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Abstract: As a guanylate binding protein (GBPs) member, GBP3 is immune-associated and may 
participate in oncogenesis and cancer therapy. Since little has been reported on GBP3 in this field, we 
provide pan-cancer bioinformatics to investigate the role of GBP3 in human cancers. The GBP3 
expression, related clinical outcomes, immune infiltrates, potential mechanisms and mutations were 
conducted using tools including TIMER2.0, GEPIA2.0, SRING, DAVID and cBioPortal. Results 
showed an increased risk of high GBP3 in Brain Lower Grade Glioma (LGG) and Lung Squamous 
Cell Carcinoma (LUSC) and a decreased risk of GBP3 in Sarcoma (SARC) and Skin Cutaneous 
Melanoma (SKCM) (p ≤ 0.05). GBP3 was negatively correlated with CAFs in Esophageal 
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Adenocarcinoma (ESCA) and positively correlated with CAFs in LGG, LUSC and TGCG (p ≤ 0.05). 
In addition, GBP3 was positively correlated with CD8+ T cells in Bladder Urothelial Carcinoma 
(BLCA), Cervical Squamous Cell Carcinoma (CESC), Kidney Renal Clear Cell Carcinoma (KIRC), 
SARC, SKCM, SKCM-Metastasis and Uveal Melanoma (UVM) (p ≤ 0.05). Potentially, GBP3 may 
participate in the homeostasis between immune and adaptive immunity in cancers. Moreover, the most 
frequent mutation sites of GBP3 in cancers are R151Q/* and K380N. This study would provide new 
insight into cancer prognosis and therapy. 

Keywords: GBP3; cancer; prognosis; immune infiltrates; mutation 
 

1. Introduction 

Guanylate binding proteins (GBPs) are the dominant factors fighting against pathogens invading 
the organic body, thus regulating innate immunity [1]. GBPs constitute many interferon (IFN) 
inducible GTPases in mammals and present seven subtypes (GBP1-7) in the human body [2,3]. 
Recently, GBP orthologues have been reported in numerous cancer studies, including GBP1, GBP2 and 
GBP3 [4−6]. Indeed, the roles and mechanisms of GBP1 and GBP2 in many tumors have been well 
understood. Briefly, the oncogenic role of GBP1 has been reported in cervical cancer [7], lung cancer [8,9], 
glioblastoma [10] and prostate cancer [11]. Likewise, GBP2 plays critical roles in glioblastoma [12], breast 
cancer [5,13,14], pancreatic cancer [15] and colorectal cancer [16]. Xu et al. [17] demonstrated the 
potential targeting treatment of GBP3 for glioblastoma. However, little research has been established 
to discover the function and molecular mechanism of GBP3 enrolled in different cancers, especially 
the expression, mutation, prognostic outcome and immune effects. 

For decades, many databases have been launched to identify the characteristics and oncogenic 
roles of genes and proteins in different cancers, where The Cancer Genome Atlas (TCGA) is the most 
popular one [18]. In addition, the Genotype-Tissue Expression (GTEx) project helps screen the genetic 
variation of normal tissue in humans [19]. Under the convenience of these cancer research projects, 
pan-cancer analysis is available to generate a specific observation of an exciting gene in the tumor 
microenvironment, cancer progression and outcome. In the tumor microenvironment, many factors 
influence the progress of the tumor and the potential therapeutic methods, which include PH, 
inflammation, microorganisms and immune infiltration [20−22]. Immune infiltration often relates to 
the immune responses or checkpoints in tumor immunotherapy [23−25]. Therefore, understanding the 
relationship between a particular gene with immune infiltration would help find novel therapy or 
prognosis for cancer. 

In this research, we analyzed the expression and function of GBP3 in multiple cancers based on 
TCGA data. The clinical outcome, immune infiltration correlation, mutation and related molecular 
mechanism of GBP3 were also calculated. Our study may give a snapshot of understanding the 
oncogenic and immune role of GBP3, in especially, the mutation sites, e.g., R151Q/* and K380N 
are listed. 
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2. Materials and methods 

2.1. Gene expression analysis 

The expressions of GBP3 in different cancer and normal tissue in TGCA and GTEx were 
analyzed using TIMER2.0 (http://timer.cistrome.org/) [26,27] and GIPIA2 (http://gepia2.cancer-
pku.cn/#index) [28,29] separately. First, GBP3 was submitted to TIMER2.0 using the feature 
“Gene_DE” to obtain its expression using log2TPM by Wilcoxon test in TCGA. Also, GBP3 was 
submitted to GEPIA2.0 using the pane “Expression DIY” with the feature “Gene expression Profile” 
under the algorithm of ANOVA methods. Both TCGA normal and GTEx data were matched. 
Parameters included |Log2FC| cutoff at 1.5, q-value cutoff at 0.05. Then, a Venn plot was performed to 
show the interaction results between TIMER2.0 and GIPIA2. 

