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Abstract

In our studies, cyclin B1 (CCNB1) mRNA and protein were overexpressed in hepatocellular
carcinoma (HCC) tissues compared with non-HCC tissues. Moreover, CCNB1 was overex-
pressed in the serum of HCC patients. The expression of CCNB1 was associated with
several crucial clinicopathologic characteristics, and the HCC patients with overexpressed
CCNB1 had worse overall survival outcomes. In the screening of interactional genes, a total
of 266 upregulated co-expression genes, which were positively associated with CCNB1,
were selected from the datasets, and 67 downregulated co-expression genes, which were
negatively associated with CCNB1, were identified. The key genes might be functionally
enriched in DNA replication and the cell cycle pathways. CDC20, CCNA2, PLK1, and FTCD
were selected for further research because they were highly connected in the protein-
protein interaction networks. Upregulated CDC20, CCNA2, and PLK1 and downregulated FTCD might result in undesirable overall
survival outcomes for HCC patients. The univariate Cox analysis results showed that CDC20 and PLK1 might be two independent
risk factors, while FTCD might be protective in HCC. Therefore, CCNB1 may participate in the cell cycle of HCC by regulating DNA
replication, and CCNB17 may provide a direction for the diagnosis of early-stage HCC and targeted HCC therapy.

Impact statement

CCNB1 may serve as a crucial biomarker in
hepatocellular carcinoma (HCC) based on
results from large sample sizes (HCC
samples = 3065, normal samples =2693).
Moreover, the serum CCNB1 could serve
as a promising diagnostic biomarker due to
its overexpression in the patients with
early-stage HCC. CCNB1 might contribute
to the development of HCC by mediating
DNA replication in the cell cycle pathway,
indicating that CCNB1 might be an impor-
tant therapeutic target for exploiting a
novel targeted therapy.
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Introduction

Liver cancer remains one of the commonest digestive
tumors worldwide.! Around 75-80% of the primary liver
cancer cases are classified as hepatocellular carcinoma
(HCC), which is the commonest pathological type of liver
cancer.” However, due to the absence of clear symptoms in
the early stages of HCC, patients failed to receive timely
interventions, which contributes to their undesirable prog-
nosis.”* Although hepatectomy, liver transplantation, and
radiofrequency ablation have been used to treat HCC, the
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treatment results remain unsatisfying because of long-term
recurrence and drug resistance. >

B-type cyclins have attracted wide attention because
their expression is upregulated in the G2/M phase to pro-
mote cell mitosis.” Among these B-type cyclins, cyclin Bl
(CCNBI) is a key promoter of mitosis, and its expression
varies periodically throughout the cell cycle. The knockout
of CCNBI can suppress the invasiveness and migration of
SMMC-7721 cell line.® The complex formed from the com-
bination of CCNB1 and CDKI can promote cell cycle
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progression via phosphorylation of the substrates.” In addi-
tion, CDK1-CCNB1 has been demonstrated to be an indis-
pensable factor of the spindle checkpoint that ensures the
accuracy of mitosis by enabling MPS1 kinetochore
localization. '

Various studies have showed that the overexpression
of CCNB1 is common in many cancers, such as
adrenocortical carcinoma, cervical carcinoma, stomach
cancer, non-small cell lung cancer, and rhabdomyosarco-
ma.’*™® A study showed that CCNB1 could promote the
proliferation of pituitary adenomas and stimulate
epithelial-to-mesenchymal transition.'” In pancreatic
cancer, CCNBI silencing promotes cell senescence and sup-
presses cell proliferation by activating the p53 signaling
pathway.'® In addition, the downregulation of miR-16
also induces GO/Gl1 cell cycle arrest by targeting CCNBI.
APC11 can also cause the degradation of CCNB1 via the
ubiquitination of UBA52, resulting in the enhanced prolif-
eration ability of lung cancer cells. *°

Increasing evidences demonstrated the intimate associ-
ations between CCNB1 and HCC. CCNBI is illustrated to be
an immune-infiltrations-associated prognostic biomarker
for HCC, suggesting that it may be an interventional
target for treating HCC patients.*® CCNB1 is also involved
in the functioning of microRNAs, to regulate the occurrence
and progress of HCC.**"*> CCNB1 overexpression has been
associated with higher histological grades and higher risks
of vascular invasion, and HCC patients with upregulated
CCNB1 had undesirable survival condition, indicating that
CCNB1 might play a key role in the deterioration of HCC.*
As a result of various studies, CCNB1 is believed to be
overexpressed in HCC.*"**?**" However, a large sample
size is needed to verify the expression patterns of CCNB1 in
HCC, and the mechanisms of CCNB1 in HCC are still
unknown. Moreover, the potential clinical implications of
CCNB1 expression in HCC patients need to be further
studied.

