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Endothelial Nitric Oxide Synthase ""'eNOS™ Gene Polymorphisms, Nitric Oxide
and Progesterone levels in Idiopathic Recurrent Pregnancy Loss

Abstract (English)

Pregnancy is a hypercoagulable state with increased tendency for thrombus formation, a
condition that is increased when combined with acquired or inherited risk factors that
lead to thrombophilia. Recurrent pregnancy loss (RPL) is an important clinical and
stressful problem that has been studied tremendously but the causes and treatment have
not been fully resolved. RPL affects about 1-5% of women who conceiveand accounts
for about 20% of clinically recognized pregnancy losses. Despite extensive researches
to explain the causative effects of RPL, about 50%-60% of RPLs are still idiopathic.
The association between endothelial nitric oxide synthase (eNOS) polymorphism, their
haplotypes, serum nitric oxide (NO) levels and RPL, were studied in different ethnic

populations. The results, however, were contradictory.

Objective: This study was conducted in order to determine the association between
promoter -786 T>C, exon 7 GIlu298Asp (894 G>T) and intron 4 (4a4b) VNTR
polymorphismsof eNOS gene, serum NO and progesterone (P4) levels, and idiopathic

RPL in Palestinian women residing in Gaza strip.

Method: This study is an association study with a case-control design. The study
population consisted of 45 (30 non-pregnant and 15 pregnant) women who suffered
from unexplained RPL, and 45 (30 non-pregnant and 15 pregnant) healthy women
matched for age and without previous history of RPL. Blood samples collection were
carried out during the period from June2011 to September 2011. Two blood samples
werecollected from each subject after fasting for 10-12 hours, one was whole blood and
the other was serum.DNA was extracted from whole blood samples. The PCR products
of intron 4 (4a4b) VNTR polymorphismwere analyzed by allele-specific PCR, where it
separated electrophoretically using ethidium bromide-stained 2% agarose gel. However,
the PCR products of exon 7 Glu298Asp (894 G>T) and promoter -786T>C
polymorphismsby PCR-RFLP, where they digested using specific restriction enzymes
and then separated electrophoretically using 2% agarose gel. Serum NO levels were
measured spectrophotometrically, and P4 levels were measured using Immulite 1000

Analyzer.



Results: The C allele carrierwhich represented by (CC + CT) genotypes and the C
allele of the promoter -786T>C polymorphism are significantly associated with
increased risk of RPL, where they presented with a higher frequency in RPL women
and were associated with decreased serum NO levels in this group (all P-values <0.001).
Neither exon 7 Glu298Asp(894G=>T) nor intron 4 (4a4b) VNTR polymorphism was
significantly associated with RPL risk in the study population. The serum NO levels
were lower in RPL patients as compared to their respective controls (P-value =0.004).
The study pointed to the presence of a positive proportional correlation between serum
NO and P4 levels in the study population (P-value= 0.002, Correlation coefficient=
0.319) that might be attributed to the presence of a putative progesterone receptor
binding site in the upstream promoter region of eNOS. The study also showed that the
promoter -786T>C polymorphism was not associated with P, level in the study

population.

Conclusion: The (CC + CT) genotypes (C allele carrier)and the C allele of the
promoter -786T>C polymorphismare possible risk factors for RPL. The study showed
that the (C allele carrier) which represented by (CC + CT) genotypesis associated with a
decreased serum NO level that, in turn, is associated with RPL. Moreover, a positive
proportional correlation between serum NO and P, levels was evident.Therefore,

balancing P, and NO levels may be of benefit for maintaining pregnancy in those cases.

Keywords: eNOS, Polymorphism, PCR, RPL, Nitric oxide, Progesterone, Gaza Strip,
Palestine.

\



S il ghna g Aildal) B el il sy alaall Guadl Basial) Blad¥) cp A8Sad)
) g pa puall ) Siall Galgal) g Qo gl Gga R gl i)

Abstract (Arabic)aw! ) gaila

sl Al haall Jalse 3 sa s ae Adladl 038 213 35 8 yia JSE ) Fie Je e Jalail) 30l ) Al 58 Jasll
e pe s Bagaas dals 4y e AlSEe ) SEAl Galeal) piay . Al B0l ) ) o N A5 ) sal
75-1 s ) Siall deadl (phais | JalS (S5 T ala &5 ol 23kl Glanl) o )5S IS L 5o
O pt Ol (o Lonow 485 bl daall laid Vs (50 720 (s Jiaps @l G ale )l elall (1
YA e 760- 750 s ol V) DS Jaadl Glaial Al HEY) & 5a) Glaill da) 5 ClagY)
<l il Sy picaal) cpall saseiall Blas) s A8l Aul )0 ol caall A ggae 135 Y ) jSiall Galga!
Gy e g A8LAAN A8 ) Claainall (A caall Joan (8 el il 2l il sise 5 «@NOS) dildadl b
Aailie il culS

promoter 4 (eNOS)R_'aUa.}l\ & &l yinl) 2.8y c_'ua.d\ Caall Al ) Lalay) oy A8 Al o rdagd)
<l i) ansl il sive dntron 4 (4a4b) VNTR sexon 7 Glu298Asp (894 G>T) « -786 T>C
glads Cpasiall il o jall eSS Jaadl (o Y 5 Jeaal) (& g tian g ) (5 sa8

w e

Be

5 oSial Jaall i (e cpilay (el a5 5 Jalss 5230) Aie 45 (e Ayl aaine alls 148
dailin duaS ) KAl alea V) o Oty Vs elaal sl (Ul 215 5 Jalss 2230) sl dae 45
(2011 s s 2011 i) Asie il 5l JOA aall Cilie pen &5 (oaia el Aal eally A5)Uaa
il gAY 5 (JalS a3 S Laaaa) Aeln] 2-10 524l plua an (il JS e Ofie s &3 Ca
intron 4 J Adiad Lla¥) pasd &5 (JalSll aall e o (DNA 1) 438055l salall Jacad 2 Jucae
s sinall (559l Gamaall e o 3al) (10 JUSYI) a5 allele-specific PCR s olaaiuls (4a4b) VNTR
exon 7 e JS Adkiaall Bl apaa a5 oKl (%2 Jaolal da e Alad & (e 538kl e
el e JUSY)) &5 PCR-RFLP 4y olaaiuly promoter -786 T>C 5 Glu298Asp (894 G>T)
e lehiad &5 e 5 duanadiio dakll Gl i) Aan) 53 dadad o5 e 53 skl o (5 siaal) 555l (anadl (1
Callaall aladiuly Laanaad o5 Jeaal) & el iall asl Slgiee (%2 Jsols) da

plaaiuly daaall 8 (5 a5 o) () 50 0 <l sine il &3 5 <Spectrophotometer (& sall
.Immulite Analyzer1000 J>

5(CC+CT)  oatall alaail) 5 5 Siall Jaall ladh (ol ) 3 g 5 dosl all 028 ity & peal 2 ilidl)
Ol s eludl) wie dalle il i | 5 5eda Cus promoter -786T>C polymorphism 4 C Ji¥)

Vil



e 15815 s ((P-value <0.001)  Aglas ) AV SLEA) a8 gues oS 5 Siall Jaall ol ohe

Om bl aa g W adly Al al) @ jedal QXS e panall 03a (8 ey yill AT e daiiie Gl glae 2 5a g
intron 4 5 exon 7 Glu298Asp (894G>T) O IS Al Bl 5 ) Sl Jaad) ()i

JE Sl Jaall (a8 e gilay Gl (o sl Gy i il Sl e S (4a4b)VNTR
ke A8De g sl A all LT ((0.004 = AVl JLad) ded) aglics il daliall cilisll g 45l
<0.002 =AYl i) ded) ALl adiae vie Jeaall (A G s ptua g all 5 el il aST Gl gl o
promoter -786T>C O Bl )l s g pae Al pall ekl 5 (0,319 =kl ) Jalase A

Al )l aaine die aall dian (8 (5 e 5l Sl siue s polymorphism

el 52 & promoter -786T>C polymorphism < C J¥ 5 (CT + CC) 4uuall Llayl :dadal)
28 (e Aunidia Cly sise 3935 e 3153 (CT + CC) il Jaadll ) il Jaall (jlaial dlciae jlad
20Tl giese G Ayl Ao a5 4l LSy Sl Jaal) Gl Lo o 52 (5215 Jemnall 8 Ly il
Laliall 8 ae by 38 ey yiall 2T 5 (5 i g ) (5 shae Joaai 1A Jumall 8 (55 s 5 ) 5y il
Yl o3 e b Jeall JLaS) e

Judus Jelas Polymorphism aai «ceNOS diladl 8 elguill 1Y gieadll eall 1dalidal) cilalst)
U:\L.uh = &\.ks (Ot g uﬂaJA:\.d\ JA.;.»S\ «RPL JJSLJ\ Jaall o8 «PCR o)al\“

VIl



Table of Contents

DECIATATION ..o bbbttt e b et I
DEAICATION ...t b bttt ettt bbb b I
ACKNOWIEAGEMENTS ... et nte s 11|
ADSTFACT (ENGHISN) .. \Y/
W AN 0] £ - U A (A - Lo 1o SR VIl
Table OF CONTENTS .....cuiiiiiicieieie bbbt IX
I TS o) B T 10 TSP X1
LiST OF TaDIES .. XIV
F N o] o] €51V = LA (o] o PSSRSO XVI

I I O AT 1= RSOOSR 1
1.2, PrOBIBM oo 4
1.3. OVErall ODJECTIVE ..o e 5
1.4, SPECITIC ODJECTIVES ... 5
1.5, SIGNIFICANCE ... .ecieiie ettt et e e ae e e nre s 5
1.6. Limitations Of the StUAY ..o 5

Chapter (2): Literature Review

2.1. Recurrent pregnancy l0SS........c.coiiiiieeie i 6
2.2. Hereditary thrombophilia..........ccocoiiiiiiiie s 6
2.3. GeNEetiC asSOCIATION STUTIES........cviiieiieeie et enes 8
2.4, History Of NItFIC OXIAE ......cciiiieiiicce et 9
2.5. Endothelial nitric oxide synthase (eNOS) gene structure and isoforms............ 10
2.6. Biosynthesis Of NITFIC OXIAR.........ciiiiiieiiie s 12
2.7. Mechanism of eNOS aCtION .........cciveiiiieiiec e 13
2.8. Metabolism Of NILFIC OXIAE .......ooeiiiie e 17
2.9. Physiologic role of nitric oxide in the body...........cccoooviiiiiiiiic e, 17
2.10. Association between NOS and Pregnancy ........occoveeeeieneiene e 19
2.11. Nitric oxide regulation DY Progesterone ...........coceeieerieieienenese e 21
2.12. eNOS Gene polymOorphiSMS ........ooiiiiiiiic et 24

2.12.1. -786T>C polymorphisms in the promoter region ............ccceceeveivererieeseennenn. 25

2.12.2. Glu298Asp or 894G>T polymorphiSm in €XON 7 .......ccvveeveereieeieeie e, 26

IX



2.12.3. Variable nucleotide tandem repeat (27 VNTR) of 4a4b polymorphism in

INEFON ettt et et e b e et e e s e s bt e beene e et e e beeneenre e nbe e e nnes 26
2.13. PrEVIOUS STUGIES ..ottt bbbttt 27
2.13.1. Recureent pregnancy 10SS STUAIES. .........coveiierieiieiic e, 27
2.13.2. Pregnancy complication STUAIES..........ccueiverieiiriiinieieeee e 31
2.13.3. Human eNOS, cytokines and sex hormones Studies............ccoccevverenrieneennenn. 33

2.13.4. Nitric oxide synthase gene expression and activity studies in experimental

ANIMNIAUS et et ee e e e e e e ————aae e e e e a e ———— 43

3L IMALEEIAIS ..o et 46
3L L. CREMICAIS ...ttt ettt bbb 46
3. 1.2, REAGENT KIS ...ttt 46
TN T o O o o 1T £ S PRSUPRRRR 46
.14 ENZYIMES ittt 47
3.1.5. Ethidium bromide (Stock SOIULION)..........coveiiiiiiiiiecece e 47
TR0 T = U i =T £ S SSSSSSSRR 47
3.1.7. Instruments and DiSPOSADIES...........cceiiiiiiiiiiieee e 48

3.2, StUAY POPUIALION ..ottt be e enne s 48
3.2.1. STUAY DESION ..ttt ste et re e nre s 48
3.2.2. Characteristics of the study population ............ccoceiiiiiieninc e 48
3.2.3. Ethical CONSIAEratiONS ........cveiieiieie et 49

3.3 IMIBENOMS. ...ttt nes 49
3.3.1. BIOOU COIECLION ....cueee e 49
3.3.2. DNA EXITACHION ...oeiiieiieieeie sttt bt 50
3.3.3. Procedure of Extracting DNA from Blood ............ccooeiiiinininincinees 50
3.3.4. Detection and quantition of extracted DNA...........ccoeiiiereiie i 51

3.3.4.1. Agarose gel eleCtrophoresiS........cccvecieiiiiiic i 51
KGR ST €< 0 0] 1Y/ o1 1o [ USSP 51
3.3.5.1. Polymerase Chain Reaction (PCR) for amplification of the three eNOS
gENE POIYMOIPNISMS ... 51
3.3.6. Serum Nitric Oxide level Determination ...........ccccooeieeienin e 53
3.3.7. Serum Progesterone Level Determination ...........ccooeveeieiinieeniesieseene e 57
3.3.8. StatiStiCal ANAIYSIS ......ccveiiiieiie e 57



Chapter (4): Results

4.1. PCR Genotyping reSUITS ...t 59
4.2. The eNOS gene promoter -786T>C polymorphism..........cccccccvveniiiiniiiieiennenn. 61
4.2.1. Frequency of the promoter -786T>C polymorphism among RPL patients and
(000 11 £0] IXSTU] ] 1< £ PSSSPSSRRR 61
4.2.2. Allele frequencies of the eNOS gene promoter -786T>C polymorphism among
RPL patients and CONtrol SUDJECES ..........uiiiiiieieiee e 61
4.2.3. Difference in the mean level of nitric oxide with respect to the promoter -
786 T>C POIYMOIPRISIM ..ot reere e 62
4.3. The exon 7 (894 G>T) pPolymMOrpPhISIM .....coviiiiiiiiiiiee e 63
4.3.1. Frequency of the exon 7 (894 G>T) polymorphism among RPL patients and
(000 1 £0] IXSTU] ] 1< £ ST SROSOSPRRR 63

4.3.2. Allele frequencies of the eNOS gene exon 7 (894 G>T) polymorphism among

RPL patients and CONErol SUDJECES .........cviieiiieieieicses e 63
4.3.3. Difference in the mean levels of nitric oxide with respect to exon 7 (894 G>T)
polymorphism in the study population.............cccevveiiiieiecce e 64
4.4. The intron 4 (4a4b) VNTR polymorphisSm .........ccccccooveiiiiiiiiecc e 65

4.4.1. Frequency of the intron 4 (4a4b) VNTR polymorphism among RPL patients
AN CONEFOI SUDJECES ... s 65
4.4.2. Allele frequencies of the eNOS gene intron 4 (4a4b) VNTR polymorphism
among RPL patients and control SUDJECES .........cccveiieiiciiiiccece e 65
4.4.3. Difference in the mean levels of nitric oxide with respect to intron 4 (4a4b)
VNTR POIYMOIPRISINL ...t 66
4.5. Serum Nitric Oxide and Progesterone LeVelS ..........ccooveieiinineneneseseeeens 67

4.5.1. Difference in the mean levels of nitric oxide between RPL patients and controls

4.5.2. Difference in the mean level of nitric oxide between non-pregnant RPL patient
and non-pregnant CoONTrol WOMEN.........uiiiiiiiieie i 67
4.5.3. Difference in the mean level of nitric oxide between pregnant RPL patient and
Pregnant CoNtrol WOMEBN..........uii it 68
4.5.4. Difference in the mean level of nitric oxide between non-pregnant control and

pregnant CoNtrol WOMEN..........coi ittt ra e ens 68

Xl



4.5.5. Correlation between serum levels of nitric oxide and progesterone in the study
POPUIBLION ...ttt 69
4.6. Difference in the mean levels of progesterone level with respect to promoter -

786 T>C polymorphism in the study population ..............cccecveveiiieieiie i, 69

Chapter (5): Discussion

5.1. Genetic power calculation and sSample SIZe .........ccccevvvevveieiiece e 72
5.2. Association between eNOS gene polymorphisms and RPL ...........c..ccccoeevenen. 73
5.3. Association between eNOS polymorphisms and serum NO levels.................... 75

5.4. Association between serum NO levels and RPL regardless of the eNOS
(0101 Y10 T o] a1 ] 1 1SS 77
5.5. Correlation between serum levels of NO and progesterone ...........cccccceevevenen. 79
5.6. Association between eNOS promoter -786 T>C polymorphisms and serum
ProgeStErONE [EVEIS .......oouiiiiiieeee s 80
5.7. DISCUSSION SUMIMATY ....ouviiiieitistesie sttt sttt sb b bbbt 80

Chapter (6): Conclusion and Recommendations

B. 1. CONCIUSION <. ettt e e e e e et e e e e e e e e e e et aeaeeeaans 83
B.2. RECOMIMIEINUATIONS -ttt ettt e nnnan 83

RO I EINCES ....ceeeeeeeeeee ettt e et et e eeeeereeeeeeeeeeeeereeeeereereerereees 85

Appendices

Xl



List of Figures

Figure 2.1. The domain structure of nitric oxide synthase (NOS) isoforms................... 10
Figure 2.2. Nitric oxide- mediated vascular relaxation..............cccccevvevveveiieenecie s, 16
Figure 2.3. Organization of common eNOSgene polymorphisms............cccoecvevveneenenn. 25

Figure 4.1. A photograph of ethidium bromide stained 2% agarose gel showing the

RFLP-PCR product for the promoter -786 T>C polymorphism...........c.ccccoceviivininenns 59
Figure 4.2a. A photograph of ethidium bromide stained 2% agarose gel showing the
RFLP-PCR product for exon 7 (894G>T) polymorphisSm.........cccevvieniiinininiiieenn 59
Figure 4.2b. A photograph of ethidium bromide stained 2% agarose gel showing the
RFLP-PCR product for exon 7 (894G>T) polymorphiSm..........ccccccvvevvivieiieie e, 60
Figure 4.3. A photograph of ethidium bromide stained 2% agarose gel showing the
VNTR product for intron 4 (4a4b) polymorphiSms...........ccoceeiririniiiiiei e 60

Figure 4.4. Correlation between the serum levels of nitric oxide and progesterone in the
S LU0 )V 10 01U ] LA o] o USSR 69

X1



List of Tables

Table 2.1. Common thrombophilia-factors associated RPL ............cccccevveviveieicicinennenn 7
Table 2.2. Genes Involved in recurrent MISCArriage. .......coveeeerveiieereereseeseesie e sieeee s 9
Table 3.1. CharacteristiCs Of StUAY grOUPS ........ccoveiuerieriririiieieie e 49

Table 3.2. Polymerase chain reaction components for amplification of the three eNOS
0eNE POIYMOTPRISINS ...t re e re e sneenreas 51

Table 3.3. Thermocycler program for PCR amplification of the three eNOS gene

POIYMOIPNISIMS. ... bbbt 52
Table 3.4. The enzymatic digestion components of amplified eNOS gene for detection
of exon 7 Glu298Asp (894G>T) and promoter -786 T>CRFLPS ..........cccccocvviviivninnnnn 52
Table 3.5. Components of biovision Nitric Oxide colorimetric assay Kit...................... 54

Table 3.6A. Components of standard curve preparation for serum NO determination . 55
Table 3.6B. Components and volumes of standard curve preparation for serum NO test

........................................................................................................................................ 55
Table 3.6C. Components of standard curve preparation for serum NO test.................. 55
Table 3.7. Components and volumes of sample blanks for NO test. ...........cc.coovviennne 56
Table 3.8A. Components and volumes for serum NO test .......cccccvvvvrireienienieene e, 56
Table 3.8B. Components and volumes for serum NO tesSt..........ccevevveviiiieieeie e, 57
Table 3.9. Genetic power calculation of eNOS gene polymymorphis............cccccceveneee. 58

Table 4.1. Frequency of the eNOS gene promoter -786T>C polymorphism among RPL
patients and CONLrol SUDJECTS. .......cviiiiiiiiere s 61
Table 4.2. Allele frequencies of the eNOS gene promoter -786T>C polymorphism
among RPL patients and control SUDJECES. .........coveviiieiicie e 62
Table 4.3. Difference in the mean level of nitric oxide with respect to the promoter -
786T>C polymorphism in the study pOPUlAtION. ..........ccoceiiiiriiieiec e 62
Table 4.4. Frequency of the eNOS gene exon 7 (894 G>T) polymorphism among RPL
patients and CONrol SUDJECLS. .......ooiviiic e 63
Table 4.5. Allele frequencies of the eNOS gene exon 7 (894 G>T) polymorphism
among RPL patient and control SUDJECES. ........ccooeiiiiiiiiiiic e 64
Table 4.6. Difference in the mean nitric oxide level with respect to exon 7 (894 G>T)
polymorphism in the study population. ...........cccccveiiiiiic i 64
Table 4.7. Frequency of the intron 4 (4a4b) VNTR polymorphism among RPL patient

T a0 loo] 011 £0] ISV o] =Tt £ S SSTSPR 65

XV



Table 4.8. Allele frequencies of the eNOS gene intron 4 (4a4b) VNTR polymorphism

among RPL patients and control SUDJECTS. .........oveiiiiiiiiiicc e 66
Table 4.9. The mean levels of NO with respect to intron 4 (4adb) VNTR
010 1Yo 0] a1 PSSR 66

Table 4.10. Difference in mean levels of nitric oxide between RPL and control groups.

