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Abstract

Objectives To comprehensively investigate the potential association between prostate cancer (PCa) and the G84E mutation
within the Homeobox Protein B13 (HOXB13) gene among individuals of Turkish descent, our study aims to undertake a
prospective examination.

Methods We evaluated 300 patients (150 diagnosed with prostate cancer, 150 controls) who presented in our clinic. Data
collected were prospectively examined. DNA isolation was performed using an isolation kit. The HOXB13-G84E mutation
(rs138213197) was analyzed in the obtained samples. Data encoding and statistical analysis were performed.

Results The pathological allele for the G84E mutation was T. According to the findings, no mutations were detected in the
control group, while the G84E mutation was detected in 17 patients in the patient group, all of whom had the TC genotype.
The analysis showed that having the CC genotype reduced the risk of prostate cancer by 0.47 times (OR=0.47, C1=0.415-
0.532). Our results did not support a trend toward family history or earlier-onset disease in comparisons between carriers
and non-carriers of HOXB13 G84E mutation. Individuals with a positive family history exhibited a higher frequency of the
G84E mutation.

Conclusions We concluded that HOXB13 gene mutation is indeed linked to PCa in Turkish men. However, we did not find a
relationship between the HOXB13 gene G84E mutation carrier status and either early-onset PCa or familial PCa in Turkish
men.

Keywords Prostate Cancer - Hereditary Prostate Cancer - Prostate Cancer Genetics - Homeobox Genes - HOXB13 -
HOXB13-G84E Mutation

Introduction The escalated incidence in developed countries is a result of
the widespread use of prostate-specific antigen (PSA) test-
ing [2]. Variances in PCa prevalence across geographical
regions and ethnicities are conspicuous. Northern and West-

ern Europe, the Caribbean, Australia/New Zealand, North

Prostate cancer (PCa) stands as the most prevalent cancer
among men and ranks second in cancer-related male mortal-
ity in 2024, according to the American Cancer Society [1].
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America, and South Africa exhibit the highest rates, con-
trasting with Asia and North Africa, where incidence rates
range from 6.3 to 83.4 per 100,000 men [3].

A familial history of PCa and ethnic background notice-
ably heighten PCa risk [4]. The elevated incidence among
families with PCa histories implies genetic susceptibility.
While Hereditary prostate cancer (HPCa) correlates with
earlier onset, there seems to be no disparity concerning dis-
ease aggressiveness or clinical course [5]. In the last few
years, the expanding area of genetic research has shed light
on cancer genetics [6, 7]. These progressions have opened
doors for genetic counseling and personalized risk assess-
ments in cancer. Specific genetic mutations have been
associated with heightened PCa risk. Germline mutations,
prevalent in approximately 15-17% of PCa patients irre-
spective of cancer stage, involve specific genes with vary-
ing frequencies. The most commonly linked genes with PCa
and germline mutations include BRCA2, ATM, CHEK2,
BRCA1, HOXB13, and MMR genes (MLH1, MSH2,
MSH6, PMS2) [8].

The HOXB13 (Homeobox Protein B13) gene encodes the
HOXBI13 protein that binds to DNA. This protein belongs
to the extensive group of transcription factors known as the
Homeobox protein family. Notably categorized as a PCa
risk gene by the National Comprehensive Cancer Network
(NCCN), HOXB13 gene analysis holds potential for genetic
counseling in individuals meeting specific risk criteria [9].
Though there is consensus on the association between the
HOXBI13 gene and PCa, it remains relatively uncommon.
The precise role of these gene mutations in the pathophysi-
ology of PCa has yet to be fully understood, although sev-
eral mechanisms have been proposed. If its mechanism of
action in PCa pathophysiology can be elucidated, targeting
HOXBI13 may soon have specific benefits in PCa treat-
ment [10]. PCa-associated mutations in the HOXB13 gene
encompass G84E, F127C, A128D, G132E, GI35E, and
X285K [11-13]. Numerous studies indicate that having the
HOXBI13 gene G84E (rs138213197) mutation increases the
risk of PCa [11, 14, 15]. However, the rates of this muta-
tion vary across diverse populations and ethnicities. The
G84E mutation, has not been studied in Turkish men with
PCa in any previous study, enhancing the originality of
our research. This study aims to investigation is to deter-
mine the overall carrier frequency of the G84E mutation
(rs138213197) in HOXB13 and its association with PCa in
the Turkish population.