2.2. Clinical outcome analysis 

The clinical outcome analysis was also conducted using TIMER2.0 (http://timer.cistrome.org/) [26,27] 
and GIPIA2 (http://gepia2.cancer-pku.cn/#index) [28,29] separately. Briefly, GBP3 was submitted to 
GEPIA2.0 using the pane “Survival Analysis” under the algorithm of Overall Survival (OS) and 
Disease Free Survival (DFS) methods with the group cutoff at 50%. The survival map feature was also 
obtained with the significant level at 0.05 and group cutoff at 50% but without P-Value Adjustment. 
Moreover, the OS analysis was also generated using the pane “Gene_Outcome” in TIMER2.0. 

2.3. Immune infiltration analysis 

The relationships of GBP3 and immune infiltrates of cancer-associated fibroblasts (CAFs), CD8 
positive T cells and macrophages were obtained using TIMER2.0 (http://timer.cistrome.org/) [26,27] 
with the feature “Immune”. In addition, multiple covariates of GBP3 and aforementioned immune 
infiltrates for cancer outcome (Overall Survival) were also analyzed using a multivariable Cox 
proportional hazard model. Afterward, a heatmap showing the normalized coefficients of infiltrate will 
be displayed across multiple cancer types. 

2.4. GBP3-related factor analysis 

Protein-Protein Interaction (PPI) was performed using STRING 11.5 (https://string-
db.org/cgi/input.pl) [30]. Briefly, GBP3 was submitted to STRING websites, and the parameters were 
100 max interactions in Homo Sapiens. Then, all factors related to GBP3 were enriched by DAVID 
(https://david.abcc.ncifcrf.gov/) [31] with GO_term BP (biological process) and KEGG pathway. 

2.5. Gene mutation analysis 

The mutation of GBPs in multiple cancers was analyzed using cBioPortal (http://cbioportal.org) [32]. 
The 3D structure of GBP3 was also presented. 
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3. Results 

3.1. GBP3 expressed differently in cancers 

To best reveal the expression of GBP3 in different cancers, and normal tissues, TCGA and GETx 
data were included in this study. Figure 1A shows GBP3 significantly upregulated in BRCA, CHOL, 
ESCA, GBM, HNSC, KIRC, STAD and THCA, whereas down-regulated in COAD, KICH, LUSC, 
PCPG, PRAD and PEAD when to compare with normal tissues in TCGA data. Furthermore, GBP3 
was down-regulated in SKCM compared with SKCM-metastasis in TCGA data. 

In TCGA and GTEx data, GBP3 was significantly higher in DLBC, GBM, LAML, LGG, 
PAAD and STAD than in normal tissues and significantly lower in KICH and UCS than in normal 
tissues (Figure 1B). 

Thus, it reveals that GBP3 was significantly upregulated in two cancer types and down-regulated 
in one in both TCGA and GTEx databases (Figure 1C). The two cancer types that presented 
upregulated GBP3 were GBM and STAD and the one cancer that presented downregulated GBP3 was 
KICH (Figure 1D). 

 

Figure 1. A pan-cancer analysis for GBP3 expression. (A) GBP3 levels in TCGA database. 
Red indicates tumor, blue indicates normal and purple indicates metastasis. (B) GBP3 level 
in TCGA and GTEx databases. Red indicates the tumor, and green indicates the normal. 
(C) Venn plot shows the GBP3 expressed significantly in (A) and (B). (D) GBM, STAD 
and KICH are the intersection cancer types with significantly expressed GBP3 (A) and (B). 
* p < 0.05, ** p < 0.01, *** p < 0.001. 
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3.2. The level of GBPs correlates with different outcomes in cancers 

