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LINC01116 promotes tumor proliferation and
neutrophil recruitment via DDX5-mediated
regulation of IL-1β in glioma cell
Teng Wang1, Lihua Cao2, Xin Dong1, Fei Wu3, Wei De4, Lin Huang1 and Qi Wan1

Abstract
Tumor-associated neutrophils (TANs) are important inflammatory infiltrating cells in the tumor microenvironment and
are closely related to the development of human tumor. However, the underlying mechanism of TANs recruiting to
glioma remains unknown. Herein, we identified that LINC01116 was significantly upregulated in glioma, and positively
correlated with clinical malignancy and survival prognosis. LINC01116 regulated the progression of glioma in vitro and
in vivo. RNA-seq analysis demonstrated that LINC01116 knockdown affected the expression of IL-1β, which promoted
glioma proliferation and neutrophil recruitment. Furthermore, the co-culture of glioma cells and neutrophils showed
that the accumulation of TANs promoted tumor proliferation via producing a host of cytokines. Mechanistically,
LINC01116 activated IL-1β expression by recruiting the transcriptional regulator DDX5 to the IL-1β promoter. Our
findings reveal that LINC01116 can promote glioma proliferation and neutrophil recruitment by regulating IL-1β, and
may be served as a novel target for glioma therapy and prognosis.

Introduction
Glioma is currently the most common intracranial

primary malignancy tumor with high heterogeneity1,2.
Glioblastoma (stage IV glioma) is the most malignant type
of glioma, with an overall survival (OS) time about
14 months, as <5% of patients survive longer than 5 years
after diagnosis3,4. The molecular and genetic alterations of
glioma are complicated5, which exert vital role in tumor
progression. Therefore, better understanding of molecular
mechanisms underlying glioma should be explored more
intensively to discover its prognostic biomarkers and
therapeutic targets.

The tumor microenvironment is composed of diverse
cell types that are associated with tumor progression6,
including tumor-associated neutrophils (TANs), which is
an important portion of the infiltrating immune cells7.
Many patients with advanced tumor show high levels of
neutrophils8, and the neutrophil-to-lymphocyte ratio has
been introduced as a significant prognostic factor for
survival in many types of tumors9–13. Multiple evidence
have shown that neutrophils can be recruited into the
tumor microenvironment and transformed into the
tumor-promoting phenotype under the effect of chemo-
kines, cytokines, and growth factors secreted by both
tumor and stromal cells14–17. TANs as feedback may
participate in tumor progression by promoting cell pro-
liferation, migration, and angiogenesis18,19.
Long noncoding RNAs (lncRNAs) are a class of tran-

scripts with lengths >200 nucleotides and lack a sig-
nificant protein-coding capacity20, which have been
shown to play a key role in tumorigenesis21,22. LINC01116
is abnormally upregulated in a variety of tumors and has
been found to promote tumor growth in glioma by
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targeting VEGFA23–25. However, the role of LINC01116
in mediating glioma progression by regulating the tumor
microenvironment, has not been well characterized.
In our study, we identified that LINC01116 was

expressed at markedly higher level in glioma and asso-
ciated with the clinicopathological characteristics and
survival of glioma patients. Mechanistic studies revealed
that LINC01116 overexpression enhanced interleukin-1β
(IL-1β) transcription by recruiting more DDX5 to the IL-
1β promoter. Furthermore, LINC01116 induced IL-1β
expression in glioma cells to promote tumor proliferation
and recruit TANs, which participated in the pro-tumor
process via producing a host of cytokines. Taken together,
these findings unveil a mechanism of TNAs-mediated
glioma progression and biological roles of LINC01116 in
glioma.

