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Abstract
Using microarrays made with cDNAs from subtracted placental libraries, we show increased
hemoglobin production in the preeclamptic placenta. Heme and hemoglobin may cause endothelial
damage and inflammation and drive pathological changes in the placenta if they are released there.

Study Objective: To create a library enriched in cDNAs from preeclamptic placentas to print on
to microarrays for placental profiling of preeclampsia (PE) and high risk pregnancies.

Design: Prospective study.

Setting: University women's clinic and academic research laboratory.

Patients: Ten patients with PE, 5 with PE and bilateral notching, 5 with bilateral notching without
PE, and 15 normotensive patients were recruited.

Interventions: Placenta and placenta bed biopsies were collected after delivery.

Main Outcome Measures: Subtracted libraries of PE transcripts were produced, and cDNAs from
these libraries were used to make PE-specific cDNA arrays. Results were verified quantitatively
using real-time PCR and histologically using in situ hybridization and immunohistochemistry.

Results: 30 genes were significantly altered in at least one group comparison. Differences in two
candidate genes were confirmed using quantitative rt-PCR. Hemoglobin α2 and γ transcripts were
significantly over-expressed in the PE placenta. Scattered cells in the placenta and placental blood
vessels were shown to express genes encoding these hemoglobin-chains.

Conclusions: We demonstrate increased hemoglobin production in the PE placenta. The
hemoglobin may be released into the placenta blood vessel lumen. Free heme and hemoglobin are
potent toxins which cause endothelial damage and inflammation.
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Introduction
Preeclampsia (PE) complicates 3 to 7% of pregnancies (1). Known for centuries, it remains a
leading cause of maternal mortality and morbidity. Clinical manifestations of PE (hypertension
and proteinuria) appear after the 20th week of gestation, and treatment of these problems is
symptomatic and less effective than one would wish it to be. Delivery of the fetus and removal
of the placenta is the only curative treatment, a fact that has lead to the generally accepted
theory that placental pathology is central to the development of PE.

It is believed that inadequate placentation, resulting in reduced placental perfusion, is an early
step in the development of PE (2). Reduced perfusion associated with increased vascular
resistance can be detected with Doppler ultrasound (3), and women with evidence of increased
resistance in the uterine arteries early in their pregnancies (“notching”) have a higher risk of
developing PE than women without this finding (4). As PE progresses, the maternal vascular
bed is affected, and a general endothelial inflammation is seen (5).

Poor placental perfusion appears to result in a cascade of pathological changes: decreased
oxygen delivery (6-9), oxidative stress, formation of reactive oxygen species, endothelial
damage (10), increased vascular permeability (11), and inflammation. The role of oxidative
stress in PE has been studied by many investigators. Increases in oxidized low-density
lipoprotein (12), and transferrin saturation (13) in women with PE are both thought to reflect
systemic oxidative stress. Local placental oxidative stress has also been implicated by the
findings of increased levels of hypoxia inducible transcription factors 1α and 2α in the
preeclamptic placenta (14).

A number of attempts have been made to identify the genetic basis of susceptibility to PE in
families. Linked loci have been found on chromosomes 2 (2p13 (15,16) and 10 (10q22q22
(17)) but to date no specific genes in the linked loci have been implicated in causing the
problem. However, changes in the expression of several genes in the placenta have been
proposed to affect the development of PE. We have recently shown that calmodulin 2 and v-
rel reticuloendotheliosis (RELA) are significantly downregulated in PE (18). Both are calcium-
dependant proteins which activate the NFKB transcription factor family members. Additional
array-based studies of the placenta have revealed that a number of other genes involved in
intercellular signaling, metabolism, host-pathogen interactions, and apoptosis may have altered
expression in PE (19,20). Notable among these is the soluble FMS-related tyrosine kinase-1
(sFLT1), which is upregulated in preeclampsia, leading to increased systemic levels of sFLT1
that fall after delivery (21). Increased sFLT1 in preeclamptic women was associated with
decreased circulating levels of free vascular endothelial growth factor (VEGF) and placental
growth factor (PLGF). These appear to cause endothelial dysfunction in vitro that can be
rescued by exogenous VEGF and PLGF. Administration of sFLT1 to pregnant rats induces
hypertension, proteinuria, and glomerular endotheliosis, the classic lesion of preeclampsia, and
there is evidence in human subjects that increased levels of sFLT1 and reduced levels of PLGF
at the beginning of the second trimester of pregnancy predict the development of PE later
(22).

