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INTRODUCTION 
The homeobox or Hox genes are a class of regulatory genes that 
primarily operate as transcription factors and encode for nuclear 
proteins known as homeoproteins. They can bind DNA sequences 
specically thanks to the homeodomain, a protein domain encoded by 
the homeobox (HD) genes. During embryogenesis, the homeobox 
genes serve as master switches for the formation of numerous body 
structures. They play a signicant role in the control of 
anterior/posterior patterning of the prostate gland and are recognized 
as highly conserved genes [1]. The second biggest class of 
homeodomain-containing proteins are those encoded by the Hox 
genes transcription factors based on sequence [2].

A 60 amino acid long homeodomain that binds to DNA is encoded by a 
highly conserved sequence. In all animals, including humans, hox 
gene clusters regulate the polarity of the embryo and body 
segmentation throughout embryogenesis. These genes exhibit 
coordinated expression in the limb and genital tubercle [3,4]. Hox (A, 
B, C, D) clusters are distributed on chromosomes 7, 17, 12, and 2 in 
succession. There are four sets of hox genes clustered in unlinked 
complexes across the human genome.

Figure 1: Genomic Architecture of HOX Genes
(Source: Dysregulation of the homeobox transcription factor gene 
HOXB13: role in prostate cancer: Brennan Decker. Elaine A 
Ostrander)

The hox genes of the four clusters are organized into 13 paralog 
groups, and their expression along the anterior-posterior (AP) axis 
(from anterior to posterior) is determined by their (3'-5') position in the 
genome [2]. Hox genes are also expressed in differentiated organs both 
during and after the organogenesis phase [1]. Any mutation can result 
in harmful abnormalities because these genes are crucial for the 
development of body parts. Alterations in the Hox gene's activity have 
recently been linked to numerous types of cancer, according to several 
studies [4-9]. The HOX B cluster's nal recognized paralog member is 
the HOXB13 gene. Despite being about 70 kb apart from HOX B9, it is 

transcribed in the same direction as the other HOX B genes [10]. 
HOXB13 displays spatial and temporal co-linearity within the main 
body axis while being physically apart from the cluster. It is mostly 
expressed in the urogenital sinus, digestive system, and tail-bud and 
posterior domains of the spinal cord [10,11]. the gene HOXB13 plays a 
crucial part in the development of the prostate and its secretory 
processes [12,13]. Additionally, it regulates androgen receptors (AR) 
in a polyvalent manner by either activating or suppressing the 
transcription of several AR target genes [14].

There are conicting ndings on HOXB13's precise function in 
prostate cancer (PCa). HOXB13 has a dual and contradictory function 
that, in certain circumstances, inhibits PCa cell growth and, in others, 
encourages malignancy. Our study aimed to discuss the different roles 
of HOXB13 in other malignancies along with the prostate cancer 
including its functions such as wound healing, cellular differentiation, 
and angiogenesis. present additional evidence of HOXB13's 
signicance in PCa and the reliability of its use in diagnosis and 
prediction of the PCa at the early stages.

Figure 2: A Homeotic Gene, Shown In Tan And Orange, Contains 
A 180-bp Homeobox, Which Codes For A DNA-Binding Protein 
Region Called The Homeodomain. This Binds At An Enhancer 
Genetic Regulatory Element And Activates Transcription. 
(Source: Brooker RJ: Genetics: Analysis & Principles, 3rd ed. New 
York: McGraw-Hill, 2008.)

HOXB13-Structural Description
The Abdominal-B (Abd-B) homeobox family contains the HOXB13 
gene, which codes for a transcription factor. HOXB13 is one of a group 
of hox genes that are in the 17q21–17q22 region of chromosome 17. 
3467 bp is the estimated length of the transcript, which codes for a 

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH

Biochemistry

International Journal of Scientific Research 13

Volume - 12 | Issue - 04 | April - 2023 | PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

ABSTRACT
In the development of epithelial prostate gland, the homeobox protein (HOXB13) plays a crucial role. The prostate gland pathogenesis is thought to 
be aided by the overexpression of HOXB13, which is observed throughout the development of prostatic tissue's malignant transformation. The 
tumor suppressor protein p21 is hypothesized to be inhibited by HOXB13 in androgen-decient circumstances. To have a deeper knowledge of 
HOXB13's function in prostate cancer, its crucial cascade partners in the ventral prostate development must be claried. In this review, we discuss 
the different roles of HOXB13 in other malignancies along with the prostate cancer including its functions such as wound healing, cellular 
differentiation, and angiogenesis.  
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protein of 284 amino acids. The DNA binding domain, also known as 
the homeodomain (DBD), which is composed of 60 amino acid 
residues and is highly conserved across species, is what gives HOX 
proteins their distinctive properties. To evaluate the tissue specic 
activity for various hox proteins, the ultrastructure study of DBD 
revealed the existence of three alpha helices, a highly conserved DNA 
binding domain, and a distinctive sequence outside the homeodomain 
[15].

