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Abstract

Introduction and Objectives. Epigenetic changes can be reversible because they modify the activity or expression 
of genes without DNA alteration. There are some common trigger factors involved in the occurrence of the diseas-
es, like smoking, alcohol consumption, metabolic syndrome (glucose intolerance, dyslipidemia and obesity), envi-
ronmental factors, lifestyle and unhealthy alimentation. Our study aims to evaluate the influence of known trigger 
factors on epigenetic changes (on the 5-methyl-cytosine (5mC) and 5-hydroxymethyl-cytosine (5hmC) variations, 
where 5mC is the global methylation marker, and 5hmC reflects the demethylation stage) in newly diagnosed benign 
prostate hypertrophy (BPH) patients.

Materials and Methods. The study population comprises 200 of male adults over 50 years who provided written 
consent to participate and fulfill the inclusion criteria. We categorized the study patients in two groups: 181 newly di-
agnosed BPH patients and 19 clinically healthy patients, as a control group. Human genomic DNA was extracted from 
fresh peripheral white blood cells using the QIAamp DNA Blood Maxi Kit. The 5mC and 5hmC content of genomic 
white blood cell DNA in patients with BPH and control samples was determined by colorimetric ELISA. 

Results. Our results show that patients diagnosed with type 2 diabetes and cardio-vascular diseases showed sig-
nificantly higher values of 5mC compared to the control group. Patienst with obesity, body mass index (BMI) > 30, 
smokers and those who consumed daily alcohol showed significantly higher values of 5mC compared to the control 
group and normal BMI patients. Instead, the values of global demethylation (5hmC) remained relatively constant in 
all of these groups.

Conclusions. In conclusion we can say, that epigenetic markers, especially 5mC, were directly influenced by alcohol 
and tobacco consumption, and obesity and type 2 diabetes are negative prognostic factors for the evolution of BPH.

Key-words: benign prostatic hypertrophy, trigger factors, epigenetic changes, obesity, smoking, alcohol consump-
tion, 5mC, 5hmC
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Introduction and Objectives
Epigenetics is the study of changes in the activity 

or expression of genes without DNA alteration, which 
can be reversible when eliminating the trigger factors 

[1]. The risk factors for epigenetic changes are: smoking, 
alcohol consumption, metabolic syndrome (insulin 
resistance, dyslipidemia and obesity), environmental 
factors, lifestyle and unhealthy alimentation. The most 
promising epigenetic biomarkers recently discovered 
are 5-methyl-cytosine (5mC) and 5-hydroxymethyl-cy-
tosine (5hmC), where 5mC is the global methylation 
marker, and 5hmC reflects the demethylation stage. 
These markers are indicative of the overall health of the 
body. The role of 5hmC is yet poorly understood, but it 
is known, that occurs in the active demethylation pro-
cess of DNA via the ten eleven translocation (TET) en-
zymes, and appears to be a hallmark that is associated 
with active gene transcription [2].

Increasing evidence for the role of epigenetic 
mechanisms in prostate development and disease pro-
cesses has supported the researches about the clinical 
utility of DNA methylation, histone modifications, and 
microRNAs as biomarkers for prostate pathologies [3]. 
Methylation of the cytosine 5` carbon (5-methylcyto-
sine, 5mC) in CpG dinucleotides is a dynamic process, 
which is critical for transcriptional gene silencing [4]. 

The aim of our study was to identify the link be-
tween the modifications in epigenetic markers, namely 
5mC and 5hmC, in patients newly diagnosed with be-
nign prostatic hypertrophy (BPH) under the influence 
of comorbidities (cardiovascular disease, type 2 diabe-
tes, obesity (body mass index / BMI>30)) and known 
risk factors (alcohol consumption and smoking).

Materials and Methods
This study is an observational-prospective study, 

part of the project TE 2854 no. contract 358 / 01.10.2015, 
project code PN-II-RU-TE-2014-4-2854 funded by UE-
FISCDI through the Youth Teams Program - PN-II-RU-
TE-2014-4. Our study aims to evaluate the influence of 
known trigger factors on epigenetic changes in newly 
diagnosed BPH patients.

The study population comprises of male adults over 
50 years who provided written consent to participate 
and fulfill the inclusion criteria.  

Our study was performed during a one year period 
between October 2015 - September 2016, follow-up 
every six months. Were enrolled 200 subjects, who met 
the study inclusion and exclusion criteria. The patients 
enrolled in the study were classified into two groups:

•  Control group consisting of 19 apparently clinical-
ly healthy subjects, who do not smoke or consume 
alcohol,

• BPH group: 181 newly diagnosed BPH patients.
For the diagnosis of BPH all patients were inter-

viewed for LUTS (low urinary tract symptoms) using 
the IPSS (international prostate symptom score) ques-
tionnaire, family history, personal medical history, and 
using transabdominal prostate ultrasonography in 
conjunction with DRE (digital rectal examination) we 
evaluated the prostate volume, we collected peripher-
al venous blood for PSA determination and measuring 
global methylation and hydroxymethylation of white 
blood cell DNA in the study patients. The diagnostic 
criteria for clinical BPH were prostatic volume of ≥ 25 
mL with moderate/severe IPSS (IPSS ≥ 8).

