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Abstract. DEAD‑Box Helicase 46 (DDX46) is an 
ATP‑dependent RNA helicase that plays a central role in 
transcription splicing and ribosome assembly. However, the 
role of DDX46 in cutaneous squamous cell carcinoma (CSCC) 
remains to be elucidated. The aim of the present study was to 
investigate the role of DDX46 in CSCC by assessing DDX46 
expression levels in CSCC tissues and cell lines. The effect 
of DDX46 silencing on CSCC cell proliferation, apoptosis 
and autophagy were also analyzed. It was demonstrated that 
DDX46 was significantly overexpressed in CSCC tissues 
and cells (P<0.05). Furthermore, it was found that DDX46 
silencing could dramatically inhibit cell proliferation (P<0.05). 
Moreover, cell apoptosis and autophagy were activated in 
DDX46 silencing groups (P<0.05). Therefore, the present 
results suggested that DDX46 was overexpressed in CSCC and 
that DDX46 silencing can inhibit cell proliferation by inducing 
apoptosis and activating autophagy. Thus, DDX46 may serve 
as a novel potential therapeutic target for CSCC.

Introduction

Cutaneous squamous cell carcinoma (CSCC) is one of the most 
common cancer types, accounting for 25‑35% of cutaneous 
malignancies  (1). CSCC develops from epidermal kerati-
nocytes or adnexal squamous epithelial cells (2). Currently, 
immunosuppression factors that are sensitive to sunlight or 
UV radiation and genetic factors are thought to be closely 
associated with CSCC (3). Treatments for cutaneous squamous 
cell carcinoma include excision, radiotherapy, photodynamic 
therapy and topical drug treatment (4).

DEAD‑box (DDX) RNA helicases are a large 
ATP‑dependent RNA helicases family, which originates 
from a wide number of organisms ranging from prokaryotes, 
including viruses, to eukaryotes such as yeast, plants and 
animals (5). DDX is involved in almost every cellular process 
of RNA metabolism, from RNA synthesis to RNA degrada-
tion and plays important roles during cell development and 
growth in almost all organisms (6). DDX46 is a member of 
the DDX RNA helicase family located on chromosome 5q31.1 
and plays a critical role in transcript splicing and ribosome 
assembly (7). Previous studies (7,8) have shown that DDX46 is 
abnormally expressed and plays an oncogenic role in various 
tumors, and is also involved in tumorigenesis and cancer 
progression. However, the role of DDX46 in CSCC is still not 
fully understood.

Therefore, in the present study, three pairs of CSCC tissues 
and corresponding adjacent tissues were collected, and the 
expression level of DDX46 was assessed. Furthermore, the 
effect of DDX46 silencing on CSCC cell proliferation, apop-
tosis and autophagy was analyzed. To our best knowledge, the 
present study is the first to identify the possible role of DDX46 
in CSCC.

Materials and methods

Clinical specimens and cell lines. Human CSCC A431 and 
SCL‑1 cells, and human keratinocyte HaCaT cells were 
purchased from Shanghai Enzyme Biological Technology Co., 
Ltd. In addition, three pairs of CSCC tissues and corre-
sponding adjacent tissues were collected from the Department 
of Plastic Surgery, The First Hospital of Jilin University from 
September 2015 to November 2018. All the specimens were 
confirmed for CSCC by clinical and pathological diagnosis. 
Consent was obtained from the patients and their families. 
The present study was informed and approved by the Ethics 
Committee of The First Hospital of Jilin University.

Reagents and instruments. DMEM and FBS were purchased 
from Santa Co., Ltd. DMSO, crystal violet and tryptase were 
purchased from Sigma‑Aldrich (Merck KGaA). Cell Counting 
Kit‑8 (CCK‑8) kits, Annexin V/PI cell apoptosis detection kits 
and TaqMan™ reverse transcription reagents (cat. no. 4304134) 
were obtained from Santa C ruz Biotechnology, Inc. 
TRIzol® kit, the transfection reagent Lipofectamine 3000® and 
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3,3'‑diaminobenzidine (DAB) reagent kit were provided by 
Thermo Fisher Scientific, Inc. Rabbit anti‑DDX46 (1:500; cat. 
no.  ab72083) antibody was purchased from Abcam. The 
forward (F) and reverse (R) primers sequences for RT‑qPCR 
of DDX46 were designed and synthesized by Arraystar, Inc., 
and were as follows: DDX46 F, 5'‑AAAATGGCGAGAAGAG 
CAACG‑3' and R, 5'‑CATCATCGTCCTCTAAACTCCAC‑3'; 
GAPDH F, 5'‑TGACTTCAACAGCGACACCCA‑3' and R, 
CACCCTGTTGCTGTAGCCAAA‑3'. The preparation and 
packaging of DDX46 gene RNAi target sequence and shDX46 
lentivirus  (shDDX46) were designed and synthesized by 
Arraystar, Inc.

