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Mesenchymal Stem Cells: The Promotion of Endodermal-Induction
Using Activin A

Purpose: The most important consideration for therapy using MSCs is the differentiation of
the target organ’s cell type. For in-vitro hepatogenic differentiation of MSCs, the main focus
is efficient induction of the MSCs into the endoderm stage. Activin A, which is a signaling
molecule that is similar to Nodal, promotes the induction of definitive endoderm from both ESs
and MSCs. The protocols for induction into definitive endoderm have shown different efficiency
and reproducibility depending on the researchers or the sources of the MSCs. Thus, a study
on the various conditions of Activin A is needed to efficiently differentiate MSCs into the definitive
endoderm lineage of MSCs.

Methods: MSCs were isolated from human adipose tissues and these were cultured in MCM
(MSCs Culture Medium) on a human fibronectin coated plate. At 70~80% confluence, the
MSCs were harvested and cultured in MCM supplemented with Activin A, at a 50 ng/mL
concentration, and FGF4. The expression of the genes related with MSCs or primitive endoderm
were analyzed by RT-PCR. The changes of cell morphology for differentiation were also observed
by a light microscope & a SEM.

Results: The expression of genes related with primitive foregut endoderm was seen in the
groups that were treated with a higher concentration of Activin A. The morphology of the cells
that differentiated into definitive endoderm were not different from those of the undifferentiated
MSCs. The expression of genes related with functional primitive hepatocytes was seen in the
early phase during hepatic differentiation. The cell morphology was changed to a similar cuboidal
form in a time-dependent manner.

Conclusion: Activin A promotes a more rapid induction of definitive endoderm. It also makes
an efficient condition for the differentiation into primitive foregut endoderm at a higher con-
centration.
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1. Isolation and Culturing of MSCs
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lagenase type I (Roche, Penzberg, Germany)= Zd7}3}¢]
37°Co|l A 3087} shaking incubationdtt}, EAZAHL 10%
FBS7} 368 o -MEMZ 2843513 4°C 1,200 Gol|A] 105
b AA Bt S AES #Eal RBCE A8k St
of A+ 2-3)-2A(RBC lysis buffer) (54 mM NH4CI, 10 mM
KHCO3, 0.1 mM EDTA)"*S 911 58 Eo} uleA|7] & €14]
Eelate] @ -MEMAIA wjFath " A EE 1,000 cells/cm’e]
AeR 23 wjgEa Rejd A $2% A8 vt 22
Hj Al 60% DMEM-LG (GibcoBRL, Grand Island, NY, USA),
40% MCDB-201 (Sigma), 1X insulin transferrin-selenium (ITS)
(GibcoBRL, Grand Island, NY, USA), 10 °M dexamethasone
(Sigma), 10~ *M ascorbic acid 2-phosphate (Sigma), 10 ng/
mL thEGF (Daewoong Pharmaceuticals, Korea), antibiotic/
antimycotic fibronectin (GibcoBRL, Grand Island, NY, USA)
2 10% FBS (WelGENE, Daegu, Korea)E AF&3Fe] 1~ 34
of Al skAor 15l F HA FAAE wgket et

2. Isolation of Purified MSCs by FACS

AYS o7 2 o AR ddd o ge 7|38 A
317] $lal 2006\ ISCTOA At F7ke] 27141 ] A9
(reference)o]] wa}® AE EAA} CD105, CD73, CDYO, CDA4S,
CD34Z FACS analysisZ 0|83} b33} 228 Hl ol of5)
A, 2~ 34 Al g 5 FAIE A4S FACScan
argon laser cytometer (Beckman Coulter, Inc, Fullerton,
USA)E AAJskolnt, Ak wj et vEst 749 271 A2
Hjokol S 2 A, PBSE A H3}AL 0,25% trypsin/EDTAR. 2]
3k 2,000 pmol A SE7E DAlEE] SFaL 0.2% BSA7E H7}

