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Cutaneous squamous cell carcinoma (cSCC) is the second most widespread cancer in humans and its inci-
dence is rising. Novel therapy with better efficacy is needed for clinical treatment of cSCC. Many studies have
shown the importance of DNA repair pathways during the development of cancer. A key nucleotide excision
repair (NER) protein, xeroderma pigmentosum group D (XPD), is responsible for the excision of a large variety
of bulky DNA lesions.

To explore the role of XPD in A431 cells, we overexpressed XPD in A431 cells and performed MTT assay, flow
cytometry, and Western blot analysis to examine cell proliferation, cell apoptosis, and genes expression.

We found that the overexpression of XPD suppressed cell viability, induced cell cycle arrest at G1 phase, and
promoted cell apoptosis. Additionally, XPD blocked the expression of c-myc, cdc25A, and cdk2, and improved
the levels of HIPK2 and p53.

These results provide new evidence to reveal the role of XPD in ¢SCC A431 cells and suggest that XPD may
serve as an anti-oncogene during ¢SCC development.

Apoptosis ¢ Carcinoma, Squamous Cell ¢ Cell Cycle ¢ Cell Proliferation
¢SCC - cutaneous squamous cell carcinoma; HIPK2 — homeodomain-interacting protein kinase 2;
MTT - 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-nyltetrazolium bromide; NER — nucleotide excision repair;

PBS — phosphate-buffered saline; Pl — propidium iodide; XPD — xeroderma pigmentosum group D
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Material and Methods

Cutaneous squamous cell carcinoma (cSCC) originates from
stem/progenitor cells of the basal cell layer of the epidermis
and cutaneous basal cell carcinoma [1], which is mostly com-
mon in skin epidermis or appendages [2]. ¢SCC is a serious
threat to human health. Clinicians have developed some com-
mon treatments according to individual characteristics of pa-
tients, including radiotherapy, surgery, and chemotherapy [3].
However, these therapies have several drawbacks and limited
treatment efficacy [4]. Therefore, novel therapy with better ef-
ficacy is needed for clinical treatment of ¢SCC.

DNA repair pathways play an essential role in cancer suscepti-
bility by maintaining genomic integrity [5]. Studies have dem-
onstrated that defects in DNA damage repair lead to accumu-
lated DNA damage [6], which confers a higher risk of ¢SCC
cancer [7]. As a research focus and problem in recent studies,
molecular targeting treatment is a potential therapy for ¢SCC,
but its efficacy largely depends on the selection of highly spe-
cific molecular targets [8]. The most important DNA damage re-
pair mechanism in humans is nucleotide excision repair (NER).
A key NER protein, Xeroderma pigmentosum group D (XPD), as
a subunit of transcription factor IIH, has ATP-dependent 5’-3’
helicase activity and is involved in gene transcription with the
action of RNA polymerase 11 [9,10]. Some reports revealed that
genetic polymorphisms of XPD in the nucleotide excision re-
pair pathway affected the capacity for DNA repair to influence
susceptibility to many cancers [6], such as hepatocellular carci-
noma [11], esophageal cancer [6], and squamous cell carcino-
ma [12]. Also, ectopic expression of XPD was associated with
the occurrence of angioderma pigmentosum and Cockayne’s
syndrome [13]. However, a few studies have explored the re-
lationship between XPD and cSCC. Furthermore, the studies
of XPD were mainly focused on the association between XPD
polymorphisms and various cancers [14,15]. The mechanism
by which XPD is involved in cancer development is unclear.

In the present study, we used cSCC A431 via the expression
of XPD to investigate the role of XPD in ¢SCC development.
We found that the overexpression of XPD repressed cell pro-
liferation, blocked cell cycle, and enhanced cell apoptosis in
A431 cells. Furthermore, ectopic expression of XPD regulated
the expression of cell proliferation-related, cell cycle-related,
and cell apoptosis-related genes. We conclude that XPD reg-
ulates expression of cell proliferation-related, cell cycle-relat-
ed, and cell apoptosis-related genes to modulate the devel-
opment of ¢SCC.

