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Abstract
Purpose: Although many experimentally validated evidence and clinical data support the link
between SHCBP1 (SHC-Binding and Spindle-Associated 1) and cancer, there is no pan-cancer
analysis available. Based on various databases, we analyzed the roles assumed by SHCBP1 in
different cancers to provide new targets for cancer therapy.
Methods: We used versatile public databases such as TIMER, Interactive Analysis of Gene
Expression Profile, 2nd Edition (GEPIA), UALCAN, The Cancer Genome Atlas (TCGA), cBioPortal,
Clinical Bioinformatics Assistant, DiseaseMeth, TISIDB, Human Protein Atlas (HPA), STRING and
Database for Annotation, Visualization, and Integrated Discovery (DAVID) to analyze SHCBP1
expression, mutation, methylation in tumors, as well as its survival analysis, tumor-immune
interactions and functional networks.
Results: SHCBP1 was highly expressed in most tumors leading to poor prognosis and the degree
of expression was positively correlated with the degree of infiltration by activated memory CD4+
T cells. We observed cancer-associated fibroblast infiltration in Breast Invasive Carcinoma
(BRCA), Renal Clear Cell Carcinoma (KIRC) and Thyroid Cancer (THCA). Protein kinase activity
and microtubules can influence gene enrichment, while "cell cycle", "oocyte meiosis" and "viral
carcinogenesis" are possible pathways of SHCBP1 involvement in tumorigenesis.
Conclusion: Altogether, our first pan-cancer analysis of SHCBP1 demonstrated its potential as a
biomarker for tumor prognosis diagnosis or as a molecular target for immunotherapy.
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Introduction
The complex mechanisms of tumorigenesis and the high frequency of occurrence threaten
humans, so it is crucial to perform pan-cancer analysis of any gene to assess its molecular biological
relevance in clinical prognosis and pathogenesis. Based on the publicly funded The Cancer Genome
Atlas (TCGA) project and the existing the Gene Expression Omnibus (GEO) database [1-5], we
were able to target functional genomics datasets from different tumors for pan-cancer analysis.
SHCBP1 (SHC-Binding and Spindle-Related 1), also known as a protein-coding gene, is a member
of the Src homolog and collagen homolog (Shc) family, as well as a downstream Shc component of
a novel signaling pathway. SHCBP1 may not only be engaged in the cell proliferation process, but
also functions in regulating cell growth and differentiation. Functional analyses of how SHCBP1
evades the host immune response and what role it assumes in fibroblast growth factor signaling
in neural progenitor cells during early embryonic development have also been performed from
different perspectives of physiology and clinicopathology [6-8].
Previously, SHCBP1 has been reported to be inextricably linked to gastric cancer [9,10],
penile [11] and prostate cancers [12]. In addition, diseases associated with SHCBP1 include lung
cancer, synovial sarcoma and glioma, involving the β-catenin signaling pathway, TGF-β1/Smad
signaling pathway and NF-κB signaling pathway [13-15]. However, although based on current
animal or cellular experiments as well as clinical data, there is currently no evidence for a broad
cancer association between SHCBP1 and various tumor types. Our study is the first to perform a
pan-cancer analysis of SHCBP1 using online platforms such as TCGA and the Genotype-Tissue
Expression (GTEx). We also explored the role of SHCBP1 in different carcinogenesis or potential
mechanisms in prognosis in the context of gene expression, genetic alterations, immune infiltration,
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immunohistochemistry, survival status and cellular pathways.

