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Abstract

Purpose—5α reductase inhibitors (5ARIs) are a main modality of treatment for men suffering 

from symptomatic benign prostatic hyperplasia (BPH). Over 30% of men do not respond to the 

therapeutic effects of 5ARIs. We have found that 1/3 of adult prostate samples do not express 

5AR2 secondary to epigenetic modifications. We sought to evaluate whether 5AR2 expression in 

BPH specimens of symptomatic men was linked to methylation of the 5AR2 gene promoter and 

identify associations with age, obesity, cardiac risk factors, and prostate specific antigen (PSA).

Materials and Methods—Prostate samples from men undergoing transurethral prostate 

resection were used. 5AR2 protein expression and gene promoter methylation status were 

determined by common assays. Clinical variables included age, body mass index (BMI), 

hypertension, hyperlipidemia, diabetes, PSA, and prostate volume. Univariate and multivariate 

statistical analyses were performed, followed by stepwise logistic regression modeling.

Results—BMI and age were significantly correlated with methylation of the 5AR2 gene 

promoter (p<0.05), whereas prostate volume, PSA, or use of BPH medication were not. 

Methylation was highly correlated with 5AR protein expression (p<0.0001). In a predictive model, 

both increasing age and BMI significantly predicted methylation status and protein expression 

(p<0.01).

Conclusions—Increasing age and BMI correlate with increased 5AR2 gene promoter 

methylation and decreased protein expression in men with symptomatic BPH. These results 

highlight the interplay between age, obesity and gene regulation. Our findings suggest the 

presence of an individualized epigenetic signature for symptomatic BPH, which may be important 

for choosing appropriate personalized treatment options.
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1. INTRODUCTION

Symptomatic BPH and lower urinary tract symptoms (LUTS) affect over 80% of men in the 

US by age 70 and pose a burden on individual quality of life, generating annual healthcare 

costs of over $4 billion.1–3 Although an estimated 612 million men worldwide will develop 

LUTS due to BPH,4 no universal therapy exists to treat all men with BPH. Combination 

therapy with an α-blocker and 5ARI has significantly reduced the risk of clinical 

progression. However, at least 25–30% of patients do not respond to medical management 

as measured by International Prostate Symptom Score (IPSS) and a subset require surgical 

intervention, resulting in over 300,000 BPH surgeries annually in the US.3, 5

Sex steroid hormones are essential for driving prostate growth, but genetic predisposition 

and modifiable risk factors are also associated with the development of symptomatic BPH. 

Obesity and aging have been shown in multiple large studies to be associated with increased 

prostate volume, growth, and risk of symptomatic BPH.6–8 In 5,667 men participating in the 

Prostate Cancer Prevention Trial (PCPT) for up to 7 years, the risk of LUTS secondary to 

prostate growth increased by 4% with each additional year of age and by 10% for each 0.05 

increase in the waist-to-hip ratio.9 In addition, a subanalysis of the PCPT found that a BMI 

of 30 or greater attenuates the therapeutic effect of 5ARIs on BPH.10 However, the 

mechanisms underlying this resistance to therapy remain undefined.

DNA methylation is one of the most common epigenetic mechanisms that affect gene 

expression. Addition of a methyl group to gene promoter regions rich in CpG dinucleotides 

alters the chromatin structure, recruits methylated DNA-binding proteins and prevents 

transcription factor binding, leading to gene silencing (Figure 1).11 Methylation of CpG 

islands has been associated with regulation of various genes during development, cancer 

initiation and metastasis.12 We have previously shown that the 5AR2 gene contains a CpG 

island in its promoter region, and methylation of 5AR2 promoter is correlated with a lack of 

5AR2 protein expression in normal prostate tissues.13 We found that about 33% of benign 

human prostate tissues from surgical specimens contain methylated 5AR2 genes, an 

observation that can have implications for prostatic growth potential over time as well as 

sensitivity to 5ARIs. Mechanistically, we have shown that the inflammatory mediator TNF-

alpha and DNA methyltransferase 1 (DNMT1) directly affect 5AR2 promoter methylation 

and protein expression, highlighting a mechanism for regulation of 5AR2 gene expression 

during adulthood.14 Since inflammatory mediators are upregulated in obese individuals, we 

hypothesized that 5AR2 gene expression varies among men with symptomatic BPH who are 

obese.

In the present study, we sought to determine whether 5AR2 expression was linked to 

methylation of the 5AR2 gene promoter in BPH specimens from men with refractory LUTS. 

