to the detec-
tion of relatively increased level of CCNB1 pro-
tein with WB and the latter to a decreased
level of CCNB1 protein (Figure 4C). Of concern
was whether these alterations could affect the
cell cycle and proliferation of NSCLC cells. As to
cell cycle, an arrest in G2/M phase secondary
to shRNA knockdown of UBA52 was observed,
with the ratio of cells in G2/M increasing from
(12.06£0.93)% in control to (18.23+0.50)%
in shRNA2 group and (20+1.71)% in shRNA3
group in H1299 with each P value of 0.001
and 0.005, respectively; in A549, similar trends
were observed with the ratios of cells in G2/M
phase being (17.04+0.06)%, (23.36+0.03)%
and (23.69+1.62)% in control, shRNA2 and
shRNA3 groups, respectively (Figure 4D). In
A549 proliferation assay, the count of cloning
formation was 20+3.3 per well in number in
shRNA2 group and 18+2.4 per well in shRNA3
group, as compared with 61+4.5 per well in
control with both P values of less than 0.001.
After the overexpression of UBA52 in A549, the
amount of cloning formation increased from
61+6.1 per well in control to 96+4.5 per well in
overexpressed group, with P value of 0.003
(Figure 4E).

UBAB2 exerts its role as a source of ubiquitin
[21], which interacts with ubiquitin ligase E3 to
promote degradation of specific substrates
[40]. In cell cycle regulation, APC/C was report-
ed as one of the major component of the E3
family. Its core structure is APC11, which de-
fines its activity as a ubiquitin ligase E3 [40].
Therefore, the interaction between UBA52 and
APC11 and the impact of APC11 on cell cycle
and proliferation of NSCLC cells warrants to be
studied.
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APC11 expression correlates with the expres-
sion level of UBA52 and CCNB1 proteins and
functions on cell cycle and proliferation of
NSCLC cells

After inhibiting expression of APC11 protein
using siRNA, the increased level of CCNB1 pro-
tein was detected using WB method. In con-
trast, the level of CCNB1 protein was reduced
after overexpression of APC11. In both set-
tings, the UBA52 was rarely affected in the
form of protein level in WB study as shown in
Figure 5A. With respect to cell cycle, in H12-
99, the ratios of cells in G2/M were (17.02+
0.88)%, (23.64+1.42)% and (24.39+1.40)% in
control, siRNA1 and siRNA2 groups respective-
ly, with P value of 0.005 as comparing those
ratios in siRNA1 with that in control and 0.003
for siRNA2 group. In A549, the relevant ratios
were represented by (13.19+0.74)%, (18.47+
1.14)% and (19.45+0.74)% in control, siRNA1
and siRNA2 groups, respectively. The P value
for siRNA1 compared with control was 0.005
and 0.001 for siRNA2 (Figure 5B). In A549 pro-
liferative assay, the number of cloning forma-
tion was 53+2.4 per well in control compared
to 16+1.2 per well in siRNA1 and 14+2.1 per
well in siRNA2 with both P values of less than
0.001 for two experimental groups, respective-
ly (Figure 5C).

As the aforementioned statement, the conse-
quence of interfering with the expression of
one of the three genes CCNB1, UBA52 and
APC11 alone were clarified, especially in the
areas of cell cycle and cloning formation. How-
ever, whether this process of interfering would
affect another one or more interfering process
for these genes was needed to further verify
their interaction and determine their role in the
regulation of cell cycle and proliferation.
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Figure 4. Identification of an interaction between UBA52 and CCNB1 and the effect of UBA52 on cell cycle and clon-
ing formation. A. Proteomics analysis detected 15 proteins with possible interaction with CCNB1 including UBA52.
B. Co-immuoprecipation confirmed the presence of interaction between CCNB1 and UBA52. C. Both inhibiting and
enhancing the expression of UBA52 resulted in a change in the level of CCNB1 protein in Western-blot study. D.
Inhibition of UBA52 caused the arrest of cell cycle in G2/M of non-small cell lung cancer cells with its overexpression
reversing this impact. E. Both the interference and overexpression of UBA52 affected A549 cloning formation with
the former showing inhibitive property, as opposed to the reinforcing potential in the latter group. IP: immunoprecipi-
tation. ov: overexpression. shRNA: short hairpin RNA. *: P <0.05. **: P<0.001.

UBA52-mediated degradation of CCNB1 via
APC11 promotes cell cycle progression and
proliferation of NSCLC cells

As evidenced in Figures 1D, 2A, 2B, enhanced
expression of CCNB1 inhibited the ability of mi-
gration and invasion and cell cycle as well as
proliferation of NSCLC cells. In comparison with
these facts, overexpressed UBAS2 counteract-
ed the effects of the overexpression of CCNB1
alone as illustrated in Figure 6A-C as follows:
overexpression of UBAB2 induced the decr-
eased level of CCNB1 protein, eliminated the
inhibition to cell cycle progression and prolifer-
ation in CCNB1 overexpressed NSCLC cell line.
As shown in Figure 6C, the capability of cloning
formation was significantly reinforced with the
number of cloning in treated group versus in
control being 106+7.8 vs 27+4.5 with P value
of less than 0.001. In cell cycle analysis, in
H1299, the ratios of cells in G2/M phase we-
re (13.28+0.16)% in both gene overexpressed
group compared with (17.34+0.62)% in control
with P value of 0.003. No statistical signifi-
cance of ratios of cells in both GO/G1 and S
phases between groups was observed.

