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Abstract
Background: Long non-coding RNA (lncRNA) HULC (highly upregulated in liver 
cancer) is considered as an oncogenic factor for various malignant tumors. This study 
aimed to reveal the role of lncRNA HULC in the malignant behavior of glioblastoma 
(GBM) by exploring its effects on the epithelial–mesenchymal transition (EMT) and 
vasculogenic mimicry (VM) of human GBM.
Materials and Methods: The contents of VM in 27 GBM samples were assessed 
by immunohistochemistry-histology and their association with progress-free survival 
(PFS) was analyzed. Human GBM SHG44 and U87 cells were manipulated to es-
tablish stable lncRNA HULC overexpressing and silencing cells by lentivirus-based 
technology. The effects of altered lncRNA HULC on vasculogenic tubular formation, 
invasion, and EMT process in GBM cells were tested in vitro and the growth of im-
planted GBM tumors and their EMT process were examined in vivo.
Results: The numbers of VM were positively associated with disease progression, 
but negatively with PFS periods of GBM patients. Compared with the control vec 
cells, lncRNA HULC overexpression significantly increased the tubular formation, 
invasion, and EMT process of both SHG44 and U87 cells, accompanied by promot-
ing the growth of implanted GBM tumors and EMT process in mice. LncRNA HULC 
silencing had opposite effects on the tubular formation, invasion, and EMT process as 
well as tumor growth of GBM cells.
Conclusion: LncRNA HULC stimulates the EMT process and VM in human GBM, 
and may be a therapeutic target for intervention of GBM.
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1  |   INTRODUCTION

Glioblastoma (GBM) is the most common type of primary 
malignant tumor in human brain with poor prognosis. GBM 
is the most malignant grade IV of glioma, according to the 
2016 WHO Central Nervous System Tumor Classification. 
Approximately, more than 90% of patients with GBM have 
a survival period of less than 14  months after diagnosis. 
Traditional therapeutic strategies for GBM include surgical 
resection, radiotherapy, and chemotherapy, as well as immu-
notherapies. However, the efficacy of these therapies is lim-
ited as these therapies do not prolong the survival of GBM 
patients.1 The lack of effective therapy is largely attributed 
to our poor understanding of the molecular pathogenesis of 
GBM. Hence, understanding the pathogenesis of GBM will 
be of high significance in discovery of new therapeutic tar-
gets and strategies for GBM.

The rapid growth of GBM cells in the brain depends on 
sufficient blood supply of nutrients and oxygen, which are 
critical for the proliferation and invasion of GBM cells. It is 
well known that tumor cells can form microvascular chan-
nels, vasculogenic mimicry (VM), to increase nutrient and 
blood supply in different types of tumors, including GBM.2 
VM is an environment-adaptive behavior of tumor cells, and 
made by highly malignant and low-differentiated tumor cells, 
such as GBM cells, displaying the potential stem cell char-
acteristics. The tumor cells mimic vascular endothelial cells 
to construct microvascular channels to support the growth 
of tumors.3 Tumor cells that participate in the process of 
VM usually undergo the epithelial–mesenchymal transition 
(EMT) process, fascinating their migration, and invasion. 
They exhibit mesenchymal cell characters with upregulated 
N-cadherin, vimentin, Snail and Slug expression, promoting 
matrix metalloproteinase (MMP) expression, but downreg-
ulated E-cadherin expression. As a result, tumor cells lose 
their polarity and increase their mobility while weakening 
cell adhesion, leading to invasion.4 However, little is known 
on how the EMT and VM are regulated in GBM.

Long non-coding RNA (lncRNA) is a class of non-coding 
RNAs and can regulate many biological processes. LncRNA 
HULC (highly upregulated in liver cancer) was initially de-
tected in liver cancer, and is also abnormally expressed in 
GBM.5 However, there is no information on whether and how 
lncRNA HULC can regulate the development and progres-
sion of human GBM. Given that VM and EMT processes 
are crucial for the proliferation and metastasis of malignant 
tumor cells we hypothesize that lncRNA HULC may pro-
mote the growth of human GBM and enhance the EMT pro-
cess and VM of GBM cells.6

In this study, we quantified the numbers of VM in GBM 
tissues and explored the potential roles of lncRNA HULC in 
regulating the tubular formation, invasion, and EMT process 
of human GBM cells in vitro and in vivo.

2  |   MATERIALS AND METHODS

2.1  |  Patients and tissue specimens

A total of 27 GBM patients were recruited in Department of 
Neurosurgery, The First Affiliated Hospital of USTC between 
September 2019 and December 2019. Those GBM patients 
were diagnosed by clinical symptoms and radiological ex-
amination, and their grades were evaluated, according to the 
2016 WHO Central Nervous System Tumor Classification. 
All of the patients underwent surgical resection of the tumor 
and their surgical tumor specimens were collected. Their de-
mographic and clinicopathological data were collected and 
shown in Table 1. Those patients were followed up until July 
2020. Their overall survival and progress-free survival (PFS) 
were calculated. The tumor tissue sections (3 µm) from each 
specimen were stained with hematoxylin-eosin and reviewed 
by two pathologists.

