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Fig. S1. (related to Fig. 1). (A) FACS analysis of TO and TO-EVT. JEG-3 cells are 
the p ositive control for W6/32 and MEMG-9. TO only express W6/32 and MEMG-9 
following EVT differentiation (n=4). (B) FACS analysis of TO, TO-EVT and TSC with 
Bw6 (HLA-B antibody). Specific lines used in this plot were DNA typed. (C)
FACS analysis of stromal cells, JAR, JEG-3, and TSC with W6/32. The isotype 
control and JAR cells are the negative control for class I expression. JEG-3 and 
stromal cells are positive controls. (D) The gating strategy reported in ref (Okae et 
al., 2018), in which stromal cells are the positive control for W6/32. JEG-3 line, which 
is also a positive control for class I (W6/32) are shown as mainly W6/32- if using this 
gating. (E) Full HLA profile of one representative TSC line (CT27) (n=4). 2102Ep is 
the positive control for HLA-ABC, JEG-3 is the positive control for HLA-C/G and 
negative control for HLA-B, respectively, and JAR is the negative control for all HLA 
antibodies. Isotype controls are shown in orange and the specific HLA antibodies are 
depicted in purple.  
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Fig. S2. (related to Fig. 1). Schematic of 2D vs 3D culturing conditions and their 
corresponding HLA profiles. (A) Brightfield images of the starting point (TSC, control) 
and the various culture conditions shown according to: plating substrate (Col IV or 
Matrigel), dimensions (2D or 3D) and cell culture media (TSC or TOM) used. 
Whether the cultures could survive or be maintained short or long term is indicated 
by different arrows. Short-term is defined as <10 passages (or about 2-8 weeks in 
culture). Scale bar is 1mm. (B) FACS analysis of TSC grown in 2D (TSC), 3D (TSC) 
and 3D (TOM). W6/32 expression was decreased in both 3D conditions, when 
compared to 2D cultures. (C) The same experimental set-up as in panel A but with 
TO as the starting point (control). Scale bar is 1mm. (D) Cell suspensions of TSC-3D 
and TO (20,000 cells/well) were plated to assess the number of organoids formed 
(day 0 to day 8 in culture). Scale bars are 1mm. 
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Fig. S3. (related to Fig. 2). A heatmap utilizing unbiased clustering across all six 
groups. One against all DESeq2 analysis was performed to determine the top up-
regulated markers from each comparison. Hierarchical clustering is shown based on 
log2 normalized expression. 

TO
−E
VT

TO
TS

C−
3E
VT

TS
C−

SC
T

TS
C−

2D
TS

C−
3D

SERPINE2
FLT4
IL10RA
TNFSF10
CA2
SCUBE1
PRG2
PTH1R
EGFR−AS1
LOC100132735
STC1
OPRK1
ADAM28
AGXT
CYTIP
CNTNAP3
FAM95C
MEF2C
KRTAP29−1
FOXF2
NCKAP5
FBXO15
C2CD4A
C1QTNF7
DSCAM−AS1
PSG7
S100A9
COL14A1
AKR1B15
SLC16A12
GHR
EHF
RP11−104D21.3
NCF1
SEMA4A
SLC26A7
FCGR3B
MFAP3L
FCGR3A
GNGT1
TMEM150C
PPP1R16B
FCGR2B
AC011747.4
SLC30A10
NELL1
SERPINB13
CDCA7L
DAB1
LOC389332
OLFML1
TNFRSF8
MYL4
NGFR
AC007040.7
CACNA1G
MST1L
SLC17A9
AQP2
CDHR1
LRRC34
TRNAE−UUC
CXCL14
DRC1
POMC
ACOX2
RIMS4
PM20D1
CHSY3
SIGLEC1
SYT9
NFASC
SLC8A3
HHLA1
MYL10
CGREF1
RP11−362F19.1
TENM1
SLC6A3
MYH6
CRCT1
MUCL1
LOC101928240
LOC102724501
PRAME
RPL3L
LOC100506791
DLGAP2
CLDN14
RP11−503N18.1
DNER
ST6GALNAC3
MROH5
RP5−1139I1.1
LIPN
RP11−680F20.6
MYH7
FEV
RERGL
LCE5A
ACTC1
MYH15
ALDH1A1
LINC00836
MYCT1
KIF5C
PLEKHB1
REEP2
LINC00379
BMP5
PTCHD1
ITM2A
DPYSL5
CTNNA3
HSPB3
PRSS56
ADH6
LRCH2
ZNF804A
C1orf173
SCHIP1
TTC29
ARMC12
PURG
LOC100996492
LOC100505727
COL6A2
PMP22
SLC28A3
USHBP1
SLC6A20
SLC34A2
ASGR2
ART5
MYBPC2
CA9
LOC442028
TMPRSS4
KCNN3
TEX19
LTB
G0S2
ZBTB16
SHOX
TERT
ST8SIA6
ADRA2A
RP11−563J2.2
KIAA1644
DKFZp667F0711

