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Abstract

receptor modulation

Sideroflexin (SFXN) family genes encode for a group of mitochondrial proteins involved in cellular processes such

as iron homeostasis, amino acid metabolism, and energy production. Recent studies showed that they were aber-
rantly expressed in certain human cancers. However, there is a paucity of information about their expression in pros-
tate cancer. In this study, we took a comprehensive approach to investigate their expression profiles in benign pros-
tate tissue, prostate-derived cell lines, and prostate cancer tissues using multiple transcriptome datasets. Our results
showed that SFXN1/3/4 genes were predominantly expressed in prostate tissue and cell lines. SFXN2/4 genes were
significantly upregulated while the SFXN3 expression was significantly downregulated in malignant tissues compared
to benign tissues. SFXN4 expression was identified as a diagnostic biomarker and prognostic factor for unfavorite
survival outcomes. In advanced prostate cancers, SFXN2/4 expressions were positively correlated with the androgen
receptor signaling activity but negatively correlated with the neuroendocrinal features. Further analysis discovered
that SFXN5 expression was significantly elevated in neuroendocrinal prostate cancers. In conclusion, SFXN2/4 expres-
sions are novel biomarkers in prostate cancer diagnosis and prognosis.
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Introduction

The sideroflexin (SFXN) family is a group of proteins
that are found in the mitochondria of eukaryotes and
are involved in cellular processes such as iron homeosta-
sis, amino acid metabolism, and energy production [1].
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SEXN proteins are multi-spanning transmembrane pro-
teins with the N-terminus inside the cytoplasm and the
C-terminus outside the cytoplasm [1].

SFXN proteins are highly conserved across eukaryotes
and include five proteins in humans: SFXN1, SFXN2,
SFXN3, SFXN4, and SFXN5 [2]. SEXN1, SFXN2, and
SEXN3 are mitochondrial serine transporters that are
important for one-carbon metabolism [1, 2]. Studies sug-
gest that their role as a serine transporter and interaction
with mitochondrial proteins could make it a target for
treatments that address mitochondrial dysfunction com-
mon in neurodegenerative conditions [3].

SEXN4 is a complex I assembly factor that helps
incorporate the ND6 subunit into complex I [4, 5]. The
study of SEXN proteins is an emerging research field
that could lead to discoveries about mitochondrial
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physiopathology [1, 5]. Mutations in SEXN4 can cause
mitochondrial disease, including impaired mitochon-
drial respiration and hematopoietic abnormalities [1,
4]. SFXN4 deficiencies impact erythroid differentiation,
as shown in studies on anemia and mitochondriopa-
thies where SFXN4 disruption affects iron-sulfur (Fe—
S) cluster biogenesis [4]. This links SEXN4 to broader
metabolic and redox processes across various condi-
tions, underscoring its therapeutic potential in diseases
beyond cancer [6].

SFXNS5, identified as a citrate transporter in vitro, is
critical for neutrophil spreading, an initial step in adhe-
sion and migration essential for immune response. In a
recent study, SEXN5 deficiency in neutrophils (induced
via siRNA or morpholino injection in mice and zebrafish
models) led to impaired cell spreading, adhesion, chemo-
taxis, and reactive oxygen species (ROS) production [7].
This deficiency also reduced actin polymerization due to
lower cytosolic citrate levels and downstream metabo-
lites like acetyl-CoA and cholesterol, which are necessary
for actin polymerization mediated by phosphatidylino-
sitol 4,5-bisphosphate (PI(4,5)P2). Supplementing with
citrate or cholesterol partially restored these processes,
highlighting SEXN5’s pivotal role in cellular actin dynam-
ics and neutrophil migration during inflammatory
responses.

Identifying novel prognostic biomarkers for prostate
cancer is a dynamic and rapidly evolving field. Advances
in genomics, proteomics, metabolomics, and imaging,
combined with computational innovations, are driving
the discovery of more accurate and reliable biomarkers
[8, 9]. These novel markers hold the promise of improv-
ing prognostic accuracy, guiding personalized treatment,
and ultimately enhancing survival and quality of life for
prostate cancer patients [10]. Continued research, vali-
dation, and integration into clinical practice are essential
to realize the full potential of these emerging biomarkers
[11].