Nevertheless, these findings relied on APC11;
after interfering with the expression of APC11
with siRNA in both CCNB1 and UBA52 overex-
pressed A549 cell, the level of CCNB1 seemed
to slightly rise (Figure 6D). The ability of clo-
ning formation in CCNB1 and UBA52 overex-
pressed A549 was significantly suppressed in
APC11 interfered groups with 62+3.7 per well
of cloning in number in control, when compared
with 15+2.9 in siRNA1 and 17+2.9 in siRNA2,
resulting in both P values of less than 0.001
(Figure 6F). These suppressed trends were
also detected in cell cycle assay. In H1299, the
ratios of cells in G2/M were (22.99+1.07)%,
(24.67+0.51)% and (17.35+1.02)% in siRNA1,
siRNA2 and control groups, respectively, with P
value of siRNA1 vs control being 0.006 and
less than 0.001 for siRNA2 vs control. Similarly,
these inhibited events were present in A549,
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in which the ratios of cells increased from
(11.72+0.96)% in control to (18.9+0.49)% in
siRNA1 and (19.48+1.20)% in siRNA2 with the
P values of latter two groups compared with
the control being less than 0.001 and 0.002,
respectively (Figure 6E). In consistent with ex-
ception of resulting events after upregulating
APC11 in both CCNB1 and UBA5S2 overex-
pressed NSCLC cells, the level of CCNB1 pro-
tein was reduced (Figure 6G) and the ability of
cloning formation in A549 was enhanced from
71+6.9 per well in control to 135+13.9 per well
in triple gene overexpressed group with P value
of 0.004 (Figure 6l). As for the cell cycle of
NSCLC cells, the ratios of cells in G2/M phase
in H1299 decreased from (17.23+1.61)% in
control to (11.97+0.76)% and in A549 de-
creased from (12.1+1.47)% to (5.97+0.37)%
with P values in both H1299 and A549 cell
lines being 0.014 and 0.005, respectively. The
ratios of cells in GO/G1 and S phases in both
H1299 and A549 cell lines were comparable
(Figure 6H).

Discussion

CCNB1 was able to be predictive of the progno-
sis of patients with lung cancer, with the higher
level of CCNB1 resulting in the poorer outcome
[30, 31]. However, these findings are mainly
stemmed from the studies on squamous cell
histology in NSCLC; thus its role in non-squa-
mous NSCLC warrants further investigation.
Moreover, in previous studies, the level of
expression of CCNB1 was predominantly deter-
mined using immunohistochemistry approach.
As the advent of microarray technology and the
establishment of public database such as TCGA
and GEO, a vast amount of gene-associated
expression data in the form of RNA sequencing
were available for assessing the prognostic sig-
nificance of gene expression [32-38]. Therefore,
our present study utilized the median levels of
CCNB1 mRNA as the criteria for dividing the
patients with NSCLC into high expression group
and low expression group, resulting in nearly

Am J Transl Res 2019;11(11):7166-7185
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each 50% of patients in both groups. Based on
previous reports, the ratios of CCNB1 overex-
pression in NSCLC ranged from 40.9%-88%
[41, 42]; accordingly, the median of CCNB1
mRNA as cutoff value leading to nearly equal
number of patients in two groups is reasonable.
Yet the optimal method to evaluate the expres-
sion state of CCNB1 warrants further study. In
our clinical data, the level of CCNB1 mRNA cor-
related with gender, smoking status, T stage
and N stage and this association was validated
via TCGA lung adenocarcinoma dataset as
reported by Yoshida T. and associates [31].
Owing to our lack of follow-up material, we used
the survival data in GSE31210 [38] from GEO
to evaluate the prognosis of CCNB1 level in the
fashion of RNA seq with the dataset from TCGA
as the validation set. After survival analysis, we
revealed that the higher level of CCNB1 RNA
seq indicates a more dismal outcome both in
disease-free survival and in overall survival as
well as in TCGA validation dataset. In NSCLC
cell lines, CCNB1 had no role to play on apopto-
sis, migration, invasion and interference with
the expression of a variety of other proteins. In
the cell cycle assay, inhibiting the expression of
CCNB1 led to the cell cycle arrest in G2/M
phase, which was consistent with the previous
evidence [43, 44]. This event of cell cycle arrest
in G2/M might result from the dominant role of
CCNB1 in promoting cell cycle progression to
accomplish the mitosis [45-49]. To our knowl-
edge, the goal of mitosis is to produce two
daughter cells to induce tumor cell prolifera-
tion. Arrest in cell cycle inevitably causes sup-
pression of tumor cell growth. Therefore, the
ability of cloning formation in A549 reduced
following inhibition of the expression of CCNB1.
Of interest, overexpression of CCNB1 also
resulted in cell cycle arrest in G2/M and inhibi-
tion of A549 cell proliferation. This finding might
be explained by the study of Chang D.C et al
that introduction of undegradable CCNB1, even
in a relatively low level, into cells would block
cell cycle progression [45]. The means of over-
expressing CCNB1 in the present study was in a
lentivirus-mediated fashion, which might pro-
duce the amount of CCNB1 protein exceeding
the level of its degradation.

