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Hepatogenic Potential of Umbilical Cord Derived-Stem Cells and
Human Amnion Derived-Stem Cells
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Objectives: Many types of liver diseases can damage regenerative potential of mature hepatocytes, hepatic progenitor cells or
oval cells. In such cases, a stem cell-based therapy can be an alternative therapeutic option. We examined whether human
amnion-derived mesenchymal stem cells (HAM) and human umbilical cord-derived stem cells (HUC) could differentiate into
hepatocyte-like cells as therapeutic cells for the liver diseases.
Methods: HAM and HUC were isolated from the amnion and umbilical cord of the volunteers after a caesarean section with
informed consent. In order to differentiate these cells into hepatocyte-like cells, cells were cultivated in hepatogenic medium using
culture plates coated with fibronectin. Effects of hepatocyte growth factor, L-ascorbic acid 2-phosphate, insulin premixture fibroblast
growth gactor 4, dimethylsulfoxide, oncostatin M and/or dexamethasone were examined on the hepatic differentiation. After
differentiation, the cells were analyzed by RT-PCR, immunocytochemistry, immunoblotting, albumin ELISA, urea assay and
periodic acid-schiffs staining.
Results: Initial fibroblast-like appearance of HAM and HUC changed to a round shape during culture in the hepatogenic medium.
However, in all hepatogenic conditions examined, HUC secreted more amounts of albumin or urea into medium than HAM.
Expression of some of hepatocyte-specific genes increased and expression of new genes were observed in HUC following
cultivation in hepatogenic medium. Results of immunocytochemistry and immunoblotting analyses demonstrated that HUC secreted
albumin into the culture medium. PAS staining further demonstrated that HUC could store glycogen inside of the cells.
Conclusions: Both HUC and HAM could differentiate into albumin-secreting, hepatocyte-like cells. Under the same hepatogenic
conditions examined, HUC more efficiently differentiated into hepatocyte-like cells compared with the HAM. The results suggest
that HUC and HAM could be used as sources of stem cells for the cell-based therapeutics such as in liver diseases.

[Korean. J. Reprod. Med. 2008; 35(4): 247-265.]
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2] 715 A9l FAERS] B ong

ATCHA o
1. MicHat 9t xF Lt STIME =2

ATl AREE Al B FEre b2}
Bo A AGHN EE A B F AR
aholl AQF 8L AFH T F- 44]3F o] HF
spalole,

1) M= E7IM=E 22| H WY

AHH AHWE 100 UmL penicilin (Gibeo, Grand
Island, NY)Z} 0.1 pug/mL streptomycin (Gibco)©] %7}
¥ Ca®", Mg*-free Dubecco's phosphate-buffered saline
(DPBS, Gibco)z H& 2)5-2] dois AAZ 5, &5
W oNE AAST F 24E | mm’ AV
A2 & 22 5399 0.5% crude type collagenase
(Gibco)E H7Fale] 37°ColA 20A17F B¢t A& 8f
Attt o] ¥ DPBSE H7lsto] Aol A 600 xXg=
103 Al sl Al & AEds Al
A&}l low-glucose Dulbecco's Modified Eagle Medium
(DMEM-LG, Gibco)Z 291 A3}, a8 AEE
100 U/mL penicilinZ} 0.1 pg/mL streptomycin ~L2]
3l 3.7 mg/mL sodium bicarbonate “12]3L 10% fetal
bovine serum (FBS, Hyclone, South Logan, UT)7} X+
¥ DMEM-LG2.& 37T, 5% CO,7} 335 sl
7] Well A afksalnt. ik 3 5 wjFg71¢] Bt
ghofl BA) @& AEZE AASA L, 150 20X )
Fole WAL WEE71S] 0-80%= A
A Z7F AEA 0.125% trypsin®t 1 mM ethylenedia-

mine tetraacetic acid (EDTA)7} %7} Hanks Balanced
Salt Solution (HBSS, Gibco)® 337+ 2]g]ste] A3
E ol 75-cm’ culture flask (Nunc, Rochester,
MN)oll 3x10%cm’e] FEe] MEE Yool njek
EIy

