
Zhang et al. Journal of Translational Medicine          (2024) 22:833  
https://doi.org/10.1186/s12967-024-05641-6

RESEARCH Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by-​nc-​nd/4.​0/.

Journal of 
Translational Medicine

FAM109B plays a tumorigenic role 
in low‑grade gliomas and is associated 
with tumor‑associated macrophages (TAMs)
Zhe Zhang1,2,3,4†, Yao Xiao1,2,3,4†, Siyi Zhao1†, Jun Liu1, Jie Zeng1,2,3,4, Feng Xiao1,2,3,4, Bin Liao1,2,3,4, 
Xuesong Shan1, Hong Zhu1,2,3,4* and Hua Guo1,2,3,4*    

Abstract 

Background  Family with sequence similarity 109, member B (FAM109B) is involved in endocytic transport and affects 
genetic variation in brain methylation. It is one of the important genes related to immune cell-associated diseases. In 
the tumor immune system, methylation can regulate tumor immunity and influence the maturation and functional 
response of immune cells. Whether FAM109B is involved in tumor progression and its correlation with the tumor 
immune microenvironment has not yet been disclosed.

Methods  A comprehensive pan-cancer analysis of FAM109B expression, prognosis, immunity, and TMB was con-
ducted. The expression, clinical features, and prognostic value of FAM109B in low-grade gliomas (LGG) were evaluated 
using TCGA, CGGA, and Gravendeel databases. The expression of FAM109B was validated by qRT-PCR, immunohisto-
chemistry (IHC), and Western blotting (WB). The relationship between FAM109B and methylation, Copy Number Vari-
ation (CNV), prognosis, immune checkpoints (ICs), and common chemotherapy drug sensitivity in LGG was explored 
through Cox regression, Kaplan–Meier curves, and Spearman correlation analysis. FAM109B levels and their distribu-
tion were studied using the TIMER database and single-cell analysis. The potential role of FAM109B in gliomas was fur-
ther investigated through in vitro and in vivo experiments.

Results  FAM109B was significantly elevated in various tumor types and was associated with poor prognosis. 
Its expression was related to aggressive progression and poor prognosis in low-grade glioma patients, serving 
as an independent prognostic marker for LGG. Glioma grade was negatively correlated with FAM109B DNA promoter 
methylation. Immune infiltration and single-cell analysis showed significant expression of FAM109B in tumor-associ-
ated macrophages (TAMs). The expression of FAM109B was closely related to gene mutations, immune checkpoints 
(ICs), and chemotherapy drugs in LGG. In vitro studies showed increased FAM109B expression in LGG, closely related 
to cell proliferation. In vivo studies showed that mice in the sh-FAM109B group had slower tumor growth, slower 
weight loss, and longer survival times.

Conclusions  FAM109B, as a novel prognostic biomarker for low-grade gliomas, exhibits specific overexpression 
in TAMs and may be a potential therapeutic target for LGG patients.
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Introduction
Gliomas are the most common primary central nervous 
system (CNS) tumors, with the highest incidence and 
mortality rates among CNS tumors in both children and 
adults [1, 2]. Gliomas can be classified into main types 
such as oligodendrogliomas, astrocytomas, glioblasto-
mas, and mixed gliomas [3]. According to the 2016 World 
Health Organization (WHO) classification, gliomas are 
divided into high-grade gliomas and low-grade gliomas. 
Diffuse low-grade gliomas (WHO grade II) and interme-
diate gliomas (WHO grade III) are classified as low-grade 
gliomas (LGG), including astrocytomas, oligoastrocyto-
mas, and oligodendrogliomas [4, 5]. As understanding of 
low-grade gliomas improves and diagnostic and thera-
peutic techniques for low-grade gliomas advance, the 
prognosis of LGG patients is generally better than that 
of high-grade gliomas (HGG) [6]. However, recurrence 
and malignant progression leading to high-grade gliomas 
remain the main causes of poor prognosis in low-grade 
glioma (LGG) patients [7]. Therefore, it is necessary to 
study the factors influencing the malignant progression 
of low-grade gliomas in depth, develop new therapeutic 
targets, and provide more precise treatment to effectively 
improve patient prognosis.

Family with sequence similarity 109, member B 
(FAM109B) is involved in endocytic transport and affects 
genetic variation in brain methylation, playing a pleio-
tropic role in psychiatric disorders [8, 9]. FAM109B is 
closely related to the occurrence of Alzheimer’s disease 
and schizophrenia [10]. It is also closely associated with 
Lowe (OCRL) syndrome, a rare genetic disease that 
mainly affects the brain [11]. Additionally, FAM109B is 
sensitive to drugs in breast cancer cell lines and shows 
sensitivity to radiation [12]. FAM109B participates in 
certain neurological diseases through genetic variation, 
but its expression and prognostic significance in common 
CNS tumors are unknown. Summary-based mendelian 
randomization (SMR) analysis has identified FAM109B 
as an important immune cell-related disease gene [13], 
but it is unclear how FAM109B affects immune cell 
function and tumor immune cell infiltration. The tumor 
microenvironment (TME) influences tumor cell progres-
sion and metastasis, as well as resistance to anticancer 
drugs, playing a crucial role in tumor development [14, 
15]. However, the relationship between FAM109B and 
the tumor microenvironment remains unclear.

