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Knockdown of DDX46 inhibits proliferation and induces
apoptosis in esophageal squamous cell carcinoma cells
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Abstract. Esophageal squamous cell carcinoma (ESCC) is the
most common type of esophageal carcinoma and remains the
leading cause of cancer-related death worldwide. DEAD-box
RNA helicases play critical roles in cellular metabolism and
in many cases have been implicated in cellular proliferation
and neoplastic transformation. DDX46 belongs to DEAD-box
helicase family, the expression pattern of DDX46 in ESCC
tissues and the biologic role in ESCC progression have not
been implicated previously. In this study, DDX46 expression
in human ESCC and adjacent normal tissues were explored
using immunohistochemistry, and ESCC cell lines compared
with normal esophageal epithelium cell were quantified using
real-time PCR. Next, lentivirus-mediated RNA interference
was applied to silence DDX46 in TE-1 and Eca-109 cells.
Cell growth was monitored using high content screening. Cell
viability was measured by MTT assay. Cell colony-forming
capacity was measured by colony formation assay. Cell cycle
progression and apoptosis were determined by flow cytometry.
Further, the stress and apoptosis signaling antibody array
kit was used to detect the changes of signaling molecules in
TE-1 cells after DDX46 knockdown. We found that DDX46
was significantly upregulated in ESCC tissues and cells
compared with normal tissues and cells. DDX46 knockdown
led to decreased proliferation and increased apoptosis in TE-1
and Eca-109 cells. Moreover, DDX46 silencing resulted in
apoptotic induction via decreased phosphorylation of Akt and
IkBa, as well as negative regulation of NF-«kB signaling. In
conclusion, these results demonstrate that DDX46 knockdown
inhibited cell growth, and induced apoptosis, suggest that
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DDX46 is critical for ESCC cells proliferation. In addition, this
study provides a foundation for further study into the clinical
potential diagnosis and novel therapeutic target for ESCC.

Introduction

Esophageal carcinoma is the eighth most common malig-
nancy worldwide, with an estimated 455,800 new cases and
400,200 deaths annually (1), ~70% of which occurred in
China (2). Approximately 60% of all patients have advanced
disease at the time of diagnosis, although advances in surgical
techniques and neoadjuvant and adjuvant chemoradiotherapy
have led to increasingly multimodal therapy for patients, the
longevity remains disappointingly low, with 5-year overall
survival uniformly ~15% (1,2). The two main histological
types: esophageal squamous cell carcinoma (ESCC) and
adenocarcinoma (EAC), exhibit many differences in etiology,
epidemiology, genetic landscape, clinical characteristics and
prognosis (3,4), while >90% of cases in China is ESCC (2).
The application of targeted therapy is mostly limited to EAC,
few patients with advanced ESCC can be cured with synthetic
treatment modality (5). Therefore, it is important to discover
the molecular mechanism driving ESCC progression and
develop novel diagnostic and prognostic methods and potential
therapeutic targets.

RNA plays a central role in transmitting of genetic
information from DNA to protein. RNA helicases are a large
family of enzymes that perform diverse cellular functions in
virtually all steps of RNA metabolism, ranging from gene
transcription to RNA decay (6). DEAD-box helicases form
the largest family in RNA helicases and are ubiquitous from
bacteria to humans, play key roles in rearranging RNA-RNA
and RNA-protein interactions, participate in almost all aspects
of processes, including pre-mRNA splicing, ribosome biogen-
esis, RNA transport, mRNA export, translation initiation and
termination, and organelle gene expression (7). In addition,
they also participate in an ATPase-independent manner in
basic processes such as transcriptional regulation (7). Several
DEAD-box RNA helicases are aberrantly expressed in tumor
tissues and cell lines, and involved in the processes that are
key to cellular proliferation and cancer progression and trans-
formation, therefore, it is not surprising that deregulation of
expression or function of these proteins has been implicated
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in cancer development or progression (8). These proteins are
excellent potential tumor-specific vulnerabilities that one
might be able to capitalize upon for the development of novel
molecular-targeted therapies (9,10).

