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Abstract. The development of preeclampsia (PE) seri-
ously affects the health of the mother and the child, but the
precise pathogenesis of PE remains elusive. The placenta is
considered to play a key role and DNA methylation may be
associated with altered placental development and function.
The aim of this study was to perform a genome-wide analysis
of the DNA methylation profile in placentas from pregnancies
with severe preeclampsia. The authors analyzed normal and
placental tissues with PE for aberrant DNA methylation using
methylated DNA immunoprecipitation (MeDIP) and a human
CpG island plus promoter microarray. The methylation status
of identified candidate genes were validated by bisulfite
sequencing PCR (BSP). Microarray analysis identified 296
genes that showed significantly aberrant DNA methylation in
preeclampsia (PE). These genes were located more frequently
in chromosome 1 (10.5%, P=0.005), chromosome 12 (8.1%,
P=0.062) and chromosome 19 (7.4%, P=0.117). Functional
analysis divided these genes into different functional
networks. In addition, the methylation profile of six of these
genes (CAPN2, EPHX2,ADORA2B,SOX7,CXCLI and CDXI)
in nine patients with PE was validated by BSP. This study
demonstrated aberrant patterns of DNA methylation in PE,
which may be involved in the pathophysiology of PE. Future
work will assess the potential prognostic and therapeutic
value for these findings in PE.
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Introduction

Preeclampsia (PE) is a pregnancy-related disorder defined
by the onset of maternal hypertension and proteinuria and
characterized by widespread endothelial dysfunction. The
development of hypertensive disorders during pregnancy
seriously affects the health of the mother and the child, and
accounts for a large proportion of maternal and perinatal
mortality and morbidity. PE is the second leading cause of
maternal death in China.

The precise origin of PE remains elusive. It is a multifacto-
rial disorder, and its onset and progression have been attributed
to the mother's genetic background, immune maladaptations,
abnormal placental trophoblastic infiltration of the uterine
spiral arteries, vascular endothelial cell dysfunction, dyslipid-
emia and insulin resistance, amongst others (1). Although the
molecular mechanisms that contribute to the development of
PE are not well understood, the placenta is considered to play
a key role in the disease (2). Disruption of placental develop-
ment in the first trimester of pregnancy has been suggested
to be involved in the etiology of disorders such as PE and
intrauterine growth restriction (3).

Epigenetic regulation of the placenta evolves during
preimplantation development and further gestation. Epigenetic
marks, such as DNA methylation, histone modifications
and non-coding RNAs, affect gene expression patterns (4).
Recent research shows that tissues in the placenta have a high
degree of variability in terms of the overall DNA methylation
profile and the promoter methylation of certain genes showed
evidence for association with PE, such as the TUSC3 gene (5).
Therefore, it is necessary to screen a comprehensive list of
human DNA methylation variations in the placenta with PE.
The development of the DNA methylation chip provides a
powerful method for research in epigenomics.

In the present study, we performed a genome-wide
analysis of the DNA methylation profile in placental tissues
from pregnancies with severe PE using methylated DNA
immunoprecipitation (MeDIP) and the NimbleGen HGIS8
CpG Promoter Chip. Comparing gene expression data from
the DNA methylation chip between placental samples with PE
and normal placental tissue, we identified related genes and
specific methylation alterations with potential functional and
clinical relevance in PE, which could result in the development
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Table I. Demographic characteristics of the study populations.

Parameters PE Control P-value
n=9 n=9

Maternal age (years) 29.0+£2.9 28.0+2.6 NS
Maternal height (cm) 157427 162.0+1.7 NS
Maternal weight (kg) 70.8+3.5 76.2+7.7 NS
Body mass index (kg/m?) 28.7+2.0 29.0+2.6 NS
Systolic blood pressure (mmHg) 151.6+14.1 116.7+£5.8 <0.05
Diastolic blood pressure (mmHg) 95.4+5.1 78.7+2.3 <0.05
Proteinuria (g/24 h) 53+2.5 not detected <0.05
Gestation at delivery (weeks) 35.0+£2.6 394+0.2 <0.05
Birth weight (g) 2110.0+484.0 3616.7£28.9 <0.05

PE, preeclampsia; NS, non-significant.

of the disease. These findings may have both prognostic and
therapeutic potential for PE.

