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Background: S100A8 is a member of the S100 protein family and plays a pivotal role in regulating inflammation 

and tumor progression. This study aimed to comprehensively assess the expression patterns and functional roles 

of S100A8 in glioma progression. 

Methods: Glioma tissues were collected from 98 patients who underwent surgical treatment at Fudan University 

Shanghai Cancer Center. S100A8 expression in glioma tissues was analyzed using immunohistochemistry (IHC) 

to establish its correlation with clinicopathological features in patients. The expression and prognostic effect of 

S100A8 in glioma were analyzed using TCGA and CGGA public databases. Then, we investigated the role of 

S100A8 in glioma through a series of in vivo and in vitro experiments including Transwell, wound healing, CCK8, 

and intracranial tumor models. Subsequently, bioinformatics analysis, single-cell sequencing and coimmunopre- 

cipitation (Co-IP) were used to explore the underlying mechanism. 

Results: S100A8 was upregulated in gliomas compared to paracancerous tissues, and this phenotype was sig- 

nificantly correlated with poor prognosis. Subgroup analysis showed that S100A8 expression was higher in the 

high-grade glioma (HGG) group than that in the low-grade glioma (LGG) group. S100A8 overexpression in glioma 

cell lines promoted cell proliferation, migration and invasion, while silencing S100A8 reversed these effects. In 

vivo experiments showed that S100A8 knockdown can significantly reduce the tumor burden of glioma cells. 

Notably, S100A8 was observed to stimulate microglial M2 polarization by interacting with TLR4, which subse- 

quently induced NF- 𝜅B signaling and IL-10 secretion within the tumor microenvironment. 

Conclusions: S100A8 promotes tumor progression by inducing phenotypic polarization of microglia through the 

TLR4/IL-10 signaling pathway in glioma. It might represent a therapeutic target for further basic research or 

clinical management of glioma. 
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. Introduction 

Glioma represents a rare yet highly malignant tumor that poses sub-

tantial treatment challenges. As the predominant primary intracranial

alignancy, it constitutes approximately 40–50% of intracranial tu-

ors, with an incidence of 3–8 cases per 100,000 individuals. Based on

he World Health Organization (WHO) classification, gliomas are cate-

orized into grades I–IV; a higher grade is correlated with increased ma-

ignancy and poorer prognosis. 1 Glioblastoma multiforme (GBM) repre-

ents grade IV glioma, which has the highest degree of intracranial ma-

ignancy. Characterized by extensive invasiveness and a propensity for
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elapse, GBM continues to pose clinical challenges even following surgi-

al resection, postoperative radiotherapy, chemotherapy and other stan-

ardized comprehensive treatments. 2 , 3 Despite advancements in GBM

reatment, patient survival rates have not significantly improved. The

edian survival time remains short at 14.6 months, with the majority

f patients experiencing relapse within six months. Notably, the 5-year

urvival rate remains below 5%. 4–6 

S100 calcium binding protein A8 (S100A8) is a calcium and zinc

inding protein known for its pivotal role in regulating inflammatory

rocesses and immune responses. Notably, it induces neutrophil chemo-

axis and adhesion. Functionally, S100A8 primarily operates as a dimer,
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artnering with S100A9 to exert its effects. S100A8/A9 is a member of

he S100 protein family that binds to Ca2 + and has gained significant

nterest as a crucial protein that controls inflammatory reactions after

ts release (as extracellular S100A8/A9) from neutrophils and mono-

ytes. 7 , 8 Furthermore, S100A8 exhibits a diverse range of intracellu-

ar and extracellular functions. Intracellularly, it facilitates arachidonic

cid transport, impacts white blood cell metabolism, and regulates the

ytoskeleton during phagocyte movement. Outside cells, it promotes in-

ammation, combats bacteria, mitigates oxidation, and triggers apop-

osis. Notably, its proinflammatory actions encompass leukocyte attrac-

ion, cytokine and chemokine stimulation, and control of myeloid cell

dhesion and motility. While S100A8 is abundant in immune cells such

s neutrophils, it is also highly expressed in tumor cells. Recent inves-

igations underscore its significant role in tumorigenesis, with reported

nvolvement in cervical squamous cell carcinoma, colon cancer, renal

lear cell carcinoma, and pancreatic cancer. Enhanced S100A8 expres-

ion has been observed in breast cancer and various other tumors, and

ts high expression in glioma has been linked to unfavorable patient

rognosis. Thus, S100A8 serves as a molecular marker of adverse prog-

osis. 9–12 

The distinct immune microenvironments of cancer cells have gar-

ered extensive recognition, as various immune cells within these en-

ironments play roles in supporting processes such as cell prolifera-

ion, distant tumor metastasis, and immune evasion. In contrast to ex-

racranial tumors, intracranial tumors lack immune cells like T and

 cells. Nevertheless, they harbor a substantial number of tumor-

ssociated macrophages (TAMs), predominantly represented by brain

icroglia. 13 , 14 Glioblastoma-associated macrophages/microglia consti-

ute a high proportion of immune cells (up to 50% of the total glioblas-

oma cell population). Recent investigations underscore the symbiotic

nterplay between GBM cells and TAMs as pivotal for tumor growth and

rogression. 15–17 Notably, GBM exhibits unique metabolic traits that

nable communication with the surrounding tumor microenvironment.

hrough this metabolic mode, GBM stimulates the secretion of pertinent

hemokines and cytokines that influence the chemokine dynamics and

unctions of neighboring immune cells. This process contributes to tu-

or initiation, progression, migration, invasion, recurrence, and drug

esistance. 

