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Abstract: Objective: Research has proven that the expression of CDC6 is tightly related to tumorigenesis and pro-
gression of various tumors. However, the effects of CDC6 in hepatocellular carcinoma remain uncertain. The main
purpose of this research is to explore this relationship. Methods: We assessed the expression levels of CDC6 in a se-
rious of cancers from GEPIA database. The expression of CDC6 in hepatocellular carcinoma tissue and normal liver
tissue was compared, and further assessed by immunohistochemical staining. Graphpad software was performed
for data analysis, and t-test and x? analysis were used to investigate the role of CDC6 in hepatocellular carcinoma.
Results: The expression level of CDC6 was significantly higher in malignant carcinoid, melanoma, urothelial tumor,
and hepatocellular carcinoma in the GEPIA online database. It was related to clinical progression of hepatocellular
carcinoma. We found that the expression of CDC6 was correlated with tumor size (P=0.018) and the number of tu-
mor nodes (P=0.003), but not with age, gender and AFP value (P>0.05). Conclusions: The expression level of CDC6
in hepatocellular carcinoma is related tightly to clinical findings. Detecting the expression of CDC6 might provide a
new biomarker for patients with hepatocellular carcinoma.
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Introduction

Hepatocellular carcinoma is one of the most
malignant tumors in the world, because of its
high mortality and extreme aggressiveness [1].
The treatment effectiveness of hepatocellular
carcinoma has been an urgent issue due to no
significant intervention measures. According to
the statistics of 2019 in United States [2], can-
cer was the second most common cause of
deathin the USA, behind cardiovascular dis-
ease. About 42,030 newly diagnosed hepato-
cellular carcinoma cases occurred in 2019,
while approximately 31780 patients with hepa-
tocellular carcinoma died due to progression.
Interestingly, the number of male patients was
significantly more than females. There were
approximately 42,810 newly diagnosed cases
in 2020, and about 30160 died from hepato-
cellular carcinoma in 2020 [3]. The morbidity
and mortality of hepatocellular carcinoma in
2020 were consistent with that of 2019. Among
all cancers, death derived from hepatocellular

carcinoma was fifth in males and seventh in
females respectively. Reducing the high mortal-
ity is currently an important aim [4]. Much
improvement has been obtained with treat-
ment recently, including surgical resection,
neoadjuvant radiotherapy and chemotherapy,
targeted therapy, immune-therapy and endo-
crine therapy [5, 6], improving the the progno-
sis and survival rate. However, the diagnosis of
hepatocellular carcinoma still lacks sensitive
biomarkers, and a biomarker is needed.

CDC6 (Cell Division Cycle 6) is highly similar to
Saccharomyces cerevisiae Cdc6 (a protein criti-
cal for the initiation of DNA replication). CDC6 is
a regulator at the early steps of DNA replication,
and participates in checkpoint controls that
ensure DNA replication is completed before
mitosis is initiated. Many diseases were found
to involve the dysregulation of CDC6, such as
Meier-Gorlin Syndrome 5, Meier-Gorlin Syn-
drome 1, and various tumors [7]. Currently,
many scholars have identified that CDC6 par-
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ticipated the prognosis and development of
various cancers. For example, Zhao et al identi-
fied that CDC6 was up-regulated in glioblasto-
ma multiforme and associated tightly with a
poor prognostic signature [8]. Jiang et al have
provenm that downregulation of Cdc6 inhibits
tumorigenesis of osteosarcoma in vivo and in
vitro [9]. Above research all showed that the
expression of CDC6 was upregulated in tumors,
and knockdown of expression of CDC6 could
restrain significantly the carcinogenesis and
development of cancer. It is worth noting that
CDC6 could serve a biomarker for circulating
tumor cells in patients with lung cancer based
on the study of An et al [10]. The role of CDCG6 in
hepatocellular carcinoma remains unclear.

The purpose of this research was to explore
expression of CDC6 in hepatocellular carcino-
ma and its relationship to clinicopathologic
data. To further identify the function and effects
of CDC6 in hepatocellular carcinoma, this study
proposes that CDC6 is highly expressed and
associated with prognosis of hepatocellular
carcinoma. This may provide a biomarker and
treatment target.

Materials and methods
Information of patients

All data in this study were obtained with these
patients’ informed consent. All tissues of 90
patients with hepatocellular carcinoma involved
in this study were from the Urology department.
All tissue collection processes were carried out
by scientific methods, and these tissues were
confirmed by postoperative pathology.

Antibodies and reagents

IHC Anti-CDC6 antibody (ab109315; rabbit;
1:100), Abcam plc, Cambridge, UK.