Currently, there is a paucity of information in the lit-
erature about the expression profiles and clinical signifi-
cance of SFXN family genes in prostate cancers. In this
study, we took a comprehensive approach of utilizing
multiple transcriptome datasets and analyzed the expres-
sion profiles of SFXN family genes in prostate cancers,
ranging from benign prostate tissue, and primary can-
cer to advanced castration-resistant stage. Our results
revealed that SFXN2/SFXN4 genes were highly upregu-
lated in prostate cancers. Their expressions were andro-
gen responsive under the modulation of the androgen
receptor (AR) signal pathway. High levels of their expres-
sion were associated with disease progression to the
CRPC stage and worse overall survival outcomes in pri-
mary cancers.
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Materials and methods

Gene expression profiles in prostate tissue, cancer cell
lines, and prostate cancer tissues

Cell-specific analysis of gene expression was conducted
using the NCBI GEO dataset #GDS1973 [12]. Four basic
cell types were separated with magnetic cell sorting
(MACS) based on cell-type specific cluster designation
(CD) antigens, integrin beta4 for basal cells, dipeptidyl
peptidase IV for luminal secretory cells, integrin alpha-1
for stromal fibromuscular cells, and PECAM-1 for
endothelial cells, as described [12]. Gene expression
of MACS-sorted cell populations was assessed with
Affymetrix Human Genome U133 Plus 2.0 Array (HG-
U133Plus2). The microarray data were downloaded
from the NCBI GEO site, and the relative values of gene
expression were calculated against the control group.

Gene expression of prostate cell lines was analyzed
using the Cancer Cell Line Encyclopedia transcriptome
dataset [13]. The RNA-seq RPKM values (reads per kilo-
base per million mapped reads) of gene expression were
downloaded on the cBioportal platform (www.cbioportal.
org/). There was one benign prostate epithelial cell line
(PRECLH) and seven prostate cancer cell lines.

We used the Cancer Genome Atlas program (TCGA-
PRAD) RNA-seq dataset to examine the expression pro-
files of the SEXN family genes in primary prostate cancer,
as described in our recent publications [14—22]. Gene
expression levels were compared using two approaches,
case-matched pair comparison (52 cases) and group
cohort comparison (500 patient cases) with 52 benign
samples. Statistical analysis and data visualization were
conducted on the XIANTAO online platform (https://
www.xiantaozi.com/). A comparison of gene expression
levels in subgroups stratified by molecular signatures
(distinct gene fusion and common mutations) was con-
ducted on the UALCAN platform (https://ualcan.path.
uab.edu/).

Patient survival outcome assessment

We examined the association of gene expression with
patient survival outcomes, including overall survival,
disease-specific survival, and progression-free interval.
Patients were stratified using the minimum p-value cut-
off approach [23]. The Kaplan—Meier curve analysis and
ROC-based prediction were performed on the XIAN-
TAO platform. The results were visualized with the sur-
vminer package and ggplot2 package of the R package
(version 4.2.1).

Gene expression analysis in CRPC and NEPC tissues

We used the SU2C/PCF RNA-seq dataset [24] for the
analysis of SEXN gene expression at the mRNA levels in
CRPC patients on the cBioportal platform. Patients were
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divided into different subgroups based on pathological
subtype, androgen receptor (AR) signaling activity score,
and neuroendocrinal feature of prostate cancer (NEPC)
score for comparison. Correlation analysis between gene
expression levels and AR score or NEPC score was con-
ducted in categories of Spearman and Pearson coeffi-
cients on the cBioportal platform.

Gene expression profiling in single-cell sequencing
datasets was conducted using the Human Prostate Sin-
gle cell Atlas (HuPSA) online database (https://pcatools.
shinyapps.io/HuPSA-MoPSA/), as described in a recent
report [25]. This online database also contains a bulk
RNAseq dataset derived from 877 human prostatic speci-
mens (ProAtlas).

