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Cyclin B1 acts as a tumor
microenvironment-related
cancer promoter and
prognostic biomarker in
hepatocellular carcinoma
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Wenzhe Fan, Xinchen Zhang and Dequan Wu

Abstract

Objectives: The present study aimed to develop a gene signature based on the ESTIMATE

algorithm in hepatocellular carcinoma (HCC) and explore possible cancer promoters.

Methods: The ESTIMATE and CIBERSORT algorithms were applied to calculate the immune/

stromal scores and the proportion of tumor-infiltrating immune cells (TICs) in a cohort of HCC

patients. The differentially expressed genes (DEGs) were screened by Cox proportional hazards

regression analysis and protein–protein interaction (PPI) network construction. Cyclin B1

(CCNB1) function was verified using experiments.

Results: The stromal and immune scores were associated with clinicopathological factors and

recurrence-free survival (RFS) in HCC patients. In total, 546 DEGs were up-regulated in low

score groups, 127 of which were associated with RFS. CCNB1 was regarded as the most pre-

dictive factor closely related to prognosis of HCC and could be a cancer promoter. Gene Set

Enrichment Analysis (GSEA) and CIBERSORT analyses indicated that CCNB1 levels influenced

HCC tumor microenvironment (TME) immune activity.

Conclusions: The ESTIMATE signature can be used as a prognosis tool in HCC. CCNB1 is a

tumor promoter and contributes to TME status conversion.
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Introduction

Based on the latest global cancer epidemic
statistics (GLOBOCAN), hepatocellular
carcinoma (HCC) is one of the most fatal
diseases, ranking fourth among all tumors
worldwide.1 HCC accounts for 70% to
85% of primary liver cancers with about
750,000 new cases and 700,000 deaths
each year.1 HCC patients are frequently
diagnosed at advanced stage with 5-year
survival rates less than 30%.2 At present,
treatment for HCC mainly includes surgical
resection, interventional therapy, and per-
cutaneous ablation. Chemotherapy and tar-
geted therapies are generally less effective.
It is therefore necessary to identify more
effective molecular biomarkers and thera-
peutic targets. To achieve this goal,
researchers have established certain whole
gene expression data sets, including The
Cancer Genome Atlas (TCGA) database,
to analyze genomic abnormalities in
cancer cases.3

Intrinsic genes, especially main transcrip-
tion factors, have always been the focus of
malignancy research. However, it has been
suggested that the tumor microenvironment
(TME) is of critical importance for tumor-
associated gene expression.4 The TME is
the cellular milieu around where the
tumor is located. It is considered to be a
crucial factor for determining the survival
and proliferation of tumor cells in metastat-
ic lesions.5 In addition to tumor cells, the
TME of HCC is composed of stromal cells,
extracellular matrix, and intercellular com-
munication molecules that regulate immune

escape and immune therapy response of

HCC cells.6 To assess the tumor purity of

the TME, Yoshihara et al.4 established a

computational method called Estimation

of STromal and Immune cells in

MAlignant Tumor tissues using

Expression data (ESTIMATE). By analyz-

ing gene expression characteristics, the

algorithm can calculate immune and stro-

mal scores as main parameters. In subse-

quent studies, the ESTIMATE program

was applied to prostate cancer,7 breast

cancer,8 colon cancer,9 and glioblastoma,10

demonstrating the effectiveness of this big

data-based algorithm. However, the useful-

ness of the ESTIMATE algorithm in HCC

has not been investigated in detail.
CCNB1, the gene coding for cyclin B1,

belongs to the highly conserved cyclin

family and is a regulatory factor involved

in mitosis and cell cycle progression.11 It is

broadly expressed in lymph node tissue and

provides proper control for the G2/M

phase transition. In addition, CCNB1 com-

bines with p34(cdc2) to form the

maturation-promoting factor (MPF).12

Here, by further comparing differentially

expressed genes (DEGs), we demonstrate

that CCNB1 is a potential factor responsi-

ble for the change of TME status in HCC.

Materials and methods

Ethical approval

The data used in this study were from

TCGA database; consent and ethics-related
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documents can be found here: https://

www.cancer.gov/about-nci/organization/ccg

/research/structural-genomics/tcga/history/

policies. Further ethical approval was given

by Second Affiliated Hospital of Harbin

Medical University.

TCGA Data

Gene expression profiles of HCC tumors

were accessed from the TCGA database

(https://tcga-data.nci.nih.gov/tcga/), which

was measured experimentally using the

Illumina HiSeq 2000 RNA Sequencing plat-

form by the University of North Carolina

TCGA genome characterization center.3

This dataset shows gene-level transcription-

al estimates, as in log2(xþ1) transformed

RSEM normalized count. Clinical data

were also obtained from the same portal.

Immune scores and stromal scores were

gained by running ESTIMATE computa-

tional methods.4 For results verification, a

gene expression profile GSE54236 was

downloaded from the Gene Expression

Omnibus (GEO) database (GPL6480 plat-

form, GPL6480 Agilent-014850 Whole

Human Genome Microarray 4x44K

G4112F). According to the platform anno-

tation information, the probes were trans-

formed into the corresponding genetic

symbol.

