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Introduction: The CD16A protein encoding gene FcyRllla (FCGR3A) and its
potential ligand Fibrinogen-like protein 2 (FGL2) are involved in various cell
physiological activities on the extracellular surface. Aberrant expression of
these genes has been linked to tumorigenesis.

Methods: To assess the prognostic significance of FCGR3A and FGL2 transcription
expression in glioma and explore their roles in glioma initiation and progression, we
utilized multiple online databases, including TCGA, GEPIA, CGGA, cBioPortal, TISCH,
LinkedOmics, Ivy Glioblastoma Atlas Project, and Human Protein Atlas.

Results: Our analysis revealed that FCGR3A and FGL2 expression was significantly
correlated with clinical variables such as age, tumor type, WHO grade, histology,
IDH-1 mutation, and 1p19q status. A strong correlation was also observed between
the transcriptional expression levels of FCGR3A and FGL2. High expression of both
genes predicted poor prognosis in primary and recurrent glioma patients, particularly
those with lower grade gliomas. Cox regression analysis further confirmed that
elevated expression of FCGR3A and FGL2 were independent prognostic factors for
shorter overall survival in glioma patients. Gene co-expression network analysis
suggested that FCGR3A, FGL2, and their co-expressed genes were involved in
inflammatory activities and tumor-related signaling pathways. Additionally, tissue
microarrays from glioma patients at Tiantan Hospital showed significantly higher
FCGR3A protein expression in high-grade gliomas compared to low-grade gliomas..

Discussion: In conclusion, our findings suggest that FCGR3A and FGL2 could serve as
promising prognostic biomarkers and potential therapeutic targets for glioma patients.

FCGR3A, FGL2, glioma, prognosis, gene network

Introduction

Glioma, a prevalent category of brain tumors with a high mortality rate, represents the
predominant form of primary malignant brain tumors in adults, albeit accounting for less
than 1% of all newly diagnosed tumors (1). Among various diffuse gliomas, glioblastoma
(GBM) comprises 70-75% of cases and carries the gravest prognosis, with a median survival
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rate of under 2 years even after standard chemoradiotherapy (2).
Molecular therapies targeting epigenetic modifications are currently
under investigation and are anticipated to usher in a significant
advancement in treating malignancies such as GBM (3). Mounting
evidence indicates that an integrated histological-molecular
classification system might surpass the conventional histological
approach. Biomarkers like isocitrate dehydrogenase 1 (IDH-1) and
O6-methylguanine-DNA methyltransferase (MGMT) are pivotal
not just for diagnosis and prognosis but also as potential therapeutic
targets (4, 5). Delving deeper into these biomarkers lays a crucial
foundation for tailored treatments against specific glioma subtypes.

FCGR3A, also known as CD16A, encodes a receptor for the Fc
portion in IgG antibodies, which plays a crucial role in immune
responses, especially in the phagocytosis of immune complexes and
antibody-dependent cellular cytotoxicity (ADCC) (6-8). FGL2
encodes a fibrinogen-like protein that has been implicated in
various immune and coagulation processes, including the
regulation of T-cell responses and the promotion of thrombosis
(9, 10). In recent years, increasing evidence has linked the FCGR3A
or FGL2 effect to both chronic and malignant diseases. For instance,
abnormal expression or dysfunction of FCGR3A has been
associated with autoimmune diseases like rheumatoid arthritis
and immune thrombocytopenic purpura, as well as malignancies
such as leukemia and lymphomas (11-13). Similarly, FGL2 has
been found to be overexpressed in certain cancers, including breast
cancer, colon cancer, and melanoma, where it contributes to tumor
growth and metastasis (14-18). Additionally, FGL2 are involved in
complex tumor invasion and cell migration processes, which can
lead to more aggressive tumor phenotypes and poorer patient
prognosis (19). Ongoing research continues to explore the
intricate roles of FCGR3A and FGL2 in health and disease,
aiming to develop new therapeutic strategies that target this
system to improve patient outcomes.

