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Objective

This study was conducted in order to determine the

association between promoter -786 T>C, exon 7

Glu298Asp (894 G>T) and intron 4 (4a4b) VNTR

polymorphisms of eNOS gene, serum NO and

progesterone levels, and idiopathic RPL in

Palestinian women residing in Gaza strip.



Specific objectives

 To determine the frequencies of the three [promoter -786
T>C, exon 7 Glu298Asp (894 G>T) and intron 4 (4a4b) VNTR]
polymorphisms of eNOS gene in Palestinian women suffering
from RPL.

 To determine which of these eNOS gene polymorphisms
contributes as a risk factor for recurrent pregnancy loss in
Gaza strip-Palestine.

 To investigate the association between the three eNOS gene
polymorphisms on the serum NO level in Palestinian women
suffering from RPL.

 To determine the correlation between the level of serum NO
and serum P4 levels in Palestinian women suffering from RPL.



Significance

 The study may help elucidate one of the causes of

unexplained RPL and open the way for new diagnostic

and treatment strategies for such cases.

 RPL cases with normal six genes polymorphisms

and those who are not responsive to anticoagulant

administration need further investigation and at least

some of them may be attributed to particular eNOS

gene polymorphisms.



Introduction

The most widely reported inherited thrombophilias

associated with RPL include: (Six Gens)

1. factor V Leiden (G506A).

2. factor II prothrombin G20210A.

3. methylenetetrahydrofolate reductase "MTHFR" (C677T).

4. plasminogen activator inhibitor-1 (PAI-1) 4G⁄5G.

5. factor-XIII V34L.

6. angiotensin converting enzyme (ACE) I ⁄ D mutations.



Introduction

 Recurrent pregnancy loss (RPL) is defined as three or more

consecutive pregnancy losses before the 20th week of

gestation.

 RPL may affect 0.5– 2% of women of reproductive age .

 URPL is the RPL where the standard investigative protocol

fails to identify the cause of losses.



Introduction
 NOS enzymes are expressed in three isoforms: neuronal (nNOS),

inducible (iNOS), and endothelial (eNOS).
 The eNOS is the main enzyme required for vascular NO

production.
 The eNOS gene was first cloned in 1993 and was localized to

chromosome 7q35-36 with 26 exons.
 Several polymorphic variations of the eNOS gene have been

identified, and many of them particularly, promoter -786 T>C,
exon 7 Glu298Asp (894 G>T) and intron 4 (4a4b) VNTR, have
been studied with regard to their association with URPL.

 some studies have demonstrated significant relationship between
a particular eNOS gene polymorphism and increased risk of RPL
in certain ethnic groups, many of the reported associations,
however, have not been reproduced in other different ethnic
groups.





Introduction

 NO is a multifunctional signal and important modulator of
cellular responses in a variety of tissues including those
involved in human reproduction.

 local production of NO contributes to the maintenance of low
vascular resistance in the fetoplacental circulation.

 In the vascular system, NO induces vasodilation, inhibits
platelet aggregation, prevents neutrophil/platelet adhesion to
endothelial cells, inhibits smooth muscle cells proliferation
and migration, and maintains endothelial cell barrier function.

 NO acts as an endothelial vasodilator with additional
antithrombotic and atheroprotective properties.



 Normal pregnancy is associated with an increase in blood
volume and cardiac output and a fall of blood pressure (BP) in
the first half of pregnancy caused by systemic arteriolar
vasodilation. It has been proposed that the enhanced endothelial
synthesis of the NO is responsible for this vasodilation.

 the 4a/4b VNTR polymorphism has been shown to segregate
with lower plasma NO metabolites.

 abnormal levels of NO are involved in preeclampsia and, in
malfunctioning of placental vasculature that may lead to various
gestational complications.

Introduction





Introduction

 NO is a short-lived free-radical gas, with an extremely short
half life of  4 sec.. The level of NO has been shown to be
influenced by various polymorphisms in the eNOS gene

 NO was recently implicated as an important regulatory agent in
various female reproductive processes, such as ovulation,
implantation, pregnancy maintenance, labor and delivery.



 Progesterone is a sex steroid essential for pregnancy and
lactation. It is produced almost entirely by the ovarian corpus
luteum and the placenta.

 Successful implantation depends on the receptivity of maternal
endometrium which is influenced by the synergistic actions of
progesterone (P4) and NO

 Progesterone prevents vasoconstriction by increasing levels of
NO, which causes vasodilation allowing blood vessels to relax,
and so widens them allowing more blood to flow through and it
inhibits platelet aggregation

Introduction



Proposed Methodology

Blood collection
10 ml

Blood collection
10 ml

EDTA tubeEDTA tube EDTA tubeEDTA tube Plain tubePlain tube

DNA extractedDNA extracted PlasmaPlasma SerumSerum

PCRPCR NO levelNO level P4 levelP4 level

Plasma, serum and DNA stored at -20ºC till analysisPlasma, serum and DNA stored at -20ºC till analysis



Study population

RPL Group
45 sample

RPL Group
45 sample

Non pregnant
30 sample

Non pregnant
30 sample

pregnant
15 sample
pregnant
15 sample

Control Group
45 sample

Control Group
45 sample

Non pregnant
30 sample

Non pregnant
30 sample

pregnant
15 sample
pregnant
15 sample

Age: 18 - 35 years old

RPLs group had at least three ≤20 weeks of gestationRPLs group had at least three ≤20 weeks of gestation

Study design: Case control study



 Laboratory investigations and clinical tests

 Allele specific-PCR and PCR-RFLP analyses on
genomic DNA extracted from peripheral blood
samples.

