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Abstract

Objectives: This study is aimed to identify the expression of Notch family proteins in placentas from patients with early-onset
severe preeclampsia. Study Design: The expression of Notch family proteins in placentas was investigated by immunohisto-
chemistry, Western blotting, and real-time reverse transcription—polymerase chain reaction (RT-PCR). Results: The profile
of distribution of all Notch family proteins in placentas from patients with early-onset severe preeclampsia is similar to that in
normal placentas. All Notch family proteins are expressed in placental trophoblasts. Moreover, Notch| and Jagged| (Jagl) are
detected in placental endothelial cells. Real-time RT-PCR showed that messenger RNA levels of Notch2 and Delta-like4 (DI14)
in placentas from patients with early-onset severe preeclampsia are lower than that of normal placentas. Western blotting
showed a significant increase in Notch3 expression and a significant decrease in Notch2 expression in placentas from patients
with early-onset severe preeclampsia relative to those in normal placentas. Conclusion: The results suggest that Notch2 and

Notch3 may play some roles in the pathogenesis of preeclampsia.
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Introduction

Preeclampsia (PE) is a major complication of pregnancy and
leads to increased perinatal morbidity and mortality worldwide.
Its incidence is 2% to 8%." It is a pregnancy-specific syndrome
with de novo development of concurrent hypertension and pro-
teinuria, which sometimes progresses into a multiorgan cluster
of varying clinical features.’

Notch signaling is evolutionarily conserved and exerts crit-
ical functions during cell fate determination, differentiation,
and many other biological processes.” Notch functions as a
receptor. There are 4 Notch receptors (Notch1-4) and 5 ligands
(Jagl and 2 and DII1, 3, and 4) in the mammalian Notch-
signaling pathway.® Most of Notch receptors at the cell surface
are heterodimeric, single-pass transmembrane molecules,* and
all of the ligands are transmembrane-type proteins.” The extra-
cellular domains of both Notch and its ligands contain multiple
epidermal growth factor (EGF) repeats. Notch can exert its bio-
logical functions by canonical and noncanonical pathways. The
canonical Notch pathway is activated when Notch ligands bind
to the EGF repeats 11 to 12 and 24 to 29 of the Notch extracel-
lular domain (NECD) from adjacent cells, followed by sequen-
tial cytoplasmic cleavage of Notch intracellular domain
(NICD).®® The liberated NICD translocates to the nucleus,
where NICD interacts with the DNA-binding transcription fac-
tor CBF-1, Suppressor of Hairless, Lag-2 (CSL), which results

in the transcriptional activation of Notch-targeting genes
including the hairy and enhancer of split (HES) and HES-
related proteins.” Noncanonical Notch signaling is CSL inde-
pendent and can be either ligand dependent or independent.'”

The results from published studies demonstrate that Notch-
signaling pathway is essential for the development of placenta.
Defects in the Notch receptor-ligand pathway have adverse
effect on the placentation.'’ The poor early placentation is
especially associated with early-onset preeclampsia (<34
weeks)? during which cytotrophoblasts play an important role.
Other studies also show that there are differences in expression
of some Notch receptors and ligands between placentas from
patients with preeclampsia complicated placentas and normal
ones.'>!? To the best of our knowledge, no study has compre-
hensively investigated the expression of all known ligands and
receptors of the mammalian Notch members in placentas from
patients with early-onset severe preeclampsia. We hypothesize
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that there are additional differences in Notch member expres-
sion between placentas from patients with early-onset severe
preeclampsia and normal ones in addition to the differences
that had been detected. Given that placentas complicated by
preeclampsia express decreased levels of Notch proteins,'*!?
we further hypothesize that other Notch proteins may also be
expressed at lower levels in placentas from patients with
early-onset severe preeclampsia.

