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Supplementary Figure 1.
(A) (Left) H&E staining of h-UC and (Right) immunohistochemistry of SSEA-3(+) cells in the boxed area (Bar: 100 µm).
(B) The h-UC-MSC isolation procedure. The UC was minced into ~5 mm3 pieces, subsequently plated on dishes, and cultured for approximately 2 weeks to isolate adherent cells (Bars: 50 µm).
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Supplementary Figure 2.
(A) Expression of mesenchymal markers (CD105, CD29, CD90, CD44, CD73, and CD166), hematopoietic markers (CD34 and CD45), neural crest stem cell marker (CD271), vascular endothelial cell marker (von Willebrand factor [vWF]), HLA-ABC, and HLA-DR in h-UC-SSEA-3(+) cells (mean ± SEM).
(B) Negative control using FITC- or APC-conjugated secondary antibody in h-BM-, h-AT-, and h-DT-Muse cells.
(C) Expression of SSEA-4 in h-UC-, h-BM-, h-AT-, and h-DT-Muse cells (mean ± SEM).
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Supplementary Figure 3.
(A) Expression of pluripotency genes in h-UC-SSEA-3 (+) and SSEA-3(-) cells isolated from h-UC1-5 (mean ± SEM). *p < 0.05, **p < 0.01, ***p < 0.001.
(B) Negative control for each pluripotent marker (Bars: 50 µm).
(C) Immunocytochemistry for cytokeratin 7, smooth muscle actin, and neurofilament-M in cells derived from a single SSEA-3(+)-derived cluster. The cluster was transferred to a gelatin-coated adherent culture dish to allow the cells to expand from the cluster (Bars: 50 µm).
(D) H&E staining. Formation of teratomas in the SCID mouse testis that received mouse ES cell injection at 3 months. The teratoma contained endodermal, mesodermal, and ectodermal tissues. Injection of MEF, PBS, and h-UC-SSEA-3(+) cells that did not form teratomas after 6 months maintained normal testicular structure (Bars: 50 µm). 
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Supplementary Figure 4. 
(A) Laser confocal microscopy of GFP-h-UC-Muse cells incubated with dead cell fragments collected from rotenone- and antimycin A-treated mCherry-labeled Hepa1-6 for 24 h (see Movie 1).
(B) Live imaging at 24 h with selective extraction of intracellular mCherry signal, as visualized by Imaris software.
(C) Analysis of (B) using Imaris software selectively extracted the mCherry signal within the nucleus.
(D) Gene expression of each phagocytosis receptor in h-BM-Muse cells and h-UC-SSEA-3(+) cells based on next generation sequencing data. The relative expression level of phagocytosis receptors in h-UC-SSEA-3(+) cells and h-BM-Muse cells was calculated with the average h-BM-Muse cells as the reference (mean ± SEM) value. *p < 0.05.
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Supplementary Figure 5.
(A) In vivo dynamics of intravenously injected h-UC-SSEA-3(+) cells, h-BM-Muse cells and PBS in acute liver injury model. The Akaluc signal in the organs displayed in this figure was under the detection limit. 
(B) Immunofluorescence for STEM121 (green), albumin (red), and DAPI (blue) in the h-UC-SSEA-3(+)-, h-BM-Muse- and PBS-groups (Bars: 50 µm). 
(C) The percent of albumin(+) cells for all the STEM121(+) cells.
(D) Immunofluorescence for STEM121 (green), lyve-1 (red) and DAPI (blue) in the h-UC-SSEA-3(+)-, h-BM-Muse- and PBS-groups (Bars: 25 µm).
(E) The percent of lyve-1 (+) cells to the total STEM121(+) cells.
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Supplementary Figure 6.
(A) Volcano plot of scRNA-seq data displaying the difference in the gene expression pattern between h-UC-Muse cells and h-BM-Muse cells. Genes with a fold change greater than 1.5 and adjusted p value less than 0.05 in h-UC-Muse cells compared to h-BM-Muse cells were extracted. 
(B) The identified genes were common to any of 3 GO terms related to cell migration (cell migration, positive regulation of cell migration, and positive regulation of cell migration).
(C) Dot plots of gene expression involved in cell migration. Color gradient of dots represents the expression level, while the dot size indicates the percent of cells in each group.
(D) Violin plot showing the expression levels of S1PR2 in h-UC-, h-BM-Muse cells.
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Supplementary Figure 7.
(A) Correlation matrix showing Pearson’s correlation coefficients between h-Muse cells and h-embryo cells.
(B) Principal component analysis (PCA) plot of h-Muse cells and h-embryo cells.
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Supplementary Figure 8.
(A) Positive and negative controls for extraembryonic-lineage markers (Bars: 50 μm).
(B) Positive and negative controls for germline-lineage markers (Bars: 50 μm).
(C) Positive and negative controls for hematopoietic-lineage markers (Bars: 50 μm).
2

