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Abstract

Prostate cancer is the sixth most common cancer in the world, the second most common cancer
in men in developed countries. Development of prostate cancer as any other cancer could be
provoked by accumulation of mutations in various genes: oncogenes, tumor suppressor genes,
DNA repair genes, and epigenetic alterations. The mammalian Hoxhomeobox genes are
transcription factors that regulate axial regional specialization during embryonic development.
The present study including 67 patients and 70healthy control, genomic DNA was extracted from
all blood samples (patients and controls) and the HOXB13 gene was amplified using PCR
technique and sequencing in order to detect the genetic variation. Three variation sites were
detected in exon one of HOX B13 gene, A1098G (rs9900627), G951A (rs8556), C773T
(rs199813155). As a result of changing the base A by G in (A1098G) rs9900627, three
polymorphisms were detected, the statistical analysis found that AG polymorphism increases the
risk of disease about one and a half fold (OR=1.4) while AA and GG were not significant.Our
study detected ten genotypes in exon 1, AGC genotype was the wild type while the other nine
were novel and recorded in DDBJ as a new genotype in the world RGC (LC483165.1), GGC
(LC483166.1), RRC (LC483167.1), ARC (LC483168.1), AAY (LC483170.1), ARY
(LC483172.1), AAC (LC483173.1), AGY (LC483171.1) and RGY (LC483169.2).
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Introduction

Prostate cancer is the sixth most common cancer in the world, the second most common cancer
in men in developed Western countries, including European countries, the United States,
Australia, New Zealand, and parts of Africa.Prostate cancer is strongly associated with the

advanced age, the majority of the cases diagnosed at age more than 60 years, the mean age about
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(65-70) years (1, 2).Classical risk factors including family history, advanced age, genetic
variation, race and environmental factors such as diet, type of work, cigarette smoking, physical
activity as well as inflammation of the prostate gland (3, 4). In adult human, the prostate gland is
small corn-shaped tissue divided into three distinct morphological regions: central zone,
transitional zone, and peripheral zone. Prostate carcinoma arises from peripheral zone while
Benign Prostatic Hyperplasia(BPH) occur mainly in transitional zone (5).Development of

prostate cancer as any other cancer could be provoked by accumulation of mutations in various

genes: oncogenes, tumorsuppressor genes, DNA repair genes, and epigenetic alterations. The
mammalian Hoxhomeobox genes are a transcription factors that regulate axial
regional specialization during embryonic development. TheHox genes are
separates to four unlinked genetic clusters (a-d), each clustercontains 9 to 11
genes.HOXB13 gene located on chromosome 17921 (6), consists of two exons
and essential for prostate organogenesis, as well asoverexpressed in prostate
cancer (7-9). The association between the HOXB13 gene and prostate cancer
shown tobe caused by the c.215G>A, p. G84E variant (rs138213197) in the

HOXB13 gene (8, 10, 11).

Material and methods

In the present study sixty-seven blood samples were collected from prostate cancer patients in
Al-Sadder Teaching Hospital — Basrah Center for Oncology and Hematological Disease, their
ages range between (45-90) years old. On the other hand, seventy blood samples of males
without cancer were collected as a control group their ages range between (45-90) years old.
Two ml of peripheral blood was drawn by sterilized syringe from the two groups in sterilized
EDTA tubes. The genomic DNA was extracted by using genomic DNA Mini Kit (Geneaid,
Taiwan) after that detected by 0.8% Agarose Gel Electrophoresis, containing Ethidium bromide,
and viewed under UV transilluminator (300nm). HOXB13 gene amplification done by PCR
technique,using a pair of primers, F- 5°- CGAGCTGGGAGCGATTTA -3’and R- 5’-
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AGCACCAAGCTCATCCTCAC -3°. The PCR program includes initial denaturation at 95°C for
five minutes, subsequently 30 cycles of denaturation at 95°C for 30 second, annealing at 60°C for
30 second and extension at 72°C for 1 minute. The final extension was done at 72°C for 5
minutes. Thirty-five pl of PCR products were transmitted to Macrogen Company
“http://dana.macrogen.com” for sequencing. The sequencing results were analyzed and
processed by using Basic Local Alignment Search Tool “BLAST” to search for the homologous

sequence in the National Center for Biotechnology Information

database(NCBI)http://www.blast.ncbi.nIm.nih.gov.Descriptive statistics were applied to describe
patients and controls characteristic according to use percentage. ORs and 95%CLs were

calculated by using the SPSS program. OR were considered significant if OR >1.5.

