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 Background: This study investigated the effect of xeroderma pigmentosum group D (XPD) silencing on the growth of hep-
atoma cells and assessed the mechanisms.

 Matreial/Methods: XPD gene was silenced by siRNA in hepatoma cells. The experiments were randomly divided into a control 
group, a liposome control group, a negative control (NC) group, an XPD siRNA group, and an XPD siRNA + P53 
inhibitor group. 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) was used to detect cell vi-
ability 24 h after gene silencing and treatments. Terminal deoxynucleotidyl transferases (TdT)-mediated dUTP 
nick-end labeling (TUNEL) and flow cytometry were used to detect apoptosis. Invasive ability was detected by 
Transwell assay. Additionally, the expression of mouse double-minute 2 homolog (Mdm2), mouse double-minute 
4 homolog (Mdm4), CyclinD1, P21, Bax, P53, C-sis, and Bcl-2 was detected by real-time polymerase chain re-
action and Western blotting.

 Results: Compared with the NC group, XPD siRNA significantly reduced XPD expression at both mRNA and protein 
levels. XPD siRNA significantly promoted cell proliferation, reduced apoptosis, and promoted cell invasive ability. 
Expression of CyclinD1, Bcl-2, and C-sis increased significantly after XPD silencing, while the expression of P21, 
Mdm2, Mdm4, Bax, and P53 significantly decreased (vs. NC, P<0.05). Importantly, P53 inhibitor (1 μM bpV) fur-
ther enhanced the effect of XPD silencing (vs. XPD silencing, P<0.05).

 Conclusions: Our data revealed that XPD silencing promoted growth of hepatoma cells by reducing P53 expression.
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Background

Liver cancer is a malignant tumor that seriously affects human 
health and has a high mortality rate. Hepatocellular carcinoma 
(HCC) accounts for the vast majority of liver cancer cases [1,2]. 
With the development of diagnostic imaging technology, early 
diagnosis and monitoring of liver cancer have extensively im-
proved [3]. Multidisciplinary treatment combined with radio-
therapy and chemotherapy surgery also increases the survival 
rate of patients with liver cancer. However, the recurrence rate 
of liver cancer is still high [4].

Xeroderma pigmentosum group D (XPD) is a component of 
transcription factor II H (TFIIH) that plays important roles in 
the initiation of transcription and nucleotide excision repair 
(NER) in eukaryotes [5]. DNA repair capacity is a major obstacle 
related to tumor occurrence and development [6]. XPD is in-
volved in the process of DNA repair after nucleic acid damage, 
and indirectly regulates the expression of oncogenes and tumor 
suppressor genes [7]. XPD can also activate the checkpoint of 
DNA damage, promote the repair of nucleic acids, and increase 
gene stability, as well as preventing gene mutation and for-
mation and growth and metastasis of breast tumor cells [8]. 
However, the regulation of XPD in liver cancer and the under-
lying mechanisms are still unclear.

P53 gene is a well-known tumor suppressor gene that plays 
important regulatory roles in response to DNA damage [9]. 
When DNA was damaged for various reasons, P53 first induces 
the cells to enter the G1 phase and inhibits the proliferation 
of cells until DNA repair. When the DNA is not repaired, P53 
activates the gene transcription that elicits apoptosis [10]. 
Therefore, P53 is critical in maintaining normal cell growth 
and inhibiting malignant proliferation. Its deletion and muta-
tion are closely related to the occurrence and development of 
most tumors [11]. XPD can combine with P53 and acts on P53, 
thus participating in apoptosis [12]. It is unclear whether XPD 
is an oncogene of hepatoma cells and the downstream mech-
anisms require investigation. In this study, XPD was downreg-
ulated by XPD siRNA and the biological activities of hepatoma 
cells were evaluated thereafter. This study may provide an ex-
perimental basis for gene therapy of liver cancer.

Material and Methods

Cell culture

Hepatoma cell line (HepG2) was purchased from Shanghai Cell 
Bank of the Chinese Academy of Science (China). The cells were cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM) (Gibco, NY, 
USA) supplemented with 10% fetal bovine serum (FBS) (Hyclone; 
GE Healthcare Life Sciences, Logan, UT, USA) in 5% CO2 at 37°C.

The experiments were divided into a control group, a liposome 
control group, a negative control (NC) group, an XPD siRNA 
group, and an XPD siRNA+P53 inhibitor [1 μM, bpV (phen)] 
(EMD Chemicals, Inc., Gibbstown, NJ, USA) group. The liposome 
was used in accordance with the instruction of Lipofectamine 
3000 reagent. siRNA-liposome complexes were prepared at 
low temperature environment at the dark at room tempera-
ture after 1-h incubation of siRNA with liposome complexes.