27]. The correlations between SHCBP1 and immune infiltrates
were investigated via the Clinical Bioinformatics Assistant website,
TIMER2 and TISIDB. Notably, the TISIDB database (http://cis.
hku.hk/TISIDB/index.php [28] is an integrated repository portal
for tumor-immune system interactions. First, we explored the
relationship between SHCBP1 expression and immune infiltration
in all TCGA tumors by selecting all tumor samples and entering
"SHCBP1" in the "Pan-Cancer Analysis - Immune Correlation"
module of the Clinical Bioinformatics Assistant website. Secondly,
different algorithms such as TIMER, MCPCOUNTER, CIBERSORT,
CIBERSORT-ABS, QUANTISEQ, XCELL and EPIC were provided
in the "Immune-Gene" module of TIMER2 web server for us to
evaluate the immune infiltration of SHCBP1 gene and in tumorassociated fibroblasts. P-values and partial correlation (cor) values
were obtained by a purely corrected Spearman rank correlation
test, and the data are visualized as heat and scatter plots. Finally,
we logged into the TISIDB database, searched for the "SHCBP1"
gene symbol and clicked on the "Immunomodulator" module to
view separately the "Immunoinhibitor" and "Immunostimulator" to
obtain heat maps of SHCBP1 expression and immunosuppressive
and immunostimulatory agents across different human tumor types
with respect to Spearman correlation. We also obtained correlations
between a specific tumor and different immune agents, and the data
are presented in the form of scatter plots. Major Histocompatibility
Complex (MHC), a tightly interlocking group of genes located on
the short arm of human chromosome 6, is also known as Human
Leukocyte surface Antigens (HLA). The relationship between MHC
and the immune system is mutually fulfilling and unsurprisingly
figures in the pathogenesis and development of almost all complex
diseases, including tumor [29-32]. During the immunization of the
body, antibodies on the surface of T cells recognize antigens, provided
that all antigens are processed and bound to the cell surface by MHC
molecules. This is also true in cancer cells, and the mechanism is
illustrated in Figure 1. Thus, we captured the association between
SHCBP1 expression levels and MHC molecules in different tumors.

Materials and Methods
Gene expression analysis
We entered SHCBP1 into the "Gene_DE" module of TIMER2
(Tumor Immune Estimate Resource, Version 2) Web (http://
timer.comp-genomics.org/) [16] to observe SHCBP1 expression in
different TCGA tumors or in specific tumors, as well as differential
expression in normal tissues adjacent to cancer. For tumors in which
normal tissue was completely infiltrated or highly restricted, such
as Adrenocortical Carcinoma (ACC) and invasive Breast Cancer
(BRCA), we administered the GEPIA2 (Interactive Analysis of
Gene Expression Profile, 2nd Edition) (http://gepia2.cancer-pku.
cn) database's "Expression Analysis -Box Plots" module [17]. By
adjusting the settings P-value cutoff =0.01, |log2fc| (fold change)
cutoff =1, and "Match TCGA normal and GTEx data", box plots of
the expression differences between pathological and normal tissues
of these tumors were derived. In addition, the expression of SHCBP1
in all TCGA tumors at different pathological stages (stages I, II, III,
IV) was presented as a violin plot by using the "Pathological Stage
Map" module of GEPIA2. And the expression data transformed
by log2 [TPM (Transcripts per Million) +1] were applied to violin
plots. Notably, the UALCAN portal (http://ualcan.path.uab.edu/
analysis-prot.html) [18] is an interactive portal that facilitates protein
expression analysis on the CPTAC Oncology (Clinical Proteomics
Analysis Consortium) dataset. We summarized the expression levels
of total proteins in breast cancer, Ovarian Cancer (OV), Colon
Cancer, Renal Cell Carcinoma (RCC), Uterine Endometrial Cancer
(UCEC) and Lung Adenocarcinoma (LUAD) and in normal tissues
by entering "SHCBP1".
Genetic alteration and methylation analysis
We selected "TCGA Pan-Cancer Atlas study" in the "Quick select"
module of the cBioPortal webpage (https://www.cbioportal.org/) [19]
and input "SHCBP1" to view its genetic change characteristics. The
frequency of alteration, mutation type and Copy Number Alteration
(CNA) results for all TCGA tumors were displayed under the "Cancer
Type Summary" page. We applied the "Comparison/Survival"
module to explore data on whether SHCBP1 gene alterations affect
TCGA tumor survival, and to further validate this question, we also
obtained Kaplan-Meier plots and Log-rank Test P-values [20,21].
By accessing the online website of Clinical Bioinformatics Assistant
(https://www.aclbi.com), we entered the gene "SHCBP1" in its "PanCancer" module, selected all tumor samples, and changed different
methods to obtain the array maps for mutation analysis. DiseaseMeth
[22,23] is a repository that focuses on the analysis of cross-sectional
datasets of disease and normal samples to provide complete gene
methylation data. We accessed version 2.0 of DiseaseMeth (http://
bio-bigdata.hrbmu.edu.cn/diseasemeth/), checked "Cancer" in the
"Disease" type under the "Analyze" page, and entered "SHCBP1" in
the "Gene Symbol" box with other parameters unchanged. Finally, we
observed the performance of SHCBP1 in different tumor types in the
"Methylation Profile".