Identification of differentially expressed

genes (DEGs)

Overall, 232 HCC cases were divided into

upper and lower halves relative to the

median values of the immune and stromal

scores. The limma package was used to per-

form data analysis.13 The cut-off value was

set as fold change> 1.5 and adj. P< 0.05 to

filter the TCGA data and identify DEGs,

which were generated by the comparison

between the high-score cases vs. the low-

score cases.

Heatmaps

The open-source web tool ClustVis was

used to build heatmaps.14

Protein–protein interaction (PPI) network

construction

Data for protein–protein interaction (PPI)

networks were provided by the Search Tool

for the Retrieval of Interacting Genes

(STRING; http://string-db.org) (version

10.0)15 and constructed by Cytoscape soft-

ware.16 The topological clustering tool

Molecular Complex Detection (MCODE)

(version 1.4.2) was used to detect densely

connected clusters.17

Enrichment analysis of DEGs

Gene Ontology (GO) and Kyoto

Encyclopedia of Genes and Genomes

(KEGG) enrichment analyses were per-

formed with the cluster Profiler, enrichplot,

and ggplot2 packages. The items with

P< 0.05 were considered significantly

enriched.

Enrichment analysis of gene sets

Gene Set Enrichment Analysis (GSEA)-3.0

software was used to perform the analysis.

Hallmark, KEGG, GO, and C7 gene sets of

v6.2 collections were obtained as the target

set from the Molecular Signatures

Database. Listed gene sets with nominal

(NOM) P< 0.05 were considered statistical-

ly significant.

Tumor-infiltrating immune cell (TIC)

profiles

The distribution of tumor-infiltrating

immune cells (TICs) abundance in all

tumor samples was estimated using the

CIBERSORT calculation method. The

cases with P< 0.05 were filtered for further

analysis.
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Tissue collection

Paraffin‑embedded HCC specimens and
paired non-cancerous tissues from 108
patients were selected from the
Department of General Surgery, Second
Affiliated Hospital of Harbin Medical
University (Harbin, China) between
January 2013 and January 2015. The
study protocol was approved by the Ethics
Committee of the Second Affiliated
Hospital of Harbin Medical University
and samples were obtained with written
informed consent.

Immunohistochemical staining analysis

In brief, 4-mm-thick sections were cut from
paraffin‑embedded specimens, then depar-
affinized, rehydrated, and heated according
to procedural standards. Subsequently, the
sections were placed in 3% hydrogen per-
oxide at room temperature for 10 minutes
to remove endogenous peroxidase activity,
followed by blocking with 1% bovine
serum albumin (BSA). The samples were
then incubated with a CCNB1 primary
antibody (1:100 ABclonal, Wuhan, China)
at 4�C overnight. Finally, the sections were
incubated with biotin‑labeled secondary
antibody (1:100; HY90046; Shanghai
HengYuan Biological Technology Co.
Ltd., Shanghai, China) at 37�C for 30
minutes and horse-radish peroxidase-conju-
gated streptavidin for 20 minutes. A Leica
DM4000B/M microscope (Leica
Microsystems, Inc., Buffalo Grove, IL,
USA) was used for observation.

Cell culture and transfections

Huh7 and HepG2 cells were obtained from
the American Type Culture Collection
(ATCC). Both cell lines were cultured in
Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal
bovine serum (FBS) (Thermo Fisher
Scientific, Waltham, MA, USA) and

incubated at 37�C and 5% CO2. A small

interfering RNA (siRNA) against CCNB1

and scrambled siRNA negative control

were synthesized by GenePharma

(Shanghai, China). Transient transfections

in cells were performed with Lipofectamine

2000 (Thermo Fisher Scientific) according to

the manufacturer’s instructions.

Immunofluorescence assay

Cells were seeded in culture dishes and

grown for 2 days. Cells in the logarithmic

phase of growth were washed with phos-

phate buffered saline (PBS) and fixed with

4% paraformaldehyde at room temperature

for 30 minutes. A 0.2% Triton X-100 solu-

tion was used to permeabilize cell mem-

branes. After blocking in 5% BSA for 30

minutes, the cells were incubated with a

CCNB1 primary antibody (1:100 ABclonal)

at 4�C overnight. The cells were further

washed with PBS three times and incubated

with fluorescence-conjugated secondary

antibodies for 1 hour. The nuclei were

stained with 40,6-Diamidine-20-phenylindole
dihydrochloride (DAPI, C1002, Beyotime,

Shanghai, China). Finally, immunofluores-

cence images were captured by confocal

microscope (Olympus FV1000, Japan).

Cell proliferation, migration, and invasion

assays

Cell Counting Kit (CCK)-8 assays (C0038,

Beyotime) were used to evaluate the prolif-

eration rates of untreated and CCNB1-

deficient HCC cells. 2� 103 cells were

plated in 96-well plates and the absorbance

readings at 450 nm were recorded every 24

hours. For Transwell migration and

Matrigel invasion assays, cells were incu-

bated for 24 hours, then any migrated

cells were fixed with methanol and stained

with crystal violet. Cell migration and inva-

sion were observed under a microscope.
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Establishment of animal models

Animal models were established based on
institutional protocols and approved by the

Animal Ethics Committee of Harbin
Medical University. For in vivo experiments,

4-week-old male BALB/c nude mice were
injected with equal numbers of HCC cells
stably infected with pL/shRNA/F-CCNB1

or pL/shRNA/F (5� 106 cells/injection for
Huh7 cells). These vectors are for a short

hairpin RNA (shRNA) against CCNB1
and control shRNA. About 4 weeks after

xenotransplantation, mice were sacrificed
and xenografts were removed, weighed,
and photographed. Tumor diameters were

observed with a precision caliper to calculate
the mass volume.

