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Objective: The role of lncRNAs in tumor has been widely concerned. The present study
took HAS2-AS1 (the antisense RNA 1 of HAS2) as a starting point to explore its expression
in glioma and its role in the process of migration and invasion, providing a strong theoretical
basis for mining potential therapeutic targets of glioma.
Methods: Clinical data of glioma were obtained from The Cancer Genome Atlas (TCGA)
database and differentially expressed lncRNAs were analyzed by edgeR. The hTFtarget
database was used to predict the upstream transcription factors of HAS2-AS1 and the JAS-
PAR website was used to predict the binding sites of human upstream transcription factor
1 (USF1) and HAS2-AS1. qRT-PCR was used to detect the expressions of HAS2-AS1 and
USF1 in glioma tissues and cell lines. The effects of silencing HAS2-AS1 on the migration
and invasion of cancer cells were verified by wound healing and Transwell invasion assays.
The chromatin immunoprecipitation (ChIP) and dual luciferase reporter assays were applied
to demonstrate the binding of USF1 and HAS2-AS1 promoter region. Western blot was used
to detect the expressions of epithelial–mesenchymal transition (EMT)-related proteins.
Results: HAS2-AS1 was highly expressed in glioma tissues and cells, and was significantly
associated with poor prognosis. Silencing HAS2-AS1 expression inhibited glioma cell migra-
tion, invasion and EMT. USF1 was highly expressed in glioma and positively correlated with
HAS2-AS1. The transcription of HAS2-AS1 was activated by USF1 via binding to HAS2-AS1
promoter region, consequently potentiating the invasion and migration abilities of glioma
cells.
Conclusion: These results suggested that the transcription factor USF1 induced
up-regulation of lncRNA HAS2-AS1 and promoted glioma cell invasion and migration.

Introduction
Malignant glioma accounts for approximately 60% of human malignant primary brain tumors, and
is one of the most harmful tumors in intracranial tumors, seriously affecting the health of patients
[1]. According to the World Health Organization (WHO) classification, glioma can be divided into
four grades: I, II for low-grade glioma (LGG), III, and IV for high-grade glioma (HGG), among
which the malignant degree of glioblastoma multiforme (GBM) is the highest. At present, surgical
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resection is the first choice for effective treatment of glioma, along with radiotherapy, chemotherapy, immunother-
apy, photodynamic therapy, electric field therapy and other auxiliary therapies. However, despite recent advances in
treatment, the prognosis of glioma is still unsatisfied, especially for GBM, whose average survival is less than 1.5 years
with a 5-year survival rate of 9.8% [2]. Therefore, it is very important to explore the molecular mechanism underlying
the development of glioma and to find out the potential diagnostic and therapeutic targets to improve the survival
rate of patients.

In recent years, more and more studies have focused on lncRNAs as tumor diagnostic markers and potential
therapeutic targets. Numerous researches have shown that lncRNAs play an important regulatory role in the de-
velopment of various cancers, including glioma [3–5]. For example, linc00319 expresses at a high level in glioma
and is significantly associated with poor prognosis of glioma patients, while knockdown of linc00319 impairs cell
proliferation, arrests cell cycle and induces cell apoptosis of glioma cells [6]. Linc00645 promotes TGF-β-induced
epithelial–mesenchymal transition (EMT) by regulating the miR-205-3p-ZEB1 axis in glioma [7]. However, the reg-
ulatory mechanisms of multiple lncRNAs in glioma have not been studied yet.

HAS2-AS1 is the antisense RNA 1 of HAS2 on chromosome 8. In human aortic smooth muscle cells, HAS2-AS1
induces transcription of HAS2 gene by recruiting transcription factors to the promoter [8]. Related studies have found
that HAS2-AS1 is abnormally expressed in a variety of cancers, such as epithelial ovarian cancer [9], breast cancer
[10], non-small cell lung cancer [11] and oral squamous cell cancer [12], and induces the development of cancers.
Silencing of HAS2-AS1 mediates PI3K/Akt signaling pathway to inhibit cell proliferation, migration, and invasion
of glioma [13]. However, the mechanism of the high expression of HAS2-AS1 in glioma is still unknown. Therefore,
in-depth study on the mechanism of HAS2-AS1 will help us further explore the pathogenesis of glioma.

For the past few years, several studies have indicated that transcription factors can influence the occurrence of
diseases by regulating gene expression [14,15]. Human upstream transcription factor 1 (USF1) gene is located in
region q22.3 of chromosome 1 and contains a helix–loop–helix leucine zipper structure. It binds to E-BOX in various
gene promoter regions and is involved in regulating the genes associated with lipid and carbohydrate homeostasis
in the body [16,17]. Here, this study mined the transcription factor USF1 of HAS2-AS1 through bioinformatics, and
explored the influence of HAS2-AS1 on the invasion and migration of glioma cells, which provided a new theoretical
basis for the targeted treatment of glioma.

