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Abstract

Accumulating evidence suggests that long noncoding RNA (IncRNA) functions as a critical regulator in cancer biology. Here,
we characterized the role of IncRNA PCEDIB antisense RNA | (PCEDIB-ASI) in glioblastoma (GBM). PCED IB-AS| was
notably upregulated in GBM tissues and cell lines and closely associated with larger tumor size and higher grade. Patients with
high PCED I B-AS| had shorter survival time than those with low PCED I B-AS|. Functional experiments showed that depletion
of PCED I B-ASI significantly inhibited, while overexpression of PCED | B-AS| promoted cell proliferation, glucose uptake, and
lactate release. Mechanistically, PCED | B-AS | was able to directly bind to the 5-UTR of HIF-1oo mRNA and potentiate HIF- 1
translation, leading to increased HIF-1a protein level, thereby promoting the Warburg effect and tumorigenesis. Importantly,
PCEDIB-ASI lost the carcinogenic properties in the absence of HIF-la. In addition, we also confirmed the existence of the
PCED IB-ASI/HIF-1a regulatory axis in vivo. Taken together, our findings demonstrate that PCED I B-AS| is a novel oncogenic
IncRNA in GBM and functions in a HIF-lo-dependent manner, which provides a promising prognostic biomarker and drug-

gable target for GBM.
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Introduction

Glioblastoma (GBM) is the most common and fatal malig-
nant primary brain tumor in adults, accounting for 12% to
15% of all intracranial tumors and 50% to 60% of astrocytic
tumors'. It is able to rapidly invade and infiltrate normal
peripheral brain tissue, making complete resection impossi-
ble?. Therefore, the standard treatment at present is surgery
combined with radiotherapy and chemotherapy’. The 5-year
survival rate of patients with GBM is very unfavorable, less
than 5%, and this indicator drops to 2% among patients aged
65 years or older®. A better understanding of the pathogen-
esis of GBM will provide new approaches for treatment and
improve the outcomes of patients.

The occurrence and progression of cancer is an extremely
complex process, accompanied by a variety of pathophysio-
logical changes. Emerging evidence suggests that abnormal
glucose metabolism is a hallmark of cancer”. In normal cells,
the final product of glucose can be lactic acid, or it can be
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Table I. Correlation Between PCEDIB-AS| Expression and
Clinicopathological Features in GBM Patients (n = 76).

PCEDIB-ASI| expression

Low High
Parameters All cases  (n = 38) (n=38) Pvalue
Gender
Male 42 22 20 0.645
Female 34 16 18
Age (years)
<50 37 21 16 0.251
>50 39 17 22
Tumor size (cm)
<5 31 23 8 <0.001
>5 45 I5 30
Histological subtype
IDHI wild 62 33 29 0.237
IDHI mutant 14 5 9
Pathological grade
-1l 36 24 12 0.006
n-v 40 14 26

GBM: glioblastoma; PCED | B-AS|: PCED IB antisense RNA 1.

completely oxidized by respiration in the mitochondria to
produce CO,, depending on the oxygen content®. Cancer
cells, however, prefer glycolysis, even under aerobic condi-
tions, leading to dramatically increasing glucose uptake and
lactate production, a phenomenon known as aerobic glyco-
lysis, also called the Warburg effect’. Enhanced Warburg
effect helps cancer cells to minimize oxidative stress,
thereby promoting tumorigenesis and aggressive
progression®.

Long noncoding RNA (IncRNA) is a class of endogenous
noncoding RNA longer than 200 nt in length. Multiple lines
of evidence show that IncRNA functions as a pivotal regu-
lator in the Warburg effect. Fox example, lincRNA-p21°,
IDH1-AS1'%, and MALAT1'" were proposed to govern the
Warburg effect through regulating some key oncogenes,
such as c-Myc and HIF-la. In this study, we identified a
glycolysis-related IncRNA, PCED1B antisense RNA 1
(PCED1B-AS1), which was remarkably elevated in GBM
tissues and cell lines. Furthermore, the underlying mechan-
ism by which it facilitated the Warburg effect and tumori-
genesis was also deciphered.