Therefore, we focus on exploring the potential mecha-
nisms of CCNB1 in HCC development and the relationship
between CCNB1 and clinicopathologic features of HCC by
examining CCNBI1 at the mRNA and protein levels. In addi-
tion, we focused on finding novel therapeutic targets for
HCC patients.

Materials and methods

Data enrolment of public databases

HCC expression matrices were selected and downloaded
from the ArrayExpress, Gene Expression Omnibus, The
Cancer Genome Atlas databases, and Genotype-Tissue
Expression. The studies were integrated if they came
from the same platform. The following standards were
developed for study inclusion: (1) the merged studies had
both HCC samples and non-HCC samples that had a clear
diagnosis, (2) the total sample size of the studies was >6,
and (3) the subjects of the studies were Homo sapiens.
Studies containing samples with various types of treatment
(virus transfection, gene silencing, gene knockout,

treatment, etc.) and studies without mRNA expression
data were excluded. Gene sets on the serum CCNB1 expres-
sion level of HCC patients were also considered eligible
datasets and were used to evaluate the clinical value of
CCNB1 in screening early-stage HCC patients. In addition,
the association between CCNB1 mRNA levels and the clin-
icopathology of HCC patients was identified based on the
TCGA database.

Internal immunohistochemistry

The tissue samples were provided by the CCNB1 with 315
HCC and 195 non-HCC liver tissues. The specimens were
fixed with formalin and stained using immunohistochem-
istry (IHC). IHC was performed with CCNB1 antibody. The
clinicopathologic data of the patients were extracted and
recorded, and data were collected in compliance with eth-
ical policies. Our study was approved by the ethics com-
mittee of Guangxi Medical University Cancer Hospital
(NO. 2021-KY-Guoji-099). Each participating patient
signed an informed consent form, and all operations fol-
lowed the manufacturer’s regulations and requirements.

Gene set enrichment analysis

Gene Set Enrichment Analysis (GSEA) was performed to
explore the conventional pathways and biological process-
es related to CCNB1 in HCC. Based on the median expres-
sion value of CCNBI1 in the TCGA dataset, HCC patients
were classified into two groups, and the expression level of
CCNB1 mRNA was regarded as a phenotypic label. Finally,
we investigated the CCNB1-mediated molecular functions
in HCC by using GSEA v4.0.1 software, where h.all.v6.0.
symbols.gmt was exploited as a reference gene set. The
false discovery rate threshold was set at <0.01.

Filtration of interactional genes of CCNB1

Co-expressed genes and differentially expressed genes
were selected from the datasets of the aforementioned data-
bases. Weighted Gene Co-expression Network Analysis
(WGCNA) was conducted to identify the clinically signifi-
cant modules of CCNB1 from the aforementioned datasets
of the TCGA database. All procedures were conducted
using R v3.6.3.

The Pearson’s Correlation Coefficients (PCCs) between
CCNBI1 and other alternative genes in each mRNA expres-
sion matrix were calculated. The identification criteria
of significant co-expression genes of CCNB1 were
(a) PCCs>0.3, P <0.05 or (b) PCCs < —0.3, P <0.05.

“Limma-Voom” R package was used to preliminarily
identify differential expression genes. The differential
expression genes of CCNB1 were selected based on the
following identification criteria: (a) [log,FC| >1 and
(b) adjusted P <0.05. Standard mean differences (SMDs)
were calculated to identify the final differential expression
genes.

