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Chordoma is a rare bone malignancy with a high rate of local recurrence and distant metastasis. Although DEP domain-containing
protein 1B (DEPDC1B) is implicated in a variety of malignancies, its relationship with chordoma is unclear. In this study, the
biological role and molecular mechanism of DEPDC1B in chordoma were explored. The function of DEPDC1B in chordoma cells was
clarified through loss-of-function assays in vitro and in vivo. Furthermore, molecular mechanism of DEPDC1B in chordoma cells was
recognized by RNA sequencing and Co-Immunoprecipitation (Co-IP) assay. The malignant behaviors of DEPDC1B knockdown
chordoma cells was significantly inhibited, which was characterized by reduced proliferation, enhanced apoptosis, and hindered
migration. Consistently, decreased expression of DEPDC1B suppressed tumor growth in xenograft mice. Mechanically, DEPDC1B
affected the ubiquitination of baculoviral inhibitor of apoptosis repeat-containing 5 (BIRC5) through ubiquitin-conjugating enzyme
E2T (UBE2T). Simultaneous downregulation of BIRC5 and DEPDC1B may exacerbate the inhibitory effects of chordoma. Moreover,
BIRC5 overexpression reduced the inhibitory effects of DEPDC1B knockdown in chordoma cells. In conclusion, DEPDC1B regulates
the progression of human chordoma through UBE2T-mediated ubiquitination of BIRC5, suggesting that it may be a promising
candidate target with potential therapeutic value.
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INTRODUCTION
Chordoma is a rare, slow-growing primary bone malignancy that
originates from primitive notochordal tissue [1, 2]. In addition,
chordomas have neither obvious early symptoms nor any external
manifestations and are usually diagnosed at advanced [3].
Chordomas do not respond to conventional radiotherapy or
cytotoxic chemotherapy, and surgery is the primary treatment
option [4, 5]. Unfortunately, the complex anatomy of the spine
and the relatively large tumor volume make resection technically
challenging, resulting in a high rate of local recurrence and distant
metastasis [4]. As a result, traditional treatment options are far
from adequate [6]. In recent years, with the vigorous development
of molecular biology, molecular targeted therapy is gradually
being applied. For example, the nuclear expression of brachyury, a
key transcription factor for notochord development, can be used
as a classic diagnostic marker for chordoma [7, 8]. Moreover, a
variety of potential molecular targets for chordoma were
identified, such as platelet-derived growth factor receptor β,
PI3K/mTOR, epidermal growth factor receptor (EGFR), vascular
endothelial growth factor (VEGF), and tyrosine kinase. However,
the objective response of these molecular targeting drugs is not
satisfactory [9]. Therefore, identification of new potential mole-
cular targets is essential for patients with chordoma.
The DEP Domain-Containing Protein 1B (DEPDC1B) is located on

human chromosome 5q12 and encodes a 61 kDa protein consisting

of 529 amino acids, which includes an N-terminal DEP domain and a
C-terminal Rho-GAP (GTPase activating protein)-like domain [10].
The DEP domain is a spherical domain of about 90 amino acids,
which plays a role in the localization of dielectric membranes [11].
The Rho-GAP domain is involved in Rho GTPase signal transduction,
such as RAC, Cdc42, and Rho, regulating cell movement, growth,
differentiation, cytoskeleton reorganization, and cell cycle process
[12]. The membrane binding of DEP domain enables DEPDC1B to
interact with G-protein-coupled receptors and membrane phospho-
lipids required for Wnt signal transduction [13]. Furthermore,
DEPDC1B can coordinate debonding events and cell cycle progres-
sion during mitosis [14]. Figeac et al. supported that DEPDC1B is a
key regulator of mouse and human myoblast proliferation [15]. In
addition, DEPDC1B is required for a variety of malignancies, such as
breast cancer [11, 16], non-small cell lung cancer [17], oral cancer
[18], prostate cancer [19], melanoma [20], and glioblastoma [21]. In
pancreatic cancer or prostate cancer, DEPDC1B could promote
migration and invasion through Rac1/PAK1 signaling [22, 23]. In
bladder cancer, DEPDC1B is a tumor promotor through targeting
SHC1 [24]. Accordingly, we found that DEPDC1B played a promoting
role in the progression of a variety of cancers. Because our research
group is dedicated to the investigation of chordoma, we wondered
the role of DEPDC1B in chordoma. Therefore, the biological function
and potential molecular mechanism of DEPDC1B in chordoma were
explored in this study.
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Our study showed that the malignant behavior of the chordoma
cells after DEDDC1B knockdown was significantly inhibited.
Mechanically, DEPDC1B affected the ubiquitination of baculoviral
inhibitor of BIRC5 through UBE2T. Simultaneous downregulation
of BIRC5 and DEPDC1B may exacerbate the inhibitory effects of
chordoma. Meanwhile, BIRC5 overexpression reduced the inhibi-
tory effects of DEPDC1B knockdown in chordoma cells. Therefore,
the significant breakthrough that DEPDC1B regulates the progres-
sion of human chordoma through UBE2T-mediated ubiquitination
of BIRC5 may provide a valuable target for molecular therapy of
chordoma patients.

MATERIALS AND METHODS
Cell culture
The human chordoma cell lines U-CH1 and MUG-Chor1 were purchased
from Cell Bank of the Chinese Academy of Sciences (Shanghai, China) and
maintained the atmosphere of 37 °C with 5% CO2. The cells were cultured
in DMEM (Corning, Cat. No. 10-013-CVR) supplemented with 10% fetal
bovine serum (FBS) (Ausbian, Cat. No. VS500T) and puromycin (Gibco, Cat.
No. A11138-003). Notably, U-CH1 is the first confirmed chordoma cell line
with cellular genetic aberrations typical of chordomas [25]. MUG-Chor1 is
markedly similar to chordomas and can grow steadily, which can be served
as an optimal chordoma model in vitro [26].

