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Abstract
Background: Prostate cancer is a complex condition, in which both genetic and environmental
factors concomitantly contribute to the tumor initiation and progression. Recently, HOXB

has

been proposed as a susceptibility gene for prostate cancer.
Objective: So the current study was conducted to test the existence of potential variations in
HOXB

gene in Iranian men with prostate cancer (PCa) compared to benign prostatic

hyperplasia (BPH) cases.
Methods: The HOXB

genetic status was screened in

tissue of PCa cases compared to

samples, including

blood and

cases affected by BPH using PCR/sequencing. Then

potential association between genomic DNA alterations in blood and tissue PCa specimens was
investigated
Results: Analysis of BPH tissues showed single nucleotide variations c.
> C (rs

C > T (rs) or c.

T

) in exon , but not in exon . Evaluation of PCa tissues revealed two cases with

both synonymous c.
synonymous c.

C > T and c.

C > T variant in exon

T > C variants and two cases with the
. The variants c.

C > T and c.

T > C

simultaneously or separately were found blood samples of PCa patients. The novel variant
c.

A > G in the exon

was detected in

PCa blood sample. Our analysis indicated a

significant reciprocal correlation between HOXB
(P=

mutation in tissue and blood in PCa cases

).

Conclusion: The variants in exon
evaluation of HOXB

of HOXB

may influence the risk of prostate cancer. Also,

mutation may be considered as a novel marker for screening of PCa.
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Further investigations are warranted to evaluate the clinical significance of HOXB

in Iranian

population.
Keywords: Prostate cancer, HOXB

, Benign Prostatic Hyperplasia, Variant, Iran

What is “already known” in this topic:
Prostate cancer is a complex condition, in which both genetic and environmental factors
concomitantly contribute to the tumor initiation and progression. Recently, HOXB

has been

proposed as a susceptibility gene for prostate cancer.
What this article adds:
There is no data about the role of HOXB
study showed that the variants in exon
Also, evaluation of HOXB

in development of PCa in Iranian men. The current
of HOXB

may influence the risk of prostate cancer.

mutation may be considered as a novel marker for screening of

PCa. Further investigations are warranted to evaluate the clinical significance of HOXB
Iranian population.

in
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Introduction
Prostate cancer (PCa) is considered the second most common malignancy after lung cancer in
men as well as the sixth leading cause of cancer-related death worldwide ( ). The -year survival
rate in benign prostatic hyperplasia (BPH) is about
distant organs would decrease to

%, but the occurrence of metastasis to

in PCa ( ). Depending on the tumor stage, therapeutic

options can be different ranging from radiation therapy to radical prostatectomy for the benign
localized tumor and anti-androgen therapy for metastatic types. It has been demonstrated that in
the case of hormonal therapy,

-

tumors will develop resistance and be more aggressive

which are known as castration-resistant prostate cancer (CRPC) ( ).
HOXB

is one of the members of HOX gene superfamily and possessing a broad range of

expression patterns from low levels in colon and rectum to high levels in the normal prostate
gland and prostate cancer ( , ). HOX gene superfamily encodes homeoproteins as transcription
factors having an important regulatory role in axial-regional differentiation during embryonic
development, cell proliferation and development of sex organs ( ). After screening

q

-

region as a susceptibility locus for prostate cancer performed by Ewing and his colleagues at the
beginning of
G E (rs

, HOXB

was introduced as a high-risk gene for PCa susceptibility ( ). The

) is a rare and recurrent mutation on a highly conserved domain of HOXB

protein that was observed in germline DNA of European descent men with prostate cancer ( ).
Subsequent studies showed a higher frequency of HOXB

G E mutation in positive history

and early-onset of PCa compared to healthy individuals ( ,
demonstrated HOXB

G

). A previous experiment

E as a novel mutation conferring the risk of PCa in Chinese men
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( ). It has been reported that overexpression of HOXB
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is correlated with advanced pathologic

stage of the disease, Gleason's score, the involvement of lymph node and shorter survival rate
( ). It has also been shown that HOXB

can be a potential candidate for clinical application by

itself, or in combination with other markers (

).

