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Abstract

Mesothelioma (MESO) is an infrequent tumor derived from mesothelial cells of
pleura, peritoneum, pericardium, and tunica vaginalis testis. Despite advancement
in technologies and better understanding of tumor progression mechanism, the prog-
nosis of MESO remains poor. The role of alternative splicing events (ASEs) in the
oncogenesis, tumor metastasis and drug resistance has been widely discussed in mul-
tiple cancers. But the prognosis and potential therapeutic value of ASEs in MESO
were not clearly studied by now. We constructed a prognostic model using RNA
sequencing data and matched ASE data of MESO patients obtained from the TCGA
and TCGASpliceSeq database. A total of 3,993 ASEs were identified associated with
overall survival using Cox regression analysis. Eight of them were finally figured out
to institute the model by lasso regression analysis. The risk score of the model can
predict the prognosis independently. Among the identified 390 splicing factors (SF),
HSPAIA and DDX3Y was significantly associated with 43 OS-SEs. Among these
OS-SEs, SNX5-58744-AT (p = 0.048) and SNX5-58745-AT (p = 0.048) were sig-
nificantly associated with bone metastasis. Co-expression analysis of signal pathways
and SNX5-58744-AT, SNX5-58745-AT was also depicted using GSVA. Finally,
we proposed that splicing factor (SF) HSPA1A could regulate SNX5-58744-AT
(R = —0.414) and SNX5-58745-AT (R = 0.414) through the pathway “Class I MHC
mediated antigen processing and presentation” (R = 0.400). In this way, tumorigen-

esis and bone metastasis of MESO were controlled.
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1 | INTRODUCTION

Mesothelioma is an infrequent cancer with poor progno-
sis, the average survival time of malignant mesothelioma
patients is 12 to 17 months."? Generally, mesothelioma
originates from the mesothelial cells of pleura and perito-
neum.’ Exposure of asbestos is an exclusive risk factor and
effusion is always the main clinical symptom.“’5 There is
no uniform treatment for mesothelioma. Although surgical
resection at early stage may be an effective method, the
prognosis for patients is still poor, with a high metastasis
rate to contralateral pleura and lung, liver, bone and brain
via direct invasion, lymphatic and hematogenous routes.®
Thus, the pathogenic and metastatic mechanism need to be
further explored.

In the basic biological process of eukaryotic organ-
ism, such as cell development, cell differentiation and
response to environmental factors, alternative splicing
(AS) plays vital roles. AS is a common regulatory mech-
anism and the giant majority, more than 95% of mRNA,
are subjected AS.>!% In the meantime, aberrant alternative
splicing events (ASEs) are frequently detected in several
pathologies including cancers.'! Although various studies
have shown the mechanisms of AS in the tumorigenesis
and metastasis, including our previous ones, their function
and regulatory mechanism in mesothelioma remained to be
elucidated.'"™*

In this study, we plan to explore the mechanism of ASEs
in the cancer prognosis and bone metastasis of mesotheli-
oma patients and construct a novel clinical prognostic model
based on the ASEs."> Moreover, we proposed a mechanism
that splicing events SNX5-58744-AT and SNX5-58745-AT
were regulated by splicing factor HSPA1A. And subse-
quently impact tumor progression, bone metastasis and
poor prognosis.

2 | METHODS

2.1 | Data sources

RNA-seq data were extracted from the TCGA Data Portal
(https://t(:ga-data.nci.nih.gov/tcga/).16’17 Corresponding en-
tries of ASEs were matched from the TCGASpliceSeq da-
tabase (https://bioinformatics.mdanderson.org/TCGASplice
Seq/),17 and 84 cases were eventually enrolled into this

study. The ASEs were generally divided into seven subtypes
(ES: exon skip, AP: alternate promoter, ME: mutually ex-
clusive exons, AT: alternate terminator, RI: retained intron,
AA: alternate acceptor site, AD: alternate donor site).18 Each
ASEs were allocated a specific annotation which combined
the gene name, splicing type, and the ID number in the
TCGASpliceSeq database (AS ID). For instance, in this anno-
tation term “DUT-30485-AP”, DUT is the gene name, 30485
is the AS ID, AP is the splicing event. To initially examine
our hypothesis, external MESO data were extracted from the
Gene Expression Omnibus database (https://www.ncbi.nlm.
nih.gov/geo/) (GSE number: GSE112154, GSE12345 and
GSE99070).2!

