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Mesenchymal differentiation potential of single-cell cloned liver cancer stem cells
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[ Abstract ] Objective: To investigate the multilineage differentiation potential of single-cell-cloned liver cancer stem
cells ( LCSCs ). Methods: Single cell cloned LCSCs were generated by limiting dilution cloning and confirmed by RT-
PCR analysis of stem cell markers. Phenotype-confirmed LCSCs were induced to differentiate into osteoblasts, chondro-
cytes and adipocytes, respectively, by culturing them in corresponding differentiation-inducing media for 3 weeks. Both
before and after the differentiation induction culture, the expression of markers specific for osteoblasts, chondrocytes and
adipocytes was comparatively analyzed by real-time PCR and cell type-specific staining techniques. Results: Stem cell
markers including CD133, CD34, ATP-binding cassette sub-family G member 2 ( ABCG2 ), nestin, stem cell factor
( SCF) and stem cell growth factor receptor ( C-kit ) were detected in undifferentiated single cell cloned LCSCs. After
three weeks of differentiation induction, cells cultured in the osteoblast-specific medium formed orange calcium nodules as

demonstrated by Alizarin red staining; cells cultured in the chondrocyte-specific medium showed blue proteoglycan deposi-
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tions as revealed by Alcian blue staining; and cells cultured in the adipocyte-specific medium showed Oil Red O stained

lipid droplets. In the three corresponding differentiation induction cultures, LCSCs acquired the expression of markers for

osteoblast ( osteocalcin and collagen ), chondrocyte ( aggrecan and collagen type II ), and adipocyte ( adiponectin and

peroxisome proliferator-activated receptor ) respectively. All the differences were significant ( P <0.01 ) except for colla-

gen type [ and collagen type II ( P <0.05). Conclusion: These preliminary observations suggest that single cell cloned

LCSCs possess a plasticity and may potentially differentiate into mesenchymal-like cells under specific microenvironments.

[ Key words ]

potential ; plasticity

i g 2 — b T 40 B 0 , i 9 T A1 HEC cancer
stem cell, CSC )7EMIEE I &4 R SR kb k
HEHERZENER . BET, CIEs HE e N i 2 R b
BTPIESE T CSC IAEAE o L CSC MR R M BT
TS TR O ARA RS AR R T R . PR, TR
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B & 3 32 E Qiagen 23 A, ¥ 4% 56050 & W B
3 [# Promega 2\ 7], Real-time PCR i& 7| & SYBR
Premix EX Taq J H H 7~ TAKARA A+,

1.2 LCSC #9%4%

LCSC 55T DMEM/F12 853558, i 1% JA
AL (1250 Fefl i B27 .20 ng/ml EGF .10 ng/ml
bFGF 100 pg/ml N A K FF .2 mg/ml &K .2
mmol/L A2 WM 100 U/ml H 5% 100 pg/ml §E
FHE S pg/ml FEBEMO.5 pg/ml EALATHIN .
1.3 mha % LCSC W o & R %%

A o A IR o 7 L 200 IR o o, YL 00 iR o
AR AR 22 5 T A s BE A BB R4 A K i A
T7. Driessens 25 " Ko A L0020 Fip 9 P ¢ 0 ok TR,
BERE A v B T REIR R CSCo I, A 53 Bk ik
KT B — A SE AR A ST 42, JF i@ i RT-
PCR X T HAn it — 2 i g5k .

1.4 RT-PCR #%®| LCSC F t0 e 47 &4 0 R ik

K H Rneasy i858 & FEHUA ML S RNA SR Pro-
mega 3 % SRR ) G A T3 % 57, RT-PCR A I 4
bR Y T 40 R F( stem cell factor,SCF ) . T4l i
AR R F-32 M4( C-kit ) S A F( Nestin ) ,CD34 | =
PRI H 45 A ia E A G BRI 51 2( ATP-binding
cassette sub-family G member 2, ABCG2 )Fll CD133 7£
FABTRERY LCSC RL, 5P H L3k 1.