DDX46 gene, also named as PRPF5 or Prp5, belongs to
DEAD-box RNA helicase family. In vitro biochemical assays
have shown that DDX46 is required for stable association of
U2 in the pre-spliceosome and have multiple functions in
nuclear pre-mRNA splicing before or during pre-spliceosome
assembly (11,12). In vivo zebrafish studies have shown that
DDX46 is required for the development of the digestive
organs and brain through the control of pre-mRNA splicing
(13), and multi-lineage differentiation of hematopoietic stem
cells through the regulation of specific gene expressions (14).
Human DDX46 gene is located in chromosome 5q31.1 (15).
DDX46 has not been reported involved in human cancers,
except that Li and colleagues (16) reported that DDX46
expression was upregulated in colorectal carcinoma tissues
and critical for colorectal carcinoma cell proliferation. The
clinical significance and biologic role of DDX46 in ESCC,
however, have not been implicated previously. In this study, we
found that DDX46 was overexpressed in human ESCC tissues
as compared with adjacent normal tissues, and silencing of
DDX46 expression inhibited proliferation and induced apop-
tosis of human ESCC cells in which DDX46 was amplified.

Materials and methods

Patients and tissue specimens. All tissue specimens were
obtained from the 69 ESCC patients who underwent esopha-
gogastrostomy from January 2014 to December 2014 at the
Department of Thoracic Surgery, Lanzhou University Second
Hospital (Lanzhou, China). For histological evaluation,
hematoxylin-eosin stained sections from each specimen were
determined by pathologists. Preoperative clinical evaluation
was performed for all patients consisting of ultrasonography of
the neck, CT scan of the chest and abdomen, barium swallow
examination, upper gastrointestinal endoscopy with biopsy,
Tc*™ whole body bone scan. No patient received chemo- or
radiotherapy prior to operation. All of the specimens had
matched adjacent normal tissues. The study protocol was
approved by the medical ethics committee of our hospital.

Immunohistochemistry. Immunohistochemistry (IHC) was
performed using the immunohistochemical SP kit (Maixin
Biotech, Fuzhou, China) according to the manufacturer's
instructions. Briefly, paraffin-embedded tissue sections were
deparaffinized and rehydrated. Endogenous peroxidase
activity was blocked by incubation in 3% hydrogen peroxide
for 15 min at room temperature. Antigen was retrieved by
heating in a pressure cooker for 5 min in sodium citrate buffer
(pH 6.0). Non-specific antigens were blocked by incubating in
sheep serum for 30 min at room temperature. After incubation
with diluted rabbit anti-DDX46 (1:1,000 dilution, Sigma-
Aldrich, St. Louis, MO, USA) overnight at 4°C, the sections
were rinsed with PBS and secondary antibodies were applied
at a 1:500 dilution in PBS for 30 min at room temperature.
Then the sections were incubated with streptavidin-horseradish
peroxidase (HRP) for 30 min at room temperature and rinsed
with PBS and incubated for 15 min with the chromogen diami-
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nobenzidine (DAB) and counterstained with hematoxylin. The
images of sections were captured under a transmission light
microscope.

DDX46 expression was quantified using a visual grading
system based on the extent of staining (graded from O to 4:
0, none; 1, 1-25%; 2, 26-50%; 3, 51-75%; 4, >75%) and the
intensity of staining (graded from 0 to 3: 0, no staining; 1, weak
staining; 2, moderate staining; 3, strong staining). The index
value was calculated as a product of the extent of staining
and intensity of staining scores to evaluate the expression of
DDX46. DDX46 expression was classified into three grades:
negative (index values 0-3), weak positive (index values 4-8)
and strong positive (index values 9-12).