A WGCNA was conducted to determine the genes that
were most related to CCNBI1 using the “WGCNA” and
“limma” R packages. The number of genes was>50 to
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Figure 1. Protein expression of CCNB1 in HCC through immunohistochemistry. (a-c) normal tissue. (d, €) HCC tissue. HCC, hepatocellular carcinoma. (A color version
of this figure is available in the online journal.)
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Figure 2. CCNB1 mRNA expression in HCC tissues according to various databases. The scatter plots indicate increased CCNB1 expression levels in HCC compared
with normal liver tissue. HCC, hepatocellular carcinoma. (A color version of this figure is available in the online journal.)

ensure a desirable dependability. The soft threshold was set  the co-expression module related to HCC that contained
at f=11 to construct a scale-free topology (R*>0.90). CCNBI, and then the genes of this module were selected
Through a WGCNA of the TCGA dataset, we determined  for further research.
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Figure 3. The expression of CCNB71 mRNA in the serum of HCC patients. (a) HCC compared with non-HCC. (b) HCC compared with normal liver. (c) HCC compared
with chronic hepatitis. HCC, hepatocellular carcinoma. (A color version of this figure is available in the online journal.)

Enrichment analyses

The gene ontology (GO) terms (i.e., cellular component,
molecular function, and biological process) were enriched
to predict the prospective molecular functions of CCNB1 by
using DAVID v6.8. Kyoto Encyclopedia of Genes and
Genomes (KEGG) and PANTHER functional annotations
were conducted to identify the signaling pathways
enriched by the intersected genes of the co-expression
genes and the differential expression genes recovered
from the above procedures. The disease ontology (DO)
analysis was used to reveal the diseases that were enriched
by the genes obtained from the above procedures; results
were visualized via R v3.6.3. The protein-protein interac-
tion (PPI) analyses for the two groups of genes obtained
from the above procedures were based on STRING v11.0
and were performed using Cytoscape v3.8.0.

Statistical analyses

To detect the differences in CCNB1 expression between the
HCC tissues and the non-HCC tissues, an independent
sample t-test was performed. To evaluate the diagnostic
efficacy of the indicators, we assessed the ability of
CCNBI1 to distinguish between HCC patients and noncan-
cerous patients by analyzing bean plots and the receiver
operating characteristic (ROC) curves with the area under
curve (AUC). The summary standard mean difference
(SMD) was calculated to evaluate the expression level of
CCNBI1 in HCC patients. Heterogeneity and publication
bias were then tested. The specificity and sensitivity of
CCNBI1 in these studies were measured using Stata v12.0.
For survival analyses, the Kaplan-Meier curves were plot-
ted to further understand the prognostic value of CCNBI1 in
HCC patients. All Kaplan-Meier curves were plotted
by using R v3.6.3. Univariate and multivariate Cox regres-
sion analyses were performed to calculate the hazard ratios
in HCC patients by using the mRNA expression levels of
key genes and survival data provided by the TCGA
datasets.

Results

Inclusion of expression data and collection of clinical
information

Through the aforementioned databases, a total of 77 studies
were obtained based on the inclusion and exclusion criteria.
Ten integrated datasets of CCNBI mRNA expression in
HCC were obtained by merging studies from the same plat-
form and removing their batches, which covered 48 of the
77 aforementioned studies (Supplemental Table 1).
GSE114564 was selected for the identification of the
serum mRNA expression status of CCNB1 in HCC patients.
The protein expression values of CCNB1 in HCC was
obtained using IHC. In the studies included, GSE76427,
GSE10143, and TCGA were used to probe the relationship
between CCNBI1 expression level and the survival condi-
tion of HCC patients.

Increased expression levels of CCNB71 in HCC

The design of our study is shown in Supplemental Figure 1.
Based on the in-house IHC staining, increased CCNB1 pro-
tein expression was more evident in HCC tissue samples in
comparison to normal tissue samples (Figure 1 and
Supplemental Figure 2(a)). Moreover, increased expression
of CCNBI protein was detected in the groups characterized
by stages T2-T4 compared to those characterized by the T1
stage (Supplemental Figure 2(b)). As the bean plots in
Figure 2 show, the expression of CCNBI was significantly
increased in HCC tissues when compared with that in the
non-HCC tissues (all with P values less than 0.05).
Moreover, the serum mRNA expression level of CCNBI1
was elevated in the HCC group compared with the non-
HCC group (Figure 3(a)). Interestingly, elevated serum
CCNB1 expression was found in the HCC patients com-
pared with that in the normal liver and in chronic hepatitis
patients (Figure 3(b) and (c), respectively). The AUC of
these 11 datasets indicated that CCNB1 might have a high
ability to significantly differentiate between HCC group
and non-HCC group (Supplemental Figure 3). The integrat-
ed SMD was 1.88 (95% Cl=1.62—-2.15), indicating that
CCNB1 was overexpressed in HCC group compared to
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Figure 4. The expression level and differentiating capacity of CCNB1 in hepatocellular carcinoma. SMD, standardized mean difference. (A color version of this figure is

available in the online journal.)

