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Abstract

Background: Obesity is prevalent in PR and has been
associated with prostate cancer (PCa) mortality and
aggressiveness. Polymorphisms (SNPs) rs9930506 and
rs9939609 in the FTO gene have been associated with
both obesity and PCa. The aim of this work was to
ascertain whether the presence of these SNPs is
associated with PCa risk and severity in a cohort of Puerto
Rican men.

Methods and findings: The study population consisted of
513 Puerto Rican men age ranging from 40-79 years old
who underwent radical prostatectomy (RP) as the first
treatment for PCa and 128 healthy Puerto Rican men age
ranging from 40-79 years old. Genomic DNA (gDNA) was
extracted and SNPs were determined by Real-Time PCR.
PCa severity was defined based on RP stage and Gleason
Score. The relationship of FTO SNPs with demographic,
clinical characteristics, PCa status and PCa severity were
assessed. Logistic regression models with a 95%
confidence interval (CI) determined SNPs interaction with
PCa risk and severity odds ratio (ORs).

Results and discussion: BMI, age and PSA were
considered as confounders. Hardy-Weinberg equilibrium
was present for both SNPs. The heterozygous forms (A/G;
T/A) were the most prevalent genotypes and the
frequency of alleles and genotypes for both SNPs agreed
with those published in 1000 genomes. Results suggest an
inverse association between the mutated rs9939609 and
the risk of having PCa (OR: 0.53, 95% CI: 0.31-0.92) and a
positive association with overweight (OR: 1.05, 95% CI:
0.68-1.62). Importantly, among the cases that were
overweight, those with mutated rs9939609 had a greater
chance of high severity PCa (OR: 1.39, 95% CI: 0.84-2.32)

although these results were not statistical significant upon
adjustment. Limitations of the study were the relatively
small cohort and lack of access to the weight history of all
our subjects.

Conclusion: Results offer a research line to be followed
with an expanded number of subjects that may provide a
better statistical significance, to unravel the high mortality
rate in this population.

Keywords Obesity; Prostate cancer; Polymorphisms;
SNPs

Introduction
Cancer is the leading cause of death in Puerto Rico (PR), and

prostate cancer (PCa) was the most common cancer (17.6%) in
PR from 2008 to 2012 according to reports from the Puerto
Rico Cancer Registry [1]. The age-adjusted incidence for this
period was 141.1 cases per 100,000 men, and the age-
adjusted mortality rate was 25.6 per 100,000 men [1]. This
mortality rate almost doubles the rate for Hispanics in the US
as reported by SEER for the same period [2]. In PR, there are a
total of 21 municipalities out of 78 totals in the island, with an
age-adjusted death rate of 31.2 or higher [1].

Increased mortality and aggressiveness of PCa have been
associated with obesity [3-8]. In 2007, the SNP rs9930506 in
the fat mass and obesity-associated (FTO) gene region was
associated with BMI and risk of obesity [9]. Located at the
16q12.2, the FTO gene (HGNC: 24678) codes for a 2-
oxoglutarate dependent nucleic acid demethylase implicated
in DNA repair, post-translational modification and gene
modification [10-14]. Genome-wide association studies
(GWAS) have associated FTO with several systemic conditions,
lipids’ metabolism [9,12-17], body mass index (BMI) [18-22]
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and particularly, with obesity [12,19,20]. Some meta-analysis
studies have found a relationship among FTO and specific
cancer types, including PCa [16,21-23]. All these findings are
related to a cluster of single-nucleotide SNPs (SNPs) in the FTO
gene first intron which is inherited in linkage disequilibrium
(LD) [9,15,18,24,25], and includes among others the
rs9930506 and rs9939609 SNPs as reported by Loos et al. [26].
In this GWAS study done by Loos’ group with an admixed
American population which included participants from
Colombia, Mexico and PR, they found that the above
mentioned FTO SNPs among others, are related in a
statistically significant manner to an increased BMI [26].

In FTO rs9930506, the single nucleotide transition of an
adenine nucleotide to a guanine nucleotide has been reported
to be significantly associated to BMI, particularly when the
rare "G" allele is present in the homozygous form [25,27]. In
addition, in FTO rs9939609, the single nucleotide transversion
of a thymine nucleotide to an adenine nucleotide has been
associated with both BMI and type-2 diabetes, in either the
heterozygous or the homozygous forms of the mutated “A”
allele [25,28].

