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DEPDCT1 is a recently identified novel tumor-related gene that
is upregulated in several types of cancer and contributes to
tumorigenesis. In this study, we have investigated the ex-
pression pattem and functional implications of DEPDC1 during
cell cycle progression. Expression studies using synchronized
cells demonstrated that DEPDCT is highly expressed in the mi-
totic phase of the cell cycle. Immunofluorescence assays
showed that DEPDC1 is predominantly localized in the nu-
cleus during interphase and is redistributed into the whole cell
upon nuclear membrane breakdown in metaphase. Subse-
quently, siRNA-mediated knockdown of DEPDCT1 caused a sig-
nificant mitotic arrest. Moreover, knockdown of DEPDCT1 re-
sulted in remarkable mitotic defects such as abnormal multiple
nuclei and multipolar spindle structures accompanied by the
upregulation of the A20 gene as well as several cell cycle-re-
lated genes such as CCNB1 and CCNB2. Taken together, our
current observations strongly suggest that this novel cancerous
gene, DEPDC1, plays a pivotal role in the regulation of proper
mitotic progression. [BMB Reports 2015; 48(7): 413-418]

INTRODUCTION

DEP domain containing 1 (DEPDCT1) is a highly conserved pro-
tein among many species ranging from Caenorhabditis elegans
to mammals. It was first reported to be aberrantly upregulated
in bladder cancer and plays an essential role in the growth of
bladder cancer cells (1-3). Subsequent reports further demon-
strated that DEPDC1 was also overexpressed in other types of
cancers including breast cancer, multiple myeloma and hep-
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atocellular carcinomas (4-6) and has prognostic value for pre-
dicting outcomes in patients with multiple myeloma, hep-
atocellular carcinomas and lung cancer (5-7). Consequently,
knockdown of DEPDCT inhibited growth and induced apopto-
sis in bladder cancer and myeloma cells (1, 5). Notably, a very
recent report showed that DEPDC1 participates in the anti-tu-
bulin drug-induced apoptotic cell death pathway by promoting
JNK-dependent degradation of the BCL-2 family protein MCL1
(8, 9). These studies strongly suggested that this newly identi-
fied cancerous gene, DEPDC1, plays a pivotal role in tumori-
genesis, and might serve as a novel potential target in the diag-
nosis and/or treatment of various cancers.

Cancer is frequently viewed as a cell cycle disease. Accumu-
lating evidence strongly suggests that the vast majority of hu-
man cancers arise from serious defects in accurate cell cycle
regulation, which consequently leads to uncontrolled cell
growth (10). Numerous tumor-related genes such as Plk1 and
FOXM1 have been shown to play crucial roles in both cell cy-
cle progression and tumorigenesis (11-13). However, whether
DEPDCT1 plays an important role in cell cycle progression re-
mained unclear.

In the present study, we have for the first time examined the
expression profile of DEPDC1 during the cell cycle and inves-
tigated the functional role of DEPDCT1 in the regulation of cell
cycle progression in Hela cells.

RESULTS

DEPDCT1 is highly expressed in the mitotic phase during the
cell cycle

In the first step of our study, we examined the temporal ex-
pression profile of the endogenous DEPDC1 during the cell cycle
progression. To this end, human cervical carcinoma-derived
Hela cells were synchronized at the G1/S boundary by a dou-
ble-thymidine block and at the mitotic phase by a thymi-
dine-nocodazole block (Fig. 1A). At the indicated time points
after being released from synchronization, the cells were col-
lected and subjected to quantitative RT-PCR analysis. As clear-
ly shown in Fig. 1B and 1C, DEPDC1 was highly expressed in
M-phase cells at the mRNA level, whereas its expression de-
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Fig. 1. DEPDC1 is highly expressed in mitosis. (A) Cell synchronization. Hela cells were unsynchronized or synchronized at the G1/S
boundary by using a double-thymidine block or in mitosis with a thymidine-nocodazole block. Cell cycle profile was determined by FACS
analysis. (B) DEPDC1 mRNA expression after double-thymidine block release. Hela cells were synchronized at the G1/S boundary by using
a double-thymidine block. At the indicated time points following release from the second thymidine block, total RNA was prepared and
subjected to quantitative RT-PCR. (C) DEPDC1 mRNA expression after thymidine-nocodazole block release. Hela cells were synchronized
in mitosis by using a thymidine-nocodazole block. At the indicated time points following release from the nocodazole block, total RNA was
prepared and subjected to quantitative RT-PCR. (D) DEPDC1 protein is highly expressed in mitosis. Whole cell lysates were prepared from
unsynchronized or synchronized Hela cells and subjected to immunoblotting. (E) Western blot quantification. Intensity of individual bands
was quantified using Quantity One software (Bio-Rad, Version 4.3.1), and expressed relative to GAPDH signal as a measure of protein rel-

