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Abstract

Background: HOXB13 is a transcription factor known to play a critical role in prostate development and Prostate Adenocar-
cinoma (PRAD). However, a systematic evaluation of its expression patterns, prognostic relevance, and pathogenic variants
across tissues, cancer types, and populations remains limited. This study hypothesized that HOXB13 exhibits prostate-
specific overexpression in PRAD with prognostic significance across ethnic groups and aimed to comprehensively character-
ize its expression profiles, prognostic value, and functionally pathogenic variants. Methods: We performed a multi-level
analysis of HOXB13 gene expression using bulk RNA-sequencing data from GTEx and TCGA datasets. Expression profiles
were evaluated across normal human tissues, multiple cancer types, and stratified by patient race. Differential expression in
PRAD was assessed, and survival analysis was conducted using Kaplan—Meier curves based on HOXB13 expression and
Gleason scores. In parallel, functional variant annotation was performed using eight biological scoring criteria (seven in sili-
co prediction tools plus GTEx tissue expression) to identify high-impact SNPs. Results: HOXB13 exhibited tissue-specific
expression, with the highest levels observed in normal prostate tissue. In cancer expression profiling, HOXB13 was markedly
overexpressed in PRAD tumor samples compared to normal prostate and other cancer types. This overexpression was con-
sistent across races, with the highest median levels noted in African American patients. Heatmap analysis confirmed strong
upregulation of HOXB13 and other tumor-associated genes (e.g., TAGLN, S100A6) in PRAD, while some genes (e.g.,
ARHGAP10, PITPNC1) were downregulated. Kaplan—Meier survival analysis revealed that patients with high HOXB13 ex-
pression had better survival outcomes, particularly when combined with higher Gleason scores—a paradoxical finding sug-
gesting HOXB13 may mark less aggressive tumor phenotypes or reflect differentiation status, as its expression reportedly
decreases in advanced/neuroendocrine PRAD subtypes associated with poor prognosis. Finally, a scoring system based on
12 annotation tools identified 23 SNPs with a perfect score of 8, including rs1207429780 and rs748782183, indicating strong
potential for pathogenicity and functional relevance. Conclusion: HOXB13 is a prostate-specific gene with significant over-
expression in PRAD and potential prognostic value. Its expression is consistent across racial groups and correlates with im-
proved survival when highly expressed. The identification of high-scoring pathogenic SNPs further underscores its im-
portance in PRAD biology. These findings support HOXB13 as a promising biomarker and potential therapeutic target in
PRAD.
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1. Introduction

Prostate Adenocarcinoma (PRAD) ranks as the sec-
ond most frequently diagnosed cancer and stands as the
fifth leading cause of cancer-related mortality among
men worldwide. According to the most recent Global
Cancer Observatory (GLOBOCAN 2022) estimates, ap-
proximately 1.47 million new cases of prostate cancer
were diagnosed globally in 2022, accompanied by nearly
397,000 deaths(Bray et al., 2024; Shah et al., 2025).
This substantial global burden underscores PRAD signif-
icant impact on men's health across diverse populations
and regions. The primary contributors to morbidity and
mortality in individuals with PRAD are the long-term
and diverse complications arising from the disease, with
genomic factors playing a pivotal role. Genetic altera-
tions, including inherited mutations and somatic genomic
changes, significantly influence PRAD development,
progression, and response to treatment. These genomic
factors interact with environmental exposures and other
determinants, collectively shaping the clinical outcomes
and complications experienced by patients (Chu et al.,
2025). Understanding the genomic landscape of PRAD
is, therefore, critical for improving prognostication and
tailoring personalized therapeutic strategies(Pritchard et
al., 2016; Wang et al., 2023).

Single-nucleotide polymorphisms (SNPs) contribute
to the development and progression of PRAD by affect-
ing gene expression, messenger RNA (mRNA) stability,
and translational efficiency. These genetic variations can
alter cellular functions and pathways critical to tumor-
igenesis. For example, genome-wide association studies
have identified over 100 common SNPs linked to PRAD
susceptibility, many of which reside in noncoding re-
gions that regulate gene expression (Allemailem et al.,
2021). Specific SNPs, such as those in the 8q24 region,
have been strongly associated with increased risk and
may serve as valuable biomarkers for diagnosis and ther-
apy. Moreover, SNPs influence key biological processes
including steroid metabolism, oxidative stress, cell adhe-
sion, angiogenesis, cell cycle regulation, and DNA re-
pair, all of which are implicated in PRAD pathogenesis
(Allemailem et al., 2021). Functional studies have
demonstrated that certain SNP variants can modulate bi-
ochemical activities relevant to tumor growth and metas-
tasis, exemplified by the rs17632542 variant affecting
PSA function and clinical outcomes (Srinivasan et al.,
2024). Additionally, interactions between SNPs in genes
involved in angiogenesis, such as MMP16, ROBOI,
CSF1, and EGFR, have been linked to aggressive PRAD
phenotypes, highlighting the complex genetic architec-
ture underlying disease progression (Lin et al., 2013).
Understanding how SNPs impact gene regulation and
cellular pathways is essential for improving risk predic-
tion, screening, and personalized management of PRAD.
Among the genetic factors implicated in prostate cancer
pathogenesis, HOXB13, a prostate-lineage transcription
factor, has emerged as a key regulator of prostate devel-
opment and tumorigenesis. HOXB13 exhibits prostate-
specific expression and plays critical roles in cellular dif-
ferentiation, androgen signaling, and tumor progression
(Patel et al., 2024). Recent interactome analyses in
prostate cancer cells identified multiple HOXB13 protein
partners (including TBX3) and confirmed its functional

