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ABSTRACT 
Aim: To develop a methylation marker of Y-chromosome gene in the early diagnosis of prostate 
cancer (PCa). 
M aterials & metho ds: We utilized bioinformatics analysis to identify the expression and promoter 
methylation of Y-chromosome gene PRKY in PCa and other common malignancies. Single-center 
experiments w er e c onduct ed t o v alida t e the diag nostic value of PRKY promot er methylation in PCa. 
Results: PRKY expression w as significan tly down-regula ted in PCa and its mechanism may be related 
t o promot er methylation. PRKY promot er meth ylation is highly specific f or the diagnosis of early 
PCa, which may be superior to prostate-specific antigen, mpMRI and other excellent molecular 
biomarkers. 
Conclusion: PRKY promoter methylation may be a potential marker for the early and ac curat e 
diagnosis of PCa. 

TWEETABLE ABSTRACT 
Developing exc ellent diag nostic meth ylation markers f or #prostat e canc er! Bioinformatics analy sis 
and exper imental ver ification r ev ealing pr omoter methylation of Y-chr omosome gene PRKY is 
helpful to identify early prostate cancer, which may be superior to other molecular biomarkers. 
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. Background 

rostat e canc er (PCa) is the sec ond leading cause of can-
er death among men in USA, with nearly 260,000 new
ases and 30,000 deaths, ac c ording t o canc er statistics

n 2022 [ 1 ]. PCa pa tien ts have no apparent symptoms in
he early stage and most are in the middle or late stages
t the initial diagnosis. Some patients quickly develop
etasta tic castra tion-resistan t prosta t e canc er aft er treat-
ent, which is highly invasive, incurable and has a poor

r ognosis [ 2 ]. Ther efor e, early diagnosis and tr ea tmen t
re important for PCa patients. Currently, the routine
creening methods for PCa are serum prostate-specific
ntigen (PSA) and digital rectal examination (DRE) [ 3 ].
RE can only palpate the part of the prostat e adjac ent t o

he rectum and the results are affected by the subjective
udg ment of clinicians; c onsequently, approximat ely 20%
f PCa pa tien ts have a positive [ 4 ]. PSA screening is

he primary method for detecting PCa early, but its
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low specificity frequently leads t o unnec essary biopsies
and ov ertr ea tmen t [ 5 ]. Previous studies have confirmed
that multiparameter MRI (mpMRI) has high accuracy for
diagnosing PCa, especially for clinically significant PCa,
but for T1 or T2 tumors and pa tien ts in the PSA gray zone,
mpMRI still has a certain rate of missed diagnosis [ 6 ]. The
gold standard for PCa diagnosis is a prostate biopsy, but
as an invasiv e pr ocedur e, it causes significant suffering for
pa tien ts, including rectal bleeding, pain in the operating
area, sepsis and other complications [ 7 ]. Therefore, it is
w arran t ed t o search f or a nonin vasiv e, highly sensitiv e
biomarker that can be used to diagnose early PCa. 

DNA methylation plays an important role in the
biological behavior of human malignant tumors. DNA
methyla tion sta tus of certain genes can be used as
potential tumor biomarkers for risk prediction, diagnosis,
prognosis and efficacy assessment of cancer [ 8 ]. Aberrant
DNA methylation pr imar ily includes promoter hyperme-
thylation of the tumor suppressor gene, hypomethy-
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ation of the oncogene promoter and genome-wide
NA h ypometh ylation in advanced malignant tumors [ 9 ].
tudies have demonstrated that h ypermeth ylation of
ene promoters is one of the most common somatic
enomic changes during the oc currenc e and develop-
ent of PCa, frequently leading to loss of gene expression

r function. Silencing of these genes is related to the
nitiation, pr ogr ession, invasion and metastasis of PCa,

ith GSTP1 being the most frequently silenced gene [ 10 ].
berran t DNA methyla tion is believed t o oc cur in the
arly stages of PCa. Since these changes can be ev alua ted

n several body fluid samples, liquid biopsy based on
NA methylation is a promising method for detecting
r ecancer ous lesions or early cancer cells and assessing
rog nosis [ 11 ]. Paziew ska et al. [ 12 ] disc ov er ed that

he methylation of APC , TACC2 , RARB , DGKZ and HES5
ene promoters had high sensitivity and specificity for
iagnosing PCa, with an area under the curve (AUC)
f 0.95–1 for the r eceiv er operating characteristic (ROC)
nalysis. It is superior to gene expression ( HOXC6 , AMACR
nd PCA3 ) in distinguishing PCa from BPH, indicating that
NA methylation is promising and even more reliable

han gene expression in prostate biopsy cancer detection.
ow ev er, ev en the most thoroughly studied GSTP1 gene
as yet to be used in clinical practice, highlighting the
ritical need for further development of DNA methylation
iomarkers [ 13 ]. 

Based on T he C ancer Genome Atlas (TCGA) database,
ome r esear chers hav e also r eported that ther e exist
xtr eme down-r egulation (11.1%) of chr omosome-Y
ene expression and loss of chromosome-Y (7.7%)

n cancer tissue compared with normal tissue in PCa
amples [ 14 ]. These changes may promote tumor
r ogr ession, leading to the disappearance of the
nticancer effect of these genes. PCa is a male-specific
alignant tumor and the Y-chromosome exists only in
ales. Ther efor e, w e speculated that DNA methylation

iomarkers on the Y-chromosome might be related to
he PCa diagnosis and analyzed them using various
atabases. We found that methylation levels in PRKY
r omoter ar e highly associated with PCa thr ough a
eries of analyses, analyzed the correlation between

ethylation levels and clinic opatholog ical charact eristics
nd further explored the value of PRKY promoter
ethylation in the early diagnosis of PCa. 

. Materials & methods 

.1. Data sources & processing 

n this study, list of 253 genes on the Y-chromosome
as obtained from the University of California Santa
ruz Xena ( https:// xenabrowser.net/ datapages/ ). These
ene expression data (version 2017.10.13; Platform:
I lluminaH iS eq_RNAS eqV2) in prostate adenocarcinoma
(PRAD) and eight common malignancies in men w er e
downloaded from TCGA database ( https://portal.gdc.c
ancer.gov/) and analyzed using the Gene Expression
Profiling Interacting Analysis (GEPIA; http://gepia.canc
er-pku.cn ). The gene expression data of PSA , AMACR ,
PCA3 and PRKY in PCa tissues and adjacent normal tis-
sues w er e downloaded fr om TCGA, In terna tional Cancer
Genome Consortium (ICGC: https://dcc.ICGC.org/release
s ) and Gene Expression Omnibus (GEO) database ( ht
tps:// www.ncbi.nlm.nih.gov/geo/ ): GSE32571 (including
Illumina HumanHT-12 V3.0 expression beadchip data
of 59 PCa and 39 matched benign tissue samples),
GSE60329 (including Agilent-028004 SurePrint G3 Human
GE 8 × 60 K Microarray data of 14 benign prostate
tissues and 54 PCa tissues), GSE70770 (including Illu-
mina HumanHT-12 V4.0 expression beadchip data of 220
PCa tissues, 73 normal prostate tissues) and GSE88808
(including Illumina HumanHT-12 WG-DASL V4.0 expres-
sion beadchip data of 49 benign prostate tissues and 49
PCa tissues). 

