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Purpose:Purpose: To establish the standard of procedure in preparing benign and cancerous prostate tissues and evaluate the quality of 
proteomics and phosphoproteomics during transurethral resection of the prostate (TUR-P) with different surgical conditions.
Materials and Methods:Materials and Methods: TUR-P tissue samples from three patients, two diagnosed with prostate cancer and one with benign 
prostatic hyperplasia, were each analyzed under three different conditions, based on differences in energy values, tissue lo-
cations, and surgical techniques. Global- and phosphorylated proteomic profiles of prostate tissues were analyzed by liquid 
chromatography-tandem mass spectrometry.
Results:Results: A total of 6,019 global proteins and 4,280 phosphorylated peptides were identified in the nine tissues. The quan-
titative distributions ​​of proteins and phosphorylation in tissues from the same patient were not affected by changes in the 
surgical conditions, but indirect relative comparisons differed among patients. Phosphorylation levels, especially of proteins 
involved in the androgen receptor pathway, important in prostate cancer, were preserved in each patient.
Conclusions:Conclusions: Proteomic profiles of prostate tissue collected by TUR-P were not significantly affected by energy levels, tissue 
location, or surgical technique. In addition, since protein denaturation of samples through TUR-P is rarely confirmed in this 
study, we think that it will be an important guide for tissue samples in castration resistant prostate cancer patients, where it is 
difficult to obtain tissue. This result is the first report about proteomic and phosphoproteomic results with TUR-P samples in 
prostate cancer and will be theoretical basis in protein analysis research with prostate cancer tissues.
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INTRODUCTION

Prostate cancer (PCa) is the fifth leading cause of 
death worldwide in men and the second most frequent 
cancer diagnosis in men in 112 countries [1]. According 
to GLOBOCAN 2020 estimates, 1,414,259 men world-
wide were newly diagnosed with PCa in 2020 [1]. PCa 
may be asymptomatic during its early stages and often 
has an indolent course, which may require only active 
surveillance.

Men are screened for PCa by measuring the serum 
concentration of prostate-specific antigen (PSA) [2]. 
Men with high PSA concentrations, usually >4 ng/
mL, undergo prostate biopsy to confirm the diagnosis 
of PCa. High PSA, however, is not a specific marker 
of PCa, indicating a need for new biomarkers diag-
nostic of PCa. Analysis of protein samples may enable 
identification of the pathological signal and subtype of 
PCa and administration of drugs appropriate to each 
patient [3]. Many molecular-level mechanisms for mul-
tiomics, especially proteomics, analysis of specimens 
have been developed [4]. Although prostate tissue speci-
mens can be collected by prostate biopsy, the limitation 
of biopsy samples is that they are very small. Instead 
of biopsy, tissue can be obtained with transurethral 
resection of the prostate (TUR-P). Samples obtained 
from TUR-P are usually much larger and we can get 
the tissues in patients with castration resistant pros-
tate cancer (CRPC). Because of Electric current during 
TUR-P, this current may cause protein denaturation at 
the surface of the tissue. To our knowledge, however, 
no studies to date have describes about changes in 
proteins after TUR-P and sample preparation for this 
analysis with prostate tissues.

In the present study, we want to confirm the pos-
sibility of obtaining prostate tissue including CRPC 
through TUR-P and to establish a standard of proto-
col for proteomic and phosphoproteomic analysis. To 
reveal the possibility, prostate tissue samples were 
collected from three patients, two with PCa including 
CRPC and one with benign prostatic hyperplasia (BPH), 
under three different conditions to determine whether 
differences in surgical parameters, tissue locations, and 
TUR-P energies used to collect samples affected global 
and phosphorylated proteins. This study found that 
the differences among the three conditions within in-
dividuals were not greater than the differences among 
the three subjects.

