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Background: CyclinB1 is highly expressed in various tumor tissues and plays an important

role in tumor progression. However, its role in hepatocellular carcinoma (HCC) remains

unclear. Therefore, the aim of this study was to explore the role of cyclinB1 in the

development and progression of HCC.

Methods: The expression of cyclinB1 was analyzed using the Gene Expression Profiling

Interactive Analysis (GEPIA) database, and detected in HCC tissues and HCC cell lines

through quantitative reverse transcription-polymerase chain reaction (qRT-PCR) and Western

blotting. CyclinB1-short hairpin RNA (Sh-cyclinB1) was transfected into HCC cells to

knockdown cyclinB1, and the effect of cyclinB1 knockdown on HCC was examined via

the MTT assay, colony formation assay, wound healing assay, scratch assay, cell cycle

analysis in vitro, and xenograft model in nude mice. In addition, the role of cyclinB1 on

tumor necrosis factor-related apoptosis-inducing ligand (TRAIL)-induced apoptosis was

measured using flow cytometry and Western blotting.

Results: The GEPIA database analysis showed that cyclinB1 was highly expressed in HCC

tissues. The results of qRT-PCR and Western blotting proved that the expression of cyclinB1

was significantly increased in HCC tissues and cell lines. The data of the MTT assay, colony

formation assay, and cell cycle analysis indicated that cyclinB1 knockdown inhibited the

proliferation of HCC cells. In addition, cell migration, invasion, and epithelial mesenchymal

transition were also impaired by cyclinB1 knockdown. Furthermore, the xenograft model in

nude mice demonstrated that inhibition of cyclinB1 suppressed tumor growth and metastasis

in vivo. Finally, the results of flow cytometry and Western blotting indicated that inhibition

of cyclinB1 enhanced the sensitivity of HCC cells to TRAIL-induced apoptosis.

Conclusion: Overall, these data provide reasonable evidence that cyclinB1 may serve as

a proto-oncogene during the progression of HCC.
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Introduction
Primary liver cancer is one of the main causes of cancer-related death globally, and

remains one of the most refractory types of cancer.1 Hepatocellular carcinoma

(HCC) is the most common type of liver cancer, accounting for approximately

90% of primary liver cancer cases.2 HCC accounts for approximately 4–5% of

newly diagnosed cancers worldwide, and approximately 560,000 individuals are
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diagnosed with HCC annually.3 In China, the risk of HCC

is particularly high, accounting for approximately 55% of

cases worldwide.4 In spite of the advances in diagnosis

and treatment (e.g., surgical excision, transplantation, che-

motherapy, and drug therapy), the survival rate remains

unfavorable and the 5-year survival rate has not signifi-

cantly improved.5 In this regard, uncovering novel biomar-

kers for early diagnosis and new targets for molecular

therapy is imperative to improve the survival rate of

patients with HCC.

CyclinB1 and activation of the cyclin-dependent kinase

1/cyclinB1 complex have been shown to regulate the cell

cycle transition from G2 to the M phase.6,7 Increased

expression of cyclinB1 accelerates mitosis and may lead

to excessive proliferation of cells. Studies have shown that

cyclinB1 is highly expressed in various tumor tissues, and

plays an important role in tumor growth. A multivariate

analysis demonstrated that overexpression of cyclinB1

may be related to the malignant development of laryngeal

squamous cell carcinoma.8 A study demonstrated that

tumor tissues expressing high levels of cyclinB1 were

resistant to radiotherapy, and the expression level of

cyclinB1 is likely to be an important indicator of the risk

of recurrence and metastasis in patients with head and

neck squamous cell carcinoma after radiotherapy.9

Overexpression of cyclinB1 was also observed in oral

squamous cell carcinoma, and was involved in early car-

cinogenesis, cell differentiation, and tumor proliferation.10

However, the expression and specific function of cyclinB1

in HCC remains unclear.

