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Background: Semaphorin7A (SEMA7A) has been found to regulate both nerve and vessel homeostasis, but its specific role in pan-
cancer remains uncertain. This research seeks to delve into the function and clinical relevance of SEMA7A in pan-cancer.
Methods: Through an analysis of gene expression omnibus and the cancer genome atlas datasets, we investigated the impact of
SEMAT7A on prognosis and immune regulation across 33 types of tumors. Variations in SEMA7A expression were observed between
cancerous and adjacent normal tissues, with a notable correlation between SEMAT7A levels and patient prognosis.

Results: Across most cancer types, SEMA7A expression was linked to the infiltration of immune cells, as well as immune
checkpoints and other immune regulators. The findings were further confirmed through quantitative real-time polymerase chain
reaction analysis of SEMA7A expression in breast cancer. Further, SEMA7A is positively associated with prognosis in different
cancers. Additionally, SEMA7A expression was associated with TMB and MSI in some cancer types, while in 15 types of cancer,
there was a correlation between SEMA7A expression and DNA methylation. SEMA7A was associated with the expression of multiple
immune checkpoint genes and abundance of tumor-infiltrating immune cells across multiple types of cancer.

Conclusion: This inaugural pan-cancer examination of SEMA7A sheds light on its prognostic and immunological significance in
diverse tumor types, suggesting its potential utility as a biomarker for predicting unfavorable outcomes and immune cell infiltration in
cancer.
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Introduction

Cancers are increasingly prevalent globally, with both incidence and mortality rates on the rise. Overcoming the highly
intricate tumorigenesis process and the dismal prognosis that often accompanies it remains a significant obstacle in the
realm of cancer therapy.' Cancers are increasingly prevalent globally, with both incidence and mortality rates on the
rise. Overcoming the highly intricate tumorigenesis process and the dismal prognosis that often accompanies it remains
a significant obstacle in the realm of cancer therapy.*

SEMAT7A, also known as Semaphorin 7a, belongs to the semaphorin family of signaling proteins and is anchored by
glycosylphosphatidylinositol. It is involved in various functions such as promoting axon guidance, modulating the
immune system, and facilitating cellular migration.>®

SEMAT7A is expressed in the brain, bone marrow, lung, and skin in adult individuals, although its expression is relatively
low in several other adult tissues, such as the mammary gland (source: https://www.proteinatlas.org). Fascinatingly, SEMA7A

expression is controlled by steroid hormones in neuronal cells of the hypothalamus,'® whereas in models of pulmonary
fibrosis, SEMA7A is regulated by TGF-p.!" SEMA7A plays a crucial role in its physiological functioning by binding
Blintegrin to trigger downstream signaling pathways, such as the pro-invasive MAPK/ERK and pro-survival PI3K/AKT

International Journal of General Medicine 2024:17 6443-6461 6443
Received: 12 November 2024 © 2024 Yang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
A 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 20 December 2024
Published: 25 December 2024

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-2396-6030
http://orcid.org/0009-0009-7777-3478
https://www.proteinatlas.org
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Yang et al Dove

cascades.'! Our group and other researchers have reported on the tumor-promoting effects of SEMA7A in breast cancers,
involving mechanisms from both the tumor itself and the surrounding tissues. These mechanisms include enhancing tumor
growth, promoting cell migration, inducing a transition from epithelial to mesenchymal cell types, facilitating immune cell
infiltration, altering the structure of blood and lymphatic vessels, and aiding in the spread of cancer to other parts of the
body.”'?7'® A recent study also found that increased SEMA7A levels in lung cancer cells can lead to resistance against drugs
targeting EGFR tyrosine kinase.'” Nonetheless, the aforementioned discoveries are constrained to specific cancer categories,
and further investigations are necessary to establish SEMA7A as a biomarker for tumor prognosis and as a target for
immunotherapy.

This research provided a systematic overview of the SEMA7A characteristics, encompassing mRNA expression,
methylation, mutation patterns, immune infiltration, correlation with relevant signatures, and impact on patient prognosis.
Function enrichment analysis was conducted to ascertain the potential pathways in which SEMA7A is involved in the
development of tumors. Overall, this investigation enhances our understanding of the pivotal role played by SEMA7A in
tumor development and immune response SEMA7A as therapeutic options against tumors.