Table 4.11. Difference in the mean level of nitric oxide between non-pregnant RPL
patient and non-pregnant CoNtrol WOMEN. .........c.ccveiiiieiie i 67
Table 4.12. Difference in the mean level of nitric oxide between pregnant RPL patient
and pregnant CoNtrOl WOIMEN..........cc.oiiiiiiiieieeee e 68
Table 4.13. Difference in the mean level of nitric oxide between non-pregnant control
and pregnant CoNtrol WOIMEN........cc.eciiiic ettt nre s 68
Table 4.14. Correlation between serum levels of nitric oxide and progesterone in the
STUAY POPUIALION. ...t bbb 69
Table 4.15. Difference in the mean level of progesterone with respect to the promoter -

786T>C polymorphism in the study population.............cccceoveviiiiiiieie e, 70

XV



Abbreviations

ACE (1/D):Angiotensin Converting Enzyme (I= insertion, D= deletion).
Agt: Angiotensinogen.

AMP: Adenosine monophosphate.

AP-1: Activator protein 1.

bp: Base Pair.

BP: Blood Pressure.

Ca*?ion: Calcium lon.

Ca-dependent: Calcium dependent.

CaM: Calmodulin

cGMP: Cyclic Guanosine Monophosphate.
Chromosome 7q: The long arm of Chromosome 7.
cNOS: Constitutive Nitric Oxide Synthase.

C-terminal reductase domain: Carboxyle Group Terminal Reductase Domain.
DNAse:Deoxyribonuclease

EDTA: Ethylene Diamine Tetra Acetic Acid.

ELISA: Enzyme-Linked Immunosorbent Assay.
eNOS Gene: : Endothelial Nitric Oxide Syntahse Gene.
eNOS: Endothelial Nitric Oxide Synthase.

E,: Estradiol 17-p.

FAD:Flavin Adenine Dinucleotide.

Fe?*:Ferrous.

FMN:Flavin Mononucleotide.

GMP: Guanosine Monophosphate.

GnRH: Gonadotrophin-Releasing Hormone.

GTP: Guanosine Triphosphate.

H,O: Water.

H,0,: Hydrogen Peroxide.

H,Bip: Tetrahydrobiopterin.

HCG: Human Chorionic Gonadotrophin.

HES: Human Endometrial Surface Epithelial Cell Line.
HLA: Human Leukocyte Antigen.

HP: Healthy Pregnant.

XVI


http://www.google.ps/url?sa=t&rct=j&q=FMN:+flavin&source=web&cd=1&ved=0CCIQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FFlavin_mononucleotide&ei=ueAqT_WDL8rR8QPS_KX8Dg&usg=AFQjCNEubvwVj2mlgdz73Oc9cke7PN6txA&cad=rja

HPLC: High-Performance Liquid Chromatography.
HWE: Hardy-Weinberg Equilibrium.

ICI 182,780: Estrogen Receptor Antagonist.
IFN-y: Interferon-Gamma.

IL-1B: Interleukin-1Beta.

INOS: Inducible Nitric Oxide Synthase.

IP3: Inositol Triphosphate.

IRPL.: Idiopathic Recurrent Ppregnancy Loss.
IUFD: Intrauterine Fetal Death.

IUGR: Intrauterine Growth Restriction.

Kb: Kilo base.

L-NAME: N®-Nitro-L-arginine methyl ester.
L-NMMA: N®-monomethyl-L-arginine.

LPS: Lipopolysaccharide.

LSD:Least Significant Difference.

M: Molar.

MAPK: Mitogen-Activated Protein Kinase.
MDA: Malondialdehyde.

mg: milligram.

MiRNA: micro-RNA

MRNA: Messenger Ribonucleic Acid.

ml: milliliter.

MTHFR: Methylenetetrahydrofolate Reductase.
NADPH: Nicotinamide Adenine Dinucleotide Phosphate.
NF-kB: Nuclear factor Kb

ng: Nanogram.

NOHA: N-hydroxy-L-arginine

NNOS: Neuronal Nitric Oxide Syntahse.

NO: Nitric Oxide.

NO, : Nitrite.

NOs : Nitrate.

NOS3 Gene: Nitric Oxide Synthase 3 Gene.
NOx: A stable (Inactive) end Products of Nitric Oxide Metabolism.

N-terminal oxygenase domain: Amino Group Terminal Oxygenase Domain.

XVII



O,: Oxygen.

O, : Superoxide Anion.

ONOO™ : Peroxynitrite.

OR: Odds Ratio.

(PAI-1) 4GAG:(Plasminogen Activator Inhibitor-1 gene) 4Guanin/5Guanine.
PCR: Polymerase Chain Reaction.

PCR-RFLP: Polymerase Chain Reaction- Restriction Fragment Length Polymorphism.
PE: Preeclampsia.

PeNOS: Phosphorylation of eNOS.

P,4: Progesterone.

PH: Hydrogennumber (measure of acidity).

PI1 3-kinase/Akt: Phosphoinositide 3 kinase/ Protein kinase B.

PR: Progesterone Receptor.

RBCs: Red Blood Cells.

RNAse:Ribonuclease.

RPAL: Replication protein Al.

RPL: Recurrent Pregnancy Loss.

rpm: Round per minute.

RT: Room Temperature.

SGC: Soluble Guanylate Cyclase.

SNPs: Single Nucleotide Polymorphisms.

TAE Buffer: Tris Acetate EDTA Buffer.

TNF-a: Tumor Necrosis Factor-Alpha.

tHcy: Homocysteine.

TSS: Translation Start Site.

VNTR: Variable-Number Tandem Repeat.

WBCs: White Blood Cells.

ZnS,: Zink Sulfate.

B: Beta.

4a/Ab: Intron 4 (a = deletion 393 base pair, b = insertion 420 base pair).

XVIII



Chapter (1)

Introduction



Chapter (1) Introduction

1.1. Overview

The success of pregnancy depends, to a great extent, on events occurring during the
early stages of gestation, such as the implantation of the blastocyst, trophoblast
differentiation, invasion of the endometrium by the trophoblasts vis-a-vis establishment
of feto-maternal vascular circuitry, enhanced blood supply through the maternal arteries
to the placenta, immune protection of the fetus etc. Nitric oxide (NO) is a paracrine
signaling molecule involved in the regulation of all these events either alone or in

association with other neuroendocrine regulatorst!.

Clinically recognized pregnancies end in miscarriage in 15-20% of cases. One to
5% of pregnant women experience recurrent pregnancy loss (RPL), of which 40 —55%

are induced by unknown causes!?.

The causes of recurrent pregnancy loss can be divided into 4 categories: genetic,
anatomic, endocrine (related to hormone abnormalities), and prothrombotic. Current

medical literature suggests that causes are identified in only 50% of patients!].

Successful implantation depends on the receptivity of maternal endometrium which

is influenced by the synergistic actions of progesterone (P,) and NO™.

Early placental development occurs in a relatively hypoxic environment, and this
low oxygen tension is necessary for the expression of several developmentally
important genes by the embryo. The onset and the amount of maternal blood flow to the

placenta are influenced by the vasodilatory effects of NO™.

The formation of soluble NOis catalyzed by nitric oxise synthase (NOS) enzyme via
a reaction including the conversion of L-arginine to L-citrulline, and involves the
transfer of five electrons provided by nicotinamide adenine dinucleotide phosphate
(NADPH)™ ®!. NO is a short-lived free-radical gas synthesized by a family of NOS
enzymes!?, with an extremely short half life of approximately 4 seconds®. The level of

NO has been shown to be influenced by various polymorphisms in the eNOS genel”®.,
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NOS enzymes are expressed in three isoforms: neuronal (nNOS), inducible (iNOS),
and endothelial (eNOS). All of these isoforms are present in trophoblast cells of the first
trimester and in various cells of the uterine cervix. The expression of NOS isoforms and
the release of NO in the cervix have been shown to increase with advancing gestational

age and during cervical ripening®.

Endothelium-derived NO has a number of roles, including maintaining basal
cerebral blood flow, cerebral vasodilation, and autoregulation, maintaining vascular

integrity, and inhibiting smooth muscle proliferation[..

The initial demonstration of the role of NO in penile erection led to investigation of
its role in various reproductive processes. NO has been identified throughout the
reproductive tract and is involved in ovarian folliculogenesis, ovulation, gonadotropin
releasing hormone secretion, sperm motility, fertilization and embryo development. The
identification of NO in the uterus and cyclic change in the endometrial levels of NOS
suggest a role for this molecule in the events of implantationt%.

Nitric oxide (NO) contributes to maternal systemic vasodilation during pregnancy,
regulates uterine and fetoplacental blood flow, and is involved in uterine quiescence
before parturition™".

Nitric Oxide (NO) is well-known to mediate vascular smooth muscle relaxation and
lack of endothelial-derived NO is associated with vasospasm, and vascular infarction™?,
Lack of NO has also been associated with the development of endothelial damage,
hypertension, coronary spasm, myocardial infarction, coronary artery disease and

ischemic stroke!?.

Exogenous NO promotes uterine relaxation and has prompted interest in the use of
NO donors as tocolytic agents. Thus, endogenous production of NO may be involved in
the regulation of myometrial tone in pregnancy, and a decline in NO production at term

could play an important role in the initiation of, or preparation for, parturition™.
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Endothelial nitric oxide synthase (eNOS) is expressed in terminal villous vessels and
in the syncytiotrophoblast of pregnant women. In mice, lipopolysaccharide (LPS)-
induced abortion is mediated by placental NO production, and pharmacological
inhibition of NO release by aminoguanidine successfully rescued LPS-induced
abortion[® 14 %,

Alteration in NO metabolism may be a contributing factor in the pathogenesis of
hypertension. Thus, abnormalities in the activity of the eNOS enzyme that synthesizes

NO in endothelial cells may lead to NO deficiency with severe consequences ..

Progesterone is a sex steroid essential for pregnancy and lactation. It is produced
almost entirely by the ovarian corpus luteum (CL) and the placenta, it is essential for
endometrial receptivity and successful establishment of pregnancy. Either an
insufficient P, concentration or an insufficient response to P4, therefore can lead to
infertility and pregnancy loss*".

In all species, including human, treatment with antiprogesterone initiates preterm
labor, indicating the importance of P, in maintaining pregnancy!®.. Previous studies
indicated that P, may regulate uterine relaxation responsiveness to the nitric oxide-
cGMP system™ ] Therefore, in the presence of a full complement of P, action,
inhibitors of NO may not be effective to produce preterm labor™®.

The most intensively studied eNOS Gene polymorphisms are -786T>C in the
promoter region of the genel®, the Glu298Asp missense mutation in exon 7 of the
genel® and the 27 base pair variable number of tandem repeats (VNTR) in intron 4
(4a4b)l 21,

Investigations on the role of eNOS gene polymorphism and haplotypes as genetic
determinants in idiopathic RPL in different populations have shown different results.

The findings of those studies can be summarized as follows:

e Significant association between certain eNOS gene haplotypes and RPL 41,
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e Significant association between some but not all the investigated eNOS gene
polymorphisms and RPLM 22,

e Lack of association between eNOS gene polymorphisms and RPL% 22,

The etiology of RPL is often multi-factorial™ regulated by multiple genetic
pathways*® %! and different genes encoding for proteins involved in various biological
pathways have been reported to be associated with RPLI 2% 21 Tempfer et al (2001),
in his discussion added further evidence to the concept of a polygenetic etiological
background of women with RPL, when his study indicated that the heterozygous carrier
of the eNOS gene polymorphism have a 1.6 fold increase the risk of RPL compared to

the control population™*!,

The frequency of eNOS polymorphisms has been shown to vary markedly among
different ethnic groups®®’. Therefore ethnic variation need to be considered in an

evaluation of the genetic background of RPL!,

1.2. Problem

Recurrent pregnancy loss (RPL) is an important clinical and stressful problem that
has been studied tremendously but the causes and treatment have not been fully
resolved. No unequivocal cause is currently available for more than half of the cases
suffering from RPLI?.

Since the cause of RPL can be identified in only 50% of cases, there are still many
unresolved questions about the causes and treatment of RPL. Fortunately, the number of
publications on this topic have substantially increased over the past 10 years, reflecting

a growing interest among clinicians and scientists(?®.

The effect of eNOS polymorphisms on the risk of RPL in the Palestinian population
has not been explored yet. Al-Sallout and Sharif (2010) have shown that intron 4 (4a4b)
VNTR polymorphism may be important in RPL?Z. However, the contribution of
specific eNOS polymorphisms or haplotypes as an established risk factor for recurrent

pregnancy loss has not been worked out.
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1.3. Overall objective

The main objective of this study was 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 P4 levels, and idiopathic RPL in Palestinian patients residing

in Gaza strip.

1.4. Specific objectives

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

2) 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.

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

4) To determine the correlation between the level of serum NO and serum P4

levels in Palestinian women suffering from RPL.

1.5. Significance

This investigation may help elucidate one of the causes of unexplained RPL and

open the way for new diagnostic and treatment strategies for such cases.

1.6. Limitations of the study

o Difficulties in specimens collection, since some women denied participation.
o Difficulties in obtaining material and kits for both NO determination and PCR,

in addition to their high cost, made it impossible to increase the sample size.
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2.1. Recurrent pregnancy loss

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

losses before the 20" week of gestation™ 4.

Clinical studies indicate that the risk of another miscarriage after 3 consecutive
pregnancy losses is 30-45%. Furthermore, without any workup or treatment, the chance
of a successful live birth in a couple with a history of RPL and no previous live birth is
55-60%. If the couple has a history of RPL and has had at least one previous normal
pregnancy, the chance of a subsequent live birth is 70%. These percentages are based on
studies of younger women, and it is important to keep in mind that the miscarriage rate

increases with age®

Known etiologic factors of RPL include parental chromosome abnormalities, uterine
abnormalities, hereditary thrombophilias, endocrinologic disorders, immunologic

factors, infections, and nutritional and environmental factors(® 261,

Whether RPL represents the common endpoint of independent etiologic factors or a
distinct pathophysiological entity, is unknown. A wide variety of associated factors
have been identified, among them uterine anomalies, luteal phase defect,
hyperprolactinemia, hyperandrogenemia, hyperhomocysteinemia, genital infections, and
maternal/paternal  balanced translocations.  Autoimmune  dysfunctions, e.g.
antiphospholipid syndrome, thyroid autoantibodies, and anti-single strand DNA

autoantibodies, are found in 5-10% of affected women!*4,

2.2. Hereditary thrombophilia

Thrombophilia or a predisposition for thrombosis may be inherited or acquired.
While the most common thrombophilia is acquired and is manifested by elevated
circulating antiphospholipid antibodies, about; 40% of cases presenting with thrombosis
are inherited. Inherited thrombophilia has been shown to be a risk factor for
cardiovascular disease such as deep venous thrombosis (DVT) as well as reproductive

disorders including RPL[ 27,
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The most widely reported inherited thrombophilias associated with RPL include
factor V Leiden (G506A), factor Il prothrombin G20210A, methylenetetrahydrofolate
reductase "MTHFR" (C677T), plasminogen activator inhibitor-1 (PAI-1) 4G5G, factor-
XIII V34L and angiotensin converting enzyme (ACE) | / D mutations®®®. DNA
analyses for these six genes polymorphisms are currently requested by obstetricians for
RPL cases of unknown etiology. The Department of Medical Laboratory Sciences at the
Islamic University of Gaza is one of the few labs providing this service in Gaza Strip.

Administration of appropriate doses of anticoagulants such as "heparin, low
molecular weight heparin or aspirin” during pregnancy has shown some success in
maintaining pregnancy!?® 3% 313233 gatistical data about the anticoagulant success rate
in maintaining pregnancy in Gaza strip are not available. However, 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.

Other possible abnormalities leading to hypercoagulable states that may be
associated with RPL include the antithrombin Il deficiency, protein C deficiency,
protein S deficiency, and elevated factor VII11®¥(Table 2.1).

Table 2.1. Common thrombophilia-factors associated RPL.

Thrombophilias Inheritance Prevalence ~ Risk of DVT
Factor V Leiden G1691A mutation (activated protein C Resistance) ~ Autosomal dominant 2r15% 3-8x

Factor Il prothrombin G20210A (Prothrombin mutation) Autosomal dominant 2%3% i

MTHFR C677T mutation (Hyperhomocysteinemia) Autosomal recessive 11% 154x
Antithrombin deficiency Autosomal dominant ~ 0.02% 25-30x
Protein C deficiency Autosomal dominant ~ 0.2%-0.3% 10-15x
Protein S deficiency Autosomal dominant 0.1%0.2% hhs

Elevated factor VIII X- Linked $%-15% 5x

DVT, deep venous thrombosis.

*Prevalence 1s in the general population however, significant ethnic differences are known. Risk of DVT in the non pregnant individual with listed
throbophilia compared with a nonpregnant individual without thromobophilia.

Adapted from Reference (34)
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2.3. Genetic association studies

Association studies are valuable for understanding the contribution of specific
genetic factors to the development of RPL. A role for the HLA system, the pathway of
folic acid metabolism, and the blood clotting cascade all have been elucidated through
various association studies. Moreover, targeted mutations in experimental animals have
also been used to define the contribution of specific genes to the pathophysiology of
RPL[14, 28].

Factor V Leiden G506A and the G20210A prothrombin gene polymorphisms are
both among the leading genetic risk factors to enhanced blood coagulation, and both
were significantly associated with RPL Dby several investigators. Additionally,
polymorphisms in the MTHFR gene, which cause elevation in the level of
homocysteine, have been identified as risk factor for thrombosis and RPL. An
association with RPL has also been reported for the V34L polymorphism of the FXIII
gene, 4GAG polymorphism in the plasminogen activator inhibitor-1 (PAI-1) gene and
in the 1/D polymorphism in the angiotensin converting enzyme (ACE) genel®!.

Several genetic studies have revealed associations between recurrent miscarriage
and genetic polymorphisms related to thrombophilia, anticoagulation factors, human
lymphocyte antigen, metabolic enzymes, cytokines, hormones, and vasodilators®
(Table 2.2).
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Table 2.2. Genes Involved in recurrent miscarriage.

Polymorphism or

Criteria of recurrent

Gene . . ) Burden Reference
mutation miscarriage
Thrombophilia
Early RM: CR, 2.0;
Factor V Leiden mutation z2 Rey et al, 2003
Late RM: OR, 7.8
Prothrombin G20210A mutation 22 Early RM: OR, 2.4 Rey et al, 2003

Anticoagulation
PAI-1 and Factor XllI

HLA
HLA-G

Detoxification enzyme
GSTM1

Cytokine
IL-1b
IL-1RN
IL-6

Hormone

CYP17

Vasodilator
NOS3

PAI-1 4G/5G and
FXIIl Val34Leu

*01013/*0105N
*0104/*0105N

null

IL1-511C, IL1B-31T
IL-1RN*3

IL-1RN*2

-634G

A2 allele

Allele A/B

heterozygous

2 2, unexplained

2 3, no uterine abnormality,

no translocation, APL

2 3, unexplained

2 2, no uterine abnormality,

no translocation

2 3, unexplained
2 3, unexplained

2 3, unexplained

2 2, no uterine abnormality,

no translocation

2 2, no uterine abnormality,

no translocation

2 3, unexplained

Adapted from reference number (28)

2.4. History of Nitric Oxide

Early RM: OR, 2.4

Subsequent miscarriage:

OR, 36

2 2:0R, 2.2
z 3:0R, 29

OR, 56
OR, 74
22:0R, 0.46

OR, 1.7 (heterozygosity)
OR, 2.3 (homozygosity)

OR,1.6

Dossenbach-Glaninger
et al, 2003

Pfeiffer et al, 2001
Aldrich et al, 2001

Sata et al, 2003

Wang et al, 2002
Karhukorpi et al, 2002
Unfried et al, 2001
Saijo et al, 2004

Sata et al, 2003

Tempfer et al, 2001

In the early 1980s it was established that NO was produced in the human body.

