
O R I G I N A L  R E S E A R C H

UBE2T Promotes Temozolomide Resistance of 
Glioblastoma Through Regulating the Wnt/β-Catenin 
Signaling Pathway
Yang Wang, Ge Gao, Xiangpin Wei, Yang Zhang, Jian Yu

Department of Neurosurgery, The First Affiliated Hospital of USTC, Division of Life Sciences and Medicine, University of Science and Technology of 
China, Hefei, People’s Republic of China

Correspondence: Jian Yu, Department of Neurosurgery, The First Affiliated Hospital of USTC, Division of Life Sciences and Medicine, University of 
Science and Technology of China, Tel + 86 551 62283413, Fax + 86 551 62283413, Email yujianqi024@163.com 

Purpose: Patients with glioblastoma (GBM) have poor prognosis and limited therapeutic options, largely because of chemoresistance 
to temozolomide (TMZ) treatment. Ubiquitin conjugating enzyme E2 T (UBE2T) plays a key role in regulating the malignancy of 
various tumors, including GBM; however, its role in TMZ resistance of GBM has not been elucidated. The purpose of this study was 
to clarify the role of UBE2T in mediating TMZ resistance and investigate the specific underlying mechanism.
Methods: Western blotting was used to detect the protein levels of UBE2T and Wnt/β-catenin-related factors. CCK-8, flow cytometry, 
and colony formation assays were used to examine the effect of UBE2T on TMZ resistance. Wnt/β-catenin signaling pathway 
activation was inhibited using XAV-939, and a xenograft mouse model was generated to clarify the function of TMZ in vivo.
Results: UBE2T knockdown sensitized GBM cells to TMZ treatment, whereas UBE2T overexpression promoted TMZ resistance. 
The specific UBE2T inhibitor, M435-1279, increased the sensitivity of GBM cells to TMZ. Mechanistically, our results demonstrated 
that UBE2T induces β-catenin nuclear translocation and increases the protein levels of downstream molecules, including survivin and 
c-Myc. Inhibition of Wnt/β-catenin signaling using XAV-939 blocked TMZ resistance due to UBE2T overexpression in GBM cells. In 
addition, UBE2T was shown to facilitate TMZ resistance by inducing Wnt/β-catenin signaling pathway activation in a mouse 
xenograft model. Combined treatment with TMZ and UBE2T inhibitor achieved superior tumor growth suppression relative to 
TMZ treatment alone.
Conclusion: Our data reveal a novel role of UBE2T in mediating TMZ resistance of GBM cells via regulating Wnt/β-catenin 
signaling. These findings indicate that targeting UBE2T has promising potential to overcome TMZ resistance of GBM.
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Introduction
Glioblastoma (GBM) is the most common malignant primary brain tumor and is associated with higher recurrence and lower 
survival rates.1,2 Temozolomide (TMZ)-based chemotherapies are the standard treatment options for GBM;3 however, GBM 
tumors inevitably become resistant to TMZ and patients have poor prognosis, due to the molecular heterogeneity, hyper-
activation of pro-survival pathways, rapid growth rate, and immunosuppression of GBM tumors.4 Aberrantly activated genes, 
such as O6-methylguanine-DNA methyltransferase (MGMT), which can repair DNA alkylation damage caused by TMZ, have 
key roles in TMZ resistance of GBM.5 Although there have been many attempts to improve the efficacy of therapy for GBM, 
unfortunately, none have achieved the desired therapeutic effect.6 Therefore, it is of great clinical significance to elucidate the 
mechanism underlying TMZ resistance and develop new targets for therapeutic intervention.

