
Am J Transl Res 2018;10(1):16-39
www.ajtr.org /ISSN:1943-8141/AJTR0065311

Original Article 
Preeclampsia is associated with hypermethylation of 
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Min Ma1,2,3*, Qiong-Jie Zhou1,4,5*, Yu Xiong1,4, Bin Li4,6, Xiao-Tian Li1,4,7,8,9

Departments of 1Obstetrics, 6Gynecology, Obstetrics and Gynecology Hospital of Fudan University, Shanghai 
200011, China; 2Department of Obstetrics and Gynecology, Medical College of Yangzhou University, Yangzhou 
225000, Jiangsu, China; 3Department of Obstetrics, Affiliated Hospital of Yangzhou University, Yangzhou 225000, 
Jiangsu, China; 4Shanghai Key Laboratory of Female Reproductive Endocrine Related Diseases, Shanghai 
200011, China; 5Women’s Health and Perinatology Research Group, Department of Clinical Medicine, UiT-The 
Arctic University of Norway, Tromso, Norway; 7Key Laboratory of Molecular Medicine, Ministry of Education, 
Shanghai Medical College of Fudan University, Shanghai 200032, China; 8Institute of Biomedical Sciences, 
Shanghai Medical College of Eudan University, Shanghai 200032, China; 9Shanghai Key Laboratory of Birth 
Defects, Shanghai 200032, China. *Equal contributors.

Received September 10, 2017; Accepted November 13, 2017; Epub January 15, 2018; Published January 30, 
2018

Abstract: Previous studies have demonstrated a dynamic epigenetic regulation of genes expression in placenta 
trophoblasts and a dynamic imbalance of DNA methylation and hydroxymethylation. Reduced IGF-1 has been ob-
served in preeclampsia. This study was to investigate the interactive roles between IGF-1 and the global DNA meth-
ylation/hydroxymethylation, and the status of DNA methylation/hydroxymethylation and associated enzymes such 
as DNMTs and TETs in peeeclamptic placentas and hypoxic trophoblasts. It was found that IGF-1 was decreased in 
preeclamptic placentas and hypoxic trophoblasts when compared to the control group using immunohistochemisty, 
western blot, qRT-PCR and ELISA. Pyrophosphate sequencing showed IGF-1 promoter was significantly hypermeth-
ylated in preeclamptic placentas, which was responsible for reduced IGF-1 expression. Preeclamptic placentas 
and hypoxic trophoblasts were hypermethylated and hypohydroxymethylated accompanied by remarkably higher 
5mC, DNMT1 and DNMT3b, and lower DNMT3a, 5hmC, TET1, TET2 and TET3 detected by immunohistochemisty, 
western blot, qRT-PCR and ELISA. Pearson’s correlation confirmed a statistically significant negative correlation 
between IGF-1 and DNMT1. Furthermore, both treatment with 5-Aza-dc and DNMT1-siRNA significantly increased 
the expression of IGF-1 in HTR8 cells, indicating the potential mechanism of DNMT1-mediated DNA methylation in 
IGF-1 regulation. However, IGF-1 didn’t change DNA methylation or hydroxymethylation. These findings suggest that 
preeclampsia is associated with hypermethylation of IGF-1 promoter mediated by DNMT1 and provide new insights 
into the diagnosis and treatment of preeclampsia.
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Introduction

Preeclampsia (PE) is a serious pregnancy-
induced disease characterized by hyperten-
sion, proteinuria and other systemic disorders 
after 20 weeks of gestation and is a leading 
cause of maternal and fetal morbidity and mor-
tality affecting 2-10% pregnant women world-
wide [1-4]. The main pathological characteris-
tics of preeclampsia are poor trophoblast cell 
invasion and uterine spiral artery remodeling 
dysfunction caused by placenta ischemia and 
oxidative stress. Nowadays, preeclampsia is 

considered to be the results of the interactions 
of genetic and environmental factors [5, 6]. 
However, its accurate pathogenesis remains 
unknown.

It was considered IGF-1 might be involved in the 
pathogenesis of preeclampsia. As is known, the 
behaviors of cells, the formation of placenta 
and the growth of fetus are widely regulated by 
insulin-like growth factor 1 (IGF-1) [7-9]. Several 
studies have shown that IGF-1 was significantly 
reduced in preeclamptic maternal placentas, 
umbilical cord blood and serum when com-

http://www.ajtr.org


Role of IGF-1 in preeclampsia

17 Am J Transl Res 2018;10(1):16-39

pared to normal healthy pregnant women [10-
12]. However, Bartha and colleagues pointed 
out that women with gestational hypertension 
had a higher level of IGF-1 than women in the 
control group [13]. Additionally, accumulating 
evidence has confirmed that IGF-1 might play a 
vital role in trophoblasts functions [14-16]. 
However, the mechanisms of IGF-1-mediated 
PE progression were still poorly understood. 

DNA methylation is a crucial epigenetic modifi-
cation of the genome that is involved in regulat-
ing many cellular processes including embry-
onic development, transcription, chromatin 
structure, X chromosome inactivation, genomic 
imprinting and chromosome stability [17, 18]. 
Genomic DNA is enzymatically methylated by a 
family of DNA methyltransferases (DNMTs) 
including DNMT1, DNMT3a and DNMT3b. Given 
the strong evidences that gene expression is 
altered in preeclamptic pregnancies, it is rea-
sonable to hypothesize that preeclampsia may 
also be associated with DNA methylation in key 
regulatory regions. Ye et al. and Tang et al. 
respectively found that preeclampsia was asso-
ciated with decreased methylation of the 
GNA12 promoter and hypermethylation of the 
HLA-G promoter mediated by DNMT1 [19, 20]. 
Additionally, published results showed that 
FABP4 might be involved in the pathogenesis of 
preeclampsia, and the expression of FABP4 
was enhanced by miR-148a/152 mediated 
inhibition of DNMT1 expression [21]. Previous 
studies have confirmed that IGF-1 promoter 
region was significantly hypermethylated in 
many malignant tumors compared with normal 
tissues [22, 23]. However, IGF-1 DNA methyla-
tion patterns in preeclampsia have not been 
investigated. A recent study published in Sci- 
ence reported the conversion of 5-methylcyto-
sine (5mC) to 5-hydroxymethylcytosine (5hmC) 
in mammalian DNA by MLL partner TET1, imply-
ing that DNA hydroxymethylation mediated by 
ten-eleven translocaations (TETs) including 
TET1, TET2 and TET3 also was involved in the 
pathogenesis of preeclampsia [24]. Simultan- 
eously, it was reported that hypoxia remarkably 
altered the epigenetic profile in cultured human 
placental trophoblasts [25]. 