Cell culture and transfections

Human cutaneous squamous cell carcinoma A431 cells were
purchased from the Cell Bank of the Chinese Academy of
Sciences (Shanghai, China). A431 cells were seeded into 6-well
plates incubated with Dulbecco’s modified Eagle’s medium
(DMEM, Hyclone, USA) supplemented with 10% fetal bovine
serum (FBS, Hyclone, USA) and incubated in a 5% CO, cell cul-
ture incubator at 37°C for 48 h. When the density reached
90%, cell transfection was carried out with Lipofectamine
2000 (Invitrogen, USA). Cells were divided into 4 groups and
the control group (Control group) was administered the same
amount of medium. The other 3 groups were transfected with
only Lipofectamine (LF group), pEGFP-N2 (empty vector) +
Lipofectamine (EM+LF group), or pEGFP-N2-XPD + Lipofectamine
(XPD+LF group) in FBS-free medium. After 6 h, the old media
were removed and cells were incubated with fresh DMEM con-
taining 10% FBS for 40 h for further experiments.

MTT assay for cell proliferation

After cell transfection, A431 cells were incubated with 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphe-nyltetrazolium bromide (MTT,
5 mg/mL) with fresh culture medium at the concentration of
100 pg/well for 4 h. After removing the supernatant, forma-
zan crystal formed were dissolved in 100 pL of dimethyl sulf-
oxide and the absorbance was measured at 492 nm using
a multifunction microplate reader (Thermo Fisher Scientific,
Waltham, MA, USA). Six-well replication was used to calcu-
late the cell relative viability. Data were analyzed from 3 in-
dependent experiments.

Determination of cell apoptosis by flow cytometry with
Annexin V-FITC/PI reagent

After different treatments, A431 cells were digested with tryp-
sin (Sigma, USA) and washed with phosphate-buffered saline
(PBS) twice. Then, cells were incubated with 100 L of bind-
ing buffer and 10 pL of FITC-labeled Annexin V. After being in-
cubated at room temperature for 5 min in the dark, cells were
analyzed by fluorescence-activated cell sorting (FACS) by flow
cytometry (BD FACSCalibur, USA). Cells that stained positive for
early apoptosis markers (annexin V-FITC stained only) and for
late apoptosis markers (annexin V-FITC and PI stained) were
combined for analysis.

Cell cycle distribution measured using flow cytometry
assay

To analyze the cell cycle distribution, the transfected A431
cells were digested with trypsin and fixed with 70% cold
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Table 1. The primers for qRT-PCR.

Genes  Forward primers(5’-3’)  Reverse primers (5°’-3’)

XPD gecegetetggattatacg ctatcatctcctggecccc
‘emyc  aacccttgecgeatecac cctectegtegeagtagaaa
‘cdc25A  tgatgaggatgatggcticg ctgeacccttgat-gtgge

p53 ctacaagcagtcacagcacatga tcattcagctctcggaacatctcg
HIPK2 cctaccttacgagcagaccatc acgcttgagtccacatttttg
B-actin  gggcacgaaggctcatcatt agcgagcatcccccaaagtt

ethanol overnight at 4°C. After being washed with PBS twice,
the cells were subsequently stained with propidium iodide
(PI, 50 pg/mL) and RNase A (100 pg/mL). One hour later, cells
were subjected to flow cytometry analysis with flow cytome-
try (BD FACSCalibur, USA).

Quantitative real-time PCR (qRT-PCR)

After cell transfection, cells were collected and total RNA was
isolated with an RNA Extraction Kit (Cwbiotech, Beijing, China).
The quality and quantity of RNA were detected by measuring
the absorbance at 260 nm and 280 nm using a Nano Drop-
2000 ultramicrospectrophotometer (Thermo Fisher Scientific,
Waltham, MA, USA). One ug of RNA was reverse transcribed
into cDNA, and qRT-PCR was carried out with SYBR Green qPCR
SuperMix (Invitrogen, USA) with the Real-Time PCR system
(Bio-Rad, USA). The relative expression of genes was normal-
ized to B-actin with the method of 224, The primers for qRT-
PCR are listed in Table 1.

