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Abstract

Background and purpose: Hypertension is a global health challenge due to its high prevalence
and increased risk of cardiovascular disease. It is a multifactorial disease in which both genetic and
environmental factors are involved. So far, a number of genes and pathways have been proposed to be
associated with HTN, including the nitric oxide/cGMP pathway. To further clarify the role of NO /cGMP in
the pathogenesis of HTN and also to find genetic determinants of predisposition to HTN in Kermanshah
province, Iran, we aimed to investigate the association between three key points in nitric oxide signaling
pathway, namely eNOS, GUCY1A3, and PDELA genes, and susceptibility to hypertension.

Materials and methods: In this case-control study, a total of 130 patients and 110 healthy
subjects were enrolled. Three polymorphisms (rs1799983 in eNOS gene, rs13139571 in GUCY1A3 genes
and rs16823124 in PDE1A gene) were investigated by PCR-RFLP method. Data were then statistically
analyzed.

Results: This study showed a significant association between the genotypic and allelic frequencies
of the rs1799983 polymorphism in the eNOS gene and the rs13139571 gene in GUCY1A3 (P<0.05), while
there was no significant association with PDE1A (P>0.05). However, the interaction with the other two
SNPs may confer susceptibility to hypertension.
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332/4 32504 0/82 /00 (81/5)106 (8217)86 GIG-AIA Overdominant
(0/55 -2/12) 1/08 (18/5)24 (17/3)18 AIG

[ Downloaded from jmums.mazums.ac.ir on 2026-01-03 ]

CimeS ) s Sy s 4 LSNP Calides (slais
'\“°MUM(J&5)L§J:“SB')J]G";’55(°‘X;

a—4eJL«_&ﬁ}_~a}'J:dM;QL«AcJL&Q‘HM

awllln 30 (sloolS b oy ASOlo DL ot
IS 55 a0 o sl S0l s asdls
‘_;‘J_'LAE,_:S_,:}M;,_:fj RG] o.L»TS o‘)u

1402 35)0)8 « 219 s)Louds «@gm § (W 3)9d ohaijle (3b)) eole slEMI) alas 22


http://jmums.mazums.ac.ir/article-1-18819-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-01-03 ]

ulilSam g yilai ol
POETA
a] ENOs. ENOs. ENOs
%
;.
5.
L 18 33 TR ]
22 28
o 2 ! Lo & |

GUCy1

(2035 ol 8005 ESie (ladte o 20 5 0ole g
5GUCY1A3 PDE1A (35 aw oy (63lgiiy (gla,5:ila -a— MDR
.GUCY1A3 3eNOS 05 55 o sla ,255Le (b-eNOS

G5 5 SO Gl S SU 3 5 5o

Slalllas (0 g (6 Lid 5 an Dl sldaul ,,eNOS
R B = E LR e plomil il
sz 33 (L4-16) A Slos s Laniisds 3 s
A ) g aslllan ) 5> &S GBIAT (dypo Ly
Slalllas & 5 oS b 5o 60l (i 5 e 4 il
slgin YU 05 HLas L1y Sibyls cpl 8 bLs)l
Ul 5 Sl I (6 505 4w (17)aS
Lo oo b aalllae 3 (8) S 1oy 1 (5 0 Lo
55 AT la s om by 688 bl e G5 5o
Ty YU 0 s 5lis ao Sl [ b L GBIAT 555
GT sTT slac sy ssm>54S CJ‘-“‘“V':S
A O 5 ()l 4 Ml sl o (bl 2B
Comar 345 (6505 addllas ;5 & Sl Jl> 53
Lol L GT 5 55 «Cml 0 oLl bie sy
OR=1/62) 5,15 LLs )l 055 5 L 4 Ml sliazul
st gl b illae Lo s ¢ Jilis 5> (15)(P<0/031
15 Cmmazr 2 GBIMT by oy () ) okl
Jlw 53 01, Kea 5 Sh0ji Low 5 457 (glandllan s .l

GG 5 55 48 das e OLis el aily ,Lazt 2000

(PDEIA ;5 GG la s $) nS 5 (Tl joein
«—S ;5 ¢S PDE1A ,3GG s GUCY1A ,5AC
s SR e Sl sy
Sy o5 4« PDEIA 03 ;51516823124
Lol 03,8 e slom | HTN ag Sl (615 1y (g labins
PSSl (il ot iin s S 534S bolas
b by g olaml 53 Al g e OT Caliden Glacs 55