TO
_X
02
1

TO
_X
03
5

TO
_X
01
1

TO
_R

05
3

TS
C−

2D
_C

T2
7

TS
C−

2D
_C

T2
9

TS
C−

2D
_C

T3
0

TS
C−

2D
_B
TS

5
TS

C−
2D

_B
TS

11

TS
C−

3D
_C

T3
0

TS
C−

3D
_C

T2
9

TS
C−

3D
_B
TS

11
TS

C−
3D

_C
T2
7

TS
C−

3D
_B
TS

5

TS
C−

SC
T_
BT

S5
TS

C−
SC

T_
CT

29
TS

C−
SC

T_
CT

30
TS

C−
SC

T_
BT

S1
1

TS
C−

SC
T_
CT

27

TS
C−

EV
T_
BT

S1
1

TS
C−

EV
T_
CT

30
TS

C−
EV

T_
CT

27
TS

C−
EV

T_
CT

29
TS

C−
EV

T_
BT

S5

TO
−E
VT

_X
02
1

TO
−E
VT

_X
01
1

TO
−E
VT

_X
03
5

TO
−E
VT

_R
05
3

Group

Group
TO
TO−EVT
TSC−2D
TSC−3D
TSC−EVT
TSC−SCT

Norm.Expr

5

10

15

20

Development: doi:10.1242/dev.199749: Supplementary information

D
ev

el
o

pm
en

t •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n



PEG10
SIGLEC6
LRP2
COL1A2
TFPI
VGLL3
HTRA4
ADAM12
PLAC4
TFPI2
FLT1
EBI3
KISS1
IGF2
LIMCH1
S100A9
SEMA3B
IGFBP3
HTRA1
PAPPA2
MMP2
FBN1
SERPINE2
AQPEP
COL21A1
PAPPA
CSH1
CSH2
DIO2
SLC6A2
DSEL
ANTXR2
MCAM
HLA−G
NOTUM
FAT2
LRRC32
B3GNT7
PXDN
ODC1
COL6A1
CCND1
SULF2
PODXL
MYH14
KCNK1
WDR72
COL5A1
XIST
MAGEA4
ADAMTS20
LPHN3
CAMK2D
ANGPT4
PRR9
CGREF1
CRISPLD1
MAGEA3
MAGEA12
MAGEA6
PNMA5
CSAG1
GLIPR1
FABP7
PROS1
CD44
ENO2
PROM1
SLC6A12
S100A14
FAM71F1
LIN28A
TUBB2B
CST1
PITX1
TLR7
ATP2A3
INA
PDLIM3
NPPB
HAVCR1
SALL4
SH3GL3
SH3RF2
CARD11
TXNIP
NXN
COL18A1
ZFP57
BNC1
GABBR1
CCKBR
COL6A2
LOC100505727
PASD1
SOX9
AJAP1
ZNF208
DSG3
FSD1
UCHL1
PIWIL3
LOC102723828
ACTC1
MYH15
MYOCD
MAGEC2
FAM133A
SLC18A3
PTPRD
PAGE2
SLITRK1
ETS1
FHL1
MYEOV
IGFL2
OLFML3
KLK6
DPPA4
HLA−A
BIN1
LMX1B
ANKRD1
TSPAN1
PLCB4
MAGEB2
NNMT
ACTA1
CALN1
HAPLN1
TNFRSF19
MSX1
HMGA2
LOC101926943
GH2
OAS2
SDK2
XAF1
ACAN
NTN4
GPR1
WIPF1
IL10RA
FLT4
SYT8
TNNI2
HAPLN3
PLXDC2
CPED1
TGFB2
MAMDC2
LAMA4
PDE6H
VCAN
PLCD4
FHOD3
PIPOX
PAEP
HMGCS2
SGPP2
PORCN
CPS1
ABCB1
KMO
NUDT19
DDX3Y
RPS4Y1
COL3A1
SLC6A19
TTR
WNT3A
TENM1
LOC100996425
RP11−362F19.1
SLC6A3
LAIR2
ACVRL1
MT1G
MT1H
PRUNE2
MT1F
ACTG2
CSHL1
TMC3
MT1E
MMP12
CPXM1
HS3ST1
MYL4
ANGPT2
PNCK
CYP2J2
INHBA
STEAP4
FAM109B
SERPINB2
LGALS14
CCK
FAM3B
TNFSF10
PDE10A
THBD
NREP
SLC1A6
RNF130
MPZL2
CRH
COL14A1
FRAS1
SIGLEC5
F5
ADAMTS19
LGR5
MTNR1B
WNT1
KDM5D
USP9Y
UTY
PRKY
EIF1AY
ZFY
TTTY15
TXLNG2P
SCUBE1
PTH1R
PRG2
COL11A1
EGFR−AS1
GPR132
PLA2G7
JAM2
SLC16A9
CDX1
FAM9C
DPY19L2P2
TNC
MTRNR2L1
KRT6A
LINC00836
ALDH1A1
SPP1
DCAF4L2
PDE4B
DPP10
MFAP3L
FCGR3B
AGXT
NIPAL4
SPRR1A
IGFBP5