The methylation data (Infinium 450K Methylation
Arr ay; P latform: GPL13534) of PRKY promoters for nine
c ommon malig nancies in males was downloaded from
TCGA da tabase w as processed with University of Alabama
at Birmingham Cancer (UALCAN) data analysis Portal
( h ttp://ualcan.pa th.uab.edu/index.h tml ). PRKY promoter
r egions w er e defined as 1500 bp upstr eam fr om the
transcriptional start site (TSS) and methylation probes
cg05163709, cg08045599, cg05618150, cg20401549 and
cg09546548 w er e used as the r epr esen ta tiv e pr obes to
study PRKY promoter methyla tion sta tus, respectively.
Methyla tion da ta of CpG sites (cg05163709, cg08045599
and cg05618150) located in the PRKY promoter (TSS1500)
and clinical data of pa tien ts w er e downloaded fr om the
UCSC Xena database (Infinium 450K Methylation Array;
Platform: GPL16304) and the GEO database: GSE76938
(including Infinium 450K Methylation Array data of 63
benig n prostat e tissues and 73 PCa tissues), GSE112047
(including Infinium 450K Methylation Array data of 16
benig n prostat e tissues and 31 PCa tissues), GSE73549
(including Infinium 450K Methylation Array data of 57
PCa tissues, 14 normal prostate tissues, 18 tumor-positive
lymph nodes, two prosta tic in traepithelial neoplasia
and one tumor-negative lymph node) and GSE101908
(including Infinium Methylation EPIC Array data of 21
benig n prostat e tissues and 21 PCa tissues). 

2.2. Clinical samples 

Tissue samples used in this study w er e c ollect ed in
The Second Affiliated Hospital of Soochow University.
Inclusion Cr iter ia Pa tien ts who meet the following cr iter ia

https://xenabrowser.net/datapages/
https://portal.gdc.cancer.gov/
http://gepia.cancer-pku.cn
https://dcc.ICGC.org/releases
https://www.ncbi.nlm.nih.gov/geo/
http://ualcan.path.uab.edu/index.html
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ill be included in the study: (1) Pa tien ts with clinically
uspected PCa w er e scheduled to undergo a prostate
iopsy. (2) All pa tien ts had no other malignant tumors.

3) Baseline clinical variables w er e c ollect ed from the
lectr onic medical r ecor d sy st em, including age, total PSA

tPSA), free PSA (fPSA), the ratio of fPSA to tPSA (f/tPSA),
RE r esults, pr ostate v olume, pr ostat e Imag ing Reporting
nd Data Sy st em (PI-RADS) and pathology reports. 

tissue specimens w er e obtained under transrectal
ltr asonogr aphy guidance by e xperienced urologists. A ll
a tien ts underwen t an ultrasound-guided, sy st ematic
r ostate biopsy. Meanwhile, w e examined the pr omoter
ethylation level in two punctured tissues, which was

urther obtained by prostate needle biopsy from each
a tien t. One puncture tissue was highly suspected PCa

esions under ultrasound and the other was considered
enign. If there is a diffuse lesion in the prostate under
ltrasound imaging or no suspected lesion can be found,
 e only punctur e one needle of prostate tissue, which

s highly suspect ed t o be cancerous or normal tissue. A
otal of 20 pa tien ts w er e enr olled . Among them, a total of
6 prostate needle biopsy tissues were obtained from 13
a tien ts and 7 tissues w er e obtained from 7 pa tien ts, for
 total of 33 needles. The collected tissue samples w er e
mbedded in paraffin and then 10–15 pieces of 5-um-
hick tissue w er e cut and put into a 1.5-ml centrifuge tube.

.3. DNA extraction & bisulfite c onv ersion 

e ex trac t DNA from the centrifuge tube ac c ording t o
he instructions of the DNA Rapid Extraction Kit (Qiagen
ompany, Hilden, Germany), pack the c ollect ed DNA
amples into 3 ul for quality inspection and repackage the
NA samples that meet the standar d . 

.4. Q uantita tive PCR 

ased on the DNA sequence after bisulfite conversion,
ene-specific primers and probes were designed and
ynthesiz ed b y Wuxi Regular Precision Medicine Test-
ng Company. We determined the methylation level
f cg05163709, cg08045599 and cg05618150 in PRKY
romoter and the ACTB gene was used as a methylation
 efer ence gene. The quan tita tive PCR (qPCR) Master
remix was prepared ac c ording t o the number of samples
 o be t est ed , including positiv e quality contr ol , negativ e
uality control and RNase-Free ddH2O. Take a 96-well
lat e and PCR Mast er Premix w as divided in to each w ell .
her e ar e tw o methylation qPCR r eaction sy st ems: the
g05163709/cg05618150 reaction sy st em (15 ul premix
nd 10 ul t emplat e are added to each well) and the
g08045599/cg05618150 reaction sy st em (15 ul premix
nd 10 ul t emplat e), then seal the cap and mix the
ube gently. The premixed solution was made ac c ording
to Table 1 . The r eal-time fluor esc enc e quan tita tive PCR
detection was performed using an ABI 7500 real-time PCR
amplifica tion instrumen t. The PCR c onditions c onsist ed of
pre-dena tura tion a t 95 ◦C f or 5 min, f ollo wed b y 40 cycles
of dena tura tion a t 95 ◦C for 15 s and fluoresc enc e data
w er e c ollect ed during the 56 ◦C annealing/elongation
step (cg05163709 and cg05618150 w er e input into the
FA M channel, cg08045599 w as the CY5 channel and
ACTB was the VIC channel). Fluoresc enc e data w er e
analyz ed b y the ABI 7500 real-time PCR sy st em and
expressed as Ct, the number of cycles needed to generate
a fluoresc ent sig nal abov e a pr edefined thr eshold . An
increase in the fluoresc enc e sig nal was det ect ed when
methyla tion occurred a t the CpG site and the number of
PCR cy cles corr elated with the CpG methylation lev el . The
r esults w er e v alid only when the methyla tion Ct v alues of
cg05163709, cg08045599 and cg05618150 w er e less than
45 and the Ct values of the internal r efer ence gene (ACTB)
w er e less than 25. The ROC curve for PCa diagnosis was
drawn ac c ording t o the �Ct value, which is the differenc e
between the Ct values of the target and reference gene
(ACTB) normalized to the amount of DNA and the best
cutoff point for sensitivity and specificity was selected by
the Jorden index. 

2.5. St atistical analy sis 

Con tinuous v ariables w er e analyzed using unpair ed t -
test or nonparametric Mann–Whitney U test after testing
for normality distribution using Shapiro–Wilk’s test. The
mRNA expression data of all genes in cancers w er e nor-
malized using log 2 transfor mation. Cor relation analysis
w as ev alua t ed using Pearson c orrelation analy sis and
| R | > 0.2 or P < 0.01 indicated a significant correlation.
The ROC curve was established to evaluate the diagnostic
value of CpG methylation in PCa patients. Graph design
and statistical analyses w er e performed using GraphPad
Prism, version 8.2 (GraphPad Software, CA, USA), MedCalc
Softwar e, v ersion 14 (MedCalc Software bvba, Ostend,
Belgium) and R Studio v1.2.5033 package ggplot2 (RStu-
dio Inc., MA, USA). 