Methods and Materials
Data Source and Availability

The examination of the possible function of the gene SEMA7A in cancer involved the use of various databases. Data
regarding RNA expression and clinical information from TCGA and GTEx were accessed through the UCSC Xena
database. Details concerning DNA copy number and methylation were acquired from the cBioPortal database. The
expression data underwent conversion to log2 (x+ 0.001). TIMER2 was employed to analyze and contrast the expression
patterns of SEMAT7A in different types of tumors with their corresponding adjacent normal tissues.

Cell Lines and Cell Culture

SEMAT7A expression in breast cancer was examined by utilizing a variety of cell lines, including the normal breast cell
line MCF10A, breast cancer cell lines MCF7, BT549, and SK-BR3 obtained from Procell Life Science & Technology
Co., Ltd. These cell lines were maintained in DMEM supplemented with fetal bovine serum and penicillin-streptomycin
at 37°C with 5% CO,. This experimental setup allowed for the investigation of SEMA7A levels in different cell types,
providing valuable insights into its potential role in breast cancer.

Collection of Pathological Samples

Between August 2021 and April 2023, a research study was conducted at Xingtai People’s Hospital involving the
collection of 20 BC tissues and their respective normal tissue samples. The study received approval from the Medical
Ethics Committee of the hospital and adhered to the principles outlined in the Declaration of Helsinki. During the
specified timeframe, researchers gathered a total of 20 BC tissues cancer tissues, along with corresponding normal tissue
samples, from Xingtai People’s Hospital. To ensure the ethical conduct of the study, approval was obtained from the
Medical Ethics Committee of the hospital, and the research was conducted in strict adherence to the guidelines set forth
in the Declaration of Helsinki.

Quantitative Real-Time Polymerase Chain Reaction (qQRT-PCR) Analysis

Total RNA was isolated from cells using TRIzol reagent (Invitrogen, USA) following the manufacturer’s protocol. Takara
PrimeScript RT reagent kit (Takara, Japan) was used to synthesize the first-strand cDNA. Next, the SYBR Premix Ex Taq
(Takara, Japan) was used to perform the qRT-PCR assay according to the manufacturer’s instructions. The sequences of
primers were used as SEMA7A Forward primer 5'-TTCAGCCCGGACGAGAACT-3' and reverse, 5'-GAACCGAGGG
ATCTTCCCAT-3"; GAPDH Forward primer 5’GTCTCCTCTGACTTCAACAGCG-3', Reverse primer 5-ACCACC
CTGTTGCTGTAGCCAA-3'. GAPDH was considered to be a control for relative quantification. The comparative cycle
threshold (TAACT) method was used for the calculation of relative mRNA expression.'®
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Analysis of DNA Methylation

The UALCAN online tool was utilized to investigate the methylation levels of the SEMA7A promoter in normal tissues as well as
in 24 distinct types of primary tumors. The DNA methylation levels were characterized using Beta values that range from 0 to 1.

Analysis of Diagnosis Accuracy

The precision of gene signature diagnostics is commonly assessed via the AUC metric, reflecting the area beneath the
ROC curve (Receiver Operating Characteristic). We utilized R software, employing the “pROC” package, to perform an
ROC curve analysis, focusing on the specificity and sensitivity metrics of SEMA7A.

Protein Level Analysis of SEMA7A in Multiple Cancers

The HPA utilized database was utilized to examine the protein concentration of SEMA7A in both human tumor and
normal tissues. The database string was utilized to construct the network of protein-protein interaction (PPI) for
SEMA7A. Additionally, Metascape database was employed to conduct the analysis for GO enrichment.

Evaluation of Genetic Alterations in SEMA7A

TMB was determined using Perl scripts, factoring in the total count of somatic mutations per million bases. MSI scores
were derived from DNA-seq data sourced from TCGA. Spearman’s test, available within the cor.test package of
R software, was then employed to evaluate the correlation between SEMA7A expression and either TMB or MSI.

Relationship Between SEMA7A Expression and Survival Prognosis

In order to assess the relationship between survival outcomes and SEMA7A mRNA expression, we employed both the
Kaplan-Meier analysis and Cox proportional hazards model. The “maxstat” and “survival” R packages were utilized for
data analysis. To calculate the best threshold values, the maxstat R package was utilized. The most suitable threshold
values were computed using the maxstat R package.

Tumor Immune Microenvironment and SEMA7A Expression

We fetched genes associated with chemokines, receptors, MHC, immunosuppressants, immunostimulants, as well as immune
checkpoint pathways consisting of inhibitory and stimulatory genes from every cancer sample. By utilizing the ESTIMATE
R package, the gene expression was employed to estimate the tumor stroma score of the patient. The EPIC, Timer, and quanTIseq
methods from the IOBR R package were implemented to assess the infiltration score of immune-related cells in patients.