5L e HTN

534S Cl e (6 )len S 0 )l

ol s 5 e YU a0l 5 5o )L OF
23055 2,8 B (o) gl B L )
S Eleb ks Sl Sl Sds (G caeS
9 e Jolse g5yl e Coals 4 4le ol
Sllas (13)5 15 iis O slowl 5o 55 S5
5753 3 il g 0 AL s S (2 g e S
slag b 53 =550 J:—Q)‘ LS‘—AV—M‘-{‘ P
P, S pmen Ly sl LSl oSS
NO/CGMP L)l 5 s oy dy aalllan o
LU e o 3 el s Ol U 5 ot
390 13 HTN 4 Sl :\.\m\l{\JQT‘_;LaMéJ_,AL;\i
0555 65 Bl 3 S b gl sl 13 i
O3 (6 lid 4 Ml slaxeal L GUCY1A3 5 eNOS
LLSHIPDELA 0 jo e j34S Jls ;3655
O e S SO i b i Iy (613 lime
e SOl e gl 0 ae Ciliee Sl 55
el st 5ol 3 ol (55 o sl SOl
o 53 Aol s geai) sl e Ol YL O g 5Lid
05 am ol o A it e er D esled
= genemania (genemania.org) 4l » ¢SS 4

sl ok T (ol

23 1402 35)0)8 « 219 ayLaids @gw § ¢, 3)9s

ohaiils 3b)y eole sl5iSD dlas


http://jmums.mazums.ac.ir/article-1-18819-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-01-03 ]

08B s)Uindyy b NO/CGMP s (5435 slaciilyly b3yl

elS i 53 5 03338 Lo 5 PDEL o3l gl
o Sline LUl candllan ol 53 (24) 55 o Jlab
odalin YU 0 s ,L28 LPDEIA o5 451516823124
TCG bkl ;3G T ssms el cpl bosi
Ly aC 5eNOS 005 ,5GBIAT & by o T T o)
i Ll 5 e (GUCY1A3 05 31513139571
Ot Al s O (65l ade oS bl
G 805 05 55 L o0 o) slagi 55 SSOLa
2323) JELHTN (g1 b Jole Ll 55 o0 (o) 2
sLsb 5550 s PDELIA [is 585 om0 ol
63 Shes 5 mar i Slallls Al YL 0 5
o= a8 Lol canlas ol js Le as 1ol
4 Ml sldaal L NO/CGMP s sla bl
s &, o il gz sl 055 (5 0
Cged > (2352 5255 OT L ol anlllas 3 o
S gy g2 3 4 gad o Rl BN L 635 o) 2 3550
GG gl 4 015 (or ¢ e (1 5 Sl 657 e
ol 5554 )3 NOICCMP s 255 o g2zt >

) O

HSPS0AB1

4
HSPOOAA PR

GUCY1A2 CAV3

WASL

GUCY1B3 CALM1 NOSTRIN

GUCY1A3
CALML3.
NPR1
NOS3
NOSIP

CAV1
CALMLE

NOS2
PDE1A

ALMLS
ZDHHC21 iy

EDNRB
LYPLA1

PDE1A 5 GUCY1A3 @NOS 55 o [2SSke <5 6o lads g

Sl O slid 4 Sl s (gl ine 5 sl
534S el J> 5 ol (18)(OR=1/8) s
‘g,_wlau(l;atdif\fcﬂwé”jSQNUm
Ml 4l il 8l b L GT 566 slacws 5
P<0/0001 OR=20/2 5 jiaz) il o O 5 (5 )\t
(s ol 1 2 L5 (19)(P<0/0001 « OR=332/5 ¢
Slad A8 Al 5o (e Olallls plonl oy 5
S o 055 1 s slay 55551 5 Cialies
S5 g s aidllas cpl 53 & s pmess
ML .ol GUCYIAS 0 3 1513139571 o3 S
¢SS NO 05,5 g Ol s 4 (SGC) J loee K
LSS 5l Syl e 53 SIS o 5T
ol plowil Sl g sldis g9y p &S Slllas .l
G b ISGC (slademls 5 51 &S5 a8 wias e OLES
L5 53 1) gogr 28 NO-SGC-COMP e 5 ;56
as13139571 IS ik (2120) 5505 odge O3 g5 lid
O 5L L 0T DLl o8 ol Sl S3b Ll 5
53 . slgiiy (GWAS aalllas ¢ s L s YU
LUl s G5 go aalllan ol 55 Lecaly pl Auls
L GUCY1AS 35 sl s o o |y 6l mine
F S Gl s DL O ()l 4 Ml sl
ol S Liblows i & gly15CC g5 aS
ol HTN 3o | oS dns AC 5 (OR=0/4626)
e e 3 45 (5,505 adllls (OR=1/9775)
r) P by e s S S sl3n LS S
of e HTN & Ml Lo 201531 L ars13143871 o5
HTN wlisoww 3 PDELIA [2d 550 3.(2)
23 9 )b i Sl o 2w 53 (63 5des Sile b
slaul 53 05 ol L2 GWAS aallles oSG 2011 JLa
ol pls pie 5y o p1.(23)s S jedeie |, HTN
Cyclic nucleotide phosphodiesterases ¢S 4PDE1
cla_.»cGMP L/3 CAMP ;Js 0 G b 5l &S Cl
J;%)gjgaj_fv__la:bl_aoﬂ;,l_wd_;—b
lael S o i slal sk s ply Sl 5

