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Introduction:-

Benign prostatic hyperplasia (BPH), is a hyperplastic process of the fiboromuscular stromal and glandular epithelial
elements within the prostatic transition zone (Auffenberg, 2009). As the most common benign tumor found in men,
it comes in the fourth series of the most common disease, after coronary disease, hypertension and diabetes
(Roehrborn, 2011). It is also the most common condition affecting those men older than 50 years of age. In general,
a wide variety of genetic factors are associated with tissue hyperplasia. Androgen related genes and metabolism
genes are closely associated with prostate growth and function. PAGE family member 4 (PAGE4) gene belongs to
the GAGE family. The GAGE genes are expressed in a variety of tumors and in some fetal and reproductive tissues.
Among all PAGE genes expressed in the testes of the adult human, PAGEA4 is the only member of this family that is
expressed in the prostate, It was located on chromosome Xp23.11, it has 5005bp spanning from nucleotide number
49673637 to 49678641 of chromosome X. It is up-regulated in the developing prostate and aberrantly expressed in
benign prostate hyperplasia and prostate cancer (Zeng et al., 2013). The polymorphisms of PAGE4 gene associated
with BPH found to predict tumor formation and prognosis (Bechis et al., 2014). So, PAGE4 gene was representing a
surrogate marker for predicting BPH developing later in life (Mullins et al., 2008).
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Material and Methods:-

Blood samples were collected from 80 men with benign prostate hyperplasia, with mean age 68.7 years, 10 samples
of them with serum prostate specific antigen between 4-10 ng/ml were selected from eighty samples in this study
for detection of polymorphisms in first region of PAGE4 gene. Besides, 5 samples of blood from healthy men with
median age 66.6 years as control. The DNA was extracted from blood samples using ,the gSYNC™ DNA
Extraction Kit, Geneaid, Korea. The extracted DNA from each sample used as a template for 20ul PCR reactions,
and using ProFi Tag PCR PreMix from Bioneer/ Korea, 2ul of 10pum from forward primer /5-
TGTGAGTTTTGGAGCGGGAC-/3 and 2ul of 10um from reverse primer /5- TTGGTGGTTCCTCTTGCTGA-/3
and 5Sul of DNA template. The mixture volume was completed to 20p by adding demonized distal water. PCR
process was conducted through 30 cycles with the following steps: denaturation for 30 sec at 95°C, annealing for 30
sec at 60°C, extention for 1 min at 72°C and final extention for 5 min at 72°C. In order to analyze the nucleotides
sequences for all samples, DNA sequencing was performed in Microgene, Korea.

Results and Discussion:-

1Polymorphisms in first region of PAGE4 gene:-

Detection of polymorphisms in first region of PAGE4 gene was done by sending PCR product of the region that
amplified by using first primer of product size 1491bp (Figurel). The first primer cover the regions: exonl, intronl,
exon2 and part of intron2. In this region, seven polymorphisms were recorded. The type of polymorphisms and
positions are described in table (1).
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Figure 1:- Gel electrophoresis for PCR amplification with products size (1491bp) run on an agarose gel (2%) for 1
hour at 5 v/cm2 in the presence of 100 bp DNA Ladder marker. From 1-25 were PCR products for DNA extracted
from blood samples of patients. From 1-5 Lane PCR products for DNA extracted from blood samples of healthy
control.
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Table 1:- Polymorphisms in first region of PAGE4 gene in men with benign prostate hyperplasia.

No. Polymorphic Type Position Wild Polymorphic No. of
type type Patients
1 G— A Substitution 49674439 G A 4
2 G—C Substitution 49674450 G C 6
3 A>T Substitution 49674502 A T 3
4 T—A Substitution 49674508 T A 2
5 T—>C Substitution 49674516 T C 6
6 A>T Substitution 49674531 A T 2
7 adding of C Insertion 49674780 - C 1

The sequences of first region in PAGE4 gene were aligned with control group (healthy Iragi men) and with the

reference sequence obtained from NCBI.