Statistical analysis and survival curves

SPSS 20.0 software (IBM, Armonk, NY,
USA) and GraphPad Prism 7.0

(GraphPad Software, San Diego, CA,
USA) were used for statistical analysis. All
results are expressed as mean� standard

deviation (SD). Data for non-parametric
variables were evaluated by chi-square

tests. Student’s t-tests were used for para-
metric variables. The relationships between

DEG expression levels and patient
recurrence-free survival (RFS) were illus-
trated with Kaplan–Meier plots and Cox

proportional hazards regression models.
The results was tested using log-rank tests.

P-values< 0.05 were regarded as statistical-
ly significant.

Results

Immune and stromal scores are

significantly correlated with

clinicopathological factors and RFS of

HCC patients

We screened data from TCGA database for
HCC cases that received only radical

resection with RFS more than 30 days.

Ultimately, 232 cases were enrolled. The

ESTIMATE method was used to obtain

immune and stromal scores and then

analyze both with clinicopathological

factors. Statistics indicated that the

stromal score was associated with histolog-

ical grade (P¼ 0.006), body mass index

(BMI) (P¼ 0.018), and hepatitis virus infec-

tion (P¼ 0.025). The immune score was

relevant with the clinical stage (P¼ 0.007),

but the stromal score (P¼ 0.070) was not

statistically significant (Table 1).
To demonstrate the potential relation-

ship between RFS and immune and/or stro-

mal scores, 232 HCC cases were divided

into upper and lower halves (high vs. low

groups). According to the Kaplan–Meier

survival curves (Table 2), the median RFS

of the high stromal score group was longer

than that of the low score group (1432 days

vs. 776 days, P¼ 0.0326). Consistently, the

high immune score group also had longer

median RFS than the low score group (2028

days vs. 592 days, P< 0.0001). In addition,

we performed prognostic statistical analysis

of other pathological factors and confirmed

that clinical stage (P< 0.001), microvascu-

lar invasion (MVI) (P¼ 0.026), surgical

method (P< 0.001), and viral hepatitis

(P¼ 0.008) were also associated with RFS

(Table 2).
Parameters confirmed as significant in

the univariate log-rank test, along with

some important clinicopathological factors,

were included in the multivariate Cox

regression model. The statistics indicated

that the immune score (P¼ 0.003, Table 3)

could possibly serve as an independent

prognostic marker for RFS. Furthermore,

clinical stage (P 5 0.005), BMI (P¼ 0.038),

and surgical method (P¼ 0.027) were also

significantly associated with prognosis. The

stromal score (P¼ 0.238) also showed a

trend of relevance, although it was not sta-

tistically significant (Table 3).
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Identification of DEGs with stromal and/or
immune scores in HCC

We compared RNA-sequencing (RNA-seq)
data of low vs. high immune/stromal
scores cohorts (Figure 1a,b) and identified
433 and 174 up-regulated genes in the
low stromal and low immune score
groups, respectively (fold change> 1.5,
P< 0.05). A total of 546 genes were up-
regulated in both groups, of which 61
genes were commonly up-regulated
(Figure 1c). Therefore, we decided to

focus on all of these up-regulated DEGs
for follow-up analysis. The most significant
features of GO enrichment analysis are
shown in Figure 1d, including nuclear divi-
sion, chromosome segregation, and organ-
elle fission. By KEGG enrichment analysis,
up-regulated DEGs were enriched in cell
cycle and metabolism of xenobiotics by
cytochrome P450 signaling pathways
(Figure 1e). Therefore, the overall function
of these DEGs seems to be related to tumor
development.

Table 1. Association between immune and/or stromal scores and clinicopathological characteristics in
hepatocellular carcinoma (HCC) patients.

Immune scores Stromal scores

Variable

Number of

Patients Mean� SE P-value Mean� SE P-value

Age, years 0.588 0.197

�50 44 23.36� 119.3 �637.8� 98.22

>50 188 �37.85� 46.91 �760.7� 39.84

Sex 0.755 0.215

Female 78 �6.839� 83.36 �672.2� 68.43

Male 154 �36.07� 51.56 �770.4� 44.17

Histological grade 0.936 0.006

G1/G2 144 �28.02� 52.69 �660.5� 46.53

G3/G4 85 �20.57� 81.27 �872.5� 61.16

Clinical stage 0.007 0.070

I/II 164 46.59� 53.15 �713.7� 44.66

III/IV 55 �240.2� 86.2 �873.1� 71.79

Child–Pugh 0.325 0.347

A 145 �31.66� 52.51 �774.3� 44.12

B 11 �223.5� 131.8 �926.8� 67.58

MVI 0.858 0.504

No 131 �10.53� 54.29 �693.3� 47.99

Yes 68 �27.98� 86.18 �748.8� 68.31

BMI 0.127 0.018

>30 39 131� 93.79 �541.1� 88.9

�30 178 �53.29� 52.32 �781.1� 42.79

Surgical method 0.198 0.678

Segmentectomy 110 33.65� 58.15 �721� 49.71

Lobectomy or more extensive 122 �80.25� 65.39 �752.2� 55.17

Viral hepatitis 0.362 0.025

No 125 �67.49� 60.97 �657� 55.62

Yes 98 13.13� 62.34 �828.9� 48.68

SE, standard error; MVI, microvascular invasion; BMI, body mass index.
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Correlation between individual DEG
expression and RFS with univariate Cox
regression