The clinical outcomes were shown separately using a survival map and Kaplan-Meier plots from 
GEPIA2.0 (Figure 2A and B) and TIMER 2.0 (Figure 2C). Figure 2A shows that GBP3 is the 
increasing risk in LGG and LUSC and is the decreasing risk in KIRC, SARC and SKCM in overall 
survival (OS). Also, GBP3 is the increasing risk in LGG in disease-free survival (DFS), as revealed in 
GEPIA2.0 (Figure 2B). To better affirm it, the OS results of GBP3 in cancers were also submitted to 
TIMER2.0. As Figure 2C shows, GBP3 is the increasing risk in LGG, LUSC, PAAD and UVM, while 
is the decreasing risk in BLCA, MESO, SARC, SKCM and SKCM-Metastasis in TIMER2.0. 
TIMER2.0 and GEPIA2.0 revealed that patients with low GBP3 levels have better OS rates in LGG 
and LUSC, while low GBP3 level patients have worse OS rates in SARC and SKCM. 

 

Figure 2. GBP3 related clinical outcome in cancers. (A) Overall survival of GBP3 in GEPIA2.0. 
(B) Disease-free survival of GBP3 in GEPIA2.0. (C) Overall survival of GBP3 in TIMER2.0. 
Red indicates increasing risk, and blue indicates decreasing risk. 

3.3. GBP3 is associated with CAFs in cancers 

The relationships between GBP3 and immune infiltrates, including cancer-associated fibroblasts 
(CAFs), CD8+ T cells and macrophages, are shown in Figures 3 and 4. Indeed, GBP3 is negatively 
correlated with CAFs in ESCA (p ≤ 0.05) with all CAF algorithms (EPIC, MCPCOUNTER and 
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XCELL) and Tumor Immune Dysfunction and Exclusion (TIDE) algorithm. On the contrary, GBP3 is 
positively correlated with CAFs in LGG, LUSC and TGCG (p ≤ 0.05) with the four algorithms above 
(Figure 3). Differently, GBP3 positively correlates with CD8+ T cells in BLCA, ESEC and UVM in 
all algorithms, including TIMER, EPIC, MCPCUNTER, CIBERSORT, CIBERSORT-ABS, 
QUNTISEQ and XCELL. Moreover, GBP3 positively correlates with CD8+ T cells in SARC, SKCM 
and SKCM-Metastasis not only in the seven algorithms above but also in T cell CD8+ naïve_XCELL, 
T cell CD8+ central memory_XCELL and T cell CD8+ effector memory_XCELL (Figure 4A). In 
contrast, the situation of GBP3 with macrophage in cancers was complicated. Figure 4B shows GBP3 
positively correlates with macrophage in BRCA, GBM, KICH, KIRC, LGG, LUAD and PRAD in 
EPIC, TIMER and XCELL algorithms. Moreover, GBP3 negatively correlates with M0 macrophage 
in CESC, GBM and KIRC in CIBERSORT and CIBERSORT-ABS algorithms. The relationship 
between GBP3 and M1 macrophage is positively relative in BRCA-Basal, CESC, ESCA, GBM, HNSC, 
HNSC-HPV-, KIRC, LGG, LUSC, LUAD, PCPG, SARC, SKCM-Metastasis, STAD and THYM 
within the algorithms of CIBRSORT, CIBERSORT-ABS, QUANTISEQ and XCELL. In addition, 
GBP3 is also positively associated with M2 macrophage in LGG and LIHC within the algorithms of 
CIBRSORT, CIBERSORT-ABS, QUANTISEQ and XCELL. 

 

Figure 3. The correlation between GBP3 and CAFs in TCGA cancer types. (A) Heatmap 
shows GBP3 is associated with CAFs in ESCA, LGG, LUSC and TGCT. Blue indicated a 
negative correlation, and red indicated a positive correlation. (B) Gene plots show the 
correlation between GBP3 and CAFs in ESCA, LGG, LUSC and TGCG, respectively. 
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Figure 4. The correlation between GBP3 and (A) CD8+ T cells and (B) macrophage in 
TCGA cancer types. 