Lentiviral shRNA vector construction and cell infection
First, the RNA interference (RNAi) against DEPDC1B (shDEPDC1B-1: GCT
GCTAGATTGGTAACGTTT; shDEPDC1B-2: GAGGCCAATGTAGAAGAGATA;
shDEPDC1B-3: CAGCTATGAAGTGTTTGGCAA) or BIRC5 (shBIRC5-1: ATGCAC
TTCAGACCCACTTAT; shBIRC5-2: CGGCCTTTCCTTAAAGGCCAT; shBIRC5-3:
GGCCAACTGCCATCCTGGAAA) and corresponding negative control (shCtrl:
5′-TTCTCCGAACGTGTCACGT-3′) were designed and synthesized. These
sequences were ligated to BR-V-108 lentivirus vectors (Shanghai
Bioscienceres, Co., Ltd) that carried the green fluorescent protein (GFP),
respectively. After that, the target sequences with great knockdown effects
were screened out by WB. These lentiviruses were used to infect U-CH1
and MUG-Chor1 cells and viewed under a fluorescence microscope
(Olympus).

RNA isolation and qPCR
The RNA of U-CH1 and MUG-Chor1 cells was extracted with the Trizol
reagent (Sigma, Cat. No. T9424-100m) and reverse-transcribed into cDNA
by Hiscript QRT Supermix (Vazyme, Nanjing, China, Cat. No. R123-01).
Subsequently, the mixed reaction solution composed of cDNA, corre-
sponding primers (Table S1) and SYBR premix (Vazyme) was performed to
qPCR. Finally, GAPDH was used as an internal reference and the relative
mRNA levels were estimated by 2−ΔΔCt.

Western blotting (WB) analysis and co-immunoprecipitation
(Co-IP) assay
After the U-CH1 and MUG-Chor1 cells were lysed, the protein was
obtained and the concentration was measured by BCA protein
detection kit (Thermo Fisher Scientific, California, USA). The protein
with equal amounts was subjected to SDS-PAGE, transferred to
nitrocellulose membranes and incubated with primary antibodies
(Table S2) overnight at 4 °C. After washed by TBST, the membranes
were probed with secondary antibodies. Finally, Millipore Immobilon
Western Chemiluminescent HRP Substrote kit (Millipore, Cat. No.
RPN2232) was used to color rendering and Chemiluminescent imager
(GE, Cat. No. AI600) observation. The protein–protein interaction was
analyzed by Co-IP assay and the experimental procedures were
performed as previously described [27].

MTT cell proliferation assay
The U-CH1 and MUG-Chor1 cells were inoculated at a density of 1000 cells/
well and cultured overnight on a 96-well plate. On the next day, 20 μL of
5 mg/mL MTT (Genview, Cat. No. JT343) was added, the culture medium
was completely absorbed 4 h later. After 100 μL DMSO was added to
dissolved Formazan and crystallized. The absorption value was determined
at 490 nm by enzyme micro-plate reader (Biotek Cat. No. Elx800) for 5
consecutive days.

Cell counting assay
The MUG-Chor1 cells were cultured on a 96-well plate with a density of
2000 cells per well. After that, the cells were counted by Celigo (Nexcelom)
every day for 5 days. Accordingly, the cell proliferation curve was drawn by
counting the number of GFP cells in each scanning orifice plate.

Cell clone formation assay
The MUG-Chor1 cells were inoculated at a density of 1000 cells/well on a
6-well plate for 14 days and washed with PBS buffer. After that, the cells
were fixed by 4% paraformaldehyde (SIGMA, Cat. No. P6148) of 1 mL for
60min, stained with 500 μL Giemsa (Tripod biotechnology, Cat. No.
KGA229) for 20min, washed and dried by ddH2O. Finally, the cells clone
was photographed and counted.

Cell apoptosis analysis by flow cytometry (FACS)
After the U-CH1 and MUG-Chor1 cells were continuously cultured in 6-well
plates for 7 days, the cell precipitates were washed by precooled D-Hanks
(pH= 7.2–7.4) and 1× buffer solution in turn. Subsequently, the resuspen-
sion cells were precipitated and stained with Annexin V-APC (eBioscience,
Cat. No. 88-8007-74) for 10–15min. Finally, the apoptosis rate was analyzed
and calculated by flow cytometry (Millipore, Cat. No. IX73).

Human apoptosis antibody array
The concentrations of 43 human apoptotic markers in the MUG-Chor1 cells
(with or without knockdown of DEPDC1B) were detected simultaneously using
human apoptosis antibody array-membrane (Abcam, Cat. No. ab134001). After
the cell protein was obtained, the product instructions were followed to detect
the differential expression of the groups of shCtrl and shDEPDC1B.

Wound-healing assay
U-CH1 and MUG-Chor1 cells were cultured in the 96-well plate with a
density of 5 × 104 cells/well. After the low concentration of serum medium
was replaced the next day, the scratches were formed by nudging upward
at the center of the lower end of the 96-well plate with a scratch meter. At
0, 24, and 48 h of cell migration, the width of scratch area was measured
and the migration ability was analyzed.

Transwell assay
U-CH1 and MUG-Chor1 cells with a density of 5 × 104 cells/well were
incubated in the well-hydrated chamber (3422 corning). The inner
chamber contained 100 μL of serum-free medium and the external
chamber contained 600 μL 30% FBS. After the cell suspension was
diluted with serum-free medium, the cells were added to each chamber
for 24 h cultivation. After the migrating cells were fixed with 4%
formaldehyde, stained with Giemsa. Finally, the cells were observed
under the fluorescence microscope and photographed to estimate the
migration capacity.