2.2 | Identification of OS-SE

To filtrate prognosis associated ASEs, univariate Cox regres-
sion analysis was conducted. And the results were shown
using the upset plot and volcano plot. Seven bubble plots
were also generated to show the top 20 OS-SEs of each splic-
ing pattern, the predictive values of ASEs were described by
the color and size of bubbles.

2.3 | Construction of the predictive model
Top 20 OS-SEs were filtered as potential features of the prog-
nostic model using the Lasso regression model. Multivariate
Cox regression model was subsequently performed to evalu-
ate the regression coefficient of each OS-SE screened by
Lasso regression based on  value. And risk score was calcu-
lated by this formula:

i=1npix PSI

Samples were divided into two groups using the median
risk score. To compare the survival between two groups,
Kaplan-Meier survival analysis was subsequently per-
formed. The accuracy of the model was assessed by the area
under ROC curve. Expression heatmap and scatterplot were
generated to visualize the change trend of survival with risk
score. Multivariate Cox regression analysis was also applied
modifying by age, gender, pathological stage and TNM stage
to estimate if the risk score was an independent prognostic
factor.


https://tcga-data.nci.nih.gov/tcga/
https://bioinformatics.mdanderson.org/TCGASpliceSeq/
https://bioinformatics.mdanderson.org/TCGASpliceSeq/
https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
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2.4 | Construction of the potential
regulatory network

Data of 390 SFs were recaptured from the SpliceAid2 data-
base.** Regulation pairs of OS-SEs and SFs were screened
according to results of Pearson correlation analysis, the
criteria was the absolute value of correlation coefficient
>0.350 and a P value < 0.001. The network was subse-
quently plotted by Cytoscape (3.7.1).7 In the network,
OS-SEs and SFs were respectively defined as ellipses and
arrows, low and high risk OS-SEs as purple and red, nega-
tive and positive regulations of OS-SEs and SFs as green
and red lines.

2.5 | Identification of bone/distant
metastasis-related OS-SEs

To further confirm bone/distant metastasis related OS-SEs in
the network, non-parametric test was conducted. Overlapped
OS-SEs associated with bone metastasis and SFs were shown
using venn diagram.

2.6 | Co-expression analysis and functional
enrichment analysis

Gene Set Variation Analysis (GSVA) was conducted to fig-
ure out most enriched pathways.24 And prognosis-related
pathways were subsequently filtrated using the univariate
Cox analysis. To investigate mechanism of splicing events,
co-expression analysis was also performed on these path-
ways and selected ASEs.

2.7 | External validation

To minimize bias, multiple databases including
LinkedOmics,” UALCAN,” the Gene Expression Profiling
Interactive Analysis (GEPIA),27 PROGgeneVZ,28 cBioPortal
for Cancer Genomics **** and Cancer Cell Line Encyclopedia
(CCLE)’! were used to obtain expression level of key bio-
markers at clinical and genome levels. Additionally, data
from GEO were also utilized to further verify the correlation
of key genes with MESO.

2.8 | Data analysis

All statistical analyses were implemented using R version
3.5.1. (Institute for Statistics and Mathematics, Vienna,
Austria; www.r-project.org) (Package: impute, rms, ggplot2,
UpSetR, glmnet, forestplot, preprocessCore, survivalROC,

survminer, beeswarm). Bilateral p < 0.05 were defined as
statistically significant.

3 | RESULT

3.1 | Overview of ASEs in MESO

The schematic figure of this integrated study was shown
in Figure 1. The clinical information was summarized in
Table 1. From the TCGA dataset, 84 cases were derived in-
cluding 25 with metastasis and 59 without metastasis. We
obtained information of 28,694 authentic ASEs in 9,598
genes of the MESO cohort: 11,384 ES events in 6,240 genes,
5,540 AP events in 3,012 genes, 5,134 AT events in 3,503
genes, 2,426 AA events in 2,272 genes, 2,133 AD events in
1,942 genes, 5,134 AT events in 3,503 genes, and 108 ME
events in 34 genes (Figure 2A). Accordingly, one gene could
express 6 splicing patterns, and ES was the most prevalent
one. Finally, 3,993 OS-SEs from 2,937 genes were figured
out and depicted in the UpSet plot (Figure 2B). And ES was
also the most common pattern. The volcano plot revealed that
most ASEs had a connection with overall survival in MESO
(Figure 3A). The top 20 OS-ASEs in each pattern were
shown using bubble plots (Figure 3B-H).