Materials and Methods

This study included 11 women with early-onset severe pree-
clampsia and 11 normal-term pregnant women (control group)
without medical problems. All women underwent cesarean sec-
tion. The control group was selected randomly. The gestational
age at birth in women with early-onset severe preeclampsia
ranged from 247 to 337® weeks. Early-onset severe pree-
clampsia is diagnosed when it occurred between 20 and 34
weeks of gestation that new-onset hypertension greater than
140/90 mm Hg and proteinuria greater than 0.3 g/24 h compli-
cated by one or more of the following: systolic pressure >160
mm Hg, diastolic pressure >110 mm Hg, proteinuria >2 g/24 h
or +-++ on dipstick, oliguria <60 mL for 2 successive hours or
<500 mL/24 h, epigastric or liver pain, headache, blurred
vision, and pulmonary edema.'*'® Cesarean section was per-
formed on normal pregnant women at 37" to 392 weeks of
gestation. All participants participated in the study voluntarily
and signed informed consent forms. All placental samples were
obtained in less than 15 minutes after cesarean section. Placen-
tal samples (about 0.5 cm®) were collected from the center part
of the placenta within 3 cm from the umbilical cord and tissues
with infarct, fibrosis, and calcification were excluded. Sections
contained the entire wall of the placenta covering the portion
with or without amniotic membrane and the decidua basalis.
The samples with amniotic membrane and the decidua basalis
were fixed in 10% buffered formaldehyde for immunohisto-
chemistry. And the samples free of amniotic membrane and
decidua basalis were stored long term at —20°C for Western
blotting and real-time RT-PCR.

Immunohistochemistry

Sections, 3 pm in thickness, were deparaffinized in xylene, rehy-
drated in a decreasing alcoholic row, and boiled in 0.01 mol/L
citrate buffer (pH 6.0) for 2 minutes in a microwave. Endogen-
ous peroxidase activity was blocked using hydrogen peroxide
(3%). And then incubation with fetal calf serum was performed
to reduce nonspecific binding for 20 minutes at 37°C. The slides
were incubated with the primary antibodies overnight at 4°C.
The primary antibodies are listed below: Notchl (1:200; Santa
Cruz, Dallas, Texas; Cat.No. sc-6014), Notch2 (1:400; Cell Sig-
nal Technology, Boston, Massachusetts; Cat.No. 4530p),
Notch3 (1:200; Santa Cruz, Cat.No. sc-5593), Notch4 (1:200;
Santa Cruz, Cat.No. sc-5594), Jagl (1:200; Santa Cruz, Cat.No.
sc-8303), Jag2 (1:200; Santa Cruz, Cat.No. sc-5604), DIl1
(1:100; R&D, Minneapolis, Minnesota; Cat.No. MAB18181),

and D114 (1:100; R&D, Cat.No. MAB1506). After 3 rinses with
phosphate-buffered saline (PBS), the slides were incubated with
peroxidase-conjugated secondary antibodies (peroxidase-
conjugated Affinipure goat anti-rabbit immunoglobulin G [IgG]
1:1000, Cat.No. 99635; peroxidase-conjugated Affinipure goat
anti-mouse IgG 1:1000, Cat.No. 100320; and peroxidase-
conjugated Affinipure rabbit anti-goat IgG 1:1000, Cat.No.
67164, all antibodies from Jackson ImmunoResearch, West
Grove, Pennsylvania) for 60 minutes at 37°C. The slides were
washed 3 times by PBS. Afterward, 3,3-diaminobenzidin (DAB)
was used for visualization. Nuclei were counterstained with
hematoxylin. Isotype-matched antibody (mouse IgG2B, R&D
and rabbit IgG; Santa Cruz) was used as the negative control for
the primary antibodies. The slides stained by anti-CD34 primary
antibody were considered as positive controls. After washing
with distilled water, the slides were mounted with neutral resins.
Immunohistochemical staining was observed and evaluated with
Nikon Eclipse 50i (Nikon, Japan).