Materials and methods
Bioinformatics analysis
The hTFtarget database (http://bioinfo.life.hust.edu.cn/hTFtarget) was used to predict transcription factors of
HAS2-AS1. The binding sites of USF1 and HAS2-AS1 were predicted by JASPAR website (http://jaspar.genereg.net/
sites/MA0093.2/).

Clinical sample collection
Glioma tissue samples of neurosurgical patients in Tangshan Gongren Hospital were collected (n=20). Among these
patients, there were 14 LGG tissue samples (LGGTs; n=14) and 6 HGG tissue samples (HGGTs, n=6). Meanwhile,
normal brain tissue samples were collected from 20 patients with acute craniocerebral injury. All tissue samples were
frozen in liquid nitrogen immediately after surgical resection and stored at −80◦C until use. All patients had signed
informed consent, and the present study was approved by the ethics committee of Tangshan Gongren Hospital. All
the patients were clinically classified according to the classification of tumors issued by WHO in 2007, and they had
not been treated with chemotherapy, radiotherapy, biotherapy or other targeted therapies before the visit.

Cell culture and transfection
Human astrocytes HA cell line (BNCC341796) was cultured in RPMI-1640 medium (Gibco, Grand Island, NY, U.S.A.)
with 10% fetal bovine serum (FBS; Gibco, Carlsbad, CA, U.S.A.). Human glioma cell lines U87 (BNCC352184) and
U251 (BNCC337874) were cultured in Dulbecco’s modified Eagle’s medium (DMEM)/hyperglycemia with 10% FBS.
All cell lines were purchased from BeNa Culture Collection (China). The cells were all cultured at 37◦C and stored in
a constant incubator with 5% CO2.

Si-HAS2-AS1, si-USF1, oe-HAS2-AS1 and their negative control lentivirus packaging vectors were purchased from
Invitrogen (Carlsbad, CA, U.S.A.). After at least 24 h of culture, the plasmids were transfected into glioma cells by
Lipofectamine 2000 (Thermo Fisher Scientific, Inc.) according to the manufacturer’s instructions.
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RNA extraction and qRT-PCR
Total RNA from tissues and cells was extracted using TRIzol Reagent (Invitrogen), while RNA quality and concen-
tration were measured using a Nanodrop 1000 spectrophotometer (Thermo Fisher Scientific, Inc.) according to the
manufacturer’s specifications. cDNA was prepared by reverse transcription kit (Invitrogen). Applied Biosystems 7300
Real-Time PCR System (Applied Biosystems, U.S.A.) was used for qRT-PCR. The primers used were purchased from
Sangon Biotech Co., Ltd. (Shanghai, China), as shown in Supplementary Table S1. Glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) was used as an internal regulator, and the differences in gene expression of the control group
and experimental group were compared by 2−��Ct method.

Transwell
Approximately 2 × 104 cells were added to Transwell (BD Biosciences) upper chamber, which was coated with Ma-
trigel matrix (Corning, Corning, NY). The lower chamber was filled with DMEM containing 10% FBS. After incuba-
tion at 37◦C for 24 h, cells that did not pass through the membrane were removed with a cotton swab. While the cells
in the lower chamber were fixed with 4% paraformaldehyde, and stained with 0.4% Crystal Violet. Then, four fields
were randomly selected and observed under a microscope to count the number of cells that successfully invaded the
matrix glue. The experiment was repeated three times.

Wound healing assay
The wound healing assay was performed to measure cell migration. A pipette was used to create scratched cell-free
areas when cells grew approximately 70–80% in confluence in the culture wells. The wells were briefly washed twice
with medium to remove the separated cells. After 48 h of growth with fresh medium, the cells were photographed
under a microscope and the migration rates of U87 and U251 cells were calculated, respectively.

Western blot
Total proteins were extracted and protein concentration was determined using a BCA kit (Thermo, U.S.A.). A total of
30μg of total proteins were loaded on to SPS/PAGE and transferred on to PVDF membrane (Amersham, U.S.A.) after
electrophoresis. The membrane was blocked with 5% skim milk powder at room temperature for 1 h and after that
the blocking buffer was discarded. Then the membrane was cultured with primary antibodies at 4◦C overnight and
washed with PBST 10 min for three times. Next the horseradish peroxidase-labeled secondary antibody was added
and the membrane was incubated at room temperature for 1 h and washed with PBST following the above steps.
After scanning and developing with an optical luminescence instrument (GE, U.S.A.), Image-Pro Plus 6.0 (Media
Cybernetics, U.S.A.) software was used to conduct grayscale scanning of the protein bands to analyze the relative
protein expression. The experiment was repeated three times.

