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Figure 1. Hepatocyte differentiated from bone marrow lin~ cells by

treat of mouse serum and liver-CM treat.

Figure 2. Albumin expression originated from the differentiated cells.

Figure 3. The number of albumin-positive cells increased according to

the differentiation.

Figure 4. Hepatocyte precursor-like cells occurred before the

hepatocyte differentiation.

Figure 5. The cells at the early stages represented endodermal markers.

Figure 6. The proliferating cells were analyzed by EdU incorporation

assay.



Supplementary Figure S1. Bone marrow lin~ cell were isolated by

MACS and propagated under mouse serum treated condition.
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1. 49 &
C57BL/6J(B6, H-2°) mice:= Jackson Laboratory (ME, U.S.)olA]

TS BE B2 48e AL

1o
it

d FE Adwea

S

2. 4 FHY lineage-negative cell2) 2]} Hj%k

=4 A¥EE C57BL/6I(B6, H-2b) vh¢-~o WE =¥ HA=S
A Z3slo] At} o] 7} lineage-negative (lin?) Al ¥ 7He H2]3}7]
$3sFed APC-conjugated mouse lineage antibody cocktail (BD Biosciences,
NJ, USA)Z} Anti-APC microbeads (Miltenyi Biotech, Bergisch Gladbach,

=

Germany)E AF-&3F magnetic activated cell sorting (MACS) W<

M 3£ type-I-A collagen (100« g/ml; Nitta Gelain NA Inc., Osaka,
Japan)= A 2|3k wiF HAJOlA wieksilom, wjckelS 10% FBS
(Life Technologies, Carlsbad, CA, U.S.)¢} 1% antibiotics (100 U/ml
penicillin and 100 g/ml streptomycin)7} 33F¥  Iscove's Modified
Dulbecco's Medium (IMDM) (Life Technologies)= 7| % % 3}o], MEM

NEAA (non-essential amino acid), 1 mM L-glutamine, 0.1 mM 2-



mercaptoethanol2- 3 7}sko]  AREEFITh vl 7S 37T, 5%

C0O,01 ™, 3] st WA HljoFH

o
e
N
N
_OL
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o

3. B2 A liver-CM 1]

LiveroMS thgol #4& Fa a9tk g4 vh a9

o)
S

A Zsto] 3~4 mmiel UAs A7)E Zep wjeF Ao 70714 (70
pieces/well in 6-well plate) %17, 10% FBS, 1% antibiotics MEM NEAA,

ImM L-glutamineo] X3+l IMDMe|A] 37C, 5% CO, Z7efA]

Jdolls 4 3= RNASE DNAE RNase (10 pg/ml, Intron
Biotechnology, Gyeonggi-do, Korea)?} DNase (40 pg/ml, Roche, Basel,
Switzerland)E 37° CollAl 1A% &b Hsto] AASATE o] LA
Adojz liver-CM> AR R AX S AAS F, -80Tel

Hskar ARg-sh3lth.

Wiy Q4
ok HAlQ] AEE 4% paraformaldehyde® 117 3}al, blocking

solution (5% BSA, 0.3% Triton X-100 in PBS)S o] &3 Aol

S



blockinga}$lth. & x}3FA) = anti-mouse Foxa2 (Abcam, Cambridge, MA,
USA), anti-mouse Gata4 (Santa Cruz Biotechnology, Santa Cruz, CA, USA),
anti-mouse Sox7 (Santa Cruz Biotechnology), anti-mouse Trop2 (R&D
Systems, Minneapolis, MN, USA), A6 antibody (Dr. Valentina Factor (NIH,
Bethesda) = F-E w2 7), 183 anti-mouse Albumin (Santa Cruz
Biotechnology)= ©]-8-33it}. o] x&kA= Alexa 488-conjugated anti-
rabbit 1gG (Life Technologies), Alexa 488-conjugated anti-goat IgG (Life
Technologies), Alexa 488-conjugated anti-mouse 1gG (Life Technologies),