non-HCC group (Figure 4(a)). The summarized ROC curve
demonstrated that CCNB1 had a high discriminatory capa-
bility for HCC (AUC =93%, Figure 4(b)), and this was con-
firmed using the sensitivity (Figure 5(a)) and specificity
results (Figure 5(b)), the positive and negative likelihood
ratio (Figure 5(c) and (d)). In the Fagan plot, the probability

before the test was 20%, and the probability of using
CCNBI1 to detect the positive results of HCC was 66%, sug-
gesting that CCNB1 may be helpful for screening early-
staged HCC patients (Figure 4(c)). No significant publica-
tion bias was detected (Figure 4(d)). The results showed
significant heterogeneity; thus, the random effects model
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Figure 5. The discriminatory ability of CCNB1 in hepatocellular carcinoma. (a) Sensitivity analysis. (b) Forest plot of specificity. (c and d) Forest plot of positive
likelihood ratio and negative likelihood ratio, respectively. (A color version of this figure is available in the online journal.)

was used (I’=90%, P <0.05). No significant difference
existed according to the forest plot of sensitivity analysis
(Figure 4(e)).

The relationship between CCNB1 expression and
clinical significance in HCC

As shown in Table 1, there were significant differences in
CCNB1 mRNA expression based on tissue type
(P <0.0005), race (P =10.0260), neoplasm histologic grade I
(P < 0.0005), neoplasm histologic grade II (P =0.0270), and
pathologic stage I (P <0.0005). The differences in age
(P=0.3810), gender (P =0.0560), and Child-Pugh classifi-
cation grade (P=0.2780) were insignificant. The overex-
pression of CCNB1 suggested an unsatisfactory overall
survival (OS) in HCC patients based on a survival analysis
(Figures 6(a) to (c)).

GSEA

“DNA repair,” “E2F targets,” “MTORCI signaling,” and
“MYC targeting” were most enriched in the CCNB1 over-
expression phenotype based on the TCGA HCC cohort
(P <0.0005), suggesting that CCNB1 may be involved in
HCC development through multiple signaling pathways
(Figure 7).

Interactional genes of CCNB1 in HCC

A total of 667 positive co-expression genes, which
appeared in at least eight mRNA expression matrices,
were screened, and 617 negative co-expression genes,
which appeared in at least seven mRNA expression matri-
ces, were selected.

Using the R package “Limma-Voom,” we obtained 3736
upregulated differential expression genes and 1663 down-
regulated differential expression genes.

Through the WGCNA, 17 modules were obtained. We
found that the module “turquoise” contained CCNBI.
Therefore, the genes from “turquoise” were collected for
subsequent screening for potential target genes of CCNB1
(Supplemental Figure 4). Finally, 1709 genes that had a high
degree of co-expression were chosen. The blue color in the
normal group and the red color in the tumor group show
that the genes from the module “turquoise” are mainly
overexpressed in HCC (correlation coefficient=0.56,
P <0.0001, Supplemental Figure 4(c)).

Functional enrichment and co-expression network
analysis

By intersecting positively co-expressed genes, upregulated
differential expression genes, and WGCNA CCNBI-related
modules, we obtained 266 upregulated and HCC-
associated co-expression genes, which were positively
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Table 1. Clinical pathological parameters of 361 patients diagnosed with HCC from TCGA database.