The primary antibodies used in the experiment were N-cadherin rabbit polyclonal antibody (ab76057, 1:1000, Ab-
cam, Cambridge, U.K.), E-cadherin rabbit polyclonal antibody (ab15148, 1:500, Abcam, Cambridge, U.K.), Vimentin
rabbit polyclonal antibody (ab137321, 1:2000, Abcam, Cambridge, U.K.) and GADPH rabbit polyclonal antibody
(ab9485, 1:2500, Abcam, Cambridge, U.K.). The secondary antibody was goat anti-rabbit IgG H&L (HRP) (ab6721,
1:300, Abcam, Cambridge, U.K.).

Chromatin immunoprecipitation assay
Chromatin immunoprecipitation (ChIP) assay was performed using the Simple ChIP Enzymatic Chromatin IP kit
(Cell Signaling Technology, U.S.A.) according to the manufacturer’s instructions. Cells (U87 and U251) were har-
vested for cross-linking reaction with 1% formaldehyde in the medium for 10 min and then quenched with glycine at
room temperature for 5 min. These cells were then lysed in lysis buffer and sequentially collected. With 2% lysates as
input, the other lysates were rotational incubated with normal rabbit IgG or anti-USF1 antibodies. DNA cross-linking
was reversed by NaCl and protease K to purify DNA. The DNA level of HAS2-AS1 was measured by qRT-PCR.

Construction of luciferase report vector
The binding sites of USF1 on the HAS2-AS1 promoter region were cloned into restriction enzymes Kpnl and HindIII
digestion sites 200 on firefly luciferase reporter vector pGL3 (Promega, Madison, WI, U.S.A.). According to the man-
ufacturer’s instructions, the above vectors and the USF1 expression vector (USF1 construct) or the negative control
(empty vector) were co-transfected into U87 and U251 cells instantaneously by Lipofectamine 2000 (Invitrogen). The
relative luciferase activity was evaluated using a dual luciferase reporting system (Promega, Madison, WI, U.S.A.) 48
h after transfection.
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Figure 1. Silencing HAS2-AS1 expression inhibits glioma cell invasion and migration

(A) The expression of HAS2-AS1 in glioma tissues and normal tissues (n=20). (B) The expression of HAS2-AS1 in normal human

astrocytes HA and glioma cells U87 and U251 were detected by qRT-PCR. (C) qRT-PCR was used to detect the interference

efficiency of three siRNAs (si-HAS2-AS1#1, si-HAS2-AS1#2, si-HAS2-AS1#3). (D) The migration ability of glioma cells after silencing

HAS2-AS1 was detected by wound healing assay. (E) The invasion ability of glioma cells after silencing HAS2-AS1 was detected

by Transwell assay. (F) The expressions of EMT-related proteins E-cadherin, N-cadherin and Vimentin were detected by Western

blot. *P<0.05, **P<0.01.

Statistical analysis
SPSS 21.0 statistical software (SPSS; Inc., Chicago, IL, U.S.A.) was used to analyze the data. The measurement data
were expressed as mean +− standard deviation. t test was used for analyzing comparisons between two groups, while
comparisons among multiple groups were analyzed by using one-way analysis of variance (ANOVA) with Tukey’s post
hoc test. The correlation analysis was conducted using Pearson’s correlation analysis. P<0.05 indicated statistically
significant difference, while P<0.01 indicated extremely significant difference.

Results
Silencing HAS2-AS1 inhibits glioma cell invasion and migration
Multiple studies have reported that HAS2-AS1 is involved in the regulatory mechanism of ceRNA network and mod-
ulates the proliferation and migration of tumor cells [13,18]. Here, HAS2-AS1 was chosen for follow-up experiments.
Our result shows that HAS2-AS1 was significantly highly expressed in either tumor tissues (Figure 1A) and glioma
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cell lines U87 and U251 (Figure 1B). In order to verify whether HAS2-AS1 was a functional target of glioma, we in-
terfered the expression of HAS2-AS1 in U87 and U251 cell lines, and detected the invasion and migration abilities of
glioma cells. First, we tested the silencing efficiency of three si-RNAs, and si-HAS2-AS1#2 with the highest silencing
efficiency was selected for the following cell experiments (Figure 1C).