3.2 | Construction of the predict model

In order to restrain features of the prognostic model, we
Implemented the Lasso regression method. DUT-30485-AP,
ACoxL-54942-AT, ECHDC2-90971-ES, C160rf13-32921-ES,
TMC7-34279-AT, MOK-29361-AP, RPL13-392312-AD, and
PKMYT1-33330-AA were finally integrated into the multivar-
iate Cox regression analysis (Figure 4A, B). A decent reliabil-
ity was shown by ROC curve (AUC: 0.867) (Figure 4C) and
Kaplan-Meier curve also demonstrated a good effectiveness
of this prognostic model (p < 0.001) (Figure 4D). Scatterplots
indicated that patients with higher risk scores had a higher mor-
tality compared to low-risk patients. That also confirmed the
good reliability of the prognostic model (Figure 4E, F). The
heatmap visualized the expression level of selected ASEs, in
which TMC7-34279-AT, ECHDC2-90971-ES and PKMYT1-
33330-AA were high expressed in patients with higher risk
scores, while DUT-30485-AP, ACoxL-54942-AT were low
expressed (Figure 4G).

3.3 | Independent prognostic analysis

We performed univariate and multivariate Cox regression anal-
ysis, to figure out if the risk score was a predictive factor inde-
pendently. The independence of the risk score was demonstrated


http://www.r-project.org
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Gene expression profiling of 84 MESO available from
the TCGA database

PSI value of 28,694 ASEs in 9598 parent genes
detected in MESO available from the TCGASpliceSeq
database

2

|

Extract gene expression levels of 390 alternative
splicing factors from the gene expression profiling

Univariate and multivariable Cox regression screening
for alternative splicing events with prognostic value

|

|

Construct regulatory network of significantly co-expressed alternative splicing factors and alternative splicing
events

Evaluate the association between alternative splicing events with prognostic value and metastasis of MESO

Identify KEGG pathways co-expressing with alternative splicing events that had prognostic value and were
significantly associated with metastasis

Multidimensional validation of gene and protein expression of biomarkers at the multiple levels based on
multiple database

FIGURE 1 Flowchart of this study

by results of both univariate (HR =1.211, p < 0.001, 95%CI
(1.141-1.285)) and multivariate (HR = 1.223, p < 0.001,
95%ClI (1.146-1.304)) Cox regression analysis (Figure 5A, B).

3.4 | The potential regulatory network of
SFs and OS-SEs, and their bone metastasis
correlation

According to results of Pearson correlation analysis, splic-
ing factor HSPATA had a connection with 18 adverse OS-
SEs (red ellipses) positively (red lines) and 24 favorable
OS-SEs (purple ellipses) negatively (green lines). DDX3Y
was correlated with 1 adverse OS-SE (red ellipse) negatively
(green line) (Figure 6A). Among these OS-SEs, two (SNX5-
58744-AT and SNX5-58745-AT) were significantly associ-
ated with bone metastasis and were shown in the Venn plot
(Figure 6B).

3.5 |
SEs

Functional enrichment analysis of OS-

In total, 185 OS-related KEGG pathways were figured out
using GSVA and the univariate Cox regression analysis.

Pearson correlation analysis was conducted to illustrate their
co-expression patterns with SNX5-58744-AT and SNXS5-
58745-AT. Co-expression heatmap showed that the top 3 re-
lated pathways were “Spliceosome” (R = 0.400, p < 0.001),
“Proteasome” (R = 0.390, p < 0.001) and “Drug metabolism
cytochrome P450” (R = 0.320, p < 0.001) (Figure 7).

