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Abstract
Low-grade gliomas is the malignant nervous tumor with distinct biological and clinical characteristics. Despite advances in 
diagnostic and therapeutic methods, how to significantly elongate the survival of low-grade gliomas is still challengeable. 
Complement 3, as the critical component in the innate immune system, plays an essential role in local immune response 
and participating into regulation of the epithelial–mesenchymal transition and tumor microenvironment. In this study, we 
systematically determined the expression levels and immunological roles of C3 in low-grade gliomas using various public 
databases. Then, we further identified the impact of C3 expression on immune cell infiltration compared to normal tissue, 
indicating the effect of cellular microenvironment on overall survival of LGG patients. We obtained clinical characteristics, 
transcriptome, and survival of C3 in LGG from the TCGA, GEPIA2.0, and cBioportal databases. Two differentially expressed 
genes (DEGs) were obtained, DEGs compared to normal tissue (DEG_G1) and DEGs between C3 high expression and C3 
low expression in LGG patients (DEG_G2). By performing the GO analysis and protein–protein interaction (PPI) network 
of DEG_G1, we have identified the top-ranked 10 hub genes, which are highly associated with regulation of cell cycle. The 
gene set enrichment analysis demonstrated that overexpression of C3 in LGG patient is positively correlated with regulation 
of cell cycle. The relative PPI analysis and GSEA of DEG_G2 were performed and analysis results indicated that higher 
expression of C3 in the LGG can activate immune-related pathways. Finally, immune cell infiltration analysis of C3 in the 
LGG patients was employed and clearly indicated that higher neutrophil infiltration can worsen the survival of the LGG 
patients with higher expression of C3. These results were confirmed by the Human Protein Atlas database, in which expres-
sion level of C3 protein in gliomas patients always higher. This investigation implied that C3 can be as diagnostic biomarker 
and potential targets of precise therapy for the LGG patients.
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Background

Low-grade gliomas (LGG) was classified as the Grade I and 
II by World Health Organization, accounting for approxi-
mately 17% of all primary nervous tumors [1, 2]. Owing to 
the diverse pathology, median survival for LGG patients is 
only ranged from 5.6 to 13.3 years [3]. To further elongate 
survival of the LGG patients, many emerging diagnostic 
and therapeutic methods have been well developed in the 
past decade year, for example, precise therapy depended 
on specific molecular characteristics and histological clas-
sification [4–6] and chemotherapy combined with radiation 
therapy [7, 8]. Recently, the LGG patients can benefit from 
molecular diagnosis, for example, mutations of IDH1 and 
IDH2 [9, 10], and patients can further receive precise thera-
peutic interventions. To determine whether more genes can 
be the therapeutic targets or diagnostic biomarkers, more 
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bioinformatics investigation to explore the role of differen-
tially expressed genes in the LGG patients will provide the 
emerging molecular characteristics with precise treatment.

Tumor environment plays an important role in tumori-
genesis, metastasis, and affecting clinical therapy [11]. In 
the past decade, emerging interventions to target tumor 
microenvironment have significantly improved the median 
survival of patients [12, 13], for example, apatinib for lung 
cancer immunotherapy [14], immune checkpoint blockers 
to improve the tumor microenvironment [15], and chimeric 
antigen receptor T cells in refractory B-Cell non-Hodgkin’s 
lymphoma [16]. However, owing to presentation of the 
compact blood–brain barrier, it is hard to deliver most of 
therapeutic cargos into brain parenchyma [17, 18]. To iden-
tify indirect molecular targets (e.g., vasculature molecular 
targets), designation of therapeutic cargo, including siRNA 
or antibodies [19–21], will be useful for the LGG therapy. 
These results indicated that targeting tumor microenviron-
ment in the nervous system can be an emerging therapeutic 
strategies.

C3, so-called complement 3 protein, is one of critical 
components in the complement system, which contains two 
subtypes of proteins (C3a and C3b) and was further modi-
fied by C3 convertase complex [22]. The subtypes of C3 
proteins (C3a and C3b) can strongly bind with many cell 
surface receptors to further activate downstream pathways, 
for example, C3b binding with complement receptor 1 (CR1 
or CD35) to blockade the immune adherence [23] and bind-
ing with CD21 to promote the generation of B memory cell 
[24]. Activation of C3/C3a are the potent pro-inflammatory 
molecules and can induce the cascade response on affecting 
tumor microenvironment, for example, recruiting neutrophils 
and monocytes [25]. In the tumor microenvironment, recent 
reports clearly showed that cancer cell also can generate 
complement proteins to further modulate relative molecular 
pathways [26–28]. Overexpression of complement proteins 
suggested that C3a/C3aR participated into the regulation 
of epithelial–mesenchymal transition [29]. This literature 
demonstrated that complement can be as the potential thera-
peutic targets for cancer therapy.

