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Abstract: Junctional adhesion molecule-A (JAM-A), also known as F11 receptor (F11R), is a transmem-
brane glycoprotein that is involved in various biological processes, including cancer initiation and
progression. However, the functional characteristics and significance of JAM-A in pan-cancer remain
unexplored. In this study, we used multiple databases to gain a comprehensive understanding of
JAM-A in human cancers. JAM-A was widely expressed in various tissues, mainly located on the
microtubules and cell junctions. Aberrant expression of JAM-A was detected in multiple cancers at
both mRNA and protein levels, which can be correlated with poorer prognosis and may be attributed
to genetic alterations and down-regulated DNA methylation. JAM-A expression was also associated
with immune infiltration and may affect immunotherapy responses in several cancers. Functional
enrichment analysis indicated that JAM-A participated in tight junction and cancer-related pathways.
In vitro experiments verified that JAM-A knockdown suppressed the proliferation and migration
abilities of breast cancer cells and liver cancer cells. Overall, our study suggests that JAM-A is a
pan-cancer regulator and a potential biomarker for predicting prognosis and immune-therapeutic
responses for different tumors.

Keywords: JAM-A; pan-cancer; immunotherapy; prognosis

1. Introduction

Cancer is ranked as one of the leading causes of death around the world, and it is
predicted to become the primary cause of premature death in this century, threatening
public health and quality of life [1,2]. Traditional therapy paradigms based on tumor
types have faced challenges including tumor cell plasticity, heterogeneity, and drug resis-
tance [3-6]. Based on breakthroughs in biotechnological techniques, like massive parallel
sequencing and bioinformatic improvements, the underlying molecular mechanisms of
tumor occurrence, progression, and recurrence have been revealed more thoroughly and
comprehensively [7,8]. With the understanding of the complexity of tumor genomics, preci-
sion medicines and individualized treatments that are gene-pointed and biomarker-based
are promoted and receive more promising outcomes [9,10]. Therefore, the discovery of
novel biomarkers for cancer diagnosis, progression, and prognosis is vital to improve
cancer treatment methods and extend life expectancy.

JAM-A, which is also known as F11R, JAM-1, CD321, PAM-1, and JCAM, was the
first member of the junctional adhesion molecule family to be discovered and is widely
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expressed on a variety of different cell types and enriched at interendothelial and interep-
ithelial cell-cell junctions [11]. JAM-A is a transmembrane glycoprotein composed of an
extracellular N-terminal region that contains two immunoglobulin (Ig)-like domains, the
membrane-distal D1 domain and the membrane-proximal D2 domain, a single transmem-
brane region, and a short cytoplasmic tail on the C-terminal [12,13]. The cis-dimerization
motif and trans-dimerization motif on the D1 domain participate in cell-cell contact by
homophilic and heterophilic interactions [14,15]. The C-terminal PDZ domain-binding
motif of JAM-A directly combines proteins in the cytoplasm to recruit signaling com-
plexes [16]. As a key component of tight junctions (T]) and an important adhesion molecule,
JAM-A is involved in various physiological processes, including epithelial barrier function
regulation [17,18], transendothelial migration of leukocytes [19,20], immune homeostasis
maintenance [21,22], angiogenesis [23], central nervous system development [24], platelet
aggregation, and adhesion [25].

JAM-A has been verified to participate in multiple tumor occurrence and development
processes and can serve as a biomarker for several cancers [26]. JAM-A has been reported
to be differentially regulated in a number of cancers including but not limited to breast
cancer, lung cancer, glioblastoma, ovarian cancer, pancreatic cancer, and gastric cancer. The
expression of JAM-A has also been associated with the treatment efficiency and prognosis
of cancer patients [27-30].

Previous studies have confirmed the important role of JAM-A in tumor development
and treatment; however, there is a lack of pan-cancer analysis to provide a comprehensive
and all-round view of JAM-A. In this study, we used various datasets to evaluate the ex-
pression patterns, prognostic values, and functional pathways of JAM-A in pan-cancer. We
also investigated potential mechanisms from genetic and epigenetic levels of the regulation.
Furthermore, we investigated the correlation between JAM-A and immune infiltration as
well as immune responses. Our results illustrate that JAM-A can be seen as a potential
biomarker for prognosis and immunology in cancers.

2. Materials and Methods
2.1. JAM-A Expression in Human Cancers

The expression of JAM-A in pan-cancer was analyzed using the TIMER2.0 database
(http:/ /timer.cistrome.org/), accessed on 14 January 2024, with TCGA datasets to illustrate
the differential expression of JAM-A in tumor tissues and corresponding normal tissues [31].
As data for normal tissues may be inadequate in some cancers, the GEPIA2 (http://gepia2
.cancer-pku.cn/) database, accessed on 25 January 2024, which combines the GTEx datasets
and TCGA datasets, was employed to further confirm the differential expression of JAM-A.

CPTAC analysis of the UALCAN portal (http://ualcan.path.uab.edu/analysis-prot.
html), accessed on 25 January 2024, was utilized to explore the expression levels of JAM-A
protein in multiple cancers.

The Human Protein Atlas (HPA) (http://www.proteinatlas.org/), accessed on 25
February 2024, was utilized to demonstrate the expression of JAM-A in normal and tumor
tissues by immunohistochemistry staining with antibody HPA061700. Immunocytochem-
istry images of subcellular localization using antibody HPA043616 were also obtained
from HPA.

For immunofluorescence, slides were baked at 65 °C for 1.5 h and then paraffin
dewaxed using the xylene—acetaldehyde method. Antigen recovery was carried out in
citrate acid buffer for 15 min after boiling using the microwave method and then blocked
in 5% BSA in TBS for 1 h. Samples were first stained with JAM-A antibody (CST E6Z7E,
Danvers, MA, USA) diluted 1:200 using the Opal Multiplex Tissue Staining Kit (Perkin
Elmer NEL791001KT, Waltham, MA, USA) according to the standard protocol, followed
by a secondary antibody using Alexa Fluor 568 anti-rabbit antibody (Invitrogen A11036,
Carlsbad, CA, USA). All slides were counterstained with DAPI to show cell nuclei and then
sealed with mounting medium (ZSGB-BIO, Beijing, China) and coverslips.
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2.2. Survival Prognosis Analysis

The Cox proportional hazards regression model of overall survival (OS), disease-free
interval (DFI), disease-specific survival (DSS), and progression-free interval (PFI) of JAM-A
expression were determined using the TCGA datasets on the SangerBox (http://Sangerbox.
com/Tool) database, accessed on 13 February 2024, using log2(X + 0.001) transformation
and the logrank test for statistical testing.

The Kaplan—-Meier Plotter (http://kmplot.com/analysis/), accessed on 30 January
2024, which is sourced from databases including GEO, EGA, and TCGA was also employed
to analyze the correlation between JAM-A expression and OS and disease-free survival
(DFS) in different cancers using the best-performing thresholds as cutoffs [32].

2.3. Genetic Alteration and DNA Methylation Analysis

The cBioPortal web (https://www.cbioportal.org/), accessed on 21 February 2024,
was employed for genetic mutation analysis, including the mutation frequency, mutation
types, and mutation sites of JAM-A.

The UALCAN database (http://ualcan.path.uab.edu/), accessed on 16 February
2024, was used to assess the overall promoter methylation levels of JAM-A in cancers
and adjacent normal tissues. Survival analysis was performed on JAM-A methylation
levels using multiple probes from the MethSurv database (https:/ /biit.cs.ut.ee/methsurv/)
accessed on 17 February 2024 [33].