DActivin AS 0|SE A ®ef ZHSTIMEY Y =3 7 ST

© PBS (FC Buffe® AlHst 4x10702 A @ ALE
AHgEke] Z47ke] @A & F5 R IS/ ATAEL 4
FA(CD73, CD105), 28 ZAZ] FY2(CD34, CD45),
integrin =& #HIA(CD29), 71e} FA(CDY0)I| thst
AE FC bufferdl X wH3AIZ1 & EAstint. £49] 587
< %0]7] 98} positive, negative &S stainingS 3+

o}, FACSY] AR B FAE-L Santacruzol A Fullak i),

3. Rapid Endodermal—Induction and Differen—
tiation into Primitive Hepatocyte

el A =9 %7] 7HA| E(primitive hepatocyte) 3}
+ Conditioning stage (¥l FA F=)9} Stage 1 GHAE &
3}), Stage 2 (/3% FrADel Al ©@AIE HAAA o] Fo X THFig.
1.

1) Endodermal-Induction using Activin A

Conditioning stage (Wej 34 F=)ollX MSCE FBS free
culture medium®l] 10 ng/mL FGF47} E38tE Mediume] A3
ol kA 20, 50, 100 ng/mL Activin A (R&D systems, inc,
MN, USA)E 217} Z47}ske] Althul g 24th MSCsE 2.5~
3_O><104/Cm29] M E™=(cell density)Z human fibronectin
(BD science, Bedford, Egland), coated culture dish (6 well)d]|
T (seeding)d F o 39 oF WA fEE EP“E}

AT F=o AR E el =S Eeleh] el 5
i A EE 3Uol| mediumS A7 3FaL PBSES /\}%’6}04
washingdt & AXE 6 well 5 39| wello|A] 1XTypsin-
EDTAE o|-gste] Hhefstqlrt,

e mz

Endodermal-
induction

Conditioning stage Stage 1 Stage 2 Fig. 1. Scheme of endodermal in-
FGF4 duction and hepatogenic differen-
Activin A HGF tiation, The endodernal induction
FGF4 Nicotinamide Dex or DMSO was promoted with Activin A and
OsSM FGF4 for 3 days. The differentia-
U \|—|/ \|—|/ tion into hepatocytes was induced
Undifferentiate R R R with FGF4, HGF, nicotinamide
dhADSC o - " and OSM for 7 days after endo-
3 days l 7 days l 10 days l dermal induction, After that, the
differentiated cells were maintain-
@ @ @ ed with dexamethasone and OSM

for 10 days.
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2) Differentiation into primitive hepatocyte of induced-
endodermal cells

Conditioning stage (WHlA F%)olA ofeket sro
o]- &3t UM E FE¥ AEE Stage 1
E3h)d|A FBS free culture mediumol| 20 ng/mL
HGF (R&D systems, inc, MN, USA), 30 ng/mL FGF4 (R&D
systems, inc. MN, USA), 20 ng/mL OSM (oncostatin M (R&
D systems, inc, MN, USA)), 4.9 mmol Dexamethasone
(Sigma life Science, St Louis, USA)o| ¥3td F3}uj %] oA
v k= Act, gl whghA] Activin A2] 20, 50, 100
ng/mLE UF90 ™ Stage 19] 39744 £-3}= et 3
ng/mLe] Activin Aol &J8] UrjgHes frd /ﬂ]}‘% 50
ng/mLe] HGFZ Stage 19] 104 %<t £3l7} o] Folxt},
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Stage 1, 3, 7, 1040 &An| Ao o5t AlFE] A4 B2y H-4
2L HEE S AEe w9 AR E X 23 g

ey

ENEAREE wjokEl A EZ wjA| 2|73 PRSE A&
ato] AHe 9 AZE 6 well & a3} wellolA 1X-

TypsinEDTA o|-§3t] whej3h ek

4. RNA Extraction and RT—PCR

Eem,
ratio7} #=0}7 ¢DNAT NanoDrop Spectrophotometer (Dae-
myung Science, Korea)E o]-g3}e] A=k 3 & PCRE A3
39Jt}, Primers bioneero| A A2t 9]0 Zh sequences
Table 13} ¢},