Result

The extracted genomic DNA was electrophoresis on 0.8% agarose gel as shown in fig.1.

Figure 1. Total genomic DNA on agarose gel electrophoresis (0.8%, 60Vfor

30 minutes). (1-8) patients and control groups.
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The PCR products of HOXB13 gene were detected by using 2% agarose gel electrophoresis as
shown in (fig.2), the product size is 900 bps.

1500bp
1000bp

500bp

100bg

Figure 2: Agarose gel electrophoresis (2%, 60Vfor 90 minutes) for
PCR Products of HOXB13 gene (900 bps).

The result found that AG polymorphism of Rs9900627 SNPs was slightly increase the risk of
prostate cancer (OR=1.4) while other polymorphisms were not significant as shown in table 1.
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Table (1) Distribution of polymorphisms among patients and control groups

Polymorphism Controls Patients OR 95% CI
1 | Rs9900627 AA 44 (63%) 38 (57%) 1.0 | -
c.A1098G AG 23 (33%) 28 (42%) 1.4 0.699-2.849
GG 3 (4%) 1 (1%) 0.38 | 0.03-3.867
2 | Rs8556 GG 44 (63%) 44 (63%) 1.0 |
c.G951A AG 24 (34%) 21 (31%) | 0.875 | 0.426-1.787
AA 2 (3%) 2 (3%) 1.0 | 0.135-7.419
3 | Rs199813155 cC 68 (97%) 65 (97%) 10 | ---mm-
c.C773T CT 2 (3%) 2 (3%) 1.046 | 0.143-7.647

OR= Odds ratio, 95%CI1=95% confidence interval

Three SNPs have been detected in 67 Patients samples (figure 3 a, b and c).

The study subjects were classified into nine genotypes as in (figure 4).
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A - Rs9900627 A>G

CTGGC TG TTCCAGCCACCAGC G AGAGCCCARG AC TG G TAACTGTCECACAG

B- RS8556 oA
GGAT#GA#GGCAA#CTCAGTGGGGCG CTGGGGTACTCTTCCCCGGCCGTGI
(- RS199813155 c:-T

GGG CACCCCAGGGOCATGGEGTG G LCATTGCTTTGGCGGCTCCGCCGAGCCETG

LU /\/\A It

Figure (3) A-Sequences of detected polymorphisms, Synonymous variant rs 9900627(A>G),
position in cDNA 1098. B- Sequences of detected polymorphisms, Synonymous variant rs 8556
(G>A), position in cDNA 951. C- Sequences of detected polymorphisms, missense variant

rs199813155 (C>T), was change amino acid C/Y, it is position in cDNA 773

Twenty-one from patients were carrying the wild type of HOXB13 gene against (29) from the
control group shown in table (2). On the other hand, (10) patients were carrying two SNPs
against (12) from control group while patients who carrying one SNPs were (37), control (29).

Patients with one SNPs were significant to develop prostate cancer about two-fold (OR=1.76,

95%C1=0.838-3.703, comparing with wild type.
Table (2) Distribution of SNPs between Patients and Controls individuals
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SNPs control | patient OR 95%ClI
wild 29 21 i
Three SNPs 0 o | - | -
Two SNPs 12 10 1.15 0.419-3.159
One SNPs 29 37 1.76 0.838-3.703

OR= Odds ratio, 95%CI1=95% confidence interval

We retested 10 genotypes in DDJB and NCBI, AGC was wiled genotype and nine were novel
genotypes (RGC, ARC, RRC, GGC, AAY, AAC, ARY, AGY, and RGY) as shown in figure (4).