2.2  |  Cell culture and lentivirus transduction

Human GBM SHG44 and U87 cells were obtained from the 
China Centre for Type Culture Collection (Wuhan, China) 
and identified by short tandem repeat. The cells were cul-
tured in DMEM medium containing 10% fetal bovine serum 
(Biological Industries). SHG44 and U87 cells were trans-
duced with control vehicle lentivirus or experimental lenti-
virus to generate control (vec), stable HULC overexpression 
(HULC), control silencing (si-NC), and HULC silencing 
cells (HULC-siRNA) using specific lentiviruses generated 
by our research group previously.5

2.3  |  Matrigel tube formation assay

The different groups of cells (6 × 104 cells/well) were cul-
tured in triplicate in 24-well plates that were pre-coated with 
Matrigel (300 μl/well; BD Bioscience) at 37℃ for 4 h. The 
formed tubes were captured by photoimaging under a light 
microscope (Olympus) and the numbers of tubular structures 
in five random fields of each well were quantified using the 
Image J software in a blinded manner.

2.4  |  Transwell invasion assay

The impact of altered lncRNA HULC expression on cell 
invasion was tested in a transwell invasion assay using 24-
well transwell plates (8-µm pore size; Corning). The dif-
ferent groups of cells (5 × 104 cells/well) were cultured in 
triplicate in the upper chamber that had been coated with 
matrigel and complete DMEM (600 µl/well) was added to 
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the lower chamber. One day later, the cells that invaded on 
the bottom surface of the upper chamber membrane were 
fixed with 4% paraformaldehyde and stained with 0.1% 
crystal violet. The stained cells in five fields randomly se-
lected in each well were visualized and counted under a 
light microscope.

2.5  |  Quantitative RT-PCR

Total RNA was extracted from individual groups of cells 
using Total RNA Kit (Qiagen). After quantification of RNA 
concentrations using the Nanodrop spectrophotometer (ND-
100; Thermo Scientific), the RNA samples were reversely 
transcribed into cDNA. The relative levels of LncRNA 
HULC, E-cadherin, MMP2, MMP9, N-cadherin, Slug, Snail, 
and Vimentin to the control GAPDH were quantified in trip-
licate by qRT-PCR using the specific primers (Table 2), the 

SYBR Premix Ex Taq and Taqman Universal Master Mix II 
(Applied Biosystems). The data were analyzed by the 2−ΔΔCt 
method.

2.6  |  Western blot

The different groups of cells were harvested and lysed in 
RIPA buffer, followed by centrifugation. After quantifica-
tion of protein concentrations using a BCA protein assay kit, 
individual cell lysates (30 µg/lane) were separated by sodium 
dodecyl sulfate–polyacrylamide gel electrophoresis (SDS–
PAGE) on 10% gels, and transferred onto polyvinylidene 
difluoride membranes (Millipore). The membranes were 
blocked with 5% fat-free dry milk in TBST and probed with 
primary antibodies against E-cadherin (4A2, 1:500), MMP2 
(D4M2N, 1:1000), MMP9 (D6O3H, 1:500), N-cadherin 
(D4R1H, 1:500), Slug (C19G7, 1:1000), Snail (C15D3, 

T A B L E  1   The demographic and clinical data of GBM patients

Case Age (years) Sex Tumor site PFS (M) OS (M)
Number 
of VM

1 72 Male Left triangle 2 6 14

2 53 Male Left frontal lobe No relapse Alive 2

3 67 Male Right frontal lobe 3 6 10

4 55 Male Left thalamus 1 Alive 7

5 60 Male Right parietal and occipital lobe 8 Alive 5

6 13 Female Central brain area No relapse Alive 2

7 41 Female Right temporal lobe 2 Alive 10

8 13 Female Right frontal and temporal lobe 4 Alive 7

9 38 Female Brain 3 Alive 3

10 57 Male Left insula and basal ganglia 3 Alive 4

11 50 Male Corpus callosum 2 Alive 6

12 67 Female Right frontal lobe No relapse Alive 3

13 52 Female Right temporal lobe No relapse Alive 4

14 70 Male Right temporal lobe 4 6 7

15 23 Male Frontal and temporal lobe No relapse Alive 1

16 48 Male Corpus callosum 1 1 8

17 54 Male Left temporal lobe 5 Alive 5

18 53 Male Right occipital lobe 2 3 12

19 78 Male Left frontal lobe 1 1 9

20 50 Male Right temporal lobe No relapse Alive 3

21 50 Female Left frontal lobe 3 Alive 8

22 54 Male Right thalamus 6 Alive 3

23 63 Male Right temporal lobe 5 Alive 6

24 47 Female Right frontal lobe No relapse Alive 2

25 52 Male Right lateral ventricle 1 1 11

26 61 Male Right triangle No relapse Alive 1

27 64 Male Left insula and basal ganglia 1 5 9
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1:500), Vimentin (D21H3, 1:1000), and GAPDH (D16H11, 
1:1000; Cell Signaling Technology). The bound antibodies 
were detected with horseradish peroxidase (HRP)-conjugated 
secondary antibody (Cell Signaling Technology) and visual-
ized using the enhanced chemiluminescence kit. The data 
were analyzed using Image J software.