@ Springer

Methods
Study group

The study included 150 patients diagnosed with PCa and 150
controls diagnosed with Benign Prostate Hyperplasia (BPH)
who presented to our clinic between September 2021 and
August 2022. Data collected were prospectively examined.
The participants were selected from those 18-80 years old
and those without other malignancies. In our clinical expe-
rience, rare cases of BPH and PCa have been diagnosed in
younger patients. Since the HOXB13 gene G84E mutation
has been associated with familial PCa patients diagnosed
at a young age in the literature, we wanted to include these
younger patients, who could potentially be mutation carri-
ers, in our prospective sample, and therefore, we chose the
age range of 18—80 years. Patients who were histologically
diagnosed with PCa via prostate biopsy and subsequently
included in a treatment plan such as active surveillance,
radical prostatectomy, or radiotherapy, as well as those
who were diagnosed with PCa in the past through prostate
biopsy, radical prostatectomy, or transurethral resection of
the prostate (TUR-P) and presented to our clinic for rou-
tine follow-up, were included in the study. Therefore, the
patients’ ages at the time of presentation and their ages at
the time of PCa diagnosis were recorded. The presence of
metastasis was evaluated using imaging techniques and
recorded. Patients presenting with lower urinary tract symp-
toms (LUTS), showing prostate volume increase on ultra-
sound, having PSA values within the normal range, and not
exhibiting any suspicious findings of malignancy on digital
rectal examination were included in the control group.

The participants who met the inclusion criteria were thor-
oughly briefed about the study and signed an informed con-
sent form. Demographic data and comorbidities such as age,
weight, height, diabetes mellitus (DM), hypertension (HT),
coronary artery disease (CAD), family history of PCa (1st
and 2nd-degree relatives), smoking, and alcohol use were
assessed for all individuals in both study groups.

This study received approval from the local ethics com-
mittee on 23.06.2021, under committee decision number
2021/472. Funding was provided by the University Scien-
tific Research Projects Unit under code 2021-2-TP3-4493.
Since this is a prospective study, it has been registered
with the Council of Higher Education Thesis Center of the
Republic of Turkey (tez.yok.gov.tr) under the reference
code 10,584,905 and thesis number 833,878 at the begin-
ning of the research.
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Materials

1. Centrifuge (Sigma k-15-1, Germany).

2. 1.5 ml capped Eppendorf tubes (Isolab, Germany).
3. Automatic adjustable pipette (Eppendorf, Germany).
4. 44 °C storage refrigerator.

5. LightCycler 480 II device (Roche Cat No: 5015278).
6. 3 ml7.5% EDTA tubes (BD, Vacutainer, England).

Kits

1. SNP Genotyping Assay rs138213197 Assay Kit.
2. TagMan™ Genotyping Master Mix (Thermo Cat No:

4371353).

3. DNA isolation kit (Roche Diagnostics, Mannheim,
Germany).

DNA isolation

DNA isolation from the blood samples taken from partici-
pating patients and stored at +4 °C was conducted using
a DNA isolation kit according to the following procedure:

1. 200 pL whole blood was taken into a sterile 1.5 ml
capped tube, followed by adding 200 pL binding buf-
fer and 40 pL proteinase K successively. The tube caps
were mixed after adding proteinase.

2. The tubes were incubated at 70 °C for 10 min.

3. After incubation, 100 pL isopropanol was added and
thoroughly mixed, and the mixture was transferred to a
filter tube.

4. The mixture was centrifuged at 8000 g for one minute.

5. The collection tube was changed, 500 uL of Inhibitor
Removal Buffer was added, then centrifuged at 8000 g
for one minute. This process was repeated, and the col-
lection tube was changed.