Ubiquitin conjugating enzyme E2 T (UBE2T, also known as HSPC150) belongs to the ubiquitin E2 family and 
participates in ubiquitin activation by transfer from the E1 activating enzyme to the substrate.7 UBE2T was initially 
reported as a negative regulator of the Fanconi anemia (FA) pathway; its deletion leads to impaired DNA repair ability 
and the formation of abnormal chromosomes, which are a feature of FA.8,9 In addition to its relevance in FA, UBE2T also 
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has vital roles in the development, progression, and recurrence of various tumors.10–14 UBE2T facilitates the occurrence 
and development of ovarian cancer by regulating epithelial–mesenchymal transition (EMT) through the PI3K-AKT 
pathway.15 Further, silencing of UBE2T represses lung adenocarcinoma progression by increasing the expression of 
fibulin 5,16 and UBE2T can also promote pyrimidine metabolism by enhancing Akt K63-linked ubiquitination, thus 
contributing to hepatocellular carcinoma (HCC) development.17

Recent studies have discovered that UBE2T plays a key role in therapy resistance in various tumors. For example, 
UBE2T enhances radiation resistance through ubiquitination-mediated FOXO1 degradation and Wnt/β-catenin signaling 
pathway activation in non-small cell lung cancer.18 Further, UBE2T-mediated mono-ubiquitination of H2AX/γH2AX 
decreases HCC radiosensitivity by activating cycle checkpoint kinase 1,19 while hypoxia-induced downregulation of 
UBE2T increases tumor sensitivity to the DNA crosslinking agent, mitomycin C.20 Moreover, UBE2T promotes 
proliferation and inhibits apoptosis of GBM cells through inducing K48-linked polyubiquitination of ribosomal protein 
L6 in an E3 ligase-independent manner.21 Another group reported that UBE2T overexpression enhances GBM cell 
invasion and migration through stabilizing glucose-regulating protein 78 and facilitating EMT.22

Overall, the available evidence indicates that UBE2T may be a valuable therapeutic target in the treatment of GBM. 
Nevertheless, the function and underlying mechanism of UBE2T in TMZ resistance of GBM remain unclear. In the 
current study, we aim to clarify the role of UBE2T in mediating TMZ resistance and investigate the specific underlying 
mechanism.

Materials and Methods
Cell Lines
The U87 MG and HEK293T cell lines were purchased from American Type Culture Collection (ATCC). U251 cells were 
obtained from Shanghai Cell Bank (Chinese Academy of Science, Shanghai, China). All cell lines were authenticated by 
Short Tandem Repeat (STR) assay. All cells were cultured in DMEM (Gibco, Waltham, MA, USA) supplemented with 
10% fetal bovine serum (Gibco) in a 5% CO2 atmosphere at 37°C.

Antibodies and Reagents
Antibodies for UBE2T (ab140611, 1:1000), survivin (ab76424, 1:1000), β-catenin (ab32572, 1:1000), and Lamin B1 
(ab133741, 1:1000) were purchased from Abcam (Cambridge, UK). C-Myc (10828-1-AP, 1:1000) antibody was obtained 
from Proteintech (Wuhan, China). Antibodies for β-actin (AC026, 1:50000) and GAPDH (AC002, 1:5000) were 
purchased from Abclonal (Wuhan, China). XAV-939 (S1180), M435-1279 (S1180), puromycin (S7417), polybrene 
(E1299), and TMZ (S1237) were acquired from Selleck Chemicals (Houston, TX, USA).

Plasmids and shRNAs
A vector containing the UBE2T coding sequence was purchased from Wzbio (CH858804, Jinan, China). UBE2T was 
subcloned into pCMV (PS100069, OriGene, Rockville, MD, USA) to generate the pCMV-UBE2T vector. Vectors 
containing UBE2T-specific shRNA1 (TRCN0000098575) and shRNA2 (TRCN0000098576) were purchased from 
Sigma-Aldrich (St. Louis, MO, USA).

UBE2T Overexpression and Knockdown
Lentiviruses were produced by transfecting overexpression or shRNA constructs into HEK293T cells with packaging 
plasmids (psPAX2 and pMD2.G), using Lipofectamine 2000 reagent (11668019, ThermoFisher Scientific, Waltham, MA, 
USA), according to the manufacturer’s protocol. Cell supernatants were harvested 48 h after transfection. To obtain 
stable cell lines, U87 and U251 cells were infected with lentiviral supernatants for 24 h in the presence of polybrene (10 
ng/mL) and then selected by culture in medium supplemented with puromycin (2 μg/mL). UBE2T overexpression and 
knockdown efficiencies were assessed by Western blotting assay.
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Cell Survival Rate Assay
Cell survival rate was examined using the Cell Counting Kit-8 (CCK-8, C0037, Beyotime, Shanghai, China). In brief, 
U251 and U87 cells were seeded into 96-well plates (3000 cells per well) and treated as required. Subsequently, 10 μL of 
CCK-8 reagent was added to the wells and cells cultured for 2 h at 37°C in 5% CO2. Plates were then analyzed by 
spectrometry (450 nm) using a ThermoFisher Scientific Multiskan FC instrument.

