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Abstract. Gliomas are the most common primary brain 
tumors of the central nervous system (CNS). Due to the poor 
prognosis of glioma patients, it is urgent to develop more 
effective therapies. Deltex-3-like (DTX3L), also known as 
B-lymphoma and BAL-associated protein (BBAP), has been 
reported to play an important role in the progression of many 
tumors. This study aimed to investigate the clinical signifi-
cance and biological function of DTX3L in human glioma. 
Clinically, the protein expression level of DTX3L is increased 
in glioma tissues compared with that observed in normal 
brain tissues. Immunohistochemical analysis demonstrated 
that DTX3L was highly expressed in the glioma tissues 
and its level was correlated with the grade of malignancy. 
Multivariate analysis revealed the association between high 
expression of DTX3L and the poor prognosis of glioma 
patients. In addition, knockdown of DTX3L by siRNA 
transfection increased glioma cell apoptosis. Moreover, 
suppression of DTX3L expression was shown to significantly 
inhibit the migration and invasion of glioma cells. These data 
indicate that DTX3L plays an important role in the patho-

genic process of glioma, suggesting that DTX3L could be a 
potential prognostic biomarker for glioma.

Introduction

Astrocytic brain tumors, the most common type of primary 
malignant brain tumors, are typically characterized by diffuse 
infiltrative growth and a low survival rate  (1-3). Despite 
improvements in GBM therapy consisting of surgical resection 
and chemoradiotherapy with temozolomide (TMZ), only 10% 
of these patients survive 5 years after diagnosis and the majority 
of patients have a median survival of only 12-14 months (4-6). 
Thus, in order to identify potential diagnostic and therapeutic 
targets, it is urgent to understand the underlying molecular 
events which lead to the progression of glioma.

Deltex-3-like (DTX3L), also known as B-lymphoma 
and BAL-associated protein (BBAP), belongs to the 
Deltex  (DTX) family  (7,8). As an E3 ligase, DTX3L has 
been reported to regulate ESCRT-0 ubiquitination by inhib-
iting the activity of AIP4 (9). In addition, DTX3L exerts an 
effect on the DNA damage response pathway by modulating 
monoubiquitination of histone H4  (10). DTX3L was also 
identified as a binding partner of B aggressive lymphoma 1 
(BAL1), a risk‑related gene and protein in diffuse large B cell 
lymphoma (DLBCL) (11). Furthermore, it has been reported 
that DTX3L is overexpressed in melanoma and regulates 
melanoma metastasis via the FAK/PI3K/AKT pathway (12). 
Recently, DTX3L was also shown to play a role in prostate 
cancer cells via inhibiting IRF1 expression and its depletion 
was found to be related with tumor cell proliferation (13). 
All of these studies demonstrate that DTX3L is a novel 
biomarker with which to predict the progression of tumors. 
Nevertheless, to the best of our knowledge, the function of 
DTX3L has not yet been reported in gliomas.

In the present study, we evaluated the expression of DTX3L 
in human glioma tissues and explored its role in the migration 
and apoptosis of glioma cells. These findings may be useful to 
identify a new therapeutic target for glioma.
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Materials and methods

Primary human glioma specimens. All human glioma speci-
mens were collected from 96 patients between 2007 and 2012 
at a single institution, the Department of Pathology, Affiliated 
Hospital of Nantong University. All tumors were from patients 
with newly diagnosed gliomas who had received no therapy 
before sample collection. Normal brain tissues were obtained 
from patients undergoing surgery for epilepsy. All tissue 
samples were obtained using protocols approved by the Ethics 
Committee of the Affiliated Hospital of Nantong University. 
Tissues were frozen immediately after surgery and stored at 
-80˚C until use. For immunoblot analysis, all the tissues were 
frozen in liquid nitrogen immediately after surgery. The speci-
mens for histological examination were fixed in formalin and 
embedded in paraffin for sectioning.