Overall, this study aimed to explore the clinical relevance of S100A8

nd elucidate its regulatory role in glioma development, particularly

ts involvement in driving microglial polarization within the tumor mi-

roenvironment. 

. Materials and methods 

.1. Clinical characteristics 

Glioma tissues were collected from 98 patients who underwent sur-

ical treatment at Fudan University Shanghai Cancer Center (FUSCC,
Table 1 

Association of S100A8 expression with clinicopatholo

Characteristic S100A8 high expression ( n = 5

Grade, n (%) 

– 1 (0.9) 

1 0 (0.0) 

2 7 (6.4) 

3 14 (12.8) 

4 32 (29.4) 

Sex, n (%) 

Female 20 (18.3) 

Male 34 (31.2) 

Tissue types, n (%) 

Normal 1 (0.9) 

Tumor 53 (48.6) 

Age, mean ± SD, years 46.24 ± 8.6 

370
hanghai, China) between April 2020 and January 2023 including 11

amples of para-carcinoma tissue, 7 samples of grade I glioma, 32 sam-

les of grade II glioma, 23 samples of grade III glioma and 36 samples

f grade IV glioma. Tissue microarrays (TMA) was constructed as previ-

usly described. 18 The expression of S100A8 in glioma was evaluated by

mmunohistochemistry (IHC). Patients’ information including sex, age

nd tumor grade was summarized in Table 1 . The correlation between

100A8 and clinicopathological data (IDH1, 1p19q) and prognosis were

lso analyzed utilizing datasets from The Cancer Genome Atlas (TCGA)

nd Chinese Glioma Genome Atlas (CGGA) (Supplementary Fig. 1). 

.2. Immunohistochemical staining assay 

IHC was performed according to previous protocols using S100A8

ntibodies (Cat. #ab288715; Abcam, Cambridge, MA, USA). 19 Pictures

ere taken under a microscope (OLYMPUS) and analyzed with ImageJ.

wo pathologists evaluated the expression of S100A8 by using the IHC

coring method. 20 For staining intensity quantification, we used a scor-

ng system: 0 (negative), 1 (weak), 2 (medium), and 3 (strong). To eval-

ate staining extent, scores were assigned based on the percentage of

ositively stained area relative to the entire cancerous region: 0 ( < 5%),

 (5–25%), 2 (26–50%), 3 (51–75%), and 4 ( > 75%). The immunore-

ctivity score was determined by multiplying the intensity and percent-

ge scores. According to the immunohistochemical score of S100A8, the

amples were divided into two groups: the top 50% of the score was

he high expression group, and the bottom 50% was the low expression

roup, to analyze its correlation with the clinicopathological factors of

lioma. 

.3. Cell lines and culture 

The human glioma cell lines (U87 and U251) and the HMC3 human

icroglia cell line were purchased from the Chinese Academy of Sci-

nces (Shanghai, China). The cells were grown in DMEM with the addi-

ion of 10% fetal bovine serum and 1% penicillin/streptomycin (Gibco,

nvitrogen, USA). Incubation of all cells was carried out at 37°C in the

resence of 5% carbon dioxide. 

.4. Transient cell transfection 

Glioma cells were transfected with siRNAs using Lipofectamine 3000

eagent (Invitrogen, California, USA) according to the manufacturer’s in-

tructions. The siRNAs against S100A8 (siS100A8) and the control were

btained from Gemma Gene (Shanghai, China). Cells were collected 48

ours after transfection. The siRNA sequences of S100A8 are listed in

upplementary Table 1. 
gical parameters. 

4) S100A8 low expression ( n = 55) P value 

< 0.001 

10 (9.2) 

7 (6.4) 

25 (22.9) 

9 (8.3) 

4 (3.7) 

0.904 

22 (20.2) 

33 (30.3) 

0.012 

10 (9.2) 

45 (41.3) 

41.29 ± 10.65 0.009 
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.5. Lentivirus infection 

To create cell lines with stable knockdown and overexpression of

100A8, we stably infected cells with lentiviral particles containing

LKO.1-LUC-puro-S100A8 shRNA (Tsingke Biotech, Beijing, China) and

V492-gcGFP-puro-S100A8 (Genechem, Shanghai, China). To summa-

ize, HEK293T cells were simultaneously transfected with pLKO.1 or

V492 along with the packaging plasmids (psPAX2 and pMD2G). Fol-

owing 72 hours of transfection, the lentiviral particles were collected

nd filtered using a 0.45-μm membrane. Glioma cells were exposed to

entiviral particles and polybrene. After being screened with puromycin

or a period of 3–4 weeks, the stable cell lines were utilized in subse-

uent experiments once their S100A8 expression was confirmed through

T ‒qPCR and western blotting. 