3. Results 

3.1. Identification of DEGs on the Y-chromosome in 

PCa 

Based on the UCSC Xena database, we obtained 253
genes on the Y-chromosome, including prot ein-c oding
genes, pseudogenes and long noncoding RNA genes. An
online analysis of the GEPIA database r ev ealed that five
genes ( LINC00106 , ASMTL-AS1 , AKAP17A , DDX3Y and PRKY )
w er e differ entially expr essed betw een cancer and normal
tissues in PRAD and other eight types of malignant
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Table 1. Elements of the premixed solution in qPCR. 

cg05163709/cg05618150 reaction system Volume (ul) Name Volume (UI) 

qPCR Mix 12.5 qPCR Mix 12.5 
PPmix1 2.5 F-cg05163709 0.3 

R-cg05163709 0.3 
P-cg05163709 0.2 
F-cg05618150 0.3 
R-cg05618150 0.3 
P-cg05618150 0.2 
F-ACTB 0.25 
R-ACTB 0.25 
P-ACTB 0.15 
ddH2O 0.25 

Total 15 Total 15 
cg08045599/cg05618150 reaction system Volume (ul) Name Volume (UI) 
qPCR Mix 12.5 qPCR Mix 12.5 
PPmix2 2.5 F-cg05618150 0.3 

R-cg05618150 0.3 
P-cg05618150 0.2 
F-cg08045599 0.3 
R-cg08045599 0.3 
P-cg08045599 0.2 
F-ACTB 0.25 
R-ACTB 0.25 
P-ACTB 0.15 
ddH2O 0.25 

Total 15 Total 15 
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umors with a higher incidence in males than females:
RAD, stomach adenocarcinoma, lung adenocarcinoma

LUAD), lung squamous cell carcinoma (LUSC), liver
epat oc ellular carcinoma (LIHC), colon adenocarcinoma

COAD), r ectal adenocar cinoma (READ), esophageal ade-
ocarcinoma (ESCA) and bladder urothelial carcinoma

BLCA ) ( Figure 1 A ). Further analy sis demonstrat ed that the
SMTL-AS1 and PRKY gene expressions were significantly

o wer in PC a tissues than in normal prostate tissues, with
RKY being the best distinguishing between PCa and nor-
al tissues ( Figure 1 B). We downloaded four raw data sets

GSE32571, GSE60329, GSE70770 and GSE88808) from
he GEO database and drew box diagrams for verification.
he results revealed that PRKY was dramatically down-
egulated in PCa tissues, consistent with the analysis in
he TCGA database ( Figure 1 C). Finally, we selected PRKY ,
he most differentially expressed gene, for further study. 

.2. P RK Y promoter is h ypermeth ylated in PCa 

he expression of PRKY gene is significantly decreased
n PCa tissues and the most common reason for its low
xpression may be associated with h ypermeth ylation of
ene promoter. To ev alua te the methyla tion level of the
RK Y promoter in PC a, the UALCAN was used t o proc ess
he data from TCGA database. The promoter methylation
evel of PRKY was significantly higher in PCa than in
ormal tissues ( Figure 2 A). Detailed results exhibited

ha t the methyla tion levels of CpG sites cg08045599
nd cg05168150 differed significantly between PCa and
ormal tissues ( Figure 2 B & C) and PRKY expression
negativ ely corr elated with the methylation of these two
CpG sites ( Figure 2 D & E). According to the literature,
there was a significant difference of methylation level
of another CpG site (cg05163709) located in the PRKY
pr omoter differ ed significantly betw een PCa and normal
tissues [ 15 ]. Thus, we further obtained methylation data
of cg05163709, cg08045599 and cg05618150 from the
GEO database (GSE76938, GSE112047 and GSE73549),
analyzed the methylation levels of these three sites in
PCa and normal tissues. The results from three different
laboratories r ev ealed that the methylation level of CpG
sites was higher in PCa than in normal tissues ( Figure 2 F–
H). 

3.3. Promoter methylation of P RK Y do es not cha nge
in other malignancies 

Based on the UALCAN database, We analyzed the dif-
fer ence in PRKY pr omoter methylation lev els betw een
normal and cancer tissues in eight common malignancies
with a higher incidence in males than females, including
LU AD , LUSC, LIHC, COAD, READ, ESC A, BLC A, pancreatic
adenocar cinoma. Because Y-chr omosome DNA methyla-
tion data should only be analyzed in samples possessing
a Y-chr omosome, w e only analyzed Y-chr omosome PRKY
methyla tion da ta in male samples of additional tumors
t o reduc e the int erferenc e of the PRKX gene [ 16 ]. The
r esults r ev ealed that the pr omoter methylation lev el of
PRKY was increased in LUSC than in normal tissues, but
the difference was not statistically significant ( p > 0.01
or �median < 0.1). In con trast, the methyla tion level
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Figure 1. Identification of DEGs on the Y-chromosome in PCa. (A) Venn diag r am of the intersections of DEGs in nine cancer types from 

the TCGA database. | log 2 FC | = 1 and p -value = 0.01 w er e set as the cut-off criteria. (B) The GEPIA database r ev ealed fiv e candidate 
gene expressions between PCa and normal tissues, including LINC00106 , A SM TL-A S1 , AKAP17A , DDX3Y and PRKY . | log 2 FC | = 1.5 and 
p -value = 0.01 was set as the cut-off criteria. (C) PRKY gene expression differences between PCa and normal tissues in the GEO 

database (GSE32571, GSE60329, GSE70770 and GSE88808). 
DEG: Differentially expressed gene; GEO: Gene Expression Omnibus; PCa: Prostate cancer; TCGA: The Cancer Genome Atlas. 
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f the PRKY promoter was lower in the other seven
alignant tumors than that in normal tissues and the

ifference was statistically significant only in COAD and
EAD. ( p < 0.01 and median > 0.1). Ov erall , ther e was no
ignificant increase of promoter methylation level of PRKY
n male samples of LU AD , LUSC, LIHC, COAD, READ, ESCA,
LCA and pancreatic adenocarcinoma ( Figure 3 A–H). 
 

3.4. P RK Y hyp ermethylation ca n b e det ect ed in very 
early stage of PCa 

Based on TCGA database, we compared the CpG methy-
lation level of PRKY promoter in normal tissues to in
PCa tissues of different clinic opatholog ical features. The
results demonstra ted tha t the methyla tion levels of
cg08045599 and cg05618150 sites of PRKY promoter
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Figure 2. PRKY promoter is h ypermeth ylated in PCa. (A) Methylation level of PRKY promoter between PCa and normal tissues from the 
UALCAN database. (B) Methylation levels of eight CpG sites in PRKY promoter between PCa and normal tissues from the UCSC Xena 
database. (C) Methylation levels of two CpG sites (cg08045599 and cg0516150) in PCa and normal tissues from the TCGA database. (D) 
Corr elation betw een PRKY gene expr ession and cg08045599 methylation. (E) Corr elation betw een PRKY gene expr ession and 
cg05618150 methylation. (F–H) Methylation levels of three CpG sites (cg08045599, cg0516150 and cg0516709) in PCa and normal 
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GEO: Gene Expression Omnibus; PCa: Prostate cancer; UALCAN: University of Alabama at Birmingham Cancer. 
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 er e significantly higher in PCa tissues than in normal
issues ( p < 0.0001), r egar dless of whether pa tien ts w er e
n early TNM stage (T1& T2, N0 and M0) or late Tumor-

ode-Metastasis (TNM) stage (T3 & T4, N1 and M1).
The methylation levels of cg08045599 and cg05618150
sites w er e significan tly higher in PCa tissues of pa tien ts
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PSA > 10) than in normal tissues ( p < 0.0001). The
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ethylation levels of cg08045599 and cg05618150 sites
 er e significantly higher in PCa tissues with different
leason scores (Gleason = 6, Gleason = 7, Gleason = 8–
0) than in normal tissues ( p < 0.0001, Figure 4 A–E). 