In this study, we conducted bioinformatic analy-
sis using the TCGA, Gravendeel, and Chinese 

Glioma Genome Atlas (CGGA) datasets to deter-
mine the potential of FAM109B as a biomarker for 
glioma prognosis and immunotherapy. For the first 
time, we revealed the expression, immune infiltration, 
and prognostic significance of FAM109B across 33 
types of cancer. We explored the correlation between 
FAM109B and low-grade gliomas in terms of tumor 
malignant progression, DNA methylation, single-cell 
transcriptomics, CNV, chemotherapy efficacy, and 
immunological characteristics (immune checkpoint 
gene expression, tumor-infiltrating immune cells). 
Through in  vitro and in  vivo experiments, we suggest 
that FAM109B could be a prognostic factor for LGG 
patients and may become a new therapeutic target for 
LGG in future clinical practice.

Materials and methods
Data collection
Pan-cancer information (33 types of cancer), mRNA-
seq, clinical characteristics, and tumor mutation burden 
(TMB) data from The Cancer Genome Atlas (TCGA) 
dataset and GTEx dataset were obtained from UCSC 
Xena [16]. The Chinese Glioma Genome Atlas (CGGA) 
dataset [17] and Gravendeel dataset [18], including 
mRNA-seq and clinical information of patients, were 
downloaded to analyze the expression and prognostic 
potential of FAM109B in LGG. The inclusion criteria 
were patients with WHO grade II or III and complete 
prognostic information, comprising 531 patients from 
the TCGA dataset, 257 patients from the CGGA data-
set, and 109 patients from the Gravendeel dataset. This 
study was approved by the Ethics Review Committee of 
the Second Affiliated Hospital of Nanchang University 
(Project approval ID: O-Medical Research Ethics Review 
【2024】 No. 21). The study flowchart is shown in Fig. 1.

Prognostic analysis
Overall survival (OS), disease-specific survival (DSS), 
and progression-free interval (PFI) were analyzed, with 
p < 0.05 considered statistically significant. Univariate 
and multivariate Cox regression analyses were used to 
investigate the relationship between FAM109B expres-
sion and survival outcomes. Receiver operating char-
acteristic (ROC) curves and the area under the curve 
(AUC) were used to assess the accuracy of FAM109B 
expression in predicting LGG prognosis.
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Immunohistochemistry and immunofluorescence staining
The Human Protein Atlas (HPA) was used to analyze 
the differential expression of FAM109B between normal 
and glioma tissues [19]. Tissue samples from 9 low-grade 
glioma patients and 3 normal brain tissues treated at the 
Neurosurgery Department of the Second Affiliated Hos-
pital of Nanchang University from 2020 to 2023 were col-
lected and embedded in paraffin. FAM109B expression 
was detected using IHC. According to the manufacturer’s 
instructions, 5  µm thick sections were deparaffinized, 
hydrated, and fully immersed in 3% hydrogen perox-
ide solution, incubated for 10  min, then rinsed with 
running water for 5  min. Staining was performed with 
anti-FAM109B (1:500, sc-390442), followed by dehydra-
tion, clearing, and mounting. Finally, the IHC results 
were evaluated under a microscope by two intermediate 
pathologists. The tumor specimens of nude mice were 
fixed with 4% paraformaldehyde. After incubation with 
the primary antibody CD163 (1:1000, ab182422, Abcam), 
the sections were treated with Fluor-594 secondary 

antibody (1:1000, ab150080, Abcam) for 1 h and stained 
with Hoechst 33258 (94403, Sigma) solution for 5  min. 
Finally, they were washed with PBS to remove excess 
dye and photographed using a confocal laser scanning 
microscope.

Western blotting and quantitative real‑time PCR (qRT‑PCR)
The collected brain tissue samples were obtained from 
the Department of Neurosurgery at the Second Affili-
ated Hospital of Nanchang University. Proteins were 
separated using 12% SDS-PAGE and transferred to a 
PVDF membrane (Millipore, USA). The membrane was 
incubated with antibodies targeting FAM109B (1:500, 
sc-390442) and α-tubulin (1:4000; 11224-1-AP), fol-
lowed by incubation with the corresponding secondary 
antibodies. Membrane imaging was performed using 
the Tanon (5200Multi) imaging system, and the protein 
band intensity was quantified using Image J. Total RNA 
was extracted from the tissues using Simply P Total RNA 
Extraction (BioFluX, Shiga, BSC52M1), and the isolated 

Fig. 1  Schematic diagram of the research content. It includes pan-cancer analysis, clinical features analysis, prognosis analysis, biological functions, 
immunological analysis, CNV and TMB analysis, in vitro experimental and in vivo experiment
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RNA quantity was measured using MonAmp RapidStart 
Universal SYBR Green qPCR Mix (Monad, MQ10701S). 
The primers for FAM109B were forward 5′-TGG​CTA​
CAT​GCG​CCT​GGT​G-3′ and reverse 5′-GAG​CCT​GGG​
GCT​TAC​AGC​G-3′.