3.6 | External validation

The top 3 relative pathways of SNX5-58744-AT, SNXS5-
58745-AT were input to Genecard database. Matched
pathway name of “Spliceosome” and “Proteasome” in
Genecard were “mRNA splicing-major pathway” and
“Class I MHC mediated antigen processing and pres-
entation” while “Drug metabolism cytochrome P450”
didn't have other names. Top 5 key genes of each path-
way were validated in external databases. Eventually, 9
genes were identified associated with survival and me-
tastasis (Table 2). And results of SNX5 were particularly
collected in Figure 8. The overlapped significant genes
in all the external databases were CDC20 and SF3B4. In
the UALCAN database, SNX5, HSPA1A, BLMH, CCNF,
CDC20, SF3B4, CYP3A4 and UGT1A9 were related with
OS (Figure S1, B-I) and tumor stage (Figure S1, J-R). And
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TABLE 1 Baseline information of 84 patients diagnosed with
mesothelioma

Total Patients

Variables (N =84)

Survival Time, days

Mean SD 640.01+550.17

Median(Range) 564.50(—8-2790)
Survival State

Alive 17(20.24%)

Dead 67(79.76%)
Gender

Female 15(17.86%)

Male 69(82.14%)
Distant metastasis

Yes 25(29.76%)

No 59(70.24%)
Bone metastasis

Yes 4(4.76%)

No 8,095.24%)
Stage

Stage | 10(11.90%)

Stage 11 16(19.05%)

Stage III 42(50.00%)

Stage IV 16(19.05%)

Abbreviations: ASEs, Alternative splicing events; OS-SEs, Overall survival
associated splicing events; SF, Splicing factors.

CDC27 was associated with tumor stage only (Figure S1,
O). In the LinkedOmics database, all these 9 key genes:
SNX5, HSPA1A, BLMH, CCNF, CDC20, CDC27,
SE3B4, CYP3A4 and UGT1A9 were associated with OS
(Figure S2, A-I), metastasis (Figure S2, J-R) and tumor
stage (Figure S2, S—A). Results of GEPIA revealed SNXS5,
BLMH, CCNF, CDC20, CDC27, SF3B4, and CYP3A4
were associated with OS significantly (Figure S3, A-G). In
addition, expressions of CDC27, BLMH, CCNF, CDC20
and SF3B4 were significantly associated with SNXS5
(Figure S3, H-M). In the PROGgene V2, HSPA1A, CDC20,
CDC27 and SF3B4 were identified as OS-associated genes
(Figure S4, C-E). According to the analysis of GEO data,
BLMH, CCNF, CDC20, CDC27, DDX3Y, SF3B4 and
SNXS5 were differently expressed between MESO and nor-
mal tissue, no matter the specimen type (Figure S5, A—C).
Corresponding heatmaps further showed the results in indi-
viduals (Figure S5, D-F). To further increase the credibil-
ity of the article, we also discussed how to experimentally
validate the proposal that HSPA1A could regulate SNX5-
58744-AT and SNX5-58745-AT through “Class I MHC
mediated antigen processing and presentation” pathway in
the future work (Text S1).

4 | DISCUSSION

Mesothelioma is an infrequent tumor with poor progno-
sis. The median overall survival of untreated patients is only
6 to 9 months. Different multimodality treatment approaches,
combining surgery, immunotherapy and chemotherapy radi-
ation therapy (RT) are investigated nowadays.32’33 However,
high frequency of drug resistance immensely impedes the sur-
vival improvement of mesothelioma patients.”* ASEs were
reported to have a significant impact on various hallmarks
of cancers, including tumorigenesis, metastasis and drug
resistance.” Previous study has identified altered pathways
and expression profiles between mesothelioma and other
cancers,36 however, it hasn't regarded ASEs as biomarkers
for MESO and thus the prognostic value of AESs in MESO
needs further validation. In this study, we proposed that the
splicing events SNX5-58744-AT and SNX5-58745-AT,
regulated by splicing factors HSPA1A and DDX3Y, have an
impact on tumorigenesis and bone metastasis through “Class
I MHC mediated antigen processing and presentation” and
were associated with prognosis of patients simultaneously.

