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Background: Orderly G2/M transition in the cell cycle is controlled by the cyclin-dependent kinase 1/cyclin B (CDK1/CCNB)
complex. We aimed to comprehensively investigate the roles of CDK1, CCNB1, and CCNB2 via multi-omics anal-
ysis and their relationships with immune infiltration in hepatocellular carcinoma (HCC).

Material/Methods: The transcriptional data and the epigenetic and genetic alterations of CDK1, CCNB1, and CCNB2, as well as their
impacts on prognosis in HCC patients, were identified using multiple databases. The correlations between ex-
pression of these genes and immune infiltration in HCC were then explored using the TIMER database.

Results: Overall, mRNA expression of CDK1, CCNB1, and CCNB2 was up-regulated in various tumor tissues including
HCC. Higher expression of these genes was associated with poorer prognosis in HCC patients. Lower promoter
methylation of these genes might cause higher expression levels in tumor tissues of HCC. Genetic alterations
and several methylated-CpG sites in these genes were significantly associated with survival. Notably, expression
levels of CDK1, CCNB1, and CCNB2 were positively correlated with infiltrating levels of CD4* T cells, CD8* T cells,
neutrophils, macrophages, and dendritic cells in HCC. In addition, significant correlations between the expres-
sion of these genes and various immune markers in HCC, such as PD-1, PDL-1, and CTLA-4, were also observed.

Conclusions: CDK1, CCNB1, and CCNB2 are potential prognostic biomarkers and associated with immune cell infiltration in
HCC. The genes may be utilized to predict the reaction of immunotherapy. Combining inhibitors of these genes
with immunotherapy may improve the survival time of HCC patients.
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Material and methods

Liver cancer is one of the most common types of cancer and the
third leading cause of cancer death worldwide. Hepatocellular
carcinoma (HCC), which composes 75% to 85% of primary liv-
er cancer cases, is the major pathological type [1]. HCC is of-
ten secondary to chronic liver cirrhosis, and various risk fac-
tors have been identified, such as chronic hepatitis B virus
(HBV) infection, hepatitis C virus (HCV) infection, autoimmune
hepatitis, alcohol abuse, and several metabolic diseases [2,3].
Current therapeutic strategies for HCC, such as surgical resec-
tion, liver transplantation, and radiofrequency ablation, have
been widely used and improved, but the long-term survival
rate of HCC is still unsatisfactory due to the high percentage
of cases that are at an advanced stage at diagnosis and the
high recurrence rate after surgical resection [4,5]. Only 2 first-
line therapeutic drugs, the oral multikinase inhibitors sorafenib
and lenvatinib, have shown clinical benefits in patients with
advanced HCC [6,7]. Therefore, in order to improve survival of
HCC patients, it is critical to evaluate carcinogenesis mecha-
nisms and explore potential drug targets.

Cyclin B1 (CCNB1) and cyclin B2 (CCNB2) can form complexes
with CDK1 (cyclin-dependent kinase 1) to regulate the G2/M
phases of the mammalian cell cycle, which plays an important
role in the initiation of mitosis [8]. Dysregulation of CDKs is
associated with the uncontrolled cell proliferation in human
cancers. In addition, higher expression of cyclin B is associat-
ed with poorer outcomes for gastric, esophageal, breast, and
non-small-cell lung cancer [9]. As shown in recent research,
the knockdown of CDK1, CCNB1, or CCNB2 could inhibit cell
proliferation, invasion, and migration in HCC cell lines [10-12].
Recently, several bioinformatics studies have identified CDK1,
CCNB1, and CCNB2 as hub genes associated with HCC. These
findings indicate that these genes play a critical role in malig-
nancy and poorer outcomes of HCC [13-16]. Nevertheless, the
precise functions of these genes and their relationship within
the immune microenvironment in HCC need to be elucidated.

In the current study, we used several public databases to com-
prehensively analyze the expression levels of CDK1, CCNB1, and
CCNB2 in several types of carcinomas. In addition, we evaluat-
ed their correlations with prognosis in HCC patients. We also
performed a comprehensive analysis of DNA methylation and
genetic alterations of these genes to identify epigenetic and
genetic changes. Finally, we investigated the correlations be-
tween the mRNA levels of these genes and the levels of im-
mune infiltration cells and several immune markers in HCC.