Genotype sequence

Genotype &

Accession number

130

O A A, A A o

130

330 500

GCCCARAGACTGGTAACT GGGGCGGETGGGGT GGETGGCATTGCET

RGC
(LC483165.1)

130

330

GCECAAGACTGGTAACT:GGGEGAETGGGGT CEGTGEGCATTGCET
210

Ay o

3CCCAAGACTG GTAACT GGGBCGGCTGGGGT GGGTGGEATTGET AGC
180 190 330 510 (LC483174.1)
I
A VAR AR W\Mf\f\l\
ARC

(LC483168.1)

RRC
(LC483167.1)
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GCCCAAGAETGGTAACT.;.;.;.;.;.;A.;TGGGGTPGGGTGGEATTGET
180 500 510

A A e

GCCCAGG ACTGGTAACT GGEGGCGEGCTGGGGITEGGETEGECATTEET
330 a00 Ell

GGC
(LC483166.1)

AAY
Gl:cEAAGAETGGTAAEIGGGGI:GACTGGGGTTGGGTGGEATTGETT (LC483170.1)
180 320 330 500 '
|| 'H'I “ I"'
I
AAC

GCCCAAGACTG GTAACT GGGCGACTGGGGTATGGGTGGCATTGCCT
150 330 500 510

A A o

(LC483173.1)

SCCCAAGACTGGTAACT: s AC TG ATGGGTGGCATTGCT
180 120 500 510

S

ARY
(LC438172.1)

3ccEAAGAETGGTAAETGGGGEGGCTGGGGTATGGGTGGEATTGET
330 510

/\"WWW\/\MWUWM"“M~

AGY
(LC483171.1)

EECEAAGAETGGTAACTGGGGCGGETGGGGATGGGTGGCETTGET RGY
180 190 500 510 (LC4831692)
|I1| IrI| |I‘I| f II"I
j\ I | N II UII1I| f I||._|I
Figure 4 Sequences of HOXB13 novel genotype which submitted to(DDBJ)
R=AorG,Y=CorT
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Table (4) explained the distribution of genotype among patients and control groups. The most
frequent genotypes were AGC in both patients and control groups which is the wild genotype
according to NCBI.

The RGC genotype was significantly higher in patient then ARC genotype

Table 4 Distribution of HOXB13 genotypes among patients and control group

genotype | Control patient O.R. 95/Cl
1 AGC 29 (41.4%) |21(313%) [10 [ -
2 RGC 10 (14.3%) |21 (31.3%) [ 3.0 1.141-7.89
3 GGC 3 (4.2%) 1 (1.5%) 0.428 0.042-4.422
4 RRC 10 (14.3%) 6 (8.9%) 0.857 0.263-2.789
5 ARC 14 (20%) 14 (20.9%) 1.384 0.538-3.566
6 AAY 0 1(15%) |- [ e
7 AGY 1 (1.4%) 1 (1.5%) 1.285 0.076-21.784
8 ARY 0 1(1.5%) |- ] e
9 AAC 2 (3%) 1 (1.5%) 0.642 0.055-7.579
10 RGY 1 (1.4%) I )

OR= Odds ratio, 95%CI1=95% confidence interval

Discussion

Homeobox B13(HOXB13) gene belong to evolutionary conserved HOXB gene cluster located
on chromosome 17921 coding for transcriptional factor (TF) and together with androgen
receptorplay a crucial role in development and maintenance of prostate gland, mutations in this

gene causing the formation of tumor and prostate cancer (12-14).
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In our study, exon 1 from the HOXB13 gene was screened in the 17g21-22 region by sequencing
gremlin DNA from 67 patients with prostate cancer and 70 persons as the control group, to
characterize the frequency of the identified mutations. Three SNPs diagnosed, rs9900627
synonymous variant, c.A1098G detected in 26 patients and 29 of the control group. Another
mutation was rs8556 synonymous variant, c.G951A detected in 26 patients and 23 control group
while rs199813155 missense variant, ¢.C199813155T detected in 2 patients and 2 control.
HOXB13 has several forms called polymorphisms as shown in table (1), polymorphisms
occurred due to rs9900627 changing the site of A to G (AA, AG, GG). AG polymorphism
slightly associated with increased the risk of prostate cancer about one and half fold (OR=1.4,
95%CI1=0.699-2.849,P value=0.337) while GG were not showing a significant association.