Western Blotting
Cells were harvested and lysed with RIPA lysis buffer (P0013B, Beyotime) supplemented with 1 mM PMSF. Protein 
concentrations were determined using a bicinchoninic acid kit (P0012S, Beyotime). Equal amounts of protein samples 
were separated by SDS-PAGE, transferred onto polyvinylidene fluoride membranes, then probed with primary antibodies 
at 4°C overnight, and incubated with secondary antibodies at room temperature for 1 h. Western blotting band signals 
were detected using an enhanced chemiluminescence kit and analyzed using ImageJ software.

Apoptosis Assay
Cells were seeded into 6-cm dishes and treated as required. After treatment, cells were trypsinized, collected, washed 
with PBS, and gently resuspended in 500 μL binding buffer (556547, BD Bioscience, Franklin Lakes, NJ, USA). 
Thereafter, cells were stained with 5 μL Annexin V-FITC for 15 min and 5 μL propidium iodide for another 5 min. 
Finally, the stained cells were harvested using a BD FACSCalibur instrument and analyzed with FlowJo software.

Colony Formation Assay
Cells (800–1200/well) were seeded into 6-well plates and treated as indicated. Next, cells were rinsed with PBS, fixed 
with methanol, and stained with crystal violet. Colonies with >50 cells were counted using ImageJ software.

Separation of Nuclear and Cytoplasmic Fractions
Separation of cell nuclear and cytoplasmic fractions was carried out using NE-PER Nuclear and Cytoplasmic Extraction 
Reagents (78833, ThermoFisher Scientific), according to the manufacturer’s protocol. Western blotting was then 
performed to detect proteins in the nucleus and cytoplasm.

Xenograft Mouse Model
BALB/c nude mice (20–25 g, 4–6 weeks) were purchased from Gempharmatech Co., Ltd (Nanjing, China). U251 cells (5 
× 106) transfected with pCMV or pCMV-UBE2T were subcutaneously injected into the left flanks of nude mice. When 
the tumor size approached 100 mm3, mice were randomly assigned to three groups: pCMV+TMZ, pCMV-UBE2T+TMZ, 
and pCMV-UBE2T+TMZ+XAV-939. Then, mice were intraperitoneally injected with TMZ (50 mg/kg) and/or XAV-939 
(15 mg/kg) once a day. Two weeks later, mice were sacrificed by cervical dislocation and the xenograft tumors were 
excised, photographed, and tumor volume was calculated using the formula: (length × width2)/2.

Statistical Analysis
Bars and errors represent the mean ± standard error of the mean (SEM) from at least three independent experiments. 
Student’s t-test and one-way ANOVA were used for group comparisons. GraphPad Prism and Adobe Photoshop were 
used to generate and process graphs. P < 0.05 was considered statistically significant.

Results
UBE2T Knockdown Increases GBM Cell Sensitivity to TMZ
To clarify the function of UBE2T in GBM cell sensitivity to TMZ, UBE2T shRNAs (shRNA1 and shRNA2) were stably 
transferred into U251 and U87 cells by lentiviral transduction; Western blotting showed that UBE2T protein levels are 
significantly reduced in GBM cells transduced with UBE2T shRNA (Figure 1A). Next, U251 and U87 cells with UBE2T 
knocked down were treated with TMZ (100 μM) for different periods of time (48, 72, and 96 h), and CCK-8 assays were 
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performed to examine the cell survival rate. UBE2T deficiency decreased the viability of GBM cells compared with that 
of the control group (Figure 1B). Flow cytometry analysis was conducted to detect apoptosis of U251 and U87 cells 
challenged with TMZ (100 μM) for 72 h. Knockdown of UBE2T significantly promoted GBM cell apoptosis (Figure 1C 
and D). In addition, colony formation assays demonstrated that UBE2T knockdown decreases the colony forming 
abilities of U251 and U87 cells (Figure 1E and F). Thus, our data indicate that UBE2T knockdown sensitizes GBM 
cells to TMZ treatment.