2.4. Analysis of JAM-A Expression and Immunity

We employed the “immune association” module in the TIMER 2.0 database to assess
the correlation of JAM-A expression with immune infiltration analysis using TIMER, EPIC,
IPS, MCPcounter, CIBERSORT, xCell, and QUANTISEQ algorithms.

The standardized pan-cancer dataset TCGA TARGET GTEx was downloaded from UCSC
(https:/ /xenabrowser.net/) accessed on 10 January 2024. We extracted expression data from
JAM-A in various samples. The ESTIMATE R package (version: 1.0.13) (https:/ /bioinformatics.
mdanderson.org/public-software/estimate/), accessed on 10 January 2024, was used to
calculate the ESTIMATE scores for different types of tumors.

The correlation of immune relative genes, tumor mutational load (TMB), and mi-
crosatellite instability (MSI) with JAM-A expression were calculated and visualized using
the SangerBox database.

2.5. Gene Enrichment Analysis of JAM-A

We used the STRING website (https:/ /string-db.org/), accessed on 16 February 2024,
to get the first 20 JAM-A-binding proteins and performed functional enrichment analysis
of the protein—protein interaction (PPI) network. TIMER2.0 was employed to illustrate the
connection between JAM-A and the binding proteins in various cancer types.

The KEGG Pathway gene annotation was obtained from the KEGG REST API (https:
/ /www.kegg.jp/kegg/rest/keggapi.html), accessed on 25 February 2024, and the GO
annotation of genes in the R software package org. Hs. eg. db (version 3.1.0) was used for
gene set functional enrichment analysis. The R software package clusterProfiler (version
3.14.3) was used for enrichment analysis to obtain the results of gene set enrichment. A
p-value of <0.05 and an FDR of <0.25 were considered statistically significant.

2.6. Cell Culture and Transfection

Human liver cancer cells PLC/PRF/5 and breast cancer cells MCF7 were obtained
from ATCC and cultured in MEM medium (Gibco, Grand Island, NY, USA) and DMEM
medium (Gibco, USA), respectively, both containing 10% fetal bovine serum (Gibco, USA)
and 1% penicillin-streptomycin (100 U/mL penicillin and 100 pg/mL streptomycin), at
37 °C in a 5% CO, /95% air incubator.

Cells were transfected with nontargeting control siRNAs and siRNA-JAM-As (con-
structed by GenePharma, Shanghai, China). Lipofectamine RNAIMAX (Invitrogen, USA)
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was used to introduce 10 nM siRNAs into the cells according to the manufacturer’s protocol.
The corresponding phenotypic experiments were performed after 48 h of cell culture.

2.7. Quantitative Reverse Transcription-PCR (qRT-PCR)

The total RNA was extracted using TRIzol reagent (ThermoFisher, Waltham, MA,
USA), and cDNA was reverse transcribed using the PrimeScript RT Master Mix (Takara,
Tokyo, Japan). The Real-Time PCR System was used to perform qRT-PCR with the SYBR
Green PCR kit (Takara, Japan). The relative expression of JAM-A was calculated using the
2-8ACt method and normalized with B-actin.

2.8. Western Blot Assay (WB)

Cells were collected and lysed in ice-cold RIPA lysis buffer (Biosharp, Hefei, China)
with PMSF (Beyotime, Shanghai, China). Proteins were separated using 10% SDS-PAGE
and transferred to 0.22 um PVDF membranes, then blocked with 5% milk at room temper-
ature for 1 h. Then, the membrane was incubated with primary antibodies anti-JAM-A
(Proteintech, Wuhan, China, 1:1000) and anti-(3-actin (Proteintech, 1:1000) at 4 °C overnight.
After washing with Tris-buffered saline plus Tween and incubation with secondary anti-
bodies, the Super ECL Detection Reagent (Yeasen, Shanghai, China) was used to reveal the
protein blots.

2.9. Cell Proliferation Assay

For the cell proliferation assay, 8 x 10* cells were inoculated on a 12-well plate and
cultured for 72 h. The cell proliferation rate was analyzed based on the cell numbers
calculated at 24 h, 48 h, and 72 h.

2.10. Migration Assay

The cells were suspended in a serum-free medium and inoculated into transwell
inserts at a density of 5 x 10%. After being cultured for 24 h, the cells that had migrated
to the lower surface of the transwell inserts were immobilized with 4% PFA, stained with
0.1% crystal violet, and the relative migration rate was counted.

2.11. Statistical Analysis

GraphPad Prism was used for statistical analysis and presentation. Results were
analyzed using a two-tailed unpaired Student’s ¢-test and presented as mean + SD. p < 0.05
was considered statistically significant. The following annotations were used to indicate
significance: * p < 0.05, ** p < 0.01, and *** p < 0.001.

3. Results
3.1. JAM-A Expression in Human Pan-Cancer

To investigate the differential mRNA levels in tumor and normal tissues, we employed
TCGA expression datasets from the TIMER2.0 database. As shown in Figure 1A, JAM-A
was significantly up-regulated in BLCA (bladder urothelial carcinoma), BRCA (breast
invasive carcinoma), CESC (cervical squamous cell carcinoma and endo-cervical adeno-
carcinoma), ESCA (esophageal carcinoma), GBM (glioblastoma multiforme), HNSC (head
and neck squamous cell carcinoma), LIHC (liver hepatocellular carcinoma), LUSC (lung
squamous cell), PAAD (Pancreatic adenocarcinoma), STAD (stomach adenocarcinoma),
and UCEC (uterine corpus endometrial carcinoma). To expand the normal samples, we
included the GTEx datasets in the comparison using the GEPIA2 database. Consistently
higher expression was shown in BRCA, CESC, CHOL (cholangiocarcinoma), COAD (colon
adenocarcinoma), GBM, OV (ovarian serous cystadenocarcinoma), PAAD, READ (rectum
adenocarcinoma), STAD, TGCT (testicular germ cell tumors, UCEC, and UCS (uterine
carcinosarcoma) (Figure 1B). Our immunofluorescence results in tumor and normal tissues
verified the enhanced expression of JAM-A in breast cancer (Figure S1).
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Figure 1. Differential expression of JAM-A/F11R. (A) Differential expression of JAM-A between
cancer and normal samples from the TCGA dataset in TIMER2.0. (B) Differential expression of
JAM-A between cancer and normal samples from the TCGA and GTEx datasets in GEPIA. (C) Total
protein expression of JAM-A in cancers from CPTAC analysis. (D) Immunohistochemistry images of
JAM-A in normal tissue and corresponding cancer tissues based on the HPA database. (E) Subcellular
location of JAM-A in cancer cells. * p < 0.05, ** p < 0.01, *** p < 0.001.

