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Abstract

Introduction: Annexin A5 is an anticoagulant protein, present on the apical 

membrane of syncytiotrophoblasts, where it is assumed to regulate coagu-

lation at the maternal-fetal interface and play a role in maintaining preg-

nancy. Studies have suggested that anxa5 gene variants, via altered anxa5 

mrna expression and Annexin A5 protein levels, are associated with preg-

nancy complications such as pre-eclampsia.

Objectives: To investigate whether single nucleotide polymorphisms (snps) 

in the maternal or fetal promoter of anxa5 affect mrna expression in the 

placenta or are associated with pre-eclampsia.

Methods and Results: Maternal dna, dna isolated from umbilical cord blood 

and placental rna samples were collected from 34 pre-eclamptic pregnan-

cies and 146 normotensive pregnancies. The promoter region of anxa5 was 

sequenced and based on six snps six common haplotypes were construct-

ed. Placental rna was isolated and reverse transcription quantitative pol-

ymerase chain reaction (rt-qpcr) was performed. Neither individual snpS 

nor any of the common haplotypes were associated with an increased 

risk of pre-eclampsia. The t-allele of rs62319820 (c.-390 c>t) in the neona-

tal promoter was associated with increased mrna expression, but anxa5 

mrna expression levels were not associated with pre-eclampsia risk.

Conclusions: In our study, maternal or fetal anxa5 promoter variants were 

not associated with pre-eclampsia. Furthermore, placental anxa5 mrna 

expression was not associated with pre-eclampsia.

Introduction

Annexin A5 is a protein with anticoagulant properties.1-3 Through calci-

um-dependent binding with negatively charged phospholipids, Annexin 

A5 forms a two-dimensional shield, preventing coagulation reactions at 

the phospholipid surface.1 This function is illustrated by the fact that in 

the antiphospholipid syndrome, antiphospholipid antibodies appear to 

disrupt this Annexin A5 shield thereby increasing coagulation.4/5 In hu-

mans, the Annexin A5 shield is present on the microvillar surface of the 

syncytiotrophoblast layer, where it is thought to play a role in maintaining 

fluidity at the maternal-fetal interface.6 In mice, Annexin A5 is crucial for 

placental integrity and deficiency results in growth restriction and fetal 

loss.7/8 If dislocation of Annexin A5 by antiphospholipid antibodies plays 
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a role in pregnancy complications in antiphospholipid syndrome, an en-

dogenously reduced level of Annexin A5 may also predispose to adverse 

pregnancy outcome in the absence of antiphospholipid antibodies. Genet-

ic variants in anxa5 are hypothesized to affect clinical outcomes such as 

deep venous thrombosis and pregnancy complications via altered anxa5 

gene expression and Annexin A5 protein levels.9/10

With an incidence ranging between 1 to 7% in nulliparous women, pre-ec-

lampsia is a severe complication of pregnancy.11-13 Pre-eclampsia is charac-

terized by high blood pressure and proteinuria in the second half of preg-

nancy that significantly contribute to maternal and fetal morbidity and 

mortality. Impaired placental development and vascularization contribute 

to endothelial dysfunction and a state of systemic inflammation, which 

leads to kidney- and liver dysfunction, and if left untreated, to multi-or-

gan failure and death. As a multi-causal disorder, both environmental and 

genetic determinants play a role in the etiology of pre-eclampsia.14/15 In 

recent years, variants in anxa5 have been proposed as such genetic deter-

minants of pre-eclampsia.16/17

A haplotype consisting of 4 single nucleotide polymorphisms (snps) in the 

promoter of anxa5 (m2 haplotype) was more prevalent in women with hy-

pertensive disorders in pregnancy (n = 158), including women with pre-ec-

lampsia, when compared to women with at least one uneventful pregnan-

cy (n = 195) (29% versus 15%, odds ratio (or) 2.1, 95% confidence interval (ci) 