The description of all databases

All bioinformatics analyses were based on sequencing or mi-
croarray data obtained from tumor tissues and corresponding
normal tissues. The data in this study involved samples from
The Cancer Genome Atlas (TCGA), the International Cancer
Genome Consortium (ICGC), and the Gene Expression Omnibus
(GEO). Figure 1E shows the number of samples from differ-
ent datasets. Samples with missing data on survival informa-
tion and clinical information such as tumor pathological grade
were excluded from survival analysis and corresponding sub-
group analyses. Using various online database analysis tools,
we explored the transcription of CDK1, CCNB1, and CCNB2 in
various tumors and the prognostic values of these genes in
HCC. In addition, we identified the promoter methylation and
genetic alterations of CDK'1, CCNB1, and CCNB2 and their im-
pacts of prognosis in HCC patients. Finally, we explored the
correlations between expression of these genes and immune
infiltration in HCC. The specific online databases and the sta-
tistical methods used are as follows.

ONCOMINE database analysis

ONCOMINE (https://www.oncomine.org/resource/main.html)
is an online tumor data analysis platform [17]. By using the
Oncomine database 4.5, we identified the mRNA expression
levels of the CDK1, CCNB1, and CCNB2 genes in various cancers.

HCCDB database analysis

HCCDB (http://lifeome.net/database/hccdb/home.html) is a nov-
el database containing 3917 samples, which were obtained from
15 public datasets of gene expression in HCC [18]. The data-
base includes 2 RNA-Seq datasets (TCGA and ICGC) and 13
microarray datasets from GEO. In our study, HCCDB was used
to provide the visualization for differential expression analy-
sis of CDK1, CCNB1, and CCNB2 in HCC from several datasets.

UALCAN database analysis

UALCAN (http://ualcan.path.uab.edu) is a publicly available in-
teractive online portal that is used to analyze the relative ex-
pression and methylation of genes in normal and tumor tissues
from TCGA [19]. Subgroups based on pathological grades and
individual cancer stages can be further investigated in depth.
Histological grades of HCC were defined as follows: well-dif-
ferentiated (l), moderately differentiated (II), poorly differen-
tiated (II), and undifferentiated (IV). Individual cancer stag-
es were based on the American Joint Committee on Cancer
(AJCC) stage.
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GEPIA dataset analysis

GEPIA (http://gepia.cancer-pku.cn/) is an online database that
contains expression data based on 9736 tumors and 8587 nor-
mal tissues from GTEx and TCGA [20]. We used this dataset to
analyze the correlations between expression of CDK1, CCNB1,
and CCNB2 and survival, including overall survival (OS) and
disease-free survival (DFS). Furthermore, gene expression cor-
relation analyses of those 3 genes were performed based on
the TCGA expression dataset.

LinkedOmics database analysis

The LinkedOmics database (http://www.linkedomics.org/login.
php) is an easy-to-use online tool for analyzing 32 TCGA can-
cer-associated multidimensional datasets [21]. Using this data-
base, we analyzed genes that were positively correlated with
CDK1, CCNB1, and CCNB2. Heat maps were applied to show
the top 50 positively correlated genes.

GO analysis and KEGG analysis

Based on the co-occurrence genes from the LinkedOmics data-
base, Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) analyses were performed, using the on-
line tool DAVID (https://david.ncifcrf.gov/). The GO analysis
contained the gene annotation results for biological process-
es (BPs), cellular components (CCs), and molecular functions
(MFs). The results of GO analysis and KEGG analysis were fur-
ther visualized using the ggplot2 package of R software.

MethSurv database analysis

MethSurv (https://biit.cs.ut.ee/methsurv) is a visualization web
tool used to investigate methylation biomarkers associated
with survival in different types of cancer [22]. By analyzing the
TCGA methylation data from the MethSurv, we obtained the
prognostic value of each DNA methylation CpG site for CDK1,
CCNB1, and CCNB2 in HCC.

c-BioPortal database analysis

The c-BioPortal (https://www.cbioportal.org) is an online data-
base for analyzing multidimensional cancer genomics data [23].
We used the dataset that included 360 cases of liver hepato-
cellular carcinoma (LIHC) from TCGA. Using the c-BioPortal,
we identified mutations, copy-number alterations (CNAs),
and mRNA expression of CDK1, CCNB1, and CCNB2 in HCC.
Furthermore, we assessed the relationships between the de-
gree of methylation of the 3 genes and their mRNA expres-
sion levels.