 Plasma level of nitric oxide synthase determined
colorimetrically using Bioxytech nitric oxide
synthase assay kit.

 Serum Progesterone level determined using
Progesterone ELISA Kit.



 Genetic power calculation has been determined to estimate the
representative sample size for each of the three polymorphisms.

 Chi (X2) square test and independent samples t-test test of the
Statistical Package for Social Sciences (SPSS) version 13 for Windows

 Odds Ratio (OR) and odds ratio (95% CI) were analyzed by Fisher’s
exact test using the StatsDirect softwareVersion 2.7.2 to measure the
strength of association between eNOS genotypes, NO and RPL

 The Hardy-Weinberg equilibrium (HWE) was used to calculate
estimated genotype frequency and experienced genotype frequency.

 P-value less than 0.05 was considered statistically significant.
 Pearson’s correlation was used to analyze the relation between NO and

Progesterone in the study population.

Statistical Analysis



Results
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Table 2. Difference in the mean levels of NO with respect to

eNOS polymorphisms

Polymorphism Genotype Mean ± SD (µM) p-value

Promoter
-786 T>C

TT 19.30 ± 6.39
0.001

CC + CT 9.22 ± 1.62

exon 7
(894 G>T)

GG 17.44 ± 8.17
0.096

TT + GT 14.94 ± 5.49

Intron 4 (4a4b)
VNTR

4b4b 16.21 ± 0.75
NP

4a4b 19.22 ± 11.20

NP=  Non-applicable



Table 3. Difference in the mean level of nitric oxide between
RPL patient and control women

Group N Mean ± SD (µM) P-value

RPL ( pregnant / non-pregnant) 45 14.17 ± 6.95
0.004

Control ( pregnant / non-pregnant) 45 18.40 ± 6.73

non-pregnant  RPL 30 11.54 ± 4.08
0.001

non-pregnant Control 30 15.52 ± 4.47
Pregnant RPL 15 19.42 ± 8.56 0.11
Pregnant Control 15 24.13 ± 6.94

Non-pregnant Control 30 15.52 ± 4.47
<0.001

Pregnant Control 15 24.13 ± 6.94



Polymorphism Mean ± SD ( ng/ml ) p-value

TT 8.58 ± 10.77
0.401

CC + CT 6.56 ± 9.31

Table 4. Difference in the mean level of progesterone with
respect to the promoter -786T>C polymorphism in the study
population.



Table 4.14. Correlation between serum levels of nitric oxide
and progesterone in the study population.

Mean level of serum
N

Correlation analysis
NO

(µM)
Progesterone

(ng/ml)
Correlation coefficient P-value

16.28 10.34 90 0.319 0.002



Conclusion

1) The study showed that the C allele carriers which represented by
(CC + CT) genotypes and the C allele of the promoter -786T>C
polymorphism are a possible risk factor for RPL. Where they
presented with a high frequency in RPL women and were
associated with decreased serum NO levels in this group.

2) The present study confirmed that neither exon7 Glu298Asp
(894G>T) nor intron 4 (4a4b) VNTR polymorphism is
associated with the risk of RPL in Palestinian women.

3) Both exon 7 Glu298Asp (894G>T) and intron 4 (4a4b) VNTR
polymorphisms did not show a significant effect on the serum
NO level in the study population.



Conclusion

4) Regardless of the eNOS polymorphisms, the study showed that
serum NO levels were lower in RPL patients as compared to
their representative controls.

5) Our findings showed that there is a positive proportional
correlation between serum NO and P4 levels in the study
population.

6) The present study polymorphisms did not show a significant
association between the eNOS promoter -786T>C
polymorphisms serum and serum P4 level in the study
population.

7) Our findings showed that the level of NO is critical for
maintenance of a healthy pregnancy, and might play an
important role in the pathophysiology of RPL.



Recommendations

1) We recommend for testing the promoter -786T>C
polymorphism of eNOS gene in all Palestinian women
experiencing RPL, preeclampsia, other pregnancy related
complications. it's also of unexplained cases.

2) Our results are in agreement with the previous studies which
suggested that there is a possible correlation between the P4
inhibitors and NOS inhibitors, such results, may open the way
to balancing eNOS gene expression and NO metabolism.

3) Since NO pathway plays an important role in the
pathophysiology of RPL, thus, any factors balancing NO
metabolism could be useful in the treatment of RPL,
consequently, reducing the substantial morbidity and
associated mortality.



Recommendations

4) It's recommended to perform larger studies and perhaps mrta-
analysis in order to refine the frequency intron 4 (4a4b) VNTR
polymorphisms among RPL Palestinian women, since the 4a4a
genotype of intron 4 (4a4b) VNTR polymorphisms was not
encountered any subject enrolled in the current study.

5) It's also recommended to perform a further study to investigate
the association with the intron 4 (4a4b) VNTR polymorphism
and serum nitric oxide levels.

6) Further studies are recommended in order scrutinize the
molecular basis of the correlation between NO and
progesterone/estradiol.



Recommendations

7) It's recommended to perform a larger studies to investigate the
association between the promoter -786T>C polymorphism and
serum P4 level in pregnant RPL matched to pregnant control
women and non-pregnant RPL matched to non-pregnant
control women.

8) As cGMP might be a more stable metabolite in the signaling
pathway of NO, further studies are needed in order to verify
the utility of cGMP in idiopathic RPL cases.