Genomic DNA Extraction
Human genomic DNA was extracted from fresh 

peripheral white blood cells using the QIAamp DNA 
Blood Maxi Kit (Qiagen, Hilden, Germany; Cat No. 
51192) according to the manufacturer’s instructions. 
Once extracted, the DNA was checked for quality 
(260/280 nm, NanoDrop-2000, Thermo Fisher Scientific 
Inc., Waltham, MA, USA) and stored at −80 ◦C for fur-
ther analysis [5].

Quantification of Global DNA Methylation in WBC
The 5mC and 5hmC content of genomic white 

blood cell DNA in patients with BPH and control sam-
ples was determined by colorimetric ELISA with the 
Quest 5-mC and 5-hmC TM DNA ELISA Kit (Zymo Re-
search, Irvine, CA, USA; Cat No. D5426). This is the most 
cited ELISA-based global 5hmC quantification kit in the 
literature (over 60 citations according to Google Schol-
ar), and provides scientists with a quick, cost-effective, 
and reliable alternative to chromatographic methods 
(e.g., LC-MS/MS, HPLC) that are used for this purpose, 
particularly for serial measurements, which was the 
case of our study. Assays were conducted in duplicate 
per each sample, according to the manufacturer’s in-
structions by loading 100 ng of DNA per well. To limit 
variation in measurements related to potential batch or 
procedural discrepancies, we have randomly rerun ELI-
SA analysis for about a quarter of DNA samples. Optical 
density (OD) was red at 450 nanometers (nm) using a 
microplate Reader Stat Fax 4200 (Awareness Technol-
ogy, Palm City, FL, USA). For absolute 5hmC quantifi-
cation, a standard curve was obtained by plotting the 
various concentrations of the positive controls against 
the corresponding ODs [5].
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All statistical analyses were conducted using Micro-
soft Office Excel 2016. 

The study was conducted in accordance with the 
ethical principles that have their origin in the Declara-
tion of Helsinki, respects ethical demands that require 
research with human subjects. Before starting the 
study, we obtained the agreement of the ethics com-
mittee of the Arad County Emergency Hospital and the 
Western University “Vasile Goldis” in Arad.

Results 
Current studies highlight the importance of knowl-

edge of genetic substrates of diseases and the risk of 
molecular changes for certain conditions. 

The control group consisted of clinically healthy, 
normoponderal patients with healthy lifestyle, who 
performed sports daily, did not smoke and did not con-
sume alcohol.

We analyzed the 5mC and 5hmC variations accord-
ing to the most common co-morbidities and risk fac-
tors encountered in the BPH study group, such as: car-
diovascular disease, type 2 diabetes, obesity, smoking 

Table 1 The variations in 5mC and 5hmC values according to the control group and the major risk factors encountered in BPH patients 

Risc factors 5mC (%) 5hmC (%) Number of patients
BPH group 3.62±4.62 0.101±0.09 181
Control group 1.19±0.81 0.05±0.067 19

Comorbidities in BPH patients

     Cardio-vascular diseases 2.128±2.329 0.231±0.142 79

     Diabetes mellitus type 2 3.456±3.627 0.202±0.172 24

Body mass index (BMI) in BMI patients

     BMI<18.5 3.654±2.098 0.073±0.075 14

     BMI=18.5-24.9 2.003±1.012 0.101±0.098 105

     BMI=25-29.9 2.010±1.078 0.099±0.097 40

     BMI>30 3.547±3.219 0.112±0.100 22

Smokers 3.245±2.786 0.092±0.056 45

Alcohol consumption 2.567±0.723 0.072±0.067 23

Legend
The values are shown as median values with standard deviations, and absolute values (number of patiens)

and alcohol consumption (Table 1).
We can see, that all patients with BMI<18.5 were 

smokers and consumed alcohol daily (Figure 1). Two of 
them presented both risk factors. The presence of smok-
ing and alcohol consumption may explain the presence 
of hypermethylation and the decreased demethylation 
levels in subponderal patients (Table 1). Because of the 
small number of patients in BMI < 18.5 category and 
because of the high alcohol consumption and smoking 
rate among these patients we can not conclude that low 
weight would directly influence the level of DNA meth-
ylation and hydroxymethylation. However we observed 
higher 5mC values in these patients compared to smok-
er patients with normal weight (Table 1). 

In the study groups BMI between 18.5-24.9 and BMI 
between 25-29.9 we also found patients without other 
comorbidities or toxic consumption, but it can be seen 
increasing the percentage of occurrence for cardio-
vascular disease and type 2 diabetes with weight gain 
(Figure 1). We can observe in Figure 1, that all of obese 
patients (BMI > 30) presented cardio-vascular diseases 
and 45.45% of them were diagnosed with type 2 dia-
betes too.  

