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Effect of hypertension on bacteria composition of prostate
biopsy in patients with benign prostatic hyperplasia
and prostate cancer in PSA grey-zone
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Abstract. Diagnostic prostate cancer (PC) is difficult to
diagnose by prostate biopsy, even in patients with markedly
elevated PSA levels. Therefore, we aimed to identify a new,
better technique to detect PC in a more consistent manner.
A variety of steps were employed to validate this proposed
method, including DNA extraction, polymerase chain reaction
(PCR) amplification, denaturing gradient gel electrophoresis
(DGGE) and DGGE band sequencing. Four transperineal
prostate biopsy specimens were obtained from male patients.
The patients were under the age of 65 and PSA levels were
4-10 ng/ml. We also investigated the bacteria composition of
transperineal prostate biopsy in patients with benign prostatic
hyperplasia (BPH) and PC by PCR-DGGE profiling. Sequences
from selected bands 2 and 4 both matched with Sphingomonas,
which is present in lower amounts in PC without hyperten-
sion as compared to PC with hypertension, while there were
no particular differences in the BPH group. Specific bacteria
from the prostate biopsy tissues provide further confidence in
PC diagnosis based on a PCR approach as a diagnostic tool,
while hypertension was found to be a disturbing factor that can
affect the diagnosis of BPH and PC in grey-zone.

Introduction

Prostate cancer (PC) is one of the most common cancer
types inflicting men, only second to cutaneous cancer, and
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the second leading cause of cancer-related mortalities for
men (1). In 2014, an estimated number of 233,000 men
were diagnosed with PC and 29,480 men succumbed to the
disease in the USA (2). This indicated the need to further
investigate PC.

Hypertension is the largest attributable risk factor for
mortality worldwide (3), and is responsible for >50% of stroke
and coronary heart disease (CHD). The risk factors of hyper-
tension include sedentary lifestyle, stress, visceral obesity,
potassium deficiency, obesity, salt sensitivity, alcohol intake
and vitamin D deficiency (4). Previous studies suggested that
men with hypertension are more likely to be diagnosed with
PC than those without hypertension (5). However, the number
of studies exploring the correlation between hypertension
and PC risk are rather limited. Han et al and Takeshita et al
considered that high blood pressure is positively associated
with concurrent serum PSA levels (6.7).

Previous findings showed that the microbial population
in EPS, urine and seminal fluid between the subjects with
PC and benign prostatic hyperplasia (BPH) are significantly
different, indicating a correlation between PC with urinary
microbiota (8).

A small number of investigations regarding the relation-
ship between hypertension and intestinal bacteria have been
conducted whereas few studies focus on the effect of hyperten-
sion on prostate. A hypothesis was posited in the present study
that hypertension can affect the intestinal bacteria of PC.

Use of traditional culture methods does not allow for detec-
tion of many anaerobic bacteria present in various human body
fluids and tissues (9,10). The 16S rDNA-based polymerase
chain reaction (PCR) is more sensitive than the traditional PCR,
depending on microbial culture techniques (11,12). Bacterial
species are identified by generating clone libraries of the 16S
rDNA followed by sequencing and comparison with databases
containing thousands of ribosomal sequences (13,14). This
method has previously utilized by researchers to evaluate
bacterial 16S rDNA sequences in prostatic tissue from patients
with PC (15-17).
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The aim of the present study was to compare the bacterial
composition in the biopsy of PC patients in PSA grey-zone
with hypertension with that of the patients without hyperten-
sion by PCR-denaturing gradient gel electrophoresis (DGGE)
with 16S rDNA methods.

Materials and methods

Sample collection. Four biopsy samples were collected
from male patients diagnosed with PC in the First Affiliated
Hospital of Medical School of Zhejiang University (Zhejiang,
China). An ultrasound-guided instrument was used to obtain
transperineal prostate biopsies. All the patients included in
the study were under the age of 65 and the tPSA levels were
4-10 ng/ml. Four samples were selected from 37 patients and
divided into two groups: i) patients with PC (with and without
hypertension); and ii) patients with BPH (with and without
hypertension). The prostate biopsy samples were placed in
sterile centrifuge tubes and stored at -80°C prior to use.

Procedures performed in studies involving human partici-
pants were in accordance with the Ethical Standards of the
Institutional and/or National Research Committee and with
the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards. Informed consent was obtained
from all individual participants included in the study.

DNA extraction. Total genomic DNA was isolated from the
biopsy samples according to the instructions of the QIAamp®
DNA mini kit (Qiagen, Hilden, Germany). The extracted DNA
was packed into three tubes to avoid multi-gelation and stored
at -20°C.