Immunohistochemistry
We logged into the Human Protein Atlas (HPA) [33,34] database
(https://www.proteinatlas.org/) and searched for "SHCBP1". In
the "RNA AND PROTEIN EXPRESSION SUMMARY" under
the "TISSUE" section, we clicked on "Lung", "Female tissues"
and "Male tissues", and obtained immunohistochemical images
of normal lung, breast, and prostate tissues, respectively. In the
"PATHOLOGY" section, "PROTEIN EXPRESSION" was used to
obtain immunohistochemical images of LUAD, Lung Squamous
Carcinoma (LUSC), breast cancer, and Prostate Carcinoma (PRAD),
respectively.
Survival prognosis analysis
We entered the "SHCBP1" gene into the "Pan-cancer Analysis"
module of the Clinical Bioinformatics Assistant website and
performed prognostic analysis of 33 tumors in the TCGA database to
obtain Overall Survival (OS), Progression Free Survival (PFS), Disease
Free Survival (DFS) and Disease Specific Survival (DSS) forest plots.
To collect OS and DFS data plots of SHCBP1 in all TCGA tumors, we
turned on the "Survival Map" mode of GEPIA2. We set the expression
threshold interval as Cutoff-high (50%) and Cutoff-low (50%) as the
boundary to distinguish between high and low expression. Among
them, the log-rank test was adopted and the final survival plot was
available under "Survival Analysis”.

Immune infiltration analysis
It is well known that the immune system operates and functions
continuously in both tumor development and treatment. Cancerassociated fibroblasts, located in and as constitutive components
of the tumor microenvironment, can modulate tumor-infiltrating
immune cell function and may advance the cancer pathology [24-
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expression of SHCBP1 in TCGA for each cancer type and concluded
that it was higher in various tumors than in the corresponding
normal tissues (Figure 2a). In Bladder Urothelial Carcinoma (BLCA),
BRCA, Cholangiocarcinoma (CHOL), Colonic Adenocarcinoma
(COAD), Esophageal Carcinoma (ESCA), Glioblastoma Multiforme
(GBM), Head and Neck Squamous Cell Carcinoma (HNSC), Renal
Chromophobe (KICH), Renal Papillary Cell Carcinoma (KIRP),
Hepatocellular Carcinoma of the Liver (LIHC), LUAD, LUSC, PRAD,
Rectal Adenocarcinoma (READ), Gastric Adenocarcinoma (STAD),
Thyroid Cancer (THCA), and UCEC at P<0.001. SHCBP1 in Cervical
Squamous Cell Carcinoma and Endocervical Adenocarcinoma
(CESC), Pheochromocytoma and Paraganglioma (PCPG) (P<0.01)
and renal clear cell carcinoma of the Kidney (KIRC), Cutaneous
Melanoma (SKCM) (P<0.05) showed high expression in all of them.