The slides were evaluated according to the following mor-
phological criteria, which is in agreement with that given by
Herr et al.'” Syncytiotrophoblasts are located at the surface
of placental villi, and there are no border among the syncytio-
trophoblast cells with smaller and darker nuclei compared to
the cytotrophoblast cells. Cytotrophoblast is a single discontin-
uous row just beneath the syncytiotrophoblast layer in the term
placental villi. Stroma cells are longitudinal cells with protru-
sions. Endothelial cells are spindle-shaped cells at the inner
surface of the blood vessels.

RNA Extraction and Quantitative Real-Time
RT-PCR Analysis

Total RNAs of placentas were isolated with TRIzol reagent (Life
technologies, Carlsbad, California). RNA purity, yield, and integ-
rity were determined spectrophotometrically. Reverse transcrip-
tion was performed using the Reverse Transcriptase kit
(Promega; Madison, Wisconsin) following manufacturer’s
instructions. The RT-PCR was conducted for several Notch
receptor and their ligand genes with the ABI Prism 7900HT detec-
tion system (Applied Biosystems, Foster City, California) using
SYBR Green Realtime PCR Master Mix (Toyobo, Osaka, Japan).
Primers for targeted genes are listed in Table 1. Negative controls
were performed without complementary DNA in the reaction
mixture. The results were normalized against glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) gene expression. The rela-
tive quantification of target gene was performed with standard
curve or comparative cycle threshold (CT) method.

Western Blot Assay

Placental samples were lysed with radio immunoprecipitation
assay (RIPA: 50 mmol/L Tris, pH 7.4; 150 mmol/L NaCl;
1% Triton X-100; 1% sodium deoxycholate; 0.1% sodium
dodecyl sulfate; 2 mmol/L sodium pyrophosphate; 25 mmol/L
B-glycerophosphate; 1 mmol/L EDTA; 1 mmol/L sodium
orthovanadate [Na;VQO,]; and 0.5 pg/mL leupeptin) using a
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Table I. Notch Receptors and Ligands Primer Pairs for RT-PCR
Analysis.

Gene Primers
Notch 5-GAGGCGTGGCAGACTATGC-3'
5 -CTTGTACTCCGTCAGCGTGA-3’
Notch2 5'-CCTTCCACTGTGAGTGTCTGA-3'
5-AGGTAGCATCATTCTGGCAGG-3'
Notch3 5" -TGGCGACCTCACTTACGACT-3’
5-CACTGGCAGTTATAGGTGTTGAC-3'
Notch4 5 -TGTGAACGTGATGTCAACGAG-3'
5-ACAGTCTGGGCCTATGAAACC-3'
DIl 5 -GATTCTCCTGATGACCTCGCA-3
5'-TCCGTAGTAGTGTTCGTCACA-3’
DIl4 5-GCCCTTCAATTTCACCTGGC-3'
5'-CAATAACCAGTTCTGACCCACAG-3'
Jagl 5-GTCCATGCAGAACGTGAACG-3'
5'-GCGGGACTGATACTCCTTGA-3'
Jag2 5-TGGGACTGGGACAACGATAC-3’
5-AGTGGCGCTGTAGTAGTTCTC-3’
GAPDH 5'-GAAGGTGAAGGTCGGAGTC-3'

5'-GAAGATGGTGATGGGATTTC-3'

Abbreviations: DIl, Delta-like; GADPH, glyceraldehyde 3-phosphate dehydro-
genase; Jag, Jagged; RT-PCR, real-time reverse transcriptase—polymerase chain
reaction.