In the present study, we printed arrays with preeclampsia-associated cDNAs obtained from
subtracted libraries (23), and compared gene expression in placenta samples from women with
PE, bilateral notching, PE plus bilateral notching and healthy controls. Our goal in doing this
was to look for alterations in genes that might contribute to or protect the placenta from PE.
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Material and Methods
Sample Collection

Placental tissue was collected at the Department of Obstetrics and Gynecology, Lund
University Hospital. The sampling, performed with written consent, was approved by the
Ethical Committee Review Board for studies in human subjects. Placental tissue from 10
preeclamptic, 15 normal pregnancies, 5 patients with bilateral notch and 5 patients with
bilateral notch as well as preeclampsia were included in the study (Table 1). Placental bed
samples (see below) from 5 of the patients with PE and 5 of the controls were also collected.
Blood samples from 5 patients with preeclampsia and 5 controls were also collected before
delivery. Preeclampsia was defined as blood pressure > 140/90 mm Hg and proteinuria > 0.3
g/L (24). Patients with essential hypertension or other systemic diseases were excluded.
Placenta samples were collected at birth, immediately frozen and stored at −80°C. Both
caesarian and vaginal deliveries were included.

Tissue Sampling and Handling
Placental samples were collected immediately after delivery. A 10×10×10 mm cube of villous
tissue was removed from the central part of the placenta avoiding macroscopic areas of necrosis
and infarction. 10×10×10 mm cubes of myometrial tissue were collected from women
undergoing caesarian section. The samples were immediately frozen on dry ice, and stored at
−80°C until RNA was extracted. The tissue was not thawed prior to RNA extraction or
cryosectioning to ensure the highest possible RNA integrity.

Blood was sampled using the PreAnalytiX PAXgene™ blood RNA system (Qiagen). Paxgene
tubes were stored according to manufacturer's instructions, first 24h at −20°C and thereafter
in −80°C.

RNA Extraction
Placenta—Total RNA was extracted from frozen tissue using Trizol® (Invitrogen, Carlsbad,
USA) according to the manufacturer's instructions. Proteoglycan and polysaccharide were
removed by performing a high-salt precipitation with 0.8 M sodium citrate and 1.2 M sodium
chloride. RNA concentration was spectrophoretically determined using a Nanodrop (Nanodrop
Technologies). RNA integrity was determined by denaturing 1% agarose gel electrophoresis
with 6.7% formalin and 1X MOPS buffer. Samples were stored in RNAse free water at −80°
C until usage. Prior to usage samples were once more precipitated and washed with 70% ethanol
to remove Trizol residues.

Blood samples—Total RNA was extracted using Paxgene Blood RNA Kit according to
manufacturer's protocol (Qiagen, Valencia, USA). RNA integrity was determined by
denaturing 1% agarose gel electrophoresis with 6.7% formalin and 1X MOPS buffer. Samples
were stored in RNAse free water at −80°C until usage. Prior to usage samples were precipitated
on ice with 0.8 M sodium citrate, 1.2 M sodium chloride and 70% ethanol. Samples were
washed using RNeasy MiniKit (Qiagen, Valencia, USA) and eluted in RNAse-free H2O.

Subtracted Libraries
Tissue from five women with severe PE (two of which also had notching) and eight controls
was used to prepare two subtracted libraries as described previously (25). These samples were
not included in the groups used for gene expression analysis in order to avoid bias. First full-
length, cap-trapped cDNA libraries were made from both normal and preeclamptic placental
RNAs (26). Subsequently, the two libraries were subtracted. Drivers were made from each of
the amplified libraries using the vector sequences (25). Then the driver from the preeclamptic
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placental library used to subtract the normal placentas library and vice versa at Cot=75 with
20 fold excess of driver in a final volume of 5 μl, in 12 mM sodium phosphate (NaPi) buffer,
for 8 hours at 42°C in presence of 50% formamide. At the end, HAP chromatography allowed
removal of double strand DNA. The stringent condition employed eliminated most of the
cDNA clones: 5900 and 1400 colonies could be picked from the subtracted preeclamptic and
the control libraries, respectively, and these were subsequently sequenced.