.6. Quantitative reverse transcriptase-polymerase chain reaction 

RT ‒qPCR) 

PrimeScript RT Master Mix (Takara, Osaka, Japan) was utilized for

everse transcription following the extraction of total RNA from the

ells using TRIzol (Invitrogen, California, USA). Real-time qPCR was

erformed using SYBR Premix. The evaluation of RNA extraction, re-

erse transcription, and real-time qPCR was conducted following the

ethods described earlier. 19 The primers are listed in Supplementary

able 1. Next, the mRNA level was standardized to the GAPDH mRNA

evel, and the relative expression of each mRNA was determined using

he 2- ΔΔCt technique. 

.7. Western blotting and co-immunoprecipitation (Co-IP) assays 

Total protein was extracted from cell lines, and western blot-

ing was performed according to a previously described method. 21 

he membranes were incubated in sealing fluid for 10 min at room

emperature and then with primary antibodies against S100A8 (Cat.

ab288715; Abcam; 1:1000), CD163 (Cat. #DF8235; Affinity; 1:1000),

RG1 (Cat. #DF6657; Affinity; 1:1000), TLR4 (Cat. #66350-1-Ig; Pro-

eintech; 1:5000), IL-10 (Cat. #60269-1-Ig; Proteintech; 1:5000), p65

Cat. #80979-7-RR; Proteintech; 1:5000), p-p65 (Cat. #3033S; Cell Sig-

aling Technology; 1:1000), JAK1 (Cat. #AF5012; Affinity; 1:1000),

TAT3 (Cat. #AF6294; Affinity; 1:1000), and 𝛽-actin (Cat. #81115-

-RR; Proteintech; 1:5000) at 4°C overnight. The next day, the mem-

ranes were incubated with the corresponding secondary antibodies

Cat. #SA00001-1/SA00001-2; Proteintech; 1:2000) at room tempera-

ure for 1 h. Subsequently, the protein bands were visualized using en-

anced chemiluminescence (ECL) reagent (share- Biotechnology, Shang-

ai, China). 

Co-IP experiments were conducted following established protocols.

87 cells were promptly eliminated once their occupancy exceeded

0% using a cell scraper and immunoprecipitation lysis buffer contain-

ng phenylmethanesulfonyl fluoride (PMSF) and protease inhibitor. The

craped cells were centrifuged, and the supernatant was discarded. Each

ample was then supplemented with 1 ml of IP lysate and 10 μl of each

f the three protein inhibitors. After the reaction was incubated for 3

ours at 4°C on a rotator, the samples were centrifuged at 12,000 g for

0 minutes at 4°C, and the supernatant, containing the total protein,

as collected. From this, 45 μl of the total protein was set aside as the

nput. The remaining protein was divided into two parts: one treated

ith S100A8 antibody and the other with IgG as a negative control.

oth aliquots were placed on a rotator at 4°C and rotated overnight at

4 rpm. Next, 35 μL of protein A/G beads was added to each immuno-

recipitation mixture, which was then gently rocked at 4°C overnight.

fter being washed five times with cold Co-IP buffer, the mixtures were

reated with 2 SDS sample buffers for denaturation the following day.

ollowing the collection of the supernatants, SDS ‒PAGE was conducted

or western blot analysis. 
371
.8. Cell viability (CCK-8) assay 

In 96-well plates, 2000 cells/well from various groups were seeded

or the CCK-8 assay. Each day for five days, CCK-8 reagent was added

o every well at a consistent time, and the cells were incubated at 37°C

or a duration of 2 h. Then, the absorbance was determined using a

icroplate reader in single-wavelength mode (450 nm). All experiments

ere repeated three times. 

.9. Wound healing assay 

The cells were placed in 6-well plates with 2 mL of culture medium

hat included 10% FBS. Subsequently, they were cultivated for 24 hours.

nce the cells reached 95–100% confluence, a sterile 200 μl pipette

ip was used to create vertical scratches across the cell monolayer. Af-

er rinsing the detached cells away with PBS, 2 mL of medium with-

ut serum was added to the remaining cells for 48 h to allow for cell

rowth. For each experimental condition, cells in three random fields

mages were photographed both at the beginning of the experiment and

fter 48 hours using an Olympus light microscope (magnification, ×40).

he experiments were repeated three times. 

.10. Invasion assay 

To perform the invasion assay, the filter was precoated with 50 μL

f Matrigel, which was diluted using ice-cold serum-free medium at

 ratio of 1:8. Subsequently, the Transwell chambers were incubated

t 37°C for 1 hour. The upper chamber was then seeded with 4 ×10 4 

ells (U87/U251/HMC3) in 100 μL of McCoy’s 5A medium without FBS,

hile the bottom chamber was filled with 500 μL of medium contain-

ng 10% FBS. The cells were cultured at 37°C for 48 hours, and the

ells located on the upper surface of the filter were removed with a cot-

on swab. Moreover, cells that moved to the opposite side of the filter

ere immobilized using 4% paraformaldehyde at room temperature for

0 min. Subsequently, they were stained with 0.1% crystal violet for 20

inutes. Following the removal of excess crystal violet using PBS, the

ells in five randomly selected fields were observed and photographed

nder a microscope at 200 × magnification, and then the results were

uantified. 