buffer containing 1 mmol/L phenylmethanesulfonyl fluoride
(PMSF) for 30 minutes in ice. Lysates were centrifuged at
12 000 rpm for 20 minutes at 4°C. Protein concentration was
determined with the bicinchoninic acid (BCA) assay. Protein
samples of 40 ng were denatured for 5 minutes at 95°C and
followed by separation in an NuPAGE Novex 4% to 12%
Bis-Tris Midi Gel, 26 W (Invitrogen, Carlsbad, California).
The separated proteins were then transferred from the gel to
a BioTrace polyvinylidene difluoride (PVDF) Transfer Mem-
brane (Pall Corporation, Port Washington, New York) for 100
minutes at 4°C. After washing, the membranes were blocked
with 5% fat-free milk at room temperature for 60 minutes, and
the blot was then incubated overnight at 4°C with a diluted
primary antibody solution. The primary antibodies are listed
as follows: Notchl (1:200; Santa Cruz, Cat.No. sc-6014),
Notch2 (1:1000; Cell Signal Technology, Cat.No. 4530S),
Notch3 (1:200; Santa Cruz, Cat.No. sc-5593), Notch4
(1:200; Santa Cruz, Cat.No. sc-5594), Jagl (1:500; Abcam,
Cambridge, Massachusetts; Cat.No. ab7771), Jag2 (1:200;
Santa Cruz, Cat.No. sc-5604), DII1 (1:200; R&D, Cat.No.
MABI18181), and D114 (1:500; Abcam, Cat.No. ab7280). The
subsequent incubation with a secondary antibody horseradish
peroxidase conjugate was performed at room temperature for
2 hours. The secondary antibody included anti-rabbit (1:5000;
KANG CHEN, Shanghai, China; Cat.No. KC-RB-035), anti-
goat (1:5000; KANG CHEN, Cat.No. KC-GT-035), or anti-
mouse (1:2000; Cell Signal Technology, Cat.No. 7076). An
anti-B-actin antibody (1:5000, KANG CHEN, Cat.No. KC-
5G5) was used to confirm equal loading. The presence of second-
ary antibody bound to the membrane was detected by Immobilon
Western chemiluminescent HRP substrate (Millipore, Billerica,

Massachusetts) and exposure of the membrane to photographic
film at room temperature for the required time. Western blot band
densities were measured by ImageJ software (U.S. National Insti-
tute of Health, Betheseda, Maryland), and protein expression lev-
els are presented as ratios of each protein band density to its
corresponding internal control (B-actin) density.

Statistical Analyses

Results are expressed as mean + standard deviation. All the
data were analyzed in SPSS versionl7. A P value <.05 was
considered significant.

Results

Distribution of Notch Receptors and Ligands in Placentas
From Patients With Early-Onset Severe Preeclampsia

All of the Notch receptors (Notch1-4) and ligands (Jagl and 2
and DII1 and 4) were detected in placental villi from patients
with early-onset severe preeclampsia. However, there was no
significant difference in the expression profile between the
abnormal placental villi and the normal-term ones. Notchl
was predominantly expressed in the endothelial cells and the
vessel walls of the placental villi (Figure 1A). In addition,
there was weak Notch-1 immunopositivity in the cytoplasm
of syncytiotrophoblasts (Figure 1A). Notch2, 3, and 4 immu-
nopositive cells were mainly cytotrophoblast cells (Figure
IB-D). Jagl was detected in the cytotrophoblast cells as well
as in the endothelial cells of the placental villi (Figure 1E).
Jag2 was mainly found in the cytoplasm of syncytiotropho-
blasts (Figure 1F). The other Notch ligands, DIl1 and DIl4,
were predominantly immunopositive in the cytotrophoblast
cells (Figure 1G and H), together with a faint immunopositiv-
ity for D114 in the endothelial cells (Figure 1H).The negative
control is shown in Figure 1J, and the positive control (anti-
CD34 staining) is displayed in Figure 11.