FGL2 has been shown to function as a promoter of glioblastoma
progression and of stem-like transition of glioma cells by
augmenting immunosuppression. FcyRIIB and FcyRIII are both
the receptors for FGL2. The binding of FGL2 to FcyRIIB, a
suppressive FcyR, has been shown to results in B/T cell apoptosis
and inhibition of DCs maturation, play an important role in FGL2-
induced immunosuppression. FcyRIIL, also known as CDI6, is
expressed on many leukocytes and works as a marker for a subset
of human monocytes. However, binding of FGL2 to FcyRIII on DC
but lacking FcyRIIB had no apparent effect. We previously found
that FGL2 produced by glioma cells acts on the CD16 receptor of
macrophages in the microenvironment through paracrine signaling.
Through the CDI16/SyK/PI3K/HIFlo pathway, it recruits and
differentiates macrophages, inducing macrophage differentiation
into CXCL7" macrophages (20, 21). Despite the growing interest
in FCGR3A and FGL2 effect in glioma, their clinicopathological
significance and prognostic value have received less attention. There
is a need for more comprehensive and updated analyses to confirm
and expand upon these initial observations. This study could
provide deeper insights into the prognostic value of FCGR3A and
FGL2 expression in glioma, potentially leading to improved patient
stratification and treatment strategies.
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Different kinds of online databases, tools and integrate data
were applied in this study. First, the transcription expression level of
FCGR3A/FGL2 among glioma patients were investigated. Then,
their relations with clinical parameters were analyzed, while the
prognostic factors were also analyzed. Furthermore, potential gene
functions and pathways were predicted through data mining.

Materials and methods
Ethics statement

This study was approved by the Academic Committee of
Capital Medical University, and conducted according to the
principles expressed in the Declaration of Helsinki. All the
datasets were retrieved from the published literature, so it was
confirmed that all written informed consent was obtained.

GEPIA database

GEPIA (Gene Expression Profiling Interactive Analysis) (http://
gepia.cancer-pku.cn) is a recently launched web-based interactive
tool designed for the analysis of RNA sequencing and expression
data. It draws from a vast dataset comprising 9736 tumor samples
and 8587 normal samples sourced from The Cancer Genome Atlas
(TCGA) and Genotype-Tissue Expression (GTEx) projects,
employing a standardized data processing approach. In our study,
we leveraged GEPIA to compare transcriptional expressions
between gliomas and healthy brain tissues. Additionally, we
performed a survival analysis among glioma patients categorized
by different WHO grades.

CGGA database

The Chinese Glioma Genome Atlas (CGGA) database (http://
WWW.Ccgga.org.cn) serves as an online repository and analytical tool,
specializing in brain tumor datasets from over 2,000 Chinese
patients. This comprehensive database encompasses whole-exome
sequencing, DNA methylation profiles, mnRNA sequencing, mRNA
microarray data, microRNA microarray data, along with
corresponding clinical information. Clinicopathological data was
sourced from the CGGA database. We conducted a survival analysis
on a selected cohort of glioma patients and further performed a
Pearson correlation analysis to assess relationships within
the dataset.

cBioPortal

The cBio Cancer Genomics Portal (cBioPortal) (https://
www.cbioportal.org) is an online platform designed for exploring,
visualizing, and analyzing complex cancer genomics data. It
integrates various genomic data types, such as somatic mutations,
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DNA copy number variations, mRNA and microRNA expression
levels, DNA methylation patterns, protein abundance, and
phosphoprotein levels. We utilized the cBioPortal to assess the
frequency of gene alterations and conducted a survival analysis
comparing patients with and without specific gene alterations.

LinkedOmics

LinkedOmics (http://www.linkedomics.org) is a publicly
accessible web-based platform housing multi-omics data
across all 32 TCGA cancer types. It comprises three analytical
modules: LinkFinder, LinkInterpreter, and LinkCompare. Using
LinkFinder, one can identify attributes related to a specific query,
such as mRNA or protein expression signatures linked to genomic
alterations, potential biomarkers for clinical features, and target
genes of transcriptional factors, microRNAs, or protein kinases.
To derive biological insights from these associations, the
LinkInterpreter module performs an enrichment analysis
leveraging Gene Ontology, biological pathways, network modules,
and other functional categories. In our study, we employed both
LinkFinder and LinkInterpreter to investigate the underlying gene
regulatory network.

TISCH

The Tumor Immune Single Cell Hub (TISCH) is a resource of
single-cell RNA-seq (scRNA-seq) data from human and mouse
tumors, which enables comprehensive characterization of gene
expression in the tumor microenvironment (TME) across
multiple cancer types. Overall, the TISCH database contains 76
high-quality tumor datasets across 27 cancer types and 3
PBMC datasets.

Ivy Glioblastoma Atlas Project

Gene expression in the various anatomical regions of
glioblastoma tumors was analyzed using the Ivy GAP (http://
glioblastoma.alleninstitute.org/). For RNA sequencing and
analysis, raw gene-level values of fragments per kilobase
of transcript per million reads mapped (FPKM) and the
associated clinical data were acquired from the publicly available
Ivy Glioblastoma Atlas Project database. Normalized Ivy
Glioblastoma Atlas Project were downloaded from GlioVis
(http://gliovis.bioinfo.cnio.es/).

Human Protein Atlas
Human Protein Atlas (HPA, https://www.proteinatlas.org/) is a

human proteome database based on quantitative transcriptomic
analyses on tissue and organ levels. We collected tissue-specific
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protein expression data, confocal images and annotations of the
protein subcellular distribution from version 7.0 of HPA database.