Alexa 546-conjugated anti-mouse 1gG (Life Technologies), 12| 1. Alexa

594-conjugated anti-rat 1gG (Life Technologies)ES ©]-&3}3th. A3 A

k

= F%73 w74 (Olympus, Center Valley, PA, USA)©. 2 & &}4] a1,

FV10-ASW 2.0 Viewer (Olympus) = #2113t}

4. EdU incorporation assay

Ax S2S5 Fesl7] 98 Click-iT® EdU Alexa Fluor® 647
Imaging Kit (Life Technologies)E ©]-8-3t3ith. 5uM EdU (5-ethynyl-2'-
deoxyuridine) & 4841+ F<QF Wik ML Hsta, UA At

Welgw oA whgsl ol wAT ¥, AAE ulirele] weh Ed



5. mRNA Zd 4

Total RNA Trizol reagent (Life Technologies)E ©]-&3l Al =25
Bl F%3th cDNAE 1 pgl total RNAZH-E] PrimeScript reverse
transcriptase (Takara, Otsu, Shiga, Japan)E ©]-&3}o] 443}t PCR
of o]g3t z} A&l that primer = th23 #t}. actin, 5'-AGC
CATGTACGTAGCCATCC-3'¥} 5'-CTTCTCCAGGGAGGAAGAGG-3' ;
albumin, 5'-GTGCAAGAACTATGCTGAGG-3'#} 5-ACTCACTGGGGTC
TTCTCAT-3'; albumin (nested PCR), 5'-CTGTTGCTGAGACTTGCTAA-3'
¥} 5'-AGAGTTGGGGTTGACACCTG-3'"; afp, 5'-CACTGCTGCAACTCT
TCGTA-3'¥ 5'-CTTTGGACCCTCTTCTGTGA-3'; dlk-1, 5'-TGTCAATG
GAGTCTGCAAGG-3'7} 5'-AGGGAGAACCATTGATCACG-3'; s0x9, 5'-
TGCAGCACAAGAAAGACCAC-3'# 5'-CCCTCTCGCTTCAGATGAAC
-3'; thx, 5'-TTCCCCCTTCGTGTGTTTAG-3'¥ 5-GGACTTCCGTTGTT
TCCA-3'; foxa2, 5'-GACATACCGACGCAGCTACA-3'#} 5'-GGCACTG
GAAAGCAGTC-3'; gata4, 5-GAGTGTGTCAATTGTGGGGC-3'#} 5'-
CTGCTGTGCCCATAGTGAGA-3'; gata6, 5'-CGGAGGAAAGTACAGAC
-3'3% 5'-GAGTAGGGAAAGCGTGCAG-3'; sox7, 5-GCAGGAAGAAA
CAAGGCAAG-3'7} 5'-GTGGAGGGGACTAGGTGTGA-3'. PCR A i}&
< 15% agarose gelollx] H719-&3te] &1st3ltt. Liver-CMel A 2
RNA #2428 ExoQuick-TC™ exosome precipitation solution(System

Biosciences, Mountain View, CA, USA)2 ©]83}9] exosomes 7 A A]71

7

gl

1
S |



¥ Trizol reagentE AF-E-3 RNAE FE35Fo] W systaitt.

6. A £
T AE BE 54 wAE

A 32 9]

H] &2

means = SEM (standard errors of the mean)©. % e 1L, 1 *}o]E

two-tailed test® FA13} 9™ P < 0.05+

2 ey

A0 foa Aol
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A8l vk~ S 271 69 BF HUbskgla, ol % M= E3)
= F%3H7] 98] liver-conditioned medium (liver-CM)¥} 2| %%t

hepatocyte growth factor (HGF), 12| 1. anti-TGFp antibodyE 97t Al
AT (Figure 1A). ZHAIE= FEg Ao w AaAlxe] SAS 2t

1(4), 4= binucleate?] 5A S Hol=d], o3 EHS ¢9

FN

X2 FHAES 5 A viAQl albumings S 9l Ale |
A AN or s (Figure 1C). 3H, vk~ A= AT
A= we] Alxs s ARehH @S Azl wE AEE0] =
XL FA o] F7FsHAIRE (Figure S1), albumin 4 Al 22 F-3hebA] =
okoktl (Figure 1B). T3 liver-CMYE 2 S w AE= w=4 &
SpP o TAIE Ao Axs BEEA ko, albumin A 2