Quantitative Messenger RNA expression of Notch
Receptors and Their Ligands in Placentas From Patients
With Early-Onset Severe Preeclampsia

All of the specific messenger RNAs (mRNAs) of Notch
receptors 1-4 and their ligands Jagl and 2 and D111 and 4 were
detected in the placentas from patients with early-onset severe
preeclampsia (Figure 2). There was a trend for the downregu-
lation of the mRNA expression of all Notch receptors and
ligands, except for Notchl, in placentas from patients with
early-onset severe preeclampsia when compared with the nor-
mal term placentas. Only the mRNA expression of Notch2
and DII4 was significantly decreased in placentas from
patients with early-onset severe preeclampsia. The mRNA
expression of Notchl was elevated in placentas from patients
with early-onset severe preeclampsia, although the difference
did not reach statistical significance.
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Figure 1. A-H, The expression profile of Notch receptors 1-4 (A-D) and its ligands Jagl and 2 (E and F) and DIl and 4 (G and H) in placentas
from patients with early-onset severe preeclampsia, by immunohistochemical staining. Notch| was predominantly expressed in the endothelial
cells and the vessel walls of the placental villi (A). In addition, there was weak Notch-| immunopositivity in the cytoplasm of syncytiotrophoblasts
(A). Notch 2, 3, and 4 immunopositive cells were mainly cytotrophoblast cells (B-D). Jagl was detected in cytotrophoblast cells as well as in the
endothelial cells of the placental villi (E). Jag2 was mainly found in the cytoplasm of syncytiotrophoblasts (F). DIl and DIl4 were predominantly
immunopositive in the cytotrophoblast cells (G, H: solid arrows) together with a faint immunopositivity for DIl4 in the endothelial cells (H:
dashed line arrows).The positive controls (anti-CD34 staining) was displayed in (l), and the negative control (isotype-matched control) was
shown in (J1; Mouse IgG2B) and (J2; Rabbit IgG). Scale bar: 20 um.

protein expression of other Notch receptors and ligands was
similar in placentas from patients with early-onset severe pre-
eclampsia and normal-term ones (P > .05, Figure 3).

Levels of Protein Expression of Notch Receptors and
Ligands in Placentas From Patients With Early-Onset
Severe Preeclampsia

The level of protein expression of Notch family members was

detected by Western blotting (Figure 3). The level of protein Discussion

expression of Notch2 in placentas from patients with early-
onset severe preeclampsia was found to be significantly lower
than that in normal-term placentas (P <.05; Figure 3), while the
level of protein expression of Notch3 in placentas from patients
with early-onset severe preeclampsia was higher than that in
the normal-term placentas (P < .01; Figure 3). The level of

This study shows that all of the mammalian Notch receptors
(Notch1-4) and ligands (Jagl and 2 and DII1 and 4) were
expressed at the levels of transcription and translation in pla-
cental villi from patients with early-onset severe preeclampsia
except DI13. DII3 was excluded from the present study due to
its mutation in the human DII3 gene, which resulted in
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Figure 2. The messenger RNA (mMRNA) expression of Notch receptor |-4 and its ligands Jagl and 2 and DIlI| and 4 by real-time reverse tran-
scriptase polymerase chain reaction analysis in placentas from patients with early-onset severe preeclampsia. The relative mRNA expression of
the Notch 2 and DII4 decreased significantly in placentas of patients with early-onset severe preeclampsia compared with those of the normal-
term placentas. Differences were considered to be significant with at least P < .05. P indicates placentas from patients with early-onset severe

preeclampsia; N, normal term placentas.

spondylocostal dysostosis, affecting the axial skeletal system."”

The mRNA levels of Notch2 and DIl4 were significantly
decreased in placentas from patients with early-onset severe
preeclampsia when compared to those of normal-term placen-
tas. The level of Notch2 protein expression in placentas from
patients with early-onset severe preeclampsia was significantly
lower, whereas the level of Notch3 protein expression was
higher than that in the normal-term placentas.

We found that most of the Notch receptors and ligands were
expressed by cytotrophoblasts, suggesting that Notch-signaling
pathway may be involved in the functions of cytotrophoblasts
such as proliferation, differentiation, and invasion. Moreover,
it is possible that the Notch members may regulate each other’s
function since many Notch proteins coexpressed in cytotropho-
blasts. Because the investigation of the role of Notch-signaling
pathway in cytotrophoblast functions is beyond the scope of
this study, we plan to do so in the near future.