Immunohistochemical staining. Paraffin sections (5-µm-thick) 
from tissues were dewaxed in xylene, rehydrated in graded 
alcohol and endogenous peroxidase activity was blocked by 
infiltrating in 0.3% hydrogen peroxide. Then, to enhance the 
accessibility of the antigen, the sections were treated with 
0.1 M citrate buffer (pH 6.0) and heated to 121˚C in an auto-
clave for 3 min. After cooling, hydrogen peroxide (0.3%) was 
used to block endogenous peroxide activity for 20 min. Next 
the sections were rinsed in phosphate-buffered saline (PBS) 
(pH 7.2) and then incubated with the DTX3L (cat. no. sc-100627; 
Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) and 
Ki-67 (cat. no. sc-23900; Santa Cruz Biotechnology, Inc.) anti-
bodies for 2 h at room temperature. All slides were processed 
using immunoglobulin IgG as a secondary antibody. After 
being washed in PBS, the peroxidase reaction was visualized 
by incubating the sections with DAB (0.02% diaminobenzi-
dine tetrahydrochloride, 0.1% phosphate buffer solution and 
3%  H2O2). Finally, the sections were counterstained with 
hematoxylin, dehydrated with graded alcohol and mounted in 
resin mount. A microscope was used to observe the stained 
sections. The immunostaining was evaluated separately by 
two independent pathologists. For the assessment of DTX3L 
and Ki-67, five high-power fields were randomly chosen and at 
least 300 cells were counted in each section. The percentage 
of tumor cells that stained positive was scored as follows: 1, 
0-49% positive tumor cells; 2, 50-74% positive tumor cells; 
and 3, 75-100% positive tumor cells. The intensity of staining 
was estimated and scored as follows: 0, no staining; 1, weak 
staining; 2, moderate staining; and 3, strong staining. Then, 
we combined scores from the two scales and classified each 
section as follows: 0-4.5 was classified as low expression and 
4.5-9 was classified as high expression.

Western blot analysis. Proteins isolated from tissues and 
cell samples were promptly homogenized in lysis buffer 
which contained 1  M Tris-HCl pH  7.5, 1%  Triton  X-100, 
1% Nonidet P-40 (NP-40), 10% sodium dodecyl sulfate (SDS), 
0.5% sodium deoxycholate, 0.5 M EDTA, 10 µg/ml leupeptin, 
10 µg/ml aprotinin, and 1 mM PMSF and then centrifuged 
for 30 min at 10,000 x g to collect the supernatant liquid. 
The supernatants were stored at -80˚C until use. The protein 
concentrations were measured with a Bio-Rad protein assay 
(Bio-Rad, Hercules, CA, USA). Equal amount of protein 

from each sample was separated by SDS-polyacrylamide gel 
electrophoresis (PAGE) and then transferred onto a PVDF 
membrane (Millipore, Bedford, MA, USA). After being 
blocked in 5% non-fat milk in TBST [150 mM NaCl, 20 mM 
Tris (pH 7.4) and 0.05% Tween-20] for 2 h, the membranes 
were first incubated with primary antibodies overnight at 
4˚C. The primary antibodies used in this report included 
the followed: anti-glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) (cat. no. sc-47724; 1:3,000), anti-DTX3L (cat. 
no. sc-100627; 1:500), E-cadherin (cat. no. sc-8426; 1:500), 
vimentin (cat.  no.  sc-6260; 1:1,000) (all from Santa Cruz 
Biotechnology, Inc.), anti-caspase-3 (cleaved) (cat. no. 9661; 
1:1,000), and anti-PARP (cleaved) (cat. no. 5625; 1:1,000) (both 
from Cell Signaling Technology, Danvers, MA, USA). After 
washing for three times, 5 min each, the membranes were 
then incubated with horseradish peroxidase-conjugated human 
anti-mouse (cat. no. A11126) or anti-rabbit (cat. no. 71-2700) 
antibodies (1:1,000; Pierce, Rockford, IL, USA) as the 
secondary antibody at room temperature for 2 h. Finally, the 
membranes were detected with ECL detection systems. The 
experiments were implemented in three independent reactions.

Cell cultures and transient transfection. Normal human glio-
cyte HEB cells and human glioblastoma cell lines including 
U251MG, U87MG and A172 were obtained from the Cell 
Library of the Chinese Academy of Sciences. Cells were 
cultured in Dulbecco's modified Eagle's medium (DMEM)
(Gibco-BRL, Grand Island, NY, USA) with 10% fetal bovine 
serum (FBS), 2 mM L-glutamine, and 100 U/ml penicillin-
streptomycin mixture (Gibco-BRL) at 37˚C in a humidified 
incubator containing 5% CO2. The medium was changed every 
2-3  days, and cultures were split using 0.25%  trypsin. 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) was used 
to transfect the U251MG cells with siRNAs according to the 
manufacturer's instructions. Four siRNAs targeting the DTX3L 
gene were designed and synthesized, and western blot analysis 
was used to identify the most effective siRNA for the further 
experiments. The sequences are as follows: 5'-CGTATTAGG 
AGTCTCAGAT-3', 5'-GATGGACATTGATAGCGAT-3', 
5'-TGATTTAATGCCAGTCTAA-3' and 5'-CAATTACAT 
GATGAATGTA-3'. Cells were transfected with DTX3L-siRNA 
or control-siRNA and then collected after 24-48 h for the 
following assays.