6. Subsequently, 500 pL of wash buffer was added to the
tube, centrifuged at 8000 g for one minute, and then
changed the collection tube.

7. This washing process was repeated, and the collection
tube was changed.

8. The tube was centrifuged for 10 s at 13,000 g.

9. 200 pL of elution buffer at 70 °C was added to filter
tubes placed into 1.5 ml capped DNA storage tubes. The
mixture was centrifuged at 8000 g for one minute, com-
pleting the DNA extraction process after the filter tubes
were removed with DNA elution buffer.

HOXB13-G84E analysis

Isolated DNA samples were genotyped for the G84E
mutation in HOXB13 using a custom TagMan assay
(rs138213197). The analysis was performed by RT-PCR,
each sample was studied in duplicate and the concordance
between replicates was 100%. Empty wells were used in
each plate for control and all empty wells giving no calls

(Fig. ).
Statistical analysis

Various studies investigating the HOXB13 gene G84E
mutation (rs138213197) in PCa patients observed a muta-
tion detection rate ranging from 1 to 4%. Therefore, the esti-
mated rate for our study was 2.5%, with an estimated margin
of error of +2%. Based on these data, a power analysis was
conducted, determining a sample size of 150 individuals in
both the patient and control groups.

Data collected from patients and the control group were
coded and subjected to statistical analysis using SPSS 22
software. Descriptive statistics presented continuous vari-
ables as mean and median, while categorical variables were
expressed as frequency and percentage.

For comparative analysis between groups, the Mann-
Whitney U test was utilized for continuous variables, and
the Chi-square test and Fisher’s Exact test were used for
categorical variables. The correlation between variables
was examined using the Spearman test. The impact of the
mutation (rs138213197) on PCa risk was determined by cal-
culating the Odds Ratio (OR). A significance level of 0.05
was adopted for all analyses. The genotype frequencies for
GB84E were tested for and consistent with Hardy-Weinberg
equilibrium.

Results

Among all patients, the HOXB13 gene G84E mutation
(rs138213197) was detected in 17 cases (5.7%). Notably,
all patients carrying the HOXB13 gene G84E mutation
(rs138213197) were exclusively from the PCa-diagnosed
group (11.3%, p<0.001). The HOXB13-G84E genotype
was consistently TC for all mutation carriers. Upon analysis,
it was found that possessing the CC genotype reduced the
risk of PCa by 0.47 times (OR =0.47, CI=0.415-0.532).
The median age of all patients was 67.5 (IQR:62-72)
years, with the PCa patient group exhibiting a statistically
higher age average compared to the BPH patient group (69
[IQR:63-75]) vs. 66 [IQR:60-71], p=0.001). Among PCa
patients, the mean age at diagnosis was 65 (IQR:60-71)

@ Springer
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Fig. 1 Data from RT-PCR analysis of patients and control group members on a plate

years. The additional demographic and clinical characteris-
tics of the patients are detailed in Table 1.

The patients diagnosed with PCa was stratified into two
subgroups, as seen in Table 2: individuals carrying the
G84E mutation (rs138213197) (n=17) and those who did
not (n=133). Notably, all patients in the G84E mutation-
carrying subgroup were over 55, and their age at diagnosis
was also around 55. In contrast, 10.5% of the patients in
the other subset were 55 or younger. Although not statisti-
cally significant, the subgroup carrying the G84E mutation
(rs138213197) exhibited a higher incidence of family his-
tory (47.1% vs. 27.8%, p=0.103) than the non-mutation-
carrying subgroup.

@ Springer

The incidence rates of metastatic disease were compara-
ble in both subgroups (mutation-carrying subgroup: 29.4%;
non-mutation-carrying subgroup: 30.1%). Notably, all
patients diagnosed with oligometastatic disease belonged to
the non-mutation-carrying subset (22.6% vs. 0, p<0.001).
Besides these observations, no statistically significant asso-
ciations were identified between the patients’ demographic,
clinical, and pathological characteristics and the G84E
mutation.
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Table 1 Demographic and clinical characteristics of the individuals diagnosed with prostate Cancer (PCa) and the Benign prostate Hyperplasia

(BPH).

