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Isolation of stem-like cells from human hepatocellular carcinoma PLC/PRF-5
cells and screening for their specific miRNAs

ZHENG Qiu-hong', XU Yang-mei', WEI Zhi-giang' , GONG Fu-sheng', YANG Jian-wei’, XIE Yun-ging', YING Min-
gang’( 1. Department of Molecular Biology of Tumor, Affiliated Teaching Hospital of Fujian Medical University, Tumor
Hospital of Fujian Province, Fuzhou 350014, Fujian, China; 2. Department of Internal Oncology, Affiliated Teaching
Hospital of Fujian Medical University, Tumor Hospital of Fujian Province, Fuzhou 350014, Fujian, China; 3. Depart-
ment of Surgical Oncology, Affiliated Teaching Hospital of Fujian Medical University, Tumor Hospital of Fujian Province,
Fuzhou 350014, Fujian, China )

[ Abstract ] Objective: To isolate stem-like cells from hepatocellular carcinoma cell line PLC/PRF-5 and to study their
miRNA profile. Methods: ABCG2 " and ABCG2 ™ PLC/PRF-5 cells were isolated from the PLC/PRF-5 cell line by mag-
netic activated cell sorting ( MACS ) method, and further identified by flow cytometry. The colony formation ability in soft
agar and tumor formation ability in NOD/SCID mice of ABCG2 " and ABCG2 ~ PLC/PRF-5 cells were observed. miRNA
chip was adopted to screen the differentially expressed miRNAs between ABCG2 * and ABCG2 ~ PLC/PRF-5 cells; and re-
al-time PCR assay was used to confirm the results of miRNA chip. Results: The purity of ABCG2 "PLC/PRF-5 cells isola-
ted by MACS method was ( 84.20 +4.52 )% . The colony number and size formed by ABCG2 " PLC/PRF-5 cells were
more and larger than those formed by ABCG2 ™ cells (47.17 £10.50 vs23.33 £7.31, P<0.05). 1 x10* ABCG2 * cells
could form tumors with at least 5 x 10° cells needed for ABCG2 ~ cells. The size of tumors generated by 5 x 10° ABCG2 *
cells was larger than that by the ABCG2 ™ cells ( [3.731.19 ] em’ vs [ 0.72 +0.57 ] em’, P <0.01 ). There are 20
miRNAs differentially expressed between ABCG2 " and ABCG2 ™ cells, with 13 up-regulated and 7 down-regulated. Real-
time PCR assay was applied to further verify the differential expression of hsa-miR-30a and hsa-miR-630, and the results
were in accordance with those of miRNA chip. Conclusion: ABCG2 " PLC/PRF-5 cells in hepatocellular carcinoma cell
line PLC/PRF-5 have the properties of cancer stem cells. Twenty miRNAs are differentially expressed between ABCG2 *
and ABCG2~ PLC/PRF-5 cells, which might play important roles in the carcinogenesis of hepatocellular carcinoma.

[ Key words ] hepatocellular carcinoma; hepatocellular carcinoma stem cell ; microRNA profile; magnetic activated cell
sorting
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(i) 27 28 X6 T P9 1 240 7 2 T s s A AS ] 7 O Ao o
B Ak CD34 (CK7 I c-kit * ] A2 A4
TYIEMFEFFIC. Yang 24 B3, OV6 ™ T 40
MEEL OV6 ™ 41 i H A B 5% () B o Suetsug 2l5]
KI, FE A AR Huh-7 H CD133* 4ifd kb CD133 ~
20 AT B e S RN AR BE T o Yang %5 ¢ op ik
) CD90 * CD44 * s A i B AT H 3558 2 ) 531k
FIEEUEPE, Chiba 25 %' 7E Huh7 #1 PLC/PRF/5 ZH
M A& h & B4 SP 4HMU( side population cell )FJAFEAE
Kamohara %' ° 1A% Huh7 H4b T G, A4 ff 5 A
A AEAE . B HESE L CDI33 7 .CD90 " Ay b
& SRR IR R RG 37 05 1 8 41 20 i T 40 5
P T MM RE 40 . Haraguchi 25" 50 CD13 &
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A5 U ZR A 0 A AN T 4 TR A0 R R
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Z4FE 1 BCRPL, J& T ABC #4i2 HE (HB RIE ML 5L )
Y EL AT B T AR AR AE . A S0 TR SRS R 40
i & PLC/PRF-5 ' ABCG2 * 4 ifd 2 75 HA b &g T
YR RFAE , DL K 6 SR T 40 B A DG miRNA [193R
iK%, M — A 0F5T miRNAs 76 798 % 9% 0 i 78
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1.1 EZEBMA