Shortly afterward it became clear that NO had important functions in the regulation of

vascular tone, and it was demonstrated that NO was identical to endothelium-derived

relaxing factor, a factor derived from endothelial cells that induced relaxation of smooth

muscle cells. NO was selected as the 1992 "Molecule of the Year" by the Science

Journal, and the 1998 Nobel Prize for Medicine or Physiology was awarded to Louis
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Ignarro, Ferid Murad, and Robert Furchgott, the founders of NO research. Since its
discovery, the gaseous radical NO has elicited much attention from the scientific
community, and NO has been implicated in many diverse processes ranging from the
regulation of vascular tone and male erectile function to neurotransmission and

microbiocidal activity™®.

2.5. Endothelial nitric oxide synthase (eNOS) gene structure and isoforms

Three quite NOS distinct isoforms have been identified, products of different genes,
with different localization, regulation, catalytic properties and inhibitor sensitivity, and

with 51-57% homology between the human isoformst®.

These isoforms referred to by the most common nomenclature: nNOS (also known
as Type I, NOS-1 or NOS-1) being the isoform first found (and predominating) in
neuronal tissue, INOS (also known as Type II, NOS-II or NOS-2) being the isoform
which is inducible in a wide range of cells and tissues and eNOS (also known as Type
I11, NOS-111 or NOS-3) being the isoform first found in vascular endothelial cells. These
isoforms have in the past been also differentiated on the basis of their constitutive
(eNOS and nNOS) versus inducible (iNOS) expression®!(Figure 2.1).

Oxygenase domain Reductase domain
NOS-I Zn
ni—{ Pz H | ArcmemeEM.Bip |—] cam H}HFMN | FAD [NADPH |} -cooH
1 1433
NOS-II Zn o
ne— | arcmemensip | cam HHEMNT[FAS [NAGRH ] -cooH
1 1153
NOS-III Zn
NHe— | ARGHEMEM.Bip | —] cam |—|{ FMN | FAD | NaDPH | -coon
1 1203

I - CaM inhibitor sequence

Figure Key: ARG: Argentine, CaM: Calmodulin, COOH: Carboxyl group terminal
domain, FAD: Flavin adenine dinucleotide, FMN: Flavin mononucleotids, H,Bip:
Tetrahydrobiopterin, NADPH: Nicotinamide adenine dinucleotide phosphate, NH2:
Amino group terminal domain, NOS: Nitric oxide synthase, Zn: Zink.

Figure 2.1. The domain structure of nitric oxide synthase (NOS) isoforms. (adapted
from reference number 37).

10
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The constitutive ("NOS and eNOS) are Ca**/Calmodulin- dependent enzymes, while
the inducible (iNOS) is a Ca®* -independent enzyme that is transcriptionally regulated
by several cytokines?®!,

The human NOS genes are located on chromosome 12 for NOS-I1 (nNOS or neuronal
isoform: 29 exons, 28 introns; 150 kbp), 17 for NOS-II (iNOS or inducible isoform: 26
exons, 25 introns; 37 kbp), and 7 for NOS-I11 (endothelial isoform or eNOS: 26 exons,
25 introns, 21-22 kbp)©".

The endothelial nitric oxide synthase (eNOS) gene was cloned in 1993 and was
localized to chromosome 7q35-361'% 3 the gene comprises 26 exons spanning
approximately 21 kb of genomic DNA 1% 31 and encodes an mRNA of 4052
nucleotides®®, that encode a 135-kD protein containing 1,203 amino acids.
Approximately, 1,500 base pairs of upstream promoter sequence have also been
characterized and contain transcription factor-binding sites that mediate regulation by

shear stress and estrogens, among otherst*!.

Each NOS isoform has the same layout of catalytic domains: a C-terminal reductase
with one binding site each for Flavin adenine dinucleotide (FAD), Flavin
mononucleotide (FMN) and Nicotinamide adenine dinucleotide phosphate (NADPH),
and an N-terminal oxygenase section. The oxygenase domain contains bound heme and
the binding site for the cofactor tetrahydrobiopterin (H4Bip). H4Bip is essential for the
coupling of NADPH-dependent O, activation to NO synthesis. Each isoenzyme has a
different N-Terminal extension, which is not essential for catalysis and probably
functions in the intracellular localization of the enzyme!“%,

The constitutive NOS and iNOS exist as dimeric and tetrameric complexes,
respectively. Each unit contains two identical subunits. Each unit has a reductase and

oxidase domain linked by a calmodulin (CaM) binding sitel*!).

The binding of calmodulin promotes electron transfer from the reductase domain to

the oxygenase domain. Importantly, only the homodimeric form of NOS is able to

11
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metabolize L-arginine and a single inter-subunit ZnS, cluster might be important for

dimer and H4Bip binding site stabilization*".

The eNOS is localized mainly in vascular endothelial cells. It regulates blood
pressure homeostasis by inhibiting platelet aggregation and relaxing the underlying
vasculature. Interestingly, it was found to be colocalized with nNOS in neuronal areas of

rat braint®7,

Neural nitric oxide synthase (nNOS) is found in neurons, skeletal muscle, epithelial
cells and modulates neurotransmission, gastrointestinal motility, and penile erection.
The so-called "inducible” NOSisoform (iNOS) is expressed in numerous tissues in
response to endotoxin/cytokines and is involved in immune response. In contrast to
eNOS, its activity is not dependent on changes in free intracellular Ca®* concentrations.
Thus, it is a “‘high-output’> NO-generating system that might be essential for

eliminating pathogenst®”.

2.6. Biosynthesis of nitric oxide

Nitric oxide is not stored but rather released upon its synthesis. Thus, NO generation
is regulated through alterations in the expression or activity of the eNOS enzyme itself
or through changes in the availability of activating cofactors or endogenous inhibitor
molecules®.NO formation catalyzed by means of NOS which implicates the formation
of N-hydroxy-L-arginine (NOHA) by means of reduced nicotinamide adenine
dinucleotide phosphate (NADPH)- and tetrahydrobiopterine (H;Bip)-dependent
monooxygenation, this occurs in two steps; the first one consists of an N-oxygenation
of the guanidino terminal group of L-arginine to N-hydroxy-L-arginine (NOHA), and
the second one which consists of an oxidative cleavage of the C = N bond of NOHA
leading to citrulline and NO formation®®. The only known intermediate is N-hydroxy-
L-arginine, a product of the initial step, which involves the initial N-hydroxylation of

the guanidinium nitrogen atom®7.

12
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Endothelial nitric oxide synthase enzyme is competitively inhibited by N°-
monomethyl-L arginine (L-NMMA) and other L-arginine analogues™ 2. NOS is also
inhibited by flavoprotein binders, and calmodulin binders*?.

2.7. Mechanism of eNOS action

The quest to identify the so-called endothelium-derived relaxing factor led to the
discovery in the vasculature of an enzyme. NOS, that generates NO from the amino acid
L-arginine. This enzyme is constitutive, is calcium- and calmodulin-dependent, and
releases picomoles of NO in response to receptor stimulation. The identification of a
competitive inhibitor of this enzyme, the methylated L-arginine analogue N°-
monomethyl-L-arginine (L-NMMA), provided an important tool to investigate the

relevance of NO in biologic processes™*?..

The discovery of this vasodilator tone indicated the existence of an endogenous
nitrovasodilator system, the actions of which are imitated by compounds such as
nitroglycerin and sodium nitroprusside. These compounds, which have long been
recognized as clinically efficacious, act after their conversion into NO. The reaction of
NO with the ferrous iron in the heme prosthetic group of the soluble guanylate cyclase
in vascular smooth-muscle cells increases the concentration of cyclic GMP, leading to
vascular relaxation. Hemoglobin, a potent inactivator of NO, binds to it by a similar

mechanism*.

Nitric oxide also inhibits platelet aggregation by a mechanism dependent on cyclic
GMP and synergizes with prostacyclin, which inhibits the aggregation of platelets by
increasing their concentrations of cyclic AMP. Unlike prostacyclin, NO also inhibits
platelet adhesion. Furthermore, platelets themselves generate NO, which acts as a
negative-feedback mechanism to inhibit platelet activation. Thus, platelet aggregation
in-vivo may be regulated by platelet-derived NO as well as by NO and prostacyclin
released from the wvascular endothelium. Nitrovasodilators, in combination with

prostacyclin or its analogues, may therefore provide a useful antithrombotic therapy™*!.

13
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Nitric oxide synthase is activated by increases in intracellular Ca®* concentration,
Intracellular Ca** binds to calmodulin to form a complex that is crucial for enzyme
activity. In vascular endothelial cells, stimulation with vasoactive agonists (e.g.
acetylcholine, bradykinin, thrombin) activates membrane phospholipases through G
protein-linked receptors which, in turn, generate inositol triphosphate (IP3) as a second
messenger. The increased IP; concentration elicits Ca’* release from intracellular
storesby binding to IP; receptors on the endoplasmic reticulum. Further increases in
intracellular concentrations of Ca®" involve the influx of extracellular Ca**. Whereas
many oxidative enzymes employ a single electron donor, the oxidative enzyme NOS

uses multiple oxidative cofactors with associated binding sites!*!.

Nitric oxide can freely diffuse across cellular membranes into adjacent cells and
serve as a signaling agent!’?| it exerts its effects by binding to heme group of guanylate
cyclase enzyme resulting in profound (50-200 times) increase in rate of conversion of
guanosine 5' triphosphate (GTP) to cyclic guanosine monophosphate (cGMP)*(Figure
2.2).

Cyclic guanosine monophosphate (cCGMP) activates protein kinases and leads in turn

to the phosphorylation changes and consequence to smooth muscle relaxationl*? 44451

There is increasing evidence that NO can directly regulate gene expression by
modulating the activity of transcription factors such as nuclear factor kB (NF-«kB) and
the activator protein 1 (AP-1). Since NF-kB inhibits progesterone receptor (PR) action
via protein-protein interaction, NO may, therefore, modulate P, responses in the
reproductive tract!*®),

At high concentrations NO plays a role in apoptotic cell death. An increased
apoptosis following exogenous application of NO donors or iNOS induction has been
described in different cell types, such as macrophages and mesangial cells. NO-induced
apoptosis was accompanied by the accumulation of the tumour suppressor protein p53

and activation of caspases™*®.,
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Nitric oxide may also be involved in the interaction of leukocytes with vessel walls,
since it inhibits leukocyte activation. Furthermore, it inhibits the proliferation of
smooth-muscle cells. It participates in the general homeostatic control of the

vasculaturet?,

Nitric oxide is an important mediator of physiological processes, but it also has a
cytotoxic role when the superoxide anion (O2) is present. In fact, NO is able to
combine with superoxide to generate peroxynitrite (ONOQO7), a reactive oxidant that is
known to produce relevant peroxidative damage. Normally, O, is metabolized by the
superoxide dismutase to hydrogen peroxide (H.O,), which is then metabolized by
catalase to H,O and O,. As the amount of O,™ increases, ONOQO™ also increases, while
the availability of NO decreases. In this regard, placental oxidant-antioxidant imbalance
and the consequent peroxynitrite production could play an important role in this

gestational pathology™".
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Bradykinin
Acetyicholine l Ca2*

Endothelium

Smooth muscie

A Physiology

Nitrovasodilators

N |

B Pharmacology

In Panel A, shear stress or receptor activation of vascular endothelium by
bradkyinin or acetylcholine results in a influx of calcium. The consequent
increase in infracellular calcium stimulates the constitutive nitric oxide
synthase (NOS). The nitric oxide (NO) formed from L-arginine (IL.-arg) by this
enzyme diffuses to nearby smooth-muscle cells, in which it stimulates the
soluble guanylate cyclase (sGC), resulting in enhanced synthesis of cyclic
GMP, from guanosine triphosphate (GTP). This increase in cyclic GMP in the
smooth muscle cells lead to their relaxation. In Panel B, nitrovasodialators
such as sodium nitroprusside and nitroglycerine release mnitric oxide,
spontaneously or through an enzymatic reaction. The liberated nitric oxide
stimulates the soluble guanylate cyclase (sGC) in the smooth muscle cell,
resulting in relaxation

Figure 2.2. Nitric oxide- mediated vascular relaxation. (adapted from reference 43).
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2.8. Metabolism of nitric oxide

Nitric oxide is labile species with a half life of only few seconds in biologic systems,
in cell culture systemic NO degrades rapidly to nitrite, but in the presence of Fe®*
heme, or certain other transition metals, nitrite is converted to the more stable product
nitrate. Thus in-vivo, nitrite is unstable and has a short half life and the major ion is

nitratel*’],

The metabolic fate of endogenous NO is surprisingly poorly understood. Putative
intermediate metabolites include an array of low and high molecular weight thiol-
nitrosoglutathione, nitrosoalbumin, and nitrosohemoglobin- some of which might be
present in sufficient quantities to exert the biologic effects. Furthermore, NO reacts with
another endogenous radical, superoxide anion (O2"), to form peroxynitrite (ONOQ").
Peroxynitrite may isomerize to yield nitrate or may lead to nitration of tyrosine residues
on proteins. The extent to which this occurs in-vivo, whether it is a major route of
metabolism for endogenous NO, and the routes of metabolism of nitrated proteins

remain unknown!",

Because NO, plus NO; (termed NO,) are relatively stable in blood, the
concentration of NOx in blood may be an indicator of the endogenous formation of NO.
In fasting individuals, as much as 90% of the circulating NO;" is derived from the L-

arginine- NO pathway, and NO,  is a valid indicator of NO productiont*®!.

2.9. Physiologic role of nitric oxide in the body

Nitric oxide is a multifunctional signal and important modulator of cellular
responses in a variety of tissues including those involved in human reproductiont!.
There is considerable evidence that local production of NO contributes to the
maintenance of low vascular resistance in the fetoplacental circulation. Since umbilical
cord and chorionic plate vessels are unlikely to contribute greatly to the regulation of
fetoplacental blood flow because of their large calibre, stem villous arterioles of the
placenta are thought to be the major site of resistancel*.
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Nitric oxide is an endothelial vasodilator with additional antithrombotic and
atheroprotective properties®®. In the last decade, NO has assumed an important
functional role in a variety of physiological systems and different pathways, therefore it
is indisputable that such a polyvalent molecule should also play a decisive role in the
reproductive system®®Y.

Endothelial nitric oxide synthase is the main enzyme required for vascular NO
production?. The eNOS gene is expressed in the endothelium of a variety of tissues, as

well as in cardiac and myometrial myocytes, platelets, and in airway epithelium®.

Trophoblast cells of first trimester express high amounts of NOS activity. Recent
studies in humans indicated that more than 90% of the NOS activity in the trophoblast is
Ca*? dependant, and that the biochemical and immunological characteristics point out to
the isoform eNOS. NO synthesized by placenta, trophoblast and to some extent the fetal
membranes inhibit the uterine myometrial contractions either directly or through an
interaction with cyclooxygenase, thus playing a role in maintenance of uterine

quiescence early in gestation and preventing preterm labort.

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. In the neural
system, NO acts as a neurotransmitter, whereas increased expression of iNOS plays a

key role under several pathological conditions™".

The endothelial (eNOS) and neural (NNOS) isoforms have so far been associated
with blood pressure regulation and neurotransmission, whereas the inducible (iNOS)
isoform is suggested to be involved in macrophage defense mechanisms against
infections. Thus, induction of the NO pathway by cytokines such as interferon (IFN-y),
tumor necrosis factor (TNF-a), and interleukin (IL-1P) has been detected in a variety of
cell types, including murine macrophages, endothelial cells, and B-pancreatic cells.
Although there is evidence suggesting that NO induction is protective in-vivo against

intracellular infections (e.g.; leishmaniasis, listeriosis, and blood-stage malaria)®®%.
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Since neurones, vasculature and cells of the immune system are an integral part of
the reproductive organs, it is obvious that NO is an important regulator of the biology

and physiology of the reproductive system®".

2.10. Association between NOS and Pregnancy

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, and several studies have shown that flow
mediated vasodilation of the brachial artery (an NO-dependent response) is enhanced

from early gestation™!.

The potent vasodilator properties of NO in the resistance arteries, coupled with the
genetic basis of hypertension, suggests that mutations affecting the endothelial NO
(eNOS) gene, and consequently impairing NO release, might contribute to increased
vascular resistance and in turn an elevation in systemic blood pressurel®?!.

Nitric oxide was recently implicated as an important regulatory agent in various
female reproductive processes, such as ovulation, implantation, pregnancy maintenance,
labor and delivery. Animal studies clearly indicate that during pregnancy, NO is up-
regulated in the myometrium and placenta. It contributes to uterine quiescence and

controls utero-fetoplacental blood flow!*!,

Nitric oxide is also involved in cervical ripening during labor. Moreover, these
studies also indicate that the regulation of NO production in the female reproductive

tract is mainly controlled by steroid hormones in a tissue-specific mannert®!.

Prior to the onset of labor, the cervix undergoes physical changes, which are
necessary for vaginal delivery. These changes, which occur during the last weeks of
pregnancy, include softening, effacement and dilatation of the cervix and are given the
term cervical ripening. The timing of these changes requires careful regulation.
Premature cervical ripening may lead to preterm labor, a condition that is associated

with considerable morbidity and mortality. Alternatively, failure of ripening leads to
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delay in the onset of labor and an associated increase in the Caesarean section rate and
birth asphyxia. In humans, cervical ripening is an inflammatory reaction involving
leukocytic infiltration, changes in the water content of the extracellular matrix and
rearrangement of collagen fibres. The control of this process remains poorly
understoodalthough a number of mediators have been implicated, including P4

withdrawal, prostaglandins, relaxin, and various inflammatory cytokines[ZS].

Recently, The inflammatory mediator, NO has been implicated in cervical

ripening!®®!

. The importance of NO in the context of pregnancy is further substantiated
by co-localization and inhibitor studies showing its effect on human chorionic
gonadotrophin (HCG) release. Reports indicate that NO results in transient but prompt
release of HCG by the placenta. Abnormal NO levels were reported in placenta from
pre-eclamptic pregnancies as well as from term pregnancies with fetal growth
retardation. NO exhibits its effect on release of GnRH, an important neuroendocrine
regulator inside the placenta, from hypothalamic neurons. Thus, in human placenta NO,
eNOS possibly helps to maintain pregnancy by controlling both endocrine function and

vascular tone™.

The endothelial nitric oxide synthase appears to be the most abundant isoform in
early placenta, other isoforms such as iNOS are predominantly expressed throughout

pregnancy in the uterus®.

Bansal et al. (1997) reported that myometrial iINOS expression, assessed by
immunohistochemistry and Western blotting, was greater in the early third trimester
(26-34 weeks gestation) than either the late third trimester (37-41 weeks gestation) or
in the non-pregnant state. These data suggest that an increase in myometrial iINOS
expression might contribute to the maintenance of uterine quiescence during pregnancy.
The role of the constitutive isoforms of NOS(eNOS and nNOS) has not been

determined™®.

Estrogens upregulate NOS in animals®™® 7

, and therefore, the huge rise in
circulating estradiol concentration during early pregnancycould stimulate increased NO

synthesis!®®!.
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Experimental data in mice and previously published results in humans point to a
crucial role of NO in the course of pregnancy with respect to induced abortion.
Experimental data in mice have shown that lipopolysaccharide (LPS)- induced abortion
is medicated by placental NO Production ® ** %2 pharmacological inhibition of NO
release by aminoguanidine successfully rescues LPS-Induced abortiont **.

The physiological and biological relevance of NO in pregnancy and labor can be
deduced from the finding that inhibition of NO synthesis by administration of N®-nitro-
L-arginine methyl ester (L-NAME, which competes with L-arginine and inhibits NO
synthesis) prolonged the duration of delivery and decreased the cervical extensibility.
These findings not only suggest the importance of NO synthesis in the uterus and cervix
during labor and pregnancy, but also point towards the roles of the various isoforms of

NOS in regulating these effects.

Indirect biochemical assays support the finding of a gestational increase in NO
activity. For instance, concentrations of cGMP, the second messenger for NO, are
increased in plasma and urine from pregnant animals and humans, and a stable
oxidation product of NO, nitrate, is found in elevated concentrations in the urine and
plasma of pregnant rats and possibly in humans. However, interpretation of such
measures is not straightforward, since cGMP can be elevated by atrial natriuretic

peptide and nitrate is present in the diet®.