RNA-seq data and processing

The RNA-seq expression data of TCGA cohort and CGGA trial
were retrieved along with the process of acquiring clinical
information and were transformed as log2 (FPKM+1) for
downstream analysis. Based on TCGA data, CIBERSORT was
constructed to calculate the relative proportion of 22 immune
cell types.

Tissue microarray

Clinical prognosis of FCGR3A/FGL2 was confirmed by
histology and immunohistochemistry. The production of tissue
microarrays involves Standardized sample collection, formalin
fixation, array fabrication, and slicing. Subsequently, the tissue
microarrays undergo standard histological staining procedures,
often involving hematoxylin and eosin (H&E) staining, which
highlights cellular structures and provides contrast for detailed
histological examination. Additionally, immunohistochemistry
(IHC) staining of CD16A and FGL2 performed to detect specific
antigens in the tissues, further enhancing the diagnostic and
prognostic value. Once stained, a panoramic scan of the entire
tissue microarray was performed. CD16A is localized to the cell
membrane, while FGL2 can be localized to the cytoplasm, cell
membrane, and intercellular space.

Cell culture and
immunofluorescent staining

THP-1 (human monocytic leukemia) is derived from the blood
of a patient with acute monocytic leukemia, and in experimental
studies, it is often induced to differentiate into monocyte-derived
macrophages. THP-1 cells are induced to differentiate into
macrophages (M0) using phorbol ester (PMA), and then cultured
for 48 hours in the presence of LPS (100ng/mL) and IFN-y (20ng/
mL) to induce their polarization toward M1, or with IL-4 (20ng/
mL) and IL-13 (20ng/mL) to induce their polarization toward M2,
all while PMA is still present. After polarization, the cells are
resuspended in serum-free RPMI-1640 medium without
stimulants and PMA, and harvested 24 hours later.

Discard the culture medium and slowly add PBS at room
temperature to the Petri dish to remove suspended cells. Cover
the cells with 4% neutral formaldehyde fixing solution, place them
at 4°C, and fix them for 15 minutes. After washing the fixing
solution, block the non-specific binding sites with 5% blank goat
serum for 30 minutes at room temperature. Remove the blocking
solution, add diluted primary antibody, and incubate at 4°C
overnight. The next day, incubate the secondary antibody in the
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dark at room temperature for 1 hour. Add DAPI working solution
to the sample, incubate in the dark at room temperature for 10
minutes. After adding anti-fluorescence attenuation sealing agent,
observe and collect images under a fluorescence microscope.

Antibody information

FGL2 -Novus-H00010875-M01 (mouse react to human)

FGL2 -Sigma-Aldrich-HPA021011-100UL (rabbit react to
human) CD16-Abcam-ab246222 (rabbit react to human)

CD32- Abcam-ab282740 (mouse react to human)

Recombinant protein

PMA-MCE-16561-29-8
LPS-MCE-HY-D1056
IFN-y-MCE-HY-P70610G (Species-human)
IL-4-MCE- HY-P78549 (Species-human)
IL-13- Abcam-ab270079 (Species-human)

Statistical analysis

Kruskal-Wallis test was used to depict the diversity of immune
infiltration in FGL2-FCGR3A-stratified groups. Kaplan-Meier
method was used to assess 5-year OS and RFS, whereas logrank
test and Cox regression models were applied for the assessment of
the prognostic and risk significance. Spearman correlation analysis
was performed to investigate the bivariate correlation. The %2 test
was applied to depict the relation of clinicopathological parameters,
molecular subtypes. The two-sidedp < 0.05 was considered
statistically significant. The data were analyzed through IBM SPSS
Statistics V.20.0 and R software V.4.0.4.

