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Abstract

SNP mutations in the HOXB13 gene associated with prostate cancer were de-
termined in Moroccans prostate cancer patients (PCa). All PCa SNP muta-
tions were new and belong to the SNP point-mutations located on the stop
codon of HOXB13 exon 1 and 2 located in chromosome 17. The five muta-
tions and their frequencies were as follows: rs1197613952 (12%), rs1597934612
(4%), rs1597933874 (4%), rs1597933837 (4%) and rs867793282 (4%). The
European HOXB13-G84E (rs138213197) PCa mutation was not detected
among Moroccan patients. The Y-chromosome genealogical haplotypes of the
Western European (R1b1b2-M2G9) and the Eastern European (R191a-M-17)
were not observed in Moroccans PCa patients. The patients have their own
haplotypes E1bl and J with a frequency of 55 and 35%, respectively. The re-
sults of the SNP mutations in the HOXB13, the absence of the HOXB13-G84E
of the European in the Moroccans PCa patients, the absence of the Euro-
pean-lineage haplogroups (Rlala-M17 and R1b1b2-M269) and the presence
of E1b1b and ] in Moroccans PCa patients would clearly indicate the absence
of gene flow from European to Moroccans gene pool.
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1. Introduction

Recently, there has been a growing global research interest on profiling of the
prostate cancer HOXB13 mutations, which is population-based and associated
with the males’ genealogy in different population [1]-[9]. Prostate cancer is the
second most prevalent cancer in males, and the sixth cause of cancer-related
deaths since it was first reported, and before the outset of the prevalence of the
HOXBI13-G84E mutation [10]. Furthermore, the germline HOXBI13-G84E mu-
tation has consistently been associated with prostate cancer (PCa) risk among
European pedigree [7] [10] [11] [12] [13] [14]. More recently, in a wide-range
population study that included results from the UK Biobank, it was documented
that the G84E mutation was found in 1545 (0.34%) subjects out of 460,224 par-
ticipants of European pedigree [15]. On the contrary, further evidence to but-
tress and substantiate this assertion showed that the G84E mutation was not
found among prostate cancer males of both African and Asian descent [12] [16].
For several years, our research outcomes on the Y-chromosome haplogroups of
Arabs genealogical-lineages as determined by mutations of the Short Tandem
Repeats (STRs) of the non-recombined region of the Y-chromosome showed
that the epidemiology of cancers correlates with the genealogy and ethnicity of
the population clusters [9] [17] [18] [19] [20] [21]. This has prompted the scien-
tific question on whether the incidence of such ancestral-based mutation of
prostate cancer in males is associated with or can be predicted by the gene flow
in males’ haplogroups and their genealogical-lineages vis-a-vis profiling of the
Y-chromosome among different population. Consequently, we hypothesized the
presence of allelic heterogeneity in prostate cancer mutation among Moroccan
prostate cancer patients and European males. Our objectives were to determine
and profile the gene flow of HOXI13B-G84F and the Y-chromosome haplo-
groups (R1b1b2-M269 and Rlala-M17) from European to Moroccan males
taking into cognizance the fact that both populations are located on the very
busy crossing route of human historical migration between the two ancient con-
tinents of Europe and Africa. Morocco was our preferred choice for this study,
because it is located in the northwestern part of Africa, and has the closest
proximity (with just 14 km away from Spain across the Gibraltar strait and the
Atlantic Ocean to the west) for any possible reciprocal human migration to and
from Europe. Additionally, Morocco represents a unique population cluster for
testing our hypothesis, because it presented a vehicle to determine if there was a
gene flow profile of the HOXBI3-G84F mutation of prostate cancer associated with
the European genealogy gene flow (if any) of the R1b1b2-M269 and Rlala-M17
Y-chromosome haplogroups from Europe into Morocco.

