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Liver cancer was reported to be the sixth most frequently diagnosed cancer, and hepatocellular carcinoma (HCC) 

accounts for 75%-85% of primary liver cancer. Nevertheless, the concrete molecular mechanisms of HCC progres- 

sion remain obscure, which is essential to elucidate. The expression profile of RAD54B in HCC was measured using 

qPCR and western blotting. Moreover, the levels of RAD54B in paraffin-embedded samples were evaluated using 

immunohistochemistry (IHC). The effect of RAD54B on HCC progression was testified by in vitro experiments, 

and in vivo orthotopic xenograft tumor experiments. The mechanisms of RAD54B promoting HCC progression 

were investigated through molecular and function experiments. Herein, RAD54B are dramatically upregulated 

in HCC tissues and cell lines both on mRNA and protein levels, and RAD54B can servers as an independent prog- 

nostic parameter of 5-year overall survival and 5-year disease-free survival for patients with HCC. Moreover, 

up-regulation of RAD54B dramatically increases the capacity for in vitro cell viability and motility, and in vivo 

intrahepatic metastasis of HCC cells. Mechanistically, RAD54B promotes the HCC progression through modulat- 

ing the wnt/ 𝛽-catenin signaling. Notably, blocking the wnt/ 𝛽-catenin signaling axis can counteract the activating 

effects of RAD54B on motility of HCC cells. Besides, further analysis illustrates that DNA amplification is one of 

the mechanisms leading to mRNA overexpression of RAD54B in HCC. Our findings indicate that RAD54B might 

be a promising potential prognostic marker and a candidate therapeutic target to therapy HCC. 
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Liver cancer was reported to be the sixth most frequently diagnosed

ancer and the fourth leading cause of cancer death, with approximate

41,000 new cases and 782,000 deaths annually worldwide, of which,

epatocellular carcinoma (HCC) accounts for 75% − 85% [1] . The mor-

ality of HCC is high. Nevertheless, the concrete molecular mechanisms

f HCC progression remain obscure in HCC. 

Cancer progression is composed of a series of steps. Firstly, the can-

er cells obtain the ability to sustain chronic proliferation, and migrates

rom the original site of growth, and invades into the neighbouring tis-

ues through basement membranes, further permeates lymphatic sys-

ems or blood, then, colonize in distant organs, and metastatic tumors

ltimately establish [2,3] . During these processes, it is the indispensable
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tep that capability for cell viability and motility elevates, and many al-

erations contributes to this process, including the activating of Wnt/ 𝛽-

atenin [4] . As to the canonical Wnt/ 𝛽-catenin signaling, Wnt ligands

nteract with the receptor frizzled and co-receptor lipoprotein receptor-

elated protein-5 or − 6 (LRP5/6). Their interaction subsequently leads

o the cytoplasmic accumulation of 𝛽-catenin, which further translocate

nto nuclear. In nuclear, 𝛽-catenin can bind to T-cell factor (TCF) to ac-

ivate transcription of target genes [5–7] . Multiple extracellular and in-

ercellular factors can modulate the Wnt/ 𝛽-catenin pathway. However,

hese factors and their concrete molecular mechanisms are still dismal. 

Human RAD54B was firstly identified as a homolog of Saccha-

omyces cerevisiae Rad54 (ScRad54), and is located in 8p22.1, and har-

ors 15 exons and about 103 kb DNA [8] . RAD54B was transcribed

nto a 3.074 kb mRNA and a ~103 kDa protein with 910 amino acid

aa) [9] . Further studies clarified that RAD54B belongs to SWI2/SNF2
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elicase superfamily and is involves in modulating the DNA damage

heckpoint response [10] and homologous recombination repair (HRR)

athway [11] . Accordingly, sequencing assay uncovered that multiple

uman cancers are implicated in alterations of RAD54B such as gene am-

lification, homozygous deletion and non-synonymous single nucleotide

olymorphism [12–17] . Of note, wang et al. demonstrated that down-

egulation of RAD54 can inhibit proliferation, and enhance of hepatoma

ell apoptosis [18] . However, their study is limited, and there are many

nknowns. For example, this study just explores the in vitro function of

AD54B on cell proliferation and apoptosis, is not involved in molecu-

ar mechanisms, and the patient samples are small. Since the mortality

f HCC is metastasis, we further investigate the function and mecha-

isms of RAD54B on metastasis in HCC, and we collected more sample

f patient with HCC. 