Results

Association of FCGR3A and FGL2
expression with disease progression
in glioma

To investigate whether there were differences between glioma
and normal brain tissue, the gene expression data of the FCGR3A
and FGL2 were obtained from TCGA and GTEx database in. As
shown in Figure 1A, mRNA expressions of FCGR3A and FGL2
were significantly upregulated in Low-grade gliomas and
glioblastomas respectively compared to normal brain tissue, and
there are few mutations in either 2 genes (Figure 1B). Therefore, the
upregulation of FCGR3A and FGL2 expression is induced by the
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tumor. The mass spectrometry results show that the abundance of
FCGR3A and FGL2 proteins were also upregulated in glioma tissues
in the CPTAC database (Supplementary Figures 1A-D). The
transcription and translation of genes are influenced by
epigenetics and post transcriptional modifications. According to
the results of the TCGA methylation chip, the methylation levels of
the FCGR3A and FGL2 promoter regions are down regulated, and
mRNA upregulation may be related to this (Supplementary
Figures 1E, F). FCGR3A is regulated by the GATA family and
pro-inflammatory transcription factors such as STAT1 and NFKBI,
while FGL2 is targeted and inhibited by many miRNAs
(Supplementary Figures 1G, H). According to the sequencing
results of normal tissues in the GTEx database, FCGR3A is highly
expressed in peripheral blood and spleen, and partially expressed in
the lungs. FGL2 is highly expressed in the esophagus and arteries.
The expression level of these two genes was very low or hard
detectable in 13 brain regions (Supplementary Figure 2A). It shows
that the high expression of FCGR3A and FGL2 in glioma is induced
by tumor cells or immune cells infiltrated into the brain. Pan cancer
analysis confirms this hypothesis that changed expression of
FCGR3A and FGL2 occurs in most tumor types (Supplementary
Figures 2B, C). The increased expression of FCGR3A and FGL2 is
associated with various clinical features in glioma. FCGR3A and
FGL2 are highly expressed in elderly individuals (Supplementary
Figure 2D), glioblastoma patients (G4) (Figure 1C), those with
tumor progression after initial treatment (Figure 1D), and those
with poor prognosis confirmed by OS, DSS and PDI (Figure 1E).
IDH mutations and prognostic features such as 1p9q co del are
negatively correlated with the expression levels of FCGR3A and
FGL2 (Supplementary Figures 2F, G). It’s worth noting that,
excluding GBM samples, the histopathological types of LGG
patients are also related to FCGR3A and FGL2. Astrocytoma has
the highest gene expression, oligodendroglioma has the lowest, and
the mixed type is between the two (Supplementary Figure 2H).

Association of mRNA expression of
FCGR3A and FGL2 in glioma patients

As shown in Figure 2B, the anatomical localization of FCGR3A
and FGL2 within the tumor is the same, both highly expressed in
the cellular tumor region associated with differentiation and growth
(Cellular Tumor, CT) and angiogenesis region associated
with angiogenesis, immune regulation, and response to
wounding (Microvascular Proliferation, MVP). Among the three
transcriptional subtypes of glioma, the mesenchymal subtype
tumors have the highest expression level of FCGR3A and FGL2
as compared with classical or proneural subtypes (Figure 2C). These
data indicate that the expression level of FGL2 and FCGR3A is
associated with high cell growth, angiogenesis, immune regulation,
and malignant potential. Based on these data, we can speculate that
cells co expressed with FCGR3A and FGL2 migrate from peripheral
blood into the tumor.

Given that the expression levels of FCGR3A and FGL2 exhibit
similar trends across different subtypes of gliomas and the anatomical
localization is the same in tumor, we propose that FCGR3A and FGL2
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Transcriptional expression of FCGR3A and FGL2. (A) Transcriptional expression of FCGR3A and FGL2 in gliomas and normal brain tissues(GEPIA).
(B) Genetic alterations of FCGR3A and FGL2 in gliomas (cBioportal). (C) Transcriptional expression of FCGR3A and FGL2 in each grade of gliomas
(GTEX). (D) Transcriptional expression of FCGR3A and FGL2 in relative treatment outcomes (TCGA). (E) Transcriptional expression of FCGR3A and
FGL2 in multiple survival times (TCGA). *p < 0.01, **p < 0.001, ***p < 0.0001.

co express in gliomas. As shown in Figure 2A, FCGR3A is significantly
positively correlated with FGL2 expression in all tumor types
(R=0.43), while the correlation between FCGR3A and FGL2 is more
prominent in glioma samples (R=0.79). The above TCGA results can
be validated by the CGGA database. The correlation between
FCGR3A and FGL2 is not affected by race, grade, primary or
recurrent factors, and remains highly positively correlated in Asian
populations (Figure 2C).

Prognostic value of FCGR3A and FGL2
transcription expression in glioma

Given the location and the clinical characteristic of tumors with
high expression of FGL2 and FCGR3A prognostic value were
evaluated. In the CGGA database, high expression of FCGR3A or
FGL2 in glioma was associated with a shorter OS in primary tumor,
whereas no difference was found between high and low expression in
recurrent glioma (Figures 3A, B). In the GEPIA database
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(Figures 3C-F), high expression of FCGR3A or FGL2 indicated
poor prognosis in WHO grade II and III patients. Similarly, the
overall survival was unchanged in WHO grade IV. To further
determine the prognostic role of co-expression, TCGA samples
were grouped into four clusters according to the median expression
of FCGR3A and FGL2, and found that patients with low expression
of both FCGR3A and FGL2 had the longest survival time (Figure 3G).
The prognostic indicators of FCGR3A and FGL2 in the glioma
subgroup can be seen in Supplementary Figures 3, 4. In summary,
an effective overall survival prognosis model can be constructed by
utilizing the expression levels of FCGR3A and FGL2, with AUC areas
higher than 0.7 within 10 years (Supplementary Figure 5). In
addition, co expression of FCGR3A and FGL2 significantly
regulates immune infiltration. The co-high expression group had
significantly higher immune cell scores, especially macrophage scores
according to the immune infiltration with multiple algorithms in the
same grouping (Figures 3H, I). Therefore, the poor prognosis of
FGL2™FCGR3A™ group patients could be induced by the robust
immune infiltration and inflammation in the tumor.
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Gene set enrichment analysis of FCGR3A
and FGL2 functional networks in glioma

