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Abstract

AIM: To explore the most effective directed
differentiation medium (MEDDM) for differen-
tiating mouse bone marrow mesenchymal stem
cells (mMSCs) into hepatocytes in vitro.

METHODS: Eight differentiation medium
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groups were arranged following uniform design.
Positive expression rates of ALB" and CK18"
cells in each group were determined using flow
cytometry. The best suitable factors and their
concentrations in MEDDM were then identified
using stepwise regression analysis. Determi-
nation and confirmation of hepatocytes from
mMSCs were performed using RNA and protein
expression and synthesis.

RESULTS: At concentrations of 35 ug/L hepato-
cyte growth factor (FGF) and 30 pg/L oncostatin
M (OSM), the medium yielded the highest
percentage of ALB" and CK18" cells. During di-
rected differentiation using MEDDM, expression
of ALB, CK18, TTR, AFP mRNAs were detected.
And ALB and CK18 proteins were detected in
cells. On day 21, the ratio of ALB-positive cells
was 82.83% + 9.03%, and the ratio of CK18-
positive cells was 74.79% * 8.41%. The differenti-
ated cells produced albumin and urea in a time
dependent manner.

CONCLUSION: Uniform design is adequate for
choosing the MEDDM of mMSCs. MEDDM con-
taining 35 pg/L FGF and 30 ug/L OSM is effec-
tive to differentiate mMSCs into hepatocytes.

Key Words: Bone marrow mesenchymal stem cells;
Hepatocyte; Differentiation; Uniform design
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#£R: FGFIR35 nug/L, OSMA30 pg/LE, ALB
B.CKI184 MM mffik 3] % S48, £ AL Rk
R R AR P AN P ek X ALB
mRNA. CKI18 mRNA. AFP mRNA. TTR
mRNA; YAZALB. CKI8% & kik; H21 K&
14K R AL ALB A P 4a B 6% Yo ) 4 82.83%
+9.03%, CK18 a1 4n it e vs) 4 74.79% +
8.41%. 3t A2 P i il & B A&
6, B 50y 18 69 2 K 3G 5%,

it B AT ETAAHTREFFHREZ
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T4 B A2 A B AT v TR AN SR R ) 1
MM, RN A T ERES T ARG S R e
AR AUk g . Haret o s
I S B P A A T 0 T R R A A
E R i OO AR N = OB
S 2 Bhn] B PEBCAR ZH A S B, BRE T4
MR M R R RS Jh, 4
A KA F-(hepatocyte growth factor, HGF). Jl4f
AEFEYN A= K Kl F-4(fibroblast growth factor-4,
FGF-4). #l1J8% % (oncostatin M, OSM)FIZE 4=
KX 7 (epithermal growth factor, EGF)%5 X} AT
(¥ % A4 R R AR O Z e g, 3K
IR HIFGF-4, OSM, HGFAIEGF4I i 5 11 Ay
P57, B RS B E S BT 40 i (mouse
bone marrow mesenchymal stem cells, mMSCs)
75 b JFF 40 P A i, (ES i A S T 4
JH AR AN T S JH 4 A 4 PR 8 1) DR 3 R i
Y. ARSL, FRATTN 5 A 4 i AR K DR ) A AR
HEAT 23 A, LAIUTRE A8 i it - 6 6 T T 40 i 44
ANEAL 2 ) A AR R T mRNAS>
T, B ARIS, 4 DhRe il e 25T Bos il i 5 1

