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Background: Uridine diphosphate-N-acetylglucosamine pyrophosphorylase-1-like-1 (UAP1L1) is involved 
in protein glycosylation and promotes proliferation in some tumors. By analyzing the publicly available Gene 
Expression Omnibus (GEO) database, we found that UAP1L1 displayed a significant change between paired 
glioma and normal brain tissues. The purpose of this study was to investigate the expression and functional 
role of UAP1L1 in glioma. 
Methods: To determine the expression level of UAP1L1 in glioma, immunohistochemistry (IHC) staining 
was performed in tissue microarrays of 160 gliomas and 24 normal brain tissues. The correlation between 
UAP1L1 expression and the outcomes of glioma patients was analyzed. Human glioblastoma cell lines, U251 
and U87, were employed in this study. Endogenous UAP1L1 expression in U251 and U87 cells was detected 
by quantitative real-time polymerase chain reaction (qRT-PCR). A lentiviral short hairpin RNA (shRNA) 
vector (shUAP1L1) was constructed and used to infect U251 and U87 cells to knock down the expression of 
UAP1L1. We performed 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, colony 
formation assay, flow cytometry, human apoptosis antibody array, and in vivo subcutaneous xenograft model 
to investigate the biological functions of UAP1L1.
Results: We revealed that UAP1L1 expression was obviously upregulated in the glioma tissues. The 
increased UAP1L1 expression level was clinically associated with higher tumor grades and poorer patient 
prognoses. Moreover, we demonstrated that UAP1L1 knockdown suppressed proliferation and increased 
apoptosis of glioma cells in vitro. In the xenograft mouse model, we further verified that UAP1L1 knockdown 
could attenuate the growth of glioma cells in vivo. 
Conclusions: These results indicated that UAP1L1 may play an oncogene-like role in glioma, especially in 
high grade glioma, and thus may be of clinical importance as a future therapeutic target.
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Introduction 

Glioma is the most prevalent primary tumor of the 
brain and spinal cord. According to the World Health 
Organizat ion (WHO) grading cri ter ia ,  gl ioma is 
histologically categorized into grade I–IV subtypes (1). The 
invasion ability of glioma cells increases gradually alongside 
the progression of tumor grade. Glioblastoma (Grade IV), 
which is the most malignant subtype, accounts for 56.6% 
of all gliomas (2). Despite the developments in treatment 
in recent years, the prognosis of glioblastoma patients 
has remained very poor, with a median life expectancy of 
less than 2 years (3-5). Therefore, it is crucial to exploit 
the underlying mechanism of tumorigenesis and develop 
effective therapeutic strategies for malignant glioma.

Glycosylation is one of the most common types of post-
translational modification, and is critical for the biological 
functions of proteins (6,7). More than half of all known 
proteins are affected by glycosylation modification. Aberrant 
glycosylation is linked to several human diseases, including 
cancer. Functionally, glycosylation regulates many aspects 
of cancer cell biology, such as cellular signaling, tumor 
invasion, and metastasis (8-11). In brain cancer, especially 
in glioblastoma, salient alterations of glycosylation have 
been described (12-14). Inhibition of protein glycosylation 
provides a new strategy for glioblastoma treatment. A novel 
inhibitor of N-linked glycosylation has been demonstrated 
to inhibit the glycosylation and phosphorylation of multiple 
receptor tyrosine kinases (RTKs), which in turn retard 
tumor growth in the glioblastoma models (15,16).

Uridine diphosphate (UDP)-N-acetylglucosamine 
pyrophosphorylase-1 (UAP1) is an enzyme that catalyzes 
the synthesis of a sugar donor, UDP-N-acetylglucosamine 
(UDP-GlcNac), for glycosylation (17). UAP1-like-1 
(UAP1L1) is a paralog of UAP1, and they share 59% 
identical sequences. Hill et al. have reported that UAP1L1 
gene methylation is associated with relapse-free survival 
(RFS) in breast cancer (18). More recently, Lai et al. 
demonstrated that UAP1L1 is a critical factor for protein 
glycosylation and promotes proliferation in human 
hepatoma cells (19). However, there is very limited research 
on the functional role of UAP1L1. By analyzing the publicly 
available Gene Expression Omnibus (GEO) database, we 
found that UAP1L1 displayed a significant change between 
paired glioma and normal brain tissues (GSE41031, 
P=0.0035). We speculated that UAP1L1 might participate 
in the development of glioma. 

