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We used the RWYV bioreactor to develop a 3D-based cell coculture
model that induces high levels obspaneous fusion of a trophoblast
cell line, JEG-3 cells. JEG-3 cells cultured in this system exhibit high
rates of syncytia formation, which correlates to increased brush border
formation and secretion of pladah hormones. In addition, on the
basis of RNASeq transcriptome analyses, 3D cultures of JEG-3 cells
have a transcriptional profile with more significant similarity to
primary human syncytiotrophoblasts than their 2D cultured coun-
terparts, which includes a number of genes expressed exclusively in
syncytiotrophoblasts. Additionally, we show that similar to primary
cultures of syncytiotrophoblasts, JEG-3 cells grown in 3D become
resistant to infection by viruses amdxoplasma gondia major source
of congenital infections worldwide. Our work thus provides a new
platform to model the fusion of cytaiphoblasts into syncytiotropho-
blasts and their intrinsic resistance to pathogen infection.

RESULTS

Monotypic cell cultures of trophoblast cell lines are not

compatible with the RWV bioreactor

Consistent with the previous work of others-§), we found that

trophoblast cell lines including BeWo, JAR, and JEG-3 (which are

all derived from human choriocarcinomas) exhibited very low (to

undetectable) ras of spontaneous fusion (fig. S1A). In BeWo cells, we

found that treatment with 8-bromo-cAMP, a synthetic analog dfig. 1. Coculturing of human trophoblast JEG-3 cells with human micro-
CcAMP, enhanced the formation of syncytia (fig. S1A). However, tysscular cells promotes their ability to be cultured in 3D.  (A) Schematic
rate of syncytia formation in BeWo cells treated with 8-bromo-cAMfer the monotypic culturing of trophoblast cell lines in the RWV bioreactor.
was significantly lower than thabserved in primary human troph- (B) Scanning electron micrograph of JEG-3 cells cultured in the RWV bioreactord
oblast (PHT) cells, derived from term placentas, which undergo sp&ﬁ-ﬂ days. Yellow arrows denote uncoated beads and white arrows denote 3

taneous syncytia formation to form large syncytia (fig. S1, A and é%éttached cells.©) Schematic of the 3D coculture-based system of tropho-
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3D cell culture techniques using the RWV bioreactor have resul in microvascular endothelial cells (HBMECS) (top row) and human foreskin‘g

in the development of a number oéll systems that more accuratelyi,ohjast (HFF) cells (bottom row) cuitured in the RW\V bioreactor for 5 days.&
reflect the properties of their parental tissues in vivig (We attempted 4 6-Diamidino-2-phenylindole (DARBtained nuclei are shown in blue. Cross 9
to establish RWV bioreactor culture conditions using BeWo, JARction of beads is shown on the rightE} Scanning electron micrographs of &
JEG-3, and HTR8/SVneo cells, a firstgster extravillous trophoblast HBMECs (top) or RL95-2 cells cultured in the RWV bioreactor for 21 dgys. ( 2
(EVT) cell line immortalized with SV40 (simian virus 40) large T antigefop) Confocal microscopy for cytokeratin-19 (red) in JEG-3/HBMEC cocug
(schematic, Fig. 1A)LQ. In all cases, we found that trophoblast celféired Cytodex beads cultured for 21 days. (Bottom) Scanning electron mi-
inefficiently attached to the porous collagen-coated dextran beads §@raph of JEG-3/HBMEC cocultured Cytodex beads cultured for 21 dayS-'B

todex) within the STLVs, and either did not attach to the beads at all 2
(HTR8/SVneo or BeWo cells) or attached with very low efficiency a”dBBMECs to model the fetal and maternal microvasculature, and
exhibited a greater tendency to aggregate between beads (JAR and JEGE3)2 cells to model the maternal endometrium. These cell types were
as observed by fluorescence microscopy for actin or cytokeratin-19 (Figuddl in STLVSs to first coat Cytodex beads for 3 to 5 days before the
and fig. S1, Cto E) and scanning electron microscopy (SEM; Fig. 1Bauaidition of trophoblast cell lines. We found that HFF, HBMEC, and
fig. S1C). When JEG-3 cells were incubated with Cytodex beads in dRit5-2 cells all associated with Cytodex beads and uniformly coated
2D culture conditions, they exhibited high levels of attachment (fig. SR beads after 3 to 5 days of culturing on the RWV bioreactor (Fig.
suggesting that the fluid shear induced by culturing in the RWV bi@; D and E). After the initial monotypic culturing with HFF, HBMEC,
reactor was not compatible with trophoblast monotypic cultures.  or RL95-2 cells/beads, we next added BeWo, HTR8/SVneo, JAR, or
JEG-3 cells to establish cocultures in the STLVs and continued culturing
Human trophoblast JEG-3 cells grow in 3D when cocultured  them on the RWV bioreactor for an additional 21 days. All four troph-
with microvascular cells oblast cell lines were unable to establish long-term associations with
Trophoblast cells in vivo establish a number of direct and/or indirddFF-coated beads, and the addition of the trophoblast cells led to the
associations with nontrophoblast cell types. Because we weredisassociation of the HFF cells from the beads (fig. S2, A and B). Likewise,
successful in establishing 3D cuitwonditions for all four trophoblast we found that RL95-20ated beads were not capable of associating with
celllines tested, we next attempted to establish a coculture-based 3@roplhoblast cells and the coculturing of these cells with trophoblast
system based on cell types that have features with physiologiedis induced the disassociation of the RL95-2 cells from the beads
relevance to the placenta in vivo (schematic, Fig. 1C). To establish(fiis S2C). However, unlike HFF or RL95-2 cells, we found that
system, we used primary HFF cells to model placental fibroblastBMECs provided an excellent cell mafor JEG-3 cells, which associated
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