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The expression of DNA methyltransferases3A
is specifically downregulated in chorionic villi
of early embryo growth arrest cases
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Abstract. The aim of the present study was to investigate the
expression pattern of four DNA methyltransferases (DNMT,
DNMT3A, DNMT3B and DNMT3L) in placenta chorionic
villi of early embryo growth arrest patients. Chorionic villous
specimens were obtained from 40 pregnant patients diagnosed
with early embryo growth arrest and 40 healthy women
who underwent selective pregnancy termination. Reverse
transcription-quantitative polymerase chain reaction, immu-
nohistochemistry and western blot analysis were performed
to characterize the mRNA and protein expression of DNMTs
in chorionic villous cells. It was identified, among the four
DNMTs, DNMT3B presented the highest level of protein
expression in both patient groups. Although the mRNA expres-
sions of the four DNMTs were comparable, the DNMT3A
protein was specifically downregulated in patients with early
embryo growth arrest. Therefore, the current study suggests
that an abnormal decrease in DNMT3A protein levels may be
involved in the pathogenesis of early embryo growth arrest.
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Introduction

Early embryo growth arrest is a unique form of spontaneous
abortion, which is characterized by absent fetal development
or fetal death in the first-trimester of pregnancy (1,2). With
the environmental pollution and increasing life stress in
populations, a previous epidemiological study demonstrated
that early embryo growth arrest occurs in >4% of pregnant
women in China and the incidence is increasing rapidly (3).
Although a number of factors, such as genetic abnormality,
immune system deficits and viral infection have been indi-
cated in the pathogenesis of early growth arrest, the underlying
cellular and molecular mechanisms remain poorly understood.
Furthermore, although ~50% of incidence of early embryo
growth arrest can be ascribed to chromosome abnormality, the
etiology of the other clinical cases remains ambiguous (3,4).
The placenta functions as the exchange organ between
the fetal and maternal bodies, and it serves a major role in
providing nutrients and carrying over metabolic substrates via
trans-placental exchange. Fetal development and pregnancy
maintenance are dependent on normal placental growth (5).
In mammals, epigenetic modification is commonly overlaid
during embryogenesis and early development of the fetus. DNA
methylation is the most important epigenetic regulation process
in genomic imprinting, transposon silencing, X-inactivation
and gene repression (6-8). DNA methylation is regulated
by DNA methyltransferases (DNMTs), including DNMT],
DNMT3A, DNMT3B and DNMT3L. The dynamics of DNA
methylation is vital for embryonic and placental development
in physiological and pathological conditions (9-12).
ThethreemainDNMTs(DNMT1,DNMT3A and DNMT3B)
are responsible for two special methylation processes that are
required for tissue-specific methylation patterns. DNMTI1
mediates maintenance DNA methylation, while DNMT3A
and DNMT?3B are responsible for de novo methylation (7,13).
DNMTS3L is highly homologous to DNMT3A and DNMT3B in
sequence, but has no catalytic activity in vitro. Previous studies
have revealed that mutation or deletion of DNMTI1, DNMT3A
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and DNMT3B triggered cell death in human embryonic stem
cells (12,14). At present however, little is known about the
patterns of DNA methylation or DNMTs expression in human
placenta during early pregnancy. Some previous studies have
reported low expression of 5-methyl-cytosine and relative
hypo-methylation in the developmental placenta of different
pregnancy stages (15). Previous results based on gene knockout
experiments indicated that all the four DNMTs are involved in
human trans-acting imprinting defects. For instance, DNMT3B
gene mutations of specific residues in the C-terminal catalytic
domain are known to cause immunodeficiency-centromeric
instability-facial anomalies syndrome (16,17). Aberrant
expression of DNMTs may be responsible for the high rate of
abortion and abnormal embryo growth. In addition, DNMT3a
or DNMT3b knockout mice exhibited embryonic development
arrest because of the failure to initiate de novo methylation
following implantation (18,19). In addition, wide demethylation
and developmental arrest was reported in DNMTI knockout
mice embryos at the early stage of gestation (20).

To test the involvement of abnormal DNA methyltrans-
ferases in early embryo growth arrest, the authors measured
the level of DNMTs expression in chorionic villi obtained
from pregnant women diagnosed with early embryo growth
arrest and control patients. A significant downregulation of the
DNMTS3A protein was observed in these embryo growth arrest
cases; however, their DNMT3a mRNA expression levels were
comparable to the controls. The discordance of the mRNA and
protein expression of DNMT3A indicated that the translation
process of DNMT3A was specifically interfered during early
embryo growth arrest.