NAFE4NIE & PLC/PRF-5 W [ v [ BL2# B b
TZPFIE T , 76 10% IR 4 MLE 1Y DMEM 155734
TG FE,0. 25% IREEHH AR, i P mE s s e (il
B & 10% R4 L7 B9 DMEM 5535304 [ Hyclone
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3l PE fRIC B /NPT ABCG2 i\ PE FRic i)
/NRPTN TgG2b [FRIXS FPTARIIIA T eBioscience 23
A, Pt PE B RE G BRI T Miltenyi 2 F]. MiScript
SYBR Green PCR Kit Il F Qiagen 23 H] .

NOD/SCID /MR, M, 5 JE %, 7R 5T &k 20 ~
23 o, W A 11 e S B A BR S wI( 5L 34
A KIS No. 2007000501459 ), A f] 3% 78 185 1L |
P JC AR o A Y 25 S v 2 AR N
1.2 & X g8 K& n PLC/PRF-5 %8P ABCG2
a9 R A

B2 x 10° 4~ PLC/PRF-5 4 ffd 555 F 160 pl
PBS ZZ i, 4335 TR, B4 80 pl. Hib—
FIMA PE bRici/NRPTA ABCG2 HTiK 20 wl, 55—
BANA PE Frici/NRPT A PE IgG2b [R] B %} FEFT A
20 wl,4 CHEOGIFE 20 min, FAAIA 1 ml PBS 2%
WG 1000 x g B0 10 min, 7 35 W, T4 40 0
R 1 x10°/ml, SR8 i 40 M AR
1.3  SJimhzkiks % ABCG2* PLC/PRF-5 mjt

HU1 x 107 4~ PLC/PRF-5 4 F & T 85 pl PBS
ST, SR G A PE-ABCG2 Bk 25 wl, IR A 4
Ji 4 CHEYEMFE 10 min. JIA PBS 1,1 000 x
g B0 10 min, HEFVEL IR, 1 x 10" 4> PLC/
PRF-5 4l 8 T 80 pl PBS Z& thii ', i At PE
GIEREER 20 pl, IG5 4 CHEOLEMEH 15 min,
1 000 x g .L> 10 min, 3¢ FIEW, H 500 wl PBS 22t
WHEE 1 x10" 4> PLC/PRF-5 Ziififi, ¥ MS H: & T
MACS &4, /il MACS PBS 2% il 500 wl d i MS
FELEINA IR ZE PE-ABCG2 H 44 i1 0] 422 f0 93 4 Bk
FRICHY PLC/PRF-S a2, ffr H AR R, RIS
ABCG2 40M. 500 pl PBS Z& i e 3 W, W&l
B WA AT ABCG2 ™ 40, WA N 4, B
5y ABCG2 * PLC/PRF-5 #fijits .,
1.4 33705 %40 PLC/PRF-5 40 it 5% 4T . dk