ative abundance in the different samples.

creased significantly when the cells entered the G1 or S phase.
In addition, immunoblotting analysis further demonstrated that
both of the two DEPDCT1 isoforms were highly expressed in
the mitotic phase (Fig. 1D and E).

Subcellular distribution of DEPDC1 during the cell cycle
Next, we examined the spatial expression profile of the endog-
enous DEPDC1 during the cell cycle progression. To deter-
mine the spatial expression of DEPDC1 in S phase cells, Hela
cells were incubated in the presence of BrdU, and the cells
were subjected to immunofluorescence staining with anti-
DEPDC1 and anti-BrdU antibodies. As shown in Fig. 2A,
DEPDC1 was expressed in all BrdU labeled S-phase cells and
predominantly localized in the nucleus. To determine the spa-
tial expression of DEPDC1 in M-phase cells, asynchronously
growing Hela cells were fixed and simultaneously stained
with anti-DEPDC1 and anti-o-tubulin or anti-phospho-histone
H3 (Ser10) antibodies. Intriguingly, as seen in Fig. 2B and 2C,
DEPDC1 was found to be localized in the cytoplasm during
mitosis. High magnification images of DEPDC1 expression fur-
ther clearly demonstrated that DEPDC1 remained localized in
the nucleus in prophase, and was redistributed into the whole
cell upon nuclear membrane breakdown in metaphase and
anaphase cells (Fig. 2D).
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Knockdown of DEPDCT1 leads to mitotic arrest and defects
Furthermore, we employed siRNA-mediated knockdown strat-
egy to evaluate the potential role of DEPDC1 in cell cycle
progression. For this purpose, Hela cells were transiently
transfected with control siRNA or with siRNA against DEPDCT.
Forty-eight hours after transfection, total RNA and whole cell
lysates were prepared and subjected to quantitative RT-PCR
and immunoblotting, respectively. As shown in Fig. 3A, siRNA
targeting DEPDC1 efficiently knocked down the endogenous
DEPDC1, whereas control siRNA had an undetectable effect
on the expression level of the endogenous DEPDC1. Flow cy-
tometry of Hela cells transfected with siRNA against DEPDC1
showed a marginal increase in G2/M fractions compared with
control siRNA-transfected cells (Fig. 3B and 3C). To determine
the stage of the cell cycle when DEPDC1-knocked down cells
were arrested, we performed indirect immunofluorescence
staining with anti-phospho-histone H3 antibody. As shown in
Fig. 3D and 3E, knockdown of DEPDC1 caused a remarkable
increase in the number of phospho-histone H3-positive mitotic
cells compared with the control cells. Thus, it is likely that
DEPDCT is required for proper mitotic progression.
Intriguingly, the above indirect immunofluorescence analysis
also demonstrated that DEPDC1-depleted cells exhibit obvious
mitotic defects with multiple nuclei structure (Fig. 3D and 3F).
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Fig. 2. Immunofluorescence assays of DEPDC1 expression during
cell cycle. (A) PRR11 expression in S phase of the cell cycle.
Asynchronously growing Hela cells were incubated in the pres-
ence of BrdU for 30 min and then stained simultaneously with
anti-BrdU and anti-DEPDC1 antibodies. Cell nuclei were stained
with DAPI (blue). Scale bar, 50 um. (B) and (C) Expression of
DEPDC1 in M phase of the cell cycle. Exponentially growing cells
were fixed and simultaneously stained with anti-DEPDC1 (red) and
anti-a-tubulin (green) or anti-phospho-histone H3 (green). Cell nuclei
were stained with DAPI (blue). (D) Higher magnification images
of DEPDC1 expression in prophase, metaphase and anaphase as
indicated in (C).