RT‑qPCR. Total RNAs of CSCC tissues and cells were 
extracted with TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). Total RNA was reverse transcribed into cDNA 
at room temperature using TaqMan™ reverse transcription 
reagents (cat. no. 4304134; Thermo Fisher Scientific, Inc.). 
qPCR was subsequently performed using the iScript™ cDNA 
Synthesis kit (cat. no. 1708890; Bio‑Rad Laboratories, Inc.). 
The PCR conditions were as follows: 95˚C for 3 min, followed 
by 40 cycles of 95˚C for 10 sec, 60˚C for 30 sec and 72˚C for 
30 sec, according to the manufacturer's protocol of the PCR 
kit. The relative levels were assessed by 2‑ΔΔCq method (9); 
ΔCq=Cqtarget‑CqGAPDH.

Western blotting. Total protein of CSCC tissues and cells were 
collected with RIPA buffer (Sigma‑Aldrich; Merck KGaA). 
Protein concentrations were determined with a BCA assay 
(Bio‑Rad Laboratories, Inc.). Then, a total of 20 µg protein per 
lane was transferred to the nitrocellulose membrane after 10% 
SDS‑PAGE and blocked by 5% TBST (0.1% Tween‑20) for 1 h 
at room temperature. The membranes were incubated with 
rabbit anti‑DDX46 (1:1,000; cat. no. ab72083; Abcam), rabbit 
anti‑Bcl‑2 antibody (1:1500; cat. no. ab59348; Abcam), rabbit 
anti‑Survivin antibody (1:1,000; cat. no. ab469; Abcam), rabbit 
anti‑Bax antibody (1:1,000; cat. no. ab53154; Abcam), rabbit 
anti‑Cleaved Caspase‑3 antibody (1:1,000; cat. no. ab2302; 
Abcam), rabbit anti‑Beclin 1 antibody (ab62557) (1:1,000; 
cat. no. ab62557; Abcam), rabbit anti‑microtubule‑associated 
protein  1A/1B‑light chain  3  (LC3) antibody (1:1,000; 
cat. no.  ab128025; Abcam) and anti‑β‑actin (1:2,000; cat. 
no. ab8227; Abcam) at 4˚C overnight. The PVDF membrane 
was washed three times with TBST and incubated at room 
temperature for 2 h with horseradish peroxidase‑conjugated 
secondary antibody (1:2,000; cat. no. ab97051; Abcam). Blot 
bands were visualized by ECL systems (Pierce; Thermo 
Fisher Scientific, Inc.). Densitometry was performed by using 
ImageJ v1.47 software (National Institutes of Health) (10).

Cell transfection. The preparation and packaging of DDX46 
gene RNAi target sequence (shDDX46) and negative 
control sequence (shNC) were designed and synthesized by 
Arraystar, Inc. short hairpin (sh)RNA sequence of DDX46 was 
5'‑AGAAATCACCAGGCTCATA‑3', and the negative control 
shRNA (shNC) sequence was 5'‑TTCTCCGAACGTGTCACGT‑3'. 
The quantity of siRNA transfected was 50 nM. Cells (1x105/well) 
were transfected using Lipofectamine 3000 reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). Then, 48 h after transfection, 
the transfection efficiency was evaluated by labeling vectors 

with green fluorescence protein (GFP) to ensure that cells were 
successfully transfected, and evaluated by RT‑qPCR using the 
same steps as mentioned above).

CCK‑8 assay. Transfected cells in the logarithmic growth 
stage were collected and inoculated into 96‑well plates with 
density of 2x103 cells per pore. Each group was assessed with 
three multiple pores. After adherence, the cells were replaced 
with 100  ml RPMI‑1640 medium (Gibco; Thermo Fisher 
Scientific, Inc.).containing 10 ml CCK‑8 reagent and incubated 
for 2 h at 37˚C according to the manufacturer's instructions. 
The absorbance (D) of each pore were measured at 450 nm 
by enzyme label. The D values of the cells in each group were 
measured at 24, 48, 72 and 96 h. The growth curves of each 
group cells were drawn according to the measured D value.