Genes that are highly positively and negatively correlated with
FGL2 were screened for pathway enrichment and protein-protein
interaction analysis (Figure 4). The results showed that top 50 genes
with high positive correlation in FGL2 contained many HLA
molecules, such as HLA-DRA, HLA-DPA, HLA-DOA, HLA-
DPB, HLA-DNM, HLA-DMA, HLA-DRB, CD74 and CD86
genes, suggesting that the function of FGL2 was highly synergistic
with antigen presentation. On the other hand, FGL2 was positively
correlated with a variety of pattern recognition receptors, including
TLRS, TLR1, and TLR2, in which TLR1 and TLR2 were in the cell
membrane, and TLR8 was in the endosome, and the former two
genes assisted monocytes to phagocytose antigens, the antigens
entered the cell with the assistance of TLR8 to induce the
production of IFN-o (Figures 4A-C). Therefore, FGL2 is
associated with T cell activation, immune cell migration, cytokine
secretion, and MHCII complex formation pathways in pathway
enrichment (Figures 4E). The results of PPI showed that the FGL2-
related genes were centered on LCK and SYK, which both belonged
to the downstream regulators of ITAM and were related to immune
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cell signal transduction and activation (Figure 4D). On the other
hand, genes that are highly positively related to FCGR3A include
FCGR2A, FCERIG, and FCGBP, which belong to the FC receptor
family too, and a variety of complement-related genes have also
been screened, such as C1QB and C1QC (Figures 5A-C). In terms
of pathway enrichment, the functions of FCGR3A and FGL2
completely overlapped, indicating that their functions are
synergistic and complementary, mainly responsible for recruiting
and activating T cells (Figure 5E). The results of protein-protein
interaction showed that SYK was also the core of FCGR3A-related
genes (Figure 5D). Therefore, SYK is the key element for the
downstream kinases of FCGR3A and FGL2.

Since the previous analysis confirmed that the prognostic
regulation of FCGR3A and FGL2 is related to immunity, we
further explored the mechanism by taking the intersection of
top50 positive related genes. Figure 6 shows that among the 20
intersecting genes, there are 3 immune related molecules, TLR1,
CCRS5, and FCGR2A. These three genes are significantly associated
with poor prognosis and are highly expressed in tumor samples, and
their expression increases with malignancy. It is worth noting that
CCRS5 is highly positively correlated with both genes and has been
reported to be associated with neurological inflammation, which
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may be the key to the recruitment of CD16+ monocytes into
the brain.

Biological role of FCGR3A and FGL2
double-positive monocytes

Given that the expression levels of FCGR3A and FGL2 exhibit
similar trends across different subtypes of gliomas and the anatomical
localization is the same in tumor, we propose that FCGR3A and FGL2
co express on a type of cell within gliomas. To determine which cell
type in glioma with high expression of FGL2 and FCGR3A, we
summarized the analysis of the expression levels of FCGR3A and
FGL2 in 17 glioma single-cell datasets in Supplementary Figure 6, and
found that the expression level of FGL2 and FCGR3A are both highest
in Mono/Macrophage across all datasets. It can be determined that
FCGR3A and FGL2 are co expressed on mononuclear macrophages
within the tumor. To further explore the biological role of co-
expressed cells, we used GSE84465 single-cell data for analysis, and
the results showed that in Figure 7. In the GSE84465, there were 9
types of cells, and both monocytes and M1 macrophages expressed
FCGR3A highly, while M1 macrophages expressed FGL2 significantly
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higher than monocytes. Therefore, we hypothesized that FGL2 can
assist in the differentiation of monocytes into M1 macrophages. The
marker genes of FGL2" macrophages were used for pathway
enrichment, and a variety of antigen presentation pathways were
activated, which successfully verified the conclusion of bulk RNA-Seq.
CD16 has been identified as a marker of non-classical monocytes in
the circulation, but it is still unclear whether FGL2 exists during
monocyte development and differentiation. To explore whether FGL2
is only induced within tumors, we validated it using single-cell
sequencing datasets from healthy human bone marrow and
peripheral blood. The results of Supplementary Figure 7 show that
the bone marrow contains immature precursor monocytes and three
types of mature monocytes, while CD16 non classical monocytes are
in the late stage of differentiation trajectory. FCGR3A and FGL2 are
gradually upregulated with monocyte development and can be
considered as characteristics of mature monocytes. The results of
Supplementary Figure 8 peripheral blood results showed that FGL2
was expressed in almost all mature monocytes/macrophages, but
CD16 'monocytes had the highest level of FGL2 expression. It
indicates that FGL2"CD16 ‘monocytes exist in the peripheral blood
under physiological conditions and are recruited through intra-
tumoral blood vessels during the occurrence of gliomas.
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The expression of CD16 protein in glioma
tissues and macrophages

