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Prostate cancer (PCa) is recognized as a common malignancy in male patients. The homeobox A cluster (HOXA) family members
have been confirmed to be implicated in the development of several types of tumors. However, the expression pattern and
prognostic values of HOXA genes in PCa have not been investigated. In this study, we analyzed TCGA datasets and identified
six HOXA family members which showed a dysregulated expression in PCa specimens compared with nontumor specimens.
We also explored the potential mechanisms involved in the dysregulation of HOXA family members in PCa, and the results of
Pearson’s correlation revealed that most HOXA members were negatively related to the methylation degree. Moreover, we
explored the prognostic values of HOXA family members and identified six survival-related HOXA members. Importantly,
HOXA2, HOXA9, and HOXA10 were identified as critical PCa-related genes which were abnormally expressed in PCa and
associated with clinical outcomes of PCa patients. Then, we explored the association between the above three genes and
immune cell infiltration. We observed that the levels of HOXA2, HOXA9, and HOXA10 were associated with the levels of
immune infiltration of several kinds of immune cells. Overall, our findings identified the potential values of the HOXA family
for outcome prediction in PCa, which might facilitate personalized counselling and treatment in PCa.

1. Introduction

Prostate cancer (PCa) is the most commonly seen male
reproduction system cancer, which is the 3rd most com-
monly seen causes of mortality from tumors in male globally
[1, 2]. Prostate-specific antigen (PSA) is utilized as a primary
biomarker for PCa screening, diagnoses, and prognoses [3].
However, PSA alone as a biomarker still exhibits remarkable
restrictions in the diagnosis and prognoses of PCa. Due to
insufficient special symptoms of PCa in the early phase, it
is easily confused with benign prostatauxe [4, 5]. When evi-
dent symptoms occur, the cancers are usually in the middle
and advanced phases, even with metastases [6]. Hence, the
sufferers usually miss the optimal therapeutic opportunity.

Hence, it is of great significance to search for novel biological
markers which effectively predict the risk and progression of
PCa. Mammals have 39 homeobox A cluster (HOXA) genes
arrayed in 4 linearity clusters with 9 to 11 genes each. On the
foundation of homology, the genes are divided into 13 para-
logous groups [7, 8]. HOXA genes are needed for the normal
developmental process of organs, like the central nervous
system (CNS), axial bone, limbs, guts, hematogenous and
genitourinary tracts, and internal genitalia and externalia
[9, 10]. Hence, the aberrant regulation of those genes might
induce the progression of malignancies. In recent years, the
expression and function of HOXA genes have been reported
in several tumors. For instance, HOXA4 expression was
remarkably reduced in pulmonary carcinoma, and its over-
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expression inhibited cellular proliferative, migratory, and
invasive abilities by modulating the Wnt signal path [11].
It was reported that silencing lncRNA HOXA10-AS reduced
the cellular proliferative ability of oral carcinoma and
HOXA10-antisense RNA can be a new prognosis predicting
factor [12]. Importantly, several previous studies have
reported that some novel prognostic models exhibited a
strong ability in predicting the prognosis of PCa patients
[13–15]. However, the function of HOXA genes was rarely
reported in PCa.

The present research was the first to report the expres-
sion profile and prognosis significance of the HOXA family
members in PCa patients. Our findings will help in the
development of the identification of novel biomarkers for
PCa patients.

2. Materials and Methods

2.1. Workflow.We used a combination of methods in several
steps to explore the expressing pattern and prognostic values
of HOXA family members in PCa and further study the
association between HOXA family members and immune
cell infiltration (Figure 1).

2.2. Data Downloading. The pretreatment information of
Level 3 mRNA expressing data was acquired from TCGA
database. Clinic specimens associated with PCa and methyl-
ated DNA data were chosen. Such dataset involved 499 PCa
specimens, 52 normal specimens, and clinic data of those
relevant specimens.

2.3. Differentially Expressed HOXA Family Members. Data
analyses of differentially expressed HOXA genes between
PCa and healthy specimens were completed via package
limma in R, with liminal values of ∣log 2 fold change ðFCÞ ∣
>2 and modified P < 0:05. The visualization of the outcomes
was realized via the pheatmap package.