1402 335)9)8 « 219 s)ladds «@ow § ;1 )93

ohaiils 3b)y eole a5 dlas 24


http://jmums.mazums.ac.ir/article-1-18819-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-01-03 ]

uljlSnm g gilai plsyy

df‘): B -\_"}:‘;A c.\_;J‘: &&EA NO/cGMP s

Bl Sae 0 )W bbb g

S jSewlps

g S5 5 ot oo dlin ] OB s 5
ol lin s 51 aalllan ) OB S ES 5 ples
Sosld 5 Sladsd Coglae ©pmae agiy Sl e
(97354 17 o o o) ol aliile §° S5 ke oS>

References

1. National High Blood Pressure Education
Program. The Seventh Report of the Joint
National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood
Pressure. National Heart, Lung, and Blood
Institute (US): Bethesda (MD); 2004. Report
No.: 04-5230.

2. Cabrera CP, Ng FL, Warren HR, Barnes MR,

Munroe PB, Caulfield MJ. et al. Exploring
hypertension genome-wide association studies
findings and impact on pathophysiology,
pathways, and pharmacogenetics. Wiley
Interdiscip Rev Syst Biol Med 2015; 7(2):
73-90.

3. Strijdom H, Chamane N, Lochner A. Nitric

oxide in the cardiovascular system: a simple
molecule with complex actions. Cardiovasc J
Afr 2009; 20(5): 303-310.

4. Bian K, Doursout MF, Murad F. Vascular

system: role of nitric oxide in cardiovascular
diseases. J Clin Hypertens (Greenwich) 2008;
10(4): 304-310.

5. Rafikov R, Fonseca FV, Kumar S, Pardo D,

Darragh C, Elms S, et al. eNOS activation and
NO function: structural motifs responsible for
the posttranslational control of endothelial
nitric oxide synthase activity. J Endocrinol
2011; 210(3): 271-284.

SLrpmd ol o 68 bl ol anlllas

YL O ylis an Dl sluszul s NO/CGMP s
s pl 3 Sl sl Ol eltsle S Ol Comes
(D5 oS s sl g g g lulid 53 Ll
S0 i g et b e 53 315l o lalis 4 oSS
Ollllas plowil S S8 (5o 55 5L oS g2
L5 ple s Pt SR 505 535 g2 oS

6. QianJ, Fulton D. Post-translational regulation
of endothelial nitric oxide synthase in
vascular endothelium. Front Physiol 2013; 4:
347.

7. Liu J, Wang L, Liu Y, Wang Z, Li M,
Zhang B, et al. The association between
endothelial nitric oxide synthase gene G894T
polymorphism and hypertension in Han
Chinese: a case-control study and an updated
meta-analysis. Ann Hum Biol 2015; 42(2):
184-194.

8. Kayhan FE, Koldemir M, Cagatay P, Ciftci C,
Susleyici-Duman B. Prevalence of endothelial
nitric oxide synthase E298D polymorphism
in Turkish patients with essential hypertension.
Diabetes & Metabolic Syndrome 2013; 7(1):
12-16.

9. Azizi A, Abdoli MR, Abdoli G. The Prevalence
of hypertension and its association with age,
sex, and BMI in a population being educated
using community-based medicine in Kermanshah:
2003. Iranian Journal of Endocrinology and
Metabolism 2008; 10(4): 323-329.