Establishment and validation of the clinical nomogram 
model
In the TCGA dataset, a clinical nomogram model was 
established using the “survival” and “rms” R packages, 
and a calibration curve was generated. The same method 
was used for validation in the CGGA dataset.

DNA methylation analysis
The MethSurv database was used to analyze the methyla-
tion levels of FAM109B and the prognostic significance 
of individual CpGs in gliomas [20].

Functional enrichment analysis
Differentially expressed genes (DEGs) of FAM109B were 
analyzed in the TCGA and CGGA datasets using the 
“limma” R package (p < 0.05 and |logFC| ≥ 1) [21]. Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) enrichment analyses were performed 
using the “clusterProfiler” R package.

Immune analysis and single‑cell analysis
The TIMER database was used to evaluate the relation-
ship between FAM109B and immune cell infiltration 
[22]. The ssGSEA algorithm provided in the “GSVA” R 
package was used to calculate the immune infiltration 
of 24 types of immune cells [23, 24]. Single-cell analysis 
was performed using the TME-related TISCH2 data-
base [25]. Pearson correlation analysis was conducted to 
evaluate the relationship between FAM109B expression 
and markers of macrophage M1 and M2 subtypes in the 
TCGA and CGGA databases.

Copy number variation (CNV) and chemotherapy drug 
evaluation analysis
GISTIC 2.0 was used to process the CNV data of 11,495 
samples downloaded from the TCGA database, iden-
tifying significantly altered regions of amplification 
or deletion in the low-grade glioma patient group and 
determining the copy number levels and prognostic sig-
nificance of FAM109B [26]. The correlation between 
FAM109B expression and drug IC50 was analyzed using 
drug sensitivity data and mRNA expression data from the 
Genomics of Therapeutics Response Portal (CTRP, 481 
small molecules in 1001 cell lines) and the Genomics of 
Drug Sensitivity in Cancer (GDSC, 265 small molecules 
in 860 cell lines), displaying the top 30 drugs [27].

Cell culture and transfection
The U251 glioma cell and SW1088 low-grade glioma cell 
line were obtained from the American Type Culture Col-
lection. Cells were cultured in L-15 medium containing 
10% fetal bovine serum (Gibco) at 5% CO2 and 37  °C. 
SW1088 cells were transfected with lentiviral vectors 
containing FAM109B shRNA (5′-GCT​CAT​CCT​GGA​
AGT​CTG​TTG-3′) and negative control (NC) at a multi-
plicity of infection of 10.

Colony formation assay, cell counting kit‑8 (CCK‑8) assay, 
EdU assay
Cells were incubated in 6-well plates at 2 × 103 cells per 
well for 14 days. Cells were fixed with 4% paraformalde-
hyde and stained with 0.1% crystal violet staining solu-
tion, followed by quantification of the colony numbers. 
Transfected cells were seeded in 96-well plates (2 × 103 
cells/well), incubated for 24 h, 48 h, 72 h, and 96 h. Cell 
proliferation was assessed using the Cell Counting Kit-8 
assay (Glpbio) by measuring optical density (OD) lev-
els according to the manufacturer’s instructions. Trans-
fected cells were seeded in 24-well plates (2 × 104 cells/
well) and incubated for 3 days before being treated with 
EdU reagents. SW1088 cells infected with luciferase were 
fluorescence assays by IVIS. Cells were fixed with 4% par-
aformaldehyde and 0.5% Triton X-100, stained with Hoe-
chst dye, and EdU incorporation rates were calculated 
using ImageJ.

In Vivo tumor model in nude mice
Four-week-old BALB/c male nude mice were pur-
chased from China Extractive Medicine Kang Company. 
U251-sh-NC and U251-sh-FAM109B cells (5 × 105) were 
implanted into the brains of nude mice using a stereotac-
tic device (RWD Life Science, Shenzhen, China) to estab-
lish intracranial tumor models (n = 5 per group). Tumor 
formation and size were confirmed and evaluated on days 
0, 7, 14, and 21 using an IVIS spectrum real-time imaging 
system (Branford, USA), with corresponding body weight 
changes recorded. This study was approved by the Exper-
imental Animal Ethics Committee of Nanchang Univer-
sity (No. NCULAE-20221031035).