2.7  |  In vivo experiments

An orthotopic GBM xenograft mouse model was estab-
lished using the different groups of U87 cells as described 
previously.5 Briefly, BALB/c nude mice at 8 weeks of age 
were randomized and intracranial implanted with U87-vec, 
U87-HULC, U87-siNC, or U87-HULC-siRNA (n  =  7 per 
group). The mice were monitored for their body weights and 
behaviors. When cachexia occurred, they were euthanized 
by CO2 inhalation, and their brains were dissected. Their tu-
mors were dissected and weighed. The survival of remain-
ing tumor bearing mice was monitored up to 45 days post 
implantation. The animal experiments were conducted in 
strict accordance with the Guidelines for the Care and Use 
of Laboratory Animals, 8th edition, issued by the National 
Institutes of Health.

2.8  |  Immunohistochemistry

Human GBM tissue sections (3 µm) were routine-stained with 
anti-CD34 (10C9, ready-to use; ZSGB-BIO) or anti-GFAP 

(L50-823, ready-to-use; Maxim). The sections were further 
stained with periodic acid–Schiff (PAS) and counterstained 
with hematoxylin. Subsequently, the bound antibodies were 
detected with HRP- or alkaline phophatase (AP)-multimer 
staining and visualized with DAB using the Opti View DAB 
IHC Detection Kit, Ultra View Universal DAB Detection Kit, 
Ultra View Universal Alkaline Phophatase Red Detection Kit, 
Bluing Reagent (Ventana Medical Systems) in a VENTANA 
Benchmark Ultra automatic staining machine.

The consecutive GBM sections (3  µm) from individ-
ual mice were subjected to immunohistochemistry using 
primary antibodies against E-cadherin (4A2, 1:100), N-
cadherin (D4R1H, 1:100; Cell Signaling Technology), 
MMP2 (ab97779, 1:100), MMP9 (EPR22140-154, 1:100), 
Slug +Snail (ab180714, 1:1000), Vimentin (EPR3776, 
1:250), and HRP-multimer staining. The images were semi-
quantified by two pathologists in a blinded manner, as previ-
ously described.5 Briefly, the antibody staining intensity was 
scored as 1: weakly positive/equivocal staining within >10% 
of the tumor cells; 2: moderately positive within >10% of 
the tumor cells or strong staining within ≤10% of the tumor 
cells; 3: strongly positive in >10% of the tumor cells. A total 
of 500 tumor cells selected randomly from each sample were 
evaluated.

2.9  |  Statistical analysis

Data are present as representative images or mean ± SEM. 
The difference between groups was analyzed using Student's 

Gene Sequence

LncRNA HULC forward 5′-CGCGTCACAGTGAACCGGT-3′

LncRNA HULC reverse 5′-AGTGCAGGGTCCGAGGTATT-3′

E-cadherin forward 5′- GCAGGTCTCCTCTTGGCTCT-3′

E-cadherin reverse 5′-GTCGACCGGTGCAATCTTCA-3′

MMP2 forward 5′-CTGTAGAAAGAGCCCTGAAGAATC-3′

MMP2 reverse 5′-TGCCTTGCACATAGAAAGCAC-3′

MMP9 forward 5′-TGCTCTTCCCTGGAGACCTGA-3′

MMP9 reverse 5′-CTGCCACCCGAGTGTAACCA-3′

N-cadherin forward 5′-CGGAGATCCTACTGGACGGT-3′

N-cadherin reverse 5′-GGTTTGACCACGGTGACTAACC-3′

Slug forward 5′-ACTGTGTGGACTACCGCTGC-3′

Slug reverse 5′-AGGAGGTGTCAGATGGAGGAGG-3′

Snail forward 5′-CCTGTCTGCGTGGGTTTTTG-3′

Snail reverse 5′-CCAGTGAGTCTGTCAGCCTTTGT-3′

Vimentin forward 5′-CTGGATTCACTCCCTCTGGTT-3′

Vimentin reverse 5′-TCGTGATGCTGAGAAGTTTCGTT-3′

GAPDH forward 5′-GAACGGGAAGCTCACTGG-3′

GAPDH reverse 5′-GCCTGCTTCACCACCTTCT-3′

T A B L E  2   The primer sequences for 
qRT-PCR



5274  |      YIN et al.

t-test, one-way ANOVA, and Fisher's test where applicable 
and the survival data were analyzed by log rank test using 
GraphPad Prism 7 software (GraphPad). A p-value of <0.05 
was considered statistically significant.