.11. Co-culture of glioma cells with microglia 

For the co-culture system of U87/U251 and HMC3 cells, Transwell

hambers from Corning Inc. with a pore size of 0.4 μm were utilized in

 6-well plate. To summarize, HMC3 cells were placed in 6-well dishes

t a density of 2 ×10 5 cells per well. Glioma cells were seeded into the

pper chamber of the Transwell at a density of 1 ×10 5 cells per well.

he cells were then incubated overnight to facilitate attachment. Next,

MC3 cells were added to the lower compartments and incubated at

7°C for 48 hours. Subsequently, the HMC3 cells were collected for anal-

sis using RT ‒qPCR and western blotting techniques. 

.12. Enzyme-linked immunosorbent assay (ELISA) 

To evaluate the levels of IL-10 in the cellular supernatant, ELISA

as conducted using a commercial kit (Bio-Swamp, China) according to

he manufacturer ̓s guidelines. The sample was directly added to each

ell of the 96-well plate previously coated with the anti-human IL-10

ntibody provided in the kit. Finally, the measurements of absorbance at

 wavelength of 450 nm were taken using a spectrophotometer designed

or reading microplates (Molecular Devices VersaMax, Silicon Valley,

SA). The levels of IL-10 were determined using a standard curve. 

.13. Bioinformatics analysis 

To assess the clinical value of S100A8, expression level analy-

is, Kaplan ‒Meier curve analysis and receiver operating characteristic
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ROC) curve analysis were employed utilizing datasets from The Cancer

enome Atlas (TCGA) and Chinese Glioma Genome Atlas (CGGA). UAL-

AN software was utilized to examine the protein expression of S100A8

n GBM utilizing data acquired from the Clinical Proteomic Tumor Anal-

sis Consortium (CPTAC). A previously published method was used to

ssess immune infiltration and molecular interactions. 22 

.14. In vivo xenograft assay 

In this study, BALB/C nude mice were purchased from the Animal

xperimental Center of Fudan University Shanghai Cancer Center. U87

ells (1 ×10 5 cells, 0.1 ml PBS) stably transfected with sh-S100A8 were

sed to establish an orthotopic xenotransplantation model of 6-week-old

ALB/c nude mice. To construct a mouse model of microglial clearance,

LX5622 (a colony stimulating factor-1 receptor inhibitor) was added

o the diet of mice at 1200 mg/kg from one week before the start of

he experiment to the end of the experiment. At the end of the exper-

ment, the growth of intracranial tumors was monitored using in vivo

ioluminescence imaging. 

.15. Statistical analysis 

Statistical analysis of the data was conducted using GraphPad Prism

.0 (GraphPad Software, USA) and SPSS 19.0 software (SPSS, Chicago,

L, USA). The information was recorded as the average standard error

f the mean. Independent sample t -test or Wilcoxon rank sum test was

sed for the two groups, and one-way analysis of variance (ANOVA) or

ruskal–Wallis test was used for the comparison of multiple groups. The

ssociation between S100A8 expression and clinicopathological traits

as analyzed using the chi-squared ( 𝜒2) test, and a P value less than

.05 was considered to indicate statistical significance. 

. Results 

.1. S100A8 was upregulated in glioma and was associated with poor 

rognosis 

To identify the role of S100A8 in the progression of glioma, we de-

ected the expression of S100A8 protein in glioma tissue. IHC stain-

ng revealed that the expression of S100A8 in glioma tissue was higher

han that in normal tissue ( P < 0.05, Fig. 1A ). Subgroup analysis indi-

ated that the expression of S100A8 was associated with glioma grade.

100A8 expression was higher in high-grade glioma (grade III-IV) tissue

han in low-grade glioma (grade I-II) ( P < 0.05, Fig. 1B , Table 1 ). Ad-

itionally, the UALCAN tool was employed to gauge the overall protein

xpression of S100A8 in GBM tumor and normal tissues. The analysis

evealed a substantial increase in S100A8 expression levels within pri-

ary tumor samples compared to normal tissues ( P < 0.01, Fig. 1C ). 

Subsequently, we evaluated the relationship between S100A8 ex-

ression and clinicopathological factors across various carcinoma types

n the CGGA and TCGA databases. Specifically, the expression of S100A8

as associated with factors including sex, grade, IDH mutation and

p19q deletion. S100A8 was more highly expressed in the > 45 years

ld group than in the < 45 years old group. In addition, S100A8 expres-

ion was higher in the IDH wild type and 1p19q-non-codel type glioma

roups than in the IDH mutant and 1p19q-codel groups, respectively

Supplementary Fig. 1B and C). 