2.11. Nitric oxide regulation by progesterone

The earlypregnancy failures can be detected as random findings
duringultrasonographic examination before bleeding or other signsof abortion have
occurred. Uterine quiescence can thuspersist, at least for some time, in these conditions
even thoughthe circulating levels of human chorionic gonadotropin (hCG)and P, are
low. The combination of nonviablepregnancy and uterine quiescence may be associated
with changesin NO in the uterus and/or cervix in humans, because in animals,a fall in P4
inhibits the release of NO in the uterusand stimulates it in the cervix. These opposing
changesin NO production should result in the start in of uterine contractions and

cervical ripening®®®.
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It is possible that increased cervical NO release is a specificphenomenon in abortion,
perhaps triggered by a fall in serumP,4 concentrations. This is supported by the resultsof
animal experiments showing that P, has opposingeffects on NO release in the
endomyometrium and cervix; it up-regulatesNO release in the former, but down-
regulates it in the latter™®,

Progesterone can increase uterine quiescence by stimulating the relaxation

mechanisms, mainly the uterine NO system!®®),

Tommiska et al. (2004) has shown that women experiencing RPL haveincreased
cervical NO release before the onset of clinical abortion.Moreover, cervical NO release
was higher the lower the circulatingP, level, which suggests a causal relationship
betweencervical NO release and P, deficiency!®®l.

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(®.

The fact that preterm labor can be induced by the inhibition of NO together with an
antiprogesterone suggests that the NO relaxation system and the relaxation system
controlled by P, may act jointly to maintain pregnancy!‘®l.

Inhibition of nitric oxide synthesis together with blockade of P, action somewhat
parallel the events that occur with the initiation of normal labor. In fact, a precipitous
decrease in NO production together with the well-documented fall in P, levels
accompanies the initiation of spontaneous labor. Both NO production and relaxation
responsiveness to NO are increased during pregnancy, when P4 levels are elevated, and
decreased during labor at term, when P, levels fall. In experimental animals studies,
preterm labor observed in the antiprogesterone + L NAME groups may be due to a
combination of a reduction of NO production by L-NAME and multiple effects of
antiprogesterone on (1) the cGMP relaxation system, (2) endogenous nitric oxide
synthesis, and (3) receptors and excitability. Antiprogesterone at low doses may

partially reduce the effects of NO on uterine relaxation but not completely enough to
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produce preterm labor. On the other hand, a high-dose antiprogesterone may completely
negate the NO-cGMP effects on relaxation and thus produce preterm labor without a
necessary reduction in NO production. Previous studies propose that in the rat a
reduction in the NO production together with P, withdrawal may be required to achieve
labor and delivery. However, L-NAME infusion was unable to trigger initiation of labor
toward the end of gestation, when P, levels are decreased, the reasons are not
known;however, it may be due to a combination of insufficient withdrawal of P,

(action) and incomplete inhibition of NO effects™®.

Mechanism(s) for the potentiation of antiprogesterone action by L-NAME are not
known. The possibilities may include (1) an interaction between the NO system and Py,
which is more prominent before term, (2) effects related to decreased blood flow such
as an effect of NO on steroid hormone production through actions on blood vessels to
the placenta or ovary or altered metabolism of steroid hormones or antiprogesterone, or
(3) other actions. Further studies are needed to define this interaction™®.

The uterine NO production and NOS expression are gestationally regulated and P;-
dependent. NO production, reflected in total nitrite produced by uterine tissue, was low
in non pregnant rats, substantially elevated during the mid stage of gestation, and
markedly lower at the time of spontaneous delivery and the first day postpartum.
Likewise, there was a decrease in NO synthesis in the uterus and an increase in cervix

during both term and onapristone-induced preterm birth®%.

The study by Garfield et al. (1998) in rats provided ample evidence that iNOS is the
dominant isoform of NOS in the myometrium. In rats, myometrial iNOS expression
seems to be regulated by P4, since iNOS declines prior to normal parturition when serum
P, concentrations are low. iNOS expression decreased during onapristone-induced

preterm labor, an effect which can be reversed by P, agonist®.

Due to P4 action, uterine NO production is increased by iNOS during pregnancy,
prior to parturition at a term, or after anti-progestin treatment at preterm, there is a
decline in uterine NO production and a consequential decrease in relaxation. Hence, the

NO system may contribute to the maintenance of uterine quiescence during pregnancy

23



Chapter (2) Literature Review

when P, concentrations are eleveated, but not during delivery. Conversely, during term
and pretem labor there is an up-regulation of the NO system in uterine cervix as a result
of the inflammation cascade being activated, thereby contributing to the remodeling of
the extracellular matrix. However the mechanism responsible for differential regulation
of the NOS system in the uterus and the cervix remains to be established®".

In summary, inhibition of NO by L-NAME together with low dose antiprogesterone
administration produces preterm labor, indicating that uterine quiescence during
pregnancy may be maintained by the synergistic effects of the NO and P4. Thus, the

interaction of NO and P, may be required to maintain pregnancy!®!.

2.12. eNOS Gene polymorphisms

The endothelial nitric oxide synthase gene has been extensively screened for
variation. Variants detected include numerous single nucleotide polymorphisms (SNPs),
a variable-number tandem repeat in intron 4, and a CA repeatmicrosatellite marker in
intron 13. Much attention has been focused on three putatively functional variants;
promoter -786T>C,exon 7 (894 G>T) and intron 4 (4a/4b) VNTR polymorphisms
(Figure 2.3), but little information has been available as to how these variants associate
with one another®®. Importantly, the level of NO, metabolites appear to be associated

with eNOS gene polymorphisms!” & 48621,

The effects of these polymorphisms on in-vivo NO generation cannot be measured
directly because most endogenous NO rapidly oxidizes to nitrite (NO,) and is
eventually converted to nitrate (NO3 ), the predominant stable form of NO. Collectively,
these inactive metabolites (NOXx) have been used to reflect endogenous NO production,

and in turn, their levels appear to be associated with eNOS polymorphisms!®..

The 5 flanking region, promoter -786T>C and intron 4 (4a/4b) VNTR
polymorphisms have been associated with alterations in promoter activity. Exon 7
(894G>T) polymorphism, which predicts a Glu298Asp amino acid substitution in the

[63]

mature protein could also alter enzyme activity"”™, and render the enzyme more

susceptible to proteolytic cleavage™.
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A 27 bp of the variable nucleotide tandem repeat (VNTR) polymorphism in intron 4
and the Glu298Asp polymorphism in exon 7 were shown to influence the plasma NO
level and were associated with clinical phenotypes in preeclampsia (PE) and

cardiopulmonary diseasel®.

894 G>T=Glu298Asp

786 T>C Exon 7

Promoter Intron 4

4/5 27bp tandem repeat
a= deletion 393 bp

b= insertion 420 bp

c= insertion 447 bp

Figure Key: Black box = exon, —— = intron, a = deletion 393 base pair, b = insertion 420

basc pair, ¢= insertion 447 base pair. Allele ¢ was reporied by Sallout and Sharif (2010).

Figure 2.3. Organization of common eNOS gene polymorphisms (adapted from

reference number 9).

2.12.1.-786T>C polymorphisms in the promoter region

A single nucleotide polymorphism (SNP), -786T>C point mutation, was identified
in the 5 -flanking region of the eNOS gene involving a substitution of thymine (T) to
cytosine (C) at a locus 786bp upstream of eNOS gene! ! results in a significant
reduction in the eNOS gene promoter activity®, this polymorphism has the potential to
influence MRNA transcription!®®], where it is associated with less placental mMRNA, and

lower serum nitrite/nitrate concentrations®.

One manifestation of the T-7863C mutation is increased risk for coronary spasm®®?.
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2.12.2.Glu298Asp or 894G>T polymorphism in exon 7

The GIlu298Asp missense mutation encoded by exon 7 of the eNOS genel?” is
another common variant of eNOS that has a guanine (G) to thymine (T) transversion at
nucleotide position 894!, resulting in a replacement of glutamic acid by aspartic acid
at codon 298 (Glu298Asp)*®!. The exon 7 (894G>T) is associated with reduced basal
NO production. It has been linked to reduced flow-mediated dilatation of the brachial
artery during pregnancy and impaired maternal—fetal circulation®”.

The polymorphism in exon 7 of the eNOS gene (Glu298Asp) has been reported to be
associated with an increased risk for myocardial infarction** 2% %3 coronary artery

spasm?® >3 hypertension®®®, placental abruption and preeclampsia but not with RPL!
20]

2.12.3.Variable nucleotide tandem repeat (27 VNTR) of 4a4b polymorphism in

intron 4

A 27-bp repeat polymorphismin intron 4 of the eNOS gene, has been associated with
variations in plasma levels of nitrite and nitrate (NOX)-stable metabolites of NO™®!.

The intron 4 (4a/4b) VNTR polymorphisms of the gene encoding eNOS) has been
shown to segregate with lower plasma NO metabolites in non pregnant Japanesel® *2 1
20.28] “Also this polymorphism was found to be associated with RPL in Caucasians® '»
201 The heterozygosity for 4a allele and 4b allele of eNOS(4a/4b) was found to be
associated with RPL in Austrian women, It is speculated that carriers of 4a/4b and
subsequently reduced NO serum levels are at increased risk for impaired placental

perfusion and infarctiont®.

Given the intronic location of the intron 4 repeat unit, it is perhaps less likely to be
functional. Conflicting associations between the intron 4 variant and NO pathway
activity have been described. Some reports indicate that carriers of this variant have
lower NO plasma levels and decreased protein expression, but this finding is not

supported by all studies. It is possible that the variant is in linkage disequilibrium with
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other functional regulatory regions of the eNOS gene!®. or associated with intronic

micro-RNA (mi-RNA) expression®® % 70711

2.13. Previous Studies
2.13.1. Recureent pregnancy loss studies

In Turkey, Oztiirk, et al. (2011) preformed a study to determine whether intron 4
(4adb) VNTR or exon 7 Glu298Asp (894 G>T) polymorphisms of eNOSgene are
associated with an increased risk for RPL in the Turkish population and to evaluate the
association between NO levels and eNOSgene polymorphisms in women with RPL. A
total of 120 women were enrolled in four groups. of these, 30 women were first
trimester pregnant who had idiopathic RPL (Group ). 30 healthy multipara women
were in the first trimester of pregnancy with no history of abortion (Group Il), 30
women were non pregnant with a history of RPL (Group I11). The remaining 30 subjects
were healthy multipara non-pregnant women with no history of abortion (Group 1V).
The study observed that NO levels were significantly different between Group | and
Group Il. Therefore; the decreased NO levelsin the pregnant patient group were
statistically significant from non-RPL. NO levels were also significantly different
between Group Il and Group IV. Therefore; the elevated NO levelsin the non pregnant
patient group was statistically significant. The study also demonstrated that, there was
no significant difference in the frequency of intron 4 (4a4b) VNTR genotype between
the two groups. While, there was a marginally significant difference in the frequency of
exon 7 Glu298Asp (894 G>T)genotype in patients with RPL in the Turkish population
compared to controls. No association between NO levels and intron 4 (4a4b) VNTR or
exon 7 Glu298Asp (894 G>T)genotypes was found in any of the groups. the authors
concluded that the exon 7 GIlu298Asp (894 G>T) polymorphism of eNOS could be an
intriguing susceptibility factor that modulates an individual’s risk of RPL in Turkish
population. Further studies to explain the role of the NO pathway in the
pathophysiology of RPL are needed!?.

In India, Parveen, et al. (2011) preformed a study on a total of 200 patients with

unexplained recurrent pregnancy loss (URPL) and 300 controls, A 457-bp fragment
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spanning from intron 6 to exon 8 of the eNOSgene was genotyped for six polymorphic
regions of eNOS by PCR, re-sequencing and RFLP. This region included intron 6
(12862A>G), exon 7 (12920C>T), exon 7 (12932C>T), exon 7 GIlu298Asp
(12965G>T), exon 8 (13222C>T) and intron 4 VNTR. The study showed that The GG
genotype of 12862A>G, the G allele of exon 7 GIu298Asp and the (4ada) genotype of
intron 4 VNTR increased the risk of unexplained RPL by ~1.8-fold, ~3.5-fold and ~2-
fold, respectively. the two "AGbCCC" wild-type allele and "AGbTCC" haplotypes were
found to have a significant protective effect against RPL. Whereas the GGaCCC
haplotype was found to increase the risk of URPL by ~2-fold. In conclusion, three
common polymorphisms of eNOSgene, intron 6 "12862A>G", exon 7 Glu298Asp and
intron 4 VNTR increase the risk of RPL in North Indian women. Risk of RPL may also

be modified by the presence of particular haplotypest™.

In Taiwan, Su, et al. (2011) preformed a systematic review and meta-analysis of the
published literature from MEDLINE and EMBASE databases to investigate the role of
angiogenesis- and vasoconstriction-related genes (VEGF, p53 and eNOS) in RPL.
Aggregating data fromeligible studies were integrated into meta-analyses by means of
random effects models. The meta-analyses of available data showed significant
associations between the promoter -1154G>A polymorphisms of VEGF, codon 72
Arg>Pro polymorphism of p53 gene,and exon 7 Glu298Asp and intron 4 (4a4b) VNTR
polymorphisms of eNOS geneand idiopathic RPL. The meta-analyses also showed that
these angiogenesis- and vasoconstriction-related genes jointly confer higher
susceptibility to idiopathic RPL®*.

In Korea, Shin, et al. (2010) carried out a study to investigate the association of
eNOS[promoter -786T>C, intron 4 (4a4b) VNTR, and exon 7 (894G>T)]
polymorphisms and haplotypes on a sample of 340 patients with RPL. They found that
the eNOS894 GT+TT genotype of exon 7 and the -786T-4b-894T haplotype are
significantly associated with RPL in Korean women, but no significant differences in
promoter -786T>Cand intron 4 (VNTR) 4a4b frequencies were observed between the

control and the RPL patients'?.
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In another Korean study, Shim, et al. (2010) preformed a study on 99 spontaneously
aborted fetuses <20 weeks of gestational age and 103 child controls and 282 adult
controls to evaluate the genotype frequency of three eNOS [promoter -786T>C, intron 4
(4a/4b) VNTR, and exon 7 (894G>T)] polymorphisms. The study showed that the
frequency of -786TC and CC genotypes in aborted embryos were significantly higher
than in both child and adult controls. The frequencies of 4a4a homozygote of VNTR
polymorphism in intron 4 and TT homozygote of 894G>T polymorphisms were also
higher in aborted embryos than in adult controls. Haplotype analysis suggests that
promoter -786T>C polymorphism was a possible risk factor for spontaneously aborted
embryos. The study concluded that eNOSgene studied polymorphisms are associated

with risk of spontaneously aborted fetuses!™!.

In Gaza Strip, Al-Sallout and Sharif (2010) conducted a study on 100 women who
had at least 3 constitutive abortions using molecular biological techniques to investigate
the correlation between RPL and common polymorphisms in angiotensin-converting
enzyme (ACE), plasminogen activator inhibitor 1 (PAI-1) 4G/5G and intron 4 (4a4b)
VNTR polymorphism of eNOS gene. They found that there is no significant association
between ACE I/D, PAI-1 or intron 4 (4a4b) VNTR of eNOS gene and the occurrence of
first-trimester RPL. Their study recommended an in-depth investigation on the
association of eNOS4a/4a with RPL?.

In Greece, karvela, et al. (2008) preformed a study on a total of 126 women who
had at least three unexplained pregnancy losses before 20 weeks of gestation and 130
control group women with at least two live childbirths and without history of abortions,
to determine whether the intron 4 (4a/4b) VNTR and exon 7 Glu298Asp (894G>T)
missense mutation of the eNOSgene are associated with an increased risk for RPL, in
the Greek population. The study did not show any influence of the two studied
eNOSgene polymorphisms on early pregnancy™.

In China, Fan, et al. (2007) investigated the association of eNOSgene[intron 4
(4a/4b) VNTR and exon 7 (894G>T)] polymorphisms with RPL on 140 patients. They
found that the intron 4 VNTR polymorphism was associated with RPL. These results
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support that the "4a" allele of the intron 4 eNOSgene may be considered an RPL
allele,

In Tunisia, Zammiti, et al. (2007) examined 350 patients with RPL and 200 healthy
women to determine the association between eNOS [intron 4 (4a/4b) VNTR, exon 7
894G>T, and promoter -786T>C] polymorphisms, and homocysteine levels and RPL in
Tunisian women. The study showed that neither eNOSgene polymorphisms nor
homocysteine levelwas associated with RPLZ!,

Inindia, Suryanarayana, et al. (2006) performed a study to investigate
therelationship between idiopathic recurrent early pregnancy loss (REPL) and intron 4
(4adb) VNTR, exon 7 Glu298Asp and intron 6 (140A>G) polymorphisms of eNOSgene
among South Indian women on a total of 145 females with recurrent early pregnancy
loss. The study identified and validated that the intron 6 (140A>G) novel polymorphism
in the eNOSgene is associated with the risk of idiopathic RPL. However, neither
genotype nor allele frequencies of intron 4 (4a4b) VNTR or exon 7 (894G>T) was found
significantly different between RPL case and control groups™.

In Germany, Buchholz, et al. (2004) preformed a study to investigate, whether two
polymorphisms in the angiotensinogen Il type 1 receptor gene (AT1R C/C genotype)
and intron 4 (4a4b) VNTR of eNOSgene affect maternal vasoconstriction and RPL on a
sample of 179 women with at least two unexplained consecutive spontaneous abortions
before 25 weeks of gestation, and 126 healthy women with one or more normal term
deliveries after uneventful pregnancies and no history of miscarriages. The study
indicated that the vasoconstrictively acting genotypes AT1R C/C of the angiotensinogen
Il type 1 receptor gene and eNOS 4a4b VNTR of eNOSgene are of similar prevalence in
RPL patients and in controls. The authors concluded that their results do not show any

influence of the polymorphisms studied on early pregnancy development!™!.

In USA, Hefler, et al. (2002) preformeda study to investigate the correlation between
idiopathic RPL and common polymorphisms in exon 2 (235M>T) of the
angiotensinogen (Agt)gene,exon 7 Glu298Asp of the eNOSgene and the promoter -
511C>T polymorphism of the interleukin-1beta (IL1S) genes on 130 Caucasians women
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with at least three spontaneous, consecutive miscarriages before 20 weeks of gestation
and 67 healthy, post-menopausal white Caucasians women with at least two live births
and no history of miscarriage. The study showed that the allele and genotype
frequencies of all studied polymorphisms were similar among women with RPL and
controls. Between women with primary and secondary recurrent pregnancy loss, no
statistically significant differences between allele and genotype frequencies were
observed. The authors concluded that the polymorphisms studied should not be included
in further studies involving panels of various polymorphisms. However, they cannot
exclude the possibility that other polymorphisms of Agt, eNOS, and ILIfgenes are
associated with the disease and might be clinically potential markers to assess the
woman's risk for RPLI.

In Austria, Tempfer, et al. (2001) carried out a study on intron 4 (4a4b) VNTR
polymorphism of eNOSgene in a sample of 105 women with RPL to investigate the
relationship between RPL and a polymorphism of the gene encoding eNOS. The study
supports a role for the eNOSgene as a genetic determinant of the risk of RPL, and
demonstrates that the intron 4 VNTR polymorphism of the eNOSgene is associated with
RPL, The study also showed that the heterozygous carriers of the eNOS polymorphism
(4a4b) have a 1.6- fold increased risk of RPL compared to a control population™®.

2.13.2. Pregnancy complication studies

Previous published studies concerning the association between commonly studied
eNOS polymorphisms and pregnancy complications [preeclampsia, intrauterine fetal
death (IUFD), and placental abruption] has shown a conflicting results among different
ethnic populations. Some of these studies reported that promoter -786T>C
polymorphism is predisposing to preeclampsial’® "). On the other hand, others reported
that promoter -786T>C polymorphism is not a risk factor for preeclampsial™ ™.
Several studied found that intron 4 (4a/4b) VNTR polymorphism is not associated with
preeclampsia[’® ™ & 8 put it might modulate timing of IUFD in affected
pregnanciest®. Regarding exon 7 Glu298Asp polymorphism, some studies reported that

this polymorphism could be a marker for developing both preeclampsia® & &1 and
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86]

placental abruption!® Conversely, others found that exon 7 Glu298Asp

polymorphism was neither associated with preeclampsial®” "* 8! nor with IUFD®2,

Several published meta-analyses and multicenter case control studies have been also
concerned with the association between the commonly studied eNOS polymorphisms
and pregnancy complications in different population e.g.,

In China, Chen, et al. (2011) performed a meta-analysis of 18 case-control
association studies that examined the relationship between preeclampsia and the exon 7
Glu298Asp, intron 4 VNTR and promoter -786T>C polymorphisms of the eNOSgene.
Subgroup analysis by ethnicity and potential sources of heterogeneity and bias were
explored. The meta-analysis showed that for the allelic analysis of the exon 7
Glu298Asp variant, all studies showed no significant association, For the genotypic
analysis, the combined studies of the G allele showed negative significance. All the
studies showed positive significance when the T allele was combined, and results were
also positively significant in non-Asian populations. For the allelic analysis of the intron
4 VNTR variant, all studies showed no significant association, but results were
negatively significant in non-Asian populations, for the genotype analysis, combined
studies of the b allele showed negative significance. Moreover, non-Asian studies
showed negatively significant results. For the analysis of the promoter -786T>C
variant, none of the studies showed significant results. This meta-analysis supports the
fact that intron 4a allele, homozygosity for the exon 7 894T and intron 4a of eNOS are
positively associated with preeclampsia. The study also found that genetic heterogeneity

exists among ethnicities®.