2. Materials and Methods

2.1. Genotyping of the Single Nucleotide Polymorphism (SNP) and
PCR of HOXB13 Gene Cluster on Chromosome 17q21-22

A total of 50 fresh prostate biopsies were collected from 50 men undergoing
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treatment for prostate cancer in Rabat City, Morocco. DNA processing and ge-
notyping were conducted at the oncology and virology laboratory of the Faculty
of Sciences and Techniques, Mohammedia, Morocco. DNA purification, se-
quencing and genotyping were performed at the innovation center facility of
Fez, Morocco. DNA samples were collected from prostate cancer tissues. Sample
size in the neighborhood of <25 mg of minced tissue was placed in a sterile mi-
crocentrifuge tube for the purpose of centrifugation. DNA was separated from
tissue samples employing PureLink Invitrogen genomic DNA Mini Kit, Thermo
Fisher Scientific, USA, according to the manufacturer’s protocol. DNA was
quantified using the Nanodrop spectrophotometer. Samples with a DNA con-
centration of 20 - 50 ng/ul or above were selected for the polymerase chain reac-
tion. The specific HOXB13 gene accession: (NM_006361.5) exons: one and two
were targeted by polymerase chain reaction employing specific primers de-
scribed elsewhere (23). A total volume of 15 pl PCR containing genomic DNA (8
ng), 2x Taq PCR Master Mix Kit, Qiagen USA, 10 pumol forward and reverse
primers were employed to carry out the polymerase chain reaction. PCR prod-
ucts were then purified before genotyping of the HOXB13-G84F (rs138213197)
SNP using forward and reverse primers as customized by the manufacturer on
ABI Prism Genetic Analyzer 3130, and BigDye XTerminator® Purification Kit (Ap-
plied Biosystems, Foster City, CA). The resultant mutations were compared with
RefSeq reference: (NM_006361.5). All the resultant novel mutations discovered in
this study were submitted to ClinVar-NCBI Database and registered as clinical re-
levance variants, Condition ID type: MedGen, Condition ID value: C4722327
(Hereditary prostate cancer 1) under accession numbers: (SCV000993781 -
SCV000994542).

2.2. Genotyping of the Y-Chromosome STRs and Haplogroup
Lineages Prediction

A total of 160 Moroccan blood samples were collected and subjected to DNA
extraction procedures to determine the 17 loci: (DYS456, DYS389i, DYS390,
DYS389ii, DYS458, DYS19, DYS385a, DYS385b, DYS393, DYS391, DYS439,
DYS635, DYS392, TAGA H4, DYS437, DYS438, and DYS448). DNA was iso-
lated according to the manufacturer’s protocols employing the Wizard Genomic
DNA Isolation Kit® (Promega, USA). The Bio-Rad SmartSpec Plus spectropho-
tometer was employed to determine the purity of DNA in compliance with the
quality control check procedure. Electrophoresis was carried out using the Ho-
rizon 58 Agarose Gel Electrophoresis apparatus, which was required for photo-
graphing of the ethidium bromide stained gel. Gene amplification was con-
ducted on the GeneAmp PCR System 9700 Thermo Cycler (Applied BioSystem)
employing the Amp FISTR” Yfiler™ PCR Amplification Kit (AmpFISTR Yfi-
ler™) containing the allelic ladder. Thereafter, the STRs allelic genotyping were
determined according to the manufacturer’s protocols using the ABI Prism®310
Genetic Analyzer (Applied BioSystems) equipped with the GeneScan 500 Liz
Size Standard (LIZ-500) data collection software, version 3.1 and GeneMapper
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ID Software, version 4. The allelic data were produced by the Genetic Analyzer,
which was collected by the Data Collection Software, version 3.1 and analyzed by
the Gene Mapper ID software, version 4 (GeneScan analysis software and Geno-
typer software). Alleles were determined based on the recommendations of the
DNA Commission of the International Society for Forensic Genetics. The
Y-chromosome haplogroups of the genealogical-lineages were determined em-

ploying the Athey’s Haplogroup Predictor, version 3.16.

2.3. YHRD GeneBank Quality Assurance of Genotyping and Data
Deposition

In accordance with the request of the Y-STR Haplotype Reference Database
(YHRD), we conducted the Quality Assurance Test in compliance with the
YHRD guidelines. Our results of the Y-chromosome; were registered and depo-
sited in the International Y-chromosome Haplotype Reference Database (YHRD)
under the Accession Numbers YA003522 and YA003523 (http://www.yhrd.org/).

3. Results

The profile of the HOXB13 mutations and the coding sequence (CDS) changes
among PCa Moroccan patients is presented in Table 1. The SNP genotyping re-
vealed that all the PCa mutations identified among the Moroccan PCa patients
were new and belong to the SNP point-nonsense mutation type, and are located on
the stop codon of HOXB13 exon 1 and 2 of chromosome 17. The frequency of the
most prevalent mutation among the Moroccan patients were rs1197613952 (12%),
rs1597934612 (4%), rs1597933874 (4%), rs1597933837 (4%) and rs867793282
(4%). The European HOXBI13-G84E (rs138213197) PCa mutation was not iden-
tified among the Moroccan patients. The change in SNP of the HOXB13 muta-
tions detected among PCa Moroccan patients were rs1197613952 (C > A),
rs1597934612 (C > A), rs1597933874 (C > T), rs1597933837 (C > A) and
rs867793282, (G > A). The change in the amino acids sequences and the resultant
proteins formed by the HOXB13 SNP mutations detected among the Moroccan
patients were p.Tyr87Ter, p.Tyr88Ter, p.GIn181Ter, p.Cys184Ter, and
p.Trpl95Ter; resulting from the change in SNP of (C > A), (C > A), (C > T),
(C> A) and (G > A), respectively. The genomic landscape of the European ge-
nealogy of PCa mutation of HOXBI13-G84E (rs138213197) and the Moroccan
PCa mutations are presented in Figure 1. These mutations will cause disruption
effect on among other genes at the 5’ end of the 17q21-22 HOXB cluster of the
Exon 1 and 2 and the three known functional domains (accession number
NC_000017/11 and Prot ID Q92826). The range of the frequency rate of the
HOXB13-G84F germline mutation in European countries is (0.5% - 4.5%) (Figure
2), which is totally absent in the Moroccans patents showing that there is no
gene flow for the European HOXB13-G84E PCa mutations. Table 2 provides an
analogy between the frequency of the Y-chromosome genealogical haplogroups

