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Association between the levels of CGI-58 and lipoprotein
lipase in the placenta of patients with preeclampsia
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Abstract. Preeclampsia is an idiopathic disease of pregnancy,
which seriously endangers the life of both the mother and
the infant. The pathogenesis of preeclampsia has not been
fully elucidated, although it is generally considered to be
associated with abnormal lipid metabolism during pregnancy.
Comparative gene identification-58 (CGI-58) and lipoprotein
lipase (LPL) are involved in the first step of triglyceride
hydrolysis and serve an important role in lipid transport in
the placenta. The present study aimed therefore to investigate
the association between CGI-58 and LPL in the placentas of
patients with or without preeclampsia and to evaluate blood
lipid levels. The patient cohort was divided into two groups,
pregnant women with preeclampsia and normal pregnant
women (control). According to biochemical analyses, reverse
transcription-quantitative PCR, immunohistochemistry
analysis and western blotting, the expression of CGI-58 and
LPL in the placenta was detected, the blood lipid levels were
evaluated and other clinical data were collected. Compared
with the control group, triglycerides (TGs), low density
lipoprotein-cholesterol (LDL-C), apolipoprotein B (ApoB)
and atherosclerotic index (AI) were significantly higher in
the preeclampsia group, whereas high density lipoprotein-
cholesterol (HDL-C) and apolipoprotein A (ApoA) were
significantly lower (P<0.05). Furthermore, the expression levels
of CGI-58 and LPL in the placental tissue of the preeclampsia
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group was significantly lower than that of the control group
(P<0.05). Linear correlation analysis demonstrated that there
was a positive association between CGI-58 and LPL (r=0.602;
P<0.05), that CGI-58 was positively associated with HDL-C
(r=0.63; P<0.01) but negatively associated with TG and ApoB
(r=0.840; P<0.01; and r=0.514; P<0.05, respectively), that LPL
was positively associated with HDL-C (r=0.524; P<0.01) but
negatively associated with TG and Al (r=0.659; P<0.01; and
r=0.496; P<0.01, respectively). These results suggested that the
expression of CGI-58 and LPL in the placenta was associated
with the pathogenesis of preeclampsia and maternal lipids and
the risk of preeclampsia was increased with decreasing expres-
sion levels of CGI-58 and LPL. Hence, CGI-58 and LPL may be
used as important indicators for the diagnosis of preeclampsia
and for the prevention of preeclampsia in pregnant women.

Introduction

Preeclampsia is a pregnancy-specific clinical syndrome
with an incidence rate of 3-6%, which is responsible for
10-15% of maternal deaths (1,2). The classical definition
of preeclampsia is a novel-onset hypertension combined
with novel-onset proteinuria after gestational week 20,
or a novel-onset preeclampsia-associated signs without
proteinuria (3). Preeclampsia can cause maternal pulmonary
edema, abnormal expression of liver enzymes, eclampsia
and central nervous system complications, but can also cause
fetal growth and development-related complications (4). The
clinical characteristics of preeclampsia demonstrate notable
heterogeneity, suggesting that it might be difficult to explain
the pathogenesis of preeclampsia based on a single etiological
factor (5). At present, preeclampsia is generally considered
to involve multiple factors, pathways and mechanisms (6). Its
etiology may be closely associated with insufficient invasion
of trophoblasts, increased oxidative stress, abnormal immune
regulation mechanisms, vascular endothelial damage and
genetic mechanisms (7). However, there is a consensus that
placental dysfunction serves a crucial role in the development
of preeclampsia (8).

The placenta is the foundation of the maternal-infant
relationship, and maternal-fetal nutrient transport is the basis
of fetal growth and development (9). Lipid transport in the
placenta is not only the primary source of fetal energy supply,
but also the key material that promotes the development of the
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fetal nervous system (10,11). Lipid metabolism disorder can
cause inflammatory reactions and accumulation of oxidative
stress products, affecting trophoblast invasion and placental
development and causing vascular endothelial damage and
inhibition, leading to a series of pathological changes (12).
Compared with normal pregnant women, the serum lipid levels
and lipoprotein metabolism of patients with preeclampsia
is abnormal (13). High blood lipid levels in patients with
preeclampsia lead to atherosclerotic changes during pregnancy,
which can persist for several years after delivery, increasing
the risk of cardiovascular disease (14). This may be due to the
increase in blood vessel injury components, such as serum
C-reactive protein, homocysteine and dimethylarginine and a
decrease in vascular protective components, such as vascular
endothelial growth factor and angiopoietins 2 in patients with
preeclampsia (15). Lipid metabolism disorders might therefore
lead to the production of a large number of lipid peroxides,
resulting in vasospasm and endothelial cell damage (16).