Exons can be spliced constitutively or alternatively, and
it is alternative splicing that endow cells to produce differ-
ent protein isoforms to accomplish multiple biological pro-
cesses.”” To maintain normal physiological function, exons
of pre-mRNAs must be precisely identified and ligated, in a
process catalyzed by the spliceosome through two sequen-
tial transesterification reactions.”®*’ Failure in recognition of
exon-intron boundaries or in removal of introns may results
in aberrant gene expression, some of which are correlated
with diseases.

The spliceosome is a unique protein-directed metallori-
bozyme that dynamically assembled from five small nuclear
ribonucleoproteins (snRNPs) (U1, U2, U4, US and U6) or
four snRNPs (U11, U12, U4datac and Ubatac), and U5 snRNP
is shared by both spliceosomes.”J11 Generally, spliceosomal
assembly initiates when the splice sites (ss) are recognized by
the Ul snRNP and the U2 snRNP auxiliary factor (U2AF),
forming an E complex. Then the U2 snRNP will be recruited
to the branch-point (BP) to form an A complex, in an ATP-
dependent manner. U4/U6.U5 will subsequently recruited,
resulting in the formation of the B complex, which can con-
vert into the catalytically active spliceosomal C complex
through a series of structural rearrangements.42

The two transesterification steps on pre-mRNA are cat-
alyzed during the assemble process of spliceosomes. In the
first transesterification step, the phosphodiester bonds of the
upstream is attacked by the 2’ hydroxyl group of the branch-
point adenosine. This generates a branch lariat and a free 3’
hydroxyl group on the upstream exon. In the second step, the
free hydroxyl group attacks the 3’ intron-exon junction, li-
gating two exons and releasing a lariat intron.** An array of
more than 300 protein factors are involved in the catalytical
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FIGURE 3 Top 20 OS-SE in different splicing patterns. (A) The volcano plot showing the prognosis-related and no significant ASEs

respectively; (B-H) Top 20 OS-SEs in seven splicing patterns. Abbreviation: AA, alternate acceptor; AD, alternate donor; AP, alternate promoter;

AT, alternate terminator; ES, exon skip; ME, mutually exclusive exons; RI, retained intron

process, by constituting or regulating the spliceosome.44’45

Regulators may function as GTPases, RNA helicases, protein
isomerases and so on.*® These regulators are all termed as
splicing factors (SFs).

Non-structural proteins such as the serine/arginine-rich
(SR) proteins, are a group of highly conserved regulator
and are characterized by a peculiar carboxyterminal domain
that highly enriched in Arg/Ser dipeptides (RS domain) and
the existence of 1-2 RNA recognition motifs (RRM).47’48
Previous studies indicated that the RS domains mainly par-
ticipate in protein-protein interactions while the RRMs deter-
mine the substrate specificity by sequence-specific binding
mechanism.*! Based on these structures, SR proteins can
form a network of protein-protein interactions by cooperation
with U2 auxiliary factor (U2AFs) in the early stage in spli-
ceosomal assembly.52 And they also bind to exonic splicing
enhancers (ESEs) to promote exon definition by recruiting
other splicing machinery or by antagonizing the negative ac-
tivity of heterogeneous nuclear ribonucleoprotein (hnRNP)
recognizing exonic splicing silencers (ESSs).**53 In addition,
SR proteins were demonstrated to be dose-dependent posi-
tive regulators of AS through stabilizing the binding of Ul
snRNP or activating enhancers.”*>°

While SR proteins generally recognize splicing en-
hancers, hnRNPs tend to interact with exonic and/or

intronic splicing silencers (ESSs and/or ISSs).””*® Previous
studies indicated the antagonistic function of hnRNPs to
the activity of SR proteins..53’59’60 HnRNPs also mediate the
removal of large introns through functioning of their cis-
and trans-acting binding sites.®' U2AF can be recruited to
the enhancer and regulates enhancer-dependent splicing.5 !
When exons are beset in longer introns, interactions across
the exon will happen to ensure the binding stability of the
U1 snRNPs and U2AF.%*"%* These actions are termed as
exon bridging interactions which can only occur to exons
between 50 and 500 nt long.(’5 56 Cooperation of these
SFs plays vital role in the accomplishment of alternative
splicing.

