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Abstract

Previous studies in the mouse indicated that ARID3A plays a critical role in the first cell fate
decision required for generation of trophectoderm (TE). Here, we demonstrate that ARID3A is
widely expressed during mouse and human placentation and essential for early embryonic
viability. ARID3A localizes to trophoblast giant cells and other trophoblast-derived cell subtypes
in the junctional and labyrinth zones of the placenta. Conventional Arid3a knockout embryos
suffer restricted intrauterine growth with severe defects in placental structural organization. Arid3a
null placentas show aberrant expression of subtype-specific markers as well as significant
alteration in cytokines, chemokines and inflammatory response-related genes, including previously
established markers of human placentation disorders. BMP4-mediated induction of trophoblast
stem (TS)-like cells from human induced pluripotent stem cells results in ARID3A up-regulation
and cytoplasmic to nuclear translocation. Overexpression of ARID3A in BMP4-mediated TS-like
cells up-regulates TE markers, whereas pluripotency markers are down-regulated. Our results
reveal an essential, conserved function for ARID3A in mammalian placental development through
regulation of both intrinsic and extrinsic developmental programs.

Introduction

Two sequential cell fate decisions during blastocyst formation establish three distinct cellular
lineages—trophectoderm (TE), epiblast, and primitive endoderm (Rossant and Tam, 2009;
Zernicka-Goetz, 2004). The first cell fate decision in mice and humans occurs at the 8- to
16-cell stage and leads to segregation of the inner cell mass (ICM), which gives rise to all
tissues of the body, and the TE, which is required for implantation into the uterus and
formation of the placenta (Niwa, 2007). The placenta is essential for survival of the
mammalian embryo, as it transports nutrients, produces hormones, provides structural
support within the womb, provides immunological protection, and acts as a physiological
buffer between the mother and the fetus (Simister and Story, 1997). Abnormal placental
development underlies a wide range of complications during pregnancy, including
preeclampsia (PE), miscarriage, and predisposition to chronic disease in adulthood (Roberts
et al., 1989; Suzuki, 2008). PE, a pregnancy-specific placental disorder characterized by the
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development of hypertension during gestation, is a major obstetric problem that contributes
substantially to maternal and perinatal morbidity and mortality worldwide (Ananth et al.,
2013).

While genome-wide analyses have identified genes deregulated in PE, only a few
transcription factors (TFs) have been shown to be associated with normal TE specification
and/or human placental differentiation (Hemberger et al., 2010; Martinez-Fierro et al.,
2016). Its strong similarity with human placentation makes the mouse an excellent model to
elucidate key mechanisms of placental development.

Our previous studies showed that AT-Rich Interactive Domain 3A (ARID3A) is essential for
the first cell fate decision (Rhee et al., 2014). We found that overexpression (OE) of
ARID3A alone is sufficient for trans-differentiation of embryonic stem (ES) cells to
trophoblast stem (TS)-like cells—the /n vitro counterpart of the TE layer of the blastocyst.
Global expression profiles of ARID3A-OE ES cells and TS cells are highly similar. Arid3a-
OE ES cells gain the capacity to incorporate into the TE of developing embryos—an
indication of the development of functional TS cells.

To gain insight into the role of Arid3a in placentation, we have carried out further /n vivo
analyses in the mouse and /n vitro analyses in the human. Our data indicate that ARID3A
provides an indispensable and conserved function in mammalian placental development and
may provide a novel diagnostic marker for PE.

1. Arid3ais highly expressed during mouse and human placentation

We first analyzed published global expression profiling for each stage of mouse embryonic
development (Smith et al., 2014). Arid3a expression initiates in the morula, then later,
becomes highly expressed in extraembryonic components (Fig. 1A). Because a subset of
these extraembryonic components are expressed in the placenta, we compared the levels of
Arid3awith other key placental markers, including Gata3, TfapZc, Hand1, and /d2 invivo
and upon time-course differentiation of TS cells-the /in vitro counterpart of the TE (Kidder
and Palmer, 2010). As shown in Figure 1A, both Arid3aand these transcripts are highly
enriched within extraembryonic components and TE. However, other TE markers such as
Cadx2, Eomes, 1d2, and Hand1, are down-regulated upon TS differentiation (Fig. 1B). This
suggested that Arid3a differs from previously studied TE markers in that it expresses in
mouse placentation both /n vivoand in vitro.