In this study, we performed the comprehensive inves-
tigation to determine the correlation between C3 expres-
sion and LGG progression. By the Kaplan–Meier analysis, 
overall survival and progression-free survival of higher 
expression of C3 in the LGG patients can be identified. To 
explore role of overexpression of C3 in the LGG patients, 
we identified two DEGs groups, DEGs compared to normal 
tissue (DEG_G1) and DEGs between C3 high expression 
and C3 low expression in LGG patients (DEG_G2). After 
identifying the differentially expressed genes (DEGs), the 
PPI analysis provides the hub genes and relative roles of C3 
in tumorigenesis. The gene set enrichment analysis (GSEA) 
of DEG_G1 and DEG_G2 was performed to explore how 

overexpression of the C3 gene affects the cellular networks. 
Finally, we study the immune cell infiltration between C3 
expression and immune cells using TIMER database and 
confirmed using different algorithm methods. Our investiga-
tion provided that C3 may be as diagnostic biomarker and 
potential therapeutic target for the precise LGG therapy.

Methods

Database and clinical information about low‑grade 
gliomas (LGG) patients

In this investigation, the clinical information about LGG 
patients (n = 515) was obtained from TCGA database 
(https:// portal. gdc. cancer. gov/; Data Release 29.0-March 
31, 2021) and cBioportal database (http:// www. cbiop ortal. 
org/). The mRNA expression matrix was analyzed using R 
software package (Version 4.1.2, https:// www.r- proje ct. org/) 
and the mutation information was obtained from the cBio-
portal website. The information of C3 expression level was 
obtained from TIMER2.0 database.

Overall survival and progression‑free survival 
analysis

The OS and PFS were obtained from GEPIA2.0 database 
(http:// gepia2. cancer- pku. cn/# index), with threshold value 
as 50 to 50%. The clinical information was obtained from 
TCGA database.

The human protein atlas analysis

The protein expression level of relative biomarkers was ana-
lyzed using The Human Protein Atlas (https:// www. prote 
inatl as. org/). The IHC staining of normal tissue was selected 
as cerebral cortex and the IHC staining of tumor tissue was 
selected as gliomas. All the IHC images were directly down-
loaded from HPA database without any further modification.

Identification of differentially expressed genes 
(DEGs)

The DEGs of C3 gene compared to normal tissues was 
obtained from GEPIA2.0 database, in which the thresh-
old value considered as significant difference is |log2Fold-
Change|> 1.0 and p value < 0.01. The mRNA expression 
level of C3 and other critical genes compared from normal 
tissue (GTEx database) was also obtained from GEPIA 2.0 
database.

These LGG patients (n = 515) can be divided into two 
individual groups, low expression group (n = 253) and 
high expression group (n = 252), by the median value 

https://portal.gdc.cancer.gov/
http://www.cbioportal.org/
http://www.cbioportal.org/
https://www.r-project.org/
http://gepia2.cancer-pku.cn/#index
https://www.proteinatlas.org/
https://www.proteinatlas.org/
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in C3 expression matrix. To identify the DEGs between 
high expression group and low expression group, gene 
expression matrix was firstly obtained from TCGA data-
base using R software TCGAbiolinks and further obtained 
using several R software packages (limma and edgeR). 
The threshold value of DEGs was set as p-value as 0.01 & 
|log2FoldChange|> = 1.0.

Protein–protein interaction (PPI) network analysis

The PPI analysis of DEGs obtained from GEPIA2.0 data-
base (|log2FoldChange|> 1.5 and p value < 0.01) was ana-
lyzed using STRING website (https:// www. string- db. org/), 
in which minimum required interaction score was set as 0.9 
and cluster analysis parameter, number of k-mean, is set 
as 5. The interaction analysis was further performed using 
Cytoscape version 3.6.0.

Moreover, DEGs obtained between C3 high expression 
group and C3 low expression group were set as (|log2Fold-
Change|> 1.60 & p value < 0.01). PPI analysis of these 
DEGs was performed using STRING website, and images 
of network were generated using Cytoscape.