Herein, RAD54B are considerably upregulated in HCC, which leads

o poor prognosis for patients with HCC. Moreover, up-regulation of

AD54B dramatically increases in vitro proliferation and motility, and

n vivo intrahepatic metastasis of HCC cells. Further investigation uncov-

rs that RAD54B promotes the progression of HCC through mediating

nt/ 𝛽-catenin pathway. Notably, blocking wnt/ 𝛽-catenin axis abolishes

he effects of RAD54B on HCC progression. Besides, we found that ge-

omic DNA amplification is one of the mechanisms that lead to mRNA

verexpression of RAD54B. Our findings indicate that RAD54B might

e a promising potential prognostic marker and a candidate therapeutic

arget for therapy HCC. 

aterials and methods 

ell line and cell culture 

HCC cell line BLC-2, Hep3B and Huh7 were purchased from Amer-

can Type Culture Collection (ATCC; Manassas, VA, USA). MHCC97L,

HCC97H and SUHC-1 were purchased from the Shanghai Cell Bank of

hinese Academy of Sciences (Shanghai, China), and HCCLM3 were pur-

hased from China Center for Type Culture Collection (Wuhan, China).

ll the cell lines were cultured using DMEM adding 10% fetal bovine

FBS; HyClone, UT, USA), 100 U/ml penicillin, and 100 𝜇g/ml strepto-

ycin (Sigma-Aldrich, St Louis, MO, USA). 

atient specimens 

Total HCC paraffin-embedded specimens and fresh HCC tissues were

ollected from Guangdong Second Provincial General Hospital. Before

ollecting the specimens for research, we acquired informed consents of

atients with HCC and approval of the Institutional Ethics Committee. 

lasmids and retroviral infection 

In order to construct the RAD54B-overexpressig plasmid, the

ull-length fragments of human RAD54B was amplified using PCR.

ubsequently, RAD54B cDNA were cloned into the pMSCV plasmid.

o downregulate RAD54B, two human RAD54B-targeting shRNA

ragments were inserted into pSuper-retro-puro plasmid, respectively.

he shRNA sequences are as follows: Scramble: TTCTCCGAACGT-

TTCACGT; shRNA#1: GCTTTATCGAAAGCTGTTAAA; shRNA#2:

CAGATTGTTGATGGCTTTAA. Transfections of all plasmids were

ompleted using Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA)

ccording to protocol. The cells were continuously maintained in

.5 𝜇g/ml puromycin for 10 days, and the stable cells were obtained. 

uantitative PCR (qPCR) 

Total RNA was extracted using Trizol reagent (Invitrogen). The RNA

as reversed transcribed to synthesize cDNA using the First Strand

DNA Kit (Invitrogen). qPCR was conducted on the 7500 Fast Real

ime PCR system (Applied Biosystems, Rockville, MD, USA) using SYBR
2 
reen PCR Kit (Invitrogen). 𝛼-Tubulin was served as reference. All of

he primers were summarized in Supplemental Table 5. 

rotein extraction and western blotting assay 

The nuclear and cytoplasm protein were isolated using Nuclear

nd Cytoplasmic Protein Extraction Kit (Thermo Scientific, Waltham,

assachusetts, USA) following the protocol provided. Equal proteins

ere isolated on SDS-PAGE gel, subsequently transferred to the PVDF

embranes (Millipore, Billerica, MA, USA). Then, the membranes were

robed using primary antibody overnight at 4 °C, and incubated using

RP-conjugated secondary antibody for 1 h at room temperature. Fi-

ally, the signal was examined using Super Signal Chemi-luminescent

ubstrate (Pierce, Rockford, IL, USA). The information of antibodies

s as follows: RAD54B (1:100; HPA007087, Sigma-Aldrich); 𝛼-Tubulin

1:5000; ab7291, abcam); 𝛽-catenin (1:10,000; ab16051, abcam); Ki67

1:5000; ab92742, abcam); cleaved caspase-3 (1:500; ab2302, abcam). 