Statistical analysis
Data analysis was primarily performed using R (V 4.1.2), 
SPSS (V26.0), and GraphPad Prism (V 8.0). The “stats” 
and “car” R packages were used to analyze the correlation 
between FAM109B and clinical characteristics. Survival 
prognosis was evaluated using Kaplan–Meier curves. Cox 
regression analysis was employed to assess independ-
ent prognostic factors. The significance of differences 
was tested using Student’s t-tests. Correlations between 



Page 5 of 15Zhang et al. Journal of Translational Medicine          (2024) 22:833 	

variables were tested using Pearson or Spearman cor-
relation tests. Differences were considered significant at 
*p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.

Results
Pan‑cancer analysis of FAM109B expression
We explored the expression of FAM109B mRNA, 
by integrating various types of cancer databases 
(TCGA) and normal tissue databases (GTEx) (Fig. 2B). 
FAM109B was upregulated in BRCA, CHOL, DLBC, 
GBM, HNSC, KIRP, LAML, LGG, LIHC, LUAD, OV, 
PAAD, PCPG, SKCM, TGCT, and THYM. However, 
it was downregulated in ACC, ESCA, KICH, LUSC, 
THCA, UCEC, and UCS (Fig.  2A). Subsequently, we 
analyzed the correlation between FAM109B expres-
sion and 22 common immune infiltrating cells in 33 
types of tumors. FAM109B was closely associated with 
macrophages in ACC, BLCA, BRCA, COAD, DLBC, 
GBM, HNSC, KIRC, KIRP, LAML, LGG, LIHC, LUAD, 
LUSC, OV, PCPG, PRAD, READ, SARC, SKCM, STAD, 
TGCT, THCA, THYM, UCS, and UVM (Fig. 2C). Addi-
tionally, we analyzed the correlation between FAM109B 
expression and TMB. In KICH, THYM, MESO, ESCA, 
COAD, UCS, LGG, PAAD, GBM, LUSC, ACC, PRAD, 

OV, SARC, and LUAD, FAM109B expression was posi-
tively correlated with TMB levels (Fig. 2D).

To examine the prognostic significance of FAM109B 
expression in 33 types of tumors, we evaluated the cor-
relation between FAM109B expression and OS, PFI, 
and DSS. Univariate Cox regression analysis showed 
that FAM109B was a risk factor for OS in BLCA, 
LAML, LGG, and MESO (Supplementary Fig.  1A). 
Kaplan–Meier curves indicated that elevated FAM109B 
expression was significantly associated with reduced 
OS in BLCA, LAML, LGG, and MESO (Supplementary 
Fig.  1A). Cox regression analysis of PFI indicated that 
FAM109B was a risk factor for BLCA, LGG, and TGCT, 
while it was a protective factor in KIRP (Supplementary 
Fig.  1B). Kaplan–Meier curves showed that elevated 
FAM109B expression was associated with reduced 
Survival probability in BLCA, LGG, and TGCT, but 
extended Survival probability in KIRP (Supplementary 
Fig.  1B). Furthermore, DSS Cox regression analysis 
showed that FAM109B was a risk factor for GBM and 
LGG (Supplementary Fig. 1C). Similarly, Kaplan–Meier 
curves indicated that elevated FAM109B levels were 
associated with poor prognosis in GBM and LGG (Sup-
plementary Fig. 1C).

Fig. 2  Comprehensive pan-cancer analysis of FAM109B. A Expression of FAM109B in tumor tissues and corresponding normal tissues across 33 
types of cancer. B Expression of FAM109B in the pan-cancer dataset. Differences in immune infiltrating cells (C) and TMB (D) across different tumors. 
*p < 0.05, **p < 0.01, and ***p < 0.001
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Correlation between FAM109B expression and clinical 
features in LGG
Through the analysis of the Gravendeel database, we 
confirmed that FAM109B is highly expressed in LGG 
(Supplementary Fig. 2A). In order to verify the accuracy 
of FAM109B expression, we further evaluated the levels 
of FAM109B in tissue samples from patients with low-
grade glioma using qPCR, immunohistochemistry, and 
WB methods. Based on the cohort of patients from the 
Neurosurgery Center of the Second Affiliated Hospital 
of Nanchang University, qRT-PCR results showed that 
FAM109B was significantly upregulated in low-grade 
glioma tissues (n = 9) compared to normal brain tissues 
(n = 3) (Supplementary Fig.  2B). Immunohistochemical 
staining was significantly positive in LGG patients com-
pared to normal brain tissues (Supplementary Fig.  2G). 
The protein expression of FAM109B in LGG tissues 
was higher than that in normal tissues (Supplementary 
Fig.  2D, n = 3). The qPCR, WB results, and HPA data-
base findings were consistent, indicating that FAM109B 
is significantly enriched in glioma tissues compared to 
normal tissues (Supplementary Fig. 2F). We analyzed the 
relationship between FAM109B expression levels in LGG 
and clinical features such as age, gender, WHO grade, 
IDH mutation status, and 1p/19q co-deletion status. In 

the TCGA dataset, high FAM109B expression was closely 
associated with higher WHO grade, IDH wild-type sta-
tus, and non-co-deleted 1p/19q status (Fig.  3A). In the 
CGGA dataset, high FAM109B expression was asso-
ciated with IDH wild-type status and non-co-deleted 
1p/19q status (Supplementary Fig. 2E).

