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Fig S1. Monotypica cultures of human trophoblast cells lines are not compatible
with culturing in the RWV bioreactor.

Fig S2. Coculturing of JEG-3 cells with human microvascular endothelial cells
promotes their attachment to Cytodex beads in the RWV bioreactor.

Fig S3. Human microvascular cells are removed from Cytodex beads by JEG-3
cells.

Fig S4. Levels of pregnancy hormones increases during culturing of JEG-3 cells
in 3D.

Fig S5. JEG-3 cells cultured in 3D express high levels of syncytin, form brush
borders, and can be transfected with sSiRNAs.

Fig S6. GSEA plots of genes with higher or lower abundance in JEG-3 cells
cultured in 2D or 3D or in primary human trophoblasts.

Table S1. Thirteen “core” genes identified using GSEA gene clustering as being
up-regulated in both 3D JEG-3 and PHT cells, while being of low abundance in
both 2D JEG-3 cells and 3D HBMECs.

Table S2. Spreadsheet of gene expression profiles from RNASeq in 2D and 3D
cultures of JEG-3 cells, PHT cells, and 3D cultures of HBMECs.

Legends for date set S1 to S4

Other Supplementary Material for this manuscript includes the following:
(available at advances.sciencemag.org/cgi/content/full/2/3/e1501462/DC1)

Data set S1 (Microsoft Excel format). Spreadsheet from RNASeq studies of 2D
and 3D cultures of JEG-3 cells, PHT cells, and 3D cultures of HBMECs. Shown



are gene symbols, normalized expression values, and RPKM values from each
condition.

Data set S2 (Microsoft Excel format). Spreadsheet from differential expression
analyses using DESeqz2 of 2D and 3D cultures of JEG-3 cells.

Data set S3 (Microsoft Excel format). Spreadsheet from differential expression
analyses using DESeqz2 of 2D and 3D cultures of HBMEC:s.

Data set S4 (Microsoft Excel format). Spreadsheet from differential expression
analyses using DESeqz2 of 2D cultures of JEG-3 cells and PHT cells.
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Supplemental Figure 1. (A), Fusion ratio of the indicated trophoblast cell lines (BeWo,
JAR, or JEG-3) or PHT cells under mock-treated (control) conditions or when treated
with 8-bromo-cAMP (for 48hrs). Not applicable (n/a) or not detected (n/d). Data are
shown as mean * standard deviation and are based upon analyses of >250 total nuclei
from three independent experiments or PHT preparations. **p<0.01, *p<0.05. (B)
Confocal microscopy of PHTs isolated from normal term deliveries and grown in culture.
Cell nuclei (DAPI; blue) and differential interference contrast (DIC) images demonstrate
a differentiated, multinucleated syncytiotrophoblast. (C), At left, differential interference
contrast (DIC, far left panel) and actin localization (green, second from left) of JEG-3
cells cultured in the RWYV bioreactor for 21 days. DAPI-stained nuclei are shown in blue.
(D). Differential interference contrast (DIC, left panel) and actin localization of (green,
right panel) of BeWo cells cultured in the RWV bioreactor for 21 days. DAPI-stained
nuclei are shown in blue. (E) Confocal microscopy for actin (green) and cytokeratin-19
(red) in JAR cells cultured in 3-D for 21 days. DAPI-stained nuclei are shown in blue.
Differential interference contrast (DIC). (F), Confocal microscopy for actin (green) in
JEG-3 cells cultured on Cytodex beads under static 2-D conditions for 7 days. DAPI-
stained nuclei are shown in blue.