Materials and Methods

GBM Tissues and Cell Lines

We collected 76 pairs of primary GBM and adjacent normal
tissues from The First Affiliated Hospital of Zhengzhou Uni-
versity. All specimens were histologically confirmed by two
independent experienced pathologists. The detailed clinical
information of patients is summarized in Table 1. Patients
were followed up with routinely after surgery, and each
patient provided informed consent. This study was approved
by the Ethics Committee of The First Affiliated Hospital of

Table 2. The Primer Sequences Used in This Study.

Gene Direction  Sequence (5'-3')
PCEDIB-ASI Forward TCAAGCCAATCAGCTGACAC
Reverse AAACAAATGCCCTGCTTGAC
HIF-1o Forward CCAGATCTCGGCGAAGTAAA
Reverse CCTCACACGCAAATAGCTGA
Ul Forward GTGGTTTTTCCAGAGCAAGG
Reverse CAGGGGAAAACACAGACACA
GAPDH Forward ACCCAGAAGACTGTGGATGG
Reverse TTCAGCTCAGGGATGACCTT
EGRI Forward CTGCACGCTTCTCAGTGTTC
Reverse GATCCGAACGGGTCAGAGAT
ANGPTL4 Forward ACTCTAGAGGCGTGGACCAA
Reverse TACACACAACAGCACCAGCA
IGFBP3 Forward GCCTGGATTCCACAGCTTC
Reverse GAGCAGCACCAGCAGAGTC
PKM2 Forward GAAGGGTGTGAACCTTCCTG
Reverse CTTCTCTCCCAGGACCTTCC
LDHA Forward TGGCTGTGTCCTTGCTGTAG
Reverse AGCGTGGAAAAGGAATATCG

Zhengzhou University. A total of six GBM cell lines
(USTMG, U251MG, SHG44, Ln229, T98, and A172) and
one normal human astrocyte cell line NHA were obtained
from Chinese Academy of Sciences (Shanghai, China) and
cultured in Dulbecco’s Modified Eagle’s Medium (DMEM)
(Gibco, Invitrogen, Carlsbad, CA, USA) complete medium
containing 10% fetal bovine serum (FBS) (Gibco, Invitro-
gen, Carlsbad, CA, USA), penicillin, and streptomycin.

Quantitative Reverse Transcription PCR Analysis

GBM cells and tissues were treated with Trizol reagent
(Invitrogen, Carlsbad, CA, USA), followed by extraction
by chloroform, precipitation by isopropanol, and dissolution
by diethyl pyrocarbonate water. Then, 1 pg RNA was
reverse transcribed into cDNA using Molony Murine Leu-
kemia Virus (MMLYV) transcriptase (Promega, Madison, W1,
USA). Lastly, qPCR was performed using SYBR Green
SuperMix (Roche, Basel, Switzerland) on a CFX96 real-
time PCR detection system (Bio-Rad, Richmond, CA, USA).
The 2724 method was employed to calculate RNA expres-
sion and the results were normalized to glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) (Table 2).

Cell Transfection and Generation of Stably
Engineered Cell Lines

Cell transfection was performed using Lipofectamine 3000
reagent (Invitrogen) according to the manufacturer’s
instructions. To generate stable PCED1B-AS1-depleted (sh-
RNA#1: 5-GGCCUGAAAUACAUUUAAA-3"; sh-RNA#1:
5'-GGUGACUCAUGCCUAUAAU-3') or overexpressed
GBM cells, the pCDH-CMV-MCS-EF1-copRFP lentiviral
vector was used and infected into cells in the presence of
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Fig. 1. PCEDIB-ASI is frequently overexpressed in GBM. (A) The relative expression of PCEDIB-ASI in GEPIA database. (B) qRT-PCR
analysis of PCED | B-AS| expression in 76 GBM and adjacent normal tissues. (C) qRT-PCR analysis of PCED |B-AS| expression in GBM cell
lines. (D) The survival curve of GBM patients with low or high PCEDIB-AS| based on median PCEDIB-ASI value in 76 GBM tissues.
*P < 0.05, P < 0.01. ANT: adjacent normal tissue; GBM: glioblastoma; GEPIA: Gene Expression Profiling Interactive Analysis; PCED | B-AS|:
PCED IB antisense RNA [|; qRT-PCR: quantitative reverse transcription polymerase chain reaction.

8 png/ml polybrene. Then, the stable cell lines were selected
using puromycin for 2 wk.

Cell Counting Kit-8 (CCK-8) and EdU ( 5-ethynyl-2*-
deoxyuridine) Assays

For CCK-8 assay, GBM cells were plated on 96-well plates
and grown for 24, 48, and 72 h, followed by treatment with
10 pl CCK-8 solution (Dojindo, Kumamoto, Japan) for 3.5 h
at 37°C. Then, the absorbance value at 450 nm in each well
was recorded with a microplate reader. For EdU assay, the
Cell-Light EAU Apollo488 In Vitro Kit (RiboBio, Guangz-
hou, China) was used as per the manufacturer’s protocols
and the results were photographed and analyzed by a fluor-
escence microscope (Olympus, Tokyo, Japan) and Image J
software (National Institutes of Health, Bethesda, MD,
USA).

Glucose Consumption and Lactate Production

The analysis of glucose consumption and lactate produc-
tion was carried out using Glucose Assay Kit (ab65333,
Abcam, Cambridge, UK) and Lactate Assay Kit
(ab65330, Abcam) based on the manufacturer’s instruc-
tions. The absorbance at 570 nm was detected using a
microplate reader.

Western Blot and Immunohistochemistry (IHC)

Total protein was extracted using lysis buffer supplemen-
ted with protease and phosphatase inhibitors. Then, the
protein was loaded in SDS-PAGE gel, transferred onto
polyvinylidene fluoride (PVDF) member, and blocked by
5% skimmed milk. Finally, the member was incubated
with corresponding primary and secondary antibodies and
exposed using immobilon western chemiluminescent HRP
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Fig. 2. PCED I B-AS| knockdown inhibits GBM cell proliferation, glucose uptake, and lactate release. (A) qRT-PCR analysis for verification of
PCEDIB-AS| knockdown in U87MG and U25IMG cell lines. (B) Cell viability in PCED IB-AS|-depleted U87MG and U25IMG cell lines
tested by CCK-8 assay. (C and D) DNA synthesis rate in PCED | B-AS|-depleted U87MG and U25IMG cell lines detected by EdU assay.
(E and F) The levels of glucose uptake and lactate release in U87MG and U251 MG cell lines with or without stable PCED | B-AS| knockdown.
P < 0.01, P < 0.001. EdU: 5-Ethynyl-2'-deoxyuridine; DAPI: 4',6-diamidino-2-phenylindole; GBM: glioblastoma; OD: optical density;
PCEDIB-ASI: PCEDIB antisense RNA |; qRT-PCR: quantitative reverse transcription polymerase chain reaction.

substrate (Millipore, Schwalbach, Germany). The primary
antibodies used in this study are as follows: anti-HIF-1a
(#ab16066, Abcam), anti-c-Myc (#ab32072, Abcam), and
anti-B-actin (#ab8226, Abcam). For IHC staining, GBM
tissues were fixed and embedded into tissue microarray in
the Department of Pathology. Then, the paraffin-
embedded sections were dewaxed and rehydrated, fol-
lowed by antigen retrieval, blockade, and incubation with
anti-HIF-1o (#ab16066, Abcam) antibody at 4°C over-
night. After incubation with ready-to-use DAKO second-
ary antibody for 1 h at room temperature, the sections
were visualized using diaminobenzidine reagent. The
results were analyzed with an optical microscope in 10
random fields by using H-score method'?.

Assessment of Translation Level

For polysome profile analysis, the lysates of US§7MG and
U251MG cells were collected with polysome lysis buffer
and loaded onto different sucrose density gradients. After
high-speed centrifugation, the RNA in polysome fraction
was isolated using Trizol reagent and the expression of
HIF-1oo mRNA was detected by quantitative reverse tran-
scription PCR (qRT-PCR). For the luciferase reporter
assay, the HIF-1a 5-UTR containing PCED1B-AS1 bind-
ing site was embedded into bicistronic reporter vector;
then, the reporter was transfected into stable PCED1B-
AS1-depleted US7MG and U251MG cells for 48 h.
Finally, the luciferase activity was recorded using dual
luciferase reporter system (Promega). For detecting newly
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Fig. 3. PCEDIB-AS| overexpression promotes GBM cell proliferation, glucose uptake, and lactate release. (A) qRT-PCR analysis for
verification of PCED | B-AS| overexpression in A172 and Ln229 cell lines. (B) Cell viability in PCED | B-AS | -overexpressing A172 and Ln229
cell lines tested by CCK-8 assay. (C) DNA synthesis rate in PCED | B-AS|-overexpressing Al172 and Ln229 cell lines detected by EdU assay.
(D and E) The levels of glucose uptake and lactate release in A172 and Ln229 cell lines with or without PCED|B-AS| overexpression.
P < 0.01, *¥*P < 0.001. EdU: 5-Ethynyl-2'-deoxyuridine; GBM: glioblastoma; PCED I B-AS|: PCED I B antisense RNA |; qRT-PCR: quanti-