SHCBP1-related gene enrichment analysis
Based on the protein resource integration tool, STRING (https://
string-db.org/) [35], we put the protein name/identifier "SHCBP1"
and the organism "Homo sapiens" to search the site. Next, we
selected the main parameters: the minimum required interaction
score ["Low confidence (0.150)"], the network edge meaning
"evidence", the maximum number of interactors shown as "no more
than 50 interactors" in 1st shell and the active interaction sources
"experiments". Based on the above screening, a map of proteins
bound to SHCBP1 was generated. The top 100 target genes associated
with SHCBP1 were available for all TCGA tumor and normal tissue
datasets under the "Similar Gene Detection" module of GEPIA2.
"Correlation Analysis" module under paired Pearson correlation
analysis made it clear whether SHCBP1 and established gene
expression were associated. Log2 TPM was displayed while P-values
and correlation coefficients (R) have also been indicated in the dot
plot. In addition, we adopted the heat map data of the selected genes
provided by the "Gene_Corr" module of TIMER2, which included
Spearman's partial correlation (cor) and purity-adjusted P-value rank
correlation tests. JVENN [36], an interactive VENN graphical viewer,
was used by us to compare SHCBP1 binding and interacting genes.
By combining two sets of data, we performed Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway analysis of SHCBP1. This was
done by uploading the gene list to DAVID (Database for Annotation,
Visualization, and Integrated Discovery) (https://david.ncifcrf.gov/)
[37] by selecting the identifier ("official") and species "Homo sapiens"
settings as a way to collect data for functional annotation maps.
Finally, the data were visualized as horizontal bar graphs and bubble
plots using GraphPad Prism 9 software and the HIPLOT website
(https://hiplot.com.cn/), respectively. In addition, we exported the
Biological Process (BP), Cellular Component (CC) and Molecular
Function (MF) data on the DAVID website and enriched them with
Gene Ontology (GO) analysis, which was finally processed into twodimensional bar graphs by Excel 2016 software.

We assessed the difference in SHCBP1 expression between tumor
tissues of ACC, BRCA, Lymphoma Diffuse Large B-cell Lymphoma
(DLBC), OV, Thymoma (THYM) and Uterine Sarcoma (UCS) and
normal tissues after using normal tissues of the GTEx dataset as
controls (Figure 2b, P<0.01). However, for pathological and normal
tissues of Acute Myeloid Leukemia (LAML), Low-Grade Glioma of
the brain (LGG), Sarcoma (SARC) or Testicular Germ Cell Tumor
(TGCT), we failed to obtain significant differences between them.
We also observed the correlation between SHCBP1 expression and
pathological stages of cancers, including ACC, BLCA, KICH, KIRP,
LIHC, LUAD, LUSC and TGCT, using the "Pathological Stage Map"
module of GEPIA2 (Figure 2c, all P<0.05), while the correlation with
other cancers was not significant. Total SHCBP1 protein expression
was higher in BRCA than in normal tissues (P<0.001), rendered as a
box plot by Figure 2d. There was no significant expression difference
in OV compared to normal controls, whereas statistically significant
differences were observed in UCEC and LUAD (P<0.01). In addition,
protein expression of SHCBP1 was not shown in primary tissues of
COAD and KIRC.
Genetic alteration and methylation analysis data

Statistical analysis

We investigated the genetic alterations of SHCBP1 occurring
in TCGA tumors. From Figure 3a, we can see that patient with
UCEC had the highest frequency of SHCBP1 alterations (>4%), with
"mutation" being the predominant type and the smallest percentage
of "amplification" type. In prostate cancer cases, deep deletion was
the most predominant type, showing an alteration frequency of 2.5%.

In this paper, we applied the Wilcox test to compare gene
expression differences. Pearson correlation analysis was used to
determine the relationship of SHCBP1 with other similarly expressed
genes. For survival analysis, we performed log-rank tests and
calculated risk ratios (HR) based on the Cox proportional risk (PH)
model. TIMER, CIBERSORT, CIBERSORT-ABS, QUANTISEQ,
XCELL, MCPCOUNTER, and EPIC algorithms were applied for the
estimation of immune infiltration. P-values and partial correlation
(cor) values were obtained by Spearman's rank correlation test with
purity adjustment. Survival analysis was performed using KaplanMeier analysis, log-rank test and Cox regression test. In addition, the
statistical significance obtained from the calculations was annotated
by the number of stars (*: p-value <0.05; ***: p-value <0.01; ***:
p-value <0.001). Because of the extremely large sample size we
designed, we chose a more conservative approach for each multiple
comparison, namely the bonferroni correction, which was included
in the R language's built-in method to adjust a range of p-values in
an attempt to limit the probability of false discovery (type I error,
incorrectly rejecting the null hypothesis when there was no real
effect).

Figure 1: Cancer cell surface signals were presented to immune cells via
MHC with co-stimulatory factors processing. The antigen-presenting cells
first recognized the specific cancer antigen through MHC and delivered it
to the surface receptors of the T cells, while the co-stimulatory factors acted
to generate two signals in the T cells to stimulate them to perform immune
functions.