The results of wound healing (Figure 1D) and Transwell (Figure 1E) assays exhibited that after 48 h, the migration
and invasion abilities of glioma cells in the si-HAS2-AS1 group were significantly reduced compared with those in the
si-NC group. Then, we further detected the expression of EMT-related proteins in the cells of each group by Western
blot. Tumor migration is always accompanied by EMT, which exhibits decreased E-cadherin expression along with
increased N-cadherin and Vimentin expressions. It could be seen from the results that silencing HAS2-AS1 inhibited
EMT of glioma cells (Figure 1F). These results indicated that silencing HAS2-AS1 could inhibit the invasion and
migration of glioma cells.

USF1 activates the expression of HAS2-AS1 by binding to the HAS2-AS1
promoter region
Based on the above results, we found that the up-regulation of HAS2-AS1 was related to the development of glioma,
thus, it is necessary to explore the underlying molecular mechanism. Several studies have demonstrated that lncRNAs
can be activated by their upstream transcription factors [15,19,20]. The transcription factors that regulate the expres-
sion of HAS2-AS1 were predicted through the hTFtarget database, and USF1 was selected as the object. It was found
that the expression of USF1 in the tumor group was significantly up-regulated and positively correlated with the ex-
pression of HAS2-AS1 (Supplementary Figure S1). In addition, USF1 has been found to regulate the development of
various cancers [21–23], but whether it can regulate the transcription of HAS2-AS1 remains unclear. Based on the
correlation analysis and research status, we chose USF1 as the research object. To verify that HAS2-AS1 was activated
by USF1 in glioma cells, we obtained the binding sites and the first three binding sequences of USF1 on HAS2-AS1
promoter region using the JASPAR website (Figure 2A). ChIP assay was used to verify the reliability of the predicted
sites, as displayed in Figure 2B. E3, rather than E1 or E2, was the binding site of USF1 on the HAS2-AS1 promoter
region. In addition, results of luciferase reporter assay showed that the −1800 to +1 region of the HAS2-AS1 promoter
drove luciferase activity, while luciferase activity was decreased with the absence of E3 fragment (Figure 2C). All of
these findings suggested that the transcription of HAS2-AS1 was most likely to be activated by USF1 via binding to
the HAS2-AS1 promoter region.

Then, we further detected the expression of USF1 in glioma tissues and cells by qRT-PCR (Figure 2D,E). The results
illustrated that USF1 was significantly highly expressed in glioma tissues and cells. The protein expression of USF1
was detected by Western blot and it was found to be highly expressed in glioma cell lines U87 and U251 (Figure 2F).
These results indicated that the abnormal high expression of USF1 in glioma cells may be one of the causes for the
high expression of HAS2-AS1.

Silencing USF1 inhibits glioma cell invasion and migration by inhibiting
the expression of HAS2-AS1
To verify the effects of USF1 on glioma invasion and migration, we silenced USF1 and overexpressed HAS2-AS1 ex-
pression in glioma cell lines U87 and U251. First, we tested the interference efficiency of three siRNAs against USF1,
and found that si-USF1#1 had the highest interference efficiency. Therefore, si-USF1#1 was transfected into cells for
the following experiments (Figure 3A). Then, we divided the two glioma cell lines into three groups: si-NC+oe-NC,
si-USF1+oe-NC, and si-USF1+oe-HAS2-AS1. The expression of HAS2-AS1 was detected by qRT-PCR. It was ob-
served that silencing USF1 inhibited the expression of HAS2-AS1, but the results were reversed after the simultaneous
transfection of HAS2-AS1 overexpression vector (Figure 3B). Subsequently, we measured the migration and invasion
abilities of cells through wound healing (Figure 3C) and Transwell assays (Figure 3D). The results showed that silenc-
ing USF1 dramatically inhibited migration and invasion abilities of glioma. However, overexpression of HAS2-AS1
restored cell invasion and migration abilities to some extent. Finally, we detected the expressions of EMT-related
proteins (Figure 3E). Compared with the negative control group, the expression of E-cadherin was increased, while
the expressions of N-cadherin and Vimentin were down-regulated in the si-USF1+oe-NC group, indicating that EMT
was inhibited. However, after we overexpressed HAS2-AS1, EMT was recovered. These results indicated that silencing
USF1 could inhibit the expression of HAS2-AS1, thus inhibiting the invasion and migration of glioma cells.
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Figure 2. USF1 is highly expressed in glioma and activates the transcription of HAS2-AS1 by binding to the HAS2-AS1

promoter region

(A) The binding sites of USF1 on HAS2-AS1 promoter region and the first three binding sequences were obtained using the JASPAR

website. (B) ChIP assay verified the reliability of the three binding sequences of USF1 on HAS2-AS1 promoter region. (C) Luciferase

reporter assay verified that E3 segment was bound to USF1. (D) qRT-PCR was used to detect the expression of USF1 in glioma

tissues and normal tissues (n=20). (E) The expression of USF1 in normal human astrocytes HA and glioma cells U87 and U251

were detected by qRT-PCR. (F) Western blot was used to detect the protein expression of USF1 in each group. *P<0.05, **P<0.01.