MR ARAE VRSN B 50T 40 IR 5 D0 ST A A
AL AT AT P B R

1 SRIASE

1.1 ## SPFHIEAC ZCSTBL/6/MNR, A
10-12 g, M T/ 5URFAZ 4.0, DMEM-
LG. IMDM. L-#ZMtI%(L-glutamine) XFCS
) FHyclone’/A iil; MCDB-201. ITS. HiZEKHA
(dexamethasone)~ PUIAIMLER . JiE & %5 (insulin).
T8 % (penicillin). % (streptomycin).
FITC-&E#: 1) %1, PE-EH: M 4. TRIzol
RNA$ PO & 1T B 5 i . HRP-IEH
“ht. FITC-EEM —Hi. PE-EEM —Hi.
TRITC-EH2 1 40 e 21 4 3% #2 25 1 (fibronectin)
YT Sigmadwl; AL 40 A KR T
(thHGF). HA N BIE 2T 44T 4l i A A DR 1
4(rhFGF-4) JirhOSM K FE 41/ FUR B 2B KPR
(rmEGF)TRD2A A5 Hi/ Bl A& A S T
DakoAal; /M RCKI18Hi/AIY FChemiconZy
7]; TITANIUMTM one-step RT-PCRi 7] &6 T
Clontech’/a 7]; Modified lowry protein assay kit
& T-Pierce A Hl; P/ A E A BN T Dako A
Al; B/ CKI8HLAR A4t/ B HNF-3BH TR T
ChemiconA #; $1/]N il B-actinf L 14 T Abcam 24
#]; DAB(diaminiobenzidene) & (457 &4 T-1b
Y A,

1.2 7

121 DREHMARF@pe s s 557 B
LT A0 M PR U 2% W 2 25 SO [14] ik, R
SPFZIEAL ZCSTBL/6/N, o 45 1F T M
R IO 5 865-7 mL, &% T DMEM-LG
FEFRUM, B0 2 BRI D A2k T, Al e RS T
BREH1.077 kg/LHPercoll /& L)Z, ZiR T
212200 r/min%.0»30 min; W HPercoll 4y &K%
TP LS, VEve e A, Gl gt it 5 40 i
T 71, A0S J1>95% A B AE .

I BERE T A0 SR TSR 10 ng/LET4E
ERR AP R SRR, LL540 ¢/L DMEM-
LG, 360 g/lL MCDB 201, 100 mL/L FCS, 1 XITS,
10 mol/LZEKAR, 10 mol/LPLINMLER, 100
kU/LHE 7%, 100 mg/LEE# %, 2 mmol/L L-A 4%
B AE R RS TR R R AMIAE37°C 5% A
FERFRFPRE IR, 3 dJiT 2% BRI BE 41 g 5 58 46t
PHEERE IR, LUE BRE3-4 dB 1. 40 ik 31180%
B TS, TR A T AR A, T8 X G B 1B R
JEA WAl Al B SR T 40 M, B A AR 4R
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JE TFURAT T A MR T AR i 4

SRR AR B T4 e, F 7550 mL/L
FBSIHPBSYEI G, K2 X 10741 il 8T 7420 g/L
Z R HIE0.5 mL PBSHY. {EUKI B 23 )
551565 UAM H30 min: CD29-PE. CD44-
PE. CD90-PEFICDA45-FITC, Ji il i i X 40 g%
iR
1.2.2 i AR 4R A IR TSR 450, B
TR AA R F A4 IR BE AP HEAT 2017, 4187
39 HHGF. FGF-4. EGFHIOSM. 4P 1%
AR, 4y ) HHGFERIFGF-4: 0. 20, 40. 60
pg/L; EGFAIOSM: 0. 10. 20, 30 pg/L. %E%|
FR R Z A HAREH, IF 20 @B A HAEH,
TH 3 A ) R A, FRATTIE R LA M 8L SE e
YIS RUS(44) (M HE: http://www.math.hkbu.
edu.hk/uniform design). DA R 4cHs, Bl 17 T
SN (15 FHEFRAR R, 43 DR B 2k ot 14
FUAEAS R IR AR 2R R AT 5 S 85 9. Bk A 3L )
(R FERIRE FEAR RN, AL 42 V3 IS TR 9K B (1)
FSP T HMAE3TC 5% A 3 B 40 b s
F, B3 ALK, 21 R 40 AL S AT
T4 A .

