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Purpose: Vacuolar protein sorting-associated protein 13A (VPS13A) has been shown to be
associated with rhabdomyosarcoma, gastric cancer and ovarian cancer, but the pan cancer analysis
of VPS13A is still lacking, and the bioinformatics function of VPS13A has not been studied yet.
Methods: We used TCGA and GEO databases to investigate the distribution, expression and
prognosis of VPS13A in 33 tumors for the first time. We used TIMER2, ULCAN databases to
obtain the expression differences of VPS13A in tumor tissues and corresponding normal tissues,
and further obtain the gene expression in different pathological stages of tumors from the GEPIA
database. Mutation types and survival analysis of VPS13A were obtained from cBioPortal
database. The relationship between VPS13A and immune infiltration was explored using
TIMER2. We used the String website to obtain VPS13A binding proteins and draw the protein—
protein interaction network map. JVENN was used for cross analysis, and Kyoto Encyclopedia of
Genes and Genomes (KEGG) and Gene Ontology (GO) were used for gene enrichment analysis.
Results: VPS13A is highly expressed in most tumors, and gene expression is associated
with prognosis in patients with tumors. The expression level of VPS13A was correlated with
the infiltration depth of CD8+T cells in DLBC, LUAD, SKCM and TGCT, and was
correlated with carcinoma-associated fibroblasts in BRCA, CESC, LIHC and THYM.
Compared with normal tissue, VPS13A methylation levels were higher in some primary
tumors. KEGG gene enrichment indicates that VPS13A is involved in RNA degradation,
autophagy, cell senescence, cell cycle, apoptosis and other pathways.

Conclusion: VPS13A is closely related to the occurrence and progression of tumors and can
be used as a biomarker for tumor screening and diagnosis. The level of VPS13A expression
and the presence of mutations affect the prognosis of patients with certain cancers, which can
be determined by early genetic testing.
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Introduction

Given the complexity of tumor genesis and progression, it is important to analyze
the expression of related genes and evaluate their correlation with clinical prognosis
and potential molecular mechanisms. The TCGA (The Cancer Genome Atlas) and
GEO (Gene Expression Omnibus) databases contain different tumor functional
genomics datasets so that we can perform pan-cancer analysis."> Vacuolar protein
sorting 13 homolog A (VPS13A) located at chr9:77177353-77421541 (GRCh38).
The protein encoded by this gene controls the steps of protein circulation from the
trans-Golgi network to the endosome, lysosome and plasma membrane.® Mutations
in this gene cause an autosomal recessive disease known as chorea-acanthosis.

Selective splicing of this gene can lead to multiple transcriptional variations.*
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Studies have shown that VPS13A is associated with
rhabdomyosarcoma, gastric cancer, and ovarian cancer.’°
We summarized the distribution relationship between
VPSI13A and various tumors in the TCGA database, as
shown in Figure 1A. In this study, for the first time, we
used the TCGA project and GEO database to conduct
VPS13A pan-cancer analysis (including gene expression,
DNA methylation,
immune osmosis and related cellular pathways), which

survival status, gene mutations,

can further understand the biological function of
VPSI13A in ubiquitin-cancer and its value in clinical diag-

nosis and prognosis of cancer patients.

Materials and Methods

Gene Expression Analysis

In Tumor Immune Estimation Resource version 2 (TIMER2,
http://timer.cistrome.org/) “Gene DE” module, VPS13A
was input to observe the difference in gene expression

between tumor and adjacent normal tissue in different
tumor or specific tumor subtype of TCGA project, gray
columns indicate normal data are available.” Some tumors
do not have normal tissue or are highly restricted to normal
tissues, such as adrenal cortical carcinoma (ACC), T diffuse
large B-cell lymphoma (DLBC), acute myeloid leukemia-
(LAML), serous cystadenocarcinoma of the ovary (OV),
thymic carcinoma (THYM), and so on.