During the cell cycle progression, degradation
of CCNB1 enables the transition from meta-
phase to anaphase in mitosis. The process
involving the degradation of CCNB1 is termed
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ubiquitination-mediated degradation, which is
accomplished under the sequential interaction
of ubiquitin-associated enzymes such as E1,
E2 and E3 with its substrates [17, 19, 50, 51].
Ubiquitin is the initiator of this process. In
human body, there are several genes being
able to provide ubiquitin, one of which is UB-
A52 [11, 12]. UBA52 functioned essentially in
early embryogenesis [52, 53]. After knockout of
UBA52, fatal arrest of development of porcine
oocytes occurred [27]. Although UBA52 might
play an important role in embryogenesis, its
roles on cell cycle and proliferation of NSCLC
cell lines are unknown. In our proteomics analy-
sis, UBAS2 was identified as one of the pro-
teins with potential interaction with CCNB1,
and then this probable interaction was verified
by co-immunoprecipitation assay. Upregulation
of UBAS2 resulted in both a higher amount of
cloning formation and an increase in cell cycle
progression as well as in combined CCNB1
overexpressed cell lines. In contrast, the re-
verse events were observed following knock-
down of UBAS2. As to how UBA52 influences
these processes, this is our concern aimed at
exploring its mechanism by which it conducts
its role in NSCLC cell lines.

In WB assay, we detected that the level of
CCNB1 protein was relatively reduced after
overexpression of UBA52 even in CCNB1 over-
expressed cell lines and was increased after
knock-down of UBA52. Based on the fact that
UBA52 is a source of ubiquitin, we hypothe-
sized that the impact on CCNB1 by manipula-
tion of UBA52 be a process depended on deg-
radation mediated by UBA52 in NSCLC cell
lines. As we described above, ubiquitination is
related to a variety of enzymes, including E3
which determines the specificity of substrates
recognized [54]. In cell cycle, E3 is represented
by APC/C [55], which consists of 19 subunits
with APC11 as its enzymatic unit [56]. Our find-
ings were agreement with the previous reports,
which showed that inhibiting the expression of
APC11 induced the cell cycle arrest in G2/M
[56, 57]. Additionally, APC11 contributed to
the A549 cell proliferation in cloning formation
assay. As to its impact on CCNB1, overexpres-
sion of APC11 also led to decreased level of
CCNBAJ1 protein and its downregulation resulted
in higher level of CCNB1 in WB study with no
change in the level of UBA52 protein observed.
These findings encouraged us to speculate th-
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at in NSCLC cell lines degradation of CCNB1
by UBAS2 requiring the participation of APC11.
In our further investigation, with the level of
APC11 expression being altered in CCNB1 and
UBA52 combined overexpressed NSCLC cell
lines, knock-down of APC11 lead to the cell
cycle arrest in G2/M in NSCLC cell lines and
decreased the ability of cloning formation in
A549; whereas the facilitating effects in both
cell cycle and cloning formation were detected
after upregulation of APC11.In protein level of
both CCNB1 and UBA52 overexpressed A549
cell, overexpression and inhibition of APC11
caused the level of CCNB1 to be relatively
declined and remain in high level, respectively.

Our study showed that CCNB1 in NSCLC cell
lines was essential to the cell cycle progression
as well as cloning formation and these roles
were dependent on the its interaction with
UBAB2, which is a source of ubiquitin [11-14]
and induced the degradation of CCNB1 to ac-
complish the above function. However, this
interaction was under the regulation of APC11,
a subunit of E3 ligase in ubiquitin-mediated
degradation of various substrates [23, 24]. In
combined overexpression of CCNB1 and UBA-
52, knock-down of APC11 resulted in cell cycle
arrest in G2/M and limited amount of cloning
formation, both of which were reversed in NS-
CLC cells following upregulation of APC11. In
addition, reduced level of CCNB1 protein after
overexpressing APC11 was observed even in
CCNB1 overexpressed cells. In summary,
based on the previous evidence that UBAS2
and APC11 participate in ubiquitin-mediated de-
gradation of substrates, our study showed that,
in non-squamous NSCLC cells, degradation of
CCNB1 by APC11 via UBA52 ubiquitination
induced cell cycle progression and enhanced
cellular proliferation.
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