mmunohistochemistry (IHC) 

Paraffin-embedded slides were deparaffinized by xylene, and then,

ehydrated using the following concentration of ethanol: 100, 95 and

5%. The antigen retrieval was implemented by maintaining the slides

n 10 mM Tris-EDTA (PH 9.0) for 10 min in a pressure boiler. 3% hydro-

en peroxide was used to eliminate the activity of endogenous peroxi-

ase, and blocked using Endogenous Biotin Blocking Kit (Ventana) for

0 min at room temperature. Next, the slides were probed by primary

ntibody at 4 °C for 12 h, and incubated using biotinylated secondary

ntibody and subsequently treated using streptavidin-HRP conjugate for

 min at 37 °C. Finally, the proteins were visualized with a copper-

nhanced DAB reaction. Two independent pathologists were blinded to

ssess the staining results. Multiply proportion of positively-stained cells

nd the intensity of staining get the staining results. Cell proportions

ere evaluated according to the following rule: 0, no positive cells; 1,

 10% positive cells; 2, 10% − 35% positive cells; 3, 35% − 75% positive

ells; 4, > 75% positive cells. Staining intensity was assessed as follows:

, no staining; 1, weak staining (light yellow); 2, moderate staining (yel-

ow brown); 3, strong staining (brown). Through the above method, we

valuated protein expression with the possible scores as follows: 0, 1, 3,

, 6, 8, 9 and 12. ≥ 6 was defined as high level, and < 6 was defined as

ow expression. 

-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay 

Cells were seeded into 96-well plates and cultured in a cell incu-

ator. Then, the cells were harvested at the indicated time points, and

tained using 50 𝜇L of MTT reagent for 4 h. Subsequently, 100 𝜇L of

imethyl sulfoxide (DMSO) was used to dissolve the MTT formazan.

he absorbance of the different cells at 540 nm was examined using a

alcon microplate reader (BD Labware, San Jose, CA, USA). 

olony formation assay 

Cells were seeded into 12-well plates and maintained in incubator at

7 °C. Ten days later, the cells were fixed using 4% paraformaldehyde,

nd then stained with 0.1% crystal violet. The stained colonies were

ounted under a light microscope. 

low cytometry 

The cells were seeded into 10-cm plates and cultured for 72 h.

hen, the cells were harvested and washed twice using phosphate-

uffered saline (PBS), and re-suspended using binding buffer. Subse-

uently, fluorescein isothiocyanate (FITC) Annexin V (to detect apop-

otic cells)/RNase A (to detect the cell cycle) and propidium iodide were
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Fig. 1. RAD54B is overexpressed in HCC. (A) RAD54B mRNA expression is significantly elevated in HCC tissues compared with normal tissues using the data from 

TCGA. (B) RAD54B mRNA levels were drastically increased in paired HCC tissues relative to matched adjacent normal tissues (ANT) using the data from TCGA. (C) 

High level of RAD54B is closely related with poor prognosis of HCC using data from TCGA. (D) The mRNA (left panel) and protein levels (right panel) of RAD54B 

is markedly upregulated in HCC tissues (T) compared with matched adjacent normal tissues (ANT) using paired fresh HCC tissues. (E) The mRNA (left panel) and 

protein levels (right panel) of RAD54B is markedly upregulated in HCC cell lines relative to 3 normal liver tissues. N: normal liver tissues; ANT: adjacent normal 

tissues. 
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upplemented into the cells. The mixture was incubated at room tem-

erature in the dark for 30 min. Finally, the proportions of different

ell features were detected on a flow cytometer (Beckman-Coulter, In-

ianapolis, IN, USA). 