The accumulating evidence indicates the pivotal role of mutation or dysregulation of HOXB
gene in PCa, but there is no convincing data about this gene. Additionally, there is no data about
the role of HOXB

in development of PCa in Iranian men ( ). The current study aims to

explore the presence of HOXB

mutations in patients with PCa compared to BPH patients.

Materials and methods
Study population and clinical sample collection
A total of

samples (

PCa cases and

BPH cases) were recruited from a major referral

urology-nephrology center in Iran (Labbafinezhad Hospital) from July

to April

. The

written informed consents were obtained from all patients. Tissue specimens were obtained by
radical prostatectomy or transurethral resection (TURP) and were immediately snap-frozen in
liquid nitrogen and then stored at -

C until use. For each PCa patient, venous blood samples

were collected in ethylene diamine tetra acetic acid (EDTA) -containing tubes and stored at C for DNA extraction. The specimens were obtained before any treatment modalities, including
radiotherapy and chemotherapy. Clinicopathologic data of enrolled patients, including; age,
history of PCa in the family, smoking, serum prostate-specific antigen (PSA) level, and Gleason
score were collected and recorded. This study was approved by the Ethical Committee of Iran
University of Medical Sciences.
DNA extraction of frozen tissues and blood samples
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For analysis of HOXB

gene in PCa and BPH tissues and patients' blood, genomic DNA was

extracted using the YT

kit (Yektatajhiz, Tehran, Iran). TG buffer and Proteinase K were

added to tissues and incubated at
was added and incubated at

° C overnight. After finishing the tissue lysis, TG buffer

° C for

minutes. Then, ethanol was added and the mixture was

transferred to the column and after two times of washing, the DNA was precipitated. Genomic
DNA extraction of blood samples was performed using the YT

kit (Yektatajhiz, Tehran,

Iran) according to manufacturer's instructions. Briefly, BG buffer and proteinase K were added
to the blood sample and incubated at

C for

minutes. Then, ethanol was added and the

mixture was transferred to the column and after two times of washing, DNA was precipitated.
Quality and quantity of DNA were evaluated using gel electrophoresis and Nanodrop,
respectively.
Genotyping of HOXB

gene and sequence analysis

Two exons of HOXB

gene (NM_

μl reaction mixture contained

Each PCR reaction with
genomic DNA templates,
MgCl (

Mmol) and

) were screened for genetic variations by PCR.
µL of × reaction buffer,

µL of Taq DNA polymerase ( U/µL),

µL of

µL of each primer,

µM of dNTP ( Mm). After initial denaturation at

°C for

µL

min,

PCR cycles were performed using Biorad thermocycler (Bio-Rad Laboratories, Hercules, CA,
USA); each cycle for exon
extension at

°C for

included denaturation at

min and final extension at

°C in
°C in

s, annealing at

°C in

s,

min, respectively. All cycling

steps of exon are the same as exon

except annealing at

°C. PCR products were subjected to

electrophoresis on agarose gel (

) followed by staining with green viewer (

μg/ml) to

verify the anticipated length of amplified fragments. Direct sequencing was used with primers
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(table ). The sequencing was carried out by MACROGEN Company in South Korea using a
classic Sanger method with ABI.

Statistical analysis
The analyzing of sequencing data was performed by mutation surveyor software (SoftGenetics,
Pennsylvania, USA). All data were analyzed using SPSS software version
IL, USA). The correlation between HOXB

(SPSS, Chicago,

mutation and clinicopathological parameters were

evaluated using Pearson’s χ and Fisher's exact test. A p-value of ≤

was considered to be

statistically significant.
Results
Clinicopathological information and HOXB
The mean age of BPH cases was
BPH samples was

±

±

(range:

variations in BPH cases

years (range

-

–

years). Mean of PSA level in

). In the analysis of BPH tissues, six (

) of

cases had single nucleotide variation in exon , whereas no nucleotide change was found in exon
. Among six, three samples were c.
(rs

C > T (rs

T > C

) (Table ).