Discussion
In glioma, more and more functions of lncRNAs have been explored, and the molecular mechanism of abnor-
mal expression of these lncRNAs in cancer is one of the hot topics of current researches. In the present study,
it was proved that HAS2-AS1 was significantly highly expressed in glioma. Related studies have exhibited that
HAS2-AS1 can regulate the malignant progression of various cancers. For example, CAMP-responsive element bind-
ing protein 1 (CREB1)-induced HAS2-AS1 promotes epithelial ovarian cancer cell proliferation and invasion via the
miR-466/Runx2 axis [9]. HAS2-AS1 mediates hypoxia-induced invasiveness of oral squamous cell carcinoma [12].
In GBM, the reduction in HAS2-AS1 inhibits GBM cells migration and invasion in vitro and in vivo [24]. Therefore,
we speculated that HAS2-AS1 might play a role as an oncogene in glioma.
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Figure 3. Silencing USF1 inhibits glioma cell invasion and migration by inhibiting the expression of HAS2-AS1

(A) qRT-PCR was performed to detect the interference efficiency of three siRNAs (si-USF1#1, si-USF1#2, si-USF1#3); (B) The

expression of HAS2-AS1 in si-NC+oe-NC, si-USF1+oe-NC, si-USF1+oe-HAS2-AS1 groups were detected by qRT-PCR. (C) Cell

migration in each group was detected by wound healing assay. (D) Cell invasion ability in each groups was detected by Transwell

assay. (E) The expression of EMT-related proteins E-cadherin, N-cadherin and Vimentin in each group were detected by Western

blot. *P<0.05.

To test this hypothesis, we collected clinical tumor tissue and normal tissue samples from 20 glioma patients, and
found that HAS2-AS1 was significantly up-regulated in tumor tissues, while similar results were obtained in glioma
cell lines. We further investigated the effects of HAS2-AS1 on glioma invasion and migration through cell experi-
ments. The results discovered that silencing HAS2-AS1 significantly inhibited the migration and invasion of cancer
cells. Meanwhile, the expressions of EMT-related proteins in each group further confirmed the above result, and
silencing HAS2-AS1 inhibited the occurrence of EMT. These studies fully demonstrated that silencing HAS2-AS1
could inhibit the development of glioma, and HAS2-AS1 might be a potential target for glioma treatment.

The expression of HAS2-AS1 can be regulated by many transcription factors in a variety of cancers including
glioma, such as CREB1 [25], hypoxia-inducible factor 1α (HIF-1α) [26], signal transducer and activator of tran-
scription 1 (STAT1) [23] etc. However, gene expression is regulated by many factors, so it is of great significance to
further explore new transcription factors to construct a complete regulatory network. To this end, we used bioin-
formatics to explore the upstream transcription factors of HAS2-AS1, and found that the expression of USF1 in the
tumor group was significantly up-regulated and positively correlated with the expression of HAS2-AS1. Until now,
no studies have shown that USF1 can regulate the transcription of HAS2-AS1. Recent studies have found that USF1
is involved in regulating the development of various types of tumors. In oral mucosal cancer, USF1 regulates human
telomerase gene expression, which leads to telomerase reactivation and oral carcinogenesis [16]. The up-regulation
of LINC01048 induced by USF1 promotes cell proliferation and apoptosis in cutaneous squamous cell carcinoma by
binding to TAF15 to activate YAP1 transcription [20]. In glioma, USF1 can increase blood–brain barrier permeability
and down-regulate the expression of tight junction protein in glioma microvascular endothelial cells [27]. Moreover,
Di Wang et al. found that knockout of USF1 inhibits the vasculogenic mimicry of glioma cells via stimulating small
nucleolar RNA host gene 16 (SNHG16)/miR-212-3p and Linc00667/miR-429 axis [28]. In this study, we verified that
USF1 could bind to the HAS2-AS1 promoter region (CTCAGGCTAT) to activate the transcription of HAS2-AS1
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through ChIP and luciferase assays. At the same time, we proved that USF1 was significantly highly expressed in
glioma tumor tissues and cell lines. Inhibiting the expression of USF1 could reduce the migration and invasion abili-
ties of glioma cells, while overexpressing HAS2-AS1 could recover the inhibitory effects of USF1 on glioma cells to a
certain extent.