B il 3% FIBRE , SR F B 10 ml P47 T 42 C
AL 3% TERE, A 40 °C B & 15% R 4 1 3%
DMEM 3558 50 ml, 1R 2], Bl R 0. 5% W JiKJZ
Rigedk . K HAE T 6 LA, 1.5 ml/fLo 43R U fe s
WEER /B 43 3 19 ABCG2 * il ABCG2 PLC/PRF-5 i
JHL, AL x 10°/ml A9 4 I B . B9 ml B 1) 15
FRBOM 2B, AR5 73 51N A 100 pl 20 M B, 1R
515001 ml 3% 3R IR AT BALIMA 2 ml 0.3% |2
BIRRFRIE, H 2 x 10° /4L, 37 °C 5% CO, Hi3-4H
Hi R 2 A FE B WA TS 50 N L)
sk THECE IR A, R RIEHE 6 AL
1.5 NOD/SCID A~ R & F &5 5= 5

P RIEREER 77 3 515 21 ABCG2 ™ 5% ABCG2
PLC/PRF-5 405 5B BE R 2.5 x 10*/ml.\5 x
10°/ml 2.5 x10°/ml.2.5 x 10°/ml (40 M2k . K
20 2 NOD/SCID FRFfHLITN 4 41, Fd 5 Ho e/
AT ST B2 T 43 3 3 S TR v BE 9 ABCG2 i
ABCG2* PLC/PRF-5 AR 45 0.2 ml, RI4335%
5x10° .1 x 10*.5 x 10* F15 x 10° 40, W%
NOD/SCID B A= TR0 K SRy s e g A= A Ol . 2
Tl 6 J& J S0 B F1 b FE NOD/SCID B, fi# i) - W 82
Jieg B %% B A K/, I AR BT v = 176
mwab*(a HIIEKAR, b AR ).

1.6 Agilent miRNA % R 43 ABCG2* #» ABCG2
PLC/PRF-5 Za /it miRNA %k 49 £ 7

3 HIECT x 10° 4~ ABCG2 * 5{ ABCG2 PLC/PRF-
5 200, F mirVana™ RNA Isolation Kit $2HUE RNA,
i Agilent miRNA J R8s | #8245 2R #4745 A 4%
2 BREMFRICAIEE Ao FH Agilent Scan Control Soft-
ware Version A.7.0F i EIG - 247 Bz 4y M. i
TR 22 RASBOR TE5 T 2 W 2ERRIA
1.7 RHIEBZE PCR BIEH 45 ABCG, F= AB-
CG~ PLC/PRF-5 28 it £ 5% & ik #9 miRNAs

FEIU R ) 25 53 2238 miRNAs H, Bl ALk %
T 24> miRNAs, % SYBR Green £ 24 miR-
NA )RIE7KF-o miRNA 549 i 4 0k 5 1 9 i
IR R, Hor miRNA FES S [ B i A S4B
FARMRFSH R AR A FE 1), @H51 98 miScript
SYBR Green PCR Kit H# . £ U6snRNA( Gen-
Bank Entrez: M14486 )E NS, 3005 55 J i A i
¢DNA 251F:37 °C 60 min .95 °C 5 min, =4 —20 °C
{77, PCR B 2F:95 °C FiJZ S 15 min, 94 °C
15 .55 °C 30 s.70 °C 34 s, 3L 40 NEER, K54
SR T
1.8 “%itsam

THEGORPEE L » £5 %, LA SPSS1L. 5 4iit
AR A3, W2 [R) 7 AR FH XA A Y ¢ K55, DA
P<0.05 5 P<0.01 FREFAGIFE L.

*1 EHESZ PCR{ERMSIY

Tab.1 Primer sequences for real-time PCR

miRNA Primer sequences( 5'— 3" )
U6 TTCGTGAAGCGTTCCATATTTT

hsa-miR-30a TGTAAACATCCTCGACTGGAAG

hsa-miR-630 AGTATTCTGTACCAGGGAAGGT
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2.1 B EEBRE 5 LW JE AT PLC/PRF-5 40 je
ABCG2 # % ik

