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Abstract
Background. Despite G-protein-coupled receptor kinase-interacting protein-1 (GIT1) being recognized 
as a new promoter gene in some types of cancer, its effect on human pan-cancers and liver hepatocellular 
carcinoma (LIHC) remains unclear.

Objectives. To elucidate the molecular mechanisms of GIT1 in pan-cancer and LIHC.

Materials and methods. Various bioinformatics approaches were utilized to elucidate the oncogenic 
effects of GIT1 on human pan-cancers.

Results. The GIT1 was aberrantly expressed in pan-cancers and associated with the clinical stage. More-
over, the upregulation of GIT1 expression was indicative of poor overall survival (OS) in patients with LIHC, 
skin cutaneous melanoma (SKCM) and uterine corpus endometrial carcinoma (UCEC), as well as of poor 
disease-free survival (DFS) in patients with LIHC and UCEC. Furthermore, GIT1 levels were correlated with 
cancer-associated fibroblasts (CAFs) in adrenocortical carcinoma (ACC), cervical squamous cell carcinoma 
(CESC) and LIHC. The analysis of single-cell sequencing data revealed an association of GIT1 levels with 
apoptosis, cell cycle and DNA damage. In addition, multivariate Cox analysis indicated that high GIT1 levels 
were an independent risk factor for shorter OS in patients with LIHC. Finally, the gene set enrichment analysis 
revealed INFLAMMATORY_RESPONSE pathway and IL2_STAT5_SIGNALING to be the most enriched in LIHC.

Conclusions. Our data demonstrate the oncogenic effects of GIT1 on various cancers. We believe that GIT1 
can serve as a biomarker for LIHC.
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Background

Liver cancers are associated with elevated mortality rates 
across the world,1–3 and while significant advancements 
have been made in surgical techniques, chemotherapy 
and other treatment approaches, the 5-year survival rate 
remains far from satisfactory.4–6 Moreover, liver cancer 
is the most common type of cancer in China. Specifically, 
cancer recurrence at the intermediate or advanced stage 
occurs in approx. half of the patients. Considering the in-
crease in the incidence and mortality rates of liver cancer, 
it is crucial to identify new prognostic biomarkers.

G-protein-coupled receptor kinase-interacting protein-1 
(GIT1) has been shown to repress the β2-adrenergic re-
ceptor pathway and stimulate receptor phosphorylation. 
Many proteins interact with GIT1 via its various domains. 
Notably, GIT1 is essential for focal cell migration, adhe-
sion and the development of lamellipodia. The principal 
roles of GIT1 include focal adhesion remodeling,7 recep-
tor internalization and transmission of cellular signals.8 
The GIT1 is widely expressed in the brain, liver, lungs, 
nerves, and blood vessels.9,10 The expression of GIT1 is up-
regulated in breast cancer, while its downregulation has 
been found to regulate the cell progression of breast can-
cer.11 The GIT1 can stimulate tumor development by ac-
tivating extracellular signal-regulated kinase signaling 
in hepatocellular carcinoma.12,13 Moreover, GIT1 partici-
pates in epithelial–mesenchymal transition and promotes 
the invasion of oral squamous cell carcinoma.14 Interest-
ingly, this protein is involved in a number of varied cel-
lular processes, including enhancing neurite and spine 
maturation,15 mediating vascular intima and pulmonary 
vasculature development,16 as well as cell migration and 
adhesion.17 While the overexpression of GIT1 has been 
shown to regulate chondrocyte proliferation and apoptosis 
via integrin-β1, it also increases autophagy via disrup-
tion of the Beclin-1 and Bcl-2 interaction in osteoclast. 
Mechanistically, GIT1 achieves these outcomes by altering 
ERK1/2, AKT, NF-κB, and Notch expression, and acceler-
ating lung cancer cell migration and metastasis via Rac1/
Cdc42 signal, which further validates its participation 
in cancer occurrence and development.18–21 A previous 
study found that the suppression of GIT1 inhibits breast 
cancer cell invasion and metastasis via the upregulation 
of miR-149.22 Recently, a report demonstrated that GIT1 
is reduced in ER(−) breast cancer when compared to ER(+) 
cancer, and that higher GIT1 expression implied a better 
prognosis in ER(−) breast cancer patients.11 Thus, GIT1 
appears to  have distinct functions in  the  growth and 
migration of breast cancer cells. However, its roles and 
mechanisms in pan-cancer demand further investigations.