Clinicopathological information and HOXB
The mean age of PCa patients was
cases was
score

) and other three had the c.

±

(range:

–

±
). Eight (

variations in PCa cases
years (

) and four (

and , respectively, whereas Gleason scores

samples.

–

years). Mean of PSA level in PCa
) of PCa patients had Gleason

and higher was found in five (

) of PCa
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Investigation of PCa tissue samples demonstrated that four (

) cases had single nucleotide

variation in exon . Among them, two cases had the both synonymous c.
c.

T > C (rs

C > T (rs

) variants and two cases displayed the synonymous c.

(Table ). Evaluation of PCa blood samples revealed that nine (
exon , whereas only

C > T variant

) of cases had variant in

case showed variant in exon . The variants c.

were simultaneously found in two patients, c.

) and

C > T and c.

T>C

samples, c.

T>C

C > T was detected in

was seen in four PCa patients (Table ). In the exon , the novel variant c.

A > G was

detected in one PCa blood sample (Figure ). Exploration of the association between HOXB
mutation in tissue and blood in PCa cases showed a significant reciprocal correlation (P=

,

Figure ).
The association between HOXB
The relation between HOXB

mutations with clinicopathological data
mutation and clinicopathologic parameters in PCa and BPH

cases was explored using Chi-square test. Our analysis showed a significant association between
no mutation in HOXB

gene and low PSA level (<

(Table ). The HOXB

gene mutation showed a marginal trend between PCa compared to BPH

cases, X

( ,N=

)=

, p=

( ,N=

)=

, p=

. There was no significant association between HOXB

gene mutation with family history and smoking X
) = , p=

ng/ml), X

( ,N=

)=

, p=

and X

( ,N=

, respectively).

Discussion
Twin studies have shown that there is a strong genetic background in the predisposing of PCa in
comparison to other common cancers, including breast, ovarian, and colorectal cancers (

).

Therefore, a large body of studies has demonstrated that the correlation between genetic
variations, including single nucleotide polymorphisms (SNPs) and risk of PCa (

). Homeobox
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(HOXB
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) gene is implicated in the normal formation of the urogenital tract and its

dysregulation was reported as a strong candidate gene for developing PCa ( ,

,

).

In Iran, prostate cancer ranks as the third most common fatal malignant tumor and to the best of
our knowledge, there is no data regarding the analysis of HOXB

in Iranian men, thus; in the

current study, we explored the variant(s) in PCa patient tissues compared to BPH cases (

- ).

In addition, the potential variant(s) was investigated in the blood samples of PCa. All PCa tissues
with mutation in HOXB

gene (four cases) and the majority of PCa blood samples (six out of

nine cases) had c.

C > T variant (rs

c.

of HOXB

A>G in exon

). Surprisingly, our analysis showed a novel variant

in one case of PCa blood sample. In the BPH tissues with

mutation, our findings indicated that there are only c.
(rs

) variants. The correlation between HOXB

C > T (rs
G

E mutation (rs

prostate cancer risk has been investigated in European populations (
mutation was reported from

) or c.

,

T > C
) and

). The incidence of this

in northern European populations to

in the UK, but we

did not detect such mutation in Iranian men. In a study conducted by Hamid et al, evaluation of
HOXB

in prostate cancer cell lines revealed that HOXB

regulation (

has a key role in cell cycle

). Their analysis in Turkish population also showed increased expression of

HOXB

in prostate cancer compared to non-malignant prostate tissues ( ). No data on

HOXB

are available from Iraq and Pakistan for comparison.