relevance for prostate cancer cell growth (Erokhin et
al., 2025). Germline mutations in HOXB13, particularly
the G84E variant, are strongly associated with hereditary
prostate cancer predisposition across diverse populations,
providing a compelling biological rationale for its sys-
tematic investigation in PRAD (Heise et al., 2019).
This study focuses specifically on HOXB13 to compre-
hensively characterize its expression patterns, prognostic
significance, and pathogenic variants across ethnically
diverse PRAD cohorts.

The identification of genomic variants associated with
cancer has traditionally concentrated on mutations within
protein-coding genes, particularly somatic mutations that
drive tumor development. Databases such as the Cata-
logue of Somatic Mutations In Cancer (COSMIC) have
been instrumental in prioritizing these somatic variants
within coding regions for further study and clinical rele-
vance (Tate et al., 2019). However, it is now recog-
nized that the vast majority of the human genome con-
sists of non-coding regions, which include non-coding
RNAs and other regulatory elements that are not yet fully
annotated. Importantly, over 90% of genomic variants
are located within these non-coding regions (Maurano
et al., 2012). This realization highlights the critical need
to investigate the functional impact of genomic variants
outside of protein-coding sequences, especially germline
variants that may predispose individuals to cancer. Un-
derstanding how these non-coding variants contribute to
cancer susceptibility and progression is essential for
comprehensive genomic profiling and the development
of personalized medicine approaches. Emerging research
has revealed that germline variants—heritable genetic al-
terations present in normal cells—play a significant role
not only in increasing cancer susceptibility but also in in-
fluencing tumor progression and patient outcomes across
various cancer types, including PRAD. These inherited
variants can interact with somatic mutations, shaping the
landscape of genomic aberrations that drive oncogenesis.
For instance, germline mutations in tumor suppressor
genes such as BRCAL and BRCA2 have been shown to
predispose individuals to cancer and are often accompa-
nied by loss of the wild-type allele in tumors, consistent
with Knudson’s two-hit hypothesis (Chatrath et al.,
2021; Lichtenstein et al., 2000; Huang et al., 2018).

Genetic variants play a crucial role in the develop-
ment of cancer and other disease by inducing alterations
at the molecular level (Halla and Wathiq, 2025; Usha
and Rajeev, 2025; Sozen, 2024). These changes can
manifest as single nucleotide mutations or larger chro-
mosomal abnormalities. While the majority of these mu-
tations, known as passenger mutations, accumulate dur-
ing cancer progression without directly contributing to
tumorigenesis, a smaller subset—referred to as driver
mutations—actively promotes oncogenesis by conferring
growth advantages to cancer cells (Vogelstein et al.,
2013). Distinguishing these driver mutations from the
extensive background of passenger mutations is essential
for understanding cancer biology and identifying thera-
peutic targets. In this study, we employed bioinformatics
approaches to systematically identify putative genomic
variants that are associated with increased susceptibility
to PRAD. This study addresses these gaps through a
comprehensive, multi-level analysis of HOXB13 expres-
sion, prognosis, and pathogenic variants in PRAD across
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ethnically diverse populations. We hypothesized that
HOXB13 demonstrates prostate-specific overexpression
with complex prognostic significance, systematically
characterizing: (1) tissue/cancer expression profiles; (2)
race-stratified survival associations with Gleason scores;
and (3) high-confidence pathogenic SNPs via eight-
criteria bioinformatics pipeline.

2. Method

2.1. ldentification and Functional Annotation of
HOXB13

Despite advances in genomic technologies, interpret-
ing the functional significance of genomic variants, par-
ticularly those with potential pathogenic effects, remains
a complex challenge. To address this, we developed an
integrative bioinformatics pipeline to identify and priori-
tize potentially pathogenic variants in the HOXB13 gene,
which has been implicated in PRAD.

Variant data for HOXB13 were retrieved from the
ENSEMBL database (accessed: Oct 15, 2025), and
analysis was limited to non-synonymous SNPs, especial-
ly missense variants, due to their potential to alter protein
function. Disease-related annotations were further ob-
tained from PubMed, the Genome-Wide Association
Studies (GWAS) catalog (accessed: Oct 18, 2025) (Buni-
ello et al., 2019), and the Phenome-Wide Association
Studies (PheWAS) catalog (accessed: Oct 19, 2025) to
evaluate prior evidence of clinical or phenotypic associa-
tions (Denny et al., 2013).

