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Supplementary Figure 1 

The immune phenotype of syncytiotrophoblast cells. 

a, The syncytiotrophoblast is the immediate interface between maternal blood and the fetal side of the placenta. b, Mouse 
syncytiotrophoblast cells were isolated and cultured (representative picture of two independent experiments). c, RT-PCR showed 
depleted MHC class I and II expression, but positive Cd47 expression (representative gel of three independent experiments). d-f, The 
surface expression of MHC class I (d), MHC class II (e), and Cd47 (f) was assessed by flow cytometry (mean ±s.d., 4 independent 
experiments per group). Representative histograms are shown. 



 
 

 

Supplementary Figure 2 

The generation of miPSCs. 

a, Mouse tail tip fibroblasts were re-programmed using a plasmid expressing the four re-programming factors Oct4, KLF4, Sox2, and c-
Myc. b, The miPSCs showed a normal 40, XX mouse karyotype in one analysis. c, miPSCs showed the typical gene expression profile 
of pluripotent stem cells (representative gel of two independent experiments). d, In immunofluorescence, miPSC cultures were positive 
for Sox2, Oct4, SSEA-1, and alkaline phosphatase (representative pictures of three independent experiments). e, When transplanted 
into immunodeficient SCID-beige mice, they formed teratomas containing (neuro-) ectoderm, mesoderm, and endoderm (representative 
pictures of three independent experiments). f, Endodermal (cytokeratin 8), mesodermal (brachyury), and ectodermal (GFAP) lineages 
were demonstrated by confocal immunofluorescence microscopy (representative pictures of three independent experiments). 



 
 

 



 
 

Supplementary Figure 3 

Immune phenotype and pluripotency of engineered miPSCs. 

a, Mouse iPSCs underwent three editing steps to disrupt B2m, Ciita, and over-express Cd47 to achieve a hypo-immunogenic 
phenotype. Every step included rigorous testing for quality control. b-d, MHC class I (b), MHC class II (c), and Cd47 expression (d) by 
flow cytometry is shown for each engineering step, confirming successful gene editing (box 25th to 75th percentile with median, 
whiskers min-max, 4 independent experiments per graph, ANOVA with Bonferroni’s post-hoc test). e-g, During the engineering 
process, all edited miPSCs maintained expression of the pluripotent gene expression signature (representative gel of two independent 
PCR experiments). h, B2m

-/-
Ciita

-/- 
Cd47 tg miPSCs exhibited Sox2, Oct4, and SSEA-1 expression in confocal immunofluorescence 

stainings, as well as alkaline phosphatase in immunohistochemistry (representative pictures of three independent experiments). 



 
 

 



 
 

Supplementary Figure 4 

Survival of gene-engineered miPSCs. 

a, C57BL/6 B2m
-/- 

miPSCs were transplanted into either syngeneic C57BL/6 (blue) mice or allogeneic (red) BALB/c mice. b, The thigh 
volume of all five C57BL/6 and ten BALB/c animals is shown over time. The overall percentage of cell grafts that survived and formed 
teratomas in BALB/c was 60%. c, IFN-γ Elispots and IL-4 Elispots are shown with splenocytes recovered 5 days after the 
transplantation and B2m

-/- 
miPSCs stimulator cells (box 25th to 75th percentile with median, whiskers min-max, 8 animals per group, 

two-tailed Student’s t-test). d, Mean fluorescence (MFI) of IgM binding to B2m
-/- 

miPSCs incubated with recipient serum after 5 days 
(box 25th to 75th percentile with median, whiskers min-max, 6 animals per group, two-tailed Student’s t-test). e, C57BL/6 B2m

-/-
Ciita

-/- 

miPSCs were transplanted into syngeneic C57BL/6 or allogeneic BALB/c mice. f, The thigh volume of all 5 C57BL/6 and 12 BALB/c 
animals is shown over time. The overall percentage of cell grafts that survived and formed teratomas in BALB/c was 91.7%. g, IFN-γ 
Elispots and IL-4 Elispots are shown with splenocytes recovered 5 days after the transplantation and B2m