Clinical parameters N Mean + standard deviation TorF P-value
Tissue
Normal 50 (12.2%) 6.1313+0.8544 -15.359 P < 0.0005
Tumor 361 (87.8%) 7.1313+1.8544
Ages
<60 167 (46.8%) 9.6409 +1.5917 1.422 0.3810
>60 190 (53.2%) 9.4099 +1.4776
Gender
Female 117 (32.4%) 9.6459 + 1.3599 1.057 0.0560
Male 244 (67.6%) 9.4644 +1.6014
Race
White 176 (50.4%) 9.3378 +1.5467 F=23.669 0.0260
Asian 156 (44.7%) 9.7866 +1.4783
Black or African American 17 (4.9%) 9.3859 +1.7321
Neoplasm histologic grade-I
G1 53 (14.9%) 8.6218 +1.5561 F=15.977 P < 0.0005
G2 171 (48.0%) 9.3294 +£1.4779
G3 121 (34.0%) 10.143 +1.3557
G4 11 (3.1%) 10.0598 +1.0119
Neoplasm histologic grade-l|
G1-G2 224 (62.9%) 9.162 + 1.5234 -6.105 0.0270
G3-G4 132 (37.1%) 10.136 +1.3275
Pathologic stage-I
Stage | 167 (49.6%) 9.1667 +1.4104 7.626 <0.0005
Stage I 82 (24.3%) 9.8037 +1.5262
Stage Il 84 (24.9%) 10.0344 +1.5637
Stage IV 4 (1.2%) 9.2856 +0.9102
Pathologic stage-Il
Stage |-l 249 (73.9%) 9.3765+£1.4773 —3.365 0.6490
Stage llI-IV 88 (26.1%) 10.0004 + 1.5447
Child Pugh classification grade
A 212 (90.6%) 9.3358 +1.4484 F=1.288 0.2780
B 21 (9.0%) 9.3586 + 1.4394
(¢} 1(0.4%) 7.0112

HCC: hepatocellular carcinoma; TCGA: The Cancer Genome Atlas; T: unpaired independent sample t-test; F: F-test or analysis of variance.
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Figure 6. Evaluation of the prognostic value of CCNBT1 in hepatocellular carcinoma. (a) GSE76427. (b) GSE10143. (c) The Cancer Genome Atlas. (A color version of this
figure is available in the online journal.)



402 Experimental Biology and Medicine  Volume 247 March 2022

(a) Enrichment plot: HALLMARK_DNA_REPAIR
0.7 1

gﬂ.ﬁ—

2051

§ 04/ FDR<0.0005

E 3] NES=2.1976612

! P<0.0005

£ 0.1

“ 0ol

g |

@ 0§

-:é- 00 i

§ 25 | . . T inegatively ?OH‘OIHQGI ) )
&éu o 10.000 20.000 30,000 40,000 50,000 80.000

Rank in Ordered Dataset

i— Enrichment profile — Hits Ranking mefric scores

()

Enrichment plot: HALLMARK_MTORC1_SIGNALING

G~ 0.6

~'§' 05

§ ! /FDR<0.0005

= 0.3

2,/ NES=2.1107454

../ P<0.0005

w004

g 1.0 | (postrely comeiated) - [

§ .|

@ o5

§ | Zero cross at 43172

§ 05 | i i _T inegatively comelated) § )
E /] 10,000 20,000 30.000 40,000 50,000 60.000

Rank in Ordered Dataset

!— Enrichment profile — Hits Ranking metric scores

7 0.8
-3— 0.7
5 "¢ |FDR<0.0005
‘i 014 {INES=2.1394942
_§Ej: P<0.0005
So1

0.0

05

Zero cross at 43172
00

05 |

T (negatively comelated)
o 10,000

Ranked list metric (SignalZNoise)

20,000 30,000 40,000 50.000 60,000

Rank in Ordered Dataset

I— Enrichment profile — Hits Ranking metric scores

(d)
Enrichment plot: HALLMARK_MYC_TARGETS_V1

0.8
@07
E’ 0.6
g 0.5
= 04
202
02
Z ot
0.0

FDR<0.0005
NES=2.1089737
P<0.0005

il

&

=}

=

=

™

=

2

@ os
g Zero cros: 1317
]

2

[

&

0.0

05 T (negatively comelated)
20.000 30,000 40.000
Rank in Ordered Dataset

L] 10,000 50.000 60,000

|— Enrichment profile — Hits Ranking metric scores|

Figure 7. Gene Set Enrichment Analysis of CCNB1 in hepatocellular carcinoma based on the Cancer Genome Atlas database. (a) DNA repair. (b) E2F targets. (c)
MTORC1 signaling. (d) MYC targets. (A color version of this figure is available in the online journal.)