Materials and methods

Clinical data and tissue samples. Chorionic villous samples
were obtained from 80 pregnant women (gestational age
ranging from 6 to 9 weeks) who underwent termination of
pregnancy at the Department of Obstetrics in the Qingdao
Municipal Hospital between January 2013 and June 2014. A
total of 40 of the 80 cases were diagnosed with embryo growth
arrest by B-mode ultrasound; the other 40 cases were having
a normal pregnancy, but patients had voluntarily requested
for the termination of pregnancy. Patient age was between
22 and 34 years old, and other serious medical conditions
were ruled out, such as chromosome abnormities, endocrine
diseases, infection, immunological diseases and other serious
maternal complications. Each sample (~20 g) was immediately
frozen in liquid nitrogen for 30 min, and subsequently stored at
-80°C for reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) and western blot analysis. The remainder
of each sample was fixed with 10% buffered formalin and
was paraffin-embedded for immunohistochemistry. Written
informed consent for the publication of any associated data
and accompanying images was obtained from all patients
involved. The current study was approved by the Ethical
Review Committee of Qingdao University (Qingdao,
Shandong, China).

RNA extraction, cDNA synthesis and RT-gPCR. Total RNA

was extracted from the chorionic villi with a PureLink™ RNA
Mini kit (Thermo Fisher Scientific, Inc., Waltham, MA, USA),
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according to the manufacturer's instructions. RNA quantity
and quality was determined by a NanoDrop 2000 spectro-
photometer (Thermo Fisher Scientific, Inc., Wilmington,
DE, USA). cDNA was then synthesized from 1 pug total RNA
with SuperScript™ IIT Reverse transcriptase (Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions.
The mRNA expressions of DNMTs and -actin were measured
by the Master Cycler ep realplex PCR system (Eppendorf,
Hamburg, Germany) using a QuantiFast SYBR-Green PCR
kit (Qiagen GmbH, Hilden, Germany) according to the manu-
facturer's protocols. The PCR cycling parameters were set as
follows: 95°C for 5 min, followed by 40 cycles of PCR reaction
at 95°C for 5 sec, and finally 60°C for 30 sec. 3-actin was used
as an internal control. All reactions were run in triplicate. The
threshold cycle is defined as the fractional cycle number at
which the fluorescence passes the fixed threshold. The data
were obtained by normalizing DNMTI, DNMT3a, DNMT3b
and DNMT3L genes threshold values with corresponding
B-actin threshold value, and then analyzed with 2444
method (21). The primer sequences are presented in Table I.

Immunohistochemical staining and analysis. The biopsied
tissues were initially fixed in 10% buffered formalin,embedded
in paraffin and cut into 4 ym sections. Tissue sections were
then de-paraffinized and dehydrated in graded ethanol and
dimethylbenzene,respectively. Antigenretrieval was performed
by boiling sections in EDTA buffer (pH 8.0) for 2.5 min in
a pressure cooker. The endogenous peroxidase activity was
blocked using 0.3% hydrogen peroxide. After rinsing in
phosphate-buffered saline (PBS), the sections were incubated
for 1 h with polyclonal rabbit anti-DNMT1 antibody (1:200,
NB100-264, Novus Biologicals, LLC, Littleton, CO, USA),
polyclonal rabbit anti-DNMT3A antibody (1:400, NB100-265,
Novus Biologicals, LLC), polyclonal rabbit anti-DNMT3B
antibody (1:800, NB100-266, Novus Biologicals, LLC) or
polyclonal rabbit anti-DNMT3L antibody (1:100, ab115522,
Abcam, Cambridge, UK). After rinse in PBS for several times,
the sections were incubated with a biotinylated goat anti-rabbit
secondary antibody (UltraSensitive™ SP kit, Fuzhou Maixin
Biotech Co., Ltd., Fuzhou, China) at 37°C for 30 min. Sections
were then stained using 3, 3-diaminobenzidine chromogen
solution (Zhongshan Golden Bridge Biotechnology Co., Ltd.,
Beijing, China) and counterstained with hematoxylin (Fuzhou
Maixin Biotech Co., Ltd). All slides were observed separately
by two pathologists.

