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Susceptibility to pre-eclampsia in Finnish women is
associated with R485K polymorphism in the factor V
gene, not with Leiden mutation
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This study determines whether genetic variability in the gene-encoding factor V contributes to differences
in pre-eclampsia susceptibility. Allele and genotype frequencies of three single-nucleotide polymorphisms
(SNPs) in the factor V gene leading to nonsynonymous changes (M385T in exon 8, and R485K and R506Q
(Leiden mutation) in exon 10) were studied in 133 Caucasian women with pre-eclampsia and 112 healthy
controls. Single-point analysis was expanded to haplotype analysis, and haplotype frequencies were
estimated using an expectation-maximization algorithm. Comparison of single-point allele and genotype
distributions of SNPs in exons 8 and 10 of the factor V gene revealed statistically significant differences in
R485K allele (P=0.003) and genotype (P=0.03) frequencies between the patients and the control
subjects. The A allele of SNP R485K was over-represented among the patients (12%) vs the control subjects
(4%), at an odds ratio (OR) of 2.8 (95% confidence interval (Cl) 1.2-6.2) for combined A genotypes
(GA +AA vs GQG). Allele and genotype differences between the patients and control subjects as regards
M385T and Leiden mutation were not significant. In haplotype estimation analysis, there was a
significantly elevated frequency of haplotype T-A-G encoding the M385-K485-R506 variant in the pre-
eclamptic group vs the control group (P=0.01), at an OR of 2.6 (95% Cl 1.2-5.5). We conclude that the
T-A-G haplotype was more frequent among the patient group than in the control group, and genetic
variations in the factor V gene other than the Leiden mutation may play a role in disease susceptibility.
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Introduction thrombin to the clotting enzyme thrombin."? Activated

Dahlbeck et al assigned the factor V gene to chromosome
region 1q23. Activated factor V (factor Va) is an essential
cofactor for the factor Xa-catalyzed activation of pro-
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protein C (APC) is a naturally occurring anticoagulant that
selectively degrades coagulation factors Va and VIIIa.? The
factor V Leiden mutation, a common point mutation in
the factor V gene, encoding substitution of arginine for
glutamate at position 506 of the factor V molecule, has
been reported to be the site where APC cleaves factor Va.*
The factor V Leiden mutation has been reported to be a
significant risk factor for thrombophilia.® In the same line
of thought, APC resistance not due to factor V Leiden
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mutation has been identified as an independent risk factor
for deep vein thrombosis, and interestingly, factor V R485K
polymorphism has been found to be associated with a poor
response to APC, and thrombotic and cardiovascular
diseases, the less frequent A allele (K485) increasing the
risk.6~®

During pregnancy an inherited predisposition to throm-
boembolic events has been associated with a number of
adverse pregnancy outcomes such as fetal loss and
pre-eclampsia.”!® The central mechanism is probably
endothelial cell injury and dysfunction resulting from
fibrin deposition and the formation of microthrombi.'!
Overall, the prevailing evidence suggests that the risk of
pre-eclampsia is increased two- to six-fold in women
carrying the factor V Leiden mutation. Recently, Watanabe
et al'? reported that the R485K polymorphism of the factor
V gene is associated with pre-eclampsia in Japanese women
who lack the Leiden mutation entirely. In their study, the
G allele (R485) was associated with pre-eclampsia (0.76 vs
0.67).

The present study was designed to explore the relation-
ship between genetic variation in coagulation factor V and
the occurrence of pre-eclampsia in Finnish women, among
whom there is a strong founder effect. Thus they are ideal
for genetic association studies.’® Screening involved not
only the Leiden mutation, but also the M385T and R485K
polymorphisms, the latter of which has previously been
found to be associated with pre-eclampsia in Japan. We
further analyzed the haplotype structure in the critical area
covering a region in the proximity of the Leiden mutation.

Materials and methods

Written approval for the study was obtained from the
Ethics Committee of Kuopio University Hospital and the
Institutional Review Board approved the protocol. All
subjects gave written informed consent, which was
documented.

Information was collected retrospectively in connection
with 133 consecutive pre-eclamptic singleton pregnancies
and 112 healthy control women who delivered at Kuopio
University Hospital between January 1997 and December
1998. Using the Birth Registry at Kuopio, pre-eclamptic
subjects were contacted and blood samples were drawn. At
the same time, blood samples were collected from controls
who had given birth at the same hospital after uncompli-
cated pregnancies and who had had at least two normal
pregnancies, including the current one. From the controls,
blood was drawn for DNA analysis at enrolment. To ensure
homogeneity of the genetic background, controls originat-
ing from a regional population with no clinical signs of the
disorder were enrolled by random selection in this study.
The study and control groups were derived only from
women with singleton deliveries at our hospital during the
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study period. Pre-eclampsia was defined as the develop-
ment of hypertension and new-onset proteinuria
(>300mg of urinary protein in 24h) in the absence of
urinary tract infection after the 20th week of gestation in
women with no proteinuria at baseline. Hypertension was
defined according to current guidelines that accept 140
and/or 90mm Hg of systolic and diastolic pressure
(Korotkoff phase V), respectively, or higher, as hyperten-
sion, when measured on two consecutive occasions at least
24h apart (Report of the National High Blood Pressure
Education Program Working Group on High Blood Pressure
in Pregnancy).'* Women with a previous history of chronic
hypertension, renal disease or diabetes mellitus were
excluded from the study.