The rs8556 cause (GG, AG, AA) according to changing the base of G by A, GG polymorphism
as well as AG, AA were not significant for causing prostate cancer. Two polymorphism CC, CT
of rs199813155 occurred due to replace the base of C for T, these polymorphisms also were not
significant for prostate cancer. The benefits of the variants of the gene are increased HOXB13
copies (15).Table (3) explained the distribution of these ten genotype among patients and control
groups, the wild type AGC was the most frequent genotype in both patients 21(31.3%) and
control 29(41.4%), AGC was the wild type while the other nine genotypes were novel and
recorded for the first time in DDBJ and NCBI as anew genotype (RGC, GGC, RRC, ARC, AAY,
AGY, ARY, AAC, RGY).The prostate cancer risk was increased to threefold in individuals
having the RGC genotype (OR=3, 95%CI=1,141-7.89, P value=0.0236).

In normal prostate, the highly expressed HOXB13 transcription factor plays a key role in the
development of the prostate. Notably, HOXB13 has been shown to interact with the androgen
receptor (AR), A protein essential for prostate development and necessary for the growth of all
stages of prostate cancer. Norris demonstrated that HOXB13 acts as both a repressor and
coactivator of AR target genes; in target genes with an androgen-response element (ARE) the
HOXB13: AR complex inhibits transcription, but in genes with a HOX element, the complex
enhances

transcription.HOXB13 was reported to act as a growth promoter and growth suppressor inmodels
of prostate cancer, depending on factors such as tumor androgen sensitivity status and cellular
localization of the protein. The G84E variant results in an increase or loss of gene function or

increases the risk of prostate cancer through other mechanisms (12, 16).Table (2) shows the
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distribution of SNPs among patients and control groups.We found that some patients and control
have more than one SNPs, the statistical analysis indicate that prostate cancer has increased
about two-fold in individuals having one SNP (OR=1.7, 95%CI1=0.838-3.703). The result has not
found any patient with three SNPs.These results may be attributed to the interaction between
environmental and genetic factors as common caused for prostate cancer (17-21). Our study
agreed with (8, 17) in these studies screened many genes in the 17921-22 region by sequencing
gremlin DNA from 94 unrelated patients with prostate cancer from families chosen to link to the
applicant region. The members of the family were tested, additional case subjects and control
subjects to characterize the frequency of the identified mutations. Probands from four families
were discovered to have a rare but recurrent mutation (G84E) in HOXB13 (rs138213197), The
novel HOXB13 G84E variant is associated with a significantly increased risk of hereditary
prostate cancer (8).Many studies agreed with our result such as (6, 21-23) about the relationship
between the mutations in this gene with prostate cancer disease.The study of (24) indicates that
the variants in axon 2 of HOXB13 may influence the risk of prostate cancer. Also, evaluation of
HOXB13 mutation may be considered as a novel marker for screening prostate cancer. by
screening 51 samples, including 21 blood and tissue of prostate cancer cases, and compared to 30
cases affected by BPH using PCR/sequencing. Then, the existence of potential association was
investigated between genomic DNA alterations in blood and tissue prostate cancer
specimens.Given the recent evidence that the G84E mutation confers a more aggressive clinical
and pathological (25, 26), evaluation of the HOXB13 could be of a significant prognostic
outcome.

Conflict of Interest
We clarify that there is no conflict of Interest between authors

References

1. Tao Z, Shi A, Wang K, Zhang W. Epidemiology of prostate cancer: current status. Eur Rev Med
Pharmacol Sci. 2015;19(5):805-12.

2. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA: a cancer
journal for clinicians. 2018;68(6):394-424.