Xenograft mouse tumor model
The 4-week-old female BALB/c nude mice (Lingchang Biotechnology,
Shanghai, China) were divided into two groups (shDEPDC1B and shCtrl).
After the MUG-Chor1 cells (with or without knockdown of DEPDC1B) were
digested by trypsin, the concentration of 1E+ 7 cells/ mL was maintained.
Tumor growth was observed after subcutaneous injection of 200 μL of cells
into the right forearm of mice for 5–7 days. Subsequently, the anesthetized
mice were intraperitoneally injected with 0.7% pentobarbital sodium at
10 μL/g and placed in a living body imager for imaging and data
preservation. In addition, tumor size and mice weight were measured
every other day. After 21 days, the mice were euthanized and the tumors
were weighed and photographed. Finally, the tumor tissues were extracted
from mice and incubated with antibody Ki67 (Table S2) for IHC staining. All
procedures involving mice and experimental protocols were approved by
the Institutional Animal Care and Use Committees of Shanghai Jiao Tong
University School of Medicine.

RNA sequencing
Affymetrix human GeneChip PrimeView combined with Affymetrix Scanner
3000 was performed to elaborate the molecular mechanism. Accordingly,
the volcano plot and hierarchical clustering of the MUG-Chor1 cells (with
or without knockdown of DEPDC1B) were presented by the differentially
expressed genes (DEGs) with criterion of |Fold Change| ≥ 2 and false
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discovery rate (FDR) < 0.05. Furthermore, the significant enrichment of
DEGs in canonical pathway, and diseases or functions were investigated
based on ingenuity pathway analysis (IPA).

Statistical analysis
Statistical analyses were accomplished by SPSS 19.0 with GraphPad Prism
8.0 software, the data were presented as the mean ± standard deviation. The
independent Student’s t test was used to analyze the statistical significance
between different groups and P < 0.05 was considered statistically significant.

RESULTS
Knockdown of DEPDC1B inhibits the malignant behaviors of
chordoma cells in vitro
First of all, WB results showed that the protein level of DEPDC1B
was highly expressed in U-CH1 and MUG-Chor1 cells (Fig. S1A).
Subsequently, the cells with knockdown of DEPDC1B were
applied to detect the alterations of biological behavior. As
illustrated in Fig. S1B, more than 80% of U-CH1 and MUG-Chor1
cells with GFP indicated the high infection efficiency. Moreover,
the significant downregulation of the RNA (Fig. S1C) and protein
(Fig. S1D) levels of DEPDC1B in U-CH1 and MUG-Chor1 cells
consistently suggested that DEPDC1B was successfully knocked
down. As a consequence, the effects of alteration of DEPDC1B
expression on chordoma cells was investigated in vitro. The
results of MTT detection showed that the OD490 value of
shDEPDC1B group was remarkably lower than that of the shCtrl

group (P < 0.001), which revealed that the downregulation of
DEPDC1B led to the decrease of U-CH1 and MUG-Chor1 cells
viability (Fig. 1A). Furthermore, the apoptosis percentage of
shDEPDC1B group was significantly increased than that of shCtrl
group (P < 0.001), indicating that the knockdown of DEPDC1B
increased the apoptosis susceptibility of chordoma cells (Fig. 1B).
Interestingly, the scratch distance of the shDEPDC1B group was
obviously shorter than that of the shCtrl group between 0 and
48 h (P < 0.001) (Fig. 1C). Consistently, the migration fold change
of shDEPDC1B group was indeed lower than that of shCtrl group
(P < 0.001), which further verified that the downregulation of
DEPDC1B expression can inhibit the ability of cell migration
(Fig. 1D). Taken together, the above results demonstrated that
the downregulation of DEPDC1B can inhibit the malignant
behaviors of chordoma cells by weakening viability, enhancing
apoptosis, and reducing migration.

Knockdown of DEPDC1B regulates apoptosis-related factors
and AKT, ERK, RHOA/ROCK cascades
Additionally, the effect of DEPDC1B on apoptosis-related factors was
revealed by human apoptosis antibody array membrane. We found
that knockdown of DEPDC1B resulted in downregulation of Bcl-2,
CD40, HSP27, IGF-1sR, Livin, Survivin, XIAP and upregulation of
Caspase3, sTNF-R1 in MUG-Chor1 cells (P< 0.05) (Fig. 2A). As DEPDC1B
was previously described as involved in signaling by Rho-GTPases and
by G-proteins [13, 14], the expression of MAPK/AKT and RHOA/ROCK
cascades related proteins was explored. The results indicated that

Fig. 1 Knockdown of DEPDC1B inhibits cell proliferation and migration, promotes apoptosis in chordoma cells. A Cell proliferation of
U-CH1 and MUG-Chor1 cells with or without knockdown of DEPDC1B was evaluated by MTT assay. B Flow cytometry analysis based on
Annexin V-APC staining was utilized to detect cell apoptotic ratio for U-CH1 and MUG-Chor1 cells. C, D Cell migration of U-CH1 and MUG-
Chor1 cells with or without knockdown of DEPDC1B was evaluated by Transwell assay (D) and wound-healing assay (E). The presented results
were representative of experiments repeated at least three times. Data were represented as mean ± SD. **P < 0.01, ***P < 0.001.
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knockdown of DEPDC1B contributed to downregulation of p-AKT,
p-ERK, p-RHOA, and ROCK1 expression (Fig. 2B). As a consequence,
knockdown of DEPDC1B could regulate the apoptosis-related factors
and AKT, ERK, RHOA/ROCK cascades.