1.2 – 3.5).17 However, another study compared the frequency of this haplo-

type in maternal blood of 54 women with a history of pre-eclampsia to 71 

normotensive controls and found no association with pre-eclampsia (13% 

versus 11%; or 1.17, 95% ci 0.38 – 3.56).16 In samples of pre-eclampsia pla-

centas, that reflect the fetal genotype (n = 47), the m2 haplotype appeared 

to be more frequent when compared to samples of normotensive controls 

(n = 50) (26% versus 10%, or for pre-eclampsia 3.09, 95% ci 0.99 – 9.58).16

We aimed to investigate whether the maternal or neonatal anxa5 promot-

er haplotype is associated with placental anxa5 mrna expression or the 

manifestation of pre-eclampsia during pregnancy.
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Methods

Patients

Of 287 women who gave birth in the Academic Medical Center in Amster-

dam between December 2005 and December 2009, maternal blood, umbil-

ical cord blood of their newborns, and placental samples were collected. 

The Academic Medical Center is a tertiary center, but also serves as post-

al-code-referral hospital. Pre-eclampsia was defined according to criteria 

of the National Heart, Lung and Blood Institute Working Group, as the de 

novo appearance of hypertension (systolic blood pressure of ≥140 mm hg 

or diastolic blood pressure of ≥90 mm hg), accompanied by new-onset 

proteinuria, defined as ≥300 mg per 24 hours.18 Co-diagnosis of hellp syn-

drome (syndrome of hemolysis, elevated liver enzymes and low platelets) 

was recorded. Informed consent was obtained from each woman and the 

study was approved by the ethical review board.

Sample collection, rt-qpcr and snp analysis

Maternal blood, umbilical cord blood and placenta tissue used are from the 

Preeclampsia And Non-preeclampsia Database (panda) project approved 

by the institutional review board of the Academic Medical center.

Blood was collected in edta tubes and processed by the Gentra Autopure 

ls98tm system (Gentra Systems). Placenta samples were collected in rna 

later (Ambion) and stored at -800C until further use. Collection of placen-

tal samples, rna extraction and reverse transcription quantitative poly-

merase chain reaction (rt-qpcr) were performed as described previously.19 

anxa5-specific primers were designed using the Roche Universal ProbeLi-

brary Assay Design Center: 5’-ggctttatgatgcttatgaactg-3’ and 5’-ttcag-

gtgtccttgaagca-3’, probe upl#24.

A 496-bp fragment covering part of the anxa5 promoter and exon1 with 

the polymorphisms of interest was amplified by polymerase chain reac-

tion (pcr) using two oligonucleotide primers: forward 5’-ccgagccctgga-

cagctcccca-3’ and reverse 5’-gccccgcgaccacgctctcctct-3’.10 pcr reactions 

were carried out in a final volume of 25 ml reaction mixture containing 2.5 

ml 10x pcr Buffer (Qiagen), 5% dmso (v/v), 1 m betaine, 0.4 mm of each primer, 

0.08 mm of each deoxynucleotide triphosphate, 100-150 ng genomic dna 

isolated either from maternal or umbilical cord blood and 1.25 u Taq dna 
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polymerase (Qiagen). Cycling conditions were: an initial denaturation step 

at 95°C for 3 minutes followed by denaturation at 95°C for 1 minute, an-

nealing at 62°C for 1 minute and elongation at 72°C for 1 minute (30 cycles 

in total). pcrs were performed in a t3 Thermal Cycler (Biometra, Germany). 

Sequence analysis was performed by direct sequencing using the Big Dye 

Terminator abi Prism Kit, version 1.1 (Applied Biosystems, Foster City, ca). 

Products of sequence reactions were analysed on a Genetic Analyzer 3730 

(Applied Biosystems, Foster City, ca). Sequencing chromatograms were ex-

amined by the use of the Sequencer package (GeneCodes Co, Ann Arbor, 

mi).

Statistical analyses

The association of maternal and neonatal snps and haplotypes with mrna 

expression and pre-eclampsia was examined using linear and logistic re-

gression models, respectively. For individual snp analyses we also explored 

the association between combinations of maternal and neonatal alleles. 

For the mrna expression analyses, diagnosis of hellp syndrome, corticos-

teroid administration and gestational age at delivery were included as co-

variates.