Placental lipid transport is an important energy source
for the fetus. Maternal triglycerides (TGs) need to be decom-
posed into fatty acids by the adipose TG lipase (ATGL)
of the placenta before entering the fetus (17). Lipoprotein
lipase (LPL) is a member of the ATGL family that is widely
present in adipocytes, macrophages, myocardium and skel-
etal muscle (18). LPL is involved in the hydrolysis of TGs
in chylomicrons and very low-density lipoprotein granules,
and their products can be used for oxidative energy supply
and lipid metabolism (18). The disorder of placental lipid
transport can lead to lipid accumulation and increased lipid
peroxidation with oxidative activity, resulting in inflammation,
inward flow of extravascular lipids, and a further increase in
vascular permeability, resulting in endothelial damage (19).
Resistin can upregulate the expression of LPL in macrophages
via the PPARy-dependent PI3K/Akt signaling pathway, thus
accelerating the transfer of extracellular oxidized low-density
lipoprotein (oxLDL) to macrophages (20). The increase of
LPL expression not only contributes to the hydrolysis of
intracellular TG, but also promotes the accumulation of lipids
in macrophages (20).

Comparative gene identification-58 (CGI-58) is a glyco-
protein with a molecular weight of 28 kb, which is highly
expressed in fat, liver, testis, muscle and other tissues, and can
be used as an agonist in the hydrolysis of ATGL and lysophos-
phatidic acid acyltransferase (21,22). Due to co-activation, LPL
can increase its autocatalytic activity by 20 times by binding
with co-activating protein CGI-58 (13). Under the influence
of maternal obesity, dyslipidemia and elevated insulin levels,
CGI-58 is involved in the regulation of the TG hydrolysis
pathway in fetal placenta. CGI-58 knockout macrophages are
similar to foam cells, which contain large amounts of triglyc-
erides and cholesteryl esters (23). Triglycerides and cholesteryl
esters are easy to deposit under vascular endothelial cells and
cause oxidative stress due to defective PPARy signaling (24).
Under the stimulation of oxLDL, the deposition of lipid droplets
in macrophages is increased, which aggravates the formation
of atherosclerosis (25). Lipid metabolism disorder can cause
hyperlipidemia and accumulation of lipolysis products, which
might cause endothelial cell damage, such as vasoconstriction
and hypercoagulability, which are related to the pathogenesis
of a preeclampsia (26). The oxidative stress caused by lipid

metabolism disorder in the placenta is enhanced, and the
invasive ability as well as apoptosis in the trophoblasts is
decreased, which affect the lipid transport function of the
placenta (27). CGI-58 and LPL are therefore involved in the
process of placental TG hydrolysis; however, whether both
are related to preeclampsia requires further investigation.

In the present study, the expression of CGI-58 and LPL in
the placenta and the blood lipid levels were determined. The
association between CGI-58 and LPL in the placenta with
preeclampsia and blood lipid levels were further examined.
The results from the present study may improve the current
understanding of the pathogenesis of preeclampsia and
highlight novel treatment strategies for patients.

Materials and methods

Patients. A total of 37 pregnant women with preeclampsia
and 40 normal pregnant women in the Department of
Obstetrics and Gynecology of the North China University
of Science and Technology Affiliated Hospital (Tangshan,
China) were recruited between September 2018 and July 2019.
The present study was approved by the Ethics Committee
of the North China University of Science and Technology
Affiliated Hospital (approval no. 20180718A) and performed
in accordance with the Declaration of Helsinki. All partici-
pants provided written informed consent for the use of their
placenta, blood and clinical information.

The diagnostic criteria of preeclampsia were as follows:
After 20 weeks of gestation, systolic blood pressure was
>140 mmHg and/or diastolic blood pressure was =90 mmHg,
with proteinuria =0.3 g/24 h, or random urine protein (+); or, if
there was no proteinuria, any of the following: i) thrombocy-
topenia (platelet <100x10° /1); i) liver function damage (serum
transaminase level >2 times that of normal values; iii) impair-
ment of renal function (serum creatinine levels >1.1 mg/dl or
2x the normal value); iv) pulmonary edema; or v) novel central
nervous system abnormalities or visual disorders (3). The
inclusion criteria for the preeclampsia group were as follows:
Diagnosis of preeclampsia, gestational weeks between 37 and
41 and singleton birth by cesarean section. Were excluded from
the preeclampsia group pregnant women with the following
diseases: Chronic hypertension, diabetes mellitus, gestational
diabetes mellitus, thyroid dysfunction, nephritis, cholestasis
syndrome and autoimmune diseases, severe infectious diseases
or premature rupture of membranes during pregnancy. The
inclusion criteria for the control group were as follows: Healthy
pregnant women who gave birth by cesarean section due to
social factors, scarred uterus or cephalopelvic disproportion,
no history of hypertension, singleton delivery and gestational
weeks between 37 and 41. The exclusion criteria for the control
group was pregnant woman who did not provide consent.