We compared the differential expression levels of JAM-A protein in tumor and normal
tissues using the CPTAC dataset through the UALCAN database. JAM-A protein had
significantly higher expression levels in UCEC, HNSC, GBM, and LIHC (Figure 1C). We
further obtained immunohistochemistry pictures of JAM-A using the HPA database. The
differential expression levels between cancer tissues and corresponding normal tissues are
shown in Figure 1D, in which JAM-A shows strong staining in cancer tissues. JAM-A was
shown to be mainly located on the microtubes and cell junctions (Figure 1E). According to
the data above, JAM-A was highly expressed in multiple cancers.
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3.2. JAM-A Serves as a Pan-Cancer Prognostic Biomarker

As JAM-A was over-expressed in various cancer types, we explored the association of
its expression with prognosis in pan-cancer patients. We analyzed 39 cancer types from
the TCGA Pan-Cancer (PANCAN, N = 10,535, G = 60,499) dataset after excluding samples
with a follow-up time of fewer than 30 days and cancer species with less than 10 samples
using the Cox proportional hazards regression mode. Results showed that in GBMLGG
(Glioma), BRCA, and PAAD, high expression of JAM-A was significantly related to poor OS
of cancer patients, whereas in KIRC, high expression of JAM-A benefited patients’ survival
(Figure 2A). To evaluate the precise impact of JAM-A expression on cancer-related survival,
we analyzed the DSS of cancer patients. We found that high expression levels of JAM-A in
GBMLGG, LGG, READ, and PAAD were related to poorer prognosis and were related to
better prognosis in KIPAN and KIRC (Figure 2B). Meanwhile, we explored the relationship
of JAM-A expression with DFI. It was shown that in KIPAN, PAAD, and UCS, JAM-A was
associated with shorter intervals (Figure 2C). As for the PFI, JAM-A was a high-risk gene
in GBMLGG, LGG, and PAAD and a low-risk gene in KIRC (Figure 2D).
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Figure 2. Cox proportional hazard regression of JAM-A expression and pan-cancer prognosis in the
TCGA dataset. (A) OS, (B) DSS, (C) DFL, (D) PFL

Furthermore, to gain more details about the association of JAM-A mRNA expression
with prognosis, we used the best-performing thresholds as cutoffs and displayed the
Kaplan—-Meier plotter of OS and DFS in each type of cancer. Figure 3A shows that high
expression of JAM-A was a bad prognostic factor in BRCA, KIRP, PAAD, READ, and THYM
but a protective prognostic factor in BLCA, CESC, KIRC, OV, and THCA for OS (Figure 3B).
As for DFS, high expression of JAM-A was related to poorer survival in BLCA, TGCA,
KIRC, KIRP, and PAAD and better survival in CESC, HNSC, and OV (Figure 3C, D).
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Figure 3. Survival prognosis analysis of cancers with JAM-A /F11R expression in Kaplan—-Meier
analysis. (A) High expression of JAM-A is negatively correlated with OS in BRCA, KIRP, PAAD,
READ, and THYM. (B) High expression of JAM-A is positively correlated with OS in BLCA, CESC,
KIRC, OV, and THCA. (C) High levels of JAM-A are associated with poor DFS in BLCA, TGCA, KIRC,
KIRP, and PAAD. (D) High levels of JAM-A are associated with better DFS in CESC, HNSC, and OV.

The above results indicate that JAM-A has a significant impact on survival factors,
suggesting that it plays an important role in cancer prognosis.

3.3. Genetic Mutation Features of JAM-A in Pan-Cancer

As it is well known that genetic alterations are closely connected to biological function
and tumor development, we analyzed the mutational profile of JAM-A in human cancers
using the cBioProtal database based on TCGA datasets. As seen in Figure 4A, about 4%
of patients experienced JAM-A mutations, and the leading types were amplification and
missense mutation. In detail, JAM-A was altered most frequently in BLCA, with more than
15% of patients experiencing amplification or mutation, followed by CHOL with 13.89%
of patients experiencing amplification. High mutation frequency also occurred in LIHC
and BRCA at around 10% by amplification and mutation of JAM-A (Figure 4B). Figure 4C
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provides an overview of the types and sites of JAM-A genetic mutations on the amino acid
sequence, in which 54 cases contain missense mutations. R101 and R228 were the most

frequent sites of alteration, and the corresponding mutated sites exhibited 3D structures, as
detailed in Figure 4D.
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Figure 4. Genetic mutation features of JAM-A /F11R in pan-cancer. (A) The overall landscape of
JAM-A in the TCGA dataset. (B) Mutation types and frequencies of JAM-A in different kinds of tumors.
(C) JAM-A gene mutation sites and the number of cases. (D) The 3D structure of mutation sites.

3.4. Epigenetic Alterations of JAM-A in Pan-Cancer

Aberrant DNA methylation levels are reported to contribute to tumor progression,
so we estimated the promoter DNA methylation levels of JAM-A using the UALCAN
database. The results showed that JAM-A was significantly hypomethylated in 18 types of
tumors, including BLCA, BRCA, CHOL, COAD, CESC, ESCA, HNSC, KIRC, KIRP, LIHC,
LUAD, LUSC, PAAD, PRAD, READ, TGCT, THCA, and UCEC (Figure 5). We also used
MethSurv, which includes 14 methylation probes associated with JAM-A, to assess the
relevance between the DNA methylation levels of JAM-A and prognosis. It can be seen
that in CESC, GBM, HNSC, KIRC, LGG, SARC, SKCM, and UVM, most probes detected
a correlation of hypomethylation with poor survival (Figure 6). These outcomes imply
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that JAM-A expression is affected by methylation status, which further influences tumor
development and patient survival. These results suggest that epigenetic alterations regulate
the expression and potential functions of JAM-A, which may have impacts on its role in

different types of cancer.
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Figure 5. DNA methylation levels of JAM-A/F11R in pan-cancer. JAM-A was significantly hy-
pomethylated in BLCA, BRCA, CHOL, COAD, CESC, ESCA, HNSC, KIRC, KIRP, LIHC, LUAD,

LUSC, PAAD, PRAD, READ, TGCT, THCA, and UCEC.
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Figure 6. Hypomethylation of JAM-A /F11R was correlated with poor survival in CESC, GBM, HNSC,
KIRC, LGG, SARC, SKCM, and UVM.

3.5. JAM-A Expression and Immune Infiltration

Immune infiltration is a vital factor in the tumor microenvironment (TME) that can
affect the occurrence and progression of tumors and plays an important role in immunother-
apy and clinical efficacy. To assess the influence of JAM-A expression on the immune
infiltration landscape, we explored the correlation between JAM-A expression and the infil-
tration levels of six main immune cells (CD4 + T cells, CD8 + T cells, B cells, macrophages,
DC, and neutrophils) and three immunosuppressive cells (MDSC, CAFs, and Tregs). The
outcomes demonstrated that JAM-A expression levels correlated positively with over-
all promotive immune infiltration in PRAD, KIRC, LGG, PCPG, GBM, and SARC and
negatively in LUSC and TGCT (Figure 7A).

Meanwhile, positive associations of immunosuppressive cells were mainly observed in
multiple cancer types (Figure 7B). Furthermore, we analyzed the ESTIMATE score of JAM-A
in each cancer, which comprehensively calculated the purity of tumor cells and the abundance
of stromal cells. The content of stromal cells and immune cells in the tumor microenvironment
increased as the score increased, while the content of tumor cells decreased. As shown in
Figure 7C, the ESTIMATE score was negatively connected with JAM-A expression in CESC,
LUAD, LAML, BRCA, ESCA, STES, KIRP, STAD, UCEC, HNSC, LUSC, THYM, THCA, TGCT,
BLCA, and CHOL and positively connected with JAM-A expression in GBM, GBMLGG,
LGG, SARC, SKCM-M, SKCM, PCGC, and DLBC, as shown in Figure 7D. These results
suggest that JAM-A expression is closely related to immune infiltration in pan-cancer and
may have distinct impacts on different types of tumors.
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Figure 7. JAM-A/F11R expression and immune infiltration. (A,B) Correlation between JAM-A
expression and six main immune cells (CD4 + T cells, CD8 + T cells, B cells, macrophages, DC, and
neutrophils) (A) and three immunosuppressive cells (MDSC, CAFs, and Tregs) (B). (C,D) ESTIMATE
score of JAM-A in pan-cancer. * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001.