We use the “analysis-box” module of Gene Expression
Profiling Interactive Analysis Version 2 website (GEPIA2,
http://gepia2.cancer-pku.cn/) to obtain a box map of tumor

Tissue and corresponding normal Tissue Expression dif-
ferences in the Genotype-Tissue Expression (GTEX)
database.® Set p value cutoff = 0.01, 10g2FC (fold change)
cutoff = 1, “Match TCGA normal and GTEx data”. In
addition, through the ”Pathological Stage Plot” module
of GEPIA2, we obtained the violin plots of VPSI3A
expression in all TCGA tumors at different Pathological
stages (Stage I, IL, III and IV).’ The log2 [TPM
(Transcripts per million) +1] transformed expression data
were applied for the box or violin plots.

Protein Expression and DNA Methylation

Analysis
UALCAN website (http://ualcan.path.uab.edu/analysis-
prot.html), an interactive web resource for analyzing can-

cer Omics data,'® allowed us to perform protein expression
analysis on the Clinical Proteomics Consortium for Cancer
Analysis (CPTAC) dataset.'' In this study, we input

“VPS13A” and selected available datasets of six kinds of
tumors, to investigate the expression level of total protein
of VPS13A in primary tumor and normal tissue, respec-
tively. The z-value represents the standard deviation of the
median sample for different cancer types.

DNA methylation in primary tumors and normal tis-
sues was analyzed in the TCGA dataset on the UALCAN
website,12 Input “VPS13A”, select available datasets of 11
kinds of tumors: infiltrating breast cancer, cervical squa-
mous cell cancer, adenocarcinoma, cholangiocarcinoma,
colorectal adenocarcinoma, esophageal cancer, squamous
cell carcinoma of head and neck, clear cell carcinoma of
kidney, hepatocellular carcinoma, lung adenocarcinoma,
pancreatic cancer, and endometrial cancer. Beta values
indicate that DNA methylation levels go from O(unmethy-
lated) to 1(fully methylated), [Beta-value: 0.7-0.5] for
hypermethylation, and [Beta-value: 0.3-0.25] for hypo-
methylation. P < 0.05 indicated a statistically significant
difference in DNA methylation between the primary tumor
and normal tissue.

Analysis of Survival Prognosis

We used the “Survival Map” module of GEPIA2 to obtain
the OS (overall survival) and DFS (disease-free survival)
significance map data of VPS13A in all TCGA tumors."?
The threshold value of cutoff (50%) was used as the
expression threshold to separate the high expression and
low-expression queues. In the survival analysis module,
the significance level was set to 0.05, and the log-rank
hypothesis test was used to obtain the survival curve, in
which P < 0.05 suggested that the difference in gene
expression was related to the prognosis of patients.

Analysis of Genetic Changes

We use cBioPortal website (https://www.cbioportal.org/),
in the “Quick select” part chose “TCGA Pan Cancer Atlas
Studies”, Enter “VPS13A” to query the genetic alteration
characteristics of VPS13A. Change frequency, mutation type

14-16

and copy number variation (CNV) of all TCGA tumors can be
observed in the “Cancer Types Summary” module. The muta-
tion site information on VPS13A can be displayed in the
schematic map of protein structure or three-dimensional struc-
ture through the “Mutations” module. We also used the
“Comparison/Survival” module to obtain data on the differ-
ence in overall, disease-free, progression-free, and disease-free
survival of TCGA cancer cases with and without VPS13A
gene alteration. Kaplan—-Meier graphs with log-rank and
p-value are also generated.
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Figure | The expression of VPSI3A differed in different tumors and normal tissues. (A) The distribution relationship between VPSI3A and various tumors in the TCGA
database; (B) The expression differences of VPSI3A in different tumors and normal tissues from TIMER2 database; (C) VPSI3A was highly expressed in CHOL, DLBC,
LAML and THYM tumors, Low expression in COAD and UCEC tumors; (D) The correlation between VPSI3A expression and different tumor Pathological stages.
Notes: The statistical significance computed by the Wilcoxon test is annotated by the number of stars (*p-value < 0.05; **p-value <0.01; ***p-value <0.001).
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Immune Infiltration Analysis

We used the “Immune Genes” module of the TIMER2
Web server to explore the relationship between VPS13A
expression and immune infiltration in all TCGA tumors.'”
CD8+ T cells and cancer-related fibroblasts were selected,
TIMER, CIBERSORT, CIBERSORT- abs, QUANTISEQ,
XCELL, MCPCOUNTER and EPIC algorithms were used
to test the purity Spearman rank correlation. The heat map
and scatter map containing P value and partial correlation
(COR) value of immune infiltration were obtained.'® COR
ranges from +1 to —1 denote perfect positive to perfect
negative correlations, sometimes denoted by R.