Results
LINC01116 is upregulated in human glioma tissues and
associated with a poor prognosis in glioma patients
To verify the expression of LINC01116 in glioma tissue,

we analysed the RNASeqV2 data (level3) in the TCGA
database (https://cancergenome.nih.gov/) and the chip
data of the GEO database (GSE4290), and found that
LINC01116 was significantly upregulated in glioma tis-
sues (P < 0.05) (Fig. 1a). To further clarify whether the
high expression of LINC01116 in glioma is related to the
prognosis of patients, we used GEPIA (http://gepia.
cancer-pku.cn) to analyze the clinical data of glioma
patients in the TCGA database, suggesting that patients
with high LINC01116 expression showed obviously
poorer OS than those with low LINC01116 expression (P
= 0.043) (Fig. 1b).
To further validate the results of bioinformatics analysis,

we used qRT-PCR to detect the expression level of
LINC01116 in 27 glioma tissues and 10 normal brain tissues
obtained from patients with traumatic brain injury (Fig. 1c).
The results were in direct agreement with the results
obtained from bioinformatics analysis. We further analyzed
the correlation between LINC01116 expression level and the
clinicopathological characteristics of the 27 glioma samples.
The results showed that the expression level of LINC01116
was positively correlated with WHO pathological grade (P <
0.001), and histopathologic type (P < 0.001), indicating that
the higher LINC01116 expression, the worse the prognosis of
patients (Fig. 1d and Supplementary Table S2). However, the
LINC01116 expression was not associated with the gender,
age, locations, and the number of cerebral invaders in glioma
(Supplementary Table S2).

LINC01116 mediates cell proliferation and migration
in vitro and in vivo
To explore the biological functions of LINC01116 in

glioma cells, we examined LINC01116 expression in cell

lines, as shown in the figure, which was significantly
higher in human glioma cells (Ln229, U87, and U251)
than in normal brain astrocyte cell line (SVG) (Fig. 2a).
LINC01116 was expressed at much higher levels in Ln229
and U87 cells and relatively lower levels in U251 cells.
Next, Ln229 and U87 cells were transfected with the
LINC01116 siRNAs and U251 cells were transfected with
the LINC01116 plasmid. The knockdown and over-
expression efficiencies were verified by qRT-PCR (Fig. 2b).
The CCK8 assays showed that the proliferation of

Ln229 and U87 cells decreased significantly after knock-
down of LINC01116, whereas forced LINC01116
expression had the opposite effect in U251 cells (Fig. 2c).
This conclusion was also confirmed by the EdU and
colony formation assays (Fig. 2d–e). Furthermore, the
results of flow cytometry showed that repression of
LINC01116 induced apoptosis and G1-G0 phase arrest in
Ln229 and U87 cells to inhibit glioma cells proliferation
(Fig. 2f–g).
Continuous invasion and metastasis of tumor cells are

significant factors in glioma progression. For invasion and
metastasis experiments, glioma cells transfected with
LINC01116-siRNAs or LINC01116 plasmid were added
into the upper Transwell inserts and allowed to migrate
through this barrier for 24 h.The number of Ln229 and
U87 cells across the basal membrane was significantly
reduced compared with the control cells, while U251 cells
were reversed, which confirmed that LINC01116 played
an important role in facilitating glioma cells invasion and
metastasis (Fig. 2h).
To further validate the effect of LINC01116 in vivo, we

transfected the empty vector or sh-LINC01116 plasmid
into U87 cells and injected them into the bilateral axilla of
nude mice (Fig. 2i). Compared with the control, the
volume and weight of the tumor in the sh-LINC01116
group were significantly decreased (Fig. 2j). Meanwhile,
we transfected si-NC or si-LINC01116 into Ln229 cells
and injected them into zebrafish embryos (Fig. 2k).
Compared with the control, tumor proliferation and
metastasis in the si-LINC01116 group were significantly
decreased (Fig. 2l). These results indicated that
LINC01116 could promote the tumorigenesis of glioma
cells both in vitro and in vivo.

LINC01116 exerts its biological roles by regulating IL-1β in
glioma
In order to further explore the molecular mechanism

that LINC01116 promoted the malignant progression of
glioma cells, we performed high-throughput sequencing
of the transcriptome on Ln229 cells with or without
knockdown of LINC01116 and found that 715 genes were
differentially expressed (>2-fold change, P < 0.05, false
discovery rate (FDR) < 0.05) (Fig. 3a and Supplementary
Table S3). The gene ontology (GO) analysis of the
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sequencing data revealed that LINC01116 not only par-
ticipated in biological processes such as glioma cell pro-
liferation and apoptosis, but also affected tumor immune
responses, including immune cell migration, proliferation,
and differentiation (Fig. 3b). The migration of immune
cells to tumor environment is the first step to exert their
effects, therefore we selected the genes related to leuko-
cyte migration, including IL-1β, ITGA4, ITGB2, ITGB7,
CAV1, and MAG. Next, LINC01116 was knocked down
in Ln229 and U87, qRT-PCR validation data of these
genes were in good agreement with sequencing data (Fig.
3c). The downregulated expression of IL-1β was the most
stable after knockdown of LINC01116. Western blot and
ELISA also demonstrated that the protein level of IL-1β
was significantly decreased in LINC01116-lowexpressed
glioma cells (Fig. 3d–e).
To further investigate the role of IL-1β in glioma, we