Therefore, we explored the specific role of cyclinB1 in

the pathogenesis of HCC. We examined the expression

level of cyclinB1 in HCC through quantitative reverse

transcription-polymerase chain reaction (qRT-PCR) and

immunohistochemistry staining of HCC specimens. In

addition, short hairpin RNA-mediated (shRNA-mediated)

gene knockdown was applied to explore the specific bio-

logical functions of cyclinB1 in HCC cell lines. The role

of cyclinB1 on tumor necrosis factor-related apoptosis-

inducing ligand-induced (TRAIL-induced) apoptosis was

also investigated.

Materials and Methods
Tissue Sample Collection
HCC tissues and adjacent normal tissues were obtained from

28 patients who underwent tumor resection in the First

Affiliated Hospital of Zhengzhou University (Zhengzhou,

China) from May 2016 to November 2018. The use of

tumor samples in this study was approved by the ethics

committee of the First Affiliated Hospital of Zhengzhou

University. All patients provided written informed consent.

Cell Lines and cell Culture
The HCC cell lines HepG2, BEL-7402, Huh-7, Hep3B,

SMCC7721, and MHCC97H, as well as the normal human

liver cell line LO-2 were used in this study. BEL-7402,

Huh-7, and Hep3B cell were obtained from the Library of

Typical Culture of Chinese Academy of Sciences (Shanghai,

China). MHCC97H and SMCC7721 cells were purchased

from the Liver Cancer Institute of Fudan University

(Shanghai, China). HepG2 and LO-2 cells and purchased

from the American Type Culture Collection (Manassas,

VA, USA). All cells were cultured in Dulbecco’s modified

Eagle’s medium (Invitrogen, Waltham, MA, USA) with 10%

fetal bovine serum (Invitrogen, USA) and 1% penicillin/

streptomycin. The cells were cultured in an incubator at

37°C in a humidification atmosphere containing 5% CO2.

Knockdown of cyclinB1
Specific shRNA sequence targeting cyclinB1 messenger

RNA (mRNA) sequence or a control shRNA was cloned

into the pLKO.1-puro vector (Sigma) to stably knock

down the expression of cyclinB1 in HCC cells.

Subsequently, Lipofectamine 2000 reagent (Invitrogen)

was used to transfect the vector into HCC cells according

to the instructions provided by the manufacturer.

RNA Extraction and Real-Time PCR
Total RNA from tissue samples and cells was isolated using

the Trizol reagent (Invitrogen) following the protocol pro-

vided by the manufacturer. The PrimeScriptTM RT regent Kit

with gDNA Eraser (Takara, Tokyo, Japan) was employed for

the removal of genomic DNA and qRT-PCR. Denaturation,

followed by 40 cycles of PCR reactions and a dissociation

stage were performed on a CFX Connect™ Real-Time PCR

Detection System (Takara). The relative expression level of

cyclinB1 was calculated using the 2−ΔΔCt method and nor-

malized to that of β-actin. The experiment was performed

thrice and each sample was assayed in triplicate.

Western Blotting
Cells were lysed with radioimmunoprecipitation assay buffer

containing complete protease inhibitor (Sigma). The

Bradford assay was used for quantification. An equal amount

of protein was used in each group for subsequent analysis.
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Western blotting of proteins was performed according to

standard experimental procedures. The following antibodies

were used in the Western blotting analysis: rabbit anti-

cyclinB1 antibody (1:5000, ab32053; Abcam), mouse anti-

vimentin antibody (1:500, ab8978; Abcam), rabbit anti-

N-Cadherin antibody (1:1000, ab18203; Abcam), mouse

anti-E-Cadherin antibody (1:50, ab1416; Abcam), anti-

cleaved caspase-3 (1 µg/mL, ab2302; Abcam), and anti-

cleaved caspase-9 (1 µg/mL, ab2324; Abcam).

MTT Assay
Cell viability after cyclinB1 knockdown was measured

through the MTT assay. Following transfection of Huh-7

and HepG2 cells with sh-cyclinB1 or negative control-

shRNA (sh-NC) for 72 h, cells were planted in a 96-well

plate at a density of 5000 cells per well. At the indicated

timepoint, MTT (20 μL, 5 mg/mL; Sigma−Aldrich) solu-
tion was added and the cells were incubated for 4 h. After

centrifugation, the supernatant was discarded and 200 μL
dimethyl sulfoxide (DMSO) was added. The absorbance

was measured at 570 nm using a microplate reader. The

experiment was performed thrice and each sample was

assayed in five replicates.