To confirm the observations, we performed indirect immuno-
fluorescence staining with anti-a-tubulin antibody. As shown
in Fig. 3G, some DEPDC1-knocked down cells did display ab-
normal multipolar spindle structure, which might subsequently
lead to the cells pulling chromosomes in several directions, re-
sulting in multiple nuclei in one cell.

DEPDCT1 does not co-localize with centrosome

Since the centrosome is an organelle that serves as the main
microtubule organizing center (MTOC) and the anchor for the
mitotic spindle, we wondered whether DEPDC1 could be a
centrosome-associated protein. To this end, Hela cells were
transiently transfected with the mammalian expression con-
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struct of the DEPDC1 isoform 1 fused with a C-terminal Flag
peptide (DEPDC1-V1-Flag, Fig. 4A). As shown in Fig. 4B, how-
ever, we did not detect the co-localization of DEPDC1 with
the specific centrosomal marker y-tubulin in cells, indicating
that DEPDC1 might be involved in mitotic spindle formation
through an as yet unknown indirect mechanism.

Knockdown of DEPDCT1 results in the upregulation of A20

DEPDC1 has been shown to act as a transcription repressor in-
hibiting the transcription of A20, a negative regulator of the
NF-kB signaling pathway (2). Notably, accumulating evidence
suggests that NF-kB plays an important role in mitotic pro-
gression through the regulation of cell cycle-related genes such
as CCNB1 and CCNB2 (16-18). Thus, we determined that the
transcription of A20 and several NF-xB regulated cell cycle
genes upon DEPDCT1 silencing. As shown in Fig. 4C, knock-
down of DEPDC1 caused remarkable upregulation of A20 as
well as CCNB1 and CCNB2, suggesting that DEPDC1 might
regulate mitotic progression via regulating A20 transcription.

DISCUSSION

Several studies have demonstrated that DEPDC1 is aberrantly
overexpressed and has prognostic value in several different
types of cancers, indicating its involvement in carcinogenesis
and its potential as a diagnostic and/or therapeutic target (1-7).
Given the close correlation between carcinogenesis and cell
cycle dysregulation, it is possible that DEPDC1 participates in
cell cycle progression. To test this hypothesis, we employed
human cervical carcinoma-derived Hela cells as a model cell
system to investigate the expression pattern and functional im-
plications of DEPDCT1 in the cell cycle. According to our ob-
servations, DEPDCT1 plays a pivotal role in mitotic progression
as the expression profile showed a remarkably elevated ex-
pression in the mitotic phase and functional analysis revealed
that depletion of DEPDC1 resulted in mitotic arrest and ob-
vious mitotic defects such as abnormal multiple nuclei and
multipolar spindle structure. These DEPDC1 depletion-induced
phenotypes were also observed in other types of cancer cells
(data not shown). Therefore, given that cancer is closely linked
to cell cycle dysregulation (10-13), we deduced that over-
expression of DEPDC1 might facilitate and/or even promote
carcinogenesis at least partially through dysregulation of the
cell cycle progression.