Placental tissue collection. Within 30 min of delivery, two
placental tissue sections of ~1 ¢cm® were randomly taken
from the maternal surface of the placenta under strict aseptic
conditions. Embolic and calcified sites were avoided. One
sample was stored at -80°C for western blotting and RT-qPCR
analysis. The other sample was fixed using 10% formalin for
24 h at room temperature, embedded in paraffin and sectioned
with thickness of ~3 mm for immunohistochemical analysis.
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Biochemical analyses. Fasting venous blood (fasting for =8 h)
was collected 1 week before delivery, and the blood lipid
levels were measured. Based on cholesterol oxidase method,
total cholesterol (TC) was determined with the total choles-
terol test kit (cat. no. OSR6116; Beckman Coulter) according
to the manufacturers' instructions. TG level was evaluated by
GPO-PAP method (cat. no. GS1117), high density lipoprotein
cholesterol (HDL-C) was evaluated by selective inhibition
method (cat. no. GS131Z), low density lipoprotein cholesterol
(LDL-C) was evaluated by surfactant removal method
(cat. no. GS141Z), lipoprotein small a [Lp(a)] was evaluated
by immunological turbidimetry assay (cat. no. GS151Z),
apolipoprotein A (ApoA) was evaluated by immunological
turbidimetry assay (cat. no. GS161Z), and apolipoprotein B
(ApoB) was evaluated by immunological turbidimetry assay
(cat. no. GS171Z). All these kits were purchased from Beijing
Jiugiang Biotechnology Co., Ltd. Routine blood tests were
performed by the Laboratory Department of North China
University of Science and Technology Affiliated Hospital
using AU5800 Chemistry Analyzer (Beckman Coulter). The
Department of Obstetrics and Gynecology collected the
clinical examination data, including age, gestational week,
number of pregnancies, number of births, uterine height,
abdominal circumference, neonatal weight, BMI before
pregnancy and gestational weight gain.

Reverse transcription-quantitative PCR (RT-qPCR). Total
RNA was extracted from placental tissue using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) and
5 ug RNA was reverse transcribed into cDNA using an
All-in-one™ First-Strand cDNA Synthesis kit (Guangzhou
Fansi Biotechnology Co., Ltd) according to the manufac-
turers' protocol. Subsequently, qPCR was performed using a
SYBR Green Realtime PCR Mix kit (Mei5bio; Beijing Jumei
Biotechnology Co., Ltd.). Gene accession numbers were 51099
for CGI-58 (www.ncbi.nlm.nih.gov/gene/51099) and 4023 for
LPL (www.ncbi.nlm.nih.gov/gene/4023). The sequences of
the primers used were as follows: CGI-58, forward 5'-ATC
AAGGGTTAATCATCTCA-3', reverse 5-CTGGAATTG
GTCTGTCTT-3" LPL, forward 5-CATAGCCTATAATTG
GTTAG-3, reverse 5'-GTGTAGATGAGTCTGATT-3'"; and
B-actin, forward 5'-ATATGAGATGCGTTGTTA-3" and
reverse 5-AAGTATTAAGGCGAAGAT-3'. 3-actin was used
as the internal reference. The thermocycling conditions were
as follows: Initial denaturation at 95°C for 10 min; followed by
40 cycles of 95°C for 15 sec, 60°C for 20 sec, 72°C for 30 sec
and 60°C for 1 min. The relative expression levels of CGI-58
and LPL were normalized to the internal reference control
B-actin and quantified using the 2224 method (ACq=Cq value
of CGI-58 or LPL-Cq value of f-actin; AACq=Cq value of
preeclampsia-Cq value of control) (28).