3.6. Predictive Value of JAM-A in Evaluating Immunotherapy Response

Immunotherapy is a promising treatment method for multiple cancers, and its effec-
tiveness is closely related to the immune microenvironment [34]. We evaluated JAM-A
expression using 150 marker genes from five immune pathways, including chemokine, re-
ceptor, MHC, immunoinhibitor, and immunostimulator. The results in Figure 8A illustrate
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Figure 8. Association of JAM-A /F11R expression with immunotherapy response factors. (A) Analysis of
JAM-A expression using 150 marker genes including chemokines, receptors, MHC, immunoinhibitors,
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and immunostimulators. (B) Analysis of JAM-A expression using the seven most common check-
points in immunotherapy. (C,D) The relationship of JAM-A expression levels with TMB (C) and
MSI (D). * p < 0.05.

TMB and MSI are biomarkers that can predict a patient’s response to immune check-
point inhibitors [35-37]. As shown in Figure 8C, the expression levels of JAM-A were
positively correlated with TMB in LUAD and THYM and negatively correlated with TMB
in COAD, COADREAD, LAML, HNSC, and LUSC. As for MSI, the expression levels of
JAM-A were positively connected with LUSC, READ, and TGCT, while being negatively
connected in GBMLGG, SARC, KIPAN, PRAD, HNSC, THCA, UCS, and DLBC (Figure 8D).
In summary, the expression of JAM-A may impact immunotherapy responses in multiple
cancers, but the influence can vary for different tumor types, suggesting the complex role
of JAM-A in immune regulation.

3.7. Enrichment Analysis of JAM-A Related Genes

In order to gain a comprehensive understanding of the functional characteristics of
JAM-A, we built a PPI network of the top 20 JAM-A-binding proteins using the STRING
database (Figure 9A). We also assessed the correlation between the 20 PPI members and
JAM-A in pan-cancer (Figure 9B). Furthermore, we performed functional enrichment
analysis. The KEGG pathway enrichment analysis showed that the top five pathways
of the proteins were tight junction, cell adhesion molecules, leukocyte transendothelial
migration, rapl signaling pathway, and adherens junction (Figure 9C). As for the GO
functional annotation, the top five annotations for biological process (BP) were cell
junction organization, cell-cell junction organization, bicellular tight junction assembly,
tight junction assembly, tight junction organization, and cell adhesion molecule binding,
virus receptor activity, hijacked molecular function, cadherin binding, ICAM-3 receptor
activity for molecule function (MF), and cell junction, cell-cell junction, apical junction
complex, tight junction, and the plasma membrane part of the cellular component (CC)
(Figure 9D-F). These results suggest that JAM-A is involved in biological processes and
related signaling pathways such as cell junctions, cell adhesion, and cell migration. These
functions and pathways are deeply involved in tumor occurrence, development, and
metastasis, indicating that JAM-A may play a role in tumor progression by mediating
these functions and pathways.

3.8. JAM-A Knockdown Shows Tumor-Inhibitive Effects

To further investigate the biological functions of JAM-A in cancer development, we
used siRNA to down-regulate JAM-A expression in PLC/PRF/5 and MCEF7 cells. The
knockdown efficiency of JAM-A mRNA and protein was verified by qRT-PCR and WB
(Figure 10A,B). Our results showed that JAM-A knockdown significantly restrained the
cell proliferation (Figure 10C). It was confirmed by EdU assay that the DNA replication
ability of PLC/PRF/5 and MCF?7 cells was impaired after suppression of JAM-A expres-
sion (Figure 10D). We also performed a transwell assay to test the effect of JAM-A on
the ability of cells to migrate. As shown in Figure 10E, markedly fewer cells migrated
the transwell membrane in the JAM-A knockdown groups. Taken together, our studies
demonstrate that inhibition of JAM-A expression suppresses proliferation and migration
abilities in breast cancer and liver cancer cells.
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4. Discussion

Pan-cancer analysis provides a cross-tumor landscape of gene aberration patterns and
expression profiles, which benefits the integration and identification of abnormal pathways
and functions and the recognition of potential biomarkers [38]. In this work, we conducted
a comprehensive exploration of the expression alterations, prognostic values, and biological
functions of JAM-A in pan-cancer for the first time.

We first identified that JAM-A was upregulated in multiple cancers, especially BRCA,
CHOL, COAD, GBM, OV, PAAD, READ, STAD, TGCT, UCEC, and UCS, and overex-
pression was shown to be related to poor overall survival and a significant risk factor
in BRCA, GBMLGG, and PAAD. The results were generally consistent with previous
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reports [29,39-43]. However, there is research on which low levels of JAM-A are associated
with worse survival, as assessed by retrospective immunohistochemistry in pancreatic
cancer [44]. In breast cancer, the expression and function of JAM-A are complicated,
as there are articles showing that the invasion ability is enhanced after JAM-A reduc-
tion [45,46], while most reports are in agreement with our results that high expression of
JAM-A promotes the migration and development of breast cancer cells and is related to
poorer prognosis [27,47-50]. Other than the smaller sample size in the former articles, these
contradictory results indicate the complex regulatory processes and diverse roles of JAM-A
in tumors, implying its value for further research.

Genetic mutations can accumulate in tumor cells and alter the cellular phenotype,
and some variants may even bring enhanced biofunctions and gain advantages over
anti-tumor activities [51,52]. In our work, mutations of JAM-A were found in 4% of
all patients, and most of them were amplification and missense mutations. More than
15% of patients with BLCA and around 10% of patients with CHOL, LIHC, and BRCA
experienced JAM-A mutations. The most frequent sites of alteration were R101 and R228.
Epigenetic dysregulation promotes cancer development and occurrence through disordered
transcriptions [53,54]. As a vital epigenetic modification factor, aberrant methylation
modifies expression and genome stability, and it is confirmed to impact tumor onset and
progression [55-57]. Our study analyzed the methylation levels of JAM-A in cancers
for the first time. The results show that hypomethylation of JAM-A can be observed
in 18 types of cancers, among which low methylation levels were correlated with poor
prognosis in multiple cancers including CESC, GBM, HNSC, KIRC, LGG, SARC, SKCM,
and UVM. These findings imply that dysregulation of JAM-A methylation may participate
in tumorigenesis, and methylation probes for JAM-A may be used as prognostic tools
for pan-cancer.

The tumor microenvironment, consisting of stromal cells, immune cells, etc., plays
an important role in tumor initiation, development, and metastasis. The acquisition and
maintenance of cancer features, such as continuously activated growth signals, cell death
resistance, angiogenesis, cell invasion, tumor-promoting inflammation initiation, and anti-
tumor immune destruction, depend to varying degrees on TME. It is also considered
an important factor in cancer therapy and drug resistance [34,58-60]. In our work, we
assessed the contribution of JAM-A in immune filtration by analyzing the correlation
between JAM-A expression and different types of immune cells and calculating the immune
scores. We found that JAM-A was widely associated with multiple immune cells, but the
association varied for different cancer types. The expression levels of JAM-A were shown
to be negatively connected with the ESTIMATE scores in 16 types of cancer, which meant
overexpression of JAM-A contributed to less immune infiltration and stronger tumor
purity [61,62].

Immune checkpoint inhibitors (ICIs) have shown effective anti-tumor effects in treat-
ing various types of cancer. However, their use is limited by the inaccurate identification
of patients who would benefit from the treatment. TMB and MSI have been proven to
be helpful in predicting clinical response to ICI [35,37,63,64]. As seen from the results,
expression of JAM-A was correlated with TMB and MSI in 12 and 10 cancer types, re-
spectively. We also found that JAM-A was generally related to a wide range of immune
marker genes in multiple cancers. These outcomes indicate that JAM-A is closely related
to the immune microenvironment and has the potential to become a predictive molecule
for immunotherapy.