PCR amplification. Each DNA sample used in this study was
first amplified with universal bacterial primers. The forward
primer 341 (5-GTATTACCGCGGCTGCTGG-3') containing
a 40-bp GC clamp (5'-CGCCCGCCGCGCGCGGCGGGCG
GGGCGGGGGCACGGGGGG-3') and the reverse primer 534
(5'-ACTCCTACGGGAGGCAGCAG-3") resulted in fragments
of approximately 200 bp to test the quality of the template and
to exlude the presence of PCR inhibitors. The GC clamp
increased the sensitivity of the DGGE analysis (18). The total
PCR reaction volume was 50 ul. The PCR mixture comprised
1 ul of Bestar Taq DNA polymerase (2.5 U/ul), 5 ul of deoxy-
nucleoside triphosphates (ANTPs, 2 mM each), 5 pl of 10X
Bestar Taq buffer (all from DBI Bioscience, Shanghai, China),
1 ul of each primer (10 xM; Sangon, Shanghai, China) and 2 pl
of extracted bacterial DNA (~60 ng). The thermal cycling
program was set at 94°C for 5 min, with 35 cycles of touch-
down PCR denaturation at 94°C for 30 sec, annealing at 60°C
for 30 sec, and 72°C extension for 30 sec and a final extension
at 72°C for 5 min, prior to incubation at 4°C.

PCR products were tested by electrophoresis on 1.0%
(w/v) agarose gel. Electrophoresis was performed at 100 V
for 20 min with 1X TAE buffer, and visualized by ethidium
bromide staining using a gel imaging system (JS-780; Pei Qing
Technology Co., Ltd., Shanghai, China). PCR products were
stored at -20°C prior to DGGE electrophoresis.

DGGE electrophoresis. DNA fragments with different
sequences were separated in 8% polyacrylamide
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Table I. Characteristics of patients with PC groups.

Group Number PSA (T/F)  Diagnosis Remarks
PC 7 9.47/1.425 PC None
16 7.035/0.309 PC Hypertension
BPH 28 5.14/0.69 BPH Hypertension
46 7.29/0.63 BPH None

PC, prostate cancer; BPH, benign prostatic hyperplasia.

(acrylamide: bisacrylamide = 37.5:1; w/v) gels in 1X TAE
buffer with 200 ng of each PCR product. A denaturing gradient
of 40-60% was applied in the DGGE electrophoresis, formed
with deionized formamide and urea. Gels were electrophorised
in 1X TAE buffer at 60°C and 200 V for 3.5 h. Subsequently,
the gels were washed with ultrapure water and stained with 5%
GoldView™ dye for 30 min and photographed. DGGE graphs
were digitized by Quantity One Analysis software (Gene
Genius; Syngene, Frederick, MD, USA).

DGGE band sequencing. Selected DGGE bands (2 and 4)
were cut with a sterile surgical blade under UV and purified
with DNA Gel Extraction kit (SK1135; Sangon). Purified
DNA was then amplified again with the primers described
earlier. PCR products were ligated into the pUCm-T vector
and transformed into competent E. coli DH5a cells (both from
Sangon). Recombinant cells were selected and inoculated into
the fluid medium that was loaded with antibiotic ampicillin
and were cultured overnight at 37°C. Subsequently, bacteria
were collected and DNA with the plasmid was extracted using
a UNIQ-10 column kit (Sangon) as per the manufacturer’s
protocol. Clones that migrated to the same position as the
original DGGE bands were sequenced (Sangon).

Obtained sequences were searched online based on the
NCBI GenBank database (http://www.ncbi.nlm.nih.gov)
BLAST to identify the closest relative for the partial 16S
rRNA gene. The same sequences were identified when the
similarity of the sequence was >97%. Based on the BLAST
results, reference sequences of phylogenetic neighbor species
(up to 97% similarity) were included for construction of
the phylogenetic tree using the MEGA 5 software package,
ver. 5.05, according to the method of neighbor-joining based
on evolutionary distances. The consistency of the tree was
validated by bootstrapping (n=1,000).

Results

PCR efficiency detection. Patient characteristics are provided
in Table I. PSA analysis was performed before prostate biopsy.
The total DNA of each biopsy tissue was successfully extracted
and the amplified fragments of PCR were ~230 bp (Fig. 1).
Based on the results obtained, it is evident that 16s RNA gene
fragments of bacteria in the specimens had good amplification
efficiency.

DGGE analysis and sequencing results. DGGE fingerprinting
with primer pair F341-GC and R534, amplified the total
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Figure 1. Gel profiles of the V3 region amplified by PCR from the DNA extracted from the patients of prostate biopsy of the BPH and PC groups. Fragment
lengths were ~230 bp. PCR, polymerase chain reaction; BPH, benign prostatic hyperplasia; PC, prostate cancer.