MATERIALS AND METHODS

1. Ethics statement
The study protocol was approved by the Institutional 

Review Board of Pusan National University Hospi-
tal (PNUH-IRB No. 1802-004-063), which waived the 
requirement for informed consent. The prostate bio-
specimens and data used for this study were provided 
by the Biobank of Pusan National University Hospital 
(Busan, Korea), a member of the Korea Biobank Net-
work.

2. Clinical samples
Tissue samples from one patient with BPH and two 

with PCa containing at least 80% adenocarcinoma 
of the prostate, characterized according to National 
Comprehensive Cancer Network (NCCN) risk [5], were 
examined by a uro-pathologist (WYP) to confirm the 
original diagnosis. These tissue samples, collected at 
the Biobank of Pusan National University Hospital by 
TUR-P (ForceTriad Energy Platform; Medtronic Limit-
ed, Minneapolis, MN, USA), had been snap frozen and 
stored at -80°C within 30 minutes after TUR-P. During 
TUR-P, the cutting current power was set at 0 W, 40 W, 
or 60 W, and the coagulation current power at 0 W or 
40 W. The TUR-P was performed with a 24F continu-
ous irrigation flow resectoscope (Karl Storz, Tuttlingen, 
Germany), a 30 degree angled optical lens (Karl Storz), 
a tungsten wire loop electrode (Karl Storz), and man-
nitol/sorbitol solution (Urosol, CJ Parma, Seoul, Korea). 
All the samples from PCa were collected in patients 
showing radiologic or PSA progression during andro-
gen deprivation therapy.

3. Surgical parameters
Electro-resection in monopolar TUR-P was performed 

using a tungsten wire loop, with a cutting power of 40 
W or 60 W and a coagulation power of 0 W or 40 W 
(blend mode). Tissue was extracted from CPRC patient 
#1 (Pt1) at the same location by altering the cutting 
and coagulation currents during TUR-P. Current was 
initially set at 40 W for cutting and 0 W for coagula-
tion, then at 60 W for cutting and 0 W for coagulation, 
and finally at 60 W for cutting and 40 W for coagula-
tion. Tissue was extracted from BPH patient #2 (Pt2) 
at three different locations, with a fixed current of 40 
W for cutting and 60 W for coagulation. Tissue was ex-
tracted from PCa patient #3 (Pt3) at a fixed current of 
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60 W for cutting and 0 W for coagulation; the sample 
was divided into two portions, the outer side with heat 
damage, and the inner side without heat damage.

4. �Protein extraction, enzymatic digestion, 
and phosphorylated peptide enrichment

Tissue samples were suspended in lysis buffer (8 M 
urea, 50 mM ammonium bicarbonate, 1× HaltTM pro-
tease inhibitor cocktail, 0.1% benzonase nuclease, pH 
8.0), lysed for 1 minute with the probe sonicator (VCX-
130; Sonics and Materials Inc., Newtown, CT, USA) at 
an amplitude of 28% in pulse mode (1 s on/2 s off), and 
centrifuged at 18,000 ×g for 10 minutes at 4°C. The 
protein concentration of each supernatant containing 
extracted proteins was measured with a BCA protein 
quantification kit (Pierce™ BCA Protein Assay Kit; 
cat. No.: 23225; Thermo Fisher Scientific, Waltham, 
MA, USA). A 500 µg aliquot of proteins was dissolved 
in 500 µL of lysis buffer, mixed 1:1 with 20 mM tris(2-
carboxyethyl)phosphine hydrochloride (TCEP) (final 
concentration, 10 mM TCEP), and incubated for 1 hour 
at room temperature. IAA was added to a final con-
centration of 40 mM and the samples were alkylated 
by incubation for 1 hour in the dark at room tempera-
ture. The samples were diluted 1:10 with 50 mM ABC 
and incubated with a 1:25 mixture of trypsin/Lys-C 
(enzyme:sample) for 16 hours at 37°C. The digestion re-
action was stopped by the addition of formic acid to a 
final concentration of 0.3%. The peptide mixtures were 
desalted with a Sep Pak C-18 cartridge (Waters, Mil-
ford, MA, USA), lyophilized with a cold trap (CentriVap 
Cold Traps; Labconco, Kansas City, MO, USA), and 
stored at -80°C until used. Of each peptide sample, 95% 
was used for TiO2 enrichment for phosphoproteomic 
analysis and the remaining 5% was used for global 
proteomic analysis. TiO2 enrichment was performed as 
described by the manufacturer (Titansphere Phos-TiO 
kit; Cat. No. 5010-21309; GL Sciences, Tokyo, Japan) and 
the samples were cleaned with graphite spin columns 
(Pierce® Graphite Spin Columns; cat. No.: 88302; Ther-
mo Fisher Scientific).