Based on the abov e r esults, PRKY pr omoter hyper-
ethylation can be det ect ed in PCa tissues in the early

tages. Ther efor e, w e further explore the clinical value
f PRKY promoter methylation and mpMRI in the early
iagnosis of PCa. We downloaded the GSE101908 [ 17 ]
ataset from the GEO database. The study included 42
rostate needle biopsy tissues from six men with PCa who
nderwent radical prostat ect omy and these tissues were
 onfirmed t o be benig n or malig nan t by pa thological
xamination, with a total of 21 PCa tissues and 21 normal
issues. Postprostat ect omy, the prostat e was inked and
hen serially sectioned from apex to base. A slice ∼1 cm
hick was obtained from the mid-prostate. This slice was
andomly sampled via punch biopsy to yield 8–12 cores,
ith core locations marked and photographed. Each core
nderw ent standar d hematoxylin and eosin (H&E) stain-

ng and was submitted for patholog ical review. A c on-
ultan t pa thologist r eview ed the H&E slides and marked
he tumor area for the dissection process. Meanwhile,

pMRI c orrelation t o whole-mount hist opathology was
erformed by identifying the axial plane in T2W images
 orresponding t o the hist opathology section from which
he cor es w er e obtained . The location of each cor e
as mapped on T2W axial scans and their visibility or

nvisibility was determined. In the end, 42 cores and
 H&E whole-mount sections with tumor-marked areas
 er e identified . All pa tien ts had mpMRI and methyla tion

hip da ta. The da ta showed tha t many lesion areas
 er e nonvisible in mpMRI and diagnosed as PCa after a

ubsequent sy st ematic needle biopsy. Only 16 of the 21
ositive biopsy tissues could be identified using mpMRI,
hile the r emaining fiv e could not be rec og nized. We

nalyzed the promoter methylation of the cg05618150
ite in these prostate needle biopsy tissues. Figure 4 F
llustrates one typical patient with eight prostate needle
iopsy tissues, of which three were PCa tissues and five
 er e normal tissues confirmed by pathology. Only one of

he three PCa lesions could be identified using mpMRI.
e int eg rat ed mpMRI, biopsy pathology and cg05618150
ethyla tion da ta to draw bar graphs. The r esults r ev ealed

hat the methylation level of cg05618150 in PCa tissues
 as significan tly higher than tha t in normal prosta te

issues and significant h ypermeth ylation of cg05618150
ould be detected in PCa lesions that could not be
ec og niz ed b y mpMRI. Figure 4 G int eg rat es the statistics
f all 42 prostate needle biopsy tissues, including mpMRI,
iopsy pathology and methylation (cg05163709 and
g08045599) data. The r esults show ed that the methyla-
ion levels of cg05618150 and cg05163709 in PCa tissues
w er e significantly higher than those in normal prostate
tissues and significant h ypermeth ylation of cg05618150
and cg05163709 could be det ect ed in PCa lesions that
could not be recognized by mpMRI. 

3.5. Diagnostic efficacy of P RK Y methylation 

To ev alua t e the efficacy of CpG sit e methyla tion a t
PRKY promoter for PCa diagnosis, we compared PRKY
methylation with PCA3 and AMACR . These two genes
have been extensively studied in recent years and are
c onsidered as pot ential mar kers for the ear ly diagnosis of
PCa. Based on TCGA database, we drew the ROC curve,
which compared the sensitivity and specificity of PSA
mRNA, AMACR mRNA, PCA3 mRNA, cg08045599 methy-
lation and cg05618150 methylation for the diagnosis of
PCa. Results r ev ealed that the sensitivit y, specificit y and
AUC of PSA w er e 80.9%, 45.7% and 0.659; the AMACR w er e
82.5%, 88.6% and 0.897; and PCA3 w er e 68.9%, 91.4%
and 0.840, r espectiv ely . Simultaneously , the sensitivity ,
specificity and AUC of the cg08045599 methylation in
diagnosing PCa can reach 84.9%, 85.7% and 0.897 and
the cg05618150 methylation can reach 71.3%, 91.4% and
0.856, r espectiv ely ( Figur e 5 A). 

Except for the PSA , the AMACR , PCA3 , cg08045599
methylation and cg05618150 methylation demonstrated
high diagnostic efficiency, with cg05618150 having a
higher AUC than cg08045599. ROC analysis of AMACR ,
PCA3 and cg05618150 methyla tion w as performed again
using the ICGC and GEO databases for further confirma-
tion. Meanwhile, we also analyzed several widely studied
methylation biomarkers, such as GSTP1 , APC and RARB .
ROC curve analysis revealed that the AUC of AMACR was
0.870 (GSE60329), 0.929 (GSE70770) and 0.915 (ICGC), the
AUC of PCA3 was 0.864 ( GSE60329), 0.886 ( GSE70770) and
0.869 (ICGC), the AUC of GSTP1 methyla tion w as 0.672
( GSE101908), 0.624 ( GSE112047) and 0.929 (GSE73549),
the AUC of APC methylation was 0.659 (GSE101908), 0.562
(GSE112047) and 0.886 (GSE73549) and the AUC of RARB
methyla tion w as 0.681 ( GSE101908), 0.611 ( GSE112047)
and 0.938 (GSE73549) . The curve exhibit ed g reat fluctua-
tion and the AUC value was unstable enough ( Figure 5 B–
F). 

Based on the GSE datasets, the AUC of cg05618150
for diagnosing PCa can reach 0.971 (GSE101908), 0.984
(GSE112047) and 0.986 (GSE73549) and the fluctuation
of the ROC curve was not apparent and the AUC value
was stable and close to 1. Ov erall , the abov e r esults
demonstra ted tha t PRKY methyla tion site cg05678150
might be a novel biomarker for diagnosing PCa. 
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Figure 4. PRKY h ypermeth ylation can be det ect ed in very early stage of PCa. (A)–(C) Boxplot g r aph show ed the methylation lev els of 
cg08045599 and cg05618150 in PCa tissues with different TNM stages and normal tissues. (D) Boxplot revealed the methylation levels 
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Figure 5. Diagnostic efficacy of PRKY methylation. (A) The ROC curves compared the sensitivity and specificity of PSA , AMACR , PCA3 , 
cg08045599 methylation and cg05618150 methylation to diagnose PCa from the TCGA database. (B–D) The ROC r ev ealed the AUC of 
GSTP1 , APC and RARB methylation for diagnosing PCa in the GEO (GSE101908, GSE112047 and GSE73549) databases. (E & F) The ROC 
r ev ealed the AUC of AMACR and PCA3 for diagnosing PCa in the ICGC and GEO (GSE60329 and GSE70770) databases. (G) The ROC 
exhibited the AUC of cg05618150 methylation for diagnosing PCa in the GEO (GSE101908, GSE112047 and GSE73549) databases. 
AUC: Area under the curve; GEO: Gene Expression Omnibus; PCa: Prostate cancer; TCGA: The Cancer Genome Atlas; ROC: Receiver 
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.6. Validation of the diagnostic value of P RK Y 

promoter h ypermeth ylation in PCa from 

single-center clinical samples 

o verify the findings from the above databases studies,
e c onduct ed a series of experimental validations. First of

ll , w e det ect ed the CpG sit es (cg05163709, cg08045599
and cg05618150) methylation level of PRKY promoter
in prostate needle biopsy tissues of 20 patients by
qPCR ( Supplementary Table S1 ). Based on the patho-
logical results and �ct value of qPCR in 33 prostate
needle biopsy tissues, we plotted the bar plot and ROC
curv e. The r esults demonstra ted tha t the methyla tion
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evel of cg08045599 ( �ct-cg08045599) has no significant
iffer ences betw een cancer tissues and normal tissues
nd the AUC of cg08045599 h ypermeth ylation in the
iagnosis of PCa was 0.563 (95%CI: 0.380–0.734, P > 0.05).

