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Background: Upregulation of CXCL8 (C-X-C motif ligand 8) in tumor cells has been

reported in several types of cancer, and it correlates with a poor prognosis. However, the role

of CXCL8 in glioma progression remains unknown.

Materials and methods: In this study, we examined CXCL8 expression levels in human

glioma cell lines and in sixteen human gliomas with different grades. The molecular role of

CXCL8 in glioma cells was investigated using quantitative polymerase chain reaction (qRT-

PCR) assays, Western blotting, CCK-8 assays, EdU assays, colony formation assays,

Transwell migration and invasion assays.

Results: We found that high expression levels of CXCL8 were positively associated with

progression and poor prognosis in human glioma. Mechanistically, CXCL8 promoted the

epithelial-mesenchymal transition (EMT) in glioma cells by activating the JAK/STAT1/HIF-

1α/Snail signaling pathway.

Conclusion: Taken together, our data provide a plausible mechanism for CXCL8-modulated

glioma progression, which suggests that CXCL8 may represent a potential therapeutic target

in the prevention and treatment of gliomas.
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Introduction
The glioma is the most prevalent tumor type in the central nervous system (CNS), and

both its incidence and mortality rates have increased in recent years.1–3 Progression of

the tumor leads to a poor 5-year survival rate.4 Although many studies on tumor

progression have been carried out for many years, its complex mechanisms have not

been fully elucidated. Thus, a better understanding of the unique molecular mechan-

isms underlying glioma tumor progression is an urgent task.

Tumor cell migration and invasion are the key steps during tumor progression.5,6

EMT is a dynamic cellular process that is involved in tumor progression. During

EMT, epithelial tumor cells lose basal-apical polarity and become motile mesench-

ymal cells, which have been implicated in tumor progression.7 Of course, countless

signaling pathways have been reported to be involved EMT regulation.8,9

CXCL8 (Interleukin-8 (IL-8)), one of the elastin-like recombinamer (ELR)

motif-positive CXC-chemokine family members, is secreted by leukocytes, macro-

phages, endothelial cells, epithelial cells, airway smooth muscle cells and tumor

cells.10,11 It is initially produced as a 99 amino acid protein that undergoes cleavage

to form an active CXCL8 isoform and a 72 amino acid peptide for monocytes and

macrophages or a 77 amino acid peptide in nonimmune cells.12,13 CXCL8 is

encoded by a gene of the same name, which is located on chromosome 4q13-q21.
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In this study, we determined that CXCL8 is correlated

with tumor progression in glioma patients. Moreover, high

levels of CXCL8 induce EMT via the JAK/STAT1/HIF-

1α/Snail signaling pathway to promote tumor cell prolif-

eration, migration and invasion. In addition, the expression

levels of CXCL8 are a prognostic factor in glioma

patients, suggesting that CXCL8 may be a potential ther-

apeutic target for treating gliomas.

Materials And Methods
Bioinformatics Database
For the glioma expression microarray analysis, all data were

obtained from ONCOMINE (www.oncomine.org/), Bredel

Brain (IMAGE: 549933),14 and Liang Brain (AA082747).15

Cell Lines And Reagents
HA and NHA cells were cultured in astrocyte medium

(Carlsbad, CA, USA), and the other cells (H4, A-172, U-

251MG, LN-18, U-138MG and U-87MG (glioblastoma of

unknown origin)) were cultured as described previously.16,17

All cell lines were authenticated by short tandem repeat (STR)

analysis and confirmed to be mycoplasma negative every 3

months. S3I-201 and WP1066 were purchased from

SelleckChem (Selleck.cn, Houston, Texas, USA). The anti-

CXCL8 antibody (ab7747) and the anti-HIF-1α antibody

(ab92498) were purchased from Abcam (USA); anti-JAK

(9945), anti-p-JAK (66245), anti-STAT1 (14995), anti-p-

STAT1 (Ser727) (8826), anti-STAT2 (72604), anti-p-STAT2

(Tyr690) (88410), anti-STAT3 (4904), anti-p-STAT3 (Tyr705)

(9145), and anti-β-actin (4970) antibodies were purchased

from Cell Signaling Technology (Beverly, MA, USA).