F IR 2 VR 40 R A S T 5 — it
INERAEA S PUNRCKISH —Hu(FITC-3EH: 1
TPUEPE-IER PR g, R KERS T
it M A TR
1.2.3 RAREFFHREBIFIFRFHART
g e RESE T A R R T F A H 10 pg/L
FIFibronectindb P F 55, BERh R NS
X 10°/cm’. FEfliEE IRk R 540 g/L DMEM-LG,
360 g/L MCDB201, 100 mL/L FCS, 1XITS, 10®
mol/L ZEKH2L, 10 molV/LHFLIA AR, 100 kU/L
T %, 100 mg/LAE# 25, 2 mmol/L L-A 2 .
FHFAIA N FI 4 MR 1 FGF-4 35 pg/L, OSM
30 pg/L; AR5 RO L) AN I ok 4 o K11,
FLREDASEA S IR R RUEATHE 7. AEs Rl R,
T i Olympusf?] & 56 W2 40 i T2 4 1 A2 1k,
SE2 VR A0 3 A i EA T AR DA .

1.2.4 RT-PCRA M| BT 40 4% 5 b A B & ik 2
BB EFmMSCs AR F4ImMSCs. FefE i
SHARFFUmMSCsHRH TRIZo A 3 &
RNA, Jf LA/ U480 B A 2k BH % JE. RT-PCR
KMk, X FALB. CK18. AFPHITTR, H
IR N AR s 50°C iS5 h; 94°C RNA/
DNAZAT AR 11 e 35 4% 55 1§ 35S min; PCR: 401
TEIR, 94°CAEME30 s, 60°CIE-K1 min, 72°CZEfH 1
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min, 72°C FF4EMHS min. 51475101 F: AFP(184
bp): 5-GTGAAACAGACTTCCTGGTCCT-3', 5'-
GCCCTACAGACCATGAAACAAG-3'; Albumin
(148 bp): 5"TCAACTGTCAGAGCAGAGAAG
C-3', 5~AGACTGCCTTGTGTGGAAGACT-3';
CK18(127 bp): 5“-TGGTACTCTCCTCAATCTGC
TG-3', 5-CTCTGGATTGACTGTGGAAGTG-3";
TTR(105 bp): 5-TCTCTCAATTCTGGGGGTTG
-3, 5“TTTCACAGCCAACGACTCTG-3'; Beta-
actin(587 bp): 5'-CCAAGGCCAACCGCGAGAA
GATGAC-3', 5-~AGGGTACATGGTGGTGCCGC
CAGAC-3". A5 g TR A |l I,
PAB-actinfF A A2, 438 =W {E 75 A WAL LEBE
10 o/LE e vk, Fo vk & N IS8 AP R
BAHT.

1.2.5 9% 9% b &M ALBACKIS: ¥ EES
Y121 4N A5 T 458 2 LR IR 4N i 2500 ik
FHA%Z2 5 FIE %3 [ 52 10 min, -20°C FF i) 52
2 minj&, HILEEME =B A b 25T
HIRN: 11 10050/ B & bt =R /E H 1h,
11100 FITCHric —#il h; 1 : 10057/ ELCK18
FpTEIRAERT b, 12 100 TRITCARIC —Fil h.
DA/ BRURT0 A O BH o B, PBSHRAN —BLAE Ny
BH 0 R, 5 f 906 8 B L 4.

1.2.6 X @i KA ALB+A=CK 1 8+48 fitL: 1597
21V R MM EINT S — PPN A E A
PN CKISH —HU(FITC-3 82 ) Lok PE-i%E
B PO A, A K FR S EALSI.