Studies made in the Puerto Rican population have found
that unhealthy nutritional habits and lifestyle are largely
responsible for the 69.9% of overweight and obesity in the
population [29-32]. Previous work in our laboratory
established that in Puerto Rican overweight men with PCa
there was an increased risk for more severe disease and a
higher prevalence (2.9 fold) of metastatic disease in those
individuals with higher BMI [33]. In addition, in another study,

we also found a positive association between PCa severity in
Puerto Rican patients and high triglycerides levels [34].

The ancestry profiles for PR show a distribution where the
European ancestry (EA) is the more prevalent (64%) followed
by West African ancestry (WAA) (21%) and native ancestry
(NA) (15%) [35-38]. FTO mutations have been associated with
PCa in populations with high EA [39,40]. Considering this, we
enquired if FTO SNPs (rs9930506 and rs9939609) could have a
similar relationship in Puerto Ricans and could be influencing
the PCa phenotype in this population. Here we report the
results of an exploratory pilot study that examines the possible
relationship between FTO rs9930506 and rs9939609 with PCa
risk and PCa severity in this understudied population.

Materials and Methods

Ethics approval
The Institutional Review Board (IRB) of the University of

Puerto Rico Medical Sciences Campus approved our study (IRB
approved protocol #8860212).

Study population
Recruitment of cases and controls was done at five

geographical regions in the island: metro, north, south, east
and west. These were defined according to Via et al. [38], with
some modifications. For specific towns in each region please
see supplementary data: Supplementary Table I.

Figure 1 Study population enrollment process: 641 individuals were included in the study after applying the inclusion criteria.

Our cohort included 641 subjects (513 cases and 128
controls). Figure 1 shows the enrollment process. Cases group
was a convenience sample of available medical records of
previously consented at the time of diagnosis PCa patients. We
reviewed a total of 665 records of Hispanic Puerto Rican (living
in PR with parents and grandparents born in PR) PCa patients,
aged 40-79 years old, diagnosed with PCa between 2005 and

2012, which underwent radical prostatectomy (RP) as the
initial treatment for PCa, and with available RP paraffin
embedded tissue (FFPE). Exclusion criteria included history of
any previous cancer, another therapy scheme received prior to
RP, viral co-morbidities such as HIV or HCV, missed
demographic data such as anthropometric measures, or
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impossibility to access FFPE blocks. Five hundred and thirteen
(513) individuals complied with the inclusion criteria.

For the control group, we interviewed 142 previously
consented healthy Hispanic Puerto Rican men, as defined
above, without prior history of viral comorbidities (HIV, HCV)
or cancer and that were willing to donate blood. Additional
controls’ inclusion criteria were PSA level (≤ 2.5 ng/mL) and
normal digital rectal examination (DRE) at the time of the
recruitment. These potential participants were recruited
through community organizations, referrals from clinical
laboratories and volunteers at the University of Puerto Rico
Medical Sciences Campus and general hospitals. Twelve (12)
subjects were excluded since they did not meet the inclusion
criteria and two withdrew from the study. One hundred
twenty-eight (128) individuals were recruited as controls.

Definitions
BMI was calculated according to the World Health

Organization and the Centers for Disease Control formula
(weight [kg] / height2 [m2]) [17] and dichotomized in two
categories established for statistical purposes: normal/
underweight (<25 kg/m2) and overweight/obese (≥ 25 kg/m2 ).

Severity was defined using both the prostatectomy’s
Gleason Score and the American Joint Committee on Cancer
(AJCC) PCa Pathologic Staging (PS) [41]. Low severity was
defined as GS ≤ 7 (3 + 4) and PS ≤ pT2c. High severity was
defined as GS ≥ 7 (4 + 3) regardless of PS, or GS ≤ 7 (3 + 4) with
PS ≥ pT3a.

Data collection procedures
Cases: Clinical and demographic information were collected

from medical records at the University District Hospital and at
the Urology and Oncology Institute, in San Juan, Puerto Rico.
Collected information consisted of: age at the time of PCa
diagnosis, height and weight at diagnosis for BMI calculation,
pre-RP PSA and prostatectomy’s GS and PS from pathology
report.