3  |   RESULTS

3.1  |  Increased numbers of VM are 
associated with a poor prognosis of GBM 
patients

To explore the potential role of VM in the progression of 
GBM, we examined the levels of VM in 27 GBM specimens 
by immunohistochemistry and histology using anti-CD34-
PAS and anti-GFAP-PAS staining. As shown in Figure  1, 
vascular-like structures were detected within the tumors and 
they were GFAP+, but CD34-, suggesting that they were 
formed by tumor cells, but not from vascular endothelial 

cells. Quantification of the number of VM in stratified groups 
indicated that the numbers of VM in the patients with re-
lapsed GBM were significantly greater than those with 
non-relapsed GBM (p  <  0.05), but were significantly less 
than those died from GBM in this population (p  <  0.05, 
Figure 1B). Follow-up of those patients revealed that GBM 
patients with less VM had a significantly longer PFS than 
those with more VM in this population (p < 0.05, Figure 1C). 
Hence, increased numbers of VM were associated with poor 
prognosis of GBM.

3.2  |  LncRNA HULC promotes the tube 
formation and invasion of human GBM cells 
in vitro

LncRNA HULC expression is upregulated malignant tu-
mors, including GBM. To explore the role of lncRNA HULC 
in the VM formation and metastasis, human GBM SHG44 

F I G U R E  1   Increased numbers of vasculogenic mimicry (VM) are associated with the progression and poor progress-free survival of 
glioblastoma (GBM) patients. The numbers of VM in 27 GBM specimens were examined by immunohistochemistry and histology by anti-CD34 
or anti-GFAP and subsequent PAS staining. Those patients were stratified, according to relapse and death and the numbers of VM in GBM tissues 
of each group of GBM patients were analyzed. (A) Immunohistochemistry-histological examination of VM in human GBM tissues (magnification, 
200×, scale bar, 50 µm; magnification, 400×, scale bar, 20 µm). The VM is pointed by a red arrow. Blood vessels are shown by black arrows. Anti-
GFAP-PAS or anti-CD34-PAS: The sections were first stained with anti-GFAP or anti-CD34 and subsequently with PAS. (B) Quantitative analysis 
of VM numbers in each group of patients. *p < 0.05. (C) The PFS of each group of patients. Small: the numbers of VM were less <7; Large: the 
numbers were ≥7 VM. P < 0.05 by Log rank test
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and U87 cells were transduced with different lentiviruses to 
generate stable HULC overexpressing and silencing cells and 
their lncRNA HULC expression was quantified by qRT-PCR 
(Figure  2). The results indicated that the relative levels of 
lncRNA HULC transcripts in the SHG44-HULC increased 
by near threefold, compared with that in the SHG44-vec con-
trol cells while the lncRNA HULC transcripts in the SHG44-
HULC-siRNA cells decreased by about 75%, related to that in 
the SHG44-siNC cells. A similar pattern of lncRNA HULC 
transcripts was detected the different groups of U87 cells. 
Such data demonstrated a high efficacy in lncRNA HULC 
overexpression and silencing in these cells.

Next, we tested the impact of altered lncRNA HULC 
expression on the tube formation and invasion of GBM 
cells by the tube formation and transwell invasion assays. 
As shown in Figure 3A, in comparison with the U87-vec 
or U87-siNC controls, significantly increased numbers of 
tubes were detected in U87-HULC cells and decreased 
numbers of tubes were observed in U87-HULC-siRNA 
cells. Similar results were obtained from the different 
groups of SHG44 cells (Figure  3A). These data clearly 

indicated that lncRNA HULC promoted the tube forma-
tion of GBM cells. Transwell invasion assays revealed 
that lncRNA HULC overexpression enhanced the inva-
sion of GBM cells while its silencing reduced the num-
bers of invaded GBM cells, relative to that in the controls 
(Figure  3B). Such two independent lines of evidence 
demonstrated that lncRNA HULC promoted the tube for-
mation and invasion of human GBM cell in vitro.

3.3  |  LncRNA HULC upregulates the 
expression of EMT-related regulatory genes in 
GBM cells

The EMT process is associated with VM and invasion of 
tumor cells. To understand how lncRNA HULC regulates the 
VM and invasion of GBM cells, we quantified the relative 
levels of EMT-related regulatory gene expression in the dif-
ferent groups of cells by qRT-PCR and western blot assays. 
In comparison with that in the SHG44-vec or SHG44-siNC 
control cells, significantly decreased levels of E-cadherin 
mRNA transcripts were detected in SHG44-HULC cells, but 
increased levels of them were observed in the SHG44-HULC-
siRNA cells (Figure 4). In contrast, HULC overexpression 
significantly increased the relative levels of MMP2, MMP9, 
N-cadherin, Slug, Snail, and Vimentin mRNA transcripts 
while HULC silencing decreased their levels in SHG44 cells. 
Similar patterns of their mRNA transcripts were detected in 
the different groups of U87 cells. Furthermore, similar data 
were obtained from the different groups of SHG44 and U87 
cells by western blot assays (Figure  5). Collectively, the 
changes in the profiles of EMT-related regulatory gene ex-
pression by altered lncRNA HULC indicated that lncRNA 
HULC promoted the EMT process of human GBM cells in 
vitro.