Similar to the mouse, AR/D3A levels in human are the highest in the placenta as compared
to all other tissues (Li et al., 2013; Rhee et al., 2014)(Fig. 1C). Analyses of publically
available data sets (Mikheev et al., 2008) further revealed that AR/D3A is highly expressed
throughout placental gestation from the 15 to 3" trimester (Fig. 1D) as well as in human TS-
like cells induced from ES cells by BMP4 (Xu et al., 2002)(Fig. 1E). Unlike BMP4-induced
TS-like cells, neither human ES cell-derived endodermal cells (Supplemental Fig. S1A) nor
embryoid bodies (Supplemental Fig. S1B) displayed significant induction of human
ARID3A.
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2. Loss of ARID3A during early mouse gestation results in intrauterine growth restriction
and defects in placental development

Arfd3a™~ null C57BL/6 mice (Webb et al., 2011) were employed to investigate the role of
Arid3a in early placental development. Breeding heterozygous Arid3a mice resulted in non-
Mendelian ratios from E10.5-E12.5, with no homozygous mutants obtained at E12.5 (Fig.
2A). Since our previous studies (Rhee et al., 2014) detected high ARID3A expression in the
TE, we carefully examined the gross anatomy of all E10.5 and E11.5 surviving embryos and
placentas from Arid3a mutant heterozygous crosses. Arid3a mutants exhibited a range of
phenotypes, from indistinguishable, to small, to paler embryos and placentas—further
indications of the vasoconstriction characterized previously (Webb et al., 2011)(Figs. 2B,C).

E10.5 nulls were frequently observed undergoing absorption (data not shown), and perhaps
the adhesive properties underlying this as yet to be determined phenomenon account for
their heavier weights relative to E10.5 wild-type (WT) controls (Fig. 2C). Mutant placental
diameters at E10.5 also significantly exceeded those of WTs but were significantly smaller
at E11.5 (Fig. 2D). One explanation for these data was that Arid3a-deficient placentas might
be undergoing inflammatory-mediated swelling at E10.5 followed by apoptotic-mediated
atrophy at E11.5 (further addressed below and in Fig. 4H).

3. Arid3a mutant placentas have structural defects in placental organization

We first addressed abnormal size and weight mutant phenotypes by hematoxylin and eosin
(H&E) staining. As shown in Figure 3, both E10.5 and E11.5 mutant placentas displayed
abnormal organization of the junctional zone, disruption of both trophoblast giant cell
(TGC) and spongiotrophoblast (SpT) layers, as well as an anomalous labyrinth layer.
Consistent with these observations, immunohistochemistry (IHC) at E10.5 and E11.5
revealed that ARID3A protein was predominantly localized within nuclei of TGCs in WTs
(Fig. 3B). Additionally, we tested TGC markers at E9.5. Initially, TGCs were present in E9.5
Arid3anull placentas, but then are lost as placentas further developed (Supplemental Fig.
S2A). Quantification indicated that the TGC densities within the junctional zone were also
significantly reduced in Arid3a KO placentas (Supplemental Fig. S2B).

Next we examined the expression of HAND1, PROLIFERIN, and PLACENTAL
LACTOGEN (PL1), which are required for the differentiation of cellular subtypes expressed
in the TGC layer of the junctional zones (Scott et al., 2000)(Figs. 3C-E). While HAND1
expression was evident in E10.5 WT placentas, mutants showed significantly reduced
staining around the junctional zones (Fig. 3C). Levels of PROLIFERIN and PL1 were highly
disrupted in null placentas (Figs. 3D,E). Consistent with disruption of the SpT layer,
expression levels of SpT markers such as ASCL2 and CDX2, were significantly reduced at
E11.5, as confirmed by RT-qPCR (Figs. 3F,G;Figs. 4B,C). These results indicate that Arid3a
is required for the structural organization of various layers of the placenta.