To further screen the DEGs related to RFS,
a Cox proportional hazards regression

model was generated. Among the 546 up-

regulated genes, 127 were shown to be sig-

nificantly associated with poor prognosis

(P< 0.05) (Appendix).
We replicated the analysis in microarray

dataset GSE54236 of 81 HCC cases from

Table 2. Univariate survival analysis of recurrence-free survival (RFS) in hepatocellular carcinoma (HCC)
patients.

RFS, days

Variable

Number of

Patients Mean� SE 95% CI P-value

Age, years 232 0.672

�50 44 1818.316� 285.357 1259.016–2377.615

>50 188 1669.700� 153.615 1368.615–1970.785

Sex 232 0.720

Female 78 1615.500� 217.732 1188.746–2042.254

Male 144 1789.001� 182.831 1430.653–2147.350

Histological grade 229 0.817

G1/G2 144 1765.843� 185.521 1402.222–2129.465

G3/G4 85 1689.040� 217.697 1262.354–2115.727

Clinical stage 219 <0.001
I/II 164 1956.825� 163.468 1636.429–2277.222

III/IV 55 1063.767� 219.376 633.790–1493.743

Child–Pugh 156 0.388

A 145 1912.731� 162.432 1594.363–2231.098

B 11 886.494� 180.279 533.146–1239.841

MVI 199 0.026

No 131 1998.034� 189.834 1625.959–2370.108

Yes 68 1446.866� 214.193 1027.048–1866.683

BMI 217 0.528

>30 39 1536.500� 208.968 1126.924–1946.076

�30 178 1834.925� 169.957 1501.809–2168.041

Surgical method 232 <0.001
Segmentectomy 110 2122.755� 203.707 1723.490–2522.020

Lobectomy or more extensive 122 1315.669� 176.555 969.622–1661.716

Viral hepatitis 223 0.008

No 125 1480.526� 178.412 1130.838–1830.213

Yes 98 2110.592� 230.409 1658.990–2562.194

Stromal score 232 0.033

Low 116 1732.036� 167.664 1403.414–2060.658

High 116 1585.302� 220.290 1153.534–2017.070

Immune score 232 <0.001
Low 116 2170.100� 199.015 1780.031–2560.170

High 116 993.541� 109.341 779.231–1207.850

RFS, recurrence-free survival; SE, standard error; CI, confidence interval; MVI, microvascular invasion; BMI, body mass

index.

Hou et al. 7



Table 3. Multivariate Cox regression analysis for various potential prognostic characteristics of recur-
rence-free survival (RFS) in hepatocellular carcinoma (HCC) cases.

RFS

Variable Exp(B) 95% CI P-value

Histological grade 1.543 0.844–2.820 1.543

Clinical stage 2.419 1.299–4.505 0.005

Child–Pugh 1.438 0.520–3.976 0.484

MVI 0.915 0.465–1.799 0.796

BMI 0.489 0.249–0.961 0.038

Surgical method 1.957 1.080–3.545 0.027

Viral hepatitis 1.072 0.559–2.058 0.834

Immune scores 2.586 1.378–4.852 0.003

Stromal scores 1.469 0.776–2.781 0.238

RFS, recurrence-free survival; CI, confidence interval; MVI, microvascular invasion; BMI, body mass index.

Figure 1. Differential gene expression profiles with stromal/immune scores and protein–protein interac-
tion (PPI) networks in HCC cases. (a) Heatmap of the differentially expressed genes (DEGs) in the low vs.
high immune score groups. (Fold change> 1.5, P< 0.05). (b) Heatmap of the DEGs in the low vs. high
stromal score groups. (Fold change> 1.5, P< 0.05). (c) Venn diagrams of upregulated DEGs in both the
stromal and immune score groups. (d) Gene Ontology (GO) enrichment analysis of 546 DEGs (The cutoff
value was set as P and q< 0.05). (e) Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis
of 546 DEGs (P and q< 0.05). (f) Protein–protein interaction (PPI) networks of the cyclin-dependent kinase
1 (CDK1) module. (g) PPI networks of the anti-silencing function 1B histone chaperone (ASF1B) module.
The heatmaps was constructed by ClustVis. The enrichment analyses were produced by R language with the
packages of enrichplot. The PPI networks were constructed using Cytoscape. The size of nodes reflects the
number of interacting proteins with the designated ones. The edge width indicates the combined scores
obtained from STRING.
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the GEO database.18 A total of 117 DEGs

could be obtained from the dataset. By

establishing the Cox proportional hazards

regression model, 93 DEGs were confirmed

to be significantly related to survival time

and 98 were significantly correlated with

tumor doubling time. After summarizing

the above data, 103 genes were found to

be involved in both groups, and the two

groups almost completely coincided. The

above results further suggest the accuracy

of the DEG screening.