Biological Actions Of HOXB13 Gene
All hox proteins, overall, function as transcription factors that control 
the genes involved in body segmentation during embryogenesis [1]. 
Hox genes regulate the axial determination of the anterior and 
posterior. Hox gene dysfunction can result in severe bodily 
deformities. Hox genes also contribute to the growth of secondary sex 
traits including the mammary glands [16, 17] and male accessory 
sexual organs in a variety of ways [3,18-20].

A)  Prostate Gland Epithelial Differentiation And The Function 
Of HOXB13

The HOX 13 paralogs play a crucial role in the formation of the 
prostate. Reduced branching has been seen in mouse prostate ducts 
carrying mutant HOXA13 and HOXD13 [18-21]. The normal 
development of the prostate also depends on the non-Hox 
homeodomain protein Nkx3.1, whose expression is androgen-
dependent [22,23]. The caudal extension of the spinal cord, the tail 
bud, and the urogenital sinus have all been linked to HOXB13 
expression [10,11]. HoxB13 is highly expressed in the prostate gland 
originating from the urogenital sinus and is not controlled by androgen 
stimulation, according to research [11,13]. According to reports, 
HOXB13 expression is conned to the prostate in adult mice, 
particularly the ventral lobe, descending colon, and rectum, which are 
all derived from the posterior endoderm [11]. Contrary to other 
prostate-specic genes, the higher accumulation of HOXB13 mRNA 
in castrated mice is evidence that HOXB13 expresses androgen-
independently [11,24]. Mice with mutant HOXB13 alleles had 100% 
penetrance, an atypical shape of the luminal epithelial cells, and a 
complete absence of the secretory proteins p12 and p25 in the ventral 
prostate [12]. HOXB13 is essential for differentiation processes like 
lipogenesis as well as the regulation of maintaining a balance between 
cell growth and proliferation [14]. HOXB13 co-regulates the nuclear 
receptor family protein AR. The proliferation and differentiation of 
cells in a healthy prostate gland are controlled by androgen stimulation 
via AR. For growth-specic genes including c-myc, fos, and jun to 
begin expressing, the AR works with several coactivators and 
HOXB13.

B)  HOXB13's Contribution In Skin's Reaction To Wound 
Healing 

Studies have revealed that the protein during foetal skin development 
is localized in the cytoplasm in addition to being expressed in the 
posterior endoderm. HOXB13 expression is downregulated in foetal 
skin that heals without scars, but it is unaffected in adult wounds, 
according to studies in SCID mice transplanted with human foetal and 
adult skin [25]. However, the hyperproliferative epidermis linked to 
Kaposi's sarcoma is where nuclear HOXB13 is more seldom 
expressed. The involvement of HOXB13 in the formation of adult skin 
was shown by its overexpression in the keratinocytes of the human 
foreskin [26] and the epidermal keratinocytes of the rat [27]. The 
excessively cornied rat keratinocytes caused by HOXB13 
overexpression highlight a potential role in the pathophysiology of 
skin [28]. The function of HOXB13 molecular partners is evident and 
the associated signaling cascade is in its early stages. 

C)  HOXB13's Significance In Angiogenesis And Endothelial 
Differentiation

Four HOX genes—HOXA7, HOXB3, HOXA3, and HOXB13—have 
recently been linked to major alterations in the expression patterns 
during angiogenesis in human bone marrow-derived mesenchymal 
stem cells (hMSCs). During endothelial cell development, HOXA3 
and HOXB13 expression levels fell whereas those of HOXA7 and 
HOXB3 were drastically enhanced. Evidence Certain studies support 
the hypothesis that these Hox genes, especially HOXB13, are crucial 
for hMSC's angiogenesis [28].

D)  The Function of HOXB13 in Prostate Cancer
PCa accounts for 15% of cancer diagnoses in males and is the fourth 
most prevalent malignancy in the globe [29,30]. PCa is the second-

leading cause of death among American men in the country [31]. About 
6 per 100,000 people in the Middle East have PCa, while the fatality 
rate is 5 per 100,000 [32]. Similarly, Prostate cancer incidence, clinical 
features, and fatality are very variable within India, with an urban 
population having a higher incidence. In several regions of India, the 
disease's prevalence is rising. There are only a few population-based 
cancer registries in India who reported the incidence data on PCa, 
further information on the actual incidence of the disease is scarce [33].
The androgen ligand encourages prostate tumor cell survival and 
growth after interacting with its receptor [34]. Androgen ablation or 
refraction with androgen antagonists is the main treatment that lowers 
prostate cancer risk. Prostate cancer cells that have undergone 
androgen ablation experience cell cycle arrest [35,36], however a 
return of androgen independent tumor is the main disadvantage of this 
therapy. It has been conclusively demonstrated that prostate cancer 
still develops in cells devoid of androgen [33,34,37]. Due to the 
multifocal nature of the malignancy, the causes of the prostate tumor 
growth despite androgen ablation are not fully understood.