Cell culture and lentivirus transfection. The human ESCC
cell lines (TE-1, Eca-109, TE-11 and KYSE-150) were
purchased from the Cell Bank of the Chinese Academy of
Sciences (Shanghai, China), the human normal esophageal
epithelium cell line Het-1A was purchased from the Bioleaf
Biotech (Shanghai, China). All cell lines tested negative for
any mycoplasma contamination, and were maintained in a
standard humidified incubator at 37°C in 5% CO, and used at
passage numbers 5-7 for the experiments.

Using specific short hairpin RNA (shRNA) mediated by
lentiviral vector (LV) to knockdown DDX46. Lentiviral
constructs expressing DDX46 shRNA (DDX46-shRNA-LV)
and non-silencing negative control LV (Control-LV) were
designed and synthesized by Genechem Chemtech (Shanghai,
China) according to the sequence encoding human DDX46
complementary DNA (NM_014829). The silencing shARNA
sequence was 5-CATCCAAACCCAAGCTATT-3', and non-
silencing negative control sequence was 5'-TTCTCCGA
ACGTGTCACGT-3.

For lentivirus transfection, TE-1 and Eca-109 cells were
cultured in 6-well plates at a concentration of 2x10° cells per
well on the day before shRNA transfection. Then, DDX46-
shRNA-LV was transfected into cells at a multiplicity of
infection (MOI) of 5 (TE-1) or 10 (Eca-109) using polybrene
(10 pg/ml) and enhanced infection solution (Genechem
Chemtech). At the same time, Control-LV was transfected
into cells using the same methods to control for the impact
of the viral vector. After incubation for 12 h, the medium
was replaced with fresh L-15 medium. After 72 h of incuba-
tion, cells were observed under fluorescence microscopy
(MicroPublisher 3.3RTV; Olympus, Tokyo, Japan) to evaluate
the efficiency of transfection. At the indicated time-points, the
cells were harvested for mRNA and protein analysis as well
as other assays.

Quantitative real-time PCR. The total RNA of cultured cells
was isolated using TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer's instructions. The primers
were designed by Beacon Designer 2 software (Premier
Biosoft, Palo Alto, CA, USA). DDX46 primers were as follows:
forward, 5'-"AAAATGGCGAGAAGAGCAACG-3'; and reverse,
5'-CATCATCGTCCTCTAAACTCCAC-3'; glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was used as an internal
control: forward, 5"TGACTTCAACAGCGACACCCA-3'"; and
reverse, 5'-CACCCTGTTGCTGTAGCCAAA-3"). Quantitative
real-time PCR (qQRT-PCR) was performed with the 7500 Real-
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Time PCR system (Applied Biosystems, Foster City, CA, USA)
using the SYBR Green Real-Time PCR assay kit (Takara,
Otsu, Japan). The relative expression levels of mRNAs were
calculated using the ACt (ACt = Ct sample - Ct control) or
2:44C¢t (AACt = ACt sample - ACt control) method.

Western blot analysis. The total protein was extracted from
cultured cells using total protein extraction kit as recom-
mended by the manufacturer (Sigma-Aldrich). The protein
extracts (20 ug) were separated on 10% sodiumdodecyl
sulfate-polyacrylamide gels (SDS-PAGE; Tanon Technology,
Shanghai, China) and electrotransfered onto polyvinylidene
difluoride (PVDF) membranes (Millipore, Billerica, MA,
USA). The membranes were blocked in Tris-buffered saline
with Tween-20 (TBST) containing 5% powdered milk for 1 h at
room temperature, then incubated overnight at 4°C in blocking
solution with primary antibody as follows: anti-DDX46
(1:1,000 dilution, Sigma-Aldrich); anti-GAPDH (used as a
loading control, 1:2,000 dilution, Santa Cruz Biotechnology,
Santa Cruz, CA, USA). After washing with TBST, the
membranes were incubated with HRP-conjugated secondary
antibody (1:2,000 dilution, Beyotime, Haimen, China) for 2 h
at room temperature. The membranes were then visualized
using Pierce ECL Western Blotting Substrate (Thermo Fisher
Scientific, Rockford, IL, USA) according to the manufacturer's
instructions.