CD16 and FGL2 exhibit their functions at protein level. By
searching the protein staining results of CD16 and FGL2 in the
HPA database, it shows that normal brain tissue (cortex) does not
contain CD16 or FGL2 positive cells, but the number of CD16™cells
increase significantly in glioma samples, and FGL2 doesn’t show
positive staining (Figure 8A). However, there are only a few samples
in the HPA database, and it does not contain pathological
classification. Therefore, using glioma samples collected from
Beijing Tiantan Hospital, we created a tissue microarray
containing 48 tumor core samples, including 26 LGG samples
and 22 GBM samples (Figure 8B). Based on this tissue
microarray, we conducted pathological examination and
histochemical staining for two proteins. The results showed that
the cell membrane protein CD16A stained well in most samples,
and its positivity rate in LGG was significantly lower than that in
GBM. FGL2 protein was not detectable by using two commercially
available antibodies in both LGG and GBM samples, consisting with
the results of the HPA database. Only 2/12 endometrial cancer and
1/11 melanoma samples are FGL2 positive detected by HPA021011
antibody, and all the samples are negative by HPA026682 antibody

FCGR3A FGL2

Cortex

LGG

Glioma|

Mo

M1

M2

FIGURE 8

10.3389/fonc.2024.1447113

in the HPA database. We previously showed that glioma samples
were positive for FGL2 by using homemade antibody, indicating
that detecting antibody is important for FGL2 staining.

Macrophages are highly heterogeneous and can be activated
into different types affected by the local microenvironment,
exhibiting different phenotypes and functions. Due to the
heterogeneity of macrophages under different tissue environments
and physiological and pathological conditions, macrophages are
divided into two main types: M1 macrophages and M2
macrophages. By using the human monocyte cell line THP-1 and
performing immunofluorescence staining for IgG receptors CD32
and CD16 on the cell membrane after directed induction, we
successfully demonstrated that CD16 is positively correlated with
the M1 phenotype, rather than CD32 (Figure 8C). Further
validation is needed for the detection of FGL2 at the protein level.
In summary, CD16 protein is highly expressed in M1 macrophages
and high-grade glioma.

Discussion

In recent years, high transcriptional levels of FGL2 have been
discovered in various tumors and have predicted an uncertain

FCGR3A

Rep1 Rep2 Rep3

protein level verification of FCGR3A and FGL2 in gliomas. (A) HPA database. (B) Microarray from Tiantan hospital. (C) Induction of differentiation and

immunofluorescence detection of human leukemic cell line THP1
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prognosis among the patients. As a representative of malignancies,
glioma, especially GBM, possesses common tumor characteristics
including invasion, angiogenesis, epithelial-mesenchymal
transition, cancer stem cell-like properties, and metastasis.
Previous studies have demonstrated that these malignant features
have a positive correlation with high expression of FGL2. Our
previous studies believe that FGL2 is synthesized from tumor cells
and immune cells. Studies have shown that glioma orthotopic
planting model successfully established in mice with systemic
knockout of FGL2, but FGL2-KO tumor cells cannot be
established in immunocompetent mice. We previously focused on
the function of FGL2 in tumors and how it regulates immune
response by in vivo experiments. This study aims to evaluate the
prognostic value of FGL2 transcription expression in glioma,
determine the cell types that express FGL2 in human glioma, and
to explore how the type of cells affect the generation and
progression of glioma. In addition, trying to detect FGL2 in situ
on pathological sections is also one of our goals, although the results
are not ideal.

Due to the small sample size and uncertainty of sample quality,
we abandoned the traditional research methods and turned to data
rich online tools including GEPIA, and CGGA, etc. We can acquire
a more authentic and comprehensive perspective using different
online databases, which provide more information on tumors, both
supplementing and verifying each other. The data of patients and
gliomas are mainly from TCGA and CGGA; the former involves the
Western region while CGGA only includes Chinese patients. In
consideration of the rarity of WHO I glioma, we only regard LGG as
WHO II and IIT gliomas.