In this study, for the first time, we investigated the 

expression and functional role of UAP1L1 in glioma. We 
found that UAP1L1 expression was obviously upregulated in 
the glioma tissues. The increased UAP1L1 expression level 
was associated with higher tumor grades and poorer patient 
prognoses. We then verified that UAP1L1 knockdown 
significantly inhibited proliferation of glioma cells both in 
vitro and in vivo. The results indicated that UAP1L1 could 
be a potential therapeutic target of malignant glioma.

We present the following article in accordance with 
the Animal Research: Reporting of In Vivo Experiments 
(ARRIVE) reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-2809).

Methods

Tissue microarrays 

A tissue microarray that included 160 glioma samples was 
purchased from Outdo Biotech Co. Ltd. (chip no. XT18-
004; Shanghai, China). A tissue microarray that included 
23 normal brain samples was purchased from Alenabio 
Co., Ltd (chip no. GLN241; Xi’an, China). The array 
dot diameter was 1.5 mm, and each dot represented a 
tissue sample from 1 individual specimen of confirmed 
glioma. Their diagnoses were independently reviewed by 2 
pathologists and classified by the 2016 WHO criteria. This 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013) and was approved by the 
Ethics Committee of Xiangya Hospital of Central South 
University (2017121173). Informed consent was provided 
by all participants.

Cell lines and culture conditions 

Human glioblastoma cell lines including U251 and U87 
were originally obtained from the Chinese Academy of 
Sciences Cell Bank (Shanghai, China). These cells were 
routinely cultured in high glucose Dulbecco’s modified 
Eagle’s medium (DMEM) supplemented with 10% fetal 
bovine serum (FBS).

Animals

Four-week-old female BALB/c-nude mice of (Shanghai 
Ling-Chang Laboratory Animal Technology Co. Ltd., 
Shanghai, China) were housed in pathogen-free conditions 
and fed ad libitum. All animal experiments were conducted 
in accordance with the Chinese guidelines for the care 
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and use of animals and approved by the Ethics Committee 
of Xiangya Hospital of Central South University (No. 
2017121187).

Immunohistochemistry (IHC)

Tissue sections were cut and mounted on slides. IHC 
was performed as described previously (20). After 
deparaffination and rehydration, antigen retrieval was 
performed by immersing sections in 10 mM citrate buffer 
(pH 6.0) for 2 minutes at 100 ℃. Endogenous peroxidase 
activity was blocked with 0.3% H2O2, and non-specific 
antigens were blocked with normal goat serum. The slides 
were incubated with primary antibody against human 
UAP1L1 (1:200 dilution, Abcam, Cambridge, MA, USA) 
overnight at 4 ℃. After incubating with a secondary 
antibody, 3,3’-diaminobenzidine (DAB) chromogen was 
added to detect the IHC signal. Phosphate-buffered saline 
(PBS) was used as negative control to replace the primary 
antibody.

For statistical analysis, the expression level was recorded 
as immunoreactive score (IRS), which was calculated by 
multiplying the score of the staining intensity and the 
percentage of positive cells. The UAP1L1 staining intensity 
was scored as 0–3 (0, negative; 1, weak; 2, moderate; 3, 
strong). The percentage of UAP1L1-positive–stained cells 
was scored as follows: 1 (0–25%), 2 (26–50%), 3 (51–75%), 
and 4 (76–100%). According to the IRS, the UAP1L1 
staining pattern was classified as having low (IRS 0–3) and 
high (IRS 4–12) expression.

Quantitative real-time polymerase chain reaction 

Endogenous UAP1L1 expression in U251 and U87 glioma 
cells was detected by quantitative real-time polymerase 
chain reaction (qRT-PCR). Trizol reagent (Sigma-Aldrich, 
St. Louis, MO, USA) was used to extract RNA from the 
U251 and U87 cells. The complementary (cDNA) was 
synthesized from total RNA using an Expand Reverse 
Transcriptase Kit (Vazyme Biotech, Nanjing, China). 
The primer sequences for UAP1L1 were as follows: 
forward 5’-GGAGCGGAAAGACAAAGTTGC-3’ and 
reverse 5’-CACAGAAGCCGATGAAGACAGG-3’; 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was 
used as a standard. The amplification was performed under 
the following conditions: 1 cycle of 95 ℃ for 30 seconds, 
45 cycles of 95 ℃ for 5 seconds, and 60 ℃ for 30 seconds. 
The messenger RNA (mRNA) expression was normalized 

to the level of GAPDH mRNA and calculated by the 2−ΔΔCt 
method. Diethyl pyrocarbonate (DEPC) water was used as 
negative control in place of the template cDNA.