4. Aberrant expression of subtype-specific markers in Arid3a null placentas

We further examined expression levels of key genes previously shown to be vital to placental
development (Rossant and Cross, 2001). Upon KO of Arid3a (Fig. 4A), genes required for
trophoblast lineage development, SpT maintenance, labyrinthine development, and nutrient
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transport across the labyrinth pathway were highly down-regulated (Figs. 4B,C). Conversely,
key markers of ectoplacental cone function and chorioallantonic fusion were unchanged
(Fig. 4C).

To confirm and extend the RT-gPCR results, we generated expression profiles of Arid3a KO
and WT placentas by RNA-seq. We identified approximately 8,000 and 2,000 differentially
expressed genes at E10.5 and E11.5, respectively (cut-off threshold =1.5-fold; Figs. 4D,F).
Differentially up-regulated genes at E10.5 were strongly enriched in gene ontology (GO)
terms associated with immune system-related processes, including the response to external
stimuli and defense response (Fig. 4E). Conversely, genes down-regulated upon KO were
enriched in general metabolic and structural processes, such as anatomical structure and
pattern specification (Fig. 4E).

5. Activation of the inflammatory response in Arid3a null placentas

Further inspection of our global expression profiles (Figs. 4E,G) revealed that ARID3A is a
critical regulator of innate immunity responses in the placenta. As shown in Figures 4H,1,
and in S3A, KO of Arid3aat E10.5 led to up-regulation of transcripts encoding
inflammatory chemokines (eg, Cc/12, Ccl17, Ccl8, Ccl5), cytokines (eg, //1a, Lta, Ltb, Mif),
and several other inflammatory mediators (eg, Fcerlg, Nkx2-3, and Cd4), whereas at E11.5,
transcripts encoding pro-apoptotic factors (eg, £2f3, Tnfrsf10b, and Bcl2/13) were up-
regulated. These results are consistent with the data of Figure 2D and our recent analyses of
Arid3a KO hematopoiesis (Kim et al., 2016), suggesting that E10.5 Arid3a-deficient
placentas are undergoing inflammatory-mediated swelling followed at E11.5 by apoptotic-
mediated atrophy.

We also noted that several angiogenic factors and their receptors, including the soluble Fms-
like tyrosine kinase (sF/t-1) and placental growth factor (P/gf) are significantly deregulated
in Arid3a KO placentas at E10.5 but return close to normal levels at E11.5 (Fig.
4F;Supplemental Fig. S3B). Excessive inflammation and angiogenic imbalance often
underlies symptoms associated with PE (Perez-Sepulveda et al., 2014); readdressed in
Discussion).

6. Loss or gain of Arid3a disrupts expression levels of key TS and TGC differentiation

markers

We first examined the effect of Ariad3aloss on inflammatory chemokine expression
following shRNA-based KD of Arid3a. We obtained > 70% KD efficiency at the mRNA
level (Fig. 5A). Arid3a-deficient TS cells revealed deregulation of several inflammatory
chemokines (e.g., Ccl8, Ccl12, Ccl17) as well as upregulation of several inflammatory
mediators (e.g., Nkx2-3, and Cd4) (Fig. 5A). Next, we assessed expression levels of key
markers of TE development. As shown in Figures 5B and 5C, well established markers (e.g.,
Cadx2, Hand1, Gata3, Fomes, and Tcfap2c) were down- or up-regulated upon Arid3a KD or
OE, respectively.