We assessed for associations between protein expression and age, obesity, cardiac 
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comorbidities and prostate markers with an aim to explore why some patients may be 

resistant to 5ARI therapies.

2. MATERIALS AND METHODS

2.1. Patients and Clinical Data Collection

With institutional review board approval, prostate specimens were collected from 104 

patients who underwent transurethral resection of the prostate (TURP) for symptomatic BPH 

at Massachusetts General Hospital between November 2011 and January 2013. Medical 

records were reviewed to retrospectively collect clinical and pathological data including 

medical comorbidities (Type II diabetes mellitus, hypertension, hyperlipidemia—

dichotomous variables), age (continuous), and BMI (continuous). For some subset analyses, 

patients were categorized by BMI as normal (<25 kg/m2), overweight (25–29.9 kg/m2), and 

obese (≥30 kg/m2). Use and duration of α-blockers and/or 5ARIs was assessed. Total 

prostate volume was either assessed by direct measurement using transrectal ultrasound 

(TRUS) or calculated by the prolate ellipsoid equation ([length]×[width]×[height]×0.52) 

from a CT scan within 6 months of surgery. Serum PSA was recorded if a laboratory value 

was available within 12 months prior to surgery. Because 5ARI use causes a predictable 

decrease in PSA level, we calculated an adjusted PSA’s based on previously published 

correction factor15 such that PSA was multiplied by 2.0 for patients taking 5ARIs for less 

than 4 years or 2.3 for patients taking the medication greater than 4 years.

2.2. Tissue Processing, IHC, DNA Extraction and Methylation Detection

After pathological examination, all prostate samples were frozen and stored at −80°C. Some 

were fixed in formalin for paraffin embedding or OCT for immunohistochemistry (IHC).

Immunohistochemistry was performed as previously described.16 Briefly, 5uM tissue 

sections were incubated with the 5AR2 primary antibody (1:200, ab101869, ABCAM, 

Cambridge, MA), and secondary antibody was used at 1:300 dilution. Three representative 

areas at 40× magnification were selected for each sample, and 500 cells were manually 

counted from each representative section as recently published.14 The reactivity (proportion 

of prostate cells staining positive) was recorded (0% to 100%). We first scored the 

expression using a semiquantitative evaluation of the percentage of positive cells on a 4-

tiered scale: <10%, 11–30%, 31–60%, and >60% based on our previous experience.13 We 

then treated the data as a continuous variable and fitted a mixture model of two Gaussian 

distributions to the histogram in order to determine the optimal cutoff point to stratify 

expression into 2 groups using the validated web-based application Cutoff Finder.17

For methylation analyses, DNA was extracted from prostate tissues with QIAmp DNA Kits 

(Qiagen Sciences, Germantown, MD). Methylation of CpG islands in the 5AR promoter was 

assessed using the MethylCollector Ultra Kit (Active Motif, Carlsbad, CA). The primers 

used for PCR of the 5AR2 gene (SRD5A2) were: 5′-AAGCGGGAGGTGAATGTAAA-3′ 

(forward) and 5′-CTTTATGGAGCGCCAGACG-3′ (reverse). The PCR program was: pre-

denaturation at 95°C for 5 minutes; amplification ×40 cycles: denature at 95°C for 30 

seconds, anneal at 55°C for 30 seconds, and extend at 72°C for 1 minute; final extension at 

72°C for 10 minutes. Samples were grouped as methylation positive or negative.
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2.3. Statistical Analysis

Descriptive statistics were presented as mean and standard deviation with median for 

continuous variables, or percentages for categorical variables. Patients were divided into two 

groups based on positive or negative methylation status, and descriptive analyses comparing 

clinical information were performed using t-tests (continuous variables), Wilcoxon rank sum 

tests (discrete variables), and chi-square (χ2) tests (dichotomous variables) where 

appropriate. Univariate logistic regression was performed to identify factors associated with 

methylation status. Multivariate analysis was undertaken by stepwise logistic regression 

modeling using all factors identified on univariate analysis (p<0.1) as well as any other 

factors for which clinical data was available, followed by backward elimination. We then 

performed a receiver operating characteristic (ROC) analysis to assess the ability of age and 

BMI to predict methylation. Statistical analyses were performed with JMP-Pro version 11 

(SAS Institute Inc., Cary, NC) and R version 3.0.2 (R Foundation for Statistical Computing, 

Vienna, Austria). All tests were two-tailed, and p<0.05 was considered statistically 

significant.