Gene expression in mouse prostate tissue and human
prostate cancer xenografts after castration

Gene expression analysis in mouse prostate tissues was
conducted using the NCBI GEO dataset GDS#2562, as
described previously [26]. Briefly, C57/B6 mice were
sham-operated or castrated, and mouse prostate tissues
were harvested at 3 or 14 days after surgery. One group
of animals was implanted with testosterone (T) pellet at
15 mg/pellet/mouse at day 14 post-surgery for three days
before tissue harvesting. Total RNA was purified with
the RNeasy kit (Qiagen, Valencia, CA) for the Affymetrix
MGU74A chip-based gene analysis.

LuCaP35 xenografts were established in NOD/SCID
mice [27]. After sham operation or castration, xenograft
tumors were harvested for RNA extraction using the
QIAGEN RNeasy Mini Kit (Valencia, CA), followed by
GeneChip assays using the Affymetrix human genome
U133 Plus 2.0 array. The results were downloaded from
the NCBI GEO profile GDS#4120.

KUCaP-2 xenograft models with wild-type AR were
established subcutaneously in nude mice [28]. Animals
bearing KUCaP-2 xenograft tumors were castrated and
xenograft tumor tissues were harvested at 3—5 months
post-surgery. Total RNA was isolated and purified using
the RNeasy Mini Kit (Qiagen) for cDNA microarray anal-
ysis with an Affymetrix Human Genome U133 Plus2.0,
as described [28]. The data were downloaded from the
NCBI GEO profile GDS#4107.

DepMap data analysis for gene knockout effect on cellular
survival

We utilized the gene effect scores derived from CRISPR
knockout screens published by Broads Achilles and
Sanger’s SCORE projects [29, 30]. Scores are normal-
ized such that nonessential genes have a median score of
0 and independently identified common essential genes
have a median score of -1. Gene effect scores were infer-
enced by Chronos [30]. Integration of the Broad and
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Sanger datasets was performed, as described [29]. Nega-
tive scores imply cell growth inhibition and/or death
following gene knockout. The gene effect data were
downloaded from the UALCAN platform.

Real-time quantitative PCR analysis

Human benign prostate epithelial cell line BPH1 and
prostate cancer cell lines, LNCaP, 22RV1, C4-2B, PC-3,
DU145, and NCI-H660 were purchased from the ATCC
(Manassas, VA) and maintained as described in our pre-
vious publications [31, 32]. Exponentially grown cells
were harvested for total cellular RNA extraction using the
TRIZOL protocol as described [33]. Real-time quantita-
tive PCR experiments were conducted using the System
QuantStudio5 DX Real-Time PCR system (AppliedBio-
systems, Waltham, MA) with the primer pairs shown in
Table 1.

Statistical analysis

Gene expression at the mRNA levels was used as log,
[TPM +1]) value and presented as the MEAN + the SEM
(standard error of the mean). ANOVA analyses were con-
ducted for multiple group comparisons. Student ¢-test
was performed to determine the significance of the dif-
ferences between the two groups. For data without nor-
mal distribution, the Wilcoxon rank sum test was utilized
for the statistical analysis. The results were visualized
using the ggplot2[3.3.6], stats [4.2.1], and car [3.1-0]
from the R package (version 4.2.1). GraphPad software
(version 9.1.0) was used for the graphic presentation.

Results
SFXN1/SFXN3/SFXN4 genes are highly expressed in benign
prostate tissues and cancer cell lines
To obtain the expression profiles of SEXN family genes
in human prostate tissue, we first analyzed the single-
cell RNA-seq data derived from NCBI GEO dataset
GDS1973 [12]. Prostatic basal, luminal secretory, stro-
mal fibromuscular, and endothelial cell types were sep-
arated with magnetic cell sorting (MACS) approach
based on cell-type specific cluster designation (CD)
antigens. The analysis results showed that SEXN1 and
SFXN4 genes were predominantly expressed in prostate
tissues followed by SFXN3, while SEXN2 and SFXN5
were expressed at a very low level (Fig. 1A). The secre-
tory luminal cells mainly expressed SEXN1/SFXN4 genes
(Fig. 1B), but basal cells expressed only moderate levels
of SFXN4/SFXN1 genes (Fig. 1C). However, the SFXN3
gene was relatively enriched in basal cells. The endocri-
nal cells expressed higher levels of SEXN1 than other cell
types.

In human prostate epithelial and cancer cell lines,
SEXN1/SFXN4/SEXN5 genes were expressed at higher
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Table 1 The primer sets for quantitative PCR

Sequence (5'—>3’) Length Tm Location

SEXNT Primer Pair
PrimerBank ID196259B18¢3
Amplicon Size 76

Forward Primer TTCAATG CCGTCGTCAATT 22 60.6
ACA

CGTAAG CTGTTCCCAACT 2
CAT

SFXN2 Primer Pair
PrimerBank ID 197927250c3
Amplicon Size 126

Forward Primer CCATAG G CATCACCCAAGT 22 61.2
AGT

CGTG CAGGACCTTGACT 20 60.9
TTC

SFXN3 Primer Pair

PrimerBank 1D49472836¢2

Amplicon Size 93

Forward Primer ATCGTGCAGAACTACAGGGC 20 61.9 157-176

ATG G AAG G CG GAGTCAT 2 61.6 249-229
ACAC

SFXN4 Primer Pair
PrimerBank ID47458810c2
Amplicon Size 14D

Forward Primer ACG CCACTG AAAGG G 21 624 376-396
ATCAAG

Reverse Primer  ACGGCTCCCG CCATTAGTA 19 62.8
SFXN5 Primer Pair

PrimerBank ID 93277092c1

Amplicon Size 88

Forward Primer  ATG G CG G ATACAG CG 20 615
ACTAC

GTTTGCCCAGTTGGAAAG 21 614 88-68
GAG

379-400

Reverse Primer 60.0 454-434

665-686

Reverse Primer 790-771

Reverse Primer

515-497

1-20

Reverse Primer

levels than SEXN2/SFXN3 genes, of which SFXN3 gene
was expressed at a very low level (Fig. 1D), indicating
a less functional significance. In CRISPR/Cas9-based
knockout screening experiments, the SFXN2 gene was
identified as a survival-essential gene in all tested pros-
tate benign and malignant cell lines (Fig. 1E), indicating
that the SFXN2 gene is critical for cellular survival [34,
35] while the functionalities of SFXN1/SFXN3/SFXN4/
SFXNS5 genes might be compensated by other isoforms.

SFXN2/SFXN3/SFXN4 genes were aberrantly expressed

in primary prostate cancers

We then examined the expression profiles of SEXN fam-
ily genes in primary prostate cancers using the TCGA-
PRAD RNA-seq dataset. We first compared their
expression levels in 52 case-matched pairs of benign and
malignant tissues from patients who received radical
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prostatectomy. Our analysis revealed that SFXN2 and
SEXN4 genes were significantly upregulated in malig-
nant tissues (Fig. 2A), especially the SFXN4 gene whose
upregulation was constantly seen in all cases. In contrast,
the SEXN3 gene was sharply downregulated in malignant
tissues. We then conducted a group cohort comparison
of 502 malignant tissues with benign tissues. The results
showed a similar trend of dysregulation of these three
genes in prostate cancers (Fig. 2B). SFXN1 and SFXN5
genes did not show a significant alteration. ROC analy-
sis indicated that SEXN4 gene expression had the high-
est AUC value of 0.877 in distinguishing malignant from
benign tissues (Fig. 2C), representing a potential diagnos-
tic biomarker.

We also analyzed the alterations of these genes in dis-
tinct molecular subtypes of prostate cancer stratified
by unique genetic abnormalities [36]. Although SFXN1
expression did not show a significant alteration in group
cohort comparison (Fig. 2B), it was significantly upregu-
lated in the subtypes of ERG, ETV1, and FLI1 fusion-
positive cancers (Fig. 3A). Upregulations of SEXN2 and
SFXN4 genes were observed in all subtypes except the
IDH1 mutant subtype while SEXN3 downregulation was
not observed in the subtypes of FLI fusion and IDH1
mutants (Fig. 3B—D). SEXN5 upregulation was observed
only in the ERG fusion-positive subtype (Fig. 3E). The
mechanisms for the potential regulation of ERG fusion on
SEXNS5 expression as well as IDH1 mutation on SEXN2/
SEXN4 expression are worthy of further investigation.

We finally compared the expression levels of altered
SFXN2/3/4 genes in different Gleason score groups. All
subgroups with different Gleason scores consistently
showed SFXN2/4 upregulation and SFXN3 downregula-
tion (Fig. 3F-H), of which SFXN4 expression showed a
gradually increasing trend along with Gleason scores
(Fig. 3H). These data suggest that SEXN4 expression is
tightly correlated with disease progression.

SFXN1/SFXN3/SFXN4 expressions were correlated

with immune infiltration in prostate cancers

We analyzed the correlations of SEXN gene expression
with tumor immune infiltrations. The results showed that
SEXNI1 and SFXN2 shared very similar correlations with
the top four (Tcm/T-helper/Th2/Eosinophil) and bot-
tom four (Cytotoxic/NK CD56bright/NK/pDC) immune
infiltrations (Fig. 4A, B), however, SEXN1 showed a very
strong correlation with top two infiltrations (Spearman
r=0.445/0.589, Fig. 4A). SFXN3 expression exerted a
very broad and strong (coefficient r>0.3) correlation
with more than half of immune infiltrations that were
proinflammatory lymphocytes (Fig. 4C). In contrast,
SFXN4 expression was negatively correlated with all but
two immune infiltrations (Th2/Th17), of which three
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Fig. 1 Expression of SFXN family genes in benign prostate tissue and prostate cancer cell lines. A-C The expression levels of SFXN family genes
were downloaded from the cBioportal platform and RNA-seq RPKM values were utilized for the analysis. ANOVA test, * p < 0.05; **** p<0.0001. D
Real-time gPCR experiments were conducted using the cellular RNAs extracted from prostate cell lines as indicated. E DepMap data gene knockout
effect was downloaded from the UALCAN platform
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pro-inflammatory immune infiltrations showed a strong
reverse correlation (Spearman r>—0.3, Fig. 4D). SEXN5
expression only exhibited very mild correlations with
immune infiltrations (Fig. 4E). These data suggest that
SFXN1 and SFXN2 shared a very similar correlation with
immune infiltrations while SEXN3 was positively asso-
ciated but SFXN4 was negatively associated with pro-
inflammatory lymphocytes.

To understand if SEXN family genes were expressed
in these immune infiltrated cells, we analyzed the signal
cell sequence dataset derived from prostate cancer tis-
sues [25], available on the Human Prostate Single-cell
Atlas (HuPSA) platform. As shown in Fig. 4F, SFXN1
expression was mainly found in the proliferating T lym-
phocytes, and other SFXN family members were only
slightly expressed in immune infiltrated lymphocytes
(Fig. 4G-]). These data suggest that SEXN family genes
were not highly expressed in immune infiltrations other
than SFXN1 in proliferating T cells.

SFXN4 expression was a worse prognostic factor

in prostate cancer

We conducted the Kaplan—Meier survival curve-based
prognosis analysis with the TCGA-PRAD dataset. Our
results showed that higher levels of SEXN4 expression
were associated with worse overall survival outcomes
in prostate cancer patients (Fig. 5A). In addition, a bor-
derline significance (p=0.051) was observed in progres-
sion-free interval outcomes (Fig. 5B). ROC prediction
model analysis indicated that SEXN4 expression had the
best AUC value (0.770) as a predictor for a 10-year dis-
ease-specific survival prognosis. These data suggest that
SFENX4 might serve as a moderate prognostic factor for
prostate cancer outcome.

SFXN2/4 expression was associated with CRPC progression
Castration-resistant progression followed by neuroen-
docrinal (NE) trans-differentiation is the major clinical
obstacle in prostate cancer management [37, 38]. We
analyzed the expression levels of SEXN family genes
in CRPC tissues using the SU2C/PCF RNA-seq dataset
[24]. Our analysis found that SEXN2/SFXN4 expressions
were positively while SEXN3 expression was negatively
correlated with AR signaling scores with a very strong
co-efficient (Fig. 6A—C). In addition, a strong and nega-
tive correlation was observed between SFXN2/SFXN4
expressions and NEPC scores (Fig. 6D, E). These data
indicated that SEXN2/SFXN4 expressions were strongly
associated with prostate cancer progression.

We then examined the associations of SFXN family
gene expressions with NE features. Our results showed
that SEXN1/SEXN5 expression levels were higher but
SEXN4 expression was lower in NE feature-positive
cancers than those without NE features (Fig. 7A-E).
Consistently, the results from another RNA-seq dataset
(ProAtlas) also showed these alterations of SFXN fam-
ily gene expression in NEPC tissues (Fig. 7F-]). Spe-
cifically, SEXN1 expression was significantly elevated in
NEPC tissues (Fig. 7F), including two newly identified
double-negative KRT7 and Progenitor-like subtypes [25].
Interestingly, SEXN2 expression was increased in Pro-
genitor-like NEPCs compared to CRPC tissues while its
expression was gradually decreased in CRPC along with
the increasing Gleason scores (Fig. 7G), which is in line
with the whole genome RNAseq data (Fig. 3F). SEXN3
downregulation and SFXN4 upregulation in CRPC tis-
sues were also observed (Fig. 7H, I), which is in line with
the whole genome RNA-seq analysis (Fig. 3G, H). SEXN5
expression was significantly higher in NEPC tissues plus
the KRT7 subtype (Fig. 7]), which is also in line with the
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Fig. 3 Expression of SFXN family genes in subgroups with specific molecular signatures or different Gleason scores. A—E SFXN expresion

in different molecular signature groups. F-G SFXN2/3/4 expression in different Gleason score groups. Gene expression data was downloaded
from the TCGA-PRAD dataset on the UALCAN platform. The asterisks indicate a significant difference compared to the benign group. * p <0.05;
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and SPOP (35)

data showing higher SFXN5 in NEPC cell line NCI-H660
(Fig. 1D).

Finally, we examined the castration effect on SFXN
family gene expression. A microarray dataset derived
from mice prostate tissues [26] was utilized to analyze

SFXN family gene expression. As shown in Fig. 8A, cas-
tration of the animals significantly reduced SFXN2
expression at 3—14 days after surgery and testoster-
one replacement for 3 days largely restored SFXN2
expression. These data suggest that the SFXN2 gene
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animals significantly reduced SFXN4 gene expression in
the xenograft tissues (Fig. 8B, C). These data suggest that
SEXN2 and SFXN4 expressions were modulated by the
androgens.

was modulated by androgens. In addition, we analyzed
SFXN4 expression in two different human prostate can-
cer xenograft models, KUCaP-2 [28] and LuCaP35 after
castration [27]. The results showed that castration of the
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Discussion

In this study, our analysis determined that SFXN1/3/4
genes were predominantly expressed in prostate tissue,
of which SFXN1/4 were mainly expressed in luminal
cells while the SFXN3 gene was expressed in basal cells
at a relatively higher level. In primary prostate cancers,
SEXN2/SFXN4 expressions were significantly upregu-
lated but SFXN3 expression was downregulated com-
pared to benign tissues. SFXN4 expression exerted as a
strong diagnostic factor for prostate cancer and a prog-
nostic factor for patient survival outcomes. Although
there were no molecular signature-specific dysregu-
lations of the SFXN family genes, SEXN3 expression
was broadly correlated with most pro-inflammatory
immune infiltrations while SFXN4 expression was
strongly correlated with three proinflammatory lym-
phocytes (Thl cells, Neutrophils, and NK cells). In
CRPC tumors, SFXN2/SFXN4 expressions were posi-
tively correlated with AR scores while negatively cor-
related with NEPC scores. Consistently, SEXN2/SFXN4
expressions were decreased in prostate cells after cas-
tration in animal models.

Upregulation of SFXN2/SFXN4 expression has been
observed in human cancers, where their expression levels
associated with diverse prognostic outcomes depending
on the type of cancer [6, 34, 39, 40]. SEXN2 expression
was particularly significant in breast cancer, where it was
upregulated and linked to cancer cell growth [39]. This
association makes it a potential biomarker for breast
cancer prognosis and a possible target for therapeutic
intervention. SFXN4 is gaining attention as a prognos-
tic marker due to its role in oxidative phosphorylation
and its correlation with immune infiltration in tumors.
For example, higher SFXN4 expression in hepatocel-
lular carcinoma (HCC) correlates with increased tumor
aggressiveness and specific immune profiles, suggesting
SEXN4 could be a therapeutic target for mitochondrial-
based cancer treatments [40]. In our study, we also found
SFXN2/SFXN4 overexpression in prostate cancers, of
which only SFXN4 expression was tightly associated
with immune infiltration and disease progression. Par-
ticularly, we determined for the first time that SEXN2/
SFXN4 expressions were strongly associated with the AR
signaling scores and were decreased in castrated animals.
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Further investigation is needed to understand their func-
tional roles in CRPC progression.