Two polymorphisms in the F5 gene, a transition of T to C
in exon 8 leading to the replacement of methionine with
threonine (M385T) and a transition of G to A in exon 10
leading to the replacement of arginine with lysine (R485K),
were detected using PCR-RFLP. The target DNA sequence in
exon 8 was amplified using primers 5'-ACA TAC AGT GAA
TCC CAG TA-3' and 5'-ATG AGC ATC TTT TTC TTT TA-3'.
The incubation mixture contained 50 ng of genomic DNA,
10 pmol of each amplification primer, 5nmol each of four
deoxynucleotide triphosphates, 1 U AmpliTag Gold™ DNA
polymerase (Roche, Branchburg, NJ, USA), 10 mM Tris-HCl
(pH 8.3 at 25°C), S50mM KCI and 1.5mM MgCl, in a
reaction volume of 25 ul. The cycling protocol included
initial denaturation at 95°C for 3 min, followed by a cycle
of 95°C for 1min, 51°C for 1 min and 72°C for 1 min. A
total of 34 cycles were carried out, with final extension at
72°C for 10min. For the detection of the M385T poly-
morphism, PCR mixtures containing an amplified 176-bp
DNA region were incubated with 5U of Rsal enzyme
(Promega, Madison, WI, USA), 1 x Buffer C (10mM Tris-
HCI, pH 7.9, 50mM NaCl, 10mM MgCl, and 1mMm
dithiothreitol) and acetylated bovine serum albumin
(0.1 mg/ml) in a total volume of 30 ul for 3h at 37°C. After
digestion, the reaction mixtures were subjected to electro-
phoresis on 3% agarose gels and photographed under an
UV transilluminator after staining with ethidium bromide.
The PCR product of an M385 homozygote is digested into
two fragments of 136 and 40bp. In the case of a T385
homozygote, the PCR primers create an artificial restriction
site for the Rsal enzyme in the PCR product leading to 117-,
40- and 19-bp fragments after digestion. For an M385T
heterozygote, the restriction fragments are 136, 117, 40
and 19 bp.

The primers used for the amplification of the target DNA
sequence in exon 10 of the F5 gene were 5-ACC CAC AGA
AAA TGA TGC CCA G-3' and 5'-AAA ATA CCT GTA TTC
CTC GCC TG-3'. The incubation mixture and the cycling
protocol were similar to those used for exon 8, except that
an annealing temperature of 57°C was used. The R485K
polymorphism in exon 10 was detected by incubating the
mixtures containing a PCR product with 2U Alw26l



enzyme (Promega), 1 x Buffer C and acetylated bovine
serum albumin (0.1 mg/ml) in a total volume of 30 ul for
6h at 37°C. A single Alw26I site is present in the 143-bp
PCR product from the wild-type exon 10 allele, and hence
86- and 57-bp fragments are seen for an R485 homozygote.
In the case of a K485 homozygote, the undigested 143-bp
fragment is present. For an R485K heterozygote, three
fragments are seen (143, 86 and 57 bp) after electrophoresis
on 3% agarose gel.

Pronto™ primer extension assays (Savyon Diagnostics
Ltd, Ashdod, Israel) were used for the detection of factor V
Leiden mutation (G1691A leading to an RS06Q substitu-
tion).

Two-tailed pooled t-tests were used to analyze contin-
uous variables. Statistical analyses for comparing single-
point allele and genotype frequencies were carried out
using Pearson’s y> test (two-sided asymptotic P-values),
with SPSS 11.0 software. Odds ratios (ORs), as estimates of
relative risk of disease, were calculated using 95% con-
fidence intervals (CIs). We used an expectation-maximiza-
tion (EM) algorithm to obtain estimated haplotype
frequencies for factor V gene exon 8 and 10 polymorph-
isms (each haplotype consisting of three SNPs, and
unknown gametic phase; Arlequin ver. 2.000 software).
Haplotype frequency comparisons between the pre-
eclamptic and control groups, with absolute chromosome
numbers, were carried out using Fisher’s exact test (two-
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sided P-values with Monte Carlo estimation at the 99%
confidence level). Hardy—Weinberg distribution of geno-
types in the pre-eclamptic and control groups, as well as
pair-wise linkage disequilibrium (LD) analyses, were as-
sessed using Arlequin ver. 2.000 software. A RxC program
employing the Metropolis algorithm was used for the
analysis of contingency tables to obtain unbiased estimates
of exact P-values with standard errors (SEs) in haplotype
analyses. The level of statistical significance was defined as
P<0.05. Sample size and power assessments were per-
formed using nQuery Advisor Release 3.0 software. We
used frequency data from exon 4 genotypes to calculate the
necessary sample sizes to achieve a power of 80% and an o
value of 0.05.