The sequence of XPD siRNA was designed by Shanghai 
SANGON according to the gene sequence of XPD: Sense, 
GGAAGACAGUAUCCCUGUUTT (5’-3’); Antisense, AACAGGG 
AUACUGUCUUCCTT (5’-3’). At 24 h after silencing, XPD expres-
sion at mRNA and protein levels was confirmed by real-time 
PCR and Western blotting.

MTT assay

Hepatoma cells were seeded in 96-well plates and treated with 
XPD siRNA for 24 h. Thereafter, 10 μL 3-(4,5-Dimethylthiazol-
2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) (Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) was added into each 
well. After an additional 4-h incubation in CO2 incubator at 37°C, 
the absorbance was detected by a microplate reader (Thermo 
Fisher Scientific, Inc.) at 570 nm. Cell viability was calculated 
according to the optical density (OD) values.

Flow cytometry

Hepatoma cells were seeded in 6-well plates and treated with 
XPD siRNA for 24 h. The cells were collected after digestion 
by trypsin (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA). The cells were incubated with Annexin V-FITC and PI 
(C1062, Beyotime, Ningbo, China) for 30 min in the dark, after 
which apoptosis was detected by flow cytometry (NovoCyte 
2060R, ACEABIO, China) and data were analyzed by FlowJo 10.

Transwell assay

Hepatoma cells were seeded in 6-well plates and treated with 
XPD siRNA for 24 h. The cells were digested after 24-h treat-
ment and collected. After that, the cells were seeded into the 
upper Transwell chamber with 1-day starvation of serum. The 
lower chamber contained DMEM medium with 10% FBS. The 
cells were cultured in a CO2 incubator for 24 h and the cells in 
the lower chamber were taken out and fixed with polyformalde-
hyde for 20 min and stained with crystal violet (0.1%) for 5 min. 
Light microscopy was used to count cells in at least 5 fields 
and the cell numbers represented the capacity of cell invasion.
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Quantitative real-time polymerase chain reaction 
(QRT-PCR)

Hepatoma cells were seeded in 6-well plates and treated with 
XPD siRNA for 24 h. mRNA in different groups was extracted 
using an Ultrapure RNA Extraction Kit (CW0581M, CWBIO, 
China). Subsequently, mRNA was transcribed into cDNA ac-
cording to the instruction of the HiFiScript cDNA Synthetic Kit 
(CW2569M, CWBIO, China). UltraSYBR Mixture (CW0957M, 
CWBIO, China) was used to detect the expression level of the 
targeted genes using cDNA as template. The expression of 
XPD, P21, CyclinD1, Mdm2, Mdm4, Bax, P53, C-sis, and Bcl-2 
was normalized to GAPDH. The primers were:
XPD-F: CCCGCTGGCATCTACAA
XPD-R: TCCTGAGCACCGTCTTCTG
P21-F: AGCGACCTTCCTCATCCACC
P21-R: AAGACAACTACTCCCAGCCCCATA
CyclinD1-F CCCTCGGTGTCCTACTTCAAATGT
Cyclin-D1-R GGAAGCGGTCCAGGTAGTTCAT
Mdm2-F AATCAGCAGGAATCATCGG
Mdm2-R GTGGCGTTTTCTTTGTCGT
Mdm4-F CATTTCGGCTCCTGTCGTT
Mdm4-R CCGTCTCGTGGTCTTTTCTC
Bax-F AGACACTCGCTCAGCTTCTTG
Bax-R CTTTTGCTTCAGGGTTTCATC
P53-F AGTGCTCGCTTAGTGCTCCCT
P53-R GTGCATGTTTGTGCCTGTCCT
C-sis-F ATGGAGTTTGCTGTTGAGGTGG
C-sis-R GCAGGGTGGAGGTAGAGAGATG
Bcl-2-F GTGCCTGCTTTTAGGAGACCGA
Bcl-2-R GAGACCACACTGCCCTGTTGATC
GAPDH-F GAAGGTCGGAGTCAACGGAT
GAPDH-R CCTGGAAGATGGTGATGGG