Immunohistochemistry analysis. Paraffin-embedded placental
tissue samples with thickness of ~3 mm were successively
dewaxed and rehydrated using xylene, ethanol (100, 95, 85
and 75%) and tap water. Sections were immersed in 0.01 mol/l
sodium citrate buffer above 100°C for antigen retrieval, and
peroxide activity was quenched using 3% H,0O, at room
temperature for 15 min. Subsequently, sections were incubated
separately with either rabbit anti-human CGI-58 antibody
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(1:100; cat. no. DF12065; Affinity Biosciences) or rabbit
anti-human LPL antibody (1:100; cat. no. A9228; ABclonal)
at 4°C for 12 h. Then, sections were incubated with goat
anti-rabbit IgG horseradish peroxidase-conjugated secondary
antibody (1:100; cat. no. ab97051; Abcam.) for 30 min at 37°C.
Samples were washed with PBS and stained using a DAB
Staining kit (Sigma-Aldrich; Merck KGaA) according to the
manufacturers' protocol. The samples were counterstained
with hematoxylin, rinsed, dehydrated (70, 80, 95 and 100%
ethanol, analytical reagent grade) and sealed with neutral resin
sequentially. The immunohistochemical staining was imaged
using a Micro Publisher 5.0 microscope (Roper Industries;
magnification, x400) and staining was analyzed using
Image-Pro-Plus 6.0 software (Media Cybernetics, Inc.).

The CGI-58 and LPL staining were classified as positive
or negative, depending on the presence or absence of brownish
yellow granules in the cell membrane and cytoplasm, respectively.
A total of 10 randomly selected fields of view were selected to
count the total number of cells and the number of positive cells.
The positive cell rate (%) was calculated using the following
formula: (Number of positive cells/total number of cells) x100.
If the positive cell rate was >10%, the sample was considered as
positive (+), otherwise, it was considered as negative.

Western blotting. Total proteins from placental tissue were
extracted using RIPA protein lysate (Beyotime Institute of
Biotechnology) on ice and quantified using a BCA Protein
assay kit (Beyotime Institute of Biotechnology) according
to the manufacturers' protocols. Proteins (15 xg) were dena-
tured and separated by 12% SDS-PAGE and transferred
onto a PVDF membrane at 100 V for 2 h. Once nonspecific
binding was blocked using 5% skimmed milk at 4°C over-
night, membranes were incubated with the rabbit anti-human
primary antibodies against CGI-58 (1:1,000; cat. no. DF12065;
Affinity Biosciences), LPL (1:1,000; cat. no. A9228; ABclonal)
and P-actin (1:3,000; cat. no. ab8226; Abcam) overnight
at 4°C. Membranes were then incubated with goat anti-rabbit
IgG secondary antibody (1:3,000; cat. no. ab97051; Abcam)
at room temperature for 2 h. Eventually, antibody binding
was detected using enhanced chemiluminescence substrate
(National Diagnostic) and visualized using autoradiography.
Relative expression levels of CGI-58 and LPL were normalized
to endogenous control B-actin using Image Lab v.5.0 software
(Bio-Rad Laboratories, Inc.).

Statistical analysis. SPSS version 17.0 (SPSS, Inc.) was used
for statistical analysis. Data are presented as the means =+ stan-
dard deviation and compared using a Student's t-test. A ¥’
test was used to analyze the classified count data. Pearson's
linear correlation analysis was used to analyze the relation-
ship between two variables. A multivariate logistic regression
model was used for multivariate analysis. a=0.05 was used as
the test level (bilateral) and P<0.05 was considered to indicate
a statistically significant difference.

Results
Analysis of clinical data. As presented in Table I, there were no

significant differences in age, gestational week, pregnancy time,
production time and neonatal weight between the preeclampsia
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Table I. Clinical data analysis of the preeclampsia and control groups.

Variable Preeclampsia (n=37) Control (n=40) P-value
Age, years 29.85+4.78 28.69+3.60 0.21
Gestational week, weeks 37.8+0.63 39.1+1.25 0.08
Number of pregnancies, n 1.85+0.87 1.90+1.30 0.81
Number of births, n 1.41+0.54 1.36+0.49 0.61
Uterine height, cm 34.52+3.82 32.88+2.30 0.02*
Abdominal circumference, cm 106.61+£9.58 97.95+15.05 0.00*
Neonatal weight, g 3,105.20+583.33 3,295.33+385.57 0.08
BMI before pregnancy 24.46+5.06 22.27+3.15 0.02¢
Gestational weight gain, kg 18.48+5.96 14.01+4.74 0.00*
“P<0.05. BMI, body mass index.
Table II. Comparison of blood lipid levels between 1.2
preeclampsia and control groups. %