Materials and methods

Patients and tissue samples. Placental tissue was obtained
from women who were hospitalized in the Department of
Obstetrics of the Nanjing Maternal and Child Health Hospital
(China). All samples were collected with the approval of the
appropriate institutional ethics committee and written consent
was given by each pregnant woman. All women were delivered
by elective cesarean delivery in the absence of labor and the
placental tissues were obtained at the time of cesarean section.
We selected nine pregnancies complicated by severe PE with
delivery occurring after 33 weeks. Also, nine pregnant women
with a normal term pregnancy were recruited as the control
group. The relevant clinical details for the patients are shown
in Table I. Specific exclusion criteria at the time of recruitment
included a history of cardiac disease or suspected chronic
hypertension, chronic illness, or long-term use of medications,
multiple pregnancies, premature rupture of membranes and
fetal anomalies.

PE was defined according to the International Society
for the Study of Hypertension in Pregnancy (6,7). PE was
defined as the increase in blood pressure to =140/90 mmHg
at 20 weeks after gestation, accompanied by urinary protein
excretion (300 mg protein in a 24-h urine specimen). Severe
PE was defined as either severe hypertension (systolic blood
pressure of =160 mmHg and/or diastolic blood pressure of
=110 mmHg on =2 occasions 6 h apart) plus mild proteinuria
or mild hypertension plus severe proteinuria (>2 g/24 h).

At least two sites were sampled from each placenta.
Contamination with the maternal decidua and amniotic
membranes was excluded by morphological observation.
Tissues were washed with normal saline and then immediately
snap-frozen in liquid nitrogen and stored at -80°C until analysis.

Genomic DNA preparation. Genomic DNA was extracted
from frozen placenta tissue using QIAamp DNA Mini kit
(Qiagen, Hilden, Germany) according to the manufacturer's

protocol. Briefly, placental tissue was homogenized using a
hand-held homogenizer, digested with Proteinase K (Merck
KGaA, Darmstadt, Germany) and thereafter treated with
RNase (Roche Diagnostics, Switzerland) for 30 min at 37°C,
then precipitated and washed. The DNA quality and quan-
tity was assessed using a NanoDrop™ spectrophotometer
(Thermo Scientific, USA) with A260/A280 ratio within 1.7-2.0
considered to be a criterion for quality control.

Sonication of genomic DNA. Approximately 40 ug of genomic
DNA from each placenta tissue were sheared to 300-1,000 bp
using a sonifier (Bioruptor model 200; Diagenode, Sparta, NJ).
The sonication conditions were carefully maintained as follows:
the sonicator was turned on for 30 sec and then off for 30 sec
20 times; ice-cold water was replaced around the tube on every
4th cycle to maintain the chilled temperature of each sample
and all procedures were performed on ice. Finally, 4 ul of each
sample was loaded onto a 2% agarose gel to verify the fragment
size of DNA (mean size, 200-800 bp; average, 400 bp).

Methylated DNA immunoprecipitation (MeDIP ) and micro-
array analysis. We used MBD2b-sepharose-4B (ShanghaiBio
Corporation, China) to capture and enrich methylated DNA. For
microarray analysis, the experimental and control samples were
purified with a Qiagen PCR purification kit (Qiagen) and ampli-
fied with a whole genome amplification kit (WGA4; Sigma).

Six samples from three normal placentas (three placentas
were pooled to form a control group) and three placentas from
women with PE (three placental samples were pooled to form
an experimental group) were assayed using a NimbleGen
human CpG island plus promoter microarray (385K). This
NimbleGen array chip comprises of 385,000 isothermal
probes which cover all reported Human Refseq gene
promoters (24,659) that range from -800 bp to +200 bp relative
to the transcription start sites (TSS). All reported CpG islands
(28,226) were annotated on the UCSC genome browser. We
undertook DNA methylation expression analysis according to
their instructions.

After the quality of each sample was verified, genome-
amplified products were labeled using a NimbleGen Dual-Color
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Table II. The primers of bisulfite sequencing PCR for CAPN2, EPHX2, ADORA2B, SOX7,CXCLI and CDX1.
Genes Primers Product size (bp)
CAPN2 S 5'-AGTTTAGGGTAGTTGGTTTAGTTT-3' 318
R 5'-AAATATAACCTCAACCRCTC-3'
EPHX?2 S 5'-GTTGTTTAGGTAAGGGGGTTTAG-3' 273
R 5'-ACTCCATAAATAACTCCTCTCCC-3'
ADORA2B S 5'-AGGTTGTTAGGGTTGAAGTAAG-3' 442
R 5-ACTCACTCCAAACTAACCCTAC-3'
SOX7 S 5'-AGTTAGAAGTGAGGGAGTTGGA-3' 319
R 5-AACATTAACCATAAACCCCTCA-3'
CXCL1 S 5-TTTAGGGATTTGGGGTAGAA-3' 588
R 5'-TTCCCTACAAAATCTACAAACAC-3'
CDX1 S 5-TGGTTATTGTGTGAAGTTGGTT-3' 380