3. RESULTS

3.1. Description of Cohort

We obtained prostate tissue from 104 patients who underwent TURP for symptomatic BPH. 

Eight patients were excluded for incomplete data, leaving 96 patients included in the 

analysis (Table 1). Ninety patients had total prostate volume measurement by TRUS or CT 

scan, and 67 patients had laboratory serum PSA information. In our cohort only 15% of men 

were of normal weight (BMI <25), 49% were overweight (BMI 25–29), and 36% were 

obese (BMI ≥30).

Finasteride therapy results in a significant decrease in PSA level, so for our analysis we 

applied a correction factor validated in the PCPT as described above.15 As expected, PSA 

values and prostate volumes correlated with age (p<0.05).

Overall, 47 (49%) of patients had a methylated 5AR2 promoter region. The prevalence of 

hyperlipidemia and hypertension in our cohort was 64% and 69%, respectively. BMI 

correlated with both hypertension and hyperlipidemia (p<0.01) but not with adjusted PSA or 

prostate volume. Eighty percent (80%) of patients were being treated with oral medication 

preoperatively, with 35% using an α-blocker, 8% using a 5ARI, and 37% using combination 

of both.

As an internal control, we performed a linear regression analysis and found a moderate 

correlation between prostate volume and adjusted serum PSA level (R2=0.31, p<0.01) 

(Figure S1). These findings are consistent with many published reports of the positive 

relationship between PSA and prostate volume and suggest that our cohort is a valid 

representation of a selected population of patients undergoing surgical intervention for BPH.

3.2. 5AR Promoter Methylation Status Correlates with Protein Expression in BPH Samples

In this study of BPH samples without any evidence of prostate cancer, we evaluated 96 

samples for 5AR2 protein expression by IHC. The protein expression level by IHC 
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reactivity was bimodal (Figure S2A), with an optimal cutoff point of 10.8%. We also 

performed a subgroup analysis of patients who did or did not use finasteride and arrived at a 

similar cutoff point (Figures S2B–C). Therefore, we considered 5AR2 expression to be 

positive if >10% of cells in the section stained positive for immunoreactivity, with ≤10% 

being considered negative for expression. We found a very strong correlation between 

methylation and 5AR2 protein expression (chi-square test, p<0.0001)(Figure 2 and Table 

2).14

3.3. Age and BMI Predict Methylation Status and Protein Expression

In a univariate analysis we found that age (p=0.020) and BMI (p=0.028) were significantly 

associated with 5AR2 promoter methylation status (Figure 3). Prostate volume, adjusted 

PSA, medication use, and cardiac comorbidities did not correlate with methylation status in 

our cohort (Table 1).

Multivariate logistic regression analysis was performed to identify whether all clinical 

variables, taken together, held a stronger predictive ability. After a stepwise removal 

process, only age and BMI remained in the model, and the combined model was a better fit, 

with an improved predictive utility from χ2 of 6.9 (age) or 6.2 (BMI) to 13.0 (Table 3). In 

addition, the significance of each variable was determined by measuring the deviance 

differences when either BMI (p=0.008) or age (p=0.006) was removed from the model, 

which indicated that both age and BMI contributed to the model in a significant way. ROC 

analysis yielded an area under the curve (AUC) of 0.72 (95% CI [0.62, 0.83]) for the 

combined model which was improved when compared against either model alone (Figure 4). 

By this model, increases in age or BMI are associated with an increased likelihood of 5AR2 

promoter methylation.

Given the strong correlation between methylation and lack of protein expression, we 

conducted a univariate analysis of associations with 5AR2 protein expression. Interestingly, 

age significantly predicted decreased 5AR2 protein expression (p=0.044), however BMI did 

not reach statistical significance (p=0.087). Using multivariate logistic regression, both age 

and BMI were significant predictors of protein expression, with age having the stronger 

effect in the model (Table 4).

4. DISCUSSION

We found that both BMI and age independently predict increased 5AR2 gene methylation as 

well as decreased 5AR2 protein expression in BPH specimens of symptomatic men. While 

5AR2 has been previously thought to be ubiquitously expressed in order to drive prostatic 

growth similar to its function in embryologic development,18, 19 our work suggests that 

5AR2 protein expression in the adult prostate is variable and may be intimately connected to 

widespread epigenetic changes that occur with obesity and aging. Furthermore, silenced 

expression of 5AR2 in some patients, resulting in lack of protein substrate for 5ARIs, may 

potentially explain why a subset of patients with BPH are resistant to 5ARI therapy.