Gene set enrichment analysis (GSEA)

The overlaps of DEGs with MigDB gene set was performed 
using GSEA website (http:// www. gsea- msigdb. org/ gsea/ 
msigdb/ annot ate. jsp), selecting hallmark gene sets, KEGG 
gene sets, reactome gene sets, and WikiPathways gene sets 
(FDR q-value < 0.05 considered as significant difference). 
GSEA scoring profile was analyzed using GSEA soft-
ware (GSEA v4.1.0) using Molecular Signatures Database 
(MSigDB, http:// www. gsea- msigdb. org/ gsea/ msigdb/ index. 
jsp). The parameters of GSEA was set as default, except 
especially mentioned. Number of permutations was set 
as 2000 and collapse to gene symbols was set as No_col-
lapse. Normalized enrichment score (NES) more than 1.0 
was considered as up-regulation and NES less than -1.0 was 
considered as down-regulation. The threshold value with 
NOM p-value < 0.05 & FDR q-value < 0.25 is considered 
as significant difference.

Immune cell infiltration analysis

The immune cell infiltration analysis was performed using 
TIMER 2.0 database (http:// timer. cistr ome. org/). Correla-
tion between gene expression and immune infiltration was 
performed using Gene blocks with purity adjustment, which 
contains 21 types of immune cells. The outcome of immune 
cell infiltration with clinical and gene expression was per-
formed using TIMER 2.0 outcome block: Z-score > 0 & 
p < 0.05 was considered as increased risk and Z-score < 0 
& p < 0.05 was considered as decreased risk. Moreover, 

immune cell infiltration by different algorithm methods, i.e., 
EPIC, XCELL, and CIBERSORT, was employed to validate 
the TIMER results.

Statistical analysis

All values in this investigation were presented as 
mean ± standard deviation (SD).The chi-square testing 
was employed to analyze the relationship of C3 expression 
between LGG group and normal tissue. The OS (overall 
survival) and PFS (progression-free survival) were defined 
as clinical endpoints. The GSEA analysis and images were 
generated using GSEA software using log-rank test and 
FDR q-value < 0.25 was considered as significance. Survival 
curve were curve using Kaplan–Meier method using log-
rank test to evaluate whether can be consider as significance. 
p-value < 0.05 is the cutoff value to identify significance. 
Other statistical analysis was presented in relative sec-
tion. All the images were generated using relative software 
described in aforementioned sections.

Results

Clinical information of LGG

In the World Health Organization (WHO) classification 
system, gliomas can be categorized from grade I to grade 
IV based on histopathological features. The WHO defined 
grade I–II tumors as LGG, which is different from the 
TCGA classification system (grade I–III) [30]. To identify 
the difference between WHO LGG and TCGA LGG, we 
firstly analyzed the clinical information of LGG samples 
in TCGA database, as shown in Table 1. Five types of glio-
mas were collected for further genomic investigation, i.e., 
anaplastic astrocytoma, astrocytoma NOS, mixed glioma, 
anaplastic oligodendroglioma, and oligodendroglioma NOS. 
Except astrocytoma NOS subtype, all the LGG samples in 
the TCGA database can be attributed as grade III. These 
results suggested that our investigation focused on effect of 
C3 expression on grade II–III gliomas.

Expression level and genetic status of C3 in the LGG 
patients

C3 is the critical component in complement system and 
plays an important role in immune response. We firstly 
examine copy number of C3 genes in the LGG patients 
using cBioportal website (Fig. 1A). There are four different 
types of genetic status identified in the LGG patients, con-
taining deep deletion, shallow deletion, diploid, gain, and 
amplification. Among these genetic statuses in the LGG 
patients, diploid and gain are the major status, implying the 

https://www.string-db.org/
http://www.gsea-msigdb.org/gsea/msigdb/annotate.jsp
http://www.gsea-msigdb.org/gsea/msigdb/annotate.jsp
http://www.gsea-msigdb.org/gsea/msigdb/index.jsp
http://www.gsea-msigdb.org/gsea/msigdb/index.jsp
http://timer.cistrome.org/
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Table 1  Clinical features of 
LGG in TCGA database