PPI network construction among genes

with preliminary prognostic value and

module analysis with multivariate Cox

regression

To better illustrate the interaction among

RFS-related DEGs, we constructed PPI

networks with STRING and Cytoscape

(Figure 1f,g). After excluding the isolated

nodes, a network of DEGs was established

composed of two modules, including 80

nodes and 1343 edges. Both modules were

selected for further analysis and named as

CDK1 and ASF1B. The CDK1 module

(Figure 1f) was formed by 796 edges and

42 nodes, among which all factors had iden-

tical MCODE scores of more than 25

points. CDK1, CCNB2, CCNB1, and

CDC20 were defined as the remarkable

nodes, for they had the highest relevance

degree. In the ASF1B module (Figure 1g),

12 DEGs were included.
The nodes in both modules were added

to the multivariate Cox regression model

together with significant clinical pathologi-

cal factors including BMI, MVI, surgical

method, tumor grade, and stage.

Statistical results suggested that CCNB1,

DNA topoisomerase II alpha (TOP2A),

ubiquitin conjugating enzyme E2

(UBE2C), and ZW10 interacting kineto-

chore protein (ZWINT) could be used as

independent prognostic genes of RFS in

the CDK1 module (Table 4). In the
ASF1B module, only ERCC excision
repair 6 like, spindle assembly checkpoint
helicase (ERCC6L) was regarded as an
independent prognostic factor.

Correlation of CCNB1 expression with
survival and clinicopathological factors of
HCC patients

Because our findings revealed that CCNB1
had the highest degree of relevance, we
moved forward with this gene as our
research focus. All HCC samples were
divided into high and low expression
groups according to the median expression
level of CCNB1. Wilcoxon rank sum tests
indicated that CCNB1 expression was sig-
nificantly higher in HCC tumor samples
than in normal tissues (Figure 2a). An
accordant result was obtained in paired
analysis (Figure 2b). Survival analysis
revealed that RFS and overall survival

Table 4. Multivariate Cox regression analysis for
various potential differentially expressed genes
(DEGs) and prognostic characteristics of recur-
rence-free survival (RFS) in hepatocellular carcino-
ma (HCC) cases.

RFS

Variable Exp(B) 95% CI P-value

Module 1

Stage 3.205 1.830–5.613 <0.001

TOP2A 1.818 1.119–2.954 0.016

UBE2C 1.734 1.047–2.874 0.033

CCNB1 1.745 1.011–3.010 0.046

ZWINT 2.759 1.534–4.961 0.001

Module 2

Stage 2.981 1.750–5.079 <0.001

ERCC6L 1.211 1.008–1.456 0.041

RFS, recurrence-free survival; CI, confidence interval;

TOP2A, DNA topoisomerase II alpha; UBE2C, ubiquitin

conjugating enzyme E2; CCNB1, cyclin B1; ZWINT,

ZW10 interacting kinetochore protein; ERCC6L, ERCC

excision repair 6 like, spindle assembly checkpoint

helicase.
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(OS) of cases with high CCNB1 expression
were significantly lower than those of the
low expression cases (Figure 2c,d). In par-
ticular, the expression of CCNB1 was relat-
ed to grade, stage, and BMI (Figures 2e–g).
These results strongly suggested that
CCNB1 expression was negatively correlat-
ed with HCC prognosis.

To further verify our observations, immu-
nohistochemistry (IHC) assays were used to
investigate the expression of CCNB1 in clin-
ical HCC samples and liver tissues. As

shown in Figure 2h–j, CCNB1 expression
was negative or extremely low in normal
liver tissues, but upregulated in HCC slices.
A correlation analysis exhibited the associa-
tions between CCNB1 expression and clini-
copathological variables (Table 5), which
demonstrated that high CCNB1 expression
was associated with Hepatitis B surface anti-
gen (HBsAg) (P¼ 0.043), MVI (P¼ 0.047),
cirrhosis (P¼ 0.037), tumor differentiation
(P¼ 0.001), and TNM stage (P¼ 0.035).
Kaplan–Meier analysis showed that

Figure 2. Cyclin B1 (CCNB1) is highly expressed in hepatocellular carcinoma (HCC) and suggests poor
prognosis. (a) Differential expression of cyclin B1 (CCNB1) in normal liver and hepatocellular carcinoma
(HCC) cases (P< 0.001). (b) Paired analysis of CCNB1 expression in normal and tumor samples of the same
patients (P< 0.001). (c) Recurrence-free survival (RFS) (P< 0.001) and (d) overall survival (OS) analysis of
the high vs. low CCNB1 expression groups (P< 0.001). (e) The relationship of CCNB1 expression and HCC
grade. (f) The correlation of CCNB1 expression with tumor stage. (g) The correlation of CCNB1
expression with body mass index (BMI). (h) High expression of CCNB1 in HCC. (i) Low expression of
CCNB1 in HCC. (j) Negative expression of CCNB1 in normal liver tissues. (k) OS and (l) RFS of HCC
patients with high and low CCNB1 expression. The figures were produced by SPSS and R language with the
packages of cluster Profiler and ggplot2.
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CCNB1 overexpression was associated with
shorter OS (P< 0.001) and RFS (P< 0.001)
(Figure 2k,l). The multivariate Cox regres-
sion analysis further indicated that high
expression of CCNB1 could serve as an inde-
pendent prognostic factor for OS (hazard
ratio [HR]¼ 1.942, 95% confidence interval
[CI]¼ 1.262–2.990, P¼ 0.003, Table 6) and
RFS (HR¼ 1.609, 95% CI¼ 1.048–2.471,
P¼ 0.030, Table 6).