DNA methylation plays a prominent role in regulating gene expression and influencing 

downstream functional outcomes that contribute to a disease phenotype. Hypermethylation 
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of specific genes such as MDR1 and RASF1 has been identified in BPH but not in normal 

prostate tissues,20 and epigenetic changes in other genes have been linked to progression, 

risk status and even recurrence of tumors such as prostate cancer.21–23 Recent reports are 

defining an epigenetic signature for obesity by analyzing genome wide patterns of 

methylation. Increasing BMI is associated with increased global methylation of genes 

associated with obesity in subcutaneous and omental adipose tissue.24, 25 Interestingly, after 

undergoing gastric bypass and significant weight loss, patients experience a global decrease 

in gene methylation. A similar study found that weight loss after gastric bypass leads to 

hypomethylation of genes in skeletal muscle involved in metabolic processes and 

mitochondrial function, highlighting the dynamic nature of epigenetic modifications.26 

These studies suggest that an individual’s own internal environment is influenced by 

changes in total body weight and its associated epigenetic signature.

Obesity has been shown to markedly increase the risk of symptomatic BPH (ie, BPH 

requiring medication or surgery)6–9, 27 and attenuate the clinical benefits associated with 

5ARI therapies.10, 28 Our findings suggest that the hypermethylation and systemic 

inflammatory state associated with obesity and aging may serve as an epigenetic marker of a 

distinct BPH pathology. Interestingly, reversal of obesity through weight loss and its 

associated hypomethylation can improve symptomatic BPH. In a prospective multicenter 

study of 86 patients who underwent bariatric weight loss surgery, there was a significant 

overall reduction in LUTS at 6 weeks that was sustained at one year after surgery.29 Several 

other reports found that healthy dietary quality and increased physical exercise have a 

protective effect against LUTS.27, 30 Taken together, these findings suggest that dynamic 

changes in methylation status may be associated with lifestyle modifications that lead to 

BPH regression and improvements in LUTS.

This is the first study to our knowledge to correlate obesity and aging with gene methylation 

in benign prostatic diseases. Mechanistically, we have shown that inflammatory mediators 

and DNMT1 methylate 5AR2 and silence expression of the gene.14 Increased adiposity in 

obesity can lead to greater aromatization of circulating testosterone into estrogen, but the 

relationship between estrogen receptor status, testosterone levels and methylation remains 

unknown and is the subject of future work. In this study, all prostate specimens were derived 

from patients with symptomatic BPH who required surgical resection. Most (80%) had 

previously failed a trial of medical therapy, with 45% failing 5ARIs. Current prospective 

studies are ongoing at our institution to ascertain whether hypermethylation precedes 

symptomatic BPH, or whether it is a marker of the disease state. To that end, 5AR2 

methylation status may help define an epigenetic signature to risk stratify patients with BPH 

and identify those likely to fail current medical therapy.

The limitations of our study deserve mention. Our sample cohort reflects a specific 

population of patients who underwent surgical intervention for symptomatic BPH at a 

tertiary referral center. Second, our study was not longitudinal, so we are only able to make 

observations at one point in time. Our analyses are exploratory and, combined with our 

recently published work that elucidates the mechanism of 5AR2 promoter methylation,14 

invite future studies to explore utilization of 5AR2 methylation as a gene signature for 

personalized care for management of patients with prostatic diseases.
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5. CONCLUSIONS

Age and BMI are correlated with methylation of 5AR2 gene promoter in BPH samples. 

Methylation of the 5AR2 promoter region is strongly correlated with absence of protein 

expression. These results highlight the interplay between metabolic risk factors and gene 

regulation and suggest an epigenetic signature, which may ultimately be utilized to tailor 

5ARI therapies for management of BPH.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Mechanism of 5AR2 suppression by DNA methylation. (A) DNA methylation adds a methyl 

group (star) at the carbon-5 position of cytosine residues in CG dinucleotides. (B) In 

unmethylated DNA (blue CG dinucleotides), chromatin is uncondensed and transcription 

factors (TF) can bind the gene promoter region, enabling gene expression. (C–D) DNA 

methylation (red CG dinucleotides with stars) attracts methylated DNA-binding proteins and 

histone deacetylase complexes (horizontal ovals and diamonds) to form condensed, inactive 

chromatin that prevents TF binding and silences gene expression (from ref11).
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Figure 2. 
Methylation status of the 5AR2 promoter predicts protein expression. Plot shows probability 

of protein expression with 95% confidence intervals shown.
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Figure 3. 
A. Age is a statistically significant predictor of methylation status, with positive methylation 

status correlating with increased age. Overall mean is shown by the horizontal line. Box 

plots show 25th to 75th interquartile range and median (horizontal line), whiskers show 10% 

and 90% quantiles. Wilcoxon rank sum, p=0.020.