DATABASE ANALYSIS

TIMER database analysis

TIMER (https://cistrome.shinyapps.io/timer/) is a useful web
server for analyzing the immune infiltration in different types
of cancer from the TCGA database [24]. By applying a decon-
volution method, TIMER determines the infiltration levels of
immune cells from gene expression profiles in tumor tissues.
We analyzed the correlation of CDK1, CCNB1, and CCNB2 ex-
pression in HCC with the infiltrating levels of immune cells,
respectively, including CD4* T cells, CD8* T cells, B cells, macro-
phages, dendritic cells (DCs), and neutrophils. In addition, we
investigated the genetic markers for immune cell infiltration in
tumors, including tumor-associated macrophages (TAMs), M1
macrophages, M2 macrophages, DCs, neutrophils, T-helper 1
(Th1) cells, T-helper (Th2) cells, regulatory T cells (Tregs), nat-
ural killer (NK) cells, and B cell and T cell exhaustion.

Statistical analysis

Expression levels of CDK'1, CCNB1, and CCNB2 from the HCCDB
and UALCAN databases were analyzed using the Student t test.
The Kaplan-Meier survival curves with log-rank text were plot-
ted to compare the survival of patients in different groups. Then
the log-rank P values and hazard ratios (HRs) were calculated.
The correlation between CDK1, CCNB1, and CCNB2 and other
gene markers were evaluated by Spearman correlation analysis.
The strengths of the correlations were defined by the absolute
values using the following guide: weak (0.00< r <0.30), moderate
(0.30< r <0.60), strong (0.60< r <0.80), very strong (0.80< r <1.00).
A 2-tailed P value <0.05 was considered statistically significant.

Results

Aberrant expression of CDK1, CCNB1, and CCNB2 in pan-
cancer and in-depth verification in HCC

Using the ONCOMINE database, we analyzed the mRNA ex-
pression levels for CDK1, CCNB1, and CCNB2 in different types
of cancer. The results showed that compared with normal tis-
sues, the levels were significantly higher in several types of
tumor tissues, such as liver cancer, kidney cancer, breast can-
cer, colorectal cancer, gastric cancer, esophageal cancer, and
lung cancer, among others (Figure 1A). We further used the
TIMER database to analyze the RNA-seq data from the TCGA
database. The result also confirmed that mRNA expression lev-
els of CDK1, CCNB1, and CCNB2 were significantly higher in
LIHG, kidney renal clear cell carcinoma, esophageal carcinoma,
colon adenocarcinoma, lung adenocarcinoma, stomach adeno-
carcinoma, and so forth than in the adjacent normal tissues
(Figure 1B-1D). Using the HCCDB databases, we evaluated the
expression levels reported in HCC studies from GEO, TCGA, and
ICGC. Among these studies, 11 datasets indicated that mRNA

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€925289-3




Zou Y. et al.:

DATA BAS E A N A LYS I S CDK1, CCNB1, and CCNB2 are prognostic biomarkers...

© Med Sci Monit, 2020; 26: €925289

Cancer

vs. Hek dkk ThK KEK k. HEE KKK KKK KkE AEE KKK KEK AEE KAk *E kkk * k.
normal

(CNB2
5

Cancer
vs.
normal

(CNB1

Cancer
vs.
normal

(DK1

Analysis Type by Cancer

Analysis Type by Cancer
Brain and CNS cancer
Breast cancer
Cervical cancer
Colorectal cancer
Esophageal cancer
Gastric cancer

Hesd and neck cancer
Kidney cancer
Laukemia

Liver cancer

Lung cancer
Lymphoma
Melanoma

Myeloma

Other cancer

Ovarian cancer
Pancreatic cancer
Prostate cancer
Sarcoma

Significant unique analyses
Total unique analyses

400

§ o

: .'5‘ k- .éeés .éé&.i:.é*ééééa i éé

(DK expresssion level (log2 TPM)

-

DLBC. Tumor
TGCT. Tumor
THAA,
THCA. N
THYM.

UVM. Tumor

e P | AT | | . Sl Tl ol R E e e R
300 ; 500
= =
= E a0
5 5
g g .
= = £ "»
E 2 300 ; 41 : 1
E g f 1
g £ 200 1 'y $ |
2 2 |
= I . 4
Z Z # o \ K.
g S 10 é . 8 |
] 1 é é |
119 . " N
. A aé,..~ o TR ey &

Dataset  Dataset  Nums P-value Dataset  Dataset  Nums P-value ® HC @ Adjacent @ Cirthotic @ Healthy Dataset  Dataset  Nums P-value ® HC @ Adjacent @ Cirrhotic @ Healthy
HC 100 HC 100 —1H HC 100 i
GSE22058 Adjacent 97 5.01E-42 GSE22058 Adjacent 97 6.97E-52 HH GSE22058 Adjacent 97 1.97€-55 HH
28 HC 268 F—— ——H HC 268 _t
Adjacent 243 Adjacent 243 HH Adjacent 243 HH
RS0 i 4 STSES3 GRS i 4 45347 HH GBS0 i 4 T4IE45 HH
Healthy 6 Healthy 6 1l Healthy 6 L