Total (n=300) PCa Patients BPH Patients p-value
(n=150) (n=150)

Age (years), median (IQR) 67.5 (62-72) 69 (63-75) 66 (60-71) 0.001™
<55, n (%) 19 (6.3) 6(4) 13 (8.7) 0.097 ¢
>55, n (%) 281 (93.7) 144 (96) 137 (91.3)

Age at diagnosis (years), median (IQR) 65 (60-71)
<55, n (%) 14 (9.3)
>55, n (%) 136 (90.7)

Family history, n (%) 85 (28.3) 45 (30) 40 (26.7) 0.522°¢

BMI (kg/m?), median (IQR) 27.1 (24.8-29.6) 27.1 (24.8-29.4) 27.1 (24.8-30) 0.78 ™

Comorbidities, n (%)

DM, n (%) 101 (33.7) 64 (42.7) 37 (24.7) 0.001°¢
HT, n (%) 102 (34) 40 (26.7) 62 (41.3) 0.007¢
CAD,n (%) 82 (27.3) 34 (22.7) 48 (32) 0.07 ¢

Smoking, n (%) 89 (29.7) 46 (30.7) 43 (28.7) 0.705 ¢

Alcohol consumption, n (%) 55(18.3) 31(20.7) 24 (16) 0.296 ¢

PSA value at the time of diagnosis (ng/ml), median (IQR) 6.1(1.8-11.7) 11.1(7.1-21.1) 1.8(0.8-3.9) <0.001™

HOXB13-G84E mutation, n (%) 17 (5.7) 17 (11.3) 0(0) <0.001°¢

HOXB13-G84E genotype
CC,n 283 133 150
TC,n 17 17 0
TT,n 0 0 0

IQR: Interquartile range, SD: Standard Deviation, BMI: Body Mass Index, DM: Diabetes Mellitus, HT: Hypertension, CAD: Coronary Artery
Disease, PSA: Prostate-Specific Antigen, CC: Cytosine-Cytosine, TC: Thymine-Cytosine, TT: Thymine-Thymine, m: Mann-Whitney U Test,

c¢: Chi-Square Test

Discussion

Given the diverse genetic landscape of the Turkish popu-
lation, no clinical studies have been conducted to identify
the HOXB13-G84E mutation in Turkish patients diagnosed
with PCa. In a survey of the Turkish population, Hamid et
al. discovered heightened HOXB13 expression in PCa cells
compared to non-malignant cells, suggesting the involve-
ment of HOXB13 in cell regulation and cancer development
[16]. Upon examining urinary samples from 10 Turkish PCa
patients, Kavalci et al. did not detect any variants in the
HOXB13 gene, including G84E, F127C, A128D, G132E,
or G135E [17]. However, in our study, 17 patients were
identified with the HOXB13-G84E mutation, and all were
diagnosed with PCa. All carriers of the pathological allele
exhibited a heterozygous (TC) genotype. None of the 150
control group patients carried the risk allele. The analy-
sis established a significant correlation between the G84E
mutation and PCa, concluding that lacking the HOXB13-
GB84E risk allele reduces the disease’s risk.

Literature indicates the G84E variant to be less prevalent
in individuals of African descent. However, a study on Afri-
can-American PCa patients identified the G84E variant in
three individuals, suggesting a potential link to genes inher-
ited from their likely European ancestors [18]. In patients
of African descent, the HOXB13 gene X285K variant is

more frequently observed and associated with PCa risk [13,
19]. Researchers in different studies have identified various
mutations in the HOXB13 gene among Japanese, Chinese,
and Korean PCa patients, signifying a significant associa-
tion between these variants and PCa risk [12, 20, 21].

Our analysis found that the PCa patient group had a
higher average age than the BPH patient group. PCa is
typically associated with older age, a non-modifiable risk
factor for PCa [22]. With cellular aging, the propensity for
cancer foci in the prostate increases. It is also known that
the prevalence of BPH increases with age [23]. While BPH
might manifest symptoms as early as one’s 40s, PCa typi-
cally remains asymptomatic in its initial stages, with clinical
manifestations surfacing primarily in advanced stages.