Results

The characteristics of the subjects and the clinical data are
summarized in Table 1. In comparison with the controls,
women with pre-eclampsia had higher systolic and diasto-
lic blood pressure, a greater BMI and lower gestational age
at delivery, with no significant difference in age.

We studied three SNPs in the factor V gene that lead to
nonsynonymous changes: M385T, R485K and R506Q
(Leiden mutation). Genotype and allele distributions of
these SNPs in the patients and controls are shown in
Table 2. A statistically significant difference between
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Table 1 Clinical characteristics
Characteristic Pre-eclampsia (n=132) Control (n=112) P-value
Mean (95% Cl) Mean (95% Cl)
Age (years) 28.8 (27.7-29.9) 28.7 (27.7-29.7) 0.894
BMI (kg/m?) 24.9 (24.0-25.7) 22.3 (21.6-23.0) <0.001
Systolic BP (mmHg) 161 (158-164) 131 (128-134) <0.001
Diastolic BP (mmHg) 104 (101-105) 82 (80-84) <0.001
Birth weight (g) 2285 (2122-2448) 3494 (3408-3580) <0.001
Gestational age at delivery (weeks) 34.7 (34.1-35.4) 39.8 (39.5-40.0) <0.001
Table 2 Genotypic and allelic distributions of factor V gene polymorphisms
Polymorphism? Population Genotype (%) P-value® Allele (%) P-value®
T—C (M385T) T TC cC T C
Patients 106 (80) 25 (19) 2 0.47 237 (89) 29 (11) 0.40
Controls 83 (74) 28 (25) 1(1) 194 (87) 30 (13)
G—A (R506Q) GG GA AA G A
Patients 126 (95) 7 (5) — 0.52 259 (97) 7 (3) 0.53
Controls 108 (96) 4 (4) — 220 (98) 4(2)
G—A (R485K) GG GA AA G A
Patients 107 (81) 20 (15) 6 (4) 0.03 234 (88) 32(12) 0.003
Controls 103 (92) 8 (7) 1(1) 214 (96) 10 (4)

2Amino-acid change in each codon is indicated in parentheses. ®P-value calculated by ;? test.
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patients and control subjects was observed in the genotype
(P=0.03) and allele frequencies (P=0.003) of the R485K
polymorphism, while the differences between patients and
control subjects as regards the M385T polymorphism and
the Leiden mutation were not significant. The A allele of
SNP R485K, which encodes lysine, was over-represented
among the patients (12%) vs the control subjects (4%) and
the OR for combined A genotypes (GA + AA vs GG) was 2.8
(95% CI 1.2-6.2). In the case of SNP R485K, we found a
significant deviation from Hardy-Weinberg equilibrium
among the patient group (P=0.004), but not among the
control group (P=0.19). This deviation was a consequence
of over-representation of AA homozygotes among the
patient group. Genotype frequencies of the other SNPs
among the patient and control groups did not differ
significantly from Hardy-Weinberg equilibrium.

Haplotype frequencies of SNPs encoding M385T, R485K
and R506Q were estimated separately in the patient and
control groups (Table 3). We estimated haplotype frequen-
cies by means of the maximum-likelihood method employ-
ing an EM algorithm and carried out haplotype association
analysis. Rare haplotypes (<5%) were pooled in statistical
analyses. Comparison of the overall haplotype distribution
profiles revealed a statistically significant difference
(P=0.03) between the pre-eclamptic women and the
controls (Table 3). In single haplotype association analysis,
the estimated frequency of the T-A-G haplotype encoding
the M385-K485-R506 variant was greater in the patient
group than in the control group (P=0.01), giving an OR of
2.6 (95% CI 1.2-5.5). To obtain unbiased estimates for the
above-mentioned exact test P-values, the Metropolis algo-
rithm was used to analyze overall (P=0.04; SE+0.004) and
T-A-G (P=0.01; SE40.001) haplotype contingency tables.
Pair-wise LD analysis did not reveal significant LD between
SNP pairs.