SFXN3 has revealed its role in different types of cancer,
making it a protein of interest for therapeutic targeting
[39, 41-45]. In head and neck squamous cell carcinoma
(HNSC), SEXN3 expression was correlated with poor
prognosis, chemotherapy resistance, and an immune
suppressive tumor microenvironment [43]. This regu-
lation is thought to involve a non-coding RNA pathway
(LINC01270/hsa-miR-29¢-3p/SFXN3), suggesting that
SEFXN3 might contribute to aggressive tumor behaviors
by modulating immune responses and drug resistance
mechanisms. In this study, we observed a broad and
strong correlation of SEXN3 expression with pro-inflam-
matory immune infiltration in prostate cancers. Since
SEXN3 expression was reduced in prostate cancer, sug-
gesting an enhanced expression of the SEXN3 gene might
be able to sensitize prostate cancer to immunotherapy.
In hematological cancers, such as non-M3 acute myeloid
leukemia (AML), high SEXN3 levels have been associated
with unfavorable outcomes. Here, SEXN3 may increase
sensitivity to hypomethylating therapies, like decitabine,
offering potential treatment avenues in cases where other
therapies have been ineffective. This finding opens new
possibilities for using SEXN3 as a biomarker in treatment
strategies tailored to AML patients with high SFXN3
expression [45].

SEXN1 has been identified as a potential biomarker in
multiple human cancers [39, 46—48], including lung ade-
nocarcinoma [46, 49—53]. Its high expression was corre-
lated with factors like tumor size and metastasis, and it is
associated with immune infiltration. In human lung can-
cers, SFXN1 expression influenced the tumor microenvi-
ronment by interacting with immune cells, such as T and
B cells, and immune checkpoints [53]. This suggests that
SEXN1 could be targeted for immune-based therapies
in cancers like lung cancer. In our study, SEXN1 expres-
sion was strongly correlated with a few pro-inflammatory
immune infiltrations, although its expression levels were
not significantly altered in malignant tissues.

Recent research into SFXN5 has uncovered its role
in neutrophil function and immune response, primar-
ily through regulating actin polymerization [7]. SEXN5,
identified as a citrate transporter in vitro, is critical for
neutrophil spreading, an initial step in adhesion and
migration essential for immune response [7]. SEXN5 defi-
ciency in neutrophils (induced via siRNA or morpholino
injection in mice and zebrafish models) led to impaired
cell spreading, adhesion, chemotaxis, and reactive oxygen
species production. This deficiency also reduced actin
polymerization due to lower cytosolic citrate levels and
downstream metabolites like acetyl-CoA and cholesterol,
which are necessary for actin polymerization mediated
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by phosphatidylinositol 4,5-bisphosphate (PI (4,5) P2).
Supplementing with citrate or cholesterol partially
restored these processes, highlighting SEXN5’s pivotal
role in cellular actin dynamics and neutrophil migration
during inflammatory responses. In this study, we found
that SEXN5 was expressed at a very low level in pros-
tate tissue, both benign and malignant. SEXN5 expres-
sion was not associated with disease progression and
immune infiltration. However, SEXN5 expression was
highly expressed in NEPC cells, both cell line and patient
tissues, especially the newly identified KRT7 subtype.
These data suggest that SEXN5’s role in prostate cancer is
focused on KRT7-related NEPC progression.

In conclusion, our profiling analysis of SEXN fam-
ily genes in prostate cancers revealed a diverse profile,
of which SFXN2/SFXN4 genes were upregulated while
SEXN3 was downregulated. SFXN2/SFXN4 expres-
sion was associated with prostate cancer progression
and was positively modulated by the AR signal pathway.
Most importantly, SEXN4 expression exerted as a strong
biomarker for disease diagnosis and overall survival
outcome.
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