Colony Formation Assay
Cells at the logarithmic growth stage were digested with

0.25% trypsin inoculated into a dish containing 10 mL cul-

ture medium preheated to 37°C and gently rotated to disperse

the cells evenly. The cells were incubated at 37°C with 5%

CO2 and saturated humidity for 2 weeks. The culture was

terminated following the appearance of visible clones. The

supernatant was discarded and the cells were gently washed

twice with phosphate-buffered saline (PBS). The cells were

fixed with 4% paraformaldehyde for 15 min and stained with

Giemsa stain (Solarbio, Beijing, China) for 30 min.

Subsequently, the rate of clone formation was calculated.

Apoptosis Assay
The apoptosis ratio was analyzed using the Annexin

V-fluorescein isothiocyanate Apoptosis Detection Kit

(Beyotime, China). At 48 h after plasmid transfection,

HCC cells were harvested, washed with cold PBS, resus-

pended in working solution containing Annexin binding

buffer and propidium iodide stock solution according to

the manufacturer’s instructions. After incubation for 15

min at room temperature in the dark, samples were ana-

lyzed using the Muse Cell Analyzer (Millipore, Hayward,

CA, USA) and MuseSoft 1.4.0.0 (Millipore).

Transwell Invasion Assay
The invasive ability of HCC cells transfected with sh-

cyclinB1 or sh-NC was evaluated in a 24-well Matrigel

Invasion Chamber (BD Biosciences, San José, CA, USA).

A total of 1×105 cells per mL were suspended in serum-

free medium containing bovine serum albumin, cell sus-

pension (200 μL) was added to the upper chamber, and

medium containing 5% fetal bovine serum (500 μL) was
added to the lower chamber. After incubation for 24 h, the

noninvasive cells which remained in the upper chamber

were removed using a clean cotton swab, whereas the

invasive cells in the lower chamber were fixed with 3.7%

paraformaldehyde. The cells were washed with PBS,

stained with hematoxylin at room temperature for 1 h,

and visualized with a microscope.

Wound Healing Assay
The cells were inoculated into six-well plates at a density of

90% and incubated overnight in an incubator. A scratch

perpendicular to the cell layer was performed using

a 200-μL pipette. Subsequently, cells were rinsed twice

with PBS to remove loose cells, and fresh medium was

added to continue the culture. Photographs were captured at

0 h and 24 h to assess cell migration to the wound.

Xenograft Model in Nude Mice
Six-week-old BALB/c nude mice were purchased from

Shanghai Super-B&K Laboratory Animal Corp., Ltd.

(Shanghai, China). HCC cells transfected with sh-

cyclinB1 or sh-NC were centrifuged and suspended in

DMEM medium. Subsequently, 1×107 cells suspended in

200 μL culture medium were subcutaneously injected into

the outer hips of each mouse. The mice were cultured in

a pathogen-free environment with adequate water and food

for 28 days. Tumor growth was monitored every 7 days.

The mice were finally sacrificed, and the tumor volumes

were calculated according to the following formula: V =

a×b×(a+b)/2. The animal care and experimental protocols

were approved by the Animal Care Committee of the First

Affiliated Hospital of Zhengzhou University, and were in

accordance with Henan Province Laboratory Animal Care

Guidelines for the use of animals.

Statistical Analysis
Data were represented as mean ± standard deviation of

three independent experiments, and the SPSS 17.0 statis-

tical software (SPSS, Chicago, IL, USA) was used for
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processing. A Student paired t-test was used to compare

the differences between the two groups. A p<0.05 denoted

statistical significance.