3.4  |  LncRNA HULC enhances the 
growth of xenograft GBM in mice, associated 
with promoting the EMT process

To explore the role of lncRNA HULC in the growth of GBM, 
we tested the impact of altered lncRNA HULC expression on 
the growth of implanted GBM in mice. Individual BALB/c 
nude mice were inoculated orthotopically with control U87-
vec, U87-HULC, U87-siNC, or U87-HULC-siRNA GBM 

F I G U R E  2   Quantitative RT-PCR analysis of lncRNA HULC 
transcripts in different groups of cells. Human GBM SHG44 and U87 
cells were transduced with vec lentivirus, lentivirus for lncRNA HULC 
overexpression (HULC), silencing (HULC-siRNA), or control siRNA 
(siNC). The relative levels lncRNA HULC transcripts to control 
GAPDH in the stable HULC overexpression or silencing cells as well 
as their controls were determined by qRT-PCR. Data are mean ± SEM 
of each group from two separate experiments. *p < 0.05 by Student 
t-test

F I G U R E  3   Altered lncRNA HULC expression modulates the tubular formation and invasion in the different groups of glioblastoma (GBM) 
cells. The different groups of cells were cultured on Matrigel and the tubular structures were measured in a blinded manner. Similarly, the invasion 
of different groups of cells was determined by transwell invasion assays. Data are representative images or expressed as mean ± SEM of each 
group from two separate experiments. (A) Photoimaging of VM tube formation in the cultured GBM cells in vitro (magnification, 100×; scale bar, 
100 µm). (B) Invasion was measured by transwell assay (magnification, 200×; scale bar, 50 µm). *p<0.05 by Student t-test
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cells in their brains. Their survival was monitored up to 
45 days post implantation. As shown in Figure 6A, the sur-
vival time periods of the HULC group of mice were signifi-
cantly shorter than that of the vec control group (p < 0.05). 
Furthermore, the dissected brain tumor weights in the 
HULC group of mice were greater than that of the vec group 
(p < 0.05, Figure 6B,C). In contrast, the survival time periods 
and tumor weights in the HULC-siRNA group of mice were 
longer and less than that in the control si-NC group, respec-
tively (Figure  6). Such data indicated the lncRNA HULC 
promoted the growth of implanted human GBM tumors in 
mice.

Immunohistochemistry analysis displayed that lncRNA 
HULC overexpression enhanced the EMT process in the 
GBM tumors, which were abrogated by lncRNA HULC si-
lencing in GBM cells. Evidently, compared with the vec con-
trol tumors, we detected obviously lower levels of E-cadherin, 
but higher levels of N-cadherin, MMP2, MMP9, Slug, Snail, 

and Vimentin expression in the HULC group of tumors 
(Figure 7). Conversely, we observed higher E-cadherin, but 
lower levels of N-cadherin, MMP2, MMP9, Slug, Snail, and 
Vimentin expression in the HULC-si group of tumors, rela-
tive to that in the si-NC group of tumors (Figure 7). Together, 
such findings demonstrated that lncRNA HULC promoted 
the EMT process of human GBM tumors in mice.

4  |   DISCUSSION

It is well known that VM is crucial for the progression of 
malignant tumors by providing nutrients and eliminating 
metabolites.7 In this study we explored the role of VM in 
human GBM by the anti-CD34-PAS and anti-GFAP-PAS 
staining. We observed some PAS-stained tubular structures 
inside the tumor, which communicated with the native blood 
vessels and contained red blood cells. Specifically, the tube 

F I G U R E  4   LncRNA HULC promotes the EMT process and MMP expression in GBM cells in vitro. The relative levels of E-cadherin, N-
cadherin, Snail, Slug Vimentin, MMP2, and MMP9 expression to the control GAPDH mRNA transcripts in the different groups of GBM cells were 
determined by qRT-PCR. Data are mean ± SEM of each group from two separate experiments. *p<0.05
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was formed by lowly differentiated tumor cells that were 
covered with PAS-stained basement membrane. A previous 
study has indicated that the GBM cells for forming VM are 

"tumor stem-like cells," which can differentiate to vascular 
endothelial-like cells, promoting angiogenesis in tumor tis-
sues.8 In this study, we found that the numbers of VM in 

F I G U R E  5   LncRNA HULC enhances the expression of EMT-related molecules and regulators in GBM cells. The relative levels of E-
cadherin, N-cadherin, Snail, Slug, vimentin, MMP2, and MMP9 to the control GAPDH expression in the different groups of GBM cells were 
determined by western blot. Data are representative images or expressed as mean ± SEM of each group from two separate. *p < 0.05
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human GBM tissues were significantly associated positively 
with disease relapse, but negatively with the PFS periods in 
27 GBM patients. If further confirmed, the number of VM 
may be valuable for prognosis of GBM in the clinic.