related to CCNB1 (Supplemental Figure 5(a)). In GO enrich-
ment analyses, the most notably enriched functional terms
were “DNA replication,” “cell division” in biological pro-
cess, “nucleoplasm,” and “cytosol” in cellular component,
and “protein binding” and “ATP binding” in molecular
function (P <0.001, Figure 8(b) to (d)). KEGG pathway
analyses showed that “cell cycle” and “DNA replication”
played important roles in HCC (P <0.001, Figure 8(e)).
Interestingly, the top pathway in the PANTHER analysis
was “DNA replication,” followed by “cell cycle” (Figure 8
(f)). A PPI network analysis identified that three genes
(CDC20, CCNA2, and PLK1) might play an indispensable
role in CCNBI-mediated pathways in HCC (Figure 8(a)).
The DO analysis result showed that these overlapped
genes might be related to some diseases, such as ataxia
telangiectasia and sensory system cancer (Figure 10(a)).
By overlapping negatively co-expressed genes, down-
regulated differential expression genes, and WGCNA

CCNB1-related modules, we obtained 67 downregulated
and HCC-associated co-expression genes, which were
negatively related to CCNB1 (Supplemental Figure 5(b)).
In GO enrichment analyses, the most notably enriched
functional terms were “oxidation-reduction process” in
biological process, “extracellular exosome” in cellular
component, and “monooxygenase activity” in molecular
function (P < 0.001, Figure 9(b) to (d)). These overlapped
genes were enriched in “metabolic pathways,” “drug
metabolism-cytochrome P450,” and “metabolism of xeno-
biotics by cytochrome P450” (Figure 9(e) and (f)). PPI net-
work analyses showed that FTCD could be a key gene in
HCC (Figure 9(a)). These overlapped genes may have a
close relationship with some diseases, such as coronary
artery disease and myocardial infarction (Figure 10(b)).
CDC20, CCNA2, PLK1, and FTCD were selected to inves-
tigate the relationship between key genes and the clinico-
pathologic features as well as prognoses of HCC patients.
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The relationship between key genes of CCNB1 and
clinicopathologic features

Based on the TCGA and GTEx databases, we found that
CDC20, CCNA2, and PLK1 were overexpressed in HCC
tissues, whereas the expression of FICD was downregu-
lated in HCC tissues (Supplemental Figure 6). The group
with a high expression of CDC20, CCNA2, and PLK1
showed a worse OS rate than the low expression group
(P <0.01, Figure 11(a) to (c)). The survival analyses indicat-
ed that the lower FTCD expression predicted worse OS
rates (P=0.009, Figure 11(d)). The result of univariate
Cox regression analysis implied that the whole clinical
stages, T stage, M stage, PLK1, and CDC20 expression
levels might be five independent risk factors of HCC,
while FTCD might be a protective factor of HCC
(P<0.05 Table 2). However, the result of multivariate
Cox analysis was insignificant.

Discussion

The occurrence and progression of liver cancer is a compli-
cated biological process. Due to recurrence, metastasis, and
other factors, the prognosis of HCC patients has not been
effectively improved. Therefore, to treat HCC patients, it is
of great significance to search for potential specific molec-
ular biological targets and elucidate the potential molecular
mechanisms of HCC. In this study, CCNB1 was

upregulated in HCC in a large dataset containing 3065
HCC samples and 2693 normal samples. We also revealed
that the serum CCNB1 mRNA expression level was
increased in HCC patients, suggesting that CCNBI1 may
be a crucial indicator for the early screening of HCC
patients.

A total of 266 upregulated HCC-associated co-expres-
sion genes, which were positively associated with CCNBI,
and 67 downregulated HCC-associated co-expression
genes, which were negatively related with CCNB1, were
selected from the dataset. According to the KEGG and
PANTHER results, the upregulated co-expression genes
that positively associated with CCNB1 were aggregated in
the DNA replication and the cell cycle pathways. The
downregulated co-expression genes, which were negative-
ly associated with CCNB1, were mainly involved in some
metabolic pathways. GSEA result implied that DNA repair
was related to HCC. With the development of carcinogen-
esis in HCC, the DNA repair pathway is more enhanced in
high-grade HCC compared to low-grade HCC.*! Based on
the survival analysis of CCNBI, its poor prognosis was
related to its high expression. However, the results of the
survival analysis of GSE76427 and GSE10143 were not
ideal. It is likely that the sample sizes of those two datasets
were not large enough to account for the different OS
between two HCC groups (i.e.,, high CCNBI expression
group versus low CCNBI expression group). Given the
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Table 2. Univariate and multiple Cox analysis of key genes of CCNB1 in HCC.