We can observe patients with severe LUTS present-
ed higher values of 5mC and lower 5hmC levels (Figure 
2). We can find similar 5mC levels in patients with se-
vere symptoms and the smoker group, type 2 diabe-
tes, subponderal and obese patients. This aspect may 
suggest, that these factors can influence the severity of 
symptoms in BPH patients. 

Figure 1. The major risk factors depending on patient’s BMI
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Figure 2. The variations in 5mC and 5hmC values according to the patients’ symptomathology

Our results show that patients diagnosed with type 
2 diabetes and cardio-vascular diseases showed signifi-
cantly higher values of 5mC compared to the control 
group. Patienst with obesity with BMI > 30, smokers 
and those who consumed alcohol daily showed signifi-
cantly higher values of 5mC compared to the control 
group and normal BMI patients. Instead, the values of 
global demethylation (5hmC) remained relatively con-
stant in all of these groups. This underlines the hypoth-
esis that metabolic syndrome and obesity increase the 
degree of global methylation causing major imbalanc-
es in homeostasis of the organism. The highest median 
values of 5mC were recorded in patients with type 2 
diabetes, and in the group of smokers compared to the 
other categories.

On the other hand, we can see elevated 5mC and 
low 5hmC levels in patients with BMI < 18.5, indicating 
the presence of epigenetic imbalances in the under-
weight subjects. 

For data analysis we used the ANOVA test, which 
shows statistically significant differences between 
study groups with type 2 diabetes and obesity ver-
sus the control group in 5mC and 5hmC values (p = 
0.00076 and p = 0.003 respectively). These patients also 
had more serious symptoms (measured by the IPSS 
questionaire) compared to the other study groups.

Discussions
Our study shows the higher 5mC values in patients 

with BMI < 18.5 and BMI > 30, smokers and type 2 dia-
betes groups. We observed decreased 5hmc values in 
groups of smoker patients, alcohol consumption and 
BMI < 18.5. 

Prior studies consistently showed that increased ad-
iposity is positively associated with the measured pros-
tate volume and enlargement, suggesting that obesity 
promotes prostate growth. Most studies revealed that 
obesity increases the risk of clinical BPH by several 
measures, including the initiation of BPH medical treat-
ment, noncancer prostate surgery, physician diagnosed 
BPH, histological diagnosis and urinary flow rate. Other 
studies demonstrated that obesity increases the risk of 

LUTS, as measured by a validated questionnaire. Also, 
most studies showed that physical activity significantly 
decreases the risk of benign prostatic hyperplasia [6].

The Baltimore Longitudinal Study of Aging con-
ducted by Parsons et al. enrolled 422 adult men. 
Among the participants, 91 (21.6%) had prostate en-
largement (defined as total prostate volume >/= 40 
cc) at first visit. Compared with men of normal weight 
[body mass index (BMI) < 25 kg/m(2)], the age-adjust-
ed odds ratio (OR) for prostate enlargement for over-
weight men (BMI, 25-29.9 kg/m(2)) was 1.41 (95% CI, 
0.84-2.37), for obese men (BMI, 30-34 kg/m(2)) was 1.27 
(95% CI, 0.68-2.39), and for severely obese men (BMI 
>/= 35 kg/m(2)) was 3.52 (95% CI, 1.45-8.56) (P = 0.01). 
Men with elevated fasting glucose (>110 mg/dl) were 
more likely to have an enlarged prostate than men with 
normal fasting glucose (</=110 mg/dl) (OR, 2.98; 95% 
CI, 1.70-5.23), as were men with a diagnosis of diabetes 
(OR, 2.25; 95% CI, 1.23-4.11). They concluded, that obe-
sity, elevated fasting plasma glucose, and diabetes are 
risk factors for benign prostatic hyperplasia [7]. 

Epigenetic changes may play a causative role in 
obesity by inducing inappropriate expression or si-
lencing of obesity-related genes and regulatory se-
quences, thus leading to metabolic imbalances [8]. 
Alternatively, epigenetic changes may occur as a con-
sequence of obesity, but once established, may pre-
dispose to obesity-related co-morbidities such as type 
2 diabetes mellitus. In a recent population-based ob-
servational epigenome-wide association study (EWAS) 
by Wahl et al. BMI was found to be associated with 
changes in DNAm levels at 187 genetic loci. Further-
more, this study provided evidence to suggest that 
these changes were most likely caused by adiposity 
rather than a cause of it [9]. The study by Wahl et al. is 
currently the most robust and significant EWAS in the 
field of obesity-associated DNAm in terms of popula-
tion size, study design and methods used. However, 
since this was an observational study and not a weight 
loss intervention, the reversibility of obesity-associat-
ed DNAm could not be tested.
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Conclusions
In conclusion we can say that DNA methylation 

and demethylation were directly influenced by smok-
ing and alcohol consumption, which means that elim-
inating these factors can cause reversal of epigenetic 
changes and improve the BPH progression. 

Our study show, that smoking, alcohol consump-
tion, obesity and type 2 diabetes aggravates LUTS in 
BPH patients and are negative prognostic factors for 
the evolution of the disease.
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