Prognostic relevance of FAM109B and establishment 
of clinical nomograms in LGG
Survival analysis of TCGA (Fig. 3C) and CGGA (Fig. 3F) 
datasets revealed that patients with high FAM109B 
expression had significantly worse prognosis compared 
to those with low FAM109B expression. The same result 
is found in the Gravendeel dataset (Supplementary 
Fig. 2C). ROC curve analysis showed that the AUC values 
for 1, 3, and 5-year OS in the TCGA dataset were 0.846, 
0.763, and 0.663 (Fig.  3C), while the AUC values in the 
CGGA dataset were 0.602, 0.716, and 0.688 (Fig.  3G). 
Additionally, univariate Cox analysis in the TCGA data-
set showed that FAM109B, age, IDH status, 1p/19q code-
letion, and WHO grade were high-risk factors, while 
multivariate Cox analysis indicated that FAM109B is an 
independent prognostic factor for LGG OS [hazard ratio 
(HR) 1.659, 95% CI (1.045–2.636); p = 0.032; Table  1]. 
Similarly, in the CGGA dataset, univariate Cox analysis 

Fig. 3  Correlation and prognosis analysis of FAM109B expression with clinical features of LGG patients. A Correlation analysis of FAM109B 
expression with clinical features in the TCGA dataset. Kaplan–Meier analysis of OS in low-grade glioma patients in the TCGA (B) and CGGA (F) 
datasets. ROC curves of OS in the TCGA (C) and CGGA (G) datasets. Construction of a nomogram model in the TCGA (D) and CGGA (H) datasets. 
Calibration plot validation in the TCGA (E) and CGGA (I) datasets. *p < 0.05, **p < 0.01, and ***p < 0.001
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showed that FAM109B, IDH status, and WHO grade 
were high-risk factors, and multivariate Cox analysis 
indicated that FAM109B is an independent prognos-
tic factor for LGG OS [hazard ratio (HR) 0.592, 95% CI 
(0.404–0.867); p = 0.007; Table  2]. Thus, FAM109B is 
an independent factor affecting the prognosis of LGG 

patients. To explore the potential clinical prognostic 
ability of FAM109B in LGG, we established nomogram 
models using the TCGA (Fig.  3D) and CGGA (Fig.  3H) 
datasets. Calibration plots indicated that the nomogram 
models had high accuracy in predicting 1/3/5-year OS in 
LGG patients (Fig.  3E, I). These results suggest that the 

Table 1  Univariate and multivariate analysis of FAM109B expression on overall survival in TCGA​

Characteristics Total (N) Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age 530

 ≤ 40 265

 > 40 265 2.898 (2.015–4.168) < 0.001 3.238 (2.099–4.996) < 0.001

Gender 530

 Female 238

 Male 292 1.112 (0.791–1.563) 0.542

IDH status 527

 WT 97

 Mut 430 0.184 (0.129–0.263) < 0.001 0.351 (0.221–0.557) < 0.001

1p/19q codeletion 530

 Non-codel 359

 Codel 171 0.401 (0.256–0.629) < 0.001 0.593 (0.351–1.003) 0.052

WHO grade 468

 G2 223

 G3 245 3.023 (2.022–4.519) < 0.001 1.847 (1.184–2.879) 0.007

FAM109B 530

 Low 264

 High 266 2.652 (1.827–3.847) < 0.001 1.659 (1.045–2.636) 0.032

Table 2  Univariate and multivariate analysis of FAM109B expression on overall survival in CGGA​

Characteristics Total (N) Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age 257

 ≤ 40 134

 > 40 123 0.894 (0.636–1.256) 0.518 0.932 (0.659–1.316) 0.687

Gender 257

 Female 112

 Male 145 1.352 (0.953–1.919) 0.091 1.677 (1.158–2.427) 0.006

IDH status 257

 WT 60

 Mut 197 0.459 (0.316–0.666) < 0.001 0.449 (0.292–0.689) < 0.001

WHO grade 257

 G2 96

 G3 161 0.344 (0.227–0.520) < 0.001 0.305 (0.200–0.464) < 0.001

FAM109B 257

 Low 130

 High 127 0.474 (0.335–0.672) < 0.001 0.592 (0.404–0.867) 0.007
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established nomogram models can accurately assess the 
prognosis of LGG patients.

DNA methylation of FAM109B in LGG
We used the MethSurv database to analyze differen-
tial methylation of CpG islands in the promoter region 
of FAM109B in gliomas. We found that three meth-
ylated CpGs of FAM109B (cg17916520, cg08057985, 
cg16740427) decreased with the increase in tumor grade 
(Fig.  4A). Kaplan–Meier curves indicated that patients 
with high methylation of FAM109B had better prognosis 
compared to those with low methylation (Fig. 4B).

