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ABSTRACT

Background:Thisstudy aimed to investigatethe expressionand prognosticsignificanceof SOX5n esophagez
squamouscell carcinoma(ESCC).

Methods: GeneExpressiorOmnibus(GEOXata were analyzedto assessSOX5xpressionin ESC@nd normal
tissues.Survivalanalysiswas performed to evaluateits prognosticsignificance Pathwayenrichmentanalysit
was conductedto identify pathwaysassociatedwith low SOX%expression.Methylation status of CpGsitesin
ESCaseswas examined, and SOX5expressionwas evaluated. Differential expressionand ChiRseq data
analyseswere usedto identify genessignificanty correlatedwith SOX5ndto obtain target genes.A protein-
protein interaction (PPI)network was constructedusing hub genes,and their associationwith immune cell
infiltration wasdetermined. In vitro ESCCell experimentsvalidatedthe findings.

Resuts: SOX5was significantly downregulated in ESCCsamples compared to normal samples. Its
downregulationwas associatedwith shorter survivalin ESC@atients. Pathwayenrichmentanalysisrevealec
enrichment in regulated necrosis, NLRP3inflammasome, formation of the cornified envelope, and PD1
signaling. Methylation status of two CpG sites negatively correlated with SOX5expression. Differential
expression analysis identified 122 genes significantly correlated with SOX5,and 28 target genes were
obtained from ChIRseq analysis. Target geneswere enriched in DNA replication, cell cycle, spindle, and
ATPaseactivity. Five hub geneswere identified, and the PPInetwork showed significant associationswith
immune cell infiltration. In vitro experiments confirmed SOX5downregulation, upregulation of hub genes
andtheir functional effects on ESCCell apoptosisand proliferation.
ConclusionsThesefindingsenhanceunderstandingof SOX5n ESC@nd potential therapeutic strategies.

INTRODUCTION (ESCC) is the main histological subtype of EC [1, 2].
As a result of the lack of early disease signs, ESCC is

Esophageal cancer (EC) is a common cancer with high characterized by high prevalence andrloidity [3]. At

mortality rate, and esophageal squamous cell carcinoma present, the commonly used treatments are chemotherapy
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and radiotherapy. However, due to frequent recurrence,
limited molecular markers and treatment options, its
prognosis is not ideal [4]Therefore, it is necessary to
identify specificmolecular markers for the treatment and
prognosis of ESCC.

Current research on prognostic markers for esophageal
squamous cell carcinoma (ESCC) has made significant
progress, aiming to improve patient stratification,
prognosis prediction, and treatmentteaames [4].
Multiple studies have focused on identifying molecular
markers associated with ESCC prognosis [5]. These
markers include genetic alterations, gene expression
profiles, protein expression levels, and epigenetic
modifications [5]. Various promisg prognostic markers
have been identified, such as altered expression of
specific genes (e.g., TP53, EGFR, and HER2), aberrant
DNA methylation patterns, and microRNA signatures
[6]. Additionally, the integration of multiple markers or
the development ofigk prediction models has been
explored to enhance prognostic accuracy. The use of
high-throughput technologies, such as rngeheration
sequencing and gene expression profiling, has facilitated
the discovery of novel markers with potential clinical
utility. However, further validation in large patient cohorts
and standardized assessment protocols are necessary
to establish the clinical utility of these markers and
facilitate their translation into routine clinicpfactice,
ultimately leading to pspnalized treatment strategies
and improved outcomes for ESCC patients.

Transcription factors act an important regulatory part
to the life cycle of cells and organisms. They control
the transcription rates of genetic information and thus
regulate genexpression by specific DNA sequences [7,
8]. SRY-related highmobility-group box 5 (SOX5) [9]
encodes the member of the HM®x family responsible

for maintaining normal physiological functions [10, 11].
Early studies found that SOX5 is dedicated to embcyon
development and the cell fate [11]. Recent studies
have found that SOX8ysregulatiorare associated with
cancer [12, 13]. SOX5 is significantly regulated in breast
cancer (BC) cell lines, and promoted progress of BC
cells [14] In addition, SOX5 promed prostate cancer
(PC) metastasis, and has been verifiedvivo [15].
Interestingly, other recent studies have suggested that
SOXS5 inhibited gliomas progression [16, 17] by acute
cellular senescence. Meantime, SOX5 regulates the
growth of Ka p o s i Gns assoaiated cherpesvirus
infected cells [18]. The above findings all imply that
SOX5 might have specific functions on cancer.