-/-
Ciita

-/- 
miPSCs stimulator 

cells (box 25th to 75th percentile with median, whiskers min-max, 6 animals per group, two-tailed Student’s t-test). h, Mean 
fluorescence (MFI) of IgM binding to B2m

-/-
Ciita

-/- 
miPSCs incubated with recipient serum after 5 days (box 25th to 75th percentile with 

median, whiskers min-max, 6 animals per group, two-tailed Student’s t-test). i, The expression of stimulatory NKG2D ligands and 
NKp46 ligands on miPSC lines and YAC-1 was assessed using receptor Fc chimera proteins in flow cytometry (mean ± s.d., 3 
independent experiments per group, ANOVA with Bonferroni’s post-hoc test). j, IFN-γ spot frequencies of miPSC lines and YAC-1 in 
Elispot assays with BALB/c NK cells (box 25th to 75th percentile with median, whiskers min-max, 6 independent experiments, ANOVA 
with Bonferroni’s post-hoc test). 



 
 

 



 
 

Supplementary Figure 5 

Interaction between CD47 and NK cells. 

a, In vivo innate immune clearance was assessed by injecting a 1 : 1 mixture of CFSE-labeled wt miPSCs and either B2m
-/-

Ciita
-/-

 or 
B2m

-/-
Ciita

-/- 
Cd47 tg miPSCs into the peritoneum of syngeneic C57BL/6 mice. After 48 h, CSFE-labeled peritoneal miPSCs were 

recovered and the percentages of both fractions assessed by flow cytometry (mean ± s.d., 4 animals per group). While B2m
-/-

Ciita
-/- 

miPSCs were rapidly cleared, B2m
-/-

Ciita
-/- 

Cd47 tg miPSCs were spared. b, Mice were pre-treated with clodronate to deplete 
macrophages, making this model more specific to NK cell killing and again only B2m

-/-
Ciita

-/- 
Cd47 tg miPSCs were spared from NK cell 

killing (mean ± s.d., 4 animals per group). c, When a Cd47 blocking antibody was co-injected into the peritoneum, the protection was 
abolished and B2m

-/-
Ciita

-/- 
Cd47 tg miPSCs were killed (mean ± s.d., 4 animals per group). d, In vitro real-time NK cell killing was 

assessed on confluent wt, B2m
-/-

Ciita
-/-

, and B2m
-/-

Ciita
-/- 

Cd47 tg miECs in three different effector : target cell ratios. Using allogeneic 
BALB/c mouse NK (mNK) cells, B2m

-/-
Ciita

-/-
 miECs were rapidly killed, and wt and B2m

-/-
Ciita

-/- 
Cd47 tg miECs permanently survived 

(mean ± s.d., 3 independent experiments per group). e, Similarly, using syngeneic C57BL/6 mNK cells, B2m
-/-

Ciita
-/-

 miECs were rapidly 
killed, and wt and B2m

-/-
Ciita

-/- 
Cd47 tg miECs permanently survived (mean ± s.d., 3 independent experiments per group). f, When a 

Cd47 blocking antibody was added to syngeneic C57BL/6 mNK cells, B2m
-/-

Ciita
-/- 

Cd47 tg miECs were swiftly killed (mean ± s.d., 3 
independent experiments per group). g, When human NK (hNK) cells were used, both B2m

-/-
Ciita

-/- 
and B2m

-/-
Ciita

-/- 
Cd47 tg miECs 

were rapidly killed (mean ± s.d., 3 independent experiments per group). h, When hNK cells were used with human wt, B2M
-/-

CIITA
-/-

, 
and B2M

-/-
CIITA

-/-
 CD47 tg hiECs, only B2M

-/-
CIITA

-/-
 hiECs were rapidly killed and wt and B2M

-/-
CIITA

-/-
 CD47 tg hiECs were spared 

(mean ± s.d., 3 independent experiments per group). i, With a CD47 blocking antibody, B2M
-/-

CIITA
-/-

 CD47 tg hiECs were then swiftly 
killed (mean ± s.d., 3 independent experiments per group). 