ell wound healing assay 

The cells were seeded into 6-well plates, and maintained in incubator

ntil the cell confluence reached approximately 90%. A sterilized 10 𝜇L

ipette tip was used to generate wound across the cell monolayer. The
3 
ell debris was removed by means of two washing of PBS. 24 hour later,

he wound healing was detected using Olympus camera. 

ranswell invasion assay 

To perform cell invasion assay, firstly, the transwell filter (BD Bio-

ciences, Franklin Lake, New Jersey, USA) was coated with Matrigel.

econdly, 1 × 10 4 cells were added into the transwell plate that was

lled with DMEM without FBS. Thirdly, the transwell plate was put into

he 24-well plate that was added DMEM containing 0.5% FBS. Then, the

late was maintianed in incubator for 24 h. And the cells that didn’t tra-
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Fig. 2. High expression of RAD54B is related with HCC progression and poor prognosis of patients with HCC through analyzing paraffin-embedded archived HCC 

tissues. (A) Representative images of RAD54B by IHC assay in paraffin-embedded archived HCC tissues. (B) The 5-year overall survival (left panel) and disease-free 

survival (right panel) of patients with HCC by Kaplan–Meier analysis. (C) Multivariate Cox regression analysis of various prognostic parameters for 5-year overall 

survival and disease-free survival in patients with HCC. 
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erse the filter were softly removed by cotton swabs. Finally, the filter

as fixed by 4% paraformaldehyde and stained with 1% crystal violet. 

n vivo metastasis assay 

All in vivo experiments were approved by the Medical Experimental

nimal Care Commission of Guangdong Second Provincial General Hos-

ital. The female BALB/c nude mice were randomly grouped into four

roups ( n = 6/group). 1 × 10 6 cells stably transfected with RAD54B

r sh#1 were suspended in serum-free DMEM/Matrigel (1:1), subse-

uently, through a 1 cm transverse incision in the upper abdomen under

nesthesia, the complex were injected into the left hepatic lobe of the

ice using 28-gauge needle. The liver was returned to the peritoneal

avity and the abdominal wall was closed. After one month, all mice

ere sacrificed. And their livers were dissected, and the numbers of in-

rahepatic metastasis node were counted. 

uciferase reporter assay 

1 × 10 3 cells were added into the 48-well plates, and maintained

n humid incubator for 24 h. 100 ng luciferase reporter plasmids and

0 ng Renilla plasmids were transfected into cells using Lipofectamine

000 (Invitrogen). The luciferase and Renilla signal was measured using

ual luciferase reporter assay kit (Promega, Madison, Wisconsin, USA)

ollowing the protocol. 

enomic DNA quantitative PCR 

Genomic DNA was collected with PureLink Genomic DNA Mini Kit

Invitrogen). qPCR of genomic DNA was finished using the KAPA SYBR

AST PCR polymerase with 20 ng template and 200 nM primers follow-

ng the manufacturer’s protocol (Kapa Biosystems, Woburn, MA, USA). 
4 
ublic data processing and visualization 

The levels of RAD54B ( Fig. 1 A and B) in HCC were

ownloaded from The Cancer Genome Atlas (TCGA)

atabase ( http://cancergenome.nih.gov/ ). Gene Set Enrich-

ent Analysis (GSEA) was performed using GSEA 2.0.9

 http://www.broadinstitute.org/gsea/ ). The genetic alteration of

AD54B ( Fig. 7 A and B) in HCC were downloaded from cBioPortal

http://www.cbioportal.org/). 

tatistical analysis 

All statistical analysis was finished using the SPSS 22.0 software

ackage. The statistical significance of two groups was performed by 2-

ailed paired student’s t -test. The statistical analysis between sh-1/2 and

cramble were performed using analysis of variance (ANOVA) followed

y Dunnett’s test. The correlation of RAD54B level and clinicopatho-

ogic features were evaluated by 𝜒2 test. Survival curves were plotted

y Kaplan–Meier method and compared using log-rank test. P less than

.05 is considered as statistically significance, and all experiments were

erformed more than three times. 