Knockdown of DEPDC1B suppresses tumor growth in mice
The effects of DEPDC1B on chordoma regulation was further
elucidated by mouse xenograft model. The total bioluminescent
intensity of mice was clearly presented, which reflected that the
tumor load of shDEPDC1B group was obviously weaker than that
of the control group (P < 0.01) (Fig. 3A). In addition, the size and
volume of xenografts were measured and calculated throughout
the animal experiments for 21 days, suggesting the significantly
slower growth rate and smaller final tumor volume of shDEPDC1B
group than the shCtrl group (P < 0.01) (Fig. 3B–D). Additionally, the
results of immunohistochemical detection in the tumor tissues
showed that the expression of Ki67 in shDEPDC1B group was lower
than that in shCtrl group (P < 0.05) (Fig. 3E), indicating that
downregulation of DEPDC1B can inhibit tumor proliferative activity
in mice. Collectively, knockdown of DEPDC1B suppressed tumor
growth of chordoma in vivo.

DEPDC1B affects the BIRC5 ubiquitination through UBE2T in
chordoma cells
The molecular mechanism of chordoma regulated by DEPDC1B
was preliminarily explored. Firstly, knockdown of DEPDC1B

resulted in DEGs in MUG-Chor1 cells, with 858 upregulated
genes and 878 downregulated genes, which were presented in
the hierarchical clustering (Fig. 4A). Furthermore, the significant
enrichment of DEGs in canonical pathway as well as diseases and
functions were investigated based on IPA, suggesting that
‘colorectal cancer metastasis signaling, Wnt/β-catenin signaling,
Wnt/ca+ pathway’ (Fig. S2A) and cell proliferation, death and
other functions (Fig. S2B) would be affected by DEPDC1B.
Subsequently, the DEGs with the most significant alterations
were selected by PCR (Fig. S2C) and WB (Fig. 2D). Figure S2E
showed the interaction network based on IPA, in which DEPDC1B
can affect BIRC5, EGFR, RHOU, and others. According to the
results of protein interaction analysis (https://www.string-db.org/
cgi/network?taskId=bVGGIYt5GuUjsessionId=bVQ88ddIyQRY.),
we found that DEPDC1B and BIRC5, EGFR, and RHOU both
interact and regulate each other (Fig. S2F). Therefore, only these
three genes were selected for subsequent experiments. Next,
lentivirus was used to deliver shRNAs into MUG-Chor1 cells to
knockdown these genes, respectively. As shown in the Fig. 4B,
the inhibitory effect of shBIRC5 group on proliferation was the
most significant compared with other groups (P < 0.001). BIRC5
was the most relevant to the proliferative phenotype of
chordoma cells. As a consequence, BIRC5 was preliminarily
identified as a downstream target of DEPDC1B in chordoma cells.
On the other hand, upon the treatment of CHX (0.2 mg/mL,
protein synthesis inhibitor), the protein stability of BIRC5 in
shCtrl and shDEPDC1B chordoma cells was examined, indicating
that DEPDC1B silencing induced a decrease of BIRC5 protein
stability (Fig. 4C). Notably, the effects of DEPDC1B knockdown on
BIRC5 protein stability could be partially eliminated by the
treatment of MG-132 (20 μM), an inhibitor of proteasome
(Fig. 4D), suggesting that DEPDC1B may regulate BIRC5 through
ubiquitin-proteasome system (UPS) [28, 29]. Subsequently, we
evaluated the regulation of DEPDC1B on ubiquitination of
BIRC5 and the results indicated that DEPDC1B downregulation
distinctly promotes BIRC5 ubiquitination (Fig. 4E). Considering
that our previous study showed the regulation of BIRC5
ubiquitination by ubiquitin-conjugating enzyme E2T (UBE2T)
(data not shown), we further explored the interaction between
UBE2T and DEPDC1B. As shown in Fig. 4F, the direct interaction
between DEPDC1B and UBE2T make us believe that DEPDC1B
may influence UBE2T-mediated ubiquitination of BIRC5 through
interacting UBE2T.

Simultaneous downregulation of BIRC5 and DEPDC1B
exacerbates the inhibitory effects of chordoma
The biological behavior of BIRC5 and DEPDC1B in MUG-Chor1 was
elucidated by loss-of-function assays. Firstly, the protein level of
BIRC5 was highly expressed in U-CH1 and MUG-Chor1 cells, which
was similar to DEPDC1B (Fig. S3A). Secondly, the protein of
shBIRC5-1 group was downregulated most significantly, which
was used to construct cell model of knockdown of BIRC5 (Fig.
S3B). Moreover, MUG-Chor1 cells not only had high infection
efficiency (Fig. S3C), but also the protein level of BIRC5 and
DEPDC1B was significantly downregulated (Figure S3D), which
indicated that BIRC5 and DEPDC1B was knocked down success-
fully. Notably, shBIRC5 was downregulation of BIRC5, shBIRC5+
shDEPDC1B was simultaneous downregulation of BIRC5 and
DEPDC1B in MUG-Chor1 cells. As a result, the results showed a
significant inhibition in the progression of BIRC5-knocked-down
MUG-Chor1 cells, such as inhibited proliferation (P < 0.001) (Fig.
5A), decreased clones (P < 0.001) (Fig. 5B), enhanced apoptosis (P
< 0.001) (Fig. 5C) and hindered migration (Fig. 5D, E). Besides,
simultaneous downregulation of BIRC5 and DEPDC1B could
exacerbate the inhibitory effects of chordoma cell progression,
which was characterized by inhibiting proliferation (P < 0.001, fold
change=−3.3) (Fig. 5A), reducing clone formation (P < 0.001,
fold change=−7.0) (Fig. 5B), stimulating apoptosis (P < 0.001,

Fig. 2 Knockdown of DEPDC1B regulates apoptosis-related
factors and AKT, ERK, RHOA/ROCK cascades. A Human apoptosis
antibody array analysis was performed in MUG-Chor1cells with or
without DEPDC1B knockdown. B We tested the protein expression of
AKT, p-AKT, ERK, p-ERK, RHOA, p-RHOA, ROCK1 after the expression of
DEPDC1B decreased. Data was shown as mean ± SD. *P < 0.05.
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fold change= 14.1) (Fig. 5C) and repressing migration (P < 0.001,
>70%) (Fig. 4D, E).