Patients And Sample Preparation
Seventy surgically resected glioma samples were collected

between October 2016 and May 2019 at Union Hospital.

Four normal brain tissues were derived from patients with

diffuse brain tissue swelling caused by severe car acci-

dents who had to undergo partial nonfunctional area nor-

mal brain tissue resection. The purpose of this treatment

was to decompress brain tissue. Ethical consent was

approved by the ethics committee involving human sub-

jects at Tongji Medical College, Huazhong University of

Science and Technology (S360). Written informed consent

was obtained from all patients before sample collection.

All methods were performed in accordance with approved

guidelines. Prior to glioma resection, no patient had

received radiotherapy or chemotherapy. All samples were

immediately snapfrozen in liquid nitrogen and stored in

liquid nitrogen until they were used. This research was

performed in accordance with the Declaration of Helsinki.

Plasmid Construction And Transfection
To establish stable knockdown and overexpression cell lines,

full-length shRNA sequences that specifically target CXCL8

or Snail were cloned into pLKO.1-MSCV-Puro or pcDNA3.0

vectors and were bidirectionally sequenced. Sequences of all

shRNAs are provided in Supplementary Table 1. The con-

struction of the plasmid and the packaging of the lentivirus

were completed by GenePharma (Shanghai, China). Cells

were infected by the lentivirus according to themanufacturer’s

protocol and were selected by treatment with puromycin

(Sigma-Aldrich, St Louis, MO, USA) for two weeks to obtain

cell lines with stable expression. The empty vector pcDNA3.0

or pLKO.1 and scrambled siRNA were used as negative

controls.

Cell Proliferation Assays
For the CCK-8 (Cell Counting Kit-8) assay, cells were

counted and plated in complete culture medium at 3600

cells/well in 96-well plates. After treatment with 10 μL
CCK-8 (Dojindo Laboratories, Japan), the absorbance at

450 nm was detected using a microplate reader (Spectra

Max M2 reader, Molecular Devices, USA) and each

experiment was performed in triplicate.

EdU Proliferation Assay
Followin the indicated treatment, newly synthesized DNA in

U-251MG and U-87MG cells was measured by EdU

fluorescence staining based on the manufacturer’s protocol

(Click-iT® EdU Imaging Kits, Invitrogen). The cells, cultured

in 96-well plates at a density of 8 × 103 cells/well, were labeled

with 10 μMEdU, incubated for 3 h, and then fixed for 20 min

with 3.7% formaldehyde at room temperature. Then, the fixa-

tive was removed, and the cells in eachwell werewashed three

times with 3% BSA in PBS. The BSA solution was removed,

and the cells were permeabilized with 0.5% Triton X-100

(Sigma, San Francisco, CA, USA) for 20 min at room tem-

perature. After washing the cells three times with 3% BSA in

PBS, a 100 μL of Click-iT® reaction cocktail was added to

each well, and the plate was incubated for 30 min at room

temperature in the dark. Then, 1 mL of Hoechst 33342 nuclear

staining solution (Sigma, San Francisco, CA, USA)was added

to each well, and the plate was incubated for 25 min at room

temperature in the dark. Subsequently, the staining solution

was removed, and the cells werewashed three timeswith PBS.
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Then, the EdU-labeled cells were photographed and counted

using a fluorescence microscope (CKX41-F32FL, Olympus,

Tokyo, Japan). Image-Pro Plus software (Version 5.0, MD,

USA) was used to determine the percentage of EdU-positive

(EdU+) cells.

Colony Formation Assay
A total of 3 mL of complete medium containing 500 cells per

well was seeded in 6-well plates. The cells were cultured at

37°C and 5% CO2 for two weeks, and the medium was not

changed during this period. Then, the wells were washed

with PBS three times, and the cells were fixed with 4%

formaldehyde. The colonies were stained with 0.1% crystal

violet (Servicebio, Wuhan, China). Finally, the colonies with

a diameter > 2 mm were photographed and counted under an

inverted microscope. All experiments were independently

repeated three times.