Colony formation assay. Transfected cells in the logarithmic 
growth stage were digested with 0.5% trypsin (Gibco; Thermo 
Fisher Scientific, Inc.) at room temperature for 5 sec and seeded 
in 6‑well plates with 1x105/well. After cultured for 2 weeks, 
6‑well plates were washed twice with PBS and cells were 
fixed with 2% paraformaldehyde (PFA) at 37˚C for 30 min. 
Then, cells were stained with 0.5% crystal violet for 15 min at 
37˚C. Cell colony forming units were imaged under a confocal 
microscope (Nikon Corporation; magnification, x400) and 
analyzed using ImageJ v1.47 software (National Institutes of 
Health) (10).

5‑Ethynyl‑2'‑deoxyuridine (EdU) assay. Transfected cells in 
the logarithmic growth stage were digested with 0.5% trypsin 
(Gibco; Thermo Fisher Scientific, Inc.) at room tempera-
ture for 5 sec and seeded in 24‑well plates with 1x104/well. 
After cultured for 24 h, 5 µl EdU reagent (Sigma‑Aldrich; 
Merck KGaA)was added to each dish and incubated for 2 h at 
37˚C. Then, plates were washed twice with PBS and cell were 
fixed with 2% PFA for 30 min at 37˚C. EdU positive cells were 
visualized and photographed under fluorescence microscope 
(BD Biosciences; magnification, x400), and analyzed using 
ImageJ v1.47 software (National Institute of Health).

Flow cytometry. Transfected cells in the logarithmic growth 
stage were digested with 0.5% trypsin (Gibco; Thermo Fisher 
Scientific, Inc.) at room temperature for 5 sec and seeded in 
6‑well plates with 1x104/well. After cultured for 24 h, the 
cells were collected and washed twice with pre‑cooled PBS. 
Then, cells were re‑suspended with 1X  combined buffer 
(Sigma‑Aldrich; Merck  KGaA) and the cell density was 
adjusted to ~1x106/ml. Then, 100 ml cell fluid was added 
to the flow tube, 5 µl Annexin V‑FITC and 5 µl PI solution 
were added into flow tube to stain cells for 20 min in the dark 
at 4˚C. Then, 400 ml combined buffer was added and the 
apoptotic rate was detected by a FACSCalibur flow cytometer 
(Becton‑Dickinson and Company) for cell‑cycle distribution 
analysis using Cell Quest Software (v5.1; Becton‑Dickinson 
and Company).

Statistical analysis. SPSS v17.0 (SPSS, Inc.) software were used 
for statistical analyses. Data are presented as the mean ± SD 
of three experimental repeats. Student's t‑test and χ2 test were 
performed among two groups, one‑way ANOVA followed by 
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Tukey's multiple comparison tests were performed among 
three groups. P<0.05 was considered to indicate a statistically 
significant difference.

Results

DDX46 is overexpressed in CSCC tissues. In the present 
study, the expression level of DDX46 in three pairs of CSCC 
tissues and corresponding adjacent tissues was assessed using 
RT‑qPCR and Western blot assay. The RT‑qPCR and Western 
blot results demonstrated that DDX46 mRNA (P<0.01; Fig. 1) 
and protein (P<0.05; Figs. 2 and 3) expression levels were 
significantly overexpressed in CSCC cells, and also in CSCC 
tissues (n=4) compared with corresponding adjacent tissues.

shRNA is successfully transfected into CSCC cells. shDDX46 
and shNC were transfected into A431 and SCL‑1 cells. Then, 
48 h after transfection using a fluorescence microscope GFP 

was observed in A431 and SCL‑1 cells (Fig. 4A). RT‑qPCR 
results indicated that DDX46 mRNA expression levels were 
significantly decreased in the shDDX46 group compared with 
the shNC group (P<0.05; Fig. 4B).

DDX46 silencing inhibits cell proliferation. CCK‑8, colony 
formation and EdU assay were used to analyze the effect of 
DDX46 on cell proliferation. CCK‑8 assay results demon-
strated that the proliferative ability of cells was significantly 
decreased in the shDDX46 group compared with the control 
group (P<0.05; Fig. 5). Furthermore, colony formation assay 
results suggested that the number of colony‑forming units were 
significantly reduced in the shDDX46 group (P<0.05; Fig. 6) 
compared with the shNC group. In addition, it was found that 
the number of EdU positive cells was significantly decreased 
in the shDDX46 group compared with the shNC group 
(P<0.05; Fig. 7).