In the current study, significant decreases in Notch2 and
DI14 mRNA expression were found in placentas from patients
with early-onset severe preeclampsia relative to normal-term
placentas. The protein expression of Notch members was
evaluated by Western blot analysis. The data indicate that the

protein level of Notch2 was significantly decreased in placen-
tas from patients with early-onset severe preeclampsia,
whereas that of Notch3 was significantly increased. In addi-
tion, since our finding on the protein expression levels of
Notch3 is inconsistent with our hypothesis that Notch
members are expressed at lower levels in preeclampsia-
complicated placentas, we repeated Western blot assays
3 times and the results were highly reproducible. The opposite
results from RT-PCR and Western blot assays may be due to
(1) the differences in the translational rate of D114 and Notch3
mRNAs and/or (2) the different stability of D114 and Notch3
proteins. It is noted that such inconsistent results from RT-
PCR and Western blot assays have been observed for Notch
members in a previous study.'®

As shown in Figure 1, Notchl-4, Jagl and 2, and DIl1 and 4
were detected in placental villi of the 2 groups, which is consis-
tent with another study.'” There was no significant difference
in the staining pattern between the 2 groups. But the expression
profile of some proteins in this study is seemingly at variance
compared with the findings of the previous studies.'>:!”:!
Notchl was not detected in cytotrophoblasts in the present
study and in the study by Hunkapiller et al,'' while it was
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Figure 3. The protein expression of Notch receptors |-4 and its ligands Jagl and 2 and DIII and 4, by Western blotting in placentas of patients
with early-onset severe preeclampsia. The protein expression level of Notch2 in placentas from patients with early-onset severe preeclampsia
was significantly lower than that in the normal-term placentas (P <.05), while the protein expression level of Notch3 in placentas of patients with
early-onset severe preeclampsia was higher than that in the normal-term placentas (P < .01). *P < .05. The error bars represent the means +
standard deviation (SD). P indicates placentas from patients with early-onset severe preeclampsia; N, normal-term placentas.

observed in the cytotrophoblasts by other studies.'*"'”'* The
current study revealed that cytotrophoblast cells were stained
by Notch2, 3, and 4; Jagl; and DII1 and 4, whereas only Notchl
and 3 and DII1 were detected by Herr and coworkers.'” In the
present study, Jagl was immunostained in cytotrophoblasts,
and our results are in agreement with those of the previous
studies.'*'” We also found that Jagl was expressed in the
endothelial cells of placentas, consistent with the finding from
a previous study.'!” However, 2 other previous studies failed to
detect Jagl expression in the endothelial cells of placentas.'*'?
Moreover, we found that Jag2 was present in the cytoplasm of
syncytiotrophoblasts, but a previous study demonstrated that

Jag2 was not expressed in syncytiotrophoblasts.!” Possible
explanations for these differences include the heterogeneity
of the placental tissues, the different antibodies used in the
studies, different experimental systems, and different races.
Cobellis et al found using Western blot method that there
was a significant downregulation of Notch1 and Notch4 in pla-
centas with preeclampsia'?; while in the present study, the pro-
tein expression of Notchl and Notch4 was similar between
placentas with preeclampsia and normal-term placentas. In
another study, immunoreactivity of Notchl, 2, and 4 and Jag2
revealed significant downregulation in placentas with pree-
clampsia'?; whereas in our study, only the protein expression
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of Notch2 showed decrease in the preeclampsia group. The dif-
ference between these 2 articles and the present article may
attribute to the different gestational age of the samples. The
gestational age of the samples with preeclampsia in the study
by Cobellis et al ranged from 35 to 40 weeks,'® while in the
current study it was less than 34 weeks of gestation. In a similar
way, the gestational age of specimens with preeclampsia ran-
ged from 35 to 40 weeks in the study by Sahin and coworkers.'?
In the study by Sahin and coworkers, the samples were from
basal plate and chorionic plate of the placentas,'? whereas the
specimens in the current study were excluded from basal plate
and chorionic plate of the placentas. Moreover, the protein lev-
els of Notch members in the current study were determined by
Western blot analysis. In contrast, Sahin and coworkers inves-
tigated the expression of Notch members by immunohisto-
chemistry method.'?