Multicellular tumor spheroid formation assays. U251MG 
cells transfected with DTX3L siRNA and control siRNA were 
seeded at a density of 4x105 cells/well in 6-well plates. Then, 
the cells were washed with PBS and stained with 0.5% (w/v) 
crystal violet in 70% ethanol after being cultured for 4-6 days. 
Finally, the amount of multicellular tumor spheroids from the 
indicated fields (>10) was measured under a light microscope.

Cell growth assay. To evaluate the effect of transfection of 
DTX3L (control or siRNA), the cells were plated in 96-well 
plates at a density of 2x104/well in a volume of 100 µl in 
medium with 10% FBS. Each well was transfected for the 
indicated times after 24 h. Cell Counting Kit-8 (Dojindo, 
Kumamoto, Japan) reagents were added to each well for 2‑h 
incubation at 37˚C, after which absorbance at the wavelength 
of 450 nm was measured in an automated plate reader.
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Wound-healing assays. U87MG cells were seeded at a 
density of 2x106 in 6-well plates and incubated in DMEM 
supplemented with 10% FBS for 24 h. The cells were then 
transfected with DTX3L siRNA and control siRNA for 36 h 
and subsequently serum starved for 12 h. A straight scratch 
was made in each well with a 10-µl micropipette tip at the 
same time. After being washed three times with PBS, the cells 
were cultured in 5% FBS-DMEM in a humidified atmosphere 
of 5% CO2 at 37˚C, and images of the width of the wound were 
captured under a microscope at 0-, 24- and 48-h time-points.

Transwell migration assay. U87MG cells were transfected 
with DTX3L siRNA and control siRNA for 48 h and then 
resuspended in DMEM supplemented with 0.1% bovine serum 
albumin. Cells at a density of 1x105 were added to the upper 
chambers of 24-well Transwell plates (8-µm pore size; Corning, 
Inc., Corning, NY, USA), and complete medium was added to 
the lower chambers. After being incubated for 36 h at 37˚C, 
the cells remaining in the upper chamber (non-migrated) were 
removed, and the ones on the bottom chamber (migrated) were 
fixed and stained with crystal violet to visualize the nuclei. 
The number of cells that had migrated through the polycar-
bonate membrane was counted under x200 magnification. All 
experiments were performed in triplicate and repeated twice.

Annexin V analysis. U87MG cells were transfected with the 
indicated siRNA or plasmid and subsequently treated with TMZ 
for 4 h as indicated. Then after being separated with trypsin, the 
cells were washed three times and stained with FITC‑Annexin V 
(Biosource, Camarillo, CA, USA) for 15 min and then finally 
detected on a FacsCalibur (BD Biosciences, San Jose, CA, USA).

Statistical analysis. All of the numerical data were analyzed 
using the SPSS 17.0 software package (SPSS, Inc., Chicago, 

IL, USA). The statistical significance of the correlations 
between DTX3L and clinicopathologic features were analyzed 
by the Chi-square (χ2) test. Univariate survival analysis was 
performed using the Kaplan-Meier method and curves were 
compared using the log-rank test. Multivariate survival 
analysis was carried out using Cox's proportional hazards 
regression model and the risk ratio and its 95% confidence 
interval were recorded for every marker. P-value <0.05 was 
considered to indicate a statistically significant difference. All 
values are presented as mean ± SEM and each experiment was 
carried out three times.

Results

Identification of DTX3L expression in glioma. To reveal the 
potential role of DTX3L in glioma progression, we firstly 
used western blotting to analyze the expression of DTX3L 
in a panel of glioma specimens, including two normal brain 
tissue samples and six glioma samples. We noted that DTX3L 
protein expression was significantly increased in high-grade 
glioma tissues compared with that observed in the low-grade 
glioma tissues and normal brain tissues (Fig. 1A and B). Then, 
we also examined the expression of DTX3L in normal human 
gliocyte HEB cells and glioma cell lines, U87MG, U251MG, 
A172 and U118. As expected, DTX3L was highly expressed 
in the glioma cell lines (Fig. 1C and D) compared to that 
noted in the HEB cells. Next, immunohistochemistry was 
used to analyze DTX3L expression and Ki-67 expression in 
96 glioma samples to confirm the association of DTX3L with 
glioma progression. DTX3L expression was increased as the 
degree of malignancy was increased (Fig. 2A). In addition, 
Spearman's correlation coefficient demonstrated a positive 
correlation between DTX3L and Ki-67 expression (r=0.568, 
P<0.01) (Fig. 2B).