In this study, we aimed to investigate the inter-
active roles between IGF-1 and the global DNA 
methylation/hydroxymethylation, and the sta-
tus of DNA methylation/hydroxymethylation 
and associated enzymes such as DNMTs and 

TETs in peeeclamptic placentas and hypoxic 
trophoblasts. Therefore, we examined the expr- 
ession of IGF-1 in preeclamptic placentas and 
hypoxic HTR8 and JEG3 cells, and measured 
the DNA methylation of IGF-1 promoter in pre-
eclamptic placentas. In addition, we detected 
the levels of 5mC, DNMTs, 5hmC and TETs in 
preeclamptic placentas and hypoxic HTR8 and 
JEG3 cells. Following, we analyzed the associa-
tions of IGF-1 between 5mC, DNMTs, 5hmC and 
TETs using Pearson’s correlation. Furthermore, 
we investigated the expression of IGF-1 and its 
DNA methylation in promoter region in HTR8 
cells treatment with 5-Aza-dc and DNMT1-
siRNA. Finally, we explored the effects of IGF-1 
on 5mC, DNMTs, 5hmC and TETs to study the 
interactive roles between IGF-1 and DNA meth-
ylation/hydroxymethylation. 

Materials and methods

Ethical approval and clinical samples collec-
tion

This study was approved by the Ethics 
Committee of Obstetrics and Gynecology 
Hospital of Fudan University (Approval No. 
2016-19). Written informed consents were 
obtained from all study subjects.

Preeclampsia was diagnosed according to the 
guidelines recommended by American College 
of Obstetricians and Gynecologists [2]. Placenta 
tissues associated with serious maternal com-
plications and fetal abnormalities were exclud-
ed from this study. Ten preeclamptic patients 
and 10 healthy pregnant women who were in 
the third-trimester were enrolled into this study. 
Placenta tissue specimens, about 0.5 cm × 0.5 
cm, were dissected from the central part of 
maternal side of placentas after delivery as 
soon as possible. Then, the specimens were 
washed by sterile phosphate-buffered saline 
(PBS) to clean the blood cells. Following, a part 
of the specimens were fixed in 4% paraformal-
dehyde for 24 h to 48 h and paraffin-embedded 
for immunohistochemistry (IHC). The remaining 
parts were snap frozen in liquid nitrogen and 
stored at -80°C for the extraction of protein, 
RNA and DNA. 

Cell culture and treatment of 5-Aza-dc, 
DNMT1-siRNA, pEX-2-IGF-1 and IGF-1-siRNA

The human trophoblast-like cell line HTR8/
SVneo (HTR8) and choriocarcinoma cell line 
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JEG3 were cultured in DMEM/F12 medium 
(HyClone, USA) supplemented with 10% fetal 
bovine serum, 100 µg/ml penicillin, 100 µg/ml 
streptomycin and 100 µg/ml amphotericin B 
(Sangon Biotech, China) at 37°C and 5% CO2 
humidified incubator. The medium was renewed 
every 24 h to 48 h and subcultured every 3 to 4 
days by 0.25% trypsin containing EDTA. HTR8 
and JEG3 cells were cultured for 24 h, 48 h, 72 
h and 96 h under normal oxygen and hypoxia in 
a trigas cell culture incubator, respectively. The 
cells were harvested for isolation of protein, 
RNA and DNA, and the cell supernatants were 
collected for detection of IGF-1.

For 5-azadeoxycytidine (5-Aza-dc, Sigma Ald- 
rich, USA) treatment, HTR8 cells were seeded 
at six-well culture dishes and growth in normal 
growth medium to achieve nearly 70% conflu-
ence. Then, the regular growth medium was 
replaced by the new medium containing 5-Aza-
dc with different concentrations of 1 µM, 2 µM, 
4 µM. After 48 h culture under normoxic condi-
tions, the cells were scraped for extraction of 
protein, RNA and DNA.

Like what mentioned above, when HTR8 cells 
reached at a confluence of 40% to 50% and 
nearly 70%, siRNAs (DNMT1-siRNA and IGF-1-
siRNA) and IGF-1 expression vector (pEX-2-
IGF-1) were respectively added to transfect 
HTR8 cells. Lipofectamine 2000 transfection 
reagent (Invitrogen, USA) was used to transfect 
HTR8 cells with DNMT1-siRNA, IGF-1-siRNA and 
pEX-2-IGF-1 according to the manufacturer’s 
protocol. The regular growth medium was 
changed with fresh growth medium after 6 h 
transfection. The cells were harvested for isola-
tion of protein, RNA and DNA after 48 h trans-
fection. The efficiency of transfection was eval-

uated by quantitative real-time PCR (qRT-PCR) 
and western blot (WB). 

Immunohistochemistry

The immunohistochemistry (IHC) was used to 
detect the expression of IGF-1, 5mC, DNMTs, 
5hmC and TETs in placentas and carried out as 
described previously [26]. Briefly, the placenta 
tissue sections were incubated at 60°C for 1 h, 
deparaffinized in xylene and sequentially rehy-
drated in a graded series of ethanol. For anti-
gen retrieval, the slides were immersed in 0.01 
M citrate buffer (pH 6.0), incubated at above 
95°C for 30 min and cooled down at room tem-
perature. Endogenous peroxidase was elimi-
nated with 3% H2O2 for 10 min and then blocked 
with 10% normal goat serum for 30 min at room 
temperature. Afterwards, the tissue sections 
were incubated overnight at 4°C with primary 
antibodies against IGF-1, 5mC, DNMTs, 5hmC 
and TETs, then placed for 45 min at room tem-
perature. The sections were rinsed with PBS, 
and then secondary antibodies were added for 
10 min. After washed with PBS, all sections 
were incubated with horseradish peroxidase 
(HRP) for 10 min at room temperature. Foll- 
owing, washed sections were incubated with 
3,3-diaminobenzidine (DAB) to visualize the 
final product and counter-stained. Finally, the 
sections were dehydrated through graded alco-
hol and xylene in a reverse order applied in 
deparaffinization step, and coverslipped for 
observation. For negative control, the slides 
were incubated with PBS instead of primary 
antibodies. The optimal concentrations of th- 
ese primary antibodies were shown in Table 1. 