esults 

AD54B is overexpressed in HCC 

To explore the expression and roles of RAD54B in HCC, we firstly an-

lyzed its expression using availably public dataset the Cancer Genome

tlas (TCGA; https://cancergenome.nih.gov/ ). As illustrated in Fig. 1 A,

AD54B mRNA levels is dramatically increased in 351 HCC tissues

elative to 50 normal liver tissues. Besides, we checked its level us-

ng 50 paired HCC tissues using data also from TCGA. In accordance

http://cancergenome.nih.gov/
http://www.broadinstitute.org/gsea/
https://cancergenome.nih.gov/
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Fig. 3. Overexpression of RAD54B promotes cell viability, but inhibits cell apoptosis. (A) Western blotting assay of RAD54B levels in indicated stable HCC cell lines. 

(B) MTT assay showed that overexpression of RAD54B promotes, while downregulation inhibits cell viability. (C) Colony formation assay showed that overexpression 

of RAD54B promotes, while downregulation inhibits cell viability. (D) Flow cytometry showed that overexpression of RAD54B inhibits, while downregulation 

promotes cell apoptosis. ∗ P < 0.05. 
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ith the above results, RAD54B mRNA expression dramatically is up-

egulated in HCC tissues relative to corresponding adjacent normal tis-

ues (ANT) ( Fig. 1 B). Moreover, Kaplan–Meier survival curves and log-

ank tests were accomplished using the data from TCGA. Firstly, the

atients with HCC were grouped into high level group and low level

roup using medium mRNA level as cutoff. The results revealed that
5 
CC patients with high RAD54B levels have shorter 5-year overall sur-

ival and relapse-free survival relative to that with low RAD54B lev-

ls ( Fig. 1 C). Next, we checked RAD54B levels using paired fresh HCC

pecimens and HCC cell lines using qPCR and western blotting assay,

espectively, which illustrates that RAD54B significantly upregulates in

resh HCC specimens compared with ANT both on mRNA and protein
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Fig. 4. Aberrant overexpression of RAF54B promotes in vitro migration and invasion of HCC cells. (A) The enzyme activity of MMP2 and MMP9 in indicated stable 

cells by ELISA. (D) Wound healing assay showed that overexpression of RAD54B elevated the capability for migration of HCC cells. (E) Transwell assay illustrated 

that overexpression of RAD54B promote invasion of HCC cells. ∗ p < 0.05. 
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evels ( Fig. 1 D). Similarly, the expressions of RAD54B are remarkably

ncreased in HCC cell lines relative to 3 normal liver specimens (Nor-1,

or-2 and Nor-3; Fig. 1 E). 

Altogether, our analysis shows that RAD54B level is dramatically

pregulated in HCC tissues and cell lines. 

igh level of RAD54B leads to poor prognosis for patients with HCC 

Subsequently, the correlation of RAD54B level and clinical char-

cteristics was analyzed. Firstly, we examined the RAD54B expres-

ion in 257 paraffin-embedded, archived HCC tissues by IHC assay

Supplemental file: Table S1). IHC assay showed that RAD54B levels

re upregulated in HCC specimens relative to normal liver specimens

 Fig. 2 A). Furthermore, the 5-year overall survival and disease-free sur-

ival time of HCC patients with high RAD54B levels are both signifi-

antly shorter relative to that with low RAD54B levels ( Fig. 2 B). The

orrelation analysis of RAD54B expression and the clinicopathologic
6 
haracters reveals that RAD54B expression is closely related with clin-

cal stage ( p = 0.011), T stage ( p = 0.027), M stage ( p = 0.011), al-

ha fetal protein (AFP; p = 0.015) and histologic grade ( p = 0.024)

Supplemental file: Table S2). Additionally, multivariate analysis indi-

ates that RAD54B might be an independent prognostic factor for pa-

ients with HCC as to 5-year overall survival (Supplemental file Ta-

le S3, Fig. 2 C) and disease-free survival time (Supplemental file Table

4, Fig. 2 C). In addition, we used the available public dataset Kaplan–

eier Plotter (http://kmplot.com/analysis/index.php? p = background).

he patients with HCC were divided into high expression and low ex-

ression group using medium mRNA expression as cutoff. The results

howed that high mRNA level of RAD54B results in short disease pro-

ression free survival compared with low level for patients with HCC

Supplemental Figure 1A). 