n addition, the methylation levels of cg05163709 and
g05618150 are significantly higher in cancer tissues
han in normal tissues, hence a lo wer �ct. T he sensi-
ivit y and specificit y of cg05163709 methylation in the
iagnosis of PCa w er e 93.75% and 82.35% and the
UC was 0.941 ( Supplementary Table S2 ). The sensi-

ivit y and specificit y of cg05618150 methylation w er e
00% and 88.2%, r espectiv ely and the AUC was 0.963
 Supplementary Table S2 ). The diagnostic efficacy of CpG

ethylation in PCa was significantly higher than that of
PSA (AUC = 0.625) and PI-RADS (AUC = 0.825). The
 esults ar e pr esented in Figur e 6 . 

. Discussion 

ince 1994, Lee et al. [ 18 ] first reported that promoter
 ypermeth ylation of GSTP1 is one of the most common
pigenetic changes in pa tien ts with PCa. An increasing
umber of relev an t studies have demonstrated that
romoter DNA methylation plays a vital role in car-
inogenesis. Some r esear chers [ 19 ] hav e confirmed that
NA h ypermeth ylation of gene promoters leading to the

ilencing of gene expression is an important cause of
rostate tumor formation, with GSTP1 being the most

horoughly studied h ypermeth ylated gene. The GSTP1
ene is located on chromosome 11q13. Over 90% of PCa
ases ma y ha ve inhibition or silencing of GSTP1 gene
xpression, which is closely relat ed t o the CpG island
 ypermeth ylation in the promoter region of GSTP1 . In
ddition to GSTP1 , RASSF1 , APC , RARB and other genes
 er e also widely studied in the diagnosis and prognosis of
Ca [ 20 ]. Although past studies have identified numerous
ifferentially meth ylat ed genes associat ed with diagnos-

ng PCa, not even the GSTP1 gene has been implemented
nto clinical practice. The only commercially available
est based on DNA methylation is Confirm MDx, which
epends on the methyla tion sta tus of three genes ( GSTP1 ,
PC and RASSF1 ) in the prostate needle biopsy tissues.
ow ev er, ConfirmMDx only assesses whether a pa tien t
eeds repeat needle biopsies [ 21 ]. Therefore, there is an
rgent need to develop new methylation biomarkers to
iagnose PCa. 

The Y-chromosome is the sex -det ermining chromo-
ome in many species [ 22 ]. Deletion of different regions
f the Y-chromosome can lead to certain diseases, such
s blood diseases, acute myeloid leukemia and myelodys-
lastic syndrome [ 23 , 24 ]. The copy number loss of YP11.2
 as associa t ed with TSPY gene clust er in PCa [ 25 ]. Kido

t al. [ 26 ] discov er ed that the TSPY gene in YP11.2
plays a key role in forming PCa, during which TSPY
may be abnormally activ a ted , r esulting in high cancer
heterogeneity . Similarly , Jobling et al. [ 27 ] discov er ed
that the most common deletion of the Y-chromosome
appeared to be caused by TSPY -mediated recombination
in the study of 45 males from 12 different populations.
The PRKY gene in Yp11.2 is a pseudogene that can be
det ect ed in skin, prostat e and other tissues [ 28 ]. Based on
the TCGA website ( https:// portal.gdc.cancer.gov/ v1/gen
es/ENSG00000099725 ), we found that the most frequent
soma tic muta tions in PRKY gene are substitution and
deletion, which occur in tumor tissue of the skin, colon,
r ectal , stomach and lung, but not in PCa tissue. Mean-
while, ther e ar e no PRKY copy number gains or losses w er e
found in the above pa tien ts screened for CNVs. Therefore,
we speculated that down-regulation of PRKY expression
on the Y-chromosome is strongly associated with the
oc currenc e of PCa and the mechanism may be c onnect ed
to aberrant DNA methylation. 

Based on TCGA data, we found that in cancers with a
higher incidence in men than w omen, the expr ession of
PRKY in cancer tissues was significantly lower than that in
normal tissues. The promoter methylation level of PRKY
w as significan tly higher in PCa tissues than in normal
tissues. How ev er, the lev el of PRKY pr omoter methylation
did not show a significant increase in other common
malig nant tumor tissues, exc ept PRAD. This is c omplet ely
differ ent fr om the GSTP1 gene and the pr omoter methy-
lation level of GSTP1 is significantly increased in various
cancer tissues [ 29 ], especially LU AD , LUSC, LIHC, BLCA
and gastrointestinal malignancies. Based on the above
results, it can be concluded that PRKY methylation is
highly specific in PCa and is not easily disturbed by other
common male malignancies. Regrettably, our results
only apply to male pa tien ts, as only in-sex comparisons
(i.e., sex -stratified analy ses) are biolog ically valid for X-
and Y-chromosome DNA methylation data [ 16 ]. The Y-
chromosome PRKY gene is located in Yp11.2, which is
not in pseudoautosomal regions (PAR). But in our study,
when using the probes of CpG sites (cg08045599), there
will be a strong signal from PRKX as w ell . The curr ent chip
technology is unable to detect signals on the X- and Y-
chr omosomes, r espectiv ely. Fr om this, w e only analyzed
male samples for the methylation levels of additional
tumors to reduce the interference of the PRKX gene. 

In the human genome, 70–80% of CpG dinucleotides
are in the methylated state, while unmethylated CpG
dinucleotides are unevenly distributed, exhibiting a ten-
dency for local aggregation and eventually forming some
regions with high GC con ten t , namely C pG islands [ 30 ].
CpG islands remain unmethylated in embryonic and
other normal tissues, with a few exceptions. How ev er, the
mechanism remains unclear as to why CpG islands remain

https://portal.gdc.cancer.gov/v1/genes/ENSG00000099725
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Figure 6. Validation of the diagnostic value of PRKY promoter h ypermeth ylation in PCa from single-center clinical samples (A) the CpG 
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nmethylated in normal cells. CpG islands are often
ocated in the gene promoter around the transcriptional
tart sit e (T SS). The h ypermeth ylation of CpG island in
he gene promoter may be an important cause of the
development of PCa, which has been studied extensively.
How ev er, the CpG sites we studied are located in TSS1500,
which is not on the CpG island (chrY: 7273481–72751835).
This result indicates that the methylation of CpG sites
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cg05163709, cg08045599 and cg05618150) in PRKY pro-
oter is associated with PCa and may not be restricted to

he CpG island of the promoter region. On the one hand,
ll methyla tion da ta is basically from the Illumina Human
ethylation 450K Chip, which the probe contained in the

50K chip cannot cover the CpG site of the CpG island in
he PRKY promoter region. On the other hand, the CpG
inucleotides we studied are unmethylated in normal

issues and significantly methylated in PCa tissues, which
s entirely possible, although it is not common. T hus, ho w
pG dinucleotide methyla tion loca t ed in PRKY promot er
ffects transcription and PCa development needs further
tudy. 