+ 3] manual preparation ZHA-E A ratios

5. Scanning Electro Microscope (SEM)

A|ZE= 4 well chamber slided|A] vl FE o wlje} & 2
Aol SEMOE X2.0 K, x25 K9 #-&E MSC2 morpho-
logy® Slstsic.
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1. XE S SH E7IME B X 8 &

Aol ApgA G5 kg 2712 gL
2 (Fig, 2) A7HN2] 58 (self-renewal)o] Holutr] thg Al
2] Al 717to] Feh. FAPAAFE W] A (Scanning Elec-
tro Microscope, SEM)el| 2|8t ulj-& #ze] AxE B )

22U Alxe mdd 2L pili 2L Ao 1ol

J=do

adhesion¥} cell to cell junctiong ©|F3 SIt}(Fig. 3).
Z} 23] 7ol A RNA extraction 3}Fe] TRIZOL (invitrogen,
Seoul, Korea) methode] &J3}e] RT-PCRS A|5}4TE cDNA
Table 1. Primer sequence for PCR analysis
Gene name Primer sequence Accession no, Size AT, Cylce

Oct4 S 5’-CGT GAA GCT GGA GAA GGA GAA GCT G-3’ AF268617 449 57 34
A 5°-CAA GGG CCG CAG CTC ACA CAT GTT C-3°

Nanog S 5’-CAA AGG CAA ACA ACC CAC TT-3’ NM_024865 394 60 34
A 5-ATT GTT CCA GGT CTG GTT GC-3’

GATA4 S 5’-TTC CTC TTC CCT CCT CAA AT-3’ NM_002052 194 60 34
A 5’ TCA GCG TGT AAA GGC ATC TG-3’

HLA-DR S 5°-CTG ATG AGC GCT CAG GAA TCA TGG-3’ X06079 220 60 34
A 5’-GAC TTA CTT CAG TTT GTG GTG AGG GAA G-3’

AFP S 5’-CTC GTT GCT TAC ACA AAG AAA G-3¥’ V01514 310 58 34
A 5’-ATG GAA AAT GAA CTT GTC ATC A-3’

ALB S 5’-GAC CAT GCT TTT CAG CTC-3’ BC039235 462 58 34
A 5°-CAC AGA GAA AAG AGG CAA-3’

HNF-4 « S 5’-GAG CAG GAA TGG GAA GGA TG-3’ NM_178849 205 62 34
A 5°-GGC TGT CCT TTG GGA TGA AG-3’

GAPDH S 5°-TCC ATG ACA ACT TTG GTA TC-3’ NM_002046 452 55 34

A 5°-TGT AGC CAA ATT CGT TGT TA-3’

A.T.=annealing temp.
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w2 FobA H4 E7IAEAS FsTHEFig. 4).

Il -O_/H ;L;(];(]._‘_

2t

3. Activin AS O| & LitHES ME 3= &
NI 22
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ok}, 23U Stage 194 20

AE A3de] wWshs HolA

Fig. 2. Morphology of MSCs by Microscope (x40, X100) at
passage 2 (confluency; 100%). The morphology of hADSCs
was similiar to that of fibroblast,
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Activin AZ 0|88 XY Ref UEEIIMESY Y 23 R 5

>

ng/mLe] F=Z THA|E A
HGR)E Aelg F 394
T AT FEF Fobd
A Fetr oo 2 Hslstes
th(Fig. 5).