Our study determined the expression of SOX5 in
ESCC using bioinformatic analysis. In addition, we
also identified and studiethe related hub genes of

SOX5 in ESCC. SOX5 and these genes may affect

the malignant progression, prognosis and immune
infiltration of ESCC.

MATERIALS AND METHODS
GEO datasets

GEO (ttp://www.ncbi.nlm.nih.gov/gdocontains micre
arrays, chips and gene expression data [19]. GSE23400
(53 ESCC samples and 53 matched normal samples)
was used in this study. All downloaded data were
matched wit clinical information, standardized and log2
translated

TCGA datasets

The RNAseq data of SOX5 and the clinical information
of TCGA-ESCC were from the UCSC Xena browser
(https://xenabrowser.net The samples datancluding

the information of age, gender, clinical stage, lymph
node metastasis, neoplasm histologic grade and overall
survival (OS) were analyzed. Furthermore, the samples
were divided into two groups in line with median SOX5
expression, Gene Set Enrickm Analysis (GSEA) was
conducted. At the same time, the sample contains-RNA
seq data of SOX5 and methylation data were filtered.
The Champ package was used to -pmacess the
methylation data, and the CpG sites in the SOX5
promoter region (TSS200, TSS150@ere selected. The
correlation between the beta value of these CpG sites
and SOX5 expression was calculated using Pearson
analysis. CpG sites with SNP were ignored.

Identification of DEGs

DEGs between ESCC and normal samples were
identified by Limma pekage (|logFC|>1 ang-value
<0.05). First, we preprocessed the data to remove
biases and normalize the expression values. Next, we
constructed a design matrix to model the experimental
design and define the comparisons of interest. Using
this design matx, a linear model was fitted to the data,
considering the experimental factors and estimating
treatment effects. We then defined contrasts to specify
the desired comparisons between conditi@iatistical
testing was performed using moderategtatistics

to evaluate the significance of differential expression.
Multiple testing correction was applied, and DEGs
were identified based on adjustedvaglues and fold
change thresholds. The resulting DEG listsvannotated
with relevant information, such as gene symbols and
pathways. Finally, visualizations and analyses were
generated to aid in the interpretation of the DEGs.
Based on Pearson correlation analysis, the correlation of
DEGs and SOX5 expression wasalyzed.
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ChlIP -seq data analysis <0.05. The proportion of each kind of immune cell in
the samples was calculated. The Wilcoxon e test

The results of bed peaks of CkdBq data for SOX®ere was utilized to determine the percentage of immune
provided by Cistrome DB hftp://cistrome.org/db/#/ infiltrating cells between ESCC and cait samples.
The downloaded narrow peak dataerer annotatd After inclusion of all significant cells into the Cox model,

and filtered wih a threshold value of qvalue and IDR < co-expressed heatmap was drawn by combining with
0.01. The peaks within the range of 1 kb upstream Pearson correlation analysis, and the correlation of
or downstream of transcription start site (TSS) were various immune cells and hub genes was displayed.
retained, and the genes on these peaks were defined
as target genes. Dreme was used to identify significant Cell lines and cell culture
motif sequences in peak sequences.
Human ESCC cell lines KYSE150, KYSE30, and normal
Enrichment analysis esophageal epithelial cell lines (HetlA) were cultured
in RPMI-1640 with 10% FBS (GIBCOWaltham, MA,
Biological functions of target genes were conducted by USA) at 37° C under 5% GO
clusterProfiler package in Bioconductor. Gene Ontology
(GO), Kyoto Encyclopedia of Genes and Genomes Plasmid construction and cell transfection
(KEGG), and Gene Set Enrichment Analysis (GSEA)
were performed to identify enriched biological preszes, The fulklength of SOX5 cDNA was generated and
molecular functions, cellular components, and pathways inserted into the pA€MV-MC5 to construct SOX5
associated with a set of genes of interest. GO enrichment overexpression vector (A8OX5) [22]. Lipofectamine
analysis compared the genes against a background set 2000 (Thermo Fisher Scientific, Cleveland, OH, USA)
using statistical tests and adjusted/afues or false was applied for cell transfection.
discovery rate (FDR) correoti. Similarly, KEGG
enrichment analysis compared genes to KEGG pathways, Western blot
while GSEA ranked genes and evaluated enrichment
scores through permutation testing. Enriched terms and After lysing, protein of cells was separated by SDS
pathways were identified based on predefined thresholds, PAGE and transferred onto PVDF membrane (Millipore,
providing insights it gene function and pathway USA). Primary antibodies were incubated on the