3. Bostwick DG, Burke HB, Djakiew D, Euling S, Ho Sm, Landolph J, et al. Human prostate cancer
risk factors. Cancer: Interdisciplinary International Journal of the American Cancer Society.
2004;101(510):2371-490.

4, Shaneyfelt T, Husein R, Bubley G, Mantzoros CS. Hormonal Predictors of Prostate Cancer: A
Meta-Analysis. Journal of Clinical Oncology. 2000;18(4):847-.

http://annalsofrsch.ro 1614



Annals of R.S.C.B., ISSN: 1583-6258, Vol. 25, Issue 6, 2021, Pages. 1604-1616
Received 25 April 2021; Accepted 08 May 2021.

5. McNeal JE. Cancer volume and site of origin of adenocarcinoma in the prostate: relationship to
local and distant spread. Human pathology. 1992;23(3):258-66.

6. Quinonez SC, Innis JW. Human HOX gene disorders. Molecular genetics and metabolism.
2014;111(1):4-15.

7. Jung C, Kim R-S, Zhang H-J, Lee S-J, Jeng M-H. HOXB13 Induces Growth Suppression of Prostate
Cancer Cells as a Repressor of Hormone-Activated Androgen Receptor Signaling. Cancer Research.
2004;64(24):9185.

8. Ewing CM, Ray AM, Lange EM, Zuhlke KA, Robbins CM, Tembe WD, et al. Germline mutations in
HOXB13 and prostate-cancer risk. The New England journal of medicine. 2012;366(2):141-9.
9. Zabalza CV, Adam M, Burdelski C, Wilczak W, Wittmer C, Kraft S, et al. HOXB13 overexpression is

an independent predictor of early PSA recurrence in prostate cancer treated by radical prostatectomy.
Oncotarget. 2015;6(14):12822.

10. Faisal* F, Alshalalfa M, Davicioni E, Karnes RJ, Isaacs W, Lotan T, et al. MP68-
10&#x2003;HOXB13 EXPRESSION AND ITS ROLE IN PROSTATE CANCER PROGRESSION AND
NEUROENDOCRINE DIFFERENTIATION. Journal of Urology. 2019;201(Supplement 4):e979-e.

11. Zhang J, Xiao L, Qin Z, Xu A, Zhao K, Liang C, et al. Association between germline homeobox B13
(HOXB13) G84E allele and prostate cancer susceptibility: a meta-analysis and trial sequential analysis.
Oncotarget. 2016;7(41):67101-10.

12. Norris JD, Chang C-Y, Wittmann BM, Kunder RS, Cui H, Fan D, et al. The Homeodomain Protein
HOXB13 Regulates the Cellular Response to Androgens. Molecular Cell. 2009;36(3):405-16.

13. Johng D, Torga G, Ewing CM, Jin K, Norris JD, McDonnell DP, et al. HOXB13 interaction with
MEIS1 modifies proliferation and gene expression in prostate cancer. The Prostate. 2019;79(4):414-24.
14. Ouhtit A, Al-Kindi MN, Kumar PR, Gupta |, Shanmuganathan S, Tamimi Y. Hoxb13, a potential
prognostic biomarker for prostate cancer. Front Biosci (Elite Ed). 2016;8:40-5.

15. Ayyob AN, Al-Badran Al, Abood RA. Association of TTTA polymorphism in CYP19 gene with
endometrial and ovarian cancers risk in Basrah. Gene Reports. 2019;16:100453.

16. Kim Y-R, Oh K-J, Park R-Y, Xuan NT, Kang T-W, Kwon D-D, et al. HOXB13 promotes androgen
independent growth of LNCaP prostate cancer cells by the activation of E2F signaling. Molecular Cancer.
2010;9(1):124.

17. Clapp RW, Jacobs MM, Loechler EL. Environmental and occupational causes of cancer: new
evidence 2005-2007. Reviews on environmental health. 2008;23(1):1-38.

18. Vaidyanathan V, Naidu V, Kao CH, Karunasinghe N, Bishop KS, Wang A, et al. Environmental
factors and risk of aggressive prostate cancer among a population of New Zealand men - a genotypic
approach. Molecular bioSystems. 2017;13(4):681-98.