To better uncover the function of GBP3 and its related immune infiltrates for clinical outcomes 
in cancers, the OS rates between GBP3 and CAFs (Figure 5), CD8+ T cells (Figure S1) and 
macrophages (Figure S2) were observed. GBP3 and CAFs positively correlate with KIRP’s OS rate 
with all algorithms, including TIDE, XCELL, MCPCOUNTER and EPIC. Besides, for the CAF TIDE 
algorithm, GBP3 presents a positive correlation in ACC, BLCA, BRCA-LumB, CESC, HNSC-HPV+, 
KICH, LGG, MESO, STAD and THCA. For the CAF XCELL algorithm, GBP3 presents a positive 
correlation in KICH, OV, READ and THCA, whereas GBP3 presents a negative correlation in HNSC-
HPV+ and SARC. For the MCPCOUNTER algorithm, GBP3 shows a positive correlation in ACC, 
BLCA, BRCA-LumB, GBM, KIRC, LGG, OV, READ and UVM. For the EPIC algorithm, GBP3 
presents a positive correlation in ACC, BLCA, BRCA-LumB, GBM, KIRC, LGG, MESO and OV 
(Figure 5A). In the meantime, low levels of CAFs with a low level of GBP3 showed better OS rates 
than high levels of CAFs with a low level of GBP3 in KIRP cancer in all CAF algorithms (EPIC, 
MCPCOUNTER, XCELL and TIDE) (Figure 5B). However, there is no apparent rhythm between 
GBP3 and CD8+ T cells/macrophage by OS rate. 
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Figure 5. The overall survival (OS) of GBP3 & CAFs in TCGA cancer types. (A) OS map. 
(B) Kaplan-Meier plots of significant cancer types in (A). 

3.4. GBP3 and its related molecules in oncogenic and anti-cancerous mechanism 

We used the STRING web tool to find the related molecules to GBP3 and limited the max number 
to 100. As shown by the PPI (Figure 6A), there were only 31 proteins related to GBP3. The top 10 
biological processes GO terms ranked by -Log10FDR, include type I interferon signaling pathway, 
defense response to the virus, response to virus, interferon-gamma-mediated signaling pathway, 
negative regulation of viral genome replication, positive regulation of calcidiol 1-monooxygenase 
activity, interleukin-1 beta production, immune response, innate immune response and positive 
regulation of chemokine biosynthetic process (Table 1, Figure 6B). Moreover, the top 10 enriched 
KEGG pathways were Influenza A, Herpes simplex infection, Measles, Hepatitis C, RIG-I-like 
receptor signaling pathway, Pertussis, Toll-like receptor signaling pathway, Osteoclast differentiation, 
NOD-like receptor signaling pathway, Cytosolic DNA-sensing pathway (Table 2, Figure 6C). 

 

Figure 6. The molecules related to GBP3 and potential mechanism in oncogenesis. (A) PPI 
network. (B) Top 10 enrichments of GO term_BP. (C) Top 10 enrichments of KEGG pathway. 
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Table 1. GBP3-related molecules enriched biological process GO terms. 