Results
Gene expression analysis data
After manipulating the TIMER2 database, we analyzed the
Remedy Publications LLC.
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Figure 2: Analysis of SHCBP1 expression levels in different cancers. (a) Expression levels of SHCBP1 in cancer and paraneoplastic tissues in TCGA. (b)
Expression levels of SHCBP1 in cancer and paraneoplastic tissues in TCGA and GTEx. (c) Correlation of SHCBP1 in different cancers with their pathological
stages. (d) Total protein expression levels of SHCBP1 in BRCA, OV, LUAD, UCEC.

Notably, all DLBCs had copy number deletions of SHCBP1 with a
frequency of about 2%. Apart from the above, it further described
the type, site and number of cases of SHCBP1 gene alterations.
The Clinical Bioinformatics Assistant website was again applied to
determine the relationship between SHCBP1 expression in all tumors
and Tumor Mutational Burden (TMB) as well as Microsatellite
Instability (MSI), respectively. The results in Figure 3b illustrated
that TMB negatively correlated with SHCBP1 expression in THYM,
Remedy Publications LLC.

ESCA, TGCT, etc., while a positive correlation was found in STAD,
BRCA, LGG, LUAD and PRAD. As for MSI, SHCBP1 expression was
negatively correlated with it in DLBC, KICH, TGCT and Pancreatic
Adenocarcinoma (PAAD). In contrast, there was a positive
correlation between the two in STAD, UCEC and SARC (Figure 3c).
Given that at most 1 transcript in each selected tumor type sample
was aberrantly methylated, we were unable to develop a heat map of
the results of SHCBP1 methylation in different tumors.
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Figure 3: Alteration and methylation analysis of SHCBP1 in different cancers. (a) Mutation type, CNA of SHCBP1 in cancers. (b) TMB of SHCBP1. (c) MSI analysis
of SHCBP1 mutations.

Immunity infiltration analysis data

and TGCT followed a statistically opposite trend to the estimated
infiltration values of cancer-associated fibroblasts (P<0.05), while it
also displayed the scatter plot data generated in the TIMER2 data base
using this algorithm for the above-mentioned tumors (Figure 4b).
For example, based on the XCELL algorithm, the expression level of

We gained insight into the immunological knowledge of
SHCBP1 by knowing its relevance to tumor immune infiltrating
cells in an immunological context from Figure 4a. Here, after a series
of analyses, we noted that SHCBP1 expression in BRCA, STAD
Remedy Publications LLC.
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Figure 4: Immuno-infiltration analysis of SHCBP1. (a) Correlation between tumor infiltrating cells and SHCBP1. (b) Heat map of SHCBP1 correlation with cancerassociated fibroblasts and scatter plot in BRCA, STAD and TGCT (P<0.05). (c) Scatter plot of TIL abundance in relation to SHCBP1 expression. (d) Scatter plot
of Act_CD4 abundance in relation to SHCBP1 correlation in specific tumors. Influence of different immunosuppressive (e) and immunostimulatory agents (f) on
SHCBP1 gene expression levels in different tumors. (g) Heat map of the relationship between MHC molecules and SHCBP1.

SHCBP1 in BRCA and the degree of infiltration of cancer-associated
fibroblasts were statistically significant (cor = -0.397, P=5.80e-39).
In Figure 4c, we explored the relationship between the abundance
of Tumor Infiltrating Lymphocytes (TIL) and SHCBP1 expression.
With Gene Set Variation Analysis (GSVA), we can infer the relative
abundance of TIL for each cancer type. The results in Figure 4c implied
that SHCBP1 expression was statistically significantly and positively
correlated with the infiltration abundance of Act_CD4 and Th2 cells
in almost all tumor types. Moreover, the expression level of SHCBP1
in GBM and READ was negatively correlated with the abundance of
TIL in the majority of tumors, while the opposite trend was observed
in KIRC and THCA. In particular, the P-value of the correlation
with Act_CD4 was less than 0.001 in tumors such as BLCA, BRCA,
LGG, and so on (Figure 4d). As presented in Figures 4e-4f, they
demonstrated the relationship between different immunosuppressive
Remedy Publications LLC.