BIRC5 overexpression attenuates the inhibitory effects of
DEPDC1B knockdown in chordoma cells
To fully demonstrate the effects of DEPDC1B and BIRC5 in
chordoma cells, the functional recovery assays was conducted.
Accordingly, the MUG-Chor1 cells with simultaneously upregu-
lated BIRC5 and downregulated DEPDC1B (BIRC5+ sh DEPDC1B)
were established (Fig. S4A–C). Notably, NC(OE+KD) group was
the MUG-Chor1 cells infected with negative control lentivirus;
BIRC5+NC-shDEPDC1B group was the overexpression of BIRC5;
shDEPDC1B+NC-BIRC5 group was the cells with low expression
of DEPDC1B. As illustrated in Fig. 6A, compared with NC (OE+KD)
group, cell proliferation was weakest in shDEPDC1B+NC-BIRC5
group (P < 0.05), and strongest in BIRC5+NC-shDEPDC1B group
(P < 0.01); The BIRC5+shDEPDC1B group can attenuate the
inhibitory effect of cell proliferation (P < 0.05). Meanwhile,
apoptosis was the weakest in the BIRC5+NC-shDEPDC1B group
(P < 0.05). On the contrary, shDEPDC1B+NC-BIRC5 group of
apoptosis was the strongest (P < 0.001) (Fig. 6B). The apoptosis
of BIRC5+shDEPDC1B group was higher than that of BIRC5+NC-
shDEPDC1B group (P < 0.001), but weaker than shDEPDC1B+NC-
BIRC5 group (P < 0.01). There was no doubt that the cell
migration rate was the highest in the BIRC5+NC-shDEPDC1B
group and the lowest in the shDEPDC1B+NC-BIRC5 group
compared with NC(OE+KD) group (Fig. 6C, S5A). The BIRC5
+shDEPDC1B group can reduce the inhibitory effect of
shDEPDC1B+NC-BIRC5 group in chordoma cells (P < 0.05).

Unsurprisingly, the results of the Transwell experiment were
consistent with these trends (Fig. 6C). Therefore, overexpression
of BIRC5 can reduce the inhibitory effect of DEPDC1B knockdown
on the malignant behaviors of chordoma cells.

DISCUSSION
In this study, the unique role and potential molecular mechanism
of DEPDC1B in chordoma were recognized. Specifically, knock-
down of DEPDC1B inhibits the malignant behavior of chordoma
cells in vitro, such as reduction of proliferation, induction of
apoptosis, and inhibition of migration. As expected, downregula-
tion of DEPDC1B suppressed growth of chordoma in vivo. In
particular, the knockdown of DEPDC1B resulted in not only a
significant upregulation of Caspase3, sTNF-R1, but also down-
regulation of Bcl-2, CD40, HSP27, IGF-1sR, XIAP, Livin, Survivin in
chordoma cells. In addition, apoptosis involves both internal and
external pathways, in which the endogenous pathway is mediated
by an anti-apoptotic protein Bcl-2 (B-cell lymphoma-2) that
integrates death and survival signals [30]. CD40 interacts with
CD40 ligand (CD40L) to regulate apoptosis according to different
membrane localization [31]. HSP27 is a molecular chaperone with
the ability to interact with a large number of proteins, which could
regulate apoptosis by interacting with components involved in
Caspase activation and apoptosis [32]. Moreover, XIAP, an X-linked
inhibitor of apoptosis, exerts a strong inhibitory effect on
apoptosis depending on its unique ability to bind Caspases [33].
As members of the inhibitors of apoptosis (IAP) family, Livin and
Survivin are abnormally expressed in the progression of cancers,

Fig. 3 Knockdown of DEPDC1B inhibits tumor growth in mice xenograft models. A The total bioluminescent intensity of tumors in shCtrl
group and shDEPDC1B group. B The volume of tumors in shCtrl group and shDEPDC1B group was measured after post-injection. C The
average weight of tumors in shCtrl group and shDEPDC1B group. D Images of mice and tumors in shCtrl group and shDEPDC1B group. E The
Ki67 staining of tumor tissues in shCtrl group and shDEPDC1B group. Data were represented as mean ± SD. *P < 0.05, **P < 0.01.
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which could inhibit Caspases and prevents cell death [34, 35]. Not
surprisingly, the molecular mechanism of chordoma cell apoptosis
induced by DEPDC1B knockdown is complex, which required the
participation of a series of apoptosis-related factors.
Importantly, apoptosis repeat-containing 5 (BIRC5) was

considered to be the downstream target of DEPDC1B involved
in the progression of chordoma. Previous study reported that
BIRC5 is a member of IAP family, which is a mitotic spindle
checkpoint gene and encodes Survivin protein. Additionally,
BIRC5 acts as a bifunctional regulator of apoptosis inhibition
and cell cycle progression [36, 37]. Moreover, BIRC5 is highly
expressed in tumors, including cancer cells and tumor stem
cells, whose expression is associated with the differentiation,
proliferation, invasion and metastasis of tumor cells [38–41]. In
recent years, considerable evidence suggested that abnormal
expression of BIRC5 is involved in the progression of various
cancers, including lung, breast, colon, pancreatic, and prostate
cancers [42–46]. Although abnormal expression of BIRC5 is
significantly associated with tumor progression, the exact role