Figure 1. DDX46 mRNA is significantly overexpressed in CSCC tissues and cell lines. (A) DDX46 mRNA expression level in CSCC tissues. n=4, 
**P<0.01 vs. adjacent tissues. (B) DDX46 mRNA expression level in A431 and SCL‑1 cells. **P<0.01 vs. HaCaT cells. CSCC, cutaneous squamous cell 
carcinoma; DDX46, DEAD‑Box Helicase 46.

Figure 2. DDX46 protein is overexpressed in CSCC tissues. (A) Western blot-
ting results. (B) Relative protein expression level of DDX46. n=4. *P<0.05 
and **P<0.01 vs. adjacent tissues. CSCC, cutaneous squamous cell carci-
noma; DDX46, DEAD‑Box Helicase 46; N, adjacent non‑cancerous tissue; 
C, cancer tissue.

Figure 3. DDX46 proteins are overexpressed in CSCC cells. (A) Western blot-
ting results. (B) Relative protein expression level of DDX46. **P<0.01 vs. HaCaT 
cells. CSCC, cutaneous squamous cell carcinoma; DDX46, DEAD‑Box 
Helicase 46.
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DDX46 silencing inhibits cell apoptosis. Flow cytometry was 
used to assess cell apoptosis and Western blotting was used to 
measure the expression levels of the apoptotic‑related proteins 

Bcl‑2, Survivin, Bax and cleaved caspase‑3. It was demon-
strated that the apoptotic rate was significantly increased in the 
shDDX46 group, compared with shNC group (P<0.05; Fig. 8). 

Figure 4. shRNA is successfully transfected into A431 and SCL‑1 cells. (A) Green fluorescence was observed in A431 and SCL‑1 cells under a fluorescence 
microscope. (B) Reverse transcription‑quantitative PCR results indicated that DDX46 mRNA expression levels were significantly decreased in the shDDX46 
group. **P<0.01 vs. shNC. shRNA, short hairpin RNA; DDX46, DEAD‑Box Helicase 46; NC, negative control.

Figure 5. DDX46 silencing can inhibit cell proliferation. Cell Counting Kit‑8 assay results in (A) A431 and (B) SCL‑1 cells. *P<0.05 and **P<0.01 vs. shNC. 
shRNA, short hairpin RNA; DDX46, DEAD‑Box Helicase 46; NC, negative control; D, absorbance.

Figure 6. DDX46 silencing can inhibit cell colony formation. (A) Cell colony image. Magnification, x200. (B) Number of colony forming units. **P<0.01 vs. shNC. 
shRNA, short hairpin RNA; DDX46, DEAD‑Box Helicase 46; NC, negative control.
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Furthermore, Western blotting results indicated that the 
protein expression levels of Bcl‑2 and Survivin were signifi-
cantly decreased in the shDDX46 group, and that the protein 
expression levels of Bax and cleaved caspase‑3 protein were 
significantly increased in shDDX46 group (P<0.05; Fig. 9).

DDX46 silencing can activate cell autophagy. Western blot-
ting was used to detect the protein expression levels of Beclin1 
and LC3 II/I. It was demonstrated that the protein expression 
levels of Beclin1 protein and the ratio of LC3 II/I were signifi-
cantly increased in the shDDX46 group compared with the 
shNC group (P<0.05; Fig. 10).

Discussion

RNA helicase is essential for RNA metabolism, including 
RNA splicing, transcription, transport, translation and 
degradation (7). DDX is an important ATP‑dependent RNA 
helicase family, which exists in almost all prokaryotes and 

eukaryotes (11). Furthermore, DDX plays an important role in 
RNA metabolism, it is required for RNA functions, including 
gene transcription, RNA precursor mothering, ribosome 
synthesis, RNA output, translation initiation and RNA degra-
dation  (12,13). Several DDX RNA helicase subtypes have 
been reported to be abnormally expressed in various cancer 
types (14). Previous studies have shown that DDX1 is overex-
pressed in retinoblastoma, transitional blastoma, breast cancer 
and testicular cancer (15,16). Moreover, DDX5 is upregulated 
in human melanoma and hepatocellular carcinoma (17,18), 
and DDX6 is increased in glioblastoma, rhabdomyosarcoma, 
lung cancer, colon cancer and liver cancer (19). Thus, the DDX 
family may be involved in the occurrence and progression 
cancer.