 
 

 



 
 

Supplementary Figure 6 

Differentiation of miPSCs into miECs, miSMCs and miCMs. 

a-b, B2m
-/-

Ciita
-/- 

Cd47 tg miPSCs (a) and wt miPSCs (b) were successfully differentiated into corresponding miEC, miSMC, and miCM 
derivatives (representative pictures of three independent experiments). miECs were positive for Cd31 and VE-cadherin, miSMCs were 
positive for Sma and Sm22, miCMs were positive for Troponin I and Sarcomeric alpha-actinin by confocal immunofluorescence. All 
derivatives lost their expression of pluripotency genes (representative pictures of two independent PCR experiments). 



 
 

 

Supplementary Figure 7 

Immune phenotype of wt and engineered miPSC derivatives. 

a, wt miECs showed high MHC class I and MHC class II expression, while B2m
-/-

Ciita
-/- 

Cd47 tg miECs were MHC class I and MHC 
class II depleted and showed increased Cd47 expression (box 25th to 75th percentile with median, whiskers min-max, 4 independent 
experiments per graph, two-tailed Student’s t-test). b, wt miSMCs showed moderate MHC class I and MHC class II expression, while 
B2m

-/-
Ciita

-/- 
Cd47 tg miSMCs were MHC class I and MHC class II depleted and showed increased Cd47 expression (box 25th to 75th 

percentile with median, whiskers min-max, 4 independent experiments per graph, two-tailed Student’s t-test). c, wt miCMs showed 
moderate MHC class I and low MHC class II expression; B2m

-/-
Ciita

-/- 
Cd47 tg miCMs were MHC class I and MHC class II depleted and 

showed increased Cd47 expression (box 25th to 75th percentile with median, whiskers min-max, 4 independent experiments per graph, 
two-tailed Student’s t-test). d-e, The expression of stimulatory NKG2D ligands (d) and NKp46 ligands (e) on wt and B2m

-/-
Ciita

-/- 
 Cd47 

tg miECs, miSMCs, miCMs, and YAC-1 was assessed using receptor Fc chimera proteins in flow cytometry (mean ± s.d., 3 
independent experiments per group, two-tailed Student’s t-test). 



 
 

 

Supplementary Figure 8 

Immune response against miPSC derivatives. 

a-c, Five days after the injection of wt miPSC-derived miECs (a), miSMCs (b), or miCMs (c) into C57BL/6 or BALB/c recipients, 
splenocytes were recovered for IFN-γ Elispot assays (box 25th to 75th percentile with median, whiskers min-max, 6 animals per group, 
two-tailed Student’s t-test). The IFN-γ response was vastly stronger in all allogeneic recipients. Mean fluorescence (MFI) of IgM binding 
to wt miPSC-derived miECs (a), miSMCs (b), and miCMs (c), incubated with recipient serum after 5 days (box 25th to 75th percentile 



 
 

with median, whiskers min-max, 6 animals per group, two-tailed Student’s t-test). There was a markedly stronger IgM response in all 
allogeneic recipients. d-f, Similarly, B2m

-/-
Ciita

-/- 
Cd47 tg miPSC-derived miECs (d), miSMCs (e), or miCMs (f) were injected into 

C57BL/6 or BALB/c recipients and IFN-γ Elispots were performed after 5 days (box 25th to 75th percentile with median, whiskers min-
max, 6 animals per group, two-tailed Student’s t-test). Mean fluorescence (MFI) of IgM binding to B2m