In this study, we extracted splicing factors list from
the SpliceAid, a database based on hand curated literature
search.>’ In this database, human RBPs were initially ex-
tracted from the UniProt database, exhaustive literature re-
search was subsequently conducted and only experimentally
assessed RBPs were finally retained.®®

ASE:s play a role in various cancer hallmarks, including
tumorigenesis, metastasis, invasion and cancer drug resis-
tance.®"! They can be regulated by SFs and impact cancer
progression through diverse pathways.®””’? For instance, SF
epithelial splicing regulatory protein 1 (ESRP1) can regulate
expression of CD44 isoforms through AS in MESO and other
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( A) pvalue Hazard ratio (B) pvalue Hazard ratio
gender 0.628 0.856(0.456-1.607) —— gender 0.321 0.699(0.345-1.417) —a—
stage 0.612 0.928(0.697-1.237) —— stage 0.839 0.940(0.517-1.710) —a—
T 0.548 0.923(0.710-1.199) — T 0.690 0.910(0.573-1.445) ——
M 0.226 0.843(0.639-1.112) —— M 0.446 0.891(0.663-1.198) —
N 0.893 1.016(0.803-1.287) —-- N 0.666 1.074(0.776-1.486) ——
BoneMetastasis 0.015 0.275(0.097-0.780) —_— BoneMetastasis 0.011 0.213(0.064-0.705) —_—
DistantMetastasis 0.943 0.981(0.575-1.671) —a— DistantMetastasis 0.693 1.137(0.601-2.152) —a—
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FIGURE 5 Univariate and multivariate Cox regression analysis for evaluating the independent prognostic value of the risk score: (A)

Univariate and (B) multivariate Cox regression analysis verified the risk score to be independent prognostic factor

4 e . .
cancers.”’* To explore the specific regulation mechanism of

ASEs and SFs in MESO, we constructed the network between
OS-SEs and SFs. HSPA1A and DDX3Y were significantly

associated with 43 OS-SEs in the network. Among these OS-
SEs, SNX5-58744-AT and SNX5-58745-AT were associated
with bone metastasis significantly.
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HSPAI1A, as a member of heat shock proteins (HSPs)
family, has a dual function in mammals determined by its
location. Intracellular HSPs have a cytoprotective/antiapop-
totic function and extracellular HSPs have an immunogenic
function.”” HSPAIA can enhance the cell survival ability,
especially in lethal condition, including heat, oxidative and
anticancer drugs.76’77 Nowadays, mounting evidence re-
garded HSPA1A as an important biomarker in tumor pro-
gression, metastasis and drug resistance of various cancers.
Consistently with our results, Nyman et al. demonstrated that
depletion of HSPA 1A can inhabitant anti-apoptotic effect and
promote oncogenic potential of transcription factor p73 (Tap
73) through regulate different Tap 73 isoforms, which are
products of splicing events.”® Kasioumi et al. suggested that
downregulating HSPA1A promoted the metastasis of cancer.
It could, firstly, establish a cancerous environment and sub-
sequently regulate the metastatic process via EMT and mi-
gration processes, and eventually triggering anti-metastatic
properties of cancer cells.” Our hypothesis provided a valu-
able idea of the regulatory mechanism of SFs and ASEs in
cancer prognosis and metastasis.

DDX3Y is located within in human Y chromosome and
only expressed in pre-meiotic male germ cells.*” It is essen-
tial in early stage of germ cell development.*’ DDX3Y also
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(A) The regulation network of OS-SEs and SFs; (B) Venn plot OS-SEs related to bone metastasis; (C-D) SNX5-58744-AT and

has an ATP-dependent physiologically chaperone function in
group I intron splicing in the folding of natural RNA sub-
strate.*> Knockdown of DDX3Y in neural progenitor cells
hindered cell cycle ongoing and promoted apoptosis, subse-
quently obstructing differentiation.®® The quantitative control
of DDX3Y protein was exerted by the characteristic DDX3Y
transcript variants with long 5’-untranslated regions (UTRs).
Similar 5’-UTRs exists in oncogene transcripts and other
cell cycle related sequence.84’85 DDX3Y was indicated to be
positively correlated with OS in MESO, as it was negatively
associated with the adverse OS-SE MDK-29374-RI.