Furthermore, with data on S100A8 expression and patient progno-

is from the TCGA and CGGA databases, Kaplan ‒Meier survival analy-

is was conducted and revealed that glioma patients with high S100A8

xpression had a poorer prognosis than those with low expression

 P < 0.05). This result was confirmed in the GEO database (GSE4271;

SE4412, Supplementary Fig. 2). In addition, receiver operating charac-

eristic (ROC) analysis yielded an area under the curve of 0.761 (95% CI,

.722–0.800) for S100A8, indicating its potential diagnostic utility. This
372
nderscores the plausible predictive significance of S100A8 in glioma

iagnosis ( Fig. 1F ). 

.2. S100A8 promotes the proliferation, migration and invasion of glioma 

ells in vitro 

The expression levels of S100A8 in the U87 cell line were higher

han those in the U251 cell line ( P < 0.05, Fig. 2A ). Then, cell lines with

100A8 overexpression and knockdown were constructed and verified

t the protein and mRNA levels ( Fig. 2B and C). Transfection efficiency

as verified via fluorescence microscopy ( Fig. 2D ). 

In the CCK-8 assay, overexpression of S100A8 promoted the prolif-

ration of glioma cells, while S100A8 knockdown inhibited the prolif-

ration of glioma cells ( P < 0.01, Fig. 2E ). In addition, the results of

ound healing and Transwell experiments suggested that overexpres-

ion of S100A8 enhanced the invasion and migration ability of glioma

ells, while knockdown of S100A8 had the opposite effect ( Fig. 2F and

; P < 0.05). 

.3. S100A8 expression is associated with tumor microenvironment 

haracteristics 

Our exploration commenced with a meticulous examination of dif-

erentially expressed genes between samples with high and low S100A8

xpression in the TCGA glioma dataset. The volcano plot of the re-

ults is depicted in Fig. 3A ; it showed 1514 upregulated genes and

08 downregulated genes ( Fig. 3B ). GO enrichment analysis was per-

ormed for these differentially expressed genes. Notably, the S100A8-

ssociated genes in glioma were predominantly enriched in immune-

elated pathways, mostly notably in the neutrophil activation and im-

une receptor activation pathways ( Fig. 3C ). The relationship between

100A8 expression and the abundance of infiltrating immune cells was

xplored, and a noteworthy association was found between S100A8 ex-

ression and the levels of immune cell types such as neutrophils and

acrophages ( Fig. 3D ). In addition, the relationship between S100A8

nd microglial infiltration level was explored in the TIMER2.0 database,

nd the results suggested a robust correlation between S100A8 expres-

ion and infiltrating macrophage levels in GBM ( Fig. 3E ; r = 0.458;

 = 1.84E-08). Significantly, our analysis revealed that S100A8 ex-

ression exhibited a positive correlation with the M2-type macrophage

henotype (ARG1, CD163, CD68, MRC1, MSR1), while conversely, it

emonstrated a negative correlation with the M1-type macrophage phe-

otype (CD80, CD86, IL12B, NOS2) ( Fig. 3F ). Accordingly, data from

he GEPIA2021 database showed marked discrepancies in S100A8 ex-

ression levels between M2 and M1 microglia in gliomas ( Fig. 3G ).

hese findings collectively suggest that elevated S100A8 expression po-

entially heralds the transition from M1-type to M2-type macrophage

olarization. 

To validate this hypothesis, the single-cell level expression of S100A8

n GBM tumors was examined within the microenvironment via the GEO

atabase (GSE84456) ( Fig. 3H ). Remarkably, our analysis demonstrated

eightened S100A8 expression within M2 microglia, with negligible ex-

ression observed in M1 microglia ( Fig. 3I ). 

.4. S100A8 drives M2 polarization of microglia 

Then, we performed coculture experiments using the HMC3 mi-

roglial cell line and U87 glioma cells within a Transwell system

 Fig. 4A ). By evaluating the migration ability of cocultured microglia

hrough Transwell and wound healing assays, we revealed that S100A8

nockdown in U87 cells substantially decreased the migration capacity

f HMC3 microglia ( P < 0.05, Fig. 4B and C). Our subsequent analyses

ncompassed the expression of M1/M2 markers. At the gene expression

evel, the results indicated no notable shifts in the mRNA expression lev-

ls of the M1 markers CD68, CD80, and NOS2. However, the mRNA ex-
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Fig. 1. S100A8 is upregulated in glioma tissue and associated with poor prognosis. (A) Immunohistochemical analysis of S100A8 protein in glioma tissue microarray. 