Supplemental Figure 2
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Supplemental Figure 2. (A), Confocal microscopy for actin (green) and cytokeratin-19
(red) in BeWo cells cocultured with HBMEC in 3-D for 21 days. DAPI-stained nuclei are
shown in blue. Differential interference contrast (DIC). (B), Scanning electron
micrographs of HFF and JEG-3 cells co-culured in 3-D for 21 days. (C), Scanning
electron micrographs of RL95-2 cells cultured in 3-D for 21 days alone (left panel) or
RL95-2 cells cocultured with JEG-3 cells (right panel). (D), Confocal microscopy for
cytokeratin-19 (green) and actin (red) in JEG-3 cells cocultured with HBMEC in 3-D for
10 days. DAPI-stained nuclei are shown in blue. (E), Confocal microscopy for
cytokeratin-19 (green) and actin (red) in Htr8/SVneo cells cocultured with HBMEC in 3-
D for 21 days. DAPI-stained nuclei are shown in blue. Differential interference contrast
(DIC).
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Supplemental Figure 3. (A), Image analysis of the percent cytokeratin-19-posiitve cells
relative to total actin positive cells at the indicated time of JEG-3/HBMEC co-culture in 3-
D. In both cases, >700 total nuclei were used for quantification. Data are shown as
mean * standard deviation. (B), Scanning electron micrographs of HBMEC cultured
alone 3-D for 21 days. (C), Top, confocal microscopy cross-section of cytokeratin-19
(red) and actin (green) in JEG-3/HBMEC co-cultured Cytodex beads cultured for 10
days. At bottom, zoomed region of hatched white box shown in top row. DAPI-stained
nuclei are shown in blue. (D), Three-dimensional image reconstruction of bead shown in
panel (C) demonstrating the extrusion of HBMEC (cytokeratin-19 negative) from the
bead surface. At right, zoomed region shown in white box at left. (E), Confocal
microscopy cross-section of cytokeratin-19 (red) and actin (green) in JEG-3/HBMEC co-
cultured Cytodex beads cultured for 21 days. DAPI-stained nuclei are shown in blue.
Note the single cell layer coating the bead surface. In (C) and (E), the bead is labeled
with white text.



Supplemental Figure 4

A 400 B 125+
100-
300
oZ QF 5
QS 2001 25
£ TE
100+ 25
0 o = Q Q
2d 6d 16d 21d 2D PHT I Q i i 3
S & Z = x
m o =
3D I I 3
(days in culture) ;o 8 u
Q w
m =
2D 3D
C 1500
s
.Qg
? © 1000+
E—:
ano
I3
a‘@ 500
=
0=

2D d=2 d=5 d=10 d=21

JEG-3/HBMEC
co-culture

Supplemental Figure 4. (A), ELISAs for BhCG from supernatants of JEG-3 cells
cultured in two-dimensions (2-D for 72-96hrs) or three-dimensions (3-D, for 21 days) at
the indicated days post co-cultured with HBMEC, or from PHT cells (blue, cultured 48-
72hrs). In all cases, media was replaced ~24hrs prior to ELISA. (B), ELISAs for BhCG
from supernatants of JEG-3 or BeWo cells cultured in 2-D or 3-D cocultured with wither
HBMEC or RL95-2 cells, or from PHT cells. In all cases, media was replaced ~24hrs
prior to ELISA. (C), Expression of human placental lactogen (hPL) as assessed by RT-
gPCR in JEG-3 cells cultured in 2-D, or in JEG-3 cells cultured in 3-D for the indicated
days post co-culture. In all, data are shown as mean * standard deviation, ***p<0.001.
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Supplemental Figure 5. (A), Confocal microscopy for actin (green) and cytokeratin-19
(red) in 3-D cultures of JEG-3 cells after 21 days. DAPI-stained nuclei are shown in blue.
White arrows denote large syncytia. (B), Confocal microscopy for ZO-1 (red) and
cytokeratin-19 (green) in JEG-3 and HBMEC co-cultured in 2-D for 10 days. DAPI-
stained nuclei are shown in blue. (C), Confocal microscopy for actin (red) and syncytin
(green) in JEG-3 cells cultured in 2-D (top row) or 3-D (bottom row). DAPI-stained nuclei
are shown in blue. (D), Confocal microscopy for ZO-1 (red) and ezrin (green) in JEG-3
cells cultured in 2-D (top row) or 3-D (bottom row). DAPI-stained nuclei are shown in
blue. White arrows denote syncytia. (E), Cy3-conjugated scrambled siRNA (red) ~48hrs
following transfection in 2-D (left) or 3-D (right) cultures of JEG-3 cells. DAPI-stained
nuclei are shown in blue. (F), RT-qPCR for suppressyn or ASCT2 in 2-D or 3-D JEG-3
cultures or PHT cells transfected with scrambled control sSiRNAs (CONsi) or with siRNAs
against suppressyn (SUPPsi) or ASCT2 (ASCT2si). Data are shown as mean =
standard deviation, *p<0.05.
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Supplemental Figure 6. GSEA enrichment plots and corresponding statistical output for
(A) a gene set containing all transcripts that were of higher abundance in 2D JEG-3
compared to PHTs (“2D JEG3 UP”) and (B) a gene set containing all transcripts that
were of higher abundance in PHTs compared to 2D JEG-3 (“PHT enriched”). Both gene
sets were significantly (FWER=0.0) enriched in transcripts that differed between 2-D and
3-D JEG-3, providing further evidence for the high similarity between 3-D JEG-3 cultures
and PHT cells.
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FEN1 0.1 80 60 | D.0BODESTE 0.1 ag g9 0.082230381 324 | 16751 16751 | 20.58801111
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Supplemental Table 1. Thirteen “core” genes identified using GSEA gene clustering as
being up-regulated in both 3D JEG-3 and PHT cells, while being of low abundance in
both 2D JEG-3 cells and 3D HBMECs. These data were used as a template for Pavlidis
Shown are gene symbols, normalized
expression values, and RPKM values from each condition.