B. Body mass index (BMI) is a statistically significant predictor of methylation status, with 

positive methylation status correlating with increased BMI. Overall mean is shown by the 

horizontal line. Box plots show 25th to 75th interquartile range and median (horizontal line), 

whiskers show 10% and 90% quantiles. Wilcoxon rank sum, p=0.028.
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Figure 4. 
ROC curves for BMI, age, and both as predictors of 5AR2 methylation status. Age AUC 

0.64 (95% CI [0.53, 0.76]); BMI AUC 0.68 ([0.57, 0.79]), Age + BMI AUC 0.72 ([0.62, 

0.83]).

Bechis et al. Page 13

J Urol. Author manuscript; available in PMC 2016 February 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bechis et al. Page 14

Table 1

Demographic and clinical characteristics of the cohort.

Variables Total n=96 (100%) Methylated n=47 (49%) Unmethylated n=49 (51%) p

BMI (kg/m2)
Range: 18–44.6

Mean= 29.1
SD= 4.82

Range: 18–42.5
Mean= 30.2
SD= 4.56

Range: 19.1–44.6
Mean= 28.0
SD= 4.83

0.022

Normal weight (BMI<25) 14 (15%) 4 (29%) 10 (71%)

Overweight (BMI 25–29.9) 47 (49%) 19 (40%) 28 (60%)

Obese (BMI≥30) 35 (36%) 24 (69%) 11 (31%)

Age (yrs)
Range: 52–91
Mean= 70.8
SD= 8.72

Range: 52–91
Mean= 73.0

SD= 9.1

Range: 53–87
Mean= 68.7

SD= 7.7
0.017

50–59 12 4 8

60–69 26 11 15

70–79 45 22 23

≥80 13 10 3

Prostate volume (cc) n=90

Mean= 82
SD= 40

Median= 78.5
Range: 22–199

Mean= 83
SD= 43

Median= 80
Range: 27–196

Mean= 81
SD= 38

Median= 78
Range: 22–199

0.82

≤40cc 5 9

>40cc 40 36

Adjusted PSA (ng/ml) n=67 Median= 3.40
Range: 0.21–15.90

Median= 4.10
Range: 0.21–15.89

Median= 3.21
Range: 0.52–14.40 0.22

Proscar only use 8 (8%) 3 5

Flomax only use 34 (35%) 17 17

Combined use 35 (37%) 18 17 1.0

No medication or unable to tolerate 19 (20%) 9 10

Median duration of therapy, Proscar, months 
(range) 11 (1–94)

Median duration of therapy, Flomax, months 
(range) 17 (1–131)

Comorbidities

Diabetes mellitus 10 (10%) 5 5 0.94

Hyperlipidemia 61 (64%) 33 28 0.18

Hypertension 66 (69%) 36 30 0.10

BMI: body mass index. SD: standard deviation. PSA: prostate specific antigen.
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Table 2

5AR2 protein expression by promoter methylation status.14

5AR2 Protein Expression

Expression No expression

Methylated n= 47 12 (26%) 35 (74%)

Unmethylated n= 49 39 (90%) 10 (10%)

Chi-square test, p<0.0001

J Urol. Author manuscript; available in PMC 2016 February 22.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bechis et al. Page 16

Table 3

Results of multiple logistic regression modeling to determine factors associated with 5AR2 methylation status.

Factor Odds Ratio 95% CI p value

Age 1.07 1.02–1.13 0.009

BMI 1.13 1.03–1.26 0.013

Overall model chi-square= 13.0, p=0.002

Age and body mass index (BMI) as continuous variables.
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Table 4

Results of multiple logistic regression modeling to determine factors associated with 5AR2 protein expression.

Factor Odds Ratio 95% CI p value

Age 0.94 0.90–0.99 0.025

BMI 0.91 0.83–0.99 0.049

Overall model chi-square= 8.5, p=0.014

Age and body mass index (BMI) as continuous variables.
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