Previous reports showed that DEPDCT1 interacts and coloc-
alizes with zinc finger transcription repressor ZNF224 to re-
press the transcription of A20, resulting in the activation of the
NF-kB anti-apoptotic pathway in bladder cancer (2). Depletion
of IKKa, an upstream regulatory kinase of NF-«xB, has been re-
ported to induce an increase in cells in G2/M, and this effect is
due to up-regulation of CCNB1 (16, 18). Consistent with these
reports, we found that DEPDC1 knockdown resulted in sig-
nificant upregulation of A20 as well as several NF-xB regu-
lated cell cycle genes such as CCNB1 and CCNB2 in Hela
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Fig. 3. Knockdown of DEPDC1 induces mitotic arrest and defects. (A) siRNA-mediated silencing of DEPDC1. Hela cells were transiently
transfected with a negative control siRNA (NC siRNA) or with siRNA against DEPDC1. Forty-eight hours after transfection, total RNA and
whole cell lysates were prepared and subjected to RT-PCR (left) and immunoblotting (right), respectively. (B) The effects of DEPDC1 deple-
tion on cell cycle profile. Hela cells were transiently transfected as in (A). Forty-eight hours after transfection, cells were harvested, fixed
in ethanol, stained with propidium iodide (Pl) and subsequently subjected to FACS analysis. Representative histograms of cell cycle analysis
are shown. (C) Statistical analysis of percentage of cells with G1, S or G2/M DNA content that correspond with data in (B) are shown.
(D) Knockdown of DEPDC1 causes mitotic arrest and defects. Exponentially growing Hela cells were transiently transfected with the in-
dicated siRNAs. Forty-eight hours after transfection, cells were fixed and stained with anti-phospho-histone H3 antibody (green). DAPI was
used to stain cell nuclei (blue). Red arrow indicates cells with irregular nucleus. Scale bar, 50 um. (E) and (F) Statistical analysis of per-
centage of phospho-histone H3 positive cells and cells with irregular nuclei that correspond with data in (D) are shown. (G) Knockdown
of DEPDC1 causes mitotic defects. Hela cells were transiently transfected with the indicated siRNAs. Forty-eight hours after transfection,
cells were fixed and stained with anti-a-tubulin antibody (green). DAPI was used to stain cell nuclei (blue). Red arrow indicates cells with
abnormal multipolar spindle structure. Note that the different cell sizes and numbers are due to the uneven cell distribution of cell seeding.
Scale bar, 50 pum.

cells undergoing mitotic arrest. In addition, a very recent re- MATERIALS AND METHODS
port suggested that DEPDC1 could regulate the JNK signaling

pathway (8, 9). Notably, in addition to its predominant role in Cell line and culture

cancer and apoptosis, JNK was also shown to be activated dur- Human cervical carcinoma-derived Hela cells were grown in
ing mitosis and to regulate mitotic events (19, 20). Thus, further Dulbecco’s modified Eagle’s medium (DMEM) supplemented
studies are needed to investigate whether and/or how DEPDCT1 with 10% heat-inactivated fetal bovine serum (FBS, Invitrogen),
regulates NF-kB and JNK signaling in cell cycle progression as penicillin (50 U/ml), and streptomycin (50 lg/ml). Cells were
well as in tumorigenesis. maintained at 37°C in a humidified atmosphere of 5% CO2.
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Fig. 4. DEPDC1 is not associated with centrosome. (A) Overexpression of DEPDC1 in Hela cells. Hela cells were transiently transfected
with an empty vector or the expression plasmid for Flag-DEPDC1. Twenty four hours after transfection, whole cell lysates were prepared
from unsynchronized or synchronized Hela cells and subjected to immunoblotting. (B) Hela cells were transiently transfected with the ex-
pression plasmid for Flag-DEPDC1. Twenty four hours after transfection, cells were fixed and stained with anti-y-tubulin antibody (green)
and anti-Flag antibody (red). DAPI was used to stain cell nuclei (blue). Scale bar, 20 pm. (C) Knockdown of DEPDC1 results in the upre-
gulation of A20. Hela cells were transiently transfected with the negative control siRNA (NC siRNA) or with siRNA against DEPDCI.
Forty-eight hours after transfection, total RNAs were prepared and subjected to quantitative RT-PCR.

Cell synchronization

Hela cells were synchronized at the G1/S boundary by using
double-thymidine block or in mitosis with thymidine-nocoda-
zole block as described previously (13, 14). Synchronization
and the cell cycle state were examined and monitored by fluo-
rescence-activated cell sorter analysis.