e First polymorphism: The sequence result revealed the presence of SNP G—A (table 3-10). The identified
SNP was substitution polymorphism, nucleotide G in control men replace with nucleotide A in BPH patients,
also results revealed that this polymorphism was found in four from the ten patients (40%)

e Second polymorphism: The sequence result revealed the presence of SNP G—C (tablel). The identified SNP
was substitution polymorphism, nucleotide G in control men replace with nucleotide C in BPH patients, also
results revealed that this polymorphism was found in six from ten patients (60%).

e Third and fourth polymorphism: The sequence result revealed the presence of two SNPs (A—T and T—A)
as shown in table (1). The identified SNPs were substitution polymorphisms, in the first one, nucleotide A in
control men replace with nucleotide T in BPH patients while, nucleotide T in control men replaced with
nucleotide A in BPH patients, these two polymorphisms were found in 3 and 2 from the ten patients (30% and
20% ) respectively.

e Fifth polymorphism: The sequence result revealed the presence of SNP T— C (table 1). The identified SNP
was substitution polymorphism, nucleotide T in control men replace with nucleotide C in BPH patients figure.
This polymorphism was found in six from the ten patients (60%).

e Sixth polymorphism: The sequence result revealed the presence of SNP A—T (table 1). The identified SNP
was substitution polymorphism, nucleotide A in control men replace with nucleotide T in BPH patients figure.
This polymorphism was found in two from the ten patients (20%).

e Seventh polymorphism: The sequence result revealed the presence of insertion polymorphism (table 1), C
nucleotide was added in patient sequence, also results revealed that this polymorphism was found in one from
ten patients (10%).

Illustration of the alignment of nucleotides sequencing that covered by first primer of PAGE4 for men with BPH
compared with control in NCBI center using automated sequencer and analyzed by BLAST data. The query number
represents the current results while the subject represents the reference sequence (figure 2 and 3 in appendix)

From the results above, seven polymorphisms were detected in first region of PAGE4 gene; six of them were
substitution polymorphisms while only one was insertion polymorphism.

The most important single nucleotide polymorphism was insertion (addition of C nucleotide) in first region of gene
that lead to change amino acid produced, this polymorphism caused a frame shift in the translational region. Frame
shift changes had a higher effect on the polypeptide than missense or nonsense mutations. In substitution, only one
amino acid changes, frame shift caused changes in all amino acids of a certain gene. In addition, this type of genetic
diversity led to difference in copy number of gene (Sudmant et al., 2010). polymorphic variant of a gene may lead to
the irregular expression or to the creation of an abnormal form of the gene; this may cause or be linked with disease
and resistance to drug (Cardiol, 2014). So, these changes in reading frame and copy number could affect gene
expression that associated with prostate hyperplasia risk. The present results agree with those obtained by (Helfand
et al., 2013) who reported that the presence of one SNP (rs5945572) on chromosome Xp was associated with both
BPH severity and BPH medication use. Genome wide association study (GWAS) identified 36 single nucleotide
polymorphisms (SNPs) associated with prostate cancer and benign prostate hyperplasia (Lindstrom et al., 2011). A
study by Rohramann et al., (2006) found that genetic factors contribute up to 72% of the risk of BPH.
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Conclusion:-

Single nucleotide polymorphisms were detected in first region of PAGE4 gene for patients suffering from benign
prostate hyperplasia and these polymorphisms may affect gene expression, so, may be linked with pathogenesis of
the disease.
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Appendix:-

Homo sapiens chromosome X, PAGE family member 4 (PAGE4).

Alternate assembly CHMI1_1.1, SequenceID: reff™C 0159342 Number of matches:1

Related Information, Miap Viewer-aligned genomic context
Range 1: 49673097 to 49674533 (CepnBank Graphics WNextMatch & Previous Match

Score Expect Identities Gaps Strand
052 bits (S7T1) 0.0 S31/S3T(00%s) 0/S37(0%0) Plus/Plus
Cuery 1 GGGGCCAGGGARAGGETGGGACAGCCCGC GCTTGACAGC GCCTGCCTCAGTGC TCGTGTT 60

L A S 1 A 1 A 1 A 1 1 1 A 1 A A 1 A A 1 A O I A O O
Skbjct 495873997 GGGFOCAGFEAAAMGGETGEEMNCAGCCCEC GOTTEACAGC GOCTEOCTC AGT G TOGTGTT 49674056