Based on the TCGA and GEO databases, we determined
hat the cg08045599 and cg05168150 site methylation
ev els of PRKY pr omoter w er e significantly higher in PCa
issues than in normal tissues and the PRKY expression
evel w as nega tively correla ted with the methylation
evel of the site. Similarly, Yao et al. [ 15 ] identified the
ifferentially meth ylat ed CpG sit e cg05163709 in PRKY
romoter in PCa tissue samples using the Illumina Methy-

ation 450K array. We further verified the cg05163709
eth ylation differ ence betw een PCa and normal tis-

ues using the three data sets (GSE76938, GSE112047
nd GSE73549). The r esults ar e c onsist ent with the
g08045599 and cg05168150 methyla tion sta tes in PCa.
e further analyzed the correlation between the methy-

ation of these three sites (cg05163709, cg08045599 and
g05168150). The clinic opatholog ical features of PCa
a tien ts r ev ealed tha t their methyla tion levels signifi-
antly differed between cancer and noncancer tissues.
n c ontrast t o nor mal tissues, ear ly TNM stages and low-
isk PC a (lo w PSA level or lo w Gleason score) tissues
isplayed h ypermeth yla tion a t these three sites. This

esult demonstra ted tha t the promoter methyla tion of
RKY can help identify early PCa. 

Based on the compr ehensiv e data of prostate needle
iopsy tissues from Parry et al. [ 17 ], it was determined that

he methylation levels of cg05163709 and cg05618150
ites w er e significantly higher in mpMRI nonvisible PCa
issues than in normal tissues . Thus , the above results
uggest that promoter methylation of PRKY may be easier
 o det ect early PCa than MRI and we may be able t o
se a combination of mpMRI and PRKY methylation to
iagnose PCa in the future. 

Curr ently, AMACR and PCA3 hav e been widely stud-
ed in diagnosing PCa and have good potential for
linical application [ 31–33 ]. We drew ROC curves of
g08045599 and cg05618150 methylation in diagnosing
Ca. We compared them with the diagnostic efficacy
f PSA , PCA3 and AMACR gene expression in PCa to

urther verify the diagnostic efficacy of PRKY methyla-
ion. The analysis of the TCGA dataset r ev ealed that
the methylation of cg08045599 and cg05168150 had
high sensitivity and specificity in diagnosing PCa, the
sensitivity of cg05618150 was better than AMACR ; and
the diagnostic efficacy of cg05618150 and cg08045599
was better than PCA3 . Meanwhile, we also included
three widely studied methylation biomarkers ( GSTP1 , APC
and RARB ), which have been essentially confirmed to
have the most potential. The results demonstrated that
cg05618150 methylation had a higher and more stable
AUC value (0.971–0.986) than GSTP1 methylation (0.672–
0.929), APC meth ylation (0.659–0.886), RARB meth ylation
(0.681–0.938), PCA3 (0.864–0.886) and AMACR (0.870–
0.929) gene expression in the diagnosis of PCa. In con-
clusion, CpG methylation of PRKY promoter is a better
indicator for the diagnosis of PCa than gene expression
and other methylation markers. Finally, we carried out a
preliminary single-c ent er validation and the results were
c onsist ent with the results of the bioinformatics analysis.
Based on the detection of CpG methylation in tissue
samples, we found that the methylation of cg05163709
(AUC = 0.941) and cg05618150 (AUC = 0.956) is a
promising biomarker for distinguishing PCa tissue from
normal tissue, which was significantly better than tPSA
(AUC = 0.625) and PI-RADS (AUC = 0.821). Mor eov er,
the methylation of cg05163709 and cg05618150 was
not det ect ed in the prostat e needle biopsy tissues of 2
pa tien ts with significan tly elev a ted PSA ( > 90 ng/ml), PI-
RADS scores of 3 and 5 and negative biopsies, suggesting
tha t CpG methyla tion may be useful for the iden tifica tion
of BPH pa tien ts with highly suspect ed PCa. Reg rettably, all
pa tien ts underwen t an ultrasound-guided, sy st ematic 12-
cor e pr ostate biopsy and the possibility of a false negative
could not be ruled out. In summary, PRKY promoter
methylation may be a potential marker for the early and
ac curat e diag nosis of PCa. 

In PRAD, low expression of PRKY may be closely
relat ed t o DNA methylation. How ev er, the mechanism
of low PRKY expression in other tumor tissues is unclear
and there may be other nonmethylation factors. Our
pr evious r esear ch indica ted tha t serum PRKY promoter
methylation combined with magnetic resonance imaging
is helpful in predicting clinically significant PCa [ 34 ]. How-
ev er, r elying solely on serum PRKY promoter methylation
t o diag nose PCa remains challenging. Serum PRKY pro-
moter h ypometh ylation cannot exclude PCa, especially
in pa tien ts with early stages of PCa. Similarly, serum
PRKY promoter h ypermeth ylation cannot be completely
identified as PCa and may be combined with other
tumors . Thus , the clinical value of serum PRKY promoter
methylation in the diagnosis of early PCa may be limited.
We think that urinary PRKY promoter methylation may
be more promising; after all, most cases only need
to take into account the int erferenc e of uroepithelial
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umors. In this r egar d , w e will collect urine samples fr om
a tien ts with PCa and further explore the value of PRKY
ethylation in the diagnosis of PCa. 

. Conclusion & future p ersp ective 

n this study, PRKY expression w as significan tly down-
egulated in PCa tissues and its mechanism may be
elat ed t o the h ypermeth ylation of pr omoter r egion CpG
ites (cg05163709, cg08045599 and cg05618150). PRKY
romoter methylation is highly specific for the diagnosis
f PCa and is not easily disturbed by common malig-
ant tumors in men. The detection of PRKY promoter
ethylation is helpful to identify early PCa, which may

e superior to PSA, mpMRI and other excellent molecular
iomarkers. In the futur e, pr ospectiv e and multic ent er
tudies ar e r equir ed to v alida t e the diag nostic value of
RKY promoter methylation in PCa, especially in the field
f liquid biopsies. 

Article highlights 

• Y-chromosome gene deletion and down-regulation may promote 
prosta te canc er (PCa) pr ogr ession. Based on various databases, w e 
finally screened out the Y-chromosome gene PRKY . 

• PRKY expression was significantly do wn-regulat ed in PCa tissues 
and its mechanism may be related to the h ypermeth ylation of 
pr omoter r eg ion CpG sites ( cg05163709, cg08045599 and 
cg05618150). 

• There was no significant increase of promoter methylation level of 
PRKY in other common male malignancies (LUAD, LUSC, LIHC, 
COAD , READ , ESC A, BLC A and pancr eatic adenocar cinoma), which 
indica tes tha t PRKY promoter methyla tion is highly specific in PCa. 

• PRKY promoter methylation can be detected in very early stages of 
PCa (T1 & T2, N0, M0, PSA < 4 and Gleason = 6), which can also be 
det ect ed in PCa lesions that could not be recognized by 
multiparameter MRI. 