10. Menashe I, Rosenberg PS, Chen BE. PGA:
power calculator for case-control genetic
association analyses. BMC Genet 2008; 9: 36.

11. Sole X, Guino E, Valls J, Iniesta R, Moreno
V. SNPStats: a web tool for the analysis of

25 1402 35)0)8 « 219 ayLaids @gw § ¢, 3)9s

ohaiils 3b)y eole sl5iSD dlas


http://jmums.mazums.ac.ir/article-1-18819-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-01-03 ]

08B s)Uindyy b NO/CGMP s (5435 slaciilyly b3yl

12.

13.

14.

15.

16.

17.

18.

association studies. Bioinformatics 2006;
22(15): 1928-1929.

Xu HM, XU LF, Hou TT, Luo LF, Chen GB,
Sun XW, et al. GMDR: versatile software for
detecting gene-gene and gene-environment
interactions underlying complex traits. Curr
Genomics 2016; 17(5): 396-402.

Singh M, Singh AK, Pandey P, Chandra S,
Singh KA, Gambhir IS. Molecular genetics
of essential hypertension. Clin Exp Hypertens
2016; 38(3): 268-277.

Hingorani AD. Endothelial nitric oxide
synthase polymorphisms and hypertension.
Curr Hypertens Rep 2003; 5(1): 19-25.
Farbood Z, Sabeti Aghabozorgi A, Nejatizadeh
A, Farshidi H, Shams L, Bahreyni A, et al.
Endothelial Nitric Oxide Synthase Gene
Polymorphisms (-922A>G, -786T>C, Intron
4 b/a VNTR and 894G>T) and Essential
Hypertension: An Association Study with
Haplotypes Analysis. Biochem Genet 2020;
58(4): 518-532.

Srivastava K, Narang R, Sreenivas V, Das S,
Das N. Association of eNOS Glu298Asp
gene polymorphism with essential hypertension
in Asian Indians. Clin Chim Acta 2008;
387(1-2): 80-83.

ALrefai AA, Habib MS, Yaseen RI, Gabr
MK, Habeeb RM. Association of endothelial
nitric oxide synthase (eNOS) gene G894T
polymorphism with hypertension risk and
complications. Mol Cell Biochem 2016;
421(1-2): 103-110.

Shoji M, Tsutaya S, Saito R, Takamatu H,

19.

20.

21.

22.

23.

24.

Yasujima M. Positive association of
endothelial nitric oxide synthase gene
polymorphism with hypertension in northern
Japan. Life Sci 2000; 66(26): 2557-2562.
Nassereddine S, Hassani Idrissi H, Habbal R,
Abouelfath R, Korch F, et al. The G894T
polymorphism of endothelial nitric oxide
synthase (eNOS) gene and susceptibility to
essential hypertension (EH) in Morocco.
BMC Med Genet 2018; 19(1): 127.

Friebe A, Mergia E, Dangel O, Lange A,
Koesling D. Fatal gastrointestinal obstruction
and hypertension in mice lacking nitric
oxide-sensitive guanylyl cyclase. Proc Natl
Acad Sci U S A 2007; 104(18): 7699-7704.
Buys ES, Sips P, Vermeersch P, Raher MJ,
Rogge E, Ichinose F, et al. Gender-specific
hypertension and responsiveness to nitric
oxide in sGCalphal knockout mice. Cardiovasc
Res 2008; 79(1): 179-186.

Ehret GB, Munroe PB, Rice KM, Bochud M,
Johnson AD, Chasman DI, et al. Novel
pathways-related genetic variants influence
blood pressure and cardiovascular disease
risk. Nature 2011; 478(7367): 103-1009.
Fidock M, Miller M, Lanfear J. Isolation and
tissue-specific distribution of two splice
variants of human cDNAs encoding PDEL
splice variants. Cell Signal 2002; 14(1): 53-60.
Chen Y, zZhu L, Fang Z, Jin Y, Shen C, Yao
Y,et al. Soluble guanylate cyclase contribute
genetic susceptibility to essential hypertension
in the Han Chinese population. Ann Transl
Med 2019; 7(22): 620.

1402 35)0)8 « 219 syLaids @ow g ¢, 3)9s

ohaijls 3}y eole slEm3l alas 26


http://jmums.mazums.ac.ir/article-1-18819-en.html
http://www.tcpdf.org