2) YR S7IM=E H Y

FHxzAowiE FUT 7HEE Kim 59
o] WS o] g3t REslsin” zhahs] Ay

H, WA Ferds gRue Ry g 5
Ca™", Mg*'-free DPBS® A28} T}. 0.25% trypsin
(Gibco)o] 3Hr¥ DMEM-LGol|l Yol WkgA]x1 %
HAAES Lo 2 mg/mL collagenase A (Roche Diag-
nostics, Rotkreuz, Switzlerland)2} 0.05 mg/mL DNase
(Roche Diagnostics)”} 33l DPBSl| ¥ o] 377Ce]
A 223 FF WA ol 2 o R ¢
% AEZE 100 U/mL penicilin, 0.1 pg/mL strepto-
mycin, 3.7 mg/mL sodium bicarbonate 121 10%
FBS7} 323Hel DMEM-LGOlA 37C, 5% CO,7t &
= ] el wFeritt. wig-8-71¢] 70
~80% AEZ AE7F AEhH 0.125% trypsinZ 1
mM EDTA”} &Hr8 HBSSE 337+ A 2lsle] thA]
A B AT

2. E7IM = 2258 24

Hl
8

L

Afat Farell A el Alxe] EibeEs A
Ssl7] flsto]l Ul WAl Aol AEE
w3t wiFt ol A mFstdTt. Al 2] A
DMEM-LG®l| 10% FBS, 1 uM dezamethasone (Dex),
0.5 puM 3-isobutyl-1-methylxamthine, 0.05 mg/mL
human insulin®} 200 pM indomethacin®] %7} 4l
FAE ol &3t 25 MY 7, oil red O HAE
Algate] Aol FAH ALAEE el
ZAIE A4S DMEM-LG®ll 10% FBS, 0.1 uM DEX,
100 mM B-glycerol phosphate, 50 uM ascorbic acid-2-
phosphate”} 1 7Fe wjFelS o] &33tt 25 ik
-, von Kossa fI4& Aldiato] Zrgo] HAE A
o] B3tE ity AEAE BA 2 high-
glucose DMEM B %ol 0.1 pM Dex, 50 pg/mL

1o, tfo
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ascorbic acid-2-phosphate (Asc), 100 pg/mL sodium
pyruvate, 40 pg/mL proline, 10 ng/mL transforming
growth factor-f3 (TGF-B3, R&D System, Minepolis,
MN), 50 mg/mL ITS premix (insulin, transferrin and
selenous acid at 6.25 pg/mL each, 1.35 mg/mL bovine
serm asbumin and 5.35 mg/mL linoleic acid; Becton
Dickinson, San Jose, CA)7} X718 vl S o] &
SFAATE 35 v]%YF £, alcian blue &4 Al ds}o]
#3}= <2l35laL Mayor's haematoxyline ©]-&3}]

counterstaining &} T}
3. ZIIZE=Z2| B3l |

MEZ F3) e Al BE AR 10 pg/
human fibronectin &4 S 2 37TCA 12A]7F

=¥ 35lo] A3} T} Fibronectin®] =X 24-well
culture plate (Nunc)oll Alt] 2 Fukf-2] F7]HE
Z 5X10%em’?] FEo AELE HolF F 3
of 4744 &3t WS o]&sto] 72t 35 F
FaFAT.

== Y 1

DMEM-LG®]l 10% FBS, 1 X ITS premix, 10 M
Asc, 40 ng/mL hepatocyte growth factor (HGF; Pepro-
tech, Princeton, NJ), 20 ng/mL oncostatin M (OSM), 1
uM Dex, 10 ng/mL epidermal growth factor (EGF;
Peprotech)7} A 7Fel kel 7U7F vt +, =
A wjFNel 1% dimethyl sulfoxide (DMSO), 20 ng/
mL fibroblast growth factor-4 (FGF4; Peprotech), =+
20 ng/mL FGF2 (Peprotech)Z 3 7}3lo] 149 Fob
o HjeFskel

=2} 2 2

DMEM-LG®l| 10% FBS, 1 X ITS premix, 10™* M
Asc, 40 ng/mL HGF, 20 ng/mL FGF47} %7} nlj%F
offol] 7UZE Wik &, & wiekeel 1% DMSO,
20 ng/mL OSM 12|31l 1 pM Dex<S ¥l 20 ng/mL
FGF4S Z7Fet7 v H7lebA] &l 14 &<t ¥
Hj QFshA T

=2} 4 3

DMEM-LG®ll 10% FBS, 1 X ITS premix, 40 ng/mL

0 &
hed
Hj

T

L EREEER

HGF, 20 ng/mL OSM 1&]31 1 uM Dex”} #7}#
HjFte] 7 Tt mdS & Y vl 1%
DMSO, 20 ng/mL FGF4 %+ 20 ng/mL FGR2E A7}
ato] 149 FF B wjgFstaith