R 5'-CACCCAAACCTTTTATAACTCC-3'

DNA labeling kit (Roche NimbleGen, USA). Briefly, 1 ug of
each genome-amplified product was mixed with either Cy5
(experimental amplicon) or Cy3 (control amplicon), random
primer buffer and nuclease-free water to a final volume of
80 ul. The mixture was incubated at 95°C for 10 min and
immediately transferred to an ice-water bath for 2 min. After
that, the ANTP nucleotide mix and Klenow enzyme were added
to the mixture and incubated at 37°C for 2 h while protected
from light. The reaction was terminated using a stop solution.
After the samples were washed and centrifuged, 6 ug each
of Cy5- and Cy3-labeled samples were mixed in 5 pl diluted
water. After that, 0.4 pl Alignment Oligo, 3.6 x1 Hybridization
Component A and 9.0 pl 2X hybridization buffer were added
in the mixture. The mixture was incubated at 95°C for 3 min,
42°C for 5 min and then hybridized to NimbleGen human
CpG island plus promoter microarray slides (385K) from
Roche NimbleGen. The hybridization reaction was performed
at 42°C for 16-20 h. Slides were subsequently washed with
NimbleGen wash buffers and then dried in a dark desiccator.
The two-color NimbleGen array was scanned with a GenePix
4000B Scanner. Array data were extracted and analyzed using
NimbleScan and SignalMap software. We reported only those
genes with significant (P<0.05) differential expression of
>2.0-fold changes. We also used the KEGG Orthology Based
Annotation System 2.0 (KOBAS; http://kobas.cbi.pku.edu.cn) to
perform interaction pathway and functional analysis of these
candidate genes.

Bisulfite sequencing PCR (BSP). We further investigated
samples from 18 placentas by bisulfite sequencing PCR (BSP),
including 9 normal placentas and 9 placentas from women
with PE. BSP was performed as previously described (8). The
primers used for BSP are shown in Table II. One microgram
of normal and patient genomic DNA was treated using the
EpiTect bisulfite kit (Qiagen) according to the manufacturer's
instructions, respectively. Amplification products were visual-
ized by UV illumination on 1% agarose gel (Bio-west, China)
that contained ethidium bromide. For BSP clone sequence
analysis, the PCR products were subcloned into a pMD-19-T

vector (Takara Bio, Inc., Japan). Ten to twenty clones were
selected for sequencing to identify methylation differences
between each pair of normal and patient tissues.

Statistical analysis. Data aere expressed as the mean + SD.
The Student's t-test was used to analyze microarray for meth-
ylated DNA expression profiles and only expression changes
that were statistically significant and at least 2 times higher or
lower than the expression levels in controls were considered.
A P-value <0.05 was considered statistically significant. For
the distribution of gene expression (9), we compared the actual
positive/negative genes with the predicated results on each
chromosome with the Chi-square test. Again, a P-value <0.05
was considered to be statistically significant.

Results

DNA methylation microarray expression data. Using the
human CpG island plus promoter microarray, we focused on
those genes that had a normalized log, ratio of >+2.0 and <-2.0
in the preeclampsia group when compared to the normal group
as shown by the microarray analysis. Then, we identified
3,280 genes that were differentially hypermethylated or hypo-
methylated in patients with PE. The methylation status of CpG
islands in gene promoters, which were defined as regions from
800 bp upstream to 200 bp downstream in this study, were
examined based on results from the Human (Homo sapiens)
Genome Browser Gateway (http:/genome.ucsc.edu/cgi-bin/
hgGateway). From our results, comparing to normal placental
tissues, 102 genes in total showed significant hypermethylation
in the promoter-associated CpG islands in PE tissue samples,
while 194 genes showed significant hypomethylation (Fig. 1).
Those differentially methylated genes might be involved in the
development of PE.