Controls: once the consent process was completed, clinical
and demographic information was collected via an interview
prior to blood draw. The data accrued included age, weight,
height, PSA value and DRE within the last six months and
current physical address.

DNA extraction
Genomic DNA (gDNA) was extracted from 513 FFPE non-

tumor seminal vesicles from RP pathology specimens. The
procedure was done following Weiss et al. [42], with some
modifications. Briefly, cylinders of FFPE tissue were cut using a
3.5 mm puncher. Paraffin was removed using octane and
methanol (10:1). Subsequently, DNA was extracted with
QIAGEN Gentra® Puregene® Tissue Kit (QIAGEN Inc, Valencia
CA, USA). Tissue was incubated for four days at 54°C in 550 µL
of Cell Lysis Solution (QIAGEN Gentra® Puregene® Tissue Kit),
to which 10 µL of recombinant PCR grade Proteinase K (199
µg/µL) (Roche Applied Science, Indianapolis IN, USA) were

added daily. After incubation, samples were cooled to room
temperature, heated at 95°C and then cooled in ice to remove
proteins via cold precipitation using 200 µL of Protein
Precipitation Solution (QIAGEN Gentra® Puregene® Tissue Kit).

gDNA was also extracted from whole blood (10 mL) from
healthy Puerto Rican men (n=128) collected in EDTA tubes.
DNA was extracted using Gentra® Puregene® Blood Kit
(QIAGEN Inc, Valencia CA, USA) following manufacturer’s
guidelines. White blood cells (WBC) pellets were obtained
through selective red blood cells lysis using RBC Lysis Solution
(QIAGEN Gentra® Puregene® Blood Kit). WBC pellets were
lysed and RNA was removed with a mix of Cell Lysis Solution
(QIAGEN Gentra® Puregene® Blood Kit) and RNAse A Solution
(QIAGEN Inc, Valencia CA, USA). Subsequently, proteins were
removed by cold precipitation using Protein Precipitation
Solution (1 mL) as explained above.

gDNA was recovered from supernatants by precipitation
with isopropanol and glycogen (Sigma-PCR grade from
Mussels, Sigma-Aldrich, St. Louis MO, USA). After washing with
70% ethanol in nuclease-free water (QIAGEN Inc, Valencia CA,
USA), DNA was dissolved in DNA Hydration Solution (QIAGEN
Gentra® Puregene® Tissue Kit). Concentrations and purity
were assessed by means of a Thermo Fisher NanoDrop 2000.
Absorbance 260/280 ratio of 1.8 - 2.0 was considered as
acceptable DNA purity. DNA was diluted to 20 ng/µL in
nuclease-free water (QIAGEN Inc., Valencia CA, USA). DNA
quality was evaluated by PCR amplification of the G3PDH
housekeeping gene and subsequent electrophoresis on 1.5%
agarose gels. Samples that failed QC were re-purified
according to Gentra® Puregene® Kits manufacturer’s
guidelines or new aliquots were made.

Allelic discrimination
An Applied Biosystems Real-Time PCR StepOne™ 2011

system was used for quantitative detection of rs9930506 (A/G)
and rs9939609 (T/A) SNPs. Genotyping assays were performed
following the manufacturer’s specifications for the Applied
Biosystems TaqMan® Universal Master Mix II NO UNG and
custom Applied Biosystems TaqMan® SNP Human Small-Scale
(40X Concentration) with fluorescent-based (VIC®and FAMTM)
probes. The probe linked to VIC® dye detected rs9930506 wild
type “A” allele and the rs9939609 wild type “T” allele was
detected by the probe linked to FAMTM dye. The final reaction
volume was set to 12.5 µL.

Basic QC procedures for SNPs genotyping were performed.
Following the manufacturer’s recommendations, nuclease-free
water was used as negative control in triplicate in each run (No
Template Control=NTC). As an inside laboratory QC procedure
and since there are no commercial controls available, we
randomly selected 3 samples per SNP and treated them as
blind samples running them twice. In addition, in the same run
we included triplicates of samples with known results as
positive controls. The concordance was of the 99%. Some runs
results were also analyzed with the "TaqMan® Genotyper
Software". This Life Technologies software contains the call for
improved automated genotyping and includes quality control
tools for troubleshooting of experiments algorithms, with
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100% match. Six (6) samples for rs9930506 and seven (7)
samples for rs9939609 failed genotyping. These samples were
repeated after double-checking for aliquots' purity,
concentration and integrity.