Lentiviral shRNA vector construction and infection 

For knockdown of expression, UAP1L1-specific short 
hairpin RNA (shRNA) was synthesized and cloned into a 
lentiviral vector BR-V108 (Genechem, Shanghai, China). 
The constructed vector targeting UAP1L1 was named 
shUAP1L1, and the corresponding empty vector (BR-
V108) was used as a negative control and named shCtrl. 
To avoid any off-target effects, 3 shRNAs were prepared to 
knockdown UAP1L1.

The lentiviral particles were produced by co-transfecting 
shUAP1L1/shCtrl with pHelper system (Genechem, 
Shanghai, China) into 293T cells. Lentivirus supernatants 
were harvested and used to infect U87 and U251 cells. 
Infection efficiency was observed under a fluorescence 
microscope after 72 hours. The knockdown of genes was 
confirmed by western blot.

Western blot analysis 

The western blot analysis procedure was carried out as 
described previously (21). The total proteins were extracted 
from cell lines using radioimmunoprecipitation assay (RIPA) 
lysis buffer (Beyotime Biotechnology, Shanghai, China). 
Proteins were separated by 8% to 12% sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) 
gels and transferred onto polyvinylidene difluoride (PVDF) 
membranes (Millipore, Billerica, MA, USA). After blocking 
with 5% skim milk, the membranes were incubated with 
primary anti-UAP1L1 (1:1,000 dilution, Abcam, USA) and 
anti-GAPDH (1:2,000 dilution; Abcam, USA) overnight at 
4 ℃. Afterwards, the secondary antibody (1:2,000 dilution; 
Beyotime Biotech, Shanghai, China) was added and 
incubated for 2 hours at room temperature. Protein bands 
were detected using an ECL Plus detection kit (Amersham, 
GE Healthcare, USA). 

Cell proliferation and colony formation assay 

C e l l  p r o l i f e r a t i o n  w a s  e v a l u a t e d  b y  u s i n g  t h e 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay (Sigma-Aldrich). U251 and U87 
cells infected with shUAP1L1 or shCtrl were seeded in 96-
well plates at a density of 2,000 cells/well and cultured at 
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different time intervals. The cells were then treated with 
MTT reagent for 4 hours at 37 ℃, supernatants were 
removed, and dimethyl sulfoxide (DMSO; Sigma-Aldrich) 
was added to dissolve precipitates. Finally, the optical 
density (OD) was measured with a microplate reader (Tecan 
Group Ltd., Männedorf, Switzerland) at a wavelength of 
490 nm.

For colony formation assays, cells infected with 
shUAP1L1 or shCtrl were seeded onto 6-well plates at a 
density of 600 cells/well and cultured for 14 days, and each 
experimental group was plated in 3 wells. After fixation with 
4% paraformaldehyde for 30 minutes, the cell colonies were 
treated by Giemsa staining (Dingguo Biotech, Shanghai, 
China) for 15 minutes. A colony was defined as a formation 
consisting of more than 50 cells.

Cell apoptosis analyzed by flow cytometry

Apoptosis was assessed using an Annexin V-APC–labeled 
apoptosis detection kit (eBioscience, San Diego, CA, USA). 
Briefly, cells infected with shUAP1L1 or shCtrl were seeded 
in 6-well plates and cultured in DMEM with 10% FBS. 
When the cells were over 85% in confluence, they were 
harvested and stained with APC-labeled Annexin V in the 
dark for 30 minutes, and then these samples were analyzed 
by flow cytometry assay (FCA).

Human apoptosis antibody array

To determine the changes of apoptosis-related proteins 
response to the infection with shUAP1L1, a Human 
Apoptosis Antibody Array kit (Abcam, Cambridge, MA, 
USA) containing 43 spots was used. Briefly, the membranes 
were incubated with blocking buffer at room temperature 
for 30 minutes. Lysate of cells was then added and 
maintained at 4 ℃ overnight. After thorough washing, 
the membranes were incubated with biotin-conjugated 
antibodies for 2 hours followed by addition of streptavidin-
horseradish peroxidase (HRP). The signals of membranes 
were detected using an ECL Plus kit.