Statistical Analyses

Pearson correlation coefficients were utilized to conduct the correlation analysis between SEMA7A and all genes based
on TCGA data. Subsequently, SEMA7A-correlated genes were selected for gene set enrichment analysis. To make group
comparisons, unpaired Student’s f-test, paired Student’s #-test, Mann—Whitney U-test, or one-way ANOVA were
employed. Each experiment was replicated thrice, and the data are presented as mean =+ standard deviation.
A statistically significant difference was considered when P<0.05.

Result
Gene Expression of SEMA7A

In order to investigate the potential involvement of SEMA7A in various tumors, an analysis of SEMA7A mRNA-expression
levels was conducted utilizing data from the TCGA and GTEx databases. The data presented in Figure 1A and B revealed an
upregulation of SEMAT7A in several cancer types including LGG, UCEC, BRCA, CESC, ESCA, STES, COAD,
COADREAD, STAD, HNSC, LIHC, SKCM, BLCA, PAAD, UCS, LAML, ACC, and CHOL. In contrast, lower levels of
SEMAT7A expression were observed in KIRP, OV, and KIRC. Additionally, a comparison of SEMA7A expression between
cancerous tissues and adjacent tissues across multiple cancer types using the TCGA database (Figure 1C) demonstrated
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Figure | Differential expression of SEMA7A in pan-cancer. (A) Expression of SEMA7A in tumors and normal tissues in unpaired sample analysis from TCGA database and
GTEx dataset. (B) Expression of SEMA7A in tumors and normal tissues in unpaired sample analysis from TCGA database. (C) Paired sample analysis of SEMA7A mRNA
expression between |8 cancers and para-cancerous tissues from the TCGA and GTEx databases. (D) The correlation between SEMA7A expression and cancer stages,
including stage |, stage Il, stage lll, and stage IV of BLCA, KICH, KIRC, KIRP, PAAD, SKCM and THCA were investigated based on the TCGA data. (E) Comparison of

SEMA7A mRNA expression levels between normal breast tissue and tumor tissues. (F) Relative expression levels of SEMA7A mRNA in BC cells and a normal breast cell
line. *P<0.05, **P<0.01, ***P<0.001 vs normal.
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significantly increased expression of SEMA7A in BRCA, CHOL, COAD, ESCA, HNSC, LIHC, LUAD, LUSC, STAD,
THCA, and UCEC, while decreased expression was noted in KICH, KIRC, KIRP, and PRAD.

Additionally, the GEPIA2 online tool was employed to analyze the expression levels of SEMA7A across various
tumor stages. The findings presented in Figure 1D indicated a significant correlation between SEMA7A expression and
the pathological stages of multiple tumors, including BLCA (P = 0.00431), KICH (P = 0.0256), KIRC (P = 0.00151),
KIRP (P = 0.00541), PAAD (P = 0.0387), SKCM (P = 0.0127), and THCA (P = 0.00539). Furthermore, RT-PCR analysis
revealed that in BRCA, the expression levels of SEMA7A were notably higher in cancerous tissues or cells compared to
their respective normal tissues or cells (Figure 1E and F).

Diagnosis Accuracy of SEMA7A Across Various Tumors

The AUC value, which represents the accuracy of a variable in predicting outcomes, typically ranges from 0.5 to 1.0. As the
AUC value approaches 1.0, the variable’s ability to predict outcomes improves, enhancing its diagnostic effectiveness. An
AUC cutoff value of 0.5 to 0.7 indicates lower accuracy in predictions, while a range of 0.7 to 0.9 suggests relative diagnostic
accuracy. Values between 0.9 and 1.0 indicate higher diagnostic accuracy, highlighting the variable’s strong predictive
power.'® The findings indicate that the AUC value of SEMA7A showed decreased diagnostic precision in 8 types of cancer
(such as BLCA, THCA, KIRC, COAD, PRAD, LUSC, LUAD, and READ), moderate diagnostic precision in 13 types of
cancer (including GBM, ESAD, BRCA, ESAD, CESC, PAAD, OSCC, LIHC, KIRP, KICH, HNSC, CESC, and STAD), and
elevated diagnostic precision in 2 types of cancer (specifically ESCC and CHOL) (Figure 2).