=35 WY 4

DMEM-LG®] 10% FBS, 1 X ITS, 10*M Asc7} 3
7hel wjFelS 71w BM)L.® kit A
HA GA= A 71432 BMl| 10 ng/mL
EGF®} 10 ng/mL FGF4E #7}sto] 348k w33l
t}. 5 WA GAZ= BMOl 20 ng/mL HGF, 20 ng/
mL FGF49} 0.1% DMSO7} #71e wjjekoo]] 727t
O HjeFet & oAl Al A GAE BMel 20 ng/
mL OSM3} 1 pM DexZ %1, 20 ng/mL HGFE 3
7V (DM1) H7FshA] eFal (DM2) 14 &<t
O o Fsiich gk 9] vjke = 7 A oA
A 1% DMSO7} A7}star A A GAZ BM
o 20 ng/mL OSM¥} 1 uM DexE 3L, 20 ng/mL
HGFZ H7ls7v (DM3) H71ekA] 9al (DM4)
14 B¢t O wjFsielty. 2w 2+ 10% FBS
7} 279 DMEM-LGOA A EE 22 7]7F <t
Hj Fatai .

4.Total RNA 22| ¥ AHAI SEEA HMEES
(reverse transcription polymerase chain reaction,
RT-PCR)

Cell pellet> Ca®*, Mg*'-free DPBSS ©]-8-5}] A
Z]3}FaL 500 uL2] Tri-reagent (Sigma Chemical Co., St.
Louis, MO)E %7}3+ U} manufacturer's instruction
o wz} total RNAS F2]3F3tE 5 ugel RNAE
reaction buffer, 1 mM NTP mixture, 0.5 pg/uL oligo(d)T",
20 U RNase inhibitor (Takara, Japan), 20 UM-MuLV
reverse transcriptase (Fermentas Burlington, Canada)

7h E8 20 u W BalolA A} AL, 9t
S 42°CoA] 60—‘:7J AT} FelX] RT pro-
ducts (¢cDNAs)= 2 mM MgCl,, 1X Taq buffer, 0.25 U
Taq polymerase (Fermentas), 10 pM<] sense<} anti-
sense gene-specific primers”} <3+¥ 10 uL WHg- &
Ao g PCRES I3 3F3I o Amplification F 35
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Table 1. cDNA primer pairs for stem cell markers

Genes Primer sequence Accession number  Size (bp) Annealing temperature

5'-aca act ttg gta tcg tgg aa-3'
GAPDH NM_002046 456 55
5'-aaa ttc gtt gtc ata cca gg-3' -

5'-cgt gaa gct gga gaa gga gaa get g-3'
Oct4 glean gel gea gaa geagaa gt AF268617 245 55
5'-caa ggg ccg cag ctc aca cat gtt c-3'

5'-atg gct atg tgt gct atg age-3'
Rex-1 gectalgigtgotatg ag NM_ 174900 449 57
5'-cct caa ctt cta gtg cat cc-3'

5'-cca ttg atg cct tca agg ac-3'
SCF M59964 275 55
5'-ctt cca gta taa ggc tcc aa-3'

S'-gct gtg tct ca att gta gga ata-3'
FGF-5 g g sReRal gaEs NM_004464 434 55
5'-tat cca aag cga aac ttg agt ctg ta-3' -

. 5'-cca gaa act caa gca cca c-3'
Nestin X65964 398 54
5'-ttt tcc act cca gec atc ¢-3'

5'-agc cat get agt ttg ata cc-3'
BMP-4 D30751 383 55
5'-tca ggg atg ctg ctg agg tt-3'

5'-ttc cte ttc cct cct caa at-3'
GATA-4 NM_002052 194 60
5'-tca gecg tgt aaa ggc atc tg-3' -

5'-ga aa gat gcc gtg atg tg-3'
NCAM gaggesgaagmeccgipaie s NM181315 269 60
5'-ata ttc tgc ctg gec cgg atg g-3'

5'-agc cat get agt ttg ata cc-3'
BMP-4 NM130851 384 55
5'-tca ggg atg ctg ctg agg tt-3'

5'-gag atc gag gct ctc aag ga-3'
CKI8 gagaicgag g g& NM000224 357 57
5'-caa gct ggc ctt cag att tc-3'