In vivo xenograft model in nude mice

The xenograft nude mouse model was established as 
previously described (22). Briefly, 10 BALB/c‐nude mice 
were divided randomly into 2 groups: a control group 
(shCtrl) and a shRNA group (shUAP1L1). A total of 2×106 

U87 cells infected with shUAP1L1 or shCtrl were injected 

subcutaneously into the upper right flank region of the nude 
mouse and permitted to grow until palpable. Then, tumors 
were measured twice per week with a vernier caliper, and 
tumor volumes were calculated with the following formula: 
volume = tumor length×width2×0.52. Tumor-bearing mice 
were examined with an in vivo imaging system (Berthold 
Technologies, Bad Wildbad, Germany) at day 28 after 
implantation; the mice were then sacrificed and tumors 
were weighed and photographed. The removed tumor 
tissues were used for Ki67 IHC. 

Statistical analysis

Data are presented as mean ± SD and were analyzed using 
SPSS 17.0 software (IBM Corp., Armonk, NY, USA). All 
the cell experiments were performed independently at least 
3 times, and statistical differences between groups were 
determined by Student’s t-test and Fisher’s exact test. The 
prognostic significance analysis was performed using the 
Kaplan-Meier method and log-rank tests. A P<0.05 was 
considered statistically significant.

Results

UAP1L1 expression was significantly upregulated in 
glioma tissues and correlated with poor patient survival

To determine the expression level of UAP1L1 in glioma, 
IHC staining was performed in tissue microarrays of 160 
gliomas and 24 normal brain tissues. As shown in Figure 1A, 
UAP1L1 staining was primarily located in the cytoplasm. 
All normal brain tissues expressed UAP1L1 at a low level. 
A high level of UAP1L1 was observed in glioma samples, 
especially in high grade gliomas (grade III and grade IV). 
The expression of UAP1L1 was significantly increased in 
the glioma tissues when compared with the normal brain 
tissues (Table 1, P<0.001). 

The  cor re l a t ion  o f  UAP1L1  expre s s ion  w i th 
clinicopathological parameters is summarized in Table 2. 
Mann-Whitney U analysis revealed that the expression of 
UAP1L1 in the glioma tissues was significantly associated 
with patient age, tumor grade, and recurrence. There was 
no significant association between UAP1L1 expression and 
gender. Spearman’s correlation analysis demonstrated a 
positive correlation of UAP1L1 expression with patient age, 
tumor grade, and recurrence. 

Kaplan-Meier survival curves were constructed to further 
investigate whether increased UAP1L1 expression correlated 
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with a worse prognosis in glioma patients (n=160, follow-
up time 6–113 months). The data demonstrated that high 
UAP1L1 expression correlated with both worse overall and 
disease-free survival in glioma patients (Figure 1B, P=0.001, 
P<0.001 respectively).

Knockdown of UAP1L1 inhibited the proliferation and 
colony formation capacity of glioma cells in vitro

The endogenous expression of UAP1L1 in glioblastoma 
cells was detected using qRT-PCR. There was an abundant 
expression of UAP1L1 both in U251 and U87 cell lines 

(Figure 2A). Therefore, the lentiviral shRNA vector 
(shUAP1L1) was constructed and used to infect U251 and 
U87 cells to knockdown the expression of UAP1L1. In 
order to avoid any off-target effects, another 2 shRNAs 
targeting UAP1L1 were constructed (results not shown). 
Western blot analysis confirmed that UAP1L1 expression 
was obviously downregulated in U251 and U87 cells after 
infection with shUAP1L1 (Figure 2B). The MTT assay 
was applied to measure cell viability. The knockdown of 
UAP1L1 significantly decreased the growth rate of U251 
and U87 cells (Figure 2C). We also explored the effects of 
UAP1L1 on cell proliferation using a colony formation 
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Figure 1 UAP1L1 expression was significantly upregulated in glioma tissues and was correlated with poor patient survival. (A) HE staining 
and representative IHC images of UAP1L1 protein in WHO grade I–IV gliomas and non-tumor brain samples. (B) Kaplan-Meier analysis 
of OS and DFS of patients that express high UAP1L1 or low UAP1L1. HE, hematoxylin and eosin; IHC, immunohistochemistry; WHO, 
World Health Organization; OS, overall survival; DFS, disease-free survival.

