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Abstract: The androgenic signalling pathway is essential for carcinogenesis and tumour
development in prostate cancer (PC). The importance of that pathway makes it the main target of
treatments against PC, among which androgen deprivation therapy (ADT) stands out. The
heterogeneity of the response against the same treatment shows the importance of the search for
molecular biomarkers which enable the prediction of the response to the therapy in each case. This
work focuses on the characterization of the response to treatment in several patients of PC through
the analysis of different genetic variants [rs10877012 (CYP27B1); rs3768490 (GSTM5); rs1004446
(IGF2)]. The statistical analysis revealed a certain tendency to resistance in A/G genotype carriers in
rs1004446 (IGF2). Furthermore, a significant statistical relation between aggressive phenotypes was
confirmed in single nucleotide polymorphism (SNP) rs10877012 (CYP27B1, p = 0.013).
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1. Introduction

Prostate cancer (PC) is the most frequent tumour in men in Spain and the second worldwide [1].
The activation of the androgenic signalling pathway in PC is essential for carcinogenesis and tumour
development [2]. The relevance of that pathway makes it the main target of treatments against PC,
among which androgen deprivation therapy (ADT) is the most commonly used. This therapy is
efficient in the early stages of tumour development however, in most instances, the tumour evolves
into castration-resistant prostate cancer (CRPC). In such cases, the tumour becomes more aggressive
and a metastatic process usually occurs [3].

Currently, the main strategy for the stratification of patients with PC is based on Gleason score
and prostate-specific antigen levels (PSA). PSA is the most widely used biomarker in PC, but it is also
correlated with other disorders. This fact together with the heterogeneous response against the same
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treatment makes it necessary to search for new biomarkers that make it possible to predict the most
effective treatment [4].

This work focuses on the characterization of the response to treatment in several patients of PC
through the analysis of different genetic variants. Thereby, candidate genetic positions implicated in
the development of resistance against ADT were selected. The search of single nucleotide
polymorphisms (SNPs) was carried out to establish a possible connection between the genotype of
each patient and the response to treatment.

2. Materials and Methods

2.1. Patients

A total of 59 subjects with PSA levels above 4 ng/mL and positive biopsy were included in this
study. Peripheral blood and buccal swabs samples were obtained and clinical data such as age,
Gleason score or response to hormone therapy were obtained from medical records. All subjects of
the study provided written informed consent to be enrolled. The study was previously approved by
the Research Ethics Committee of Granada Center (CEI-Granada) following Helsinki ethical
declaration.

2.2. SNPs Selection

Three genes involved in resistance to hormone therapy were selected after a thorough
bibliography review in GeneCards and Pubmed databases. Besides, possible SNPs of the candidate
genes were identified using SNPedia and their allelic frequencies in the Caucasian population were
obtained from Ensembl. Those SNPs with allele frequencies higher than 20% in the minor allele
frequency (MAF) were selected. Finally, three genetic variant were chosen for this study: rs10877012
(CYP27B1), rs3768490 (GSTMb5) and rs1004446 (IGF2).

2.3. DNA Extraction and Genotyping

Standard organic DNA extraction was performed from blood and buccal swab samples. Purity
and concentration of DNA extracts were determined with a NanoDrop 2000c (Thermo Scientific, USA).
Then, DNA genotyping was performed using TagMan SNP Genotyping in a QuantStudio 6 Flex
(Applied Biosystems, USA).

2.4. Statistical Analysis

Software package SPSS v.19.0 was used for statistical analyses. The association between different
genotypes and the response of each patient to hormonal treatment was analysed by chi-square and
statistical signification was considered with p values < 0.05.

3. Results and Discussion
A cohort of 59 PC samples was divided into sensitive or resistant to treatment according to

clinical data. Association results between genotype and response to treatment are shown in Table 1.

Table 1. Association between genotype and response to hormonal treatment.

SNP Sensitive to Treatment Resistant to Treatment p
rs10877012 (CYP27B1) 0.656
G/G 8 (44.45%) 21 (52.50%)
T/T 2 (11.10%) 2 (5.00%)
G/T 8 (44.45%) 17 (42.50%)
rs3768490 (GSTMb5) 0.629
G/G 5 (29.41%) 13 (34.21%)

T/T 4 (23.53%) 5 (13.16%)
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G/T 8 (47.06%) 20 (52.63%)
rs1004446 (IGF2) 0.391

G/G 11 (61.11%) 17 (42.50%)

A/A 1 (5.56%) 5 (12.50%)

A/G 6 (33.33%) 18 (45.00%)

Our results show a trend to resistance in A/G genotype in rs1004446 (IGF2). However, owing to
the lack of statistical significance we cannot confirm a direct association between the genotype of
these SNPs and the response to treatment. We consider that these inconclusive results are due to the
low number of samples analysed. Thus, bigger sample size will be necessary to reinforce these
preliminary findings.

On the other hand, we have found a statistically significant (p = 0.013) association between the
genotype of the SNP rs10877012 (CYP27B1) and the aggressiveness of phenotypes measured with the
Gleason score. These results are shown in Table 2.

Table 2. Association between genotype and Gleason score.

SNP Gleason Score<7 Gleason Score>7 p
rs10877012 (CYP27B1) 0.013
G/G 6 (25.00%) 22 (59.46%)
T/T 1(4.17%) 3 (8.10%)
G/T 17 (70.83%) 12 (32.44%)
rs3768490 (GSTMD5) 0.908
G/G 11 (44.00%) 15 (42.86%)
T/T 2 (8.00%) 4 (11.43%)
G/T 12 (48.00%) 16 (45.71%)
rs1004446 (IGF2) 0.784
G/G 13 (52.00%) 16 (43.24%)
A/A 2 (8.00%) 4 (10.81%)
A/G 10 (40.00%) 17 (45.95%)

As represented in Figure 1, we observe that 78.57% of the patients with G/G genotype for
rs10877012 had a Gleason score above 7, which is associated with greater aggressiveness of PC. In the
case of the heterozygous genotype, it was found that 56.67% of those presented a Gleason score lower
or equal to 7. In the case of the T/T genotype, no relevant conclusion can be reached since only 4 of
all the samples that participated in the study presented that genotype. These results would help to
predict the future severity of the PC when the tumour is still in the early stages.
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Figure 1. Representation of genotype association and Gleason score: (a) Expressed in number of cases;
(b) Expressed as a percentage.

4. Conclusions

This study reveals that PC patients with A/G genotype in rs1004446 (IGF2) show a certain
tendency to resistance to hormonal treatment, although a relationship with statistical significance
was not confirmed. More importantly, a significant statistical relation between aggressive
phenotypes was confirmed in rs10877012 (CYP27B1). Further confirmation of these results in a larger
cohort will open up a wide range of possibilities for the clinical implementation of these SNPs.
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