SD standard deviation

Clinical factor TCGA database

Age (years, mean ± SD) 42.94 ± 13.36
Sex (Female, Male) 230/285
tissue_or_organ_of_origin
(NOS/Cerebrum/Frontal lobe/Occipital lobe/Parietal lobe/Temporal lobe)

63/439/5/1/1/6

primary_diagnosis
anaplastic astrocytoma/ Astrocytoma, NOS/ Mixed glioma/ Oligodendroglioma, ana-

plastic/ Oligodendroglioma, NOS

130/64/131/78/112

Death
(alive/death/no report)

388/126/1

Radiation therapy
(yes/no/no report)

318/164/33

Pharmaceutical therapy
(yes/no/no report)

292/184/39/

Fig. 1  A Copy number alterations of C3 genes in brain low-grade 
gliomas. B Mutation frequency of C3 genes dependence on subtypes 
of LGG. C mRNA expression levels of C3 genes compared to normal 

tissue. D Mutation sites of C3 genes in the LGG patients. E mRNA 
expression levels of C3 genes depended on various cancer types. 
*p < 0.05; **p < 0.01; ***p < 0.001
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overexpression levels of C3. By analyzing the mutation fre-
quency of C3 depended on subtypes of the LGG patients, 
mutation and amplification are major status, i.e., oligoastro-
cytoma, oligodendrogliomas, and astrocytoma, which con-
firmed this genetic status is ordinary in the LGG patients. 
By performing the analysis of mRNA expression levels, we 
found that the C3 expression level in the LGG patients is 
significantly higher than normal brain tissue, about 2 times, 
implying that overexpression of C3 may play an important 
role in the LGG tumorigenesis.

Gene mutation always plays the critical role in modula-
tion of genetic network. For C3 protein, it always contains 
six sub-domains, i.e., A2M_N, A2M_N_2, A2M, A2M_
comp, A2M_re, and NTR. Among these domains, there are 
13 sites identified as mutation, especially for S770R. This 
mutation in C3 can affect the FGFR2 IIIb C3-transforming 
activity, causing aberrant receptor recycling and persistent 
FRS2-dependent signaling [31]. To further identify the role 
of C3 in various cancers, we found that C3 always displays 
higher expression level and may highly related with patient 
prognosis.

Effect of higher C3 expression on OS and PFS

Although expression level of C3 in the LGG patients is 
significantly higher in normal tissue, the protein level is 
still unknown. Here, we utilized the Human Protein Atlas 
to study the protein level in LGG patient tissues. As shown 
in Fig. 2A, we can observe that the expression level of C3 
protein in the LGG patients is significantly higher than 
normal nervous tissue, consistent with mRNA level. To 
further investigate the impact of overexpression C3 in the 
LGG patients, we performed the Kaplan–Meier analysis 
utilizing GEPIA2.0 database. As shown in Fig. 2B-C, the 
medium survival time (OS and PFS) of LGG patients with 
low expression of C3 is significantly better than higher 
expression level of C3 (log-rank p values are 0.0031 and 
0.0055, respectively). These results implied that overex-
pression of C3 protein worsens the survival time of the 
LGG patients. If C3 protein levels can be inhibited by spe-
cific therapeutic methods, e.g., antibody or siRNA silenc-
ing, the overall survival of LGG patients may benefit from 
these interventions.

Fig. 2  A IHC levels of C3 protein in brain low-grade gliomas compared to cortex tissue. Overall survival (B) and disease-free survival (C) of the 
LGG patients
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Hub genes of C3 overexpression in LGG

To investigate the molecular mechanism of C3 overex-
pression in LGG, we utilized the protein–protein interac-
tion network to identify the hub genes. The differentially 
expressed genes (DEGs_G1, |log2FoldChange|> 1.5 & FDR 
q-value < 0.01) were obtained from GEPIA2.0 website, 
compared to normal tissue (GTEx data). These DEGs were 
analyzed using STRING website and the interaction net-
work was regenerated using CytoScape software, as shown 
in Fig. 3. The top 10 hub genes are C3AR1, CDK1, ITGAM, 
UBE2C, CCNB1, THBS1, CXCL12, POMC, CCNB2, and 
ADCY4, respectively. The biological function of these hub 
gens are listed in Table 2, which are highly associated with 
regulation of cell cycle. To further analyze expression levels 
of these hub genes, we utilized the GEPIA2.0 database to 
obtain the expression level compared to normal tissue. As 
shown in Fig. 3, we can find that C3AR1, CDK1, ITGAM, 
UBE2C, CCNB1, THBS1, CXCL12, and CCNB2 are signifi-
cantly higher than normal tissue, while ADCY4 and POMC 
are lower than normal tissue.