and immunostimulatory agents and the expression levels of SHCBP1
gene in different tumors, respectively. Among them, the gene
expression in THCA exhibited a strong correlation with almost all,
whether with immunosuppressants or immunostimulants. In almost
all tumors regarding expression, SHCBP1 was trending in the same
direction as TAP1 and TAP2 (Figure 4g). Moreover, three tumors,
namely ACC, LGG and THCA, manifested significant correlations
with almost all MHC molecules.
Immunohistochemical analysis data
We obtained typical immunohistochemical pictures of SHCBP1
in normal organisms and tumors from the HPA database. In Figure
5a, we enumerated the morphological pictures of normal lung, LUAD
and LUSC at 200 μm under the microscope. Similarly, in Figure 5b,
we presented the microscopic morphology of normal colon, normal
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Figure 5: Immunohistochemical map of normal and cancerous tissues. Typical microscopic images of lung tissue, colorectal, prostate, breast, cortical normal
tissues and their cancerous pathological tissues, where the antibodies were homogeneous in each group.

rectum and colorectal cancer, i.e., COAD and READ, in addition
to the basic information about the patient such as gender, age, etc.
While Figure 5c, 5d correspond to the male- and female-specific
cancer types, PRAD and BRCA, respectively, their normal tissue
morphology was also illustrated for comparison. To our knowledge,
gliomas mostly infiltrated the cerebral cortex extensively, so we put
immunohistochemical images of normal cerebral cortex and gliomas
(GBM, LGG) in Figure 5.

(P=3.7e-05), KIRP (P=0.0021), LGG (P=2.4e-08), LIHC (P=0.018),
LUAD (P=0.00019), mesothelioma (MESO) (P=1.9e-07) and PAAD
(P=0.028) in relation to OS. Data from DFS analysis (Figure 6c)
showed that high expression of SHCBP1 was associated with ACC
(P=0.0013), KICH (P=0.03), KIRP (P=0.00014), LGG (P=3.7e-07),
LIHC (P=0.0058), LUAD (P=0.043), MESO (P=0.0014), PAAD
(P=6e-04), PRAD (P=8e-04), and SARC (P=0.0024).
In addition, we applied the Kaplan-Meier mapper based on
TCGA's Affymetrix chip information to further evaluate the survival
associated with SHCBP1 (OS and RFS, as seen in Figure 6d, 6e,
respectively). Interestingly, we found that SHCBP1 can be considered
an unfavorable factor for the prognosis of BRCA, LIHC, PAAD,
and SARC. SHCBP1 only affected RFS for BLCA (P=0.037), LUAD
(P=0.03), OV (P=0.031), and UCEC (P=0.014), with no significant
effect on their OS. Among them, for OV, high expression of SHCBP1
had a protective effect on RFS, of course, only for the holding
database. For PCPG, SHCBP1 interfered with its OS in a statistically
significant way (P=0.044), but not for RFS. Meanwhile, high levels
of SHCBP1 expression showed protective effects on OS for READ
(P=0.03) and STAD (P=0.023), but no significant effect on RFS.
For ESCA, SHCBP1 had a protective effect on RFS (P=0.0083) but
worsened its OS (P=0.02). In conclusion, altered expression levels of
SHCBP1 implicated in the prognostic outcome of cancer patients.

Survival analysis data
We analyzed the survival data using the Clinical Bioinformatics
Assistant website and presented the OS, DFS, PFS and DSS of
SHCBP1 in different tumors in the form of a forest plot, where the
length of the line segment corresponds to the 95% confidence interval
and the size of the diamond square represents the weight, the shorter
the line segment the more accurate the results (Figure 6a). Therefore,
it can be seen that high expression of SHCBP1 correlates with OS in
patients with ACC, KIRC, KIRP, LGG, LIHC, MESO, PAAD, PCPG,
PRAD, READ, THYM, and UVM. In DSS, high SHCBP1 expression
was correlated with KIRP, PAAD, PRAD. Meanwhile, after grouping
cancer cases into high and low SHCBP1 expression levels, we then
investigated whether there was any association between SHCBP1
expression derived from TCGA and GEO datasets and the prognosis
of different patients, respectively. As shown in Figure 6b, in the
TCGA project, high expression of SHCBP1 was correlated with ACC
Remedy Publications LLC.
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Figure 6: Analysis of SHCBP1 expression on the survival of tumor patients. Survival analysis of SHCBP1 expression on tumor patients. (a) Forest plot of the effect
of SHCBP1 expression on OS, DFS, PFS, DSS in patients. Heat map of the effect of SHCBP1 expression levels on OS (b) and DFS (c) in tumor patients under
TCGA database and survival curves in specific tumors. K-M plots of SHCBP1 expression on OS (d) and RFS (e) in tumor patients.