Through the enrichment analysis of JAM-A-related genes, we discovered that JAM-A
participates in tight junction, adhesion, and migration functions of cells, which were proven
to be related to cancer progression [29,65]. The increase of T] proteins may bring adhesion-
independent consequences that promote cancer development [66]. We also confirmed that
JAM-A knockdown suppressed the proliferation and migration of tumor cells in vitro.

There are several limitations to our work. First, validation was performed in limited
tumor types, including breast cancer and liver cancer, whereas JAM-A was differentially
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expressed in 14 types of human tumors according to bioinformatic prediction, highlighting
the need for further investigation. Second, our experimental validation primarily involved
differential expression and in vitro verification of the cancer-promoting functions of JAM-
A, leaving out the underlying mechanisms and specific processes through which JAM-
A regulates cancer progression, such as variation and methylation patterns, immune
infiltration, and other tumor-associated functions, which demand further experimentation
in vivo and in vitro. Third, high levels of JAM-A expression were detected in a limited
number of breast cancer samples, which, however, is far from persuasive and needs to be
confirmed by examination in a larger sample size.

In summary, our study was the first one to explore the alteration and influence of
JAM-A in pan-cancer. We demonstrated that JAM-A was overexpressed in most cancers,
and the differential expression was correlated with methylation, immune infiltration,
and immunotherapy response. These results reveal the potential of JAM-A to serve as a
biomarker for pan-cancer and the value for further exploration.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/biomedicines12071423/s1, Figure S1. Differential expression of JAM-A in
breast cancer tissues and in normal breast tissues. In tumors tissues, 6/10 showed high staining of
JAM-A (A3, A4, B1, B2, B4, C1) while 2 normal tissues both showed low staining.

Author Contributions: Formal analysis, T.R., FL. and H.R.; investigation, T.R. and B.Z.; visualization,
T.R. and FEL.; data curation, T.R. and Y.Z,; validation, T.R., X.G. and Y.W.; writing—original draft
preparation, T.R. and C.L.; writing—review and editing, T.R., Y.Z., Q.S. and H.H.; supervision, Q.S.
and H.H.; funding acquisition, Q.S. and H.H. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the National Key Research and Development Program of
China (2022YFA0912400), Beijing Municipal Natural Science Foundation (Z211100002921033), the
CAMS Innovation Fund for Medical Sciences (2021-12M-5-008).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Links to the datasets used in this study are given in the Materials and
Methods. The results of validation experiments are shown in Section 3 part 8.

Acknowledgments: We thank the study participants and all the authors of the public datasets.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer |. Clin. 2021, 71, 209-249. [CrossRef]
[PubMed]

Bray, F.; Laversanne, M.; Weiderpass, E.; Soerjomataram, I. The ever-increasing importance of cancer as a leading cause of
premature death worldwide. Cancer 2021, 127, 3029-3030. [CrossRef] [PubMed]

da Silva-Diz, V.; Lorenzo-Sanz, L.; Bernat-Peguera, A.; Lopez-Cerda, M.; Muiioz, P. Cancer cell plasticity: Impact on tumor
progression and therapy response. Semin. Cancer Biol. 2018, 53, 48-58. [CrossRef] [PubMed]

Qin, S;; Jiang, J.; Lu, Y.; Nice, E.C.; Huang, C.; Zhang, J.; He, W. Emerging role of tumor cell plasticity in modifying therapeutic
response. Signal Transduct. Target. Ther. 2020, 5, 228. [CrossRef] [PubMed]

Robertson-Tessi, M.; Gillies, R.].; Gatenby, R.A.; Anderson, A.R.A. Impact of metabolic heterogeneity on tumor growth, invasion,
and treatment outcomes. Cancer Res. 2015, 75, 1567-1579. [CrossRef] [PubMed]

Dagogo-Jack, I; Shaw, A.T. Tumour heterogeneity and resistance to cancer therapies. Nat. Rev. Clin. Oncol. 2018, 15, 81-94.
[CrossRef] [PubMed]

Rodon, J.; Soria, J.-C.; Berger, R.; Miller, W.H.; Rubin, E.; Kugel, A.; Tsimberidou, A.; Saintigny, P.; Ackerstein, A.; Brafia, L; et al.
Genomic and transcriptomic profiling expands precision cancer medicine: The WINTHER trial. Nat. Med. 2019, 25, 751-758.
[CrossRef] [PubMed]

Forbes, S.A.; Beare, D.; Gunasekaran, P,; Leung, K.; Bindal, N.; Boutselakis, H.; Ding, M.; Bamford, S.; Cole, C.; Ward, S.; et al.
COSMIC: Exploring the world’s knowledge of somatic mutations in human cancer. Nucleic Acids Res. 2015, 43, D805-D811.
[CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/biomedicines12071423/s1
https://www.mdpi.com/article/10.3390/biomedicines12071423/s1
https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.1002/cncr.33587
https://www.ncbi.nlm.nih.gov/pubmed/34086348
https://doi.org/10.1016/j.semcancer.2018.08.009
https://www.ncbi.nlm.nih.gov/pubmed/30130663
https://doi.org/10.1038/s41392-020-00313-5
https://www.ncbi.nlm.nih.gov/pubmed/33028808
https://doi.org/10.1158/0008-5472.CAN-14-1428
https://www.ncbi.nlm.nih.gov/pubmed/25878146
https://doi.org/10.1038/nrclinonc.2017.166
https://www.ncbi.nlm.nih.gov/pubmed/29115304
https://doi.org/10.1038/s41591-019-0424-4
https://www.ncbi.nlm.nih.gov/pubmed/31011205
https://doi.org/10.1093/nar/gku1075
https://www.ncbi.nlm.nih.gov/pubmed/25355519

Biomedicines 2024, 12, 1423 18 of 20

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Boshuizen, J.; Peeper, D.S. Rational Cancer Treatment Combinations: An Urgent Clinical Need. Mol. Cell 2020, 78, 1002-1018.
[CrossRef]

Tsimberidou, A.M.; Fountzilas, E.; Nikanjam, M.; Kurzrock, R. Review of precision cancer medicine: Evolution of the treatment
paradigm. Cancer Treat. Rev. 2020, 86, 102019. [CrossRef]

Martin-Padura, I.; Lostaglio, S.; Schneemann, M.; Williams, L.; Romano, M.; Fruscella, P.; Panzeri, C.; Stoppacciaro, A.; Ruco, L.;
Villa, A.; et al. Junctional adhesion molecule, a novel member of the immunoglobulin superfamily that distributes at intercellular
junctions and modulates monocyte transmigration. J. Cell Biol. 1998, 142, 117-127. [CrossRef] [PubMed]

Kostrewa, D.; Brockhaus, M.; D’Arcy, A.; Dale, G.E.; Nelboeck, P.; Schmid, G.; Mueller, E; Bazzoni, G.; Dejana, E.; Bartfai, T.; et al.
X-ray structure of junctional adhesion molecule: Structural basis for homophilic adhesion via a novel dimerization motif. EMBO
J. 2001, 20, 4391-4398. [CrossRef] [PubMed]

Sobocki, T.; Sobocka, M.B.; Babinska, A.; Ehrlich, Y.H.; Banerjee, P.; Kornecki, E. Genomic structure, organization and promoter
analysis of the human F11R/F11 receptor/junctional adhesion molecule-1/JAM-A. Gene 2006, 366, 128-144. [CrossRef] [PubMed]
Bazzoni, G.; Martinez-Estrada, O.M.; Mueller, F.; Nelboeck, P.; Schmid, G.; Bartfai, T.; Dejana, E.; Brockhaus, M. Homophilic
interaction of junctional adhesion molecule. J. Biol. Chem. 2000, 275, 30970-30976. [CrossRef] [PubMed]