-/-
Ciita

-/- 
Cd47 tg miPSC-derived 

miECs (d), miSMCs (e), and miCMs (f), incubated with recipient serum after 5 days (box 25th to 75th percentile with median, whiskers 
min-max, 6 animals per group, two-tailed Student’s t-test). There was no measurable IFN-γ response or IgM response in allogeneic 
recipients. g-i, To assess the inhibitory effect of Cd47 over-expression on NK cell killing, IFN-γ Elispots with NK cells were performed 
with miECs (g), miSMCs (h), or miCMs (i) derived from B2m

-/-
Ciita

-/- 
 miPSC or B2m

-/-
Ciita

-/- 
Cd47 tg miPSC (box 25th to 75th percentile 

with median, whiskers min-max, 6 independent experiments, ANOVA with Bonferroni’s post-hoc test) Only derivatives from B2m
-/-

Ciita
-/- 

 
miPSC were susceptible for NK cell killing. j-l, In vivo innate immune clearance was assessed by injecting a 1 : 1 mixture of wt 
derivative engineered derivative into the peritoneum of C57BL/6 mice. After 48 h, peritoneal miECs (j), miSMCs (k), and miCMs (l) were 
recovered and the percentage assessed by flow cytometry (mean ± s.d., 4 animals per group). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 

Supplementary Figure 9 

Immune cell infiltration and cytokine expression in miEC grafts. 

a, Matrigel plugs containing either wt miECs or B2m
-/-

Ciita
-/- 

Cd47 tg miECs were implanted in allogeneic BALB/c recipients. Cell-free 
matrigel plugs served as controls. b, Immunofluorescence stainings detected immune cell infiltration in wt iEC-plaques containing CD3

+
 

T lymphocytes, CD335
+
 NK cells, and sparse F4/80

+
 macrophages. Co-staining of CD3 and VE-cadherin confirmed CD3

+
 lymphocyte 

infiltration in EC grafts in the wt group. Practically no immune cells were found in plugs containing B2m
-/-

Ciita
-/- 

Cd47 tg miECs 
(representative pictures of three independent experiments). c, The cytokine profile in wt miEC plugs was shifted towards a pro-
inflammatory milieu. Multiple significantly up-regulated cytokines were typical of activated cytotoxic CD8

+
 T cells, CD4

+
 T helper-1 cells, 

and CD4
+
 T helper-2 cells, as well as macrophages (mean ± s.d., 12 animals per group, two-tailed Student’s t-test; dashed red lines 

show levels of cell-free matrigel). 

 



 
 

 

Supplementary Figure 10 

Morphology of transplanted B2m
–/–

Ciita
–/– 

Cd47 tg miPSC derivatives in allogeneic hosts. 

a-c, B2m
-/-

Ciita
-/- 

Cd47 tg miEC (a), miSMC (b), or miCM (c) grafts in matrigel were transplanted subcutaneously into allogeneic BALB/c 
mice to investigate whether these hypo-immunogenic derivatives further mature in vivo or change their morphology over time in 
allogeneic recipients. Matrigel plugs were recovered after different time points for hematoxylin and eosin and immunofluorescence 
stainings (representative pictures of two independent experiments). Transplanted miECs started to organize in circular structures 
around day 14 and formed primitive vessels that contained erythrocytes around day 35 (a). Transplanted miSMCs (b) maintained their 
typical spindle-shape appearance and loose arrangement, whereas miCMs retained their immature round progenitor morphology (c). 
Both latter cell types did not show a higher degree of three-dimensional organization, which may be attributed to the lack of mechanical 
stimulus necessary for maturation of any type of muscle cell. 