Data extraction from GEPIA database

We extracted the differential expression plot of
CDC6 between normal liver tissue and hepato-
cellular carcinoma from GEPIA online database,
also the overall survival rate and disease-free
survival rate from GEPIA (http://gepia.cancer-
pku.cn/detail.php?gene). The expression of
CDC®6 in various tumors by immunohistochemi-
cal staining was obtained from the human pro-
tein atlas online database (https://www.pro-
teinatlas.org/).
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Immunohistochemical staining

According to the procedures of the immunohis-
tochemical staining kit, paraffin specimens
were sliced at 3-5 ym and grilled slices at 70°C
for 50 minutes, and soaking in following order,
xylene solution (1) for 10 mins, xylene solution
(2) for 10 mins, absolute ethanol solution (1) for
5 mins, absolute ethanol solution (2) for 5 mins,
95% alcohol solution for 5 mins, 85% alcohol
solution for 5 mins and 75% alcohol solution for
5 mins. We washed in PBS buffer for 2 minutes
two times and placed the slices in sodium
citrate buffer in the microwave (high heat for 5
mins firstly and then low to medium fire for 7-10
mins). Then, they were placed at room tempera-
ture for 2 hours and washed with PBS buffer for
2 mins two times. We removed excess water
and dropped H,0, in a wet box for 20 mins at
room temperature, washed again and addeed
CDC6 antibody for 4°C overnight. In next day,
placed at room temperature for one hour,
washed with PBS buffer for 2 mins two times,
and added IgG secondary antibodies for 2
hours at room temperature. We washed again
with PBS buffer, drop DAB (pre-formulated with
liquid A and liquid B), stained at room tempera-
ture about 5-15 seconds. The staining reaction
was halted with water and we next stained
nuclei with hematoxylin solution for 5-8 sec-
onds, followed by a tap water rinse for 2 mins.
Soaking was in following order, 75% alcohol
solution, 85% alcohol solution, and 95% alco-
hol solution each for 1 min, absolute ethanol
(1) and absolute ethanol (2) each for 3 mins,
xylene (1) and xylene (2) each for 5 mins. Finally,
neutral gum sealer was applied and slides were
observed under the microscope.

Statistical analysis

Statistical analysis was conducted by using the
software Graphpad prism 7, and we used t-test
for the results comparison between two groups.
The relationship between the expression of
CDC6 and these clinicopathologic data was
investigated using x test.

Results

High expression level of CDC6 is related sig-
nificantly to prognosis of hepatocellular carci-
noma

We analyzed the differential expression of
CDC6 in 529 clinical samples (including 369

Int J Clin Exp Pathol 2021;14(7):811-818



CDCG6 in hepatocellular carcinoma

Qverall Survival

—*
o .
o - I e 4
R4 -
e
L5
- b @ |
M i =
l‘- ﬁ
3
o 2
N ©
™ = ] c =
S o
.- 1
A
- &
h T
o h 832
“q o
5 B
v
- - ’, g -
i
o - — g -
T T T T

Disease Free Survival

— Low CDC6 TPM 2 — Low CDC6 TPM
— High CDC6 TPM = High CDC6 TPM
Logrank p=0.02 Logrank p=0.0044
HR(high)=1.5 - HR(high)=1.5
p(HR)=0.02 = p(HR)=0 0045
n(high)=182 n(high)=182
n{low)=182 n{low)=182

.

06

Percent survival
0.4

0.0

LIHC 0 20 40 60
(num(T)=3689; num(N)=160)

T
80

Months

T T T T T T T T
100 120 0 20 40 60 80 100 120

Months

Figure 1. Expression level of CDC6 is positively correlated with poor prognosis of hepatocellular carcinoma. A. The
expression of CDC6 in hepatocellular carcinoma and normal liver tissues in GEPIA database. Expression of cancer
is higher than in the normal liver tissues. B. Overall and disease-free survival rates of low and high expression of
CDC6. The higher the expression of CDC6E, lower overall and disease-free survival rates in hepatocellular carcinoma.

cases of hepatocellular carcinoma and 160
normal liver tissues) from GEPIA online data-
base. The results demonstrated that the
expression level of CDC6 in hepatocellular car-
cinoma was higher than in normal liver tissues
(P<0.05; Figure 1A). Furthermore, we explored
the role of CDC6 in the progression of hepato-
cellular carcinoma, with respect to prognosis,
by a Kaplan-Meier curve analysis. The results
of these analyses demonstrated that patients
with hepatocellular carcinoma with lower
expression of CDC6, had a high disease-free
survival rate and overall survival rate (Figure
1B). Thus CDCG6 is highly expressed in hepato-
cellular carcinoma and is associated with
prognosis.