TS
C−

ST
B

TS
C−

EV
T

TS
C

TS
C−

3D

Tr
op

h.
or

g−
EV

T

Tr
op

h.
or

g

log2 Normalised 
Expression

−5 0 5 10 15 20

VGLL3
PLAC4
PSG1
PAPPA2
MMP2

PAPPA
CSH1
CSH2
DIO2
MCAM
NOTUM
HLA-G

LGR5

LAIR2

HLA-A

TGFB2
LAMA4

PEG10
SIGLEC6
LRP2

A B

TS
C
-3
D

TS
C
-2
D

TS
C
-E
V
T

TS
C
-S
C
T

TOTO
-E
V
T

PEG10
SIGLEC6
LRP2
COL1A2
TFPI
VGLL3
HTRA4
ADAM12
PLAC4
TFPI2
FLT1
EBI3
KISS1
IGF2
LIMCH1
S100A9
SEMA3B
IGFBP3
HTRA1
PAPPA2
MMP2
FBN1
SERPINE2
AQPEP
COL21A1
PAPPA
CSH1
CSH2
DIO2
SLC6A2
DSEL
ANTXR2
MCAM
HLA−G
NOTUM
FAT2
LRRC32
B3GNT7
PXDN
ODC1
COL6A1
CCND1
SULF2
PODXL
MYH14
KCNK1
WDR72
COL5A1
XIST
MAGEA4
ADAMTS20
LPHN3
CAMK2D
ANGPT4
PRR9
CGREF1
CRISPLD1
MAGEA3
MAGEA12
MAGEA6
PNMA5
CSAG1
GLIPR1
FABP7
PROS1
CD44
ENO2
PROM1
SLC6A12
S100A14
FAM71F1
LIN28A
TUBB2B
CST1
PITX1
TLR7
ATP2A3
INA
PDLIM3
NPPB
HAVCR1
SALL4
SH3GL3
SH3RF2
CARD11
TXNIP
NXN
COL18A1
ZFP57
BNC1
GABBR1
CCKBR
COL6A2
LOC100505727
PASD1
SOX9
AJAP1
ZNF208
DSG3
FSD1
UCHL1
PIWIL3
LOC102723828
ACTC1
MYH15
MYOCD
MAGEC2
FAM133A
SLC18A3
PTPRD
PAGE2
SLITRK1
ETS1
FHL1
MYEOV
IGFL2
OLFML3
KLK6
DPPA4
HLA−A
BIN1
LMX1B
ANKRD1
TSPAN1
PLCB4
MAGEB2
NNMT
ACTA1
CALN1
HAPLN1
TNFRSF19
MSX1
HMGA2
LOC101926943
GH2
OAS2
SDK2
XAF1
ACAN
NTN4
GPR1
WIPF1
IL10RA
FLT4
SYT8
TNNI2
HAPLN3
PLXDC2
CPED1
TGFB2
MAMDC2
LAMA4
PDE6H
VCAN
PLCD4
FHOD3
PIPOX
PAEP
HMGCS2
SGPP2
PORCN
CPS1
ABCB1
KMO
NUDT19
DDX3Y
RPS4Y1
COL3A1
SLC6A19
TTR
WNT3A
TENM1
LOC100996425
RP11−362F19.1
SLC6A3
LAIR2
ACVRL1
MT1G
MT1H
PRUNE2
MT1F
ACTG2
CSHL1
TMC3
MT1E
MMP12
CPXM1
HS3ST1
MYL4
ANGPT2
PNCK
CYP2J2
INHBA
STEAP4
FAM109B
SERPINB2
LGALS14
CCK
FAM3B
TNFSF10
PDE10A
THBD
NREP
SLC1A6
RNF130
MPZL2
CRH
COL14A1
FRAS1
SIGLEC5
F5
ADAMTS19
LGR5
MTNR1B
WNT1
KDM5D
USP9Y
UTY
PRKY
EIF1AY
ZFY
TTTY15
TXLNG2P
SCUBE1
PTH1R
PRG2
COL11A1
EGFR−AS1
GPR132
PLA2G7
JAM2
SLC16A9
CDX1
FAM9C
DPY19L2P2
TNC
MTRNR2L1
KRT6A
LINC00836
ALDH1A1
SPP1
DCAF4L2
PDE4B
DPP10
MFAP3L
FCGR3B
AGXT
NIPAL4
SPRR1A
IGFBP5