5. �Liquid chromatography-tandem mass 
spectrometry

Peptides were separated using the Dionex UltiMate 
3000 RSLCnano system (Thermo Fisher Scientific). 
Each dried sample was reconstituted with 25 μL 0.1% 
formic acid, a 5 μL aliquot of which was injected into a 

C18 Pepmap trap column (20 mm×100 μm i.d., 5 μm, 100 
Å; Thermo Fisher Scientific) and separated by an Ac-
claimTM Pepmap 100 C18 column (500 mm×75 μm i.d., 3 
μm, 100 Å; Thermo Fisher Scientific) over 200 minutes 
(250 nL/min) using a 0% to 48% acetonitrile gradient 
in 0.1% formic acid and 5% DMSO for 150 minutes at 
50°C. The liquid chromatography column was coupled 
to a Q Exactive mass spectrometer (Thermo Fisher 
Scientific) with a nano-ESI source. Mass spectra were 
acquired in a data-dependent mode with an automatic 
switch between a full scan and 20 data-dependent MS/
MS scans. The target value for the full scan MS spec-
tra was 3,000,000 with a maximum injection time of 
100 ms and a resolution of 70,000 at m/z 400. The ion 
target for MS/MS was set to 1,000,000 with a maxi-
mum injection time of 50 ms and a resolution of 17,500 
at m/z 400. Repeated peptides were dynamically ex-
cluded for 20 seconds.

6. Proteomic identification and quantification
The acquired MS/MS spectra were retrieved on the 

SequestHT on Proteome discoverer (version 2.2; Ther-
mo Fisher Scientific) and compared with the SwissProt 
human protein sequence database (May 2017). Precur-
sor mass tolerance was set to ±10 ppm and MS/MS tol-
erance was set at 0.02 Da. The search parameters were 
set to default parameters, including cysteine carbami-
domethylation as a fixed modification, and N-terminal 
acetylation, methionine oxidation and phospho-serine, 
-threonine, and -tyrosine as variable modifications with 
two miscleavages. False discovery rates were set at 1% 
for each analysis using “Percolator”. From the Sequest 
search output, peptide filters that included peptide 
confidence, peptide rank, score versus charge state, and 
search engine rank were set at the default values for 
proteome discoverer. In global proteome analysis, pro-
teins were quantified label free using the peak inten-
sity for unique and razor peptides of each protein and 
excluded peptides that involved methionine oxidation 
or phosphorylation. Phosphorylated peptides were ana-
lyzed based on peptide-spectrum matches.

7. Statistical analysis
Raw data for the average number of technical rep-

lications for each sample were log2-transformed and 
normalized by width adjustment. Sample groups were 
compared by ANOVA tests with Benjamini-Hochberg 
correction using Perseus software (version 1.6.10.50) [6]. 
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Results were visualized using RStudio (version 1.3.1093), 
a component of R software (version 3.6.0). Other soft-
ware packages included factoextra for principal compo-
nent analysis (PCA), PerformanceAnalytics for correla-
tion plotting, ggplot2 for drawing boxplots, 2D plots of 
points, and pheatmap for drawing heatmaps.