CCNB1 knockdown inhibits the

proliferation, invasion, and migration

of HCC cells

A specific CCNB1 siRNA was transfected

into HCC cell lines (Huh7 and HepG2),

then CCNB1 protein expression levels

were examined by immunofluorescence 72

hours after transfection (Figure 3a).

Wound migration and Transwell

Table 5. Association between cyclin B1 (CCNB1) protein expression and hepatocellular carcinoma (HCC)
clinicopathological characteristics in 108 patients.

CCNB1 protein level

Variable

Number of

Patients Low High P-value

Age (years) 108 0.276

>50 27 60

�50 4 17

Sex 108 0.166

Male 24 49

Female 7 28

HBsAg 108 0.043

Negative 17 26

Positive 14 51

Tumor size (cm) 108 0.487

�5 26 60

>5 5 17

MVI 108 0.047

No 28 56

Yes 3 21

Cirrhosis 108 0.037

No 14 19

Yes 17 58

Tumor number 108 0.833

Single 18 43

Multiple 13 34

BMI 108 0.216

>23 8 12

�23 23 65

Tumor differentiation 108 0.001

Moderate-Poor 5 38

Well 26 39

TNM stage 108 0.035

I/II 28 55

III 3 22

CCNBI, cyclin B1; HBsAg, Hepatitis B surface antigen; MVI, microvascular invasion; BMI, body mass index.
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experiments indicated that the migration

ability of HCC cells with CCNB1 expres-

sion knocked down was significantly

decreased (Figure 3b,d). CCK-8 experi-

ments showed that CCNB1 siRNA trans-

fection also significantly reduced the

growth rates of Huh7 and HepG2 cells

(Figure 3c). These data suggest that

CCNB1 gene knockdown can inhibit the

proliferation, invasion, and migration of

HCC cells.
For in vivo experiments, the Huh7-sh

CCNB1 and Huh7-shCtrl cells were subcu-

taneously inoculated into BALB/c nude

mice. The average volume and weight of

Huh7-sh CCNB1 tumors were markedly

lower than those of Huh7-shCtrl tumors

(P< 0.01) (Figure 3e). These results indi-

cate that CCNB1 expression exerted a

growth-promoting function in HCC.

CCNB1 is a potential biomarker of TME

conversion

To further explore the potential role of

CCNB1 in the HCC TME, GSEA was per-

formed on the high and low CCNB1 expres-

sion groups. In the C7 gene set collection

defined by MSigDB, the CCNB1 high

expression group was enriched in multiple

immunologic and immune functional gene

sets (Figure 4a). With GO, KEGG, and

HALLMARK enrichment analyses, the

gene sets in the high CCNB1 expression

group were mainly enriched in cell cycle,

DNA replication, and the P53 signaling

pathway (Figure 4b–d). However, only

one gene set was enriched in the low

CCNB1 expression group (Figure 4e). The

above results indicate that CCNB1 is a

potential biomarker of TME conversion.

The relevance between CCNB1 and TIC

proportions

A map of 22 immune cell types in HCC

samples was constructed using the

CIBERSORT computational method

(Figure 4f,g). The correlation and difference

analysis showed that there were nine types

of TICs related to CCNB1 expression

(Figure 5). Among them, CCNB1 was pos-

itively correlated with regulatory T cells

(Tregs), follicular helper T cells, CD8þ T

cells, CD4þ activated memory T cells, M0

macrophages, but negatively correlated

with CD4þ naı̈ve T cells, resting natural

killer (NK) cells, resting mast cells, and

M2 macrophages. These results further

demonstrate that CCNB1 levels can influ-

ence the immune activity of the HCC TME.

Table 6. Multivariate Cox regression analysis for various potential prognostic characteristics of overall
survival (OS) and recurrence-free survival (RFS) in 108 hepatocellular carcinoma (HCC) patients.

Overall survival Recurrence-free survival

Variable Exp(B) 95% CI P-value Exp(B) 95% CI P-value

Cirrhosis 1.412 0.906–2.202 0.128 1.160 0.739–1.819 0.519

Child–Pugh 1.566 0.793–3.091 0.196 1.954 0.998–3.824 0.051

Tumor differentiation 0.933 0.602–1.446 0.755 0.994 0.634–1.560 0.979

BMI 0.832 0.505–1.371 0.471 0.813 0.488–1.355 0.427

MVI 1.139 0.688–1.886 0.613 1.063 0.658–1.717 0.804

TNM stage 1.849 1.158–2.953 0.010 3.624 2.207–5.952 <0.001
CCNB1 1.942 1.262–2.990 0.003 1.609 1.048–2.471 0.030

CI, confidence interval; BMI, body mass index; MVI, microvascular invasion; CCNB1, cyclin B1.
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Discussion