 



 
 

 



 
 

Supplementary Figure 11 

Pluripotency of wt and B2M
–/–

CIITA
–/– 

CD47 tg hiPSCs. 

a, wt hiPSCs showed a normal human 46, XX karyotype in one analysis. b, wt hiPSCs were positive for TRA-1-60, TRA-1-81, SOX 2, 
OCT4, and SSEA-4 in confocal immunofluorescence and positive for alkaline phosphatase in immunohistochemistry (representative 
pictures of three independent experiments). c, wt hiPSCs expressed typical pluripotency genes (representative gel of two independent 
PCR experiments). d, B2M

-/-
CIITA

-/- 
CD47  tg hiPSCs maintained the normal human 46, XX karyotype in one analysis. e, B2M

-/-
CIITA

-/- 

CD47  tg hiPSCs were also positive for TRA-1-60, TRA-1-81, SOX 2, OCT4, and SSEA-4 in confocal immunofluorescence and positive 
for alkaline phosphatase in immunohistochemistry (representative pictures of three independent experiments). f, B2M

-/-
CIITA

-/- 
CD47 tg 

hiPSCs continued to express the typical pluripotency genes (representative gel of two independent PCR experiments). g-j, wt hiPSCs 
(g, h) and B2M-/- CIITA-/- CD47 tg hiPSCs (i, j) gave rise to cell types of all 3 germ layers after transplantation into SCID-beige mice. 
Endodermal (cytokeratin 8), mesodermal (brachyury), and ectodermal lineages (GFAP) were also demonstrated by confocal 
immunofluorescence microscopy (representative pictures of three independent experiments). 

 



 
 

 



 
 

Supplementary Figure 12 

Differentiation of hiPSCs into hiECs and hiCMs. 

a-b, wt hiPSCs (a) and B2M
-/-

CIITA
-/- 

CD47  tg hiPSCs (b) were successfully differentiated into corresponding miEC and miCM 
derivatives (representative pictures of three independent experiments). miECs were positive for CD31 and VE-cadherin and miCMs 
were positive for Troponin I and Sarcomeric alpha-actinin by confocal immunofluorescence. All derivatives lost their expression of 
pluripotency genes (representative pictures of two independent experiments). c-g, The expression of stimulatory NK cell ligands was 
assessed on hiPSCs and their derivatives using receptor Fc chimera proteins in flow cytometry (mean ± s.d., 3 independent 
experiments per group, ANOVA with Bonferroni’s post-hoc  test (hiPSCs) or two-tailed Student’s t-test (hiECs and hiCMs)). Ligands for 
NKG2D (c), NKp30 (d), NKp44 (e), NKp46 (f), and NKp80 (g) were compared between wt and engineered hiPSCs, hiECs, hiCMs, and 
K562. h-i, The expression of specific human natural cytotoxicity receptor ligands was evaluated by flow cytometry (mean ± s.d., 3 
independent experiments per group, ANOVA with Bonferroni’s post-hoc  test (hiPSCs) or two-tailed Student’s t-test (hiECs and 
hiCMs)). Surface expression of B7-H6 (h), and AICL (i) was compared between wt and engineered hiPSCs and derivatives, and K562. 
j, The HLA-A mismatches in transplant experiments with wt and B2M

-/-
CIITA

-/- 
CD47  tg hiPSCs, hiECs, and hiCMs in allogeneic 

humanized NSG-HGM3 recipients (mean ± s.d., 5 animals per group, two-tailed Student’s t-test). 

 



 
 

 

Supplementary Figure 13 

CD3 reconstitution and HLA matching in humanized mice. 

a, Percentage of CD3
+
 cells among the reconstituted human CD45

+
 cell population in NSG-SGM3 mice receiving hiPSC grafts (n=7 per 

group), hiEC grafts (n=3 per group), or hiCM grafts (n=3 per group) in the Elispot groups or hiPSC grafts, hiEC grafts, or hiCM grafts 
(n=5 per group) in the BLI groups (mean ± s.d., two-tailed Student’s t-test). b, All NSG-SGM3 mice were typed for HLA-A and the 
number of HLA-A mismatches (MM) was calculated for every single animal used in this study. 2 MM are coded in red, 1 MM in orange, 
and zero MM in green. c, Percentage of CD3

+
 cells among the reconstituted human CD45

+
 cell population in BLT mice receiving iEC 

grafts in the Elispot groups (n=4 per group) or BLI groups (n=5) (mean ± s.d., two-tailed Student’s t-test). 

 