DDX46 is a member of the DDX RNA helicase family 
with ATP‑dependent RNA helicase, that is located on chromo-
some 5q31.1 and plays a critical role in transcript splicing and 
ribosome assembly (20). Previous studies (21-23) in zebrafish 
have shown that DDX46 is required in the multilineage 

Figure 8. DDX46 silencing can promote cell apoptosis. (A) Annexin V‑ FITC/PI Image. Magnification, x200. (B) Apoptotic rate. *P<0.05 and **P<0.01 vs. shNC. 
shRNA, short hairpin RNA; DDX46, DEAD‑Box Helicase 46; NC, negative control; EdU, 5‑ethynyl‑2'‑deoxyuridine.

Figure 7. DDX46 silencing can inhibit DNA synthesis. (A) EdU staining image. Magnification, x200. (B) Number of EdU+ units. **P<0.01 vs. shNC. 
shRNA, short hairpin RNA; DDX46, DEAD‑Box Helicase 46; NC, negative control; EdU, 5‑ethynyl‑2'‑deoxyuridine.
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differentiation of hematopoietic stem cells and in the develop-
ment of digestive organs and the brain. Li et al (24) reported 
that DDX46 is significantly overexpressed in colorectal 
cancer and that lentiviral DDX46 knockdown inhibits growth 
and induces apoptosis in human colorectal cancer cells. 
Liu et al (25) showed that DDX46 is upregulated in human 
bladder cancer 5637 and T24 cells. Li et al (26) found that 
DDX46 is significantly upregulated in esophageal squamous 
cell carcinoma tissues and cells, and that DDX46 knockdown 
decreases proliferation and increased apoptosis in TE‑1 and 
Eca‑109 cells. Thus, DDX46 may be involved in tumorigenesis 
and cancer progression. However, the role of DDX46 in CSCC 
still remains unknown.

The present results suggested that DDX46 was overex-
pressed in CSCC tissues, as indicated by results from IHC, 
RT‑qPCR and Western blotting. The present study used 
DDX46 RNAi lentivirus to silence DDX46 expression in 
CSCC cells. It was found that DDX46 silencing can inhibit 
cell proliferation. Furthermore, DDX46 silencing can also 
induce cell apoptosis and activate autophagy by regulating 
the protein expression levels of Bcl‑2, Survivin, Bax, cleaved 

caspase‑3, Beclin1 and LC3 II/I. Thus, the present results 
suggested that DDX46 was overexpressed in CSCC and that 
DDX46 silencing can inhibit cell proliferation, the mechanism 
of which may be associated with apoptosis and autophagy. 
Previous studies have found that autophagy and apoptotic 
activity changes occur in a variety of human tumors (26,27). 
In some cases, autophagy inhibits cell apoptosis, which 
promotes cell survival (28). In other instances, autophagy can 
induce cell death, or function alongside apoptosis to induce 
cell death in the case of apoptotic defect (29,30). Thus, there 
is a close relationship between autophagy and apoptosis 
during cell death, and these pathways are interrelated and 
regulate each other. The present results indicated that apop-
tosis and autophagy worked together to inhibit CSCC cell 
proliferation.

In conclusion, to the best of our knowledge, the present 
study provides the first evidence that DDX46 was signifi-
cantly overexpressed in CSCC. Furthermore, it was found 
that DDX46 silencing inhibited cell proliferation by inducing 
apoptosis and activating autophagy. Thus, DDX46 may serve 
as a novel potential therapeutic target for CSCC.

Figure 9. Protein expression levels of Bcl‑2, Survivin, Bax and cleaved caspase‑3 in A431 cells. (A) Western blotting results. (B) Relative protein expression 
level. *P<0.05 and **P<0.01 vs. shNC. shRNA, short hairpin RNA; DDX46, DEAD‑Box Helicase 46; NC, negative control.

Figure 10. Protein expression levels of Beclin 1 and LC3 II/I. (A) Western blotting results. (B) Relative protein expression levels. *P<0.05 and **P<0.01 vs. shNC. 
shRNA, short hairpin RNA; DDX46, DEAD‑Box Helicase 46; NC, negative control; LC3, microtubule‑associated protein 1A/1B‑light chain 3.
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