Preeclampsia Control ; 0.9
Blood lipids (n=37) (n=40) P-value g

= *

TC, mmol/l 6.19+1.23 5.93+1.09 0.30 é 0.6
TG, mmol/l 3.57x1.09 2.83+1.08 0.00* § ] %
HDL-C, mmol/l 1.76+0.50 2.02+0.38 0.01* % 05
LDL-C, mmol/l 3.57+0.78 3.21+0.78 0.03* 2 -
Lp(a), mg/l 205.17£92.05 135.74+83.48 0.07 %
ApoA, g/l 2.01+£0.34 2.18+0.26 0.01* - 0.0 : i
ApoB, g/l 1.28+0.27 1.14+0.29 0.02* Preeclampsia Control
Al 3.88+0.97 2.95+1.14 0.00*

*P<0.05. Al, atherosclerotic index; ApoA, apolipoprotein A; ApoB,
apolipoprotein B; HDL-C, high density lipoprotein-cholesterol;
LDL-C, low density lipoprotein-cholesterol; Lp(a), lipoprotein
small a; TC, total cholesterol; TG, triglycerides.

and control groups (all P>0.05). However, the uterine height,
abdominal circumference, BMI before pregnancy and
gestational weight gain in the preeclampsia group were
significantly higher compared with the control group (P<0.05).

A seen in Table II, there was no significant difference in
TC and Lp(a) levels between the preeclampsia and control
groups (P>0.05). The TG, LDL-C and ApoB levels in the
preeclampsia group were significantly increased compared
with those in the control group (all P<0.05). HDL-C and ApoA
levels in the preeclampsia group were significantly decreased
compared with the control group (P<0.05). As an index to
predict atherosclerosis, the atherosclerotic index (AI) can
directly reflect the degree of lipid metabolism disorder, and
was calculated as follows: AI=(TC-HDL-C)/HDL-C. The Al
value of the preeclampsia group was significantly higher than
that of the control group (P<0.05).

CGI-58 and LPL levels. The expression levels of CGI-58 and
LPL in placental tissues were detected using RT-qPCR. As
presented in Figs. 1 and 2, the relative expression of both CGI-58

Figure 1. Relative expression of CGI-58 mRNA in the placentas of the
preeclampsia (n=37) and control (normal pregnant, n=40) groups evaluated
by reverse transcription quantitative PCR. "P<0.05 vs. control. CGI-58,
comparative gene identification-58.
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Figure 2. Relative expression of LPL mRNA in the placentas of the
preeclampsia (n=37) and control (normal pregnant, n=40) groups evaluated
by reverse transcription quantitative PCR. "P<0.05 vs. control. LPL,
lipoprotein lipase.

and LPL mRNA in placental tissues of the preeclampsia group
was significantly lower than that of control (normal pregnant)
group (both P<0.05). The expression levels of CGI-58 and LPL
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Figure 3. Immunohistochemical examination of CGI-58 in the (A) preeclampsia and (B) control (normal pregnant) groups. Samples were considered
CGI-58-positive when brown-yellow granules were detected in the cytoplasm and cell membrane (red row). Magnification, x400. Scale bar, 50-pm. CGI-58,

comparative gene identification-58.

-

Figure 4. Immunohistochemical examination for LPL in the (A) preeclampsia and (B) control (normal pregnant) groups. Samples were considered LPL-positive
when brown-yellow granules were detected in the cytoplasm and cell membrane (red row). Magnification, x400. Scale bar, 50-ym. LPL, lipoprotein lipase.

in placental tissue were further assessed using immunohisto-
chemistry. The positive expression of CGI-58 (Fig. 3) and LPL
(Fig. 4) was characterized by brown and yellow granules in
the cell membrane and cytoplasm, and their expression was
weakly positive in the preeclampsia group (Figs. 3A and 4A)
and positive in the control group (Figs. 3B and 4B). The positive
rates of CGI-58 and LPL were 40.54 and 29.73%, respectively,
in the preeclampsia group, which were both significantly
lower compared with the control group (72.50 and 67.50%,
respectively; P<0.05; Table III). Semi quantitative western blot
method was also used to test the expression of CGI-58 and
LPL (Fig. 5). The expression of both CGI-58 and LPL in the
placental tissue of the preeclampsia group was significantly
lower than in the control group (P<0.05; Figs. 6 and 7). The
results from RT-qPCR, immunohistochemistry and western
blotting were therefore consistent.

