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This PDF file includes: 

 

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 siRNAs. 

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 DESeq2 of 2D and 3D cultures of JEG-3 cells. 

Data set S3 (Microsoft Excel format). Spreadsheet from differential expression 

analyses using DESeq2 of 2D and 3D cultures of HBMECs. 

Data set S4 (Microsoft Excel format). Spreadsheet from differential expression 

analyses using DESeq2 of 2D cultures of JEG-3 cells and PHT cells. 



 
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 RWV 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. (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). 
 

 

 

 



 
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), ELISAs for hCG 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 hCG 
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-
qPCR 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. 
 

 

 

 

 

 



 

 

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 siRNAs (CONsi) or with siRNAs 

against suppressyn (SUPPsi) or ASCT2 (ASCT2si). Data are shown as mean ± 
standard deviation,  *p<0.05. 
 



 

 

 
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.   
 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

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 
template matching as described in the text.  Shown are gene symbols, normalized 
expression values, and RPKM values from each condition.  
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 



 

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, lfcSE, 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, lfcSE, 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, lfcSE, and p-values. These genes represent the ‘PHT enriched library’ 

used in subsequent GSEA studies.  

 

 

 