1.5 LCSC @ /A am e sl 51k

W AT 6 x 10° /FLAEFP T 24 FLEE IR M. 8 41
UL, 4 3 s 75 S 3R 100 umol/L
Hb ZEKAS 110 mol/L B—@iﬁﬁﬁ{lﬁ . 50 mol/L 4k 2
CORYBrE T IRIE . S8 FLXFIA, B e A pl B 7%
RN e B R WA E AR A . RS 4 2 YR
FRIHE, TH 21 REGR A FLN AR HC RNA , L) Real-
time PCR A0 B 240 M bm S i) R 3k . o5 — ¥4
FLIEATHG LTy fa . W 3 TR0, TR B SR04
Je FEA A1 5 V% R 1 R 10 min, PRI 3 UKL
ABGZ LY A 2R )10 min, /N0 FEYL O, 25
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VSR S g 2H B 4 & BB 1 S I 110 mg/L
TGF-B )RHTEAE F 5, T3 B8 FLX B, B4 AN 4k
USRI R TR AN ARE S . DUS B4
2 WIS, K557 3 JAlJE AT BT JR T 1 4 4 F Real -
time PCR R4 40 MEAR S M i ik . BT 7R e
LB P AT W IR, P B e 4
WG A FRYEVR 2515 3 min, FEdfR MRS U T
PRIBEVE 3 UK, A B 7R 6 L (A A, 5 iRk D' 097
B 40 min, /O FEYLEARE A IAGE BRI UE 2 IR
WA T WS B AS Thol (RS W LG O

F1 ATHEREY PCR 3IHF5]
Tab.1 Sequences of PCR primers for

human stem cell markers

Gene Sequence

Forward :5'-TGGCACCACACCTTCTACAATGAGC-3’
Reverse: 5'-GCACAGCTTCTCCTTAATGTCACGC-3’
SCF Forward :5'-CTCCTATTTAATCCTCTCGTC-3’
Reverse:5'-TACTACCATCTCGCTTATCCA-3’
C-kit  Forward:5'-GGCTCTTCTCAACCATCTGTG-3’
Reverse:5'-ATTTGCCGGTGTTGGTGGCTT-3’
CD34  Forward:5'-ACAACCTTGAAGCCTAGCCTG-3’
Reverse:5'-CAAGACCAGCAGTAGACACTG-3’
Forward :5'-GGCCTCAGGAAGACTTATGT-3’
Reverse:5'-AAGGAGGTGGTGTAGCTGAT-3’
Forward :5'-AGAGGGGAATTCCTGGAG-3’
Reverse:5'-CTGAGGACCAGGACTCTCTA-3’
Forward :5'-CCTTGTGGCAAAGCTCAACC-3’
Reverse :5'-TCACCTCCTCTCTCACCCAG-3’

B-actin

ABCG2

Nestin

CDI33

Z i 10 min, 75 FEWTE VR 3 UC, DA K W 2 6 5
min, W5 EHE PSR 1 0 IRIE AL O Jef
Wz Tk 8 min, WeF LM, HTE PR Z R 2 min, 5
Yty 2 U, TR N SRR A P AR o
1.8 Real-time PCR #:M#% 5/ LCSC ¥ s R R
Fo g Wy om BAR & 4T 09 R GA

K H RNeasy 12055 & 2 AR LS. RNA FFEf 738
5 SRARML ¢DNA, SR H] SYBR Green PCR IR £, #&
f% ABI PRISM 7500 #4840 1% #E4T PCR 471, 4
SHAGEIN [ ) 76 5 5 Ak S B9 LCSC v e 4 i A
EWE 52 osteocalein )FT T HUEJF( collagen T ).
BE M bR B E H B aggrecan ) Al T A i Ji
( collagen 11 ) JE 240 AR S Y AEEE 2 ( adiponectin )
it S AL W it AR 18 B W) 4T 32 A y ( peroxisome pro-
liferator-activated receptor, PPARy ) BJ & ik, LA
GAPDHNE RN Z: | £ FERURe S 0 51 1 e 91 DL & 2.
N 25 AR B IA SE I S B PCR (4™ 3 il 26 0 il A
Bk, 113 H 2N 5 GAPDH 1) Cr fH 2 25 ( |J
ACt), 35 SR 2 [ mRNA 19 3K K ARG 2744
HWHE. BT BRI bR R Y R B KRR AR,
R A 45 S B T B T T, R R T 45 SR A D
ACY2M B TR . L EH 3 Ik,