Results
CyclinB1 Was Upregulated in HCC

Tissues and Cell Lines
Firstly, the expression of cyclinB1 in HCC was explored

using the Gene Expression Profiling Interactive Analysis

database (http://gepia.cancer-pku.cn/index.html) to identify

the role of cyclinB1 in HCC. As shown in Figure 1A, the

expression of cyclinB1 was significantly higher in liver

HCC tissues (n = 369) than normal liver tissues (n = 160).

Secondly, the expression of cyclinB1 in HCC tissues

and their paired adjacent nontumor tissues obtained from

28 patients was examined through qRT-PCR. The results

showed that the expression level of cyclinB1 was notably

increased in HCC tissues compared with adjacent nontu-

mor tissues (Figure 1B). Simultaneously, the expression of

cyclinB1 in the HCC cell lines BEL-7402, Huh-7, HepG2,

MHCC97H, SMCC7721, Hep3B, and the normal liver cell

line LO-2 were detected using qRT-PCR and Western

blotting. We observed that both the mRNA and protein

expression levels of cyclinB1 were higher in HCC cell

lines than those measured in normal liver cell lines

(Figure 1C–E).

Knockdown of cyclinB1 Restrained

Proliferation of HCC Cells
Huh-7 and HepG2 cells showed the highest expression of

cyclinB1; thus, they were employed for the following

experiments. These cells were transfected with

Figure 1 CyclinB1 was upregulated in HCC tissues and cell lines. (A) The expression of cyclinB1 in liver hepatocellular carcinoma (LIHC) was explored using the GEPIA

database (http://gepia.cancer-pku.cn/index.html). (B) HCC tissues and the paired adjacent normal tissues were collected from patients with HCC. qRT-PCR was performed

to quantify the mRNA expression of cyclinB1. *p<0.05 vs. adjacent normal tissues. (C) qRT-PCR was performed to quantify the mRNA expression of cyclinB1 in HCC cell

lines BEL-7402, Huh-7, HepG2, MHCC97H, SMCC7721, and Hep3B, as well as the normal liver cell line LO-2. *p<0.05 vs. LO-2. (D, E) Western blotting was performed to

detect the protein expression of cyclinB1 in HCC cell lines BEL-7402, Huh-7, HepG2, MHCC97H, SMCC7721, and Hep3B, as well as the normal liver cell line LO-2.
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sh-cyclinB1-A, sh-cyclinB1-B, and sh-cyclinB1-C to knock

down cyclinB1, and scramble shRNA was used as the NC.

As indicated by Figure 2A and B, sh-cyclinB1-A resulted in

the lowest expression of cyclinB1. Hence, sh-cyclinB1-A

was selected and transfected into Huh-7 and HepG2 cells to

stably silence cyclinB1. MTT assay and colony formation

assay were conducted to explore the potential role of

cyclinB1 on the proliferation of HCC cells. The results of

the MTT assay showed that inhibition of cyclinB1 in Huh-7

and HepG2 cells restrained cell viability compared with the

NC group (Figure 2C). Similarly, the results of the colony

formation assay demonstrated that knockdown of cyclinB1

reduced the number of formed clones (Figure 2D). In addi-

tion, cell cycle arrest in Huh-7 and HepG2 cells was

detected through flow cytometry. The data demonstrated

that knockdown of cyclinB1 in Huh-7 and HepG2 cells

notably increased the percentage of cells in the G0/G1

phase, whereas it decreased that of cells in the G2/M

phase (Figure 2E).

Knockdown of cyclinB1 Inhibited the

Migration and Invasion of HCC Cells and

Suppressed Epithelial Mesenchymal

Transition (EMT)
A scratch assay and transwell invasion assay were per-

formed to clarify the effect of cyclinB1 on the migration

and invasion of HCC cells. As shown by the transwell

invasion assay, the invasive ability of Huh-7 and HepG2

cells significantly declined upon knockdown of cyclinB1

(Figure 3A). Consistently, the migratory ability of Huh-7

and HepG2 cells was significantly decreased in the sh-

cyclinB1-A group compared with that recorded in the

NC group (Figure 3B). Next, we investigated whether

cyclinB1 exerts a regulatory effect on EMT. The expres-

sion of EMT-associated proteins vimentin, N-cadherin,

and E-cadherin was investigated via Western blotting.