Ouery el CACTGEEFEEETCTTOCCATC AGCOC CTTCACCCAC GAGET GAACT GOCGOGEAGCTGTGAG 120

L A S 1 A 1 A 1 A 1 1 1 A 1 A A 1 A A 1 A O I A O O
Sbjct 49574057 CACTEEFEEETCTTOCCATC AGCOC CTTCACCCAC GAGET GAACT GOCGOGEAGCTGTGAG 49674116

Ouery 121 GCTEFOOGTTTGCATTCCAA TTGTC GEEAC TCTT T CACCT GAGARC TGAGACTCAGTGEETG 180

L A S 1 A 1 A 1 A 1 1 1 A 1 A A 1 A A 1 A O I A O O
Sbjct 49574117 GCTEFOOGTTTGCATTCCAA TTGTC GEEAC TCTT T CACCT GAGARC TGAGACTCAGTGEETG 49674176

Ouery 181 GCTCCACCGATCGTTCCTC CATGEEAGT T TAAGT GTGAA GAGEAGCTGETGEFEFCTTCAGG 240

L A S 1 A 1 A 1 A 1 1 1 A 1 A A 1 A A 1 A O I A O O
Sbjct 49574177 GCTCCACCGATCGTTCCTC CATGEEAGT T TAAGT GTGAA GAGEAGCTGETGEFEFCTTCAGG 49674236

Ouery 241 AGGETOGEFCAGCACAGTC OGTEHOCTOG EAGEA GEAAMG GHEOCT CACA GETGETEEFOGCC 300

L A S 1 A 1 A 1 A 1 1 1 A 1 A A 1 A A 1 A O I A O O
Sbjct 49574237 AGGETOGEFCAGCACAGTC OGTEHOCTOG EAGEA GEAAMG GHEOCT CACA GETGETEEFOGCC 496742986

Cuery 301 GCCATGACCTTGTGETTET GECAG GECTE GEELG AGGEAGERARG TTGE GOCAC GEAGG GG 360
trerrrrerrrrrrrrrrrerrrrrrerrrrrrrrrrrrrrrrrrrrr e rrrrr

Shilch 49674297 GCCATGACCTTGTGETTET GECAG GECTE GEELG AGGEAGERARG TTGE GOCAC GEAGG GG 49674356

Cuery 361 AR GEEATCRGRTGERAGC AR AT TEEEE GETRACTITIT GAGSTATCT TTGRGTOCCAGR 420
trerrrrerrrrrrrrrrrerrrrrrerrrrrrrrrrrrrrrrrrrrr e rrrrr

Shicgt 43674357 AR GEEATCRGRTGERAGC AR AT TEEEE GETRACTITIT GAGSTATCT TTGRGTOCCAGR 436744148

Cuery 421 SR CCTGRAR TGO GRA RCR ARG ARG TTTCC GRAGT T CTCAG TG CACCT GEEEAGE 430
trerrrrerrrrrrrrrrrerr orerrerrrrr o rrrrrrrrrrrrrrrrrrrrrrrr e