incubated Ln229 or U87 cells with IL-1β (10 ng/ml) for

24 h and showed significant increases in glioma cell
growth/viability (Fig. 3f). CCK8 assays verified that neu-
tralizing IL-1β (1 ng/ml) can reverse the increased pro-
liferation of Ln229 and U87 cells caused by
overexpression of LINC01116 (Fig. 3g).

LINC01116 recruits neutrophils through IL-1β and
neutrophils promote the proliferation of glioma cells
In the context of the tumor microenvironment, growing

evidence has indicated the prominent role of neutrophils in
infiltrating tumor tissues to promote their growth, invasion,
metastasis, and angiogenesis in various types of tumors.
Previous studies have analysed the infiltration of neutrophils
in human glioma using immunohistochemistry, and found
that an increase in neutrophil infiltration into glioma tissue is
significantly correlated with tumor grade18,26. A significant
mediator of the neutrophil-recruiting is IL-1β27,28, a pro-
inflammatory cytokine, that is produced by several types of

Fig. 1 LINC01116 expression is upregulated in glioma and correlated with prognosis. a Relative expression of LINC01116 in glioma compared
with normal brain tissue via GSE4290 data analysis (glioma: n= 157, normal: n= 23) and from TCGA RNA-Seq data (glioma: n= 154, normal: n= 5). b
Kaplan–Meier analyses of the TCGA dataset by GEPIA (glioma: n= 81, normal: n= 81). c LINC01116 expression was examined by qRT-PCR in human
glioma tissues compared with normal brain tissues. d LINC01116 expression was classified into two groups (low grade: n= 13, high grade: n= 14).
Error bars represent mean ± SD. *P < 0.05, **P < 0.01.
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Fig. 2 (See legend on next page.)
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immune cells and tumor cells. Therefore, together with the
sequencing data, we speculated that LINC01116 could pro-
mote neutrophil recruitment by regulating IL-1β. Firstly, we
induced human promyelocytic leukemia cells (HL60) with
1.25%DMSO for 72 h to differentiate into neutrophil-like
cells. CD11b mRNA expression, as successful maker of dif-
ferentiation, was detected by qRT-PCR (Fig. 4a). Transwell
migration assays were performed to confirm that IL-1β
enhanced migration of neutrophils in a dose-dependent
manner (Fig. 4b). Next, we confirmed that knockdown of
LINC01116 in Ln229 and U87 cells can inhibit migration of
neutrophils, while additional IL-1β could reverse this result
(Fig. 4c).
To further specify the role of neutrophils around glioma

cells, neutrophils were co-cultured with Ln229, U87 cells
for 24 h, which showed that neutrophils can enhance the
proliferation of glioma cells (Fig. 4d). In addition, qRT-
PCR confirmed that co-cultured neutrophils produced
more cytokines, including vascular endothelial growth
factor A (VEGFa), platelet-derived growth factor β
(PDGFβ), IL-1β, interleukin-6(IL-6) and interleukin-8 (IL-
8), which have been reported to enhance glioma growth
and progression (Fig. 4e)29–32.

LINC01116 directly binds to DDX5
On the basis of these results, LINC01116 contributes to

many biological functions during the progression of
glioma by regulating IL-1β. Next, we explored the mole-
cular mechanisms underlying LINC011116 in the
expression of IL-1β. Given that the function of a lncRNA
is related to its subcellular distribution, we first identified
that LINC01116 is mainly located in the nucleus through
fluorescence in situ hybridization (Fig. 5a). Several studies
suggested that nuclear lncRNAs can interact with
chromatin-modulating proteins, and facilitate their
recruitment to chromatin to control transcriptional
activity. Therefore, we incubated biotinylated LNC01116
with total protein extracts from Ln229 cells, pulled them
down by streptavidin magnetic beads. The binding

proteins were analyzed by silver staining and mass spec-
trometry (MS) (Fig. 5b and Supplementary Table S4).
Based on MS prediction and literature review, we finally
identified DDX5 as a protein that interacts with
LINC01116, western blot assay further confirmed that
DDX5 directly binds to LINC01116 (Fig. 5c). In addition,
RNA immunoprecipitation assay also demonstrated that
the interaction between DDX5 with LINC01116 in
extracts from Ln229 and U87 cells (Fig. 5d).

LINC01116 overexpression enhanced IL-1β transcription
by recruiting DDX5 to the IL-1β promoter
DDX5, as a transcriptional co-regulatory factor, is reported

to play an important role in the transcriptional regulation of
multiple cytokines33. We hypothesized that LINC01116 may
promote IL-1β expression by recruiting DDX5 to the IL-1β
promoter region. Chromatin immunoprecipitation assay was
then performed with anti-DDX5 antibodies and control IgG,
followed by PCR amplification of the IL-1β promoter region.
The result showed that DDX5 bound to the IL-1β promoter
DNA in Ln229 and U87 cells. However, the level of DDX5
enrichment in the IL1β promoter region was significantly
decreased after knockdown of LINC01116 (Fig. 6a). Next, we
detected that the mRNA and protein levels of IL-1β in Ln229
and U87 cells were significantly reduced after down-
regulation of DDX5 (Fig. 6b–d). As expected, repression of
DDX5 reversed partly the increase of IL-1β caused by
upregulation of LINC01116 in Ln229 and U251 cells (Fig.
6e–g). Taken together, these data suggested that LINC01116
recruited DDX5 protein to the IL-1β promoter region,
thereby promoting the transcriptional activity.
As summarized in Fig. 6h, LINC01116 induced IL-1β

transcription via DDX5 in glioma cells to promote tumor
proliferation and recruit TANs, which participated in the
pro-tumor process via producing a host of cytokines.

Discussion
Glioma is one of the most common brain tumors, which

has few effective therapies, and patients with malignant

(see figure on previous page)
Fig. 2 LINC01116 mediates cell proliferation and migration in vitro and in vivo. a Analysis of LINC01116 expression levels in glioma cell lines
(Ln229, U87, and U251) compared with a normal brain astrocyte cell line (SVG) by qRT-PCR. b The efficiency of LINC01116 knockdown or
overexpression was detected by RT-qPCR in the indicated cells transfected with siRNAs or plasmids. c–e CCK8, EdU, and Colony formation assays
were performed to determine the proliferation of Ln229 and U87 cells transfected with si-NC or si-LINC01116, and U251 cells transfected with empty
vector or pcDNA-LINC01116. Scale bars= 100 μm. f Cell apoptosis was detected in Ln229 and U87 cells transfected with si-NC or si-LINC01116 by
flow cytometry (LR, early apoptotic cells. UR, terminal apoptotic cells). g Cell cycle was detected in Ln229 and U87 cells transfected with si-NC or si-
LINC01116 by flow cytometry. The bar chart represents the percentage of cells in G1-G0, S, or G2-M phase, as indicated. h Transwell assays were used
to detect the invasion and migration ability of Ln229 and U87 cells transfected with si-NC or si-LINC01116, and U251 cells transfected with empty
vector or pcDNA-LINC01116. Scale bars= 100 μm. i U87 cells transfected with empty vector or sh-LINC01116 were injected into nude mice (n= 5)
with the same concentration and amount. j Tumor weights were weighed and tumor volumes were measured after injection four weeks. k Ln229
cells transfected with si-NC (n= 13) or si-LINC01116 (n= 18) were injected into zebrafish embryos at 48 hpf. Scale bars= 500 μm. l Cells proliferating
in the head and trunk/tail were counted after injection 72 h. Cells migrating in the trunk/tail after injection 72 h (quantified standard is pixel). Error
bars represent mean ± SD. *P < 0.05, **P < 0.01.
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Fig. 3 (See legend on next page.)
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glioma fare poorly, even after surgery, chemotherapy, and
radiation3,34,35. Thus, investigations of the molecular
mechanisms underlying the initiation and progression of
glioma and identification of potential therapeutic targets
are urgently needed. Accumulating evidence indicated
that lncRNAs are abnormally expressed and play impor-
tant roles in glioma. For example, Wang et al. revealed
that lncRNA CRNDE could promote glioma cell growth
and invasion through mTOR signaling36. Ji et al.
demonstrated that lncRNA SChLAP1 formed complex
with HNRNPL to stabilize ATN4 and stimulate NF-κB
signaling pathway to promote glioblastoma progression37.
However, little information exists about lncRNAs pro-
moting glioma progression by regulating tumor micro-
environment. In this study, we confirmed that LINC01116
could promote glioma proliferation and neutrophil
recruitment by regulating IL-1β, providing new insights
into the lncRNAs-mediated progression of glioma.
TANs have been studied extensively for their functions in

the tumor microenvironment38–41. A number of studies have
shown that tumors could express a host of chemokines and
cytokines, including IL-1β, CXCL5, CXCL6, and CXCL8,
which are involved in neutrophil recruitment14–17. IL-1β is
the most important member of the IL-1 family, with strong
inflammatory activity and related to regulation of tumor
microenvironment and tumor progression42,43. It has been
reported that ectopic expression of CD133 in glioma cells
could promote neutrophil recruitment by regulating IL-1β
and its downstream chemokines14. In addition, IL-1β could
significantly promote the self-renewal of glioma stem cells,
and trigger the transition of glioma-initiating cells into a
mesenchymal (MES) cell state44,45. In this study, we found
that the expression of IL-1β steadily decreased after knock-
down of LINC01116, thereby reducing neutrophil recruit-
ment and glioma proliferation. However, whether other
cytokines are involved in this process remains to be clearly
defined. Evidence from recent studies suggested that the
accumulation of TANs produced a host of cytokine that
affect tumor growth and metastasis46,47. For instance, Wcu-
lek et al. have verified that neutrophils could promote breast
cancer cell growth and lung metastasis by secreting IL-1, IL-
6, CCL2 and MMP948. Our study showed that the coculture
of glioma cells with neutrophils promoted tumor prolifera-
tion, and more cytokines were expressed in the cocultured

neutrophils. Therefore, we speculated that neutrophils may
promote the proliferation of glioma cells through these
cytokines. However, the potential precise mechanisms
underlying TANs promoting glioma progression need to be
further explored. Accordingly, our results provided new
insights into the mechanisms of microenvironment-mediated
glioma cells proliferation. LINC01116, IL-1β, and TANs
may be served as biomarkers and targets for glioma
immunotherapy.
Moreover, our results showed that LINC01116 activated

IL-1β expression by recruiting DDX5 to the IL-1β pro-
moter. DDX5 (P68) is a member of the DEAD-box family
of RNA helicases49, and plays an important role of the
transcriptional regulation in tumor cells50,51. In previous
studies, DDX5 increased both AKT messenger RNA
(mRNA) and protein, enhanced AKT promoter activity in
multiple colon cancer cell lines52. DDX5 bound with the
N-terminal of NF-kB p50 in glioma, increased the tran-
scriptional activity of the p50 target gene, and stimulated
glioma cell growth53. Based on MS prediction and lit-
erature review, we finally identified DDX5 as a protein
that interacts with LINC01116. Although the percent
coverage of 95% confidence intervals (%COV) of DDX5 in
the MS was not high, both western blot and RIP assays
have confirmed that DDX5 directly bound to LINC01116
and the extent of binding was high. Meanwhile, we con-
firmed that the level of DDX5 enrichment in the IL-1β
promoter region of glioma cells was significantly
decreased after knockdown of LINC01116, indicating that
LINC01116 could recruit DDX5 to the IL-1β promoter
region to activate transcription.
In summary, our current work showed that LINC01116

promoted tumor proliferation and neutrophil recruitment
by regulating IL-1β in glioma. These data suggested that
LINC01116, IL-1β and neutrophil may be novel bio-
markers and therapeutic targets in glioma. However,
further studies need to be performed to identify the pre-
cise molecular mechanism by which LINC01116 mediates
progression and the immune response in glioma.

Materials and methods
Glioma patient information
Human glioma specimens were obtained from sur-

gical resection at The First Affiliated Hospital of

(see figure on previous page)
Fig. 3 LINC01116 exerts its biological roles by regulating IL-1β in glioma. a Mean-centered, hierarchical clustering of 715 transcripts altered (≥2-
fold change) in Ln229 cells transfected with si-NC or si-LINC01116, with three repeats. b Gene ontology analysis for all genes with altered expression
after knockdown of LINC01116. c Relative expression levels of the selected 6 mRNAs in Ln229 and U87 cells transfected with si-NC or si-LINC01116
were measured using qRT-PCR. d–e IL-1β protein levels were detected by western blot and ELISA analysis in Ln229 and U87 cells transfected with si-
NC and si-LINC01116. f Quantification of CCK8 assay was performed on Ln229 and U87 cells proliferation, which were cultured with or without IL-1β
(10 ng/ml) 24 h later. g The promotion of Ln229 and U87 cells proliferation by overexpression of LINC01116 was significantly reversed by neutralizing
IL-1β (1 ng/ml). Error bars represent mean ± SD.*P < 0.05, **P < 0.01.
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(see figure on previous page)
Fig. 4 LINC01116 recruits neutrophils through IL-1β and neutrophils promote the proliferation of glioma cells. a CD11b mRNA expression of
HL60 cells induced with or without 1.25%DMSO were detected by RT-PCR. b Migration rate of neutrophils after stimulation with the media contained
different concentrations of IL-1β. c Transwell assays were used to determine the migration ability of neutrophils with the indicated treatment.
d Quantification of the CCK8 assay was performed on Ln229 and U87 cells proliferation, which were cultured with or without neutrophils 24 h later.
e Cytokines expressed in neutrophils cultured with or without Ln229 or U87 cells were detected by qRT-PCR. Error bars represent mean ± SD.
*P < 0.05, **P < 0.01.

Fig. 5 LINC01116 directly binds to DDX5. a Confocal FISH images showing localization of LINC01116 in Ln229 cells. U6 was taken as representative
of nuclear localization, and 18S as representative of cytoplasmic localization. Red, FISH probe; blue, DAPI nuclear staining. Scale bars= 10 μm.
b Representative image of silver-stained PAGE gels showing separated proteins in Ln229 cells that were pulled down using biotin-labeled LINC01116,
red arrow indicates DDX5 (68kd). c Western blot of the proteins from LINC01116 and antisense LINC01116 pull-down assays. d RNA
immunoprecipitation with an anti-DDX5 antibody was used to assess endogenous DDX5 binding to RNA in Ln229 and U87 cells, IgG was used as the
control. LINC01116 expression were determined by qRT-PCR and are presented as fold enrichment in DDX5 relative to input. Error bars represent
mean ± SD. *P < 0.05, **P < 0.01.
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Nanjing Medical University, Nanjing Drum Tower
Hospital and Huabei Petroleum Ceneral Hospital
between 2015 and 2017. All patients signed an

informed consent. This research project was approved
by the ethical committees of the Nanjing Medical
University.

Fig. 6 LINC01116 overexpression enhanced IL-1β transcription by recruiting DDX5 to the IL-1β promoter. a ChIP-qPCR of DDX5 of the
promoter region of IL-1β loci after knockdown of LINC01116 in glioma cells. Antibody enrichment was quantified relative to the amount of input
DNA. IgG was used as the control. b–d qRT-PCR, ELISA, and western blot assays were used to detect the expression of IL-1β in Ln229 and U87 cells
transfected with si-NC or si-DDX5. e–g The promotion of IL-1β (mRNA and protein) by overexpression LINC01116 was significantly reversed by
knockdown of DDX5 in Ln229 and U251 cells, based on qRT-PCR, ELISA, and western blot assays. h Illustrative model showing the proposed
mechanism of LINC01116 in glioma cell. Error bars represent mean ± SD. *P < 0.05, **P < 0.01.
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In vivo xenograft assay (nude mice models and xenograft
zebrafish)
All experiments were approved by the Institutional Ani-

mal Care and Use Committee (IACUC) of Nanjing Medical
University. Male BALB/c nude mice (4-week old) were
housed under specific pathogen-free conditions. U87-shNC
and U87-shLINC01116 cells were injected into bilateral
flanks of nude mice (n= 5.1 × 107/mouse).The mice were
sacrificed executed 4 weeks after injection. Tumor volume
was calculated using the formula: (L ×W 2)/2. AB/wt zeb-
rafish embryos, were raised at 28 °C in fish water. At
48 hours fertilization (hpf), Ln229-siNC and Ln229-
siLINC01116 cells, labeled with a red fluorescent dye for
cell viability (CellTracker™ CM-DiI, Invitrogen, CA, USA)
and resuspended in HBSS, were injected into the yolk sac of
zebrafish embryos (200 cells/embryo). Then, embryos were
incubated at 34 °C. At 72 h post injection, the presence of
grafted cells into the head and trunk/tail region was eval-
uated through a fluorescence stereomicroscope (OLYM-
PUS U-HGLGPSD, equipped with cellSens Entry software,
Tokyo, Japan). The software ImageJ was used to quantify
the spread of tumor cells throughout the embryos.

Cell lines and cell culture
The glioma cells (Ln229, U87, U251), human leukemia

cell line (HL60) were purchased from Cell bank of Chi-
nese Academy of Sciences and the human normal Brain
astrocyte cell line (SVG) were purchased from BeiJing
north natron biotechnology research institute. Ln229,
U87, U251 cells were cultured in DMEM with 10% fetal
bovine serum. HL60 were maintained in IMDM with 15%
fetal bovine serum. Neutrophil-like cells derived from the
differentiation of HL60 cells after a 72-h-long culture in
IMDM medium supplemented with 1.25% dimethyl sulf-
oxide (DMSO). The co-culture experiments were con-
ducted in 96-well plates, as described previously54,55. One
day before coculture, the glioma cells were seeded in 96-
well plates. On the second day, the successfully induced
neutrophils were added to the wells at a ratio of 5:1
(neutrophils to tumor cells). After 24 h, neutrophils
(suspended cell) were completely removed from the
coculture system using PBS. CCK8 assays were used to
assess the growth of glioma cells. All cells were incubated
at 37 °C and 5% CO2.

siRNA and plasmid construction and cell transfection
LINC01116 siRNAs and a scramble siRNA were pur-

chased from GenePharma (Shanghai, China). The inter-
ference target sequence of DDX5 was acquired according to
a previous study56. Transient transfection of siRNA was
performed by using Lipofectamine 3000 (Invitrogen, CA,
USA) according to the protocol. The full-length cDNAs of
LINC01116 was synthesized and cloned into the expression
vector pcDNA3.1 (Genechem, Shanghai, China). The

plasmid was transfected into glioma cells by using the X-
treme GENE™ HP DNA Transfection Reagent (Sigma, MO,
USA) according to the manufacturer’s instructions. All
siRNA sequences are listed in Supplementary Table S1.

In vitro proliferation assay
All the cell proliferation assays were performed 24 h

after transfection. For CCK8 assay, cells were seeded in
96-well plates at 2000 cells per well. Cell proliferation was
measured every 24 h using Counting Kit-8 (Dojindo,
Kumamoto, Japan) on ELx800 universal microplate reader
(BioTEK, VT, USA). For cytokine studies, the glioma cells
were treated with 10 ng/mL recombinant human IL-1β
(Sino Biological, BeiJing, China) or 1 ng/mL anti-IL-1β
(Catalog#mabg-hil1b-3, Invivogen, CA, USA) neutralizing
antibodies. In colony formation assay, transfected glioma
cells were seeded into 6-well plate at 500 cells/mL in the
culture medium. After incubation for 7 days, sphere for-
mation efficiency (SFE) representing the ability of sphere
formation was calculated. EdU experiments were per-
formed using a EdU Cell Proliferation Assay Kit (Cat.
C10310-1,Ribo, Guangzhou, China) according to the
manufacturer’s instructions. For cell-apoptosis and cell-
cycle analysis, cells were analyzed by flow cytometry.