To functionally assess the impact of variants, we in-
corporated several widely used in silico prediction tools:
(I) Sorting Intolerant From Tolerant (SIFT) predicts
whether an amino acid substitution affects protein func-
tion based on sequence homology and amino acid prop-
erties (Ng and Henikoff, 2003); (1) Polymorphism
Phenotyping (PolyPhen) assesses the likely structural and
functional consequences of substitutions using physical
and evolutionary information (Adzhubei et al., 2010);
(III) Combined Annotation Dependent Depletion
(CADD) integrates multiple genomic annotations into a
composite score estimating the deleteriousness of single
nucleotide variants (SNVs) and insertion/deletion (in-
dels) mutations (Kircher et al., 2014); (IV) Rare Exo-
me Variant Ensemble Learner (REVEL) combines pre-
dictions from various algorithms to improve the accuracy
of missense variant classification (loannidis et al.,
2016); (V) META-LR uses logistic regression to aggre-
gate outputs from multiple prediction methods for more
reliable pathogenicity estimates (Ioannidis et al., 2016;
Dong et al., 2015); (VI) Mutation Assessor evaluates
functional impact based on evolutionary conservation
across species (Reva et al., 2011); and (VII) AlphaM-
issense applies deep learning models and AlphaFold pro-
tein structure predictions to infer how missense variants
may influence protein structure and function (Frazer et
al., 2021). Additionally, tissue-specific expression was
evaluated using the Genotype-Tissue Expression (GTEx)
Portal (GTEx Consortium, accessed: Oct 20, 2025),
which confirmed that HOXB13 exhibits its highest ex-
pression levels in prostate tissue. This expression profile
provided functional validation of gene relevance to pros-
tate-specific biology and was incorporated as a support-
ing criterion in variant prioritization.

Each variant was scored using a binary system (1 =
deleterious, 0 = benign) across eight biological scoring
criteria comprising seven in silico prediction tools
(SIFT, PolyPhen, CADD, REVEL, META-LR, Mutation
Assessor, AlphaMissense) plus GTEx prostate tissue ex-
pression. The resulting cumulative score (range: 0-8)
classified variant pathogenicity, with scores of 8 identify-
ing high-confidence pathogenic candidates. This
integrated scoring approach enabled systematic
prioritization based on sequence conservation,
biochemical effect, structural integrity, disease
association, and tissue-specific expression. A schematic
overview of this analytical workflow is presented in
Figure 1.

2.2. Gene Expression Analysis of HOXB13

To evaluate the normal tissue expression of HOXB13,
RNA-sequencing data were obtained from the GTEx
Portal. Transcript abundance was assessed across multi-
ple human tissues to determine baseline expression pro-
files. This analysis confirmed that HOXB13 is highly ex-
pressed in prostate tissue, reinforcing its potential role in
prostate-related pathophysiology. To further examine
gene expression in the disease context, we used the
UALCAN web resource to access the Cancer Genome
Atlas (TCGA) PRAD dataset (accessed: Oct 22, 2025)
(Chandrashekar et al., 2022). HOXB13 expression
levels were compared between the tumor and adjacent
normal prostate tissues. This comparison enabled the
evaluation of differential expression and the identifica-
tion of potential dysregulation of HOXB13 in malignan-
cy. Expression patterns were visualized across sample
groups to highlight tumor-specific trends.

2.3. Prognostic Evaluation based on HOXB13
Expression

To assess the prognostic value of HOXB13, gene ex-
pression data from TCGA-PRAD were further analyzed
in relation to clinical outcomes. Using UALCAN’s clini-
cal analysis tools (accessed: Oct 25, 2025)
(Chandrashekar et al., 2022), we correlated HOXB13
expression levels with Gleason scores and overall sur-
vival. Patients were stratified by high versus low/medium
HOXB13 expression and further categorized based on
Gleason grade (ranging from 6 to 10). Kaplan—-Meier
survival curves were generated to evaluate differences in
survival outcomes, with statistical significance deter-
mined using log-rank tests. In addition, expression levels
of HOXB13 were compared between racial subgroups,
specifically Caucasian and African American prostate
cancer patients, to explore potential population-level dis-
parities. Although limited by a small sample size in the
African American cohort, this analysis served as a pre-
liminary assessment of race-based expression variation in
HOXB13 within PRAD.
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Figure 1. Study workflow and bioinformatics analysis pipeline.
The workflow of the present study illustrates the sequential in-
tegration of multiple publicly available databases and bioinfor-
matics prediction tools. These included ENSEMBL, PubMed,
the Genome-Wide Association Studies (GWAS) Catalog, and
the Phenome-Wide Association Studies (PheWAS) Catalog,
along with several established variant-effect prediction tools, in-
cluding SIFT, PolyPhen, CADD, REVEL, META-LR, Mutation
Assessor, and AlphaMissense.
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3. Result