• PRK Y promot er methylation is a bett er indicat or for the diagnosis 
of PCa than gene expression ( PSA , AMACR and PCA3 ) and other 
methylation markers ( GSTP1 , APC and RARB ). 

• The preliminary single-center validation showed that the 
methylation of cg05163709 and cg05618150 is a promising 
biomarker, which was significantly better than tPSA and PI-RADS. 

uthor contributions 

D, HC, DY, BX and JZ c onc eived and designed the study. ZD, KF,
L, WL and YZ analyzed the data and pr epar ed the figur es. ZD,
C and KF wr ote and r evised the manuscript . A ll authors have

ead and agreed to the final version of the manuscript. 

cknowledgments 

he authors are g rat eful for the support from the Second
ffiliated Hospital of Soochow University and the Third Affiliated
ospital of Anhui Medical University. 

inancial disclosure 

his work was supported by the National Natural Science
oundation of China (No. 81773221), the Suzhou Gusu Health
Talents Research Project (GSWS2021016), the SuZhou Municipal
Science and Technology Project (SS201857). The authors have
no other relev an t affilia tions or financial involvement with any
organiza tion or en tity with a financial interest in or financial
conflict with the subject matter or materials discussed in the
manuscript apart from those disclosed. 

Competing interests disclosure 

The authors have no competing interests or relev an t affilia tions
with any organization or entity with the subject matter or mate-
rials discussed in the manuscript. This includes employment,
c onsultancies, honoraria, st ock ownership or options, expert
t estimony, g ran ts or pa ten ts r eceiv ed or pending, or r oyalties. 

Writing disclosure 

No writing assistance was utilized in the production of this
manuscript. 

Ethical conduct of r esear ch 

A ll e xperiments in this study was performed in ac c ordanc e with
relev an t guidelines and regulations. This study was appr ov ed
by the Ethics Committees of the Second Affiliated Hospital of
Soocho w University. T he appro val number is JDLK202205901
( date June 20, 2022). All the pa tien ts w er e informed about and
provided consent for the study and wr itten infor med consent
was obtained from each participant. 

Data availablity statement 

Data used in this study can be downloaded from T he C ancer
Genome Atlas ( h ttps://tcga-da ta.nci.nih.gov/tcga/), University
of California Santa Cruz Xena ( https:// xenabrowser.net/ datapa
ges/), Gene Expression Omnibus ( https://www.ncbi.nlm.nih.g
ov/geo/), In terna tional Cancer Genome Consortium ( https://
dcc .ICGC.org/releases ), Gene Expr ession Pr ofiling Interacting
Analysis ( http://gepia.cancer-pku.cn ) and University of Alabama
at Birmingham Cancer data analysis Portal ( http://ualcan.path.
uab.edu/index.html ). 

ORCID 

Zheng Dai https://or cid .org/0009-0009-4841-0395 

References 

Papers of special note have been highlighted as: •• of consider-
able interest 

1. Xia C, Dong X, Li H, et al. Cancer statistics in
China and United States , 2022: profiles , trends and
determinants. Chin Med J. 2022;135(05):584–590.
doi:10.1097/CM9.0000000000002108 

2. Zhou Y, Ou L, Xu J, et al. FAM64A is an androgen rec ept or-
regulated feedback tumor promoter in prostate cancer.
C ell Death Dis . 2021;12(7):668. doi:10.1038/s41419-021-
03933-z 

3. Br ik un I, Nussker n D, D ecatus A, et al. A panel of
DNA meth ylation markers f or the det ection of prostat e
cancer from FV and DRE urine DNA. Clin Epigenetics.
2018;10(1):91. doi:10.1186/s13148-018-0524-x 

https://tcga-data.nci.nih.gov/tcga/
https://xenabrowser.net/datapages/
https://www.ncbi.nlm.nih.gov/geo/
https://dcc.ICGC.org/releases
http://gepia.cancer-pku.cn
http://ualcan.path.uab.edu/index.html
https://orcid.org/0009-0009-4841-0395


EPIGENOMICS 849 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Frantzi M, Culig Z, Heidegger I, et al. Mass spectrometry-
based biomarkers t o det ect prostat e canc er: a multi-
centric study based on non-invasive urine collection
without prior digital rectal examination. Cancers (Basel).
2023;15(4):1166. doi:10.3390/cancers15041166 

5. Xiang J, Yan H, Li J, et al. Tr ansperineal versus tr ansrectal
prostate biopsy in the diagnosis of prostate cancer: a
sy st ematic review and meta-analysis. World J Surg Oncol.
2019;17(1):31. doi:10.1186/s12957-019-1573-0 

6. Faria R, Soares MO, Spackman E, et al. Optimising the
diagnosis of prostate cancer in the era of multiparametric
mag netic resonanc e imag ing: a c ost-effectiveness analy-
sis based on the Prostate MR Imaging Study (PROMIS). Eur
Ur ol . 2018;73(1):23–30. doi:10.1016/j.eururo.2017.08.018 

7. Mehralivand S, Shih JH, Rais-Bahrami S, et al. A magnetic
resonanc e imag ing-based pr ediction model for pr ostate
biopsy risk stra tifica tion. JA M A Oncol . 2018;4(5):678–685.
doi:10.1001/jamaoncol.2017.5667 

8. Shi J, Marconett CN, Duan J, et al. Characterizing the
genetic basis of methylome diversity in hist olog ically
normal human lung tissue. Nat Commun. 2014;5(1):3365.
doi:10.1038/ncomms4365 

9. Sproul D, Kitchen RR, Nestor CE, et al. Tissue of
orig in det ermines canc er-associat ed CpG island
promoter h ypermeth yla tion pa tterns. Genome Biol.
2012;13(10):R84. doi:10.1186/gb-2012-13-10-r84 

10. Ngollo M, Dagdemir A, Karsli-Ceppioglu S, et al. Epi-
genetic modifications in prostate cancer. Int J Ur ol .
2014;6(4):415–426. doi:10.2217/epi.14.34 

11. Constâncio V, Nunes SP, Henrique R, et al. DNA
methylation-based testing in liquid biopsies as detection
and prognostic biomarkers for the four major cancer
types. C ells . 2020;9(3):624. doi:10.3390/cells9030624 

12. Paziew ska A, Dabrow ska M, Goryca K, et al. DNA
methyla tion sta tus is more reliable than gene expression
at detecting cancer in prostate biopsy. Br J Cancer.
2014;111(4):781–789. doi:10.1038/bjc.2014.337 
•• Critically analyzes the potential usefulness of RNA-
and DNA-based biomarkers in supporting conven-
tional histological diagnostic tests for pr osta te car-
cinoma detection. In c ontr ast to the most promis-
ing mRNA-based markers (HOXC6, AMACR and PCA3
expr ession), DNA methyla tion levels in the APC,
TACC2, RARB, DGKZ and HES5 promoter regions
achieved higher discriminating sensitivity and speci-
ficity, with area under the curves reaching 0.95–1.0. 

13. Gurioli G, Martignano F, Salvi S, et al. GSTP1 methylation
in cancer: a liquid biopsy biomarker? Clin Chem Lab Med.
2018;56(5):702–717. doi:doi:10.1515/cclm-2017-0703 

14. Cáceres A, Jene A, Esko T, et al . Extr eme downr egulation
of chromosome Y and cancer risk in men. J Natl Cancer
Inst. 2020;112(9):913–920. doi:10.1093/jnci/djz232 
•• Emphasizes extr eme downr egula tion of
chr omosome-Y gene expr ession (EDY) is a male-
specific signa tur e of canc er susc eptibility that
supports the escape from X-inactivation tumor
suppressor hypothesis for genes that protect women
compared with men from cancer risk. 