Gene Enrichment Analysis
Search the STRING website (https://string-db.org/), using
a single protein name (“VPSI3A”) and an organism

(“homo sapiens™),'” then set the following main para-
meters: Minimum required interaction score [“low confi-
dence (0.150)”], meaning of network edge meaning
(“evidence-line color indicates the type of interaction evi-
dence”), Max number of Interactors to show maximum
number of interactors (“no more than 50 interactors™)
and active interaction sources (“experiment”). Active
interaction sources include Neighborhood in the Genome
(green), Gene Fusion (purple), Co-occurrence Across
Genomes (blue), Co-Expression (black), Experimental/
Biochemical Data (red), Association in Curated
Databases (light blue), and Co-Mentioned in PubMed
Abstracts (light green).

Finally, available experimentally determined VPS13A
binding proteins were obtained. We used the “similar
gene” module of GEPIA2 to obtain the top 100 VPS13A-
related targeted genes based on the data sets of all TCGA
tumors and normal tissues.?® “Correlation Analysis” mod-
ule was also applied to conduct paired Pearson gene cor-
relation analysis of VPS13A and the selected genes,
a scatter plot with log2 TPM, P value and correlation
coefficient (R) was obtained. The larger the R, the higher
the correlation was.”'

In addition, the “Gene Corr” module of TIMER2
was used to input VPS13A-related genes, and purity
adjusted Spearman rank correlation test was selected to
perform gene correlation analysis on VPS13A and the
selected genes, and heat maps and scatter maps with
partial correlation (COR) and p wvalues in different
tumors were obtained. The larger R was, the higher
the correlation was.*>

We used Jvenn, an interactive Venn graph viewer, to
perform cross analysis to compare binding proteins and
related genes. KEGG (Kyoto Encyclopedia of Genes and
Genomes) pathway analysis was conducted by combining
the two sets of data. Click the “Search & Color” Pathway
on the “KEGG Mapper” page, and in the Color input box
for the related proteins and markers, set the other para-
meters: Sponsorship-Specific defaults to HSA, select
Include Aliases, and finally click on “Exec”. The pathways
with more proteins involved were copied, and histograms
were drawn using GraphPad Prism 8. Similarly, 100
Uniprots with similar genes were obtained from the
UniProt website, and their colors and markers were input
into the KEGG Mapper box. We upload the list of genes to
David (Database for annotation, visualization, and inte-
grated discovery) by selecting the identifier (“official”)
and species (“ Homo sapiens ) Settings. And integrated
discovery), and obtained the data of functional annotation

map.”***> Go (Gene Ontology) enrichment®®*’

was per-
formed on these data, and copies of pathways with
a large number of genes were involved. GraphPad Prism

8 was used to plot the histogram.

Results

Gene Expression Data Analysis

The expression differences of VPS13A in different tumors
and normal tissues were obtained in TIMER2, as shown in
Figure 1B. VPS13A was observed in Cholangiocarcinoma
(CHOL), Lymphoid Neoplasm Diffuse Large B-cell
Lymphoma (DLBC), Acute Myeloid Leukemia (LAML),
Thymoma (THYM), Pancreatic cancer Adenocarcinoma
(PAAD), Pheochromocytoma and Paraganglioma (PCPG)
were highly expressed. VPS13A is low expressed in breast
invasive carcinoma (BRCA), cervical squamous cell car-
cinoma and endocervical carcinoma (CESC), uterine cor-
pus endometrial carcinoma (UCEC), ovarian serous
cystadenoma (OV), stomach adenocarcinoma (STAD)
and colon adenocarcinoma (COAD). The statistical signif-
icance computed by the Wilcoxon test is annotated by the
number of stars (*: p-value <0.05; **: p-value <0.01; ***:
p-value <0.001). The box chart of expression difference
was obtained from GEPIA2 database. VPS13A was highly
expressed (with high median) in CHOL, DLBC, LAML
and THYM tumors, as shown in Figure 1C. Low expres-
sion (low median) in COAD and UCEC tumors, as shown
in Figure 1C. The box chart * indicated P < 0.05, and the
difference was statistically significant. We also used the
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“Pathological Stage Plot” module of GEPIA2 to observe
the correlation between VPS13A expression and different
tumor pathological stages.