The 296 candidate genes were distributed across all
chromosomes (Fig. 2), but showed a significant regularity that
was statistically significant: there were 31 on chromosome 1
(10.5%, P=0.005), 24 on chromosome 12 (8.1%, P=0.062) and
22 on chromosome 19 (7.4%, P=0.117).
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Figure 1. Part I. Complete-Linkage Cluster Analysis of DNA methylation candidates in preeclampsia.
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Figure 1. Part II. Complete-Linkage Cluster Analysis of DNA methylation candidates in preeclampsia. DNA methylation analysis was performed by the human
CpG island plus promoter microarray. Data are mean-centered log, expression values across the samples. Red indicates =2-fold upregulation; green indicates

<2-fold downregulation.
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Figure 2. The number of methylated genes in each chromosome.

We also used the KEGG Orthology Based Annotation
System 2.0 (KOBAS; http://kobas.cbi.pku.edu.cn) to perform
interaction pathway and functional analysis of these 296 candi-
date genes. The analysis divided the 296 candidate genes into
182 functional subclasses, with a majority of genes falling into

the top 8 functional networks after classification (Table III).
The major functions of the genes involved in these networks
included metabolism, transcription, translation, replication and
repair, cell motility, cell growth and death, signal transduc-
tion, membrane transport, receptors and channels, and protein
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Table III. Functional networks of 296 genes identified by microarray.

Gene name

Focus genes

Biological function

TIARS; IARS2; PDSS1; GGPS1; PCCB; LIPT1; EBP; 39
HSD17B7; CYP27A1; DGKZ; ALDH1B1; FADS2; SGMS1;

EPHX?2; ST8SIA1; B3GALT4; MDH2; ACADS; SDHC; CYPIBI;

HPSE; CHST6; EXT2; MGAT3; BAGALNT?2; STT3A; PIGO;

MARS?2; G6PD; LDHALG6B; BLVRA; NDUFAS5; NDUFA4L.2;

IPPK; OS9; LRAT; IMPDH2; DUT; PNPT1

CENPL; PRMT7; CBXS5; KDM3A; RFC4; MECP2; PRMT2; CENPA; 108
PMF1; NPM1; DMAPI1; PBRM1; BPTF; PIWIL2; EPC2; BRPF3;
SGOL2; GARS; PSTK; DARS2; FOXJ1; ZNF718; SOX7; ZNF667;
ZNF25; ZNF140; TBX4; GRHL3; HKR1; HOXD1; HOXB1; SIM1,;
HOXD13; ZSCANSA; POU3F4; NKX2-3; FOXD4L3; LHX1;
ZNF10; DLX6; ZNF133; ZNF471; ZNF669; ZNF24; TBX15;
ZNF302; GABPBI; VAX1; CDX1; HOXC9; ZNF658; SOX30;
PAX6; HOXC4; ZSCANSB; TBPL1; ZNF434; ZNF595; DDX42;
HNRNPA1L2; RBM17; SNRNP40; HNRNPA1; DDX46; SNRPA;
PRPF18; GTF2HI; LIG4; RECQLS; SHFM1; ALKBH3; SSBP1;
MSH4; GINS3; MCMS8; SNRPD2; CNOT1; ZCCHC7; EXOSC10;
RPS18; RPL35; RPS26; RPL6; RPL36A; DIMT1L; NMD3; FTSJ1;
GRPEL2; FKBP11; CWC27;FKBP14; DNAJC1; CCT7; CCTS;
SNAP25; VAMP7; N6AMT1; PCMT1; TRMT6; EIF2B4; UBE3A;
BTBDS; BTBD7; UBE4A; PSMDS5; UBACI1; TRIM73; ARIH2

RAB23; BMP5; PTCHI1; LGR4; SCT; CCK; P2RYS; TSHR; LEPR; 43
NMURI; HTR1A; PRLHR; PIK3R2; JUN; MTOR; ABCCS5; TAPI;

SLC43A3; ABCD3; SLC22A11; NTRK2; DUSP3; PPM1B; ATF2;

SEC62; SMADG6; TGFB1; DIRAS3; GNG7; ARF4; STAT2; PTPRF;

CHRNA7; GNA11; HTR2C; RASSF6; AURKAIP1; WIF1; IL15;

RGMA; PRNP; BAMBI; SDC2

SMC3; CDK1; ANAPCS; ATM; CDC45; SMC1B; ARPC4; KRTS81; 35
DCTN4; KIF11; CFL1; MYO9B; SPTBN4; MYH2; PLEC; TUBB4Q;

MYOI1B; KRT86; KRT85; WASL; VIM; DFFA; BBC3; LPARI;