Western blot

Proteins were extracted by using RIPA lysis buffer (Santa Cruz
Biotechnology, USA) and centrifuged at 10 000 rpm at 4°C for
20 min. The concentration of protein was detected by bicin-
choninic acid kit (Pierce, Germany) according to the manu-
facturer’s protocol. Equal amounts of protein were subjected
to SDS-PAGE and transferred to PVDF membranes (Millipore,
Bedford, MA, USA). After being blocked with 5% non-fat milk
in Tris-buffered saline containing 0.05% Tween-20 (TBST), the
membrane was incubated with primary anti-c-myc mouse
monoclonal antibody (D199941, 1: 5000 dilution), anti-cd-
€25A rabbit polyclonal antibody (D120394, 1: 1000 dilution),
anti-cdk2 mouse monoclonal antibody (D199431, 1: 1000 di-
lution), anti-HIPK2 (D161742, 1: 1000 dilution), anti-p53 rab-
bit polyclonal antibody (D220082, 1: 1000 dilution), or anti-
XPD mouse monoclonal antibody (D198536, 1: 5000 dilution)
(Sangon, Beijing, China) at 4°C overnight. The next morning,
the membrane was probed with the corresponding second-
ary antibody at room temperature for 1 h. After being washed
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with TBST 3 times, the blot was developed with electroche-
miluminescence solution (Pierce, Germany). The target bands
were normalized to B-actin using Quantity One software v4.1
(Bio-Rad, USA).

Statistical analysis

Statistical analysis was conducted using SPSS 17.0 (SPSS Inc.,
Chicago, IL, USA). All experiments were carried out at least 3
times using independent samples. All analytical data are ex-
pressed in mean values + standard deviation, and differences
were analyzed using the t test. P<0.05 was considered to in-
dicate a statistically significant difference.

Results

The overexpression of XPD suppressed cell proliferation.

Firstly, we transfected A431 cells with recombined vector tar-
geting XPD to explore the role of XPD. The transfection effi-
ciency in A431 cells was examined by the signals of green
fluorescence intensity. In Figure 1A, in pEGF-N2-transfected
(EM+LF) or pEGF-N2-XPD-transfected (XPD+LF) groups, more
than 70% of total cells were green. However, no signal was
observed in the control group (Control) or Lipofectamine only
transfected group (LF group). Figure 1B and 1C show there was
no marked difference among Control, LF, and EM+LF groups;
however, the mRNA and protein levels of XPD in the XPD+LF
group were significantly enhanced compared to those in the
EM-+LF group (P<0.01). These data show that the recombined
pEGF-N2-XPD was successfully overexpressed in A431 cells
for further experiments.

To examine the impact of XPD overexpression on cell prolifer-
ation, we transfected cells with pEGF-N2-XPD and performed
MTT assay. In Figure 1D, there was no significant difference
among Control, LF, and EM+LF groups. Compared with the
EM+LF group, cell viability in the XPD+LF group was markedly
suppressed (P<0.01). These results reveal that XPD obviously
repressed cell proliferation in A431 cells.

XPD induced cell cycle arrest in G1 phase

To explore the role of XPD on cell cycle, we incubated cells
with pEGF-N2-XPD and examined cell cycle distribution by PI
staining and flow cytometry. There was no significant differ-
ence in the percentages of A431 cells at G1, S, or G2 phases
among the Control group, LF group, or EM+LF group (P>0.05,
Figure 2A-2C), suggesting that LF only had no significant effect
on cell cycle. However, compared with the EM+LF group, the
percentages in the XPD+LF group at G1 phase were markedly
increased, and the percentages at S phase were significantly
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Figure 1. XPD repressed cell proliferation. A431 cells were divided into 4 groups, and the control group was administered the same
amount of medium (Control group). The other 3 groups were transfected with Lipofectamine (LF group), pEGFP-N2 (empty
vector) + Lipofectamine (EM+LF group), or pEGFP-N2-XPD + Lipofectamine (XPD+LF group). (A) The signals of XPD were
detected after pEGFP-N2-XPD transfection. After cell transfection, A431 cells were observed with an inverted fluorescence
microscope. Scale bar=100 um. (B) The mRNA level of XPD was increased in the XPD+LF group. Total RNA was isolated from

4 groups for QRT-PCR analysis. *

transfection, proteins were extracted for Western blot analysis.