Among them, ACC (P=0.02), BRCA (P=0.007), BLCA
(P=0.03), LIHC (P=0.04), LUAD (P=0.03), LUSC
(P=0.04), TGCT (P=0.01), THCA (P=0.005), OV
(P=0.04), P<0.05 is correlated. Others have no correlation.
The higher the pathological stages of ACC, BLCA,
LUAD, LUSC and OV were, the higher the expression
level of VPSI3A was, presenting a positive correlation,
while BRCA, LIHC, TGCT and THCA presented
a negative correlation, as shown in Figure 1D.

Protein Expression and DNA Methylation
Analysis

CPTAC dataset results showed that compared with normal
tissues, total VPS13A protein was lower expressed in pri-
mary tissues of breast cancer (BRCA), serous cystadenocar-
cinoma of the ovary, endometrial carcinoma of the uterus,
colon cancer, clear cell carcinoma of the kidney, and lung
adenocarcinoma (LUAD), as shown in Figure 2A.

TCGA dataset results showed DNA methylation ana-
lysis in primary tumors and normal tissues, VPSI13A
showed higher methylation levels in primary tumors of
infiltrating breast cancer, cervical squamous cell cancer,
adenocarcinoma, cholangiocarcinoma, colorectal adeno-
carcinoma, esophageal cancer, squamous cell carcinoma
of head and neck, clear cell carcinoma of kidney, hepato-
cellular carcinoma, lung adenocarcinoma, pancreatic can-
cer, and endometrial cancer, as shown in Figure 2B.

Survival Analysis Data

We divided cancer cases into high and low-expression
groups based on VPS13A expression level, mainly using
the TCGA and GEO datasets to study the correlation
between VPS13A expression and prognosis in different
tumor patients with datasets. Kaplan-Meier mapping tool
was used to analyze the survival data. The high expression
of VPS13A gene was associated with longer overall sur-
vival (OS) of CHOL and KIRC (P=0.035, 0.0051,
P<0.05). Low expression of VPS13A gene was associated
with prolonged overall survival of ACC, LGG, LIHC and
UCS (P=0.031, 0.0057, 0.027, 0.047, P<0.05), as shown in
Figure 3A. The high expression of VPSI3A gene was
associated with prolonged disease-free survival (DFS) of
TGCT and THCA (P=0.022, 0.025, P<0.05). Low expres-
sion of VPSI3A gene was associated with prolonged

disease-free survival of ACC, LIHC, Prad, and UCS
(P=0.0017, 0.019, 0.022, 0.015, P<0.05), as shown in
Figure 3B. Finally, high expression of VPS13A in ACC,
LIHC and UCS was found to be correlated with poor
prognosis.

Analysis Data of Genetic Changes

We observed the genetic alteration of VPS13A in different
tumor samples in the TCGA dataset. As shown in the
Figure 4A, patients with endometrial cancer with “muta-
tion” as the primary type had the highest frequency of
VPS13A changes (>12%). VPS13A copy number dele-
tions were present in all genetically altered mature B-cell
tumors (2% of the time). Figure 4B shows the type, locus
and number of cases of VPS13A gene mutation. We found
that missense mutation was the main type of VPSI13A
gene mutation. We can observe the K3725fs *2 site and
SHR-BD in the three-dimensional structure of SND1 pro-
tein. SHR-BD:SHR-binding domain of vacuolar-sorting
associated protein 13 (2209-2455) PFAM, see Figure 4B.
In addition, we explored the potential association between
VPS13A gene alterations and clinical survival outcomes in
patients with different types of cancer. In the cBioPortal
website, through the analysis of 33 tumor mutations and
prognosis, it was found that the mutation and non-
mutation of VPS13A were not significantly associated
with survival on the whole, which may be related to the
low number of cases or lack of mutation data in many
tumor samples. Figure 4C data showed that compared with
UCEC patients without VPS13A change, UCEC patients
with VPS13A change had better overall (P=0.0723), dis-
ease-free (P=0.315), progression-free (P=6.798e-3), and
disease-specific (P=0.0486) survival outcomes. Compared
with ACC patients with VPS13A change, ACC patients
without VPSI3A change had better overall (P=1.56e-8),
(P=1.11e-16),
(P=6.15¢-9) survival outcomes.