Cell Migration And Invasion Assays
Cell migration and invasion experiments were performed

using the Transwell system (Corning, NY) based on the

manufacturer’s instructions. To assess invasion, filters were

precoated with Matrigel (BD Biosciences, San Josè, CA,

USA). Approximately 8 × 104 cells were added into the top

chamber containing serum-free DMEM. The bottom cham-

ber contained 500 microliters of DMEM supplemented with

20% fetal bovine serum (FBS). Following 24 h of incubation,

the cells on the upper surface were gently removed with a

cotton swab, and then the membrane was fixed with 4%

formaldehyde for 20min and stained with 0.1% crystal violet

solution (Servicebio, Wuhan, China) for 30 min. The cells

that migrated to the lower surface of the membrane were

photographed and counted under a microscope. The same

experiment was performed for the migration assays, except

that the filters were not precoated with Matrigel.

Dual Luciferase Reporter Assay
U-251MG and U-87MG cells were routinely plated in 24-

well plates for 24 h before transfection. The cells were

transfected with a JAK/STAT firefly luciferase reporter

plasmid and phRL-TK (Origene, Rockville, MD, USA)

using Lipofectamine™ 3000 (Invitrogen, CA, USA)

according to the manufacturer’s protocol. The Renilla

luciferase expression plasmid acted as an internal control.

Then, the cells were harvested 24 h posttransfection and

lysed with 100 μL of passive lysis buffer (Boster, Wuhan,

China). Subsequently, the luciferase activities were deter-

mined with the Dual-Glo Luciferase Kit (Promega, USA).

Cignal Finder Cancer 10-Pathway

Reporter Array
Pathway analyses were performed with the Cignal Finder

Cancer 10-Pathway Reporter Array (QIAGEN, Germany)

according to the manufacturer’s instructions. The suspended

cells (9 × 103/mL, 60 μL/well) were seeded into 96-well plates
containing luciferase reporters for common targets in cancer

pathways. Then, the cells were incubated at 37°C and 5%CO2

for 24 h, and luciferase activity analyses were performed using

the Dual-Luciferase Reporter Kit (Promega, USA).

Western Blotting
All processes were performed as described previously.16,17

The cells were lysed by electrophoresis on a 12% SDS-

PAGE gel at 120 V for 2 h and were then transferred to a

PVDF membrane (Millipore, Massachusetts, USA). The

membrane was blocked with 5% fat-free milk in PBS for 2

h. Next, the membranes were incubated with primary and

secondary antibodies and visualized using a chemilumi-

nescent reagent (Thermo Fisher).

qRT-PCR
Total RNA was lysed from glioma samples using TRIzol

reagent (Invitrogen). cDNA synthesis and real-time PCR

were performed using the SYBR® Premix Ex Taq™ Kit

(Takara, Japan). GAPDH acted as an internal control. The

sequences of the CXCL8 primers were as follows: forward,

5ʹ-ACTGAGAGTGATTGAGAGTGGAC-3ʹ; reverse, 5ʹ-

AACCCTCTGCACCCAGTTTTC-3ʹ. The sequences of the

Snail primers were as follows: forward, 5ʹ-TCGGAAGCCTA

ACTACAGCGA-3ʹ; reverse, 5ʹ-AGATGAGCATTGGCAGC

GAG-3ʹ. Relative mRNA expression levels were normalized

as described previously.16,17

Immunofluorescence And

Immunohistochemical Staining
Immunofluorescence (IF) staining was performed as

described previously.16,17 Cells were seeded in 24-well

plates and fixed with 4% formaldehyde. After fixation,

the cells were permeabilized with 0.5% Triton X-100 and

blocked with 5% bovine serum albumin (BSA) in PBS for

1 h at room temperature. Then, the cells were incubated

with the corresponding antibody in PBS containing 0.3%

BSA and were finally incubated with a Cy3-conjugated

secondary antibody (1:100, Promoter, China) in PBS con-

taining 0.3% BSA. Fluorescence was visualized using

laser scanning confocal microscope (Olympus, Japan).
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Immunohistochemistry and semiquantitative scoring

techniques were performed as described previously.16,17

The percentage of positive staining was scored as follows:

0 (no positive signal), 1 (0–10% positive signal), 2

(10–30% positive signal), 3 (30–70% positive signal),

and 4 (70–100% positive signal). The staining intensity

was graded as follows: 1 (no staining), 2 (weak staining), 3

(moderate staining), and 4 (strong staining). The staining

index (SI) was multiplied with possible scores of 0, 1, 2, 3,

4, 6, 8, 9, 12, and 16, and the median value was SI = 8,

which was chosen as the cut off value. Therefore, samples

with SI ≥ 8 were considered to have high expression, and

samples with SI < 8 were considered to have low expres-

sion. IHC analyses were independently performed by two

experienced pathologists who were blinded to the tissue

information to avoid evaluation biases.