Cell growth assay. The cultured cells were seeded in 96-well
plates at a density of 2x10° cells per well. Dynamic growth
of green fluorescence protein (GFP)-labeled cells were moni-
tored once a day for 5 consecutive days using High Content
Screening (HCS) (Cellomics, ArrayScan VT1; Thermo Fisher
Scientific). Cell growth curves were drawn.

MTT cell viability assay. After the indicated treatments, the
cells in the logarithmic growth phase were seeded in 96-well
plates in triplicate at densities of 2x10* cells per well. Cell
proliferation was evaluated at 1, 2, 3, 4 and 5 days using the
methylthiazoltetrazolium (MTT) assay. In brief, at indicated
time-points, cells were incubated with 20 ul sterile MTT dye
(5 mg/ml, Sigma-Aldrich) for 4 h at 37°C, followed by removal
of the culture medium and addition of 100 yl dimethyl sulf-
oxide (DMSO) to each well to stop the reaction. Then the
96-well plates were shaken for 5 min, and the optical density
(OD) values were measured at 490 nm using a microplate
reader (Bio-Rad, Hercules, CA, USA).

Colony formation assay. Cells were plated in 6-well plates at
600 cells per well and cultured for 15 days. After fixation with
4% paraformaldehyde, the colonies were stained with Giemsa
for 15 min. Then the colonies were photographed and counted
under a microscope. Colonies consisting of =50 cells were
counted as a clone.

Flow cytometry analysis. For detection of cell apoptotic
activity, the cells were cultured in 6-well plates. When the cells
reached ~85% confluence, they were collected and stained
using the Annexin V-Allophycocyanin (APC) single-staining
Apoptosis Detection kit (eBioscience, San Diego, CA, USA)
according to the manufacturer's instructions. For detection of
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Table I. Overexpression of DDX46 detected in ESCC tissues
by IHC examination.

All Negative Weak Strong
cases positive  positive
ESCC tissues 69 7 30 32
Adjacent normal 69 53 9 7
tissues
P-value <0.001

the cell cycle, the cells were cultured in 6-cm dishes. At ~85%
confluence, cell cycle analysis was performed after staining
with propidium iodide (Sigma-Aldrich). Both apoptosis and
cell cycle distribution were quantified using a Guava easy-
Cyte HT flow cytometer (Millipore).

Stress and apoptosis signaling antibody array. At ~85%
confluence, cell extracts were prepared and analyzed using
the PathScan® Stress and Apoptosis Signaling Antibody
Array kit analysis (chemiluminescent readout, Cell Signaling
Technology, Danvers, MA, USA) according to the manufac-
turer's instructions. Images were acquired by briefly exposing
the slide to standard chemiluminescent film.

Statistical analysis. All experiments were performed in
triplicate. The data are expressed as means + standard devia-
tion (SD) determined from three independent experiments.
Student's t-test or Mann-Whitney U test was applied for statis-
tical analysis using SPSS software (version 16.0; SPSS Inc.,
Chicago, IL, USA). P-value <0.05 was considered statistically
significant.

Results

DDX46 is overexpressed in ESCC tissues and cell lines.
DDX46 protein expression was examined in 69 ESCC tissues
and adjacent normal tissues using THC. It showed that DDX46
expression was predominantly located in the nucleus of ESCC
cells, and comparative analysis revealed that the expression
levels of DDX46 in ESCC tissues were higher than those in
matched adjacent non-tumor tissues (P<0.001; Table I and
Fig. 1). qRT-PCR analysis showed that DDX46 mRNA were
significantly upregulated in all four tested human ESCC cell
lines (TE-1, Eca-109, TE-11 and KYSE-150), compared with
the human normal esophageal epithelium cell line Het-1A
(Fig. 2). These results suggest that DDX46 expression was
upregulated in ESCC.