Figure 1. Expression of Deltex-3-like (DTX3L) in human glioma tissues and cells. (A and C) Western blot analysis of DTX3L expression in glioma tissues 
(grades II-IV), normal brain tissues, HEB, and U251MG, A172, U87MG and U118 glioma cells. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was 
used as a control for protein load and integrity. (B and D) The bar charts show the ratio of DTX3L protein to GAPDH for the above by densitometry. Data are 
expressed as the mean ± SD of three independent experiments. *P<0.05.
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DTX3L expression and patient survival. To further explore the 
correlation between clinicopathologic and pathophysiological 
features of glioma and DTX3L expression, the immuno-
histochemical results of the 96 glioma specimens are listed 
in Table I. We found that DTX3L expression was significantly 
correlated with clinicopathologic grade (P=0.002) and Ki-67 
expression (P=0.027). However, no significant correlation was 
observed between DTX3L expression and patient age, sex, 
tumor location, type of surgery, or tumor size in the 96 glioma 
cases. Multivariate Cox regression analysis indicated that 
DTX3L expression is an independent predictor of survival 
(P=0.022)  (Table  II). Furthermore, Kaplan-Meier survival 
curves indicated that upregulation of DTX3L was significantly 
correlated with a shortened overall survival (P<0.01) (Fig. 2C).

Knockdown of DTX3L by RNA interference. We selected 
U87MG cells for the siRNA experiment, as this cell line 
expresses a high level of endogenous DTX3L. To further study 
the potential function of DTX3L in glioma cell proliferation, 
we used four siRNAs against DTX3L expression to test their 
interference efficiency and the result showed that DTX3L 
protein levels were significantly decreased in the cells 
transfected with siDTX3L-1 compared with the level noted in 
the cells transfected with the control siRNA (Fig. 3A and B). 
It has been reported that U87MG cells have the ability to 

spontaneously form multicellular tumor spherioids (14,15); 
thus we speculated that DTX3L has an effect on tumor spheroid 
formation. We transfected U87MG cells with DTX3L-siRNA 
or control-siRNA. Knockdown of DTX3L resulted in an 
obvious decrease in multicellular tumor spheroids (Fig. 3C). 
In addition, we examined the effect of DTX3L silencing on the 
cell growth rate. As expected, knockdown of DTX3L was able 
to inhibit the cell growth rate (Fig. 3D). Taken together, we 
demonstrated that DTX3L silencing coutributed to a reduction 
in the proliferation of the glioma cells.

Decreased cell invasion in the DTX3L-depleted glioma cells. 
Since a previous study reported that DTX3L significantly 
contributes to the migration and invasion of melanoma 
cells (12), we also investigated whether silencing of DTX3L 
could inhibit glioma cell migration and invasion. We analyzed 
the potential ability of DTX3L to induce cell motility using 
wound-healing and Transwell assays. In the wound-healing 
assay, the cell migration was reduced in the DTX3L-siRNA 
group compared with that in the control group, which indi-
cated that the migratory ability of the U87MG cells transfected 
with DTX3L-siRNA was much weaker than that in the cells 
transfected with the control-siRNA (Fig. 4A and B). In addi-
tion, the results of the Transwell migration assay also showed 
that the number of U87MG cells which passed through the 

Figure 2. The correlation between Deltex-3-like (DTX3L) and the grade of glioma, Ki-67 and glioma outcome. (A) Paraffin-embedded glioma tissue sec-
tions (including grades II-IV) were stained with anti-DTX3L antibodies and anti-Ki-67 antibodies, and counterstained with hematoxylin (SP x400). (B) The 
relationship between DTX3L and Ki-67. (C) Kaplan-Meier survival curve for patterns of patients with glioma and the expression of DTX3L in 96 patients with 
glioma. Patients in the high-expression DTX3L group had an apparently shorter overall survival (P<0.01).
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Figure 3. Effect of Deltex-3-like (DTX3L) downregulation on glioma cell growth. (A) Western blot analysis was used to analyze DTX3L expression after trans-
fection with DTX3L-siRNA in U87MG cells and the results showed that siDTX3L-4 achieved the most effective knockout effect. (B) The bar chart shows the 
ratio of DTX3L protein to glyceraldehyde 3-phosphate dehydrogenase (GAPDH) for the above by densitometry. Data are expressed as the mean ± SD. *P<0.05 
compared with the control. (C) The histogram shows the mean ± SD values of MCTS formation from three independent experiments and each experiment was 
conducted in duplicate. Data are expressed as the percentage of MCTS relative to the control cells. Student's t-test, *P<0.05. (D) The graph exhibits the growth 
curves of U87MG cells transfected with DTX3L (control or siRNA). *P<0.05.