Finally, to better understand the consequences of Arid3aloss on further differentiation to
mature trophoblastic lineages, we performed /n vitro differentiation of Arid3a-deficient TS
cells as previously described (Tanaka et al., 1998)(Fig. 5D). We observed marked
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deregulation of Hand1, which is essential for TGC differentiation (Scott et al., 2000), Cadx2,
an early and essential marker of TE polarity and integrity of the TE epithelium (Strumpf et
al., 2005), Gem1, which promotes differentiation of underlying cytotrophoblast cells into the
outer syncytiotrophaoblast layer (Bainbridge et al., 2012) and Asc/2, which is required for the
maintenance of TGC precursors (Guillemot et al., 1994). Also significantly deregulated was
the labyrinth marker, Ppary, which promotes labyrinthine trophoblast differentiation via
Geml-regulation (Fournier et al., 2008).

These results suggest that Arid3a gain or lost leads to significant changes in TS cell
inflammation, development and differentiation, particularly within the TGC lineage, whose
numbers and disorganization are apparent by IHC (Fig. 3;Supplemental Fig. S2B).

7. Human ARID3A levels are induced by BMP4 and ARID3A OE leads to down-regulation of
pluripotency and up-regulation of TE-associated gene expression

Our meta-analyses of the data of Li et al (2013) indicated that AR/D3A is highly expressed
in the developing human placenta and in TS-like cells (Figs. 1C,E). As an initial approach to
circumvent the ethical limitations of studying human placental function /n vivo, we
generated human “TS-like” cells (Xu et al., 2002) by addition of BMP4 to human iPS cells
in feeder-conditioned medium (FCM) cultures. This treatment, while controversial (further
addressed in Discussion), is generally acknowledged to induce TE differentiation.

BMP4 induction led to both increased ARID3A levels as well as cytoplasmic to nuclear
translocation of ARID3A (Figs. 6A,B). Transient transfection of AR/D3A into these TS-like
cells increased its levels ~8-fold (without alteration of the differentiated morphology
induced by BMP4/FCM) and up-regulated the TE-markers, GATA3and GCM1 (Figs.
6A,C). Conversely, shRNA-mediated AR/D3A KD de-repressed transcription of
pluripotency genes (OCT4 and NANOG) while repressing transcription of TE genes (Fig.
6D). This may provide a mechanism by which ARID3A loss delays differentiation of human
ES cells to TS-like cells.

Discussion

Here we show that ARID3A plays a vital role in mouse placentation by contributing to the
structural integrity of the placenta as well as by mediating communication among critical
effectors, such as cells of the innate immune system. Our initial /n vitro investigation in the
human model further supports a requirement for ARID3A in initiation of ES to TS-like cell
conversion through modulation of underlying transcriptional programs. Taken with our
previous mechanistic observations (Rhee et al., 2014), our results identify ARID3A as an
indispensable component of placental commitment, hemostasis and immune tolerance.

Anchoring the conceptus to the uterus is a critical placental function. In mice, TGCs perform
this role, and the bHLH TF, Hand1, is critical (Riley et al., 1998; Scott et al., 2000). Hand1
expression was not altered by loss of Arid3a. Instead, the most striking consequence of
Arid3a deficiency was displayed morphologically. While specific sub-lineages can be
delineated, they are highly disorganized with reduced cellularity (Fig. 3). That along with
the expression data of Figure 4 supports an interpretation in which both layers and genes
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underlying their formation are deregulated in Arid 3a nulls. Addressing this observation /n
vitro by employing isolated cell cultures would contribute significantly, but it would not
fully resolve the in vivo defects. That will require loss of function analyses of specific sub-
lineage-restricted master transcription factors. Additional important questions to be resolved
by future studies are the mechanisms by which Arid3a maintains this structural integrity and
the precise consequences of Arid3a loss on TGC transcriptional programs.