Lentivirus-mediated RNAi efficiently decreases DDX46
expression. TE-1 and Eca-109 cells were chosen to silence
the endogenous DDX46 expression by DDX46-shRNA-LV.
The transfection efficiency of LV was confirmed by observing
GFP-expressing cells under a fluorescence microscope 72 h
after incubation. As shown in Fig. 3A and D, >90% of the TE-1
and Eca-109 cells were transfected. Then the silencing effect
of LV in TE-1 and Eca-109 cells was measured by qRT-PCR
and western blot analysis. Compared with the Control-LV
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Figure 1. IHC examination shows that DDX46 protein expression was increased in human ESCC tissues, compared with the adjacent normal tissues

(magnification, x40, x100 and x200, respectively).

11

Eca-109 TE-11 KYSE-150

14.0

12.0
10.0
8.0
6.0
4.0
2.0
0.0

Het-1A

Relative mRNA level (ACt)

TE-1

Figure 2. qRT-PCR analysis showing that DDX46 mRNA expression was
upregulated in all four tested human ESCC cell lines (TE-1, Eca-109, TE-11
and KYSE-150), compared with the normal esophageal epithelium cell line
Het-1A. Expression levels were normalized with GAPDH.
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group, DDX46 mRNA expression level was reduced by 84.6%
(Fig. 3B, P<0.01) and 91.8% (Fig. 3E, P<0.01) in TE-1 and
Eca-109 cells, respectively, after DDX46-shRNA-LV trans-
fection. In parallel, DDX46 protein expression level was also
significantly decreased in the DDX46-shRNA-LV transfected
TE-1 and Eca-109 cells (Fig. 3C and F). These results indi-
cated that the lentivirus-mediated RNA1i system was able to
knock down the endogenous expression of DDX46 in TE-1
and Eca-109 cells specifically and effectively.

Silencing DDX46 significantly inhibits ESCC cell prolif-
eration. In order to determine the effects of DDX46 on cell
growth, cells with green fluorescence were counted once a
day for 5 consecutive days using HCS (Fig. 4A and D). The
number of GFP-labeled cells in the DDX46-shRNA-LV group
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Figure 3. Lentivirus-mediated RNAI efficiently decreases DDX46 expression in ESCC cell lines TE-1 (A-C) and Eca-109 (D-F). (A and D) Transfection
efficiency monitored under fluorescence microscopy (magnification, x100). (B and E) qRT-PCR analysis. (C and F) Western blot analysis. Expression levels

were normalized with GAPDH. "P<0.01 versus Control-LV group.
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Figure 4. Silencing DDX46 inhibits proliferation of TE-1 (A-C) and Eca-109 (D-F) cells. (A and D) Dynamic growth of GFP-labeled TE-I and Eca-109 cells
transfected with Control-LV and DDX46-shRNA-LV was monitored once a day for 5 consecutive days using HCS (magnification, x50); (B and E) GFP-labeled
transfected-TE-1 and Eca-109 cells were counted and cell growth curves were drawn accordingly. (C and F) Effect of DDX46 silencing on the viability of
transfected-TE-1 and Eca-109 cells was analyzed by MTT assay, “P<0.01, ““P<0.001 versus Control-LV group.
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Figure 5. Silencing DDX46 suppresses colony formation capacity of TE-I (A and B) and Eca-109 (C and D) cells,

was greatly decreased compared to the Control-LV group in
both TE-1 (Fig. 4B) and Eca-109 (Fig. 4E) cells. Silencing
DDX46 also significantly inhibited cell viability that was
analyzed by MTT assays. As illustrated in Fig. 4C and F, cell
viability of DDX46-shRNA-LV transfected TE-1 and Eca-109
cells were significantly reduced in a time-dependent manner.
Additionally, DDX46 knockdown significantly suppressed
colony formation capacity in ESCC cells. The number and size
of colonies in both DDX46-shRNA-LV transfected TE-1 and
Eca-109 cells were significantly reduced compared with the
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P<0.001 versus Control-LV group.

corresponding Control-LV group (Fig. 5). Collectively, these
results suggested that overexpression of DDX46 played an
essential role in proliferation of ESCC cells in vitro.