2) Activin A9] S0 ME FHXIQ

Conditioning stageol|+] ¢] PCRo|| w2
71 xS A& (pluripotent) S H.o|F
OCT-4, Nanog®| 'H&o] A= A & F Ut} Manog®]
78+ Activin A®] FE7} F7H5el| wba i J=7) o
Al YRt Y MHC class 11 (HLA-DR) B9 §-3%}] 7
0 na/nis] Sl WS koLt ol 5 4
A s A2 2 % AT ol3e 20 ng/mle]

2Ee A2e Ak e Aow A4
WA 271l R EE FAAR] GATA40] TE
AT A vlgh B S ek, g Wi g4
¥ A (alpha-fetoprotein, AFP)E &
E AeFoA wa =Yy, a8y S (albumin, ALB)Y]
L o] T YEA] skth(Fig. 6).
x| M ERS &

Q1A (Hepatocyte Growth Factor,
of Al ZFAM Wt YebdS &=
o WM AEEL2 TS A5

9l

= oEH%‘ EO]{“ 7/4\‘% %

o
ol

o=

20
Aol

0

O

3) Hepatocyte Growth Factor0i| [}2
5} AU SEXQ g

50 ng/mL2| Activin AdllA] 141%‘ e
50 ng/mLe] HGFZ 7HA| ¥
&HTH /V\l Ohﬂ]—?ﬂo Zl—x]]v,i_x-lg_] 3

Fig, 3. Morphology of MSCs on
non-coated culture pate at 2 days
after seeding by Scanning Electro
Microscope (SEM) (A: X2.0 K, B:
%X 2.5 K). The cell to cell or cell
to matrix adhesion was occurred
by pili on cell surface,
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Fig, 4. Characterization of hADSCs as MSCs by FACS analysis, (A) negative surface markers (B) postivie surface markers. The
mesenchymal stem cell markers (CD105, CD73, CD90 and CD29) were expressed on the hADSCs,

Activin A 20 ng/mL Activin A 50 ng/mL Activin A 100 ng/mL

$1-3D

Fig. 5. Rapid endodermal induction of hADSCs with various Activin A concentrations. Differentiation into primitive hepatocyte
was based on 20 ng/ml of HGF. During the endodermal induction, there was no differentiation according to the concentrations
of Activin A. But after the HGF was treated, the cell growth pattern had been changed into multilayer in higher concentration
of Activin A.
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F Ao stage 12] 10873 d0+= ¢
ol watglth(Fig. 7). RT-PCRO| 3t
ZAFe Axt AE3HA (pluripotent) EAAFS]
OCT-49} Nanog®] ]'?1518 Stage 19| 104#A7}A] Ao
o, Ui g8 27] 2 ARl GATA4R] 9ol = 39A
Bl 1094A74A] 7ol dAstA deo] FA=AT. HNF-4a
of Wl d i tiE FAA] a-efol TS dEwl

=k
=
=1

)

0.!.4

Conditioning stage
50 ng 100 ng

20 ng

Activin A conc.

OCT-4

GAPDH

Fig. 6. Gene expressions of endodermal lineage by PCR. The
expressions for OCT-4, Nanog were maintained in various
concentrations of Activin A, In Nanog, the expression was
stronger in higher concentration of Activin A.

29

Activin AZ 0|83t x|t Saj ZHHZIIMES L B3 25 =A

o e 3UAFE Yehtr] Altste] 108A17b4] ddst
FA = AHEFig. 8).

7l
il &
7+ E71AE(]8F MSC)E Hjo} Z7]AE(Embryonic
Stem Cells, ES)SHE ] ole] 7|ghe] Az Raisao) @
HGF conc. 50 ng/mL
S1/3D S1/7D S1/10D

GAPDH

Fig. 8. Gene expressions of hepatic lineage by PCR. During
the transdifferentiation into hepatocytes, the expressions of
early geners for endoderm were maintained, The gene for
albumin was detected after 7 days on stage 1.

»@ 1\

AR \\I.