Correlation between critical biomarkers and C3

By analyzing the transcriptome levels of GBM, Cameron 
W Brennan et al. [32] have identified several critical path-
ways to affect the tumorigenesis of glioblastoma, i.e., RTK 
pathway, PI3K pathway, MAPK pathway, p53 pathway, 
RB1 pathway, and ChrMod regulation, respectively. Here, 
we utilized cBioportal database to analyze the correlation 
between critical genes of these pathways and C3 expres-
sion level. As shown in Fig. 4, these results only displayed 
the correlation with significant difference. Among these 

genes, MET, FGFR3, RB1, IDH1, CDK6, and CDKN2C 
display the positive correlation with C3 expression level 
in the LGG patients (Spearman co-efficiency > 0 & 
p-value < 0.05), meanwhile PI3KR1, PDFFRA, PTEN, 
ND1, BRAF, and ATRX display the negative correlation 
with C3 (Spearman co-efficiency < 0 & p-value < 0.05) 
(Table 3).

Biological influence of C3 higher expression in LGG

Compared to normal tissue, higher expression of C3 may 
promote the tumorigenesis of the LGG patients by several 
critical pathways as aforementioned, for example, MAPK 
pathway, p53 pathway, and RB1 pathway. However, how 
higher expression of C3 worsened the survival of LGG 
patients is still unclear. Here, we firstly obtained the DEGs 
between high expression group and low expression group, 
in which the threshold value to consider as significance 
is p-value < 0.01 & |log2FoldChange|> 1.6. Volcano plot 
of identified gene is shown in Fig. 5A, and there are 577 
genes identified as DEGs (including 439 up-regulated 
genes and 138 down-regulated genes). To determine the 
interaction networks of these DEGs, we performed the PPI 
analysis in STRING website. As shown in Fig. 5B, we can 
find that several genes play a critical role in this regulation 
network, i.e., IL10, ITGB2, ITGAM, and CSF1R. Reported 
by previous literature [33–35], these genes are highly asso-
ciated with tumorigenesis and tumor microenvironment, 
implying that higher expression C3 in the LGG patients 
may influence the tumor microenvironment. The impact 
of C3 on immune cell infiltration was further investigated 
as follows.

Fig. 3  Protein–protein interaction network of DEGs and expression levels of top 10 hub genes in the LGG patients. *p < 0.05
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Gene set enrichment analysis of DEGs

To explore potential molecular mechanism for the LGG 
tumorigenesis, we firstly analyzed transcription factors of 
these DEGs_G1 using the TRRUST database (https:// www. 
grnpe dia. org/ trrust/). As shown in Fig. 6A and B, we can 
find that the major transcription factor of up-regulated DEGs 
are TP53 and E2F1, related with the proliferation pathway 
and implied that overexpression of C3 may promote the 
tumor growth. Meantime, the major transcription factors 
of down-regulated genes are NFKB1, RELA, STAT3, and 
SP3. NFKB1, RELA, and STAT3 are attributed as the NFκB 
pathway-related factors and SP3 also can strongly interact 
with NR1 NFκB site [36]. The major transcription factors 
of down-regulated genes can be attributed as NFκB-related 
pathway, implying down-regulation of these genes may be 
owing to inhibition of NFκB pathway.

Then, we also analyzed the impact of DEGs on pathway 
levels using GSEA database. As shown in Fig. 6C, we can 
find that up-regulated DEGs are highly associated with 
Reactome_signaling_by_receptor_tyrosine_kinase, Hall-
mark_hypoxia, Reactome_neutrophil_degranulation, and 
Hallmark_TNFA_signaling_via_NFKB pathways. Moreo-
ver, we also observed that the down-regulated DEGs are 
highly related with Hallmark_E2F_targets, Reactome_cell_
cycle, Reactome_cell_cycle_mototic, and Reactome_cell_
cycle_checkpoints pathways, as shown in Fig. 6D.