8. Pathway analysis
Signaling pathways based on proteins were analyzed 

by hallmarks in the Molecular Signatures Database 
(MSigDB) [7] following rapid integration of term anno-
tation and network resources [8], WikiPathways [9] on 
the Enrichr [10]. PathVisio 3 [11] was used to draw the 
androgen receptor (AR) network in PCa.

RESULTS

1. Comparative proteome analysis workflow
Nine tissue samples were collected from three pa-

tients with prostate diseases. Three samples were col-
lected from each patient, differing in TUR-P energy 
parameters, the location of prostate tissue and the 
presence of heat damage due to biopsy direction (Fig. 1). 
The characteristics of the three patients are summa-
rized in Table 1. Three samples at approximately the 
same location within the prostate were obtained from 
PCa Pt1, labeled prostate tissue #1, differing by TUR-P 
current power parameters, i.e., cutting and coagulation 
currents of 40 W and 0 W, 60 W and 0 W, and 60 W 

and 40 W, respectively. Three samples at different sites 
within the prostate were obtained from BPH Pt2 at 
TUR-P cutting and coagulation currents of 60 W and 
40 W, respectively. The three tissue samples obtained 
from PCa Pt3 included samples on the inner and outer 
surfaces of the prostate, with the inner sample having 
no thermal damage due to the surgical instrument and 
the outer sample having thermal damage.

2. Global proteomic analyses
The global proteomes of these nine tissue samples 

were analyzed by triplicate LC-MS/MS. A total of 
6,019 proteins were identified, and 3,410 proteins were 
completely quantified in 18 of the LC-MS/MS runs. 
The PCA plot shows that the differences among in-
dividual proteomes were greater than the differences 
associated with the biopsy method (Fig. 2A). Pearson 
correlation analysis showed a high correlation among 

Pt1 Pt2 Pt3

Cutting: coagulation (40 W:0 W)
Cutting: coagulation (60 W:0 W)
Cutting: coagulation (60 W:40 W)

Cutting: coagulation (60 W:40 W) Cutting: coagulation (60 W:0 W)

500 g� 500 g� 500 g�

Lysis & FASP digestion

Global LC-MS/MS and phospho LC-MS/MS (by TiO enrichment)2

Fig. 1. Experimental workflow. Tissue 
samples from transurethral resection of 
the prostate (TUR-P) needle core biopsy 
were sonicated, stored at -80°C, and sub-
sequently lysed for filter-aided sample 
preparation (FASP) digestion. Some of 
the peptides were directly subjected to 
global proteome analysis and the rest for 
enrichment using TiO2 for phosphopro-
teome analysis. Each digested peptide 
sample was analyzed by LC-MS/MS. Pt: 
patient.

Table 1. Baseline characteristics of the patients

Characteristic Patient #1 Patient #2 Patient #3

Diagnosis PCa BPH PCa
Age (y) 60 75 64
PSA (ng/mL) 218 1.49 1,035
Gleason score 4+5 5+4
Clinical TNM stage T3bN0M1 T4N1M1

PSA: prostate-specific antigen, PCa: prostate cancer, BPH: benign 
prostatic hyperplasia.
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them (ρ>0.76), with the protein abundances of samples 
within individuals having higher correlation values 
(ρwithin-PT1>0.94, ρwithin-PT2>0.88, ρwithin-PT3>0.90) than that 
of samples between individuals (Fig. 2B). The heatmap 
also found that the within-subject variation of protein 
abundance is less than the between-subject variation 
(Fig. 2C). Comparisons with the Human Protein Atlas 
(https://www.proteinatlas.org/) showed that, of the 3,410 
completely quantified proteins, 11 were elevated in 

prostate tissue samples (Fig. 2D).

