European Journal of Human Genetics (2013) 21, 1024-1026
© 2013 Macmillan Publishers Limited All rights reserved 1018-4813/13

www.nature.com/ejhg

A follow-up linkage study of Finnish pre-eclampsia
families identifies a new fetal susceptibility locus
on chromosome 18

Kerttu K Majander*’l’z, Pia M Villa?34, Katja Kivinen’, Juha Kere®’ and Hannele Laivuoril»

Pre-eclampsia is a common vascular disorder of pregnancy. It originates in the placenta and targets the maternal endothelium.
According to epidemiological research, >50% of the liability to this disorder can be accounted for by genetic factors. Both
maternal and fetal genes contribute to the risk, but especially the fetal genetic risk profile is still poorly understood. We have
previously detected linkage signals in multiplex Finnish families on chromosomes 2p25, 4q32, and 9p13 using maternal
phenotypes. We performed a linkage analysis using updated maternal phenotypes and an unprecedented linkage analysis using
fetal phenotypes. Markers genotyped were available from 237 individuals in 15 Finnish families, including 72 affected mothers
and 49 affected fetuses. The MERLIN software was used for sample and marker quality control and linkage analysis. The
results were compared against the original ones obtained by using the GENEHUNTER 2.1 software. The previous identification
of the maternal susceptibility locus to a genetic location at 21.70 cM near marker D2S168 on chromosome 2 was confirmed by

using both maternal and fetal phenotypes (maternal non-parametric linkage (NPL) score 3.79, P=0.00008, LOD (logarithm
(base 10) of odds) =2.20 and fetal NPL score 2.95, P=0.002, LOD=1.71). As a novel finding, we present a suggestive
linkage to chromosome 18 at 86.80 cM near marker D18S64 (NPL score 2.51, P=0.006, LOD = 1.20) using the fetal
phenotype. We propose that chromosome 18 may harbor a new fetal susceptibility locus for pre-eclampsia.
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INTRODUCTION

Pre-eclampsia is a common disorder of pregnancy that increases
maternal and fetal morbidity.! In the Western world, the organized
prenatal care has decreased maternal mortality, but the risk is often
passed on to the fetus in the form of a premature birth.” Pre-
eclampsia has characteristics similar to vascular disorder, such as
reduced placental perfusion and hypertension, along with endothelial
dysfunction and proteinuria.' Clinical observations suggest that early-
onset and late-onset disease types can be separated in origin, even
though individual cases share characteristics.”> The progression of the
disease is unpredictable and may lead to a convulsive phase,
eclampsia. The removal of the affected placenta through delivery is
the only known treatment for pre-eclampsia.

The disease is associated with a risk of later-life conditions, such as
cardiovascular diseases and diabetes, in both the mother who has
gone through a pre-eclamptic pregnancy and the child born of a pre-
eclamptic pregnancy.* Although pre-eclampsia is a highly complex
disease with both environmental and genetic factors, the inherited
element accounts for >50% of an individual’s disease susceptibility.®
Epidemiological research has demonstrated that both maternal and
fetal genes are important in the pathogenesis.®

Genome-wide linkage and association studies carried out by us’
and others®!3 have revealed a number of maternal susceptibility loci.

The placental origin of pre-eclampsia suggests a central role for the
fetal genotype in the pathogenesis, and the role of the maternal—fetal
gene interaction is supported by twin studies.!* The results yielded by
candidate gene studies have, thus far, proved inconsistent and
addressed mainly the maternal genotype and the susceptibility loci
therein. 4913

In this follow-up study, we make comparisons of the earlier and
more recent methods regarding the linkage findings in pre-eclampsia.
In particular, we wish to shed light on the assumed genetic
connection between the maternal and fetal pre-eclamptic phenotypes.

MATERIALS AND METHODS

In our original linkage analysis on 15 multiplex pre-eclampsia families, the
patients with pre-eclampsia were recruited predominantly from the Kainuu
province in central eastern Finland and in the Helsinki region in southern
Finland. Their families were ascertained on the basis of at least one proteinuric
pre-eclampsia case. Within these families, women who had gestational
hypertension without proteinuria were also considered as affected because of
the higher likelihood of shared susceptibility genes within families.

In the original study, we found two loci exceeding the threshold for
significant linkage: chromosome 2p25 and 9p13.” In addition, there was a
locus showing suggestive linkage at chromosome 4q32. In this follow-up study,
we performed a non-parametric linkage (NPL) analysis using the same sample
set and microsatellite markers as reported in the original linkage study.
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We defined an affected mother as having either pre-eclampsia or gestational
hypertension in the pregnancy, and an affected fetus as an individual born of a
pregnancy affected by either of these. The clinical criteria for pre-eclampsia
were defined as a systolic blood pressure >140 mm Hg or a diastolic blood
pressure >90mm Hg in a woman who was normotensive before 20 weeks of
gestation and an urinary protein excretion of >0.3 g in 24-h sample. Without
the proteinuria, the same criteria account for a gestational hypertension (GHT)
diagnosis.

A total of 237 persons from 15 Finnish families gave samples, of which72
were considered as affected mothers (cases of pre-eclampsia 1 = 54, eclampsia
n=1 and GHT n=17), and 49 affected fetuses (born of a pre-eclamptic
pregnancy n=45 and of a GHT pregnancy n=4). The MERLIN software!’
was used for sample and marker quality control and linkage analysis. Results
were compared against the original ones obtained by using the
GENEHUNTER 2.1 software. The complex nature of pre-eclampsia
discourages the assumption of a fixed pattern of heritability. Therefore, and
to produce optimally commensurate analysis, a non-parametric approach was
chosen.