5'-cga acc aag ttt gag acg gaa ca-3'
CK19 & giigagace e NMO002276 600 62
5'-ccg ctg gta ctc ctg att ctg c-3'

5'-gag cag gaa t aa gea tg-3'
HNF-4 gagcaggaaige g gRa e NM178849 205 57
5'-ggc tgt cct ttg gga tga ag-3'

5'-ttt tgg gac ccg aac ttt cc-3'
oFP NMO001134 451 57
5'-cte ctg gta tce ttt age aac tet-3'

5'-act gtc aac ttc ac ac-3'
ol-AT gt gee e NMO000295 517 62
5'-ccc cat tge tga aga cct ta-3'

5'-aac cag tga gtc tgg aga ge-3'
TTR gleagicigeasas NMO000371 358 55
5'-tgc ctg gac ttctaa cat age-3'

5'-gtc aag att gc act aa-3'
GS g gat gee ges BC031964 397 55
5'-tac gat tgg cta cac cac ca-3'
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Table 1. Continued

L EREEER

Genes Primer sequence Accession number  Size (bp) Annealing temperature
S'-caa gat tcc ttg gtg tgg c-3'

CPS-1 g sEEiE NMO001875 158 57
5'-tct gat tta aga gag gct gg-3'
5'-aac gcc atg gct aca atc c-3'

PEPCK NM004563 752 60
5'-agg tag ctc cga atg tca cg-3'
S'-agg tca atg ata gca tct gee-3'

TDO 88 gaae g NMO005651 471 53
5'-tgt cat cgt ctc cag aat gg-3'
5'-tgt atg aac tgg cca ctc acc-3'

CYP3A4 glatgaactes NMO17460 244 56
5'-tag ctt gga atc atc acc acc-3'
5'-cag tct tct tac ttg gaa ctg aa-3'

HNF-1a NMO000545 444 54
5'-ctt ggg aac aaa tac agg aa-3'
5'-caa tgt gag atg tct cca ge-3'

c-MET gaagds 8 NMO000245 560 55
5'-cct tgt aga ttg cag gca ga-3'
5'-ggc gtg aac cgg cat tct ac-3'

CX32 88C 8% 88 NMO000166 400 61
5'-aca aca gcc gga aca cca cg-3'
S'-gtg gec ttt gte aag ca-3'

Transferrin = S oo EC e NMO001013 577 52
5'-ctc cat cca age tca tg-3'
5'-ttg gga gaa gaa aat ttc aa-3'

Albumin sgeasns NMO001875 445 49
5'-tat acc ttt tag caa aga aaa gga-3'
5'-gta ttt ctt cac atc cgt gtc ccg-3'

HLAABC ~ °© glelcces L18898 394 70
5'-gtc cge cge ggt cca aga geg cag-3'
S'-ctg atg agc get cag gaa tca tgg-3'

HLA DR saipageactoag g iR X06079 220 60

5'-gac tta ctt cag ttt gtg gtg agg gaa g-3'

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; SCF, stem cell factor; FGF-5, fibroblast growth factor-5;
BMP-4, bone morphogenetic factor-4; NCAM, neural cell adhesion molecule; CK18, cytokeraitn 18; HNF-40, human
nuclear factor-4a; o-FP, a-fetoprotein; al-AT, al-antitrypsin; TTR, transthyretin; GS, glutamine synthase; CPS-1,
carbamoyl phosphate synthetase-1; PEPCK, phosphoenolpyruvate carboxykinase; TDO, tryptophan 2,3-dioxygenase;
CYP3A4, cytochrome P450 3A4; c-MET, hepatocyte growth factor receptor; CX32, connexin 32.

cycles 33}31 0™, 7} cycle> 94 Coll A 30x3F
9] denaturation, 30%7+F2] annealing, 72°CollA 30%
7+e] extension O =2 A E T Annealing 3}
4] &% Table 191 E7]8Hc) g 4 F,
PCR A EEL 0.25% bromophenol blue, 0.25%
xylene cyanol, 40% sucrose”’} E3H¥ 6 X loading
bufferol] <33k T3 2% agarose gel S ©]-8-3Fo] #
71995 3tk H7]%95 5 ethidium bromide=

AW}l yltraviolet lightE ©]-8-8}o] DNAS] 4=

A

5. M|ZEHA

15181%] 24

=7|AIEE 8-well slide chamber (Nunc)ol| 4] vl ¢
$+ & 2% paraformaldehyde”} 3%l DPBS &<
o] g3le] 4ol A 2417 ok uAFAY. 1A T