LncRNA can regulate many biological processes by 
interacting with miRNA, transcription factors, and other 
molecules to affect the proliferation, apoptosis, invasion, 
migration, autophagy, VM, EMT, and other biological be-
haviors.9,10 Their abnormal expression is associated with the 
development and progression of malignant tumors. Previous 
studies have shown that the lncRNA HULC expression is up-
regulated in liver cancers,11 colon cancer, ovarian cancer, and 
other tumor tissues and is associated positively with tumor 
size, TNM stage, chemotherapy resistance, and poor prog-
nosis.12,13 Hence, lncRNA HULC acts as an oncogenic fac-
tor to promote the progression of several types of malignant 
tumors. Our previous study has shown that lncRNA HULC 

expression is significantly upregulated in human GBM.14 
The bioinformatic analysis indicated that patients with higher 
lncRNA HULC expression in their GBM tissues had a worse 
prognosis, and lncRNA HULC overexpression promoted the 
proliferation, migration, and invasion of human glioblastoma 
U87 cells by enhancing the HIF-related PI3K/AKT/EGFR 
signaling.15 It is notable that the PI3K/AKT/EGFR signaling 
is also critical for GBM stem cell-like cells to form VM as the 
PI3K activation can induce MMP14 expression and MMP2 
maturation. The MMP2 is important for the construction of 
vascular basement membrane, and promote VM formation in 
solid GBM.16,17 In this study, we explored the role for altered 
lncRNA HULC expression in the tubular formation and MMP 
expression in GBM cells after establishment of stable HULC 
overexpressing and silencing GBM cells. We found that com-
pared with the controls, HULC overexpression significantly 
increased the numbers of tubular structures in both SHG44 

F I G U R E  6   LncRNA HULC promotes 
the growth of implanted glioblastoma 
(GBM) in mice. BALB/c nude mice were 
implanted the indicated types of U87 
cells in their brains and their survival was 
monitored. Their brains were dissected out 
for imaging and their tumor weights were 
measured. Data are their brain images, 
survival curves, and mean tumor weights in 
each group (n = 7 per group). (A) LncRNA 
HULC overexpression promoted the death 
of GBM-bearing mice. (B) The brain 
images. (C) The tumor weights. *p < 0.05
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and U87 cells while HULC silencing decreased their num-
bers. Similarly, HULC overexpression significantly upregu-
lated MMP2 and MMP9 expression while HULC silencing 

downregulated their expression in both GBM cells in vitro 
and in vivo. Our data suggest that lncRNA HULC may pro-
mote VM by enhancing MMP2 and MMP9 expression in 

F I G U R E  7   Immunohistochemistry analysis of EMT-related molecule and regulator expression in glioblastoma (GBM) tumors. The expression 
of E-cadherin, N-cadherin, MMP2, MMP9, Snail, Slug, and vimentin in individual GBM tumors of different groups of mice was characterized by 
immunohistochemistry. Data are representative images of each group (n = 7 per group) of mice from three separate experiments (magnification, 
200×; scale bar, 50 µm)
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GBM. Such novel findings may provide new insights into the 
molecular pathogenesis of GBM and the lncRNA/MMP2/
MMP9 may be new therapeutic targets for intervention of 
GBM progression.

Previous studies have shown that the signal pathways and 
transcription factors regulating the EMT process are import-
ant for VM, which suggests that VM is closely related to the 
EMT process. Twist1 overexpression enhances tubular for-
mation and MMP expression in GBM cells, indicating that 
Twist1 can promote the formation of VM in tumor tissue.18,19 
Actually, the EMT process enhances the plasticity of tumor 
cells and extracellular matrix production for VM, and facil-
itates the formation of vascular basement membrane-like 
structures.20 In this study, we found that lncRNA HULC 
overexpression enhanced the EMT process in GBM in vitro 
and in vivo. Evidently, lncRNA HULC overexpression de-
creased E-cadherin expression, but increased N-cadherin, vi-
mentin, Snail, and Slug expression in both SHG44 and U87 
cells. In contrast, lncRNA HULC silencing had opposite ef-
fects. More importantly, lncRNA HULC overexpression also 
enhanced the invasion of both SHG44 and U87 cells while 
lncRNA HULC silencing inhibited their invasion in vitro. 
It is possible that lncRNA HULC may enhance the HIP-1α-
related PI3K/AKT/mTOR signaling, which cross-talks with 
the Wnt/β-catenin signaling to upregulate TGF-β and Snail 
expression, promoting the EMT process in GBM cells.21–23 
We are interested in further investigating the molecular 
mechanisms by which lncRNA HULC regulates the process 
of EMT and VM in GBM.

In summary, our data indicated that VM was associated 
with the progression and prognosis of GBM. We found that 
lncRNA HULC overexpression significantly enhanced the 
tubular formation and invasion of human GBM cells and 
promoted the growth of GBM tumors in mice while ln-
cRNA HULC silencing had opposite effects. Furthermore, 
lncRNA HULC overexpression increased the EMT process 
and MMP expression while lncRNA silencing decreased 
them in GBM. Hence, lncRNA HULC may increase VM 
to promote the progression of GBM by enhancing the EMT 
process in GBM. Therefore, our findings may uncover a 
therapeutic target and help in understanding the molecular 
pathogenesis of GBM.

CONFLICTS OF INTEREST
The authors state no conflicts of interest in this work.

AUTHOR CONTRIBUTION
Tiantian Yin: Conducting the research and investigation 
process, performing the experiments, and writing the ini-
tial draft. Jing Wu: Data collection and presentation of the 
published work. Yuchen Hu: Formulation of overarching 
research goals and aims. Min Zhang: Provision of study ma-
terials, reagents, instrumentation, and other analysis tools. 