WA 45 F W], ABCG2 & [ 76 JIT 98 40
il & PLC/PRF-5 H X1k, ABCG2 * i & 4 tLhy
(7.45 £1.34)% ., PLC/PRF-5 40 Mo 4 14 w5 Bk Awic
J5, BT MS AN, FERAERT K ABCG2 ™ 4 il
R TR . B MS RE, I PBS KRR 40 A v gk
TORIFUAR S AT I A BT, A5 R R, glifk S AB-
CG2* PLC/PRF-5 4 Jfi 9 & 47 Lk Al ik 84.20 =
4.52%( El 1),

A L]

Thﬁ. 1095

AERCTD
MM

— ! r | e
IR T [ L 1 S 1

I

B1 SE#HKSIER( A)E(B)PLC/PRF-5
4R ABCG2* PLC/PRF-5 4 Af1HY bE 51
Fig.1 Percentages of ABCG2* PLC/PRF-5 cells in
PLC/PRF-5 cells before ( A ) and after ( B ) MACS

2.2 ABCG2" PLC/PRF-5 g e 69 % 14 i 48 77 A
2%

ABCG2* PLC/PRF-5 4 i B fg 4 g 3k rh £
F2 2 JAJ5 , KR4 40 MUE BT 4 A 5 B 5 i ABCG2
PLC/PRF-5 4 MU GBI B b 1) 4 v e, K3 43
20 R T O T A T OB T AR AB-
CG2* #1 ABCG2 PLC/PRF-5 il i 5 & 0 43 51 Ky
(47.17 £10.50 )F1( 23.33 +7.31 )N P <0.05 ).
2.3 ABCG2* PLC/PRF-5 %1 it 4% NOD/SCID s
R PR R ) 38 3%

A3 5% ABCG2 * Fil ABCG2™ PLC/PRF-5 4 Jifi 4%
5x10°.1 x10* .5 x 10* .5 x 10° (Y% =30 T NOD/
SCID /INERAT RN ZE AW AT, 6 J) B figk ) 8 AR 5 i
JEIE ARSI, & B ABCG2 ¥ PLC/PRF-5 4 it £ 4% Fh
1 x 10* /> B B 0] JE 5 M98 , i ABCG2 PLC/PRF-5
T HERD S x 10° DAY SR , B B e 1)
K b BAR A4 0 F F/NF ABCG2* PLC/PRF-5
Y F2,%2).

5 x10° AL FEFP 2R 6 JE S ) b I8 AR, AB-
CG2" PLC/PRF-5 ZHffi2H #( 3.73 1. 19 )em’, AB-

CG2" PLC/PRF-5 lififiZH }( 0.72 £0.57 )em’( P <
0.01 ),

#*2 ABCG2* 71 ABCG2 PLC/PRF-5 4ififl
7 NOD/SCID RAIREREH
Tab.2 Tumor formation ability of ABCG2* and
ABCG2" PLC/PRF-5 cells in NOD/SCID mice

Transplanted cells

Group

5x10° 1x10* 5x10* 5x10°

ABCG2* PLC/PRF-5 0/5 3/5 4/5 5/5

ABCG2~ PLC/PRF-5 0/5 0/5 0/5 5/5

phoo

B2 5x10° 1~ ABCG2* #1 ABCG2" PLC/PRF-5
P EE 6 ERT BRI R /NIIRT LE
Fig. 2 Tumors formed at the 6th week by 5 x 10°
ABCG2* or ABCG2" PLC/PRF-5 cells in mice
Up: By ABCG2~ PLC/PRF-S cells;
Down: By ABCG2* PLC/PRF-5 cells