Altogether, aberrant overexpression of RAD54B might represent an

ndependent prognostic factor for HCC and contributes to cancer pro-

ression. 
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Fig. 5. Upregulation of RAD54 promoted intrahepatic metastasis of HCC cells. (A) Representative images of intrahepatic metastasis node formed by indicated cells. 

(B) Numbers of intrahepatic metastasis node in orthotopic xenograft tumor model. (C) The Ki67 and cleaved caspase 3 levels in liver tissues. (D) The enzyme activity 

of MMP2 and MMP9 in mice injected with HCC cells. ∗ p < 0.05. 
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verexpression of RAD54B promotes HCC progression in vitro and in vivo

Since that RAD54B is correlated with overall and disease-free sur-

ival of patients with HCC, we further hypothesized that RAD54B is as-

ociated with cell viability and motility. Firstly, we established the sta-

le cell lines-upregulated or -silenced RAD54B using two HCC cells HC-

LM3 and Huh7, in which the levels of RAD54B are moderate ( Fig. 3 A).

hen, we detected the roles of RAD54B on cell viability and apoptosis.

s shown in Fig. 3 B and C, MTT, colony formation and flow cytometry

ssay showed that overexpression of RAD54B significantly increases cell

iability, while inhibits cell apoptosis. But, downregulation of RAD54B

nduces the opposite results. 

Subsequently, we detected the roles of RAD54B on cell motil-

ty. Firstly, we detected the enzyme activity of MMP2 and MMP9

y ELISA. The results show their activity significantly increases in

AD54B-overexpressed cells, while decreases in RAD54B-silenced cells

 Fig. 4 A). Subsequently, the wound healing assay shows that overexpres-

ion of RAD54B can dramatically promote, whereas, down-regulation

f RAD54B remarkably inhibits migration ability of HCC cells ( Fig. 4 B).

ccordingly, transwell assay illustrated that the capability for invasion

ncreases in RAD54B-overexpressed cells, while inhibits in RAD54B-

ilenced cells ( Fig. 4 C). The above mentioned results suggests that aber-

ant overexpression of RAD54B contributes to cell viability and motility.

Since overexpression of RAD54B promotes the in vitro viability and

otility of HCC cells, we further investigated the roles of RAD54B on

CC progression in vivo . We established an orthotopic animal transplant

odel using HCCLM3 and Huh7 cells. The results illustrates that over-

xpression of RAD54B can induce high, while downregulation inhibits

ntrahepatic metastasis node compared with control ( Fig. 5 A and B).

n addition, western blotting assay showed that Ki67 levels were in-

reased in liver tissues injected with cells-upregulated RAD54B com-

ared with control. But, its levels were reduced in liver tissues injected

ith cells-downregulated compared with control ( Fig. 5 C). We also de-

ected cleaved caspase-3 levels in liver tissues, the western blotting

howed the opposite trend relative with Ki67 ( Fig. 5 C). Finally, ELISA

ssay demonstrates that the activity of MMP2 and MMP9 both markedly
 t

7 
levates in liver tissues injected with RAD54B-overexpressed cells com-

ared with that injected with vector cells ( Fig. 5 D). 