Association analysis. As presented in Table IV, the mean
protein expression levels of CGI-58 (0.75) and LPL (0.59) in
placental tissue were selected as the threshold between high and
low expression. A y* test revealed that the expression levels of
CGI-58 and LPL were associated with preeclampsia. The risk

of preeclampsia in pregnant women with high expression levels
of CGI-58 and LPL was only 0.19 and 0.22 in pregnant women
with low expression levels of CGI-58 and LPL, respectively.
These results demonstrated that low expression of CGI-58 and
LPL are risk factors for preeclampsia in pregnant women.

To investigate the risk factors of preeclampsia, the indi-
cators that differed significantly between the preeclampsia
and control groups, including uterine height, abdominal
circumference, BMI before pregnancy, gestational weight
gain, TG, HDL-C, LDL-C, ApoA, ApoB, Al, CGI-58 and
LPL levels, were selected as independent variables, and
their corresponding means (33.73, 102.47, 23.41, 16.34, 3.22,
1.88, 3.40, 2.08, 1.21, 3.42, 0.75 and 0.59, respectively) were
used as the threshold between high and low expression. As
presented in Table V, multivariate logistic regression analysis
demonstrated that gestational weight gain, TG, AI, CGI-58 and
LPL levels were significant different (all P<0.05), and the odds
ratios were 7.61, 4.60, 598, 1.19 and 1.23, respectively. Their
corresponding 95% confidence intervals were 2.22-26.04,
1.36-15.54, 1.87-19.09, 1.02-1.39 and 1.05-2.20, respectively.

Pearson's linear correlation analysis was used to study the
association between the expression of CGI-58 and LPL in the
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Table III. Immunohistochemical examination for CGI-58 and LPL in placenta of preeclampsia and control groups.

Number of specimens

Protein Groups Number Negative expression Positive expression Positive rate (%) P-value

CGI-58 Preeclampsia 37 22 15 40.54 0.01*
Control 40 11 29 72.50

LPL Preeclampsia 37 26 11 29.73 0.00*
Control 40 13 27 67.50

*P<0.05. CGI-58, comparative gene identification-58; LPL, lipoprotein lipase.

1 2 3 4 5 6

CGl-58 MR . S 1 30 Do

LPL -- TR " s s 50-kDa

B-actin - ' ' - ' ' 43-kDa
. S L E—

Figure 5. Representative expression of CGI-58 and LPL in control (normal
pregnant, column 1, 2, 3) and preeclampsia (column 4, 5, 6) groups evalu-
ated by western blotting. CGI-58, comparative gene identification-58; LPL,
lipoprotein lipase.
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Figure 6. Relative CGI-58 protein expression calculated from the results from
western blotting (Fig. 5) in the placentas of preeclampsia (n=37) and control
(normal pregnant, n=40) groups. 'P<0.05 vs. control. CGI-58, comparative
gene identification-58.

placenta and the blood lipid levels. As presented in Table VI,
CGI-58 was positively correlated with HDL-C (r=0.63;
P<0.01), negatively correlated with TG and ApoB (r=0.84;
P<0.01; and r=0.51; P<0.05, respectively), and not correlated
with TC, LDL-C, Lp(a), ApoA and AI (P>0.05). CGI-58
was positively correlated with HDL-C (r=0.52; P<0.01)
and negatively correlated with TG and AI (r=0.66; P<0.01;
and r=0.47; P<0.05, respectively). In addition, CGI-58 was
positively correlated with LPL (r=0.60; P<0.05).

Discussion

Preeclampsia is an idiopathic pregnancy disease which seri-
ously endangers the life of both the mother and the infant.

1.00 q

0.75

0.50 4

0.25 A

Relative expression of LPL

0.00

T T
Preeclampsia Control

Figure 7. Relative LPL protein expression calculated from the results from
western blotting (Fig. 5) in the placentas of preeclampsia and control (normal
pregnant) groups. ‘P<0.05 vs. control. LPL, lipoprotein lipase.

Although the etiology of preeclampsia has not been fully eluci-
dated, it is established that abnormal lipid metabolism during
pregnancy serves an important role in its pathogenesis (29,30).
Disorders of lipid metabolism and abnormal transforma-
tion of lipoproteins can cause atherosclerosis, leading to the
accumulation of lipid peroxides, promoting oxidative stress
and aggravating damage to vascular endothelial function (31).
Acute atherosclerotic changes are observed in 20-40% of the
placental tissues of patients with preeclampsia, in which the
vascular resistance of the spiral artery increases and micro-
thrombosis leads to placental villi infarction and therefore,
a decrease in placental perfusion (32). TG in maternal blood
is converted into fatty acids via the placenta, which is an
important source of energy for the fetus. CGI-58 and LPL are
involved in the hydrolysis of TG, and their abnormal expression
can result in lipid transport disorders in the placenta and affect
the regulation of placental metabolism and energy supply (13).
In the present study, the expression of CGI-58 and LPL in the
placenta were therefore detected to examine the relationship
between CGI-58 and LPL expression and the pathogenesis of
preeclampsia.