PLK1; CHMP2B; ACAP3; CHMP1B; AP2A1; JAM3; CTSL2;

LAPTM4A; PAK4; SMC4; DDB2

ADORA2B; KCNH2; SCNN1G; TRPC4; OR10H1; KCNA1; GPR157,; 13
KCNK10; KCNAS; LGR6; GPRC5B; NR2E1; ESRRG

PSKH2; DYRK1B; TSSK6; GAK; CDK16; RIOK2; ADAMTSI15; 18
CAPN2; PRSS12; OSGEP; PRSS27,CPM; BRD2; AURKC;
PSMB3; UCHL3; PSMA4; PSMAG6

H2AFY2; H2AFB1; H2AFB2; HIST1H4C; H2AFV; H2AFB3; 23
HIST1H2BA; HISTIH2BO; HIST2H4A; H3F3C; HIST2H4B;

IKBKG; CXCL1; TLR2; CD14; MAP3K7; HLA-B; HLA-C;

TIAM1; ICAMI; PROS1; HIST2H2BF; DCLREIC

PRKAG2; FLOT1; PPP1R3C; CACNG1; PPARG 5

IFT57; PEX2; GRINA; FRS2; ATP11B; PGGT1B; ADPGK; 12
HACLI1; DDX50; DDX18; SMPDL3A; TFG

Lipid metabolism; carbohydrate
metabolism; energy metabolism;
nucleotide metabolism; amino acid
metabolism; glycan biosynthesis
and metabolism; metabolism of
cofactors and vitamins

Transcription; translation; folding,
sorting and degradation;
replication and repair

Membrane transport; signal
transduction; signaling molecules
and interaction

Cell motility; cell growth
and death; cell communication

Receptors and channels

Protein kinases; peptidases

Immune system and immune
system diseases

Endocrine system disorder; circulatory

system and cardiovascular diseases

Miscellaneous functions
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Figure 4. Bisulfite sequencing analysis of methylation status of promoter CpG islands of genes. The circles show the CpG sites of amplified DNA by bisulfite
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kinases. They were also involved in several immune, endocrine
and cardiovascular system disorder-related pathways.

Validation of methylation profile of six candidate genes in
patients with PE. Due to the impracticability of validating
all genes identified in the microarray, we focused on 6 genes
to confirm their methylation status in 9 patients with PE and
9 healthy pregnancies, including CAPN2, EPHX2, ADORA2B,
SOX7,CXCLI and CDXI. These six genes were selected because
they have higher log, ratio and their potential functions were
related to the molecular mechanisms postulated to underlie PE.

The methylation pattern for these genes was confirmed and
quantified more accurately by BSP for these PE and control
samples. We investigated the methylation status of 30 CpG sites
in the CAPN?2 promoter, 12 CpG sites in the EPHX2 promoter,
32 CpG sites in the ADORA2B promoter, 22 the CpG sites in
SOX7 promoter, 46 CpG sites in the CXCLI promoter and 33
CpG sites in the CDX1 promoter, respectively (Fig. 3).

The methylation status of these promoter CpG dinucleo-
tides are shown in Fig. 4. The promoter CpG dinucleotides of
these genes (ADORA2B, SOX7, CXCLI, CDX]) in PE cases
were mostly methylated, while they were mostly unmethylated
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in control cases. Hypermethylation of CpG islands was 60-75%
in the PE cases and 5-9% in the controls. The promoter CpG
dinucleotides of genes CAPN2 and EPHX?2 in PE cases were
mostly unmethylated, while they were mostly methylated in
control cases. Hypermethylation of CpG islands was 1-2% in
the PE cases and 67-87% in the controls.

Discussion

In this study, we performed a genome-wide methylation
analysis of the placenta in patients with PE and identified 296
genes with aberrant levels of DNA methylation compared to
normal control placental tissues. We mapped these genes to
their chromosomal locations and observed that there was a bias
towards chromosomes 1, 12 and 19. Thirty-one genes mapped
to chromosome 1 and at least 3 of them [DIRAS3 (10), JUN
(11), MTOR (12)] have been reported to interact functionally
with vasoconstrictors, which is a critical factor in the develop-
ment of PE (13). Therefore, alterations of the methylation of
genes on chromosome 1, 12 and 19 may be associated with the
pathogenesis of PE. We validated the DNA methylation status
of 6 candidate genes using BSP, including CAPN2, EPHX?2,
ADORA2B, SOX7,CXCLI and CDX]1.