Category Term Count % PValue Genes 
Fold 

Enrichment 
Bonferroni Benjamini FDR 

GOTERM_BP

_DIRECT 

GO:0060337~typ

e I interferon 

signaling 

pathway 

16 51.6129 1.31×10−29 

RSAD2, STAT1, MX2, MX1, 

ISG15, IFIT1, PSMB8, IFIT3, 

IFIT2, OASL, OAS2, IRF1, OAS3, 

IRF7, GBP2, IRF9 

135.4194 5.26×10−27 4.40×10−27 4.06×10−27 

GOTERM_BP

_DIRECT 

GO:0051607~def

ense response to 

virus 

19 61.29032 2.19×10−29 

RSAD2, STAT1, MX2, MX1, 

ISG15, IFIT1, DDX60, IFIT3, 

IFIT2, OASL, CXCL10, IFNG, 

OAS2, IRF1, OAS3, NLRP3, GBP1, 

IRF9, GBP3 

62.37498 8.80×10−27 4.40×10−27 4.06×10−27 

GOTERM_BP

_DIRECT 

GO:0009615~res

ponse to virus 
15 48.3871 1.51×10−23 

RSAD2, MX2, MX1, IFI44, IFIT1, 

DDX60, TNF, IFIT3, IFIT2, OASL, 

IFIH1, IFNG, OAS2, OAS3, IRF7 

73.8651 6.06×10−21 2.02×10−21 1.86×10−21 

GOTERM_BP

_DIRECT 

GO:0060333~int

erferon-gamma-

mediated 

signaling 

pathway 

10 32.25806 3.38×10−15 
IFNG, STAT1, OAS2, IRF1, OAS3, 

IRF7, GBP2, GBP1, IRF9, OASL 
76.29259 1.34×10−12 3.39×10−13 3.13×10−13 

GOTERM_BP

_DIRECT 

GO:0045071~ne

gative regulation 

of viral genome 

replication 

7 22.58065 7.03×10−11 
RSAD2, OAS3, MX1, ISG15, 

IFIT1, TNF, OASL 
94.79355 2.82×10−08 5.65×10−09 5.21×10−09 

GOTERM_BP

_DIRECT 

GO:0060559~po

sitive regulation 

of calcidiol 1-

monooxygenase 

activity 

3 9.677419 9.25×10−06 IFNG, IL1B, TNF 541.6774 3.71×10−03 6.20×10−04 5.72×10−04 

GOTERM_BP

_DIRECT 

GO:0032611~int

erleukin-1 beta 

production 

3 9.677419 3.08×10−05 IL1B, CASP1, NLRP3 325.0065 0.012287 0.001766 0.00163 

GOTERM_BP

_DIRECT 

GO:0006955~im

mune response 
7 22.58065 8.54×10−05 

CXCL10, IFNG, OAS2, IL1B, 

OAS3, GBP2, TNF 
9.006513 0.033743 0.004285 0.003955 

GOTERM_BP

_DIRECT 

GO:0045087~inn

ate immune 

response 

7 22.58065 9.59×10−05 
IFIH1, MX2, MX1, IRF7, NLRP3, 

DDX60, IRGM 
8.818005 0.037833 0.004285 0.003955 

GOTERM_BP

_DIRECT 

GO:0045080~po

sitive regulation 

of chemokine 

biosynthetic 

process 

3 9.677419 1.38×10−04 IFNG, IL1B, TNF 162.5032 0.053825 0.005532 0.005106 

 



9520 

Mathematical Biosciences and Engineering  Volume 20, Issue 5, 9511–9529. 

Table 2. GBP3-related molecules enriched KEGG pathways. 

Category Term Count % PValue Genes 
Fold 

Enrichment 
Bonferroni Benjamini FDR 

KEGG_PATH

WAY 

hsa05164:Infl

uenza A 
14 45.16129 2.61×10−17 

RSAD2, STAT1, MX1, TNF, IFIH1, 

CXCL10, IFNG, OAS2, IL1B, 

OAS3, CASP1, IRF7, NLRP3, IRF9 

27.67414 1.59×10−15 1.59×10−15 9.91×10−16 

KEGG_PATH

WAY 

hsa05168:Her

pes simplex 

infection 

10 32.25806 4.03×10−10 
IFIH1, IFNG, STAT1, OAS2, IL1B, 

OAS3, IRF7, IFIT1, TNF, IRF9 
18.79508 2.46×10−08 1.23×10−08 7.66×10−09 

KEGG_PATH

WAY 

hsa05162:Mea

sles 
9 29.03226 9.99×10−10 

IFIH1, IFNG, STAT1, OAS2, IL1B, 

OAS3, MX1, IRF7, IRF9 
23.27481 6.10×10−08 2.03×10−08 1.27×10−08 

KEGG_PATH

WAY 

hsa05160:Hep

atitis C 
8 25.80645 3.58×10−08 

STAT1, OAS2, IRF1, OAS3, IRF7, 

IFIT1, TNF, IRF9 
20.68872 2.18×10−06 5.46×10−07 3.40×10−07 

KEGG_PATH

WAY 

hsa04622:RIG

-I-like receptor 

signaling 

pathway 

5 16.12903 3.40×10−05 IFIH1, CXCL10, IRF7, ISG15, TNF 24.56786 0.00207 4.14×10−04 2.58×10−04 

KEGG_PATH

WAY 

hsa05133:Pert

ussis 
5 16.12903 4.46×10−05 IL1B, IRF1, CASP1, NLRP3, TNF 22.93 0.002719 4.54×10−04 2.83×10−04 