Gseeyze  HC 240 246639 csegzrs HC 20 872648 Gspeye  HC 240 20582

Adjacent 193

GESD e 0 104667 GEUSH e 0 28687 GESH e 0 320660
GSE0143 MT:{EM :‘; 5.19E-08 GSE10143 MT:(E“‘ gg 68E1 GSE0143 Ad:‘:{im g‘; 21607
GSEAG44 M;iim ﬁ 053 GSEAGA44 M:ﬁm ﬂ 0000012 GSEAG44 Mraiim ﬁ 04481
GSES4236 Adr:ém Z; 35415 GSES4236 Adr:(im g; 35IE6 iy GSES4236 Ad:‘;m S 67914
GSE63898 Ad;‘; ot fg 151643 GSE63898 M:;; ot ﬁﬁ 23155 = R GSE63898 Ad;(;m fg 449E47
TCGA-LIHC MT:;,“ }45; 75628 TCGA-LIHC Ad:,{(im K:; 129638 __} TCGA-LIHC M:{;m f; 181627
GSESA041 M:iim 2 411 GSES4041 A,,T;fem ﬁ ATIEN w::_‘ GSESA041 nn:iim 2 BOTES
GSE76427 AdT:{im ‘;25 770617 GSET6427 Adrai,“ ‘;ZS 193617 iﬁﬁ GSE76427 M:‘:[i,“ 15125 842618
ICGC-HCC Ad:((;,, fx 3TIET6 ICGC-HCC MT;;,,, ﬂi 120676 T 1CGC-HCC Ad:((i,,, fx 442663
-20 10 20 30 -20 -10 10 20 30 40 50
Scaled expresssion Scaled expresssion Scaled expresssion

Figure 1. (A) Expression levels of CDK1, CCNB1, and CCNB2 for different types of tumors in ONCOMINE. (B-D) The levels of CDK1,
CCNB1, and CCNB2 expression in different types of tumors from the TCGA database in TIMER. * P<0.05, ** P<0.01,
*** P<0.001. (E-G) Charts and plots showing the expression of CDK1, CCNB1, and CCNB2 in HCC tissues and the adjacent
normal tissues in HCCDB.

expression levels of CDK'1 and CCNB2 were significantly high- Transcription in subgroups of CDK1, CCNB1, and CCNB2

er in the HCC tissues than in the adjacent normal tissues. In based on different pathological stages and grades in

addition, 12 datasets revealed that mRNA expression levels patients with HCC

of CCNB1 in the HCC tissues were significantly higher than in

the adjacent normal tissues (Figure 1E-1G). We next explored the different expression levels of the 3 genes
in HCGC, stratified according to the AJCC stage and pathological
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Figure 2. (A—C) Expression levels of CDK1, CCNB1, and CCNB2 in normal tissues or in HCC tissues at different stages. (D-F) Expression
levels of CDK1, CCNB1, and CCNB2 in normal tissues or in HCC tissues with different grades. * P<0.05; ** P<0.01; *** P<0.001.

grade. The results demonstrated that the expression of the 3
genes was higher in HCC tissues than in normal tissues based
on different pathological grades and individual cancer stages.
Therefore, expression levels of CDK1, CCNB1, and CCNB2 may
serve as potential diagnostic markers in patients with HCC.
Furthermore, overexpression of these genes was also related
to advanced pathological grades and individual cancer stages,
except stage IV (with only 6 cases) (Figure 2A-2F). Therefore,
the results indicated that expression of these genes plays an
important role in the tumorigenesis and progression of HCC.

The prognostic values and relationships of CDK1, CCNB1,
and CCNB2 in HCC patients

Using the data for LIHC from TCGA in the GEPIA database, we
assessed the correlation between differential expression of
CDK1, CCNB1, and CCNB2 and clinical outcomes. Based on re-
sults from 364 HCC patients, poorer prognosis in terms of DFS
and OS (P<0.05), except OS of CCNB2 (P=0.052), were asso-
ciated with higher mRNA expression levels for CDK1, CCNB1,
and CCNB2 (Figure 3A-3F). We further investigated the prog-
nostic value of these genes in the ICGC dataset by using the
HCCDB database. The results further confirmed that increased

expression of CDK1, CCNB1, and CCNB2 was significantly as-
sociated with poor OS in HCC (P<0.05) (Figure 3G-3I). Hence,
higher expression levels of CDK1, CCNB1, and CCNB2 are in-
dicators of poor survival for patients with HCC.