Mandell, K.J.; McCall, 1.C.; Parkos, C.A. Involvement of the junctional adhesion molecule-1 (JAM1) homodimer interface in
regulation of epithelial barrier function. J. Biol. Chem. 2004, 279, 16254-16262. [CrossRef] [PubMed]

Ebnet, K. Junctional Adhesion Molecules (JAMs): Cell Adhesion Receptors with Pleiotropic Functions in Cell Physiology and
Development. Physiol. Rev. 2017, 97, 1529-1554. [CrossRef] [PubMed]

Mitchell, L.A.; Ward, C.; Kwon, M.; Mitchell, P.O.; Quintero, D.A.; Nusrat, A.; Parkos, C.A.; Koval, M. Junctional adhesion
molecule A promotes epithelial tight junction assembly to augment lung barrier function. Am. . Pathol. 2015, 185, 372-386.
[CrossRef] [PubMed]

Mandell, K.J.; Babbin, B.A.; Nusrat, A.; Parkos, C.A. Junctional adhesion molecule 1 regulates epithelial cell morphology through
effects on betal integrins and Rap1 activity. J. Biol. Chem. 2005, 280, 11665-11674. [CrossRef] [PubMed]

Del Maschio, A.; De Luigi, A.; Martin-Padura, I.; Brockhaus, M.; Bartfai, T.; Fruscella, P.; Adorini, L.; Martino, G.; Furlan, R.;
De Simoni, M.G.; et al. Leukocyte recruitment in the cerebrospinal fluid of mice with experimental meningitis is inhibited by an
antibody to junctional adhesion molecule (JAM). J. Exp. Med. 1999, 190, 1351-1356. [CrossRef]

Ostermann, G.; Weber, K.S.C.; Zernecke, A.; Schroder, A.; Weber, C. JAM-1 is a ligand of the beta(2) integrin LFA-1 involved in
transendothelial migration of leukocytes. Nat. Immunol. 2002, 3, 151-158. [CrossRef]

Lakshmi, S.P; Reddy, A.T.; Naik, M.U.; Naik, U.P.; Reddy, R.C. Effects of JAM-A deficiency or blocking antibodies on neutrophil
migration and lung injury in a murine model of ALIL Am. J. Physiol. Lung Cell Mol. Physiol. 2012, 303, L758-L766. [CrossRef]
[PubMed]

Bonilha, C.S.; Benson, R.A.; Brewer, ].M.; Garside, P. Targeting Opposing Immunological Roles of the Junctional Adhesion
Molecule-A in Autoimmunity and Cancer. Front. Immunol. 2020, 11, 602094. [CrossRef] [PubMed]

Cooke, V.G.; Naik, M.U.; Naik, U.P. Fibroblast growth factor-2 failed to induce angiogenesis in junctional adhesion molecule-A-
deficient mice. Arterioscler. Thromb. Vasc. Biol. 2006, 26, 2005-2011. [CrossRef] [PubMed]

Steinbacher, T.; Kummer, D.; Ebnet, K. Junctional adhesion molecule-A: Functional diversity through molecular promiscuity. Cell
Mol. Life Sci. 2018, 75, 1393-1409. [CrossRef] [PubMed]

Babinska, A.; Kedees, M.H.; Athar, H.; Sobocki, T.; Sobocka, M.B.; Ahmed, T.; Ehrlich, Y.H.; Hussain, M.M.; Kornecki, E. Two
regions of the human platelet F11-receptor (F11R) are critical for platelet aggregation, potentiation and adhesion. Thromb. Haemost.
2002, 87, 712-721. [CrossRef] [PubMed]

Czubak-Prowizor, K.; Babinska, A.; Swiatkowska, M. The F11 Receptor (F11R)/Junctional Adhesion Molecule-A (JAM-A)
(F11R/JAM-A) in cancer progression. Mol. Cell Biochem. 2022, 477, 79-98. [CrossRef]

McSherry, E.A.; McGee, S.E; Jirstrom, K.; Doyle, E.M.; Brennan, D.J.; Landberg, G.; Dervan, P.A.; Hopkins, A.M.; Gallagher, W.M.
JAM-A expression positively correlates with poor prognosis in breast cancer patients. Int. J. Cancer 2009, 125, 1343-1351.
[CrossRef] [PubMed]

Magara, K.; Takasawa, A.; Osanai, M.; Ota, M.; Tagami, Y.; Ono, Y.; Takasawa, K.; Murata, M.; Hirohashi, Y.; Miyajima, M.;
et al. Elevated expression of JAM-A promotes neoplastic properties of lung adenocarcinoma. Cancer Sci. 2017, 108, 2306-2314.
[CrossRef] [PubMed]

Lauko, A.; Mu, Z.; Gutmann, D.H.; Naik, U.P; Lathia, ].D. Junctional Adhesion Molecules in Cancer: A Paradigm for the Diverse
Functions of Cell-Cell Interactions in Tumor Progression. Cancer Res. 2020, 80, 4878-4885. [CrossRef]

Rosager, A.M.; Serensen, M.D.; Dahlrot, R.H.; Boldt, H.B.; Hansen, S.; Lathia, J.D.; Kristensen, B.W. Expression and prognostic
value of JAM-A in gliomas. |. Neurooncol. 2017, 135, 107-117. [CrossRef]

Li, T; Fu, J.; Zeng, Z.; Cohen, D.; Lj, J.; Chen, Q.; Li, B.; Liu, X.S. TIMER?2.0 for analysis of tumor-infiltrating immune cells. Nucleic
Acids Res. 2020, 48, W509-W514. [CrossRef] [PubMed]

Gyoérfty, B. Transcriptome-level discovery of survival-associated biomarkers and therapy targets in non-small-cell lung cancer. Br.
J. Pharmacol. 2024, 181, 362-374. [CrossRef] [PubMed]

Modhukur, V.; Iljasenko, T.; Metsalu, T.; Lokk, K.; Laisk-Podar, T.; Vilo, J. MethSurv: A web tool to perform multivariable survival
analysis using DNA methylation data. Epigenomics 2018, 10, 277-288. [CrossRef] [PubMed]


https://doi.org/10.1016/j.molcel.2020.05.031
https://doi.org/10.1016/j.ctrv.2020.102019
https://doi.org/10.1083/jcb.142.1.117
https://www.ncbi.nlm.nih.gov/pubmed/9660867
https://doi.org/10.1093/emboj/20.16.4391
https://www.ncbi.nlm.nih.gov/pubmed/11500366
https://doi.org/10.1016/j.gene.2005.08.025
https://www.ncbi.nlm.nih.gov/pubmed/16337094
https://doi.org/10.1074/jbc.M003946200
https://www.ncbi.nlm.nih.gov/pubmed/10913139
https://doi.org/10.1074/jbc.M309483200
https://www.ncbi.nlm.nih.gov/pubmed/14749337
https://doi.org/10.1152/physrev.00004.2017
https://www.ncbi.nlm.nih.gov/pubmed/28931565
https://doi.org/10.1016/j.ajpath.2014.10.010
https://www.ncbi.nlm.nih.gov/pubmed/25438062
https://doi.org/10.1074/jbc.M412650200
https://www.ncbi.nlm.nih.gov/pubmed/15677455
https://doi.org/10.1084/jem.190.9.1351
https://doi.org/10.1038/ni755
https://doi.org/10.1152/ajplung.00107.2012
https://www.ncbi.nlm.nih.gov/pubmed/22904169
https://doi.org/10.3389/fimmu.2020.602094
https://www.ncbi.nlm.nih.gov/pubmed/33324419
https://doi.org/10.1161/01.ATV.0000234923.79173.99
https://www.ncbi.nlm.nih.gov/pubmed/16809549
https://doi.org/10.1007/s00018-017-2729-0
https://www.ncbi.nlm.nih.gov/pubmed/29238845
https://doi.org/10.1055/s-0037-1613070
https://www.ncbi.nlm.nih.gov/pubmed/12008956
https://doi.org/10.1007/s11010-021-04259-2
https://doi.org/10.1002/ijc.24498
https://www.ncbi.nlm.nih.gov/pubmed/19533747
https://doi.org/10.1111/cas.13385
https://www.ncbi.nlm.nih.gov/pubmed/28837251
https://doi.org/10.1158/0008-5472.CAN-20-1829
https://doi.org/10.1007/s11060-017-2555-0
https://doi.org/10.1093/nar/gkaa407
https://www.ncbi.nlm.nih.gov/pubmed/32442275
https://doi.org/10.1111/bph.16257
https://www.ncbi.nlm.nih.gov/pubmed/37783508
https://doi.org/10.2217/epi-2017-0118
https://www.ncbi.nlm.nih.gov/pubmed/29264942