3. �Individually differentiated global 
proteomic analysis

Differentiating global proteins in each patient that 
were detected by ANOVA test with Benjamini–Hoch-
berg correction (adjusted p-value<0.05) and presented 
as a heat map were divided into two clusters, based 
on whether they increased or decreased (Fig. 3A). 
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These six protein clusters were mapped to the MSigDB 
hallmarks collection (Fig. 3B), a functional annota-
tion database. Proteins associated with hypoxia, a 
characteristic of cancer cells, were found to be highly 
expressed in the two PCa patients (Pt1 and Pt3), es-
pecially Pt3, but to a lower extent in benign prostate 
tissue of the patient with BPH (Pt2). Conversely, the 
levels of expression of proteins involved in oxidative 
phosphorylation were low in Pt1 and Pt3, but high in 
Pt2. This finding was consistent with the Warburg 
effect, in which cancer cells grow through glycolysis, 
and oxidative phosphorylation and fat metabolism are 
turned off by converting pyruvate to lactate [12]. The 
levels of proteins associated with fatty acid metabolism 
were decreased in Pt2 and altered in Pt3 [13]. However, 
proteins related to glycolysis are highly expressed in 
Pt2, but to a lower extent in Pt3. The higher expression 
of proteins associated with glycolysis in BPH than in 
PCa is related to the characteristics of prostate tissue 
that produces sperm. Citrate is formed by oxaloacetate 
bound to acetyl CoA, which is converted by pyruvate 
produced by glycolysis and plays an import role in 
sperm motility within the prostate [14]. The level of ci-
trate in BPH tissue, 8,000 to 15,000 nmol/g, is similar to 
that of normal tissue, but is 16 to 30 times higher than 

the level in malignant prostate tumors, 500 nmol/g [15]. 
Proteins involved in the PI3K-AKT-mTOR, MYC, and 
E2F signaling pathways were found to be elevated in 
Pt1, proteins involved in mTORC1 were elevated in 
Pt2, and proteins in the MYC and mTORC1 pathways 
were highly increased in Pt3. Proteins involved in the 
cell cycle were increased in Pt1 and proteins associated 
with coagulation [16], complement [17], adipogenesis, 
apical junction, and myogenesis were increased in Pt2.

4. Phosphoproteomic analyses
Proteomic analyses identified 4,280 phosphorylated 

peptides, with ~87% being singly phosphorylated, ~12% 
being doubly phosphorylated, and ~1% being triply 
phosphorylated. About 85% of  the phosphorylated 
residues was serine, although ~4% were threonine and 
~1% were tyrosine residues (Fig. 4A). Similar to global 
proteome results, PCA and Pearson correlation plots 
showed that inter-individual differences were greater 
than intra-individual differences (Fig. 4B). Pearson 
correlation analyses showed that protein abundance 
of tissue samples within each individual patient was 
more highly correlated than protein abundance of 
samples obtained from different patients (ρwithin-PT1>0.83, 
ρwithin-PT2>0.90, ρwithin-PT3>0.75; Fig. 4C). The 30-means 

Fig. 3. (A) Hierarchical clustering of prostate tissue proteins in the nine tissue samples. (B) Functional enrichment analysis of proteins specifically 
upregulated in the three patients using the Molecular Signatures Database hallmark gene set. PT: patient.
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phosphorylated peptide clusters represented variations 
between individuals rather than variations based on 
differently obtained samples within each patient (Fig. 
4D). The relative within-subject difference was in the 
order Pt3>Pt1>Pt2. However, the top four phosphory-
lated proteins clusters were involved in many oncogen-
ic pathways, including the AR, Notch, TGF-beta, and 
VEGFA-VEGFR2 signaling pathways (Fig. 4E) [10].

5. �Androgen receptor network in prostate 
cancer

The growth of recurrent PCa cells mainly depends 
on the AR-signaling pathway, which is a target for 
androgen deprivation therapy [3] and changes during 
PCa progression [18]. This study identified and quanti-
fied 47 global proteins and 30 phosphorylation sites of 