Functional enrichment analysis of differentially expressed 
genes (DEGs) associated with FAM109B expression in LGG
To analyze the molecular mechanisms associated with 
differential expression of FAM109B, we performed GO 
and KEGG enrichment analysis of DEGs screened from 
the TCGA and CGGA datasets. GO analysis results 
showed that in both the TCGA (Fig.  4C) and CGGA 
(Fig.  4D) datasets, DEGs were closely related to leuko-
cyte-mediated immunity, positive regulation of leuko-
cyte activation, immune response regulatory signaling 
pathways, plasma membrane signaling receptor complex, 
and leukocyte cell–cell adhesion. KEGG analysis results 
showed that in the TCGA (Fig. 4E) and CGGA (Fig. 4F) 
datasets, DEGs were closely related to cytokine-cytokine 
receptor interaction, cell adhesion molecules, PI3K-AKT, 
p53, IL17, and MAPK signaling pathways.

Correlation between FAM109B and immune cell infiltration 
and tumor microenvironment in LGG
To further investigate the potential role of FAM109B in 
gliomas, we used the ssGSEA algorithm to calculate the 
infiltration levels of 24 immune cell types in the TCGA 
dataset. We found that FAM109B expression was posi-
tively correlated with infiltration levels of macrophages, 
neutrophils, eosinophils, cytotoxic cells, and aDC, while 
negatively correlated with pDC (Fig.  5A, B). Using the 
TIMER algorithm to further estimate the infiltration of 
six immune cell types, we similarly found that FAM109B 
was positively correlated with macrophages and neutro-
phils (Supplementary Fig.  3A). Additionally, single-cell 
sequencing analysis of gliomas revealed that FAM109B 
was primarily expressed in macrophages (Fig.  5C). Fur-
ther analysis of the correlation between FAM109B and 
markers of macrophage M1 (IL12A, NOS2, PTGS2, 
CCL3, and TNF) and macrophage M2 (TGFB1, IL10, 
CD163, and CSF1R) using TCGA and CGGA datasets 
showed that FAM109B was positively correlated with 
M2 markers (Fig. 5D). Next, we analyzed the relationship 
between FAM109B and the expression of immune check-
points (ICs) and found that FAM109B was positively 

correlated with most ICs in both the TCGA and CGGA 
datasets (Fig. 5E), with detailed analysis of eight key ICs 
(Fig.  5F, Supplementary Figure S3B). Finally, we investi-
gated the correlation between FAM109B and chemother-
apy drug sensitivity, finding that FAM109B was closely 
associated with lower inhibitory concentration (IC50) 
of common chemotherapy drugs, indicating that tumors 
with high FAM109B expression are more sensitive to 
these chemotherapy drugs (Supplementary Figure S3C, 
D).

Correlation between FAM109B and genomic variations 
in LGG
By identifying significantly altered regions of amplifica-
tion or deletion in low-grade glioma patients, we found 
that FAM109B was negatively correlated with copy num-
ber variations (CNV) (Fig. 6A). The amplification of the 
gene set CNV predicted poorer prognosis compared to 
WT (Fig.  6B). Mutation analysis further revealed that 
isocitrate dehydrogenase 1 (IDH1) was the most com-
monly mutated gene in FAM109B expression (Fig.  6C). 
Kaplan–Meier curves showed that LGG patients with 
higher FAM109B expression and TMB levels had poorer 
OS (Fig. 6D).

In vitro experiments of FAM109B in LGG
Colony formation assays showed that knocking out 
FAM109B significantly reduced cell colonies compared 
to the NC group (Fig. 7A, C). EdU assays indicated that 
knocking out FAM109B significantly inhibited cell pro-
liferation (Fig.  7B, D). CCK-8 assay results showed that 
silencing FAM109B significantly reduced the viability of 
SW1088 cells (Fig. 7E).

In vivo experiments of FAM109B in nude mice
To study the effect of FAM109B on glioma growth 
in  vivo, we implanted U251 cells with stable FAM109B 
knockdown into nude mice to establish a tumor model. 
Compared to the control group, the tumors in the sh-
FAM109B group mice were significantly smaller and 
grew slower (Fig.  7F, G). The sh-FAM109B group mice 
experienced slower weight loss and had longer sur-
vival times compared to the control group (Fig.  7H, I). 
Additionally, compared with the control group, the sh-
FAM109B group showed a significant decrease in M2 
macrophages (CD163) (Fig. 7J).