Biomedicines 2024, 12, 1423 19 of 20

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.
53.
54.
55.
56.
57.

58.
59.

60.

Liu, K;; Cui, J.-J.; Zhan, Y.; Ouyang, Q.-Y.; Lu, Q.-S.; Yang, D.-H.; Li, X.-P; Yin, J.-Y. Reprogramming the tumor microenvironment
by genome editing for precision cancer therapy. Mol. Cancer 2022, 21, 98. [CrossRef] [PubMed]

Samstein, RM.; Lee, C.-H.; Shoushtari, A.N.; Hellmann, M.D.; Shen, R.; Janjigian, Y.Y.; Barron, D.A.; Zehir, A.; Jordan, E.J ;
Omuro, A.; et al. Tumor mutational load predicts survival after immunotherapy across multiple cancer types. Nat. Genet. 2019,
51, 202-206. [CrossRef] [PubMed]

Steuer, C.E.; Ramalingam, S.S. Tumor Mutation Burden: Leading Immunotherapy to the Era of Precision Medicine? J. Clin. Oncol.
2018, 36, 631-632. [CrossRef]

Zhao, P; Li, L.; Jiang, X.; Li, Q. Mismatch repair deficiency/microsatellite instability-high as a predictor for anti-PD-1/PD-L1
immunotherapy efficacy. . Hematol. Oncol. 2019, 12, 54. [CrossRef] [PubMed]

Weinstein, ].N.; Collisson, E.A.; Mills, G.B.; Shaw, K.R.M.; Ozenberger, B.A; Ellrott, K.; Shmulevich, I.; Sander, C.; Stuart, ].M. The
Cancer Genome Atlas Pan-Cancer analysis project. Nat. Genet. 2013, 45, 1113-1120. [CrossRef] [PubMed]

Brennan, K.; McSherry, E.A.; Hudson, L.; Kay, EEW,; Hill, A.D.K,; Young, L.S.; Hopkins, A.M. Junctional adhesion molecule-A is
co-expressed with HER? in breast tumors and acts as a novel regulator of HER2 protein degradation and signaling. Oncogene
2013, 32, 2799-2804. [CrossRef]

Ikeo, K.; Oshima, T.; Shan, J.; Matsui, H.; Tomita, T.; Fukui, H.; Watari, J.; Miwa, H. Junctional adhesion molecule-A promotes
proliferation and inhibits apoptosis of gastric cancer. Hepatogastroenterology 2015, 62, 540-545.

Zhao, C.; Wang, A; Lu, E; Chen, H.; Fu, P; Zhao, X.; Chen, H. Overexpression of junctional adhesion molecule-A and EphB2
predicts poor survival in lung adenocarcinoma patients. Tumour Biol. 2017, 39, 1010428317691000. [CrossRef] [PubMed]

Ivana, B.; Emina, M.; Marijana, M.-K,; Irena, J.; Zoran, B.; Radmila, J. High expression of junctional adhesion molecule-A is
associated with poor survival in patients with epithelial ovarian cancer. Int. J. Biol. Markers 2019, 34, 262-268. [CrossRef]
[PubMed]

Huang, J.-Y.; Xu, Y.-Y,; Sun, Z.; Wang, Z.-N.; Zhu, Z.; Song, Y.-X.; Luo, Y.; Zhang, X.; Xu, H.-M. Low junctional adhesion molecule
A expression correlates with poor prognosis in gastric cancer. J. Surg. Res. 2014, 192, 494-502. [CrossRef] [PubMed]

Fong, D.; Spizzo, G.; Mitterer, M.; Seeber, A.; Steurer, M.; Gastl, G.; Brosch, I.; Moser, P. Low expression of junctional adhesion
molecule A is associated with metastasis and poor survival in pancreatic cancer. Ann. Surg. Oncol. 2012, 19, 4330-4336. [CrossRef]
[PubMed]

Naik, M.U.; Naik, T.U.; Suckow, A.T.; Duncan, M.K,; Naik, U.P. Attenuation of junctional adhesion molecule-A is a contributing
factor for breast cancer cell invasion. Cancer Res. 2008, 68, 2194-2203. [CrossRef] [PubMed]

Cao, M.; Nie, W,; Li, J; Zhang, Y.; Yan, X.; Guan, X.; Chen, X.; Zen, K.; Zhang, C.-Y,; Jiang, X.; et al. MicroRNA-495 induces breast
cancer cell migration by targeting JAM-A. Protein Cell 2014, 5, 862-872. [CrossRef] [PubMed]

Murakami, M.; Giampietro, C.; Giannotta, M.; Corada, M.; Torselli, I.; Orsenigo, F.; Cocito, A.; d’Ario, G.; Mazzarol, G,;
Confalonieri, S.; et al. Abrogation of junctional adhesion molecule-A expression induces cell apoptosis and reduces breast cancer
progression. PLoS ONE 2011, 6, €21242. [CrossRef] [PubMed]

Goetsch, L.; Haeuw, J.-F; Beau-Larvor, C.; Gonzalez, A.; Zanna, L.; Malissard, M.; Lepecquet, A.-M.; Robert, A.; Bailly, C.;
Broussas, M.; et al. A novel role for junctional adhesion molecule-A in tumor proliferation: Modulation by an anti-JAM-A
monoclonal antibody. Int. J. Cancer 2013, 132, 1463-1474. [CrossRef]

Leech, A.O.; Vellanki, S.H.; Rutherford, E.J.; Keogh, A.; Jahns, H.; Hudson, L.; O’'Donovan, N.; Sabri, S.; Abdulkarim, B,;
Sheehan, K.M.; et al. Cleavage of the extracellular domain of junctional adhesion molecule-A is associated with resistance to
anti-HER? therapies in breast cancer settings. Breast Cancer Res. 2018, 20, 140. [CrossRef]

Cruz, R.G.B.; Madden, S.F; Richards, C.E.; Vellanki, S.H.; Jahns, H.; Hudson, L.; Fay, J.; O’Farrell, N.; Sheehan, K; Jirstrom, K.; et al.
Human Epidermal Growth Factor Receptor-3 Expression Is Regulated at Transcriptional Level in Breast Cancer Settings by
Junctional Adhesion Molecule-A via a Pathway Involving Beta-Catenin and FOXA1. Cancers 2021, 13, 871. [CrossRef]
Pan-cancer analysis of whole genomes. Nature 2020, 578, 82-93. [CrossRef] [PubMed]

Martincorena, I.; Campbell, PJ. Somatic mutation in cancer and normal cells. Science 2015, 349, 1483-1489. [CrossRef] [PubMed]
Bates, S.E. Epigenetic Therapies for Cancer. N. Engl. ]. Med. 2020, 383, 650-663. [CrossRef] [PubMed]