PCR amplification of printed probes
cDNA clones were amplified using QuantiTaq™ polymerase and M13F / M13R primers as
described by the manufacturer's protocol (GeneCopoeia, Germantown, USA).

For each reaction, 5 μl plasmid templates were mixed with 1× PCR reaction buffer (Cat No.
QU-02-10 GeneCopoeia), 0.2 mM dNTPs (Cat No. QT-04-250 GeneCopoeia), 1 μM of M13F /
M13R primer respectively, 1.5mM MgCl2 and 1 U QuantiTaq polymerase (Cat No. QT-01-500
GeneCopoeia). PCR amplification was conducted with one cycle of 2 minutes of initial heating
to 96°C, 29 cycles of denaturing at 94°C for 1 minute, annealing at 55°C for 30 seconds, and
extension at 72°C for 2 minutes, and one final cycle of holding at 72°C for 5 minutes. PCR
products were purified using the NucleoFast 96 PCR Clean-Up Kit (ClonTech, Mountain View,
USA). Briefly, PCR product was transferred to a NucleoFast 96 PCR plate and contaminants
were filtered through by means of vacuum pressure. Membranes were washed once with 100
μl of nuclease-free water after which membranes were dried. Purified PCR product was
recovered by adding 80μl recovery buffer and incubating the plates on shaker for 10 minutes.
PCR products were verified on 1.2% agarose gels, 1.2g agarose, 100ml 1× TAE buffer (40mM
tris pH 8.3, 1mM EDTA) and 6μl etidium bromide using 1× TAE as running buffer.

Arrays
Microarrays printed with our 800 cDNA-clones as well as an oligoset containing 27,000 oligos
(OPERON v 2.1 human 70 mer oligo set, Operon, Huntsville, USA) were produced at the
Swegene DNA Microarray Resource Center, Department of Oncology, Lund University,
Sweden (http://swegene.onk.lu.se). Our 800 clones were printed in three replicates on each
slide as a mean of quality control, allowing us to remove spots affected by local artifacts. Probes
were dissolved in Corning Universal Spotting solution (Corning, Acton, USA) and printed on
aminosilane coated glass slides (UltraGAPS, Cat. No. C40017, Corning) using a MicroGrid2
robot (BioRobotics, Cambridgeshire, UK) equipped with MicroSpot 10K pins (BioRobotics).
Following printing, arrays were placed in a desiccator to dry for 48 hours, rehydrated for 1
second over steaming water, snap dried on a hot plate (98°C), and UV cross-linked (800mJ/
cm2).

Fluorescence labeled cDNA target was prepared using the Corning ChipShot™ labeling system
according to manufacturers' instructions (Cat. No. C40056, Corning). Briefly, Cy3-labeled
cDNA was prepared using 5 μg of total RNA from each individual experimental sample (Table
1), and Cy5-labeled cDNA was prepared using 5 μg of normal placental RNA to serve as a
reference. Cy3-dCTP (Cat. No. PA53021) and Cy5-dCTP (Cat. No. PA55021) were obtained
from Amersham (Amersham Biosciences, Buckinghamshire, UK). Pretreatment of arrays,
hybridization, and post-hybridization wash was carried out according to manufacturer's
instructions (Corning ChipShot™ labeling system). Obtained reference cDNA from the
labeling reactions was pooled in order to have homogenous reference cDNA.

Image Analysis
Hybridized microarrays were imaged using an Agilent G2565AA microarray scanner (Agilent
Technologies, Palo Alto, CA). Fluorescence intensities were extracted using Gene Pix Pro 4.0
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software (Axion Instruments Inc., Foster City, CA). Spots affected by veils, grains of dust or
other contaminants were removed from further analysis.

Data Analysis
Data files obtained from Gene Pix Pro were analyzed using BASE (27). Spots that were filtered
for low channel intensity, with a cut off at 100, and signal to noise ratio, removing spots with
intensity less than two times stronger than the background. The data were then normalized
using Lowess normalization. The oligo-set co-printed with our cDNA-clones were used in the
normalization procedure to improve its reliability. Replicate ratios were quality controlled as
previously described (28). Briefly, the mean ratio, standard deviation (SD), and the coefficient
of variation (CV) were calculated for the replicates. CV was compared with average intensity
from the nearest 200 neighbors. Replicates differing more than 1 SD from average intensity
were iterated, removing the most outlying spot within the replicate, and then re-compared CV
with average intensity. At least two spots had to remain in each replicate to be allowed for
further analysis. Mean ratios were calculated from remaining replicates, missing values were
imputed using KNNimpute (29) and group comparison analysis were performed using
Significance Analysis of Microarray (SAM) test (30).