progression-free and disease-specific

Protein Phosphorylation Data Analysis

Phosphonet and qPhos databases were also used to analyze
phosphorylation levels. The qPhos database result inter-
face contains the protein number in UniProt database, the
gene name, the position of phosphorylated amino acids in
the protein, sequence information, sample name, sample
type, experimental conditions, detection method, phos-
phorylation difference results and significance.”**° qPhos
database showed that under PaSC standard, TMT detection
method was used to obtain the phosphorylation site and
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Figure 2 VPSI3A protein expression and DNA methylation analysis. (A) VPSI3A protein was lower expressed in these tumors compared with normal tissues; (B) VPSI3A
showed higher methylation levels in primary tumors compared with normal tissues.
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Figure 3 Survival analysis of VPSI3A in different tumors. (A) The high expression of VPSI3A gene was associated with prolonged overall survival (OS) of ACC, LGG, LIHC
and UCS (P=0.031, 0.0057, 0.027, 0.047, P<0.05); (B) Low expression of VPSI3A gene was associated with prolonged disease-free survival (DFS) of ACC, LIHC, Prad, and

UCS (P=0.0017, 0.019, 0.022, 0.015, P<0.05).

sequence information on VPS13A,%° and the difference
was significant (P=0.017). The PhosphoNet database
shows that VPSI3A has 240 phosphorylated sites, with
more phosphorylated sites at S839, as shown in Figure 4D.

Immune Infiltration Analysis Data
Tumor-infiltrating immune cells, as an important part of
the tumor microenvironment, are closely related to the
occurrence, progression or metastasis of tumors.*'>* It
has been reported that tumor-associated fibroblasts in the
tumor microenvironment stroma are involved in regulating
the
cells.
We used TIMER, CIBERSORT, CIBERSORT- abs,
QUANTISEQ, XCELL, MCPCOUNTER and EPIC algo-

rithms to investigate the potential relationship between

functions of wvarious immune

35,36

tumor-infiltrating

different levels of immune cell infiltration and VPS13A
gene expression in different types of TCGA cancer. Cor 0—
1 is a positive correlation, which is red; Cor 0- (—1) is
a negative correlation, which is blue. After a series of
analyses, based on all or most of the algorithms, we

found that there was a statistically positive correlation
between the immune infiltration of CD8+T cells and the
expression level of VPS13A in DLBC, LUAD, SKCM,
TGCT and UVM metastases (Figure 5A). We observed
a positive correlation between VPS13A expression and
cancer-associated fibroblasts in BRCA, CESC, LIHC,
and THYM, but a negative correlation in BLCA, KIRC,
and TGCT (Figure 5B). According to TIDE algorithm, the
expression level of VPS13A in ACC is positively corre-
lated with the infiltration level of cancer-related fibroblasts
(Cor = 0.262, P=2.49¢-02), P < 0.05, and the COR > is
positively correlated, which is of statistical significance, as
shown in Figure 5C.