FACS analysis

Cell cycle distribution was determined by flow cytometry after
staining cells with propidium iodide. In brief, floating and ad-
herent cells were collected by trypsin digestion and low speed
centrifugation, washed with ice-cold phosphate-buffered saline
(PBS), and fixed with 70% ethanol. The cells were then treated
with 50 pg/ml of RNase A and 50 pg/ml of propidium iodide
for 30 min at room temperature. The stained cells were ana-
lyzed using a FACScan flow cytometer (BD Biosciences).

siRNA-mediated knockdown

siRNAs used in the present study were chemically synthesized
and provided by Shanghai GenePharma. The sequences of the
siRNA duplexes for the negative control were 5'-UUCUCCGA-
ACGUGUCACGUTT-3"' (sense) and 5'-ACGUGACACGUU-
CGGAGAATT-3' (antisense), and those for DEPDC1 were
5'-GGAAGAUGUUGAAGAAGUUTT-3' (sense) and 5'-AACU-
UCUUCAACAUCUUCCTT-3' (antisense). The indicated siRNAs
were transiently transfected into cells using Lipofectamine

http://bmbreports.org

RNAIMAX transfection reagent (Invitrogen) following the man-
ufacturer’s instructions. Cells were then collected and sub-
jected to subsequent analysis 24 to 72 h after transfection.

RNA isolation and quantitative real-time PCR analysis

Total RNA was prepared using Total RNA Kit | (Omega
Bio-Tek) according to the manufacturer's instructions, and re-
verse transcription of 1 pg of total RNA was carried out using
random primers and PrimeScript (Takara) following the manu-
facturer's instructions. The resultant cDNA was amplified by
quantitative real-time PCR using SYBR Premix Ex TaqTM (Takara)
according to the manufacturer's recommendations. The rela-
tive expression level of the target gene compared with that of
the housekeeping gene, GAPDH, was calculated using the
27 method (14,15). The sequences of primers used in the
present study are listed in Supplementary Table 1.

Immunoblotting analysis

Cells were lysed in RIPA lysis buffer (Santa Cruz Biotechnology)
supplemented with protease inhibitor mixture (Roche Applied
Science). Protein concentrations of the lysates were deter-
mined by BCA reagent (Applygen Technologies). Equal amounts
of the lysates (30 ug of protein) were denatured at 100°C for 5
min, separated by 10% standard SDS-polyacrylamide gel elec-
trophoresis (SDS-PAGE), and electro-transferred onto poly-
vinylidene difluoride membranes (Millipore). The membranes
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were blocked with 5% non-fat dry milk in Tris-buffered saline
(TBS) containing 0.1% Tween 20 at 4°C overnight. After block-
ing, the membranes were probed with the indicated primary
antibodies at room temperature for 1 h, followed by in-
cubation with the corresponding horseradish peroxidase (HRP)-
conjugated secondary antibodies at room temperature for 1 h.
The proteins were finally visualized by enhanced chemilumi-
nescence (ECL, Amersham). Band densities were quantified us-
ing Quantity One software (v. 4.3.1, Bio-Rad, Hercules, CA).
The antibodies used in this study are listed in Supplementary
Table 2.

Indirect immunofluorescent staining

Cells were seeded on glass coverslips, fixed in freshly pre-
pared ice-cold 4% paraformaldehyde in PBS at room temper-
ature for 10 min, permeabilized in 0.5% Triton X-100 in PBS
at room temperature for 10 min, and then blocked with 2%
bovine serum albumin (BSA) plus 5% FBS in PBS at room tem-
perature for 1 h. After washing in PBS, the cells were incubated
with primary antibodies at room temperature for 1 h, followed
by incubation with the corresponding secondary antibodies at
room temperature for 1 h. The cells were then mounted with
medium containing 4’6-diamidino-2-phenylindole (DAPI,
Vector Laboratories), and the preparations were visualized
with an Olympus BX51 fluorescence microscope and a Zeiss
confocal LSM 768 microscope. The antibodies used for im-
munoflurescence assay are listed in Supplementary Table 2.

DEPDC1 expression plasmids and transient transfection

The expression construct of DEPDC1-V1-Flag, the DEPDC1
isoform 1 fused with a C-terminal Flag peptide, was kindly pro-
vided by Dr. Toyomasa Katagiri (1-3). For transient transfection,
cells were seeded at a density of 0.8 x 10° cells/24-well tissue
culture plate or 2.5 x 10° cells/6-well tissue culture plate and
incubated overnight. The cells were then transiently trans-
fected with the indicated plasmids using Lipofectamine®™ 2000
transfection reagent (Invitrogen) following the manufacturer’s
protocols.
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