Bioinformatics analysis
The Gene Ontology (GO) database was used to classify genes according to their biological
process or molecular function. GoMiner (31) was used to obtain GO annotations. GO terms
for the genes identified as significantly increased or decreased in the microarray were retrieved.

Real-Time PCR amplification
cDNA synthesis—cDNA was synthesized with reverse transcriptase according to
manufacturer's protocols (Applied Biosystems, Foster City, USA). A 50 μl reaction containing
0.5 μg total RNA, 1X TaqMan RT buffer, 5.5mM MgCl2, 500μM dNTPs, 2.5μM random
hexamers, 0.4 U/μl RNase inhibitor and 1.25 U/μl MultiScribe Reverse Transcriptase was used.
The reactions were incubated at 25°C for 10 minutes, at 48°C for 30 minutes and finally 5
minutes at 95°C. Samples were stored at −20°C until analysis.

Analysis—Gene transcripts were assayed by means of real-time PCR using an ABI
PRISM® 7000 sequence detection system (Applied Biosystems). Primers and probes were
designed using the Primer Express® software program or ordered from Assays on-Design/
Demand™ (Applied Biosystems). The primers targeted different exons of the genes of interest
to avoid amplifying contaminating genomic DNA. Reactions were carried out in a 25 μl final
volume containing: 1× Universal PCR Master Mix (Applied Biosystems), 0.25 μmol/l probe,
0.9 μmol/l of forward and reverse primers respectively, and 1 μl of 10 ng/μl of cDNA. The
thermal cycling conditions were initiated by UNG activation at 50°C for 2 minutes and an
initial denaturation at 95°C for 10 minutes. Then 40 cycles were run: 95°C for 15 seconds, 60°
C for 1 minute. Two negative controls with no template were included in every set of
amplifications. β-actin was used as a reference to normalize the signal from the sample.
Quantitation was achieved by making a calibration curve using serial 4-fold dilutions of the
template DNA (0.08-80ng). Results are expressed as ratios with β-actin as the denominator.

Statistics
A Mann-Whitney U-test was used to evaluate the significance of differences between groups.
P<0.05 was considered statistically significant. Results are presented as scatter–plots. A
Kruskal-Wallis test was performed to include multi variable testing.

Centlow et al. Page 5

Fertil Steril. Author manuscript; available in PMC 2009 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In situ hybridization (ISHH)
The hybridizations were conducted as previously described (18). Cryostat sections were thaw
mounted onto sialinized slides, which were stored at −80°C until they were used. Fresh frozen
tissue was employed to maximize mRNA detection. Sections were fixed, dehydrated,
dilipidated, and hybridized as previously described (32). Hybridizations were carried out for
20-24 hours in 55°C with 2×106 cpm of denatured 35S-cRNA probe per 80 μl hybridization
buffer (20 mM Tris-HCl (pH 7.4), 1 mM EDTA (pH 8.0), 300mM NaCl, 50% formamide,
10% dextran sulphate, 1× Denhardt's 25 mg/ml yeast tRNA, 100 μg/ml salmon sperm DNA,
250 μg/ml total yeast RNA (fraction XI, Sigma, St. Louis, USA), 150 mM dithiothreitol (DTT),
0.15% sodium thiosulfate (NTS) and 0.15% sodium dodecyl sulphate (SDS). Following
washes, slides were apposed to Kodak Hyperfilm Biomax MR for 2 days, after which they
were coated with nuclear track emulsion (NTB-3, Kodak, Rochester, USA). Slides were
exposed for 3 (Hbα2, Hbγ2) respectively 4 (Hbβ) weeks at 4°C, after which they were developed
in Dektol (Kodak), fixed and counterstained with a Giemsa stain.