Enrichment Analysis of VPSI3A Related

Complexes

In order to further study the molecular mechanism of
VPS13A gene in tumor genesis, we tried to screen the
targeted VPS13A binding protein and the genes related
to VPS13A expression, and performed a series of pathway

International Journal of General Medicine 2021:14

https:

6831

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhang and Li Dove

12%: ‘;.1 o
= 10%- <
% 6% % ak- ®
:
2 E °
M e s LTIIIIIIIIIIIIIIIILIILILL | S o gf";
. e 3 : by s | &
%;Zs%%%z@%f{%fi‘%’%}ﬁ&{a%%&&iﬁ%;?&f’*%&% :
S b Ry T e, ] 3 =
» e, AR A e ey, F . o . -
o %%&%@%% %g,,:v%%%}% s»% %%%%z% %, % .,
Y, T, o, . P 1aA: Putatve copy-number torations frem GISTIC
Karasis
9 8 ' V2885020
c ]
g
g TIPS
E ' RIGEQ Ef512DK
< DiGEN gr ! ! ! Misge G
9 L] L] L] L] L] L] 1] LI . .
g (111] LI R TR "y e (R]] L " »
> SLOE BDNI SRR DD E0DIEEIE RN N DRI 0D D O0) 0000 #1) IN) 00 ERIEIRNRE MDD Y 0 BDIHEIN) S B EIEEN B
#*
0
§
0 50 100 1500 20 250 W ik

“E:v—. o o ]
- ] e ]
£ ol | g fm
H H H H
{ ) fon im
S . e £ o
] o o ]
UCEC UCEC UCEC UCEC
R EEEEEEEEE] R N ) T T T R T MR S % e wdm ok k& E
[— e ot f——
[ o P— [——
8 s - 8 s [y
s Hrinl H Hrenl
o | @ :
by g L “—"“-\_"L
- = —
i t s o 1
- S| Lo H )|
§ 3 § o -y
=
!
. |
=
AcC AcC L3 A
N . Acc e
T FT TR I T TI LT IEEEFETE 7 - R EEETI I TIEY
TRREEEEE TRRRERER

ot i snicl Omatsmiciarty [E——

- o e
fy— f—
e [m——
14 -
@® Phosphorylation 3
@® Acetylation
12+
@® Ubiquitylation
® Other
g 10
b=
o
= 8
(=3
S
B 6] seas @@ ssao < q
£
S
2
5 4
k=t
T2at0
2 <
T138  s27a s708 wepat
o] I
T T T T T v
500 1,000 1,500 2,000 2,500

T
3,000
Residue number

Figure 4 VPSI3A gene mutation analysis and survival analysis. (A) The genetic alteration of VPSI3A in different tumor samples in the TCGA dataset; (B) The type, locus
and number of cases of VPSI3A gene mutation;The three-dimensional structure of SND | protein. (C) UCEC patients with VPSI3A change had better overall compared with
UCEC patients without VPSI3A change; ACC patients without VPSI3A change had better overall compared with ACC patients with VPSI3A change; (D) The
phosphorylation site and sequence information of VPSI3A in the PhosphoNet database.

6832 e International Journal of General Medicine 2021:14

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Zhang and Li

A g
g 8
2 5 5
I8 2 = 4 53
5 2 = o 15 ]
£22535535¢ s E ! £x5
T cell CDB+_TIMER
- - - T cell CD8+_EPIC
T cell CDB+_MCPCOUNTER
T cell CDB+_CIBERSORT
T cell CDB+_CIBERSORT-ABS
T cell CDB+_QUANTISEQ
T cell CDB+_XCELL
] T cell CDB4+ naive XCELL
T cell CDB+ central memory XCELL
T cell DB+ effector memory_XCELL
L
o5 | =4
L e -3
o - o
— : M
o o o
< : &
P
3
£ zz
8 5
s s & g sizg3
=88 33 Fr82z
== =T 7T
Yy 25558351 SELEEETERRESLE00R0R5:30
Gancer associated fibroblast_EPIC
Gancer associated fibroblast_ MCPGOUNTER
- Gancer associated fibroblast XCELL
Gancer associated fibroblast_TIDE
- m o
- s =
=% = =
h M
o o =
= s &
= Purity Cancer associated fibroblast_TIDE = Cancer associated fibroblast_EPIC
= .t N Rho=o0262) £ . Rho = 0.235
o s, epP= 2.49e-02 N p =7.74e-05|
j=2 * j=
9 3+ S
E 2
3 3
= 24 = )
= c |@
L L E
@ @, |0
@ @
L 14 @
S S
= 2
] u
< <
& 0+ e}
4 4
< 0.2 0.4 0.6 -0.1 0.0 0.1 < 0.1 0.2 0.3
Purity Infiltration Level Infiltration Level
Purity Cancer associated fibroblast_TIDE Cancer associated fibroblast_EPIC

=0, 2431
. P=5676-0!