DNA Methylation Analysis of SEMA7A

In this study, we conducted a comparative analysis of the methylation levels of the SEMA7A promoter in normal tissues and
primary tumor tissues. Utilizing data from the TCGA dataset, we examined 15 different types of tumors including BLCA,
BRCA, UCEC, CESC, COAD, KIRP, KIRC, READ, PRAD, LUSC, LUAD, ESCA, CHOL, THCA, and TGCT. Our results
indicate significant differences in the methylation levels of the SEMA7A promoter across various tumor types and their
corresponding non-tumor tissues. Specifically, we observed higher levels of methylation in tumors such as BLCA, BRCA,
UCEC, CESC, COAD, KIRP, KIRC, READ, PRAD, LUSC, LUAD, and ESCA compared to normal tissues (Figure 3A).
Conversely, in CHOL, THCA, and TGCT tumors, the methylation levels of the SEMA7A promoter were lower than in normal
tissues. All statistical significance values were below 0.05. Furthermore, we conducted an in-depth analysis of common RNA
methylation forms of the SEMA7A gene using R software. In OV, we found that the expression of SEMA7A exhibited
a positive correlation with common RNA methylation types such as M6A, M5C, and M1A, as illustrated in Figure 3B. This
suggests a potential role of these RNA methylation forms in regulating the expression of the SEMA7A gene in ovarian cancer.

Correlation Between SEMA7A Expression and Genetic Alteration in Pan-Cancer
The SEMA7A gene was altered, accounting for only <1% across 10,967 samples, and the most frequent alteration was
a mutation, which occurred in 16 cancer types (Figure 4).

Relationship Between SEMA7A Expression and Prognosis in Multiple Cancers

In the study of SEMAT7A expression levels, we categorized cancer cases into two groups based on their SEMA7A expression
levels: high and low. The aim was to analyze the association between SEMA7A expression and patient prognosis in various tumor
types. This analysis predominantly utilized TCGA and GEO datasets. Figure 5 demonstrates that elevated SEMA7A levels were
significantly associated with worse prognosis in terms of DFI in KIRP (p = 0.00045), PAAD (p = 0.02), and PFI in KIPAN (p =
0.0000000051), ACC (p = 0.000023), KIRC (p =0.00019), KIRP (p = 0.00032), PAAD (p =0.0012), LUSC (p =0.0025), STAD
(p = 0.02), DLBC (p = 0.04), OS in KIPAN (p = 0.000000000022), KIRP (p = 0.00001), KIRC (p = 0.00013), MESO (p =
0.00031), ACC (p=10.00069), PAAD (p =0.0072), LAML (p =0.0098), LUAD (p=0.01), LUSC (p=0.01), and DSS in KIPAN
(p = 0.000000000074), KIRP (p = 0.0.0000031), KIRC (p = 0.000049), ACC (p = 0.00034), LUSC (p = 0.00053), MESO (p =
0.0035), COAD (p = 0.0048), PAAD (p = 0.0064), STES (p = 0.0066), COADREAD (p = 0.0082), STAD (p = 0.04) within the
TCGA dataset. Conversely, reduced SEMA7A expression was associated with poor DFI in LIHC (p = 0.0066), PFI in LIHC (p =
0.03) and SKCM (p = 0.04), and OS in THYM (p = 0.0024) and UCS (p = 0.02), as depicted in Figure SA—C.
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Figure 2 Diagnostic value of SEMA7A for GBM (A), ESCC (B), ESAD (C), BLCA (D), CHOL (E), BRCA (F), UCEC (G), THCA (H), ESAD (I), KIRC (J), COAD (K), PRAD
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Figure 3 Relationship of SEMA7A with methylation. (A) Promoter methylation level of SEMA7A in BLCA, BRC, UCEC, CESC, COAD, READ, PRAD, LUSC, LUAD, CESC,

KIRP, KIRC and ESCA. (B) Correlation of SEMA7A expression with common RNA methylation types such as M6A, M5C, and MIA. *P<0.05, ***P<0.00| vs normal.
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Figure 4 The mutation character of SEMA7A in pan-cancer. (A) Alteration frequency of SEMA7A in pan-cancer. (B) Mutation diagram of SEMA7A across protein domains.
(C) The alteration frequency of mutation type was displayed.