Expression of CDC6 in various tumors

We systematically analyzed the expression
level of CDC6 in several common tumors by
using the human protein atlas online database.
CDC6 had weak to moderate cytoplasmic and/
or nuclear positivity. CDC6 was highly expressed
in colorectal cancer, carcinoid, and testis can-
cer, while lowly expressed in renal cancer, cervi-
cal cancer and lymphoma, and not detected in
prostate cancer (Figure 2A). Then we explored
the expression of CDC6 in colorectal cancer,
breast cancer, prostate cancer, lung cancer,
and liver cancer from the online database.
These results were consistent with previous
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results, and CDC6 was found to stain the cyto-
plasm (Figure 2B).

High expression of CDC6 in hepatocellular car-
cinoma

Furthermore, we explore the specific role of
CDC6 in hepatocellular carcinoma, whether
CDC6 influenced the development and progno-
sis of hepatocellular carcinoma. An immunohis-
tochemical staining assay was performed to
detect the expression level of CDC6 in 90 sam-
ples from patients with hepatocellular carcino-
ma. Results demonstrated that the expression
of CDC6 was increased significantly in these
patients with hepatocellular carcinoma. We
divided these patients into two groups based
on high or low intensity of staining (Figure 3A).
According to our results, CDC6 mainly stained
in the cytoplasm in hepatocellular carcinoma,
which was consistent with the results of the
database. We further found that the expression
of CDCG6 was obviously lower in normal liver tis-
sues compared with hepatocellular carcinoma
(Figure 3B). The above data implied that the
expression levels of CDC6 was associated
tightly with the development and prognosis of
hepatocellular carcinoma. Consequently, we
explored the relationship between the expres-
sion of CDC6 and these clinicopathologic data
of 90 patients with hepatocellular carcinoma.
Five values were queried, including age, gender,

Int J Clin Exp Pathol 2021;14(7):811-818



CDC6 in hepatocellular carcinoma

A Organ Expression Alphabetical
HPA050114

Malignant cells displayed weak to moderate cytoplasmic and/or nuclear positivity. A rare case each of
malignant carcinoid, melanoma, urothelial cancer and hepatocellular carcinoma were strongly stained.

Patients (%)

PROTEIN EXPRESSION SUMMARY'

Figure 2. Expression of CDC6 protein in several common tumors and hepatocellular carcinoma (IHC). A. The expres-
sion of CDC6 displayed moderate cytoplasmic positivity in most cancers; especially head and neck cancer strongly
stained. B. Expression of CDC6 in colorectal cancer, breast cancer, prostate cancer, lung cancer and liver cancer
by IHC staining.
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Figure 3. Expression of CDC6 in hepatocellular carcinoma. A. Expression of CDC6 in hepatocellular carcinoma (IHC).
Tissues were classified as to low expression and high expression. B. The expression of CDC6 in normal liver tissues
was used as a normal control group. The expression of CDC6 in normal liver tissue is low and stain is weak or nega-
tive.

number of tumor nodes, tumor size, and AFP associated with the number of tumor nodes
value (Table 1). The results demonstrated that (P=0.003) and tumor size (P=0.018), but not
the expression level of CDC6 was significantly related to age, gender, or AFP value (P>0.05).
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Table 1. Relationships of CDC6 and clinicopathological charac-
teristics in 90 patients with hepatocellular carcinoma

CDC6 expression

the results demonstrated that
the cure rate of hepatocellular
carcinoma was increasing daily
with progress in medicine [3].

Feature Alln=90 Low High X2 P . A
However, it still is a concern
n=42 n=48 fortens of thousands of patients
Age (year) 3.222 0.073 with hepatocellular carcinoma.
<56 58 23 35 Incidence and mortality are
256 32 19 13 increasing, though much devel-
Gender 1.286 0.257 opment. Diagnostic sensitivity
Male 50 26 24 and specificity for hepatocellular
Female 40 16 24 carcinoma remained low [12].
Number of tumor nodes 8.601 0.003* Diagnosis and  screening  of
Single 43 27 16 zepatc:jcellufrtcaiglr;ozwfpmallnly
) epend on detectin value
e =2 M oo [13) usuall, 6070% patients
) ; can be confirmed and found.
<5cm 48 28 20 However, the leftover patients
25 cm 42 14 28 cannot be identified immediate-
AFP (ng/mL) 0.294 0.588 ly, and the AFP value is inter-
<50 38 19 19 fered by many liver-related dis-
>50 52 23 29 eases and biologic processes,

* stands for P<0.05.

Overall, we found that the expression of CD-
C6 might be involved in tumorigenesis and
development of hepatocellular carcinoma, and
CDC6 was highly expressed in hepatocellular
carcinoma and might serve as a target for
treatment.