In the UK, Yu, et al. (2006) carried out a meta-analysis on healthy women with
singleton pregnancies recruited from 7 district general hospitals in London. Women at
high risk of preeclampsia were genotyped for exon 7 Glu298Asp polymorphism of
eNOS to examine its association with preeclampsia. The meta-analysis showed that the
exon 7 Glu298Asp polymorphism in a recessive model was not significantly associated
with preeclampsia. In the meta-analysis, under a recessive genetic model (1129 cases

and 2384 controls) women homozygous for the Asp298 allele were not at significantly
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increased risk of preeclampsia. A dominant model (1334 cases and 2894 controls) was
associated with no increase of risk of preeclampsia for women carriers of the Asp298
allele. The authors concluded that the eNOS exon 7 Glu298Asp polymorphism of the

eNOSgene is not associated with a significantly increased risk of preeclampsia®.

In Colombia, Serrano et al. (2004) performed a multicenter case-control study to
assesse whether exon 7 Glu298Asp, intron 4 VNTR and promoter -786T>C genotypes in
the eNOSgene alter the risk of preeclampsia in a population in which the incidence of
this disorder is high. The study indicated that there is no increase in the risk of
preeclampsia for the intron 4 VNTR or promoter -786T>C polymorphisms was
observed under any model of inheritance. In contrast, exon 7 Asp298 allele, was
associated with increased risk of preeclampsia as compared to carriers of the Glu298
allele. After a multivariate analysis, carriage of the "Asp298-786C-4b" haplotype was
also associated with increased risk of preeclampsia when compared to carriers of the
"Glu298-786T-4b" haplotype. The eNOS Glu298Asp polymorphism and the Asp298-
786C-4b haplotype are risk factors for preeclampsia. In conclusion, the study suggests
that the young Colombian women homozygous for the Asp298 allele are at increased
risk of developing preeclampsia, but very large studies or meta-analysis will be required
to confirm these findings and refine estimates of the effect size!®!).

2.13.3. Human eNOS, cytokines and sex hormones studies

In India, Sharma, et al. (2011) conducted a cross-sectional study to evaluate
cytokines pattern in preeclampsia and whether there is any relationship between gene
and cytokines production and cytokine with disease severity. The sample included 100
women with preeclampsia and 100 healthy pregnant women. Their blood samples were
analyzed for NO, inflammatory cytokines, and eNOS(894 G>T) gene polymorphism.
The study showed that decreased NO and increased cytokine (tumor necrosis factor a,
interleukin-2, and interferon vy) levels were found in preeclampsia. Significant
differences were found in genotype/allele distribution between the two groups. A
significant negative correlation was observed between NO and cytokine levels (tumor
necrosis factor o, interleukin-2, and interferon y) in the preeclamptic group. The authors

concluded that preeclampsia is associated with decreased levels of NO and increased
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levels of circulating inflammatory cytokines due to (894 G>T) single nucleotide
polymorphisms, pointing toward the role of endothelial and inflammatory

componentst®.,

In Irag, Baban (2010) conducted a case control study, to investigate biochemical
changes in lipid peroxidation, NO, and vitamin E in recurrent pregnancy loss women,
and compared these with healthy pregnant, and non-pregnant women.In total 96
subjects categorized as 32 patients with RPL, and 32 pregnant women in their third
trimester, and another 32 non-pregnant women were enrolled. were the blood samples
collected from each patient at the time of pregnancy loss, and serum from patients and
controls were then used to estimate malondialdehyde (MDA), NO, and vitamin E levels.
The study showed that there was a significant elevation in patient serum MDA
compared with third trimester pregnant women and non-pregnant women. Both serum
vitamin E and NO levels in RPL patients also showed a highly significant decrease
compared with third trimester pregnant, and non-pregnant women. A highly significant
difference was found in the MDA/vitamin E ratio between RPL and control groups,
while no significance was found between RPL and control groups NO/vitamin E ratio.
The author concluded that the decrease in NO production and vitamin E is a result of
RPL and not a causative factor, as the RPL was without pathological cause, medication,
or fibroid presence, and no significant difference was found between the NO/vitamin E

ratio in RPL and control groups'®®.

In Brazil, Sandrim, et al. (2010) conducted a study to examine how three
eNOS[promoter -786T>C, intron 4 (4a4b) VNTR, and exon 7 Glu298Asp (894G>T)]
polymorphisms affect plasma nitrite concentration in 205 pregnant women [107 healthy
pregnant (HP) and 98 preeclampsia (PE)]. The study showed that the exon 7 Glu298Asp
polymorphism had no effects on the plasma nitrite concentrations. Higher nitrite levels
were found in HP women with the CC versus TT genotype for the promoter -786T>C
polymorphism. Lower nitrite levels were found in healthy women with the 4ada versus
4b4b genotype for the intron 4 VNTR polymorphism. No effects of genotypes were
found in PE women. The "C Glu b" haplotype was more frequent in the HP group than

in the PE group. This haplotype was associated with higher nitrite concentrations than
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the other haplotypes in healthy pregnancies. No differences in nitrite concentrations
were found among PE women with different eNOS haplotypes. These findings indicate
that eNOS polymorphisms affect endogenous NO formation in normal pregnancy, but
not in PE, and that the "C Glu b" haplotype may protect against the development of PE

by increasing endogenous NO formation(®¥.

In Italy, Rafaelli, et al. (2010) performed a study on a sample of thirty singleton
pregnant women who experienced RPL, nine singleton pregnant women who presented
with RPL, and 30 singleton healthy pregnant women matched for age, parity, and
gestational age, to investigate the role played by platelet NO metabolism in patients
with RPL compared with healthy pregnant women. The study reported that a modified
NO pathway might play a key role in the physiological changes of advancing gestation
but may also contribute to the pathophysiology of RPL. The study recommended that
balancing NO metabolism might be useful in the treatment of RPL™Y.

In Poland, Urban, et al. (2007) performed a studyto determine homocysteine and
NO plasma concentrations in pregnancies complicated with intrauterine growth
restriction (IUGR) on a total of 68 subjects. Non-fasting blood samples were collected
from 36 patients with IUGR and 32 subjectss with normal pregnancy. Serum total
homocysteine (tHcy) levels and NO concentrations were measured. The study revealed
that serum homocysteine levels were higher in pregnancies complicated with ITUGR,
while serum total nitrite levels were lower in pregnancies complicated with IUGR. Both
tHcy and NO are at the exponent of vessel endothelium function thus, simultaneous

determination in IUGR is of great importancel®!.

In Italy, Paradisi et al. (2007) performed a pilot study to evaluate the systemic
production of NO in missed and threatened abortion and to define its role in the
mechanisms regulating the first-trimester pregnancy evolution toward either positive
continuation or negative termination on a sample of 4 groups categorized as the
threatened abortion group (n=12), missed abortion group (n=14), pregnant control group
(n=14), and non-pregnant control group (n=14). The study indicated that serum NO

concentrations showed higher levels in the non pregnant versus the pregnant control
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group. Serum NO levels in the missed abortion group were extremely significantly
lower than both the non pregnant and the pregnant control groups. The threatened
abortion group, too, presented NO levels frankly lower than the non pregnant control
group. Furthermore, NO concentrations in the threatened abortion group were higher
than in the missed abortion group. In conclusion, it is not yet clear whether the low
levels of serum NO in patients with missed abortion is the result of altered immunologic
activity within the peripheral circulation or the result of paracrine events in the uterus.
However, the present findings support a functional role of the NO mediator in early
embryonic development and confirms its importance in the uterus and cervix during

abortiont®,

In Ukraine, Dosenko, et al. (2006) performed a study to investigate the mechanisms
of phenotypic effect of allelic polymorphism of the eNOSgene. They identified the
promoter -786T>C, intron 4 (4a4b) VNTR, and exon 7 Glu298Asp (894G>T)
polymorphisms by reverse transcription-PCR of eNOS mRNA isolated from human
platelets. They also measured eNOS enzyme activity by a fluorimetric assay. The study
showed that the level of eNOS mRNA and activity of this enzyme in platelets depends
on genotype. The level of eNOS mRNA is the lowest for the the CC genotype of
promoter -786T>C polymorphism. In exon 7 Glu298Asp (894G>T), the level of RNA
in the homozygotes(894TT)genotype was lower than its level of normal homozygotes
(894GG)genotype, but higher than in heterozygotes (894GT)genotype. The eNOS
activity in platelets was lower in carriers of promoter (-786 CC) than in normal
homozygotes (-786 TT) or heterozygotes (-786 CT). The eNOS activity accompanying
the (894TT) variant ofexon 7 was also lower than in normal homozygotes
(894GG)genotype. Regarding the polymorphism in intron 4 (4a4b) VNTR- the enzyme
activity was lower in carriers of the (4a/4a) genotype as compared to normal
homozygote's (4b/4b) and lower than in heterozygotes (4a/4b). These results allow one
to conclude that the promoter -786T>C polymorphism of eNOSgene significantly
affects the gene expression and eNOS activity®".

In Torrance, California, Han, et al. (2005) performed a study to examine the

influence of estrogen on the expression of NOS isoforms in human endometrial surface
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epithelial cell line (HES) and primary endometrial cells. The expression of NOS isoform
protein levels and mMRNA were determined following estrogen/ P, stimulation. The
study showed that Estradiol 17-p (E) induced a dose- and time-dependent increase in
the expression of eNOS mRNA and protein and iNOS protein in HES cells which could
be blocked by the estrogen receptor antagonist ICI 182,780. Estradiol also increased the
expression of eNOS mRNA and protein in primary endometrial cells. Estrogen also
induced phosphorylation of eNOS which could not be blocked by ICI 182,780. P, in
physiologic concentrations augmented the effect of estrogen on the expression of both
eNOS and phosphorylation of eNOS(peNOS) but not of iINOS. ICI 182,780 in high
concentrations stimulated the expression of iNOS protein while inhibiting eNOS. In
Conclusions: Estradiol through a genomic mechanism stimulates the expression of NOS

isoforms in endometrial derived primary and HES cells. This effect is potentiated by
PP,

In Japan, Makino, et al. (2004) preformed a study on a sample of three groups to
indicate whether 677C>T polymorphism of methylenetetrahydrofolate reductase
(MTHFR)and intron 4 (4a/4b) VNTR polymorphism of eNOSgene are associated with
recurrent pregnancy loss. As well as to determine whether the plasma levels of
homocysteine and NO are associated with RPL. The first group consisted of 85 cases
with a history of two or more unexplained first-trimester recurrent embryonal losses
(before 10 weeks gestation). The second group consisted of 40 patients suffering fetal
loss and the third group consisted 76 healthy women without obstetrical complications
or any history of miscarriage. The study showed that the frequency of the MTHFR gene
(T allele) was rather significantly lower than in controls whereas there was no
difference in the frequency of the eNOSgene(4a allele). There were no differences in the
plasma homocysteine levels among the three groups. However, the NO concentrations
in the embryonal loss and fetal loss groups were significantly higher than that in
controls. The authors concluded that the NO concentration but not 677C>T
polymorphism of MTHFRgene, intron 4 VNTRpolymorphism of eNOSgene, or
hyperhomocysteinemia is associated with RPL in Japanese™
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In Finland, Vaisanen-Tommiska et al. (2004) preformed a study on women with
missed abortion (n = 56), blighted ovum (n = 36), or tubal pregnancy (n = 7); 140
women with amenorrhea-matched normal gestation were studied as controls, also
cervical fluid samples were assessed for NO metabolites (NOy) by means of Griess
reaction. The study showed that, increased pre-abortal cervical NO release may
contribute to cervical ripening and the onset of clinical pregnancy loss. The authors
concluded that, spontaneous pregnancy loss is preceded by increasedrelease of cervical
NO before the initiation of uterinecontractions. This may soften the cervix and facilitate

theclinical onset and course of abortion(®®l,

In Sweden, Al-Hijji, et al. (2003) carried out a study to investigate the possible role
of NO produced locally or intramurally in the quiescence of the pregnant myometrium.
NOS activity was measured in samples from first trimester (villous, and non villous-
trophoblast), term placenta and pregnant myometrium. NOS activity was measured in
both cytosolic and particulate fractions by the formation of 14C-citrulline from 14C-
arginine. Western immunoblotting was used to identify the eNOS and nNOS isoforms.
The study showed that the activity of NOS in particulate fractions from all preparations
was considerably higher than the cytosolic fractions. Activity in all fractions except the
myometrium was highly Ca-dependent. More than 50% of particulate NOS from the
myometrium was Ca-independent. NOS activity was highest in the villous trophoblast
and there was a significant difference between the villous and non-villous trophoblast.
In placenta and myometrium, NOS was 2—4 fold and 20-28-fold lower than the villous
trophoblast, respectively. Western blot analysis showed clearly eNOS in the particulate
fraction and a weak eNOS band in the cytosolic fractions, whereas nNOS was not
detectable in any of the fractions. In view of the marginal activity of NOS in the
myometrium, NO produced by the trophoblast and placenta could play a significant role

in maintaining uterine quiescence by paracrine effect™’.

In Kuwait, Diejomaoh, et al. (2003) carried out a study to estimate the serum levels
of nitrate and nitrite in women undergoing spontaneous preterm labor and induced
labor. On a total of 39 patients before the onset of labor (control), 17 patients

undergoing induction of labor who were in active labor (study group A), and 24 patients
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in spontaneous preterm labor (study group B). Serum concentrations of nitrate and
nitrite were estimated in the samples using HPLC. The study showed that there was no
significant difference in the mean gestational age at delivery between the control and
group-A patients; however, there was a significant difference between the control and
group-B patients, and between study groups A and B. The mean serum levels of nitrite
in groups A and B were significantly lower than the level in the control group. Although
the serum nitrate levels in study groups A and B were lower than in the control group,
this difference was not significant. They concluded that there is a drop in NO

production in active preterm labor and induced labor®.

In Korea, Choi et al. (2002) performed a study to investigate the changes in NO
production during and after normal pregnancy and in pregnancies complicated by
preeclampsia, They measured serum nitrates and nitrites (NOX) concentrations and
serum iron markers in 347 subjects. The study showed that serum NOXx concentrations
were significantly higher in the first trimester than in non pregnant women. High NOx
concentrations persisted throughout normal pregnancy, irrespective of serum ferritin
concentrations, and returned to non pregnant levels by 9-12 wk postpartum. Mean NOXx
concentrations in preeclamptic women were significantly lower than those in the
gestation age-matched normal pregnant women. In summary, NO production increases
with advancing gestation during normal pregnancy and decreases in preeclampsia,
regardless of serum ferritin concentrations, Elevated NOXx concentrations during
pregnancy return to normal within 12 weeks after delivery™.

In UK, Ledingham, et al. (2000) conducted a study to investigate the expression,
using Western blotting, and localization, using immunohistochemistry, of the NOS
enzymes, iINOS, eNOS and nNOS in the human cervix during pregnancy and parturition.
Cervical biopsies were obtained from non-pregnant women, women in the first trimester
of pregnancy, and pregnant women at term before and after the onset of labor. The
study showed that each of the NOS isoforms was localized in the cervices of both non-
pregnant and pregnant subjects. iINOS expression was significantly greater in early
pregnancy compared with the non pregnant state. INOS expression was up-regulated

further in samples obtained in the third trimester compared with the first trimester.
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nNOS expression was greater in samples from the first trimester of pregnancy than in
non-pregnant samples, but showed no additional increase in late pregnancy or with the
onset of labor. eNOS expression was increased in samples obtained in the third trimester
both before and after the onset of labor when compared with non-pregnant samples. The
increased expression of NOS isoforms in late pregnancy supports the hypothesis that
NO is involved in the process of cervical ripening!?®’.

In Wisconsin (USA), Khorram, et al. (1999) performed a study to examine
theexpression of NOS protein by Western immunoblot analysis and
immunehistochemistry in the endometriumand myometrium in a total of 19
premenopausal and 18 postmenopausalwomen undergoing hysterectomy for benign
gynecological reasons. The study demonstrated that the predominant isoform ofNOS in
the uterus is the endothelial isoform (eNOS),also they observed that there is a unique
menstrual cycle-dependent expressionof eNOS that was different in the endometrium
compared to themyometrium and was independent of uterine pathology. In the
endometrium,there was 62% higher expression of eNOS during thesecretory phase
compared to the proliferative phase,whereas in the myometrium, there was 74% greater
expression of eNOS in the proliferative phase compared to the secretoryphase. Within
the secretory phase, maximal endometrial eNOS expressionwas found in the mid-
portion, whereas in the myometrium,highest eNOS expression occurred during the late
secretory phase. Inpostmenopausal women not treated with hormones, a significant
reductionin endometrial and myometrial expression of eNOS occurred,which was
reversed by continuous hormone replacement therapy, the results of the study showed
that both endogenous ovarian steroids and exogenous sex hormones influence uterine
eNOS expression. The study also showed that estrogen may regulate myometrial eNOS,
whereas P, or a combination of estrogen and P, may be more important in regulating
endometrial eNOS, and NO may be a critical mediator of sex steroid actions in the

human uterust©.,

In USA Conrad, et al. (1999) conducted a cross-sectional study on non pregnant
women (n =15), normal pregnant women in the first (n = 9), second (n = 17) and third

(n = 22) trimesters, as well as women with preeclampsia (n =15) and transient
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hypertension of pregnancy (n = 7), following that they performed a serial study on the
same women (n = 9) before, during, and after pregnancy. To test the hypothesis that NO
biosynthesis increases during normal human pregnancy and decreases in preeclampsia.
The major metabolites of NO, nitrate and nitrite (NOXx), and cGMP were measured in
both the plasma and 24-h urine of women subjected to a reduced NOx diet. The results
of the investigation showed marked increases in cGMP production especially during the
first trimester when the maternal circulation is rapidly vasodilating. In contrast, whole
body NO production as estimated by the plasma level and urinary excretion of NOx was
not elevated during the first trimester. These findings suggest 1) another signal besides
NO mediates augmented cGMP production and maternal vasodilatation during
pregnancy, or 2) body fluid NOx is an unreliable estimate of hemodynamically relevant
NO. In preeclampsia, unequivocal support for reduced NO production was not

demonstrated!®?,

In UK, Wilson, et al. (1997) performed a study to test the hypothesis that parallel
production of Interleukin 12 (IL12) and NO might occur in recurrent miscarriage.
Serum levels of NO and Interleukin 12 IL12 were measured on a total sample of
healthy non-pregnant women (n=31); healthy pregnant women (n=18); women suffering
spontaneous abortion (n=10); pregnant women with a history of recurrent miscarriage
(n=29, of these 13 later aborted and 16 continued successfully to term); and non-
pregnant women with a history of recurrent miscarriage (n= 20). The study showed that
normal pregnancy was associated with a significant decrease in serum levels of nitrite.
In women admitted with spontaneous abortion there was a significant increase in the
levels of nitrite, but no change in IL12 compared to normal pregnant women. In
pregnant women with a history of recurrent miscarriage, levels of nitrite and 1L12 were
significantly elevated compared to normal pregnancy. When these women were
sampled prior to becoming pregnant the levels of NO were found to be significantly
lower than those in the non-pregnant control group although levels of IL12 were
unchanged. No correlation was found between serum nitrite and IL12 levels. This report
further supports the idea that polarisation of the immune response during pregnancy

may predispose to recurrent miscarriage™®?.

41



Chapter (2) Literature Review

In Australia, Wang, et al. (1997) performed a study using a combination
of maximum-likelihood-based statistical genetic methods to explore the contributions of
intron 4 (4a4b) VNTR polymorphisms of eNOSgene and other unmeasured genes
tobasal NO production measured by its metabolites (NOy: nitrite and nitrate) in a total
of 428 members of 108 nuclear families. The study showed that approximately 30% of
the variance in fasting NOy levels is due to genes. The plasma NOy levels in those
homozygous for the rare allele were found to be significantly higher than those
homozygous for the common allele. The results of the variance component
linkage analysis were consistent with linkage of a quantitative trait locus in or near the
eNOSgene to variation in plasma NOx levels. While many environmental factors have
been shownto alter transiently plasma NOjy levels, The study pointed to a major gene
effect on plasma NOx levels, i.e, NO production. The authors concluded that because the
reported intron 4 (4a4b)VNTR polymorphism accounts for over 25% of the basal plasma
NO production, therefore the gene may contribute significantly to mechanisms

mediating atherogenesis and other conditions!