To meet the needs of fetal growth and development during
pregnancy, the maternal blood lipid levels increase gradually
with time (11). Unlike the changes in blood lipids during normal
pregnancy, the higher blood lipids level in preeclampsia preg-
nant women lead to atherosclerotic changes, which can cause
oxidative stress due to high production of lipid peroxides and
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Table I'V. Relationship between preeclampsia and the expression of CGI-58 and LPL in placenta.

Factors n High level Low level x2 P-value OR 95% CI
CGI-58* =0.75 <0.75

Preeclampsia 37 10 27 11.13 0.00° 0.20 0.15-0.65
Control 40 26 14

LPL? =0.59 <0.59

Preeclampsia 37 13 24 5.76 0.02° 0.33 0.17-0.75
Control 40 25 15

“Results from western blotting. "P<0.05. CGI-58, comparative gene identification-58; CI, confidence interval; LPL, lipoprotein lipase; OR, odd

ratio.

Table V. Multivariate logistic regression analysis of factors affecting the development of preeclampsia.

Factors § SE Wald P-value OR 95% CI
Gestational weight gain, kg 203 0.63 1045 0.00° 7.61 2.22-26.04
TG, mmol/l 153 0.62 6.02 0.01* 4.60 1.36-15.54
Al 1.79 0.59 9.11 0.00* 5.98 1.87-19.09
CGI-58 0.17 0.08 4.76 0.03 1.19 1.02-1.39
LPL 021 0.09 5.62 0.04* 1.23 1.05-2.20

*P<0.05. Al, atherosclerotic index; CGI-58, comparative gene identification-58; CI, confidence interval; LPL, lipoprotein lipase; OR, odd ratio;

TG, triglycerides.

Table VI. Correlation analysis between CGI-58 and LPL
expression in placenta and maternal blood lipid levels.

CGI-58 LPL
Factor r P-value r P-value
TC -0.278 0.249 -0.187 0.469
TG -0.840 0.000 -0.659 0.000*
HDL-C 0.625 0.003 0.524 0.009*
LDL-C -0.373 0.174 -0.372 0.095
Lp(a) -0.312 0.210 -0.234 0.249
ApoA 0.393 0.097 0.313 0.186
ApoB -0.514 0.026 -0.428 0.074
Al -0.486 0.063 -0.466 0.038

*P<0.05. Al, atherosclerotic index; ApoA, apolipoprotein A; ApoB,
apolipoprotein B; CGI-58, comparative gene identification-58;
HDL-C, high density lipoprotein-cholesterol; LDL-C, low density
lipoprotein-cholesterol; Lp(a), lipoprotein small a; LPL, lipoprotein
lipase; TC, total cholesterol; TG, triglycerides.

the subsequent release of reactive oxygen species, resulting in
decreased vasodilation and increased endothelial damage (33).
Wojcik-Baszko er al (12) reported that the levels of TC and TG
in preeclampsia pregnant women are >205 and >133 mg/dl,
which are higher than those in normal pregnant women by
3.6x and 4.15x, respectively. LDL-C and HDL-C are also

increased by 10.4% and decreased by 7%, respectively. In the
present study, the serum levels of TG, LDL-C, ApoB and Al
in the preeclampsia group were significantly higher than those
in the control group, whereas the serum levels of HDL-C and
ApoA in the preeclampsia group were lower than those in the
control group, which was consistent with a previous study (18).