Western blotting

Hepatoma cells were seeded in 6-well plates and treated with 
XPD siRNA for 24 h. Protein was extracted from the treated 
cells. The mouse monoclonal antibody against GAPDH (1: 10000, 
TA-08, Zsbio, China), XPD (1: 5000, ab167418, Abcam), rabbit 

polyclonal antibody against Mdm2 (1: 1000, abs130145, Absin 
Bioscience), Mdm4 (1: 1000, abs137018, Absin Bioscience), 
P53 (1: 1000, #2524, Cell Signaling), rabbit monoclonal anti-
body against P21 (1: 1000, ab109199, Abcam), C-sis (1: 1000, 
ab178409, Abcam), Cyclin D1 (1: 1000, ab134175, Abcam), Bcl-2 
(1: 1000, A11025, ABclonal), and Bax (1: 1000, ab32503, Abcam) 
were incubated overnight at 4°C. After washing, the membranes 
were incubated with goat anti-mouse IgG (ZB-2305, Zsbio, China) 
or goat anti-rabbit IgG (ZB-2301, Zsbio, China) for 2 h at room 
temperature. The ECL kit (cat. no. RPN2133; GE Healthcare Life 
Sciences) was used and the membrane visualized by Chemi 
DocTM XRS+ (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Statistical analysis

Data were analyzed using SPSS 17.0 and results are presented 
as means and standard deviations (SD). Statistical significance 
was calculated by one-way analysis of variance (ANOVA) with 
Newman-Keuls as the post hoc test. P values less than 0.05 
were considered significant.
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Figure 1.  XPD siRNA reduced XPD expression in hepatoma cells. (A) Representative blots; (B) Quantification data the protein 
expression; (C) Relative mRNA expression of XPD after siRNA treatment. Compared with control, * P<0.05.
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Figure 2.  XPD siRNA promoted cell viability of hepatoma cells. 
Compared with NC, * P<0.05; Compared with XPD 
siRNA, # P<0.05.
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Results

XPD siRNA decreased XPD expression in hepatoma cells

XPD expression was detected by real-time PCR and Western 
blotting. As shown in Figure 1, XPD siRNA significantly reduced 

XPD expression in hepatoma cells compared with the con-
trol group (P<0.05), but NC did not influence XPD expression.
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Figure 3.  XPD siRNA reduced apoptosis of hepatoma cells. (A) Representative images of TUNEL assay. Scale bar: 100 μm; 
(B) Representative images of flow cytometry; (C) Quantification data of apoptosis. Compared with NC, * P<0.05; Compared 
with XPD siRNA, # P<0.05.
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XPD siRNA promoted cell viability of hepatoma cells

After XPD silencing, cell viability was detected. As shown in 
Figure 2, XPD siRNA significantly promoted cell viability com-
pared with NC (P<0.05). Moreover, p53 inhibitor further in-
creased the cell viability (vs. XPD siRNA, P<0.05).

XPD siRNA reduced apoptosis of hepatoma cells

After XPD silencing, apoptosis was detected by flow cytometry 
and TUNEL assay. As shown in Figure 3, XPD siRNA remarkably 
reduced apoptosis compared with NC (P<0.05). Moreover, P53 
inhibitor further reduced apoptosis with the treatment of XPD 
siRNA (vs. XPD siRNA, P<0.05).

XPD siRNA promoted cell invasion of hepatoma cells

After XPD silencing, the cell invasive ability was detected. As 
shown in Figure 4, XPD siRNA significantly promoted cell in-
vasion compared with NC. Moreover, p53 inhibitor further in-
creased cell invasion with the treatment of XPD siRNA.

XPD siRNA promotes CyclinD1, Bcl-2, C-sis, reduces P21, 
Mdm2, Mdm4, Bax, and P53 expression

After XPD silencing, the expression of cell proliferation and 
apoptosis-related genes were detected. As shown in Figure 5, 
CyclinD1, Bcl-2, and C-sis were promoted after XPD siRNA treat-
ment, while P21, Mdm2, Mdm4, Bax, and P53 expression was 
reduced. Interestingly, P53 inhibitor further promoted CyclinD1, 
Bcl-2, and C-sis expression, and reduced P21, Mdm2, Mdm4, 
Bax, and P53 expression.