Cross (13) reviewed various interpretations of the genetics
of PE and concluded that there were 3 independent mecha-
nisms: pre-existing borderline maternal hypertension that is
exacerbated by pregnancy, elevated levels of the vasocon-
strictor, angiotensin I1, in the maternal circulation as a result of
the placental overproduction of renin, and placental pathology.
Also, recent research has shown that angiogenic factors are
involved in blood pressure modulation in pregnancy (14).
Furthermore, Kulkarni et al (15) recently reported dysregula-
tion of angiogenic factors (vascular endothelial growth factor
and placental growth factor) in PE. In our study, we found
that certain genes related to angiogenic and anti-angiogenic
functions had aberrant DNA methylation profiles, including
HOXDI (16), DIRAS3 (10) and CXCLI (17). Placental
pathology, especially abnormal placental trophoblastic infil-
tration of the uterine spiral arteries, is also considered to be an
important mechanism underlying PE.

EPHB4(18) and WNT2(19) were found to be responsible
for the vascularization of the placenta, which is associated with
the invasion of the spiral arteries. We found that CDX/ showed
significant hypermethylation in PE placentas. While the func-
tion of CDX1 in the placenta is unknown, its homolog, CDX2,
is believed to be associated with embryonic implantation (20).
This suggests that CDX1 may be important in the development
of PE and it is possible that the DNA hypermethylation in the
gene promoter causes a subtle difference in the degree of tropho-
blast invasiveness among individual human placentas. Further
studies are needed to identify the intrinsic function of CDX1 in
the human placenta and its relation to the development of PE.

Many of the other genes detected in our initial screen may
play an important role in the development of PE. For example,
KCNH2 (21), SCNNIG (22), EPHX2 (23) and CAPN2 (24), a
Ca?*-dependent cysteine protease, have been implicated in the
pathogenesis of hypertension, but the role of these genes in PE
is currently unknown.

In our study, we observed 296 genes with aberrant DNA
methylation in PE. These 296 genes can be clustered into

JIA et al: SCREENING FOR DIFFERENTIAL METHYLATION STATUS IN HUMAN PLACENTA IN PREECLAMPSIA

specific functional networks. During gestation, the epigenome
is particularly susceptible to dysregulation because the DNA
synthesis rate is high and the elaborate DNA methylation
patterns and chromatin modifications required for normal tissue
development are being established during this time (25). Among
the 296 genes, 108 gene functions are related to transcription,
translation, folding, sorting and degradation, replication and
repair and 35 gene functions are related to cell motility, cell
growth and death, cell communication. The observed abnormal
DNA methylation in PE may reflect alterations in the normal
temporal regulation of gene expression patterns in the placenta.

It is believed that PE is a syndrome of exaggerated
innate inflammatory response. Xie et al (26) indicated that
SNPs of the proinflammatory mediator, TLR2, appeared to
alter susceptibility to developing the maternal preeclamptic
syndrome. In our study, we have also found that 23 genes with
aberrant methylation profiles in the PE placental samples were
related to the immune system, including TLR2. Furthermore,
the presence of metabolic abnormalities, such as insulin resis-
tance (27) and abnormal lipid metabolism (28), contribute to
the development of PE and 39 related genes were identified on
our array data.

Several groups have already presented data of the analysis
of DNA methylation in PE. Using the Illumina GoldenGate
Methylation panel and bisulfite pyrosequencing, Yuen et al
identified 1,505 CpG sites of 807 genes, including TUSC3 and
TIMP3 (5,29). Using mass spectrometry on a matrix-assisted
laser desorption/ionization time-of-flight (MALDI-TOF)
mass array, Bellido et al (30) compared the quantitative
methylation changes of RASSFI and SERPINBS in placenta
and plasma samples. Kulkarni et al (31) measured the global
DNA methylation level in placentas of women with PE using
the Methylamp™ Global DNA methylation quantification Kit.
Using 5-methylcytosine immunohistochemistry and Alu and
LINE-1 repeat pyrosequencing, Gao et al (32) investigated
global DNA methylation as well as DNA methylation of the
paternally imprinted H19 gene in preeclamptic placentas.
There is relatively little concordance between our findings
and these other reports. One likely explanation is the technical
differences between the assays used in these studies.