Discussion

The familial nature of pre-eclampsia clearly indicates a
significant genetic component, and this genetic compo-
nent probably comprises multiple gene variants each
contributing a small effect.'> A number of investigators

Table 3 Estimated haplotype frequencies of the M385T,
R485K and R506Q polymorphisms of the factor V gene

Haplotype® n (%) P-value
Patients Controls

T-A-G (M385-K485-R506) 29 (10.9) 10 (4.5) 0.03

T-G-G (M385-R485-R506) 201(75.6) 182 (81.3)

C-G-G (T385-R485-R506) 27 (10.2) 28 (12.5)

Pooled 9 (3.4) 4 (1.8)

Haplotypes with frequencies lower than 5% are pooled. “Amino-acid
change in each codon is indicated in parentheses.
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have demonstrated that pregnant women with thrombotic
events have an increased frequency of genetic defects
predisposing them to thrombosis.!*1%16=19 [n this study,
the candidate gene was selected on the basis of the
previously reported association between obstetric distur-
bances and factor V gene polymorphism, and the data
tested for significance using single-point as well as
haplotype association analyses involving three intragenic
SNPs. The main finding in this study was that the genotype
and allele frequencies of the R485K polymorphism in the
factor V gene differed significantly in the patient vs the
control population. To further assess the role of intragenic
SNPs of factor V, we performed a haplotype estimation
analysis in which different allele combinations of SNPs
were considered. The haplotype M-K-R was found in a
significantly higher proportion of the pre-eclamptic
patients, conferring a high risk of developing pre-eclampsia
in individuals carrying this haplotype (OR=2.6; 95% CI
1.2-35.5). Interestingly, the frequency of the Leiden muta-
tion was comparable in both groups and corresponded well
to the previously known population frequency (4.2%).2°

The present results may be explained by the fact that
APC resistance may occur without the Leiden mutation, as
shown in previous studies.>! 2> The R485K polymorphism
has been reported to be associated with thrombophilic and
cardiovascular diseases, the less frequent A allele increasing
the risk.?! =22 This may reflect true functional significance
of the less frequent A allele or it may merely reflect LD
between the A allele and the actual predisposing alteration.
Interestingly, the results of a study by Watanabe et al
among pre-eclamptic Japanese women clearly show that
the association is not brought about by the Leiden
mutation, although they found strong LD over the
chromosomal area of interest.’> However, in their study
the increased risk of pre-eclampsia was confined to
individuals heterozygous for the G variant, that is, women
with the more frequent allele. Our results contrast with the
findings in the study by Watanabe et al and showed
unexpectedly that the A allele was associated with affected
women in eastern Finland.

A positive genetic association does not necessarily
indicate a predisposing genetic defect in the putative site,
because the associated polymorphism site may be in LD
with another alteration in the same gene or with alteration
in another gene nearby. Furthermore, the functional
significance of the variant amino acid at position 485 is
still unresolved. All in all, the significant association that
emerged between R485K polymorphism and pre-eclampsia
may reflect a disease-modifying effect of another alteration
in the factor V gene contributing to the actual risk that is in
LD with the R485K polymorphism. Interestingly, we did
not find significant LD between R506Q and R485K
regardless of their close physical proximity. The fact that
we did not detect significant LD values as regards R506Q
and R485K could be a consequence of low minor allele



frequency of the Leiden mutation, which subsequently
affected the power of LD calculations.

The main limitations of this study are that we have a
small data set and only Finnish women were studied.
Power analysis showed that more than 2400 patients and
controls would be necessary to have an 80% chance of
showing a difference in Leiden mutation frequency
associated with pre-eclampsia at a significance level of
P<0.05. The present results may not be applicable to all
populations and ethnic groups, but more homogeneous
populations such as the relatively genetically isolated
Finnish population have been proposed as possible alter-
natives to large sample sizes, because environmental
variation might be lower and the genetic make-up of such
populations is expected to be less complex owing to
founder effects, thus improving the signal-to-noise ratio.'?

In summary, we found that the less frequent amino-acid
variant (lysine) at position 485 is a significant risk factor for
pre-eclampsia rather than a protective factor against the
disease.

As with all possible disease-modifying genes, their over-
all impact on the risk of pre-eclampsia is likely to remain
small and hence their clinical relevance remains to be seen.
The results of the present study contradicts the findings of
Watanabe et al*?> However, the significant association with
the R485K polymorphism indicates that the factor V gene
is one of the genes of interest in pre-eclampsia research,
and genetic variants other than the Leiden mutation
should also be investigated. Few studies on three-marker
haplotypes of the factor V gene have been published in
connection with different ethnic groups, although the
statistically significant over-representation of the Leiden
mutation in pre-eclamptic women is well established.
Further studies also assessing the parental haplotypes are
needed to investigate the effect of the R485K polymorph-
ism of the factor V gene in other populations.
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