Figure 4. Silencing of Deltex-3-like (DTX3L) inhibits the migration of glioma cells. (A and B) U87MG cells transfected with DTX3L-siRNA and control-
siRNA were examined in wound-healing assays. Images were captured at 0, and 48 h using an inverted Leica phase-contrast microscope (x200 magnification).  
*P<0.05. (C and D) Transwell assays indicate the effect of DTX3L expression on glioma cell migration ability. Each time-point was determined from three 
independent experiments. *P<0.05. (E) Western blot analysis of E-cadherin and vimentin in the control, vector and siDTX3L cells.
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membrane onto the lower chamber was markedly less in the 
the DTX3L-siRNA-transfected cells compared to that noted 
in the control-siRNA-transfected cells (Fig. 4C and D). Next, 
in order to validate these results, we assessed the protein levels 
of E-cadherin and vimentin, which are markers of epithelial-
mesenchymal transition (EMT) (16,17) and contribute to tumor 
metastasis, in the DTX3L-siRNA group and the negative 
control group by western blot analysis. As shown in Fig. 4C, in 
the DTX3L-siRNA group, E-cadherin expression was upregu-
lated, while vimentin expression exhibited an opposite trend. 
These observations confirm that DTX3L was associated with 
glioma migration and invasion.

Loss of DTX3L expression sensitizes glioma cells to a 
chemotherapeutic drug. TMZ is the main therapeutic strategy 
for patients suffering from gliomas (18,19). In this study, we 
analyzed whether loss of DTX3L expression could enhance 

Figure 5. Knockdown of Deltex-3-like (DTX3L) sensitizes glioma cells to 
temozolomide (TMZ). (A) U87MG cells transfected with DTX3L-siRNA 
and control-siRNA were treated with TMZ as indicated for 4 h. Whole cell 
lysates were collected, and western blot was used to analyze the levels of 
cleaved caspase-3, cleaved PARP and glyceraldehyde 3-phosphate dehydro-
genase (GAPDH). (B) The percentages of Annexin V-positive U87MG cells 
treated as indicated were determined. *P<0.05. (C) Western blotting was used 
to assess the protein level of MGMT in the cells treated as indicated.

Table I. Correlation between DTX3L expression and the clini-
copathological characteristics of the 96 glioma specimens.

	 DTX3L expression
	 -------------------------------------
		  Low	 High
Variables	 Total	 (score <5)	(score ≥5)	 χ2 value	 P-value

Age (years)
  <50	 48	 25	 23	 1.046	 0.306
  ≥50	 48	 20	 28

Sex
  Female	 39	 19	 20	 0.090	 0.765
  Male	 57	 26	 31

Tumor location
  Frontal	 30	 18	 12	 3.895	 0.420
  Parietal	 12	 6	 6
  Occipital	 13	 6	 7
  Temporal	 28	 10	 18
  Unknown	 13	 5	 8

Surgery
  Biopsy	 17	 8	 9	 0.014	 0.993
  Total resection	 55	 26	 29
  Subtotal section	 24	 11	 13

Tumor size (cm)
  <4	 54	 28	 26	 1.228	 0.268
  ≥4	 42	 17	 25

WHO grade
  II	 28	 19	 9	 12.268	 0.002a

  III	 43	 21	 22
  IV	 25	 5	 20

Ki-67 expression
  Low	 44	 26	 18	 4.868	 0.027a

  High	 52	 19	 33

Statistical analyses were performed by the Pearson's χ2-test. aP<0.05 was 
considered significant.

Table II. Contribution of various potential prognostic factors 
to survival by Cox regression analysis of 96 glioma specimens.