Enrichment Analysis of SEMA7A-Related Partners

In order to further clarify the molecular mechanisms underlying the SEMA7A gene in tumors, our study aimed to
identify the specific proteins that bind to SEMA7A and genes related to SEMA7A expression through pathway
enrichment analyses. By utilizing the STRING database, we identified a total of 50 proteins that bind to SEMA7A
with evidence of co-expression. The functions of these 50 genes were then predicted using GO and KEGG analyses in
Metascape. Our results revealed that these genes are primarily involved in the “semaphorin-plexin signaling pathway”,
“semaphorin interaction”, “integrin-mediated signaling pathway”, and “tissue morphogenesis” (Figure 6A and B).
Additionally, Figure 6C depicts the network of interactions among these proteins.
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Figure 5 Prognosis value of SEMA7A in pan-cancer. Forest plots of disease-free interval (A), progression-free interval (B), overall survival (C), and disease-special survival
(D) comparing high and low SEMA7A expression cohorts were performed by SangerBox online website. P < 0.05 is defined as significant.
Abbreviation: TCGA, The Cancer Genome Atlas.
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Figure 6 SEMA7A-related gene enrichment analysis. (A) The top 20 Kyoto Encyclopedia of Genes and Genomes pathways were identified using Metascape. (B) The top 20

biological processes were enriched using Metascape. (C) STRING database PPl map.
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SEMAT7A Expression Between Different Clinical Characteristics

The analysis revealed a significant positive correlation between SEMA7A expression and MSI status in SARC and
GBMLGG, but a negative correlation with MSI status in CHOL, DLBC, STAD, STES, KIPAN, and HNSC (Figure 7A).
Additionally, SEMA7A expression showed a positive relationship with TMB status in OV and SARC, while displaying
a negative correlation with TMB status in LAML, KIRP, STAD, STES, and HNSC (Figure 7B). These findings suggest
that SEMA7A expression may play a role in the genetic characteristics of various cancers, influencing their microsatellite
instability and tumor mutation burden statuses. Understanding these relationships can provide insights into the molecular
mechanisms underlying cancer development and progression.

Roles of SEMA7A on the Regulation of Immune Cell Infiltration

Recent research has demonstrated that immune infiltration significantly contributes to the initiation, progression, and
dissemination of human cancers.’’ 2> A variety of computational models, such as TIMER, EPIC, QUANTISEQ, XCELL,
MCPCOUNTER, CIBERSORT, CIBERSORT-ABS, and TIDE, were utilized to examine the relationship between
SEMA7A expression and the infiltration of different immune cell types across multiple cancer categories. Notably,
this study revealed a significant positive relationship between the infiltration of CD8+ T cells and the expression of
SEMAT7A, particularly in cases of KIRC and KIRP (Figure 8A). In THCA, a robust correlation was found between CD4+
T cell presence and SEMA7A expression (Figure 8B). In addition, B cell infiltration in STAD demonstrated a positive
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Figure 7 Correlation between the SEMA7A gene expression and TMB and MSI in pan-cancer. (A) A stick chart shows the relationship between the SEMA7A gene
expression and TMB in diverse tumors. The red curve represents the correlation coefficient, and the blue value represents the range. (B) A stick chart shows the association
between the SEMA7A gene expression and MSI in diverse tumors.

Abbreviations: MSI, microsatellite instability; TMB, tumor mutation burden.

https:

6453

International Journal of General Medicine 2024:17
Dove:


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

Yang et al

Dove

ACC (n=79)
BLCA (n=408)

BRCA (n=1100)
BRCA-Basal (n=191)
BRCA-Her2 (n=82)
BRCA-LUMA (n=568)
BRCA-LumB (n=219)
CESC (n=306)

CHOL (n=36)

COAD (n=458)

DLBC (n=48)

ESCA (n=185)

GBM (1=153)

HNSC (n=522)
HNSC-HPV- (n1=422)
HNSC-HPV+ (n=98)
KICH (n=66)

KIRC (n=533)

KIRP (n=290)

LGB (1=516)

LIHC (n=371)

LUAD (n=515)

LUSC (1=501)

MESO (n=87)

OV (n=303)

PAAD (n=179)

PCPG (n=181)

PRAD (n=498)

READ (n=166)

SARC (n=260)

SKCM (n=471)
SKCM-Metastasis (1=368)
SKCM-Primary (n=103)
STAD (n=415)

TGCT (n=150)

THCA (n=509)

THYM (n=120)
UCEC (n=545)

ucs (n=57)

Accn=79)
BLCA (n=408)

BRCA (n=1100)
BRCA-Basal (n=191)
BRCA-Her2 (1=82)
BRCA-LumA (1=368)
BRCA-LumS (n=219)
CESC (n=306)

CHOL (n=36)

COAD (n=456)

DLEC (n=48)

ESCA (n=185)

GBM (n=153)

HNSC (n=522)
HNSC-HPV- (n=422)
HNSC-HPV+ (n=08)
KICH (n=66)