CDC6 may serve as a new biomarker for hepa-
tocellular carcinoma

We propose that CDC6 may serve as a new bio-
marker for hepatocellular carcinoma according
to these results. We analyzed and compared
CDC6 as a prognostic-related marker in liver
cancer and pancreatic cancer by using an
online database analysis. The results showed
that CDC6 could be a prognostic biomarker for
liver cancer and pancreatic cancer (P<0.001;
Figure 4). In summary, we have enough rea-
sons to consider CDC6 to serve a new treat-
ment target and biomarker for hepatocellular
carcinoma.

Discussion

Hepatocellular carcinoma has high mortality.
According to statistical analysis, among all
patients dying from cancers, hepatocellular
carcinoma accounted for approximately 7% in
2019 [2, 11]. While the proportion of hepato-
cellular carcinoma in 2020 has dropped to 6%,
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which would influence judgment

and strategic decision [14].

Treatment measures of hepato-
cellular carcinoma have saved a large number
of patients, but many were metastatic when
diagnosed, or resistant to many drugs and
other treatment measures [15]. We lack a sen-
sitive and potential biomarker and target for
patients with hepatocellular carcinoma. In
this research, we searched the expression of
CDC6 protein in hepatocellular carcinoma
by online database. Results showed that
the expression of CDC6 was higher in hepato-
cellular carcinoma than normal liver tissue.
Immunohistochemical staining assay in this
study was confirmatory. These results showed
that CDCG6 could serve as a biomarker for many
patients with hepatocellular carcinoma. CDCG,
belonging to one of the most common chromo-
some replication licensors, is associated with
the loading of MCM complex to chromatin [16].
Previous studies identified that CDC6 was a
critical component of pre-replication complex
(pre-RC) during DNA replication occurring in all
eukaryotes [17, 18]. The important role of CDC6
in DNA replication implied that it could influ-
ence proliferation and transcription by regulat-
ing replication-related processes [19, 20].
Dysregulation of CDC6 can cause carcinogene-
sis and development of various tumors, and the
proliferation ability would be inhibited signifi-
cantly when the expression of CDC6 was
knocked down [7]. Ke et al have shown that
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Figure 4. Analysis of the use of CDC6 as a prognostic marker for liver cancer and pancreatic cancer.

RYBP inhibited the progression of esophageal
squamous cell carcinoma by downregulating
CDC6 expression to influence the conversion of
cell cycles [21]. We analyzed and found that the
expression of CDC6 in hepatocellular carcino-
ma was significantly higher compared with nor-
mal liver tissue. We further identified that high-
er expression level of CDC6 was associated
tightly with lower overall survival rate in GEPIA
online database. These results implied that the
expression of CDC6 might be related to progno-
sis of hepatocellular carcinoma. CDC6 was
associated tightly with overall survival rate of
hepatocellular carcinoma, so CDC6 is an essen-
tial factor for its progression and development.
Kim et al identified that CDC6 mRNA expres-
sion was associated tightly with development
and aggressiveness of prostate cancer, and
this conclusion implied that CDC6 could be an
important biomarker for cancers by detecting
the mRNA expression level [22]. Its dysregula-
tion also caused progression and development
of various tumors, such as colorectal cancer
[23], gastric cancer [24, 25], pancreatic cancer
[26], and glioblastoma [8]. The tumor promot-
ing role of CDC6 has been established. We con-
clude that CDC6 is highly expressed in hepato-
cellular carcinoma and associated with progno-
sis and development. The fact of high expres-
sion of CDC6 in hepatocellular carcinoma and
relation to progression implies that targeting
CDC6 might be a treatment strategy for patients
with hepatocellular carcinoma. An inhibitor of
CDC6 might restrain the proliferation and pro-
gression of hepatocellular carcinoma, and help
the overall survival rate. CDC6 biomarker func-
tion in hepatocellular carcinoma, was explored
using the diagnostic related curve that was
simulated in an online database. The results
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demonstrated that CDC6 was an extremely
sensitive diagnosis-related biomarker for hepa-
tocellular carcinoma.

In conclusion, we preliminarily determined that
CDC6 could be a new diagnosis-related bio-
marker and therapy target for hepatocellular
carcinoma. However, this conclusion needs to
further experiments to strengthen it because of
the small sample size and single-center study.
We need to store more patient samples and
conduct a multicenter and complete study, and
we next explore the mechanism between CDC6
on hepatocellular carcinoma. We will explore
the change of proliferation and invasion ability
after knockdown the expression of CDC6 in
hepatocellular carcinoma cell lines, and exam-
ine knockdown of CDC6 on tumorigenesis and
development in vivo.
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