Statistical Analyses
All data are presented as the mean ± standard deviation

(SD) from at least 3 independent experiments. The

unpaired/paired Student’s t test was used to identify statis-

tically significant data between two groups and one-way

ANOVA followed by Dunnett’s multiple comparisons tests

was used to identify statistically significant data between

more than two groups. Overall survival (OS) and disease-

free survival (DFS) were evaluated using the Kaplan–

Meier method, and multivariate survival analyses were

performed using a Cox regression model. All statistical

analyses were performed using GraphPad Prism version 7

(GraphPad Inc., La Jolla, CA, USA). P-values < 0.05 were

considered to be statistically significant.

Results
High Levels Of CXCL8 Are Associated

With A Poor Prognosis In Human Glioma
Data from seven normal brain tissues (NB) and 57 glioblas-

toma (GBM) tissues were obtained from Oncomine.14,15 By

analyzing these bioinformatics data, we determined that the

CXCL8 expression levels in GBM were significantly higher

than they were in normal brain tissues (Figure 1A and B).

The CXCL8 expression levels in normal brain tissues and

different grades of glioma were measured by qRT-PCR. We

also found that the CXCL8 expression levels in glioma were

significantly higher than those in normal brain tissues, and

they were consistently upregulated in high-grade gliomas (III

+ IV) (Figure 1C and D). Sixteen glioma samples were

assessed for their CXCL8 expression levels by Western

blotting, including four grade I, four grade II, four grade III

and four grade IV samples. Western blotting results indicated

that CXCL8 expression levels were significantly higher in

high-grade gliomas (Figure 1E). Then, immunohistochem-

ical (IHC) analysis was adopted to measure the CXCL8

expression levels in NB and glioma. As shown in

Figure 1F, the IHC staining intensity of CXCL8 was notably

different between NB and different grades of glioma; further,

quantification analyses further proved that CXCL8 protein

expression levels in glioma were significantly higher than

they were in NB, and they were consistently elevated in high-

grade gliomas (Figure 1G). The correlation between CXCL8

and clinico-pathological features of 70 glioma samples was

statistically analyzed. The results indicated that high levels of

CXCL8 were significantly associated with the Karnofsky

Performance Scale (KPS) score (p = 0.0003) and tumor

recurrence (p = 0.0002, Table 1). These results were consis-

tent with the KPS as an independent predictor for survival.18

As shown in Table 2, using Univariate Cox regression ana-

lyses, high levels of CXCL8 were correlated with a notably

increased risk of tumor recurrence in glioma patients

(p = 0.0002) compared to the risk of recurrence in patients

with low expression levels (Table 2). Multivariate Cox

regression analyses showed that CXCL8 could predict poor

prognosis when CXCL8 expression levels (p = 0.035), tumor

grade (p = 0.016) and tumor recurrence (p = 0.004) were

included in the analysis (Table 2). These results demonstrate

a significant correlation between CXCL8 expression levels

and prognosis. Furthermore, the Kaplan-Meier analysis indi-

cated that high levels of CXCL8 were significantly asso-

ciated with poorer disease-free survival (DFS) and overall

survival (OS) rates in glioma patients (Figure 1H and I).