RESULTS

The peaks supporting significant (NPL score>3, P<0.0001) or
suggestive (NPL score>2, P=0.0001-0.01) linkage as defined by
the standard set by Kruglyak and Lander,'® remained roughly in the
same locations as on the chromosomes of the original genome scan.
Genome-wide multipoint NPL analysis results for both maternal and
fetal phenotypes are presented in Figure 1.

Fetal and maternal NPL score diagrams correlated well on
chromosome 2. The maximum NPL scores on chromosome 2 were
at 21.70cM near marker D2S168 (NPL score 3.79, P=0.00008,
LOD =2.20) using the maternal phenotype and (NPL score 2.95,
P=0.002, LOD = 1.71) using the fetal phenotype. On chromosome 4,
the highest peak was at 158.20 cM near marker D4S413 (NPL score
3.13, P=0.0009, LOD =2.09) using the maternal phenotype and at
109.60cM near marker D4S1572 (NPL score 2.50, P=0.006,
LOD =0.78) using fetal phenotype. On chromosome 9 the highest
peak using the maternal phenotype was at 38.90 cM near marker
D9S169 (NPL=3.76, P=0.00008, LOD =1.31), and on the other
side of the chromosome, at 120.80cM near marker D9S1811
(NPL=2.74, P=10.003, LOD = 1.29). The maximum peak on chro-
mosome 9 using the fetal phenotype was found at 59.20 cM near
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marker D9S175 (NPL=2.69, P=0.004, LOD=1.22). Although
lacking a counterpart in the maternal phenotype, the highest peak
on the fetal chromosome 18 suggested linkage at 86.80 cM, near
marker D18S64 (NPL score of 2.51, P=0.006, LOD = 1.20).

In addition to these nominal P-values, we also used Merlin to run
simulations. The simulated cases with P-values and NPL scores
superior to ones obtained in analyzing maternal chromosomes 2, 4
and 9 stayed under the threshold of 0.01. In chromosomes 2 and 4 of
the fetal phenotype, threshold of 0.05 was attained, although in
chromosomes 9 and 18, this threshold was exceeded. The locations of
linkage in this study compared with the original study are collectively
presented in Table 1.

DISCUSSION
In summary, we confirm the previously identified maternal suscept-
ibility locus to chromosome 2 near marker D2S168 using both
maternal and fetal phenotypes. Additionally, we present a suggestive
fetal susceptibility locus to chromosome 18 near marker D18564 as a
novel finding.

Table 1 Locations of suggested and significant linkage in Finnish
pre-eclampsia families, according to phenotypes

NPL score in the

follow-up study
NPL score in the

using Merlin
original study?

Chromosome ~ Marker  Location in cM Maternal Maternal  Fetal
2 D2S168 21.7 3.77 3.79 2.95
4 D4S1572 109.6 2.50
4 D4S413 158.2 3.13

4 D4S3046 163 3.13

9 D9S169 38.9 3.74 3.76

9 D9S175 59.2 2.69
15 D15S1007 24.5 2.00

18 D18S64 86.8 2.51

NPL, non-parametric linkage.
aLaivuori et al.”

Maternal phenotype

3 h

e
-

—

=

=

2
% (1)_ A k\ M N
ol
0 1 2 3

=t

q
E:
=
=T

Vw VIW'
15 GJI’V7 91202122

. 4 _1E50 6 7 2110 12 431 8
[} ® D
© - ©
— <~ ~
[%2] [ 0 —
Y < [}
[a)] [a)] 08

Fetal phenotype

=
=
=
e
—
=

gE: y ('Aﬂulxﬂ/' Ml\

=
2]

o gy

===
—
=]
<
=
=
e

-2+ 1 : 2 3 I4 5 6 I9 10 1491 12 113/14115 16117 1:319209 22
© [ 0 <
o N~ ~ ©
— [} — 19}
] — [0} o]
a 2 2 a
o

Figure 1 Multipoint NPL analysis results of genome wide-scale for both maternal and fetal phenotypes.
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The markers implying the highest susceptibility to linkage in
this study have also been found interesting in other studies,
concerning the diseases closely associated with pre-eclampsia. Such
diseases are notably diabetes,!” cardio-vascular disorders'® and
hypertension.!*?»?! The promising findings in the maternal and
fetal scan of the chromosome 2 may benefit the search of rare genetic
variants in Finnish families. The fine mapping of the chromosome 18
peak region would improve our knowledge of the seldom highlighted
fetal phenotype. The linkage similarities between the two sets of
phenotypes, on chromosome 2 and to some extent on chromosome 9,
encourage further studies emphasizing the role of maternal-fetal
interaction. Neither linkage nor genome-wide association studies have
thus far succeeded in identifying pre-eclampsia-associated genetic
variants. Our results underline the importance of collecting more
carefully characterized families in order to improve statistical power.
They also signify the role of the families with pre-eclampsia as an
important resource for studies using next-generation sequencing
methods. The essential genetic interactions yet to be discovered may
well prove to be defined by the genes revealed in linkage scans today.
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