Our findings also showed the significant correlation between HOXB

mutation in tissue and

blood samples of PCa patients. Varinot et al demonstrated more than
HOXB

sensitivity for

gene in metastatic cases of PCa ( ). A previous study also indicated that HOXB

gene had the sensitivity and specificity

and

for PCa, respectively (

). It can be
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may be considered as a potential marker for screening and

identification of PCa.
Screening HOXB
of HOXB

mutations in a large population of Iranian men will be suggested. Analysis

expression at the levels of both gene and protein could shed light on cellular and

molecular aspects of the function of this gene in prostate cancer tumorigenesis. Also, evaluation
of HOXB

along with other prostate cancer susceptibility genes, including BRCA , BRCA

and androgen receptor (AR) is warranted.
Conclusions
Totally, the variations in the exon , but not exon , were found in the BPH samples. The
variants in exon

of HOXB

evaluation of HOXB

may influence prostate cancer susceptibility. Furthermore,

mutation may be considered as a novel marker for screening of PCa.

Further investigations are warranted to evaluate the clinical significance of HOXB

in Iranian

population.
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Table : The sequence of HOXB

Primer

Forward

EXON

CGAGCTGGGAGCGATTTA

EXON

GCCTGTAGGGTGACCTGTGT

doi:10.20944/preprints201807.0159.v1

primers for exon

Reverse
AGCTCCAAGTCTCCCTCCTC
TCCGTCTCCCTGCACATACT

and exon

Product size (bp)

Tm ( ºC)
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Table : Somatic HOXB

Patient Code

doi:10.20944/preprints201807.0159.v1

variants detected in benign prostatic hyperplasia.

Location

cDNA

rs Number

Classification

Variant Type

Alteration
A-

Exon

c.

C>T

rs

Heterozygote

Synonymous

C-

Exon

c.

C>T

rs

Homozygote

Synonymous

D-

Exon

c.

T>C

Heterozygote

Synonymous

D-

Exon

c.

C>T

Heterozygote

Synonymous

H-

Exon

c.

T>C

rs

Heterozygote

Synonymous

C-

Exon

c.

T>C

rs

Heterozygote

Synonymous

rs
rs
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Table : Somatic HOXB

Patient Code

Location

Exon

doi:10.20944/preprints201807.0159.v1

variants detected in prostate cancer patients

cDNA Alteration

rs Number

Classification

Variant Type

rs

Heterozygote

Synonymous

c.

C>T

c.

T>C

Exon

c.

C>T

rs

Heterozygote

Synonymous

Exon

c.

C>T

rs

Heterozygote

Synonymous

Exon

c.

C>T

rs

Heterozygote

Synonymous

c.

T>C

rs

rs
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Table : Germline variants detected in prostate cancer patients.

Patient
Code

Location

cDNA
Alteration

rs Number

Classification

Variant Type

Heterozygote

Synonymous

c.

C>T

rs

c.

T>C

Exon

c.

C>T

Exon

c.

T>C

rs

Heterozygote

Synonymous

Exon

c.

T>C

rs

Heterozygote

Synonymous

Exon

c.

T>C

rs

Heterozygote

Synonymous

Exon

c.

A>G

Heterozygote

New Variant

Exon

c.

T>C

Heterozygote

Synonymous

Exon

c.

C>T

rs

Heterozygote

Synonymous

Exon

c.

C>T

rs

Heterozygote

Synonymous

c.

T>C

Exon
rs
rs

rs

rs

Heterozygote

Synonymous
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Table : Association between patient characteristics and HOXB
shown in bold, are statistically significant.)
Patient characteristics
Mean of age
<

vs >

PCa vs BPH
PSA level
<
>
Family history
Yes vs no
Smoking inhalation
Yes vs no

P-value
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gene mutation (The values
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Figure : The c.

A>G variant in exon
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of blood of prostate cancer (Code=

)
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Figure : The correlation between HOXB
prostate cancer patients
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gene mutation in tissue and blood specimens of