2.4 ABCG2* #= ABCG2~ PLC/PRF-5 #m itk §f it
it 20 A £ 5+ & ik 69 miRNAs

Agilent miRNA 5 i L3 55 866 > N 2EAH 3¢
miRNAs, S8R 53 #7245 5 7R, ABCG2 * PLC/PRF-5
Y% ABCG2 ™ PLC/PRF-5 4il i %3k L 8 A9 miR-
NAs A 13 >, T miRNAs A 7 A4 B #0410 1)
miRNAs ik fe i 22 805 7 5 K 3,%3 ). R
P& miRNAs [ B, miRNAs IR 2 A 55
A1 A miRNAs, MRS FORESL g, FE 2 A2 Y)
AN w5 KBTI « 5. TEIX 20 D 2ERRIK
) miRNAs /1,12 4~ « 5 /) miRNAs, B /248
N EANHE * 5K miRNAs (1) VL 551
2.5 £ %ik# hsa-miR-30a # hsa-miR-630 &3
real-time PCR 3&1E

FERLIE R 22 7 2151 2 1 miRNAs( hsa-miR-
30a.hsa-miR-630 ), 5% /i real-time PCR ¥ A X} its A
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SERPATIAE ., 4559 K 4 ) B /R, ABCG2 " 4l AB-
CG2 ™ PLC/PRF-5 4fl Jifd & ik 25 5% miRNAs 19 £% %L,
hsa-miR-30a 4 3. 43, hsa-miR-630 & 3. 53, MMij .tk A
R0 2% SR () A5 053 ) Sk 2. 72 Fl 2. 44, real-time
PCR 50345 427K , miRNA 315 5 real-time PCR
oI 2 R EEA—

PLAPREF-% cel

VA

AR

B3 ABCG2*#1 ABCG2" PLC/PRF-5
#AE miRNA 75 5 8 s B
Fig.3 miRNA array scatter plot of ABCG2 "
and ABCG2" PLC/PRF-5 cells

AR £H 300 SRS 0 T R 40 i R PLC/
PRF-5 J& 75323k 3 A>T B 19 Mg 1 4 i 2% 1 b 2
CD133 .CD44 F11 ABCG2, %5 5% & ¥, CD133 7£ PLC/
PRF-5 4 g rp i 3k, % i 96. 95% ; 1 CD44
FEARMNFR IR ; ABCG2 WML /AK 3Rk, ABCG2 K
FLIRET 25 % 1, J8 T ABC #5158 B 2 5 1
G AR R MU 20 Y R A8, 2 — VA E A T 2
Oy TR T S L T2 . ARSI L

| ] ]

Morm {hanno

§ i
i
=

]

ABCG2 1E & 2 T A5 &, BF 75 Ho 76 T 98 40 B &R
PLC/PRF-5 /275 HAT i 4l B4R AIE

#3 ABCG2' 5 ABCG2™ PLC/PRF-5
4P 2= 57 FRIE M miRNAs
Tab.3 Differentially expressed miRNAs between
ABCG2* and ABCG2" PLC/PRF-5 cells

Systematic name Regulation  Plus — flag® Minus — flag
hsa-miR-135a +2.371 059 p p
hsa-let-7f-2 * -5.604 639 A P
hsa-miR-16-2* +2.244 129 P A
hsa-miR-186 * +4.979 567 P A
hsa-miR-194 * +2.068 672 P A
hsa-miR-30a +2.724 451 P p
hsa-miR-122* -2.260 146 P P
hsa-miR-374b* +7.092 441 P A
hsa-miR-23a " -2.192 501 P p
hsa-miR-199a-3p  +2.046 295 p p
hsa-miR-548d-5p  +2.113 890 p A
hsa-miR-30a " -2.169 696 P P
hsa-miR-20a * -2.273 341 P A
hsa-miR-340 * +3.192 083 P A
hsa-miR-183 * +2.716 013 P A
hsa-miR-630 -2.435 398 p p
hsa-miR-378 -2.022 635 p p
hsa-miR-431* -2.271 167 P P
hsa-miR-590-5p  +2.254 201 p p
hsa-miR-222 ~2.500 542 P P