Western blotting detection of DNMTs. The frozen tissue was
re-suspended in passive lysis buffer (Promega Corporation,
Madison, WI, USA) including freshly added protease inhibi-
tors and phosphatase inhibitors cocktails (Sigma-Aldrich,
Darmstadt, Germany). Protein concentrations in the super-
natant fractions were determined using a bicinchoninic acid
assay kit (Thermo Fisher Scientific, Inc.). Protein lysates were
separated with 8 or 12% SDS-acrylamide gels, and transferred
onto nitrocellulose membranes. After blocking for 60 min in
a 5% skim milk solution, membranes were incubated over-
night at 4°C with monoclonal rabbit anti-DNMT]1 antibody
at 1:1,000 (D59A4, Cell Signaling Technology, Inc., Danvers,
MA, USA), monoclonal rabbit anti-DNMT3A at 1:1,000
(D23G1, Cell Signaling Technology, Inc.) and polyclonal rabbit
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Table I. Sequences of specific gene primers used for reverse transcription-quantitative polymerase chain reaction.

Gene Forward sequence (5'-3") Reverse sequence (5'-3")
[-actin CACTCTTCCAGCCTTCCTTC GTACAGGTCTTTGCGGATGT
DNMTI GACCCGTCTCTTGAAGGTGG CTTCTCCTGCATCAGCCCAA
DNMT3A GGTCACGCAAAACAGAACCC CCTTGGTGAAACCCTTTGCG
DNMT3B CTCTTCCTCAGCTGTGTGGG CTGTCGGCACTGTGGTTTTG
DNMT3L GATTCTTTGCCCCCATAGCCT TTCAAGGTTCCAGTGGTCCG
anti-DNMT?3B at 1:1,000 (NB100-266, Novus Biologicals, § 0.5-
LLC), polyclonal rabbit anti-DNMT3L at 1:1,000 (ab115522, e dekk Kk
Abcam) or monoclonal mouse anti-B-actin at 1:5,000 (A5441, E 0.4 T
Sigma-Aldrich). Signals from horseradish-peroxidase-conju- E EBEmbryo growth arrest
gated secondary antibodies were visualized by enhanced E 0.3 ClControl
chemilluminescence solution (GE Healthcare Life Sciences, o 0.2
Chalfont, UK) and processed with an UVP visualizer (UVP, ,ﬁ
Inc., Upland, CA, USA). Quantification was performed using g 0.1- Iﬂ
VisionWorks LS version 7.0 from the UVP visualizer itself. 30 0__.|:.[| 1 . i[T]
Experiments were repeated in triplicate. = \\1“\ «,y S o

& & & &

Statistical analysis. The statistical analysis was performed
using SPSS version 17.0 software (SPSS Inc., Chicago, IL,
USA). Student's t test was used to compare the quantitative
data between the two groups and a one-way analysis of
variance (ANOVA) followed by Bonferroni post hoc test
was used for multiple comparisons. The results are presented
as the mean + standard error of the mean and a two-sided
P<0.05 was considered to indicate a statistically significant
difference.

Results

DNMT mRNA expression in chorionic villi of early embryo
growth arrest patients. First, the authors measured the level
of mRNA expression of DNMT1, DNMT3A, DNMT3B and
DNMTS3L in chorionic villi obtained from the placental tissue
of both groups. DNMT3B presented the highest level of expres-
sion compared to other three DNMTs in both groups (One-way
ANOVA, n=40 for each group, P<0.0001, Fig. 1), indicating
that DNMT3B is the major type of DNA methyltransferase
expressed in chorionic villi. In addition, it was identified that
the mRNA expression of four DNMTs (DNMTI1, DNMT3A,
DNMT3B and DNMT?3L) in chorionic villi of early embryo
growth arrest patients were comparable to that in the controls,
respectively (unpaired Student's t-test, n=40 for each group,
P>0.05, Fig. 1).