InCanada, Haddad, et al. (1995) performed a study to examine the association
between local production of NO by decidual mononuclear cells of pregnant mice and
pregnancy loss. The study suggested a role for NO as an effector molecule in mediating
early pregnancy loss and showed that the in situ activation of decidual macrophages was

an early event preceding spontaneous pregnancy loss %4,

In Switzerland, Delacrétaz, et al. (1995) performed a study to measure the activity
of nitric oxide-forming enzyme in normotensive pregnant and non-pregnant women, as
well as in women who had developed preeclampsia. Nitric oxide synthase activity was
measured in the platelets of 21 normotensive pregnant women, 16 non-pregnant women
and seven pregnant women who had developed pre-eclampsia. The study showed that
NOS activity was significantly higher in normotensive pregnant women than in non-
pregnant control subjects and in women with preeclampsia. These data suggest that NO
synthesis is increased during normal pregnancy, possibly contributing to the

vasodilatation associated with this condition. NO generation, however, may be
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inappropriately low in pregnant women developing preeclampsia, thus leading to an

enhanced vasoconstrictiont®!,

2.13.4. Nitric oxide synthase gene expression and activity studies in experimental

animals

In Poland, Andronowska, et al. (2008) performed a study to examine: 1) endometrial
concentrations of nitrate/nitrite (NOX) in pregnant pigs, and 2) the influence of
estradiol-17p (E,) and/or P4, on NOxproduction by porcine endometrium during the first
half of pregnancy. Total NOxconcentrations were determined using a microplate assay
method based on the Griess reaction. Evident fluctuations of endometrial NOx content
were found during the examined time of pregnancy (days 5, 10, 15, 20, 25, 30, 35, 40
and 60 of pregnancy). The NOxconcentration was highest on days 10 and 15, andthen
declined until day 60 of pregnancy. The study also demonstrated the stimulatory effect
of E, and/or P4 on NO in vitro production by porcine endometrial slices. The medium
content of NOxdepended on the steroid type, treatment dose and day of pregnancy. P4
enhanced endometrial NOx production on days 5 to 35 of pregnancy, E2 inhibited NO
production via reducing INOS expression only in the absence of P4. Also the
combination of E, and P, was sometimes more effective in the stimulation of NO
production than the application of individual hormones. The authors demonstrated that
endometrial NOxconcentrations changed dramatically during the first 60 days of
pregnancyin pigs. and the differences in the strength of the stimulatory action of E,
and/or P, onendometrial NOxproduction are associated with activation of

differentisoforms of NOS?®1,

In Canada, Lo and Kaufman (2001) performed a study to determine the effect of P,
metabolite 5a-pregnan-3a-ol-20-one (pregnan) on NO biosynthesis and plasma volume
in rats. Since the plasma Sa-pregnan-3a-ol-20-one levels and NO biosynthesis increase
during pregnancy. The study sample consisted of a Virgin female Long-Evans rats that
were implanted with indwelling cannulas and maintained on a low nitrate/ nitrite diet.
After the rats recovered from surgery, 500 ug of pregnan or vehicle were given daily for

2 days. NO biosynthesis and plasma volume were measured in conscious animals before
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and after treatment. The study showed that pregnan caused a significant increase in NO
biosynthesis compared with the vehicle-treated control group. Similarly, there was a
significant increase in plasma volume in the pregnan-treated group compared with the
vehicle-treated control group. These results confirm that the pregnan can mimic

pregnancy by its ability to increase both NO biosynthesis and plasma volume®”.

In USA, Chwalisz, et al. (1999) performed a study on rats to evaluate whether NO
plays a role during the preimplantation [days 1-4 post coitum (p.c.)] and peri-
implantation (days 6-8 p.c.) phases of pregnancy. Rats were treated with the non-
specific NOS inhibitor N®-nitro-L-arginine methyl ester (L-NAME), and the iNOS
inhibitor aminoguanidine in the presence and absence of low-dose antiprogestin,
onapristone. The study demonstrated synergistic effects of NOS inhibitors and an
antiprogestin in preventing pregnancy. The authors concluded that NOS, particularly the
cytokine- and P4-inducible iNOS, may represent a new target for novel therapeutic
agents capable of promoting or inhibiting pregnancy™°!.

In Japan, Thanda, et al. (1996) performed a study toassess the importance of NO
generated in the placenta on pregnancy where, NOS activities where measured in the rat
placentas of different gestational ages. The study showed that NOS activity distributed
both in the soluble and particulate fractions. Inhibition of NOS activity by L-arginine
analogs confirmed the substrate specificity. The requirement of calcium/calmodulin for
the maximal activity indicated that the rat placenta NOS was of a constitutive
calcium/calmodulin dependent isoform. The activities in both fractions were higher in
the earlier gestational age placentas, decreasing with progression of gestation, and the
lowest in the term placentas. The authors concluded that detection of NOS activity in
the placenta throughout gestation and its highest activity in the early gestational age

placenta, suggested a possible significant role of NO in early gestation!'%,

In Germany, Yallampalli, et al. (1996) performed a study on pregnant rats to
determine whether inhibition of NO synthesis would affect the action of an
antiprogesterone to provoke preterm labor. Pregnant rats were continuously infused

with NC-nitro-L-arginine methyl ester starting on day 16 of gestation. On day 17 of
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gestation groups of animals were injected subcutaneously with a single dose of either 3
or 30 mg/kg onapristone (progesterone receptor antagonist); Animals were monitored
for preterm labor and delivery for up to 48 hours. The study showed that: (1) Combined
treatment with NC-nitro-L-arginine methyl ester (50 mg per day) and low dose
onapristone (3 mg/kg) produced preterm labor; >70% of the fetuses were delivered
within 27 hours of treatment, whereas, <5% of the fetuses were delivered in the animals
receiving either of these compounds alone. (2) N®-nitro-D-arginine methyl ester (50 mg
per day) had no effect. (3) Inhibition of NO by N®-nitro-L-arginine methyl ester also
significantly increased the efficacy of high-dose onapristone (30 mg/kg) in preterm
labor and delivery, The authors concluded that the treatment of pregnant rats with a
combination of a NO inhibitor with onapristone significantly potentiated the ability of
the antiprogesterone to induce preterm labor. The authors proposed that a decrease in
NO synthesis together with the fall in P4 levels at term could lead to the initiation of
labor. The study concluded that the interaction of NO and P, may be required to

maintain pregnancy™®!.
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3.1. Materials

3.1.1. Chemicals

Agarose Molecular Biology grade (Promega, USA).

e Quick-load 100 bp DNA ladder (New England BioLabs, UK).
e EDTA disodium salt (Promega, USA).

e Ethidium bromide (Promega, USA).

e Ethanol 70% (Sigma, USA).

e Absolute Isopropanol (Sigma, USA).

e Tris base (hydroxymethyl aminomethane) (Promega, USA).

e Glacial Acetic acid (Sigma, USA).

e DNAse, RNAse free Water (Promega, USA).

3.1.2. Reagent Kits

e Nitric Oxide Colorimetric Kit (BioVision, USA).

e Immulite® Immulite® 1000 Progesterone (IMMULITE, USA).
e Wizard Genomic DNA purification Kit (Promega, USA).

e PCR mastermix (Promega, USA).

3.1.3. PCR Primers
e Primers were purchased from New England BioLabs, UK.

1. For 4adb in Intron 4 VNTR polymorphism
» The sequence of the primers were as defined by (Shin, et al. 2010).
Forward 5°-AGG CCC TAT GGT AGT GCC TTT-3°
Reverse 5°-TCT CTT TAG TGC TGT GGT CAC-3°

2. For - 786T>C polymorphism
= The sequence of the primers were as defined by (Shin, et al. 2010).
Forward 5°-ATG CTC CCA CCA GGG CAT CA-3°
Reverse 5°-GTC CTT GAA TCT GAC ATT AGG G-3°
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3. For 894G>T (GIu298Asp) polymorphism
» The sequence of the primers were as defined by (Shin, et al. 2010).
Forward 5°-CAT GAG GCT CAG CCC CAG AAC-3°
Reverse 5-AGT CAATCC CTT TGG TGC TCA C-3°

3.1.4. Enzymes

e Mbol Restriction enzyme (New England BioLabs).
e NgoMIV Restriction enzyme (New England BioLabs).

3.1.5. Ethidium bromide( stock solution)
e Ethidium bromide 10 mg/ml in water.

3.1.6. Buffers
1) 10X NEBuffer 4
e Each 1X NEBuffer 4 contains:

= 50 mM potassium acetate.
= 20 mM Tris-acetate.
= 10 mM Magnesium Acetate.
= 1 mM Dithiothreitol.
= pH7.9at25°C.

2) 50x TAE Buffer
e Composition:

" Trisbase ......cocevvvnvinennnne. 242 g.
= glacial acetic acid .......... 57.1 ml.
= 0SMEDTA ...........o...... 100ml.
" HOto.ooiiiiiiiiii 1000 ml.
= pH85

3) DNA loading buffer
e Composition:

= bromophenol blue 0.25 g.
= xylene cyanol 0.25 g.

= glycerine 30 ml.

= H,O70ml.

47



Chapter (3) Materials and Methods

3.1.7. Instruments and Disposables

e The following instruments and disposables were used in the present study:

Thermal Cycler ( Biometra).

Centrifuge.

L.G. Microwave Oven .

Gel documentation system.

Vortex Mixer.

Electrophoresis tank (horizontal apparatus)
Power Supply.

Micro Centrifuge.

Freezer, Refrigerator.

Immulite 1000 Analyzer.

Semi autochemistry analyzer (Rayto).
Electronic Balance.

Microfuge tubes for PCR - thin wall 0.2 mL capacity.
Microfuge tubes - 1.5 mL capacity.

EDTA and plain tubes.

Microcuvettes.

Automatic pipettes.

Disposable tips.

3.2. Study population

3.2.1. Study Design

Case control study.

Association study.

3.2.2. Characteristics of the study population

The study population consisted of four groups as presented in Table 3.1.

Group 1: 30 non-pregnant women, between 18 — 35 years old from Gaza strip who had

at least three unexplained RPLs <20 weeks of gestation.
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Group 2: 30 non-pregnant women, between 18 — 35 years old from Gaza strip with at
least two live births and without a previous history of abortion.

Group 3: 15 pregnant women, between 18 — 35 years old from Gaza strip who had at
least three unexplained RPLs <20 weeks of gestation.

Group 2: 15 pregnant women, between 18 — 35 years old from Gaza strip with at least

two live births and without a previous history of abortion.

Table 3.1. Characteristics of study groups.

Group RPL Control
Pregnant 15 15
Non pregnant 30 30
Total 45 45

3.2.3. Ethical considerations

e An authorization to carry out the study was obtained from the local ethics
committee using an agreement letter prepared from the Islamic University of
Gaza.

e The objective of the study was explained to all participants and their consent was
taken.

3.3. Methods

3.3.1. Blood collection

Eight milliliters of venous blood were collected from each overnight fasting subject
into one EDTA and one Plain tube, under quality control and safety procedure. Blood in
Plain tubes was used on the same day for serum preparation, For each subject included
in the study the serum was separated into two tubes, the first tube was used for P4 level
determination while the serum in the second tube was used for NO level determination.
EDTA tube was used for genomic DNA extraction. Serum was stored at -80°C while

extracted DNA was stored at -20°C till analyses.
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3.3.2. DNA Extraction

After numerical coding of the patient’s samples, DNA was extracted from the whole

blood samples by using Wizard Genomic DNA Purification Kit (Promega, USA) which

contains:

1)
2)
3)
4)
5)

Cell Lysis Solution.

Nuclei Lysis Solution.

RNase Solution.

Protein Precipitation Solution.
DNA Dehydration Solution.

3.3.3. Procedure of Extracting DNA from Blood

1)

2)

3)

4)

5)

6)

7)

Three hundred pl of whole blood were added to 900 pl of cell lysis solution in a
1.5 ml microcentrifuge tube. The tube was inverted 5-6 times to mix and then
incubated at room temperature (RT) for 10 minutes to lyse RBCs.

The tube was centrifuged at 13000 rpm for 20 seconds at RT, then the supernatant
was removed and discarded without disturbing the white pellet. The tube was then
vortexed vigorously for 10-15 seconds until the white blood cells (WBCs) were
resuspended.

Three hundred pl of nuclei lysis solution were added to the tube containing the
resuspended cells. The solution was pipetted 5-6 times to lyse the WBCs.

One and a half pl of RNase solution were added to the nuclear lysate and the tube
was mixed and then incubated at 37°C for 15 minutes, and then the tube was
cooled to RT.

A hundred pl of protein precipitation solution were added to the nuclear lysate and
then the tube was vortexed vigorously for 10-20 seconds. The tube was then
centrifuged at 13000 rpm for 3 minutes at RT.

The supernatant were transferred to a 1.5 ml microcentrifuge tube containing 300
ul of RT Isopropanol. The tube was gently mixed by inversion until white thread-
like strands were visible.

Tube was then centrifuged at 13000 rpm for 1 minute at RT. The DNA was then

visible as small white pellet.
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8) The supernatant was then decanted and 300 pl of RT 70% ethanol were added to
the DNA. The tube was inverted several times to wash the DNA pellet. Then the
tube was centrifuged at 13000 rpm for 1 minute.

9) The ethanol was aspirated, and the tube was left to dry for 10-15 minutes.

10) A hundred pl of DNA rehydration solution were added to the DNA and the tube
was incubated at 4°C for overnight to rehydrate the DNA.

11) The DNA solution was stored at -20°C.

3.3.4. Detection and quantition of extracted DNA
3.3.4.1. Agarose gel electrophoresis

e The quality of the isolated DNA was determined by running 5 pl of each sample
on ethidium bromide stained 1.0% agarose gel. The DNA sample was then

visualized on a Gel documentation system.

3.3.5. Genotyping

3.3.5.1. Polymerase Chain Reaction (PCR) for amplification of the three eNOS

gene polymorphisms

Polymerase chain reaction (PCR) was carried out in a total volume of 20 pl, the

reaction componentswere as described in Table 3.2.

Table 3.2. Polymerase chain reaction components for amplification of the three
eNOS gene polymorphisms.

Reagent Volume (pl) Final concentration
Forward primer 2 20 pmol
Reverse primer 2 20 pmol
Nuclease free water 4 -

PCR mastermix 10 1X

DNA 2 100 ng

Microfuge tubes were then placed in a thermocycler and PCR amplification was

started according to the program provided in Table 3.3.
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Table 3.3. Thermocycler program for PCR amplification of the three eNOS gene
polymorphisms.

No. of cycles Temperature (°C) Time
1 94 5 min

94 1 min

35 58 45 sec

72 45 sec

1 72 7 min

For intron 4 VNTR 4a4b polymorphism, PCR products were electrophoresed on
2.0% agarose gel and was visualized by ethidium bromide staining. The wild-type allele
(allele 4b) was detected as a 420-bp band (five copies of a 27-bp repeat). The
polymorphic allele (allele 4a) was detected as a 393-bp band (four copies of the same
repeat). While RFLP of promoter -786 T>C and exon 7 Glu298Asp (894G>T) were
carried out by mixing PCR product with 10X NEBuffer 4 and the restriction
enonuclease; Mbol for exon 7 Glu298Asp (894G>T) or NgoMIV for promoter -786

T>C. The quantities and volumes were as shown in Table 3.4.

Table 3.4. The enzymatic digestion components of amplified eNOS gene for
detection of exon 7 Glu298Asp (894G>T) and promoter -786 T>CRFLPs.

Reagent Volume (pl) Final concentration
PCR product 17.5 -

10X NEBuffer 4 2.0 1X
Restriction enonuclease 0.5

Microfuge tubes were then placed in a thermocycler at 37°C for 16 hrs to allow the
restriction endonuclease to digest the PCR product. Digested PCR product was then

electrophoresed on 2.0% agarose gel and was visualized by ethidium bromide staining.

For exon 7 Glu298Asp (894G>T), the wild-type allele (894G allele) remained uncut
upon Mbol digestion and was detected as a 206-bp band, whereas the polymorphic
allele (894T allele) was cut into two fragments detected as a 119- and a 87-bp bands.

Therefore, wild-type homozygous individuals should generate a single 206-bp product,

52



Chapter (3) Materials and Methods

heterozygous individuals should generate three fragments 206-, a 119- and a 87-bp
bands, while mutant homozygous individuals should generate a two; 119- and a 87-bp
fragments. For promoter -786 T>C polymorphism, The wild-type allele (-786T allele)
remained uncut upon NgoMIV digestion and was detected as a 236-bp band, whereas
the polymorphic allele (-786C allele) was cut into two fragments detected as a 203- and
a 33-bp bands. Therefore, wild-type homozygous individuals should generate a single
236-bp product, heterozygous individuals should generate three fragments 236-, 203-
and a 33-bp, while mutant homozygous individuals should generate a two; 203- and a

33-bp fragments.

3.3.6. Serum Nitric Oxide level Determination
% Principle

The total nitrate/nitrite concentration was measured in a two-step process. The first
step is to convert nitrate to nitrite utilizing nitrate reductase. The second step involves
addition of the Griess reagents which convert nitrite into a deep purple azo-compound.
Measurement of the absorbance of the azo-chromophore accurately determines the total

NO production.

« Method

e Seum NO level was determined by a colorimetric assay according to Griess

reaction.

+«» Components

e The component of the kit are as shown in Table 3.5.
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Table 3.5. Components of biovision Nitric Oxide colorimetric assay Kit.

Component Volume
Assay Buffer 30 ml
Enzyme cofactor Lyophilized
Enhancer Lyophilized
Nitrate Reductase Lyophilized
Nitrate Standard Lyophilized
Griess Reagent R1 10 ml
Griess Reagent R2 10 ml

+ Reconstitution of Reagents

e Enzyme Cofactor: the enzyme cofactor was reconstituted with 1.1 ml of Assay
Buffer. The mixture was aliquoted and stored at -20°C.

e Enhancer: the enhancer was reconstituted with 1.1 ml distilled water and stored
at 4°C.

e Nitrate Reductase: the Nitrate Reductase was reconstituted to 1.1 ml with Assay
Buffer, aliquoted and stored at -20°C.

e Nitrate Standard: the Nitrate Standard was reconstituted with 100ul of Assay
Buffer to generate 100 mM standard. The mixture was stored at 4°C when not in

use.

+« Standard Curve Preparation

1) Five pl of the 100 mM reconstituted Nitrate standard was mixed with 495 pl of
Assay Buffer to generate 1 mM standard working solution.

2) Zero, 2, 4, 6, 8, 10 pl of standard working solution were added into a series of
Microcuvettes. The volume was adjusted to 85 ul with Assay Buffer to generate
0, 2, 4, 6, 8, 10 nmol/Microcuvette of Nitrate Standard as shown in Tables 3.6A,
3.6B, and 3.6C.
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Table 3.6A. Components of standard curve preparation for serum NO
determination.

Microcuvette Nitrate Standard (pl) Assay Buffer (ul)

Al 0 85
Bl 2 83
C1 4 81
D1 6 79
El 8 77
F1 10 75

3) To each of the standard working solution contained in Microcuvettes, the next

steps were carried out by mixing the components shown in Table 3.6B.

Table 3.6B. Components and volumes of standard curve preparation for serum
NO test.

Reagent Volume (pl)
Nitrate Reductase 5
Enzyme cofactor 5

4) Microcuvettes were covered and incubated at RT for 1hr to convert nitrate to
nitrite. The next reactions were performed by mixing the components shown in
Table 3.6C.

Table 3.6C. Components of standard curve preparation for serum NO test.

Component Volume (pl)

Enhancer 5

e Incubated at RT for10 minutes
Griess Reagent (R1) 50
Griess Reagent (R2) 50

5) the color was allowed to develop for 10 minutes at RT.
6) The absorbance was read within 1 hour at wavelength 546 nm by using a

spectrophotometer.
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%+ Assay procedure

e The reagents and samples were brought to RT.

a)

b)

Enzyme Cofactor and Nitrate Reductase were Kept on ice during use.
Sample blank assay procedure
1) The sample blank was prepared by mixing the components shown in Table

3.7.

Table 3.7. Components and volumes of sample blanks for NO test.

Component Volume (pul)
Sample 85
Assay Buffer 115

2) The sample blank absorbance was read by a spectrophotometer at

wavelength 546 nm.

Unknown Samples assay procedure

1) The samples were prepared by mixing the components shown in Tables 3.8A

and 3.8B in a reaction microcuvette.

Table 3.8A. Components and volumes for serum NO test.