DPBSZ 53t 3¥1 AlFHSFITE 28] A4
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10 &<t 0.5% Triton X-1007} ¥H+¥ DPBSE
2] & A& 3t th3 endogenous peroxidase activity
E AA3] ¥k 3% hydrogen peroxide (Dako,
Carpinteria, CA)=Z 15483+ WHS-AIZ1 & A2 3}3] ).
2% bovine serum albumin (BSA)S- -3 DPBSOI| A]
Ao w2 1AIRE 5t W AT 21§ 7} TRA-1-
60 (1:20; Chemicon), SSEA-3 (stage-specific embryonic
antigen-3, 1:50; R&D System), SSEA-4 (1:50; Chemicon),
Thy-1 (1:20; Chemicon), alpha-smooth muscle actin
(0-SMA, 1:50; Novo Castra, Newcastle, UK), vimentin
(1:100; Novo Castra), desmin (1:50; Dako Cytomation)
CD44 (homing cell adhesion molecule, HCAM, 1:500;
Novo Castra), CD54 (intercellular cell adhesion molecule-
1, ICAM-1, 1:40; Novo Castra), CD106 (vascular cell
adhesion molecule-1, VCAM-1, 1:50; Novo Castra), fibro-
blast surface protein (FSP, 1:500; Abcam, Cambridge,
UK), von Wilebrand factor (VWF, 1:200; Novo Castra),
CD31 (platelet/endotehlial adhesion molecule-1, PECAM-
1, 1:40; Dako Cytomation), HLA ABC (1:200; Novo
Castra), HLA DR (1:50; Novo Castra), albumin (1:100)
mouse monoclonal antibodyE 4 CollA] 17A]7F &<t
g -, MA3FSltl o] 3 biotinylated goat anti-
mouse IgG (Dako Cytomation)<} anti-rabbit IgG (Dako
Cytomation)ZS A-20lA 2087+ gt} 39
Mgk Th+, horseradish peroxidase-conjugated stre-
ptavidin (Dako Cytomation)= 20+-3F *] 2]3}A T
3,3'-diaminobenzidine tetrahydrochloride (DAB, Dako
Cytomation)-8-< © & QFASIITE dhallo] & M| E =
DPBS= A% 5}al Mayer's Haematoxylin (Sigma, St.
Louis, MO)o. =tz AgE - 333} §v|d (LSM-
410; Carl Zeiss, Oberkochen, Germany)a}ol| A 325}
Aotk

6. ZMIZZ22| 23| ol

1) ImmunoblotingS 0|28} ZHMIZE HHO|A]

0] =0l
357 B3 %= F, serum-frre DMEM-LGE 20
AIZE &Sk vt wjeFls AQlt) o] mjeFdo

52| sample buffer (0.125M Tris-HCI, 4% sodium
dodecyl sulfate (SDS), 10% 2-mercaptoethanol 20%
glycerol, 0.004% bromophenol blue, pH 6.8)E 4115
aL, 95CollA 323F ek £l Al E= 8% SDS-
polyacrylamide gel®ll 4] pre-stained protein molecular
marker?} $HA F7|gEHom Eesiaith 1714
& % gel> 25 mM Tris (pH 8.4), 192 mM glycine,
10% methanol®] 33+ transfer bufferol] A 303t
721 22]8}3I k. Polyvinylidene difluoride (PVDF) mem-
brane (Immobilon-P, Millipore)<> absolute methanol ]|
A 153, distilled water (D.W.)ol| 4] 2%, transfer buffer
oA 537 equilibrationA] ZATE. Gel 72 Tl A=
2 44 604 E<F 100 Vel #FE F¢] PVDF
membrane ©. = electrotransfer 3} TF. Non-specific
binding sitesE saturation A|7]7] 23141 membraneS-
5% BSA7} %71l washing buffer (0.8% NaCl, 0.02%
KCl, 0.14% Na,HPO, : 2H,0, 0.02% KH,PO,, 0.2%
Tween 20, 0.1% BSA and 10 mM sodium azide)l| 4|
37°CollA 1A1ZE &3F A2 ak3ith o] ¥ 1% normal
goat serum¥} 1 pg/mL mouse monoclonal anti-human
albumin antibody”} 3% washing bufferoll 4] 14]
b &9 HESAIF T THA] washing bufferz o] 2
H A28 U2 1:1000.2 341 % gold-labeled goat
anti-mouse IgG7} % 7}¥l washing bufferel] 1A]3F
S W AIZ T ARl RIS IntenSE BL kit
(Amersham, Buckinghamshire, England)E ©]-&3}]
gtk