14 proteins found to be involved in the AR network 
in PCa, considered the WikiPathway WP2263 [9]. The 
quantitative profiling values of phosphorylated and 
global proteins in these nine samples were mapped to 
the AR pathway (Fig. 5). The expression of the nuclear 
receptor AR differed among the three Pt2 samples, 
which differed by site within the prostate. The levels 
of global and phosphorylated proteins stimulated by 
AR, including FKBP5, KLK3 (also called PSA), KLK2, 
NDRG1, and ABCC4, did not differ markedly among 
the three samples taken from individual patients, 
although one phosphorylated peptide of ABCC4 was 
lower in one Pt1 sample than in the other two. Over-
all, protein abundances of samples within individu-
als were more highly correlated than protein abun-
dances of samples between individuals (ρwithin-PT1>0.858,  

Fig. 4. Unbiased and in-depth mass spectrometry results of the phosphoproteome. (A) Pie charts showing the probability of phosphosites mea-
sured, the number of phosphosites per peptide, and the distribution of amino acid residues of phosphopeptides. (B) Principal component analysis 
(PCA) plot of the nine samples obtained from three patients. (C) Correlation plot of the nine samples. (D) Hierarchical clustering in nine samples. (E) 
Association between signal pathways and proteins involved in the top four clusters in WikiPathways of Enrichr. Pt: patient. ***p<0.05.
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ρwithin-PT2>0.859, ρwithin-PT3>0.849).

DISCUSSION

Many researchers investigating with PCa have a 
common obstacle to proceed the study. That is the 
sample. Prostate is a relatively small organ, therefore, 
the volume of PCa is very small if localized PCa. Even 
though advanced PCa, CRPC, is relatively bigger, but 
the PCa usually represents multifocality. In addition, 
there was no report about sample preparation of pros-
tate tissues (standard of procedure). We usually get the 
samples from prostate with prostate biopsy or surgery 
including prostatectomy or TUR-P. TUR-P is a very 
useful method to get large amount of tissues but this 
surgery is performed with electrical currents, which 
means this procedure may cause protein denaturation. 
In this study, we investigated protein quality with 
samples from TUR-P with different current conditions.

The present study assessed the effects of surgical 
condition on protein abundance in prostate tissue sam-
ples obtained from individual patients. Quantitative 

analysis found that the tissue-specific propensity of 
the prostate itself remains intact, regardless of surgi-
cal parameters, with differences between individuals 
being greater than the differences within individuals. 
Quantitative proteome analysis found that the three 
samples obtained from each patient under different 
conditions retain the general characteristics of prostate 
tissue, with the samples from the two PCa patients 
showing similarly high expression of cancer phosphor-
ylation signaling pathways. Surgical conditions, how-
ever, were found to alter the expression of some pro-
teins with relatively low phosphorylation levels. Two 
of the 30 clusters of phosphorylated proteins (#11, #12) 
differed among the three tissue samples obtained from 
each individual patient. The phosphorylation of pro-
teins in these clusters, including ACSS2-S30, PRKAB1-
S108, PRKAB2-S108, and PRKAR2B-S114, was signifi-
cantly associated with the lipid metabolism pathway 
(WP3965). Phosphorylation of some proteins involved 
in AMPK-mediated regulation of lipid metabolism was 
altered by surgical techniques. Thermal changes due 
to TUR-P, however, did not affect the global and phos-
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phorylation profiles of heat shock proteins, suggesting 
that acute exposure to the TUR-P device did not last 
long enough to affect the homeostasis responses of heat 
shock proteins.

Although three prostate tissue samples were col-
lected from each patient, analyses of small numbers of 
tissue samples have limitations. Because samples biop-
sied or prostatectomied are less likely to be thermally 
damaged compared with TUR-P, this result will be a 
very fundamental data for future research including 
protein analysis using PCa samples, especially CRPC.

CONCLUSIONS

This study assessed whether alterations in needle bi-
opsy parameters had a significant impact on global and 

phosphorylated protein expression. Proteomic analysis 
showed that, although technical differences altered 
proteomic profiles somewhat, these differences were 
not as great as differences observed between individual 
patients. These results indicate that needle biopsy can 
be used for proteomic analysis without correcting for 
parameters associated with tissue sampling.
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