The results showed that knockdown of cyclinB1 in

Huh-7 and HepG2 cells restrained the expression of

vimentin and N-cadherin, while that of E-cadherin was

enhanced compared with the NC group (Figure 3C).

Knockdown of cyclinB1 Inhibited Tumor

Growth in the Xenograft Model of Nude

Mice
We established a xenograft tumor model in nude mice to

investigate whether knockdown of cyclinB1 can inhibit the

development and progression of tumors in vivo.

Subcutaneous injection of Huh-7 cells transfected with sh-

cyclinB1-A- or NC was performed on the lateral gluteal

surface of nude mice. As expected, we observed that knock-

down of cyclinB1 significantly suppressed tumor formation

compared with the NC group (Figure 4A). Of note, the tumor

volume and weight were both markedly reduced in the

cyclinB1 knockdown group after 4 weeks (Figure 4B

and C). Furthermore, knockdown of cyclinB1 restrained the

expression of vimentin and N-cadherin, whereas that of

E-cadherin was enhanced compared with the NC group

(Figure 4D).

Knockdown of cyclinB1 Sensitized HCC

Cells to TRAIL-Induced Apoptosis
We further explored whether knockdown of cyclinB1 has

an effect on TRAIL-induced apoptosis. Huh-7 and HepG2

cells transfected with sh-cyclinB1-A or NC were treated

with TRAIL or DMSO, and a flow cytometric analysis was

performed to detect apoptosis. The results showed that

knockdown of cyclinB1 promoted the apoptosis of Huh-7

and HepG2 cells compared with that observed in the NC

groups (Figure 5A and B). Moreover, incubation with

TRAIL further increased the apoptosis of Huh-7 and

HepG2 cells compared with that noted in the cyclinB1

knockdown single treatment group (Figure 5A and B).

We monitored the protein expression of cleaved-caspase

3, cleaved-caspase 8, and cleaved-caspase 9 through

Western blotting to further confirm the promoting effect

of cyclinB1 knockdown on TRAIL-induced apoptosis. As

expected, the expression of cleaved-caspase 3, cleaved-

caspase 8, and cleaved-caspase 9 was increased after

knockdown of cyclinB1 in both the sh-cyclinB1-A

+DMSO versus NC+DMSO groups and the sh-cyclinB1

-A+TRAIL versus NC+TRAIL groups (Figure 5C–F).

Discussion
Numerous studies have shown that high expression of

cyclinB1 in various tumors is related to tumor grade and

prognosis of patients. A meta-analysis revealed that over-

expression of cyclinB1 was associated with poor survival

in patients with most types of solid tumors, suggesting that

the expression of cyclinB1 is an important parameter for

prognosis in this setting.11 It was found that the expression

of cyclinB1 was higher in malignant specimens than in

benign cases, suggesting that cyclinB1 can be used as an

effective marker for the differentiation of benign and
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Figure 2 Knockdown of cyclinB1 restrained the proliferation of HCC cells. (A, B) Protein expression of cyclinB1 was measured through Western blotting. *p<0.05 vs. NC

group. (C) Cell viability was monitored using the MTT assay. *p<0.05 vs. NC group. (D) Clone formation ability was monitored via the colony formation assay. *p<0.05 vs.

NC group. (E) Cell cycle arrest was detected by flow cytometry. *p<0.05 vs. NC group.
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malignant thyroid tumors.12 Patients with high expression

of cyclinB1 showed worse overall survival versus that of

patients with low expression, and the results of the multi-

variate Cox regression analysis indicated that cyclinB1

was an independent prognostic factor in pancreatic

cancer.13 In this study, through qRT-PCR and immunohis-

tochemical analyses, we observed that cyclinB1 was

highly expressed in HCC tissues than in adjacent nontu-

mor tissues. Moreover, using qRT-PCR and Western blot-

ting, we observed that the expression of cyclinB1 in HCC

Figure 3 Knockdown of cyclinB1 inhibited the migration and invasion of HCC cells and suppressed epithelial mesenchymal transition. (A) Cell invasion ability was

monitored through transwell invasion assay. Magnification: 200×; Bar=100 μm. *p<0.05 vs. NC group. (B) Cell migration ability was measured via the scratch assay.