Trans-well assay
For invasion and migration assay,the upper chambers

(8 μm) of the 24-well transwell plates were coated with or
without Matrigel (BD Biosciences, NJ, USA) and incubated
at 37 °C for 2 h. We then added 2–3 × 104/300 μl glioma
cells to each upper chamber and the plates were incubated
for 24 h. For the neutrophil migration assay, 2 × 105/300 μl
neutrophils were added to each upper chamber (5 μm). The
lower chambers contained serum-free media containing
different concentrations of IL-1β (incubated for 12 h) or
conditioned medium from transfected glioma cells (incu-
bated for 2 h). Neutrophils beneath the upper chambers
were counted microscopically.

RNA extraction and quantitative RT-PCR (qRT-PCR) assay
The extraction of total RNA from glioma tissues and

cells was implemented by Trizol reagent (Invitrogen, CA,
USA). Complementary DNA (cDNA) was reversely tran-
scribed from RNA (1 μg). The reverse transcription PCR
reactions were performed on an Applied Biosystems Real-
Time PCR System (Shanghai, China) using a standard
SYBR Green PCR kit (TaKaRa, Dalian, China). β-actin
serviced as internal control. The relative expression levels
were determined by using the 2−ΔΔct method. The
detailed primers were listed in Supplementary Table S1.

Western blot and ELISA
The total protein isolation from glioma cells were per-

formed by using RIPA lysis buffer containing protease
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inhibitor cocktail (Beyotime, ShangHai, China). Cells pro-
tein lysates were separated by 10% SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) transferred to 0.45 μm PVDF
membranes (Millipore, MA, USA) and incubated with
specific antibodies. After that, the membranes were mea-
sured using ECL detection system (Tanon5200, ShangHai,
China). β-actin antibody was used as control. The following
primary antibodies were used: anti-IL-1β (16806-1-AP,
1:100, Proteintech, WuHan,China) and anti-DDX5 (#9877,
1:1000, Cell Signaling technology, MA, USA). For ELISA,
IL-1β in culture supernatants of glioma cells was quantified
with the IL-1β quantikine ELISA kit (R&D Systems, CA,
USA) according to the manufacturer’s instructions. IL-1β
concentrations were normalized to 1 × 106 cells/mL to
account for differences in cell numbers.

RNA FISH analysis
RNA FISH was performed using the RiboTM Fluor-

escent In Suit Hybridization Kit (Ribo, Guangzhou,
China) according to the protocol. LINC01116 probes were
designed and synthesized by Ribo.

RNA pull-down, MS, and RNA immunoprecipitation assays
LINC01116 full-length sense and antisense were digested

with KpnI-XhoI, in vitro transcribed with mMESSAGE
mMACHINE™ T7 Transcription Kit (Cat. AM1344,
Thermo, IL, USA), and labeled with desthiobiotinylation
using the Pierce RNA 3’End Desthiobiotinylation Kit (Cat.
20164, Magnetic RNA-Protein Pull-Down Kit, Compo-
nents, Thermo, IL, USA) according to the manufacturer’s
instructions. Biotin-labeled LINC01116 was incubated with
total cell lysates of Ln229 and eluted proteins were purified
and detected by silver staining. Bands of interest were
identified by MS and confirmed by western blot. RNA
immunoprecipitation (RIP) was performed using the Magna
RIP RNA-Binding Protein Immunoprecipitation Kit (Milli-
pore, MA, USA) according to the manufacturer’s protocol.

Chromatin immunoprecipitation assay
The ChIP assay was performed using the ChIP Assay Kit

(Millipore, MA, USA) following the manufacturer’s
guidelines. The antibody for DDX5 (ab126730) was pur-
chased from Abcam (ShangHai, China). The ChIP primer
sequences were listed in Supplementary Table S1.
Immunoprecipitated DNAs were analyzed by qPCR. ChIP
data was calculated as a percentage relative to the input
DNA from equation 2[Input Ct−Target Ct] × 100 (%).

Statistical analysis
All statistical analyses were performed using SPSS 20.0

(SPSS, USA) and GraphPad Prism 5 (GraphPad, USA) soft-
ware. All results are presented as the mean ± SD from three
independent assays. Differences between groups were com-
pared using Student’s t-test or one-way ANOVA.

Clinicopathological parameters were compared using the
chi-square test. Survival rate was calculated using
Kaplan–Meier analysis and log-rank test. P < 0.05 was con-
sidered significant.
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