2.4. Analysis of DNA Methylation of HOXA Family
Members. The relationship between the methylation of

HOXA family members and their mRNA expression was
determined using the Pearson correlation analysis. The
annotation of the information on cg spots from Illumina
Human Methylation 450K was realized via the annotation
document from the Illumina website.

2.5. Evaluation of Immune Cell Infiltration. The tumor-
infiltrating immune cells (TIICs) in PCa specimens from
TCGA cohort and normal prostate specimens from the
GTEx database were computed via the CIBERSORT decon-
volutional arithmetic. CIBERSORT utilized the white blood
cell genetic hallmark matrix (LM22), which involved a series
of bar code genetic hallmark matrices of 547 biomarker
genes for the quantification of 22 TIICs. The correlation
between HOXA family members and TIICs was also esti-
mated using the Pearson correlation analysis.

2.6. Statistical Analysis. The entire statistical analysis was
completed via R program 3.5.3. The Kaplan-Meier (K-M)
assay was finished to study the survival diversities between
the high group and the low group. A P value < 0.05 was con-
sidered statistically significant.

3. Results

3.1. Expression Status of HOXA Members in PCa Samples.
Firstly, the mRNA expressing data on HOXA members
(HOXA1-13) from 499 PCa specimens and 52 healthy
controls, which derived from TCGA, were acquired via
the Perl program. Pearson’s correlation of HOXA family
genes was computed and utilized to evaluate if those genes
were interrelated via the corrplot package. As presented in
Figure 2, these genes were remarkably interrelated. Then,
the differential expression of these genes was studied via
the limma package and visualized via the pheatmap pack-
age, as presented by Figure 3(a). Importantly, we observed
that the expression of HOXA1, HOXA2, and HOXA7 was
distinctly increased in PCa specimens compared with non-
tumor specimens (Figures 3(b)–3(d)), while the contents
of HOXA9 and HOXA10 were distinctly regulated in
PCa samples in contrast to nontumor samples
(Figures 3(e) and 3(f)). HOXA13 exhibited a decreased
expression in PCa tissues (Figure 3(g)).

3.2. Association between HOXA Expression and Methylation
in PCa. Methylated genetic promotor regions affect genetic
expression in the development of mankind tumors [16,
17]. Our team further analyzed the association between
HOXA expression and methylation in PCa. The results of
Pearson’s correlation revealed that most HOXA members
were negatively related to the methylation degree
(Figures 4(a)–4(d) and 5(a)–5(d) and Figures S1A-S1C).
Those outcomes revealed the negative association between
the expression and methylation degree of HOXA members
in PCa.

3.3. The Prognosis Value of HOXA Members in PCa. For the
sake of investigating the clinical value of HOXA members
in PCa patients, our team performed Kaplan-Meier
methods based on TCGA datasets. Importantly, we

Differential expression analysis of HOXA members in prostate cancer

TCGA datasets

Prognostic values of HOXA expression in prostate cancer 

�e Kaplan-Meier (K-M) assay

Analysis of DNA methylation 

Association between HOXA members and immune infiltration levels 

Estimating relative subsets Of RNA transcripts methods

�e mechanisms involved in the dysregulation of HOXA members

Figure 1: Study flowchart.
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observed that high expressions of HOXA11 and HOXA10
were related to a shorter overall survival (OS) of PCa
patients (Figures 6(a) and 6(b)), while high expression of
HOXA3, HOXA2, and HOXA9 exhibited an opposite
result (Figures 6(c)–6(e)). Moreover, we found that suf-
ferers with high expression of HOXA2, HOXA3, and
HOXA6 had poor progression-free survival in contrast to
those with low expression of HOXA2, HOXA3, and
HOXA6 (Figures 7(a)–7(c)), while high expression of
HOXA10 and HOXA13 was associated with favorable
progression-free survival (Figures 7(d) and 7(e)).