Our results show that in mRNA level, FGL2 is only expressed in
CD16" myeloid cells in gliomas, a subpopulation mainly
responsible for phagocytosis, antigen processing, presentation,
and activation of T-cells. This type of myeloid cells is mainly
formed by the migration of non-classical monocytes in peripheral
blood. FGL2 can assist in the activation of CD16" cells, which
increases with the degree of infiltration. FCGR3A "monocytes, by
co-expressing FGL2 on the extracellular surface, activates a T cell
activation pathway, which are involved in cytokine producing,
MHC complex binding and cell migration. As functional
integrity, the FCGR3A-FGL2 synergistic effect is supposed to not
only plays a crucial role in mediating pro-inflammation during
cancer invasion and metastasis but also participates into multiple
stages of tumor proliferation.

FCGR3A and FGL2 transcriptional expressions are found
significantly higher in glioma compared with normal brain. The
FGL2 expression predicts poor prognosis only in LGG, and is not
associated with compromised prognosis in High Grade Glioma. In
GBM and part of recurrent gliomas, the prognostic value is
questionable. There might be two possible explanations. On the
one hand, high heterogeneity of malignant glioma leads to the
diversity of OS; on the other hand, the survival period of GBM and
recurrent tumor patients is relatively too short. The results of Cox
regression analysis further demonstrate the independent prognostic
significance of FCGR3A and FGL2 in glioma. Interestingly, the two
genes are similarly in the shape of the Kaplan-Mier plots, especially
in the CGGA database. High Pearson correlation efficiency between
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FCGR3A and FGL2 indicates that the two genes share the same
prognosis significance and could be integrated into one prognostic
prediction model.

In view of the high incidence of genetic mutations in glioma,
cBioPortal is used to evaluate the gene alteration frequency and
whether the alteration affects overall survival. As shown in Figure I,
the gene alteration frequencies of 2 genes are negligible, without
impact on overall survival. It means FCGR3A and FGL2
transcriptional expression are less affected by genetic mutations
which usually cause phenotypic changes.

Extracellular matrix (ECM) breakdown is an important step for
cell invasion and metastasis, and FCGR3A and FGL2 may play a key
role in this process (22, 23). Growing evidences indicate that CD16+
cells secrete more inflammatory cytokines, and interleukin and
tumor necrosis factor can induce degradation of the extracellular
matrix. For example, interleukin-1f (IL-1B) and tumor necrosis
factor a (TNF-o) can stimulate the production of matrix
metalloproteinases (MMPs), enzymes that can degrade various
components of the extracellular matrix, such as collagen
and proteoglycans.

FCGR3A and FGL2 co-expression network is constructed to further
analyze their role in cell function and signaling pathway. They share a
lot of similarities in the gene set enrichment analysis. They both had a
close relationship with adaptive immune cells activation like T cell
activation process. The FGL2-deficient mice failed to develop tumor,
suggesting that FGL2-mediated antigen presentation does not seem to
successfully activate the anti-tumor effect of T cells. It is also indicated in
the previous research that FGL2 mediates regulatory T cells and MDSCs
suppressor function through inducing ROS production and promotes
the activation of the XBP1 pathway and cholesterol synthesis in sepsis,
which characterized by immune paralysis. It is also reported that FGL2
plays a role in lymphocyte migration.

At the same time, the close relationship between the FCGR3A
and FGL2 expression and immune cells might be a key factor in the
development of cirrhosis of the liver. Except for some inflammation-
related signaling pathways, several fibrosis-promoting pathways have
a relationship with FCGR3A and FGL2 co-expression networks (24,
25). The CD14"CD16" monocyte subpopulation is an important
inflammatory cell population involved in tissue fibrosis. In acute
respiratory distress syndrome (ARDS) caused by COVID-19, CD16-
expressing monocyte-derived macrophages accumulate and exhibit a
fibrosis-promoting transcriptional phenotype (26, 27). The number
of CD16" cells is positively correlated with liver damage and the
progression of liver fibrosis in patients with hepatitis B. For patients
with pancreatic cancer, CD16" monocytes can activate pancreatic
stellate cells and promote the formation of local fibrosis in pancreatic
cancer. Similarly, FGL2 has been reported to promote the progression
of liver fibrosis by regulating the polarization state of macrophages
(28, 29). Compared to wild mice, liver injury was significantly
reduced in the hepatitis model of Fgl2-deficient mice. In kidney
fibrosis models, the expression of FGL2 increases significantly and is
closely related to the pathological changes of renal fibrosis.