Altogether, the function experiments demonstrated that aberrant

verexpression of RAD54B can promote HCC progression in vitro and

n vivo . 

verexpression of RAD54B can activate the Wnt/ 𝛽-catenin signaling 

Further GSEA shows that RAD54B may be involved in Wnt/ 𝛽-catenin

athway ( Fig. 5 A). Moreover, we checked the hypothesis using the

uciferase reporter assay, TOPFLASH (with three repeats of the TCF-

inding site) or FOPFLASH (with three repeats of a mutated TCF-binding

ite) plasmids were transfected into HCC cells. The results illustrate that

verexpression of RAD54B increases, while upregulation decreases the

ranscription activity of Wnt/ 𝛽-catenin pathway ( Fig. 6 B). Moreover,

e evaluated the role of RAD54B on the subcellular localization of 𝛽-

atenin. The western blotting assay confirms that nuclear 𝛽-catenin in-

reases in RAD54B-upregulating HCC cells, while decreases in RAD54B-

ilenced HCC cells ( Fig. 6 C). Consistently, RAD54B overexpression up-

egulates, while downregulation inhibits the mRNA levels of down-

tream target genes of Wnt/ 𝛽-catenin pathway such as c-myc, CCND1,

MP7 , CD44, VEGF, c-jun ( Fig. 6 D). Finally, we used a Wnt/ 𝛽-catenin

ignaling antagonist, PNU-74654, which can prevent 𝛽-catenin binding

ith TCF to break this pathway, in RAD54B-upregulated cells. The tran-

well assay shows that PNU-74654 can markedly inhibit the activating

ffect of RAD54B on cell viability, migration and invasion, while pro-

ote effect on cell apoptosis relative to the control ( Fig. 6 E). Besides, we

nhibited 𝛽-catenin in RAD54B-overexpressing cells using shRNA. Sh- 𝛽-

atenin also inhibits the activating effect of RAD54B on cell biability,

igration, invasion and intrahepatic metastasis ability, while promote

ffect of cell apoptosis compared with scramble ( Fig. 6 F), indicating that

nt/ 𝛽-catenin axis is necessary for the activating function of RAD54B

n HCC progression. 

Altogether, aberrant upregulation of RAD54B can notably activate

he Wnt/ 𝛽-catenin pathway, and promote HCC progression. 
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Fig. 6. Overexpression of RAD54B activates the Wnt/ 𝛽-catenin signaling pathway. (A) GSEA showed that RAD54B may be implicated in Wnt/ 𝛽-catenin signaling 

pathway. (B) Luciferase reporter assay showed that overexpression of RAD54B activated the transcription activity of Wnt/ 𝛽-catenin signaling. (C) Western blotting 

assay demonstrated that overexpression of RAD54B can promote the nuclear accumulation of 𝛽-catenin. (D) The mRNA expression of Wnt/ 𝛽-catenin downstream 

genes. (E) Wnt/ 𝛽-catenin signaling inhibitorcounteracted the promoting effect of RAD54B on HCC progression. (F) Sh- 𝛽-catenin inhibit the promoting effect of 

RAD54B on HCC progression. ∗ p < 0.05. 
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mplification of the RAD54B gene in HCC 

Lastly, we explored the underlying mechanisms of RAD54B over-

xpression in HCC. Interesting, genetic amplification of RAD54B

eaches up to 20% in HCC tissues using public dataset cBioPor-

al ( http://www.cbioportal.org/ ) data ( Fig. 7 A). In addition, the

RNA expression of RAD54B is significantly related with the copy-

umber of RAD54B ( Fig. 7 B). The above results were confirmed in

resh HCC tissues. As shown in Fig. 7 C, there are positively corre-
8 
ated between copy-number of RAD54B and mRNA levels of RAD54

 R = 0.6788; P = 0.0309). In addition, DNA and mRNA levels

f RAD54B are both significantly correlated with 𝛽-catenin protein

n nuclear, respectively. These results suggest that gene amplifica-

ion is one of the mechanisms leading to RAD54B overexpression

n HCC. 