Discussion

Liver carcinoma is a serious malignant tumor. HCCs are the 
most common type of liver cancer, and the morbidity and mor-
tality have been gradually increasing [13]. With the develop-
ment of chemotherapy, surgical resection, and liver trans-
plantation, application of molecular-targeted drug sorafenib 
in the treatment of liver cancer, the survival rate of HCCs has 
improved [14]. However, recurrence and metastasis after sur-
gery still severely affect patient quality of life [13]. Gene ther-
apy is a new approach in the treatment of liver cancer [15,16]. 
XPD plays an important role in repairing damaged DNA. In a 
previous study, we constructed an XPD overexpression vector 
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Figure 4.  XPD siRNA promotes cell invasion of hepatoma cells. Magnification: ×200. Compared with NC, * P<0.05; Compared with XPD 
siRNA, # P<0.05.
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Figure 5.  XPD siRNA promotes Cyclin D1, Bcl-2, C-sis and reduces P21, Mdm2, Mdm4, Bax, and P53 expression. (A) Relative expression 
of CyclinD1, P21, Mdm2, and Mdm4 at mRNA level; (B) Relative expression of Bax, Bcl-2, C-sis, and P53; (C) Representative 
blots of the related proteins; (D) Quantification data of protein expression. Compared with NC, * P<0.05; Compared with XPD 
siRNA, # P<0.05.
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to promote XPD expression in hepatoma cells, and the results 
showed that overexpression of XPD promoted apoptosis and 
inhibited the growth of hepatoma cells [17]. In the present 
study we further clarified the effect of XPD in hepatoma cells 
by silencing XPD.

In this study, real-time PCR and Western blotting were used to 
verify the effect of XPD silencing, and the expression of XPD 
was obviously reduced after transfection of XPD siRNA. XPD 
siRNA achieved effective silencing effects and was applied in 
the following experiments. P53 can induce apoptosis by directly 
combining with XPD [12]. Our previous study showed that over-
expression of XPD combined with P53 inhibitor inhibited cell 
apoptosis, increased cell viability, and enhanced cell invasion 
ability [17]. The study further revealed that apoptosis was sig-
nificantly decreased after silencing XPD and/or P53 blockage, 
while proliferation and invasive ability were promoted. These 
results revealed a synergistic action of XPD silence and P53 
blockage in hepatoma cells.

In the present study, the expression of P53 was downregulated 
after the silencing of XPD, which was consistent with the pre-
vious results [17]. The main function of CyclinD1 is to promote 
cell proliferation through activating cyclin-dependent kinase 4 
(CDK4) [18]. The cyclinD1-CDK4 complex facilitates passage 
through the G1 phase by inhibiting retinoblastoma protein 
(pRb) expression [19]. CyclinD1-CDK4 inhibits pRb through 
phosphorylation, allowing E2F transcription factors to tran-
scribe genes required for entry into the S phase. The results 
of our study also demonstrated that CyclinD1 expression in-
creased after silencing XPD and blocking P53. Therefore, XPD 
silencing and P53 inhibition can promote cell proliferation by 
increasing the expression of CyclinD1.

P21, a cell cycle regulator, is one of the most important down-
stream regulators of the P53 [20]. The reduction of P21 can lead 
to loss of cell proliferation and increase tumorigenesis [21]. 
Previous studies have revealed that XPD can increase the ex-
pression of P21; concurrently, the growth of hepatoma cells is 
inhibited and apoptosis is promoted [17]. The present study 
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demonstrated that down-regulation of XPD also reduced the 
expression of P21; growth of hepatoma cells was promoted 
and apoptosis was inhibited.

Bax and Bcl-2 belong to the Bcl-2 gene family. The former is 
a tumor suppressor gene and the latter is an oncogene [22]. 
The ratio of Bax to Bcl-2 regulates the balance of cell prolifer-
ation and apoptosis [23]. P53 can directly downregulate the 
expression of Bcl-2 and activate the expression of Bax [24]. 
The present study found that silencing XPD downregulated 
Bax expression and upregulated Bcl-2 expression, which also 
proves that XPD has antitumor effects.

Mdm2 is widely expressed in mammals, indicating that it plays 
a role in basic cellular physiological processes. According to the 
analysis of Mdm2 oncogene products, it also suggests that Mdm2 

plays a role in controlling cell growth [25]. Mdm4 is a key regu-
lator of P53, which plays the role in apoptosis by regulating the 
transcriptional function of P53 or the mitochondrial pathway [26]. 
Mdm4 promotes apoptosis depending on the mitochondrial path-
way of P53 [27]. We demonstrated that the expression of Mdm2 
and Mdm4 was downregulated by the expression of XPD and the 
blocking of P53. C-sis is an oncogene [28], and the expression of 
C-sis was upregulated after XPD silencing. It is further demon-
strated that XPD has a tumor suppression effect.

Conclusions

In conclusion, our data reveal that XPD silencing promotes 
growth of hepatoma cells through P53-mediated expression of 
oncogenes and downregulating the tumor suppression genes.
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