tative reverse transcription polymerase chain reaction.

synthesized HIF-la protein, the lysates of U87MG and
U251MG cells were collected after incubation with L-azi-
dohomoalanine (Invitrogen) for 2.5 h. Then, the proteins
were labeled using Click-iT Protein Reaction Buffer Kit
(Invitrogen) as per the standard protocols, followed by
incubation with streptavidin magnetic beads (Invitrogen).
The enriched products were subjected to western blot
analysis of HIF-la protein expression.

RNA Pull-Down Assay

The biotinylated probes were in vitro transcribed using T7
High Yield RNA Synthesis Kit (Ambion, Austin, TX, USA)
and labeled using RNA 3’ End Biotinylation Kit (Thermo
Fisher Scientific, Waltham, MA, USA) according to the
manufacturer’s instructions. Then, the above probes were
incubated with whole-cell lysates of U§7MG and U251MG
cells at 4°C overnight, followed by addition with streptavi-
din magnetic beads (Invitrogen) and incubation at room tem-
perature for 1 h with agitation. Finally, the RNA enrichment
was analyzed by qRT-PCR.

In Vivo Xenograft Assay

This animal experiment was carried out with the approval
of the Animal Welfare Committee of The First Affiliated

Hospital of Zhengzhou University. A total of 15 BALB/c
nude mice were obtained from Shanghai Experimental
Animal Center, Chinese Academy of Sciences. They were
randomly divided into three groups and subcutaneously
injected with 1 x 107 control or PCED1B-AS1-depleted
U87MG cells, followed by growth under specific-
pathogen-free condition for 5 weeks. At the end of the
observation, all mice were euthanized by cervical dislo-
cation and the tumors were weighed and collected for
western blot and qRT-PCR analysis.

Statistical Analysis

The difference between the two groups was statistically ana-
lyzed by Student’s #-test or chi-square test according to the
type of variables. One-way analysis of variance with Tukey
honestly significant difference test was employed to assess
the differences between multiple groups. The survival rate of
GBM patients with high or low PCEDIB-AS1 expression
was compared using Kaplan—Meier plotter and analyzed by
log-rank test. All results are the mean + SD of at least three
independent experiments carried out in triplicate. The statis-
tical significance was set to P < 0.05. All statistical analysis
was performed using Graphpad Prism 7.0 software (Graph-
pad, San Diego, CA, USA).
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Results

Upregulation of PCED | B-AS| Predicts Poor Prognosis
for Patients with GBM

By analyzing the Gene Expression Profiling Interactive Anal-
ysis (GEPIA) database, we found that PCED1B-AS1 was the
most upregulated IncRNA in GBM as compared with normal
tissues (Fig. 1A). Then, we collected 76 paired GBM and
paracancerous normal tissues to test the above result. As
shown in Fig. 1B, PCED1B-AS1 was lowly expressed only
in 7 (9%) cases. Also, PCEDIB-AS1 was notably elevated in
six GBM cell lines in comparison to normal NHA astrocyte
cells (Fig. 1C). Next, we evaluated the relationship between
PCED1B-ASI expression and clinicopathological features of
GBM patients. The results showed that high PCED1B-AS1

was positively correlated with larger tumor size and higher
glioma grade (Table 1). More importantly, patients with high
PCED1B-ASI displayed shorter survival time than those with
low PCED1B-AS1 (Fig. 1D). These data suggest that
PCED1B-ASI1 is upregulated in GBM and may be used as a
potential prognostic indicator.