Analysis of co-expressed genes in HCC

We next analyzed the correlation between expression levels of
CDK1, CCNB1, and CCNB2 in HCC using the GEPIA database.
The results indicated that these 3 genes were significantly pos-
itively correlated: CDK1 and CCNBI (r=0.91, P<0.001), CDK1
and CCNB2 (r=0.92, P<0.001), and CCNB1 and CCNB2 (r=0.93,
P<0.001) (Figure 4A-4C). Genes positively co-expressed with
CDK1, CCNB1, and CCNB2 were analyzed in the LIHC cohort
from TCGA by using the LinkedOmics database. The top 50
genes that were significantly correlated with these 3 genes
are shown in the heat maps (Figure 4D-4F). This result further
confirmed that CDK1, CCNB1, and CCNB2 were strongly posi-
tively co-expressed in HCC. We combined genes that were co-
expressed with these 3 genes, deleted duplicate values, and
identified 62 co-expressed genes, which were then extracted
for GO and KEGG analysis. We showed the top 5 GO of BPs,
CCs, and MFs based on the minimum values of false discovery
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Figure 3. (A—C) Overall survival (0S) and differential CDK1, CCNB1, and CCNB2 expression in the TCGA-LIHC cohort. (D-F) Disease-free
survival (DFS) and differential CDK1, CCNB1, and CCNB2 expression in the TCGA-LIHC cohort. (G-I) Overall survival (0OS) and
differential CDK1, CCNB1, and CCNB2 expression in the ICGC-HCC cohort.

rate (FDR) and maximum counts of GO. The results indicated
that the most significant BPs, CCs, and MFs were cell cycle,
non-membrane-bound organelles, and ATP binding, respectively
(Figure 4G). KEGG analysis revealed the key pathways of these
genes: cell cycle, oocyte meiosis, progesterone-mediated oo-
cyte maturation, and the p53 signaling pathway (Figure 4H).

Promoter methylation of CDK1, CCNB1, and CCNB2 in HCC

Moreover, by analyzing the LIHC samples from TCGA in the
UALCAN database, we evaluated the levels of CDK1, CCNB1,
and CCNB2 promoter methylation in HCC and normal tissues.
The results suggested that the levels of methylation were low-
erin HCC than in normal tissues (P<0.05) (Figure 5A-5C). In ad-
dition, we assessed the relationships between the degree of
methylation of these 3 genes and the mRNA levels using the

c-BioPortal database. The results indicated significant negative
correlations between the methylation levels and the mRNA ex-
pression levels of these genes in HCC (P<0.05) (Figure 5D-5F).
Thus, the results suggest that lower levels of CDK1, CCNBI,
and CCNB2 promoter methylation might cause higher expres-
sion levels of these genes in HCC. In addition, the prognostic
values associated with diverse CpG sites were also analyzed
via the MethSurv database. Ultimately, the results showed that
7 CpG sites in CDK1, 6 CpG sites in CCNB1, and 2 CpG sites in
CCNB2 were significantly associated with the prognosis of pa-
tients with HCC (Table 1).

Genomic alterations of CDK1, CCNB1, and CCNB2 in HCC

The frequency and types of genetic alterations in CDK1, CCNB1,
and CCNB2 in patients with HCC were analyzed by using the
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Figure 4. (A) The correlation between CDKI and CCNB1 in HCC. (B) The correlation between CDK1 and CCNB2 in HCC.
(€) The correlation between CCNBI and CCNB2 in HCC. (D-F) Top 50 genes positively correlated with CDK1, CCNB1, and
CCNB2 in LIHC from the TCGA database. (G, H) Significantly enriched GO annotations and KEGG pathways of CDK1, CCNB1,
and CCNB2 in the LIHC cohort. GO — Gene Ontology; CC — cellular component; BP — biological process; MF — molecular

function; KEGG — Kyoto Encyclopedia of Genes and Genomes.

cBioPortal database. A total of 360 LIHC cases from TCGA were
explored. CDK1, CCNB1, and CCNB2 were altered in 6%, 9%,
and 9% of LIHC cases, respectively. The most frequent alter-
ation type in these samples was mRNA upregulation (10.8%)
(Figure 6A). Furthermore, the Kaplan-Meier curves for the al-
tered and unaltered groups of these genes demonstrated sig-
nificant differences in OS (P<0.001) and DFS (P=0.0368) in
patients with HCC (Figure 6B, 6C). Therefore, genomic altera-
tions of these genes were considered as poor prognosis fac-
tors in HCC patients.