image4.png
M h-BM-Muse

|

[ h-UC-SSEA-3(+)

WA T

Ik

]

x|

1:

v T O N -

(esnN-Ng-U/esNIN-ON-Y
uoissaidxe anlejey

0




image5.png
>

h-uc-
SSEA3(+)

h-BM-
Muse

PBS

w

Brain

h-UC-

h-BM-Muse || SSEA-3(+)

PBS

h-UC-

h-BM-Muse || SSEA-3(+)

PBS

Heart

Spleen Pancreas

Kidney Stomach

Negative control

Differentiation efficiency (%)

Differentiation efficiency (%)

Small

Intestine

80

60

40

20

50

40

30

20

10

Colon Muscle Bones

Alubumin

n.s.

h-UC-SSEA-3(+) h-BM-Muse

Lyve-1
ns.

h-UC-SSEA-3(+) h-BM-Muse




image6.png
20

H

-10g10 adjusted p-value
g

Y XX XX X XXX XE :

sumuse] © @ o @ @ e ¢ o o

B G0:0030335 positive
GO:0016477 cell migration regulation of cell
migration

Extract

G0:0005886 plasma membrane

S$1PR2

3

1 H

K]

<

S

) Percent Expressed %
® 25 S

® 50 w

&

4
T

5
W

&

N o -~
O & @ L

<

\
FES S O





image7.png
h-Inner cell mass

h-Trophectoderm

<
S
s
£
s
a
£
i
S
g
ra

blastocyst
h-UC-Muse

h-BM-Muse

h-AT-Muse

o
H
]

=

u

Q

Z

h-Inner cell mass

h-Trophectoderm

h-Post-implantation
blastocyst

h-UC-Muse
h-BM-Muse
h-AT-Muse
h-DT-Muse

PC2 (7%)

2000

1000

-1000

2000

-3000

h-Post- °
implantation o
blastocyst o
[ ]
[ ]
h-UC-Muse @ | ®
h-Trophectoderm [ )
(<]
h-Inner
h-AT-Muse ¢
cell mass ()
h-DT-Muse
h-BM-Muse @
-8000 -8000 -4000 -2000 o 2000 4000

PC1 (80%)

hinner cell mass
h-Trophectoderm
h-Post-implantation blastocyst
h-UC-Muse

h-BM-Muse

h-AT-Muse

h-DT-Muse




image8.png
] Negative control

Negative control Negative control
anti-mouse IgG-Alexa48s | (anti-rabbit IgG-Alexa5sq)

anti-mouse IgG-Alexadga (anti-rabbit gG-Alexasss)|

>

Negative control

Negative control ]
(anti-rabbitigG-Alexassa)

Negative control
(anti-rabbitigG-Alexasss)| anti-mouse IgG-Alexadg3

anti-mouse IgG-Alexadss

Negative control Negative control
(anti-mouse IgG-Alexa488f(anti-rabbit |gG-Alexa5s4)

