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Abstract: GAB2 is closely associated with the development of a variety of tumors. However, the 
detailed function and role of GAB2 in pan-cancer are largely unknown and require further in-depth 
investigation. Consequently, this study aims to investigate the biological functions of GAB2, and its 
potential to predict prognosis in pan-cancer. We applied multiple public databases such as TCGA, 
TIMER, GTEx, and CCLE to explore GAB2 expression in tumors. Univariate Cox regression and 
Kaplan-Meier survival analysis were used to detect the effects of GAB2 on OS, DSS, DFI, and PFI in 
these patients. It turns out that GAB2 expression was elevated in most tumor tissues compared to 
normal tissues, and was positively or negatively correlated with the prognosis of different tumors. 
Generally, comprehensive pan-cancer analysis identified GAB2 as a prognostic biomarker.  
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1. Introduction 

Cancer development is a complex process involving numerous signaling networks and genes[1-2]. 
The pan-cancer analysis is the cross-sectional comparison of certain properties across many tumor 
types using bioinformatics analytic techniques, to apply diagnosis and treatment to a broader variety of 
tumors due to cross-tumor similarity[3]. With the rapid development of sequencing technology and the 
construction of online databases in recent years, a significant influx of data has provided the foundation 
for comprehensive pan-cancer analysis to guide tumor diagnosis and treatment. As a result, identifying 
important genes that differ between cancer types can aid in cancer diagnosis and treatment. 

GAB family proteins are a group of highly conserved scaffold proteins, a class of substrate 
molecules that can bind to tyrosine kinases, and participate in the activation and conduction of multiple 
signaling pathways by recruiting some signal molecules rich in the phosphotyrosine domain[4-6]. The 
GAB family consists of five main members: GAB1, GAB2, and GAB3 of mammalian origin, as well 
as Dos and Soc1 proteins of Drosophila and Caenorhabditis elegans origin[7-9]. The Grb 
associated-binding protein (GAB2) is a crucial member of the GAB family that controls numerous 
signaling pathways to play a role in cell migration, adhesion, adhesion molecule production, and 
cytoskeleton creation (e.g. Ras/ERK pathway, PI3K/Akt/mTOR, etc.)[10]. 

As a scaffolding protein that binds to a variety of receptors and participates in multiple signaling 
pathways, including PI3K/AKT, SHP2/ERK, and JAK/STAT, it has recently been discovered to be 
highly expressed in human malignancies, including leukemia, breast, ovarian, liver, colorectal, and 
melanoma. This has an impact on the biological behavior of tumors[10-14]. Additionally, GAB2 plays a 
wide variety of regulatory roles in cancer and is intimately linked to molecules or pathways that control 
the disease and are crucial for the treatment of cancer. Therefore, through a thorough pan-cancer 
investigation, we hope to clarify the function of GAB2. 

2. Manuscript Preparation  

2.1. GAB2 Expression Pattern in Human Pan-Cancer 

Concerning 33 different forms of cancer, the TCGA, a cornerstone of the cancer genomics 
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initiatives, had characterized more than 20,000 original cancer samples and comparable non-carcinoma 
samples. The University of California Santa Cruz (UCSC) cancer genome browser was used in the 
current work to get the TCGA-processed level 3 RNA-sequencing data sets and the related clinical 
annotations (https:// tcga.xenahubs.net, accessed April 2020). The enormous variety of human cancer 
models has been thoroughly genetically and pharmacologically defined by the CCLE public initiative 
(https://portals.broadinstitute.org/ccle). The CCLE database, which has RNA-sequencing data sets for 
more than 1,000 cell lines, was used to conduct a more extensive analysis of differential gene 
expression in malignancies. For patients with 33 different cancer types, RNA sequencing data and 
clinical follow-up information were collected. 

2.2. Pathological staging analysis 

The GAB2 gene expression data in each sample were collected from the TCGA database and the 
samples from Solid Tissue. Normal blood, cancer-peripheral blood, and primary tumor were all 
screened further. After performing a log2 (x+0. 001) transformation on each expression value, cancer 
species with fewer than three samples in a single cancer species were excluded, and the expression data 
of 26 cancer species were obtained. R software (version 3.6.4) was used to calculate the expression 
difference between normal and tumor samples in each tumor, and the significance of the difference was 
determined using unpaired Wilcoxon rank sum and signed rank tests. 

2.3. Prognostic Analysis 

The relationship between GAB2 expression and patient prognosis, including overall survival (OS), 
disease-specific survival (DSS), disease-free interval (DFI), and progression-free interval (PFI), was 
investigated using forest plots and Kaplan-Meier curves in 33 kinds of cancer. Univariate survival 
analysis was used to compute the hazard ratios (HRs) and 95% confidence intervals. 

3. Results 

3.1. GAB2 Expression Analysis in Pan-Cancer 

 
Figure 1: Pan-cancer GAB2 expression. (A) GAB2 expression in tumor tissues from TCGA database. 
(B) Pan-cancer expression of GAB2 between tumor tissues from TCGA database and normal tissues 

from TCGA and GTEx database. (C) mRNA expression levels of GAB2 in various tumor cell lines from 
the CCLE database. (D) GAB2 expression in tumor tissues from TIMER database. The red and blue 
boxes represent tumor tissues and normal tissues, respectively. *p < 0.05; **p < 0.01; ***p < 0.001 

and ****p < 0.0001; ns, not significant. 

First, we investigated the GAB2 expression in TCGA. GAB2 expression was found to be high in 
KIPAN, KIRC, LIHC, THCA, PCPG, KICH, and CHOL, but low in CESC, LUAD, COAD, 
COADREAD, BRCA, KIRP, PRAD, UCEC, HNSC, LUSC, and BLCA (Figure 1A). GAB2 was 
shown to be strongly expressed in GBMLGG, LGG, STES, KIPAN, STAD, KIRC, LIHC, SKCM, OV, 
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PAAD, TGCT, ALL, LAML, PCPG, KICH, and CHOL 16 cancers when the TCGA and GTEx 
databases were combined. UCEC, BRCA, CESC, LUAD, ESCA, KIRP, PRAD, HNSC, LUSC, BLCA, 
UCS, and ACC are all downregulated (Figure 1B). CCLE research revealed that GAB2 had variable 
gene expression levels in various cancer cell lines, with SCLC, NB, ALL, and LCML showing 
comparatively high gene expression (Figure 1C). Finally, the TIMER database was used to assess 
GAB2 expression in pan-cancer. GAB2 expression was shown to be considerably higher in CHOL, 
KICH, KIRC, LIHC, and THCA tissues than in normal tissues (Figure 1D). 

We evaluated GAB2 expression in patients with stage I, II, III, or IV cancers to measure gene 
expression levels throughout all tumor stages. Significantly different in tumors with ESCA, STES, 
KIPAN, KIRC, THYM, OV, TGCT, and SKCM (Figure 2 A-I). 

 
Figure 2: Pan-cancer GAB2 expression in different WHO stages. (A-I) Pan-cancer differential 

expression of GAB2 in WHO stages in indicated tumor types from TCGA database. *p < 0.05; **p < 
0.01; ***p < 0.001, and ****p < 0.0001; ns, not significant. 

3.2. Analysis of the relationship between GAB2 expression and prognosis 

Using data from the TCGA database, we used single-variate Cox regression analysis to examine the 
relationship between GAB2 expression levels and OS in various cancer types. High GAB2 expression 
was found to be a risk factor for LUSC, SKCM-M, SKCM, and ACC using Cox regression. However, 
in GBMLGG, KIPAN, and KIRC, it proved to be a protective factor. The following survival studies, 
which used patient data dichotomized for the median expression value in each cancer type, demonstrate 
that survival differences in OS-related cancer types were all significant, indicating that patients with 
high GAB2 expression had poorer outcomes (Figure 3A-H). 
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Figure 3: Association of GAB2 expression with patient overall survival (OS). (A) The forest plot shows 

the relationship of GAB2 expression with patient OS. (B-H) Kaplan-Meier analyses show the 
association between GAB2 expression and OS. 