template matching as described in the text.



Feature |0 201 202 301 302 PHT ADHBMEC
CDHEMNI1C -1 6153584 | 4. 1468787 | 1.5144567 | 02626858 | 8773901 | -1.7887R&0
PSG1 -3.821118 | -3.8380887 | 022617082 | 0.7427787 | 0480972 | -2.1183048
S10048 3287178 | -3.3041232 | 11862021 22876515 | 77282V | 46543765
PSGS -1.4406883 | -3.04250882 | 14121387 | -D.8632188 | B8.027682 -4 283317
COL3A1 -3.8880178 | -3.288002 | 0.45486187 | 2.908813 4708988 NaM
CSTa -1.3528158 | -3.19098381 | 0.027208485 | 1.7335161 | 3.8814433 MaM
PGLYRP4 | -3.81820682 | 2051191 | 0.07574182 | 24452305 | 3.148425 MaM
TLR3 -14082266 | 1.77E2088 | 05725885 | 0.5515833 | 4847786 | 0.80550234
INHA -3. 215372 | -2.BEE7483 | 07237287 | 1.2734401 5.58489088 | -1.5570278
M2 -3. 10808808 | -3.54106843 | 0.50641423 | 1.3866785 | 6.0634885 | -1.306375
DPEP2 -2 727022 MaM 02848162 | -0.7528504 | 57954855 | -2 5540402
MEST -2 004034 | -2.4360187 | 020250888 | 0.734827148 | 84550345 | -3.0403082
GLI2 -1.6825411 | -1.80094882 | 0.10452571 | 1.0758541 5.0 04 -2.8422008

012185821

PDE10A -1.883022 | -1.2227873 ] 1.3585124 | 4.8581533 | -2.9880881
Claorf132 -1.843281 | 28608884 | 04137977 | 0.52680803 | 4.63080085 | 0.086852734
POCDILGZ | -2.528641 | -2.8086226 | 0.7R6357ET | 0.15436682 | 4.386538 MNaM
SLC15A3 26784124 | 17161185 | 0.8078183 | 0480735068 | 51219487 [ -2.0046871

0.0228E7S0
COL1A2 -2 2728433 | -1.8745521 1 11624368 | 50086536 | -2.0548813
TRIKMZ2 -2 2018458 | -2. 2185831 | 0.40841388 | 1.8384128 | 4058286 | -1.8838837
ZNFT03 17418285 | -2 5280855 | 0128087018 | 1.1411828 | 44838407 | -1.2380093
0.02881851
SCHN1A -1.81741 -1.8343573 2] 0.8881875 | 4.034902 -1.0215768
0.0B508587
SRGAP3 -2.23688235 | -1.4055741 ] 08850521 | 34888874 | -0.7568271
BST2 =2 1571171 | 13260876 | -D1718128 | 1.0382485 | 3.808743 | -1.1803838
0.011427&0

IL2RG -2277528 | -1.44684831 4 138635681 | 34828802 | -1.1337814
FICHNHY -1.8846885 MaM -0.4121433 | 0.13534348 | 3.8284366 | -1.60663a75
IRF& -2 0342352 | -1.3503040 | -0.3235184 | 0.07077594 | 37878354 MaM
VIWASA -1.89847508 | -1.3137263 | 014918274 | 011086720 | 4 2087438 | -1.1803171

0.08701438
PCDHA -2 3228817 | -1.2267348 ] 0.169840883 | 43587503 | -1.0862082
GPR115 -1.23356844 | -1.2451484 | 1.3702382 | 1.0235177 | 41780415 | -3.8830823
NUFR1 -0.8868548 | -1.6890252 | 0.78675747 | 1.0436888 | 3 8485207 | -3.202087
PDZED2 -1.2410015 | 08718706 | 1.7307273 | 0.12682331 | 34032282 | -2 784281
TMEMAD 12311027 | 14382341 | 1.0187767 | 023822842 | 2 5625004 | 114726875