Figure 1 Knockdown of UBE2T sensitizes GBM cells to TMZ treatment. (A) UBE2T protein levels determined by Western blot in U251 and U87 cells with UBE2T stably 
knocked down. PLKO.1 (Ctr), UBE2T shRNA-1 (sh-1), UBE2T shRNA-2 (sh-2). (B) U251 and U87 cells with UBE2T knocked down were treated with TMZ (100 μM) for 48, 
72, and 96 h, and cell survival rates assessed by CCK-8 assay. (C) U251 and U87 cells with UBE2T knocked down were treated with TMZ (100 μM) for 72 h, and apoptosis 
detected by flow cytometry analysis. (D) Apoptotic cell ratios in (C). (E) U251 and U87 cells with UBE2T knocked down were treated with TMZ (20 μM) for 3–7 days, and 
colony formation efficiency determined by colony formation assay. (F) Numbers of clones in (E). n = 3, *P < 0.05, **P < 0.01, compared with the indicated group.
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UBE2T Overexpression Promotes TMZ Resistance in GBM Cells
To further scrutinize the role of UBE2T in the TMZ resistance of GBM cells, U251 and U87 cells stably overexpressing UBE2T 
were constructed. UBE2T protein levels in cells transfected with pCMV-UBE2T (UBE2T) were significantly higher than those 
in cells transfected with empty vector (pCMV) (Figure 2A). We then treated GBM cells overexpressing UBE2T with TMZ (100 
μM) for 48, 72, and 96 h. CCK-8 assays were used to determine cell survival rates and suggested that ectopic expression of 
UBE2T increases GBM cell viability (Figure 2B). Flow cytometry analysis also illustrated that UBE2T overexpression decreases 

Figure 2 Overexpression of UBE2T promotes TMZ resistance in GBM cells. (A) UBE2T protein levels in U251 and U87 cells stably overexpressing UBE2T were determined 
by Western blot. pCMV (Ctr), pCMV-UBE2T (UBE2T). (B) U251 and U87 cells with UBE2T overexpression were challenged with TMZ (100 μM) for 48, 72, and 96 h and 
cell survival rates determined by CCK-8 assay. (C) U251 and U87 cells with UBE2T overexpression were challenged with TMZ (100 μM) for 72 h and flow cytometry 
analysis conducted to detect apoptosis. (D) Apoptotic cell ratios in (C). (E) U251 and U87 cells overexpressing UBE2T were challenged with TMZ (20 μM) for 3–7 days and 
colony formation efficiency determined by colony formation assay. (F) Numbers of clones in (E). n = 3, *P < 0.05, **P < 0.01, compared with the indicated group.
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the apoptosis ratio in GBM cells treated with TMZ (100 μM) (Figure 2C and D). Consistent with these findings, the colony 
forming ability in cells overexpressing UBE2T was higher than that in control cells (Figure 2E and F). Collectively, our results 
indicate that UBE2T overexpression confers TMZ insensitivity to GBM cells.

UBE2T Inhibitor Increases the Efficacy of TMZ Treatment of GBM Cells
As high UBE2T expression leads to TMZ resistance in GBM cells, we investigate whether TMZ is more effective 
when used in combination with a UBE2T-specific inhibitor. Consistent with our previous findings, the administration 
of M435-1279 significantly inhibited U251 and U87 cell proliferation (Figure 3A and B). Next, U251 and U87 cells 
were treated with various concentrations of TMZ (0, 10, 25, 50, 100, 200, 400, 800 μM) combined with M435-1279 (5 
μM) for 72 h. CCK-8 assays showed that addition of M435-1279 increases the growth suppressive effect of TMZ 
(Figure 3C and D). Subsequently, we conducted colony formation assays to investigate the colony forming ability of 