3.1. Gene expression of HOXB13 revealed highest
expressed on the prostate tissue

Gene expression analysis of HOXB13 across various
human tissues reveals that it is most highly expressed in
the prostate (Figure 2). This is clearly illustrated by the
significantly elevated expression levels in the prostate
compared to all other tissues examined. Moderate ex-
pression is also observed in related reproductive and uri-
nary tissues such as the vagina, cervix, bladder, and tes-
tis, but these levels are substantially lower than in the
prostate. In contrast, most other tissues—including liver,
lung, heart, brain, muscle, and blood—show minimal to
negligible expression of HOXB13. This distinct tissue-
specific expression pattern underscores the critical role
of HOXB13 in prostate biology, where it is involved in
regulating development, differentiation, and androgen
receptor signalling. Given its predominant expression in
the prostate and its known association with PRAD risk,
HOXB13 represents an important biomarker and poten-
tial therapeutic target. Furthermore, its limited expression
in non-prostate tissues suggests that interventions target-
ing HOXB13 may have minimal off-target effects, en-
hancing their clinical appeal. Overall, these findings
highlight the specialized function of HOXB13 in the
prostate and its significance in PRAD research and
treatment strategies.
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Figure 2. Violin plot depicting the bulk tissue gene expression levels of HOXB13 gene across multiple human tissues. The y-axis represents
the logl0-transformed TPM (Transcripts Per Million) values plus one [logl0(TPM+1)], providing normalized expression data. Each violin
illustrates the distribution of expression values within a given tissue, with the white dot indicating the median expression and the black bar
representing the interquartile range. The plot reveals that HOXB13 is most highly expressed in prostate tissue compared to all other tissues,
highlighting its tissue-specific expression pattern. Moderate expression is observed in select reproductive and urinary tissues, while expres-
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sion in other tissues remains low or negligible. This expression profile underscores the gene’s specialized role in prostate biology and its rel-

evance to PRAD research.

3.2. Expression profile of HOXB13 across human cancers

To evaluate the tissue- and cancer-specific expression
patterns of HOXB13, we analyzed transcriptomic data
from The TCGA across 33 tumor types. Gene expression
levels were normalized and presented as log2(TPM + 1) for
comparative analysis.
Figure 3A illustrates HOXB13 expression in matched tu-
mors (red boxes) and normal tissue samples (blue boxes)
across various cancer types. Among all tumor types exam-
ined, PRAD exhibited the highest HOXB13 expression.
PRAD tumor tissues demonstrated markedly elevated me-
dian expression levels compared to their normal counter-
parts, as well as to all other tumor types. This strong dif-
ferential underscores the prostate-specific and cancer-
enriched expression of HOXB13, supporting its role as a
lineage-survival gene and a candidate biomarker for
PRAD.

In contrast, for most other cancer types—including
bladder (BLCA), breast (BRCA), colon (COAD), lung
(LUAD, LUSC), liver (LIHC), and kidney cancers (KICH,
KIRC, KIRP)—HOXB13 expression remains low in both
tumor and normal samples, as indicated by the short height
of the boxes and low median values. Notably, in some
cancers such as colon adenocarcinoma (COAD) and rec-
tum adenocarcinoma (READ), normal tissues show slight-
ly higher HOXB13 expression compared to their corre-
sponding tumors, but these levels are still much lower than
those observed in PRAD. A few other cancer types, such
as sarcoma (SARC) and skin cutaneous melanoma
(SKCM), show moderate expression in tumor samples, but

again, these do not approach the levels seen in PRAD. The
consistently low expression outside of prostate tissues re-
inforces the gene’s tissue-specific regulatory function.

Figure 3B presents HOXB13 expression exclusively
across TCGA tumor samples, allowing a focused compari-
son of gene activity within the malignant tissue landscape.
As expected, PRAD remained the dominant outlier, with
uniformly high expression across nearly all tumor samples.
This finding aligns with the known biological function of
HOXB13 in prostate development and androgen receptor
signaling. Several other tumor types, including rectum ad-
enocarcinoma (READ), pheochromocytoma and paragan-
glioma (PCPG), uveal melanoma (UVM), and uterine cor-
pus endometrial carcinoma (UCEC), showed moderate ex-
pression with wider inter-sample variability, suggesting
potential subtype-specific roles or regulatory heterogenei-
ty. Conversely, cancers such as glioblastoma (GBM), low-
er-grade glioma (LGG), kidney chromophobe (KICH), dif-
fuse large B-cell lymphoma (DLBC), and thymoma
(THYM) show very low or near-absent HOXB13 expres-
sion, suggesting the gene has limited or no involvement in
these tumor types. Some cancers, like breast cancer
(BRCA), bladder cancer (BLCA), and colon adenocarci-
noma (COAD) demonstrate moderate expression with
wider variation among samples, which may reflect tumor
heterogeneity or subtype differences. In summary, this pat-
tern suggests that HOXB13 is a gene with selective over-
expression, most notably in PRAD, and may hold potential
as a biomarker or therapeutic target in certain malignan-
cies.

Expression of HOXB12 across TCGA cancers (with lumer and normal samples)
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Figure 3. A. Expression of the HOXB13 gene across TCGA cancers with tumor and normal samples. Box plots represent HOXB13 gene ex-
pression levels measured as log2(TPM + 1) across multiple cancer types from TCGA. Red boxes indicate tumor samples, while blue boxes
represent normal tissue samples. Cancer types are labeled along the x-axis using TCGA abbreviation codes (e.g., BLCA: Bladder Cancer,
PRAD: Prostate Adenocarcinoma). The plot demonstrates that HOXB13 is most highly expressed in PRAD compared to other cancer types,
with notable expression also observed in rectum adenocarcinoma (READ) and cholangiocarcinoma (CHOL) normal tissues. Each box repre-
sents the interquartile range, with the horizontal line indicating the median expression value, and whiskers extending to show data distribu-



© 2026 Jordan Journal of Biological Sciences. All rights reserved - Volume 19, Number 3 452

tion within 1.5 times the interquartile range. B. Expression of HOXB13 across various TCGA tumor types. Gene expression levels are
shown as log2(TPM+1). HOXB13 is highly expressed in PRAD, with variable expression in other cancers and minimal expression in several

tumor types.