In the PCa patient group, more individuals had a positive
family history compared to the BPH control group, yet this
was not statistically significant. Men with a family history
of PCa exhibit a higher incidence of the disease than the
general population [24]. In our analysis, this might be attrib-
uted to PCa cases not yet clinically apparent or diagnosed in
the control group.

In our study, upon internal analysis of the PCa patient
group, it was observed that all carriers of the G84E mutation
were over 55. Among patients lacking this mutation, it was
determined that 10.5% were under 55. Additionally, con-
cerning family history, although statistically insignificant in

@ Springer
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Table 2 Demographic, clinical, and pathological characteristics and comparative analysis of patient groups carrying and not carrying the HOXB13

gene G84E mutation in patients diagnosed with PCa.

HOXB13-G84E mutation- HOXB13-G84E mutation p-value
carrying group non-carrying group (n=133,
(n=17, 11.3%) 88.7%)

Age (years), median (IQR) 67 (62.5-71.5) 69 (63.5-75) 0291 ™
<55, n (%) 0 (0) 6 (4.5) 1f
>55, n (%) 17 (100) 127 (95.5)

Age at diagnosis (years), median (IQR) 65 (60-67.5) 65 (60-71) 0.7™
<55, n (%) 0(0) 14 (10.5) 037°F
>55, n (%) 17 (100) 119 (89.5)

Family History, n (%) 8 (47.1) 37(27.8) 0.103 ©

BMI (kg/m?), median (IQR) 27.8 (26.5-28.7) 26.7 (24.7-29.4) 0.466 ™

Comorbidities
DM, n (%) 9(52.9) 55(41.4) 0.363 ¢
HT, n (%) 3(17.6) 37 (27.8) 0.561F
CAD, n (%) 4(23.5) 30 (22.6) 1f

Smoking, n (%) 4(23.5) 42 (31.6) 0.498 ¢

Alcohol Consumption, n (%) 6 (35.3) 25 (18.8) 0.122f

PSA value at the time of diagnosis (ng/ml), median (IQR) 12 (6.7-60) 10.9 (7.1-21) 0.429 ™

NCCN Risk Classification
Very Low, n (%) 0(0) 2 (1.5) 0.289°
Low, n (%) 2 (11.8) 16 (12)

Intermediate-favorable, n (%) 3(17.6) 19 (14.4)
Intermediate-unfavorable, n (%) 2 (11.8) 9 (6.8)
High, n (%) 2 (11.8) 21 (15.8)
Very high, n (%) 3(17.6) 6 (4.5)
Regional, n (%) 0(0) 20 (15)
Metastatic, n (%) 5(29.4) 40 (30)

ISUP Grade
1,n (%) 4(23.5) 48 (36.1) 0.6°
2, n (%) 1(5.9) 18 (13.5)

3,n (%) 4(23.5) 21 (15.8)
4, n (%) 3(17.6) 19 (14.3)
5, n (%) 5(29.5) 27 (20.3)

Clinical T Stage
T1, n (%) 15 (88.2) 107 (80.5) 0879 f
T2, n (%) 1(5.9) 11 (8.3)

T3, n (%) 0(0) 9 (6.7)
T4, n (%) 1(5.9) 6 (4.5)

Pathological T Stage
T2, n (%) 16 (94.1) 118 (88.7) 0911f
T3, n (%) 0(0) 9 (6.8)

T4, n (%) 5(5.9) 6 (4.5)

Pathological Lymph Node Positivity, n (%) 4(23.5) 50 (37.6) 0.255°

Metastasis, n (%) 5(29.4) 40 (30.1) 0.955°
Mla, n 0 2
Mib, n 4 31
Mlec, n 1 7

Oligometastatic disease, n (%) 0(0) 30 (22.6) 0.025"