Global RNA expression profiling confirmed that ARID3A function extends beyond the “first
cell fate decision” (Rhee et al., 2014) to additional cellular processes vital to placental
development, including placental structure, metabolism, immune tolerance and
angiogenesis. Innate immune cells, typically placental NK, switch from a tolerogenic, anti-
inflammatory phenotype to a cytotoxic, pro-inflammatory phenotype upon the sensing of
pathogens or endogenous danger signals (Perez-Sepulveda et al., 2014). In our case, we
suggest the trigger was loss of Arid3a. As cytotoxic effectors, innate immune cells create a
state of inflammation, via cytokine and chemokine release, and placental ischemia, through
reduced angiogenesis and increased vasoconstriction—the phenotype observed at E10.5 in
Arid3a~ placentas. We recently published a detailed analysis (Kim et al., 2016) of the
inflammatory consequences of ARID3A loss on embryonic hematopoiesis. In those studies,
conducted at the same embryonic time points as analyzed here, we observed inflammatory
consequences of a prototypical T1 response—most notably, a significant increase in IFNa.
However, the immune profiles of our null placentas (Figs. 4E—H) displayed no significant
overlap with the INFa target genes of Kim et al. (2016) nor with other targets deregulated in
the null maternal embryo. This indicates that a large component of the observed placental
inflammation is intrinsically derived. ARID3A is also required at later stages of
embryogenesis for normal erythroid lineage differentiation and hematopoietic stem cell
production (Kim et al., 2016; Webb et al., 2011).

The in vivo authenticity of the previously characterized mesoderm inducer, BMP4, in human
TS induction has been challenged (Bernardo et al., 2011; Ezashi et al., 2012; Li and Parast,
2014). However, more recently and well after the BMP4 debate arose, a number of groups
have confirmed that the BMP4 system can induce TS-like cell phenotype. For example,
Kurek et al (2015) showed conclusively that BMP-alone targets are required and sufficient
for mesoderm induction, whereas trophoblast induction is WNT dependent, suggesting that
exclusive differentiation toward either lineage is possible in BMP4 cultures. Yabe et al
(2016) found that, when BMP4 is used in combination with ACTIVIN and FGF2 signaling
inhibitors, trophoblast differentiation was significantly more efficient and synchronous.
Taken in this context, we feel that our approach—to determine the effect of ARID3A loss or
gain in producing /in vitro “TS-like” cells from human ES/iPS cells—is rational.

We observed that, as in the mouse (Rhee et al., 2014), Arid3a overexpression under BMP4-
mediated culture conditions did convert human iPS to a more TS-like phenotype via
downregulation of pluripotency genes and upregulation of trophoblast genes (Figs. 6C,D).
However, not all our findings in mouse were conserved in the human. For example, in mouse
blastocysts and placenta (Rhee et al., 2014), ARID3A activates CDX2, a transcription factor
required for the initiation of TS commitment (Dietrich and Hiiragi, 2007). However, in the
BMP4-induction hES cell system, ARID3A loss had no effect on CDX2 expression. This is
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consistent with observations that CDX2 expression is maximized in the non-trophoblast
(mesoderm-derived) component of the human chorion (Bernardo et al., 2011; Niakan and
Eggan, 2013). A further difference was that the reciprocal CDX2-OCT4 expression patterns
established in the mouse are not conserved in the human (Hay et al., 2004). The human
embryo shows a lag in trophoblast lineage segregation, with a period of time during which
OCT4 and CDX2 are co-expressed in the TE (Niakan and Eggan, 2013). Nonetheless, we
observed ARID3A-mediated repression of human OCT74, even though its human regulatory
elements have diverged to a point such that they are not repressed when enforced into mouse
TE (Molineris et al., 2011). While its specific role in human placentation remains to be
elucidated, our findings establish that ARID3A is instrumental to trophoblast lineage
determination.