3.3. Analysis of HOXB13 Expression in Normal and
Prostate Tumor Tissues Across Different Patient Races

Figure 4A presents a comparison of HOXB13 gene ex-
pression between normal prostate tissues and primary
prostate tumor tissues (PRAD) based on TCGA data. Ex-
pression levels are measured in Transcripts Per Million
(TPM). The results show that HOXB13 expression is sig-
nificantly higher in primary tumor samples (n=497) com-
pared to normal tissues (n=52). The median expression in
tumor samples is notably elevated, with a narrower distri-
bution range, indicating consistent overexpression across
most cancer cases. In contrast, normal tissues exhibit a
broader range of expression with several samples showing
low or near-zero levels. This suggests that HOXB13 is
markedly upregulated in PRAD and may play a role in tu-
mor development or progression. These findings support
the potential use of HOXB13 as a diagnostic biomarker or
therapeutic target in PRAD.

Figure 4B displays HOXB13 expression in PRAD tu-
mor samples stratified by patient race, again based on

A Expression of HOXB13 in PRAD based on Sample types
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TCGA data. Samples are categorized into three groups:
normal tissue (n = 52), Caucasian patients (n = 147), and
African American patients (n = 6). The y-axis shows gene
expression in TPM. The analysis reveals elevated HOXB13
expression in both racial groups compared to normal tis-
sues. Median expression is highest in African American
patients, followed closely by Caucasian patients, while the
normal group shows the lowest expression overall. Inter-
quartile ranges and whiskers indicate variability within
each group, with tumor samples displaying greater expres-
sion levels and variability than normal samples. Although
the African-American group is represented by a small
sample size (n = 6), the trend suggests that HOXB13 over-
expression in PRAD may occur across racial groups, po-
tentially with slightly higher expression in African-
American patients. These findings warrant further valida-
tion with larger sample sizes but highlight the consistent
upregulation of HOXB13 in PRAD and its relevance across
different racial backgrounds.
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Figure 4. A. Box plot showing HOXB13 expression (TPM) in normal (n=52) and primary prostate tumor tissues (n=497) from the TCGA
PRAD dataset. HOXB13 is significantly overexpressed in tumors, suggesting a role in PRAD. B. HOXB13 expression in normal tissue and
PRAD tumors from Caucasian (n=147) and African-American (n=6) patients. Elevated expression is observed in both tumor groups, with
the highest median in African-American patients. Data accessed on 10 June 2025 from UALCAN.

3.4. Heatmap of Gene Expression Patterns in Normal and
Tumor Samples of PRAD

Figure 5A presents a heatmap showing the expression
pattern of selected input genes in PRAD, comparing nor-
mal and tumor samples from the TCGA dataset. The x-axis
represents individual samples categorized into normal and
tumor groups, while the y-axis lists the input genes, in-
cluding HOXB13, SCCPDH, TRNT1, GDPPD1, and oth-
ers. Gene expression levels are visualized using a color
scale based on log2(TPM+1), where blue indicates low ex-
pression and red indicates high expression. Based on the
heatmap, it is evident that HOXB13 is highly overex-
pressed in tumor tissues compared to normal tissues, as
shown by the strong red signal in the tumor group and
minimal expression (blue) in the normal group. This rein-
forces the earlier finding that HOXB13 is significantly up-
regulated in PRAD. Several other genes also show altered
expression between normal and tumor samples. For exam-
ple, GDPPD1 and C150rf37 exhibit relatively higher ex-
pression in normal samples (deep blue in tumors), suggest-
ing possible downregulation in cancer. In contrast, some
genes like UBE2Z and TRPC4AP show more uniform or

slightly increased expression in tumors. Overall, this
heatmap provides a comparative overview of gene expres-
sion changes in PRAD, highlighting potential candidate
genes, especially HOXB13, that may contribute to tumor
development or progression. These patterns can inform
further investigations into the biological functions and
clinical relevance of these genes in PRAD.

Figure 5B further highlights genes with marked differ-
ential expression. In addition to HOXB13, genes such as
TAGLN, S100A6, and EMILIN1 are consistently upregulat-
ed in tumor tissues, indicated by strong red coloration.
These genes may be involved in oncogenic signaling, cy-
toskeletal remodeling, or stress response pathways relevant
to prostate cancer progression. In contrast, genes including
NAAALDL1, PITPNC1, and ARHGAP10 exhibit reduced
expression in tumor samples, suggesting downregulation
during malignant transformation and potential roles in
maintaining normal cellular homeostasis. Overall, the
heatmap analyses in both panels provide a comprehensive
view of transcriptional changes between normal and tumor
prostate tissues. The observed expression shifts emphasize
the deregulation of genes involved in structural organiza-
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tion, signaling, and tumor biology. Notably, the prominent
upregulation of HOXB13, along with several co-regulated
genes, highlights a panel of candidate biomarkers and

A Expression pattern of input genes in Prostate adenocarcinoma (PRAD)

Normal Tumor

-
o 5 10 15

therapeutic targets that warrant further functional valida-
tion in PRAD research.