x2 BEFERRMAMEHERXEE PCR5|HF7!
Tab.2 Sequences of PCR primers for

mesenchymal cells-related genes

Gene Sequence of primers

1.7 LCSC 1) fg W 2a BeL 6 AL

B Anfte 6 x 10° /L B 40 B 2% B $ 70 T 24 FLKE
FEMR, FEAIME 90% I BT, A 1 wmol/L HYHBFEAK
F4.0. 5 mmol/L Y IBMX.2 pmol/L HY i 5% % .0. 2
mmol/ L AYW5|WE3EF A =kl DMEM 155 3 d, B & 2
pmol/ L FiE S, 2 10% FBS B =5k DMEM b3 1 d,
TEHR 3 U, FH & 2 wmol/L AR 5 R KB BN
10% FBS [ =0 DMEM 4b gk 2rE 5% 8 d, 43 d
W1 R F3HC8 FLXT IR, AL 2 wmol/L 1Y JiE 5
2,10% FBS HYEHE DMEM (9R17% S40, 555 3 d #t
W 1R, A UG 73 B AT IEL O YL (4 Real-
time PCR KzIUAR T AUMIbR B FR35 . AL O efh
Fo U I AT 5 40 R FH Y RO VR S, A S T

Osteocalcin  Forward :5'-CACTCCTCGCCCTATTGGC-3’
Reverse :5'-CCCTCCTGCTTGGACACAAAG-3’
Collagen 1 Forward:5'-ATCAACCGGAGGAATTTCCGT-3’
Reverse:5'-CACCAGGACGACCAGGTTTTC-3’
Forward :5'-GTGCCTATCAGGACAAGGTCT-3'
Reverse :5' -GATGCCTTTCACCACGACTTC-3’
Collagen 1 Forward:5'-CCAGATGACCTTCCTACGCC-3’
Reverse :5'-TTCAGGGCAGTGTACGTGAAC-3'
Adiponectin - Forward:5'-AACATGCCCATTCGCTTTACC-3’
Reverse :5'-TAGGCAAAGTAGTACAGCCCA-3’

Aggrecan

PPARy  Forward:5'-TCTCTCCGTAATGGAAGACC-3'
Reverse :5'-CATTATGAGACATCCCCAC-3’
GAPDH  Forward:5'-CTGCACCACCAACTGCTTAG-3’

Reverse :5-GAGCTTCCCGTTCAGCTCAG-3’

1.9 sitgam
KHI SPSSIS. 0 GEdHHif: i BORH U EL « B
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2.1 fampe A LCSC ¢ &

IRIMEFRE N LCSC ARF/N B P, PR 2
AR AT A A P REEC B 1A ) A A BR AR Rk it
g v e T, 245 20 v, Pk s i bk
) — TR T A SR, % SR IE 28 5 R FE R 1Y) 4
MOE AL, (H ) — AR BT (B 1B ).

1 HETERE LCSC KA x40 )
Fig.1 Morphology of single cell cloned LCSCs ( x40 )
A: Before single cell clone screening;

B: After single cell clone screening
2.2 FmMLEA LCSC AX T RATEY

Alizarin red staining

Non-induction

After-induction

Alcian blue staining

TP 1 B Fe PR ) L0 L s [ Bk RT-PCR %
R L TR 4N br B 4 17 0, 45 5 /R i SR
Jifg 7ok A LCSC 263% CD133,CD34 , Nestin . ABCG2 .
SCF .C-kit %5 T4 fEAH R F( B 2 ).

2 BETERE LCSC Ris THMAREY
Fig.2 Expressions of stem cell markers

in single cell cloned LCSCs

2.3 FFJE oA LCSC LR AR fm B 4% F o
&k

R B MR TE R G 5E 3 S, 43 B
LCSC #4796 R LT Bl B il B i1 O Yot 2523
(E3) W, AT SW LCSC M, S5 11
LCSC 43 A T B A g &5 i Bl 2
BEOIUTR 2T Mg i TR, #8278 LCSC ) BB R
B MBRN I R T A4k

0il Red O staining

B3 EREERN LCSC 8 RS LEEE x400 )
Fig.3 Special staining detection of differentiation potential
of LCSCs into mesenchymal-like cells( x 400 )