Depletion of PCED I B-AS| Represses the Warburg
Effect and Proliferation of GBM Cells

To explore the biological function of PCED1B-ASI in
GBM, we established stable PCED1B-AS1 knockdown
U87MG and U251MG cell lines by using the pCDH-
CMV-MCS-EF1-copRFP lentiviral vector (Fig. 2A). As
shown in Fig. 2B, the viability of US§7MG and U251MG
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cells was drastically reduced after depletion of PCED1B-
AS1. Similarly, less DNA synthesis was observed in
PCED1B-ASl1-silenced cells compared to control cells
(Fig. 2C, D). Given that abnormal glucose metabolism
is responsible for uncontrolled proliferation of cancer
cells, we then tested the levels of glucose uptake
and lactate production. The results showed that knock-
down of PCED1B-AS1 significantly decreased the levels
of glucose uptake (Fig. 2E) and lactate production
(Fig. 2F) in both U887MG and U251MG cells. These
functional assays indicate that PCED1B-AS1 knockdown
inhibits GBM cell growth via blocking the Warburg
effect.

Overexpression of PCED | B-AS| Potentiates the
Warburg Effect and Proliferation of GBM Cells

We also established the PCED1B-AS1-overexpressing A172
and Ln229 cell lines. The overexpression efficiency was
verified by qRT-PCR (Fig. 3A). In contrast, exogenous
PCEDI1B-AS1 expression remarkably increased cell viabi-
lity and DNA synthesis rate (Fig. 3B, C), as illustrated by
CCK-8 and EdU assays, respectively. Likewise, more glu-
cose uptake and lactate production were observed after
enforced expression of PCED1B-AS1 in both A172 and
Ln229 cells (Fig. 3D, E). These data further confirm the
oncogenic role of PCEDIB-ASI in GBM.

HIF-1a. Is a Downstream Target of PCED I B-AS |

In light of the pivotal regulatory role of HIF-lo and c-
Myc in the Warburg effect, we then tested whether
PCEDI1B-ASI1 functioned via them. As shown in Fig.
4A, knockdown of PCEDIB-ASI significantly reduced
the protein expression levels of HIF-1a, but not c-Myec.
And HIF-la protein was uniformly overexpressed in
GBM cells in comparison with normal NHA cells (sup-
plemental Figure S1). However, PCED1B-AS1 did not
affect HIF-lo mRNA level (Fig. 4B), implying that
PCEDIB-ASI controlled HIF-1a expression at the post-
transcriptional level. Subsequently, less HIF-1la mRNA
was observed in the heavy polysome fraction after
PCED1B-AS1 knockdown (Fig. 4C), suggesting that
PCEDI1B-ASI1 promoted HIF-1oo mRNA translation. Con-
sistently, depletion of PCED1B-AS1 resulted in a dra-
matic reduction in newly synthesized HIF-la protein in
both U87MG and U251MG cells (Fig. 4D). In addition,
we tested the expression of HIF-1a protein in GBM tis-
sues by IHC staining. The results showed that HIF-1a
protein expression was notably upregulated in GBM as
compared with adjacent normal tissues (Fig. 4E), and its
expression was strongly positively correlated with
PCEDIB-AS1 expression (r = 0.756, P < 0.001) (Fig.
4F). These results demonstrate that PCED1B-AS1 ele-
vates HIF-lo protein expression by facilitating HIF-1a
mRNA translation.
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Fig. 6. HIF-1o is required for the pro-oncogenic role of PCED IB-ASI. (A) qRT-PCR analysis of the indicated gene expression in PCED | B-

AS|-overexpressing A172 and Ln229 cell lines transfected with HIF-1a

siRNA. (B) Cell viability in PCED | B-AS | -overexpressing A172 and

Ln229 cell lines transfected with HIF-1o siRNA detected by CCK-8 assay. (C) DNA synthesis rate in PCED | B-AS | -overexpressing Al172
and Ln229 cell lines transfected with HIF-1o siRNA detected by EdU assay. (D and E) The levels of glucose uptake and lactate release in
PCED I B-AS|-overexpressing A172 and Ln229 cell lines transfected with HIF-1a siRNA. (F) The proposed model of the pro-oncogenic role

of PCED I B-AS| via regulation of HIF-1q translation in GBM. **P < 0.01.