Herein, we investigated various cancers for GIT1 expres-
sion and patient survival data. To elucidate the mechanisms 
of GIT1 and the associated proteins, we performed Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway 

analysis and Gene Set Enrichment Analysis (GSEA). Fur-
thermore, we evaluated the association between GIT1 lev-
els and immune infiltration. Finally, single-cell sequencing 
results were assessed to examine the GIT1 expression in 
cells in related tumors.

Objectives

This study aimed to measure the expression of GIT1 
in various cancers and the association between GIT1 levels 
and immune infiltration.

Materials and methods

Pattern of GIT1 expression based 
on the pan‑cancer study

The GIT1 level patterns in cancer and corresponding 
samples were obtained using ONCOMINE (http://www.
oncomine.org/resource/login.html) and TIMER2.0 (http://
timer.comp-genomics.org/). For ONCOMINE, the pa-
rameters were set as p = 0.001, fold change: 2.0 and gene 
ranking: top 10%. The GIT1 level patterns in different can-
cer stages were acquired using the “Stage plots” module 
of GEPIA2 (http://gepia2.cancer-pku.cn/#index).

Survival and prognosis

Both overall survival (OS) and disease-free survival (DFS) 
results were obtained through the GEPIA website.22 High 
and low GIT1 expression groups were established based 
on the median level of GIT1. The association between GIT1 
levels and pan-cancer survival outcome was detected using 
the log-rank test. Furthermore, Cox regression examining 
GIT1 levels and the clinical variables was used to detect 
the effects of GIT1 on the prognostic value of liver hepato-
cellular carcinoma (LIHC) patients. Calibration curves and 
the concordance index (C-index) were evaluated by com-
paring predicted probabilities with the observed events.

GIT1‑associated functional enrichment

Proteins interacting with GIT1 were analyzed using 
the STRING tool (http://string.embl.de/)23 under the set-
ting of no more than 100 interactors and low confidence 
(0.150) to obtain the potent GIT1-binding proteins. Fur-
thermore, the top 100 genes demonstrating an expression 
profile similar to that of GIT1 in various cancers were ana-
lyzed with the GEPIA2 tool. Then, Gene Ontology (GO) 
and KEGG pathway enrichment analyses were performed 
using proteins interacting with GIT1, together with the top 
100 genes, using the DAVID software. A p-value of <0.01 
was considered statistically significant.

http://www.oncomine.org/resource/login.html
http://www.oncomine.org/resource/login.html
http://timer.comp-genomics.org/
http://timer.comp-genomics.org/
http://gepia2.cancer-pku.cn/#index
http://string.embl.de/
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Immune infiltration

The relationship between GIT1 expression, immune 
infiltration and cancer-associated fibroblasts (CAFs) 
was analyzed with TIMER24 using Spearman’s correla-
tion based on the ranked values. The p-values and partial 
correlation values were measured employing the purity-
adjusted Spearman’s rank correlation test, and data were 
visualized with heat maps and scatter plots. Furthermore, 
the relationship between GIT1 levels and various tumor 
immune subtypes was investigated through the TISDB 
tool (http://cis.hku.hk/TISIDB/index), and the distribution 
of the 6 immune subtypes was determined. The TISDB 
is an online tool for cross-linking studies of tumors and 
immunity, which contains data from PubMed, The Cancer 
Genome Atlas (TCGA) and other public databases.25,26

Single-cell sequencing results

The distinct functional states of various cancer cells 
at single-cell level,27 and the association of GIT1 levels 
and pan-cancer functional status were obtained through 
the “correlation plot” module of CancerSEA (http://biocc.
hrbmu.edu.cn/CancerSEA).28 The threshold for the asso-
ciation between GIT1 and cancer functional states was set 
as a correlation strength >0.3 and a p-value <0.05.