Univariate Cox analysis

Univariate Cox analysis

Characteristics HR HR.95L HR.95H P value HR HR.95L HR.95H P value
Age 1.005006 0.986857 1.02349 0.591219

Gender 0.780125 0.487182 1.249215 0.301298

Grade 1.017173 0.745926 1.387055 0.914313

Stage 1.86469 1.455816 2.388397 <0.0005 1.184675 0.491352 2.856313 0.705863
T 1.804388 1.43414 2.270223 <0.0005 1.386427 0.621025 3.095171 0.425236
M 3.849834 1.206809 12.28133 <0.0005 1.724869 0.467319 6.36647 0.413246
N 2.021833 0.493927 8.276134 0.327563

PLK1 1.120903 1.069089 1.175227 <0.0005 1.051893 0.949687 1.165099 0.332001
CCNA2 1.016156 0.997696 1.034959 0.08665

CDC20 1.023539 1.013634 1.033541 <0.0005 1.008825 0.988736 1.029322 0.391911
FTCD 0.994437 0.990238 0.998653 0.009761 0.998473 0.994212 1.002751 0.483545

HCC: hepatocellular carcinoma; HR: Hazard Ratio; 95L: 95% lower limit of confidence interval; 95H: 95% higher limit of confidence interval.

key promoter roles of CCNB1 in mitosis and its overexpres-
sion in early HCC, we considered another reason for the
insignificance of CCNB1 prognosis to be that CCNBI
might affect only early HCC and have no or an unknown
effect in HCC development. Thus, CCNB1 could not
influence the OS time of patients with advanced HCC.
These results provide clues on the mechanisms of CCNB1
in HCC. The Kaplan-Meier analysis showed that CDC20,
CCNA2, PLK1, and FTCD had effective prognostic value
for HCC patients, and based on univariate Cox
regression analyses, CDC20, PLK1, and FTCD were inde-
pendent prognostic factors. The multivariate Cox

regression analyses may have been unable to detect a sta-
tistical significance on such genes due to the small sizes of
the HCC samples.

CDC20, a cell cycle regulator, is believed to perform an
essential role in HCC formation.” It is greatly involved in
the progression of HCC by managing PHD3.%
Furthermore, the overexpression of CDC20 in HCC has
been shown to contribute to unsatisfactory OS and
disease-free survival outcomes.*

Intriguingly, researchers found that viral insertion and
structural rearrangements that activated CCNA2 and
CCNE1 could be used to define a subtype of invasive
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HCC.** A report showed that CSN1 could enhance the pro-
liferative and migrated abilities of MHCC-LM3 cells by
upregulating CCNA2 expression.”®> Moreover, CCNA?2 is
active in the cytoplasm to activate PLK1 during the S/G2
transition.*

PLK1, a crucial cell cycle regulator, is frequently upregu-
lated in various cancers. PLK1 has been shown to enhance
carcinogenesis by causing chromosomal instability and
eliminating cell cycle checkpoints.”” PLK1-induced phos-
phorylation of PARP10 at the T601 site can inhibit the
single ADP ribosyltransferase activity of PLK1, sequentially
promoting the transcriptional activity of NF-B and acceler-
ating the occurrence of HCC.*®

FTCD has been correlated with autoimmune hepatitis,
and HCC patients with lower FTCD expression have a
worse prognosis than those with higher ones.** During
mitotic Golgi reassembly, p97 and p47 can influence mem-
brane tethering by binding to FTCD.*

CCNBI1 has been reported to have a close relation with
miRNA or IncRNA in HCC. CCNBI1 expression was
remarkably elevated in UPK1A-ASl-overexpressed HCC
cells, which enhanced HCC deterioration by promoting
cell cycle progression via interactions with EZH2.%* In addi-
tion, CCNB1 might be a binding target of miR-6884-3p.*
LINCO00346 regulates invasiveness, apoptosis, and the cell
cycle in HCC cells by influencing CDK1/CCNB1 expres-
sion.”! Moreover, CCNB1 was a direct target gene of miR-
144 that could later inhibit HCC cell growth, migration, and
invasion.®