F \‘ f
\\‘\ ‘?\\ \ /

Fig. 7. Rapid formation of hADSCs into primitive hepatocytes based on high concentration of Activin A, Differentiation into primitive
hepatocyte was based on 50 ng/mlf of HGF. The cell morphology had been changed into the hepatocyte like cells with single

cell layer,
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Cell Therapy for Tissue Engineering’ o] &
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& 71%A AZzel Bahe olFA 2L gtk ol 54
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Fig. 9. Cross-talk between RTK
and TGF-beta signaling to endo-
dermal-induction,

growth factor®] F&=
a2k skt

Activin A= TGF- 8 superfamilyd] 24 Nodald} A}
Ao E7FQlo|t}, Activin AS ALE-
sko] MSCoF ESollA] il g4 =g F2AT A7+ Bol
B = M ST ) Activin AT ESE 0|43 #3lofA]
Wil g4 FEE Sgda stk aela 2o a
(100 ng/mL)e] AHEC 2 Wl g4 FEE o] FlttE AT
7} ®o] BuEQtt ** Activin AE TGF- 8 9 receptor® 7
7FA] type 1 receptor®] &h}el ALK4E receptor®Z 3T}, o]
receptore WAY8HA 7)1 9|4 foregut organogenesisel #e]
2 gtta gth” 2 7] 7 (signaling)e Nodald -§AFEHA|
smad2/38 9l EAR 310 I Z B34E 2FHTY of
Smad2/3+ A|E E3}e} #7152 (self-renewal)ol] o=
B2 zZ-g3it}, B AT oA Conditioning stageoll4] 10
ng/mL FGF4E 7)%2 3}al 20, 50, 100 ng/mLe] Activin A
TEE ol &% Wi HE frE AFHE HFo] & o LEEY
Held Qe BE AT HFoE 27) Ul 2
ARl GATA4S} U] Eo] 41410l AFPS] HHEL o] 29
T}, o] AL ESE o] &3t AF Bl 2 7]Hdo] MSCollM =
dojup= AL HoE

Activin AT B3 o] signaling¥} cross-talkahe] thE 7]
Z(signaling)¢] ZA A} (regulator) 24 &S 3} A E 23}

==
2 =220 9J3e Zrh(Fig. 9).°"" ESolA] Activin AX FGF

=

8l 7] A (signaling)S 2t

(2



oly%

71 A (signaling)¥}  cross-talkadle]  AE-3}5 (pluripotency) &
fAstka st ® A8 ABoA OCT-4, Nanoge] W& o]
FAEE AL P_O%—Zr"i S0t} &3] Manoge Smad 7|4
2 TGF 71d0] wa Rxd oJza
A3} ol A Nanog«] Activin A9] F& Z7}ol| W2 Gz} ¢
o 2742 2 % i, e} aBe) A Aol Ysko
| MHC class II (HLA-DR)9] &L 20 ng/mLeY| 7o+
UERA] 3keh(Fig. 6). oA wEst @A loka F
S 7 Qlnh AlEO) s wEkE AdtellX e WA F
A= el Zkel7t flIlent 20 ng/mL HGFE ©]&
%7] ZHAE E3lol A 3LA o] 100 ng/mL Activin A2] 23
oM 5o AE FAo] ofFHE AEHT + U
(Fig. 5). 32-994 Aaxnjekel] dojAs o3 Fed
ot 2219A A FEujekel] JolME AGslA] grla Ho
A}, ol9} e AFE H|Fo] E uf 50 ng/mLe] Activin
A°l =7} Ui F=g Sl 7P HFsiriar Hojzid

o] nigo R Wilgd fred AZE ol&dto] TAE F
32 Attt THAIE A3l A} (hepatocyte growth factor,
HGF)®] AR A Z3hol g ggasoltt Jeu
o] gk ATAiig AR EE TRt HE2H. 150 ng/mLé
WEE HGFE o] 3te] IAE R o B oM 1E
10 ng/mLe] AEEE 0|83t H1*71A] theket xoA] 7F

o

A
Is

H -llN'

o o

» T

HEZE7}E o] FoIA L Slof & ATAER 7] Wil frie
S % Activin AS] =7 TAE E3e] ojd IS FU

S @olr7] 934 HGFO| FEE 50 ng/mLE AR
32 A8e AR, HAE wol we £14 Bdol

N OCT4, Nanogd) Wale $AHL A
=

e
o

o off
S
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