Immunohistochemistry
Immunohistochemistry was performed on 5 samples from the PE group and 5 from the control
group respectively. Fresh frozen sections, 12 μm thick, of the placenta samples were fixed by
immersion in 4% buffered formaldehyde for 10 min at room temperature. Sections were then
incubated in a blocking solution (Powerblock; Zymed, Carlsbad, USA) for 30 minutes at RT.
The fetal Hb antibody (Bethyl Laboratories, Montgomery, USA), raised in sheep, was diluted
1:500 in the diluent containing 1×PBS with 0.05% Triton X and 2% NGS. Following an hour
RT incubation the sections were rinsed and transferred into a 1:1000 dilution of an anti-sheep
CY3 antibody raised in donkey (Jackson laboratories, Bar Harbor, USA) for an hour at RT.
The sections were then rinsed, coverslipped with 0.1M Tris and viewed under a Leica DMA
6000 inverted fluorescent microscope. Pictures were taken using Volocity software.

Results
Eight hundred unique clones were identified in the subtracted libraries that we made and
sequenced. To determine whether the expression levels of the transcripts corresponding to these
cDNAs were indeed altered in preeclamptic versus control placentas, we used them to print
microarrays that allowed us to study the four groups of samples described earlier.

The gene expression profiles for all groups were compared using a false discovery rate based
analysis method, with a q-value <0.05 as the cutoff. Thirty genes were significantly altered in
at least one between-group comparison (Figure 1).

GO terms associated with each gene in Figure 1 were tabulated. The annotations included
hemoglobin complex (GO 5883), oxygen transport (GO 15671), regulation of actin
polymerization (GO 8064), and regulation of actin filament length (GO 30832).

The most markedly altered genes were reassayed by means of real-time PCR. The levels of
Hbα2 (p=0.004), Hbγ (p=0.003) and Hbβ (p=0.02) mRNAs were found to be the most
significantly increased in PE samples vs. controls (Figure 2a,b,c) and also in samples from PE
with notching compared to controls (Hbα2 p=0.02, Hbγ p=0.03 and Hbβ p=0.04). (Hbβ was
not represented on the array, but was examined because of changes detected in Hbα2 and
Hbγ.) Major histocompatibility complex, class II, DP alpha 1 (HLA-DPA1) was significantly
upregulated in the group with notching compared to all other groups (p=0.01 against PE without
notching, p=0.02 against PE with notching, and p=0.01 against control) (Figure 2d).
Tryptophanyl-tRNA synthetase (WARS) was significantly over-expressed in notch without
PE compared to controls (p=0.01). Glutamate-ammonia ligase (GLUL) was significantly over-
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expressed in samples from PE with notch compared to controls (p=0.009). Finally, solute
carrier family 11, member 2 (SLC11A2), a facilitated glucose transporter, was significantly
increased in PE with notch vs. PE without notch, and vs. controls (p=0.04 and p=0.01
respectively). β-actin levels did not differ among the groups (data not shown).

In situ hybridization revealed nucleated Hbα- and Hbγ-expressing cells scattered throughout
the villous section in both PE and control samples (Figure 3). Placentas from PE patients
seemed to have more Hb containing cells than control samples, and the signals per cell appeared
to be more intense than in controls. In several of the samples studied, Hb-positive cells were
associated with the walls of blood vessels, with several cells free in the lumen. Many single
cells were found in the villous space. Based on their morphology, location, and distribution,
they are not likely to be trophoblasts. Placental bed samples from both PE and control subjects
showed a weaker Hb mRNA expression compared to samples from the villous section. Positive
cells were detected in blood vessels, and few positive cells were seen in the surrounding
myometrial tissue.

To correlate protein- with RNA-expression, immunohistochemistry was performed. Hbγ-
expression was especially relatively abundant in the lumens of placental blood vessels in PE
samples and also near the endothelial cells in the vascular walls as well as in the extra-vascular
space of the villous stroma. The control placenta samples had some Hbγ-expression in the
vascular endothelium, but no expression in the vascular lumen (Figure 4).

Discussion
Making and sequencing subtracted cDNA libraries allows one to detect possible changes in
mRNA-expression between two defined groups (25,33). In our libraries we found 800 unique
cDNA-clones that appeared to differ between placental samples from women with PE and
samples from healthy pregnant women. Several of the transcripts represented by these cDNAs
were subsequently shown with microarray and quantitative RT-PCR to be significantly altered
between the PE and the control groups. The changes seen in the hemoglobin genes were among
the most interesting, and our discussion will focus on these.