Silencing DDX46 significantly induces apoptosis and
regulated cell cycle arrest in ESCC cells. Transfection of
DDX46-shRNA-LV resulted in a significant increase in the
percentage of apoptotic cells, compared with the Control-LV,
in TE-1 (Fig. 6A) and Eca-109 (Fig. 6B) cells. Furthermore,
flow cytometry assay indicated that silencing of DDX46
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Figure 8. Silencing DDX46 downregulated the phosphorylation of Akt (Ser473) and IxBa (total) in TE-I cells.

expression markedly increased the percentage of Gl-phase in the Gl-phase after knockdown of DDX46. The above data
cells and decreased the percentage of S-phase cells in TE-1  indicated that DDX46 was involved in the regulation of ESCC
(Fig. 7A) and Eca-109 (Fig. 7B) cells, the cells were arrested  cell apoptosis and cell cycle progression.
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To further illuminate the molecular mechanisms by
which DDX46 regulated ESCC cell apoptosis, the stress and
apoptosis signaling antibody array kit was used to detect the
changes of signaling molecules in TE-1 cells with or without
DDX46 knockdown. As shown in Fig. 8, the phosphoryla-
tion of Akt (Serd73) and IkBa (total) were downregulated in
DDX46-silenced cells, respectively. The data indicated that
DDX46 knockdown could significantly induce apoptosis of
DDX46 cells via blockade of Akt and IkBa activations.

Discussion

In this study, we found that DDX46 protein expression in clin-
ical specimens from ESCC tissues was upregulated compared
with matched adjacent non-tumor tissues; the expression of
DDX46 mRNA was significantly higher in all of the tested
human ESCC cell lines compared to the normal esophageal
epithelium cell Het-1A. In addition, silencing DDX46 inhibited
proliferation and induced apoptosis of ESCC cells. These data
indicated that DDX46 overexpression played essential roles in
the tumorigenicity of human ESCC.

DEAD-box RNA helicases was first described in 1989
(17), since then it has gradually formed the largest helicases
family (7). Members of this family share a conserved core
containing nine conserved motifs, including the characteristic
D-E-A-D (Asp-Glu-Ala-Asp, or DEAD in one-letter code)
motif, which gave the protein family its name; these motifs
confer the ATP hydrolysis and RNA unwinding activities
that have established them as RNA helicases (8). DEAD-box
RNA helicases play key, and often essential, roles in RNA
metabolism. Overexpression of these helicases can indicate
increased mistakes during RNA and protein production,
possibly leading to carcinogenesis. A more recent study of
breast cancer gene expression and tissue microarrays, which
showed that DDX1 mRNA overexpression and elevated cyto-
plasmic DDXI1 protein were associated with early recurrence
and suggested that DDX1 may be an independent prognostic
marker for early recurrence in breast cancer (18). DDX6
was first suggested to be involved in tumor development
through its cloning as an RNA helicase gene from a human
lymphoid cell line with chromosomal breakpoint 11q23.3
(19). Subsequent reports demonstrated that DDX6 protein was
elevated in glioblastoma, rhabdosarcoma, lung cancer (20),
colorectal carcinoma (21,22) and hepatitis C virus-related
hepatocellular carcinoma (23) as compared with normal
tissue. The first report of aberrant DDX5 expression in cancer
came from a study which showed that DDX5 was overex-
pressed and abnormally modified by polyubiquitylation in
colorectal carcinoma (24). This was followed by several other
reports showing DDXS5, and in several cases also DDX17,
overexpression in a series of cancers including colon (25,26),
prostate (27), breast (28,29), cutaneous squamous cell carci-
noma (30) and glioma (31). DDX39 was overexpressed in lung
squamous cell carcinomas (32). Recent proteomic study of
gastrointestinal stromal tumors correlate to elevated DDX39
levels with an increased risk of metastasis following surgery
(33). However, the expression of DDX46 in human cancer
tissues remains largely unknown, only Li and colleagues (16)
reported on colorectal carcinoma. For the first time, our study
assessed DDX46 expression in human ESCC tissues by THC.
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Our results showed that the cellular localization of DDX46
was focused in the nucleus of cells, and DDX46 was more
strongly and highly stained in ESCC tissues than in matched
normal tissues. In vitro, silencing DDX46 inhibited cell
proliferation and colony formation by inducing cell apoptosis
and Gl-phase cell cycle arrest. These results are similar to a
previous study (16), indicating a common role of DDX46 in
cancer cell proliferation.