Discussion
Gliomas are the most common and deadliest central 
nervous system tumors [28]. With the advancement 
of science and technology, surgery and radiochemo-
therapy have significantly improved the survival rate 
of glioma patients. However, the median survival of 
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Fig. 4  Methylation and functional enrichment analysis of FAM109B expression. A With increasing tumor grade, the methylation CpGs of FAM109B 
in glioma patients significantly decrease. B Kaplan–Meier curves show that lower methylation is associated with poorer prognosis. GO analysis 
of DEGs based on FAM109B expression levels in LGG patients in the TCGA (C) and CGGA (D) datasets. KEGG analysis of DEGs based on FAM109B 
expression levels in LGG patients in the TCGA (E) and CGGA (F) datasets
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patients with low-grade gliomas remains poor, approxi-
mately 5–7  years. The median survival of patients with 
high-grade tumors is even worse, about 9–10  months 
[29]. Therefore, finding new and effective treatments 

to improve the therapeutic outcomes and overall sur-
vival of glioma patients is crucial [30]. FAM109B has 
only been reported as one of the main biomarkers in 
breast cancer [12], and its performance in other cancers 

Fig. 5  Immune cell infiltration and single-cell analysis of FAM109B expression. A Lollipop plot showing the correlation between FAM109B 
expression and common immune cell infiltration. B Detailed analysis of the correlation between FAM109B expression and macrophages, 
neutrophils, and eosinophils. C FAM109B expression in single-cell data of glioma patients. D Correlation between FAM109B expression and markers 
of M1 and M2 macrophages in LGG patients in the TCGA and CGGA datasets. E Correlation between FAM109B and immune checkpoints (ICs) 
in LGG patients in the TCGA and CGGA datasets. F Detailed analysis of the correlation between FAM109B and the most common eight immune 
checkpoints (ICs) in LGG patients in the TCGA dataset
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is unclear. Its role in the pathophysiological develop-
ment of central nervous system tumors is also unknown. 
In this study, we fully utilized transcriptomic data from 
the TCGA and CGGA databases to show through pan-
cancer analysis that FAM109B is upregulated in 19 tumor 
types and significantly elevated in low-grade gliomas. 
FAM109B is closely associated with macrophages and 
higher TMB. Univariate Cox regression analysis showed 
that FAM109B expression is significantly associated 
with poor prognosis in BLCA, LAML, LGG, and MESO. 
Thus, FAM109B plays a crucial role in multiple tumor 
types, making it imperative to explore its potential role 
in tumors.

To investigate the role of FAM109B in gliomas, we 
analyzed data from the TCGA, CGGA, and HPA data-
bases, finding that FAM109B expression in glioma tis-
sues was significantly higher than in normal tissues at 
both the transcript and protein levels. Clinical studies 
on tissue samples from patients with low-grade gliomas 

also showed high expression of FAM109B in low-grade 
gliomas. Univariate and multivariate Cox regression 
analyses indicated that FAM109B is an independent 
prognostic factor for LGG patients. Based on the Cox 
regression analysis results, we constructed a clinical 
nomogram model to predict the 1-, 3-, and 5-year OS of 
LGG patients and validated its accuracy using calibration 
curves. Additionally, FAM109B expression significantly 
increased with tumor grade and was considerably cor-
related with the clinical characteristics of LGG patients. 
DNA methylation plays an essential role in complex 
diseases and is crucial for interactions between tumors 
and immune cells [31]. Analysis of FAM109B promoter 
methylation showed that FAM109B methylation CpGs 
decreased with increasing tumor grade, and low meth-
ylation was associated with poorer prognosis. FAM109B 
DNA methylation might also regulate its expres-
sion and influence the prognosis of glioma patients. 
Finally, in vitro studies showed that silencing FAM109B 

Fig. 6  Correlation analysis of FAM109B expression with genomic variations in LGG. A Correlation between FAM109B expression and copy number 
variations (CNV). B Kaplan–Meier curves show that CNV amplification is associated with poorer prognosis. C Waterfall plot showing the top 20 
mutated genes based on FAM109B expression. D Kaplan–Meier curves showing the prognostic differences between high and low FAM109B 
expression groups with different TMB levels

Fig. 7  Validation analysis of FAM109B expression in vitro and in vivo experiments. Effects of FAM109B knockout on colony formation of SW1088 
cells (A) and statistical analysis (C). Representative images of EdU assay (B) and statistical analysis (D) after FAM109B knockout in SW1088 cells. E 
Cell viability of SW1088 cells in the sh-NC and sh-FAM109B groups detected by CCK-8 assay. In vivo bioluminescence imaging (G) and statistical 
analysis (F) on days 0, 7, 14, and 21 from the sh-NC and sh-FAM109B groups infected with lentivirus. Weight (H) and Kaplan–Meier survival analysis 
(I) of nude mice. J M2 macrophages in tumor lesions of both groups were detected using CD163 immunostaining. The magnification was ×20. 
*p < 0.05, **p < 0.01, and ***p < 0.001

(See figure on next page.)
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Fig. 7  (See legend on previous page.)
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expression significantly reduced the proliferation capac-
ity of LGG cells. In vivo studies demonstrated that silenc-
ing FAM109B expression significantly inhibited glioma 
growth, confirming the critical role of FAM109B in gli-
oma cell proliferation. In summary, FAM109B is involved 
in more aggressive biological processes in gliomas, and 
studying its potential role in glioma pathogenesis and val-
idating it as a potential biomarker for LGG is meaningful.