associations. membrane at 4° C overnight: SOX5(1:1000, Abcam),
PCNA (1:1000, Abcam), RRM2 (1:1000, Abcam),
Protein-protein interaction (PPI) network construction AURKB (1:10, Abcam), MCM4 (1:2000, Abcam),

MCM7 (1:1000, Abcam), GAPDH (1:1000, Abcam).
STRING (ttp://stringdb.org version 11.0) database The results were determined with a chemiluminescence
was used to construct the PPl network of target genes. kit (Thermo Fisher Scientific, Cleveland, QHISA).
Next, we useCytoscape software to visualize the protein
protein interaction network and describe the relationship  Cell proliferation assay
between different proteins by line segments, in which

the more line segmentepreserdgdthe more significant For CCK-8 assay, treated cells @6-well culture plates

the interaction between proteins. (1.5 x 10 cells/well)weret r eat ed wi t8h 10
solution (Dojindo, Kumamoto, Japan) at different time

Hub genes selection and analysis points. After 2 h, the optical density (OD) at 450 nm

was detected.
Nodes were ranked in the PPl network with respect
to their network features through Cytoscape, which is For EdU assay, treated cells in-@8ll plates (1.5 x 10
the cytoHubbaplug-in [20]. Here, the maximal clique cells/well) were incubated with EdU working solution
centrality (MCC), and edge percolated component (Cat.C10316aL, Ruibo Biotech., Guangzhou, China) for
(EPC) wereapplied as the criteria for ranking the top 5 2 h. After fixation, permeabilization, cellsene stained
hub genes. The overlapping top 5 genes in these two with 1x Apollo solution. Results were obtained under
topological methods were regarded as hub genes for fluorescence microscope.
further analysis [21].

Flow cytometry
Immune infiltration analysis

Annexin V-FITC apoptosis detection kit (Oncogene
The 22 immune cell types in samples were assessagl usi  Research Products, Boston, MASA) was used to
the CIBERSORT algorithm with the criteria pfvalue determine the apoptosis of cells.
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Statistical analysis TCGA-ESCC methylation chip data from XENA. After
filtering, 74 ESCC samples with both RN2eq data of
SOX5 and methylation data were obtained. The CpG
siteson the SOX5 gene were filtered, the CpG sites
logated in the prbnotereregion weredretdinede and 67h e
CpG sites were obtained. The association between
SOX5 expr es s-vatua of &EpCdsites wvas b

identified usi t he Pear s

R V4.0.2 was used to perform statistical analysis. Survival
rates were determined by Kaplifeier survival curves.

Pearsonds correlation test
of correlation between the expression of SOX5 and
the methylation/DEGs, and hub genes. The differences

between two groups were analyzed by GraphPad Prism 8.
p< 0.05 indicates adatistically significant difference.

RESULTS

Low expression of SOX5 in ESCC is associated to
survival

To explore the SOX5 expression in human ESCC
tissues, we downloaded microarray gene profiling
datasets GSE23400 (53 ESCC samples and 53 matched
normal samples) from the GEO. We analyzed SOX5
expression in datasets, and the results are shown in
Figure 1A indicating that SOX5 was downregulated in
ESCC tumor tissue compared with norm@ésue
(p=0.028). The results indicated that SOX5 might play
an important role in ESCC.

Therefore, we screened 80 ESCC samples in TCGA
ESCC from the XENA. First, the relationship between
SOX5 expression and survival outcomes in the ESCC
cohort was evaluatedigure 1B,p=0.0076. Furthermore,
SOX5 low expression grauhad a shorter survival time
than the high expression group. Additionally, univariate
analysis and multivariate analyses of Cox regression
model were performed. In univariate analysis, low SOX5
expression and gender were significantly correlated to OS
of ESCC patientsHigure 1B. In multivariate analysis,
low SOX5 expression was significantly correlated to
OS in patients with ESCOrFigure 1G. The results of
COX regression are shown in Supplementary Figure

Results of GSEA in ESCC

To gain a deeper uedstanding of the biological
functions of SOX5 in ESCC, we conducted GSEA.
Similarly, the samples from TCGESCC cohort were
divided into two groups in line with the median SOX5
expressions in the cohort as a threshold. As the results
showed, low expresgsioof SOX5 group was mainly
enriched in the pathway of regulated necrosis, the NLRP3
inflammasome, formation of the cornified envelope and
PD 1 signalingFigure 2A 2D).

SOX5 expression is negatively correlated with its
methylation in ESCC

To understand the potential regulatory effect of
methylation on SOX5 expression, we downloaded the

ng
Resuls (Figure 3A, 3B indicated a negative correlation
between SOX5 expression and 2 sites: ¢g01198491
(Pearson R#.37; p<0.01), andcg06141624(Pearson
R=-0.3; p<0.05).

Identification of DEGs in ESCC

Via Limma, DEGs in the GSE23400 dataset were
identified (Figure 4A, 4B. By screening, 187 upregulated
and 207 downregulated DEGs were obtained. The results
were presented with the volcano map and heatmap. The
correlation between the above DEGs and SOX5 was
calculated by Pearson correlation coefficient witRGC

> 0.2 and gp-value < 0.05.Figure 4Cshows that 122
genes were significantly correlated with SOX5.

ChlP-seq data analysis of target genes of SOX5

To further explore the correlated genes of SOX5,
we predicted target genes of SOX5 usi@ylP-seq
data assay and predicted the SOX5 binding sites.
Distribution of binding peaks in the SOXBhIP-seq
experiment from Cistrome DB were analyzed. The
peaks in the range of | kb of upstream and downstream
of TSS were reserved. Approximately 6324 peaksewe
located on 4951 gene&igure 5A 5C). We took the
intersection of these genes and 122 significantly
correlated DEGs, and finally 28 target genes were
obtained Figure 50. And DREME fttps://meme
suite.org/meme/tools/drerheonline software was used
to predicted SOX5 binding motif&igure 58.

Gene ontology and pathway functional enrichment
analysis

A total of 28 target genes were conducteith GO
and KEGG enrichment alyais. Genes were enriched
in DNA replication, G1/S transition of mitotic cell
cycle, and cell cycle G1/S phase transition in the
biological process (BP) analysigmigure 6A. For
molecular function (MF) analysis, genes were primarily
linked to the ATPaseactivity, helicase activity, and
catalytic activity, acting on DNA Higure 6B. The
enrichment analysis of cell component (CC) indicated
that genes were related to spindle, chromosomal
region, and mitotic spindleF{gure 6G. For KEGG
enrichment analysisgenes were enriched mainly in
DNA replication, cell cycle and ferroptosiBigure 6D).
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C
Parameter Univariate Analyses Multivariate Analyses
HR (95% Cl) P HR (95% Cl) P

Age
<60 (48)
260 (32) 1.213(0.52-2.81) 0.65
stage
I-11(53)
-1V (25) 2.37 (1.02-5.48) 0.04 1.74 (0.72-4.23) 0.22
missing (2)
SOX5
High (40)
Low (40) 3.33 (1.31-8.51) 0.01 3.25 (1.17-8.99) 0.02
lymph node metastasis
NO (35)
Yes (19) 2.10 (0.87-5.06) 0.09
missing (26)
neoplasm histologic grade
G1(15)
G2 (38) 1.43 (0.46-4.50) 0.54
G3 (18) 0.97 (0.24-3.90) 0.97
missing (9)
gender
female (12)
male (68) 9.63 (1.26-73.35) 0.03 5.32 (0.65-43.50) 0.12

Figure 1. Low expression of SOX5 in E&Cé&5sociated to survivalid) Expression boxplots of SOX5 in ESCC tumor tissue and
adjacent normal tissue fromeSE23400B] Survival analysis of SOX5 in ESCC samples frorfEBOGA] Univariate and multivariate cox
regression analyses of clinicopathological characteristics for OS in ESCC samples fr&@8TCG#R, hazard ratio; Cl, confidence interval.
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These analyses suggested that target genes had a crucial PPl network Figure 7B. The results showed that

effect on ESCC.
Hub genes identification

The potential relationships among 28 target genes were
detected by STRING database, and PPI network was
establishedminimum required interaction score > 0.4)
(Figure 7A. Next, two topological analysis methods,
MCC and EPC, were used to rank the top 5 genes in the
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5 overlapping hub genes (PCNA, RRM2, AURKB,
MCM4 and MCM) were identified. And ChH8eq
profiles of SOX5 at promoter region of hub genes were
presented ifrigure 7C

Pathway enrichment analysis of hub genes

The expressions of 5 hub genes were significantly
higher in ESCC samples coaned to normal samples
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Figure 4. Identification of DEGs in ES@E Volcano map and3f heatmap of DEGs between ESCC samples and control samples from
GSE23400( Correlations between SOX5 and DEGs in ESCC were analyz&kasiogcorrelation analysis.
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(Supplementary Figure 1). The results of pathway
analysis Figure 8A showed that 3 hub genes (PCNA,
MCM4 and MCM7) were related to DNA replication
and cell cycle pathway~{gure 8B, 8@. These findings
are consistent with the molecular pathways implicated
in ESCCC carcinogenesis. Further, the previous study
indicatedthe elevated PCNA+ tumeassociated macto
phages in early recurrence of BC [23]. MCM7 has
been found to be involved in the immune respoas
the spleen, thereby influencing tumor development [24].
These results implied that hub geniesolve in the
tumor progression and immune response.

Immune infiltration analysis

Therefore, we investigated whether hub genes were
correlated with immunéfiltration levels in ESCC. The
composition of 22 immune cellFigure 9A and the
distribution of immune cellsFigure 9B in samples
uncovered an important relationship between ESCC and
immune cell infiltration. In additionfFigure 9Cshows
that theres a noteworthy positive correlation between 5
hub genes and the infiltration of Macrophages.M0 and
Macrophages.ML1.

28 E

4923 T

SOX5S correlated DEGs

e U000 i

Upregulation of SOX5 inhibited proliferation and
promoted apoptosis of ESCC cells vitro

We sought to elucidatihe expression of SOX5 and 5
hub genes through studies on ESCC dnlldtro. Using
Westerrblot, SOX5 was downregulated and 5 hub genes
were upregulated in different ESCC cell lines, compared
to HetlA cells Figure 10A. Furthermore, SOX5 in
ESCC cell lines was overexpressed-iqure 10B.
Subsequently, upregulation of SOX5 showed inhibitory
effects on ESCC cell proliferatiorFigure 10C, 10D
Flow cytometric analysis andVestern blot showed
Upregulation of SOX5 elicited apoptosis of KYSE30
and KYSE150 cells Figure 10E, 10F (*p<0.05,

** p<0.01, ***p<0.001).

DISCUSSION

This study identified that SOX5 was significantly
downregulatedn ESCC samples than in the control.
And SOX5 downregulation was significantly related
to apoor prognosis. In addition, the survival time was
significantly shorter in the SOX5 low expression group
compared to high expression group. And combined with
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Figure 6. Gene ontology and pathway functional enrichment analygis). BP analysis.Bf MF analysis.@) CC analysis.
(D) KEGG pathway. Functional and pathway enrichment were presented in bubble charts, ranking the top 10 according to adjusted

P alue.
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