EdU: 5-Ethynyl-2’-deoxyuridine; GBM: glioblastoma; PCED I B-AS|:

PCED IB antisense RNA [; qRT-PCR: quantitative reverse transcription polymerase chain reaction.

PCED IB-AS| Directly Binds to the 5'-UTR of
HIF-1oo mRNA

To determine how PCED1B-AS1 promotes HIF-1oo mRNA
translation, we first tested the subcellular localization of
PCEDI1B-ASI1. As shown in Fig. 5A, PCED1B-ASI1 was
predominantly located in the cytoplasm, which was consis-
tent with its role in posttranscriptional regulation of HIF-1a.
It has been well documented that IncRNA is able to govern
gene expression by directly binding to DNA, RNA, or pro-
tein. Through sequence alignment, we found that PCED1B-
AS1 might interact with the 5-UTR of HIF-loo mRNA
(energy = —15.25480 kcal/mol; Fig. 5B). To verify this
possibility, we performed RNA pull-down assay coupled
with qRT-PCR analysis. The results showed that more
HIF-1o 5-UTR/PCED1B-AS1 was enriched by PCED1B-
AS1/HIF-10. 5'-UTR probes in comparison to control probes,
respectively (Fig. 5C, D). In addition, the luciferase activity

of bicistronic reporter containing HIF-1a 5'-UTR was dra-
matically decreased in PCED1B-AS1-depleted U87MG and
U251MG cells compared with control cells (Fig. SE). These
data indicate that PCED1B-AS1 accelerates HIF-1a transla-
tion by physically interacting with the 5'-UTR of HIF-1a
mRNA.

PCED I B-AS| Functions in a HIF-1a-Dependent
Manner

We then tested the expression levels of HIF-1a down-
stream targets after manipulating PCED1B-AS1 expres-
sion. The qRT-PCR results showed that ectopic
expression of PCED1B-AS1 significantly elevated the
expression of EGR1, ANGPTL4, IGFBP3, PKM2, and
LDHA in both A172 and Ln229 cells, whereas these
effects were evidently blocked by HIF-la silencing
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Fig. 7. Depletion of PCEDIB-ASI retards tumor growth. (A) The tumor images of nude mice in the indicated three groups (n = 5 per
group). (B) The tumor weights of nude mice in the indicated three groups. (C) gqRT-PCR analysis of the expression of PCED |B-AS| and HIF-
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loading control. ¥*P < 0.01, **P < 0.001. PCED | B-AS|: PCED I B antisense RNA |; qRT-PCR: quantitative reverse transcription polymerase

chain reaction.

(Fig. 6A, supplemental Figure S2). Besides, exogenous
PCEDIB-AS1 expression enhanced cell viability, DNA
synthesis, glucose uptake, and lactate production only in
control cells, but not in HIF-1a-depleted cells (Fig. 6B—
E), implying that HIF-1a is indispensable for the onco-
genic role of PCED1B-ASI (Fig. 6F).

Knockdown of PCED I B-AS | Inhibits Tumor Growth

To test whether PCED1B-AS1 also functioned in vivo,
we established the xenograft tumor model by subcuta-
neous injection of control or PCED1B-ASI-depleted
cells into nude mice (» = 5 in each group). Five weeks
later, all mice were sacrificed and the results showed
that the tumors in PCED1B-AS1-depleted groups were
significantly smaller than those in control group (Fig.
7A, B). Likewise, knockdown of PCEDIB-AS1 had no
effect on HIF-1oo mRNA level (Fig. 7C). However, the
protein levels of HIF-la were dramatically decreased in
PCEDIB-AS1-depleted groups in comparison to control
group (Fig. 7D). These data suggest that PCED1B-ASI1
knockdown retards tumor growth via downregulating HIF-
lo in vivo.