16 28 46

Figure 2. DGGE. Gel profiles of the V3 region amplified by PCR from the
DNA extracted from the patients of prostate biopsy of BPH and PC groups.
Lane 7, BPH; lane 16, BPH with hypertension; lane 28, PC with hypertension;
lane 46, PC. DGCE, denaturing gradient gel electrophoresis; PCR, poly-
merase chain reaction; BPH, benign prostatic hyperplasia; PC, prostate
cancer.

microbial community. The results were presented with sepa-
rated bands of different DNA sequences (Fig. 2) and there were
14 discernible bands. According to the DGGE profile, band 2
and 4 were selected for sequencing since there was obvious
difference between the hypertension and non-hypertension

groups. The two bands were amplified again and the lengths of
fragments were ~180 bp. The amplification results are shown
in Fig. 3. Sequences of selected bands 2 and 4 both matched
that of Sphingomonas (Fig. 4). The result showed that presence
of Sphingomonas was less in PC patients without hypertension
compared with PC patients with hypertension.

Discussion

At present, many microorganisms cannot be cultivated
under the most refined conditions (19), and most bacteria in
existence do not multiply on conventional media according to
environmental studies (20-22). Due to difficult cloning or the
lack of a cloning technique and sequencing of 16S products,
very few 16S sequences from prostate tissue of PC patients
have been reported. Species belonging to the bacterial family
Enterobacteriaceae (and specifically sequences related to
E. coli) appear to be the most commonly detected organism
at present (23).

The advent of molecular-based methods for identifying and
characterizing microorganisms has led to a new era of micro-
bial discovery. The 16S rDNA-based techniques have been
proven to be more substantially sensitive and accurate than
traditional techniques that depend on microbial culture (11,12).
Several studies have evaluated the presence of multiple and
diverse bacterial 16S rDNA sequences in prostate biopsy tissue
from BPH and PC patients (15,24-26). In the present study, we
used PCR-DGGE with 16S rDNA finger printing analysis to
investigate bacterial composition in the biopsy of PC patients
in the PSA grey-zone with or without hypertension.

Comprehending the composition and richness of the
microbial ecosystem in the prostate biopsy tissue which is
related to prostate health is essential for understanding the
cause of prostate diseases, as well as for determining its
prevention and treatment. Exploring the effect of hypertension
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Figure 3. Gel profiles of the V3 region amplified by PCR from bands 2 and 4. Fragment lengths were ~180 bp. PCR, polymerase chain reaction.

Sphi nas roseiflava strain MK341

pruni strain IFO 15498

b
Sphing

Sphingomonas kyungheensis strain TIG-B283

Altererythrobacter atlanticus strain 28DY38

Blastomonas natatoria strain NBRC 15849

Erythrobacter pelagi strain UST081027-248

Novosphingobium sp. PP1Y strain PP1Y

Sphingorhabdus planktonica strain G1A 585

Figure 4. Phylogenetic tree of band 2 and 4.

on the prostate patients and detection of bacteria in prostate
tissue may be useful to make an important step in determining
the etiology of these syndromes (27).

According to a statistical analysis based on the clinical
data and the PCR-DGGE profiles, the structure of the
bacterial community differed in the PC group. Two bands
were identified as the key variable factors for the discrepancy
of BPH and PC patients. This proved that the Sphingomonas
were greater in BPH than PC. The Sphingomonas is
a group of gram-negative bacteria that belongs to the
Alphaproteobacteria which is one of the most common strains
involved in urinary tract infection . It is likely that bacteria
in the male reproductive tract and urethra may approach
prostate tissue, thus its analysis may more likely reflect shift

in the type of bacterial presence in the prostate with different
diseases. We found that Sphingomonas in PC patients with
hypertension was greater than that in PC patients without
hypertension, and there was no difference between BPH and
PC with hypertension. Therefore, hypertension has become a
factor that affects diagnosis of PC in grey-zone.

The sequencing results showed that particular types of
bacteria exist in the prostate biopsy tissue and these bacteria
were not usually detected in other parts of the human body. We
can predict that the ecological balance of microenvironment in
the prostate biopsy tissue may be important in the manifesta-
tion of BPH and PC. More studies should be performed to
detect any opportunistic, pathogenic bacteria in BPH and PC,
to investigate the potential molecular and cellular mechanisms
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underpinning the protective effect of the commensal bacterial
and the destructive mechanism of the pathogenic bacteria.

In addition, common diseases such as hypertension should
be considered in the diagnosis in order to increase accuracy
in the future. Such studies should include many more patients
with BPH and PC with other comorbidity. Bacterial compo-
sition from BPH and PC biopsy tissues may provide further
confidence in a broad-spectrum PCR approach due to its
efficiency and less time-consumption.

In conclusion, Sphingomonas was present in lower
amounts in PC without hypertension when compared to PC
with hypertension. The result may be significant for revealing
the relationship between hypertension with PC.
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