Jie He: Management and coordination responsibility for the 
research activity planning and execution.

ETHICAL APPROVAL
The experimental protocols were approved by the Ethics 
Committee of University of Science and Technology of 
China (Ethical approval number: USTCACUC1801033). 
This paper has not been published elsewhere in whole or in 
part. All authors have read and approved the content, and 
agree to submit it for consideration for publication in your 
journal. There are no ethical/legal conflicts involved in the 
article.

DATA AVAILABILITY STATEMENT
The data used to support the findings of this study are avail-
able from the corresponding author upon request.

ORCID
Tiantian Yin   https://orcid.org/0000-0003-1529-1085 

REFERENCES
	 1.	 Diamandis P, Aldape K. World Health Organization 2016 

classification of central nervous system tumors. Neurol Clin. 
2018;36(3):439-447. https://doi.org/10.1016/j.ncl.2018.04.003.

	 2.	 Wang D, Zheng J, Liu X, et al. Knockdown of USF1 inhibits the vas-
culogenic mimicry of glioma cells via stimulating SNHG16/miR-
212-3p and LINC00667/miR-429 axis. Mol Ther Nucleic Acids. 
2019;14:465-482. https://doi.org/10.1016/j.omtn.2018.12.017.

	 3.	 Hai-Ping C, Jing W, Shao-Yan XI, et al. Tenascin-cmediated vas-
culogenic mimicry formation via regulation of MMP2/MMP9 in 
glioma. Cell Death Dis. 2019;10(12):879. https://doi.org/10.1038/
s4141​9-019-2102-3.

	 4.	 Tang L, Zhao P, Kong D. Muscleblind-like 1 destabilizes snail 
mRNA and suppresses the metastasis of colorectal cancer cells via 
the snail/E-cadherin axis. Int J Oncol. 2019;54(3):955-965. https://
doi.org/10.3892/ijo.2019.4691.

	 5.	 Yu-chen HU, Tian-tian YIN, Qian LI, et al. Long non-coding RNA 
HULC enhances tumor growth in orthotopic xenograft model of 
glioblastoma. J Sun Yat-sen Univ (Med Sci). 2020;41(1):60-68.

	 6.	 Wang C, Jiang X, Li X, et al. Long noncoding RNA HULC ac-
celerates the growth of human liver cancer stem cells by upregu-
lating cyclinD1 through miR675-PKM2 pathway via autophagy. 
Stem Cell Res Ther. 2020;11(1):8. https://doi.org/10.1186/s1328​
7-019-1528-y.

	 7.	 Maniotis AJ, Folberg R, Hess A, et al. Vascular channel formation 
by human melanoma cells in vivo and in vitro: vasculogenic mim-
icry. Am J Pathol. 1999;155(3):739-752. https://doi.org/10.1016/
S0002​-9440(10)65173​-5.

	 8.	 Wang R, Chadalavada K, Wilshire J, et al. Glioblastoma stem-like 
cells give rise to tumour endothelium. Nature. 2010;468(7325):829-
833. https://doi.org/10.1038/natur​e09624.

	 9.	 Marttila S, Chatsirisupachai K, Palmer D, et al. Ageing-associated 
changes in the expression of lncRNAs in human tissues reflect a 
transcriptional modulation in ageing pathways. Mech Ageing Dev. 
2020;185:111177 https://doi.org/10.1016/j.mad.2019.111177.

	10.	 Schmidt K, Carroll JS, Yee E, et al. The lncRNA SLNCR re-
cruits the androgen receptor to EGR1-bound genes in melanoma 

https://orcid.org/0000-0003-1529-1085
https://orcid.org/0000-0003-1529-1085
https://doi.org/10.1016/j.ncl.2018.04.003
https://doi.org/10.1016/j.omtn.2018.12.017
https://doi.org/10.1038/s41419-019-2102-3
https://doi.org/10.1038/s41419-019-2102-3
https://doi.org/10.3892/ijo.2019.4691
https://doi.org/10.3892/ijo.2019.4691
https://doi.org/10.1186/s13287-019-1528-y
https://doi.org/10.1186/s13287-019-1528-y
https://doi.org/10.1016/S0002-9440(10)65173-5
https://doi.org/10.1016/S0002-9440(10)65173-5
https://doi.org/10.1038/nature09624
https://doi.org/10.1016/j.mad.2019.111177


5282  |      YIN et al.

and inhibits expression of tumor suppressor p21. Cell Rep. 
2019;27(8):2493–2507.e4. https://doi.org/10.1016/j.celrep.

	11.	 Panzitt K, Tschernatsch MM, Guelly C, et al. Characterization of 
HULC, a novel gene with striking up-regulation in hepatocellular car-
cinoma, as noncoding RNA. Gastroenterology. 2007;132(1):330-
342. https://doi.org/10.1053/j.gastro.2006.08.026.

	12.	 Kenji T, Ota YU, Takayuki K, et al. Circulating extracellular 
vesicle-encapsulated HULC is a potential biomarker for human 
pancreatic cancer. Cancer Sci. 2020;111(1):98-111. https://doi.
org/10.1111/cas.14232.