Being overweight or obese are the most important risk
factors for preeclampsia with attributable risk percentages
of 64.9 and 64.4%, respectively (34). However, the relation-
ship between obesity and the onset of preeclampsia has not
been fully elucidated. Obese pregnant women may develop
preeclampsia through a lipid metabolism disorder (35). In the
present study, the BMI before pregnancy and the gestational
weight gain of preeclampsia patients were significantly higher
than those of normal pregnant women. The weight gain during
pregnancy was an independent risk factor of preeclampsia. With
an increase in gestational weight gain, the risk of preeclampsia
increases. The unbalanced diet and excessive intake of fat and
other nutrients during pregnancy lead to excessive weight gain,
which may be important factors causing lipid metabolism
disorder. Weight control and proper physical exercise during
pregnancy can increase insulin sensitivity, relieve sympathetic
nervous tension and reduce serum TG concentration and blood
glucose levels (36). These measures may help obese people
reducing their risk of preeclampsia. The detection of blood
lipid levels can help identifying high-risk pregnant women
earlier, allowing a better tracking and targeted preventative
interventions and treatments, in order to reduce maternal
mortality caused by preeclampsia.
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Fatty acids are the key substances for fetal brain develop-
ment and adipose tissue formation. Maternal TG is the most
important source of fetal fatty acids, and 20-50% of fetal fatty
acids come from the maternal circulation (7). TG is present
in adipocytes in the form of lipid droplets, which cannot pass
through the cell membrane directly. TG must be hydrolyzed by
lipase to be transported in vivo and deposited in adipose tissue
or directly used for energy. LPL participates in the hydrolysis
of TG and promotes the transport of lipids to embryos. CGI-58
can increase the catalytic activity of LPL by 20x (13). Disorders
of placental lipid transport can lead to lipid accumulation and
increased lipid peroxide formation, resulting in endothelial
cell injury (37). In the present study, the mRNA and protein
expression of CGI-58 and LPL in placenta was decreased, and
their expression levels were positively correlated, which may
have led to the accumulation of lipid hydrolysates and oxida-
tive stress reactions via TG metabolism and lipid transport.

Dyslipidemia and abnormal expression of lipoproteins may
be closely associated with the pathogenesis of preeclampsia.
Disorders of placental lipid transport can lead to lipid accu-
mulation and the production of a large number of peroxides,
which can cause endothelial cell damage (16). In addition,
inflammatory factors released by the placenta can cause
systemic vascular endothelial dysfunction (12). In pregnant
women with preeclampsia, glomerular endothelial hyperplasia
and alterations to the umbilical vein and placental uterine
vascular endothelial cells are observed (38). The levels of
markers of endothelial cell activation in serum, including
adhesion molecules, cytokines, procoagulant factors and
antiangiogenic factors are increased (16). Oxidative stress
at the placental interface can lead to disordered placental
spiral artery remodeling, resulting in placental dysplasia,
insufficient trophoblast cell infiltration and preeclampsia (31).
CGI-58 and LPL are involved in the first step of triglyceride
hydrolysis and serve an important role in lipid transport in
the placenta (13). In the present study, CGI-58 expression was
positively correlated with maternal serum HDL-C levels and
negatively correlated with TG and ApoB levels. Placental LPL
expression was positively correlated with HDL-C and nega-
tively correlated with TG level and Al These results suggested
that the expression of CGI-58 and LPL in the placenta may
be associated with disorders of maternal lipid metabolism. As
placental detection can only be performed following delivery
and since the expression of CGI-58 and LPL in the placenta
is associated with maternal blood lipid levels, blood lipid
levels during pregnancy may be used to assist the diagnosis
of preeclampsia. In addition, maternal serum CGI-58 and LPL
expression levels may also be associated with preeclampsia or
maternal blood lipid levels, and both these hypotheses will be
assessed. In future studies, the expression levels of maternal
CGI-58 and LPL will be assessed to determine the relationship
between lipid metabolism and the expression levels of CGI-58
and LPL and to further clarify the mechanism by which
upregulated expression of CGI-58 and LPL can increase the
risk of preeclampsia.

In conclusion, compared with normal pregnant women,
TG, LDL-C, ApoB levels and Al in the serum of preeclampsia
pregnant women were significantly increased, whereas HDL-C
and ApoA levels were significantly decreased, suggesting that
patients with preeclampsia exhibited dyslipidemia. CGI-58

and LPL expression in placental tissue of preeclampsia
pregnant women was decreased, and the expression levels of
CGI-58 and LPL were positively correlated. Therefore, the risk
of preeclampsia was increased when the expression levels of
CGI-58 or LPL were decreased. It is hypothesized that CGI-58
and LPL in the placenta may affect lipid metabolism in the
serum and placenta, and that CGI-58 and LPL may be consid-
ered as important indicators for the diagnosis of preeclampsia.
CGI-58 and LPL could therefore serve an important role in
the pathogenesis of preeclampsia, which may be related to the
accumulation of lipid peroxides in the placenta of preeclampsia
women, leading to increased systemic oxidative stress.
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