A=A Ikt

©



el AlZold ¥EH albumin E&o] liver-CMoll ool

a

RNAA FHE RS 7FsAd S wiAlsH?] 9135+, RNase?l DNaseE

223t liver-CMS o]g35lo] H3t= A|E=3Fdtt. HA Liver-CMol| A

FZ3% RNAZHH aloumin 2 @S &1t A3}, A4S
B30, RNase?} DNaseE 23t liver-CMol A= A SAIHFSS

w3l (Figure 2A). 1212 RNase$} DNaseZ A3 liver-CMS ©

i

gato] B AEAAE, ofrd A2l 4 & liver-CME

F A linm A2 vk AT liver-CMo] S8 al F2 7 o A]
albuming s AEE FHASS gvldith thgo®E
albuming Hdsh= (HAES EIAVE A9FF 984S T F
Aok A3, vk 9 A FE 159 A 7HA] albuming sk AlE7L

AAF S7behs A $AsIY (Figure 3A). ©]2]3 A= RT-PCR
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3
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SFATE (Figure 3B). whebA AMXE wljoF %7]
of vhtA RS AT orA Axe] AEEI FAo] FolA L
o] % liver-CM¥} HGF, anti-TGF 3 antibodyS 3718 © 24 albuming
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2. &3 BN Edsks TAX AFAY F<l
ap9-20] o} e el A ZAIE AT A hepatoblaste} %

2l afp, dik-1, hex, proxl 5= T&sh= Aoz deA lTk5). 17

2

A GE AFAES AAAAM % 5 A A HAE A
TA A oval cello] 58402 vepdthal Baskglon, o A

ZEL afp, dik-1, trop2 59 $AS 313L, A6 antibodyZ M= 5

N

Aol = Aow AdEA UrH5,14,21). T AR AFESo=

it

T e Al 7HEHE oval cell PHAE YERA= Zlo] 3leH, o5
o] FAERES] 3} 7tedtths AS RojF Ivh21-24). &

o= lin™ MEZolA albumin 4 AEZE 37 7HA] o] w g Al
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PG Gz FAsh A, vk 9dA MEoA =2 HHS HE
3, 129dA1e] AlZAAE ofds] I USs RISk
(Figure 4A and 4B). 123 ZFAE DA HHEE FdA5
RT-PCRS %3] #2435 A3}, afp, dik-1, sox9, 18] 37 thx2] & o] wj
F 9d A el 128 A NA T =2 AE A, albumin Al

=}

3k 2}

[e]

]_

Oft
38

E7F 7H wol vebbe 159 6lE tha FhAshe
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o
r

T} (Figure 4C). wW&}A] invitro 7HAE #3134 &<t hepatoblast <2

oval cell& AX|+=A] H&3] 74

g
+

= 3

o

U ZFAE AT ER

abi

e [e)
el N

F-E albumin A4 A X7} E3lES

o
32

o,

o

11



Wil o 2 1Bl -2 3TH4-6). In vitrool A HiokSE 3 oA 92U 2] A
¥ = BEX3F A3} gatad, gatab, foxa2, sox7 52 WHl AlE Eo]4
D A B(25,26)°] Wi 3LHE 647HA T7lsk= RbW, 9L A
A= FaE= AS AT 5 A%t} (Figure 5A). 3t Foxa2%}

Gatad”} & A3 AlZolA EAlol BAH= ZS 6dA i Aol

=

Tl linm AE7F A ER Eskeks g olA Ui g = A

A= e BoFaL, invitroo| A & w2 wlobe] FF ek wpa) £

ueled, A AA, 2ela FRAER oA = w23 Ao
ol AESel AAR FAstn YA #FAss] A EU
incorporation assayE S+ th (Figure 6A). EQU+ thymidine analog=, Al
2 = DNAC] S017b7] wjEoll S-phase] 524 A|3EoA]l &l
g 5 vk, 7 AVIEE AZE B dst, ueF 3UA AZ

of| A= 2151% (£ 3.70%), 6L Aol A= 45.63% (= 4.40%)°] A|E7}
12



EdU™?l F2lsk= Alxdde & = SUSlH (Figure 6B). L1} liver-

CM3} HGF, anti-TGF A antibody”} 2] %= o] 3¢l ujjok 92 A of A

iy

EdUQl A7} 15.80% (= 6.69%), 12 A ol A= 3.01%(* 1.98%)