3.4. Correlation of HOXA Members with the Proportion of
TICs. To verify the association between the expressions
of HOXA members and the immunity-related microenvi-
ronment, the percentage of cancer-infiltrating immunity
subsets was studied via CIBERSORT arithmetic, and 21
types of immunocyte profiles in PCa specimens were
established (Figures 8(a) and 8(b)). In contrast to healthy
specimens, diverse features of the infiltrating immunocytes
in PCa were presented in Figures 9(a) and 9(b). Given that
HOXA2, HOXA9, and HOXA10 were dysregulated in PCa
and predicted a clinical outcome, we further explored their
associations with the level of immune cells. Our team dis-
covered that the HOXA2 content was related to the con-
tent of T cells modulatory (Tregs) and T cells CD8 in a
positive way (Figure 10(a)), while negatively associated
with Macrophages M2, Macrophages M1, mastocytes rest-
ing, neutrophils, and dendritic cells (DCs) resting
(Figures 10(b) and 10(c)). In addition, we found that the
level of HOXA9 was negatively related to the level of mas-
tocytes stimulated and dendritic cells activated
(Figures 11(a) and 11(b)), while positively associated with
mast cells resting and Macrophages M0 (Figures 11(c)
and 11(d)). Moreover, we found that the level of HOXA9
was related to the level of B cells memory and Macro-
phages M2 in a negative way (Figures 12(a) and 12(b)),
while positively associated with the level of mast cells rest-
ing (Figure 12(c)).

4. Discussion

Carcinoma is still a serious threat to our health, and its prev-
alence has presented an elevating tendency in recent years
[18]. However, the metastatic causal link in tumor sufferers
remains elusive, although metastases can forecast poor prog-
noses. At present, determining new molecule biomarkers is
imperative for the sake of estimating tumorous metastases,
as those biomarkers are pivotal for tumor therapies and fore-
casts [19, 20]. Recently, more and more studies have
reported that some dysregulated genes were associated with
clinical outcomes of tumor patients, including PCa [21,
22]. In this study, we focused on HOXA genes.

In this study, we identified six HOXA genes which
exhibited a dysregulated level in PCa via analyzing TCGA
datasets, including HOXA1, HOXA2, HOXA7, HOXA9,
HOXA10, and HOXA13. Previously, Malek et al. reported
that suppressing HOXA9 pharmacologically avoided
TWIST1-triggered invasive PCa cells in vitro and metastases
in vivo, indicating that HOXA9 served as a tumor promotor
in PCa [23]. Dong and his group showed that HOXA13
expression was distinctly increased in PCa samples and fore-
casted inferior prognostic results of PCa sufferers. Function-
ally, they found that forced expressions of HOXA13
evidently facilitated oncocyte growth, metastasis, and
aggression, but it suppressed the programmed cell death of
oncocytes [24]. However, the function of other HOXA genes
was not reported in PCa. To explore the mechanisms
involved in the abnormal expression of HOXA genes in
PCa, we analyzed the association between HOXA expres-
sions and the methylation degree of cg spots in the promotor
regions in PCa, finding that most differentially expressed
HOXA members were influenced by the methylation degree,
which was consistent with previous findings in acute mye-
loid leukemia patients and laryngeal squamous cell cancer
patients.

For the purpose of investigating the clinic value of
HOXA genes in PCa, we downloaded survival data using
TCGA datasets. We observed that the expression of
HOXA1, HOXA2, HOXA3, HOXA10, and HOXA9 was
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Figure 4: Pearson’s correlation between methylation degrees and the expression of (a) HOXA1, (b) HOXA2, (c) HOXA3, and (d) HOXA4.
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Figure 5: Pearson’s correlation between methylation levels and expression of (a) HOXA5, (b) HOXA6, (c) HOXA9, and (d) HOXA7.
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Figure 6: K-M curves for the OS of sufferers in the high and low groups based on the mean expression of (a) HOXA11, (b) HOXA10, (c)
HOXA3, (d) HOXA2, and (e) HOXA9 in TCGA cohort.
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Figure 7: K-M curves for the progression-free survival of sufferers in the high and low groups based on the mean expression of (a) HOXA2,
(b) HOXA3, (c) HOXA6, (d) HOXA10, and (e) HOXA13 in TCGA cohort.
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related to the OS of PCa sufferers. Moreover, the expressions
of HOXA2, HOXA3, HOXA6, HOXA10, and HOXA13
were associated with progression-free survival of PCa
patients. Previously, several studies have also reported the
prognostic value of HOXA genes in some cancers, like cervi-
cal carcinoma and acute myeloid leukemia [25–27]. Our
findings, together with previous studies, suggested the prob-
ability of HOXA genes used as novel biomarkers for PCa
patients.