High Levels Of CXCL8 Promote Glioma

Cell Proliferation
First, we measured CXCL8 expression levels by qRT-PCR

and Western blotting in two human brain gliocyte cell lines

(HA and NHA) and six human brain glioma cell lines (U-

251MG, U-138MG, H4, A-172, LN-18 and U-87MG). The

results demonstrated that expression levels were high in the

glioma cell line compared with the expression in the human

brain gliocyte cell line (supplementary figures S1A). U-

251MG and U-87MG cells were stably transfected with

lentiviruses containing CXCL8, and their overexpression

efficiency was verified by qRT-PCR and Western blotting

(Figure 2A and B). Then, we employed CCK-8, EdU, and

colony formation assays to clarify the effect of CXCL8 on
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Figure 1 High levels of CXCL8 are associated with poor prognosis in human glioma. (A, B) The expression levels of CXCL8 in NB and GBM obtained from the Oncomine

database. The nonparametric Mann–Whitney U-test was used. (C, D) Relative CXCL8 expression levels measured by qRT-PCR in 4 NB, 34 LGG (Low-grade glioma) and 36 HGG

(High-grade tissue). (E) Sixteen glioma tissuesweremeasured for CXCL8 expression byWestern blotting, including four grade I, four grade II, four grade III and four grade IV. (F, G)

Representative images (F) and scores (G) of the IHC of CXCL8 expression in the paraffin-embedded different grade glioma. (H, I) Kaplan–Meier curves for DFS (H) and OS (I) of
glioma patients with low vs high expression of CXCL8. The median CXCL8 expression levels were used as the cutoff value. Statistical significance was assessed using two-tailed

Student’s t test (A, B, C, H and I) and one-way ANOVA followed by Dunnett’s tests for multiple comparisons (D andG). Scale bars: 50μm. *p < 0.05, **p < 0.01 and ***p < 0.001.
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tumor cell proliferation. These results showed that high

levels of CXCL8 notably promoted tumor cell proliferation

(Figure 2C–E). Then, we knocked down CXCL8 in U-

251MG and U-87MG cells with short hairpin RNAs. The

knockdown efficiency was also verified by qRT-PCR and

Western blotting (supplementary Figure S2A and B).

Subsequently, we adopted the above experiments to mea-

sure the effect of CXCL8 on tumor cell proliferation. These

results indicated that CXCL8 knockdown obviously sup-

pressed tumor cell proliferation (supplementary Figure

S2C–E).

High Levels Of CXCL8 Promote Glioma

Cell Migration And Invasion
Subsequently, we employed Transwell migration and inva-

sion assays to clarify the effect of CXCL8 on the migra-

tion and invasion of tumor cells. These results indicated

that CXCL8 overexpression obviously promoted tumor

cell migration and invasion (Figure 3A and B). However,

CXCL8 knockdown notably suppressed tumor cell migra-

tion and invasion (Figure 3C and D).

High Levels Of CXCL8 Promote

Epithelial-Mesenchymal Transition In

Glioma Cells
EMT is a reversible cell phenotype change that is closely

related to normal development and tumor progression.7

Characteristic E-cadherin downregulation is considered to

be one of the key steps of EMT.19 First, we observed

cellular morphological changes to determine whether

CXCL8 is involved in EMT. CXCL8 overexpression

caused U-251MG cells to have a spindle-shaped morphol-

ogy, which is consistent with a mesenchymal phenotype.

However, CXCL8 knockdown caused U-87MG cells to

have a typical epithelium-like phenotype (Figure 4A).

Subsequently, we analyzed the expression level differences

of EMT-related biomarkers between glioma cells with up-

or downregulation of CXCL8. Immunofluorescence (IF)

results indicated CXCL8 upregulation in U-251MG cells

Table 1 Association Of CXCL8 Expression With

Clinicopathological Characteristics In Human Glioma

Features No. CXCL8 P-value

Low High

Age, years

<50 40 18 22 0.49

≥50 30 16 14

Gender

Male 37 20 17 0.33

Female 33 14 19

Tumor size, cm

<2 45 28 17 0.002

≥2 25 6 19

Tumor location

Supratentorial 32 12 20 0.09

Subtentorial 38 22 16

Karnofsky performance scale

<90 36 10 26 0.0003

≥90 34 24 10

WHO grade

Low-grade (I+II) 28 18 10 0.03

High-grade (III+IV) 42 16 26

Tumor recurrence

No 22 18 4 0.0002

Yes 48 16 32

Table 2 Univariate And Multivariate Analyses Of Various Prognostic Parameters In Patients With Glioma Using Cox-Regression