Magnification: 100×; Bar=200 μm. *p<0.05 vs. NC group. (C) Protein expression of vimentin, N-cadherin, and E-cadherin was detected via Western blotting. *p<0.05 vs. NC

group.
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cell lines was significantly higher than that noted in nor-

mal liver cells, indicating that cyclinB1 may be a potential

target for clinical diagnosis, as well as an oncogenic factor

of HCC.

Studies have illustrated that a specific reduction of the

expression of cyclinB1 can inhibit the proliferation of tumor

cells. Pan et al certified that downregulation of cyclinB1/

cyclin-dependent kinase 1 mediated by inhibition of eukar-

yotic translation initiation factor 3 subunit D restrained

tumorigenesis in renal cell carcinoma by inducing cell

cycle arrest at the G2/M phase.14 Similarly, Zhang et al

verified that treatment with nagilactone E downregulated

the expression of cyclinB1, induced cell cycle arrest at the

G2 phase, and suppressed proliferation in non-small cell

lung cancer cells.15 Kedinger et al demonstrated that silen-

cing of cyclinB1 through the use of small interfering RNAs

(siRNAs) blocked the cell cycle and suppressed the

proliferation of melanoma cells. Furthermore, siRNAs

against cyclinB1 significantly inhibited the growth and

lung metastases of subcutaneous tumors.16 In this study,

we found that knockdown of cyclinB1 suppressed cell pro-

liferation, migration, and invasion, reduced the number of

cells in the G2/M phase in vitro, and restrained tumor

growth in vivo. These results indicated that cyclinB1 may

be a new target for the treatment of HCC. Some studies

have shown that silencing of cyclinB1 is usually accompa-

nied by inhibition of EMT.17–19 In the present study, we

investigated the EMT-related markers; the results showed

that knockdown of cyclinB1 reversed the progression of

EMT and may affect the metastasis of HCC.

Cell cycle-arrested tumor cells are more sensitive to

TRAIL-induced apoptosis.20 A variety of chemotherapeutic

agents can block the cell cycle of tumor cells and enhance

their sensitivity to TRAIL-induced apoptosis.21–23 Since

Figure 4 Knockdown of cyclinB1 inhibited tumor growth in the xenograft model of nude mice. (A) Representative images of subcutaneous transplanted tumors obtained

from the xenograft tumor model in nude mice. (B) Tumor volumes in the in vivo model after injection of Huh-7 cells transfected with sh-cyclinB1-A or NC were monitored

every 7 days post injection. *p<0.05 vs. NC group. (C) Tumor weight in the in vivo model after injection of Huh-7 cells transfected with sh-cyclinB1-A or NC were

monitored 28 days post injection. (D) Protein expression of vimentin, N-cadherin, and E-cadherin was detected using Western blotting. *p<0.05 vs. NC group.
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knockdown of cyclinB1 induced cell cycle arrest, we sought

to determine whether it would contribute to TRAIL-induced

apoptosis in HCC. Our study certified that knockdown of

cyclinB1 sensitized HCC cells to TRAIL-induced apoptosis.

In conclusion, we observed that cyclinB1 was highly

expressed in HCC tissues and cell lines. Knockdown of

cyclinB1 impaired the proliferation, migration, and inva-

sion of HCC cells, arrested their cell cycle in the G0/G1

phase, and reversed the EMT processes. In addition,

knockdown of cyclinB1 sensitized HCC cells to

TRAIL-induced apoptosis. Collectively, our data provide

convincing evidence for the potential usefulness of

cyclinB1 as a drug target in the treatment of HCC.
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was measured through Western blotting. *p<0.05 vs. NC+DMSO group, #p<0.05 vs.

sh-cyclinB1+DMSO group, &p<0.05 vs. NC+TRAIL group.
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