2) Enzyme-linked immunosolvent assay
(ELISA) 2= o|E¢et ZIMI=E Hi ol A T
20l

g ujgolS AATh Wikl Y=
Bl did FEE human albumin
ELISA kit (Philadelphia, PA)S ©]-&3&}o] <l&}Sit)
3) Periodic acid-schiffs (PAS) staining
A2 =7 AEE slide chamberol| A 3577 &
3} Wkt 3, 2% paraformaldehyde”} 3H+¥ DPBS
| NS o]8ato] 4T 243F &< LA ST
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0.1% Triton X-1007} $++¥ DPBSE 1033+ A 2]s}
I oy H AR E 5 1% periodic acidZ Aol A4
1057 2184 7] a1, DW.E 39 A&kt A2
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it

Ll Bt 4 Af 2] 3t 9] A]

AL & A

ZkzE A WA Al AdsE S71HEe 2
e V1M AR O s AN
t}. Oct-4, SCF, FGF-5, NCAM, nestin, vimentin, CK 18,
GATA-4, BMP-4, HLA ABC 12|31l HLA DR 2%}
+ G R A S7AxE B Edsgla,
Brachyury9} BMP-2 A X= 25 HASFA] 29
ot wjol=7 | MI3E EAIQIARS] Rex-1 A= 4
el 7M1 EZoN A, Pax-6 F-AH= A2 £7]
AlZo| AT B ATt F T/ E7]AH 2N A
AR Bo] fxl e 548 A 43, CK-
19, HNF-4q, CYP3A4 183l al-AT FAAE= F
=7 A E B A L3 E 1 0™ HNF-1o, PEPCK,
¢-MET, transferrin 12|31 GS FAA= A+ =
7 Al Eoll A ut 28] =] it} CPS-1, TDO, TTR, CX32,
oFP 12|31 albumin A= el 71412
o Al ES71ME BFollA TEEA ek
olefgt ANREE Al E7IME7F S
Z7|NEET 2hAERe] 3} 7FsAde] o B
= AL Ho FY (Figure 1C).

3) MM EZSIEHN A

Al A Al ] A S71A12SE vl WA A
o] kg Z7) A FEolA whulA kg okARS
AL Al 7] M 3= TRA-1-60, SSEA-
3, SSEA-4, Thy-1, a-SMA, vimentin, desmin, CD44,
CD54, vWF, FSP Z1#]31 HLA ABCY] whilzS b
35ttt E3] SSEA-3, a-SMA, vimentin, CD44 1
2]3L HLA ABC W& o] Zstr| =t} CD31
71231 HLA DR © A2 & s =] eiohr) e
2 E7|43E= CD44, CD54, a-SMA, vimentin, desmin,
SSEA-3, SSEA-4, TRA-1-60, FSP 12]3. HLA ABC
Gl S B¢l = 53] a-SMA, FSP 18]l
HLA ABC ©&8 73}/ @Hdskelal CDI106,
CD-31, vWF 18]3L HLA DR ¥ 2.2 & 3}x

R\
A

o
Hr

O

off
38

Ol

AN

>

ookt (Figure 1D, Table 2). 12it} 2], 5
ZIAEZY Z7e) §4 dds B d
& oUER o A3 VMR EFEE Yol

