News Release

Title
Characteristic DNA methylation profiles of chorionic villi in recurrent miscarriage

Key Points

B Recurrent miscarriage (RM), the frequency of which is approximately 0.7% of all pregnancies, is
defined as three or more consecutive miscarriages before week 22 of gestation. Although RM is one
of the most distressing complications of pregnancy, causes of RM remain unknown in a quarter of
cases; the frequency of unexplained RM with a normal embryonic karyotype was 5-25% according
to recent microarray analysis.

B We examined genome-wide DNA methylation in chorionic villi and decidual tissues from patients
suffering RM and from healthy women who had undergone artificial abortion (AA) (n=5 each), and
DNA methylation profiles of chorionic villi, but not decidua, in RM patients were clearly distinct from
controls.

B Among the differentially methylated genes, the enhancer region of SPATS2L was significantly more
highly methylated in RM patients (n=19) than in AA controls (n=19; mean methylation level,
52.0 %-vs.-28.9%, P<0.001), resulting in reduced expression of SPATS2L protein in the former.
Functionally, depletion of SPATS2L in extravillous trophoblast cells decreased their invasion and
migration abilities.

B Our data indicate that particularly the chorionic villi in RM patients exhibit distinct DNA methylation
profiles compared with normal pregnancies and that this changed DNA methylation status may
impede the progression of embryo development via the altered expression of genes such as
SPATS2L in the villi.

Summary

Dysregulation of transcriptional programs that are tightly regulated by DNA methylation during
placental and fetal development at different gestational stages, may cause recurrent miscarriage.
Here, we examined genome-wide DNA methylation in chorionic villi and decidual tissues from
patients suffering RM and from healthy women who had undergone artificial abortion (n= 5 each).
We found that 13,426 and 5,816 CpG sites were differentially methylated in chorionic villi and
decidua, respectively. DNA methylation profiles of chorionic villi, but not decidua, in RM patients was
clearly distinct from AA controls. Among the differentially methylated genes, the enhancer region of
SPATS2L was significantly more highly methylated in RM patients (n= 19) than AA controls (n= 19;
mean methylation level, 52.0%-vs.-28.9%, P< 0.001), resulting in reduced expression of SPATS2L
protein in the former. Functionally, depletion of SPATS2L in extravillous trophoblast cells decreased
their invasion and migration abilities.

Our data indicate that particularly the chorionic villi in RM patients exhibit distinct DNA methylation



profiles compared with normal pregnancies and that this changed DNA methylation status may
impede the progression of embryo development via the altered expression of genes such as
SPATS2L in the villi.

Research Background

Recurrent miscarriage (RM), the frequency of which is approximately 0.7% of all pregnancies, is
defined as three or more consecutive miscarriages before week 22 of gestation, and RM is one of
the most distressing complications of pregnancy. However, causes of RM remain unknown in a
quarter of cases; the frequency of unexplained RM with a normal embryonic karyotype was 5-25%
according to a recent microarray analysis because the prognosis of RM patients who had previously
had a normal embryonic karyotype is poorer than that of patients with previous embryonic
aneuploidy, elucidating the causes of RM is a matter of immediate concern.

DNA methylation in gene regulatory regions, such as enhancers and promoters, is closely
associated with gene expression, including of lineage-specific genes. During early embryogenesis
after fertilization, dynamic epigenetic reprogramming ensures the correct development of the
embryos. Recent studies documented altered DNA methylation in certain sets of genes, such as
imprinting loci, in the chorionic villi of RM, or sporadic miscarriage after in vitro fertilization. In the
current study, we investigated genome-wide DNA methylation profiles in both chorionic villi and
decidual tissues from the products of conception (POC) in patients with euploid RM were detected,
compared with the same tissues from women with artificial abortions as controls of the same
gestational week.

Research Results Figure 1. DNA methylation profiles of chorionic villi and decidua
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Next, We analyzed DMPs in the enhancer
Figure 2. DNA methylation analysis of SPATS2L by pyrosequencing
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significantly higher in chorionic villi from RM patients (n=19) than AA controls (n=19, P<0.01)
Interestingly, there was a clear positive correlation between DNA methylation levels and gestational
weeks in SPATS2L in both RM and AA groups (R?=0.217 and R?=0.485 in RM and AA, respectively)
(Figure 2).

Because a significantly higher level of DNA methylation was detected in the enhancer region of
SPATS2L in chorionic villi of RM patients than in AA controls, we quantified the level of SPATS2L

protein therein. We found that this protein Figure 3. Immunohistochemical analysis of SPATS2L in chorionic villi
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extravillous trophoblast cell line, HTR8/SVneo. The depletion of SPATS2L significantly reduced the
invasive ability of these cells (P< 0.05) (Figure 4). Furthermore, the scratch assay revealed
significantly decreased cell migration of SPATS2L-depleted cells (P< 0.05). Taken together, these
data imply that altered SPATS2L expression may affect cell migration and invasion during the early
development of the placenta.

Figure 4. Knock-down assay of SPTS2L in extravillous trophoblast cells
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Research Summary and Future Perspective
Our genome-wide DNA methylation analysis that simultaneously examined the chorionic villi and
decidual tissues derived from the same RM patients revealed clearly distinct disease-associated



DNA methylation profiles in chorionic villi, but not in maternal decidua. This indicates the altered
DNA methylation program in a particular tissue is involved in the maintenance of a successful
pregnancy. Furthermore, dysregulation of an affected gene, SPATS2L, downregulated the function
of extravillous trophoblast cells. Such epigenetic alterations may be induced in response to
environmental factors on the background of certain genetic polymorphisms. Further studies with a
larger, well-characterized population will allow us to better understand the epigenome-associated
mechanism responsible for RM.
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