DNMT protein expression in chorionic villi of early embryo
growth arrest patients by IHC. Next, I[HC studies were
conducted to determine whether the protein expression of
DNMTs was altered in patients with early embryo growth
arrest. IHC staining demonstrated that all four types of
DNMTs were expressed in trophoblast cells and chorionic
villi. DNMT3A and DNMT3B positive staining was localized
in the cell nucleus (Fig. 2A) while DNMT1land DNMT3L were
in the cytoplasm (data not shown). Immunostaining intensity
was calculated by Image Pro plus 6.0 analysis software (Media

Figure 1. Relative mRNA expression of DNMTs in chorionic villi of early
embryo growth arrest patients and normal controls. The mRNA expression
was detected using reverse trnascription-quantitative polymerase chain
reaction. Data were normalized by fB-actin internal control. The levels of
DNMTI1, DNMT3A, DNMT3B and DNMT3L mRNA from early embryo
growth arrest patients have no significant changes compared to those of
normal controls. The data are presented as means + standard error of the
mean, n=40 for each group, ““P<0.001 vs. all other DNMT groups. DNMT,
DNA methyltransferase.

Cybernetics Inc., Rockville, MD, USA) and represented with
semi-quantitative integrated optical density (IOD). The total
10D value of each sample was calculated by summing up
the staining intensity from six randomly selected visions per
section and across six representative sections. The current
results revealed that the expression of DNMT3A protein in
chorionic villi of early embryo growth arrest patients was
significantly lower than that in chorionic villi of the controls
(unpaired Student's t-test,n=40 for each group, P<0.01, Fig. 2B).
The protein levels of DNMT1, DNMT3B and DNMT3L were
similar between two groups (unpaired Student's t test, n=40
per group, P>0.05, Fig. 2B).

DNMT:s protein expression in chorionic villi of early embryo
growth arrest patients by western blotting. To confirm the
above results, western blot analysis was conducted to compare
the DNMT expression in chorionic villi from patients with
early embryo growth arrest with healthy controls. Data were
analyzed with the UVP gel imaging system. Consistently, it
was identified that, in comparison to the controls, DNMT3A
protein expression was specifically decreased in chorionic
villi obtained from embryo growth arrest patients (unpaired
Student's t-test, n=40 per group, P<0.05, Fig. 3B). No signifi-
cant difference was presented between groups as for DNMT],
DNMT3B and DNMT3L expression (unpaired Student's t-test,
n=40 per group, P>0.05, Fig. 3).
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Figure 2. Semi-quantitative analysis of DNMT protein expression in chorionic villous cells by immunohistochemistry. (A) Representative results of immuno-
histochemistry (magnification, x200). The paraffin-embedded placental tissues were sliced into 4 ym sections. The nuclei were stained blue with haematoxylin.
DNMT3A and DNMT3B proteins were stained brown and were localized mostly in the nucleus of trophoblast cells. Scale bar, 50 ym. (B) Histogram indicated
alower IOD (integrated optical density) value of DNMT3A in chorionic villous cells from embryo growth arrest patients, when compared to that from controls.
The data are presented as means =+ standard error of the mean, n=40 per group, “P<0.01 vs. control. DNMT, DNA methyltransferase.
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Figure 3. Western blot analysis presented DNMT expression in the chorionic villi of embryo growth arrest patients and controls. (A) Representative blots
presenting DNMT expression in chorionic villi. The expression of B-actin served as an internal control. (B) Histogram reporting reduced DNMT3A protein
expression in the embryo growth arrest group. The amount of DNMTs proteins were normalized by (3-actin. The data are presented as means + standard error
of the mean, n=40 per group, "P<0.01 vs. control. DNMT, DNA methyltransferase.

Discussion

In recent years, serious pregnancy complications, such as
early embryo growth arrest, recurrent spontaneous miscar-
riage, intrauterine growth restriction and preeclampsia, have
globally been on the increase despite improved medical envi-
ronment (1,22). These complications are the leading causes of
mortality and they put huge emotional and financial burdens
on the caregivers and patients themselves. Early embryo
growth arrest is a stop in intrauterine embryonic development
in the early period of pregnancy (1). Distinct from sponta-
neous abortion, the majority of the pregnant women with early
embryo growth arrest present no obvious symptoms, such as
bleeding or abdominal pain (1,2). Early diagnosis of embryo
growth arrest primarily depends on B-mode and Doppler
ultrasound examination (23). Although previous etiology
studies have focused on chromosome abnormality (1,24-26),
sperm deformity, immune factors, environment factors and
hormonal regulation, the molecular mechanisms of embryo
growth arrest remain uncertain.