Scale bar, 100 μm. (B) immunohistochemistry quantitative analysis. (C) S100A8 expression in CPTAC dataset of 10 normal tissues and 99 glioma tissues. (D) 

Association of S100A8 with prognosis in the TCGA cohort. (E) Association of S100A8 with prognosis in the CGGA cohort. (F) ROC curve analysis of S100A8 in glioma 

using TCGA datasets. OS, overall survival. ∗ , P < 0.05; ∗ ∗ , P < 0.01; ∗ ∗ ∗ , P < 0.001. 
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ression levels of the M2 markers CD163, ARG1, and MRC1 decreased in

he siS100A8 group and increased in the S100A8 overexpression group

ompared to the negative control (NC) group ( Fig. 4D ). Similarly, west-

rn blot analysis revealed decreased CD163 and ARG1 protein expres-

ion in the siS100A8 group, while the S100A8 overexpression group

emonstrated elevated levels of CD163 and ARG1 protein compared to

he NC group ( Fig. 4E ). 
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.5. S100A8 promoted the secretion of IL-10 by interacting with TLR4 

The analysis of genes related to S100A8 and microglial polarization

sing the STRING and GeneCards databases suggested that TLR4 and

L-10 may be important molecules involved in microglial polarization

 Fig. 5A and B). Knockdown of S100A8 led to a decrease in the expres-

ion level of IL-10, and overexpression of S100A8 increased the expres-
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Fig. 2. Effect of S100A8 knockdown and overexpression on glioma cell function. (A) S100A8 protein and mRNA expression levels in two glioma cell lines U87 

and U251. (B, C) U87 and U251 cells transfected with siS100A8 or plasmids carrying S100A8 cDNA and then subjected to Western blot analysis and qPCR of 

S100A8 expression. (D) Fluorescence microscopy verified the transfection efficiency of U251 into S100A8 plasmid. Scale bar, 200 μm. (E) The effect of knockdown 

or overexpression of S100A8 on cell proliferation was investigated using CCK-8 assay. (F, G) The migration and invasion function of glioma cells were evaluated by 

wound-healing assay (scale bar, 200 μm) and Transwell assay (scale bar, 100 μm). OD, optical density. ∗ , P < 0.05; ∗ ∗ , P < 0.01; ∗ ∗ ∗ , P < 0.001. 
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ion level of IL-10, but S100A8 expression did not affect the expres-

ion level of TLR4 ( Fig. 5C ). At the same time, IL-10 in glioma super-

atants was examined using ELISA. The results indicated that S100A8

ownregulation reduced the expression of IL-10 in the supernatant of

87 cells, and the overexpression of S100A8 had the opposite effect

 Fig. 5D ). 

Based on our bioinformatics analysis and previous research conclu-

ions, Co-IP experiments confirmed that S100A8 could interact with

LR4 ( Fig. 5E ). Immunofluorescence confocal microscopy of U87 cell

ines also confirmed the colocalization of S100A8 and TLR4 ( Fig. 5F ).

oreover, we treated U87 and U251 cells with TLR4-IN-C34, a specific

nhibitor of TLR4. In addition, western blotting and ELISA were used

o detect the expression levels of IL-10 in and out of cells. The results

ndicated that the expression levels of IL-10 decreased after inhibition

f TLR4 by C34 ( Fig. 5G and H). At the same time, glioma cells treated

ith inhibitors were cocultured with microglia to detect mRNA expres-

ion levels of M1 and M2 markers. C34 reversed microglial polarization

aused by S100A8 overexpression ( Fig. 5I ). 
374
.6. S100A8 activates the TLR4/NF-kB and JAK1/STAT3 signaling 

athways in the glioma microenvironment 

The KEGG pathway enrichment analysis revealed that S100A8 poten-

ially influences the NF- 𝜅B and JAK/STAT signaling pathways ( Fig. 6A ).

tilizing lentiviral transfection technology, we successfully established

 cell line with stable S100A8 silencing. Upon verification of the knock-

own efficiency at the protein level, we proceeded to coculture the

ltered cell line with microglia. Western blot analysis was employed

o assess the effects on the JAK1/STAT3 and NF- 𝜅B pathways. Our

ndings indicated that the silencing of S100A8 can suppress NF- 𝜅B

athways in glioma and inhibit the JAK1/STAT3 pathway in microglia

 Fig. 6B ). In addition, under the stimulation of TLR4 inhibitors, the

F- 𝜅B pathway in glioma cells was significantly inhibited, and TLR4

ould inhibit the activation of NF- 𝜅B pathway by S100A8 overexpres-

ion ( Fig. 6C ). We implanted Luciferase-labeled sh-S100A8 glioma cells

nto nude mice to establish an intracranial mouse model. Tumor growth

as monitored using an in vivo imaging system. The results showed
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Fig. 3. S100A8 was associated with an immune response. (A and B) The volcano plot showed differential expressed gene of S100A8 in TCGA. (C) Go enrichment 

analysis. (D) Relationship between S100A8 expression and immune cell infiltration. (E) Relationship between S100A8 expression and macrophage in glioma. (F) 

S100A8 was correlated with the expression of macrophage M1 and M2 markers in the TIMER2.0 database. (G) The expression of S100A8 in different polarized 

macrophages was included in the GEPIA2021 database. (H, I) The expression of S100A8 in various cells is distributed at the single-cell level. 
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Fig. 4. S100A8 promotes microglial infiltration and polarization. (A) Model diagram of co-culture system. (B) Transwell assay. U87 cells were grown and transiently 

transfected with siS100A8 or control siRNA, and co-culture with microglia HMC3, then subjected to the Transwell assay. Scale bar, 100 μm. (C) Wound-healing 

assay. U87 was co-cultured with microglia HMC3 after S100A8 knocked down. Then subjected to the assay. Scale bar, 200 μm. (D) The mRNA expression level of the 