	13.	 Zhijia Y, Guoqing LI, Chao D, et al. Long non-coding RNA HULC 
exerts oncogenic activity on papillary thyroid cancer in vitro and in 
vivo. Artif Cells Nanomed Biotechnol. 2020;48(1):326-335. https://
doi.org/10.1080/21691​401.2019.1703730.

	14.	 Yan H, Tian R, Zhang M, et al. High expression of long noncoding 
RNA HULC is a poor predictor of prognosis and regulates cell pro-
liferation in glioma. Onco Targets Ther. 2016;10:113-120. https://
doi.org/10.2147/OTT.S124614.

	15.	 Yuchen HU, Ye S, Li Q, et al. Quantitative proteomics analysis 
indicates that upregulation of lncRNA HULC promotes pathogen-
esis of glioblastoma cells. Onco Targets Ther. 2020;13:5927-5938. 
https://doi.org/10.2147/OTT.S252915.

	16.	 Qingfu XU, Karim AA, Yan Z, et al. Oncogenic microRNA-20a is 
downregulated by the HIF-1α/c-MYC pathway in IDH1 R132H-
mutant glioma. Biochem Biophys Res Commun. 2018;499(4):882-
888. https://doi.org/10.1016/j.bbrc.2018.04.011.

	17.	 Karim M, Adam B, Stephany MA, et al. Relief of tumor hypoxia 
unleashes the tumoricidal potential of neutrophils. J Clin Invest. 
2020;130(1):389-403. https://doi.org/10.1172/JCI13​0952.

	18.	 Shu-Ling H, Shu-Chen H, Po-Yu L, et al. Carnosine suppresses 
human colorectal cell migration and intravasation by regulating 
EMT and MMP expression. Am J Chin Med. 2019;47(2):477-494. 
https://doi.org/10.1142/S0192​415X1​9500241.

	19.	 Huan W, Qing-Fang LI, Chow HY, et al. Arginine deprivation 
inhibits pancreatic cancer cell migration, invasion and EMT via 
the down regulation of Snail, Slug, Twist, and MMP1/9. J Physiol 
Biochem. 2020;76(1):73-83. https://doi.org/10.1007/s1310​5-019-
00716​-1.

	20.	 Cao W, Xu C, Li X, et al. Twist1 promotes astrocytoma de-
velopment by stimulating vasculogenic mimicry. Oncol Lett. 
2019;18(1):846-855. https://doi.org/10.3892/ol.2019.10380.

	21.	 Zhong C, Li X, Tao B, et al. LIM and SH3 protein 1 induces glioma 
growth and invasion through PI3K/AKT signaling and epithelial-
mesenchymal transition. Biomed Pharmacother. 2019;116:109013 
https://doi.org/10.1016/j.biopha.2019.109013.

	22.	 Jing LI, Rui Y, Haijie Y, et al. NCAM regulates the prolifera-
tion, apoptosis, autophagy, EMT, and migration of human mel-
anoma cells via the Src/Akt/mTOR/cofilin signaling pathway. J 
Cell Biochem. 2020;121(2):1192-1204. https://doi.org/10.1002/
jcb.29353.

	23.	 Rattiyaporn K, Paleerath P, Angkhana N, et al. Epigallocatechin-
3-gallate prevents TGF-β1-induced epithelial-mesenchymal tran-
sition and fibrotic changes of renal cells via GSK-3β/β-catenin/
Snail1 and Nrf2 pathways. J Nutr Biochem. 2020;76:108266. 
https://doi.org/10.1016/j.jnutb​io.2019.108266.

How to cite this article: Yin T, Wu J, Hu Y, Zhang M,  
He J. Long non-coding RNA HULC stimulates the 
epithelial–mesenchymal transition process and 
vasculogenic mimicry in human glioblastoma. Cancer 
Med. 2021;10:5270–5282. https://doi.org/10.1002/
cam4.4083

https://doi.org/10.1016/j.celrep
https://doi.org/10.1053/j.gastro.2006.08.026
https://doi.org/10.1111/cas.14232
https://doi.org/10.1111/cas.14232
https://doi.org/10.1080/21691401.2019.1703730
https://doi.org/10.1080/21691401.2019.1703730
https://doi.org/10.2147/OTT.S124614
https://doi.org/10.2147/OTT.S124614
https://doi.org/10.2147/OTT.S252915
https://doi.org/10.1016/j.bbrc.2018.04.011
https://doi.org/10.1172/JCI130952
https://doi.org/10.1142/S0192415X19500241
https://doi.org/10.1007/s13105-019-00716-1
https://doi.org/10.1007/s13105-019-00716-1
https://doi.org/10.3892/ol.2019.10380
https://doi.org/10.1016/j.biopha.2019.109013
https://doi.org/10.1002/jcb.29353
https://doi.org/10.1002/jcb.29353
https://doi.org/10.1016/j.jnutbio.2019.108266
https://doi.org/10.1002/cam4.4083
https://doi.org/10.1002/cam4.4083