Component Volume (pul)
Sample 85
Assay Buffer 115
Nitrate Reductase 5
Enzyme cofactor 5

2) The Microcuvettes were covered and incubated at room temperature for 1hr
to convert nitrate to nitrite.

3) The next steps were carried out by mixing the components shown in table
3.8B.
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Table 3.8B. Components and volumes for serum NO test.

Component Volume (ul)

Enhancer 5

e Incubated at RT forl0 minutes
Griess Reagent (R1) 50
Griess Reagent (R2) 50

4) The color was allowed to develop for 10 minutes at RT.
5) The absorbance was read within 1 hour by a spectrophotometer at

wavelength 546 nm.

++ Calculation

sampleAbs. —blankAbs.
e of std curve X |l of sample

Nitrate/nitrite concentartion (UM)— [Slop ] x 1000

e The serum NO reference level according to Biovision Nitric Oxide colorimetric

assay kit is ~20uM for nitrate and ~2uM for nitrite.

3.3.7. Serum Progesterone Level Determination

¢+ Serum progesterone level was carried out by the Immulite 1000 analyzer.
¢ Principle: sequential competitive immunoassay.
< The pregnant serum progesterone reference level according to the Immulite®/
Immulite® 1000 Progesterone assay kit are:
= First trimester: 9.3 — 33.2 ng/ml.
= Second trimester: 29.5 — 50.0 ng/ml.

» Third trimester: 83.1 — 160 ng/ml.

3.3.8. Statistical analysis

Genetic power calculation has been determined to estimate the representative sample
size for each of the three polymorphisms included in the current study, they summarized
as shown in in table 3.9.
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Table 3.9. Genetic power calculation of eNOS gene polymymaorphis.

Polymorphism Promoter Exon 7 Intron 4
-786 T>C (894 G>T) (4adb) VNTR
Frequency of risk allele 0.44 0.20 0.25
Odds ratio (OD) 1.36 1.39 1.37
N cases for 80% power 398 588 575

Statistical analysis were carried out using Chi (X?) square test and independent
samples t-test test of the Statistical Package for Social Sciences (SPSS) version 13 for

Windows.

Chi (X?) square test was used to assess the frequencies of genotypes and alleles.
While independent samples t-test was used to compare the difference in the mean levels
of NO. 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 results were presented through histograms,
tables and charts. For normally distributed data, means and standard deviations were
calculated. 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.
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4.1. PCR Genotyping results

The following figures are representative examples of the eNOS gene polymorphisms

investigated in the study.

Figures 4.1, 4.2 (a and b), and 4.3 represent the PCR results for the genotyping of
promoter -786T>C, exon 7 (894 G>T) and intron 4 (4a4b) VNTR polymorphisms,

respectively.

Figure 4.1. A photograph of cthidium bromide stained 2% agarose gel showing the
RFLP-PCR product for the promoter -786 T>C polymorphism. M= 100 bp DNA ladder,
lanes 1,2 and 3 indicate homozygous sample for the wild type allele (TT); lanes 4, 5, 6
and 9 indicate heterozygous samples (CT); lanes 7 and 8 indicate homozygous samples
for the mutant allele (CC); lane 10 is a negative control.

Figure 4.2a. A photograph of ethidium bromide stained 2% agarose gel showing
the RFLP-PCR product for exon 7 (894G>T) polymorphism. M= 100 bp DNA
ladder, lane 1 and 3 indicates homozygous samples for the wild type allele
(GG); lanes 2 indicates homozygous samples for the mutant allele (TT); lane 4
is a negative control.
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Figure 4.2b. A photograph of ethidium bromide stained 2% agarose gel showing
the RFLP-PCR product for exon 7 (894G>T) polymorphism. M= 100 bp DNA
ladder, lane 1 represents homozygous sample for the mutant allele (TT); lanes 2
indicates homozygous sample for the wild type allele (GG); lane 3 represents
heterozygous samples (GT); lane 4 is a negative control.

Figure 4.3. A photograph of ethidium bromide stained 2% agarose gel showing the
VNTR product for intron 4 (4a4b) polymorphisms. M= 100 bp DNA ladder, lanes
1 indicates homozygous samples for the wild type allele (4b4b); lanes 2 and 3
indicates heterozygous samples (4a4b); lane 4 is a negative control.
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4.2. The eNOS gene promoter -786T>C polymorphism

4.2.1. Frequency of the promoter -786T>C polymorphism among RPL patients and

control subjects

Table 4.1. illustrates the frequencies of the eNOS gene promoter -786T>C
polymorphism among RPL patients and control subjects. The frequency of
thepolymorphicCallelecarrier which represented by(CC + CT) genotypeswas 46.7% in
RPL patients and 13.3% in controls, while the frequency of wild-typeTT genotype was
53.3% in RPL patients and 86.7% in controls. The statistical analysis of frequency of
the promoter -786T>C polymorphism among the RPL patients and controls by Chi
(X®)square test showed that a statistical significance was evident between the two
groups (P-value <0.001). Fisher’s exact test was used to assess the odds ratio (95% CI)
and indicated a significant difference between the frequency of (CC + CT)
genotypesand the frequency of the wild-type TT genotype (P-value <0.001), Odds Ratio
(95% CI) for (CC + CT) genotypes=5.57 (1.8 -19.4).

Table 4.1. Frequency of the eNOS gene promoter -786T>C polymorphism among
RPL patients and control subjects.

Frequency XZ Test Fisher’s exact test
Palymorphism RPL Control P-value ©das Ratio P-value
(95% CI)
TT 24 (53.3%) 39 (86.7%) 1.00 (wild-type)
CC+CT 21 (46.7%) 6 (13.3%) <0001 5.57 (1.8 -19.4) <0.001
Total 45 45

4.2.2. Allele frequencies of the eNOS gene promoter -786T>C polymorphism among

RPL patients and control subjects

Table 4.2. illustrates the allele frequencies of the eNOS gene promoter -786T>C
polymorphism among RPL patients and controls. The frequency of the polymorphic
Callele was 26.7% in RPL patients and 6.7% in controls, while the frequency of the

wild-type T allele was 73.3% in RPL patients and 93.3% in controls. The statistical
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analysis of allele frequencies of the promoter -786T>C polymorphism among the RPL
patients and controls by Chi (X?)square test showed that a statistical significance was
evident between the two groups (P-value <0.001). Fisher’s exact test indicated a
significant difference between the frequency of polymorphic C allele and the frequency
of the wild-type T allele (P-value < 0.001), Odds Ratio (95% CI) for C allele= 5.09
(1.87 - 15.99).

Table 4.2. Allele frequencies of the eNOS gene promoter -786T>C polymorphism
among RPL patients and control subjects.

Frequency X Test Fisher’s exact test
Polymorphism RPL Control P-value Odds Ratio P-value
(95% CI)
T allele 66 (73.3%) 84 (93.3%) 1.00 (wild-type)
C allele 24 (26.7%) 6 (6.7%) <0001 5.09(1.87 - 15.99) <0.001
Total 90 90

4.2.3. Difference in the mean level of nitric oxide with respect to the promoter -
786T>C polymorphism

Table 4.3. illustrates the difference in the mean NO levels with respect to the
promoter -786T>C polymorphism in the study population. The mean NO level in
women who had (CC + CT) genotypes (C allele carriers)was 9.22 + 1.62 uM while, the
mean NO level of women who had the wild-typeTT genotype was 19.30 + 6.39 uM.
Statistical analysis by independent samples t-test showed that there is a significant
difference between the two means of NO level and the promoter -786T>C

polymorphism (P-value < 0.001).

Table 4.3. Difference in the mean level of nitric oxide with respect to the promoter -
786T>C polymorphism in the study population.

Polymorphism  Mean = SD (uUM) p-value
TT 19.30 £ 6.39

<0.001
CC+CT 9.22 £1.62
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4.3. The exon 7 (894 G>T) polymorphism

4.3.1. Frequency of the exon 7 (894 G>T) polymorphism among RPL patients and

control subjects

Table 4.4. illustrates the frequencies of the eNOS gene exon 7 (894 G>T)
polymorphism among RPL patients and control subjects. The frequency of polymorphic
T allele carrier which represented by(TT + GT) genotypeswas 42.2% in RPL patients
and 51.1% in controls, while the frequency of wild-type GG genotype was 57.8% in
RPL patients and 48.9% in controls. The statistical analysis of frequency of the exon 7
(894 G>T) polymorphism among the RPL patients and controls by Chi (X?)square test
showed that there is no statistically significant difference between the two groups (P-
value= 0.398). Fisher’s exact test was used to assess the odds ratio (95% CI) and
indicated that there is no statistically significant difference between the frequency of
(TT + GT) genotypesand the frequency of the of wild-type GG genotype (P-value=
0.526), Odds Ratio (95% CI) for (TT + GT) genotypes= 0.699 (0.28 - 1.74).

Table 4.4. Frequency of the eNOS gene exon 7 (894 G>T) polymorphism among
RPL patients and control subjects.

Frequency X? Test Fisher’s exact test
Palymorphism RPL Control P-value ©das Ratio P-value
(95% CI)
GG 26 (57.8%) 22 (48.9%) 1.00 (wild-type)
TT+GT 19 (42.2%) 23 (51.1%) 0398 0.699 (0.28-1.74)  0.526
Total 45 45

4.3.2. Allele frequencies of the eNOS gene exon 7 (894 G>T) polymorphism among

RPL patients and control subjects

Table 4.5. illustrates the allele frequencies of the eNOS gene exon 7 (894 G>T)
polymorphism among RPL patients and control subjects. The frequency of the
polymorphic T allele was 24.4% in RPL patients and 30.0% in controls. While the
frequency of the wild-typeG allelewas 75.6% in RPL patients and 70.0% in controls.
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The statistical analysis of allele frequencies of the exon 7 (894 G>T) polymorphism
among the RPL patients and controls by Chi (X%)square test showed that there is no
statistically significant difference between the two groups (P-value= 0.402). Fisher’s
exact test indicated that there is no statistically significant difference between the
frequency of polymorphic T allele and the frequency of the wild-type G allele (P-value=
0.503), Odds Ratio (95% CI) for T allele= 0.754 (0.37- 1.54).

Table 4.5. Allele frequencies of the eNOS gene exon 7 (894 G>T) polymorphism
among RPL patient and control subjects.

Frequency X2 Test Fisher’s exact test
Palymorphism RPL Control P-value Odas Ratio P-value
(95% CI)
G allele 68 (75.6%) 63 (70.0%) 1.00 (wild-type)
T allele 22 (24.4%) 27 (30.0%) 049 0.754 (0.37-1.54)  0.503
Total 90 90

4.3.3. Difference in the mean levels of nitric oxide with respect to exon 7 (894 G>T)

polymorphism in the study population

Table 4.6. illustrates the difference in the mean NO levels with respect to exon 7
(894 G>T) polymorphism in the study population. The mean NO level in women who
had (TT + GT) genotypes (T allele carriers) was 14.94 + 5.49uM while, the mean NO
level of women who had the wild-type GG genotype was 17.44 + 8.17 uM. Statistical
analysis by independent samples t-test showed that there is no significant difference
between the two means of NO level and the exon 7 (894 G>T) polymorphism (P-value=
0.096).

Table 4.6. Difference in the mean nitric oxide level with respect to exon 7 (894 G>T)
polymorphism in the study population.

Polymorphism  Mean = SD (UM) p-value
GG 17.44 + 8.17
TT+GT 14.94 £5.49

0.096
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4.4. The intron 4 (4a4b) VNTR polymorphism

4.4.1. Frequency of the intron 4 (4a4b) VNTR polymorphism among RPL patients

and control subjects

Table 4.7. illustrates the frequencies of the eNOS gene intron 4 (4a4b) VNTR
polymorphism among RPL patients and controls. The frequency of the wild-type 4b4b
genotype was 95.56% in RPL patients and 100% in controls. While, the frequency of
4adb genotype was 4.44% in RPL patients group but was not encountered in the control
subjects. The 4ada genotype, however, was not found in either group. The statistical
analysis of frequency of intron 4 (4a4b) VNTR polymorphism among the RPL patients
and controls by Chi (X?)square test showed that a statistical significance is not evident
between the two groups (P-value= 0.153). Fisher’s exact test was used to assess the
odds ratio (95% CI) and indicated that there is no statistically significant difference
between the frequency of heterozygous 4a4b genotype and the frequency of the wild-
type 4b4b genotype (P-value= 0.49), Odds Ratio (95% CI) for 4a4b genotype= o (0.19

- o0).

Table 4.7. Frequency of the intron 4 (4a4b) VNTR polymorphism among RPL
patient and control subjects.

Frequency X? Test Fisher’s exact test
Palymorphism RPL Control P-value Odds Ratio P-value
(95% CI)
4b4b 43 (95.56%) 45 (100%) 1.00 (wild-type)
4adb 2 (4.44%) 0 (0.0%) 0153 0 (0.19 - ) 0.49
Total 45 45

4.4.2. Allele frequencies of the eNOS gene intron 4 (4a4b) VNTR polymorphism

among RPL patients and control subjects

Table 4.8. illustrates the allele frequencies of the eNOS gene intron 4 (4a4b) VNTR
polymorphism among RPL patients and control subjects. The frequency of the wild-

type 4b allele was 97.8% in RPL patients and 100.0% in controls. While, the frequency
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of 4a allele was 2.2% in RPL patient but was not present in the control subjects. The
statistical analysis of allele frequencies of the eNOS gene intron 4 (4a4b) VNTR
polymorphism among the RPL patients and controls by Chi (X?)square test showed that
there is no statistically significant difference between the two groups (P-value= 0.155).
Fisher’s exact test indicated that there is no statistically significant difference between
the frequency of polymorphic 4a allele and the frequency of the wild-type 4b allele (P-
value= 0.50), Odds Ratio (95% CI) for 4a allele= o (0.19 - o).

Table 4.8. Allele frequencies of the eNOS gene intron 4 (4a4b) VNTR polymorphism
among RPL patients and control subjects.

Frequency X? Test Fisher’s exact test
Palymorphism RPL Control P-value Odds Ratio P-value
(95% ClI)
4b allele 88 (97.8%) 90 (100.0%) 1.00 (wild-type)
4a allele 2 (2.2%) 0 (0.0%) 0155 0 (0.19 - o) 0.50
Total 90 90

4.4.3. Difference in the mean levels of nitric oxide with respect to intron 4 (4a4b)

VNTR polymorphism

Table 4.9. illustrates the mean NO levels and intron 4 (4a4b) VNTR polymorphism.
The mean NO level of the women who had 4b4b genotypes was 16.21 = 0.75 pM. The
4adb genotype was encountered in only two RPL patients, one in the non-pregnant RPL
patients group and the other in the pregnant RPL patients group, Their NO levels were
30.41and 8.85 uM, respectively and their mean NO level was 19.22 + 11.20.

Table 4.9. The mean levels of NO with respect to intron 4 (4a4b) VNTR
polymorphism.

Polymorphism N Mean = SD
4b4db 88 16.21 £ 0.75
4adb 2 19.22 + 11.20
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4.5. Serum Nitric Oxide and Progesterone Levels

45.1. Difference in the mean levels of nitric oxide between RPL patients and

controls

Table 4.10. illustrates the difference in the mean levels of NO between RPL patients
and controls. The mean NO level of RPL women was 14.17 + 6.95 uM. whereas, the
mean NO level of control women was 18.40 + 6.73 pM. Statistical analysis by
independent sample t-test showed that a significant difference was evident between the
two groups (P-value= 0.004).

Table 4.10. Difference in mean levels of nitric oxide between RPL and control
groups.

Group Mean + SD (UM) P-value

pregnant = 15
RPL (N=45) 14.17 + 6.95
non-pregnant = 30

0.004

pregnant = 15
Control (N=45) 18.40 £ 6.73
non-pregnant = 30

4.5.2. Difference in the mean level of nitric oxide between non-pregnant RPL

patient and non-pregnant control women

Table 4.11. illustrates the difference in the mean level of NO between non-pregnant
RPL patients and non-pregnant control women. The mean NO level of non-pregnant
RPL patient women was 11.54 + 4.08 uM. while, the mean NO level of non-pregnant
control women was 15.52 + 4.47 uM. Statistical analysis by independent sample t-test
indicated that a significant difference was evident between the two groups (P-value
<0.001).

Table 4.11. Difference in the mean level of nitric oxide between non-pregnant RPL
patient and non-pregnant control women.

Group N Mean = SD (UM) P-value
non-pregnant RPL 30 11.54 + 4.08

<0.001
non-pregnant Control 30 15.52 + 4.47
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4.5.3. Difference in the mean level of nitric oxide between pregnant RPL patient

and pregnant control women

Table 4.12. illustrates the difference in the mean level of NO between pregnant RPL
patient and pregnant control women. The mean NO level of pregnant RPL women was
19.42 + 8.56 puM. While, the mean NO level of pregnant control women was 24.13 +
6.94 uM. Statistical analysis by independent sample t-test showed the absence of

significant difference between the two groups (P-value= 0.11).

Table 4.12. Difference in the mean level of nitric oxide between pregnant RPL
patient and pregnant control women.

Group N Mean + SD (LM) P-value
Pregnant RPL 15 19.42 + 8.56 011
Pregnant Control 15 24.13 + 6.94 '

4.5.4. Difference in the mean level of nitric oxide between non-pregnant control
and pregnant control women

Table 4.13. illustrates the difference in the mean level of NO between non-pregnant
control and pregnant controlwomen. The mean NO level of non-pregnant control
women was 15.52 + 4.47 uM. While, the mean NO level of pregnant control women
was 24.13 + 6.94 pM. Statistical analysis by independent sample t-test indicated that a

significant difference was evident between the two groups (P-value <0.001).

Table 4.13. Difference in the mean level of nitric oxide between non-pregnant
control and pregnant control women.

Group N Mean = SD (uUM) P-value
Non-pregnant Control 30 15.52 + 4.47

<0.001
Pregnant Control 15 24.13 £ 6.94
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4.5.5. Correlation between serum levels of nitric oxide and progesterone in the

study population

Table 4.14 and Figure 4.4 illustrate the correlation between serum levels of NO and
P, in the study population. Correlation analysis showed a significant correlation
between serum NO and P4 levels in the study population (P-value= 0.002).

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

Mean level of serum N Correlation analysis
NO (uM)  Progesterone (ng/ml) Correlation coefficient ~ P-value
16.28 10.34 90 0.319 0.002
- )
- 35
- 30
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Figure 4.4. Correlation between serum levels of nitric oxide and progesterone in

@ld} population.

4.6.Difference in the mean levels of progesterone level with respect to promoter -

786T>C polymorphism in the study population

Table 4.15. illustrates the difference in the mean P, levels with respect to the

promoter -786T>C polymorphism in the study population. The mean P4 level in women
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who had (CC + CT) genotypes (C allele carriers) was 6.56 + 9.31 ng/ml while, the mean
P, level of women who had the wild-type TT genotype was 8.58 + 10.77 ng/ml.
Statistical analysis by independent samples t-test showed that there is no significant
difference between the two means of P, level and the promoter -786T>C polymorphism
(P-value=0.401).

Table 4.15. Difference in the mean level of progesterone with respect to the
promoter -786T>C polymorphism in the study population.

Polymorphism  Mean + SD ( ng/ml) p-value
TT 8.58 + 10.77
CC+CT 6.56 + 9.31

0.401
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Recurrent pregnancy loss (RPL) is an important clinical and stressful problem that
has been studied tremendously but the causes and treatment have not been fully
resolved*?. RPL affects about 1-5% of women who conceivel®! and accounts for about
20% of clinically recognized pregnancy lossest). Despite extensive researches to
explain the causative effects of RPL, about 50%-60% of RPLs are still idiopathic.
Endothelial damage, impaired placental vascularization and resultant oxidative stress
have been proposed to play a role in the pathophysiology of RPL. eNOS has been
regarded as the source of endothelial NO, which has a critical role in vascular

physiology and impaired placental vascularizationt’?.