In summary, our results demonstrated that both HAS2-AS1 and USF1 were highly expressed in glioma tissues and
cells, and USF1 could bind to the HAS2-AS1 promoter region to activate the transcription of HAS2-AS1, thus pro-
moting the migration and invasion of glioma cells. The present study revealed the mechanism of high HAS2-AS1
expression in glioma, and as a tumor promoter, HAS2-AS1 might be a potential diagnostic marker and a new thera-
peutic target for glioma.

Highlights
1. The expressions of USF1 and HAS2-AS1 are positively correlated, and both are significantly up-regulated in

glioma.

2. The transcription factor USF1 activates the transcription of HAS2-AS1 by binding to the promoter region of
HAS2-AS1.

3. USF1 promotes glioma invasion and migration by activating HAS2-AS1.

Competing Interests
The authors declare that there are no competing interests associated with the manuscript.

Funding
The authors declare that there are no sources of funding to be acknowledged.

Author Contribution
All the authors participated in the whole work. J.W. and D.W. designed the study. J.G., A.Y., J.L., Y.Z., G.R. collected literature
and wrote the review. J.W., J.G., X.G., K.Z., and J.L. analyzed the data. J.W., J.G., A.Y., X.L., Q.W., T.L., L.C., M.Z. and X.W. as-
sisted and were involved in the experiment. J.W. and J.G. drafted the manuscript. All authors have read and approved the final
manuscript. D.W. is the corresponding author and supervisor of the entire project.

Abbreviations
CAMP, cathelicidin antimicrobial peptide; cDNA, complementary DNA; ceRNA, competing endogenous RNAs; ChIP, chromatin
immunoprecipitation assay; CREB1, CAMP-responsive element binding protein 1; DMEM, Dulbecco’s modified Eagle’s medium;
EMT, epithelial–mesenchymal transition; FBS, fetal bovine serum; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; GBM,
glioblastoma multiforme; HAS2-AS1, the antisense RNA 1 of HAS2; HGG, high-grade glioma; HGGTs, HGG tissue samples;
LGG, low-grade glioma; LGGTs, LGG tissue samples; qRT-PCR, Quantitative real time polymerase chain reaction; SNHG16,
small nucleolar RNA host gene 16; STAT1, signal transducer and activator of transcription 1; TAF15, TATA-box binding protein
associated factor 15; TCGA, The Cancer Genome Atlas; USF1, human upstream transcription factor 1; WHO, World Health
Organization; YAP1, Yes1 associated transcriptional regulator.

References
1 Wen, P.Y. and Reardon, D.A. (2016) Neuro-oncology in 2015: progress in glioma diagnosis, classification and treatment. Nat. Rev. Neurol. 12, 69–70,

https://doi.org/10.1038/nrneurol.2015.242
2 Stupp, R., Hegi, M.E., Mason, W.P., van den Bent, M.J., Taphoorn, M.J.B., Janzer, R.C. et al. (2009) Effects of radiotherapy with concomitant and

adjuvant temozolomide versus radiotherapy alone on survival in glioblastoma in a randomised phase III study: 5-year analysis of the EORTC-NCIC trial.
Lancet Oncol. 10, 459–466, https://doi.org/10.1016/S1470-2045(09)70025-7

3 Li, J., Li, Z., Wu, Y., Diao, P., Zhang, W., Wang, Y. et al. (2019) Overexpression of lncRNA WWTR1-AS1 associates with tumor aggressiveness and
unfavorable survival in head-neck squamous cell carcinoma. J. Cell. Biochem. 120, 18266–18277, https://doi.org/10.1002/jcb.29132

4 Tang, C., Wang, Y., Zhang, L., Wang, J., Wang, W., Han, X. et al. (2020) Identification of novel LncRNA targeting Smad2/PKCα signal pathway to
negatively regulate malignant progression of glioblastoma. J. Cell. Physiol. 235, 3835–3848, https://doi.org/10.1002/jcp.29278

5 Zhang, X., Gong, J., Lu, J., Chen, J., Zhou, Y., Li, T. et al. (2019) Long noncoding RNA LINC00337 accelerates the non-small-cell lung cancer
progression through inhibiting TIMP2 by recruiting DNMT1. Am. J. Transl. Res. 11, 6075–6083

6 Li, Q., Wu, Q., Li, Z., Hu, Y., Zhou, F., Zhai, Z. et al. (2019) LncRNA LINC00319 is associated with tumorigenesis and poor prognosis in glioma. Eur. J.
Pharmacol. 861, 172556, https://doi.org/10.1016/j.ejphar.2019.172556