As progress in molecule-level researches, tumor-
infiltrating immune cells can facilitate and/or modulate can-
cer development via the cell types and their mutual effects
[28]. In recent years, in genitourinary cancers, there has
been remarkable progress in terms of immunocyte infil-
trates, whereas their effects on tumorigenesis and prognoses

are still elusive [29, 30]. In this study, our team chose
HOXA2, HOXA9, and HOXA10 to analyze their association
with immune infiltrates. We observed that the expression of
HOXA2 was associated with DC resting, M1, M2, mastocyte
resting, neutrophilic cells, T cells CD4 memory resting, T
cells CD8, and T cells regulatory (Tregs), and the expression
of HOXA9 was associated with DCs stimulated, Macro-
phages M0, mastocytes stimulated, and mastocyte resting.
Our finding suggested the involvement of HOXA9 and
HOXA2 with immune infiltrates.

Nevertheless, certain deficiencies of our research ought to
be disclosed. Firstly, the race in TCGA database was predom-
inantly White and Black people, and the extrapolation of the
discoveries to other races had to be corroborated. Secondly,
the specimen size of sufferers was inadequate. In addition, this
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Figure 9: (a, b) Comparison of every kind of immunocyte between PCa and nontumor samples.
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Figure 8: (a) The abundance of 22 infiltrating immunocyte subsets in tumorous and normal biopsies for TCGA cohorts computed via the
CIBERSORT approach. (b) Diverse association features amongst 26 immunocyte subsets in PCa cohorts.
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Figure 10: (a–c) Scatter plot presenting the association of 8 types of TIC proportion with the expression of HOXA2.
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Figure 11: (a–d) Scatter plot presenting the association of 4 types of TIC proportion with the expression of HOXA9.

R=–0.11, p=0.04

0.000

0.025

0.050

0.075

0.100

1 2 3 4 5
HOXA10

B 
ce

lls
 m

em
or

y

(a)

R=–0.15, p=0.0034

0.0

0.1

0.2

0.3

1 2 3 4 5
HOXA10

M
ac

ro
ph

ag
es

 M
2

(b)

R=0.16, p=0.0019

0.0

0.2

0.4

0.6

1 2 3 4 5
HOXA10

M
as

t c
el

ls 
re

sti
ng

(c)

Figure 12: (a–c) Scatter plot presenting the association of 3 types of TIC proportion with the expression of HOXA10.
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researchmerely highlighted biological information analysis. In
vivo and in vitro assays were needed to substantiate the out-
comes of our research.

5. Conclusion

The present study provides fresh enlightenment pertaining
to the favorable effect of HOXA family members on the
prognoses and development of PCa, paving a way for novel
HOXA-targeting treatment regimens for PCa.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Authors’ Contributions

Yan-ping Song, Peng Xian, and Hong Luo wrote the main
manuscript and analyzed the data. Jun-yong Dai, Yu Bai,
and Yuan Li checked and revised the article. Yan-ping Song
and Xian-li Tang designed the study. All authors read and
approved the final manuscript.

Acknowledgments

This work was supported by the Chongqing Medical Scien-
tific Research Project (joint project of Chongqing Health
Commission and Science and Technology Bureau) (No.
2021MSXM135).

Supplementary Materials

Figure S1: Pearson’s correlation between methylation
degrees and the expression of (A) HOXA10, (B) HOXA11,
and (C) HOXA13. (Supplementary Materials)

References

[1] M. F. Becerra, V. S. Atluri, A. S. Bhattu, and S. Punnen, “Serum
and urine biomarkers for detecting clinically significant pros-
tate cancer,” Urologic Oncology, vol. 39, no. 10, pp. 686–690,
2021.

[2] L. F. Valle, E. J. Lehrer, D. Markovic et al., “A systematic review
and meta-analysis of local salvage therapies after radiotherapy
for prostate cancer (MASTER),” European Urology, vol. 80,
no. 3, pp. 280–292, 2021.