Western blot analysis

The protein levels of IGF-1, DNMTs and TETs in 
placentas and trophoblast cells were measured 
by western blot. Proteins were extracted from 
placentas and trophoblast cells using radio 
immunoprecipitation assay (RIPA, Beyotime, 
China) lysis buffer supplemented with phenyl-
methanesulfonyl fluoride (PMSF, Beyotime, 
China) on ice. After homogenization, the super-
natants were centrifuged at 12,000 rpm for 15 
min at 4°C and collected for protein analysis. 
Protein concentrations were detected by bicin-
chonininc acid (BCA, Beyotime, China) protein 
assay kit. An equal amount of protein extracts 
(30 µg) were resolved in and separated by sodi-
um dodecyl sulfate polyacrylamide gel electro-

Table 1. Optimal dilutions of primary antibodies 
for IHC 
Antibodies Dilutions Sources Cat. No.
IGF-1 1:125 Abcam, USA ab9572
5mC 1:500 Active Motif, Japan 39649
5hmC 1:500 Active Motif, Japan 39769
DNMT1 1:500 Abcam, USA ab19905
DNMT3a 1:80 Abcam, USA ab4897
DNMT3b 1:100 Abcam, USA ab119282
TET1 1:200 Abcam, USA ab191698
TET2 1:100 Abcam, USA ab94580
TET3 1:50 Novus, USA NBP2-20602
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phoresis (SDS-PAGE) and electrotransferred 
onto polyvinylidene difluoride (PVDF) mem-
branes within the transfer buffer (Beyotime, 
China) for 1 h to 2 h according to protein mo- 
lecular weight. After blocked in 5% nonfat dry 
milk with phosphate-buffered saline/Tween-20 
(PBST) for 1 h at room temperature, the mem-
branes were incubated with primary antibodies 
overnight. Detailed information of primary anti-
bodies was summarized in Table 2. After wash-
ing the membranes with PBST for 10 min × 3 
times, the matching secondary antibodies 
(anti-rabbit or anti-mouse, 1:1000, Jackson, 
USA) were used to conjugate primary antibod-
ies for 1 h at room temperature. The immunore-

suring the absorbance at 260 nm and RNA 
purity was determined by the 260/280 nm 
absorbance ratio. The complementary DNA 
(cDNA) was synthesized from 1 μg total RNA in 
20 μl volume reactions with PrimeScript™RT 
Master Mix (Takara, Japan). The 20 μl cDNA 
product was diluted into 100 μl for later use. To 
quantify mRNA expression, an amount of cDNA 
equivalent to 20 ng of total RNA was amplified 
using SYBR® Premix Ex Taq II (Takara, Japan) 
according to manufacture’s instruction. The 
primers of target gene were listed in Table 3, 
which were designed using Primer Premier 6.0 
software and were synthesized by Shanghai 
BioTNT Biotechnology Co., Ltd. (Shanghai, 

Table 2. Optimal dilutions Primary antibodies for WB 
Placentas Trophoblasts

Antibodies Dilutions Sources, Cat. No. Antibodies Dilutions Sources, Cat. No.
IGF-1 1:500 Abcam, USA, ab9572 IGF-1 1:2000 Abcam, USA, ab9572
DNMT1 1:1000 Abcam, USA, ab19905 DNMT1 1:1000 Abcam, USA, ab13537
DNMT3a 1:1000 Abcam, USA, ab4897 DNMT3a 1:2000 Abcam, USA, ab13888
DNMT3b 1:500 Abcam, USA, ab119282 DNMT3b 1:2000 Abcam, USA, ab13604
TET1 1:500 Abcam, USA, ab191698 TET1 1:1000 Abcam, USA, ab105475
TET2 1:1000 Abcam, USA, ab94580 TET2 1:1000 Abcam, USA, ab125084
TET3 1:500 Novus, USA, NBP2-20602 TET3 1:1000 Abcam, USA, ab139805
β-actin 1:1000 Beyotime, China, AA128 GAPDH 1:1000 CST, USA, #2118

Table 3. Primers sequence of targeted genes
Gene name Forward Reverse
IGF-1 5’-TCCTCGCATCTCTTCTACCT-3’ 5’-AAAAGCCCCTGTCTCCACAC-3’
DNMT1 5’-AAGAGCCAAATCGGATGAGT-3’ 5’-AAGCGGTCTAGCAACTCGTT-3’
DNMT3a 5’-GGTGTGGCTTTAGGAGCAGT-3’ 5’-CTACAGGCAGGTCAGTGAGC-3’
DNMT3b 5’-GAAGGGGTGTGCTGAGTTCT-3’ 5’-GGGTTTGAGGGGGTGTCTTA-3’
TET1 5’-CACGCTGTGGTGAAGGACTA-3’ 5’-AGGTAACTTTGGGGGTTGCT-3’
TET2 5’-CGCACAGTTAGTGAACCTT-3’ 5’-GGATTTCTTTCTTGGCTTAC-3’
TET3 5’-CCGTGAGATGAGTCGTGAG-3’ 5’-AGTGTGTCAAGGTCTTCGCT-3’
GAPDH 5’-GGGAAGGTGAAGGTCGGAGT-3’ 5’-GGGGTCATTGATGGCAACA-3’

Table 4. Baseline characteristics of the study population

Items Normal  
pregnancy Preeclampsia P-value

Maternal age (years) 28.33 ± 0.62 29.37 ± 0.74 0.1362
Gestational age (weeks) 38.89 ± 0.13 37.27 ± 0.36 0.0009
Systolic blood pressure (mmHg) 119.0 ± 1.93 137.4 ± 3.69 <0.0001
Diastolic blood pressure (mmHg) 75.75 ± 1.42 89.37 ± 2.81 0.0005
Proteinuria (g/24 h) - 2.74 ± 0.70 -
Infant birth-weight (g) 3389 ± 71.61 2831 ± 126.3 0.0010
All results were analyzed by the Mann-Whitney U test and represented as mean ± SEM.

activity was visualized by 
enhanced chemilumines-
cence (ECL) reagents (Milli- 
pore, USA). β-actin and 
GAPDH were used as the 
internal loading controls. 
The Quantity One software 
(Bio-Rad Laboratories Pty. 
Ltd) was used to analyze 
the band intensities.

RNA extraction, cDNA 
synthesis and qRT-PCR 
analysis 

The transcript levels of 
IGF-1, DNMTs and TETs in 
the placentas and tropho-
blast cells were analyzed 
by qRT-PCR. Total RNA  
was extracted using TRIzol 
(Invitrogen, USA) reagent 
according to the manufac-
turer’s protocol. RNA (2 μl) 
was quantified spectro-
photometrically by mea-
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China). GAPDH served as an internal standard. 
Relative quantification of the target gene 
expression levels was conducted using the 
method ΔCt, ΔE = Ctexp - CtGAPDH and ΔC = Ctcon 
- CtGAPDH.