(D: P is short for present, meaning the signals are detecta-

ble; A is short for absent, meaning the signals are undetectable

Hl O vele i .} 0|18 2 = qis

Cyiele

& 4 Real-time PCR #&ill] ABCG2* #1 ABCG2 PLC/PRF-5
#AffIF U6l A ).hsa-miR-30a( B ).hsa-miR-630( C )iJFRi%
Fig. 4 Real-time PCR in detection of U6 ( A ), hsa-miR-30a ( B ),
and hsa-miR-630 ( C ) expressions in ABCG2* and ABCG2~ PLC/PRF-5 cells
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SIS E SR S % G B 43 3% PLC/PRF-5 4 ifg
) ABCG2* 40 ML, 4 i% /5 1) ABCG2 * PLC/PRF-5
A 20 3 AT IA( 84. 20 4. 52 )% . SR )G #E— %t
ABCG2 * PLC/PRF-5 2 i 47 /N BB M i Bk 5
FEAFE AL — RS v BT RS R, RIS
968 240 A AR B T B R 50 S RN s 2
%X ABCG2* PLC/PRF-5 40 g 76 NOD/SCID /) fR 44
WIRITE e 77 . SR SR 45 SR R, ABCG2 I
ABCG2 PLC/PRF-5 4 fitd 5e B £ 53 ol R ( 47. 17 +
10. 50 )~ F1( 23.33 +7.31 )4~( P <0.05 ), NOD/
SCID /INERUBZ T R S 4 R i, Y e A e Bt
1 x 10" /~EF, ABCG2 * PLC/PRF-5 4 i fig 76 /N il
(3/5) B TIE i deg , 1 ABCG2 - PLC/PRF-5 R RE
FE/NEC0/5) K T I WMo, BB e A A i3k 5
10> 4~ ABCG2 ~ 4 it A R mi b , v ke 1441
Lo 185 & 2% 1Y ABCG2* PLC/PRF-5 41 fitd Ji 98 1 5
BN, XBESE R B OR, ABCG2 * PLC/PRF-5 41 fifl Ky
R 4 2R PLC/PRF-S H i) £ ZE 0 4n i, R 2L &
i geE 20 AR AIE o

miRNAs J&—2& 1K 24 20 AR 1935 S i 2
HE RNA 201, EEE LR R p i 7 1
Caldas 25" % B, miRNAs 75 2 Ff 0P i g8 o 3 3%
SR AT REAL B e S R oM SR R R A . B
%1 miRNAs A #4755 A28 3T 30% MY EEA, 3T 50%
miRNAs 7ESEPR 2 L A T -5 Mg A 5C B DX 3 Bl ffg
PEO . DA 5 S Pk miRNA AT AE 2 g 3 1A
BITRHTHL S . AT H S MY miRNAS ™ T
2R A R S A miRNAS 97 1 8 T 4
A2 miRNAs 23k 3%, K 1F miRNAs = 5 IR+ 41
MBS 43 HL, BAA S & L AR5 L
Agilent miRNA S5 i HOR i e K 30, BA I T 41
LAEFY ABCG2* PLC/PRF-5 4 Jfi 4% ABCG2™ PLC/
PRF-5 4515 2% 5+ 1 miRNAs 245 20 4, Hid |
P13 A, M 7 A SERFEEO6E & PCR B
FERLE B A hsa-miR-30a A1 hsa-miR-630 A% ik 1H
W, HF A2 FK 5 miRNA S5 F A K S JeAs —
B, UEIA T S SR A AT HEPE . B Target Scan 3K
PETIN 22 5+ miRNA PR 09 r A f 36 o 12 4>
i 5 B9 miRNAs K600 R H 0L DR, AT] 2 A B
miRNAs AR =4 Hogy 8 AT LAKG I S0 3 [N,
H1 hsa-miR-30a P8 45 236 1~ 3L [H |, hsa-miR-222
55 78 NHREEH , hsa-miR-590-5p P45 57 ANHE LA
hsa-miR-135a #5130 4~ #0 3& [H, hsa-miR-199a-3p
P 86 M HEKE A, hsa-miR-548d-5p P& 109 4~ 41
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