SD: Standard Deviation, BMI: Body Mass Index, DM: Diabetes Mellitus, HT: Hypertension, CAD: Coronary Artery Disease, PSA: Prostate-
Specific Antigen, NCCN: The National Comprehensive Cancer Network, ISUP: International Society of Urological Pathology, m: Mann-

Whitney U Test, ¢: Chi-square Test, f: Fisher’s Exact Test
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the group carrying the G84E variant, a higher prevalence
of positive family history was detected. Studies support
the significant relationship between an early diagnosis age,
positive family history, and the G84E variant [24, 25]. Kote-
Jarai et al. discovered a significantly higher likelihood of the
G84E mutation in patients under 55 with early-onset PCa
and a positive family history [26].

Likewise, Ewing et al. found a higher prevalence of the
GB8A4E variant in PCa patients under 55 with a positive family
history, concluding its significance in positive family history
and early-onset PCa [27]. Akbari et al. identified a statistically
significant association between PCa patients and the G84E
mutation, notably in white males under 55 with a positive fam-
ily history [28]. Breyer et al. identified a significantly higher
prevalence of the G84E variant in PCa patients with a positive
family history but did not find a relationship with an early diag-
nosis age [29]. Another study in Poland [30] reported a higher
prevalence of the G84E mutation in PCa patients diagnosed
under 60, though statistically insignificant, with a significant
relationship found concerning family history. Heise et al. [11],
while no significant relationship was identified between G84E
mutation carriage and an early PCa diagnosis age and positive
family history, relatively more G84E variants were observed
in patients with a positive family history.

In exploring the relationship between different HOXB13
gene variants and PCa across diverse ethnic groups, a study
detected the HOXB13 gene X285K mutation in African males,
associating this variant with PCa. However, no significant rela-
tionship was established in this study between this mutation
and an early diagnosis age or a positive family history [19]. Ina
study by Kurihara et al. on Japanese males [12], carriers of the
HOXBI13 gene G132E mutation exhibited a significantly lower
age at PCa diagnosis, with the G132E variant notably prevalent
among individuals with a positive family history.

In our study, upon internal evaluation of the PCa patient
group, similar rates of metastatic disease were observed
between the group carrying the G84E mutation and the group
without it. There was no significant difference between the two
groups concerning the TNM stage. Additionally, no significant
relationship was identified between diagnostic PSA level, ISUP
grade, NCCN risk classification, and G84 variant carriage. Fur-
thermore, all patients exhibiting characteristics of oligometa-
static disease were observed in the group without the G84E
mutation. In a study conducted on British men, no relationship
was found between the G84E variant and PSA level, Gleason
score, NCCN risk class, or TNM stage [26]. Similarly, studies
conducted in Poland found no significant relationship between
GB84E mutation carriage and diagnostic PSA levels, Gleason
score, or TNM stages [11, 30]. Storebjerg et al., in their study
on Danish males diagnosed with PCa undergoing radical pros-
tatectomy, observed a significant correlation between the G84E
mutation and diagnostic PSA levels, postoperative pathological

examination-derived Gleason score, and positive surgical mar-
gins, suggesting a correlation between disease aggressiveness
and G84E variant carriage [31]. However, data regarding the
relationship between oligometastatic disease and the G84E
mutation are limited.

All these findings underscore the relationship between the
HOXBI13 gene and PCa across diverse ethnic backgrounds and
have revealed different variants. The G84E variant is notably
prevalent in Europe. Our research is the first in the country to
confirm the presence of the G84E variant in Turkish men and
its correlation with an elevated risk of PCa, and it highlights
the originality and significance of our research. In addition, our
study has some limitations, including being conducted at a single
center with a sample size constrained by the available budget.

Conclusion

We concluded that HOXB13 gene mutation is indeed linked
to PCa in Turkish men.

However, we did not find a relationship between the
HOXBI13 gene G84E mutation carrier status and either
early-onset PCa or familial PCa in Turkish men.

Future studies, encompassing larger samples and involv-
ing family members of mutation carriers, will further illumi-
nate the relevance of these new genetic biomarkers in PCa
and underscore their role in PCa screening programs.
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