The closed connection with miRNA or IncRNA implied
that CCNB1 may be a potential interventional target for
HCC patients. There are several studies showing that
CCNBI1 serves as a prospective interventional target in can-
cers.”®*! Some studies demonstrated that the inhibition of
CCNB1 expression could enhance the apoptotic rate of
HCC cells, suppress cell invasion and proliferation, and
halt HCC cell lines in the G0/G1 phase.gm’28 Moreover,
some reports have regarded CCNB1 as an interacting
gene in other potential targeted HCC therapies."***
Taken together, this evidence suggests that CCNB1 may
serve as a possible interventional target for treating HCC.
However, more in-depth experimental validations must be
conducted in the future.

This study provides a novel and effective exploration
method, and it suggests that CCNBI may be a promising
target for preventing and treating HCC and is a promising
prognostic gene biomarker for HCC. Despite the continu-
ous improvements in current diagnosis and treatment
methods, the mortality rate of HCC patients remains
high. In this setting, more effective, sensitive, and specific
diagnostic and prognostic indicators as well as targeted
therapy methods are urgently needed. Currently, alpha
fetoprotein (AFP) is regarded as the most commonly used
biomarker for the early screening of HCC, but its value is
limited: 30 percent of HCC cases do not show an increase in
AFP. This study also addressed the relevance between
CCNB1 expression and clinicopathological parameters:
CCNB1 was associated with OS, pathological stages,
T stage, races, and age. CCNB1 predicted worse survival
conditions of HCC patients, which could be supported by

a previous research in which microRNA-144 was found to
attenuate the proliferation and invasion abilities of HCC
cells after CCNB1 was knocked out.® In the present study,
the differential genes predominantly participated in the cell
cycle and the DNA replication pathways. As is known, the
development of tumor partially attributes to the distur-
bance of the normal cell cycle. Many researchers have
found that CCNB1 expression is upregulated in tumor tis-
sues. A study demonstrated that CCNB1 mRNA was direct-
ly targeted by miR-718 in lung cancer and the decreased
expression of CCNB1 could inhibit the growth and migra-
tion of cancer cells.'” Some researchers found that the
expression of ectopic hnRNPR increased the expression of
CCNB1, while the inhibition of hnRNPR decreased the
expression of CCNBI. Silencing CCNB1 partially reversed
the effect of hnRNPR in GC cells.?

The merit of our study is that we found the expression of
CCNB1 to increase in HCC based on results from a large
sample size and illuminated the relationship between
CCNB1 expression and clinicopathologic features. With
the utilization of WGCNA, the interactional genes of
CCNBI1 that we found could be more accurate. The “DNA
replication” pathway acting in HCC was validated by both
KEGG and PANTHER analyses, which have high reliabili-
ty. Four key genes we selected (CDC20, CCNA2, PLK1, and
FICD) are involved in the progress of HCC. The expression
of the four key genes differed significantly in the HCC
tissues compared with the normal tissues. The four genes
are also important prognostic factors in HCC. Hence,
CCNB1 is mainly involved in DNA replication to regulate
the cell cycle process in HCC, and this may direct a novel
avenue for the targeted therapy of HCC.

Nevertheless, this study has its limitations. First, in the
IHC analysis, we only selected tissue samples from one
hospital, and the sample size should be expanded. To over-
come this issue, we integrated gene chips and RNA
sequencing datasets to obtain more comprehensive and
convincing results. Second, since this was a multi-center
study, there was obvious heterogeneity in the study,
which may have caused unavoidable differences between
our results and those of various studies. However, several
strategies were taken to minimize the adverse effects of
high heterogeneity. We not only removed the inter-study
batch effects, but we also utilized a random effect model
when calculating the SMD result. Future studies should
provide more evidence to support our findings using in
vivo, in vitro, or even clinical trials.

In conclusion, the results strongly suggest that CCNB1
may participate in the cell cycle pathway in HCC by regu-
lating DNA replication, and the serum CCNBI1 may be a
potential indictor for the screening of early-stage HCC.
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