Bz} shopbd FAAZ 2] 7] (fluorescence activated

sl N

¢
ol
il

o M o

i
o}

254 -



K353 ™42, 2008

cell shorting, FACS)9} 72 A% HH-S- o] &38lofof
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Figure 1. Characterization of human umbilical cord-derived stem cells (HUC) and human amnion-derived mesenchymal
stem cells (HAM). A, Morphology of HUC and HAM during ex vivo expansion. a, 25 days after initiation of the
culture for HUC (1st passage); b, 40 days from the culture for HUC (4th passage); ¢, 87 days from the culturefor
HUC (10th passage); d, 32 days after initiation of the culture for HAM (1st passage); e, 53 days from the culture for
HAM (4th passage); f, 109 days from the culture for HAM (10th passage). Magnification, < 40. B, Growth curve of
HUC and HAM. C, Expression patterns of stem cell specific genes and hepatocyte-related genes in HUC and HUC
at 3rd passage. D, Immunoytochemical analysis of HUC and HAM. Cells showed strong immunoreactivity with
antibodies against TRA-1-60, SSEA-3, -4, Thy-1. Nuclei were counterstained with haematoxylin. Magnification: 40.
E, Differentiation potential of HUC and HAM. HUC (a, b and c¢) and HAM (d, ¢ and f) at the 4th passage were
incubated in adipogenic (a, c), osteogenic (b, €), or chondrogenic (c, f) medium. Specific differentiation capability
was assessed by oil red O, von kossa and alcian blue staining. Magnification, < 40.
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Table 2. Immunocytochemical analysis of proteins SR A IH 2 BEnEga o oA oFeks
expressed by HUC and HAM # Z7)HEE 0.14£0.03 pg/mLe] YEWIL Fy]
Proteins H?}rJdC Ath SHTE (Figure 2A). 3 vl U] @49 w25
=23 Ay B3}z Ao & o =
4-SMA - - =743t A3}, BMDF4 &-slz2=710 A Ao &7
Cvtoskeletal markers  Viment AFEE 67105 mgdL, ¥ E7)HEE 471
oskeletal markers 1mentin ++ + -
v : 0.35 mg/dLe] 245 A8t (Figure 2D). +3}
Desmin * * W 29] 739, HIAF40D #-8hz70 A4 242t Al
CDH T * ol Z7)AEE 03550023 pgml, Fa-a =7
: CD54 + + M 3EE= 0.16£0.008 ug/mLA =R GRS 2
Surface antigens B
CD106 - - sholom @ae 7M7) Aldf E71A27) 84+
FSP + 4+t 0.1 mg/dL 18|31 Oo e S71AIE7F 4.840.04
_ dLe] s== A3 2B, E 1}
Endothelial cell VWF + mg/ "SI (Figure 2B, ). 3t
markers CD31 - _ # 3°] 79 BMDF4 #slz71ell A Avifre &7
A EE 0.6610.03 pg/mL, F-Fal E71413E= 022
HLA ABC  ++ ++ ] ng/mL, FUHE] E71H1E
HLA +0.02 pgmL] LR GHVS BH|algl g9
HLA DR - -

849 s A S71AE7F 9.7£1.9 my dL,
ke E71AEE= 5.140.6 me/dLo| AT} (Figure

A Aol el A& 22 4 A Al 7HA 28k el Adagle] BE vY =1
o] MES APFAE 3t vl A 253 v oA AldHE S7IAE7 S SV ERT
& 5, oilred O P A& A3} F T/ Al SETY 94F o] Bo] #Ygd Y= EH] S
E EF Aol HAE AYAELE Hol Fa,  FAEE Ao Yk o3 daks 9 &3
=ZAIE st vjFHo A 2573 v %, von Kossa ZAAM = A S7IAZ7F T 714
AAS Al Ay Zpo] HEE FohM st ¥R Y 7R B3sEo] ¢ Hojd AL 9
ZEJoh Eg 377 AFAE B8 w4 ) g},

HjFet & Mgk Ay FRFY AE B alcian

3. MlcHgel £7|M=2| hepatocyte-like cells
20| &35} Al F|Xe| 235 Wyl 25l AT

2. CIFet &3} HIJOUS 0|83 RICHL YUY i

2 EIIMES| nepatocyte-ike celsze) gap 1 E7IMEE hepmocyedke cells 5}

OEE — p y — T }\]7]% Eﬂ 9}]\ E‘] W% E]-l?__\:llo zsl—}ﬂ HH]Q‘Z,:

’” = HAe] RehEAS 7] Slste] Ba}h U 4
Al

A 2 A 3stich 31 W 4= DMEM-LGOl 10%
T+

At vpe} 22 A 714 3} vl o= 7] FBS, 1 X ITS premix 123 10" M Asc7} H714
7} 35 )b wFsk - wjFels fof, wiF) W NS st it BM)S.E 3I3itk BMo
2 EajE Al R dhlde] BeE SAEa 10 ng/mL EGFSF 10 ng/mL FGF4S 1 7}3) Hj kel
T3k 3 84l FEE SAGL 33T wjeFatar o] % 7]Etst wiFetell 20 ng/mL