Preeclampsia (PE) is a major cause of pregnancy-associated morbidity and mortality,
affecting 2-5% of pregnancies worldwide after 20 weeks of gestation (Ananth et al., 2013).
Normal placental function depends on trophoblastic invasion of the maternal decidua,
myometrium, and blood vessels (Li and Parast, 2014). Fms-like tyrosine kinase 1 (SFLT-1)
and placental growth factor (PIGF) are key among angiogenic and anti-angiogenic and
mediators implicated in PE pathology (Levine et al., 2006). A recent study (Zeisler et al.,
2016) demonstrated that the ratio of sFLT-1 to PIGF is elevated in the blood of pregnant
women prior to the onset of PE. As shown in Supplemental Figure S3, Arid3a activates both
SFLT1 and PIGF, as well as the additional inflammatory agents, ENDOGEN, and VEGFR-2.
Additional Arid3a targets associated with PE include PPARy and GCM1 (Chen et al., 2004;
Waite et al., 2000). Our meta-analyses of placental PE data sets (Bilban et al., 2009; Founds
et al., 2011) identified ARID3A and ELF5 as the only two deregulated transcription factors
associated with human TE specification and/or differentiation.

In summary, ARID3A is vital not only for maintaining proper intrauterine growth but also
for maintaining a properly balanced immune system during pregnancy. Our data indicate
that, as suggested by previous TS cell studies /n vitro (Rhee et al., 2014), ARID3A is
required for normal murine trophoblast development /n vivo. However, it is important to
note that while numerous pathways are deregulated, the etiology of the initiating placental
defect in the mouse remains to be determined. It is unclear and the focus of future studies as
to whether the primary defect is a direct consequence of the Arid3a null placenta, is
secondary to a failing embryo/fetus or is derived from a combination of these events. Finally,
we suggest that the use of ARID3A as a biomarker may provide a diagnostic, noninvasive
predictive molecule to identify mothers at risk for defective deep placentation syndromes.

Materials and Methods

E10.5 or E11.5 staged Arid3a~~ mouse embryos (Webb et al., 2011) were obtained using
timed pregnancies of C57BL/6 females. Placentas were isolated under a dissecting
microscope and either stained with H&E or stained by IHC for various markers prior to
sectioning. Whole embryos were dissociated to single cells for RNA isolation (RNeasy Mini
Kit; Qiagen) and then subjected to RNA-gPCR (SYBR PerfeCta SYBR Green) or RNA-seq.
Human iPS cells (Yamanaka retrovirus reprogrammed hiPS cells, ATCC) were maintained
in mTeSR1 media (Stemcell technologies), cultured in BMP4/FCM (for TS-like cell
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generation), and then detached and plated on supplemented matrigel. ARID3A OE and KD
lentiviral vector construction and propagation, transfection conditions, placental dissection
as well as details of additional method are in provided in Supplementary information. Data
sets analyzed in our meta-analyses (Fig. 1) were obtained from Gene Expression Omnibus
(GEO): GSE18507, GSE49354, and GSE9984. Sequencing data are submitted to the NCBI
Gene Expression Omnibus (GEO; http://www.ncbi.nlm.nih.gov/geo/) under accession
number GSE79638.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
ARID3A is highly expressed during mammalian placentation
Arid3a KO placentas have structural defects in placental organization

Arid3a KO placentas results in aberrant expression of subtype-specific
placental genes

ARID3A loss or gain disrupts key TE-associated gene expression in human
TS-like cells
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Figure 1. ARID3A is highly expressed during mammalian placentation
(A) Global expression profiling of TE markers in early mouse embryonic developmental

stages. (B) Expression levels of TE markers upon differentiation of mouse TS cells. (C)
Global expression profiling of TE and pluripotency markers in human tissues, including
placenta. (D) Absolute expression levels of ARID3A in placenta throughout gestation from
15t to 3" trimester. Two ARID3A values were two different human ARID3A probes used in
human microarray data. Two values were detected from two different regions of sequences
within ARID3A coding DNA sequences. (E) Expression levels of TE and pluripotency
markers upon BMP4-mediated differentiation of human ES and iPS to TS cells.
Differentiation day, d; replication, r.
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Figure 2. Arid3a KO in mouse embryos results in defects in placental development
(A) The numbers of viable placentas and embryos at E10.5, E11.5 and E12.5. Homozygous