B Expression pattern of input genes in Prostate adenocarcinoma (PRAD)

b
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Figure 5. Heatmaps displaying the expression patterns of selected genes in normal and tumor prostate tissues from the TCGA PRAD da-
taset. Panel A shows gene expression as log2(TPM+1) with each column representing a sample and each row a gene. HOXB13 is notably
overexpressed in tumor samples compared to normal tissue, suggesting its role in Prostate Adenocarcinoma. Panel B highlights additional
genes with differential expression: HOXB13, TAGLN, S100A6, and EMILIN1 are upregulated in tumors, whereas PITPNC1 and NAAALDL1
are downregulated. These expression patterns identify potential biomarkers and therapeutic targets involved in PRAD progression.

3.5. Survival Analysis of PRAD Patients Based on
HOXB13 Expression and Gleason Score

Figure 6 presents a Kaplan—Meier survival analysis il-
lustrating the combined effect of HOXB13 gene expression
levels and Gleason scores on overall survival in PRAD pa-
tients. The x-axis represents time in days, while the y-axis
shows survival probability. The patients are stratified into
subgroups based on HOXB13 expression (high vs.
low/medium) and Gleason score (ranging from 6 to 10).
Each curve represents a different subgroup, and the num-
ber of patients (n) in each group is indicated in the legend.
A statistically significant p-value of 0.00031 indicates a
meaningful difference in survival among the groups. From
the plot, it is clear that patients with low or medium
HOXB13 expression and high Gleason scores (particularly
9 and 10) have poorer survival outcomes, as shown by
steeper declines in survival probability. For instance, the
"Low/Medium expression + Gleason-score10" group (n=4)

and "Low/Medium expression + Gleason-score9" group
(n=98) show the most rapid decrease in survival, suggest-
ing a negative prognostic impact of low HOXB13 expres-
sion when combined with high tumor aggressiveness. In
contrast, patients with high HOXB13 expression, even with
higher Gleason scores, tend to have better survival proba-
bilities, suggesting a potential protective or prognostic role
of elevated HOXB13 expression in certain contexts.

Overall, current findings highlighted, this analysis un-
derscores the potential of HOXB13 expression level as a
prognostic biomarker in PRAD, especially when interpret-
ed in conjunction with the Gleason score. The findings
suggest that patients with high HOXB13 expression tend to
have better survival outcomes, even when their tumors are
histologically more aggressive, highlighting the clinical
relevance of integrating molecular and pathological data in
patient risk stratification.
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Figure 6. Kaplan—Meier plot showing overall survival of PRAD patients stratified by HOXB13 expression levels (high vs. low/medium) and
Gleason scores (6-10) using TCGA data. Each colored line represents a patient subgroup, with sample size (n) indicated in the legend. Pa-
tients with low/medium HOXB13 expression and high Gleason scores (especially 9 and 10) exhibit significantly poorer survival compared to
other groups. In contrast, patients with high HOXB13 expression generally show better survival outcomes. The log-rank test yields a signifi-



© 2026 Jordan Journal of Biological Sciences. All rights reserved - Volume 19, Number 3

454

cant p-value of 0.00031, indicating a statistically meaningful difference in survival across subgroups. These results suggest that HOXB13
expression may serve as a potential prognostic biomarker in PRAD when combined with Gleason grading.

3.6. Pathogenic variant identification using a functional
scoring system

Figure 7 presents a bar chart summarizing the number
of HOXB13 SNPs identified using various biological and
computational criteria, reflecting their functional and clini-
cal relevance. The x-axis denotes different tools and data-
bases used for SNP evaluation, while the y-axis represents
the number of SNPs identified under each scoring criteri-
on. Among all tools, AlphaMissense identified the largest
number of SNPs (843), followed closely by the Missense
annotation category (835), emphasizing the focus on cod-
ing variants predicted to alter amino acid sequences. Es-
tablished predictive tools such as PolyPhen and SIFT also
yielded a high number of variants (592 and 526, respec-
tively), highlighting their ongoing utility in assessing the
potential functional consequences of amino acid substitu-
tions.

Ensemble and integrative tools, including MetalLR (467
SNPs), REVEL (334 SNPs), and CADD (101 SNPs), fur-
ther contribute to the identification of functionally relevant
variants, demonstrating the value of combining multiple
predictive approaches. In contrast, tools with limited vari-
ant yield included Mutation Assessor (34 SNPs), PubMed
(5 SNPs), GWAS (1 SNP), and PheWAS (0 SNPs). The
relatively low representation from clinical association da-
tabases and literature-based resources reflects the current
gap between computational prediction and experimentally
validated or population-level data.