19. Lim JT, Tan YQ, Valeri L, Lee J, Geok PP, Chia SE, et al. Association between serum heavy metals
and prostate cancer risk - A multiple metal analysis. Environment international. 2019;132:105109.

20. Sritharan J, MacLeod J, Harris S, Cole DC, Harris A, Tiepkema M, et al. Prostate cancer
surveillance by occupation and industry: the Canadian Census Health and Environment Cohort
(CanCHEC). Cancer medicine. 2018;7(4):1468-78.

21. Ju-Kun S, Yuan DB, Rao HF, Chen TF, Luan BS, Xu XM, et al. Association Between Cd Exposure
and Risk of Prostate Cancer: A PRISMA-Compliant Systematic Review and Meta-Analysis. Medicine.
2016;95(6):e2708.

22. Xu J, Lange EM, Lu L, Zheng SL, Wang Z, Thibodeau SN, et al. HOXB13 is a susceptibility gene for
prostate cancer: results from the International Consortium for Prostate Cancer Genetics (ICPCG). Human
genetics. 2013;132(1):5-14.

23. Bhatlekar S, Fields JZ, Boman BM. HOX genes and their role in the development of human
cancers. Journal of molecular medicine. 2014;92(8):811-23.

http://annalsofrsch.ro 1615



Annals of R.S.C.B., ISSN: 1583-6258, Vol. 25, Issue 6, 2021, Pages. 1604-1616
Received 25 April 2021; Accepted 08 May 2021.

24. Roudi R, Nemati H, Rastegar Moghadam M, Sotoudeh M, Narouie B, Shojaei A. Association of
homeobox B13 (HOXB13) gene variants with prostate cancer risk in an Iranian population. Med J Islam
Repub Iran. 2018;32:97.

25. Bhanvadia RR, VanOpstall C, Brechka H, Barashi NS, Gillard M, McAuley EM, et al. MEIS1 and
MEIS2 Expression and Prostate Cancer Progression: A Role For HOXB13 Binding Partners in Metastatic
Disease. Clinical cancer research : an official journal of the American Association for Cancer Research.
2018;24(15):3668-80.

26. Barresi V, leni A, Cardia R, Licata L, Vitarelli E, Reggiani Bonetti L, et al. HOXB 13 as an
immunohistochemical marker of prostatic origin in metastatic tumors. APMIS : acta pathologica,
microbiologica, et immunologica Scandinavica. 2016;124(3):188-93.

27. Damor, Azadchandra S., et al. "Genetic Divergence Study In Bottle Gourd [Lagenaria Siceraria
(Mol.) Standl.]." International Journal of Agricultural Science and Research (IJASR) 7.4 (2017): 263-268.

28. Kumar, A. N. U. J,, et al. "Analysis of variability, heritability and genetic advance for yield and
yield related trait in wheat (Triticum aestivumL.) genotypes." Inter. J. Agri. Sci. Res 7 (2017): 4.

29. Kumari, S. SURYA, et al. "Genetic divergence and combining ability studies for exploitation of
heterosis in paprika (Capsicum annuum L.)." International journal of agricultural science and
research 4.2 (2014): 59-66.

30. Jan, N. U. S. R. A. T, E. P. Lal, and SUBHASH C. Kashyap. "Genetic diversity study of elite rice
genotypes for seed and seedling traits." Int. J. Agr. Sci. Res 6.6 (2016): 123-132.

31. Magotra, Ankit, Anika Malik, and B. L Pander. "Candidate Genetic Markers Associated with
Thermo-Tolerance in Animals." International Journal of Applied and Natural Sciences (IJANS) 6.6 (2017):
61-72.

32. Faraj, Salah H., Asaad Y. Ayied, and Khalaf AH Al-Rishdy. "Single Nucleotide Polymorphisms in
the promoter of CYP19 gene in cattle bred in Iraq." Basrah J. Agric. Sci. 33.1 (2020): 89-97.

http://annalsofrsch.ro 1616