lethality of Arid3anull embryos was observed primarily at E12.5. (B) Representative
examples of Arid3a KO and WT mouse embryos and placentas at E10.5 and E11.5. (C)
Weight comparisons among WT, heterozygous and null embryos and placentas. (D)
Placental diameter comparisons among WT, heterozygous and null placentas.
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Arid3a+/+, E10.5 Arid3a-/-, E10.5 Arid3a+/+, E11.5 Arid3a-/-, E11.5
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Figure 3. Arid3a KO in mouse embryos results in defects in placental structural organization
(A-H) Immunohistochemistry of Arid3a WT and KO sagittal placental cross sections

stained with Hematoxyline and Eosin (H&E) and antibodies against: (A) ARID3A,; (B)
HANDZ; (C) PROLIFERN; (D) PLACENTAL LACTOGEN (PL1); (E) ASCL2; (F) CDX2;
(G) GCML1 (H). D, Decidua; TGC, Trophoblast giant cells; SpT, Spongiotrophoblasts
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Figure 4. Arid3a KO results in aberrant expression of subtype-specific placental markers
(A) Expression levels of Arid3ain WT and KO placentas; The E10.5 WTs were used as

comparison for E10.5 null and E11.5 WTs for E11.5 null. (B,C) Expression levels of
placental lineage markers as determined by RT-gPCR. Transcripts measured are associated
with different trophoblast lineages or are required for achieving placental growth milestones.
All data are plotted relative to WT levels. Error bars indicate standard deviations of
biological triplicates; asterisks indicate significance (minimally) of p<0.05 of at least 3
independent biological replicates. (D, F) An unsupervised hierarchical clustering of
transcript disruption by Arid3a KO normalized to WT using a cutoff threshold of 1.5-fold
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from expression profiles at E10.5 and E11.5, respectively. (E, G) Significantly enriched GO
terms (biological functions) of differentially expressed genes upon KO of Arid3aat E10.5
and E11.5; red, up-regulated and green, down-regulated genes. (H) Alteration of expression
associated with innate immunity in Arid3a KO placentas assessed by RT-gPCR. (1)
Expression levels of apoptosis mediators altered in Arid3a KO placentas as assessed by
RNA-seq.
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Figure 5. Loss or gain of Arid3a disrupts expression levels of key TE markers in mouse TS cells
(A) Inflammatory chemokine markers are up-regulated following Arid3a KD in mouse TS

cells as measured by RT-gPCR. Asterisks indicate significance (minimally) of p<0.05 of at
least 3 independent biological replicate; error bars indicate standard deviation of biological
triplicates. (B,C) Expression levels of key markers of TE development are down- or up-
regulated upon Arid3a KD (B) or OE (C) in TS cells, respectively. (D) /n vitro
differentiation of Arid3a-deficient TS cells perturbs gene expression corresponding to
essential layers of the placenta as compared to differentiated WT TS cells.
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Figure 6. human ARID3A loss or gain disrupts expression levels of key TE markers in human
TS-like cells

(A) BMP4-mediated human TS-like cells with ARID3A OE show differentiated
morphology. ARID3A KD in TS-like induces a rounded morphology, indicative of a
pluripotent state indistinguishable from human iPS cells. (B) Immunofluorescence images of
control iPS and TS-like cells stained with directly conjugated anti-ARID3A (green; Alexa
594) and DAPI (blue). (C) Trophoblast lineage markers (red) and pluripotency factors
(green) are up-regulated following ARID3A OE as measured by RT-gPCR. Error bars
indicate standard deviation of biological triplicates. (D) Trophoblast lineage markers and
pluripotency factors are down-regulated following KD of ARID3A. Asterisks indicate
significance (minimally) of p<0.05 of at least 3 independent biological replicates as
compared to non-differentiated cells.
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