Analysis

Univariate Analysis Multivariate Analysis

p value Hazard Ratio 95% Confidence

Interval

p value Hazard Ratio 95% Confidence

Interval

CXCL8 0.02 1.187 1.112–2.362 0.035 1.121 1.115–2.164

Tumor size, cm 0.002 1.487 1.254–3.985 0.023 1.165 1.039–3.131

Karnofsky performance

scale

0.0003 1.743 1.375–4.218 0.0041 1.398 1.256–3.972

WHO grade 0.03 1.135 1.103–2.265 0.016 1.231 1.185–2.869

Tumor recurrence 0.0002 1.892 1.691–4.389 0.004 1.342 1.218–3.527
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Figure 2 High levels of CXCL8 promote glioma cells proliferation. (A, B) The over-expression efficiency against CXCL8 was verified by qRT-PCR and Western blotting in

U-251MG and U-87MG cells. (C) Growth curves between Vector and CXCL8 (OE) by CCK-8 assay. The results are shown as the Mean ± Standard Deviation (SD) of three

independent experiments. (D, E) Representative images (left panels) and histogram quantification (right panels) of the EdU (D) and colony formation assay (E) with U-

251MG and U-87MG cells. Statistical significance was assessed using two-tailed Student’s t test (A, C) and one-way ANOVA followed by Dunnett’s tests for multiple

comparisons (D, E). Scale bars: 50 μm. **p < 0.01 and ***p < 0.001 or ##p < 0.01 and ###p < 0.001.
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Figure 3 High levels of CXCL8 promote glioma cells migration and invasion. (A–D). Representative images (left panels) and histogram quantification (right panels) of the

Transwell migration (A, C) and invasion assays (B, D) with U-251MG and U-87MG cells. Statistical significance was assessed using one-way ANOVA followed by Dunnett’s

tests for multiple comparisons. Scale bars: 50 μm. *p < 0.05 and **p < 0.01.
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Figure 4 High levels of CXCL8 promote glioma cells epithelial-mesenchymal transition. (A) Representative images of cellular morphology (left panel) and IF staining

representing the expression levels of EMT-related biomarkers (right panel), E-cadherin, N-cadherin, and Vimentin, while over-expressing and knock downing CXCL8

expression in U-251MG and U-87MG cells. (B) Western blotting results demonstrating the protein expression levels of CXCL8, E-cadherin, N-cadherin and Vimentin in U-

251MG and U-87MG cells with over-expressed and knockdown CXCL8. Representative images (left panels) and histogram quantification (right panels). Statistical significance

was assessed using two-tailed Student’s t test. Scale bars, 25μm. *p < 0.05, **p < 0.01 and ***p < 0.001.
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decreased E-cadherin expression levels, while the

mesenchymal biomarkers (N-cadherin and vimentin)

were notably increased (Figure 4A). The opposite expres-

sion phenomena of these proteins were observed in

CXCL8-knockdown U-87MG cells (Figure 4A). In addi-

tion, we further verified the EMT-related biomarker

expression levels in both U-251MG and U-87MG cells

by Western blotting (Figure 4B). These results demon-

strate that CXCL8 contributes to glioma progression by

promoting EMT.

High Levels Of CXCL8 Promote EMT By

The JAK/STAT1/HIF-1α/Snail Signaling
Pathway In Glioma Cells
To clarify the potential mechanism of CXCL8-regulated

glioma cell progression, Cignal Finder Cancer 10-Pathway

Reporter Kits were adopted to screen for signaling path-

ways that might be involved in this process. The final

results showed that the JAK/STAT signaling axis was

obviously inhibited, but the other signaling axis was not

notably affected by CXCL8 knockdown in U-251MG and

U-87MG cells (supplementary figures S1B). To further

verify this result, dual luciferase reporter assays were

used in U-251MG and U-87MG cells. These results con-

sistently showed that CXCL8 knockdown could markedly

inhibit the JAK/STAT signaling axis, which was consistent

with the signaling pathway screening outcome (supplemen

tary figures S1B). Then, we knocked down CXCL8 with

short hairpin RNAs in U-251MG and U-87MG cells and

observed that the protein levels of p-JAK, p-STAT1, HIF-

1α, and Snail obviously decreased compared with the

levels in the control group. However, the other protein

levels remained unchanged (Figure 5A). To verify these

results, we cocultured CXCL8-overexpressing cells with

two chemical inhibitors of the JAK/STAT signaling path-

way, WP1066 and S3I-201. Initially, their inhibition effi-

ciency in U-251MG and U-87MG cells was validated by

p-JAK analysis (Figure 5B and B1). The p-STAT1 protein

expression levels after CXCL8overexpression in U-

251MG and U-87MG cells were attenuated by WP1066

and S3I-201 treatments (Figure 5B and B2). In addition,

the HIF-1α and Snail protein expression levels after

CXCL8overexpression in U-251MG and U-87MG cells

were also attenuated by WP1066 and S3I-201 treatments

(Figure 5B, B3 and B4). These data strongly indicate that

CXCL8overexpression promoted Snail protein expression

via the JAK/STAT1/HIF-1α signaling axis.

Snail Is Involved In CXCL8-Regulated

Glioma Cell Proliferation, Migration And

Invasion
Accumulating evidence indicates that the HIF-1α/Snail sig-
naling axis plays a vital role in regulating EMT.20

Therefore, we speculated that CXCL8 might upregulate

Snail expression, thereby promoting tumor cell prolifera-

tion, migration and invasion. First, to determine the correla-

tion between CXCL8 and Snail, we measured the

expression of CXCL8 and Snail in 70 glioma samples

using qRT-PCR. The results showed that their expression

is positively correlated (Figure 6A). Next, we overex-

pressed Snail in U-251MG and U-87MG cells to determine

whether it is involved in CXCL8-regulated glioma cell

progression (Figure 6B and C). As expected, Snail over-

expression abrogated the effects of CXCL8 knockdown on

inhibiting U-251MG and U-87MG cell proliferation

(Figure 6D and E and supplementary figures S3A), colony

formation (Figure 6F and supplementary figures S3B),

migration (Figure 6G and supplementary figures S3C) and

invasion (Figure 6H and supplementary figures S3D). In

addition, our data also indicated that Snail overexpression

obviously promoted U-251MG and U-87MG cell prolifera-

tion (supplementary figures S4A and B and supplementary

figures S5A), colony formation (supplementary figures S4C

and supplementary figures S5B), migration (supplementary

figures S4D) and invasion (supplementary figures S4E).

Taken together, our data prove that CXCL8 promotes the

proliferation, migration and invasion of glioma cells by

regulating Snail protein expression.

Discussion
Although gliomas have been studied for many years, the

underlying molecular mechanisms and the effective treat-

ment of glioma remain unknown. Herein, we proved that

CXCL8 is associated with tumor progression and corre-

lated with a poor clinical outcome. In addition, we found

that high levels of CXCL8 promoted glioma cell prolifera-

tion, migration and invasion by inducing EMT.

Mechanistically, CXCL8 induced EMT via the JAK/

STAT1/HIF-1α/Snail signaling axis.

The JAK/STAT signaling pathway plays an important

role in tumor progression.21,22 In this study, we used a dual

luciferase reporter assay to screen possible signaling path-

ways and found that CXCL8 affects the JAK/STAT signal-

ing axis. Accumulating evidence has indicated that STAT1

is also involved in the regulation of HIF-1α.23,24 In addition,
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Figure 5 High levels of CXCL8 promote the EMT by the JAK/STAT1/HIF-1α/Snail signal pathway in glioma cells.(A) CXCL8 knockdown decreased the protein level of p-

JAK, p-STAT1, HIF-1α and Snail. Other proteins remain unchanged. (B) U-251MG and U-87MG cells transfected with CXCL8 plasmid and co-cultured with JAK/STAT

signaling inhibitors were reaped, and the lysates were immuneblotted for p-JAK, Tot.JAK, p-STAT1, Tot.STAT1, HIF-1α, Snail and Slug. The histogram quantification (right

panels) of p-JAK/Tot.JAK (B1), p-STAT1/Tot.STAT1 (B2), HIF-1α/β-actin (B3) and Snail/Slug (B4). Statistical significance was assessed using one-way ANOVA followed by

Dunnett’s tests for multiple comparisons. *p < 0.05 and **p < 0.01.
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Figure 6 Snail is involved in CXCL8-regulated glioma cells proliferation, migration and invasion. (A) Correlation analysis of CXCL8 and Snail mRNA expression by qRT-PCR.