(G-2 and S-phase Expression 1) (R=0.70), and DLGAP5 (Disc, Large
(Drosophila) Homology-Associated Protein 5) (R=0.69), GINS1
(Ginseng complex subunit 1) (R=0.58) and PRIM1 (primase, DNA,
polypeptide 1) (R=0.57) (all P<0.001).

Enrichment analysis of SHCBP1-related partners
To sharpen the academic view of how the SHCBP1 gene affected
tumorigenesis, we screened for pathways targeting SHCBP1 binding
proteins and cross-tabulation of SHCBP1 expression-related genes.
By searching the STRING tool, we gained 50 SHCBP1-binding
proteins supported by experimental evidence. The network of
these protein interactions is depicted in Figure 7a. In addition, we
combined GEPIA2 and TCGA tumor expression data to identify the
top 100 genes associated with SHCBP1 expression. Corresponding
heat map data suggested that gene expression of targeting selection
was positively correlated with SHCBP1 expression in cancers
(Figure 7b). As displayed in the scatter plot in Figure 7c, SHCBP1
was positively correlated with the expression levels of many related
genes, such as NCAPG (Non-SMC Condensin I complex, subunit
G) (R=0.73), KIF23 (Kinesin Family member 23) (R=0.71), GTSE1
Remedy Publications LLC.

Based on these results, we took the intersection of these two
analyses and found that they both covered five common members,
namely CENPA, RACGAP1, KIF20A, KIF20B, and KIF23 (Figure 7d).
We also combined these two datasets for KEGG and GO analysis of
SHCBP1 functions. We presented the GO-enriched data in a bar chart
in Figure 7e. MF data in GO analysis highlighted that most of these
genes were associated with protein kinase activity or microtubules,
such as microtubule binding, protein serine/threonine kinase activity,
protein kinase activity, microtubule motor activity, etc. (Figure 7f).
Microtubules, kinetochore, condensed chromosome kinetochore
might be the main cellular components of genes, as seen in Figure 7g.
8
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Figure 7: Gene and protein interaction network and enrichment analysis of SHCBP1. Gene and protein interaction network and enrichment analysis of SHCBP1.
(a) Network mapping of experimentally validated proteins binding to SHCBP1. (b) Heat map data corresponding to genes with strong correlation with SHCBP1
in cancer. (c) Expression correlation analysis between SHCBP1 and selected target genes. (d) Cross-tabulation analysis profiles of SHCBP1 binding genes and
related genes. (e) Histogram of GO analysis in general. Specific MF (f), CC (g), BP (h) pie charts of SHCBP1 in GO analysis. (i) Bubble plot of KEGG analysis of
SHCBP1.

Also, we could speculate from the BP visualization diagram (Figure 7h):
Genes were mainly linked to sister chromatid cohesion, microtubulebased movement, protein phosphorylation, signal transduction,
antigen processing and presentation of exogenous peptide antigen
via MHC class II, cell-cell adhesion, negative regulation of apoptotic
process and other biological processes. The data in Figure 7i revealed
that "cell cycle", "oocyte meiosis" and "viral carcinogenesis" may be
pathways involved in tumorigenesis by SHCBP1.