Shigh 43674417 SR CCTGRAR TGO GRA RCAGEACAGETTTCGGRAGT T CTCAG TG CACCT GEEEAGE 436744748

Cuery 431 AGEEEERCCTEEEETGEC TG TATAT TTARR AR RCT CTTCRACRARRGEAGATTRAGTTTTE 537
I I I I I O A I A A A A I O I O O

Shigh 49674477 AGEGERCCTGEGETIGECTGTATATTAR AR LA TCTCTTCATREATEGGRGT TTRAGTTATE 43874533

Figure 2:- Alignment of first region (forward strand) of PAGE family member 4 gene sequence of men with benign
prostate hyperplasia using automated sequencer was analyzed by BLAST data, query number represents the current
results while the subject represents the reference sequence.
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Homo sapiens chromosome X, PAGE family member 4 (PAGE4).
Alternate assembly CHMI1 1.1, SequenceID: refiNC 015934 27 Number of matches:1
Related Information, Map Viewer-aligned genomic context
Range 1: 49674692 to 49675319 GepnBank Graphics WNextMatch A Previous Match
Score Expect Identities Gaps Strand
1133 bits (613) 0.0 627/628(00 %) 1/628(0%0) Plus/Minus
Query 1 AR TR N T A A T AT A TAC TR TETCALRGETAGC TR TCACARA TR AR TCT G
NN R RN N N NN AN
SbicL 49675319 AR TR N T A A T AT A TAC TR TETCALRGETAGC TR TCACARA TR AR TCT G
Cuery &1 ASAGGTTTTTCCTATCTTCTCTGT ARGTACTCTTARGAR ARSTTATTC TTCCTATATAGR
NN RN N N NN NN NN
SbicL 49675259 A AT I TI T C T AT C T I C T T G T AL G TAC T CTT ARG A A CSTTATTC TICCTATATA G
Query 121 ATATACTTTARGGAGTTAC CTGCARGEAC CAATARTTCT GEARCCCAT TTTCATCTTCTC
NN RN N N NN NN NN
SbicL 49675199 ATATAC T T T ARG T TAC CTECA N GEARC CAN TR R TTC T GERARCCCAT TTTCATCTTCTC
Cuery 131 I TG AT TAT T TAT T A A TAE N G CATGA TRAGEA AT CATRARGACTATTTOC AGRCT CT
NN RN N N NN NN NN
Skbigt 49675139 TGGGCTGTATTATTTATTAATARAGCATGATAGGARARGTCATARMGACTATTTCCAGACTCT
Query 241 TR AT AT AT AR T A TR AR R AT AR R ETCTOCT T ECTC ARTET CTCAT TR
NN RN N N NN NN NN
Skist 49675079 TRAARAACATACATATGCAGACAATATCAGARRATARGTCTCCITGCICAATGTCICATTA
Query 301 ATGTGATTTAGTTTGCARCTATIT TCAGCAGGGARGTCCTITAT ATAR CAGATCTATATT
PELETL R R b e b e b b b b e el
Skigk 49675019 ATGTGATTTAGTTTGCARCTATTT TCAGCAGGEARASTCCTTTATATARCAGATCTATATT
Query 361 T TR AT ET T TTACGA T TT T CT T C AR A L TR AT TIC TG OCALR TR ATRRGAT
PELETE LRt et b b bbb bbb b e e b el
Skick 4967495% GETTAACAATGTTTITAGAT TTTCTTTCAGARRAATACAT TTCTECCAR TEEARATARGAT
Cuersy 421 ACTEAAR AT TR T CAC RGO C RO A TECA RCCAC ATOGEGAGOCTOCT GROCATCTOCTC
PELETE LRt et b b bbb bbb b e e b el
Skigh 49674899 ACTGARATGTACTCACAGCCACGAATGCARCCACATCGEGAGCCTCCTGACCATCTCCTC
Query 481 TTCCTCIGEATCTTGATCT CRACTCGTGCACTCAT CGCTGCARCT AGAR GATCGTGRARCCT
R RN N N NN NN NN RN N
Sbisk 496574339 TTCCTI T AT CT T GATCT CACTC T ECACTCAT OECTECARC T AGRAGATOETERARC —T
Query 541 GRRGACTECARTARRRAGEAGTAR TTATACTTGACTCTT TCCAT GECCATCTGCTGAT TE
PELETL R R b e b e b b b b e el
Skict 49674730 GAAGACTGCAATARRRAGEAGTAATTATACTTEACTCTT TCCATGECCATCTECTEATTE
Query 600 TRAATLLLELEL ARTTITGLGAGATIICGR 628
PELLTL LR et
Sbigh 49674720 TRAATTTTITITAARTTTTGTGAGATTICCA 49674692

ad

49875260

120

49875200

49875140

240

49675030

300

49675020

360

496745960

420

49674900

49674340

540

49874731

599

49674721

Figure 3:- Alignment of first region (reverse strand) of PAGE family member 4 gene sequence of men with benign
prostate hyperplasia using automated sequencer was analyzed by BLAST data, query number represents the current

results while the subject represents the reference sequence.
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