To further explore the impact of these DEGs, we ana-
lyzed the GSEA profile of DEGs using GSEA software 
with Reactome gene sets, which can identify the impact of 
DEGs in LGG, as shown in Fig. 7. The top 5 up-regulated 
pathways are Reactome_cell_cycle, Reactome_cell_ccle_
mitotic, Reactome_cell_cycle_checkpoints, Reactome_
mitotic_metaphase_and_anaphase, and Reactome_M_phase. 
These pathways are highly related with tumor growth and 
cell cycle regulation. Moreover, the top 5 down-regulated 
pathways are Reactome_atimicrobial_peptides, Reactome_
phase_I_functionalization_of_compounds, Reactome_dis-
ease_of_glycosylation, Reactome_diseases_of_metabolism, 
and Reactome_disoders_of_transmembrane_transporters. 
These inhibited pathways are highly associated with metabo-
lism, indicating overexpression of C3 may affect the energy 
metabolism of cancer cells. We also observed the inhibition 
of _TNFA_signaling_via_NFKB (NES =  − 1.555 with FDR 
q-value = 0.216), which is consistent with the results of tran-
scription factor analysis (Fig. 6B). Among these pathways, 
regulation of cell cycle pathway plays the central role in 
LGG tumorigenesis.

Moreover, we also performed the GSEA analysis using 
expression matrix, which is obtained by analyzing between 
C3 high expression group and C3 low expression group. 
As shown in Fig. 8, we found that higher expression of 
C3 in LGG patient may activate several pathways, i.e., Ta
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KEGG_systemic_lupus_erythematosus, KEGG_cytokine_
cytokine_receptor_interaction, KEGG_allograft_rejection, 
KEGG_leishamania_infection, KEGG_complement_and_
coagulation_cascades, KEGG_asthma, and KEGG_graft_
versus_host_disease. These annotations are highly associ-
ated with immunological response, implying that higher 
expression levels of C3 in LGG may affect the tumorigen-
esis of LGG by modulating tumor-related immune response. 
However, we also observed several inhibited pathways, i.e., 
KEGG_cardiac_muscle_contraction, KEGG_terpenoid_
backbone_biosynthesis, and KEGG_neuroactive_ligand_
receptor_interaction. These pathways are associated with 
biosynthesis or interaction of signaling molecules and these 
results indicated that higher expression of C3 in LGG may 
participate into dysfunction of neurological system. These 
results suggested that it may be helpful to improve the qual-
ity of patients’ life by inactivating bioactivity of C3.

Immune cell infiltration analysis

Tumor microenvironment always plays critical roles in 
tumorigenesis and affects the prognosis of LGG patients 
[11]. To explore how overexpression of C3 gene affects the 
immune cell filtration in the LGG patients, we further ana-
lyzed the correlation between immune cells and C3 expres-
sion level. We analyzed the correlation between C3 expres-
sion level and 20 types of immune cells using TIMER2.0 
database. As shown in Fig. 9, we can find that major types 
of immune cells are highly associated with C3 expression 
in the LGG patients. We found that immune cell infiltration 
levels of neutrophil is positive correlation with C3 expres-
sion (Cor = 0.808 & p value = 1.26e-111), indicating that 
higher infiltration level of immune worsens the survival of 
the LGG patients (Fig. 9G-H). To further validate whether 
immune cell plays a critical role in modulation of tumor 

Table 3  Cox proportional 
hazard model of LGG

Coef HR Se(coef) 95%CI_l 95%CI_u z p value

T-cell CD8 + 5.672 290.667 2.00 5.769 14,645.18 1.836 0.005
Age 0.011 1.011 0.01 0.988 1.035 0.949 0.343
C3 level  − 0.280 0.756 0.067 0.663 0.862  − 4.188 0.000

Fig. 4  Correlation plot of critical biomarkers with C3 genes in the LGG patients. Regression curves of correlation between C3 and targeted 
genes are analyzed using Spearman method
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microenvironment, immune cell infiltration levels of these 
six types of immune cells were performed using four differ-
ent methods, as shown in Table 4. We can find that immune 
cell infiltration levels of macrophage and neutrophil cells 
can be observed in three algorithm methods, indicating that 

macrophage and neutrophil may play an important role in 
modulation of tumor microenvironment.