In conclusion, the NimbleGen human CpG island plus
promoter microarray technique is a useful tool to study the
genome-wide DNA methylation profile of placental samples
from women with PE. We explored the aberrant patterns of
DNA methylation in PE and provided evidence for altered
patterns of placental DNA methylation during the patho-
physiology of PE. The identification of placental gene-specific
methylation profile may provide valuable insights into path-
ways that are likely to be epigenetically regulated. The future
study of DNA methylation is important for the understanding
of PE or other complex diseases. This might be of value as
prognostic biomarkers, predictors of response to therapy and
constitute future therapeutic targets.

Acknowledgements

This study was supported by grants from the Natural Science
Foundation of Jiangsu Province, China (BK2011106) and the
Technology Development Foundation of Jiangsu Provincial
Department of Health (Proj. no. H201068).



/B PUBLICATIONS

SPANDIDOS

References

10.

11.

12.

13.
14.

15.

16.

17.

. Lain KY and Roberts JM: Contemporary concepts of the patho-

genesis and management of preeclampsia. JAMA 287: 3183-3186,
2002.

. Myatt L: Role of placenta in preeclampsia. Endocrine 19: 103-111,

2002.

. Maccani MA and Marsit CJ: Epigenetics in the placenta. Am J

Reprod Immunol 62: 78-89, 2009.

. Nelissen EC, van Montfoort AP, Dumoulin JC and Evers JL:

Epigenetics and the placenta. Hum Reprod update 17: 397-417,
2011.

. Yuen RK, Avila L, Penaherrera MS, von Dadelszen P, Lefebvre L,

Kobor MS and Robinson WP: Human placental-specific epipoly-
morphism and its association with adverse pregnancy outcomes.
PLoS One 4: €7389, 2009.

. American College of Obstetricians and Gynecologists;

Committee on Practice Bulletins: Obstetrics. ACOG practice
bulletin no. 33: diagnosis and management of preeclampsia and
eclampsia. Obstet Gynecol 99: 159-167, 2002.

. National Institutes of Health; National Heart, Lung and Blood

Institute; National High Blood Pressure Education Program:
Working group report on high blood pressure in pregnancy. NIH
Publication no. 00-3029, revised July 2000. NIH, Bethesda, MD,
2000.

. Li LC. Designing PCR primer for DNA methylation mapping.

Methods Mol Biol 402: 371-384, 2007.

. Tong WG, Wierda WG, Lin E, Kuang SQ, Bekele BN, Estrov Z,

WeiY, Yang H, Keating MJ and Garcia-Manero G: Genome-wide
DNA methylation profiling of chronic lymphocytic leukemia
allows identification of epigenetically repressed molecular
pathways with clinical impact. Epigenetics 5: 499-508, 2010.
Zhao X, LiJ, Zhuo J and Cai L: Reexpression of ARHI inhibits
tumor growth and angiogenesis and impairs the mTOR/VEGF
pathway in hepatocellular carcinoma. Biochem Biophys Res
Commun 403: 417-421, 2010.

He M, Han M, Zheng B, Shu YN and Wen JK: Angiotensin II
stimulates KLF5 phosphorylation and its interaction with c-Jun
leading to suppression of p21 expression in vascular smooth
muscle cells. J Biochem 146: 683-691, 2009.

Kida T, Chuma H, Murata T, Yamawaki H, Matsumoto S, Hori M
and Ozaki H: Chronic treatment with PDGF-BB and endo-
thelin-1 synergistically induces vascular hyperplasia and loss
of contractility in organ-cultured rat tail artery. Atherosclerosis
214: 288-294,2011.

Cross JC: The genetics of pre-eclampsia: a feto-placental or
maternal problem? Clin Genet 64: 96-103, 2003.

Troisi R, Braekke K, Harsem NK, Hyer M, Hoover RN and
Staff AC: Blood pressure augmentation and maternal circulating
concentrations of angiogenic factors at delivery in preeclamptic
and uncomplicated pregnancies. Am J Obstet Gynecol 199: 653,
2008.

Kulkarni AV, Mehendale SS, Yadav HR, Kilari AS, Taralekar VS
and Joshi SR: Circulating angiogenic factors and their association
with birth outcomes in preeclampsia. Hypertens Res 33: 561-567,
2010.

Park H, Choi HJ, Kim J, Kim M, Rho SS, Hwang D, Kim YM
and Kwon YG: Homeobox D1 regulates angiogenic functions of
endothelial cells via integrin B1 expression. Biochem Biophys
Res Commun 408: 186-192, 2011.