Hardy-Weinberg equilibrium and haplotype-
based association test

We performed alleles’ frequency calculation using the
Hardy-Weinberg equation [43]. Genotypes and allele's
frequencies were compared to the PR population genetics
composition reported by 1000 Genomes [44]. Hardy-Weinberg
Equilibrium (HWE) was tested using the Chi Square Goodness
of fit test with one degree of freedom for each SNP (rs9930506
and rs9939609) for both cases and controls. The analysis was
performed using the CRAN "The Hardy Weinberg Package" for
R software environment for statistical computing and graphics,
following procedures reported by Graffelman [45]. Haplotype-
based association test including frequencies and D' [46] was
performed using the 3BY3 program included in the Statistical
Genetics Utility Programs (UtilWin) by Jurg Ott.

Statistical Analysis
Univariate analysis was performed to characterize the

sample (n=641), according to demographic and clinical
characteristics. Fisher exact test of independence was used to
assess the relationship between geographical regions of PR
and age, BMI, PSA and SNPs. Contingency tables were
generated to assess the relationship of demographic and
clinical characteristics with PCa, using Chi-square or Fisher’s
exact test for categorical variables. To test the difference in
proportion we used the Two-proportion Z-test. Continuous
variables were analyzed using t-test or Wilcoxon Mann-
Whitney test if continuous variables did not have a normal
distribution. Normality of the continuous variables by groups
(cases vs controls) was assessed by means of the Shapiro-Wilk
test for normality [47]. Logistic regression models were
conducted to estimate the odds ratio (ORs) with 95%
confidence interval (CI) of the SNPs rs9930506 and rs9939609,
both of which have a three-level categorical variable
(homozygous wild type, heterozygous and homozygous
mutated), in relation with PCa in general, PCa low severity and
PCa high severity, respectively. We first estimated the ORs of
rs9930506 genotypes A/A vs. A/G and A/A vs G/G or
rs9939609 T/T vs. T/A and T/T vs. A/A for the presence or
absence of PCa. We then estimated the ORs of rs9930506
genotypes A/A vs. A/G and A/A vs. G/G or rs9939609 T/T vs.
T/A and T/T vs A/A in relation to PCa severity (low or high). All
models were adjusted for BMI, age, and PSA and were tested
to evaluate first level of interaction using the Likelihood Ratio
Test (LRT). Variables statistically associated with PCa severity
(p<0.05) in the crude and adjusted logistic regression models
were included in the multivariate logistic regression models.
All analyses were performed using Stata for Mac release 13.0
(Stata Corporation, College Station, Texas).

Results 
Cases and controls were distributed among the five

geographical areas previously described. The enrollment
process did not target any specific area.

Table 1 Study population distribution across Puerto Rico by
participant status.

Region Control (n=128) n (%) Case (n=513) n (%)

Metro 49 (38.28) 227 (44.25)

North 25 (19.53) 120 (23.39)

East 48 (37.50) 98 (19.10)

South 6 (4.69) 39 (7.60)

West 0 (0.00) 29 (5.65)

Table 1 shows the distribution of cases and controls in each
region. The higher percentage of both, cases and controls
came from the metro and north areas. The lower percentage
came from the West.

Table 2 Demographic characteristics and FTO genotype of
study population (n=641).

Characteristic n (%)

Age (years)

<60 404 (63.03)

≥ 60 237 (36.97)

Mean ± SD 56.87 ± 7.70

BMI (kg/m2)

<25 116 (18.10)

≥ 25 525 (81.90)

Mean ± SD 28.65 ± 4.72

PSA (ng/mL)

<4.0 350 (54.60)

≥ 4.0 291 (45.40)

Mean ± SD 5.22 ± 5.43

rs9930506

A/A 266 (41.50)

A/G 311 (48.52)

G/G 64 (9.98)

rs9939609

T/T 237 (36.97)

T/A 309 (48.21)

A/A 95 (14.82)

We found that there was a statistically significant
association between the geographical regions of PR and age

Archives in Cancer Research

ISSN 2254-6081 Vol.5 No.3:148

2017

4 This article is available from: http://www.acanceresearch.com/

http://www.acanceresearch.com/


among cases (p<0.001), but not among controls (p=0.46). In
addition, no statistically significant association was found
between the geographical regions of PR and BMI among cases
(p=0.89) or controls (p=0.90). Moreover, there was no
association between geographical regions and neither of the
SNPs (rs9930506 among cases (p=0.85) and controls (p=0.94);
rs9939609 among cases (p=0.92) and controls (p=0.42)). 