HCC is a common and lethal malignancy
that is often diagnosed at an advanced
stage. High genetic heterogeneity was once
considered the main cause of treatment fail-
ure.19 However, accumulating evidence has
shown that HCC invasion and metastasis
are the results of the co-evolution of
cancer cells and microenvironment.20

In solid tumors, the cancer cells are
wrapped in an intricate mixture of

nontumorous cells and matrix components

that are denominated as the TME. The

TME is essential for tumor formation and

progression, including angiogenesis and

metastasis. Moreover, it has been shown

to influence the effectiveness of anti-tumor

therapies. Hence, lucubrating the tumor

stroma would improve the curative effect

of current treatment methods and provide

new opportunities for therapeutic target-

ing.21,22 Recent work has suggested that

Figure 3. Cyclin B1 (CCNB1) knockdown inhibits the proliferation, invasion, and migration of hepato-
cellular carcinoma (HCC) cells in vitro and in vivo. (a) The transfection efficiency of small interfering RNAs
(siRNAs) in HepG2 and Huh7 cells. (b) Wound-healing assays indicate that silencing of cyclin B1 (CCNB1)
can inhibit HepG2 and Huh7 cell migration. (c) Cell proliferation was determined by Cell Counting Kit
(CCK)-8 assays and detected at 24, 48, 72, and 96 hours after siRNA transfection. (d) Transwell experiments
demonstrate that knockdown of CCNB1 can significantly reduce the migratory and invasive abilities of
hepatocellular carcinoma (HCC) cells. (e) The Huh7-shCCNB1 and Huh7-shCtrl cells were subcutaneously
inoculated into the left-side axilla of BALB/c nude mice (n¼ 6/group). Data points are presented as
the mean� standard deviation (SD) for tumor volume and weight. The graph was generated using
GraphPad Prism.
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boosting the number of neutrophils induced
by administering granulocyte colony stimu-
lating factor (G-CSF) would lead to
increased tumor aggressiveness.23 In cocul-
ture experiments, macrophages reduced the
sensitivity of cancer cells to doxorubicin,
etoposide, paclitaxel, and cisplatin, which
was achieved by producing signal transduc-
er and activator of transcription 3 (STAT3),
inflammatory modulators,24 cathepsin B,25

and exosomes,26 respectively. During che-
motherapy, DNA damage in stromal cells,
especially endothelial cells, increases the
activity of NF-kB and numerous cytokines
that protect tumor cells from DNA
damage.27 In addition, fibroblasts and

extracellular matrix increase the tumor
interstitial pressure, thus reducing the
effect of the chemotherapeutic agent.28

During radiotherapy, fibroblasts are acti-
vated to synthesize a mass of collagens
and arrange into dense fibrous tissue,
which promotes cancer cell survival
through the integrin signaling pathway.29

Similar to cytotoxic drugs, radiation-
induced DNA damage leads to fibroblast
senescence and promotes the synthesis of a
secretome containing high levels of trans-
forming growth factor (TGF)-b, vascular
endothelial growth factor (VEGF)-A, and
various cytokines.30 Furthermore, the
immunosuppressive effects of TGF-b

Figure 4. Gene Set Enrichment Analysis (GSEA) for cases with high cyclin B1 (CCNB1) expression and the
proportion and correlation analysis of tumor-infiltrating immune cells (TICs) in hepatocellular carcinoma
(HCC) cases. (a) C7 collection enriched gene sets in the cyclin B1 (CCNB1) overexpression group (Gene
sets with nominal (NOM) P< 0.05 and FDR q< 0.05 were considered to be significant. The top 10 gene sets
are shown in the map). (b) Gene Ontology (GO) collection-enriched gene sets in the CCNB1 overex-
pression group. (c) Kyoto Encyclopedia of Genes and Genomes (KEGG) collection-enriched gene sets in the
CCNB1 overexpression group. (d) HALLMARK collection-enriched gene sets in the CCNB1 overexpres-
sion group. (e) The HALLMARK collection-enriched gene set in the low CCNB1 expression group. (f) The
interrelationship among 22 types of tumor-infiltrating immune cells (TICs) (Pearson coefficient test). Each
number represents the correlation P-value between every two types of immune cells. The color depth
indicates the corresponding correlation value between two types of cells. (g) The proportion of 22 TICs in
HCC cases. The figures were generated using Gene Set Enrichment Analysis (GSEA) and R language.
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reduces the CD8-mediated killing effect on

tumor cells.31 Thus, the TME has been

shown to modulate the response to anti-

tumor therapies. Additionally, lucubrating

the TME may improve the efficacy of cur-

rent therapies and provide new opportuni-

ties for therapeutic targeting.
In this study, we provide data suggesting

that the immune and stromal scores calcu-

lated by the ESTIMATE algorithm are cor-

related with clinicopathological factors in

HCC. Lower stromal and immune scores

are associated with worse prognosis.