Hogg, S.J.; Beavis, P.A.; Dawson, M.A; Johnstone, R.W. Targeting the epigenetic regulation of antitumour immunity. Nat. Rev.
Drug Discov. 2020, 19, 776-800. [CrossRef] [PubMed]

Nishiyama, A.; Nakanishi, M. Navigating the DNA methylation landscape of cancer. Trends Genet. 2021, 37, 1012-1027. [CrossRef]
[PubMed]

Mattei, A.L.; Bailly, N.; Meissner, A. DNA methylation: A historical perspective. Trends Genet. 2022, 38, 676-707. [CrossRef]
[PubMed]

Papanicolau-Sengos, A.; Aldape, K. DNA Methylation Profiling: An Emerging Paradigm for Cancer Diagnosis. Annu. Rev. Pathol.
2022, 17,295-321. [CrossRef]

Xiao, Y.; Yu, D. Tumor microenvironment as a therapeutic target in cancer. Pharmacol. Ther. 2021, 221, 107753. [CrossRef]
Hinshaw, D.C.; Shevde, L.A. The Tumor Microenvironment Innately Modulates Cancer Progression. Cancer Res. 2019, 79,
4557-4566. [CrossRef]

Hanahan, D.; Weinberg, R.A. Hallmarks of cancer: The next generation. Cell 2011, 144, 646—-674. [CrossRef]


https://doi.org/10.1186/s12943-022-01561-5
https://www.ncbi.nlm.nih.gov/pubmed/35410257
https://doi.org/10.1038/s41588-018-0312-8
https://www.ncbi.nlm.nih.gov/pubmed/30643254
https://doi.org/10.1200/JCO.2017.76.8770
https://doi.org/10.1186/s13045-019-0738-1
https://www.ncbi.nlm.nih.gov/pubmed/31151482
https://doi.org/10.1038/ng.2764
https://www.ncbi.nlm.nih.gov/pubmed/24071849
https://doi.org/10.1038/onc.2012.276
https://doi.org/10.1177/1010428317691000
https://www.ncbi.nlm.nih.gov/pubmed/28231727
https://doi.org/10.1177/1724600819850178
https://www.ncbi.nlm.nih.gov/pubmed/31190601
https://doi.org/10.1016/j.jss.2014.06.025
https://www.ncbi.nlm.nih.gov/pubmed/25033702
https://doi.org/10.1245/s10434-012-2381-8
https://www.ncbi.nlm.nih.gov/pubmed/22549289
https://doi.org/10.1158/0008-5472.CAN-07-3057
https://www.ncbi.nlm.nih.gov/pubmed/18381425
https://doi.org/10.1007/s13238-014-0088-2
https://www.ncbi.nlm.nih.gov/pubmed/25070379
https://doi.org/10.1371/journal.pone.0021242
https://www.ncbi.nlm.nih.gov/pubmed/21695058
https://doi.org/10.1002/ijc.27772
https://doi.org/10.1186/s13058-018-1064-1
https://doi.org/10.3390/cancers13040871
https://doi.org/10.1038/s41586-020-1969-6
https://www.ncbi.nlm.nih.gov/pubmed/32025007
https://doi.org/10.1126/science.aab4082
https://www.ncbi.nlm.nih.gov/pubmed/26404825
https://doi.org/10.1056/NEJMra1805035
https://www.ncbi.nlm.nih.gov/pubmed/32786190
https://doi.org/10.1038/s41573-020-0077-5
https://www.ncbi.nlm.nih.gov/pubmed/32929243
https://doi.org/10.1016/j.tig.2021.05.002
https://www.ncbi.nlm.nih.gov/pubmed/34120771
https://doi.org/10.1016/j.tig.2022.03.010
https://www.ncbi.nlm.nih.gov/pubmed/35504755
https://doi.org/10.1146/annurev-pathol-042220-022304
https://doi.org/10.1016/j.pharmthera.2020.107753
https://doi.org/10.1158/0008-5472.CAN-18-3962
https://doi.org/10.1016/j.cell.2011.02.013

Biomedicines 2024, 12, 1423

20 of 20

61.

62.

63.

64.

65.
66.

Yoshihara, K.; Shahmoradgoli, M.; Martinez, E.; Vegesna, R.; Kim, H.; Torres-Garcia, W.; Trevifio, V.; Shen, H.; Laird, PW.,;
Levine, D.A; et al. Inferring tumour purity and stromal and immune cell admixture from expression data. Nat. Commun. 2013,
4,2612. [CrossRef] [PubMed]

Chen, C.-H; Lu, Y.-S.; Cheng, A.-L.; Huang, C.-S.; Kuo, W.-H.; Wang, M.-Y.; Chao, M.; Chen, I.C.; Kuo, C.-W.; Lu, T.-P;; et al.
Disparity in Tumor Immune Microenvironment of Breast Cancer and Prognostic Impact: Asian Versus Western Populations.
Oncologist 2020, 25, e16—e23. [CrossRef] [PubMed]

Fumet, J.-D.; Truntzer, C.; Yarchoan, M.; Ghiringhelli, F. Tumour mutational burden as a biomarker for immunotherapy: Current
data and emerging concepts. Eur. J. Cancer 2020, 131, 40-50. [CrossRef] [PubMed]

Joshi, S.S.; Badgwell, B.D. Current treatment and recent progress in gastric cancer. CA Cancer J. Clin. 2021, 71, 264-279. [CrossRef]
[PubMed]

Martin, T.A. The role of tight junctions in cancer metastasis. Semin. Cell Dev. Biol. 2014, 36, 224-231. [CrossRef]

Leech, A.O,; Cruz, R.G.B,; Hill, A.D.K.; Hopkins, A.M. Paradigms lost-an emerging role for over-expression of tight junction
adhesion proteins in cancer pathogenesis. Ann. Transl. Med. 2015, 3, 184. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1038/ncomms3612
https://www.ncbi.nlm.nih.gov/pubmed/24113773
https://doi.org/10.1634/theoncologist.2019-0123
https://www.ncbi.nlm.nih.gov/pubmed/31371522
https://doi.org/10.1016/j.ejca.2020.02.038
https://www.ncbi.nlm.nih.gov/pubmed/32278982
https://doi.org/10.3322/caac.21657
https://www.ncbi.nlm.nih.gov/pubmed/33592120
https://doi.org/10.1016/j.semcdb.2014.09.008
https://doi.org/10.3978/j.issn.2305-5839.2015.08.01

	Introduction 
	Materials and Methods 
	JAM-A Expression in Human Cancers 
	Survival Prognosis Analysis 
	Genetic Alteration and DNA Methylation Analysis 
	Analysis of JAM-A Expression and Immunity 
	Gene Enrichment Analysis of JAM-A 
	Cell Culture and Transfection 
	Quantitative Reverse Transcription-PCR (qRT-PCR) 
	Western Blot Assay (WB) 
	Cell Proliferation Assay 
	Migration Assay 
	Statistical Analysis 

	Results 
	JAM-A Expression in Human Pan-Cancer 
	JAM-A Serves as a Pan-Cancer Prognostic Biomarker 
	Genetic Mutation Features of JAM-A in Pan-Cancer 
	Epigenetic Alterations of JAM-A in Pan-Cancer 
	JAM-A Expression and Immune Infiltration 
	Predictive Value of JAM-A in Evaluating Immunotherapy Response 
	Enrichment Analysis of JAM-A Related Genes 
	JAM-A Knockdown Shows Tumor-Inhibitive Effects 

	Discussion 
	References