Both microarray and qPCR experiments showed increased expression of Hbα and Hbγ mRNA
in PE vs. controls. In situ hybridization showed an increased number of cells expressing Hb in
placental samples from PE vs. control subjects. The fact that Hb expressing cells were
associated with vessel walls, may either indicate that the cells are migrating into or out of the
vessels, or that there are binding sites on vessel walls for these cells. Myometrial vessels lack
Hb+ nucleated cells while placental vessels in PE subjects are rich in them. Furthermore, Hb
mRNA levels are equivalent in PE and normal patients' blood samples. These findings suggest
that the Hb+ cells in PE placental vessels are not maternal, but rather fetal in origin. Neonatals
from pregnancies complicated with intrauterine growth restriction or intrauterine hypoxia have
a higher number of nucleated red blood cells in their periphery circulation as well as in the
cord blood vessels (34,35). Taken together with the in situ results, the cells described may
therefore be fetal erythroblasts migrating from the fetal into the maternal side of the placenta.

Hb expression is normally increased in response to low oxygen levels and it has been argued
that the placenta in PE suffers from poor perfusion and hypoxia. Moreover, the placenta can
produce the hematopoietic factor activin A (36), and levels of activin A are increased in PE
(37). This factor may act locally; the murine (38,39) and human (40,41) placenta have been
suggested to function as hematopoietic organs. Thus, increased hematopoietic activity in the
preeclamptic placenta could explain the elevated levels of hemoglobin mRNA that we
observed. However, it is not certain whether gestational age contributes to hemoglobin
expression, but it may certainly affect the production.
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If these Hb-producing cells turn over quickly, they might release high levels of heme into the
extra-villous space and the placental blood vessels. Indeed, our immunohistochemistry shows
high levels of hemoglobin in the PE placenta blood vessel lumen. The control placenta on the
other hand showed no release of hemoglobin into the blood vessels. To make matters worse,
hemolysis in necrotic and thrombotic areas of the PE placenta may add to the amount of free
heme there.

Free heme is a potent redox agent that can cause severe tissue damage through the creation of
reactive oxygen species (ROS). Heme oxidizes several lipids including low-density
lipoproteins (LDL) (42), converting them into cytotoxic peroxides which cause endothelial
damage. Furthermore, heme can directly damage cell membranes by disrupting them and
oxidizing membrane proteins leading to increased membrane permeability and cytolysis.

Free heme is usually degraded by heme oxygenase (HO). In preeclampsia there is both
decreased expression of HO-2 (43,44) and reduced activity of HO (45). This may lead to
impaired heme degradation and contribute to the build-up of heme in the placenta. Furthermore,
reduced production of carbon monoxide from heme by HO may contribute to increased
vascular tone and reduced placental blood flow (46).

Free heme together with reduced placental blood flow induces an inflammatory response,
which may result in further endothelial cell damage. The generation of ROS by heme leads to
the activation of NF-κB transcription factors (47), which stimulate the production of adhesion
molecules (such as ICAM-1 and VCAM-1) and the recruitment of leukocytes. In fact, heme
has recently been shown to stimulate neutrophil migration via chemotactic receptors (48). In
addition, heme induces neutrophil activation and the expression of several cytokines such as
interleukin-8 (49). However, heme can also exert an immune response by activating the toll
like receptor 4, and inducing secretion of tumor necrosis factor-a (TNFa) (50).

Thus, infiltration of the placenta by large numbers of Hb positive cells is a worrisome sign.
Heme released from these cells could be quite harmful and may be responsible for much of the
placental pathology associated with PE. Whether heme toxicity drives sFLT1 synthesis and
secretion remains to be determined.