2.4 FHFEeHA LCSC &k ) 7R 4n B o 45 5 A%
9

Real-time PCR A5l 25 2 ( & 3 ) W7, LCSC 75
SRR IR U B B TR S AR B KA,
R R BRI R R 3 RS, 2k BE A
PR TR R T BRI 3B 40 i br i 4 7 3
F SRR IT 28 Jie D K2 g oy 4 B s 75 0 7 IR B R

PPARy ¥7H8 Ly B T 29 % T AU R4 P <0. 05
A, HoAl 4 P <0.01 ),
3 3 i

i IeE A0 AN U o e 2 5 R ) E 4 Bl A
2, 1 ELXH AT AN ORI A e 5 e e A%
BORRIR . FRTIA N, e 22 b g X L AT A
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I E MO AR W B2 T B, R, o i
T AR, B SR TR 2 2 oy B A
A AR T 2R AT T B i T R R, ARG B B
AN sE AR A TR R W AR T AR MR 24 S , DA
HEBR T AR AL RE ST IR A AN TR A0 r) T RETE o

#x3 FEHEKIA LCSC RiXE TR FIRED

Tab.3 Expression of mesenchymal cell-specific markers before and after inducement of LCSCs*

Osteoblast marker

Chondroscyte marker

Adipocyte marker

Group
Collagen [

Osteocalcin

Agrecan

Collagen Il Adiponectin PPARr

Control  16.22 +0.07/1.0 17.50 £0.35/1.0
Induced 13.23 £0.07/7.9 15.57 £0.21/3.8
t 38.82 4.75

P <0.01 <0.05

46.93

<0.01

15.49 £0.11/1.0 14.09 +0.06/1.0 15.16 £0.30/ 1.0 11.48 +0.02/1.0

10.93 +0.02/25.0 9.97 £0.02/17.5 11.55+0.10/12.4 8.32 +0.08/9.0

23.48 11.93 77.53

<0.05 <0.01 <0.01

* Data are represented in “ACt/2 ~2*“” form

XiF T 3R A 4 B0 B A 1 e 4B A 7 2
KA % 1k 22 Fh 2 B T 0 L AR 7 4,
CD133 ,CD34 ,Nestin . ABCG2 .SCF Fl C-kit, FiiH#F
FEFE W, IZ A0 MR Rk 2 RE A OC I B T, LA
Oct4 .Sox2 , Nanog . C-myc . Lin28 il KIf4, #&75 LCSC
BAZm et ae. 78 AT b ik sE CSC %
IKE R L1 AL TR RE DR 717 e e LI A 1 3
TEA LRI, 210 LT AR & CSC I EH
FetEZ —. BRITER R, MO SE 7E P T a4 ety
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UTHFSE S F 0 R IG T 40 A S PR A g A S e
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ISR T , HAT 10 AN [R] i 4 e o3 Ak i v g

ARHFFE 1, R4 LCSC S 75 AT [ 18] 78 i bR
YRS AT RE (0 S R B BE I 40 M i 5 ik
WS LCSC 40k, 7615 S 2 Jil)5 , Real-time PCR E
FE RSN 281 (5] 72 5 41 B A 75 4 1) 2R W I 1 I 25 51
Kis ) 1ER 3 G, s R KR DA
PR mRNA EIER N R . O B Reik g sh
FAESE 752 5 19 LCSC 430 38 1 Besr s Kl
5 A L S T A R P e € BH M U LCSC 43 Sl 1)
P E=ATrm kA T4k, T T 21 504k ae
WFFEIR LCSC 2 [ 40 M s, PR BLHE R 73X Fh 2
] 73 AV e 2 FR T 2 MR EIR T AR B A A R g - A

B R BN T AN ) 2 TR 40 B ) T i

BRI IR Y LCSC BAT Z 1) - fb i ae— Jr Ifl
F R T I S B vT BB IR, 55— T X T R A
] LCSC M IRIAIT Pt & . IR LR 2 I 1E
R OB, TOIE T ARG AR SR YT
SEHERIRYT W T B, el D AR O T A s
XPRITRORAR B2, AR HA S B rbygd A 5
LR R B (T, | bk 1 0SS o o A 7o = R R U 95,0
S AT B R, BA TR T . AT
FELETRAE N T A At 2L AR R A A Ak T R, X
R A T A0 Ao A A G B DR AR kAR A
IR R Z TR AMESE B I & LA 2E 98 T4
P43, 3k B BT bR 7 80 B B IR YT R
PEALEE ZR
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