1.2.7 & &Gy bshietem: f£5FAMIESS
Mo MEEE3. 64 9. 12, 15, 18, 21K40
HRE TR, LA/ B4t A A BH ) B, 0 %
MR LAL 1006 B S P/ B A B Er g Aof
A6, BEFLINAT00 nLEUARFE, W E
60 min; % FRWUASS, BRBBES; BEALINA
200 pLdsf PV, 95 730 min, #25 ERWA)E,
DD 3, PR AR R R A LU AR R Bt i (Y
/NS IR, R H110 000 pg/L, 500 pg/L
$7.8 ng/L, H-T-HIVERRUE 2k KR AR vE
KAEALA100 pL/AL I 96 FLAR A (BF— ) £y
HHEAL), WH60 min, B LILABIAIEEYE, ¥
HRPLLL 10 000%F¢ J I AFE S FLA, 100 uL/
FL, 5% 560 min, F& 2L IR IFIEE; IR 5
6,7 TMB 5 5% 30 min; JIIA2 mol/L H,SO, 100
uL/ALZ b B Y, AR {SCILA {EL(T M BAS I3
K A450 nm), 23 2k,

1.2.8 f&EA RS 75K SYRES U4

Wi £ E

T B 8T tm Mk
Sk & AT 4w e 44 4L
BT, @mie
B -FHGF, HGF#=
EGF, HGF##/ %
FGF-43% 8 % R.
fe i b g L B F
4] 44 A8 I A% A VA
T w47 48 A $5 e
FTRESTEL
M. KRG
HEAAEN S L
£ AR ARE.
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[ B 10
K5 B 4k B % it
F3y g%t i
*, TR T AR
FHFEHF TR
AP e94ER, #m
ik R AR T
RERESWGHT
P F Hk K BOR .
R R AR
FHRERSELG
@R )
F am B A2 AR 5D
F oA h BT AR e
feL.

GRS 64 94 124 15, 18, 2URMM4I, 7F
B AR P IS mmol/L NH,C1T37°CHES0
mL/L CO R F-M i 524 h, i H 24 A0
A3 B SO 40 B B P PR B IR B, /N
JH- 2 I FH T B P B 15 R0 T B s L

FirF A [ HSPSS-15.08 31T 4%
TEE IR AT . B SRk EORE P AN FE A 2 B L
Student's test, % ZFEAIYE L4 H One-ANOVA
JStudent-Newman-Keuls post-hoc[L#. #7485 7K
#E: P =0.05.

2 BR

2.1 MRABHMARF@ILAEZ CD29, CD44,
CD45FICDOOE 4y 4t i 2 b ks AT I X4,
B 90% P44 il CD45SHI 1, CD29, CD44,
CDOORH .

22 REBEF TR AT HAMBALBRICKISEH
PERIRZ WAL, A HE X X, -X, 7 444l
WA KA FHGF. FGF-4. EGFFIOSM, XX,
LB RO B AT B ARATT A AR OR: X =
XXX X=X XXy X=X XXy Xg =X, X
Xy Xo= X X X5 Xjo = X X X35 Xy = X X Xy; X,
=X, X X5 X3 = X, X Xy Xy = X X X, Hop X =
X, X X R A X ot A X ) i E ROV, X
= X, X X, R R X X, 5 XA I, AKX
HffE. Y, 0K “ALB” %; Y, /0% “CKI18” %.
oS ACIVE R TR I B W IS R R e i N
S NELALBRICK I8P 40 &, DAl b o B g
AN FEARE I, AR O 0 K I VA, AR SN
BRI 1) S 25 MR KO 58 20,05, XY 1R 07 34 45
S, HAX AR, [BABYY,, = 2.82629
XX, R? = 0.6873, $&RY, HX, A%, HEURK
fH35 ug/LIY, B 25 K. MY,k s L,
AR Y |, = 2.77339 X X,-0.03840 X X, X
X,+1.03535 X X,; R* = 0.9465. 1% )7 Fe i 77
AR R BE LSS AT i 3, FHRAN R 415
TR, 2594 X, =35 ng/L, X, =30 pg/L
i, Y 0K, 35 ng/L FGFAI30 pg/L OSMI k3
TI9R G A B AR &5 31

23 REFFRATHASFTHAR FaMm
2.3.1 FFRE4F AR e A W 8 &A1 54121
FAFHERF ARG FENALB. CK18. TTRAN
AFPHATRIE, M EEmMS Cs &A% S 4106
ik, /N U4 R S BH P R (D).