The tumor microenvironment (TME) consists of vari-
ous immune cell types and plays a crucial role at every 
stage of tumor initiation, progression, invasion, intrava-
sation, metastatic dissemination, and growth, as well as 
in the development of chemoresistance [32–34]. Tumor-
associated macrophages (TAMs) are a vital component 
of the TME and represent the most abundant type of 
tumor-infiltrating immune cells [35, 36]. TAMs are asso-
ciated with microvessel density in tumor tissues and play 
important roles in tumor progression, immune suppres-
sion, invasion, and metastasis [37, 38]. TAMs are gener-
ally categorized into M1-type macrophages (M1) and 
M2-type macrophages (M2). M1 macrophages release 
tumor-killing molecules (such as ROS and NO) and 
exhibit cytotoxic effects on tumor cells [39, 40]. In con-
trast, M2 macrophages suppress T-cell-mediated anti-
tumor immune responses, promote tumor angiogenesis, 
and facilitate tumorigenesis and metastasis [37, 41]. In 
this study, we found that FAM109B is closely related to 
the immune functions of TAMs in LGG. Analyzing the 
potential biological functions of FAM109B revealed that 
DEGs are significantly associated with processes such 
as leukocyte-mediated immunity, regulation of immune 
response signaling pathways, plasma membrane signal 
receptor complexes, and leukocyte-cell adhesion, as well 
as pathways like cytokine-cytokine receptor interac-
tion, PI3K-AKT, MAPK, and p53. Single-cell analysis of 
gliomas indicated that FAM109B expression is primar-
ily associated with macrophages. TIMER and ssGSEA 
algorithm analyses demonstrated a positive correlation 
between FAM109B and macrophages in low-grade glio-
mas. Additionally, in the TCGA and CGGA databases, 
FAM109B was positively correlated with M2 macrophage 
markers. Thus, the immune role of FAM109B in low-
grade gliomas may be attributed to TAMs. TAM infiltra-
tion is closely associated with poor prognosis in cancer 
patients, and targeting TAMs is a potentially attractive 
therapeutic strategy [35].

Genomic variations play a critical role in tumor 
immune infiltration and prognosis [42, 43]. Through 
somatic mutation analysis detecting genetic variations, 
we found that IDH1 is the most common mutated 

gene in FAM109B expression, while isocitrate dehy-
drogenase 1 (IDH1) is the most frequently mutated 
gene in WHO grade II–III gliomas [44]. The mutation 
of IDH1 is crucial for the diagnosis and treatment of 
gliomas, and genomic variations appear to influence 
FAM109B gene expression and prognosis, indicating 
significant functional implications. Immunotherapy 
holds great promise for LGG patients, but its progress 
in gliomas remains challenging [45]. Immune check-
point inhibitors (ICIs) inhibit tumor cell growth by 
enhancing anti-tumor activity, bringing revolutionary 
changes and vast prospects for cancer treatment [46, 
47]. We found that FAM109B is positively correlated 
with common immune checkpoints (ICs), suggesting 
that FAM109B has potential as a targeted inhibitor for 
cancer therapy. Temozolomide (TMZ) is widely used 
for treating gliomas, but its efficacy is often limited by 
resistance [48]. We found that FAM109B is highly sen-
sitive to PLK1 inhibitors (BI-2536, GSK461364), PI3K 
and mTOR inhibitors (PI-103), non-lipid ceramidase 
inhibitors (ceranib-2), FAAH inhibitors (LY2183240), 
chemokine receptor CXCR2 non-peptide antagonists 
(SB225002), MET receptor tyrosine kinase inhibitors 
(Tivantinib), HDAC inhibitors (AR-42), HDAC6 inhibi-
tors (CAY10603), and HDAC inhibitors (Tubastatin A), 
suggesting that FAM109B may be a potential predictor 
of chemosensitivity in LGG patients.

This study proposes that FAM109B becomes a new 
prognostic biomarker in low-grade gliomas and is a 
promising immunotherapeutic target, providing new 
indicators for individualized precision treatment of 
patients. Our study has certain limitations. First, we 
did not thoroughly investigate the role of FAM109B in 
high-grade gliomas to confirm that FAM109B is a reli-
able immunotherapeutic target for glioma patients. 
Second, we did not verify the specific expression of 
FAM109B in M2-like macrophages and the experi-
ments related to FAM109B-induced M2-like mac-
rophage polarization. These limitations will guide our 
future research directions.

Conclusions
FAM109B is significantly upregulated in various tumor 
tissues and is associated with poor prognosis. As a 
new prognostic biomarker for LGG, FAM109B may 
be a potential therapeutic target for LGG patients. 
FAM109B shows specific overexpression in TAMs and 
is closely related to the immunological characteristics 
of low-grade gliomas.
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