KEGG_PATH

WAY 

hsa04620:Toll

-like receptor 

signaling 

pathway 

5 16.12903 1.73×10−04 CXCL10, STAT1, IL1B, IRF7, TNF 16.22406 0.010484 0.001506 9.38×10−04 

KEGG_PATH

WAY 

hsa04380:Oste

oclast 

differentiation 

5 16.12903 3.90×10−04 IFNG, STAT1, IL1B, TNF, IRF9 13.12786 0.023512 0.002974 0.001852 

KEGG_PATH

WAY 

hsa04621:NO

D-like 

receptor 

signaling 

pathway 

4 12.90323 4.52×10−04 IL1B, CASP1, NLRP3, TNF 24.56786 0.027173 0.00306 0.001906 

KEGG_PATH

WAY 

hsa04623:Cyt

osolic DNA-

sensing 

pathway 

4 12.90323 6.69×10−04 CXCL10, IL1B, IRF7, CASP1 21.49688 0.040014 0.003711 0.002312 

3.5. GBP3 mutation in cancers 

The mutation frequency of GBP3 in TCGA cancer types was conducted by cBioPoral. Figure 7A 
indicates that GBP3 mutation mostly happened in UCEC. Among these mutations, missense is the 
major type. Moreover, the R151Q/* site in GBP3 was the most common, with one R151Q site and one 
R151* site in UCEC, one R151Q site in GBM and one R151Q site in COAD. Furthermore, the K380N 
site in GBP3_C was the most frequent, with two cases in UCEC and one in COAD (Figure 7B). In 
addition, the R151Q/* site and K380N site in the GBP3 structure are shown in Figure 7C. 
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Figure 7. Mutation frequency of GBP3 in TCGA. (A) GBP3 mutation in cancer types. (B) 
GBP3 mutation types. (C) GBP3 3D structure and the mutation sites. 

4. Discussion 

GBP3 is one of the GBP families acknowledged as innate immunity modulators[1]. Since GBPs 
have raised their oncogenic roles in cancers, many reports have tried to find how they work. Moreover, 
GBP1 and GBP2 are mostly investigated [4,5,11,12]. GBP3 is highly related to GBP1 and GBP2 in 
PPI and, thus, may present a similar function. Recently, some researchers observed the molecular 
mechanisms of GBP3 in oncogenesis and cancer outcomes. For instance, GBP3 modulates the 
SQSTM1-ERK1/2 pathway, enhancing the proliferation of glioma cells [6]. Also, GBP3 exhibits its 
prognostic effect in SKCM cancer [33]. However, little has been discovered, and pan-cancer 
bioinformatic research may better help reveal how GBP3 works in different cancers. 

In this work, GBP3 varies in many cancer types in different databases. However, the intersection 
results between TCGA and GTEx reveal that GBP3 is highly expressed in GBM and STAD while 
lowly expressed in KICH. Thus, GBP3 may be a novel monitor to indicate whether a person easily 
suffers from GBM, STAD or KICH. Meanwhile, if somebody expressed a high level of GBP3, they 
may have GBM or STAD. Likewise, if someone expressed a deficient level of GBP3, KICH cancer 
may be a possible reason. 

We also combined the overall survival results of TIMER2.0 and GEPIA2.0 and observed that 
GBP3 is an increasing risk of LGG and LUSC, whereas it is a decreasing risk of SARC and SKCM. It 
means that LGG or LUSC patients with lower GBP3 would have better a survival rate, and SARC or 
SKCM patients with higher GBP3 would have a better survival rate. Intriguingly, GBP3 is an 
oncogenic factor in glioma[6], which may support our results in the increasing risk possibility of GBP3 
in LGG. On the contrary, the high level of GBP3 in SKCM would favor the OS results has been 
demonstrated [33]. 