Figure 3 The UBE2T inhibitor, M435-1279, increases TMZ sensitivity in GBM cells. (A) U251 and U87 cells were treated with the indicated concentrations of M435-1279 
(0, 1, 2, 5, 10, 20, 50, 100 μM) for 48 h and cell survival rate determined by CCK-8 assay. (B) U251 and U87 cells were treated with 10 μM M435-1279 for 24, 48, 72, and 96  
h and cell survival rate determined by CCK-8 assay. (C) U251 and (D) U87 cells were treated with the indicated concentrations of TMZ (0, 10, 25, 50, 100, 200, 400, 800 
μM) in combination with or without M435-1279 (5 μM) for 72 h and cell survival rate determined by CCK-8 assay. (E) U251 and U87 cells were treated with TMZ (20 μM) 
in combination with or without M435-1279 (2 μM) for 3–7 days. (F) Colony formation efficiency was determined by colony formation assay. n = 3, *P < 0.05, **P < 0.01, 
compared with the indicated group.
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GBM cells treated with TMZ and/or M435-1279. Compared with treatment with TMZ alone, administration of M435- 
1279 combined with TMZ led to reduced colony formation of U251 and U87 cells (Figure 3E and F). Hence, our data 
suggest that UBE2T inhibition increases the sensitivity of GBM cells to TMZ treatment, and that combination 
treatment with a UBE2T inhibitor and TMZ may improve the therapeutic effect of TMZ and overcome TMZ 
resistance.

UBE2T Promotes Activation of the Wnt/β-Catenin Signaling Pathway in GBM Cells
Next, we explored the molecular mechanisms underlying UBE2T mediation of TMZ resistance in GBM cells. As UBE2T 
regulates the Wnt/β-catenin signaling pathway in various tumors,11,13,14 we next investigated whether UBE2T participates in 
regulation of Wnt/β-catenin signaling in GBM cells. Western blotting showed that UBE2T knockdown decreases β-catenin 
expression, as well as that of its downstream molecules, such as survivin and c-Myc (Figure 4A and D), whereas, UBE2T 

Figure 4 UBE2T activates the Wnt/β-catenin signaling pathway in GBM cells. Survivin, c-Myc, β-catenin, and β-actin protein levels detected by Western blot in U251 and 
U87 cells: (A) transfected with pLKO.1 (Ctr), UBE2T shRNA-1 (sh-1), and UBE2T shRNA-2 (sh-2); (B) transfected with pCMV (Ctr) and pCMV-UBE2T (UBE2T); and (C) 
treated with M435-1279 (10 and 20 μM) for 48 h. (D–F) Quantification of protein levels in (A–C), respectively. (G) β-catenin protein levels detected by Western blot in the 
cytoplasm (cyto) and nuclear (nucl) fractions of U251 and U87 cells. GAPDH and Lamin B1 were used as markers of cytoplasm and nucleus fractions, respectively. (H) 
Quantification of UBE2T protein levels in (G). n = 3, *P < 0.05, **P < 0.01, compared with the indicated group.
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overexpression increased the expression of these proteins (Figure 4B and E). Notably, the administration of UBE2T inhibitor 
strongly reduced the protein levels of β-catenin, survivin, and c-Myc (Figure 4C and F). In addition, UBE2T overexpression 
enhanced the nuclear translocation of β-catenin, indicating activation of the Wnt/β-catenin pathway (Figure 4G and H). Thus, 
our results suggest that UBE2T positively regulates Wnt/β-catenin signaling in GBM cells, while UBE2T inhibition can 
suppress Wnt/β-catenin signaling activity.

UBE2T Confers TMZ Resistance to GBM Cells via Wnt/β-Catenin Signaling
Subsequently, we examined whether Wnt/β-catenin signaling is involved in the role of UBE2T in TMZ resistance of 
GBM cells. A well-known Wnt/β-catenin inhibitor, XAV-939, was applied to block β-catenin activation.23,24 CCK-8 
assay results demonstrated that the effects of UBE2T overexpression are greatly reduced in the presence of XAV-939 
(Figure 5A and B). Compared with cells with UBE2T overexpression alone, the apoptosis of cells treated with XAV-939 
was dramatically increased (Figure 5C and D). Correspondingly, colony formation assays also demonstrated that XAV- 
939 decreases the colony forming abilities of U251 and U87 cells overexpressing UBE2T (Figure 5E and F). 
Collectively, these data suggest that UBE2T mediates TMZ resistance by activating Wnt/β-catenin signaling in GBM 
cells.