To our knowledge, the biomarkers of neutrophil cells 
are MPO, CD11b, CD66b, and CD16, respectively. To fur-
ther analyze protein expression of neutrophil biomarkers in 

Fig. 5  A Volcano plot of all identified genes in the LGG patients with 
low expression of C3 compared to high expression of C3. Down-
regulated DEGs (n = 138) are labeled by green dots and up-regu-
lated DEGs (n = 439) are labeled by orange dots. Threshold value to 

identify the DEGs are |log2FoldChange|> 1.60 & p-value < 0.01. B 
Protein–Protein interaction of differentially expressed genes. IL10, 
ITGB2, ITGAM, and CSF1R are identified as key hub genes, labeled 
by red circles

Fig. 6  Transcription factors of up-regulated (A) and down-regulated (B) genes in LGG. Enriched annotation of up-regulated (C) and down-
regulated (D) genes in LGG
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the LGG patients, we utilized HPA database to analyze the 
expression levels of these biomarkers. As shown in Fig. 10, 
IHC staining results clearly showed that the expression levels 
of these biomarkers are highly expressed in gliomas tissues, 
confirming the immune cell infiltration results.

Discussion

Complement system is the major immune response sys-
tem in blood circulation system, involving in host innate 

Fig. 7  GSEA scoring profiles of top 5 up-regulated and top 5 down-
regulated pathways. Differentially expressed genes of the LGG 
samples compared to normal tissue were obtained from GEPIA 2.0 

database. The threshold value of GSEA results to be considered as 
significance is |NES|> 1.0 & FDR value < 0.25 & p-value < 0.05

Fig. 8  GSEA scoring profiles of top 7 up-regulated and top 3 down-
regulated pathways. Differentially expressed genes of LGG samples 
with high expression of C3 compared to the LGG samples with low 

expression of C3 were obtained from TCGA database. The thresh-
old value of GSEA results to be considered as significant when 
|NES|> 1.0 & FDR value < 0.25 & p-value < 0.05
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immune response [37]. In recently investigation, the innate 
immune system may play an important role in tumorigen-
esis and proliferation, indirectly affecting the survival of 
cancer patients [38–40]. In complement system, C3 is the 
central role in activation of complement system by cleav-
ing C3 molecules to C3a through C3 convertase complex 
[22]. Binding of C3 molecules to targeted cell surface can 
further recruit the immunological cells to infiltrate tumor 
tissue, including neutrophils [41]. How C3 protein affects 
the progression of the LGG patients should be determined.

In this investigation, we firstly explored the C3 expres-
sion levels in various tumor tissues (Fig.  1E), clearly 

demonstrated that the C3 expression level in the LGG 
patients is significantly higher than normal tissue, and also 
displayed the significantly up-regulated status in most of 
cancers. Then, we analyzed the C3 copy number, frequency, 
and mutation sites in the LGG patients, which confirmed the 
overexpression of C3 in the LGG patients.

To explore the impact of C3 on survival of the LGG 
patients, the OS and PFS curves (Fig. 2B) corroborated 
that the higher expression of C3 in the LGG patients wors-
ens the survival time, confirming the negative correlation 
between C3 expression and survival. Then, we examined 
the protein expression of C3 protein in normal tissue and 

Fig. 9  Prognostic analysis of C3 mRNA level and immune cell infil-
tration levels: A-B, T-cell CD8 +; C-D, B cell; E–F, T-cell CD4 +; 
G-H, neutrophil; I-J, macrophage; and K-L, myeloid dendritic cell. 

Regression curves of correlation between C3 and infiltration levels 
are analyzed using Spearman method

Table 4  Major immune cell 
infiltration using TIMER, EPIC, 
CIBERSORT, and XCELL 
method

– no report

Index TIMER EPIC CIBERSORT XCELL

Rho p value Rho p value Rho p value Rho p value

T CD8 +  − 0.455 9.01e-26  − 0.477 1.36e-28  − 0.05 2.77e-01 0.05 2.7e-01
T CD4 + 0.741 2.32e-84  − 0.41 7.52e-21  − 0.341 1.61e-14  − 0.088 5.44e-02
B cell 0.199 1.17e-05  − 0.456 7.06e-26  − 0.215 2.15e-06 0.054 2.35e-01
Neutrophil 0.08 1.26e-111 – – 0.133 3.54e-03 0.199 1.13e-05
Macrophage 0.282 3.36e-10 0.78 6.34e-99 – – 0.795 2.08e-105
Myeloid dendritic cell 0.859 2.27e-140 – – 0.137 2.63e-03  − 0.022 6.37e-01



 Medical Oncology (2022) 39:27

1 3

27 Page 12 of 14

tumor tissue. In the normal tissue, the C3 proteins mainly 
expressed around the vasculature. While, the C3 expression 
in gliomas tissue are highly expressed, not only endothelial 
cells (Fig. 2A). These results confirmed that higher expres-
sion of C3 protein in tumor tissue is positively associated 
with tumorigenesis.