(B, C) The over-expression efficiency against Snail was verified by qRT-PCR and Western blotting in U-251MG and U-87MG cells. (D) Growth curves between None,

Vector, CXCL8 (KD), Snail (OE) and CXCL8 (KD) + Snail (OE) by CCK-8 assay. The results are shown as the Mean ± Standard Deviation (SD) of three independent

experiments. (E–H) The histogram quantification of the EdU (E), colony formation assay (F), Transwell migration (G) and invasion assays (H) with U-251MG and U-87MG

cells. All the results indicated that Snail over-expression abrogated the effects of CXCL8 knockdown on inhibiting U-251MG and U-87MG cell proliferation (D, E), colony
formation (F), migration (G) and invasion (H). Statistical significance was assessed using two-tailed Student’s t test (A and B) and one-way ANOVA followed by Dunnett’s

tests for multiple comparisons (D-H). *p < 0.05, **p < 0.01 and ***p < 0.001.
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numerous studies have indicated that the HIF-1α/Snail sig-
naling pathway plays a vital role in regulating EMT.20

Tissue hypoxia induces EMT, particularly for tumor cells,

which enhances their migration and invasion.25 In this

study, our results indicated that CXCL8 knockdown

decreased HIF-1α protein expression levels, leading to a

reduction of the effect of Snail on the inhibition of E-

cadherin. Interestingly, a previous study reported that

hypoxia induces a Snail-activated EMT in tumor cells,26,27

which is further support for our results. In addition, our

results also indicated that knockdown of CXCL8 did not

affect changes in Slug protein, suggesting that Slug was not

a downstream effector of CXCL8 promoting glioma pro-

gression. Of course, there are many reports that Slug is

involved in promoting the progression of glioma. Li et al

reported that Nuciferine suppressed the GBM progression

via targeting inhibition SOX2-AKT/STAT3-Slug axis.28 Oh

et al also reported that Slug exerted a vital role in promoting

glioma invasion and chemotherapy resistance.29 Lin et al

also reported that STAT3/Slug signaling axis enhanced

invasiveness and tumor stem cell characteristics of tumor

cells induced by radiotherapy.30 Accumulating evidence

has proven that the functional loss of E-cadherin is the

key step of EMT and that numerous transcription factors

can suppress E-cadherin expression.7,19 It has been reported

that Snail can bind to the E-cadherin promoter and directly

inhibit its transcription.31,32 Herein, we observed that cells

with high CXCL8 expression had greater expression of

Snail. These data indicate that CXCL8 regulates Snail to

induce EMT.

Previously, our team also reported prognostic glioma

markers.16,17 Herein, we found that high levels of CXCL8

were associated with tumor progression in glioma patients.

Importantly, patients with high levels of CXCL8 displayed

poorer DFS and OS, showing that CXCL8 is a novel

prognostic marker for glioma patients. In this study, high

levels of CXCL8 contribute to tumor progression. Of

course, there may be many other molecules involved in

this process, which requires more research to determine.

Conclusion
In summary, this study clarified the function and expres-

sion pattern of CXCL8 in glioma and found that high

levels of CXCL8 are correlated with tumor progression

and are a poor prognostic indicator for glioma patients.

The high levels of CXCL8 induce EMT and enhance

tumor cell proliferation, migration and invasion via activa-

tion of the HIF-1α/Snail signal axis. However, the role of

CXCL8 in glioma progression has not been fully eluci-

dated, and our research only reveals some of its molecular

mechanisms for promoting EMT. Therefore, more research

is needed to further elucidate the function of CXCL8 in

tumors. Clarification of the JAK/STAT1/HIF-1α/Snail sig-
naling axis may not only expand our knowledge of

CXCL8-induced tumor progression but also develop a

promising molecular therapeutic new strategy against this

disease.
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