7 Li, C., Zheng, H., Hou, W., Bao, H., Xiong, J., Che, W. et al. (2019) Long non-coding RNA linc00645 promotes TGF-β-induced epithelial-mesenchymal
transition by regulating miR-205-3p-ZEB1 axis in glioma. Cell Death Dis. 10, 717, https://doi.org/10.1038/s41419-019-1948-8

8 © 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

https://doi.org/10.1038/nrneurol.2015.242
https://doi.org/10.1016/S1470-2045(09)70025-7
https://doi.org/10.1002/jcb.29132
https://doi.org/10.1002/jcp.29278
https://doi.org/10.1016/j.ejphar.2019.172556
https://doi.org/10.1038/s41419-019-1948-8


Bioscience Reports (2020) 40 BSR20200487
https://doi.org/10.1042/BSR20200487

8 Vigetti, D., Deleonibus, S., Moretto, P., Bowen, T., Fischer, J.W., Grandoch, M. et al. (2014) Natural antisense transcript for hyaluronan synthase 2
(HAS2-AS1) induces transcription of HAS2 via protein O-GlcNAcylation. J. Biol. Chem. 289, 28816–28826, https://doi.org/10.1074/jbc.M114.597401

9 Tong, L., Wang, Y., Ao, Y. and Sun, X. (2019) CREB1 induced lncRNA HAS2-AS1 promotes epithelial ovarian cancer proliferation and invasion via the
miR-466/RUNX2 axis. Biomed. Pharmacother. 115, 108891–108891, https://doi.org/10.1016/j.biopha.2019.108891

10 Kolliopoulos, C., Lin, C.Y., Heldin, C.H., Moustakas, A. and Heldin, P. (2019) Has2 natural antisense RNA and Hmga2 promote Has2 expression during
TGFβ-induced EMT in breast cancer. Matrix Biol. 80, 29–45, https://doi.org/10.1016/j.matbio.2018.09.002

11 Sun, P., Sun, L., Cui, J., Liu, L. and He, Q. (2020) Long noncoding RNA HAS2-AS1 accelerates non-small cell lung cancer chemotherapy resistance by
targeting LSD1/EphB3 pathway. Am. J. Transl. Res. 12, 950–958

12 Zhu, G., Wang, S., Chen, J., Wang, Z., Liang, X., Wang, X. et al. (2017) Long noncoding RNA HAS2-AS1 mediates hypoxia-induced invasiveness of oral
squamous cell carcinoma. Mol. Carcinog. 56, 2210–2222, https://doi.org/10.1002/mc.22674

13 Zhao, Z., Liang, T. and Feng, S. (2019) Silencing of HAS2-AS1 mediates PI3K/AKT signaling pathway to inhibit cell proliferation, migration, and invasion
in glioma. J. Cell. Biochem., https://doi.org/10.1002/jcb.28430

14 Wang, C., Tan, C., Wen, Y., Zhang, D., Li, G., Chang, L. et al. (2019) FOXP1-induced lncRNA CLRN1-AS1 acts as a tumor suppressor in pituitary
prolactinoma by repressing the autophagy via inactivating Wnt/β-catenin signaling pathway. Cell Death Dis. 10, 499–499,
https://doi.org/10.1038/s41419-019-1694-y

15 Quan, X., Zhao, M., Yang, X., Zhu, Y. and Tian, X. (2019) AP2γ mediated downregulation of lncRNA LINC00511 as a ceRNA suppresses trophoblast
invasion by regulating miR-29b-3p/Cyr61 axis. Biomed. Pharmacother. 120, 109269, https://doi.org/10.1016/j.biopha.2019.109269

16 Chang, J.T.-C., Yang, H.-T., Wang, T.-C.V. and Cheng, A.-J. (2005) Upstream stimulatory factor (USF) as a transcriptional suppressor of human
telomerase reverse transcriptase (hTERT) in oral cancer cells. Mol. Carcinog. 44, 183–192, https://doi.org/10.1002/mc.20129

17 Wu, H., Qiao, M., Peng, X., Wu, J., Liu, G., Sun, H. et al. (2013) Molecular characterization, expression patterns, and association analysis with carcass
traits of porcine USF1 gene. Appl. Biochem. Biotechnol. 170, 1310–1319, https://doi.org/10.1007/s12010-013-0280-5

18 Yung, Y., Ophir, L., Yerushalmi, G.M., Baum, M., Hourvitz, A. and Maman, E. (2019) HAS2-AS1 is a novel LH/hCG target gene regulating HAS2
expression and enhancing cumulus cells migration. J. Ovarian Res. 12, 21–21, https://doi.org/10.1186/s13048-019-0495-3