UBE2T Promotes TMZ Resistance in vivo Through Wnt/β-Catenin Signaling
Next, subcutaneous xenografts were used to evaluate the role of UBE2T in a mouse model. As shown in Figure 6A, 
UBE2T overexpression promoted tumor growth, whereas blocking Wnt/β-catenin using XAV-939 reversed this phenom-
enon (Figure 6A and B). Further, UBE2T overexpression also activated Wnt/β-catenin in tumors, but not in mice injected 
with XAV-939 (Figure 6C and D). Furthermore, we explored the combined effect of TMZ and UBE2T inhibitor treatment 
in vivo, and found that the combination of TMZ and UBE2T inhibitor was more effective than TMZ treatment alone 
(Figure 6E and F). Together, our results demonstrate that UBE2T promotes TMZ resistance by activating the Wnt/β- 
catenin signaling pathway, and that UBE2T inhibitor treatment can enhance the growth suppressive effect of TMZ in 
a mouse model.

Discussion
GBM is the most aggressive primary brain tumor in adults and accounts for more than 50% of all gliomas.25 Although 
the treatment of GBM has evolved over the years, most patients with GBM still have a very poor prognosis, with a 5-year 
relative survival rate of 5%.26 TMZ is a common clinical chemotherapy for GBM, which can cross the blood–brain 
barrier and trigger tumor cell apoptosis;27 however, resistance to TMZ develops quickly and frequently. In the current 
study, we found that ectopic expression of UBE2T decreases TMZ-induced GBM cell apoptosis, whereas UBE2T 
knockdown induces apoptosis. UBE2T inhibition using specific inhibitors also increased GBM cell sensitivity to TMZ 
both in vitro and in vivo. Our findings suggest that UBE2T is a promising therapeutic target to overcome TMZ resistance 
in patients with GBM.

Recently, targeted therapies have shown great prospects for application in the treatment of malignant tumors. Yu et al 
identified a novel UBE2T inhibitor, M435-1279, that can inhibit Wnt/β-catenin signaling hyperactivation. This inhibitor 
suppresses gastric cancer progression by blocking UBE2T-mediated degradation of receptor for activated C kinase 1 
(RACK1), while reducing cytotoxicity.13 UBE2T is also significantly overexpressed in GBM and contributes to GBM 
malignant progression,21,22 making it an attractive target for GBM-targeted therapy.

In this study, we demonstrated that treatment with UBE2T inhibitors significantly reduces GBM cell proliferation and 
enhances the growth suppressive effect of TMZ on GBM cells. Further, we showed that M435-1279 combined with TMZ 
is more effective in inhibiting tumor growth than TMZ alone in a mouse xenograft model. Thus, targeted inhibition of 
UBE2T has significant prospects for clinical application to overcome TMZ resistance. In our future investigations, we 
will further explore the clinical effects of UBE2T inhibition.

Many reports have indicated that UBE2T participates in regulation of various intracellular oncogenic signaling pathways. 
UBE2T was originally shown to bind to FA Complementation Group L and regulate the FA pathway.8 Further, UBE2T 
overexpression enhances malignant progression by activating the PI3K-AKT signaling pathway in ovarian cancer, lung 
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adenocarcinoma, breast cancer, renal cell carcinoma, and osteosarcoma.10,28–31 UBE2T significantly promotes retinoblas-
toma tumorigenesis via STAT3 signaling.32 Notably, UBE2T induces Wnt/β-catenin pathway activation through RACK1 
ubiquitination and degradation, resulting in promotion of gastric cancer progression.13 Further, UBE2T physically binds to 
and increases the ubiquitination of Mule, which subsequently mediates β-catenin degradation, thereby regulating liver cancer 