2.3.2 AFIE4FFHARE M & B KA KT,
AN R IEALBMICKS, ALBZIA T i Al

ALB(148 bp)

CK18(127 bp)

TTR(104 bp)

AFP(184 bp)

B-actin(587 bp)

—_
N
w
i -

1 RT-PCREER. 1: H#EmMSCs; 2: IR EAE SR RS 521
RmMSCs; 3: Fefse 72 Hs 2 801 K mMSCs; 4: /N2,

J 5, CK183&IA T~ sr(1&12). H521 K i\ 4H M
A 75 5 4L A L BBH P 40 e 1) L5 4 82.83% +
9.03%, CK 1854 41 Ha (1] L A5 4y 74.79% £ 8.41%
233 ey it 25 £ 4, M3 d
PUS T 8657 WAALB, JEBEA 175 T I R RE G, 73
WALBRAWIE 2, B 15 KIS, ALBIM WA
By, DUEBEAE J5 IR IE K, ALB Wb
WA D, AR R AR A E K (B3 R 2 4
A M 3 OR IR B A R E R T, Bl
F5 I AR, A BOR 25 1 D e A 7 4 o,
FIFISRIN, JREM G IS 2 E g, DUSEAE T
SRR, R 2 s A ek, R R
B K (E4).

3 e

JH N () R A2 B s B ZR AR BE R, A
e, 2R AR Rl M 12 5 R R
A . NSRBI R A T IRIG AR R, 7EIl
fiv R E L RE R, IR T PR 2R, Rt A
JUAS 2 R A 9058 AR J2 P AR A v T k>
TEE R, FGF-4n] LIE Tk A A ikt 4
BB, 25T W R # A6, o SMIUZE
TG 8 1w e U 6T RO ) % 8 e B A
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payi:l HGF FGF-4 EGF Oosm 4R ALB CK18

1 40 0 10 0 1 47.76 +9.84 19.85+5.12

2 20 40 30 0 2 52.48+10.12 47.21 +8.64
3 0 20 0 10 3 78.95+11.23 69.54 +9.79
4 40 0 20 30 4 47.54 +8.76 39.95+8.22
5 40 40 0 30 B 85.91+11.67 67.37+10.01
6 60 60 30 10 6 29.44 +5.61 47.83+6.91

7 0 60 10 20 7 50.88 +9.53 4474 +9.22
8 60 20 30 20 8 90.43+10.71 57.22 +9.87

30 - - EEa
—o— EiAER4l
25 1 F\I\x\x\ v PR
; 15 o

10 - //

3 6 9 12 15 18 2
t/d

3 BEEDMENN.

YER. 554k, HGFSHFRFIEI P2 Ay 2Bl &
HH AR I F i e i v A S AU, JAth
IS 7 WEGF, TGFAAE IR & Mo A 7
H b AT E A

I A4 AT 5 o A ) 4 A T B ) T A
Y. E BT 40 A A ) T 4 B A S,
HGF"™" HGFHIEGF™", HGFHI/a{FGF-4""14 45
K, AR BT AAT R HAH BAE AR S8R
ANWFFTRHRIE. TEARSN) S5 9744, HGF,
FGF-4, EGF, OSM" "5 8140 4% 4k A T
90 2 A5 A VE 2 AT 2 TR A JEAS HAE 2
TSI H 5L T e vk 22 A8 X evt oy 41t
FUIR T5 15, X Tl 4 i A A DR (9 A8 AR P gk
ATHRIE, LU e 0 1 HA B 98 S A% 40 i A4 41
A At 1) B AR5 AR R IR B RN A
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B 2 SBRAEE. A HER
ABTAH21 dAHIEALB-FITC (%
fB)+CK18—TRITC (4., (HIE
F—3EX A FAEER); B: JF
B SEHMEWALB-FITC+CK18—
TRITCERE R X 1000).