Due to the activation effects on innate immunity by GBPs mediating pathogen-selective 
inflammasome activation [34], they may also confer to the tumor microenvironment (TME) [35] 
because microorganisms have also participated [22]. In TME, CAFs, CD8+ T cells and macrophages 
are three major types of immune cells [36–38]. Therefore, untangling the relationship between GPB3 
and CAFs, CD8+ T cells or macrophages may help generate targeted immune therapy. 
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CAFs are fibroblasts in cancerous stomas contributing to cancer progression[36]. For decades, 
the function of CAFs has been concluded as expressing and secreting active factors that influent 
cancerous cells and immune cells, and, thus, CAFs have become a promising therapeutic target in 
immunotherapy [39,40]. Since GBP3 is one of GBPs and is immune-related, unveiling the relationship 
between GBP3 and CAFs in TME is essential. Based on this, the negative correlation of GBP3 of 
CAFs in ESCA and the positive correlation of GBP3 of CAFs in LGG, LUSC and TGCT suggest that 
increasing GBPs in ESCA or suppressing GBP3 in LGG/LUSC/TGCT may be a potential cancer 
immunotherapy. In addition, the accordance between outcome and CAF-correlation results of GBP3 
in LGG and LUSC further indicates the therapeutic targeting possibility of GBP3 in LGG and LUSC. 
However, after we investigated the overall survival of both GBP3 and CAFs in TGCA cancers, we 
found that a low level of GBP3 together with a low level of CAFs present better survival rates than a 
low level of GBP3 together with a high level of CAFs only in KIRP (p < 0.05) with all CAF algorithms 
(EPIC, MCPCOUNTER, XCELL and TIDE). Moreover, this phenomenon also happened in LGG (p 
< 0.05) only with three CAF algorithms (EPIC, MCPCOUNTER and TIDE). Therefore, more 
investigation should be done to ensure the function of GBP3 in LGG. In contrast, no significant 
relationships between GBP3 and CAFs in LUSC. 

CD8+ T cells are bodyguards when a person has cancer because they are critical factors in the 
adaptive immune system to fight against cancer [41]. Moreover, the homeostasis and interaction 
between innate and adaptive immunity, as well as its related immune infiltration, are essential for 
cancer therapy [21,37]. Since GBP3 is one of the GBPs, which participate in innate immunity[1], the 
relationship between GPB3 and CD8+ T cells for cancer outcome should be observed. Our results 
indicated that GBP3 was positively correlated with CD8+ T cells in BLCA, ECSC, KIRC, SKRC, 
SKCM, SKCM-Metastasis and UVM. This means a high level of GBP3 with a high level of CD8+ T 
cells has better overall survival than a high level of GBP3 with a low level of CD8+ T cells in BLCA, 
ECSC, KIRC, SKRC, SKCM, SKCM-Metastasis and UVM. This also aligns with the OS results of 
GBP3 in SKRC and SKCM. In addition, GBP3 may cooperate with CD8+ T cells to treat these cancers. 
Recently, many kinds of literature listed macrophages, capacities in innate and adaptive immunity[38]. 
Furthermore, the complicated relationship between GBP3 and macrophage and its subtypes in different 
cancers suggests that more specific studies should be done in this area. 

To better investigate the potential molecular mechanism of GBP3 in oncogenesis and cancer 
therapy, we input the GBP3-related proteins into biological process GO and KEGG pathway 
enrichments. In line with public results, some biological processes and pathways associated with GBP3 
participate in cancer progression and therapy, which include type I interferon signaling pathway [42], 
interferon-gamma-mediated signaling pathway [43], immune response [44,45], innate immune 
response [37,46], positive regulation of chemokine biosynthetic process [47], RIG-I-like receptor 
signaling pathway [48,49], Toll-like receptor signaling pathway [49,50], NOD-like receptor signaling 
pathway [51] and Cytosolic DNA-sensing pathway [52]. For instance, GBP3 could be regulated by 
interferon-γ [53], which is upregulated by immune checkpoint blockade therapy for cancer [43]. 
Anticancer immune responses by RIG-I-like receptor signaling pathway and Toll-like receptor 
signaling pathway are agonists for innate immune system receptors [49], in which GBP3 plays a vital 
role [1]. Therefore, GBP3 may act as a target therapeutic gene for different cancers via the 
abovementioned pathways. In addition, we also conducted the mutation frequency and types of GBP3 
in TCGA cancers. Moreover, we found that R151Q/* and K380N were mostly common mutation sites 
and frequently happened in UCEC, which suggests that GBP3 may be a possible precise target for 
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UCEC therapy. 

5. Conclusions 

This work investigates the expression, outcome, immune infiltrates and mutation of GBP3 in 
multiple cancer types. Our results may give a snapshot of GBP3 in cancer progression and therapy, 
especially in LGG, LUSC, SKRC and SKCM. Since only third-party tools and TCGA data, more data 
from other sources is needed for verification in the future. 
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Supplementary 

 

Figure S1. The overall survival (OS) map of GBP3 & CD8+ T cells in TCGA cancer types. 
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Figure S2. The overall survival (OS) map of GBP3 & macrophage in TCGA cancer types. 