To explore the intrinsic molecular mechanism of C3 over-
expression to promote tumor proliferation, we obtained the 
DEGs in the LGG patients compared to normal tissues. The 
PPI analysis (Fig. 3) clearly showed the top 10 hub genes, 
i.e., C3AR1, CDK1, ITGAM, UBE2C, CCNB1, THBS1, 
CXCL12, POMC, CCNB2, and ADCY4. These genes are 
mainly related with cell cycle, implying that regulation of 
cell cycle may play the critical role in tumorigenesis. By 
analyzing the correlation between C3 gene and critical 
biomarkers (Fig. 4), these results implied the inhibition of 
PI3K and MAPK pathways, while the RTK, p53, and RB1 
pathways are over-activated in the LGG patients. Moreover, 
we also analyzed the expression profile of identified genes 
between C3 high expression group and C3 low expression 
group (Fig. 5A). The PPI network clearly showed that the 
critical genes modulating the molecular network are IL10, 
ITGB2, ITGAM, and CSF1R. These genes are highly asso-
ciated with immunological response, implying that higher 
expression of C3 in the LGG patients may activate immune-
related pathways.

To explore molecular mechanisms in the LGG tumori-
genesis, we firstly analyzed the transcription factors of up-
regulated and down-regulated genes. As shown in Fig. 6A 

and B, the transcription factors of up-regulated genes are 
TP53 and E2F series, demonstrating the activation of 
p53 pathway and regulation of cell cycle. Moreover, the 
transcription factors of down-regulated genes is NFKB1, 
RELA, STAT3, and SP series. NFKB1, RELA, and STAT3 
are highly associated with TNFα/NFκB pathway, implying 
the inhibition of TNFα/NFκB pathway. Then, the GSEA 
overlaps (Fig. 6C-D) and profile analysis (Fig. 7) clearly 
showed that cell cycle-related pathways are activated in 
LGG and confirmed the inhibition of TNFα/NFκB path-
way. Moreover, GSEA analysis (Fig. 8) between C3 high 
expression group and C3 low expression group implied 
that higher expression levels of C3 in the LGG patients 
may activate the immune-related pathways and inhibit bio-
synthesis of several critical signaling molecules. These 
results suggested that higher expression of C3 in the LGG 
patients may affect the survival via modulating the tumor 
microenvironment.

As abovementioned, most of affected pathways are asso-
ciated with immune response. For the tumor microenviron-
ment, it always participated into the modulation of several 
critical cells, for example, cancer-associated fibroblast, 
cancer stem cell, endothelial cell, pericyte, immune inflam-
matory cells, and invasive cancer [11]. The immune cell 
infiltration in tumor tissue is highly associated with tumor 
proliferation, drug resistance, and epithelial–mesenchy-
mal transition (EMT) [11]. Consequently, we analyzed the 
immune cell infiltration in the LGG tissue. By analyzing 
the 21 types of immune cells in the LGG tissue, we find 
that the neutrophil infiltration is highly associated with C3 
expression (Fig. 9). Higher neutrophil infiltration can worsen 
survival of the LGG patients and inhibition of C3 expres-
sion may improve survival of the LGG patients. To validate 
the neutrophil infiltration in gliomas tissue, we analyzed the 
neutrophil biomarkers using HPA database (Fig. 10). The 
IHC results clearly demonstrated that the biomarkers of neu-
trophil in the LGG patients is highly expressed, consistent 
with neutrophil infiltration.

Conclusion

In summary, our study showed that the overexpression of 
C3 in the LGG patients can worsen survival of patients. The 
overexpression of C3 in the LGG patients can lead the over-
activation of cell cycle-related pathways, highly associated 
with tumorigenesis. The LGG patients may benefit from the 
improvement of neutrophil infiltration. These results indi-
cated that the LGG patients may benefit from the inhibition 
of C3 in the LGG patients and the results displayed C3 can 
be the excellent therapeutic target for the LGG therapy.

Fig. 10  Expression levels of neutrophil biomarkers in the gliomas 
compared to normal cortex tissue: A MPO; B CD11b; C D66b; and 
D neutrophil
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