Enzyme-linked immunosorbent assay 

Enzyme-linked immunosorbent assay (ELISA) 
was used to detect the protein of IGF-1 in cell 
supernatants, and 5mC and 5hmC levels of pla-
centas and trophoblast cells according to each 
manufacturer’s instruction. For the detection of 
IGF-1 (RayBio, USA), the following steps must 
be operated with gentle shaking: (1) Add 100 µl 
of each standard and sample to appropriate 
wells, incubate for 2.5 h at room temperature, 
then discard the solution and wash 4 times 
with 1X wash solution; (2) Add 100 µl of 1X pre-
pared biotinylated antibody to each well, incu-
bate for 1 h at room temperature, then discard 
the solution and wash 4 times; (3) Add 100 µl of 
prepared streptavidin solution to each well, 
incubate for 45 min at room temperature, then 
discard the solution and wash 4 times; (4) Add 
100 µl of TMB one-step substrate reagent to 
each well, incubate for 30 min at room temper-
ature in the dark; (5) Add 50 µl of stop solution 
to each well and read at 450 nm immediately. 

For 5mC and 5hmC quantification, methyl-
flashTM methylated and hydroxymethylated DNA 
quantification kits (colorimetric) were pur-
chased from Epigentek, USA. In brief, they were 
conducted as the following steps: (1) DNA bind-
ing: add 80 µl of binding solution to appropriate 
cells, then add 1 µl negative control, 1 µl posi-
tive control and appropriate sample DNA (100 
ng for 5mC and 200 ng for 5hmC) into the des-
ignated wells, incubate at 37°C for 90 min, and 
remove the binding solution and wash three 
times; (2) Methylated and hydroxymethylated 
DNA capture: add 50 µl diluted capture anti-
body (1:1000) to each well and incubate at 
room temperature for 60 min, remove the solu-
tion and wash three times; then add 50 µl dilut-
ed detection antibody (1:2000 for 5mC and 
1:1000 for 5hmC) to each well and incubate at 
room temperature for 30 min, remove the solu-
tion and wash four times; following add 50 µl 
diluted enhancer solution (1:5000) to each well 
and incubate at room temperature for 30 min, 
remove the solution and wash five times; (3) 
Signal detection: add 100 µl developer solution 
and incubate at room temperature for 1 to 10 
min away from light, and then add 100 µl stop 
solution to stop enzyme reaction and read at 
450 nm. (4) 5mC relative quantification: simple 
calculation of the percentage of 5mC in total 

Figure 1. Reduced expression of IGF-1 in preeclamptic placentas. A. Immunohistochemistry revealed decreased 
levels of IGF-1 in PE group compared to NP group. B. Western blot showed lower expression of IGF-1 in PE group 
compared to NP group. C. qRT-PCR showed reduced levels of IGF-1 in PE group compared to NP group. Data were 
presented as Mean ± SD. **P<0.01, ***P<0.001. NP refers to normal pregnancy, PE refers to preeclampsia.
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DNA can be carried out using the following 
formula:

5mC%
(ME4 OD ME3 OD) 2 P
(Sample OD ME3 OD) S

100%=
-
-

'

'

#
#)

S is the amount of input sample DNA in ng.

P is the amount of input positive control in ng.

*2 is a factor to normalize 5mC in the positive 
control to 100%, as the positive control con-
tains only 50% of 5mC.

(5) 5hmC relative quantification: simple calcu-
lation of the percentage of 5hmC in total DNA 
can be carried out using the following formula:

5hmC%
(HC5 OD HC4 OD) 5 P
(Sample OD HC4 OD) S

100%=
-
-

'

'

#
#)

S is the amount of input sample DNA in ng.

P is the amount of input positive control in ng.

*5 is a factor to normalize 5hmC in the positive 
control to 100%, as the positive control con-
tains only 20% of 5hmC.

Figure 2. Decreased expression of IGF-1 in hypoxic HTR8 and JEG3 cells. A, D. ELISA showed decreased superna-
tants IGF-1 levels in hypoxic HTR8 and JEG3 cells, respectively. B, E. Western blot revealed reduced IGF-1 protein 
levels in hypoxic HTR8 and JEG3 cells, respectively. C, F. qRT-PCR depicted a reduction of IGF-1 mRNA levels in 
hypoxic HTR8 and JEG3 cells, respectively. Data were presented as Mean ± SD. *P<0.05, **P<0.01, ***P<0.001. 
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DNA isolation and pyrophosphate sequencing 

Genomic DNA was isolated from placentas  
and trophoblast cells with Qiagen DNA mini kit 
(Qiagen, Germany). The bisulfite conversion 
reaction of genomic DNA and subsequent puri-
fication was performed with the use of Qiagen 
EpiTect Bisulfite Kit (Qiagen, Germany) follow-
ing the manufacturer’s protocols. The purified 
DNA with an optical density value between 1.8 
and 2.0 was considered to be of good quality 
and stored at -80°C for later experiments. To 
assess the methylation status of IGF-1 and 
quantify the percentage of methylation of each 
individual CpG, bisulfite-modified DNA was 
amplified using bisulfite PCR primers with a bio-
tin label on the 5’ end of the foraward primer. 

The pyrophosphate sequencing primers were 
designed by PyroMark Assay Design 2.0 soft-
ware, synthesized by BGI, China. The primers 
were as follows: IGF-1-F: 5’-AAAAATGTTTTAT- 
TTTAGTTGGG TTTTATA-3’, IGF-1-R: 5’-TCCCTT- 
TAAAACACTATCTCATACTTTTTC-3’, IGF-1-S: 5’- 
ACACTATCTCATACTTTTTCT-3’. The PCR prod-
ucts were then processed and sequenced 
using PyroMark Q96 ID Pyrosequencing system 
(Qiagen, Germany). Pyro Q-CpG software was 
used to measure the percentage of methylation 
of each individual CpG.