15. Yao L, Ren S, Zhang M, et al. Iden tifica tion of specific DNA
methylation sites on the Y-chromosome as biomarker
in prostat e canc er. Onc otarget. 2015;6(38):40611–40621.
doi:10.18632/oncotarget.6141 
16. Inkster AM, Wong MT, Matthews AM, et al. Who’s afraid
of the X? Incorporating the X and Y-chromosomes into
the analysis of DNA methylation array data. Epigenetics
Chromatin. 2023;16(1):1. doi:10.1186/s13072-022-00477-
0 
•• Emphasizes the usability of X- and Y-chromosome
DNA methylation (DNAme) array data. I mp ortantly,
with careful c onsider ation of sample sex during the
probe filtering and analysis stages, most Illumina
DNAme array datasets will be suitable for sex chromo-
some analysis. This is a young area of r esear ch tha t
will continue to ev olv e as new discoveries are made.
We hope that this method will facilitate the deeper
investigation of sex chromosome DNAme profiles in
human phenotypes and diseases, particularly in those
contexts in which sex differences are abundant. 

17. Par ry MA, Sr iv astav a S, Ali A, et al. Genomic ev alua tion
of multiparametric magnetic resonance imaging-
visible and -nonvisible lesions in clinically localised
prostat e canc er. Eur Urol Onc ol. 2019;2(1):1–11.
doi:10.1016/j.euo.2018.08.005 

18. Lee WH, Morton RA, Epstein JI, et al. Cytidine methylation
of regulatory sequences near the pi-class glutathione
S-tr ansfer ase gene ac c ompanies human prostatic car-
cinogenesis. Proc Natl Acad Sci USA. 1994;91(24):11733–
11737. doi:doi:10.1073/pnas.91.24.11733 

19. Liu C, Zhang L, Cui W, et al. Epigenetically upregulated
GEFT-derived invasion and metastasis of rhabdomyosar-
coma via epithelial mesenchymal transition promoted by
the Rac1/Cdc42-PAK signalling pa thw ay. EBioMedicine.
2019;50:122–134. doi:10.1016/j.ebiom.2019.10.060 

20. Rouprêt M, Hupertan V, Yates DR, et al. Molecular
detection of localized prostate cancer using quan tita tive
methylation-specific PCR on urinary cells obtained
following prostate massage. Clin Cancer Res.
2007;13(6):1720–1725. doi:10.1158/1078-0432.Ccr-
06-2467 

21. Aref-Eshghi E, Schenkel LC, Ainsworth P, et al. Genomic
DNA methylation-der ived algor ithm enables ac curat e
detection of malignant prostate tissues. Front Oncol.
2018;8:100. doi:10.3389/fonc.2018.00100 

22. Kent-First M. The Y chromosome and its role in testis
differen tia tion and sperma togenesis. S emin Reprod M ed.
2000;18(1):67–80. doi:10.1055/s-2000-13477 

23. Wiktor A, Rybicki BA, Piao ZS, et al. Clinical sig-
nificance of Y-chromosome loss in hemat olog ic dis-
ease. Genes Chromosomes Cancer. 2000;27(1):11–16.
doi:10.1002/(SICI)1098-2264(200001)27:1 

24. Wong AK, Fang B, Zhang L, et al. Loss of the Y
chr omosome: an age-r elated or clonal phenomenon
in acute myelogenous leukemia/myelodysplastic syn-
dr ome? Ar ch Pathol Lab Med. 2008;132(8):1329–1332.
doi:10.5858/2008-132-1329-lotyca 

25. Vijayakumar S, Hall DC, Reveles XT, et al. Detection
of r ecurr en t copy number loss a t Y p11.2 in volving
T SPY gene clust er in prostat e canc er using array-
based comparative genomic hybridization. Cancer Res.
2006;66(8):4055–4064. doi:10.1158/0008-5472.Can-05-
3822 

26. Kido T, Schubert S, Ha takey ama S, et al . Expr ession of
a Y-located human proto-oncogene TSPY in a transgenic



850 Z. DAI ET AL. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mouse model of prostat e canc er. Cell Biosci. 2014;4(1):9.
doi:10.1186/2045-3701-4-9 

27. Jobling MA, Lo ICC, Turner DJ, et al. Structural v aria tion
on the short arm of the human Y-chr omosome: r ecurr ent
multigene deletions encompassing Amelogenin Y. Hum
Mol Genet. 2006;16(3):307–316. doi:10.1093/hmg/ddl465

28. S chiebel K, M ertz A, Winkelmann M, et al. FISH local-
ization of the human Y-homolog of protein kinase PRKX
(PRKY) to Yp11.2 and two pseudogenes to 15q26 and
Xq12 → q13. Cytogenet Cell Genet. 2008;76(1–2):49–52.
doi:10.1159/000134514 

29. Cui J, Li G, Yin J, et al. GSTP1 and cancer: expression,
methylation, polymorphisms and signaling (Review). Int
J Oncol. 2020;56(4):867–878. doi:10.3892/ijo.2020.4979 

30. Far r is MH, Texter PA, Mora AA, et al. Detection of
CRISPR-media ted genome modifica tions thr ough alter ed
methyla tion pa tterns of CpG islands. BMC Genomics.
2020;21(1):856. doi:10.1186/s12864-020-07233-2 
31. Rubin MA, Zhou M, Dhanasekaran SM, et al. α-
methylacyl coenzyme a racemase as a tissue biomarker
for prostat e canc er. JAMA. 2002;287(13):1662–1670.
doi:10.1001/jama.287.13.1662 

32. Luo J, Zha S, Gage WR, et al. α-Methylacyl-CoA racemase:
a new molecular marker for prostate cancer. Cancer
Res. 2002;62(8):2220–2226. doi:10.1158/0008-5472.CAN-
02-0423 

33. Loeb S. Predicting prostate biopsy results-PCA3
versus phi. Nat Rev Ur ol . 2015;12(3):130–131.
doi:10.1038/nrur ol .2015.1 

34. Wang Y, Liu W, Chen Z, et al . A noninvasiv e method
for predicting clinically significant prostat e canc er using
mag netic resonanc e imag ing c ombined with PRKY pro-
moter methylation level: a machine learning study.
BMC Med Imaging. 2024;24(1):60. doi:10.1186/s12880-
024-01236-1 


	1.Background
	2.Materials methods
	2.1.Data sources processing
	2.2.Clinical samples
	2.3.DNA extraction bisulfite conversion
	2.4.Quantitative PCR
	2.5.Statistical analysis

	3.Results
	3.1.Identification of DEGs on the Y-chromosome in PCa
	3.2.PRKY promoter is hypermethylated in PCa
	3.3.Promoter methylation of PRKY does not change in other malignancies
	3.4.PRKY hypermethylation can be detected in very early stage of PCa
	3.5.Diagnostic efficacy of PRKY methylation
	3.6.Validation of the diagnostic value of PRKY promoter hypermethylation in PCa from single-center clinical samples

	4.Discussion
	5.Conclusion future perspective
	Author contributions
	Acknowledgments
	Financial disclosure
	Competing interests disclosure
	Writing disclosure
	Ethical conduct of research
	Data availablity statement
	References