Discussion

In the present study, we described a novel GBM-related
IncRNA, PCED1B-AS1, which was markedly overexpressed
in GBM and closely correlated with aggressive clinical fea-
tures and adverse prognosis. Loss- and gain-of-function
assays indicated that knockdown of PCED1B-ASI inhibited
the Warburg effect and cell proliferation, while overexpres-
sion of PCED1B-ASI resulted in opposite effects. Further
mechanistic study revealed that HIF-1o was a direct down-
stream target of PCED1B-AS1, in which PCED1B-AS1 was
able to directly bind to the 5'-UTR of HIF-1oe mRNA, result-
ing in accelerated HIF-1a translation, thereby elevating HIF-
la protein expression and promoting the Warburg effect and
tumorigenesis of GBM. In addition, we also observed a
strong correlation between PCED1B-AS1 and HIF-1a pro-
tein expression in GBM tissues and in the xenograft tumor
model. Therefore, our data highlight the importance of
PCED1B-ASI in the progression of GBM and also shed new
light on the regulation of IncRNA on protein translation.
IncRNA is emerging as a crucial player in the occurrence,
development, and progression of cancer'”. It can act as a
tumor suppressor or an oncogene depending on the different
contexts'*. The mechanism by which IncRNA works is
extremely complex, but accumulating evidence suggests that
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this is closely related to its subcellular localization. Cyto-
plasmic IncRNA mainly functions via sponging miRNAs,
binding to proteins and even translating peptides'>. On the
other hand, nuclear localized IncRNA is able to directly
interact with epigenetic modification complex, influence
chromatin architecture, and control gene expression at the
transcriptional level'°. Herein, we found that PCED1B-AS1
was mainly located in the cytoplasm, and it could directly
bind to the 5'-UTR of HIF-1ao mRNA to potentiate HIF-1a
translation. To the best of our knowledge, only a few studies
have focused on the direct binding of IncRNA to mRNA to
affect its translation. For instance, IncRNA PXN-AS1 was
reported to physically interact with the coding sequences of
PXN mRNA, leading to dissociating the translation elonga-
tion factors from PXN mRNA and inhibiting its transla-
tion'”. IncRNA NPCCATI was proposed as a translation
promoter of YY1 by directly binding to the 5-UTR of
YY1 mRNA'®. In this study, we hypothesize that
PCED1B-AS1 may recruit some translation triggers (such
as YBllg) by binding to HIF-1a 5’-UTR, thus promoting
HIF-1a translation, which requires further study.

HIF-1a has been widely recognized as a key trigger of the
Warburg effect that increases the expression of glycolysis
genes by binding to hypoxia-responsive elements (HRE) on
their promoters®. Dysfunctions of the regulatory system for
HIF-1a activity are critical for tumorigenesis®'. A growing
body of evidence has shown that HIF-1a is significantly
upregulated in various human cancers and predicted poor
prognosis?. Up to now, several IncRNAs have been reported
to be responsible for the dysregulation of HIF-1a, such as
TUG1*, MEG3?*, PVT1%°, and MTA2TR?*®. They con-
trolled HIF-1a expression by altering HIF-1ae mRNA levels,
modulating the HIF-1a translation process, or affecting HIF-
lo protein stability. Here, we confirmed that HIF-1o protein
was elevated in GBM tissues and found that PCED1B-AS1
promoted HIF-1a protein expression, but not mRNA expres-
sion, by directly binding to the 5-UTR of HIF-1oo mRNA
and accelerating its translation process. Importantly,
PCEDI1B-AS1 had no tumor-promoting effect in the absence
of HIF-1a, suggesting that PCED1B-AS1 functions in a HIF-
la-dependent manner in GBM. Therefore, our study
advances the understanding of the regulation of HIF-1a, and
meanwhile underlines the essential relevance of IncRNA in
gene regulation. Intriguingly, we also found some HRE
motifs on the promoter PCED1B-AS1. Whether a regulatory
feed-forward loop was formed between PCED1B-AS1 and
HIF-1a to amplify the tumor-promoting effect of PCED1B-
AS1 is worthy of in-depth investigation.

Of note, by analyzing the GEPIA database, we found that
PCEDI1B-AS1 was also upregulated in several human can-
cers, such as diffuse large B cell lymphoma and kidney renal
clear cell carcinoma, as shown in supplemental Figure S3.
Further study is needed to confirm this observation to expand
the clinical implication of PCED1B-AS].

Collectively, our findings for the first time demonstrate
that PCED1B-ASI is a pro-oncogenic IncRNA in GBM

through regulation of HIF-1oo mRNA translation. Targeting
this regulatory axis of PCED1B-AS1/HIF-1a may be a pro-
mising approach for the treatment of GBM patients.
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