Table 1 Expression patterns in glioma tissues and normal brain tissues in IHC analysis

UAP1L1 expression
Tumor tissue Normal brain tissue

P value
Cases Percentage Cases Percentage

Low 85 53.1 24 100
0.000***

High 75 46.9 0 –

***, P<0.001. UAP1L1, Uridine diphosphate-N-acetylglucosamine pyrophosphorylase-1 like 1; IHC, Immunohistochemistry. 
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assay. Knockdown of UAP1L1 significantly suppressed 
the colony formation capacity of glioblastoma cells when 
compared with the control (Figure 2D) (P<0.001). These 
findings suggested that UAP1L1 may contribute to the 
growth of glioblastoma cells in vitro.

Knockdown of UAP1L1 induced glioma cell apoptosis in 
vitro

Flow cytometry analysis was performed to examine 
the effect of UAP1L1 knockdown on cell apoptosis. 
The proportion of apoptotic cells in the shUAP1L1 
infection group was markedly increased compared 
with the control (Figure 3A) (P<0.001), suggesting the 
knockdown of UAP1L1 promoted U87 and U251 cell 
apoptosis.

The Human Apoptosis Protein Array was used to 
further illuminate the expression of apoptosis-related 
proteins in response to UAP1L1 knockdown. As shown 
in Figure 3B,C,D,E, the caspase 3, p53, high temperature 
requirement A (HTRA) and second mitochondria-derived 

activator (SMAC) levels were obviously increased in the 
shUAP1L1 infection group, while cellular inhibitor of 
apoptosis protein-2 (cIAP-2) was decreased, suggesting 
that knockdown of UAP1L1 could induce apoptosis 
signaling in glioblastoma cells through the upregulation 
of caspase 3, HTRA, p53, and SMAC expression, and the 
downregulation of clAP-2 expression.

Knockdown of UAP1L1 inhibited glioma cell growth in 
vivo

A nude mouse glioma xenograft model was established to 
evaluate the effect of UAP1L1 knockdown on the growth of 
glioblastoma cells in vivo. The UAP1L1-depleted U87 cells 
(shUAP1L1 group), and the control cells (shCtrl group) 
were successfully transplanted into the back of the nude 
mice. After 28 days, the bioluminescence signal intensity 
in the shUAP1L1 group was obviously lower than that 
of the control (Figure 4A). The mean volume and weight 
of subcutaneous tumors in the shUAP1L1 group were 
obviously smaller and lighter than those in the control 
group (Figure 4B,C,D, P<0.01). Next, we investigated the 
expression of Ki67, which is a marker of proliferation, 
in the xenograft tumor tissues. The percentage of Ki67-
positive cells was markedly decreased in the UAP1L1 
knockdown group (Figure 4E). Taken together, these 
results demonstrated that UAP1L1 knockdown attenuated 
glioblastoma cell proliferation in vivo.

Discussion

The main purpose of this study was to investigate the 
biological function of UAP1L1 in glioma. Using IHC 
analysis, we found that UAP1L1 was notably upregulated 
in glioma tissues compared with normal brain tissues. The 
increased expression of UAP1L1 was correlated with higher 
glioma grade and poorer survival in glioma patients. Due to 
the high level of UAP1L1 in U87 and U251 glioblastoma 
cell lines, we constructed a lentivirus-mediated shRNA to 
knock down the expression of UAP1L1 in U87 and U251 
cells. Our results showed that downregulation of UAP1L1 
could suppress the proliferation and cell colony formation 
capacity of U87 and U251 cells. The depletion of UAP1L1 
could also promote cell apoptosis by downregulating 
apoptosis-related proteins, including caspase3, HTRA, 
p53, and SMAC, and downregulating clAP-2. In addition, 
the xenograft model further confirmed that knockdown 
of UAP1L1 significantly inhibited the growth of glioma. 

Table 2  Correlat ion between UAP1L1 express ion and 
clinicopathological features in patients with glioma

Features No. of patients
UAP1L1 expression

P value
Low High

All patients 160 85 75

Age (years) 0.074

≤41 84 50 34

>41 76 35 41

Gender 0.696

Male 102 53 49

Female 58 32 26

Tumor recurrence 0.000***

No 71 50 21

Yes 89 35 54

Grade 0.000***

I 20 16 4

II 70 51 19

III 49 16 33

IV 21 2 19

***, P<0.001. UAP1L1, Uridine diphosphate-N-acetylglucosamine 
pyrophosphorylase-1 like 1; IHC, Immunohistochemistry. 
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Therefore, UAP1L1 may play an oncogene-like role in the 
tumorigenesis of glioma.