Fibrosis plays a crucial role in the growth and development of
gliomas. Gliomas are infiltrating tumors that grow without distinct
boundaries from normal brain tissue, causing significant damage to
surrounding brain structures. As a result, glioma tissue often
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contains abundant fibrous tissue formed by extracellular matrix
(ECM) remodeling and excessive collagen deposition (30). Fibrosis
provides structural support for glioma cells, contributing to the
stability and growth of the tumor tissue. The fibrous network it
forms also supports the proliferation and expansion of glioma cells.
Fibrotic glioma tissue reduces the infiltration and function of
immune cells, creating an immunosuppressive microenvironment
that aids in the immune evasion of glioma cells. Additionally,
fibrosis hinders the penetration and diffusion of therapeutic
drugs, thereby reducing treatment efficacy. This is because the
fibrous tissue structure makes it difficult for drugs to penetrate
the interior of the tumor.

There are some limitations in this study. First, the main content
of this study focuses on retrospective analysis derived from TCGA
and CGGA and GEO databases, our conclusions need to be validated
by more in vivo or in vitro experiments and prospective clinical
studies. In the future, we will knock out FGL2 on CD16" cells to see if
polarization function is affected. CCR5 will be blocked in mice to see
if it could affect the infiltration of monocytes into nerve tissue. In
addition, the mechanism of CD16 reduction after tumor invasion also
needs to be investigated, and the role of cis-binding of CD16 to FGL2
on monocytic phagocytosis needs to be further explored.

In conclusion, our current study indicated that overexpression
of FCGR3A and FGL2 is associated with poor prognosis in primary
and recurrent glioma patients, especially in LGG. Overexpression of
FCGR3A and FGL2 is regarded as independent prognostic factors
for shorter OS of glioma patients through Cox regression analysis.
Moreover, Gene co-expression network analysis enlightens us that
abnormal adaptive immune activation and specific CD16-related
Immune paralysis blocking by targeting FCGR3A and FGL2 might
be a new idea for treating glioma.

Data availability statement

Apart from the publicly available online databases (as accessed
through the URLs provided in the Methods section), the single-cell
sequencing data presented in this study are derived from a public
dataset in the GEO repository, with the accession number GSE84465
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE84465).

Ethics statement

This study was approved by the Academic Committee of
Capital Medical University, and conducted according to the
principles expressed in the Declaration of Helsinki. All the
datasets were retrieved from the published literature, so it was
confirmed that all written informed consent was obtained.

Author contributions

ZC: Data curation, Investigation, Visualization, Writing — original
draft. XL: Methodology, Validation, Writing — review & editing. JY:
Funding acquisition, Resources, Writing — review & editing.

Frontiers in Oncology

12

10.3389/fonc.2024.1447113

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the National Natural Science Foundation of
China General Program (Fund No. 8207317). R&D Program
of Beijing Municipal Education Commission (Fund No.
KZ202210025040). Chinese Institutes for Medical Research,
Beijing (Grant No. CX24PY08).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1447113/
full#supplementary-material

SUPPLEMENTARY FIGURE 1

Protein expression and epigenetic modification of FCGR3A and FGL2. (A, B)
Protein expression of FCGR3A and FGL2 in gliomas and normal brain tissues
(CPTAQ). (C, D) Protein expression of FCGR3A and FGL2 in pan-cancers
(CPTACQ). (E, F) Promoter region methylation level of FCGR3A and FGL2 in
gliomas and normal brain tissues (TCGA). (F, G) Transcription factors and
post-transcriptional modifications of FCGR3A and FGL2 in gliomas(TCGA).
Note: As the LGG samples in the TCGA database do not contain normal
tissues, only the results of GBM are displayed here.

SUPPLEMENTARY FIGURE 2

Expression difference of FCGR3A and FGL2. (A) Transcriptional expression of
FCGR3A and FGL2 in normal tissues (GTEx). (B, C) Transcriptional expression
of FCGR3A and FGL2 in Pan-cancer (TCGA). (D-H) Expression difference of
FCGR3A and FGL2 in glioma sub-groups. *p < 0.01, * *p < 0.001, *p < 0.0001

SUPPLEMENTARY FIGURE 3
Prognostic effect of FCGR3A in glioma sub-groups.

SUPPLEMENTARY FIGURE 4
Prognostic effect of FGL2 in glioma sub-groups.

SUPPLEMENTARY FIGURE 5

Construction of prognostic model by using FCGR3A and FGL2. (A-C)
Prediction effect of OS of FCGR3A and FGL2 in gliomas. (D, E) Construction
of prognostic model.

SUPPLEMENTARY FIGURE 6
Summary of FCGR3A and FGL2 expression in multiple single-cell datasets.

SUPPLEMENTARY FIGURE 7
Developmental trajectory of FCGR3A and FGL2 in monocytes.

SUPPLEMENTARY FIGURE 8

FGL2+CD16+monocytes present in peripheral blood of healthy controls.
(A-C) Prediction effect of OS of FCGR3A and FGL2 in gliomas. (D, E)
Construction of prognostic model.
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