Characteristics	 Hazard ratio	 95% CI	 P-value

Age (years)	 1.271	 0.753-2.146	 0.370
Sex	 1.597	 0.886-2.878	 0.119
Tumor location	 0.985	 0.820-1.184	 0.874
Tumor size	 1.054	 0.607-1.830	 0.852
Surgery	 1.074	 0.712-1.619	 0.734
WHO grade	 1.832	 1.269-2.647	 0.001a

DTX3L expression	 2.038	 1.110-3.744	 0.022a

Ki-67 expression	 2.150	 1.149-4.022	 0.017a

Statistical analyses were performed by the Cox regression analysis. 
aP<0.05 was considered significant. CI, confidence interval.
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the cytotoxic effects of TMZ in U87MG cells. We first trans-
fected U87MG cells with DTX3L-siRNA or control-siRNA 
and subsequently treated the U87MG cells with TMZ. Next 
western blot analysis was performed to detect the cleavage 
of caspase-3 and PARP in the U87MG cells. As expected, 
knockdown of DTX3L contributed to increased expression of 
caspase-3 and PARP (Fig. 5A). Meanwhile, the percentages of 
Annexin V-positive U87MG cells in the different treatment 
groups were determined. The percentage of apoptotic cells 
was increased in the DTX3L-siRNA + TMZ group compared 
with that in the DTX3L-siRNA and TMZ treatment alone 
groups. Our data revealed that knockdown of DTX3L expres-
sion by siRNA facilitated glioma cell apoptosis induced by 
TMZ (Fig. 5B). Since enzyme O6-methylguanine-DNA meth-
yltransferase (MGMT) has been reported to suppress TMZ 
sensitivity, we further examined the protein level of MGMT. 
The results showed that MGMT was not apparently alter in the 
experiment (Fig. 5C).

Discussion

Malignant gliomas are the most prevalent brain tumors with 
a poor survival despite maximal therapy (20,21). Although 
traditional treatments for glioma such as surgical resection, 
chemotherapy and radiotherapy have a beneficial effect on 
patient survival, the prognosis of glioma patients remains 
poor (4,21,22). This poor prognosis is mainly due to loss of 
control of the primary tumor and widespread invasion of 
tumor cells throughout the normal brain (21,23). Therefore, 
elucidation of the molecular biological mechanisms under-
lying glioma pathogenesis are urgently needed.

DTX3L is a member of the Deltex (DTX) family (DTX1, 
DTX2 and DTX3) (7). Much research suggests that DTX3L 
is involved in the occurrence and development of a variety of 
solid cancers (12,13). DTX3L, as a component of the BAL/
DTX3L complex, has been reported to be involved in host 
response diffuse large B-cell lymphomas by regulating the 
nucleocytoplasmic trafficking of transcription factors (24). An 
additional study found that DTX3L participates in the DNA 
damage response pathway following exposure to genotoxic 
agents via the post-translational modification of histone 
H4 (10). A proteomic study showed that DTX3L has an effect 
on tumorigenesis via influencing the nuclear activities of 
STAT1 by antagonistically regulating the tyrosine phosphory-
lation of STAT1 on Y701 in cooperation with ARTD9 (13). 
Moreover, elevated DTX3L was found to contribute to cellular 
metastasis during melanoma pathogenesis (12). On the basis of 
these findings, we inferred that DTX3L may be involved in the 
progression of tumors. Thus, in the present study, we explored 
the potential function of DTX3L in glioma progression.

Recent studies have reported that aberrant functioning of 
DTX3L is considered to cause cell migration and dysregulated 
cell growth  (12,14). In this study, we showed that deple-
tion of DTX3L by RNA interference suppressed glioma 
cell migration and the DTX3L protein level was negatively 
correlated with E-cadherin expression, which is a marker of 
epithelial-mesenchymal transition (EMT) and contributes 
to cancer metastasis (25). As known, during carcinogenesis, 
tumor cell resistance to apoptosis contributes to the develop-
ment and progression of cancers  (26). TMZ is considered 

as a first-line chemotherapeutic drug for the treatment of 
glioma patients  (27). Accordingly, we aimed to ascertain 
whether DTX3L has an effect on sensitizing glioma cells to 
TMZ-induced apoptosis. As expected, our data revealed that 
knockdown of DTX3L expression by siRNA facilitated glioma 
cell apoptosis induced by TMZ. In conclusion, this is the first 
study to demonstrate that the DTX3L level is significantly 
increased in human glioma tissues and DTX3L upregulation 
is correlated with glioma grade and poor prognosis of glioma. 
Furthermore, the silencing of DTX3L by RNA interference 
inhibited the growth and migration of glioma cells as well as 
induced cell apoptosis. Based on these findings, we propose 
that DTX3L may serve as a potential prognostic biomarker 
and a therapeutic target for glioma. However, the detailed 
mechanism underlying the association between DTX3L and 
the development of glioma needs further investigation.
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