Figure 5 UBE2T promotes TMZ resistance via Wnt/β-catenin signaling. GBM cells with or without UBE2T overexpression were treated with TMZ (100 μM) and/or XAV- 
939 (10 μM) for 72 h, and CCK-8 assays used to detect cell survival rates in (A) U251 and (B) U87 cells. (C) Apoptosis was detected by flow cytometry analysis. (D) Ratio 
of apoptotic cells in (C). (E) GBM cells with or without UBE2T overexpression were treated with TMZ (20 μM) and/or XAV-939 (2 μM) for 3–7 days. Colony formation 
efficiency detected by colony formation assay. (F) Numbers of clones in (E). n = 3, *P < 0.05, **P < 0.01, compared with the indicated group.
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stem cells.14 UBE2T can also promote β-catenin nuclear translocation through activating MAPK/ERK signaling in 
hepatocellular carcinoma.11 Wnt/β-catenin signaling is a highly conserved pathway that mediates biological processes, 
including proliferation, genetic stability, apoptosis, and stem cell renewal.33 Once activated, β-catenin translocates to the 
nucleus and induces activation of its target genes (encoding c-Myc, survivin, cyclin D1) via TCF/LEF transcription factor 
activity.34 Our data demonstrated that UBE2T overexpression increases the levels of β-catenin, c-Myc, and survivin, and 
induces β-catenin nuclear translocation, and that these activities are inhibited by UBE2T knockdown. Moreover, the use of 
a specific UBE2T inhibitor also suppressed Wnt/β-catenin signaling hyperactivation.

Figure 6 Inhibition of UBE2T increases TMZ sensitivity in a mouse xenograft model. (A) U251 cells with or without stable overexpression of UBE2T were implanted 
subcutaneously into nude mice. When the tumor volumes were approximately 100 mm3, mice were randomly divided into three groups: pCMV+TMZ (Ctr+TMZ), pCMV- 
UBE2T+TMZ (UBE2T+TMZ), and pCMV-UBE2T+TMZ+XAV-939 (UBE2T+TMZ+XAV-939). Then, mice were intraperitoneally injected with TMZ (50 mg/kg) or/and XAV- 
939 (15 mg/kg) once a day. After two weeks, ectopic xenograft tumors were excised and photographed. (B) Measurement of tumor volumes in (A). (C) Survivin, c-Myc, β- 
catenin, UBE2T, and β-actin protein levels in tumors detected by Western blot. (D) Quantification of protein levels in (C). (E) U251 cells were implanted subcutaneously 
into nude mice. When the tumor volumes were approximately 100 mm3, mice were randomly divided into four groups: unstimulated (Ctr), TMZ, M435-1279 (1279), and 
TMZ+M435-1279 (TMZ+1279). Then, mice were intraperitoneally injected with TMZ (50 mg/kg) and/or M435-1279 (10 mg/kg) once a day. After two weeks, ectopic 
xenograft tumors were excised and photographed. (F) Measurement of tumor volumes in (E). n = 6, *P < 0.05, **P < 0.01, compared with the indicated group.
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Abnormal activation of the Wnt/β-catenin pathway is strongly implicated in various human tumors, indicating that it is 
a promising therapeutic target.35,36 Wnt/β-catenin signaling is also highly activated in GBM and active Wnt/β-catenin is 
associated with reduced survival of patients with GBM;37,38 hence, targeting specific regulatory components of the Wnt/β- 
catenin signaling pathway has the potential to enhance the survival rate of patients with GBM. Wnt/β-catenin signaling 
promotes chemoresistance of various tumors by transcriptionally activating oncogenes that promote cell survival, such as 
those encoding c-Myc, survivin, and cyclin D1.39 Further, the Wnt/β-catenin pathway enhances TMZ resistance by inducing 
MGMT expression, and Wnt inhibition, thereby augmenting the effects of alkylating drugs.40 Furthermore, Wnt/β-catenin 
signaling contributes to TMZ resistance through regulating cell stemness and EMT in GBM.41 Here, we showed that inhibition 
of Wnt/β-catenin abolishes UBE2T overexpression-induced TMZ resistance both in vitro and in vivo. Therefore, UBE2T 
confers TMZ resistance via activating Wnt/β-catenin signaling in GBM. Inhibition of the Wnt/β-catenin pathway by targeting 
UBE2T is a potential approach to overcome TMZ resistance.

Conclusion
Overall, our data demonstrated that UBE2T promotes TMZ resistance by inducing Wnt/β-catenin signaling activation in 
GBM cells and in a mouse xenograft model. Treatment with a UBE2T-specific inhibitor greatly facilitated the growth 
suppressive effect of TMZ. These findings indicate that targeting UBE2T has the potential to overcome TMZ resistance 
in the clinic.
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