M1 and M2 markers of HMC3 co-cultured with U87 or U251 cells were detected by qPCR. (E) The protein expression level of M2 markers of HMC3 were detected 

by Western blot. ∗ , P < 0.05; ∗ ∗ , P < 0.01; ∗ ∗ ∗ , P < 0.001. 
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hat the knockdown of S100A8 could significantly suppress the in vivo

rowth of glioma, suggesting the important role of S100A8 in glioma

evelopment ( Fig. 6D ). In order to verify that S100A8 affects glioma

ell progression through microglia, we used colony stimulating faction-

 receptor inhibitor PLX5622 in mouse to eliminate microglia. The
376
hS100A8–1 and shS100A8-NC cells were respectively injected into the

ice treated with PLX5622. The results indicated that the tumor burden

f PLX5622 + shS100A8-NC group and PLX5622 + shS100A8–1 group was

ower than that of the control group, and no significant difference be-

ween the two treatment groups ( Fig. 6E ). In addition, immunofluores-
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Fig. 5. S100A8 binds TLR4 to promote IL-10 secretion. (A) Cytoscape was used to build the protein-protein interaction network of co-expressed genes. (B) Genecards 

was used to explore genes related to S100A8 and macrophage polarization. (C) Western blot was used to detect the expression levels of TLR4 and IL-10 after S100A8 

knockdown and overexpression. (D) The content of IL-10 in cell supernatant was detected by ELISA. (E, F) Verify the combined ability of the S100A8 and TLR4 using 

coimmunoprecipitation and immunocytochemistry. Scale bar, 10 μm. (G, H) After adding TLR4 inhibitor TLR-IN–C34, the content of IL-10 in and out of cells was 

detected by Western blot and ELISA. (I) After treatment with TLR4 inhibitors, glioma cells were co-cultured with microglia, and the mRNA expression levels of M1 

and M2 markers were detected by qPCR. ∗ , P < 0.05; ∗ ∗ , P < 0.01; ∗ ∗ ∗ , P < 0.001. 
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Fig. 6. S100A8 can activate the NF-kB and JAK-STAT signaling pathways. (A) KEGG enrichment analysis of differential genes related to S100A8 in glioma. (B) 

Western blot was used to detect the target proteins of NF- 𝜅B and JAK-STAT in glioma and microglia cell lines. (C) Western blot was used to detect the target proteins 

of NF-kB in glioma. (D and E) Intracranial xenograft tumor growths with different treatment as indicated respectively were examined by bioluminescent images (left 

panels) and quantified by the fluorescence intensity (right panels). (F) Immunofluorescence staining verified the difference of CD206 expression. Scale bar, 50 μm. 
∗ , P < 0.05; ∗ ∗ , P < 0.01; ∗ ∗ ∗ , P < 0.001. Con, control; NC, negative control; sh1, shS100A8-1. 
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Fig. 7. Schematic of function and regulatory mechanism of S100A8 in glioma immune microenvironment. 
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ence staining was performed on the brain tissue sections of the control

roup and the PLX5622 group. The result showed that the expression

f CD206 in microgila, a marker of M2 polarization, was higher in the

ontrol group than that in the PLX5622 group ( Fig. 6F ). These results

uggest that S100A8 affect the development of glioma by influencing mi-

roglial polarization. To graphically summarize these observations, we

rovide a diagram that illustrates the functional impact and regulatory

echanisms exerted by S100A8 within the glioma immune microenvi-

onment ( Fig. 7 ). 

. Discussion 

The intracranial tumor microenvironment (TME) is devoid of im-

une cells such as T and B lymphocytes but is rich in TAMs, primarily

rain microglia. 13 , 14 Tumor cells are capable of interacting with mi-

roglia, a process that contributes to the growth of these tumors. 23 Re-

ent research has highlighted that TAMs play a pivotal role in glioma

rowth and progression. The unique metabolic characteristics of glioma

erve as an important means for communication with the surrounding

ME, promoting the secretion of related chemokines and cytokines to

egulate immune cell function and chemotaxis, ultimately leading to

umorigenesis, development, migration, invasion, recurrence and drug

esistance. 15 , 16 Previous studies have suggested that microglial polar-

zation in the glioma microenvironment can promote the progression of

lioma, and inhibiting or reversing this polarization can block the pro-

ression of glioma by blocking the Gal-9/Tim-3 signal or inhibiting the

SF-1R signaling pathway. 24–26 Hence, it is of paramount importance to

nvestigate the intricate interactions between glioma cells and microglia

n the context of tumor research. 

S100A8 is considered an important oncogene in a variety of cancers,

uch as breast cancer and ovarian cancer, and is significantly associated

ith a poor prognosis. 10 , 27–29 However, there is a lack of comprehen-

ive research investigating the function and mechanism of S100A8 in

he occurrence and progression of glioma. Therefore, we evaluated the

xpression of S100A8 in 98 distinct glioma samples. In addition, the ex-

ression of S100A8 and its association with pathological factors were

lso investigated. Our study revealed that S100A8 expression was ele-

ated in glioma tissues and correlated with higher pathological grades.

urthermore, higher S100A8 expression was associated with poor prog-

osis, suggesting that S100A8 might be a prognostic indicator. Through

 combination of bioinformatic analysis and experimental methods, we
379
xplored the potential mechanism by which S100A8 promotes glioma

evelopment, with a focus on its involvement in microglial cell polar-

zation. 