The parent gene of the identified bone metastasis-
associated OS-SEs (SNX5-58744-AT and SNX5-58745-AT)
was verified by comprehensive databases. The gene-sorting
nexins (SNX) takes part in protein sorting and membrane
trafficking with the ability to bind specific phospholipids
and form protein-protein complexes.gé‘87 SNXS5 was demon-
strated to have the ability of inhibiting the degeneration of
epidermal growth factor receptor (EGFR) in early studies.®®

SNXS5 is an essential factor in EGFR signaling, whose on-
cogenesis effect has been identified in various cancers.>
Zhou Q et al. proved that upregulation of SNXS in hepatocellu-
lar carcinoma (HCC) promotes metastasis and poor prognosis
via EGFR pathway. And degradation of EGFR was regarded
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FIGURE 7 Co-expression heatmap between OS-SEs (SNX5-58744-AT, SNX5-58745-AT) and prognosis-associated signaling pathways

to be a critical role in the process.”* Enhanced expression of
SNX5 was also exported in thyroid tumor.” Jitsukawa S et al.
demonstrated that SNX5 can lessen the tumorigenic signaling
in thyroid cancer.”® And the knockout of SNX5 gene signifi-
cantly changed tumor morphology and slowed down tumor
growth in nude mice with lung cancer.”” Accordance with our
results, ASEs in SNX5 was indicated to be the key mechanism
of bone metastasis and poor prognosis in MESO.

To further explore the internal mechanism of HSPA1A
regulating SNX5-58744-AT and SNX5-58745-AT, 3 path-
ways were confirmed according to the co-expression analysis.
And “Class | MHC mediated antigen processing and presen-
tation” have maximum OS-associated genes. Complexes con-
sisting of antigenic peptides loaded into MHCs are exposed

on the surface of antigen-presenting cells (APCs). These
antigens can activate effector T cells, which can exert their
cytotoxic activity and eliminate aberrant cells such as tumor
cells.” Induction of immune response in late-stage cancers
showed good therapeutic effects.” Cancer cells expressed
decreased or deficient MHC class I can escape immunosur-
veillance and are not powerful enough to activate anti-tumor
immune responses.98 In our study, multiple databases showed
significant association between the prognosis and key genes
in “Class I MHC mediated antigen processing and presen-
tation”. Therefore, we proposed that SNX5-58744-AT and
SNXS5-58745-AT, regulated by HSPA1A, play a critical role
in MESO prognosis through “Class I MHC mediated antigen
processing and presentation”.
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FIGURE 8 Association of SNX5 with OS and metastasis: SNX5 was significantly associated with OS according to data from GEPIA (A),
LinkedOmics (B) and UALCAN (C) datasets; SNXS5 was significantly correlated with metastasis in LinkedOmics (D)

To affirm our hypothesis, identify the cell subtype local-
ization of the key genes in the regulatory mechanism.

There are ineluctably several restrictions of this study
which should be acknowledged. First, MESO data acquired
from public datasets are restricted, which might result in po-
tential error or bias. Secondly, our results were based on bio-
informatics and correlation analysis, which only shows the
mathematical probability. Molecular biology experiments
are needed to confirm the regulatory mechanism. Restricted
to the experimental condition, external databases were uti-
lized to primitively verify our hypothesis on different level.
And for a mechanism of SF-mediated AS, the cell subtype
localization of key genes should be further identified using
immunohistochemical methods. Thirdly, all transcriptome
profiling was conducted by the GPL96 or GPL570 platform
and all data sets extracted for construction of the prognostic
model were from Western countries. Therefore, the conclu-
sion should be used with caution when applied to samples
tested using platforms other than GPL96 or GPL570 and
patients from Asian countries. Moreover, how these path-
ways cooperated with each other is still unclear, and future
study should focus on this aspect. The positive or negative
regulatory relationship among HSPA1A, splicing isoforms
of SNXS5 (SNX5-58744-AT and SNX5-58745-AT), Class 1

MHC-mediated antigen processing and presentation path-
way, and tumorigenesis/bone metastasis of MESO will be
validated by biological function assays like gain/loss of func-
tion and rescue assays. These direct mechanism assays (e.g.
RNA immunoprecipitation sequencing (RIP-seq)) might
offer more rigorous evidence for these potential therapeutic
targets and novel prognostic factors in MESO.
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