MAVZ-AS2 | 15380078 | -1.9880025 | 02584761 | 02803808 | 2.0621348 MaM
0.0<4882380

TCHH -1.3178518 | 17201778 | 080086734 2 33815885 | -1.18432M
0.107BED&2

C1lorfdE -1.8121823 | -1.514082 | 07827064 ] 3.230087 | -0.6844198

RMND3 -1.6834618 | -1.4828178 | 025066632 | 0.8883035 | 25337551 | 0.31453562

DOXE0L -1.6531258 | -1.2560355 | 024833006 | D.721817 2488326 | -0.55142148

BTEBD18 -1.5302642 | 11038082 | 077282607 | -0.1821865 | 25342808 | 0481066885

00827771 -

LINCOD456 | -1.5052557 | -0.9372404 ] 0.315287868 | 2.8750084 MakM
0.03351843

C1QTMFE | -1.0480488 | -1.3331771 | 0.08300048 4 31315765 | -0.8840778
0.00302584

OPHM1 -0. 7527005 | -1.5309107 | 043801733 ] 2431114 | 05744447

KlaADET3 | -1.2468872 | -1.77D3710 | 0.85082014 | 04432071 2113411 | 018937018

COROE -0.8871628 | -1.8188543 0.88181& | 0.36383823 | 1.7008248 | 041001185

SLCE2A3 0924098004 | -1.2003384 | 121126841 | 040112284 | 13924148 | -0.8704734

AHR -1.2073641 | -0.6851328 | 03812062 | 0.8126788 | 13801583 | -0.7115454

FTPM3 -0.8625045 | -0.8807841 | 034807023 | 0.308R77E2 | 1.2850308 | 015050828

MMAS 077313805 | 087581515 | 0344753 | 0.078408553 | 1.8571518 [ -0.4744561

0.03584150 -
LGALSSE -0.6388121 | -0.87B0517 7 008788704 | 17789857 | 038204058
- 0.044522732 -

ZMFE1 -0.B060284 | D.74200728 | 002732851 8 1.7782533 | 0.30320638

TAB3 -0 4002263 | -0.6078214 | 006731007 | 0.05275734 | 1.5286711 | 041508165

CALCOCO -

1 0.50883055 | -D.5578620 | -0.1868150 | 020004562 | 1.8287303 | -0.57E3TEE

TMBIM1 -1.0127681 | -0.8527115 | 021817477 | D.583013 1.8514407 | 043072034

INSR 0.43635192 | -0.8841373 | 0.0BX22854 | 0.6734552 | 21857803 [ -1.3835174

CTA-

28404831 034447009 MaM -1.2530032 | -2.1208430 | 30203074 MaM

CARD1E 1.0207737 | -3.0077684 | 0103223784 | 0.3511488 | 20271887 | -1.1980068

Supplemental Table 2. Spreadsheet of gene expression profiles from RNASeq in 2D
and 3D cultures of JEG-3 cells, PHT cells, and 3D cultures of HBMECs. These genes
were identified using GSEA followed by Pavlidis Template matching (PTM), with the
genes from Table S5 as a template (PTM P-value <0.01). Data are shown as log2
transformed RPKM values.



Supplemental Dataset 1. Spreadsheet from RNASeq studies of 2D and 3D cultures of
JEG-3 cells, PHT cells, and 3D cultures of HBMECs. Shown are gene symbols,

normalized expression values, and RPKM values from each condition.

Supplemental Dataset 2. Spreadsheet from differential expression analyses using
DESeq2 of 2D and 3D cultures of JEG-3 cells. Shown are gene symbols from each
condition as well as log2 fold changes, IfcSE, and p-values. These expression

differences were prior to the removal of HBMEC-enriched genes by GSEA.

Supplemental Dataset 3. Spreadsheet from differential expression analyses using
DESeq2 of 2D and 3D cultures of HBMECs. Shown are gene symbols from each

condition as well as log2 fold changes, IfcSE, and p-values

Supplemental Dataset 4. Spreadsheet from differential expression analyses using
DESeq2 of 2D cultures of JEG-3 cells and PHT cells. Shown are gene symbols, log2
fold changes, IfcSE, and p-values. These genes represent the ‘PHT enriched library’

used in subsequent GSEA studies.