A versatile AR regulator, HOXB13 controls the transcriptional 
activation or repression of several AR target genes. The dual role of 
HOXB13 in both positively and negatively regulating the interaction 
of AR with chromatin accounts for most of its intricate effect on AR 
transcriptional activity. As a result, HOXB13 plays a crucial function 
in the control of the cellular response to androgens [14]. As previously 
mentioned, HOXB13 inhibits androgen-mediated signaling, which in 
turn decreases the development of prostate cells. Additionally, 
HOXB13 controls prostate cancer cell proliferation by negatively 
regulating the expression of T-Cell Factor 4 (TCF-4), which in turn 
down-regulates or inhibits the TCF-4 responsive genes c-myc and 
cyclin D1 [38]. 

However, HOXB13 overexpression in LNCaP prostate cancer cells 
and androgen-independent cancer cell development advancement that 
was triggered by overexpressed HOXB13 were found in a recent 
analysis. The tumor suppressor gene p21 appears to be inhibited by 
HOXB13, which then appears to up-regulate E2F transcription factor. 
This results in the release of cyclin-dependent kinase 2, which then 
phosphorylates RB protein, releasing E2F1 and activating factors for 
cell proliferation like c-myc and p107 proteins. When there is an 
androgen deciency, E2F stimulates prostate cancer cells to proliferate 
[9]. These results demonstrate that whereas HOXB13 inhibits the 
proliferation of prostate cancer cells in the PC3 cell line by controlling 
androgen-mediated signals, higher levels of HOXB13 expression are 
linked to the advancement of tumor growth in the LNCaP cell line, 
which is androgen decient. Recent research has linked the recurrent 
germ line mutation G84E of HOXB13 to an increased risk of PCa in 
men of European heritage [39]. 

E)  HOXB13's Relevance In Other Malignancies
In addition to these malignancies, HOXB13 is also involved in 
malignant melanomas, endometrial, breast, ovarian, and renal tumors. 
HOXB13 seems to function as a tumor suppressor in malignant 
melanoma and kidney tumors. It has been demonstrated that 
methylation inactivates HOXB13 in renal carcinoma cells, and when 
exogenous HOXB13 is added, tumor invasion is prevented [7]. 
Likewise, re-expression of HOXB13 in malignant melanoma cells 
prevented the development of tumors [40]. On the other side, HOXB13 
acts as a growth promoter in hormone responsive cancers such ovarian, 
breast, and endometrial [5,6,8]. The invasiveness of ovarian, breast, 
and endometrial cancer cells is linked to HOXB13 overexpression. 
HOXB13 overexpression in breast cancer cells renders the cells 
resistant to tamoxifen treatment [41]. As a result, it has already been 
demonstrated that HOXB13 is relevant in predicting the pathologic 
status of breast cancer.

CONCLUSION
The correct growth of the prostate gland depends on HOXB13 gene. Its 
expression in the gland is unaffected by androgen stimulation and is 
necessary for the proper secretory function of the prostate as well as for 
the regular morphology of the prostatic epithelium. According to the 
research so far, HOX genes play numerous roles in embryonic and 
differentiated tissue development. The large size of the HOX gene 
family, tightly regulated spatial and temporal expression patterns, and 
slight variations in homeodomain sequences that result in specicity 
for different enhancer DNA sequences explain much of this functional 
diversity. The number of HOX genes, as well as the number of HOX 
gene clusters, varies greatly across phyla. Paralogous HOX gene 
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homology subtypes dened by homeobox sequence similarity have 
resulted from genomic amplication and evolutionary divergence. 
Furthermore, larger genomic events resulted in the amplication of 
entire HOX gene clusters, whereas subsequent losses resulted in 
clusters containing only a subset of the homolog subtypes. The 
increased number of genes and clusters enables HOX genes to play a 
wide range of roles. Despite this variation, the basic mechanism of 
HOX-mediated anterior-posterior patterning is highly conserved 
across species, manifesting in vertebrates as typical clustered genomic 
architecture and collinear pattern of expression, but most importantly 
as extensive coding sequence homology, particularly of the 
characteristic homeobox domain. HOXB13 likely plays a signicant 
role in prostate cancer. It also functions as a tumor suppressor, which 
prevents cells from growing and dividing too quickly or in an 
uncontrolled manner and thus further research is required to establish 
conclusive evidence supporting the overexpression of HOXB13 in 
androgen-decient prostate cancer cells as a biomarker for the 
prognosis of PCa.
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