be differentially expressed or manifested across human cancers or a
specific subtype, and given the complexity of cancer etiology and the
uncertainty in our knowledge of this, it is essential to uncover more
definitive genes that become factors in deepening our understanding
of cancer. To this end, we have analyzed the expression of SHCBP1 in
cancer and the role it may assume in this process.
Pan-cancer analysis can reveal tumor similarities and differences
and provide insights into the design of cancer prevention and
therapeutic targets [40]. Therefore, we examined the molecular
characteristics of SHCBP1 expression, alterations, and DNA
methylation in 33 tumors according to TCGA, CPTAC, and GEO
databases. The outcome of SHCBP1 mostly highly expressed in
tumors cannot be generalized either; after all, different tumors had
different prognosis. Whether SHCBP1 in different tumors depended
on a common molecular mechanism to induce disease development
remained to be urgently investigated. Given that there is no relevant

Discussion
Pan-cancer analysis of genes or genomes potentially involved in
cancer development based on public database platforms is of great
relevance in many aspects of basic research, clinical practice, and
theory derivation [38,39]. These studies can help us to understand
which molecules are broadly involved in the development of human
diseases and the processes or pathways they cover. In the current
field of cancer research, many such molecules have been found to
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literature on pan-cancer analysis of SHCBP1 from a holistic tumor
perspective, we herein performed its differential expression and
relationship with disease prognosis, TMB and MSI to elucidate the
role of SHCBP1 in different cancers just to fill this gap.

to this, SHCBP1 expression at high levels in synovial sarcoma [50] was
downwardly associated with our analysis of the effect of SHCBP1 on
patient survival, but not all cancer types exhibited high expression of
SHCBP1. Gao et al. [51] discovered in their study of Long noncoding
RNAs (lncRNAs) that SHCBP1 served as a tumor promoter and was
lowly expressed in non-small cell lung cancer. The results of the work
of Huang et al. [52] inferred that inhibition of SHCBP1 to achieve
lower levels of inflammatory factors may be part of the mechanism
why lignocaine A can be used against skin cancer. Our work laid the
cornerstone for further identifying SHCBP1 as a therapeutic target
and biomarker in its capacity as a tumor-promoting factor.

In this study, we combined independent datasets from TCGA
and GTEx to familiarize with SHCBP1 expression including in
cancerous and normal tissues. The findings of SHCBP1 analysis in the
33 cancer datasets of TCGA implied that in BLCA [41], BRCA [42],
CHOL, COAD, ESCA [43], GBM [44], HNSC, LIHC [45], LUAD
[46], LUSC, PRAD, READ, STAD [10], THCA [47], and UCEC
were expressed in large amounts, whereas they were less expressed
in KICH, KIRC, and KIRP compared to normal tissues. Interestingly,
we observed differences in gene expression in the two databases. And
such differences in the same gene in different databases may be due to
the influence of data collection methods and the mechanisms behind
different biological features; hence SHCBP1 is not an exception.
Buckley et al. [48] demonstrated that loss of SHCBP1 during T-cell
development is directly affected by the regulation of CD4(+) T-cell
effector function in vivo, rather than T-cell development, which is
consistent with our results from immunological analysis of SHCBP1.
Although many works have elucidated that high expression of
SHCBP1 in certain cancers was accompanied by a negative prognosis,
there has never been a study that provided an overview of the survival
impact of this gene expression on patients with all types of cancers,
and because of this our pan-cancer analysis can fill this gap and add
to the foundation of SHCBP1 in cancer diagnosis and treatment. The
cytoskeleton played an important role in the migration of normal
and cancer cells, and microtubules were one of the components, as
our GO analysis results showed that microtubule motility was one
of the main biological processes of SHCBP1, and microtubules as its
main cellular component while its molecular function was mainly
expressed as microtubule binding. A recent study reported and
described that microtubules and the upregulation of some factors
regulating microtubule function compared to normal tissue, such
as microtubule-associated proteins, end-tracking proteins or motor
proteins, favored the highly aggressive nature of gliomas [49].

Overall, our pan-cancer study analyzed SHCBP1 differential
expression in cancer, gene mutation and methylation, infiltration
analysis in an immunological context, clinicopathological
histochemistry, survival analysis and functional enrichment analysis
based on multiple databases, and these data mapped a comprehensive
landscape of SHCBP1 features in pan-cancer tumor types. Our
results indicated that the SHCBP1 gene could be used as a potential
prognostic biomarker for clinical diagnosis and evaluation of tumors.
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