The correlation between CDK1, CCNB1, and CCNB2
expression levels and infiltration levels of immune cells in
tumor microenvironment of HCC

By using the TIMER database, we explored whether the mRNA
expression levels of CDK1, CCNB1, and CCNB2 were correlat-
ed with infiltrating immune cells in HCC. The results demon-
strated that overexpression of each of these genes was signif-
icantly associated with higher immune cell infiltration levels.
Specifically, the CDK'1 expression level was positively correlat-
ed with infiltration levels of CD8* T cells (r=0.316, P=2.38e-09),
CD4+ T cells (r=0.332, P=2.72e-10), B cells (r=0.469, P=2.97e-20),
macrophages (r=0.449, P=2.60e-18), neutrophils (r=0.344,
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Figure 5. (A—C) Boxplots showing relative promoter methylation levels of CDK1, CCNB1, and CCNB2 in normal and LIHC samples.
(D-F) The correlation between expression levels of CDK1, CCNB1, and CCNB2 and their methylation levels in LIHC samples.

P=4.98e-11), and DCs (r=0.442, P =1.17e-17) (Figure 7A).
The CCNB1 expression level was positively correlated with infil-
tration levels of CD8* T cells (r=0.303, P=1.12e-08), CD4* T cells
(r=0.283, P=9.33e-08), B cells (r=0.469, P =2.9e-20), macro-
phages (r=0.42, P=5.42¢-16), neutrophils (r=0.342, P=6.81e-11),
and DCs (r=0.429, P =1.15e-16) (Figure 7B). Similarly, the CCNB2
expression level was also positively correlated with infiltration
levels of CD8* T cells (r=0.35, P=2.78e-11), CD4* T cells (r=0.305,
P=7.86e-09), B cells (r=0.487, P=6.57e-22), macrophages
(r=0.444, P=6.27e-18), neutrophils (r=0.318, P=1.49e-09), and
DCs (r=0.457, P=6.57e-19) (Figure 7C). The results provided
strong evidence that these genes play crucial roles for various
immune infiltration cells, including CD4* T cells, CD8* T cells,
B cells, neutrophils, macrophages, and DCs.

Moreover, the relationships between somatic copy number al-
terations (SCNA) of the 3 genes and tumor infiltration levels
among HCC were investigated. Interestingly, the results showed
that the CNA of CDK1 had significant correlations with the in-
filtration levels of CD4* T cells and B cells; the CNA of CCNB1
had significant correlations with CD4* T cells, neutrophils, and
macrophages; and the CNA of CCNB2 had a significant corre-
lation with CD4+* T cells (Figure 7D).

Correlation analysis between CDK1, CCNB1, and CCNB2
expression levels and immune markers

To further explore the relationships between CDK1, CCNB1, and
CCNB2 expression and various immune infiltrating cells, we
explored the correlations between these genes and immune
markers for different subsets of immune cells in HCC. The im-
mune markers analyzed in our study were used to characterize
immune cells, including TAMs, monocytes, M1 and M2 macro-
phages, neutrophils, DCs, NK cells, and B cells. We also inves-
tigated diverse functional T cells, such as Th1, Th2, Tregs, and
exhausted T cells. After the correlation was adjusted by tu-
mor purity, the expression levels of CDK1, CCNB1, and CCNB2
were found to be significantly correlated with diverse immune
markers in different immune cells in HCC (Table 2).

Notably, the expression levels of most immune markers for
TAMs, monocytes, and M2 macrophages had moderate cor-
relations with CDK1, CCNB1, and CCNB2 expression levels.
However, the markers for M1 macrophages did not show sig-
nificant correlations with CDK1, CCNB1, and CCNB2 expression
levels. These results implied that CDK1, CCNB1, and CCNB2
might participate in regulating the polarization of macro-
phages in HCC.
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Table 1. The prognostic values of CpG in CDK1, CCNB1, and CCNB2 genes by MethSurv.