2 et s AEAE B gade Felsta ol e A

g 3 Ao Yehde 52 fAAE EdskE AlE
7b SAsta Ql=A gRlsky] S, AlVIEE W9 Ed MY Edu
incorporation assay= %183l vk 3dA e} 6L A ANA ulS Al

9] ulAQl Foxa29} Sox7& EAlO]l WEsE AEE0] EdUT A

il

gkelst 4= 919t} (Figure 6C). Wl vlA, Foxa2s Zd sk Al

FE 3UA (40.13% *+ 3.28%)°l HISl| 62U (46.36% * 2.38%)°l 4]

U S7H8kE 212 4 5= At} (Figure 6D). Foxa2Es st Alx
% Z28k1 = AE (Foxa2'EdUY)= 32U A 2] 24.30% (= 4.97%)cll

A 6dA2 49.41% (+ 8.96%)=2 FUFeH= AS & 4 Itk (Figure

o
M
N
ot
s
=3
o =
o

F odA o} 1288 o AE AFA mEA Q] Trop22h

AT WHSE AEES WYY Mo BRI, o e

W

AR AEZEe] EdUT T4 AEDS & 5 USITE (Figure 6F). Wl
& 9dAel Trop2g Tdst= Alxe AA ME F 47.32% (*

4.86%)2 A}Aetv, ol Wk 12U (46.77% T 5.87%)°l % M

13



3 =Folt} (Figure 6G). 22t Trop2E wastd A EdUSl S2
AEE wieF 9dA o= HA| Trop2 L3 Al¥E F 26.52% (= 9.42%)
ol A wjek 12U A oll= 5.16% (= 3.63%)= A A3 th (Figure
6H). oo wet WA FAo] AHElHe ek 7] 64z Winig
30 AME7E AsAder FASA Hi, o] live-CM¥} HGF,
anti-TGF 8 antibody7} 22]l¥ A olME FHAE ATAS A X HA
=2 T8HE HA Al Ha, o]F albumin B4 AEE E3tete

A

b

(A
o
o|\
off

AL AR 3

rir
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Figure 1. Hepatocyte differentiated from bone marrow lin~ cells by treat
of mouse serum and liver-CM treat. (A) A scheme for in vitro
differentiation of bone marrow lin~ cells into hepatocytes. Cells were treated
with mouse serum for initial 6 days and then were cultured with liver-CM,
HGF, and anti-TGFp antibody for 9 days. (B) Cell morphologies were
observed at D15 under the light microscope (original magnification, 200X).
(C) Albumin expression was analyzed at D15 by confocal microscope (scale

bar=50 ¢ m). MS, mouse serum; LLCM, liver-conditioned medium.
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actin

Untreated RNase/DNase treated
Liver-CM Liver-CM

Albumin

Figure 2. Albumin expression originated from the differentiated cells.

Liver-CM was untreated or treated with 10 . g/ml RNase and 40 s g/ml

DNase for 1hr at 37°C. Albumin expressions were detected by RT-PCR.

cDNAs were prepared from (A) liver-CM and (B) D15 cells cultured in the

untreated or RNase/DNase-treated liver-CM (C) Albumin representing cells at

D15 were observed under confocal microscope (scale bar=50 . m)
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A DAPI

B Dayo 1 2 3 4 5 6 9 12 15 liver

albumin

actin

Figure 3. The number of albumin-positive cells increased according to the

differentiation. (A) Albumin stained cells at the indicated days (scale bar=50

£m). (B) The albumin expression levels were analyzed by RT-PCR as the

differentiation proceeded.
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actin

Figure 4. Hepatocyte precursor-like cells occurred before the hepatocyte
differentiation. Anti-Trop2 antibody and A6 antibody staining performed for
hepatocyte precursor detection in (A) D9 cells and (B) D12 cells (scale

bar=50 12 m). (C) Hepatocyte precursor markers in the cells on differentiation

steps were detected by RT-PCR.



Figure 5. The cells at the early stages represented endodermal markers.