P<0.05, ** P<0.01. (C) The protein level of XPD was enhanced in the XPD+LF group. After cell

* P<0.05, ** P<0.01. (D) The overexpression of XPD blocked

cell proliferation. After cell transfection, cell proliferation was examined by MTT assay. * P<0.05, ** P<0.01.

decreased (Figure 2D), indicating that overexpression of XPD
led to the G1 arrest of A431 cells. Table 2 shows the percentag-
es of A431 cells in G1, S, and G2 phases from different groups
as detected by flow cytometry. These data reveal that XPD in-
duced cell cycle arrest at G1 phase in A431 cells.

XPD enhanced cell apoptosis

We analyzed cell apoptosis in A431 cells after pEGF-N2-XPD
transfection to detect the effect of XPD on cell apoptosis. As
accessed by flow cytometry with Annexin V-FITC/PI reagent,
very few cells were apoptotic in Control, LF, and EM+LF groups
(Figure 3A, 3B). However, the cell apoptosis in the XPD+LF group
was nearly 4-fold greater than that in the EM+LF group (P<0.01,
Figure 3C, 3D). These data indicate that the overexpression of
XPD promotes cell apoptosis in A431 cells.

This work is licensed under Creative Common Attribution-
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XPD regulated relates genes expression for cell
proliferation and cell apoptosis

To determine how XPD modulates cell proliferation, cycle, and
apoptosis in A431 cells, we detected the effect of XPD over-
expression on cell proliferation-, cell cycle-, and cell apopto-
sis-related genes expression. In Figure 4A, no significant dif-
ferences were observed on the mRNA expression of c-myc,
cdc25A, cdk2, homeodomain-interacting protein kinase 2
(HIPK2), p53, and XPD among Control, LF, and EM+LF groups
(P>0.05). However, the overexpression of XPD suppressed the
mRNA levels of c-myc, cdc25A, and cdk2, but promoted the
expression of HIPK2, p53, and XPD. A similar trend in the pro-
tein levels is shown in Figure 4B and 4C. Taken together, XPD
monitored the expression of cell proliferation-related, cell cy-
cle-related, and cell apoptosis-related genes.
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Figure 2. XPD induced cell cycle arrest in G1 phase. A431 cells were transfected with the same amount of medium (Control, A),
Lipofectamine (LF, B), pEGFP-N2 (EM) + Lipofectamine (EM+LF group, C), or pEGFP-N2-XPD + Lipofectamine (XPD+LF group,
D). Cell cycle distribution was measured using flow cytometry assay.

Table 2. Percentage of A431 cells in each cell cycle phase
detected by flow cytometry.

Control

72.17+3.42 24.25+4.51 3.58+2.42

XPD+LF 81.62+5.75* 8.82+4.58™* 9.56+2.1**

Compared with EM+LF group, * P<0.05, ** P<0.01.

Discussion

¢SCC is the second most widespread metastatic skin cancer,
with increasing incidence, which has a more invasive growth
pattern and higher potential to metastasize [16]. Although
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great research efforts have been made, the outcome of ¢SCC
remains poor because of a lack of knowledge regarding mo-
lecular markers. Some evidence indicates the importance of
DNA repair pathways in cancer genetic processes, such as in
prostate cancer [17]. Indeed, deficient DNA repair may lead
to deregulation of cell growth, imbalance of cell cycle control,
and development of many diseases, including cancers [18].
The highly conserved NER pathway is responsible for the ex-
cision of a large variety of bulky DNA lesions [19]. XPD, encod-
ed by the ERCC2 gene, is an ATP-dependent helicase enzyme
involved in the NER pathway [20]. In our study, we found that
the overexpression of XPD in A431 cells plays an important
role in the progression of cSCC through the cell cycle, cell pro-
liferation, and cell apoptosis pathways. XPD may potentially
act as an anti-oncogene in ¢SCC and have clinical value as a
prognostic marker for SCC.
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Figure 3. The overexpression of XPD promoted cell apoptosis. A431 cells were transfected with the same amount of medium (Control,
A), Lipofectamine (LF, B), pEGFP-N2 (EM) + Lipofectamine (EM+LF, C), or pEGFP-N2-XPD + Lipofectamine (XPD+LF, D). Cells
that stained positive for early apoptosis markers (annexin V-FITC stained only) and for late apoptosis markers (annexin

V-FITC and PI stained) were combined for analysis.