and molecular mechanism of BIRC5 in chordoma have not been
determined. The present study clarified that DEPDC1B affected
the ubiquitination of BIRC5 through UBE2T. Ubiquitination is a
widespread post-translational modification that mediates the
localization, metabolism, function, regulation, and degradation
of proteins in cells [47]. The UPS is composed of ubiquitin,
ubiquitin-activating enzyme E1, ubiquitin-conjugating enzyme
E2, ubiquitin ligase E3, proteasome and its substrates. Studies
have shown that UPS plays a central role in regulating protein
levels and activities, cell cycle, gene expression, response to
oxidative stress, cell survival, proliferation and apoptosis, which
is closely related to the onset of cancers and cardiovascular
diseases [48]. Moreover, UBE2T is a member of the E2 family in
the UPS [49]. Recently, Yin et al, reported that UBE2T promoted
radiation resistance of non-small cell lung cancer through
ubiquitin-mediated FOXO1 degradation [50]. Our study clarified
that DEPDC1B affected the ubiquitination of BIRC5 through
UBE2T, leading to dysregulation of gene expression. Further-
more, simultaneous downregulation of BIRC5 and DEPDC1B

Fig. 4 DEPDC1B affects the BIRC5 ubiquitination through UBE2T in chordoma cells. A The PrimeView Human Gene Expression Array was
performed to identify the differentially expressed genes (DEGs) between shDEPDC1B and shCtrl groups of MUG-Chor1 cells. B The effects of
knockdown of RHOU, BIRC5, and EGFR on proliferation of MuG-Chor1 cells were examined. C Protein levels of BIRC5 in MUG-Chor1 cells with
or without DEPDC1B knockdown following 0.2 mg/mL CHX treatment for 0–12 h. D Levels of BIRC5 proteins in MUG-Chor1 cells with or
without DEPDC1B knockdown following MG-132 treatment for indicated times (12 h). E The lysates of MUG-Chor1 cells were
immunoprecipitated and WB was performed to examine the ubiquitination of BIRC5. F Co-IP analysis of interaction of DEPDC1B and
UBE2T in MUG-Chor1 cells. The presented results were representative of experiments repeated at least three times. Data were represented as
mean ± SD. ***P < 0.001.
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may exacerbate the inhibitory effects of chordoma cells.
Moreover, overexpression of BIRC5 can reduce the inhibitory
effect of DEPDC1B knockdown on the malignant behaviors of
chordoma cells.

In conclusion, DEPDC1B affected the ubiquitination of BIRC5
through UBE2T. Simultaneous downregulation of BIRC5 and
DEPDC1B may exacerbate the inhibitory effects of chordoma.
Moreover, BIRC5 overexpression reduced the inhibitory effects of

Fig. 5 Knockdown of BIRC5 deepens the effects on chordoma cells by DEPDC1B knockdown. After lentivirus shCtrl, shBIRC5 or shBIRC5+
shDEPDC1B infected with MUG-Chor1 cells, they were subjected to the detection of proliferation (A), clone formation (B), apoptosis (C) and
migration (D, E). The presented results were representative of experiments repeated at least three times. Data were represented as mean ± SD.
*P < 0.05, **P < 0.01, ***P < 0.001.

Fig. 6 Overexpression of BIRC5 reduces the inhibitory of DEPDC1B knockdown on the malignant behaviors of chordoma cells. After
lentivirus NC(OE+KD), BIRC5+NC-shDEPDC1B, shDEPDC1B+NC-BIRC5, or BIRC5+sh DEPDC1B infected with MUG-Chor1 cells, they were
subjected to the detection of proliferation (A), apoptosis (B), and migration (C, D). The presented results were representative of experiments
repeated at least three times. Data were represented as mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001.
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DEPDC1B knockdown in chordoma cells. DEPDC1B regulates the
progression of human chordoma through UBE2T-mediated ubiqui-
tination of BIRC5, which may be a promising candidate target in
molecular therapy of chordoma patients.

REFERENCES
1. Jundt G. [Updates to the WHO classification of bone tumours]. Pathologe.

2018;39:107–16.
2. Tenny S, Varacallo M. Chordoma. StatPearls. Treasure Island (FL), 2020.
3. Al-Rahawan MM, Siebert JD, Mitchell CS, Smith SD. Durable complete response

to chemotherapy in an infant with a clival chordoma. Pediatr Blood Cancer.
2012;59:323–5.

4. Yamamoto N, Tsuchiya H. Treatment of chordoma-where is it going? J Spine Surg.
2019;5:387–9.

5. Frezza AM, Botta L, Trama A, Dei Tos AP, Stacchiotti S. Chordoma: update on
disease, epidemiology, biology and medical therapies. Curr Opin Oncol.
2019;31:114–20.

6. Walcott BP, Nahed BV, Mohyeldin A, Coumans JV, Kahle KT, Ferreira MJ. Chor-
doma: current concepts, management, and future directions. Lancet Oncol.
2012;13:e69–76.

7. Vujovic S, Henderson S, Presneau N, Odell E, Jacques TS, Tirabosco R, et al. Bra-
chyury, a crucial regulator of notochordal development, is a novel biomarker for
chordomas. J. Pathol. 2006;209:157–65.

8. O’Donnell P, Tirabosco R, Vujovic S, Bartlett W, Briggs TW, Henderson S, et al.
Diagnosing an extra-axial chordoma of the proximal tibia with the help of brachyury,
a molecule required for notochordal differentiation. Skelet. Radio. 2007;36:59–65.

9. Meng T, Jin J, Jiang C, Huang R, Yin H, Song D, et al. Molecular targeted therapy in
the treatment of chordoma: a systematic review. Front Oncol. 2019;9:30.

10. Consonni SV, Maurice MM, Bos JL. DEP domains: structurally similar but func-
tionally different. Nat Rev Mol Cell Biol. 2014;15:357–62.