A previous study reported the broad biological functions of S100A8

n inflammatory processes and immune responses. Recently, researchers

ave found a potential role of S100A8 in regulating cancer progression.

n this study, a series of bioinformatics analyses and experimental re-

ults suggested that S100A8 could promote microglial M2 polarization.

100A8 was not only highly expressed in glioma but also promoted tu-

or progression by regulating microglial M2 polarization. Moreover,

e identified IL-10 as the key molecule by which S100A8 promotes

icroglial polarization. IL-10 is a crucial cytokine for immune regu-

ation and exerts significant anti-inflammatory effects on various im-

une cells, thereby mitigating excessive tissue damage caused by in-

ammation. Previous research has demonstrated that IL-10 could in-

uce the transformation of macrophages into the M2 phenotype in tu-

ors and in response to different stimuli such as injury and inflamma-

ion, consequently establishing an immunosuppressive microenviron-

ent. 30 We evaluated both intracellular and extracellular IL-10 levels

n U251 and U87 glioma cell lines with either overexpression or knock-

own of S100A8. The data revealed that S100A8 overexpression up-

egulated IL-10 expression intracellularly and extracellularly, whereas

100A8 knockdown decreased IL-10 levels. These findings imply that

100A8 facilitates M2 microglial polarization by augmenting IL-10 ex-

ression and secretion. 

Previous studies have revealed that TLR4 is closely related to

acrophage polarization. 31 , 32 TLR4 could promote macrophage polar-

zation and be a target for blocking these processes. 33 TLR4 encodes a

rotein that belongs to the TLR family, which is essential for recognizing

athogens and initiating innate immune responses. TLR4 plays a signif-

cant role in tumorigenesis and chronic inflammation. Its involvement

n glioma has also been extensively reported. Upon binding to its ligand

n tumor cells, TLR4 could activate intracellular cascades, thereby pro-

oting cytoplasmic signaling. 34–36 In addition, previous studies have

hown that targeted inhibition of S100A8 or inhibition of upstream

olecules of S100A8 can inhibit TLR4 signaling pathway and then regu-

ate macrophage phenotype and control disease progression in a variety

f diseases, including cirrhosis, diabetic nephropathy, and tumors. 37–39 

n our study, we demonstrated for the first time that S100A8 specifi-

ally interacts with TLR4 in gliomas. When we treated glioma S100A8-

verexpressing cells with TLR4-IN–C34, a specific inhibitor of TLR4,
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e observed a reduction in IL-10. Furthermore, following coculture of

lioma cells treated with TLR4-IN–C34 with microglia, we observed a

uppression of the microglial M2 polarization phenotype. This suggests

hat S100A8 promotes IL-10 secretion through specific binding to TLR4

nd that this process can be inhibited by TLR4 inhibitors. 

To determine which pathway is activated upon S100A8 binding with

LR4 to promote IL-10 secretion, we performed KEGG enrichment anal-

sis. The results suggest that S100A8 is involved in the NF- 𝜅B and

AK/STAT pathways, two classical immune-related pathways. NF- 𝜅B is

 critical transcription factor in multiple immune response pathways

nd can stimulate the production of various inflammatory mediators. 40 

hen, we experimentally verified that the activation of NF- 𝜅B was sig-

ificantly correlated with the expression of S100A8 in glioma. This sug-

ests that S100A8 combined with TLR4 could activate the NF- 𝜅B path-

ay. In addition, previous studies have shown that IL-10 can bind to

L-10R on the cell surface to activate STAT3. 41 , 42 Consequently, we

osited that elevated IL-10 secretion, spurred by the increased expres-

ion of S100A8 within the glioma tumor microenvironment, induces the

AK1/STAT3 pathway in microglia. This process results in the release

f immunosuppressive cytokines, thereby remodelling the immune land-

cape of the tumor. To corroborate this hypothesis, we employed a Tran-

well system for the coculture of glioma cells and microglia and then as-

essed the expression profiles of JAK1/STAT3 pathway components in

icroglia. The data from our inquiry indicated that, within the cocul-

ure framework using S100A8-deficient cell lines, there was a noticeable

nhibition of the JAK1/STAT3 pathway in microglia. 43 

Drawing on robust evidence, our research highlights the critical role

f S100A8 in glioma progression. Specifically, our findings indicate that

100A8 stimulates NF- 𝜅B pathway activation through interaction with

LR4, culminating in elevated IL-10 production. This increase in IL-

0 activates the JAK1/STAT3 signaling pathway in microglia, fostering

heir transition to an M2 phenotype. Notably, these findings highlight

he potential of S100A8 as a novel target of microglial polarization ther-

pies for glioma. 
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