The specific mechanism through which UAP1L1 
regulates proliferation and apoptosis of glioma cells remains 
unclear. UAP1L1 is a paralog of UAP1, while UAP1 is an 
enzyme that directly participates in the synthesis of sugar 
donor for glycosylation (17). It has been reported that 
UAP1 was overexpressed in prostate cancer and contributed 
to the growth and survival of cancerous cells (23), while 
upregulating the expression of UAP1 was found to promote 
Kirsten rat sarcoma viral oncogene homolog (KRAS)-driven 
lung tumorigenesis by elevating protein O-GlcNAcylation 
modification (24). Novel anticancer agents have been 
discovered to inhibit the key enzymes, including UAP1, 
in glycosylation (25). Despite having established a 59% 
sequence identity for UAP1, we know very little about the 
function of UAP1L1. Lai et al. demonstrated that UAP1L1 
was significantly upregulated in hepatocellular carcinoma 

tissues and that a high level of UAP1L1 expression predicted 
a poor prognosis. The authors stated that “UAP1L1 promotes 
human hepatoma cell growth both in vitro and in vivo”. They 
also demonstrated that UAP1L1 was critically involved 
in protein glycosylation, but it functioned distinctly from 
UAP1 (19). Aberrant glycosylation was closely related 
to the development and progression of several cancers, 
including that of the brain (26,27). Some highly glycosylated 
proteins, such as MUC4 and ST3GAL1, have been found 
to be overexpressed in glioblastoma and to play roles in 
tumorigenesis and invasion (28,29). We thus propose that 
UAP1L1 may promote glioma cell proliferation through 
regulating the glycosylation status of some key proteins. 
However, glycosylation alterations in cancers are highly 
complex, and can include the aberrant expression of enzymes 
in glycan biosynthesis and post-synthetic modification (26). 
Clarifying the specific molecular mechanism of UAP1L1 
through further experimentation may yield valuable insights. 
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Figure 2 Knockdown of UAP1L1 inhibited the proliferation and colony formation of glioma cells in vitro. (A) The mRNA expression level 
of endogenous UAP1L1 was detected by qRT-PCR analysis. GAPDH was used as a housekeeping gene for normalization. (B) The protein 
expression level of UAP1L1 was detected through western blot analysis after shUAP1L1/shCtrl infection. (C) Cell viability was detected 
by MTT assay. (D) Colony formation efficiency was analyzed using soft agar colony formation assay (***P<0.001). qRT-PCR, quantitative 
real-time polymerase chain reaction; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide



Yang et al. UAP1L1 as a tumor promoter in glioma

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(7):542 | http://dx.doi.org/10.21037/atm-20-2809

Page 8 of 11

Figure 3 Knockdown of UAP1L1 induced glioma cell apoptosis in vitro. (A) Apoptosis analyzed by flow cytometry. The apoptosis percentage 
was increased in the shUAP1L1 infection group compared with the shCtrl group (***P<0.001). (B,C,D,E) Human Apoptosis Protein 
Array. There was an obvious increase of caspase 3, HTRA, p53, and SMAC levels in the shUAP1L1 infection group, and a downregulation 
of clAP-2 in the shUAP1L1 infection group (*P<0.05). HTRA, high temperature requirement A; SMAC, second mitochondria-derived 
activator; cIAP-2, cellular inhibitor of apoptosis protein-2.
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Figure 4 Knockdown of UAP1L1 inhibited glioma cell growth in vivo. (A,B) Images of mice and subcutaneous tumors on the 28th day after 
subcutaneous transplantation of UAP1L1-depleted U87 cells (shUAP1L1 group) or control (shCtrl group). (C,D) Tumor weight and growth 
curve (**P<0.01). (E) IHC staining of Ki67. IHC, immunohistochemistry; Ki67, a proliferation marker. 

Conclusions

Our findings demonstrate UAP1L1 plays an oncogene-like 
role in glioma, especially in high grade glioma. Therefore, 
UAP1L1 may be a potential biomarker for diagnosis and 
prognosis, and be a promising therapeutic target for gliomas 
with high levels of UAP1L1.
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