(Western European haplogroups R1b1b2-M269 and Eastern European haplogroups
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Table 1. Profile the SNP allelic heterogeneity of HOXB13 mutations in Moroccan pros-
tate cancer in comparison with the European HOXB13 G84E (rs138213197) mutation.

Mutation location ~ CDS change dbSNP number pﬁ)r:leiil;oc;?:;e Freci;le:n?(; %)
Chrl7: 48728333 c.261C> A 1s1197613952 p.Tyr87Ter (12%)
Chrl7: 48728330 c.264C> A rs1597934612 p.Tyr88Ter (4%)
Chrl17: 48728053 c.541C>T rs1597933874 p.GIn181Ter (4%)
Chrl7: 48728042 c.552C> A rs1597933837 p.Cys184Ter (4%)
Chrl7: 48728010 c.585G > A 1867793282 p-Trp195Ter (4%)

Table 2. Frequency (%) of the European prostate cancer mutations HOXB13 G84E associated with the European-lineages haplo-
groups R of the among prostate cancer Moroccan males as in comparison with other reported studies.

HOXBI13 G84E  Rlala-M17 R1b1b2-M269 Elblb J

No Population (%) (%) (%) (%) (%) Reference
1 Morocco 0.0 0.0 0.0 55 35 The present study
2 Morocco NA* 4.4 0.0 54.0 19.6 Bekada et al 2013 [43]
Helgason2000 [44]
3 British 1.5 9.38 88.6 3.0 40 Kote-Jarai et al. 2015 [7]
Wilson 2001 [32]
Chen et al 2013 [11]
4 Belgium 3.85 4.0 63.04 2.0 5.0 Rosser 2000 [45] Chen et al 2013 [11]
5 Dutch 2.51 3.7 70.4 2.9 5.1 Semino2000 [46]
6 French 0.0 52.2 8.7 4.3 Semino 2000 [46]
7 German 0.49 16 50 6.2 4.0 Semino 2000 [46] Chen et al. 2013 [11]
8 Italian 62.0 13.0 24.6 Rootsi 2004 [33]
9 Portuguese 2.0 62.0 11.0 - Rosser 2000 [45]
10 Spanish 2.0 65.0 9.0 2.1 Zalloua et al., 2008 [38]
11 Swedes 34 18 22.9 1.0 1.0 Chen et al 2013 [11]
17921.32

Chr17 [ | o |
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Figure 1. Genomic landscape of chromosome 17 shows the location of the HOXB13 gene (17q21.32) with
genomic.
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Frequency (%) of the prostate cancer mutations HOXB3 G24E among European PCa

Rlala-M17) of the European ancestry and those of Moroccans (J and E1b1). The
prevalence range for the Moroccan descent haplogroups were 35% and 55% for
the J and E1b1l haplogroups, respectively. Conversely, there was total absence of
the European lineage haplogroups Rla (0%) and R1b (0%) among Moroccans.
Our results of the Y-chromosome were registered and deposited in the Interna-
tional Y-chromosome Haplotype Reference Database (YHRD) under the Acces-
sion Numbers YA003522 and YA003523 (http://www.yhrd.org/). For the rest of
the 10 % of the other haplogroups; which were outside the interest of the paper;
ranged between (0.8% - 2.7%) and these were: 1.5 %, 1.8%, 2.7%, 0.6%, 2.6% and
0.8% for the haplogroups C, G, I, L, T, and Q respectively.

4. Discussion

In comparison with the PCa mutation reported to be associated with the Euro-
pean pedigree, all 5 identified SNP mutations of the HOXB13 gene (rs1197613952
(12%), rs1597934612 (4%), rs1597933874 (4%), rs1597933837 (4%) and rs867793282