 
Figure 4: Association of GAB2 expression with patient disease‐specific survival (DSS). (A) The forest 

plot shows the relationship of GAB2 expression with DSS. (B-H) Kaplan‐Meier analyses show the 
association between GAB2 expression and DSS. 
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High GAB2 expression was revealed as a risk factor in LUSC, SKCM-M, SKCM, and ACC by Cox 
regression analysis of DSS. It was, however, a protective factor in GBMLGG, KIPAN, and KIRC. The 
following survival studies, which used patient data dichotomized for the median expression value in 
each cancer type, demonstrate that survival differences in DSS-related cancer types were all significant 
and that patients with high GAB2 expression had poorer results (Figure 4A-I). 

High GAB2 expression was discovered as a risk factor in ACC, LUSC, and CESC by Cox 
regression analysis, while it was a protective factor in GBMLGG, KIPAN, KIRC, and BRCA. The 
following survival analyses, which used patient data dichotomized for the median expression value in 
each cancer type, demonstrate that survival differences in PFI-related cancer types were all significant, 
indicating that patients with high GAB2 expression had poorer results (Figure 5A-H). 

 
Figure 5: Association of GAB2 expression with patient progression-free interval (PFI). (A) The forest 

plot shows the relationship of GAB2 expression with PFI. (B-H) Kaplan-Meier analyses show the 
association between GAB2 expression and PFI. 

Higher GAB2 expression was found to be a risk factor for ACC and LUSC in a Cox regression 
study of DFI (Figure 6A-C). 

 
Figure 6: Association of GAB2 expression with patient disease‐free interval (DFI). (A) The forest plot 
shows the relationship of GAB2 expression with DFI. (B) Kaplan-Meier analyses show the association 

between GAB2 expression and DFI. 



International Journal of Frontiers in Medicine 
ISSN 2706-6819 Vol.6, Issue 5: 48-54, DOI: 10.25236/IJFM.2024.060508 

Published by Francis Academic Press, UK 
-53- 

4. Discussions 

GAB2 protein expression is aberrant in a variety of malignant tumors, including breast cancer, 
leukemia, melanoma, and ovarian cancer, according to existing research. Despite a wealth of 
experimental data on GAB2 and its signaling pathways, there are several complex regulatory 
mechanisms at work, and many questions remain unanswered[15]. As a result, we conducted a 
comprehensive pan-cancer analysis of GAB2 using multiple public databases, focusing on gene 
expression, mutation, and functional mechanisms, and our research contributes to a better 
understanding of GAB2's molecular mechanism to find new and more effective drug targets for clinical 
treatment of various tumors. 

We discovered that the expression level of GAB2 changes in different malignancies and is closely 
associated with the prognosis of tumor patients in this study. GAB2 overexpression is a risk factor for 
SKCM, SKCM-M, LUSC, and ACC, as well as a protective factor for GBMLGG, KIRC, KIPAN, and 
BRCA. As a result, the expression effect of different tumor genes varies, necessitating additional 
molecular biology research. 

We are committed to the GAB2 pan-cancer study in the hope of discovering common diagnostic 
and prognostic markers among malignancies, which will aid in tumor screening, diagnosis, tumor 
recurrence and metastasis monitoring, and tumor prognosis and efficacy assessment. The findings of 
this work give a preliminary foundation for understanding the GAB2 function, however, it has several 
limitations. More experimental data are needed to validate these findings and explain the distinct 
biological mechanism of GAB2 in various cancers using bioinformatics analysis.  

5. Conclusions 

Our research shows that GAB2 has value in the diagnosis and prognosis of a wide range of cancers 
and regulates cancer through a variety of mechanisms, which may contribute to understanding the role 
of GAB2. 
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