Table 2 shows the demographic features and FTO genotype
of our cohort. Overall, 63% of individuals were younger than
60 years, 82 % of the subjects were classified as overweight/
obese, and 45% of the subjects had levels of PSA ≥ 4 ng/mL.

Frequency of the heterozygous and the wild type genotypes
as well as the allele frequencies concurred with what was

reported by 1000 Genomes (99 ± 0.08%) for the Puerto Rican
population. For rs9930506 the allele frequencies were A: 0.66
and G: 0.34, while for rs9939609 the allele frequencies were T:
0.61 and A: 0.39. Using these frequencies, we performed a
haplotype test in our cohort and found that four possible
haplotypes are present in our cohort (D' = 0.77) (A/T = 0.56;
G/T = 0.05; A/A = 0.09; G/A = 0.29). Allele distributions for
rs9930506 and rs9939609 followed HWE among both cases
(rs9930506: ϰ2= 1.58, p-value = 0.21; rs9939609: ϰ2 = 0.04, p-
value = 0.37) and controls (rs9930506: ϰ2 = 3.56, p-value =
0.38; rs9939609: ϰ2 = 2.14, p-value = 0.47).

Table 3 Description of clinical and demographic characteristics and FTO genotype by participant status.

Control (n=128)

n (%)

Case (n=513)

n (%)

p-value

Age (mean ± SD) <0.05a

<60 108 (84.38) 296 (57.70)

≥ 60 20 (15.62) 217 (42.30) 0.02c

Mean ± SD 51.68 ± 9.47 58.16 ± 6.60 <0.05b

BMI kg/m2 0.04a

Underweight/normal 15 (11.72) 101 (19.62)

Overweight/ Obese 113 (88.28) 412 (80.31) 0.051c

Mean ± SD 30.40 ± 6.21 28.22 ± 4.17 <0.05b

PSA (ng/ml) <0.05a

<4.0 128.0 (100.00) 163 (31.77)

≥ 4.0 0 (0%) 350 (68.23)

Mean ± SD 0.78 ±0 .52 6.36 ± 5.56 <0.05b

rs9930506 0.245a

A/A 45 (35.16) 221(43.08)

A/G 70 (54.99) 241(46.98)

G/G 13 (10.16) 51(9.94)

rs9939609 0.007a

T/T 32 (25.00) 205 (39.96)

T/A 72 (56.25) 237 (46.20)

A/A 24 (18.75) 71 (13.84)

ap-values using chi-square or Fisher exact test for categorical variables, b Wilcoxon Mann-Whitney test for continuous variables and c Two-proportion Z-test.

Table 3 shows the clinical and demographic characteristics
of the study sample by participant status. The cases (58.16 ±
6.60) were older than the controls (51.68 ± 9.47), in a
statistically significant manner (p ≤ 0.05). Cases had significant
higher proportion of participants older than 60 years
compared to controls (15.62% vs. 42.30%, respectively;
(p=0.02). There was a higher proportion of overweight/obese
participants (BMI ≥ 25 kg/m2) among controls compared to

cases (88.20% vs. 80.31%, respectively; (p=0.05)). FTO
rs9930506 was not significantly associated to PCa in the Chi
square test (p=0.255). In contrast FTO rs9939609 (p=0.01), age
(p<0.05), BMI (p=0.04) and PSA (p<0.05) were associated to
PCa.

Table 4 summarizes the association between the rs9939609
and PCa risk and PCa severity. We found that having at least
one “A” allele decreases by 51% the possibility of PCa risk and
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for low severity PCa. This significance was maintained when
adjusted by age, BMI and PSA, except for high severity PCa,
that has no statistical significance in the adjusted model
(p=0.41).

OR’s adjusted by all variables in the model simultaneously.
No significant first level interactions in the multivariate model
using the LRT.