Statistical analysis 

All statistic analyses in this study were per-
formed using SPSS 16.0 (SPSS, Chicago, IL, 

Figure 3. Hypermethylated IGF-1 promoter in 
preeclamptic placentas by pyrophosphate se-
quencing. A. Representative pyrosequencing 
images in NP and PE groups. B. The degree of 
DNA methylation of IGF-1 promoter at CpG_1 
and CpG_2. Data were presented as Mean ± 
SD. **P<0.01. NP refers to normal pregnancy, 
PE refers to preeclampsia.
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Figure 4. Preeclamptic pla-
centas were hypermethyl-
ated with higher expression 
of 5mC, DNMT1 and DN-
MT3b, and lower expression 
of DNMT3a compared with 
normal pregnant placentas. 
A, B. Immunohistochemistry 
and ELISA showed increased 
5mC levels in PE group  
compared to NP group. C-E. 
Immunohistochemistry, we- 
stern blot and qRT-PCR re-
vealed higher DNMT1 in 
PE group than NP group. 
F-H. Immunohistochemistry 
showed no significance of 
DNMT3a, while western blot 
and qRT-PCR depicted lower 
DNMT3a in PE group than 
NP group. I-K. Immunohis-
tochemistry showed no sig-
nificance of DNMT3b, while 
western blot and qRT-PCR 
depicted higher DNMT3b 
in PE group than NP group. 
Data were shown as Mean 
± SD. *P<0.05, **P<0.01, 
***P<0.001. NP refers to 
normal pregnancy, PE refers 
to preeclampsia.
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Figure 5. Preeclamptic pla-
centas were hypohydroxy-
methylated with lower ex-
pression of 5hmC, TET1, 
TET2 and TET3 compared 
to normal pregnancy. A, B. 
Immunohistochemistry and 
ELISA showed decreased 
5hmC levels in PE group 
compared to NP group. C-E. 
Immunohistochemistry, we- 
stern blot and qRT-PCR re-
vealed lower TET1 in PE 
group than NP group. F-H. 
Immunohistochemistry, we- 
stern blot and qRT-PCR re-
vealed lower TET2 in PE 
group than NP group. I-K. 
Immunohistochemistry, we- 
stern blot and qRT-PCR re-
vealed lower TET1 in PE 
group than NP group. Data 
were shown as Mean ± 
SD. *P<0.05, **P<0.01, 
***P<0.001. NP refers to 
normal pregnancy, PE refers 
to preeclampsia.
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USA) and GraphPad Prism 5.0 software 
(GraphPad, San Diego, CA, USA). Data were pre-
sented as mean ± standard deviation (SD). 
Student’s t test and Mann-Whitney U test were 
used to compare the data in two groups. 
Comparisons of data among multiple groups 
were assessed by one-way analysis of variance 
(ANOVA) followed by Bonferroni correction for 
post hoc t-test and Kruskal-Wallis tests. The 
associations of IGF-1 among 5mC, DNMTs, 
5hmC and TETs were determined by Pearson’s 
correlation. All P-values were two-sided and a 
P-value less than 0.05 was considered as sta-
tistical significance (P<0.05).

Results

Baseline characteristics of the study popula-
tion 

The clinical characteristics of the study popula-
tion including 10 preeclamptic (PE) patients 
and 10 normal pregnant (NP) women were 
shown in Table 4. While no significant differ-
ence of maternal age was found between PE 
and NP groups, the preeclamptic mothers had 
shorter gestational weeks and higher systolic 
and diastolic blood pressure, and delivered 
newborns with lower birth weight. Although the 
expression of proteinuria with negative fea-
tures (<0.3 g) was not accurately quantified in 
NP group, the mean value of proteinuria in PE 
group was 2.74 ± 0.70 and it was about ten-fold 
increase compared to NP group.

Decreased expression of IGF-1 in preeclamptic 
placentas and hypoxic trophoblasts

To determine the expression of IGF-1 protein, 
we performed IHC and WB on normal and pre-
eclamptic placenta, and ELISA and WB on nor-
moxic and hypoxic trophoblasts. To examine 
the levels of IGF-1 gene, we performed qRT-PCR 
on all the placenta and trophoblasts RNA sam-
ples. It was found that IGF-1 was primarily locat-
ed in cytoplasm and significantly decreased in 
preeclamptic placentas when compared with 
normal placentas (Figure 1). Consistent with 
the changes of IGF-1 in the placentas, hypoxia 
remarkably inhibited the expression of IGF-1 in 
trophoblasts. As shown in Figure 2, the IGF-1 
levels in supernatants of HTR8 cells were sig-
nificantly lower in hypoxic conditions for 24 h 
and 48 h than those in normoxic conditions. It 
was also presented that the supernatants IGF-1 
levels of JEG3 cells under hypoxia for 48 h and 
72 h were apparently reduced compared to 
those under normal oxygen. The protein levels 
of IGF-1 in HTR8 and JEG3 cells in hypoxic con-
ditions for 24 h were both obviously decreased 
compares with those in normoxic conditions, 
which was further confirmed by qRT-PCR analy-
sis in HTR8 and JEG3 cells. 

Hypermethylation of IGF-1 promoter leads to 
downregulation of IGF-1

Furthermore, we analyzed the DNA methylation 
status of IGF-1 promoter regions of normal and 

Figure 6. Hypoxic trophoblasts were hypermethylated with increased 5mC, DNMT1 and DNMT3b, and decreased 
DNMT3a compared to normoxic trophoblasts. A. Increased 5mC in hypoxic HTR8 and JEG3 cells. B. Increased 
DNMT1 in hypoxic HTR8 and JEG3 cells. C. Decreased DNMT3a in hypoxic HTR8 and JEG3 cells. D. Decreased DN-
MT3b mRNA levels from 24 h to 72 h and increased DNMT3b mRNA levels in 96 h in hypoxic HTR8 and JEG3 cells. 
Data were shown as Mean ± SD. *P<0.05, **P<0.01, ***P<0.001.
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preeclamptic placentas using pyrophosphate 
sequencing. As shown in Figure 3, when com-
pared to NP group, it was reported that the 
IGF-1 DNA methylation levels at two CpG islands 
had alterations with a significant upregulation 
at CpG_1 island and an increase trend at 
CpG_2 island in PE group. Analysis of IGF-1 pro-
moter activity indicated that IGF-1 methylation 
plays an important role in its downregulation, 
and that hypermethylation may inhibit IGF-1 
transcription.