In conclusion, our findings suggest that Hb genes are over expressed in a subpopulation of
cells in the preeclamptic placenta. Whether these cells are intrinsic to the placenta or migrants
from the fetus is unknown. The production of agents that stimulate hematopoiesis by placental
cells in response to reduced perfusion and possibly local hypoxia may contribute to the
formation, recruitment and distribution of the cells. While they seem to be present in the
placenta of subjects who had normal pregnancies, their increase in placentas from PE patients
is a matter of concern. If they turn over rapidly and release their Hb (and heme) excessively,
they may damage adjacent structures including the vascular endothelium.
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Figure 1. Heatmap of significant genes
Expression profile of genes found significantly changed in at least one group comparison. After
filtering genes for signal to noise ratio above 2.0 and fold change above 1.4, a total of 30 unique
genes were obtained. In the figure genes are sorted on mean expression ratio from high to low
in the PE group. A cut off q-value at 0.005 was selected.
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Figure 2. Real-time PCR quantification of Hbα2, Hbγ, Hbβ and HLA-DPA1 in placenta and blood
samples
All values are normalized against the amount of β-actin and presented as scatter plots. (A)
Hbα mRNA expression in the placenta. Significant changes were found between PE vs. controls
(p=0.004) and between PE\Notch (PE with notching) vs. controls (p=0.03). (B) Hbγ relative
mRNA values showing significant changes between PE vs. controls (p=0.003) and between
PE\Notch vs. controls (p=0.03). (C) Hbβ showed significant overexpression in PE vs. controls
(p=0.02) and in PE\Notch vs. controls (p=0.04). (D) HLA-DPA1 mRNA was overexpressed
in the notch group vs. all other groups: vs. controls (p=0.01), vs. PE (p=0.01), and vs. PE with
notching (p=0.02). (E) Hbα mRNA expression in blood samples. No changes were seen
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between the groups. (F) Hbγ mRNA expression was very low in blood samples. No changes
were seen between PE and controls.
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Figure 3. In situ hybridizations from placenta and placenta bed samples
Schematic image of the human placenta showing the villous section (V) of the placenta and
below a placenta bed section (M) with spiral arteries (S) in between. (A) A light field image
of Hbα mRNA-expression in a representative preeclamptic placenta sample. Hbα expression
was especially seen in and around blood vessels. However, several scattered cells in the villous
section are also seen. (B) Darkfield image of the same section. (C) A darkfield image of Hbα
mRNA expression from a representative control placenta. Compared with PE placentas, the
control placentas show fewer Hbα-expressing cells in the villous section. (D) Light field image
from a representative myometrial sample from a PE patient. Hbα expression is only seen in
the spiral arteries, no expression is seen in the myometrial tissue. (E) The same myometrial
section in dark field. (F) A myometrial sample from a control placenta. Hbα mRNA expression
is similar to the expression seen in PE myometrium. mRNA expression for Hbγ and Hbβ were
similar to that for Hbα (data not shown). Scale-bar is 100μm.
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Figure 4. A representative image of Hbγ protein expression in the placenta
Protein expression is shown with a red fluorescent marker. In the PE placenta there is a strong
expression of Hbγ in the vascular lumen (lu), but Hbγ is also expressed in the vascular
endothelium (arrow) as well as in the extra-vascular section of the villous stroma (A). The
placenta from normotensive controls however, showed no expression of Hbγ in the vascular
lumen (B) but Hbγ is expressed in the vascular endothelium (arrow). Scale bar is 25 µm.
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Table 1
Patient demographics
Clinical data, at delivery, of patients included in the array study.

PE PE+N Notch Control

n 10 5 5 15
Maternal age (years) 28.5 ± 2.9 32.4 ± 4.3 31.8 ± 5.8 31 ± 3.3
Gestational age (days)A 264 ± 16 245 ± 29 251 ± 22 280 ± 10
Systolic pressure (mmHg)B 155.8 ± 10.9 153.2 ± 5.9 115 ± 5 116.1 ± 10.6
Diastolic pressure
(mmHg)B

107.4 ± 6.5 100.6 ± 2.3 73.8 ± 8.2 73.3 ± 6

Proteinuria (g/l)B 2.6 ± 1.6 2.7 ± 2.1 0.4 ± 0.5 ND
Birth weight (g)C 2990 ± 270 2145 ± 925 2524 ± 912 3659 ± 424

All results presented as mean ± SD. PE = preeclampsia, PE+N = preeclampsia with notch, ND = not detected.

A
Kruskal-Wallis test showed a statistically significant distribution of p = 0.01.

B
Kruskal-Wallis test showed a statistically significant distribution of p < 0.0001.

C
Kruskal-Wallis test showed a statistically significant distribution of p = 0.004 after normalizing birth weight with gestational age.
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