Table 4 Association between rs9939609 genotype and prostate cancer risk and severity.

Variables AT vs TT AA vs TT

Odds ratio (95%CI) p Odds ratio (95%CI) p

Unadjusted

Cases (n=513) vs. Controls (n=128) 0.51 (0.32-0.81) <0.01 0.46 (0.25-0.84) 0.01

Low severity cases (n=370) vs. controls (n=128) 0.50 (0.31-0.81) <0.01 0.46 (0.25-0.87) 0.02

High severity cases (n=143) vs. controls (n=128) 0.54 (0.31-0.93) 0.03 0.45 (0.21-0.95) 0.04

Adjusted by age, PSA, and BMI

Cases (n=513) vs. controls (n=128) 0.53 (0.31-0.92) 0.03 0.44 (0.21-0.92) 0.03

Low severity cases (n=370) vs. controls (n=128) 0.51 (0.29-0.90) 0.02 0.42 (0.19-0.92) 0.03

High severity cases (n=143) vs. controls (n=128) 0.65 (0.25-1.73) 0.41 0.58 (0.15-2.22) 0.43

For all the study population, subjects with the “A” allele had
a higher possibility of being overweight (OR: 1.05, 95% CI: 0.68
- 1.62). Among the cases, those with mutated FTO rs9939609
tend to have a greater chance of having high severity PCa
compared with the wild type subjects (OR: 1.07, 95% CI: 0.71 -
1.62). In addition, also among the cases those that were
overweight showed a higher probability of having high severity
PCa (OR: 1.39, 95% CI; 0.84 - 2.32). None of the above results
achieved statistical significance.

Discussion  
Both rs9930506 and rs9939609 have been associated to

obesity in the European population [24-27,28], and obesity has
been associated to higher risk of PCa in other populations
[40,47-49]. Given the high percentage of the European
heritage in the Puerto Rican population, in this pilot study we
hypothesized that either or both of these SNPs could influence
the risk of PCa and its phenotype in a cohort of Puerto Rican
men. To our knowledge, this is the first study that attempts to
associate the obesity related gene FTO with the risk of
developing PCa or its severity in the Puerto Rican population.

For genetic association studies conducted in admixed
populations such as Puerto Rican, sample size is crucial.
Fesinmeyer et al. reported in 2008 the effect of FTO SNPs
rs9930506 and rs9939609 in BMI and obesity in some mixed
populations, in a sample of 7,346 Hispanics with 80% power
[50]. In that study, the researchers reported that there is
correlation between linkage disequilibrium and FTO SNPs in
Hispanics (r2: 0.63-0.91). Despite the fact that our cohort is
comparatively small, we found that the LD was similar
(r2=0.64) as in the Feismeyer study. In addition, frequency of
both alleles and genotypes for rs9930506 and rs9939609 for
the Puerto Rican population in our analysis concurs with 1000
genomes and as well the expected Hardy-Weinberg (HWE)
distribution.

The associations of FTO SNPs and PCa risk and severity have
been analyzed in other populations with European heritage. Li
et al. [23] performed a meta-analysis that included a study by
Meyer et al. [51] which found no association between FTO
rs8050136 and PCa risk and also a study by Lewis et al. [40]
which found an inverse association between PCa risk and FTO
rs9939609 in a white European cohort [40]. In this study, we
also report association between the FTO rs9939609 mutant
allele “A” and PCa risk. Of note, establishing comparisons
among different studies is hindered by the fact that studies
have different inclusion criteria for controls and different
definitions of high and low severity. Lewis’ group set PCa low
severity cut off to GS ≤ 6 and ours was set as ≤ 7 (3 + 4). They
used two different groups of controls in terms of PSA levels;
we set up a PSA cut off of ≤ 2.5 ng/mL. Acknowledging these
differences, our results concur with Lewis et al. in terms of the
inverse association of the FTO rs9939609 mutant allele “A” and
PCa risk.