Although numerous reports implied an involvement of
DEAD-box RNA helicases in cancer development, the precise
mechanism of its contribution to cancer was concealed at the
time. Forced overexpression of DDX6 in colorectal carcinoma
cells stimulated Tcf transcriptional activity and expression of
Wnt pathway target genes (34). DDX5 and DDX17 regulated
the B-catenin pathway by formed complexes with -catenin and
promoted the ability of $-catenin to activate gene transcription
(26). Some DEAD-box RNA helicases were coactivators of
tumor development transcription factors and regulated the
expression of downstream molecules. For instance, DDX5
selectively activated p53-dependent p21 expression, thereby
influencing entry into cell cycle arrest and apoptosis after
DNA damage (35). Whether DDX46 regulates these signaling
pathways or others needs further exploration. Herein, we
found that DDX46 may play an important role in ESCC cells
proliferation by inducing cell apoptosis and cell cycle arrest
in vitro. Silencing DDX46 significantly impaired ESCC cell
growth, blocked GO-G1 phase progression, and increased the
number of apoptotic cells in both TE-1 and Eca-109 cells. The
stress and apoptosis signaling antibody array displayed that
DDX46 knockdown significantly reduced the phosphorylation
of Akt and IxkBa. Akt plays a central role in tumorigenesis, its
function is dictated by phosphorylation status (36). Suppressed
Akt activity could inhibit proliferation and induce apoptosis
(37). Activated Akt could stimulate the phosphorylation and
impact various downstream targets, including IkBa (38),
which is endogenous inhibitor of NF-kB. NF-kB is a nuclear
transcription factor that regulates expression of a large number
of genes that are critical for the regulation of apoptosis and
tumorigenesis. In its inactive form, NF-kB is sequestered in the
cytoplasm, bound by members of the IkB family of inhibitor
proteins, which include IkBa. The various stimuli that activate
NF-kB cause phosphorylation of IkBa, which is followed by
its ubiquitination and subsequent degradation. This results
in the exposure of the nuclear localization signals on NF-kB
subunits and the subsequent translocation of the molecule to
the nucleus. Therefore, cell apoptosis due to knockdown of
DDX46 could be explained, at least in part, by inhibition of the
activity of NF-«B via the blockade of Akt and IkBa. However,
the direct link between DDX46 and the NF-«B signaling need
to be investigated further.

In conclusion, our observations demonstrated that DDX46
was significantly upregulated in ESCC tissues and cell
lines, DDX46 knockdown led to decreased proliferation and
increased apoptosis in ESCC cells, which was mediated via
decreased endogenous IkBa phosphorylation as well as nega-
tive regulation of NF-«xB signaling. We hope that this study
will provide the basis for novel strategy in the development
of effective ESCC diagnosis and treatment. Further study is
needed to clarify the specific molecular mechanisms for the
role of DDX46 in the development and regulation of ESCC.
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