(4%)) among Moroccan PCa patients were completely new, and none of them
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had previously been reported in Europe as they are distinctively different from
the HOXB13-G84E (rs138213197) SNP PCa mutation reported for the European
genealogical lineages [10] [11] [12] [14] [22] [23] [24]. This shows evidently and
conclusively the presence of allelic heterogeneity between the two adjacent pop-
ulation, and absence of any gene flow of the PCa G84E mutation from European
population to Moroccans’ gene pool. Moreover, comparison of the frequency of
the genealogical lineages of the European Y-chromosome ancestry among Mo-
roccans showed that both the Western European haplogroups R1b1b2-M269
and Eastern European haplogroups Rlala-M17 [13] [25] [26] [27] were not de-
tected among Moroccans. The synergistic absence of gene flow in the European
HOXBI13-G84E (rs138213197) PCa mutation on chromosome 17 and the haplo-
groups (R1b1b2-M269 and Rlala-M17) of the Y-chromosome could be eluci-
dated by limitations in intermarriage across the Mediterranean Sea between Eu-
ropean and North African population; which can be attributed to many factors
notably the obvious cultural barriers and practices, despite the historical conti-
nuous reciprocity migration and movements that occur between the limitrophe
of Europe and North Africa. In comparison with other studies on gene flow, our
findings were in consonance with the results of earlier studies that reported the
presence of sharp discontinuity and limited gene flow between Northwestern
Africa and Iberian Peninsula employing high-resolution analysis of the human
Y-chromosome [28] [29]. Contrary, our results were in disagreement with the
West-Eastern genetic cline reported on the differential admixture between Eu-
rope and North Africa neighboring population [30]. Since all identified muta-
tion among PCa Moroccan patients were of the point-nonsense (stop codon)
mutation type, the presupposition is that the change in the resultant proteins
was due to the termination of translation earlier than anticipated. In this re-
gard, the most common change in amino acid sequence was the change of
tryptophan to tyrosine. The SNP mutation of PCa among Morrocans was as-
sociated with the J and E1b1 haplogroups of the Moroccan genealogical lineages
of the Y-chromosome. It is anticipated that these results would help clinicians in
Morocco not only to profile the PCa mutations but also to predict the prevalence
of PCa heterogeneity among patients of European and Moroccan ancestry. These
results can also be used globally to define criteria for prediagnosis vis-a-vis global
comparative studies; Such as that gene flow of Y-chromosomal analysis of clan
structure of Kalmyks, the only European Mongol people, and their relationship
to Oirat-Mongols of Inner Asia [31] and other populations [32]-[42].

The prevalence of the SNP mutations among Moroccan PCa patients, which
ranged from a minimum of (4%) to a maximum of (12%) was higher than that
reported for European population [7] [10] [11] [42] particularly the unique SNP
mutation, rs1197613952, which characterized the Moroccan PCa patients in
terms of its high frequency (12%) and position. These results represent a marked
contrast to other circumstances in which the G84E mutation was reported to
have the highest frequencies of 1.06%, 0.60% and 0.31% in Northern Europe,
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Western Europe and North America, respectively, as well as [11] and in Asian
pastoral Nomadic population [25]. More recently, in a wide-ranging population
sampling that included results from the UK Biobank, it was documented that the
G84E mutation was found in 1545 (0.34%) subjects out of 460,224 participants
of European descent [15]. The observed high rate of frequency among Moroccan
PCa patients was due to the high rate of consanguinity (40%) among Moroccan
population particularly the Bedouins [22]. Over centuries, this has led to more
pathogenicity of these PCa mutations from one generation to another. The most
prevalent mutation was the change in SNP of (C > A), which could be employed
for prediction of PCa SNP mutations among Moroccan patients, and as a base-
line study for any gene therapy innovative research in the future. This obviously
will lead to better treatment and management outcomes worldwide.

The less frequent haplogroups C, G, I, L, T, and Q with frequency of 1.5 %,
1.8%, 2.7%, 0.6%, 2.6% and 0.8%, respectively, were not included in the study
design because we already knew that are minimal as reported by several thesis of
our MSc students and they are irrelevant to both European as well as Moroccans

genealogical lineages which we tested.

5. Conclusion

This study provides a new approach in deciphering the association between PCa
mutation and the genealogical lineages of the Y-chromosome haplogroups. Our
findings provide conclusive evidence that Moroccan PCa mutations show allelic
heterogeneity with the European G84E mutations and therefore show absence of
any gene flow of the PCa G84E mutation and the haplogroups (R1b1b2-M269
and Rlala-M17) of Western and Eastern Europeans into Moroccans gene pool.
These results have potential clinical applications on PCa profiling among differ-
ent population ancestry, which could be inferred and predicted using its associa-

tion with different genealogical lineages of the Y-chromosome haplogroups.

Data Deposition and Availability

All sequences of the determined mutation of the HOXB13 were deposited in NCBI
GeneBank in accordance with each respective accession number, and have been

made available on the public domain of the NCBI (http://www.ncbi.nlm.nih.gov/).

Our results of the Y-chromosome were registered and deposited in the Interna-
tional Y-chromosome Haplotype Reference Database (YHRD) under the Acces-
sion Numbers YA003522 and YA003523 (http://www.yhrd.org/).
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