[3] C. Özyurt, İ. Uludağ, B. İnce, and M. K. Sezgintürk, “Biosens-
ing strategies for diagnosis of prostate specific antigen,” Jour-
nal of Pharmaceutical and Biomedical Analysis, vol. 209,
article 114535, 2022.

[4] A. S. Doghish, A. Ismail, H. A. El-Mahdy, M. A. Elkady, M. A.
Elrebehy, and A. M. Sallam, “A review of the biological role of
miRNAs in prostate cancer suppression and progression,”
International Journal of Biological Macromolecules, vol. 197,
pp. 141–156, 2022.

[5] M. Marhold, G. Kramer, M. Krainer, and C. Le Magnen, “The
prostate cancer landscape in Europe: current challenges, future
opportunities,” Cancer Letters, vol. 526, pp. 304–310, 2022.

[6] R. Arcot and T. J. Polascik, “Evolution of focal therapy in pros-
tate cancer: past, present, and future,” The Urologic Clinics of
North America, vol. 49, no. 1, pp. 129–152, 2022.

[7] M. Abuhantash, E. M. Collins, and A. Thompson, “Role of the
HOXA cluster in HSC emergence and blood cancer,” Biochem-
ical Society Transactions, vol. 49, no. 4, pp. 1817–1827, 2021.

[8] C. S. Gonçalves, E. Le Boiteux, P. Arnaud, and B. M. Costa,
“HOX gene cluster (de)regulation in brain: from neurodeve-
lopment to malignant glial tumours,” Cellular and molecular
life sciences : CMLS, vol. 77, no. 19, pp. 3797–3821, 2020.

[9] A. S. Labade, A. Salvi, S. Kar, K. Karmodiya, and K. Sengupta,
“Nup93 and CTCF modulate spatiotemporal dynamics and
function of the HOXA gene locus during differentiation,” Jour-
nal of Cell Science, vol. 134, no. 23, 2021.

[10] R. Hernández, C. Jiménez-Luna, R. Ortiz et al., “Impact of the
epigenetically regulated Hoxa-5 gene in neural differentiation
from human adipose-derived stem cells,” Biology, vol. 10,
no. 8, p. 802, 2021.

[11] S. Cheng, F. Qian, Q. Huang, L. Wei, Y. Fu, and Y. Du,
“HOXA4, down-regulated in lung cancer, inhibits the growth,
motility and invasion of lung cancer cells,” Cell Death & Dis-
ease, vol. 9, no. 5, p. 465, 2018.

[12] X. Yan, B. Cong, Q. Chen et al., “Silencing lncRNA HOXA10-
AS decreases cell proliferation of oral cancer and HOXA10-
antisense RNA can serve as a novel prognostic predictor,”
The Journal of International Medical Research, vol. 48, no. 8,
p. 300060520934254, 2020.

[13] G. Song, Y. Zhang, H. Li et al., “Identification of a ubiquitin
related genes signature for predicting prognosis of prostate
cancer,” Frontiers in Genetics, vol. 12, article 778503, 2022.

[14] E. B. Ylitalo, E. Thysell, M. Landfors et al., “A novel DNA
methylation signature is associated with androgen receptor
activity and patient prognosis in bone metastatic prostate can-
cer,” Clinical Epigenetics, vol. 13, no. 1, p. 133, 2021.

[15] J. Wang, H. Lin, M. Zhou et al., “The m6A methylation
regulator-based signature for predicting the prognosis of pros-
tate cancer,” Future Oncology, vol. 16, no. 30, pp. 2421–2432,
2020.

[16] A. Chakraborty, S. Ghosh, B. Biswas, S. Pramanik, J. Nriagu,
and S. Bhowmick, “Epigenetic modifications from arsenic
exposure: a comprehensive review,” The Science of the Total
Environment, vol. 810, article 151218, 2022.

[17] K. Skvortsova, C. Stirzaker, and P. Taberlay, “The DNA meth-
ylation landscape in cancer,” Essays in Biochemistry, vol. 63,
no. 6, pp. 797–811, 2019.

[18] M. Duncan, E. Moschopoulou, E. Herrington et al., “Review of
systematic reviews of non-pharmacological interventions to
improve quality of life in cancer survivors,” BMJ Open,
vol. 7, no. 11, article e015860, 2017.