(A) Endodermal markers were detected by RT-PCR at the marked days. (B)

Foxa2 and Gata4 co-expressed in the same cells at D6 (scale bar=50 x« m).

20



A EdU treat EdU Incorporated cell B 60
Vad - ) pC
e 09 <
® @’6 N J a

%
L
@¢
EdU* cells (%)

0
' : ' ; ; D3 D6 D9 D12

D E
. . P=0.0226
& 60 NS £ 60
© Y
b= w
I 20 £ 20
5 5
w p . I
D3 D6 U D3 Db
F G H
NS =
& 60 & 60
E’ T T
g 40 g 40
% =
% 20 £ 20
= ol =2 0
ps Dp12 ¢ D9 D12

Figure 6. The proliferating cells were analyzed by EdU incorporation
assay. (A) Cells were cultured with 5 uM EdU for 48hrs, and analyzed at the
indicated days. (B) The number of EdU-positive cells was exhibited as the
ratio to the number of total cells existed. The percentage of EdU-positive cells
increased until D6 and diminished from D9. (C) Cells expressing both Foxa2
and Sox7 endodermal markers at D3 and D6 were also EdU-positive (scale
bar=50 2 m). (D) The percentage of Foxa2" cells slightly increased in D6, and
(E) the ratio of Foxa2"EdU" cells to total Foxa2" cells increased at D6
compared to at D3. (F) Cells were stained with anti-Trop2 antibody and A6
antibody, and some of the cells also represented EdU" (scale bar=50 /£ m). (G)
The percentatge total Trop2* cells were similar between D9 and D12, but (H)

the proliferating Trop2® cells indicated as EdU" decreased from D9 to D12.
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A Before MACS

w? 10’ 10¢ ' 0t

Lin+

B Medium only
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Supplementary Figure S1. Bone marrow lin~ cell were isolated by MACS

and propagated under mouse serum treated condition. (A) Lin™ cell were

isolated from total bone marrow cells by MACS and the purity was confirmed

by flow cytometry. (B) Mouse serum treat induced cell propagation, compared

to untreated condition (original magnification 200X).
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Abstract

Introduction: Liver is the important organ for metabolic homeostasis, and
liver injuries often threaten lives. Although the liver has the ability to
regenerate, there are many limitations of therapies for curing liver damages.
Adult stem cells have properties of self-renewal and differentiation, and have
been identified in tissues such as epidermis, intestinal crypt, and bone marrow.
Many researches for applying the adult stems cells to replace the injured or
malfunctional organs have been performed. One of these cases is the research
for in vitro hepatocytes differentiation using the adult stem cells as a

therapeutic method.

Methods: Bone marrow was obtained from C57BL/6J and lineage-negative
cells (lin~ cells) were isolated by MACS. The cells were cultured on type-I-A
collagen treated plates for 15 days. Untreated mice serum was added for the
precursor cell proliferation and normal mice liver-conditioned medium (liver-
CM), recombinant mouse HGF, and anti-TGF 8 antibody were treated for the
hepatocyte differentiation. Differentiation was confirmed by mMRNA
expression and immunofluorescence staining for the markers, and EdU

incorporation assay was used for proliferation analysis.

Results: The precursor cells were increased in the mice serum supplemented

condition, and the epithelial phenotype of hepatocyte-like cells were
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differentiated as the liver-CM and hepatocyte growth factor treated. The
differentiated cells expressed albumin at the RNA level and the protein level.
In addition, the cells showed the hepatocyte precursor markers such as Afp,
Trop2, DIk-1 at the late stage of the differentiation. Those cells were
proliferating and expressing Gata4, Foxa2, Sox7, the endodermal cell

properties, at the earlier stage.

Conclusions: The bone marrow lin~ cell showed differentiation in vitro
culture by serial treat of mouse serum and liver-CM. Besides, the cells on the
lineage expressed the endodermal markers at the early steps and the
hepatocyte precursor markers at the later stages. These revealed that the bone
marrow lin~ cells could differentiate into the hepatocyte under in vitro culture
with the major use of liver-CM, and these experiments may contribute for

understanding the cell type lineage in the hepatocyte regeneration.

F9.0]: Bone marrow lineage-negative cell, hepatocyte, endodermal cell,

hepatocyte precursors, in vitro differentiation
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