GSEA

The GSEA is a method to demonstrate that the expres-
sion of a given gene set is overrepresented. The GSEA was 
employed to evaluate distinct functions among the high- 
and low-risk score subgroups, using the hallmark gene set 
h.all.v7.0.symbols.gmt. Gene sets with |normalized enrich-
ment score (NES)| > 1, nominal (NOM) p < 0.01 and false 
discovery rate (FDR) q < 0.25 were considered significant.

Statistical analyses

To assess the different levels of GIT1 in normal and pan-
cancer samples, we used Wilcoxon rank-sum test. Cancer pa-
tient survival was detected with the Kaplan–Meier curve, and 
Spearman’s rank correlation coefficient was used to measure 
the correlation between the 2 groups. The statistical analysis 
was performed using R software v. 3.6.3  (R Foundation for 
Statistical Computing, Vienna, Austria) and the ‘edgeR’ pack-
age. A value of p < 0.05 was considered statistically significant.

Results

Abnormal expression of GIT1  
in different cancers

The GIT1 expression patterns were evaluated in pan-
cancer through TIMER2.0, which includes data about gene 

expression patterns in normal and pan-cancer samples. 
We found that GIT1 expression levels were significantly 
upregulated in various cancers, including LIHC and lung 
adenocarcinoma (LUAD), among others (Fig. 1A).

Next, we used GEPIA2 to investigate the correlation 
between GIT1 levels and clinical stage. An association 
between GIT1 levels and clinical stage for glioblastoma 
multiforme, head and neck squamous cell carcinoma, kid-
ney chromophobe (KICH), LIHC, lung squamous cell car-
cinoma, and others was found (Fig. 1B). Collectively, these 
data indicate that GIT1 expression is upregulated in pan-
cancer and that GIT1 can be a promotor of pan-cancers.

Based on the above data, it became evident that GIT1 
is involved in both pan-cancer and LIHC development and 
can thus serve as a potential biomarker.

Relationship between GIT1 levels  
and patient prognosis

To study the correlation between GIT1 levels and patient 
prognosis, we used GEPIA2 to conduct a survival investi-
gation. The obtained data showed that the overexpression 
of GIT1 was indicative of poor OS in patients with LIHC 
(p = 0.002), skin cutaneous melanoma (SKCM) (p = 0.026) 
and uterine corpus endometrial carcinoma (UCEC) 
(p = 0.006). Conversely, better OS was found in patients 
with kidney renal clear cell carcinoma (KIRC) (p = 0.011) 
and glioma (p < 0.001) (Fig. 2A). Furthermore, the overex-
pression of GIT1 was associated with poor DFS in patients 
with LIHC and UCEC, and improved DFS in those with 
KIRC, SKCM and glioma (Fig. 2B). These data indicate 
that there is a close association of GIT1 overexpression 
with poor survival outcomes in some types of cancers, 
including LIHC.

Protein–protein interaction  
and enrichment pathway analyses

Unfortunately, the mechanism underlying GIT1-medi-
ated oncogenesis remains unknown. To examine the pro-
tein–protein interaction (PPI) network and enrichment 
signal of GIT1, proteins that bind GIT1 were obtained 
from the STRING database, and the database was veri-
fied using the experimental setup. Eleven proteins were 
found to interact with GIT1, namely ADRBK1, ARHGEF6, 
ARHGEF7, CAMK4, ERC2, LPXN, PAK1, PAK2, PPFIA1, 
PTK2, and PXN (Fig. 3A).