Preeclamptic placentas and hypoxic tropho-
blasts are hypermethylated and hypohydroxy-
methylated 

As the IGF-1 promoter region was hypermethyl-
ated in preeclamptic placentas, we further 
examined the overall DNA methylation and 
hydroxymethylation status by detecting the lev-
els of 5mC and 5hmC, and their associated 
enzymes including DNMT1, DNMT3a, DNMT3b, 
TET1, TET2 and TET3 in the placentas and tro-
phoblasts. As summarized in Figure 4, the 
results showed that the preeclamptic placen-
tas were hypermethylated characterized by sig-
nificant higher levels of 5mC, DNMT1 and 
DNMT3b, and lower expression of DNMT3a 
when compared with normal placentas, but the 
IHC findings of DNMT3a and DNMT3b were no 
different. It was also found that the preeclamp-
tic placentas were hypohydroxymethylated with 
significant lower expression of 5hmC, TET1, 
TET2 and TET3 (Figure 5). Their alterations in 
HTR8 and JEG3 cells under normal oxygen and 
hypoxia from 24 h to 96 h were depicted in 
Figures 6 and 7. It was observed that the 
genomic DNA 5mC levels in hypoxic HTR8 and 
JEG3 cells were remarkably upregulated, except 
for the result in JEG3 cells for 24 h. The protein 
and mRNA levels of DNMT1 in HTR8 cells under 
hypoxic conditions for 48 h and 72 h, and in 
JEG3 cells under hypoxic conditions except for 
24 h were both upregulated. Although the pro-
tein levels of DNMT3a in JEG3 cells were no sig-
nificance, the protein and mRNA expression of 
DNMT3a in HTR8 cells and the mRNA levels of 
DNMT3a in JEG3 cells were almost consistent 
with the results in preeclamptic placentas. For 
DNMT3b, the protein levels in HTR8 and JEG3 

cells were no difference. In contrast, the mRNA 
levels of DNMT3b in HTR8 and JEG3 cells under 
hypoxic conditions from 24 h to 72 h were 
apparently downregulated, however, they were 
both upregulated for 96 h. Likewise, the results 
in hypoxic HTR8 and JEG3 cells indicated sig-
nificantly decreased expression of 5hmC and 
mRNA levels of TET1, TET2 and TET3, although 
varied times showed different findings. It was 
found that the protein levels of TET3 in hypoxic 
HTR8 and JEG3 cells from 48 h to 96 h were 
also downregulated, but no significance of the 
TET1 and TET2 protein levels were observed. 

Correlations between IGF-1 and 5mC, DNMTs, 
5hmC, TETs 

To analyze the relationships between IGF-1 and 
5mC, DNMT1, DNMT3a, DNMT3b, 5hmC, TET1, 
TET2, TET3, we performed Pearson’s correla-
tion analysis on the IHC data from the placenta 
samples. As shown in Figure 8, the results con-
firmed a statistically significant negative corre-
lation between IGF-1 and 5mC, DNMT1 (R= 
-0.496, P=0.026; R=-0.475, P=0.034, respec-
tively), and positive correlation between IGF-1 
and 5hmC, TET1, TET2, TET3 (R=0.471, P= 
0.036; R=0.764, P<0.001; R=0.529, P=0.016; 
R=0.587, P=0.007, respectively). Therefore, we 
firstly focused on the potential effects of 
DNMT1 on IGF-1 promoter methylation.

DNMT1 downregulation results in upregula-
tion of IGF-1 and hypomethylation of IGF-1 
promoter 

To investigate the potentially causal relation-
ship between IGF-1 expression and its promot-
er methylation, we treated HTR8 cells with a 
DNMT inhibitor, 5-Aza-dc and a DNMT1 specific 
inhibitor, DNMT1-siRNA. As expected, 4 µM 
5-Aza-dc treatment significantly increased the 
expression of IGF-1 and led to a significant 
reduction in IGF-1 promoter methylation at two 
CpG islands (Figure 9A, 9B and 9F) compared 
to the Blank control group. Moreover, an 
increase in IGF-1mRNA and protein, and a 
decrease in its promoter methylation at CpG_1 
island were observed following DNMT1-siRNA 
treatment (Figure 9C, 9D and 9F). 

Figure 7. Hypoxic trophoblasts were hypohydroxyrmethylated with reduced 5mC, TET1, TET2 and TET3 compared 
to normoxic trophoblasts. A. Decreased 5hmC in hypoxic HTR8 and JEG3 cells. B. Decreased TET1 mRNA levels in 
hypoxic HTR8 and JEG3 cells. C. Decreased TET2 mRNA levels in hypoxic HTR8 and JEG3 cells. D. Decreased TET3 
in hypoxic HTR8 and JEG3 cells. Data were shown as Mean ± SD. *P<0.05, **P<0.01, ***P<0.001.
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IGF-1 doesn’t alter genomic DNA methylation 
or hydroxymethylation

Simultaneously, we specifically upregulated 
and downregulated IGF-1 gene expression in 
HTR8 cells via a plasmid vector, pEX-2-IGF-1 
and a IGF-1 inhibitor, IGF-1-siRNA to evaluate 
the effects of IGF-1 on genomic DNA methyla-
tion and hydroxymethylation by detecting the 
levels of 5mC, DNMT1, DNMT3a, DNMT3b, 
5hmC, TET1, TET2 and TET3. We treated HTR8 
cells with pEX-2-IGF-1 and IGF-1-siRNA for 48 h 
according to the results shown in Figures 10A 
and 11A. It was clearly found that an upre- 
gulation of IGF-1 didn’t alter DNA methylation 
and hydroxymethylation with no significance of 
5mC, 5hmC and their related enzymes. 
Although the mRNA level of DNMT3a in pEX-2 
and pEX-2-IGF-1 group was higher than that in 
Blank group, we couldn’t exclude the influence 
of the blank plasmid vector pEX-2 (Figure 10). 
The results in Figure 11 also showed that the 
effects of an downregulation of IGF-1 on DNA 
methylation and hydroxymethylation were con-
sistent with the findings of an upregulation of 
IGF-1. 

Discussion

In the present study, the findings showed a sig-
nificant reduction of IGF-1 in preeclamptic pla-
centas and hypoxic trophoblasts, and a remark-
able hypermethylation of IGF-1 promoter region 
in preeclamptic placentas. Simultaneously, it 
was found that the preeclamptic placentas and 
hypoxic trophoblasts were hypermethylated 
and hypohydroxymethylated with their associ-
ated enzymes altered. Furthermore, it was 
observed that DNMT1 upregulation directly 
resulted in hypermethylation of the IGF-1 gene, 
eventually leading to its decreased expression. 
To our knowledge, this is the first study to inves-
tigate the role of IGF-1 from the perspectives of 
dynamic balance of DNA methylation and 
hydroxymethylation to explore the possible 
mechanisms of preeclampsia.