[19] V. A. Hristova and D. W. Chan, “Cancer biomarker discovery
and translation: proteomics and beyond,” Expert Review of
Proteomics, vol. 16, no. 2, pp. 93–103, 2019.

[20] V. C. Kok and C. C. Yu, “Cancer-derived exosomes: their role
in cancer biology and biomarker development,” International
Journal of Nanomedicine, vol. 15, pp. 8019–8036, 2020.

[21] L. Li, A. H. Ameri, S. Wang et al., “EGR1 regulates angiogenic
and osteoclastogenic factors in prostate cancer and promotes
metastasis,” Oncogene, vol. 38, no. 35, pp. 6241–6255, 2019.

9Journal of Immunology Research

https://downloads.hindawi.com/journals/jir/2022/5740971.f1.pdf


[22] M. Ding, C. Y. Jiang, Y. Zhang, J. Zhao, B. M. Han, and S. J.
Xia, “SIRT7 depletion inhibits cell proliferation and
androgen-induced autophagy by suppressing the AR signaling
in prostate cancer,” Journal of experimental & clinical cancer
research : CR, vol. 39, no. 1, p. 28, 2020.

[23] R. Malek, R. P. Gajula, R. D. Williams et al., “TWIST1-WDR5-
HottipregulatesHoxa9chromatin to facilitate prostate cancer
metastasis,” Cancer Research, vol. 77, no. 12, pp. 3181–3193,
2017.

[24] Y. Dong, Y. Cai, B. Liu et al., “HOXA13 is associated with
unfavorable survival and acts as a novel oncogene in prostate
carcinoma,” Future Oncology, vol. 13, no. 17, pp. 1505–1516,
2017.

[25] P. Novak, T. Jensen, M. M. Oshiro et al., “Epigenetic inactiva-
tion of the HOXA gene cluster in breast cancer,” Cancer
Research, vol. 66, no. 22, pp. 10664–10670, 2006.

[26] D. Wang, “Promotive effects of HOXA10 antisense RNA on
the stemness of oral squamous cell carcinoma stem cells
through a microRNA-29a/MCL-1/phosphatidyl inositol 3-
kinase/protein kinase B axis,” Archives of Oral Biology,
vol. 126, article 105114, 2021.

[27] S. L. Chen, Z. Y. Qin, F. Hu, Y. Wang, Y. J. Dai, and Y. Liang,
“The role of the HOXA gene family in acute myeloid leuke-
mia,” Genes, vol. 10, no. 8, p. 621, 2019.

[28] M. McLaughlin, E. C. Patin, M. Pedersen et al., “Inflammatory
microenvironment remodelling by tumour cells after radio-
therapy,” Nature Reviews Cancer, vol. 20, no. 4, pp. 203–217,
2020.

[29] Y. Wang, L. Chen, M. Yu et al., “Immune-related signature
predicts the prognosis and immunotherapy benefit in bladder
cancer,” Cancer Medicine, vol. 9, no. 20, pp. 7729–7741, 2020.

[30] R. Cao, L. Yuan, B. Ma, G. Wang, and Y. Tian, “Tumour
microenvironment (TME) characterization identified progno-
sis and immunotherapy response in muscle-invasive bladder
cancer (MIBC),” Cancer Immunology, Immunotherapy : CII,
vol. 70, no. 1, pp. 1–18, 2021.

10 Journal of Immunology Research


	Comprehensive Landscape of HOXA2, HOXA9, and HOXA10 as Potential Biomarkers for Predicting Progression and Prognosis in Prostate Cancer
	1. Introduction
	2. Materials and Methods
	2.1. Workflow
	2.2. Data Downloading
	2.3. Differentially Expressed HOXA Family Members
	2.4. Analysis of DNA Methylation of HOXA Family Members
	2.5. Evaluation of Immune Cell Infiltration
	2.6. Statistical Analysis

	3. Results
	3.1. Expression Status of HOXA Members in PCa Samples
	3.2. Association between HOXA Expression and Methylation in PCa
	3.3. The Prognosis Value of HOXA Members in PCa
	3.4. Correlation of HOXA Members with the Proportion of TICs

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials

