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Hepatocellular carcinoma (HCC) causes a heavy disease burden worldwide. Cell division cycle 45 (Cdc45) and
its encoding gene (CDC45) have been studied for a long time, but their expression patterns and roles in liver
carcinogenesis and advanced HCC deterioration are still incompletely understood. This study integrated tis-
sue microarray and bioinformatics analyses to explore the expression and clinical value of CDC45 and Cdc45
in HCC.

In HCG, the expression and relationships with clinic-pathological parameters of CDC45 and Cdc45 were inves-
tigated by integrating the RNA-sequencing data, downloaded from The Cancer Genome Atlas and Oncomine
databases, and tissue microarray with immunohistochemistry staining. Co-expressed genes and genetic alter-
ations of CDC45 separately obtained from Oncomine and cBioPortal databases were identified to shed light
on the potential mechanisms of CDC45 in HCC.

CDC45 and Cdc45 were both overexpressed in HCC tissues, and the CDC45 level progressively increased from
stage | to lll. The survival outcomes of the group with high CDC45 expression were significantly worse com-
pared with the group with low expression. Amplification and deep deletion were 2 major significant alteration
types in HCC patients, and the outcomes were worse in patients with altered versus unaltered CDC45. NUDTI,
E2F1, CCNE2, MCM5, and CENPM were identified as the most significantly co-expressed genes.

CDC45 and Cdc45 were both upregulated in HCC, and increased expression levels and genetic alternations of
CDC45 were correlated with worse prognosis in HCC patients. CDC45 may promote HCC by co-expressing with
NUDT1, E2F1, CCNE2, MCM5, and CENPM.
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Background

In the United States, liver cancer has increased in mortality
and morbidity more than any other human cancer during the
past decade [1]. In China, new cases of hepatocellular carci-
noma (HCC) represent about 45% of the total HCC cases re-
ported worldwide annually [2,3]. Liver cancer has long been
recognized as a serious threat to human health [4]. HCC is the
most common subtype of liver cancer, and it is well known for
its high heterogeneity, aggressiveness, fatality rate, and inci-
dence, as well as a lack of acceptable and efficient biomarkers
to predict disease progression and guide its treatment. Thus,
most HCC cases are diagnosed at an advanced stage, and the
5-year survival rate of HCC patients in both the United States
and China is less than 20% [1,3].

Growing research on tumor signal transduction pathways has
demonstrated that HCC progression results from the aberrant
activation of several molecules in various signaling pathways
controlling cell cycle progression or arrest, proliferation, differ-
entiation, cell survival, and apoptosis [5]. Therefore, it is urgent
and essential to research cancer genes to better understand
their involvement in the underlying molecular mechanisms of
tumorigenesis and cancer progression and to develop more
effective diagnosis and treatment options for HCC.

Cancer is characterized by uncontrolled cell proliferation and
DNA replication catalyzed by DNA helicases, and in-depth re-
search on these characteristic molecular events is needed to
probe their underlying causes and design novel therapeutic
targets. The gene cell division cycle 45 (CDC45), also known
as CDC45L, MGORS7, CDC45L2, and PORC-PI-1, is located at
chromosome 22q11.21, contains 21 exons, and encodes the
protein Cdc45. Cdc45 combines with helicases MCM2-7 and
GINS to form the Cdc45-MCM2-7-GINS (CMG) helicase com-
plex, and it plays a key role in the early stages of DNA repli-
cation in eukaryotes [6], especially in regulating the initiation
and elongation stages of eukaryotic chromosomal DNA rep-
lication [7]. From G1 to G2, Cdc45 exists only in the nucleus.
However, it is distributed throughout the cell after the nucle-
ar membrane is broken down during mitosis, which explains
the change of Cdc45 distribution in the S-phase, from disper-
sion to local accumulation. Previous studies have shown that
CDC45, Cdc45, or both are upregulated in various human car-
cinomas, leukemia, and lymphoma [6] and are limited or even
undetectable in nonproliferating cells [8]. Cdc45 can be a pro-
tein marker for cell proliferation because its expression is pos-
itively correlated with cell proliferation [8]. Furthermore, stud-
ies have shown that CDC45 is one of the target genes of the
myc gene [9] and has a critical effect on myc-dependent DNA
replication stress, in addition to limiting the rate of replication
origin activation [10,11]. In particular, the overexpression of
CDC45 “recapitulates all c-myc-induced replication and damage
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phenotypes” [12]. For these reasons, CDC45 might play a crit-
ical role during tumorigenesis.

However, agreement has not been reached on the expression
and functions of CDC45 and Cdc45 in HCC [13,14]. Therefore,
this study investigated the expression, prognostic functions,
and potential mechanisms of CDC45 with bioinformatics anal-
ysis and evaluated the expression of Cdc45 by immunohisto-
chemistry (IHC) in HCC with the goal of exploring the roles of
CDC45 and Cdc45 in HCC.

Material and Methods

Clinical Implications of CDC45 mRNA Expression Levels in
HCC Tissues

CDC45 mRNA Expression Levels in HCC Tissues Based on
RNA-sequencing Data

In this study, FireBrowse [15] (http://firebrowse.org/) and GEPIA
(Gene Expression Profiling Interactive) [16] (http://gepia.cancer-
pku.cn/) were used to analyze all CDC45 mRNA expression data.
Both are based on the RNA-sequencing data from The Cancer
Genome Atlas (TCGA), and GEPIA also contains the data from
the Genotype-Tissue Expression (GTEx) project. To identify the
expression level of CDC45 among different types of cancer, RNA-
Seq by Expectation-Maximization (RSEM) (log2) was used, which
was shown in FireBrowse. With regard to GEPIA and the data
from GTEx, the TPM (transcripts per million) format for the rel-
evant CDC45 mRNA expression levels were calculated. In total,
369 cases of HCC and 160 cases of non-HCC liver samples were
examined. The clinicopathological information for the HCC pa-
tients was downloaded from TCGA, including their clinical stag-
es, overall survival rates, and disease-free survival numbers.

CDC45 mRNA Expression Levels in HCC Tissues Based on
Other High-throughput Datasets

The Oncomine (https://www.oncomine.org) database contains
gene expression measurement from more than 4700 experi-
ments and is a powerful public platform for oncogenomic analy-
ses [17]. Therefore, to validate the CDC45 mRNA expression lev-
els in HCC patients, we searched the Oncomine datasets for the
CDC45 expression levels in HCC and non-HCC liver tissues. All
microarray platforms and RNA-sequencing data were considered.

Analyzing Cdc45 Expression in HCC With In-house Tissue
Microarrays and IHC

IHC was performed according to the manufacturer’s instruc-
tions. All patients had given informed consent, and this study
was authorized by the Ethics Committee of the First Affiliated
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Figure 1. The clinical significance of CDC45 mRNA expression levels in hepatocellular carcinoma (HCC) tissues based on RNA-Seq
data. The mRNA expression level of CDC45 was clearly upregulated compared with the controls (A, B). (A) The CDC45 mRNA
expression was clearly higher in HCC than in normal tissues. (B) The CDC45 mRNA expression was significantly increased
in HCC compared with normal tissues. (C) The CDC45 mRNA expression levels progressively increased from stage | to stage
Il and decreased in stage IV. A high CDC45 mRNA expression level indicated a negative prognosis (D: for overall survival,

HR=1.9, P=0.00039; E: for disease-free survival, HR=1.6, P=0.0037). HR=hazard ratio.
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Figure 2. The CDC45 mRNA expression levels were obviously upregulated in the microarrays from the Oncomine datasets.
(A) Chen Liver: fold change=2.135; P=1.16E-10; 197 samples; 10 802 measured genes; platform not predefined in Oncomine.
(B) Wurmbach Liver: fold change=1.581; P=4.17E-5; 75 samples; 19 574 measured genes; Human Genome U133 Plus 2.0
Array. (C) Roessler Liver: fold change=1.429; P=2.70E-5; 43 samples; 12 603 measured genes; Human Genome U133A
2.0 Array. (D) Roessler Liver 2: fold change=1.453; P=2.00E-36; 445 samples; 12 624 measured genes; Affymetrix Human

Genome HT U133A Array.

Hospital of Guangxi Medical University in Nanning, China (No.
2020 [KY-E-126]). The formalin-fixed paraffin-embedded tissue
microarray (TMA) was supplied by Fanpu Biotech, Inc. (LVC1021,
LVC1601, Guilin, China) and contained 137 HCC tissues and
62 non-HCC liver tissues. After being deparaffinized and rehy-
drated, the tissue slides were put into a boiled 0.01 M citrate
buffer (pH 6.0) to retrieve the antigen. The endogenous per-
oxidase activity was blocked with 3% H,0,. The primary anti-
body against Cdc45 was a rabbit anti-human Cdc45 monoclo-
nal antibody (ab126762) (Abcam, UK, dilution 1: 100), which
was incubated overnight at 4°C and then with horseradish per-
oxidase (HRP)-labeled secondary antibody (ready-to-use, Long
Island Antibody, Shanghai, China) at room temperature for 25
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min. The last step involved the visualization of the HRP with
3,3’-diaminobenzidine (DAB), followed by dehydration, sealing,
and evaluation with a bright-field microscope. Brown-yellow
granules in the nucleus and/or cytoplasm indicated positive
staining. Negative control sections were incubated with phos-
phate-buffered saline during the primary antibody incubation.

The 2 stained TMAs were assessed blindly by 2 independent
pathologists and were each evaluated at x400 magnification
for the intensity and percentage of positive cells in 10 ran-
domly selected fields. The staining intensity was scored ac-
cording to a model used in prior studies [18], with the record-
ed percentage falling into 1 of 4 grades: 0 (<5%), 1 (5-25%), 2
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Figure 3. The Cdc45 expression levels for the in-house tissue microarrays. Immunohistochemistry staining to evaluate the expression
of Cdc45 in hepatocellular carcinoma (HCC) and adjacent tissues. (A, B) The expression of Cdc45 was absent or weak in the
non-HCC tissue (2.565+1.410). (C, D) The expression of Cdc45 was obviously high in the HCC tissue (4.635+2.051). Cdc45
was detected in the nucleus and cytoplasm. Magnification, x20 (A, C) and x400 (B, D).

(26-50%), or 3 (>50%). To find the total IHC score, the inten-
sity score was multiplied by the percentage score.

The Potential Molecular Mechanism of CDC45 in HCC
The Co-expressed Genes of CDC45 in HCC Tissues

Since CDC45 may be co-expressed with other genes and medi-
ate a potential mechanism in the pathogenesis and progression
of HCC, we investigated the genes co-expressed with CDC45 in
102 cases of HCC from the Chen Liver dataset, 35 cases of HCC
from the Wurmbach Liver dataset, and 22 cases of HCC from
the Roessler Liver dataset. Heat-maps were drawn to show the
most significant co-expressed genes based on their correlation
coefficient. All these analyses were based on Oncomine [17].

The Genetic Alterations of CDC45 in HCC Tissues

Genetic alterations also contribute to the function of a gene.
Thus, we used multiple datasets to reveal the genetic alterations

This work is licensed under Creative Common Attribution-
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of CDC45 in HCC. The following datasets from cBioPortal (The
cBio Cancer Genomics Portal) [19] (http://cbioportal.org) were
included: “Hepatocellular Carcinoma” (MSK, Clin Cancer Res
2018, 127 samples), “Hepatocellular Carcinoma” (INSERM, Nat
Genet 2015, 243 samples), “Liver Hepatocellular Adenoma
and Carcinomas” (MSK, PLoS One 2018, 19 samples), “Liver
Hepatocellular Carcinoma” (AMC, Hepatology 2014, 231 sam-
ples), “Liver Hepatocellular Carcinoma” (RIKEN, Nat Genet
2012, 27 samples), and “Liver Hepatocellular Carcinoma”
(TCGA, Firehose Legacy, 442 samples). The molecular profiles
of the mutations, copy number of the alterations, and mRNA
Expression z-Scores (RNA-Seq V2 RSEM) were analyzed [20].

Statistical Analysis

All statistics were analyzed with SPSS Statistics (version 23.0).
The results were presented as mean+standard deviation (SD). A
t test was used to analyze the differences between the 2 groups,
while a 1-way ANOVA was used to analyze >3 groups. The associ-
ation between CDC45 expression levels and the clinicopathological
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Figure 4. The co-expressed genes based on the Chen Liver microarray. NUDT1 and E2F1 were the top 2 genes on the list of co-
expressed genes of CDC45 (r=0.713 and 0.675, respectively). The correlation index of other genes was 0.652.

parameters were analyzed by a chi-square test, and the relation-
ships between the different genes were examined using a correla-
tion coefficient test. The survival analysis was performed with the
Kaplan-Meier method. The Cox proportional hazards model was
used to analyze the effects of multiple factors on the progress and
hazard ratio (HR). P<0.05 was considered statistically significant.

Results

The Clinical Significance of CDC45 mRNA Expression Levels
in HCC

Calculating the RNA-sequencing Data to Identify the CDC45
mRNA Expression Levels in HCC Tissues

Using the TCGA RNA-Seq data, FireBrowse provided the CDC45
mRNA expression levels for more than 30 types of tumors. In 27

types of tumors with nontumorous controls, the CDC45 mRNA
expression levels were clearly upregulated compared with the
controls (Figure 1A). To improve the accuracy and validity of
the statistical analysis, we increased the number of noncan-
cerous cases used in the comparison by adding normal liver
samples from GTEx in GEPIA. The CDC45 mRNA expression lev-
els were predominantly higher in the 369 cases of HCC than in
the 160 cases of non-HCC liver controls (Figure 1B). We also
found increases in the CDC45 mRNA expression levels from
stage | to stage Ill, indicating that CDC45 might be responsible
for tumor progression. However, at stage IV, the CDC45 mRNA
expression levels decreased, probably due to the small sam-
ple size (Figure 1C). The proposed role of CDC45 mRNA in tu-
mor development was also supported by the prognostic values
obtained. The HR was 1.9 (P=0.00039) for the overall surviv-
al prediction (Figure 1D) and 1.6 for the disease-free surviv-
al prediction (P=0.0037, Figure 1E). The RNA-sequencing data
suggested that the upregulation of CDC45 mRNA expression
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Figure 5. The co-expressed genes based on the Wurmbach Liver microarray. All the correlation indexes of co-expressed genes of

CDC45 were 0.666, except CCNE2 (r=0.757).

levels might play a part in causing tumorigenesis and poorer
prognosis of HCC patients.

Mining the Microarray Data to Evaluate the CDC45 mRNA
Expression Levels in HCC Tissues

To gather more evidence supporting the proposed oncogen-
ic implications of CDC45 mRNA in HCC, we collected several
microarray datasets from Oncomine. Four of these datasets
showed that the CDC45 mRNA expression levels were indeed
obviously upregulated in the HCC samples compared with the
non-HCC controls, including the Chen Liver, Wurmbach Liver,
Roessler Liver, and Roessler Liver 2 datasets (Figure 2).

Assessing the Cdc45 Expression Levels in HCC Tissues with
In-house Tissue Microarrays and IHC

We further validated the CDC45 mRNA expression levels by
assessing their protein levels with in-house tissue microarrays
and IHC. The positive signaling of the Cdc45 was located in
the nucleus and cytoplasm. In line with the mRNA levels, the
Cdc45 levels in the HCC tissues were also notably increased in
comparison to those in the non-HCC tissues (4.635+2.051 vs
2.565+1.410, respectively; P=4.317E-14; Figure 3).

The Potential Molecular Mechanism of CDC45 in HCC
The Genes Co-expressed with CDC45 in HCC Tissues
The genes co-expressed with CDC45 could partially reveal the

potential functional mechanism of CDC45 in HCC. Two most
significant genes co-expressed with CDC45 in the Chen Liver
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Figure 6. The co-expressed genes based on the Roessler Liver microarray. MCM5, CENPM, GINS2, ASF1B, E2F8, RNASEHZ2A, and
CDKN2C were the top genes co-expressed with CDC45 in Roessler Liver.

dataset were NUDTI (r=0.713) and E2F1 (r=0.675). In addition,
16 other genes had the same correlation index (r=0.652), includ-
ing NUF2, NEK2, and ARL4A (Figure 4). The first co-expressed
gene listed in the Wurmbach Liver dataset was CCNE2, followed
by 16 genes with the same r value (0.666), including NUP155,
CKS1B, and CNIH4 (Figure 5). The first 2 co-expressed genes in
the Roessler Liver dataset were MCM5 and CENPM (r=0.823),
followed by 5 other genes with the same r value (0.779): GINS2,
ASF1B, E2F8, RNASEH2A, and CDKN2C (Figure 6).

The Genetic Alterations of CDC45 in HCC Tissues

Genetic alterations, such as mutations and amplifications, could
contribute to the potential molecular mechanism of CDC45 in
HCC. To investigate this idea, we examined the genetic altera-
tions of CDC45 in multiple datasets. CDC45 was found to be al-
tered in 34 of 360 patients/complete samples (9%) included in
442 HCC cases from the TCGA dataset (Figure 7A). The patterns

of CDC45 genetic alterations covered missense mutations, trun-
cating mutations, amplification, deep deletion, and higher mRNA
expression. Of note, the cases involving CDC45 genetic alterations
tended to have more unfavorable overall survival (Figure 7B) and
disease-free survival (Figure 7C). In addition to the TCGA datas-
ets, we used 5 other studies to obtain CDC45 genetic alteration
information (Figure 8A). CDC45 mutations could also be noted
in liver (AMC) and HCC (Inserm, 2015) studies (Figure 8B). Across
these datasets of CDC45 genetic alterations, a poorer overall sur-
vival rate was observed in the cases involving CDC45 alterations
than in the unaltered group (Figure 9A), although a poorer dis-
ease-free survival rate was not observed (Figure 9B).

Discussion

Overexpressed CDC45 has been observed in many kinds
of tumors. Previous studies have confirmed that Cdc45 is
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Figure 7. The clinical implications of CDC45 genetic alterations. (A) The oncoprint of CDC45 in 360 patients/complete samples from
442 cases of hepatocellular carcinoma (HCC). CDC45 was altered in 34 (9%) cases. Patients with the CDC45 genetic alteration
were more likely to have poor lifespan (B, for overall survival; C, for disease-free survival).
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Figure 8. The CDC45 genetic alterations in multiple HCC datasets. (A) The oncoprint of CDC45 in 1089 cases of hepatocellular
carcinoma (HCC) from multiple datasets involved The Cancer Genome Atlas (TCGA), AMC, Inserm, MSK, and RIKEN. CDC45
was altered in 9 (1%) of the patients. (B) The alteration frequency of CDC45 in HCC and mutation was the most common
alternate forms, especially in liver (AMC) and HCC (Inserm, 2015) studies.
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Figure 9. The prognostic values of CDC45 genetic alterations in hepatocellular carcinoma (HCC). The survival time of altered group was
less than the unaltered group, both for overall survival (A) and disease-free survival (B).

significantly upregulated in colorectal cancer tissues, papillary
thyroid carcinoma tissues, and tongue squamous cell carcino-
ma tissues compared with noncancerous tissues [21-23]. It has
also been reported that CDC45 expression is significantly high-
er in malignant squamous cell carcinomas of the tongue than
in mild precancerous epithelial dysplasia and that the expres-
sion levels generally increase with increasing grades of dys-
plasia [23]. However, the prognoses for patients with differ-
ent CDC45 expression levels in various tumors can be diverse.
For example, the prognosis for colorectal cancer patients was
found to be worse in a low than in a high CDC45 expression
group [24], while CDC45 was significantly upregulated in pros-
tate cancer metastatic samples [25] and was correlated with
late-stage papillary thyroid carcinomas [22].

The role of CDC45 in HCC remains unclear. Xiang et al [13] found
that CDC45 was one of the risk factors in HCC patients and was
markedly upregulated in HCC tissues. However, Chen et al [14]
found that CDC45 expression was increased while Cdc45 was
downregulated in HCC tissues. By integrating data from tis-
sue microarray, TCGA, and Oncomine, the current study pro-
vided evidence that both Cdc45 and CDC45 levels increased in
HCC tissues compared with non-HCC tissues. Moreover, con-
cerning the expression of CDC45/Cdc45 and clinicopatholog-
ical features of HCC patients, Xiang et al [13] confirmed that
senescence-associated genes including CDC45 can predict the
1-, 3-, and 5-year overall survival of HCC patients more accu-
rately than serum alpha-fetoprotein. Both Chen et al [14] and
the current study suggested that higher expression levels of
CDC45 indicated more advanced clinicopathological features
and shorter survival. Nevertheless, in terms of the expression
of Cdc45, this study showed that Cdc45 was clearly higher in
HCC than in noncancerous tissues and located in the nucleus

and cytoplasm, whereas Chen et al [14] found that Cdc45 was
downregulated in HCC tissues and mainly located in the cyto-
plasm. Allin all, these studies indicated that CDC45 was over-
expressed in HCC tissues, while expression of Cdc45 varied.
The difference in Cdc45 expression patterns might be caused
by different primary antibodies, regional disparity, and sam-
ple size. In addition, our study suggested that the cases with
CDC45 genetic alterations, including missense mutations,
truncating mutations, amplification, deep deletion, and high-
er mRNA expression, tended to have a shorter overall surviv-
al. These results suggest that CDC45 might be a cancer-pro-
moting factor in HCC and could help to predict the prognosis
of HCC patients. However, the mechanism of the translation
of CDC45 to Cdc45 remains unknown.

The mechanism of CDC45 in HCC is unclear. The current study
integrated data on gene co-expression and genetic alterations
of CDC45 to explore the potential molecular mechanism of
CDC45 in HCC tissues. It was found that 5 genes, including
NUDT1, E2F1, CCNE2, MCM5, and CENPM, had significant cor-
relation indices with CDC45 and were upregulated in HCC tis-
sues. Numerous studies agree that the increased expression
of these 5 genes is associated with a poor prognosis and more
advanced tumor stages in HCC patients [13,26-30]. Moreover,
research showed that E2F1 regulates DNAJA1 to promote cell
proliferation and metastasis by stabilizing CDC45 in colorectal
cancer cell lines [21] and that silencing CCNE2 or CENPM could
inhibit HCC cell growth [30,31]. Therefore, CDC45 may have a
synergistic relationship with NUDT1, E2F1, CCNE2, MCM5, and
CENPM that promotes the oncogenesis and progression of HCC.

There were 2 main limitations to this study. First, the roles of
CDC45 in vivo and in vitro require further investigation. Second,
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future experiments need to uncover and validate the exact
relationship between the 5 co-expressed genes and CDC45.

Conclusions

The present study confirmed the upregulated expression pat-
tern of CDC45 and Cdc45 in HCC and revealed that increased
expression levels and genetic alternations of CDC45 can be
associated with a worse prognosis in HCC patients. In addi-
tion, CDC45 may promote the growth and progression of HCC
through co-expression with NUDT1, E2F1, CCNE2, MCM5, and
CENPM. These findings indicate that CDC45 may be a novel
prognostic biomarker in HCC patients.
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