Baston-Biist DM, Gotte M, Janni W, Kriissel JS and Hess AP:
Syndecan-1 knock-down in decidualized human endometrial
stromal cells leads to significant changes in cytokine and angio-
genic factor expression patterns. Reprod Biol Endocrinol 8: 133,
2010.

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 30: 133-141, 2012

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29

30.

31.

32.

141

Red-Horse K, Kapidzic M, Zhou Y, Feng KT, Singh H and
Fisher SJ: EPHB4 regulates chemokine-evoked trophoblast
responses: a mechanism for incorporating the human placenta
into the maternal circulation. Development 132: 4097-4106,
2005.

Monkley SJ, Delaney SJ, Pennisi DJ, Christiansen JH and
Wainwright BJ: Targeted disruption of the Wnt2 gene results in
placentation defects. Development 122: 3343-3353, 1996.
Savory JG, Bouchard N, Pierre V, Rijli FM, De Repentigny Y,
Kothary R and Lohnes D: Cdx2 regulation of posterior devel-
opment through non-Hox targets. Development 136: 4099-4110,
2009.

Tsai CT, Lai LP, Hwang JJ and Lin JL: Chiang FT. Molecular
genetics of atrial fibrillation. J] Am Coll Cardiol 52: 241-250,
2008.

Jin HS, Hong KW, Lim JE, Hwang SY, Lee SH, Shin C, Park HK
and Oh B: Genetic variations in the sodium balance-regulating
genes ENaC, NEDD4L, NDFIP2 and USP2 influence blood
pressure and hypertension. Kidney Blood Press Res 33: 15-23,
2010.

Ashenagar MS, Tabuchi M, Kinoshita K, Ooshima K, Niwa A,
Watanabe Y, Yoshida M, Shimada K, Yasunaga T, Yamanishi H
and Higashino H: Gene expression in the adrenal glands of three
spontaneously hypertensive rat substrains. Mol Med Rep 3:
213-222,2010.

Wu HY, Tomizawa K and Matsui H: Calpain-calcineurin
signaling in the pathogenesis of calcium-dependent disorder.
Acta Med Okayama 61: 123-137,2007.

Dolinoy DC, Weidman JR and Jirtle RL: Epigenetic gene regula-
tion: linking early developmental environment to adult disease.
Reprod Toxicol 23: 297-307, 2007.

Xie F, Hu Y, Speert DP, Turvey SE, Peng G, Money DM,
Magee LA and von Dadelszen P: Toxaemia Study Group:
Toll-like receptor gene polymorphisms and preeclampsia risk: a
case-control study and data synthesis. Hypertens Pregnancy 29:
390-398, 2010.

Hauth JC, Clifton RG, Roberts JM, Myatt L, Spong CY,
Leveno KJ, Varner MW, Wapner RJ, Thorp JM Jr, Mercer BM,
et al: Maternal insulin resistance and preeclampsia. Am J Obstet
Gynecol 204: 327, 2011.

Tokumura A, Kume T, Taira S, Yasuda K and Kanzaki H: Altered
activity of lysophospholipase D, which produces bioactive
lysophosphatidic acid and choline, in serum from women with
pathological pregnancy. Mol Hum Reprod 15: 301-310, 2009.
Yuen RK, Penaherrera MS, von Dadelszen P, McFadden DE and
Robinson WP: DNA methylation profiling of human placentas
reveals promoter hypomethylation of multiple genes in early-
onset preeclampsia. Eur J Hum Genet 18: 1006-1012, 2010.
Bellido ML, Radpour R, Lapaire O, De Bie I, Hosli I, Bitzer J,
Hmadcha A, Zhong XY and Holzgreve W: MALDI-TOF mass
array analysis of RASSF1A and SERPINBS methylation patterns
in human placenta and plasma. Biol Reprod 82: 745-750, 2010.
Kulkarni A, Chavan-Gautam P, Mehendale S, Yadav H and
Joshi S: Global DNA methylation patterns in placenta and its
association with maternal hypertension in pre-eclampsia. DNA
Cell Biol 30: 79-84, 2011.

Gao WL, Li D, Xiao ZX, Liao QP, Yang HX, Li YX, Ji L and
Wang YL: Detection of global DNA methylation and paternally
imprinted H19 gene methylation in preeclamptic placentas.
Hypertens Res 34: 655-661, 2011.


https://www.spandidos-publications.com/10.3892/ijmm.2012.983
https://www.spandidos-publications.com/10.3892/ijmm.2012.983