KIRC (1=533)

KIRP (n=290)

L6G (n=516)

LIHC (0=371)

LUAD (n=515)

LUSC (n=501)
MESO (n=87)

oV (n=303)

PAAD (n=178)

PCPG (n=181)

PRAD (n=498)

READ (n=166)

SARC (n=260)
SKCM (n=471)
SKCM-Metastas's (=368)
‘SKCM-Primary (n=103)
STAD (n=415)

TGCT (n=150)
THCA (n=509)
THYM (n=120)
UCEC (ne548)

ues (n=57)

UVM (n=80)

B cel_TMER

T cell CD8+_TIMER
T cell CD8+_EPIC

T cell CD3+_MCPCOUNTER

CD8+_CIBERSORT

B cell_EPIC

B cell_QUANTISEQ

B cell_XCELL

B cell_MCPCOUNTER

CD8+_QUANTISEQ
CD8+_XCELL

CD8+ naive_XCELL

T el

8 cell memory_CIBERSORT

& cell memory_CIBERSORT-ABS

& cell memory_XCELL

T cel
T cel
T cel

]

B cell naive_CIBERSORT

ve_CIBERSORT-ABS

8 cell ni

T cell CD8+ central memory_XCELL
T cell CD8+ effector memory_XCELL

& cell plasma_CIBERSORT

& cell plasma_CIBERSORT-ABS

B cell plasma_XCELL

Clas-switched memory B cell_XCELL

BRCA (n=1100)
BRCA-Basal (n=191)
BRCA-He2 (n=82)
BRCA-LumA (n=568)
BRCA-LumS (n=219)
CESC (n=306)
CHOL (n=38)

COAD (n=458)

DLEC (n=48)

ESCA (n=185)

GBM (n=153)

KICH (n=65)
KIRC (n=533)
KIRP (n=290)
LGG (n=516)
LHE (v=371)
LUAD (n=515)
LUSC (n=501)
. MESO (n=87)
Partial_Cor o (n=303)
e PAAD (n=179)
0 PCPG (n=181)

. PRAD (n=498)
-1 READ (n=166)
SARC (n=260)

SKCM (n=471)

‘SKCM-Metastasis (n=368)

SKCM-Primary (n=100)

STAD (n=415)

TeCT (n=150)

THCA (n=500)

THYM (n=120)

UCEC (n=545)

ucs nes7)

UVM (n=80)

X p>005
M p.005

ACC (n=79)
BLCA (n=408)

BRCA (n=1100)
BRCA-Basal (n=191)
BRCA-Her2 (n=82)
BRCA-LUMA (n=568)
BRCA-LumB (n=219)
CESC (n=306)

CHOL (n=36)

COAD (n=458)

DLBC (n=48)

ESCA (n=185)

GBM (n=153)

HNSC (n=522)
HNSC-HPV- (n=422)
HNSC-HPV+ (n=98)
KICH (n=66)

KIRC (n=533)

KIRP (v=290)

LGB (n=516)

LIKC (n=371)

X p>005
W p..005

Pa:tlal_Cor LUAD (st
]

et
1’ somen
OV (n=303)

PAAD (n=179)

PCPG (n=181)

PRAD (n=488)

READ (n=166)

SARC (n=280)

SKCM (n=471)

‘SKCM-Metastasis (n=368)

SKCM-Primary (n=103)

STAD (n=415)

TGCT (n=150)

THCA (n=500)

THYM (n=120)

UCEC (n=545)

Macrophage_EPIC

||

Macrephage _TIMER
Macrophage_XCELL

D4+ (non=regulatery)_QUANTISEQ
CD4+ (non-regulatery)_XCELL

T cel
T cel

Macrophage M0_CIBERSORT

¢ g
2
11T
g3k
2 saGG2e
2 pgdoaFE
L 8909 @
EE L 33¥¥95
fFEabeeiitiaz
22X EEscsigqm
90%Fsssryedd
$55i5iis £39
BETERTIEIEEE
33353323383
8008000500085 006009
TTITTTITTTTTTESR
Pl g g
|
|
|
X p>005
MW p.005
Partial_Cor
1
| | n
0
u_,
L[ |
|
L] |
&
feleg g 8
5888 538 ]
2 2 e 2 9 g 2
EEEZHE5ZFuwy
22838023808 %
58533553558
Sss3s58§8§¢832
535358598833
S EE SRS EEE
ggeepeeesegss
IEEEEEEEEEE
|
||
| |
|
|| [ |
[ | | |
||
X p>005
|
| | MW p..005
|
= Partial_Cor
m
0
m| ¥
|
|| || | |
| EEEEE