In our subjects, we found that the overexpression of XPD was
involved in cell proliferation, cell cycle, and cell apoptosis. C-myc
is the master transcription factor for cell proliferation and is
involved in numerous hematological and solid cancers [21]. In
hepatoma cells, XPD functions in cell proliferation and apopto-
sis by suppressing the expression of c-myc and cdk2 [22]. The
mutation of XPD affected proper regulation of c-myc expres-
sion and is involved in the development of malignancy [23].
Combined with our results, we conclude that XPD participates
in cell proliferation via monitoring the expression of c-myc.
In normal cells, progression through G1, S, and G2 phases of
the cell cycle is dependent on temporal activation of cyclin-de-
pendent kinases CDK1/2. The subsequent dephosphorylation
and activation of CDK1/2 is mediated by 1 of 3 CDC25 phos-
phatases (A, B, or C) [24]. CDC25A regulation is complex, with

input from multiple other kinases, resulting in either degra-
dation or sequestration, depending on cell cycle phase [25].
CDK2 [26] and CDC25A [27] are important regulators of the
G1/S phase transition. CDK2 is usually considered essential
for progression through S phase [28]. Some reports indicat-
ed that overexpression of XPD leads to cell cycle arrest at G1
phase via suppression of CDK2 and CDC25A, which contributes
to cell growth inhibition [29]. In our study, we observed that
the overexpression of XPD increased the percentages of A431
cells at G1 phase and suppressed the mRNA and protein lev-
els of CDK2 and CDC25A, which is in agreement with previous
studies. In A431 cells, the overexpression of XPD induced cell
cycle arrest at G1 phase by the blockage of CDK2 and CDC25A.
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Figure 4.

XPD monitored the related genes expression. A431 cells were transfected with the same amount of medium (Control),

Lipofectamine (LF), pEGFP-N2 (EM) + Lipofectamine (EM+LF), or pEGFP-N2-XPD + Lipofectamine (XPD+LF). (A) The
overexpression of XPD affected the mRNA levels of related genes for cell proliferation and cell apoptosis. After cell
transfection, cells were collected and total RNA was isolated for qRT-PCR. (B) The effect of XPD overexpression on related
proteins expression was analyzed by Western blot. (C) The target bands were normalized to B-actin using Quantity One

software. * P<0.05, ** P<0.01.

HIPK2 is a member of the nuclear Ser/Thr kinase family, orig-
inally identified as a DNA damage-responsive cell fate regula-
tor, which is negatively regulated by oncogenic signaling [30].
HIPK2 phosphorylates and activates the apoptotic program
through interaction with diverse downstream targets [31].
HIPK2 activates tumor suppressor p53-dependent transcrip-
tion and apoptosis by phosphorylating p53 at Ser46 [32]. P53
is stabilized, binds to specific target gene promoters, and reg-
ulates gene sets for cell fate towards apoptosis or DNA re-
pairs [33]. In our study, the high expression of XPD significantly
improved cell apoptosis and enhanced the expression of HIPK2
and p53. In hepatoma cells, XPD functions in cell apoptosis by
inducing the expression of p53 [22]. A previous study report-
ed that XPD interacts with p53 to regulate cell apoptosis [34]
and the p53/HIPK2 connection by showing the role of HIPK2
in repressing activity in severe DNA damage response [35].
Our data were in agreement with a previous study reporting
that XPD was involved in cell apoptosis by regulating the ex-
pression of HIPK2 and p53.

Conclusions

Taken together, XPD repressed cell proliferation by arresting cell
cycle in G1 phase and induced cell apoptosis by suppressing
the levels of c-myc, cdc25A, and cdk2 and enhancing the ex-
pression of HIPK2 and p53. These data provide new evidence
that XPD serves as an anti-oncogene in cSCC. However, there
also exist some limitations in our study. First, our study was
mainly focused on the role of XPD in A431 cells in vitro. Further
examinations need to be performed on the role of XPD in vivo,
which would more comprehensively explain the function of XPD
in ¢SSC. Second, in our study, we actually found that XPD af-
fected the expression of c-myc, cdc25A, cdk2, HIPK2, and p53;
however, the molecular mechanism of XPD regulating expres-
sion of these genes was unclear. Thus, more efforts need to
be made for molecular basis exploration on gene regulation.
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