The data highlights a computational prioritization
framework in which algorithm-based predictions, particu-
larly those from AlphaMissense, play a central role in fil-

tering genetic variants. Although these tools are highly ef-
fective at identifying variants with potential functional ef-
fects, the limited number of SNPs supported by clinical or
literature evidence points to several important needs: ex-
panded experimental validation studies, greater representa-
tion of diverse populations in genetic association data-
bases, and the incorporation of multi-omics data beyond
purely computational predictions. While this multi-faceted
strategy efficiently narrows down candidate variants, it al-
so reveals significant gaps between in silico predictions
and variants with confirmed clinical relevance.

The result highlights a group of SNPs that received the
highest functional annotation score of 8, indicating their
strong potential for biological impact. These SNPs fulfilled
all eight evaluation criteria used in the scoring system,
namely Missense, SIFT, PolyPhen, CADD, REVEL, ME-
TA-LR, Mutation Assessor, and AlphaMissense. The
SNPs that achieved this top score include: rs1207429780,

rs1365586165, rs1371765250, rs1555558450,
rs1597932515, rs1597932533, 1s1597932564,
rs1597932808, 151597932884, 152038215417,
1s2143065331, 152143066906, 152143067303,

rs747483887, rs748782183, rs749518336, rs754598240,
15757776260, rs778197145, and rs2143065697. Notably,
some SNPs such as rs748782183, rs778197145, and
rs1597932533 appear more than once in the dataset, sug-
gesting potential occurrences of multiple allelic combina-
tions or repeated annotations. The consistently high scores
across multiple predictive tools emphasize the potential
significance of these variants in genetic or disease associa-
tion studies, warranting further functional validation.
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Figure 7. A-B. Bar chart showing the number of Single Nucleotide Polymorphisms (SNPs) identified under various biological scoring crite-
ria used to evaluate their functional significance. The criteria include computational prediction tools (e.g., SIFT, PolyPhen, CADD, REVEL,
Mutation Assessor, MetaLR), clinical and literature-based sources (e.g., GWAS, PubMed, PheWAS), and integrated models such as Al-
phaMissense. AlphaMissense and Missense categories contribute the highest number of SNPs (843 and 835, respectively), highlighting their
prominent roles in functional annotation. In contrast, categories like PheWAS and GWAS report minimal or no SNPs, indicating limited
coverage or association. This scoring distribution reflects a comprehensive approach to SNP prioritization across multiple biological rele-
vance indicators. C. List of high-confidence SNPs with maximum functional impact scores. The figure displays SNPs that achieved the
highest possible score (8 out of 8) across multiple biological annotation tools, including Missense, SIFT, PolyPhen, CADD, REVEL, ME-
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TA-LR, Mutation Assessor, and AlphaMissense. These variants are prioritized as likely to have significant functional consequences and are

potential candidates for further investigation in disease-related studies.

4. Discussion

This study provides a comprehensive multi-level evalu-
ation of HOXB13 expression across normal human tissues,
multiple cancer types, patient racial backgrounds, and its
potential clinical relevance in prostate adenocarcinoma
(PRAD). Consistent across GTEx and TCGA datasets,
HOXB13 exhibits a striking prostate-restricted expression
pattern, with the highest expression observed in normal
prostate tissue and marked upregulation in PRAD tumors.
The near absence of HOXB13 expression in non-prostatic
tissues and non-PRAD malignancies reinforces its tissue
specificity and establishes HOXB13 as a robust diagnostic
biomarker for confirming prostatic origin, particularly in
metastatic tumors of unknown primary.

Our analysis of HOXB13 expression across cancers us-
ing TCGA data confirmed its marked upregulation in
PRAD tumor samples compared to normal prostate tissue
and other tumor types, consistent with previous studies
demonstrating HOXB13’s prostate-specific expression and
its role in PRAD progression (Patel et al., 2024; Dupont
et al., 2021; Zabalza et al., 2015). The negligible ex-
pression of HOXB13 in non-PRAD further supports its tis-
sue-restricted nature and validates its use as a diagnostic
biomarker for PRAD, particularly in confirming prostatic
origin in metastatic tumors (Patel et al., 2024). Our race-
stratified analysis showed elevated HOXB13 expression in
both Caucasian and African-American PRAD patients,
with a trend toward higher median expression in African-
American men, aligning with reports highlighting
HOXB13’s universal role across ethnic groups despite
some limitations due to smaller sample sizes (Patel et al.,
2024). Kaplan—Meier survival analysis revealed that high
HOXB13 expression correlates with improved overall sur-
vival, particularly in patients with high Gleason scores,
suggesting acomplex tumor differentiation role.
This paradoxical finding aligns with reports that HOXB13
expression decreases in advanced/neuroendocrine PRAD
subtypes associated with poor prognosis (Kanayama et
al., 2024). High HOXB13 thus identifies Gleason-
aggressive but High HOXB13 expression may therefore
identify tumors with high Gleason scores but a more dif-
ferentiated molecular phenotype, positioning it as a critical
complement to histopathological grading (Patel et al.,
2024). Conversely, patients with low or medium HOXB13
expression and high Gleason scores had poorer outcomes,
underscoring HOXB13’s potential as a dual prognostic
marker when combined with histopathological data
(Dupont et al., 2021; Zabalza et al., 2015). Collective-
ly, these results reinforce HOXB13’s significance as both a
diagnostic and prognostic factor in PRAD and highlight
the need for further research into its mechanistic role
across diverse populations.