Gene-CpG HR Log-rank test P value
CDK1-5’UTR-Island-cg02401235 0.429 <0.001*
| COKLSUTRIsland-cg25793692 oz o1
| CDKITSS200; S'UTR; Istbson-island-cgoa271103 — ose o0&
| CDK1TSS200; S'UTR; Istbxon-island-cg06793798 - 154 oo
| CDKITSS200; S'UTR; Istbson-island-cg13227273 - 1678 ooos
| CDKLTSS200; S'UTR; Istéxon-island-cg13954207  oess oo
| CDKLTSS200; S'UTR; Istexon-island-cg14922279  o0es1 00094
| COKLSUTR; Istexon; T55200-Island-cg13554667  oses o4&
| COKLSUTR; Istexon; T55200-sland-cg25228510 2340 oo
| CDKLTSS200; TSS1500-Island-cg15172601  os4 o3
| DKLTSS200; TSS1500-Island-cg27457323  o7eés o1
| COKLSUTR; Istexon; sland-cg18827378 ~ oer4 o043
| CONBLTSS1SOON_Shore-cg00200373 137 oo
| CONBLTSS1SOON Shore-cgi3saoss 1766 ooole
| CNBLBody'S_Shorecg01276222  os;1 ooolet
| CNBLBodylsand-cgosdsaess 185 woor
| CONBLTSS1S00-sland-cgos979ss0 1136 oar
| CNBLTSS1S00-sland-cg20a40575 197 ooost
| CONBLTSS200-island-cgo999s2s0 o7z o
| CONBLTSS200-island-cg240sBess s oo
| CONBIstExon; SUTRIsland-cglosseso  ose o2
| CONB-IstBxon; SUTRIsland-cg23935746  os%s 03
| CCNBL-3UTR-Open Seacgi3sa7309  2ess woor
| CNBLBody'S shelfcgizesssez a8 o2
| CCNB2TSS1SOON Shore-cgoi73sies 1190 o
| CCNB2TSS1S00N_Shore-cgos3ees1s 176s oo
| CCNB2TSS200-N_Shore-cgo3ososso 1279 o
| CNB2 Bodylsandcgol7é3821  o0%3  ose
| CNB2TSS200-island-cg17236576 vors o2
| CNB2TSS200-island-cg17260725 188 om
| CNB2Body'S_Shorecgi3ssiaz o9 woor

HR — hazard ratio; * P<0.05.
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Figure 6. (A) CDK1, CCNB1, and CCNB2 mutation rates were 6%, 9%, and 9%, respectively. (B, C) Genetic alterations in CDK1, CCNB1,
and CCNB2 were associated with shorter overall survival (0S) and disease-free survival (DFS) of HCC patients.

Interestingly, the correlations between markers for DCs and
the expression levels of CDK1, CCNB1, and CCNB2 were sig-
nificantly positively associated. The results further confirmed
that higher expression of these genes increased infiltration
by DCs. In addition, positive correlations between the expres-
sion levels of these genes and the gene markers for Tregs, Th1,
and Th2 were also observed in the results. However, no sig-
nificant correlation was detected in the gene markers for NK
cells. Furthermore, positive correlations between the expres-
sion levels of CDK1, CCNB1, and CCNB2 and the expression of
gene markers in exhausted T cells, such as PD-1, PDL-1, CTLA4,
TIM-3, LAG3, and GZMB, were observed in HCC. Therefore,
these results further demonstrate that higher expression lev-
els of CDK1, CCNB1, and CCNB2 were correlated with various
infiltrating immune cells, which suggests an important role in
immune escape.

Discussion

Orderly G2/M transition is controlled by the CDK1/CCNB com-
plex, which plays a critical role in governing the cell cycle of
mammalian cells [8]. Recent studies reported that the mRNA
expression levels of CDK1, CCNB1, and CCNB2 were signifi-
cantly higher in several types of cancer and were associated
with poor prognosis [9]. Moreover, the relationships between
mRNA expression of these genes and tumor cell malignancy
were confirmed in HCC [10-12]. However, the specific molec-
ular alterations of these genes and their biological functions
in HCC were not completely understood. Therefore, we further
explored the roles of these genes in HCC, especially in terms
of the immune environment.
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Figure 7. (A—C) CDK1, CCNB1, and CCNB2 expression levels were significantly related to tumor purity and significant positive
correlations existed with immune infiltration cells including CD4* T cells, CD8* T cells, B cells, neutrophils, macrophages, and
DCs in HCC. (D) CNA of CDK1 had significant correlations with immune infiltration cells including CD4* T cells and B cells.
CNA of CCNB1 had significant correlations with CD4* T cells, neutrophils, and macrophages. CNA of CCNB2 had a significant
correlation with CD4* T cell. CNA, copy number alteration.
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Table 2. Correlation analysis between CDK1, CCNB1, CCNB2, and related immune markers.

Description
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Table 2 continued. Correlation analysis between CDK1, CCNB1, CCNB2, and related immune markers.

Description

T-cell exhaustion  PD1 (PDCD1) 0.433
CTLA4 0.475
TIM-3 0.457
LAG3 0.339
GZMB 0.165
PDL1 CD274 0.284

0.398 el 0.457 el
0.427 el 0.455 el
0.454 el 0.464 el
0.332 ol 0.401 il
0.135 * 0.186 o
0.257 o 0.245 o

* P<0.05; ** P<0.01; *** P<0.001.