5|

ov

Rho = 0.179
. p = 4.656-03

VPS13A Expression Level (log2 TPM)
KIRP

-01 0.0 0.1
Infiltration Level

VPS13A Expression Level (log2 TPM)

Cancer associated fibroblast_TIDE

0.25 0.50 0.75 1.00
Infiltration Level

Rho = 0.213

p = 2.006-06

THYM

Cancer associated fibroblast_TIDE _I
« Rho = 0.456]

+ pz3.07e-07

-0.2 0.0
Infiltration Level

-0.2 0.0 0.2

VPS13A Expression Level (log2 TPM)

Infiltration Level

0.25 0.50
Purity

s Purity

o

=

I

>

2

3¢

3

= |8

o

S2iF

a

<4

S

]

< '

I}

2

= 0.00 025 0.50
Purity

Purity

Cancer associated fibroblast_EPIC

Cancer associated fibroblast_TIDE

IS

w

o

ho = 0.24)
p = 2.46e-02

ucs

. Rho = —0.072
p=6.106-01

VPS13A Expression Level (log2 TPM)
»
UCEC

0.00 025 0.50
Purity

Figure 5 Immune infiltration analysis. (A) The correlation between the immunoinfiltration of CD8+T cells and the expression level of VPSI3A in DLBC, LUAD, SKCM,
TGCT and UVM metastases; (B) The correlation between VPSI3A expression and cancer-associated fibroblasts in BRCA, CESC, LIHC, and THYM, but a negative
correlation in BLCA, KIRC and TGCT; (C) The expression level of VPSI3A in ACC is positively correlated with the infiltration level of cancer-related fibroblasts (Cor

=0.262, P=2.49¢-02).

1.00 0.0

0.1
Infiltration Level

0.2

VPS13A Expression Level (log2 TPM)

-02 -0.1 0.0 0.1 0.2

Infiltration Level

International Journal of General Medicine 2021:14

https:

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhang and Li

Dove

enrichment analysis. We used the GEPIA2 tool combined
with all tumor expression data of TCGA to obtain the top
100 genes associated with VPSI3A expression. Paired
Pearson gene correlation analysis was conducted for
VPSI13A and the selected genes, and a scatter plot of
correlation analysis was obtained. The larger R was, the
higher the correlation was, as shown in Figure 6A. We
used the Gene Corr module of TIMER2 to provide
VPS13A-related genes, and obtained heat maps and scatter
maps with partial correlation (COR) and p values for
different tumors, as shown in Figure 6B. Among them,
GCC2 (R=0.66, P=0), ZnF518A (R=0.64, P=0), INO80OD
(R=0.63, P=0), NHLRC2 (R=0.63, P=0), SREK1 (R=0.62,
P=0) and ZnF782 (R=0.62, P=0) were all correlated with
VPS13A in different tumors, and R>0 was indicated as
a positive correlation, P<0.05, which was statistically sig-
nificant. Based on the STRING tool, we obtained a total of
50 binding proteins, all of which were supported by
experimental evidence. Figure 6C shows a diagram of
these protein network interactions. The line between
nodes represents the type of interaction between two pro-
teins, and the red represents Experimental Data. The color
of protein node is different from the score value. Among
them, the score between PMSA1 and PMSA4 was the
highest (score=0.994), the score between ULK3 and
VPS13A was the lowest (score=0.157).