A normal pregnancy is dependent on adequate placental circulation and fetal
vasculature. The development of a normal functioning vascular network requires
complicated cooperation between different cell types and various growth factors in the
processes of implantation, embryo development and placentation®?. In case of normal
pregnancy, the NO pathway is activated and leads to increased NO availability and level
which is further responsible for maternal vasodilation required to accommodate the
[73, 76,

increase in circulating volume during pregnancy without a rise in blood pressure

81 Contrary to PE in which very low NO level production exclude vasodilatationt™,

Nitric oxide (NO) has come to prominence in recent years as a major mediator of
numerous biological processes, including vascular, immune, and reproductive functions.
During pregnancy, NO is involved in three crucial physiological adaptations of
mammalian gestation: vasodilatation of the maternal systemic circulation, increased
uterine and feto-placental blood flow, and quiescence of the uterus before parturition. In
addition, recent experimental evidence in rodents has suggested that NO may play a role
very early in pregnancy contributing not only to maternal vasodilatation but also to
immune suppression and acting as a regulator of embryonic development. As recently
reviewed, however, while the biosynthesis of NO increases in gravid rats and sheep, the
status of NO biosynthesis during normal pregnancy in women is controversial. In the
study by Seligman et al.(1994) serum concentrations of NO were slightly, but

significantly, increased compared with non-pregnant women. In contrast, other
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investigators failed to observe increases in circulating levels of NO during human
[110]

pregnancy

It has been found that reduced NO production can lead to impaired placental
perfusion and compromised oxygen and nutrient supply to the fetus™ # ") which might
affect the ability of the embryo to resist maternal rejection early in pregnancy™ ™!,

The clinical utility of NO has been challenged by interference of other confounding
factors such as bacterial nitrate synthesis in the bowels, denitrifying liver enzymes,
saliva formation, environmental nitrogen oxides, diet, sex differences, ethnicity, clinical
conditions, medications, and smoking, On the other hand, measuring nitrite
concentrations in plasma has consistently been shown to reflect NO synthase activity.
Moreover, either activation or inhibition of NO synthase activity was associated with
corresponding increases or decreases in circulating nitrite concentrations.
Approximately 70% of plasma nitrite has been shown to be derived from NO synthase

activity in the endothelium.

In humans, abnormal NO levels as well as the polymorphic variants have been
shown to play a role in preeclampsial® % ™1 and vascular disorders in women(?.
Abnormalities of placental vasculature may result in several gestational complications,
including pregnancy loss, IUFD, IUGR and preeclampsia®.

In recent years much attention was paid to determine the association between eNOS
gene [promoter -786 T>C, exon 7 Glu298Asp (894 G>T) and intron 4 (4a4b) VNTR)]
polymorphisms and RPL. However, the results of these studies have been controversial
among different ethnic groups'®. Moreover, the present study, is the first to evaluate
these three commonly studied eNOS gene polymorphisms, and serum NO and P, levels
in RPL Palestinian women residing in Gaza strip. In which we investigated 45 women

with RPL as compared to 45 normal females.

5.1. Genetic power calculation and sample size

According to genetic power calculation, the estimated number of RPL subjects to
detect the association betweenPromoter -786 T>C, Exon 7 Glu298Asp (894 G>T), and
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Intron 4 (4a4b) VNTR polymorphisms of eNOS gene and RPL were 398, 588, 575,
respectively. However, our population is a small and has a high frequency of
consanguineous marriage. Thus, we expect that our population gene pool is
homogenous, we also expect that the alleles frequency are low. Therefore, the small
sample size recruited in the current study reflect the genotype and allele frequency.
Moreover, we found some difficulties in sample collection, we also met limitations and
difficulties in obtaining material and Kits due to the siege imposed on Gaza, in addition
to their arrival delay, their high cost, and the lower financial possibilities, made it
impossible to increase the sample size. Thus, the study was carried out on 90 subjects
(45 RPL and 45 controls).

5.2. Association between eNOS gene polymorphisms and RPL

Our results showed that the genotype and the allele frequencies of promoter -786
T>C were significantly different between RPL patients and the controls (all P-values
were <0.001). On the other hand, neither genotype nor allele frequencies of exon 7
Glu298Asp (894 G>T) and intron 4 (4a4b) VNTR were significantly different between
RPL patients and the controls (P-values for genotype and allele frequency of exon 7
Glu298Asp were 0.398 and 0.402, respectively, while for intron 4 (4a4b) VNTR they
were 0.153 and 0.155, respectively). It can be inferred that the mutant C allele of the
promoter -786 T>C variant of the eNOS gene is related to an increased risk for RPL.
The rare allele "4a" of the intron 4 (4a4b) VNTR polymorphism and the mutant T allele
of the exon 7 Glu298Asp missense variant, however, do not seem to contribute to an

increased risk for RPL.

Lack of association between RPL and exon 7 Glu298Asp polymorphism observed in
this study is in agreement with the findings recorded for women from IndianY,
Austrian™!, Greek!®®, Chinese!® and Tunisian®® populations. In the contrary, results
for women from Korea® Turkey!” and North India ™! indicated that exon 7

Glu298Asppolymorphisms is significantly associated with RPL.

Absence of association between RPL and intron 4 (4a4b) VNTR polymorphism

found in our study population is compatible with results documented for women from
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Indian™, Korean!?, Japanese™, Greek® Tunisian®®!, Turkish!? and German(™
populations. However, our results do not support the previously published results for
women from Austrial*y, China® and North Indial" where they all indicated that intron
4 (4a4b) VNTR polymorphism is significantly associated with RPL. Regarding this
polymorphism, our results showed that both the 4a/4b genotype and the 4a allele were
evident in only 2 cases which belonged to the RPL group. This result indicates that the
4a allele is not common in our population and may explain why the 4a/4a genotype was
not encountered in any of the subjects enrolled in the study. This finding supports the
earlier results of Sallout and Sharif (2010) where they also found that the 4a allele is not
common in our population?. A very low frequency of "4a" allele was also observed in
Iranian, Spanish, Turkish, Japanese, Caucasians of Australia, Koreans and South Indian

Tamil populations™?.

Still, the role of the "4a" allele in RPL should not be neglected since this allele was
found only in RPL subjects both in the current study and in the study of Sallout and
Sharif (2010)1?2. Therefore, studies on larger samples are needed in order to verify this

point.

Few studies have investigated the relation between eNOSpromoter -786T>C
polymorphism and the development of RPL and other reproductive complications in
women from various populations™. Our results for the promoter -786
T>Cpolymorphism are in agreement with those published by Shim, et al.(2010) who
showed that the promoter -786 T>C polymorphism is associated with the risk of
spontaneously aborted fetuses!’. This result is also consistent with those recorded for
Caucasians women of Polish origin where a significant association between the
promoter -786 T>C and preeclamptic pregnancy complication was observed. In
contrast, our results do not support the previously published results for women from
Korean® and Tunisian®! populations which indicated that promoter -786

T>Cpolymorphisms is not significantly associated with RPL.
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Contradictory results in associating an allele, genotype and RPL in different
populations can be attributed to the variation in the genetic background, in particular
linkage disequilibirium to varying genetic elements.

5.3. Association between eNOS polymorphisms and serum NO levels

The results of the current study exclude significant association between exon 7 (894
G>T) and/or intron 4 (4a4b) VNTR) polymorphisms and serum NO levels in any of the
examined subjects (all P-values >0.05). On the other hand, the promoter -786 T>C
polymorphism was found to be associated with lower NO level in the RPL women. The
mean NO level in women who had the (CC + CT)genotypes was significantly lower

than in those who had the TT genotype the study groups (P-value <0.001).

Our findings regarding the association between promoter -786 T>C polymorphism
and serum NO levels is compatible with the previous studies which reported
thatpromoter -786 T>C polymorphism was associated with low eNOS gene promoter
activity in platelets®”, reduced placental eNOS mRNA levels, and low serum
nitrite/nitrate levels™!. Some studies reported that -786 T>C polymorphism resulted in
reduced eNOS gene promoter activity!™** 31 while, others reported that promoter -786
T>C polymorphism inhibited eNOS promoter activity, leading to reduced NO

production in blood vessels and endothelial dysfunction!®® 6 7]

. In contrast, our
results are different from those which reported a higher nitrite levels in healthy pregnant
women with the polymorphic CC versus wild-type TT genotype for the promoter -

786T>C polymorphism!®4,

The association between the -786C allele in the untranscribed promoter region and
reduced NO level should point to the presence of a binding site for a yet to be
discovered transcription factor in this upstreram promoter region and the critical role of

this particular nucleotide in this context.

Our results concerning the association between exon 7 (894 G>T) polymorphism
and serum NO levels are compatible with those of the Turkish women which indicated

the lack of any significant association between exon 7 (894G>T) or intron 4 (4a4b)
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VNTR polymorphism and NO levels in both the RPL and control groups’?. Conversely,
our results are different from several of the previously published literature which
focused on the effect of exon 7 (894 G>T) polymorphism on NO levels and eNOS
activity. However, their results were conflicting since some of these studies found that
exon 7 (894 G>T) polymorphism was associated with reduced NO levels™®! reduced
NO generationt™® 21 Jower eNOS activity and lower eNOS mRNA level®”. while
others indicated that exon 7 (894 G>T) polymorphism was associated with increased
NO levelst®!.

In case of intron 4 (4a4b) VNTRpolymorphism, the 4a/4b genotype was encountered
in only 2 women, and the means NO level of the 4a/4b genotype was accompanied with
an elevated standard deviation, These findings did not help performing any further
statistical analysis to determine the association between intron 4 (4a4b) VNTR
polymorphism and serum NO levels in the RPL patients. Previous studies also pointed
to their analysis limitations of the 4a4b polymorphism and NO level due to the low
frequency of the "4a" allele™? 221221 | contrast, other studies demonstrated a role of
intron 4 (4a4b) VNTR polymorphisms on NO levels including those which reported that
intron 4 (4a4b) VNTR polymorphisms segregated with lower plasma NO metabolites®
%7 altered plasma NO concentrations!*?®!, and even overproduction of NOY). Moreover,
Yoon et al. (2000) reported both positive and negative associations between a rare allele
"4a" of intron 4 VNTR polymorphism and plasma NO concentration. That later study
indicated that there was a substantial effect of intron 4 (4a4b) VNTR polymorphisms on
the variance of plasma NO concentrations in Korean population and that this effect was
dependent on smoking statust**?. With regard to RPL, a recent study on Turkish women
indicated the lack of any significant association between intron 4 (4a4b) VNTR

polymorphism and NO levels in both the RPL patients and the control groupt™.
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5.4. Association between serum NO levels and RPL regardless of the

eNOSpolymorphisms

Statistical analysis of the mean NO level in pregnant/non-pregnant RPL patients
versus pregnant/non-pregnant controls, indicated the presence of significant statistical
differences between the RPL patients versus controls (P-value= 0.004), between the
mean NO level of non-pregnant RPL patients versus non-pregnant controls (P-value
<0.001), and between the mean NO level of non-pregnant control versus pregnant
controls (P-value <0.001), However, we did not find a significant difference between
the mean NO level of pregnant RPL patients as compared to pregnant controls women
(P-value=0.11).

The lack of a significant difference in the mean NO level between pregnant RPL
patients versus pregnant controls, may be attributed to the small number of the two
groups which were compared of 15 subjects each. Though, not significant, it should be
emphasized here that the mean NO level (19.42 uM) in the pregnant RPL group was

clearly lower than its level in the pregnant control subjects (24.13 uM).

Several studies have been concerned with the role of NO in RPL, but their findings
were contradictory. Our result is in agreement with those of Baban et al (2010) where
they found that serum NO levels in RPL patients showed a highly significant decrease
compared with third trimester pregnant, and non-pregnant control women. They also
reported that the decrease in NO production is a result of RPL and not a causative
factor®™. Paradisi et al (2007)reported that serum NO levels in the missed abortion
group were extremely significantly lower than both the non-pregnant and the pregnant
control groups. They also showed that threatened abortion group, too, presented NO
levels frankly lower than the non-pregnant control group. Conversely, our results are
different from the finding of that serum NO levels was significantly higher in non-
pregnant control group than pregnant control group *®. Diejomaoh et al. (2003)showed
that the mean serum levels of nitrite in active labor and preterm labor were significantly
lower than the level in the control group, and that there is a drop in NO production in

active preterm labor and induced labor™!. Delacretaz et al. (2005)suggested that NO
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synthesis is increased significantly during normal pregnancy, possibly contributing to
the vasodilatation. While, NO generation, may be inappropriately low in pregnant
women developing preeclampsia, thus leading to an enhanced vasoconstrictiont%),
Thanda et al. (1996) showed that the NOS activity is highest in the early gestational age
placenta, suggesting a possible significant role of NO in early gestation*®!. Our results
also support the findings of Wilson et al (1997) where they reported that serum NO
levels are significantly lower in the non-pregnant RPL group than those in the non-
pregnant control group. Conversely, our results are different from their finding that
serum NO levels are increased significantly in women with spontaneous abortion and in

pregnant RPL compared with normal pregnancy women!'%%l,

Other investigators, however, reported contradictory results e.g., Oztiirk et al.
(2011)where they observed that elevated NO levels are evident in the non-pregnant RPL
patients when compared to non-pregnant controls. But in accordance with our results
they recorded statistically significant decreased NO levels in the pregnant RPL
patients!’?. Raffaelli et al. (2010) showed a significant increase in platelet NO in RPL
pregnant women as compared to healthy controlsi™). Makino et al. (2004) found that
plasma NO concentrations in the embryonal loss and fetal loss groups were significantly
higher than that in controls™?. Mandach et al (2003) found that NO metabolite (NOX)
levels increased significantly through normal and particularly abnormal pregnancy,
predominantly in the fetal compartments, suggesting that NO production is an
additional instrument in the fetal control of the intrauterine environment™?*, Conrad et
al. (1999) found that during normal human pregnancy, the stable NO metabolites

(NOX), nitrite and nitrate, were either unchanged or reduced™?.

Given the vasodilation nature of NO we believe that normal pregnancy phases
should be associated with particular levels of NO and that imbalances in those levels

can lead to adverse outcomes such as preeclampsia and fetal loss. But whether NO level

is the cause of complication or a consequence of it is still an open question.
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5.5. Correlation between serum levels of NO and progesterone

In the current study, we found that there is a significant correlation between serum
NO and P, levels in the study population (P-value= 0.002, correlation coefficient=
0.319). Our results are compatible with those reported by Yallampalli et al. (1996)
where they found that the treatment of pregnant rats with a combination of a NO
inhibitor and onapristone (progesterone receptor antagonist) significantly potentiated
the ability of the antiprogesterone to induce preterm labor. They also proposed that a
decrease in NO synthesis together with the fall in P4 levels at term could lead to the
initiation of labor, and the interaction of NO and P, may be required to maintain
pregnancy™®l. Our results are also consistent with those of Khorram et al. (1999)who
suggested that estrogen may regulate myometrial eNOS, whereas P, or a combination of
estrogen and P, may be more important in regulating endometrial eNOS, and NO may
be a critical mediatorof sex steroid actions in the human uterus™®. Additionally, our
results are congruent with those reported by Han et al. (2005)who found that P4
potentiated the effect of E, through a genomic mechanism that stimulates the expression
of NOS isoforms in endometrial surface epithelial cell line (HES) and primary
endometrial cells’®®. Moreover, Andronowska et al. (2008)found that P, enhanced
endometrial NOx production on days 5 to 35 of pregnancy, and that the combination of
E, and P, was sometimes more effective in the stimulation of NO production than the
application of individual hormones!'®. In the same context Lo F and Kaufman S (2001)
confirmed that P4 metabolite Sa-pregnan-3a-ol-20-one (pregnan) can mimic pregnancy
by its ability to increase both NO biosynthesis and plasma volume™®”. Our results also
are in agreement with those of Chwalisz et al. (1999) who demonstrated that there was a
synergistic effects of NOS inhibitors and an antiprogestin in preventing pregnancy.
Thus, NOS, particularly the cytokine- and progesterone-inducible iNOS, may represent a
new target for novel therapeutic agents capable of promoting or inhibiting
pregnancy!%.

Conversely, our results are different from those reported by Fabregues et al (2000)

where they found that there is no correlation between nitrite/nitrate serum
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concentration and E, or P, serum levels after in vitro fertilization and embryo

transfer™%,

5.6. Association between eNOSpromoter -786 T>C polymorphisms and serum

progesterone levels

The results of the current study exclude significant association between -786
T>Cpolymorphism and serum P, levels in the study population(P-values=0.401), it
may be attributed to the small number of the pregnant group which were 30 subjects (15
RPL and 15 control), Since, pregnancy is a stateexperiencing a weekly changes and
increase in progesterone levels particularly in the first trimesters. it's also may be due to
the cyclic changes of sex hormone levels which control the menstrual cycle of non-
pregnant subjects, on the other hand, the means P, level of the promoter -786T>C
polymorphism was accompanied with an elevated standard deviation. Though, not
significant, it should be emphasized here that the mean P, level in women who had (CC
+ CT) genotypes (6.56 ng/ml) was clearly lower than its level in the women who had

the wild-type TT genotype was (8.58 ng/ml).

5.7. Discussion summary

The conflicting outcomes of RPL genetic association studies may be attributed to
differences in genetic background and gene environment interactions among various
populations. Moreover, the small number of patients or controls enrolled in some
studies might lead to unreliable results % 4. Therefore, the present results cannot be
considered contradictory to some of the previous studies as there is considerable ethnic
variability in each of the studied polymorphic loci. The present data add to the
importance of ethnic as well as intra-regional variability in such studies concerning
multifactorial disorders including RPL. Our findings regarding the three investigated
eNOS polymorphisms and their associations with RPL clearly showed that the promoter
-786T>C polymorphism of the eNOS gene, namely "allele -786C" is associated with

RPL in Palestinian women residing in Gaza strip.
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Results of the present study showed that the -786C-allele of the promoter -786T>C
polymorphism is associated with lowering NO level. Reporter gene studies have shown
that promoter -786T>C substitution markedly blunts the transcription rate of the eNOS
gene, and hence NO production, likely because the C allele creates a binding site for a
replication protein Al (RPA1) that acts as a suppressor of eNOS transcription.
Furthermore, it has been shown that RPAL protein is present not only in endothelial
cells but also in placenta, which is rich in vasculature, and that the level of eNOS
MRNA in placentas with promoter -786T>C substitution mutation is significantly lower
than in placentas without the mutation 12 1?81 These findings confirm our results that
RPL women are associated with a high frequency of promoter-786T>C polymorphism
C allele and might explain why this polymorphism is associated with a low serum NO

levels.

Defective placentation and resultant oxidative stress are believed to be largely
responsible for preeclampsia and RPLY?. In literature, although some studies have
demonstrated elevated NO levels in RPL cases, others have shown that decreased NO
levels are associated with RPL [t 12 939699, 105] "This difference could be due to the
complexity of NO pathways, and that a balanced level of NO is needed for maintenance

of a healthy pregnancy.

The correlation between NO level and P4 observed in this study is in harmony with
many earlier studies, which all proposed that P, can up-regulate eNOS protein
expression in the myometriumt*?” 1281291300 a4 in turn stimulate NO production 228 131
1321 'both by non genomic and genomic mechanisms™**. The non-genomic mechanism is
executed through a rapid signaling mechanism involving activation of a membrane
bound receptor and subsequent activation of mitogen-activated protein kinase (MAPK)
and Pl 3-kinase/Akt pathways resulting in eNOS phosphorylation and increased eNOS
activity™ 133231 The genomic mechanism is assumed to be through increase in eNOS
mRNA and subsequent NOS productiont**3. By in silico analysis of the eNOS gene
sequence we detected five possible progesterone receptor binding sites, which all have
the canonical "5°-TGTTCT-3""*!. Two of these putative binding sites are located at
(4138 bp) and (2246 bp) up-stream the translation start site (TSS). The remaining 3 sites
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are located in intron 8, intron 11, and (21765 bp) down-stream the TSS. We therefore
assume that these sites could explain the correlation observed between P, and NO

levels. Further investigation, however, is necessary in order to confirm this point.

Finally, we assume two different pathophysiologic models to explain the role of NO
in RPL. First, the reduced NO levels may lead to endothelial dysfunction,
vasoconstriction, infarction, impaired placental perfusion, and then to RPL. Second,
reduced NO levels could reduce smooth muscle relaxation and cervical extensibility and
ripening, leading to RPL. Whether these two models operate separately or, more likely,
together still needs to be further investigated. However, the present findings support a
functional role of the NO as a mediator in early embryonic development and confirm its

importance in the uterus and cervix during pregnancy loss.
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6.1. Conclusion

1)

2)

3)

4)

5)

6)

7)

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.

The present study confirmed that neither exon7 GIlu298Asp (894G>T) nor intron 4
(4adb) VNTR polymorphism is associated with the risk of RPL in Palestinian
women.

Both exon 7 GIlu298Asp (894G>T) and intron 4 (4a4b) VNTR polymorphisms did
not show a significant effect on the serum NO level in the study population.
Regardless of the eNOS polymorphisms, the study showed that serum NO levels
were lower in RPL patients as compared to their representative controls.

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

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

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.

6.2. Recommendations

1)

2)

3)

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.

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

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.
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4)

5)

6)

7)

8)

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 4ada genotype of intron 4 (4a4b) VNTR polymorphisms was not
encountered any subject enrolled in the current study.

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.

Further studies are recommended in order scrutinize the molecular basis of the
correlation between NO and progesterone/estradiol and the possibly of finding a
sequence represents a putative progesterone receptor binding element in the
promoter region of eNOS.

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

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.
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