Based on this theoretical basis, we then

extracted 546 genes involved in the TME,

127 of which were associated with RFS. In

addition, we verified 103 genes in HCC

cohort GSE54236. Using PPI networks,

we confirmed that CCNB1 could be used

as an independent prognostic factor for

HCC.
CCNB1 is a key modulator of cell cycle

regulation and has been shown to be over-

expressed in several human cancers.32 Song

et al. demonstrated that CCNB1 promotes

tumor invasion and metastasis by enhanc-

ing epithelial-mesenchymal transition

(EMT).33 Lu et al. confirmed that inhibiting

CCNB1/CDK1 restores p53 function, sug-

gesting that CCNB1 could promote

Figure 5. Relationship between tumor-infiltrating immune cell (TIC) proportions and cyclin B1 (CCNB1)
expression. (a) The proportion differences of 22 types of immune cells in the high vs. low cyclin B1 (CCNB1)
expression groups. (b) Tumor-infiltrating immune cells (TICs) related to CCNB1 expression (P< 0.05). (c)
TICs correlated with CCNB1 expression codetermined by difference and correlation tests. The figures
were generated using R language with the CIBERSORT calculation method.
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tumorigenesis by impairing p53 function.34

In addition, Ding et al. demonstrated that

CCNB1 enhanced drug resistance in breast

cancer hormone therapy.35 High levels of

CCNB1 indicated that the treatment

would be ineffective, including tamoxifen

and aromatase inhibitors.36 Here, we

began with analysis of HCC transcriptome

data from TCGA database and clinical

patients. We then confirmed that CCNB1

was significantly overexpressed in HCC tis-

sues, and this up-regulation was associated

with advanced clinicopathological features

(including HBsAg, MVI, cirrhosis, tumor

differentiation, and TNM stage) and poor

prognosis. CCNB1 knockdown inhibited

the proliferation, invasion, and migration

of HCC cells both in vitro and in vivo.

Therefore, CCNB1 has the potential to be

a prognostic biomarker and therapeutic

target for the HCC TME.
After further exploration of the correla-

tion between CCNB1 expression and the

TME, GSEA results revealed that, in addi-

tion to cell cycle-related signaling pathways,

immune cell-related signaling pathways

were also significantly enriched in the

CCNB1 high-expression group, especially

for T lymphocytes. However, only the adi-

pogenesis pathway was enriched in the

CCNB1 low-expression group. The above-

mentioned results suggest that CCNB1 may

participate in the regulation of immune cell

function and the status conversion of fat

metabolism. Subsequence analysis on TICs

corroborated this viewpoint. Our

CIBERSORT analysis of TIC proportions

showed that, along with the upregulation of

CCNB1, M0 macrophages could undergo

differentiation inhibition. Additionally, T

cells showed abnormal activation with

altered functions. These results supported

that CCNB1 could promote HCC.

However, a limitation of this study is the

lack of further discussion regarding the reg-

ulatory role of CCNB1. Thus, the

functional mechanisms of CCNB1 still
require further experimental verification.

Conclusion

The interaction between HCC and the
TME greatly affects tumor progression,
therapeutic effects, and prognosis. In this
work, we focused on the impact of
microenvironment-related genes on RFS
in HCC patients. Our results provide more
data to unravel the complex interactions
between HCC tumor cells and the TME.
In summary, using the ESTIMATE
algorithm-based scores, a gene list related
to the TME was extracted. Some previously
overlooked genes have the potential to
become new tumor markers or therapeutic
targets. CCNB1 is a potential prognostic
factor and cancer promoter in HCC cases.
In addition, CCNB1 may serve as a hub
gene that regulates other DEGs, and
could possibly be used as an indicator of
TME state transition. Hence, further
research should be conducted to clarify
the relationship between CCNB1 expres-
sion and immune cell function.
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Appendix

Differentially expressed genes (DEGs) sig-
nificantly associated with poor recurrence-
free survival (RFS)

C12orf48 CENPF C21orf58 IQCH E2F1 TRAIP LOC100133612 CXorf57

UBE2C EXO1 ESM1 RNASEH2A CDCA2 CDCA3 FAM72D RNF157

TPX2 EME1 PRIM1 LOC388152 NUF2 ASPM KIF4A LOC100128191

TRIP13 KIF15 LOC80154 CDKN3 CHEK1 FOXM1 ZNRF3 ORC1L

ZWINT C15orf42 DHRS13 CELSR3 SKA3 CDC25A SNHG7 CPLX2

PSMC3IP KIFC1 HMMR STL NFKBIL2 SKA1 AURKB C7orf29

TTK PTTG1 C6orf26 SPC24 CDK1 DEPDC1 FAM57B TERT

TOP2A UBE2T GAS5 CGREF1 CECR4 C9orf100 CCNB1 LOC339674

NEIL3 HOXD10 FAM83D TPTE POLQ CDT1 BIRC5 SGOL1

NT5C3L RECQL4 CCNB2 POC1A TROAP CDC6 CENPM E2F7

ERCC6L OIP5 LRRC45 PRDM12 NDC80 SAC3D1 MELK CDC20

CDCA5 KIF18B MXD3 HTR1D CENPA CDC25C KIF18A HOXD9

RAD54L DTL EPR1 EIF3C BUB1B ASF1B KIF2C SPC25

KIAA0101 C12orf39 NCAPG FATE1 C16orf59 THBS4 RDM1 CHGA

C17orf53 FBXO43 GINS1 CDKN2BAS FAM161A SNHG3 TK1 PPFIA4

HJURP DIAPH3 KIF20A MYBL2 NEK2 FAM72B RAC3
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