Then, the top 100 proteins that closely interacted with 
GIT1 were found using GEPIA2, with PXN found to be 
common to both methods. Furthermore, GO and KEGG 
pathway enrichment analyses indicated that the above 
genes were involved in several cellular processes, includ-
ing regulation of GTPase activity, microtubule polymer-
ization/depolymerization, protein kinase activator activ-
ity, and Ras GTPase binding, among others (Fig. 3B,C). 
In addition, KEGG data revealed that GIT1 participated 

http://biocc.hrbmu.edu.cn/CancerSEA
http://biocc.hrbmu.edu.cn/CancerSEA
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Fig. 1. Abnormal G-protein-coupled receptor kinase-interacting protein-1 (GIT1) expression patterns in various cancers. A. GIT1 levels in various cancers 
were presented as box plots using The Cancer Genome Atlas (TCGA) database via TIMER using R v. 3.6.3 software (Wilcoxon rank-sum test). Data in the box 
plot are shown as the median. The box and whisker plots were used to gain an in-depth understanding of the GIT1 level patterns in pan-cancer; B. Analysis 
of GIT1 levels in different clinical stages of various cancers using GEPIA2, according to TCGA data

Fig. 2. Prognostic value of G-protein-coupled receptor kinase-interacting protein-1 (GIT1) expression in different tumors based on The Cancer Genome 
Atlas (TCGA) database. Correlations of GIT1 expression and overall survival (OS) (A) and disease-free survival (DFS) (B) were analyzed using the Kaplan–Meier 
plotter via GEPIA. The median expression of GIT1 was used to separate the high and low GIT1 expression groups

high – high-GIT1 expression group; low – low-GIT1 expression group; KIRC – kidney renal clear cell carcinoma; LIHC – liver hepatocellular carcinoma; SKCM 
– skin cutaneous melanoma; UCEC – uterine corpus endometrial carcinoma.
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in  tumorigenesis of  renal cell carcinoma, regulation 
of the actin cytoskeleton, focal adhesion, and other sig-
naling pathways (Fig. 3B,C). Thus, these data found that 
GIT1 together with its closely interacting partner proteins 
correlated with focal adhesion and regulation of the ac-
tin cytoskeleton, which implied an increased complexity 
of the GIT1-mediated signal network.

Relationship between GIT1 levels  
and tumor microenvironment

To explain the effect of GIT1 expression on the immune 
microenvironment, TIMER was applied to study the asso-
ciation between GIT1 levels and tumor microenvironment 
(TME) characteristics in various cancers. We found that 
GIT1 levels were correlated with CAFs in adrenocorti-
cal carcinoma (ACC), cervical squamous cell carcinoma 
(CESC) and LIHC (Fig. 4A).

To further explore the relationship between GIT1 levels 
and CAFs, we examined biomarkers of CAF levels in differ-
ent cancers and found that GIT1 expression was associated 
with the C1–C6 immune subtypes (Fig. 4B). Interestingly, 
the GIT1 levels were also connected with those immune 
subtypes in LIHC.

GIT1 expression pattern at the single-cell 
level and its relationship with biological 
functions

We validated GIT1 expression at the single-cell level across 
pan-cancers and determined its association with biological 
functions. The GIT1 levels were found to be positively cor-
related with acute lymphocytic leukemia (ALL), LUAD and 
ovarian serous cystadenocarcinoma (OV) apoptosis. Spe-
cifically, GIT1 expression was correlated with the LUAD cell 
cycle and retinoblastoma DNA damage (Fig. 5A).

There was an association between GIT1 levels and pro-
liferation, epithelial–mesenchymal transition and metas-
tasis in ALL (Fig. 5B). Moreover, t-distributed stochastic 
neighbor embedding (t-SNE) diagrams revealed GIT1 ex-
pression patterns in single cells in ALL, colorectal cancer 
(CRC), LUAD, and glioma (Fig. 5C). Collectively, these 
data suggest that GIT1 participates in mediating cancer 
development.

Cox regression study

A nomogram was developed for internal validation, 
and a predictive model was prepared (Fig. 6A). We found 

Fig. 3. Protein–protein interaction (PPI) and enrichment signal pathway study of G-protein-coupled receptor kinase-interacting protein-1 (GIT1). 
A. The combining genes of GIT1 were measured using the STRING website by setting the parameter of “no more than 100 interactors” via the STRING tool; 
B,C. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis based on GIT1-combining proteins and cooperating genes

MF – molecular function; bp – biological process; CC – cell component; SWI/SNF – yeast mating-type switching/sucrose non-fermenting.
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that the C-index of the nomogram was 0.669 (95% confi-
dence interval (95% CI): 0.637–0.701), and the calibration 
curve displayed the nomogram’s desirable prediction 
for 1–5-year clinical consequences (Fig. 6B). Altogether, 
these data indicate that GIT1 may be a potent biomarker 
for LIHC.

GSEA

The GSEA revealed that the INFLAMMATORY_RE-
SPONSE pathway and IL2_STAT5_SIGNALING were 
the most enriched in LIHC (Fig. 6C,D). Taken together, 
obtained data revealed that GIT1 expression was associated 
with specific gene signatures of these key pathways in LIHC.

Fig. 4. The association between G-protein-coupled receptor kinase-interacting protein-1 (GIT1) expression and cancer-associated fibroblasts (CAFs). 
A. Different algorithms (EPIC, MCPCOUNTER, XCELL, and TIDE) were applied to confirm any potential correlation. The association between GIT1 levels 
and CAFs was obtained from TIMER. The p-values and the correlation values were acquired using the partial Spearman’s correlation test with the “purity 
adjustment” option; B. GIT1 expression in various cancer immune subtypes was obtained from TISDB

ACC – adrenocortical carcinoma; LIHC – liver hepatocellular carcinoma; CESC – cervical squamous cell carcinoma.
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Discussion

Previous studies have reported a  close relationship 
between aberrant gene expression and the development 
of pan-cancers. Investigations into pan-cancer provide 
deep insights into the  molecular mechanism underly-
ing different malignancies and are useful to identify new 
therapeutic markers for cancer treatment.29 Therefore, 
we investigated the expression and predictive significance 
of GIT1 in different tumors.

Firstly, we  found that GIT1 is  aberrantly expressed 
in different cancers, including LIHC. To further examine 
the prognostic value of GIT1, a Kaplan–Meier survival 
study was performed, which revealed an association be-
tween high GIT1 levels and the poor outcomes associ-
ated with pan-cancers, including LIHC. Thus, we found 
that the overexpression of GIT1 could be an independent 
indicator of poor prognosis in patients with LIHC and 
other cancers. Moreover, Cox regression analysis verified 
that GIT1 overexpression may be a risk factor for LIHC. 
Thus, our data suggested that GIT1 is a pro-oncogene 
in pan-cancers.

Recently, Chen et al. described a prognostic model for 
OS which included age and other factors for pan-cancer 
based on  GIT1 expression.30 In  accordance with that 
model, we developed a prognostic nomogram model in-
cluding clinical stage and GIT1 levels, which may increase 

Fig. 6. Formation and verification of a nomogram for liver hepatocellular 
carcinoma (LIHC) based on G-protein-coupled receptor kinase-interacting 
protein-1 (GIT1) levels and the Gene Set Enrichment Analysis (GSEA) 
data. A. Nomogram for calculating the possibility of 1–5-year overall 
survival (OS) in LIHC; B. Calibration plots confirming the effectiveness 
of nomograms for OS in LIHC patients. Calibration curve for the OS 
nomogram model; C,D. The GSEA results presented the relevant 
enrichment signal. Gene sets with |NES| > 1, NOM p < 0.01 and FDR 
q < 0.25 were regarded as significant

NES – normalized enrichment score; NOM – nominal; FDR – false 
discovery rate.

Fig. 5. Level of G-protein-coupled receptor kinase-interacting protein-1 (GIT1) in single-cell data and the association of GIT1 with cancer function. 
A. The association of GIT1 levels and pan-cancer function was shown using the CancerSEA database. Red plots indicated a positive association, whereas 
blue plots indicated a negative correlation; B. The association between GIT1 level and the different functions obtained from CancerSEA; C. T-distributed 
stochastic neighbor embedding (t-SNE) diagrams highlighted GIT1 levels in single cancer cells

EMT – epithelial–mesenchymal transition.
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the accuracy of classifying high-risk cases. This model 
further assessed the relationship between clinical features 
and GIT1 levels in cases of LIHC, and demonstrated that 
increased GIT1 levels were associated with the clinical 
stage. The results revealed that GIT1 could act as a potent 
biomarker for different cancers, especially LIHC.

Additionally, the  enrichment analyses revealed that 
GIT1 may impact cancer development through the regu-
lation of focal adhesions and the actin cytoskeleton, to-
gether with their associated pathways. Chen et al. have 
shown that these signals have a key role in the development 
of pan-cancers.31

The TME has been shown to promote crosstalk be-
tween cancer cells and other cell types. In  fact, CAFs 
have been reported to have a functional role in stimu-
lating tumorigenesis. Thus, the signature of pan-CAF 
is associated with poor survival in cancer. Interestingly, 
other studies have suggested that CAFs inhibit cancer 
development, which implies that they have an antitumor 
effect.32–34 Our results indicated an association between 
GIT1 levels and CAFs in different cancers, and therefore 
we believe that GIT1 mediates the development of pan-
cancers. However, the molecular mechanism regarding 
how GIT1 modulates CAFs warrants further investiga-
tion. The well-defined immune subtype in various can-
cers could improve the effectiveness of targeted immune 
treatment. We found that GIT1 is aberrantly expressed 
in various immune subtypes of pan-cancer, which poten-
tially makes it an important target in immune therapies 
aimed at various cancers.

Considering the complex nature of cancer cells, the uti-
lization of single-cell transcriptomic data is a valuable 
method of examining various types of cancers. To elu-
cidate the  effect of  GIT1 on  pan-cancer progression, 
the CancerSEA website was used. The GIT1 expression 
was found to be positively associated with ALL, LUAD 
and OV apoptosis, and specifically positively associated 
with the LUAD cell cycle. Furthermore, an association 
was found between GIT1 levels and cell proliferation, epi-
thelial–mesenchymal transition, and metastasis in ALL. 
However, the mechanism underlying GIT1 in pan-cancer 
warrants further investigation.

Finally, GSEA results indicated that GIT1 was associ-
ated with the inflammatory response pathway and IL2/
STAT5 signaling in LIHC. These signals have been shown 
to be actively involved in the development of pan-cancers, 
including LIHC.

Recently, advances in the prediction abilities of com-
putational biology began to  offer new understanding 
of biomarkers and non-coding RNAs connected to pan-
cancers, including ceRNA network prediction. A previ-
ous report presented data highlighting that GIT1 was 
involved in the ceRNA network, and, consequently, more 
research is  necessary to  investigate the  role of  GIT1 
in ceRNA interaction.

Limitations

Our findings were mostly obtained from online tools, 
and more results based on clinical cases are needed to fur-
ther authenticate our findings. Furthermore, in vitro and 
in vivo analyses should be performed to confirm the role 
of GIT in LIHC progression.

Conclusions

We comprehensively investigated the effects of GIT1 
on various cancers. Our findings revealed that GIT1 was 
overexpressed in different cancers, including LIHC, which 
was in turn associated with a poor prognosis. Furthermore, 
GIT1 was shown to  mediate pan-cancer development, 
namely LIHC progression, through the regulation of focal 
adhesion and the actin cytoskeleton, inflammatory response 
pathways, and IL2/STAT5 signaling. Further studies are 
needed to elucidate the molecular mechanisms underlying 
GIT1, which appears valuable for cancer-targeted therapy.

Availability of data and materials

The datasets generated and/or analyzed in this study 
are available in the TCGA database (https://portal.gdc.
cancer.gov/).
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