Haplotype frequencies and effects on pre-eclampsia and mrna expression 

were estimated using the ‘haplo.stats’ package.20 For the haplotypes, we 

assumed an additive effect. Risk alleles were defined as those different 

from alleles that constitute the most common haplotype.

Odds ratios (ors) with 95% confidence intervals (ci) were calculated as an 

estimate of the relative risk for pre-eclampsia for each snp or haplotype 

relative to the reference category (i.e. non-risk alleles for snps and the hap-

lotype consisting of all non-risk alleles for haplotypes). Two-sided proba-

bility values of <0.05 were considered statistically significant. Individual 

snp analyses were corrected for the number of independent tests based 

on linkage disequilibrium patterns, with a Bonferroni corrected p-value of 

0.05/4, based on 4 independent snps.

Statistical analyses were performed using the R statistical package version 

3.1.1 (r Foundation for Statistical Computing, Vienna, Austria).
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Results

Of the 287 pregnancies, we excluded multiple pregnancies, pregnancies 

complicated by hypertensive disorders that did not meet pre-eclampsia 

criteria, as well as those with insufficient yield or quality of either mater-

nal genomic dna, umbilical cord blood genomic dna or placental rna, or 

had incomplete coverage of all snps in the genomic pcr. A full dataset of 

34 pre-eclampsia cases and 146 normotensive controls was available for 

analysis. The characteristics of the study population and their neonates 

are listed in table i.

table i - Characteristics of the study population.

pe, pre-eclampsia; hellp, syndrome of hemolysis, elevated liver enzymes and low platelets; bp,

blood pressure; sd, standard deviation. *highest diastolic blood pressure was available for all 

pre-eclampsia cases and for 128 normotensive controls (88%).



Sequencing of the anxa5 promoter/exon1 showed the presence of six 

common polymorphisms (table ii and figure i), i.e. snp1 (rs62319820, c.-

390c>t), snp2 (rs112782763, c.-229g>a), snp3 (rs28717001, c.-210a>c), snp4 

(rs28651243, c.-184t>c), snp5 (rs113588187, g.-135g>a) and snp6 (rs1050606, 

c.-64t>g), that all have previously been reported.10/21/22 Both maternal and 

neonatal genotype frequencies of the common anxa5 snps were in Har-

dy-Weinberg equilibrium in normotensive controls (table si).

table ii - anxa5 promoter polymorphisms, risk of pre-eclampsia and association with 

placental anxa5 mrna levels.

or, odds ratio; ci, confidence interval. Bold alleles indicate risk alleles. Reported 95% cis are crude,

i.e. not corrected for multiple testing. ∞ Genotype counts are reported in table s1. *p = 0.007, com-

pared to cc-alleles. p = 0.028 after Bonferroni correction for multiple testing. ⱡ p = 0.034, compared 

to cc-alleles. p = 0.14 after Bonferroni correction for multiple testing.
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figure i - anxa5 promoter snps and haplotypes.

anxa5 snps or haplotypes and mrna expression

When considering snps independently, none of the maternal snps were 

associated with mrna expression levels (table ii). The t-allele of neona-

tal snp1 was associated with higher placental anxa5 mrna expression 

(p = 0.028 for heterozygous ct and p = 0.14 for homozygous tt carriers com-

pared to homozygous cc carriers; genotype counts are reported in table si). 

There was no interaction between maternal and neonatal snps (data not 

shown).

Haplotype analysis revealed 6 common haplotypes with a frequency above 

1%. Haplotype analyses showed no association between maternal haplo-

types and mrna expression (table iii). The cgatgg (h2) haplotype in the 

neonatal promoter was associated with decreased mrna expression (beta 

-0.92, 95% ci -1.83 – -0.011), whereas the tgccgg (h4) haplotype (the only 

haplotype including the t-allele of snp1) was associated with increased 

mrna expression (beta 1.81, 95% ci 0.50 – 3.12). When limiting the haplo-

type analyses to haplotypes containing only snp2 through snp5 no associ-

ation with mrna expression was found (table iii).



table si - anxa5 polymorphisms and risk-allele frequencies.

snp, single nucleotide polymorphism; raf, risk allele frequency; risk alleles in bold and under-

lined. Expected frequencies of all anxa5 snps were not statistically different from observed fre-

quencies (p-value >0.05), both in cases and in controls.
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table iii - Association of anxa5 promoter haplotypes with pre-eclampsia.