Our heatmap analysis revealed significant upregulation
of HOXB13, along with genes such as TAGLN and
S100A6, in PRAD tumor tissues compared to normal sam-
ples, while genes like ARHGAP10 and PITPNC1 were
downregulated. These findings align with prior studies that
have reported HOXB13’s involvement in PRAD progres-
sion and its co-expression with genes implicated in cyto-
skeletal organization and tumor invasion (Egevad et al.,

2002). For instance, S100A6 has been recognized for its
role in tumor proliferation and metastasis, and TAGLN is
known to influence cellular motility, both contributing to
PRAD aggressiveness (Larkin et al., 2012; Ohuchida et
al., 2005). The downregulation of ARHGAP10 and PIT-
PNC1 further suggests disruption of signalling pathways
critical for maintaining normal prostate epithelial architec-
ture, consistent with observations in other genomic studies
of PRAD (Gong et al., 2019). Complementing the ex-
pression data, our comprehensive SNP functional annota-
tion identified 23 variants with maximal scores across 12
predictive  tools, including  rs1207429780  and
rs748782183. The convergence of predictions from tools
such as AlphaMissense, SIFT, PolyPhen, and CADD sup-
ports the potential pathogenicity of these variants. This
multi-tool consensus approach has been previously advo-
cated as an effective strategy to prioritize SNPs for func-
tional validation and risk association studies in cancer ge-
nomics (loannidis et al., 2016; Ng and Henikoff,
2001). While some of these variants have yet to be charac-
terized experimentally, their identification provides prom-
ising targets for future research aimed at elucidating the
genetic underpinnings of PRAD susceptibility and pro-
gression.

HOXB13 is predominantly expressed in prostate tissue,
playing a crucial role in prostate development and cancer
risk, with limited expression in other tissues. The rare mis-
sense variant rs138213197 (G84E) in HOXB13 is strongly
associated with increased PRAD susceptibility, though it is
underrepresented in large-scale GWAS and PheWAS da-
tabases due to its rarity (Biyikoglu et al., 2024; Zhang
et al., 2016). Discovered through exome sequencing in
primarily Caucasian populations, rs138213197 confers a
significantly elevated PRAD risk, with multiple studies
confirming odds ratios ranging from 3.3 to over 20 across
diverse cohorts (Kote-Jarai et al., 2015). While its asso-
ciation with breast cancer remains uncertain, the variant
appears to be a founder mutation originating in Northern
Europe around the 1800s, particularly prevalent in Nordic
populations.  This  highlights the importance of
rs138213197 in PRAD genetics and the need for focused
studies beyond broad population databases (Witte et al.,
2013).

These convergent findings position HOXB13 as a mul-
tifaceted biomarker with diagnostic specificity, prognostic
utility, and therapeutic relevance in PRAD. The identifica-
tion of high-impact germline variants further underscores
its role in hereditary susceptibility, exemplified by the
well-characterized G84E founder mutation (rs138213197).
Future research should prioritize experimental validation
of prioritized SNPs, single-cell resolution of tumor hetero-
geneity, and prospective clinical studies integrating
HOXBI13 expression with histopathological and genomic
profiling. Taken together, this multi-layered analysis rein-
forces the role of HOXB13 as a prostate-specific oncogene
with diagnostic, prognostic, and therapeutic relevance. Its
selective overexpression in prostate tissue, correlation with
clinical outcomes, and enrichment of high-impact patho-
genic variants highlight its central role in PRAD biology.
Nonetheless, further studies are needed to experimentally
validate these candidate variants, delineate the mecha-
nisms by which HOXB13 contributes to tumor progression,
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and assess its utility across diverse genetic and clinical
contexts.

Strengths of this study include the use of comprehen-
sive bulk RNA sequencing data from large publicly avail-
able databases (GTEx and TCGA), race-stratified expres-
sion profiling, integration of survival analysis with
Gleason scoring, and a multi-algorithm SNP prioritization
pipeline. However, several limitations should be acknowl-
edged: the use of bulk RNA-seq data does not capture cell-
type-specific expression or tumor heterogeneity; the ob-
servational nature of the analysis limits causal inference;
and the small representation of certain racial and ethnic
groups constrains generalizability. Additionally, while
multiple computational tools were used for variant annota-
tion, experimental validation remains essential to confirm
biological impact as suggested by a previous study (Ad-
manegara et al., 2025).

5. Conclusion

This study demonstrates that HOXB13 is a prostate-
restricted gene with consistent overexpression in PRAD
across large transcriptomic datasets and observable associ-
ations with clinical outcomes. The identification of high-
confidence pathogenic variants further supports its biolog-
ical relevance in prostate cancer susceptibility and pro-
gression. Collectively, these findings suggest that
HOXB13 represents a potential diagnostic and prognostic
biomarker—and a candidate therapeutic target—in PRAD.
However, clinical applicability will require further valida-
tion through functional experiments, single-cell analyses,
and well-powered, multi-ethnic clinical studies. Continued
investigation is, therefore, warranted to fully elucidate the
mechanistic and translational significance of HOXB13 in
prostate cancer.
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