The average age for PCa diagnosis is 66 years old [2]. In the
Puerto Rican population being older than 60 years old is a risk
factor for PCa as reported by Soto-Salgado et al. [52]. Besides
that, there have been reports (Hussein et al) that show that
PCa may appear early in life (≤ 55 years old) [53], and that this
early PCa onset may be associated and promoted by several
genes [54]. Furthermore, these researchers state that PCa may
remain undetectable in its early stages for many years until
different factors like obesity, propitiate its development to a
more aggressive stage [49,53,54]. In our cohort, the mean age
at PCa diagnosis was 58 years old, particularly in the
overweight group, which could suggest an agreement with
Hussein [53]. We cannot conclude that FTO is responsible for
PCa development at early age in PR, but the poor dietary
patterns in this population [29,34,55] may influence the FTO
effect on obesity and hence in PCa. Studies in other
populations with a high European heritage had suggested that
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consumption of animal protein, milk and dairy protein might
increase the PCa risk by hormonal changes [17,56].

Milk and dairy products high consumption are a key feature
in Puerto Rican nutritional habits [29,55]. Milk contains high
concentrations of miRNA-29s rich exosomes, which attack DNA
methyltransferases, reducing the methylation of FTO CpG
islands, stimulating FTO expression [17]. Moreover, in animal
model’s overexpression of FTO increases the expression of the
RUNX1T1 transcription factor in embryonic fibroblasts
stimulating the number of adipocytes [57]. Knowing that FTO
expression can modulate obesity onset [19,58] due to its
stronger expression during childhood, it is feasible to think
that throughout adulthood the high consumption of foods that
stimulate FTO overexpression would contribute to the high
incidence of obesity, and hence PCa risk. Unfortunately, we did
not have access to the lifetime health records of our
participants, so we are unable to establish the timeline for
obesity onset in our cohort.

The heterozygous form (T/A) of rs9939609 was the most
prevalent in our cohort. This would suggest that rs9939609 “A”
allele may be implicated in the phenotype of PCa and the male
population in PR could have a more severe PCa if they have the
“A” genotype, thus contributing to the high mortality rate from
the disease. Our results prompt us to inquire if patients with
high grade PCa at an early age and the FTO mutated rs9939609
will also have high triglycerides levels, given that in a previous
work our group found that age and high triglycerides levels are
related to high grade PCa [34]. This premise remains unclear in
the literature. Authors like De Luis et al. have related high
triglycerides levels to the FTO rs9939609 homozygous form
(T/T) in Spanish obese men [59], while others like Grunnet et
al. report an association to the FTO rs9939609 heterozygous
form (A/T) [60]. We faced the limitation that we did not have
access to the serum lipid levels of all our patients at the
diagnosis.

We propose that FTO could be another gene that may be
implicated in the early onset of PCa in this Hispanic population
and that this gene is impacting PCa by its effect on overweight.

Conclusion
Notwithstanding our limitations, we found a definite

association between the presence of rs9939609 with the risk

of having PCa in this cohort of Puerto Rican men and the early
onset of disease in a relatively young group of Puerto Rican
men. To our better knowledge, no other study has
characterized the Puerto Rican population with respect to the
FTO rs9930506 or rs9939609 SNPs and their association with
PCa. The alleles and genotypes frequency for both SNPs
agreed with those published in 1000 genomes and these
findings contribute to advance in the direction of having a
genomic database of the Puerto Rican population for PCa.
Further studies are needed to understand the mechanisms
that may be involved in this early onset of PCa in this
population. These results provide additional information to the
complex nature of PCa in this population.
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Supplementary Table Puerto Rico’s geographical region distribution of municipalities.

Metro North West South East

San Juan Arecibo Aguadilla Adjuntas Aguas Buenas

Guaynabo Barceloneta Aguada Aibonito Canovanas

Caguas Camuy Anasco Arroyo Carolina

Bayamon Catano Cabo Rojo Barranquitas Ceiba

Ciales Guanica Cayey Culebra

Corozal Hormigueros Cidra Fajardo
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Dorado Isabela Coamo Gurabo

Florida Lajas Comerio Humacao

Hatillo Lares Guayama Juncos

Manati Las Marias Guayanilla Las Piedras

Morovis Maricao Jayuya Loiza

Naranjito Mayaguez Juana Diaz Luquillo

Orocovis Moca Patillas Maunabo

Quebradillas Rincon Penuela Naguabo

Toa Alta Sabana Grande Ponce Rio Grande

Toa Baja San German Salinas San Lorenzo

Trujillo Alto San Sebastian Santa Isabel Vieques

Vega Alta Yauco Utuado Yabucoa

Vega Baja Villalba
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