Bold and underlined alleles indicate risk alleles, haplotypes are compared to haplotype h1; or,

odds ratio; ci, confidence interval. n.e. not estimable; due to the low frequency of the haplotype 

in cases the odds ratio for pe cannot be calculated. *p<0.05.



anxa5 mrna expression and pre-eclampsia risk

No association between placental mrna expression and pre-eclampsia 

was found (p = 0.87, figure ii). After correction for co-diagnosis of hellp 

syndrome, corticosteroid use and gestational age at delivery, no relation 

between mrna expression and pre-eclampsia was observed (p = 0.87).

figure ii - anxa5 mrna expression in pre-eclampsia cases and normotensive controls.

Mean mrna expression in pre-eclampsia cases 13.2 (95% ci 8.6 – 17.8), in normotensive controls

13.4 (9.4 – 17.4). anxa5 copy numbers were normalized to psmd4 copy numbers Error-bars indi-

cate standard deviation.
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anxa5 snps or haplotypes and pre-eclampsia risk

Both for maternal and neonatal genotypes, none of the 6 snps were indi-

vidually associated with an increased risk of pre-eclampsia (table ii). Also, 

when maternal/neonatal genotype combinations were considered, no as-

sociation between alleles and pre-eclampsia was found.

None of the maternal or neonatal haplotypes was associated with an in-

creased risk of pre-eclampsia (table iii). Moreover, when only snp2 through 

5 were included in haplotype analyses, the haplotype comprising the four 

risk alleles which are characteristic of the m2 haplotype was not associated 

with an increased risk of pre-eclampsia when compared to the common 

haplotype of non-risk alleles only (table iii).

Discussion

In this study, we did not observe an association between maternal or neo-

natal anxa5 promoter genotypes and pre-eclampsia, neither for individual 

snps, nor for haplotypes. The previously reported association between the 

m2 haplotype in neonates and pre-eclampsia16 was not confirmed in this 

study. Furthermore, we observed no relationship between placental anxa5 

mrna expression and pre-eclampsia.

The lack of association between maternal anxa5 variants and pre-eclamp-

sia is consistent with two previous studies. Although the first study found 

an association between the m2 haplotype and pregnancy-related hyper-

tensive disorders (or 2.1, 95% ci 1.2 – 3.5), this association was weaker and 

no longer statistically significant when only pre-eclampsia patients were 

considered (or 1.5, 95% ci 0.8 – 2.8).17 The second study found no associa-

tion between maternal gene variants and pre-eclampsia.16

In the present study we could not confirm the association between placen-

tal m2 and pre-eclampsia previously reported in the Japanese population.16 

This may be explained by a less ethnically homogeneous study population 

in our study, as the frequency of the m2 haplotype carriers in controls was 

substantially lower in the Japanese population.



Our study indicates that the t-allele of snp1 (c.-390 c>t) in the neonatal 

genotype was associated with increased mrna expression. The only hap-

lotype which contains this snp (haplotype h4, tgccgg) was also associated 

with increased mrna expression. Additionally, the h2 haplotype (cgatgg) 

in the neonatal promoter was associated with decreased mrna expression. 

These findings are in line with two recent studies that showed increased 

plasma levels of Annexin A5 in carriers of the h4 haplotype, and decreased 

levels in h2 carriers.21/23 We can therefore hypothesize that both mrna ex-

pression and protein levels are affected by these haplotypes directly, but 

a correlation between anxa5 mrna expression and protein level in the 

placenta has not yet been demonstrated.24-26 Furthermore the clinical rele-

vance of increased or decreased placental Annexin A5 is not fully elucidat-

ed in humans, as some studies describe decreased mrna and protein levels 

in pre-eclamptic placentas,25/27 whereas others report increased levels.28

Several aspects of our study warrant comment. Although the sample size 

was moderate, we believe that the current approach, including data of 

maternal genomic dna, umbilical cord blood genomic dna and placental 

mrna of pre-eclampsia patients as well as controls, provides valuable and 

unique information. As the placenta is fetal tissue, a putative relation with 

respect to anxa5 placental expression with a haplotype could be expected 

to exist preferentially with the fetal, and not with the maternal haplotype. 