11. Boudreau HE, Broustas CG, Gokhale PC, Kumar D, Mewani RR, Rone JD, et al.
Expression of BRCC3, a novel cell cycle regulated molecule, is associated with
increased phospho-ERK and cell proliferation. Int J Mol Med. 2007;19:29–39.

12. Peck J, Douglas GT, Wu CH, Burbelo PD. Human RhoGAP domain-containing
proteins: structure, function and evolutionary relationships. FEBS Lett.
2002;528:27–34.

13. Martemyanov KA, Lishko PV, Calero N, Keresztes G, Sokolov M, Strissel KJ, et al.
The DEP domain determines subcellular targeting of the GTPase activating
protein RGS9 in vivo. J Neurosci. 2003;23:10175–81.

14. Marchesi S, Montani F, Deflorian G, D’Antuono R, Cuomo A, Bologna S, et al.
DEPDC1B coordinates de-adhesion events and cell-cycle progression at mitosis.
Dev Cell. 2014;31:420–33.

15. Figeac N, Pruller J, Hofer I, Fortier M, Ortuste Quiroga HP, Banerji CRS, et al.
DEPDC1B is a key regulator of myoblast proliferation in mouse and man. Cell
Prolif. 2020;53:e12717.

16. Zhao H, Yu M, Sui L, Gong B, Zhou B, Chen J, et al. High expression of DEPDC1
promotes malignant phenotypes of breast cancer cells and predicts poor prog-
nosis in patients with breast cancer. Front Oncol. 2019;9:262.

17. Yang Y, Liu L, Cai J, Wu J, Guan H, Zhu X, et al. DEPDC1B enhances migration and
invasion of non-small cell lung cancer cells via activating Wnt/beta-catenin sig-
naling. Biochem Biophys Res Commun. 2014;450:899–905.

18. Su YF, Liang CY, Huang CY, Peng CY, Chen CC, Lin MC, et al. A putative novel
protein, DEPDC1B, is overexpressed in oral cancer patients, and enhanced
anchorage-independent growth in oral cancer cells that is mediated by Rac1 and
ERK. J Biomed Sci. 2014;21:67.

19. Bai S, Chen T, Du T, Chen X, Lai Y, Ma X, et al. High levels of DEPDC1B predict
shorter biochemical recurrence-free survival of patients with prostate cancer.
Oncol Lett. 2017;14:6801–8.

20. Xu Y, Sun W, Zheng B, Liu X, Luo Z, Kong Y, et al. DEPDC1B knockdown inhibits
the development of malignant melanoma through suppressing cell proliferation
and inducing cell apoptosis. Exp Cell Res. 2019;379:48–54.

21. Chen X, Guo ZQ, Cao D, Chen Y, Chen J. Knockdown of DEPDC1B inhibits the
development of glioblastoma. Cancer Cell Int. 2020;20:310.

22. Zhang S, Shi W, Hu W, Ma D, Yan D, Yu K, et al. DEP Domain-containing
protein 1B (DEPDC1B) promotes migration and invasion in pancreatic cancer
through the Rac1/PAK1-LIMK1-Cofilin1 signaling pathway. Onco Targets Ther.
2020;13:1481–96.

23. Li Z, Wang Q, Peng S, Yao K, Chen J, Tao Y, et al. The metastatic promoter
DEPDC1B induces epithelial-mesenchymal transition and promotes prostate
cancer cell proliferation via Rac1-PAK1 signaling. Clin Transl Med. 2020;10:e191.

24. Lai CH, Xu K, Zhou J, Wang M, Zhang W, Liu X, et al. DEPDC1B is a tumor
promotor in development of bladder cancer through targeting SHC1. Cell Death
Dis. 2020;11:986.

25. Scheil S, Bruderlein S, Liehr T, Starke H, Herms J, Schulte M, et al. Genome-wide
analysis of sixteen chordomas by comparative genomic hybridization and cyto-
genetics of the first human chordoma cell line, U-CH1. Genes Chromosomes
Cancer. 2001;32:203–11.

26. Rinner B, Froehlich EV, Buerger K, Knausz H, Lohberger B, Scheipl S, et al.
Establishment and detailed functional and molecular genetic characterisation of
a novel sacral chordoma cell line, MUG-Chor1. Int J Oncol. 2012;40:443–51.

27. Lin JS, Lai EM. Protein-protein interactions: co-immunoprecipitation. Methods
Mol. Biol. 2017;1615:211–9.

28. Nandi D, Tahiliani P, Kumar A, Chandu D. The ubiquitin-proteasome system. J
Biosci. 2006;31:137–55.

29. Varshavsky A. The ubiquitin system, autophagy, and regulated protein degra-
dation. Annu Rev Biochem. 2017;86:123–8.

30. Nasehi M, Torabinejad S, Hashemi M, Vaseghi S, Zarrindast MR. Effect of cho-
lestasis and NeuroAid treatment on the expression of Bax, Bcl-2, Pgc-1alpha and
Tfam genes involved in apoptosis and mitochondrial biogenesis in the striatum
of male rats. Metab Brain Dis. 2020;35:183–92.

31. Chatzigeorgiou A, Lyberi M, Chatzilymperis G, Nezos A, Kamper E. CD40/CD40L
signaling and its implication in health and disease. Biofactors. 2009;35:474–83.

32. Concannon CG, Gorman AM, Samali A. On the role of Hsp27 in regulating
apoptosis. Apoptosis. 2003;8:61–70.

33. Ayachi O, Barlin M, Broxtermann PN, Kashkar H, Mauch C, Zigrino P. The X-linked
inhibitor of apoptosis protein (XIAP) is involved in melanoma invasion by reg-
ulating cell migration and survival. Cell Oncol (Dordr.). 2019;42:319–29.