IGF-1 is considered to be strongly associated 
with the behaviors of cells, the formation of pla-

centa and the growth of fetus [7-9]. Previous 
studies from domestic and abroad reported 
inconsistent results of IGF-1 in preeclampsia 
[10-13]. Most researches have concluded a sig-
nificant reduction of IGF-1 in preeclamptic 
maternal placentas, umbilical cord blood and 
maternal serum compared with normal preg-
nant women [10-12]. This is consistent with the 
results of IGF-1 in preeclamptic placentas and 
hypoxic trophoblast cells in our current study. 
However, Bartha and colleagues pointed out 
that serum IGF-1 in preeclamptic patients and 
women in the control group were at the same 
level [13], which might be associated with the 
composition of the disease in the case group.

DNA methylation is a form of epigenetic regula-
tion and commonly leads to suppressed gene 
expression when occurring in a regulatory 
region [27]. Therefore, we investigated whether 
IGF-1 transcription was regulated by DNA meth-
ylation in the context of CpG dinucleotides [28]. 
As our findings demonstrated, the hypermethyl-
ation of IGF-1 promoter region in preeclamptic 
placentas was responsible for the downregula-
tion of IGF-1. This is similar to published studies 
in some tumor tissues [22, 23], but different 
from some PE-related genes like GATAD1, 
GNA12 and HLA-G [3, 19, 20]. In fact, epigene-
tic regulation by DNA methylation is a complex 
issue involving concerted actions by multiple 
ciselements, DNA-binding factors such as tran-
scriptional activators/repressors, methy-CpG-
binding domain (MDB) factors and a range of 
histone modifications. It has been reported 
that various malignant tumors such as ovarian 
cancer, prostate cancer and breast cancer 
were hypermethylated due to overexpressed 
DNMTs [29-31]. Interesting, it has been studied 
that DNA damage might alter the specificity of 
DNMT1, either inhibiting the methylation of 
hemimethylated sites or triggering the inappro-
priate methylation of previously unmethylated 
sites and it has been confirmed that reduced 
DNMT1 selectively resulting from DNA damage 
could cause heritable changes in cytosine 
methylation patterns, resulting in human tumor 
formation [32]. Moreover, oxidative damage to 
DNA could therefore result in heritable, epigen-

Figure 8. IGF-1 was negatively correlated with 5mC and DNMT1, and positively correlated with 5hmC, TET1, TET2 
and TET3. A. IGF-1 and 5mC: R=-0.496, P=0.026. B. IGF-1 and DNMT1: R=-0.475, P=0.034. C. IGF-1 and DNMT3a: 
P=0.178. D. IGF-1 and DNMT3b: P=0.683. E. IGF-1 and 5hmC: R=0.471, P=0.036. F. IGF-1 and TET1: R=0.764, 
P<0.001. G. IGF-1 and TET2: R=0.529, P=0.016. H. IGF-1 and TET3: R=0.587, P=0.007.
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etic changes in chromation organization [33]. 
Previous studies provided evidence that miR-
148a/152 could directly target DNMT1 by bind-
ing its 3’-UTR regions, thereby suppressing 
DNMT1 mRNA and protein expression, and also 
demonstrated that overexpression of DNMT1 
led to the hypermethylation of miR-148a/152 
genes, and downregulation of miR-148a/152. 
These results established the existence of a 
negative feedback regulatory loop between 
DNMT1 and miR-148a/152 in the HTR-8 cells 
and the placenta of PE rats [21]. In additional, 
Sichen et al. [34] found that DNA methylation 
can affect miRNA expression. However, the 
mechanism responsible for DNMTs alteration is 
still largely unknown and needs further to be 
investigated in the future. 

As previously known, the conversion of 5mC to 
5hmC was involved in the pathogenesis of pre-
eclampsia and many PE-related genes were 
hypermethylated or hypomethylated [3, 19, 20, 
24]. We proposed that the cumulative effects 
of these genes might alter the status of DNA 
methylation and hydroxymethylation determin- 
ed by their associated enzymes like DNMTs and 
TETs. Therefore, we detected the levels of 5mC, 
DNMT1, DNMT3a, DNMT3b, 5hmC, TET1, TET2 
and TET3 in preeclamptic placentas and hypox-
ic trophoblasts. It was found that the pre-
eclamptic placentas were higher methylated 
and lower hydroxymethylated characterized by 
significant higher levels of 5mC, DNMT1 and 
DNMT3b, and lower expression of DNMT3a, 
5hmC, TET1, TET2 and TET3 compared to nor-
mal placentas, but the IHC findings of DNMT3a 
and DNMT3b were no different, which were 
almost consistent with the results shown in 
hypoxic trophoblasts. In a previous study, it was 
not observed any place at the gene body or pro-
moter region with opposite 5mC/5hmC levels 
using genome-wide mapping in the late-onset 
severe preeclampsia group and the control 
group, and the variation trend of the 5mC/5hmC 
levels had no significant differences between 
the two groups [17]. However, differential 5mC 
and 5hmC peaks were found showing signifi-
cant difference between the two groups [17]. In 

agreement with our results, the findings of sev-
eral studies also showed higher 5mC and lower 
5hmC levels in preeclampsia [35-37]. On the 
contrary, Noruma et al. [38] reported that glob-
al methylation levels in the placenta were lower 
in patients with preeclampsia. Simultaneously, 
Kogg et al. also showed a reduction of 5mC in 
the early-onset preeclampsia [39], which might 
be associated with the use of antihypertensive 
drugs and hormones promoting fetal lung mat-
uration. Although most studies acknowledged 
that DNMT1 was upregulated in preeclamptic 
placentas [20], the results in several research-
es indicated significantly decreased DNMT1 
mRNA expression or no difference [21, 40]. The 
downregulation of DNMT3a and upregulation of 
DNMT3b in the current study were inconsistent 
with previous reports with no significant differ-
ence of DNMT3a and DNMT3b [20, 21]. These 
differences might be associated with the sam-
ples, the primary antibodies selected or the 
methodologies used to detected DNMTs levels. 
However, the levels of TET1, TET2 and TET3 
were unanimously reduced in preeclampsia 
[35], which was reported to regulate 5hmC lev-
els [41-43].