A limitation is that ethnicity data were not available for all study partici-

pants, and hence, cases and controls could not be matched for this. Finally, 

the present study does not provide information on the Annexin A5 protein 

level in the placenta and potential post-transcriptional modification and 

gene-gene interactions.

In conclusion, we did not observe a relationship between maternal or ne-

onatal anxa5 variants with pre-eclampsia, and no association between 

anxa5 mrna expression and pre-eclampsia was found.

Acknowledgements

We would like to thank all patients who gave informed consent for the 

study. Furthermore, we would like to acknowledge Truus Veenboer for her 

help with sample collection.

Chapter 9

242

References 9

243

1. Andree HA, Stuart MC, Hermens WT, Reutelingsperger CP, Hemker HC, Frederik PM et al. 

 Clustering of lipid-bound Annexin V may explain its anticoagulant effect. J Biol Chem 1992; 

 267(25):17907-17912.

2. Reutelingsperger CP, Hornstra G, Hemker HC. Isolation and partial purification of a novel 

 anticoagulant from arteries of human umbilical cord. Eur J Biochem 1985; 151(3):625-629.

3. Reutelingsperger CP, van Heerde WL. Annexin V, the regulator of phosphatidylserine-cata- 

 lyzed inflammation and coagulation during apoptosis. Cell Mol Life Sci 1997; 53(6):527-532. 

4. Rand JH, Wu XX, Andree HA, Lockwood CJ, Guller S, Scher J et al. Pregnancy loss in the an- 

 tiphospholipid-antibody syndrome--a possible thrombogenic mechanism. N Engl J Med 

 1997; 337(3):154-160.

5. Vogt E, Ng AK, Rote NS. Antiphosphatidylserine antibody removes Annexin-V and facilitates 

 the binding of prothrombin at the surface of a choriocarcinoma model of trophoblast differ- 

 entiation. Am J Obstet Gynecol 1997; 177(4):964-972.

6. Krikun G, Lockwood CJ, Wu XX, Zhou XD, Guller S, Calandri C et al. The expression of the 

 placental anticoagulant protein, Annexin V, by villous trophoblasts: immunolocalization and 

 in vitro regulation. Placenta 1994; 15(6):601-612.

7. Wang X, Campos B, Kaetzel MA, Dedman JR. Annexin V is critical in the maintenance of 

 murine placental integrity. Am J Obstet Gynecol 1999; 180(4):1008-1016.

8. Ueki H, Mizushina T, Laoharatchatathanin T, Terashima R, Nishimura Y, Rieanrakwong D et 

 al. Loss of maternal Annexin A5 increases the likelihood of placental platelet thrombosis 

 and foetal loss. Sci Rep 2012; 2:827.

9. Grandone E, Tiscia G, Colaizzo D, Vergura P, Pisanelli D, Margaglione M. The haplotype M2 

 within the ANXA5 gene is independently associated with the occurrence of deep venous 

 thrombosis. Thromb Haemost 2010; 103(5):1102-1103.

10. Bogdanova N, Horst J, Chlystun M, Croucher PJ, Nebel A, Bohring A et al. A common hap- 

 lotype of the Annexin A5 (ANXA5) gene promoter is associated with recurrent pregnancy 

 loss. Hum Mol Genet 2007; 16(5):573-578.

11. Levine RJ, Hauth JC, Curet LB, Sibai BM, Catalano PM, Morris CD et al. Trial of calcium to pre- 

 vent preeclampsia. N Engl J Med 1997; 337(2):69-76.

12. Goffinet F, Aboulker D, Paris-Llado J, Bucourt M, Uzan M, Papiernik E et al. Screening with a 

 uterine Doppler in low risk pregnant women followed by low dose aspirin in women with 

 abnormal results: a multicenter randomised controlled trial. BJOG 2001; 108(5):510-518.