TS
C−

ST
B

TS
C−

EV
T

TS
C

TS
C−

3D

Tr
op

h.
or

g−
EV

T

Tr
op

h.
or

g

log2 Normalised 
Expression

−5 0 5 10 15 20

0.016

0.016

0.84

2.5

5.0

7.5

TS
C−
2D

TS
C−
3D TO

lo
g2

(N
or

m
al

is
ed

 c
ou

nt
)

NLRC5
0.016

0.41

0.0079

7

8

9

10

TS
C−
2D

TS
C−
3D TO

lo
g2

(N
or

m
al

is
ed

 c
ou

nt
)

RFX5
0.016

0.016

0.69

5

6

7

TS
C−
2D

TS
C−
3D TO

lo
g2

(N
or

m
al

is
ed

 c
ou

nt
)

RFXAP

0.016

0.73

0.0079

8.1

8.4

8.7

9.0

9.3

TS
C−
2D

TS
C−
3D TO

lo
g2

(N
or

m
al

is
ed

 c
ou

nt
)

RFXANK
0.016

0.063

0.0079

8.5

9.5

10.5

11.5

12.5

TS
C−
2D

TS
C−
3D TO

lo
g2

(N
or

m
al

is
ed

 c
ou

nt
)

TAPBP
0.016

0.016

0.095

13

14

15

16

TS
C−
2D

TS
C−
3D TO

lo
g2

(N
or

m
al

is
ed

 c
ou

nt
)

PDIA3

0.016

0.016

0.0079

13

14

15

16

TS
C−
2D

TS
C−
3D TO

lo
g2

(N
or

m
al

is
ed

 c
ou

nt
)

CALR
0.016

0.016

0.0079

8

9

10

11

TS
C−
2D

TS
C−
3D TO

lo
g2

(N
or

m
al

is
ed

 c
ou

nt
)

TAP1
0.032

0.063

0.42

7

8

9

10

TS
C−
2D

TS
C−
3D TO

lo
g2

(N
or

m
al

is
ed

 c
ou

nt
)

TAP2

−1.0

−0.5

0.0

0.5

1.0

TS
C−
2D

TS
C−
3D TO

lo
g2

(N
or

m
al

is
ed

 c
ou

nt
)

CIITA

Development: doi:10.1242/dev.199749: Supplementary information

D
ev

el
o

pm
en

t •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n



Fig. S4. (related to Fig. 2). (A) A heatmap of the top 250 most differentially 
expressed genes. Hierarchical clustering is shown based on log2 normalized 
expression. Genes of interest or genes that are typically associated with trophoblast 
are indicated with arrows/boxes. (B) Expression levels (log2 normalised counts) of
genes commonly associated with HLA class I transcriptional regulation in TSC-2D, 
TSC-3D and TO. Pairwise comparisons were made by using a Wilcox test (specific 
p values are listed on the graph. Each dot corresponds to a different patient line. 
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Fig. S5. (related to Figs. 2-4). (A) PCA comparing the top 2000 most variable 
genes between the TO and the TSC-3D. Principal component 1 (PC1) accounted for 
66% of the variance and separated the two groups. Genes associated with PC1 
included many syncytiotrophoblast markers (PAPPA2, PSG1, VGLL3, PAPPA, 
PSG3, CSH1, PSG8, PLAC4, CGB5). (B) Additional examples of IHC staining for 
TFRC (a syncytiotrophoblast marker) in variously sized TO and TSC-3D. Scale bar is 
100 µm. (C) Additional examples of IHC staining for TP63 in variously sized TO and 
TSC-3D. Scale bar is 100 µm.  
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