Figure 8 Correlation analysis between SEMA7A expression and (A and B) T cell, (C) B cell and (D) macrophage ydelta.

association with SEMA7A expression (Figure 8C). Moreover, in THYM, the presence of macrophages was associated
with reduced levels of SEMA7A expression (Figure 8D). These findings indicate that SEMA7A may be a valuable
immune-related marker for tumor advancement.
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The Pearson Analysis of SEMA7A Expression and Genes Functioning in Immune

Regulation and Immune Checkpoints

To demonstrate the potential connections between SEMA7A expression and the immune status within tumors, research-
ers conducted an investigation analyzing immune-related genes and patterns of immune infiltration within the tumor
microenvironment (TME). The purpose was to assess the impact of SEMA7A on various cancers from an immunological
perspective. Data presented in Figures 9 and 10 illustrated a correlation between SEMA7A expression and a broad
spectrum of immunoregulatory and checkpoint genes in prostate adenocarcinoma (PRAD), ovarian cancer (OV), and
lung adenocarcinoma (LUAD). The three tumors showing the most significant correlation with SEMA7A expression are
breast cancer (BRCA), kidney-pan cancer (KIPAN), and thyroid carcinoma (THCA) for the ESTIMATE score; breast
cancer (BRCA), kidney-pan cancer (KIPAN), and prostate adenocarcinoma (PRAD) for the ImmuneScore; and breast
cancer (BRCA), kidney-pan cancer (KIPAN), and thyroid carcinoma (THCA) for the StromalScore (Figure 11).

Discussion

Analysis of cancer across multiple types can uncover similarities and variations in tumors. This serves as a foundation for
designing cancer prevention strategies, targeting therapies, and screening potential drugs for treatment.”> This study
revealed the survival predictive value and potential immunotherapy value of SEMA7A in pan-cancer with comprehen-
sive analyses. Based on our research, SEMA7A gene and protein levels showed a marked increase in the majority of
tumors, offering predictive value in specific cancer types. Moreover, SEMA7A expression was strongly linked to
immune responses, inflammation pathways, immune cell infiltration, and numerous immune-related genes. SEMA7A’s
correlation with cancer drug sensitivity further supports its potential as a prognostic marker and predictor for immu-
notherapy outcomes.

The family of semaphorins includes a vast array of proteins that are either secreted or found in cell membranes.***’
Initially identified on immunocyte membranes, Semaphorin7A (SEMA7A) was first identified due to its genetic
resemblance to the A39R homolog of the vaccinia virus.”®2’ It transmits signals through plexins or integrins to carry
out various functions.” SEMA7A has been linked to the formation of olfactory synapses dependent on activity,
pulmonary fibrosis, multiple sclerosis, inflammatory responses mediated by T-cells, and the advancement of breast
tum0r5.8’11’13’28’29

However, limited data is available regarding the prognostic significance of SEMAT7A in varying types of solid
cancers. Combining the assessment of SEMA7A mRNA levels in 33 human tumors from both databases, we observed
that its expression was significantly overexpressed in CESC, LUAD, COADREAD, BRCA, ESCA, STES, STAD,
UCEC, HNSC, LUSC, LIHC, THCA and CHOL, whereas acting as a protective element in GBM, GBMLGG, LGG,
KIRP, KIPAN and KICH, indicating that SEMA7A possessed contrasting roles in different cancer types. Different levels
of SEMA7A expression could indicate unique underlying mechanisms and functions in various types of tumors. In
addition, SEMA7A expression was positively connected with clinical grade in BLCA, KICH, KIRC, KIRP, PAAD,
SKCM and THCA, further suggesting that it plays a pivotal role in tumor development.

In order to examine the root causes of SEMA7A overexpression in various cancer types, this study conducted an
analysis of DNA promoter methylation. The latest results uncovered hypermethylation patterns in the SEMA7A promoter
region across various cancer tissues. This discovery sheds light on a possible reason for the increased expression of
SEMA7A mRNA in these types of cancer.