Negative control Negative control Negative control Negative control
(anti-rabbit IgG-Alexa438) §l (anti-goat IgG-Alexadss) (anti-rabbit lgG-Alexa438) f (anti-goat IgG-Alexad8s)

vs)

Negative control Negative control Negative control
(anti-goat IgG-Alexadss) (anti-rabbit IgG-Alexa438) f (anti-goat IgG-Alexad8s)

Negati trol Negatit trol
BLIMP1 SOX17 NANOS3 (anteranit 96 Aexa4sn) f (ant goatigo. Aiexasse)

Negative control Negative control Negative control
(anti-mouse IgG-Alexa488)|

Negative control
anti-rabbit IgG-Alexadag)f (anti-mouse IgG-Alexadss) (antirabbit lgG-Alexad88)

(@)

AT-Muse

Negative control Negative control Negative control

Negative control
anti-rabbit IgG-Alexa48g) (anti-mouse IgG-Alexa488)

(anti-rabbit IgG-Alexad8l (anti-mouse IgG-Alexadss)

°
@
3
H
[$]
=1
?
Y]
w
£
@
1}
E
=
[$]
=]
[$]
=]
Q
[C]
a
@
[}
S
=
[&]
=]

Negative control Negative control
(anti-rabbit IgG-Alexa4a8 )l (anti-mouse IgG-Alexa4ss)

Umbilical
cord





image1.png




image2.png
A

Isotype control Isotype control Isotype control Negative control
(FITC) (Pacific blue) (PE) (APC)
g% 7
=
<2 o8
o .
ke &
s 3
B M e
S
H CD44
&
o 100+ 0%
i :
# 3
K D
§8] g & g g
¥ cp34 f*cD4s 41 cD271 = VWF ©*THLA-ABC |7
# E #] # =] Pt
55 0% |5¢] 0% |34 0% [s= 0% |of  10010% 0%
Bs) Bl 8 5] 8 8
4 4 4 ] i4
b e £ T T b b T T o A T A
3 3 3 Pacificslue T Ve T Taee "
h-DT-Muse
Negative control ;J
(FITC) }
" b ]
LN
Negative control "
(APC) f
O ] B T
C h-UC-SSEA-3(+) h-BM-Muse h-AT-Muse h-DT-Muse
LR LR ER ER
“8 e 8 e
Negative control %] i 3% 3%
(APC) “gq S8 3 “ad “ad
! d ;
" " 3
(I
e L bR
8 e 8
52 s =2
SSEA-4 % LR #q
+ & ]

f O O T
s





image3.png
<

asn-uou gon
9NN 5ON

RO oy Swron
BSHN-UoU £
s £00
3SH-UoU 250
R swmwzon____

BSAN-UOU LON
8snN LON

o
(asn-uou L ON/ASNIN)
uoissaidxa anlejey

asnjy-uou 5ON
s 5ON
S5AA-UOU P31
osn)
35RA-UOU £577
o [ —— SsNEN
35AA-U0U 250
mmmm SSWNZoN____

B@SnN-UoU 1ON
BsNN LON

o ® © v ~ o

(asn|y-uou LON/@sSNA)
uoissaidxa aAlejey

asni-uou 5ON
asnp 5oN
3SHA-UoU PO
RO ... .0\ 1./
SShN-UoU £
. R) L U
ShN-UOU 2N
[ B <1 I

asn-Uou LON
9sNN LON

o ® © v & o

(asn-uou LON/eShIN)
uoissaldxa aAleley

Negative control
(anti-mouse IgM-Cy3)

Negative control
(anti-rabbit 1lgG-Cy3)

@
>
Q
Qo
o
©
?
]
]
£
S
€
A

D

ES (Mesoderm) ES (Egtoderm)

ES (E6doddrm)

hAUC-SSEA-3(4)

PBS

MEF