19 Li, Z., Jiang, X., Huang, L., Li, J., Ji, D., Xu, Y. et al. (2019) Up-regulation of ZFAS1 indicates dismal prognosis for cholangiocarcinoma and promotes
proliferation and metastasis by modulating USF1 via miR-296-5p. J. Cell. Mol. Med. 23, 8258–8268, https://doi.org/10.1111/jcmm.14698

20 Chen, L., Chen, Q., Kuang, S., Zhao, C., Yang, L., Zhang, Y. et al. (2019) USF1-induced upregulation of LINC01048 promotes cell proliferation and
apoptosis in cutaneous squamous cell carcinoma by binding to TAF15 to transcriptionally activate YAP1. Cell Death Dis. 10, 296–296,
https://doi.org/10.1038/s41419-019-1516-2

21 Chen, L., Chen, Q., Kuang, S., Zhao, C., Yang, L., Zhang, Y. et al. (2019) USF1-induced upregulation of LINC01048 promotes cell proliferation and
apoptosis in cutaneous squamous cell carcinoma by binding to TAF15 to transcriptionally activate YAP1. Cell Death Dis. 10, 296,
https://doi.org/10.1038/s41419-019-1516-2

22 Zhou, X., Zhu, H.Q., Ma, C.Q., Li, H.G., Liu, F.F., Chang, H. et al. (2014) Two polymorphisms of USF1 gene (-202G>A and -844C>T) may be associated
with hepatocellular carcinoma susceptibility based on a case-control study in Chinese Han population. Med. Oncol. 31, 301

23 Ren, P., Hong, X., Chang, L., Xing, L. and Zhang, H. (2020) USF1-induced overexpression of long noncoding RNA WDFY3-AS2 promotes lung
adenocarcinoma progression via targeting miR-491-5p/ZNF703 axis. Mol. Carcinog. 59, 875–885, https://doi.org/10.1002/mc.23181

24 Zhang, L., Wang, H., Xu, M., Chen, F., Li, W., Hu, H. et al. (2020) Long noncoding RNA HAS2-AS1 promotes tumor progression in glioblastoma via
functioning as a competing endogenous RNA. J. Cell. Biochem. 121, 661–671, https://doi.org/10.1002/jcb.29313

25 Tong, L., Wang, Y., Ao, Y. and Sun, X. (2019) CREB1 induced lncRNA HAS2-AS1 promotes epithelial ovarian cancer proliferation and invasion via the
miR-466/RUNX2 axis. Biomed. Pharmacother. 115, 108891, https://doi.org/10.1016/j.biopha.2019.108891

26 Zhu, G., Wang, S., Chen, J., Wang, Z., Liang, X., Wang, X. et al. (2017) Long noncoding RNA HAS2-AS1 mediates hypoxia-induced invasiveness of oral
squamous cell carcinoma. Mol. Carcinog. 56, 2210–2222, https://doi.org/10.1002/mc.22674

27 Zhang, L., Handel, M.V., Schartner, J.M., Hagar, A., Allen, G., Curet, M. et al. (2007) Regulation of IL-10 expression by upstream stimulating factor
(USF-1) in glioma-associated microglia. J. Neuroimmunol. 184, 188–197, https://doi.org/10.1016/j.jneuroim.2006.12.006

28 Wang, D., Zheng, J., Liu, X., Xue, Y., Liu, L., Ma, J. et al. (2019) Knockdown of USF1 inhibits the vasculogenic mimicry of glioma cells via stimulating
SNHG16/miR-212-3p and linc00667/miR-429 axis. Mol. Ther. Nucleic Acids 14, 465–482, https://doi.org/10.1016/j.omtn.2018.12.017

© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).

9

https://doi.org/10.1074/jbc.M114.597401
https://doi.org/10.1016/j.biopha.2019.108891
https://doi.org/10.1016/j.matbio.2018.09.002
https://doi.org/10.1002/mc.22674
https://doi.org/10.1002/jcb.28430
https://doi.org/10.1038/s41419-019-1694-y
https://doi.org/10.1016/j.biopha.2019.109269
https://doi.org/10.1002/mc.20129
https://doi.org/10.1007/s12010-013-0280-5
https://doi.org/10.1186/s13048-019-0495-3
https://doi.org/10.1111/jcmm.14698
https://doi.org/10.1038/s41419-019-1516-2
https://doi.org/10.1038/s41419-019-1516-2
https://doi.org/10.1002/mc.23181
https://doi.org/10.1002/jcb.29313
https://doi.org/10.1016/j.biopha.2019.108891
https://doi.org/10.1002/mc.22674
https://doi.org/10.1016/j.jneuroim.2006.12.006
https://doi.org/10.1016/j.omtn.2018.12.017