Our study further proved overexpression of CDK1, CCNB1, and
CCNB2 in diverse types of cancer. We also found that HCC pa-
tients with higher levels of mRNA expression of these genes
had a significantly poorer prognosis, which was confirmed by
HCC cohorts from TCGA and ICGC. Furthermore, the mRNA ex-
pression levels of these genes were significantly associated
with different pathological grades and individual cancer stag-
es in HCC. Genes that were co-expressed with CDK'1, CCNB1,
and CCNB2 in HCC patients were extracted for GO and KEGG
enrichment analysis. As expected, the co-expressed genes were
found to be primarily related to cell cycle functions and path-
ways. Lower levels of methylation of these genes in HCC might
cause them to be overexpressed. Moreover, genomic altera-
tions of these genes were found to be significantly correlat-
ed with poorer clinical outcomes of patients with HCC. Thus,
the results strongly indicate that CDK1, CCNB1, and CCNB2
are potential therapeutic targets in HCC.

Interestingly, another important finding from our study was
that the mRNA expression levels of CDK1, CCNB1, and CCNB2
were correlated with immune infiltration levels and various im-
mune markers. Significantly positive relationships were found
between expression levels of these genes and infiltration lev-
els of CD4* T cells, CD8* T cells, B cells, neutrophils, DCs, and
macrophages, particularly B cells, macrophages, and DCs. In
addition, the correlations between the expression levels of
these genes and the immune markers suggested that these
genes function in regulating tumor immunity in HCC. First,
immune markers of M2 macrophages, such as CD163, VSIG4,
and CSF1R, demonstrated significant correlations with expres-
sion of these genes, but immune markers of M1 macrophages,
such as NOS2 and ROS, did not show significant correlations.
The results indicated that CDK1, CCNB1, and CCNB2 also pos-
sessed a potential mechanism to polarize TAMs in HCC. In tu-
mor tissues, M1 macrophages had antitumor effects, while M2
macrophages had immunosuppressive effects that could pro-
mote tumor progression, including HCC [25,26]. Furthermore,

this study also revealed that these genes could potentially ac-
tivate Tregs and cause T-cell exhaustion through PD-1, PDL-1,
TIM-3, and CTLA4. The increasing number of Tregs and dysfunc-
tional T cells would suppress immune system response against
cancer cells, which would in turn promote tumor recurrence,
metastasis, and treatment resistance in neoplasms [27-29]. In
addition, significant correlations were also observed between
expression of these genes and diverse markers of Th1, Th2, and
DCs in HCC. A previous study had shown that a dysfunction-
al immune defense is partly related to intrahepatic DCs [30].
In general, the results indicate that CDK'1, CCNB1, and CCNB2
might participate in the recruitment and regulation of infiltra-
tion cells in the immune microenvironment, which would lead
to immune escape in HCC.

Clinical trials of immune checkpoint inhibitors in HCC, such
as tremelimumab (anti-CTLA4), nivolumab (anti-PD1), and
durvalumab (anti-PDL1), have shown positive responses [31].
Our results indicate a poorer prognosis with higher expres-
sion levels of CDK'1, CCNB1, and CCNB2 and a potential mech-
anism for inducing immune escape in HCC. We suggest that
these genes can be potentially used to evaluate the infiltra-
tion levels of immune cells in HCC and predict the response
to immunotherapy. CDK inhibitors such as Dinaciclib and
Riviciclib are in clinical trials for treating several types of can-
cer [32-36]. Moreover, the combination of a CDK4/6 inhibitor
such as Palbociclib with immune checkpoint inhibitors (PD-1
and CTLA4) and PI3Ka has been confirmed to induce complete
and durable regressions (>1 year) of triple-negative breast can-
cer in vivo [37]. Two phase Il clinical trials (NCT02778685 and
NCT03147287) that combine Palbociclib with endocrine ther-
apy and immunotherapy are currently underway [38]. We fur-
ther propose that combining inhibitors of CDK1/CCNB with
immunotherapy might improve the survival time of HCC pa-
tients. However, our study lacked experiments needed to ver-
ify the conclusions, and further experiments by testing clini-
cal samples are needed.
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Conclusions

Our study provides multi-pronged evidence of the impacts of
CDK1, CCNB1, and CCNB2 in the survival of HCC and the po-
tential of these genes as therapeutic markers. The results con-
firm that upregulation of these genes is correlated with poor
prognosis and is affected by methylation and genetic alter-
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regulatory role of these genes in tumor immunity. Therefore,
CDK1, CCNB1, and CCNB2 may potentially be able to predict the
response to immunotherapy, and combining immunotherapy
with inhibitors of these genes may improve the curative effect.
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