Furthermore, we analyzed the correlations 
between IGF-1 and 5mC, DNMT1, DNMT3a, 
DNMT3b, 5hmC, TET1, TET2 and TET3 in the 
placentas. The results confirmed a statistically 
significant negative correlation between IGF-1 
and 5mC, DNMT1, and positive correlation 
between IGF-1 and 5hmC, TET1, TET2, TET3. 
Therefore, we firstly focused on the potential 
effects of DNMT1 on IGF-1 promoter methyla-
tion according to previous studies [20, 21]. To 
confirm the effects of DNMT1 on IGF-1 expres-
sion and its promoter methylation, we selected 
a DNMT inhibitor, 5-Aza-dc and a DNMT1 spe-
cific inhibitor, DNMT1-siRNA to treat HTR8 cells. 
The results in the present study showed that 
5-Aza-dc and DNMT1-siRNA could significantly 
upregulate the expression of IGF-1 by reducing 
the levels of its promoter methylation. In JAR 
cell line, 5-Aza-dc treatment lead to a signifi-
cant reduction of GATAD1 methylation com-
pared to the control group [3]. Consistently, pre-

Figure 9. IGF-1 was upregulated caused by its hypomethylated promoter region in HTR8 cells treated with 5-Aza-dc 
and DNMT1-siRNA. A, B. Increased IGF-1 in HTR8 cells treated with 4µM 5-Aza-dc. C, D. Increased IGF-1 in HTR8 
cells treated with DNMT1-siRNA. E. Representative image of DNA integrity verified by agarose gel electrophoresis. F. 
IGF-1 promoter region was hypomethylated at CpG_1 and CpG_2 in HTR8 cells treated with 5-Aza-dc and DNMT1-
siRNA. G. Representative pyrosequencing images of IGF-1 in four groups. Data were shown as Mean ± SD. *P<0.05, 
**P<0.01, ***P<0.001. NC refers to negative control. 
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Figure 10. Upregulation of IGF-1 didn’t alter genomic DNA methylation. A. IGF-1 was upregulated by pEX-2-IGF-1. B. Upregulation of IGF-1 didn’t alter DNMT1 expres-
sion. C. Upregulation of IGF-1 didn’t alter DNMT3a expression. D. Upregulation of IGF-1 didn’t alter DNMT3b expression. E. Upregulation of IGF-1 didn’t alter 5mC 
levels. F. Upregulation of IGF-1 didn’t change TET1 expression. G. Upregulation of IGF-1 didn’t change TET2 expression. H. Upregulation of IGF-1 didn’t change TET3 
expression. I. Upregulation of IGF-1 didn’t alter 5hmC levels. Data were shown as Mean ± SD. *P<0.05, **P<0.01, #P<0.05, ##P<0.01.
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Figure 11. Downregulation of IGF-1 didn’t change genomic DNA hydroxymethylation. A. IGF-1 was downregulated by IGF-1-siRNA. B. Downregulation of IGF-1 didn’t 
change DNMT1 expression. C. Downregulation of IGF-1 didn’t change DNMT3a expression. D. Downregulation of IGF-1 didn’t change DNMT3b expression. E. Down-
regulation of IGF-1 didn’t change 5mC levels. F. Downregulation of IGF-1 didn’t alter TET1 expression. G. Downregulation of IGF-1 didn’t alter TET2 expression. H. 
Downregulation of IGF-1 didn’t alter TET3 expression. I. Downregulation of IGF-1 didn’t alter 5hmC levels. Data were shown as Mean ± SD. *P<0.05, **P<0.01, 
***P<0.001. NC refers to negative control.
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vious researches indicated that DNMT1 partici-
pated in HLA-G gene silencing through DNA 
methylation and verified that DNMT1 played a 
vital role in FABP4 hypomethylation in HT8 cell 
line [20, 21]. Moreover, previous studies also 
showed that DNMT1 overexpression contribut-
ed to promoter hypermethylation, and was 
associated with malignant potential and poor 
prognosis in human cancer [44]. Therefore, it 
was considered that DNMT1 was closely corre-
lated with the methylated CpG island pheno-
type. Combined with other transcription fac-
tors, increased levels of DNMT1 might cause 
the hypermethylation of IGF-1 promoter region 
and thus suppress IGF-1 transcription. At the 
same time, we did not observe significant 
effects of IGF-1 on DNA methylation and 
hydroxymethylation with no difference of 5mC, 
DNMT1, DNMT3a, DNMT3b, 5hmC, TET1, TET2 
and TET3 in HTR8 cell line, indicating that IGF-1 
might play no role in DNA methylation and 
hydroxymethylation. However, further research 
was needed to testify this hypothesis in the 
future.

In the current study, we explored the new area 
by assessing the expression of IGF-1, its pro-
moter methylation, and its effects on genomic 
DNA methylation and hydroxymethylation in 
clinical placenta samples as well as tropho-
blast cell lines. However, there are some limita-
tions in the current study. First of all, we couldn’t 
conclude that IGF-1 was a cause or a conse-
quence of preeclampsia because the study 
population selected were mostly in the late 
stages of pregnancy, while the onset of pre-
eclampsia began during early pregnancy. 
Although we tend to consider IGF-1 as a cause 
of preeclampsia, further studies are needed to 
explore whether IGF-1 is a cause of preeclamp-
sia and how to lead to the development of pre-
eclampsia. In addition, the harvested placental 
samples might have an influence on the results 
due the purity and cell proportions [20]. 
Moreover, although the expression of DNMT3a 
and DNMT3b were controversial in different 
studies and the correlations between IGF-1 and 
DNMT3a, DNMT3b were not significant in our 
study, whether DNMT3a and DNMT3b could 
result in the reduced expression of IGF-1 or not, 
which was not investigated in the present study. 
Also, the roles of TET1, TET2 and TET3 on IGF-1 
were not reported here, which should be inter-
preted in further studies. Last but not the least, 
although oxidative damage and DNA damage 

might be contributed to abnormal expression of 
DNMT1 [32, 33], the possible upper stream 
mechanisms of abnormal expression of DNMTs 
and TETs were still not very clear, which still 
needs further studies in the future.

In summary, our findings suggest that IGF-1 
were significantly reduced in preeclamptic pla-
centas and hypoxic trophoblasts, which was 
caused by its hypermethylated promoter region 
due to increased expression of DNMT1. At the 
same time, it was found that preeclamptic pla-
centas and hypoxic trophoblasts were higher 
rmethylated and lower hydroxymethylated 
accompanied by altered associated enzymes 
such as DNMTs and TETs. This study provided a 
new mechanism of reduced IGF-1 in preeclamp-
tic placentas and hypoxic trophoblasts, imply-
ing the probable role of IGF-1 in the develop-
ment of preeclampsia. These findings provided 
new insights into the diagnosis and treatment 
of preeclampsia. 
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