77 —e— iFSA
—o— dFETA

—v— [HFamifZE

)i%'?(mol/ L)
w
Il

3 6 9 12 15
t/d

18 21
B4 RESWERN.

IV B KT LR A 1 2y fig S 56 3 07 T A
DA 56 12 AR R I SE PR s R i1z
AR 5237 B b 2 7R FHF GF-4, OSM, HGFAI
EGF" ] LUK B i 55 51 40 M 15 5 4 JHF 4l A
0, BT LAFRATTE BCiZ A I 1 AE 4 AN )k i
ACFBEAT 20 8. ALBRICK182 H A 7] Al LA
JH SR o 40 R 5 0 F A R b o, gk
A FEALBHICK181E 4274 &, i W FTHGF,
FGF-4, EGF, OSMix 44 X # fICK18 HIALB 274
R R R OC AR, He I I e (TR R
HA.

T R FH IR SIS0 BT T A A T SR R
IEASSER A ATV, AT sy kA
R AN KPR LA AL, IR HELA 1K
B—FE 2, HAR SR SR RORE A, B SER IR

miREE

e E T R
R e o kAT
T, A
AR GHETFHE
FRRIE. EAE
o F B ), A&
WH % YTk
-4t A BT 4 fle
fFit s, 2t
oM EE, K
B LK FHFR
FAREARE. KA
VA B8 AR5
AR, Am BT
A, SR,
Ba R ARE R,
VA B A Rio AR
LRI, ks
IE AT B 6
H o e 04 AT 4n e



2222 ISSN 1009-3079  CN 14-1260/R HRENEAG 2008578188 16% 5208
m & 75 i BORZ PN, RIS B4R RAR AP BT, ™ CKISZ AN J R A, 28 T B4

KL Wik it A
o yEAY, &
R T4, ABATFH
FARAMAL.

T SRS A S0, BTy ) S 21 B SR R
HR25641/%, BARAFFA SLI0 SEPRIE O 1EAL
S — BRI IE A R, HE A AR
IS, A B A S A, T LI E A
s s BRI ARG B, R R A L, #
FEALePE. FEIEAS S, iR A s MR, AbAT
F QAN K, R B AS HAE AT BLZ g AN,
LS B 2K Trs(g-1)+0.5s(s-1)(q-1)"7) A&
S G SR A IEAS ek, TR I AS ELARE
ZWEATHEBL T, S0 AR T 266 1K, HAFF
A SIS O SRR T4 R 32 47K 1 (138
ARk, YA BT — b DL s > R 52 50 Y EK
78 FEYA I S0 Bk 5 S HA A T %, B
R BN Z WK, NS “HSEar Ll ” i
RFE “XME a0, 2 JoBlA o B S5 8 42
T B S8 g5 BT A, %385
KRN U R A0, R D 1 52 56 I HOR B
Z (e BT DRk, SR S8 v ) S AR N
s B, SIS UREUD, TN R A B
ALE R R MM BAER; 8=, et
AR A5 LI DR R A H ARG T A SRR R bR
(] DG 2R R K02 B2 (e a7 [l R AR ), e A
Ji i VY, AR T AR AR i R A s
60 FE Ak B I 9 - S5 DR 3R ) (R 7KL A
2, S S AL 56 T, SRR EIUSR
FEM vl DU FE A 5 R, PIHE www.math.
hkbu.edu.hk/uniform design**".

CAIE A s, BRAT TR S E 8 AU R A5 3 15 9%
PRER, 43 xR AN [ R 2 gt
1T S %, RATEBALBAICK 1 8PH 1 40 i)
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