23} iy 19 49, Al E714%E 029+ HGF, 20 ng/mL FGF4¢} 0.1% %+ 1% DMSOE

0.02 pg/mLe] 4571 Tl dS BMDF4 -3tx7dol  7hsk vjkoo A 73t O kst &, thA] 7]
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Figure 2. Comparison of differentiation in HUC- and HAM-derived hepatocytes. Secretion of albumin and urea by
HUC and HAM after differentiation for 3 weeks in vitro. HUC and HAM were cultured in three types of hepatogenic
medium. As a control, HUC and HAM were cultured in DMEM-LG containing 10% FBS alone (control medium,
CM). A, B, C, After culture for 3 weeks, all groups of HUC and HAM were starved for 20 h in serum free DMEM-
LG. The conditioned medium was used for human albumin ELISA. D, E, F, After culture for 3 weeks, all groups of
HUC and HAM were stimulated overnight in DMEM-LG with 5 mM NH,4CI. The conditioned medium was used for
urea secretion assay. Data are means + SEM of two independent experiments. Letters above bars denote a statistically

significant difference. P<0.05.
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Figure 3. Analyses of HUC-derived hepatocytes. HUC were cultured on optimal medium for hepatic differentiation.
The 1st step, HUC were cultured in basal medium (BM) (DMEM-LG + 10% FBS + Asc + ITS) supplemented with
EGF and FGF4 for 3 days. The 2nd step, HUC were cultured again BM supplemented with FGF4, HGF, and 0.1%
DMSO for another 7 days. The 3rd step, HUC were cultured in BM supplemented with OSM, DEX and HGF
(differentiation medium (DM) 1) or supplemented with OSM and DEX (DM2) for more 14 days. HUC were cultured
again follwing the above the two steps with 1% DMSO instead of 0.1% DMSO. The 3rd step, HUC were cultured in
BM supplemented with OSM, DEX and HGF (DM3) and supplemented with OSM and DEX (DM4) for more 14
days. A, Change of morphology of HUC during induction into hepatocytes for 3 weeks in vitro. Magnification, x< 40.
B, Hepatocyte-related specific gene expression by HUC after differentiation for 3 weeks in vitro. These experiments

were confirmed with two independent experiments.
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volgege] A o] PUAEE A IS
Aoz YEFST} (Figure 4C). &1 i-n]o] 71
#3249 DM4 B3tz B3} wjokd AlES

Ay =

A= AT} (Figure 4D).
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I vkl S A9t 1 A3 DMEM-LGO 10%
FBSHH #7teto] 35 5t widst AlZE2 0.63+
02 mg/dLe] QA5 A, wgd Y= #H|sk vt
H, DM19| A= 3.240.4 mg/dL, DM2°| 4= 4.83+
0.5 mg/dL, DM3°l| 4+ 7.23+1.0 mg/dL ~12]3L DM4
o] = 89412 mg/dLY] TEE 84S FAEY
T} (Figure 5A). Skl 9] biml v] 4] A zje}
A s = uf o] A3 DM4 EskEzdo] Al
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shA7)=d 7P A1 RSl Als Hel
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Figure 4. Secretion of albumin by HUC-derived hepatocytes was assayed with ELISA, comassie staining, immuno-
blotting and immucytochemistry. HUC were cultured in hepatogenic medium for 3 weeks and then starved for 20 h in
serum free DMEM-LG. The conditioned medium was used for assay for human albumin. A, ELISA assay of human
albumin. Letters above bars denote a statistically significant difference. P<0.05. B, Comassie staining. C, Immuno-
blotting alanysis by mouse monoclonal anti-human antibodies. HM, high molecular markers; PM, prestained markers;
CM, control medium. D, Immunocytochemical analysis. Immunoreactivities were assessed using monoclnal anti-human
antibodies. As a control, HUC were cultured in DMEM-LG containing 10% FBS alone (CM).
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Figure 5. Functional test of HUC. A, HUC were stimu-
lated overnight in serum-free DMEM-LG with 5 mM
NH,4CI after culture in hepatogenic medium. The condi-
tioned medium was used for urea secretion assay. Data
are means = SEM of three independent experiments.
Letters above bars denote a statistically significant dif-
ference. P<0.05. B, HUC cultured in hepatogenic medium
for 3 weeks showed the cytoplasmic glycogen deposition
stained with PAS staining (b). However, HUC cultured in
medium without hepatogenic supplements did not display
a positive reaction PAS staining (a). Magnification, x< 40.
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