Altogether, gene amplification of RAD54B is frequently observed in

CC, and overexpression of RAD54B is partly attributed to gene ampli-

http://www.cbioportal.org/
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Fig. 7. Amplification of RAD54B gene in HCC tissues. (A) RAD54B was amplified in HCC tissues using data from public dataset cBioportal. (B) RAD54B mRNA 

expression was correlated with the copy-number alterations of RAD54B using data from public dataset cBioportal. (C) Genomic DNA expression in HCC tissues (left 

panel) and correlation analysis between genomic DNA levels and mRNA expression in HCC tissues (right panel). (D) The correlation analysis of 𝛽-catenin protein 

level in nuclear and DNA (left panel) or mRNA (right panel) of RAD54B. 
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iscussion 

Under normal conditions, RAD54B is implicated in regulation of cell

ycle after DNA damage and homologous recombination repair to en-

ure the precise repair of the deleterious DNA lesions or double-stranded

reaks, which is indispensable for the genome stability [19–22] . Allow

or the important role of RAD54 in physiological process, multiple can-

ers have been discovered alterations expression of RAD54B, including

mplification or deletion, missense or monsense [23] , which suggested

hat RAD54B can be a oncogene or suppressor gene according to the

ifferent tissues. For example, Hiramoto et al. found homozygous muta-

ions of RAD54B at highly conserved positions in human primary lym-

homa and colon cancer [8] . It is reporter that RAD54B is overexpressed

n lung adenocarcinoma and negatively correlated with prognosis of pa-

ients [24] . Wang et al. found that the expression of RAD54B is overex-

ression in hepatoma cells, and inhibition of RAD54B suppressed pro-

iferation and promotes apoptosis of hepatoma cells [18] . In our study,

ur experiments uncovers RAD54 is dramatically upregulated in HCC.

ince metastasis is the main reason leading HCC patient death, we eval-

ated the role of RAD54B on HCC metastasis. Both loss-of- and gain-of-

unction experiments are carried out. Our findings shows that upregula-

ion of RAD54B can significantly promote, while its knockdown inhibits

CC progression in vitro and in vivo . 

Yasuhara et al. showed that negative correlation between RAD54B

nd p53 was observed, suggesting that aberrant upregulation of RAD54

an result in p53 degradation, which further results in tumorigenesis.

hereas, inhibition of RAD54B can elevate the level of p53, which in-

reases anti-apoptosis after treating with genotoxic drugs [10] . There-

ore, the underlying mechanisms of RAD54B are complicated. Herein,

e found that overexpression of RAD54B can dramatically activate the

ranscription activity of Wnt/ 𝛽-catenin. But, the concrete mechanisms

f RAD54B activating Wnt/ 𝛽-catenin pathway are unclear. It has been

ocumented that p53 and Wnt modules are cross-talk, and p53 network

an inhibit the Wnt cascade [25–27] . Besides, other study showed that

53 can modulate dynamics of Axin2 and GSK3, two essential compo-

ent of Wnt/ 𝛽-catenin pathway [28] . However, the mechanisms how

53 interacts with Wnt are still an open question. Therefore, we spec-

late that overexpression of RAD54B enhance the degradation of p53,

nd subsequently activate the Wnt signaling, which need our further

tudy. Importantly, the prominent role of the EMT is strongly induced

y the hyper-activation of Wnt pathway [29] . Our results showed that

AD54B contributes to activation of Wnt pathway, which suggests that

AD54B might be involved in EMT. We will validate in our future study.

Cancer is a consequence of accumulation of alterations on genetics

gene mutations, gene amplification, and so on) and epigenetics (aber-

ant DNA methylation, chromatin modifications, and so on) [30–32] . In

he present research, we revealed that gene amplification of RAD54B

lays a considerable role in the mRNA upregulation of RAD54B in HCC.

evertheless, whether other epigenetic alterations of RAD54B exist in

CC need to further elucidate. 

onclusions 

In conclusion, in the present study, our experiments demonstrate

hat RAD54B is dramatically upregulated in HCC. Subsequent assays

how that upregulation of RAD54B can promote HCC progression. Fur-

her analysis clarified that upregulation of RAD54B can significantly ac-

ivate the Wnt/ 𝛽-catenin pathway. Finally, our analysis demonstrated

hat overexpression of RAD54B is partly attributed to gene amplifica-

ion. In summary, RAD54B might be a promising prognostic marker and

 candidate target to therapy metastatic HCC. 
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