The prognostic significance of SEMA7A expression in pan-cancer was investigated through Cox proportional hazards
model, which included OS, DSS, DFI and PFI analysis, as well as Kaplan-Meier analysis. The analysis revealed
a connection between the high expression of SEMA7A in KIRP and PAAD and a positive impact on DFI. An association
was observed between elevated SEMAT7A levels and unfavorable PFI in KIPAN, ACC, KIRC, KIRP, PAAD, LUSC,
STAD and DLBC. Additionally, the OS findings demonstrated that SEMA7A posed a significant risk factor for patients
with KIPAN, KIRP, KIRC, MESO, ACC, PAAD, LAML, LUAD and LUSC. A correlation was found between increased
levels of SEMAT7A and poor DSS in KIPAN, KIRC, KIRP, ACC, LUSC, MESO, COAD, PAAD, STES, COADREAD,
and STAD. Kinehara’s studies have shown that high SEMA7A expression is negatively correlated with PFS in lung
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Figure 9 Correlation analysis between SEMA7A expression and Immune Moderator genes. *P<0.05.
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Infiltrating immune cells play a crucial role in regulating tumor immunity. Numerous studies indicate that these cells are

significantly linked to tumor advancement, the effectiveness of immune checkpoint blockade, and patient outcome.

30-32

Our research findings indicate that SEMA7A is involved in the modulation of the tumor immune microenvironment and
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Figure |1 Correlation of SEMA7A expression with ImmuneScore (A), StromalScore (B), and ESTIMATEScore (C) in various cancers.

that abnormal SEMA7A expression can potentially disrupt the tumor immune microenvironment. This investigation also
presents initial data linking SEMA7A expression with immune cell infiltration, immune checkpoint molecules, and immune
regulatory factors. The study aimed to investigate SEMA7A’s potential as a new target for immunotherapy in the tumor
microenvironment. Results revealed a strong association between high SEMA7A levels and tumor estimation, as well as
stromal and immune scores. A direct link between SEMA7A expression and both microsatellite instability (MSI) and tumor
mutational burden (TMB) was observed. A comprehensive assessment of SEMA7A and other immune checkpoints was
conducted, showing a positive relationship between SEMA7A and several immunoregulatory and checkpoint genes in
LUAD, BRCA and THCA. These findings suggest that SEME7A may play a crucial role in modulating the immune system
within tumors. Furthermore, SEMA7A could serve as a valuable prognostic marker for predicting the response to

immunotherapy.

6458 e International Journal of General Medicine 2024:17

Dove!


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

Dove Yang et al

Nevertheless, we combined SEMA7A-interacted proteins and SEMA7A-correlated genes in cancers for enrichment

CEINNTS 9

analysis and the latent function of “semaphorin-plexin signaling pathway”, “semaphorin interaction”, “integrin-mediated
signaling pathway”, “tissue morphogenesis” and “cell junction organization”. Among them, epithelial-mesenchymal
plasticity (EMP) can promote the epithelial mesenchymal transformation of cancer through tissue remodeling, thus
promoting the development of cancer.®* Cell-cell junctions connect cells within tissues, playing a key role in maintaining
tissue homeostasis by controlling essential cell functions such as tissue barrier function, cell growth, and movement.
Malfunctions in cell-cell junctions can lead to various tissue irregularities, causing disruptions in homeostasis and
frequently seen in genetic disorders and cancer.>* SEMA7A may play a role in promoting the occurrence and develop-
ment of cancer through these signaling pathways, but the underlying mechanism of action remains to be further explored.

SEMAT7A interacts closely with proteins such as NRP1, NRP2, PLXNA3, and SEMA3B. Previous studies have
reported that NRP1 plays a promotional role in a variety of cancers, such as lung, gallbladder, breast, stomach, and
pancreatic cancers.”> >° NRP2 expression levels in tissues are associated with poor prognosis in prostate cancer.’® !
Semaphorins and plexins, their receptor, have been linked to various neural development processes. Nevertheless, their
presence in various epithelial tissues also indicates that the signaling system of semaphorin-plexin may play a role in the
growth and development of blood vessels.* Interactions with these proteins may predict a potential mechanism by which
SEMAT7A promotes cancer development and warrants further exploration.

Our study has various limitations that need to be addressed. Additional experimental validation, such as through
immunohistochemistry and immunocytochemistry, is necessary. Furthermore, further investigation into the molecular

regulatory mechanisms in various types of cancer is essential.

Conclusion

To summarize, the initial pan-cancer investigations on SEMA7A exhibited significant statistical associations between
SEMA7A expression and patient outcomes, levels of immune cell invasion, immune checkpoint activity, as well as other
immune regulators and functional conditions in various cancer types. This research contributes to the comprehension of
the involvement of SEMA7A in cancer development, establishing it as a promising prognostic indicator and target for
immunotherapy.
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