34. Yan B. Research progress on Livin protein: an inhibitor of apoptosis. Mol Cell
Biochem. 2011;357:39–45.

35. Jaiswal PK, Goel A, Mittal RD. Survivin: a molecular biomarker in cancer. Indian J
Med Res. 2015;141:389–97.

36. Li F, Ambrosini G, Chu EY, Plescia J, Tognin S, Marchisio PC, et al. Control of
apoptosis and mitotic spindle checkpoint by survivin. Nature. 1998;396:580–4.

37. Budak M, Bozkurt C, Cetin SE, Tuncel H. The -31 G/C promoter gene poly-
morphism of surviving in Turkish colorectal cancers patients. Ceylon Med J.
2018;63:119–23.

38. Jiang Y, de Bruin A, Caldas H, Fangusaro J, Hayes J, Conway EM, et al. Essential
role for survivin in early brain development. J Neurosci. 2005;25:6962–70.

39. Wheatley SP, McNeish IA. Survivin: a protein with dual roles in mitosis and
apoptosis. Int Rev. Cytol. 2005;247:35–88.

40. Zwerts F, Lupu F, De Vriese A, Pollefeyt S, Moons L, Altura RA, et al. Lack of
endothelial cell survivin causes embryonic defects in angiogenesis, cardiogen-
esis, and neural tube closure. Blood. 2007;109:4742–52.

41. Altieri DC. Survivin, cancer networks and pathway-directed drug discovery. Nat
Rev Cancer. 2008;8:61–70.

42. Monzo M, Rosell R, Felip E, Astudillo J, Sanchez JJ, Maestre J, et al. A novel anti-
apoptosis gene: re-expression of survivin messenger RNA as a prognosis marker
in non-small-cell lung cancers. J Clin Oncol. 1999;17:2100–4.

43. Tanaka K, Iwamoto S, Gon G, Nohara T, Iwamoto M, Tanigawa N. Expression of
survivin and its relationship to loss of apoptosis in breast carcinomas. Clin Cancer
Res. 2000;6:127–34.

44. Kawasaki H, Altieri DC, Lu CD, Toyoda M, Tenjo T, Tanigawa N. Inhibition of
apoptosis by survivin predicts shorter survival rates in colorectal cancer. Cancer
Res. 1998;58:5071–4.

45. Satoh K, Kaneko K, Hirota M, Masamune A, Satoh A, Shimosegawa T. Expression
of survivin is correlated with cancer cell apoptosis and is involved in the devel-
opment of human pancreatic duct cell tumors. Cancer 2001;92:271–8.

46. Ma Z, Wang J, Ding L, Chen Y. Identification of novel biomarkers correlated with
prostate cancer progression by an integrated bioinformatic analysis. Med. (Bal-
tim.). 2020;99:e21158.

47. Nakamura N. Ubiquitin System. Int J Mol Sci. 2018;19:1080.
48. Popovic D, Vucic D, Dikic I. Ubiquitination in disease pathogenesis and treatment.

Nat Med. 2014;20:1242–53.
49. Harrigan JA, Jacq X, Martin NM, Jackson SP. Deubiquitylating enzymes and drug

discovery: emerging opportunities. Nat Rev Drug Disco. 2018;17:57–78.
50. Yin H, Wang X, Zhang X, Zeng Y, Xu Q, Wang W, et al. UBE2T promotes radiation

resistance in non-small cell lung cancer via inducing epithelial-mesenchymal
transition and the ubiquitination-mediated FOXO1 degradation. Cancer Lett.
2020;494:121–31.

AUTHOR CONTRIBUTIONS
This program was designed by Xiaodong Zhu. The experiments were operated by
Ruijun Xu. The data collection and analysis were conducted by Yanbin Liu. The
manuscript was produced by Liang Tang and Yanghu Lu, which was checked and
revised by Xiaodong Zhu and Liang Tang. All the authors have confirmed the
submission of this manuscript.

L. Wang et al.

8

Cell Death and Disease          (2021) 12:753 



FUNDING STATEMENT
Not applicable.

COMPETING INTERESTS
The authors declare no competing interests.

ETHICS STATEMENT
All procedures involving mice and experimental protocols were approved by the
Institutional Animal Care and Use Committees of Shanghai Jiao Tong University
School of Medicine.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41419-021-04026-7.

Correspondence and requests for materials should be addressed to Z.W. or X.Z.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2021, corrected publication 2022

L. Wang et al.

9

Cell Death and Disease          (2021) 12:753 

https://doi.org/10.1038/s41419-021-04026-7
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	DEPDC1B regulates the progression of human chordoma through UBE2T-mediated ubiquitination of BIRC5
	Introduction
	Materials and methods
	Cell culture
	Lentiviral shRNA vector construction and cell infection
	RNA isolation and qPCR
	Western blotting (WB) analysis and co-immunoprecipitation (Co-IP) assay
	MTT cell proliferation assay
	Cell counting assay
	Cell clone formation assay
	Cell apoptosis analysis by flow cytometry (FACS)
	Human apoptosis antibody array
	Wound-healing assay
	Transwell assay
	Xenograft mouse tumor model
	RNA sequencing
	Statistical analysis

	Results
	Knockdown of DEPDC1B inhibits the malignant behaviors of chordoma cells in�vitro
	Knockdown of DEPDC1B regulates apoptosis-related factors and AKT, ERK, RHOA/ROCK cascades
	Knockdown of DEPDC1B suppresses tumor growth in mice
	DEPDC1B affects the BIRC5 ubiquitination through UBE2T in chordoma cells
	Simultaneous downregulation of BIRC5 and DEPDC1B exacerbates the inhibitory effects of chordoma
	BIRC5 overexpression attenuates the inhibitory effects of DEPDC1B knockdown in chordoma cells

	Discussion
	Author contributions
	Funding statement
	Competing interests
	Ethics statement
	ADDITIONAL INFORMATION