13. Sibai BM, Caritis SN, Thom E, Klebanoff M, McNellis D, Rocco L et al. Prevention of preec- 

 lampsia with low-dose aspirin in healthy, nulliparous pregnant women. The National Insti- 

 tute of Child Health and Human Development Network of Maternal-Fetal Medicine Units. N 

 Engl J Med 1993; 329(17):1213-1218.

14. Sibai B, Dekker G, Kupferminc M. Pre-eclampsia. Lancet 2005; 365(9461):785-799.

15. Steegers EA, von Dadelszen P, Duvekot JJ, Pijnenborg R. Pre-eclampsia. Lancet 2010; 

 376(9741):631-644.

16. Ota S, Miyamura H, Nishizawa H, Inagaki H, Inagaki A, Inuzuka H et al. Contribution of fetal 

 ANXA5 gene promoter polymorphisms to the onset of pre-eclampsia. Placenta 2013; 

 34(12):1202-1210.

17. Tiscia G, Colaizzo D, Chinni E, Pisanelli D, Scianname N, Favuzzi G et al. Haplotype M2 in the 

 Annexin A5 (ANXA5) gene and the occurrence of obstetric complications. Thromb Haemost 

 2009; 102(2):309-313.

18. Roberts JM, Pearson G, Cutler J, Lindheimer M. Summary of the NHLBI Working Group on 

 Research on Hypertension During Pregnancy. Hypertension 2003; 41(3):437-445.

19. Jebbink J, Keijser R, Veenboer G, van der Post J, Ris-Stalpers C, Afink G. Expression of placental 

 FLT1 transcript variants relates to both gestational hypertensive disease and fetal growth. 

 Hypertension 2011; 58(1):70-76.

20. Haplo.stats: statistical analysis of Haplotypes with Traits and Covariates when Linkage 

 Phase is Ambiguous. R package version 1.6.8. http://CRAN.R-project.org/package = haplo. 

 stats: 2013.



References 9

244

21. Hiddink L, de Visser MC, van Heerde WL. Polymorphisms in the Annexin A5 gene influence 

 circulating Annexin A5 levels in healthy controls. Thromb Res 2012; 129(6):815-817.

22. Miyamura H, Nishizawa H, Ota S, Suzuki M, Inagaki A, Egusa H et al. Polymorphisms in the 

 Annexin A5 gene promoter in Japanese women with recurrent pregnancy loss. Mol Hum 

 Reprod 2011; 17(7):447-452.

23. Hiddink L, Dallinga-Thie GM, Hovingh GK, de Visser MC, Peer PG, Stalenhoef AF et al. Annex- 

 in A5 haplotypes in familial hypercholesterolemia: Lack of association with carotid inti- 

 ma-media thickness and cardiovascular disease risk. Atherosclerosis 2014; 238(2):195-200. 

24. Sifakis S, Soufla G, Koukoura O, Soulitzis N, Koutroulakis D, Maiz N et al. Decreased Annexin 

 A5 mRNA placental expression in pregnancies complicated by fetal growth restriction. 

 Thromb Res 2010; 125(4):326-331.

25. Gourvas V, Soulitzis N, Konstantinidou A, Dalpa E, Koukoura O, Koutroulakis D et al. Reduced 

 ANXA5 mRNA and protein expression in pregnancies complicated by preeclampsia. Thromb 

 Res 2014; 133(3):495-500.

26. Markoff A, Gerdes S, Feldner S, Bogdanova N, Gerke V, Grandone E. Reduced allele specific 

 Annexin A5 mRNA levels in placentas carrying the M2/ANXA5 allele. Placenta 2010; 

 31(10):937-940.

27. Feng YL, Zhou CJ, Xue M. [Expression of Annexin V in decidua tissues of preeclampsia pa- 

 tients]. Nan Fang Yi Ke Da Xue Xue Bao 2009; 29(7):1438-1441.

28. Xin H, Wang HL. [Expression changes and clinical significance of Annexin V in maternal 

 blood and placenta in patients with preeclampsia]. Zhonghua Fu Chan Ke Za Zhi 2011; 

 46(2):88-93.