To our knowledge, our study is the first one to indicate the
elevated protein level of Notch3 in placentas from patients with
early-onset severe preeclampsia compared to the normal-term
placentas. We have provided the evidence that Notch3 is the
first one of Notch family whose protein expression level
increased in placentas with preeclampsia. The role of Notch3
in cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy (CADASIL) has been thor-
oughly investigated over the last decade.?® In addition, it has
been demonstrated that Notch3 takes some roles in cancer.?' >
Given that there is a significant difference in Notch3 protein
expression between placentas from patients with early-onset
severe preeclampsia and normal-term placentas, it is implied
that Notch3 may play some role in the pathogenesis of early-
onset severe preeclampsia. Previous studies have demonstrated
that Notch3 is involved in some cell functions. It can promote
proliferation and inhibit apoptosis of ErbB2-negative breast
tumor cells through the activation of the canonical Notch path-
way.? In addition, Notch3 is capable of regulating the differ-
entiation and proliferation of esophageal squamous cell.**
Rahman et al revealed that proliferation of KFr13 and KFr13Tx
cells was decreased and apoptosis was induced when Notch3
was inactivated by y-secretase inhibitor or small interfering
RNA.?! Other studies also provided the evidences that Notch3
plays some role in cell proliferation and apoptosis.>>*’ Our
experimental data, together with the aforementioned studies,
imply that Notch3 may regulate the proliferation, apoptosis,
or differentiation of placental cytotrophoblast cells, which are
dysregulated in preeclampsia®*=® and thus play important
roles in the pathophysiological mechanism of early-onset
severe preeclampsia. However, the exact roles of Notch3 in
early-onset severe preeclampsia remain to be elucidated.
Similarly, Notch2 can also regulate cell proliferation, apopto-
sis, and differentiation.®'*? Thus, Notch2 may also be impli-
cated in the pathophysiological mechanism of early-onset
preeclampsia since its protein expression was significantly
decreased in placentas with preeclampsia compared with nor-
mal placentas. It remains to be demonstrated whether Notch2
and Notch3 interact, since they are coexpressed in the placen-
tal cytotrophoblast cells.

There are some possible limitations in our study. First, this
study was limited by the small sample sizes. Second, the gesta-
tional age between the 2 groups is inconsistent. If the gesta-
tional age in the control group is consistent with that in
patient group, it should be less than 34 weeks of gestation.
However, the women, who delivered before 34 weeks of gesta-
tion, always had complications and abnormalities, such as pre-
term labor, placental abruption, and so on. These complications
may affect the expression of Notch members. Thus, the normal-
term control was chosen for this current study. Moreover, it
was revealed that Notch3 expression was elevated in placentas
of third trimester relative to that in the placentas of first trime-
ster,'” which mirrors the reality of this current study. Unfortu-
nately, there were no results available for comparison of
Notch2 expression between first-trimester and third-trimester
placentas because Notch2 receptor primers displayed 2 peaks
in the first derivative of melting curve.'’

In conclusion, the present study demonstrates increased pro-
tein expression of Notch3 and decreased Notch2 in placentas of
patients with early-onset severe preeclampsia compared to
normal-term placentas. The results imply that the Notch-
signaling pathway, especially Notch3 and Notch2 mediating
Notch-signaling pathway, may play an important role in the
pathogenesis of early-onset severe preeclampsia. Further stud-
ies are required to elucidate the exact mechanism of the Notch-
signaling pathway in the pathophysiological mechanism of
preeclampsia.
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