DNA methylation is crucial during the entire embryonic
development. Specifically, it is reported to be important in
various cellular processes such as cell differentiation, gene

transcription and genomic imprinting (10,11). DNA methyla-
tion is established in epiblast cells within embryonic days 4.5
and 6.5 (12). Previous studies indicated that genomic imprinting,
regulated by DNA methylation, may serve a critical role in
placenta growth (27,28). Methylation levels of human placenta
increase in a gestational stage-dependent manner (26). In
addition, recent studies demonstrated the association between
changes of placental DNA methylation patterns and pregnancy
disorders (29). Furthermore, dynamic regulation of DNA
methylation by DNMTs exists in placenta (11,12). Therefore,
understanding the role and underlying mechanisms of DNA
methylation in placental development may offer a new strategy
to prevent serious pregnancy complications.

In the present study, the authors investigated the expres-
sion patterns of four DNMTs (DNMT1, DNMT3A, DNMT3B
and DNMT?3L) in chorionic villi of pregnant women and
demonstrated that all four DNMTs were expressed in
placental villi and trophoblast cells. The expression levels
of DNMT3B mRNA and protein were the highest both in
patients with early embryo growth arrest and in individuals
with normal pregnancy, suggesting that DNMT3B may be one
of the prominent DNA methyltransferases involved in placenta
development during early pregnancy. More importantly,



specific downregulation of the DNMT3A protein was
observed with both immunostaining and western blot analysis
in the chorionic villi of pregnant women with embryo growth
arrest, while none of other three DNMTs (DNMT1, DNMT3B
or DNMT3L) was changed at both mRNA and protein levels.
To the best of the authors' knowledge, the maintenance DNA
methylation is a crucial and indispensable element in embryo
implantation and development process (10,11). Previous studies
suggested that both DNMT3A and DNMT3B are essential for
de novo methylation in the embryonic stem cells and early
embryos (30). In a mouse model, the DNMT3B protein is more
enriched in the embryonic stem cells than DNMT3A (9,19).
However, the DNMT?3A protein begins to be expressed again
in the middle embryonic development (E10.5-E14.5), while
DNMTS3B is not (9). These studies support the theory that
epigenetic alterations in early embryos may be carried forward
to subsequent developmental stages (31). Moreover, DNMT3A
transcription is presumably the vital point for embryonic
development process. Therefore, the finding that an abnormal
decrease of chorionic villous DNMT3A protein in the placenta
of early embryo growth arrest patients may be important for
the pathogenesis of early embryo growth arrest. Decreased
protein expression accompanied by normal mRNA expression
of DNMT?3A also indicated that DNMT3A protein translation
or post-translation processing was specifically interfered in
early embryo growth arrest.

The placenta serves an important role in managing intra-
uterine embryonic growth and development through nutrients
and waste transfer (32). Previous studies have indicated that
placental epigenetic profiles may affect fetal growth through
the interaction between intra-uterine and extra-uterine envi-
ronments (33-35). Administration of DNA methyltransferase
inhibitors to pregnant rats resulted in smaller placentas with
severe histological damage at different gestational ages (36).
Another previous study reported that DNMT3B mRNA
expression decreases following the increase in DNMT3A and
DNMT1 expression in early pregnancy placenta (37). Other
studies indicated that the DNMT]1 protein level was signifi-
cantly decreased and the global DNA methylation level was
significantly downregulated in chorionic villi of women with
early pregnancy loss (27,29). Although different subtypes of
DNMTs were reported to be downregulated in the present
study compared to the previous reports, the downregulation
trends of DNMTs expression was the same. Our findings
indicated that the downregulation of DNMT3A expression
in chorionic villi is specific in early embryo growth arrest.
Insufficient maintenance methylation due to the lower level
of DNMT3A protein expression may be associated with
abnormal embryonic development in human early pregnancy
loss.

In summary, DNA methylation has a critical role in
placenta development, and changes in methylation pattern can
lead to adverse birth outcome. Placental epigenome may serve
as a modulator of disease pathogenesis. The current findings
confirmed that downregulation of DNMT3A protein expres-
sion and the ensuing disturbance of the maintenance DNA
methylation may serve an important role in the pathogenesis
of early embryo growth arrest. Further studies are required
to disclose the specific target genes regulated by the changes
of DNA methylation in placental pathogenesis. In addition,
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studies are required to elucidate the distinct nature of DNA
methylation in the maternal-fetal interaction during pregnancy.
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