VPS|3A Signaling Pathway Analysis

We combined the two datasets for KEGG enrichment
analysis and obtained the signaling pathway diagrams of
50 VPSI13A binding proteins and 100 VPS13A associated
genes. RAB7A is one of the VPS13 family of acting
proteins, can regulate autophagosome-lysosomal fusion
and autosomal lysosomal maturation.*” In the neurodegen-
erative pathway and the amyotrophic lateral sclerosis path-
way, protein enrichment is the largest, followed by the
proteasome pathway, as shown in Figure 7A. The asso-
ciated genes involved in RNA degradation, autophagy, cell
senescence, cell cycle, apoptosis, TGF-f, cAMP, mTOR,
Hippo, cGMP-PKG, Wnt, oxytocin, estrogen, metabolic
pathway, cancer and other 66 signaling pathways. GO
enrichment analysis was conducted on the annotation
data of associated genes obtained by David, and it was
found that these genes were related to DNA, RNA and
protein synthesis, as well as DNA binding, DNA repair,
cell division, protein binding and protein phosphorylation,
as shown in Figure 7B. VPSI3A has a wide range of
effects in vivo and is very important for cell survival.

Jvenn was used for cross analysis of related genes and
binding proteins, and no obvious common members were
found, as shown in Figure 7C.

Discussion

VPS13A has been shown to be associated with rhabdo-
myosarcoma, gastric cancer and ovarian cancer. VPS13A
refers to vacuolar protein sorting-associated proteinl3A,
which is a peripheral membrane protein located in the
close contact with the endoplasmic reticulum (ER) and
mitochondria (MT), and is associated with mitochondria,
endoplasmic reticulum and lipid droplets. VPS13A inter-
acts with the endoplasmic reticulum ER resident protein
VAP-A through its FFAT domain and with mitochondria
through its C-terminal domain.>® The protein encoded by
this gene can regulate intracellular protein transport and
induce autophagy by mediating protein endocytosis and
lysosomal degradation. Defects in the autophagy pathway
can be caused by VPSI3A deficiency.® VPSI3A can
regulate apoptosis by activating the Akt-PI3K pathway
and increases cell survival rate.** VPS13A can affect the
morphology and function of mitochondria in cells and
regulate apoptosis and autophagy, which is very important
for cell survival. However, the pan-cancer analysis of
VPS13A is still lacking, so for the first time, we investi-
gated the distribution characteristics, expression and prog-
nosis of VPS13A in 33 tumor datasets of TCGA and GEO.

In some tumors, the expression of VPSI13A gene was
positively correlated with the level of cancer-associated
fibroblasts, indicating that VPS13A was associated with
the occurrence of cancer, and the higher the pathological
stage of some tumors, the higher the expression of
VPS13A gene was. Chorea levels of VPS13A-expressed
protein in blood samples can be clinically screened to
predict the occurrence of cancer and determine the patho-
logical stage of cancer.

The methylation level of VPS13A is higher in the cells
of tumor patients, suggesting that VPS13A methylation
may be one of the causes of cancer. Therefore, the level
of gene methylation can be detected to screen for cancer,
and gene demethylation can be used to prevent the occur-
rence of cancer through treatment. The expression level of
VPS13A gene was correlated with the infiltration level of
CDS8+T cells and other immune cells, indicating that the
increased expression level of VPS13A was associated with
increased cancer cells and enhanced immune response.
Because VPS13A is highly expressed in most tumors, it
can reduce the expression level of VPSI3A mRNA or
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protein in patients’ cells, reduce cancer-related fibroblasts,
activate tumor cell apoptosis pathway, reduce autophagy
level, reduce immune response, promote cell death,
improve the therapeutic effect, and prolong the survival
time. For some cancer patients, screening for VPS13A

mutations in vivo can predict the prognosis of patients.

For example, promoting VPS13A mutations in endome-

trial cancer cells can improve the prognosis of patients.

Conclusion
This time, we analyzed the changes of VPS13A in different
tumors from the aspects of gene expression and clinical
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prognosis, DNA mutation, DNA methylation, protein phos-
phorylation, and immune cell infiltration. Most of the data
were statistically significant, which helped to understand the
role of VPS13A in various tumors and to observe the occur-
rence of tumors from the perspective of clinical tumor sam-
ples. However, the sample size of this study is insufficient,
and there may be some deviation in the data. It is necessary to
increase the clinical data and conduct clinical trials for

further verification.
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