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Abstract

AIM: To identify liver cancer stem cells-contain-
ing cell subgroups based on resistance character-
istics and unicellular culture.

METHODS: The BEL-7404 cell line was inoculat-
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ed subcutaneously in nude mice to induce tumor
formation, and adriamycin (8 mg/kg) interven-
tion was given. When the tumor diameter was
1.5 cm, tumor tissues were collected for primary
culture. The cells were inoculated subcutane-
ously in nude mice again. After four consecutive
generations in nude mice, the tumor cells were
named "BEL-7404-ADM-P4". Based on the tu-
mor forming time, the enrichment of liver cancer
stem cells was tested. Using unicellular culture,
clones from BEL-7404 and BEL-7404-ADM-P4
cells were divided into holoclones, meroclones
and pareclones to test the cancer stem cell char-
acteristics (renewal ability, clone formation and
sphere formation). Holoclones, meroclones and
pareclones were stained with hoechst33342 and
observed under a confocal microscope. Based
on the renewal ability, clone formation rate and
sphere formation rate and hoechst33342 stain-
ing properties, cancer stem cells subpopulations
were identified.

RESULTS: The tumor formation rate was 100%,
and tumor formation time was shortened from
the first generation to the fourth generation,
which suggested the preliminary enrichment of
liver cancer stem cells. Holoclones showed the
fastest growth and the largest cell volume, fol-
lowed by meroclones and pareclones. On the
10th day, pareclones started to shrivel and die.
The clone formation rate of BEL-7404-ADM-
P4-H cells was significantly higher than those
of BEL-7404 and BEL-7404-ADM-P4-M cells (P
< 0.05). Only BEL-7404-H and BEL-7404-ADM-
P4-H cells could form spheres, and there was no
significant difference in sphere formation rate
between BEL-7404-H and BEL-7404-ADM-P4-H
cells. In BEL-7404 and BEL-7404-ADM-P4 mono-
clones and holoclones, there were a small num-
ber of lowly hoechst33342 stained or non-stained
cells, but cells in meroclones and pareclone cells
were all stained. The hoechst33342 fluorescence
intensity of BEL-7404 holoclones, meroclones
and pareclones was stronger than that of BEL-
7404-ADM-P4 clones.

CONCLUSION: Based on resistance charac-
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holoclones contain a higher proportion of liver
cancer stem cells.
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P ASALIG T & 5 B, JF T T % % (adriamycin,
ADM)8 mg/kg T, £ A 424 1.5 cmAT I
A ML on FUMUR AR IE I, JF AR RAR W & 4 4%
RAR, FHFARMBALG w4 % % “BEL-
7404-ADM-P4” | AR 3% sk 75 B 18] Ae- | A 95 T
min s B L. BRA R m s Jk, IRBEL-7404
B BEL-7404-ADM-P4 P 7 s 0 3%, AR 38 .15
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BEL-7404 % BEL-7404-ADM-P4 3 % 4 ¥ 4 %,
M. SR, & L ny s T4k, Prigsise
N RBEBREFEREFRVRE, RiE4 L
. 3n f%. & EEMhoechst33342% &,
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%BEL-7404-ADM-P4-M, 2 % A %it 3 &
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combined immunodeficiency disease, NOD-SCID)
MR P ARECRE G T BB T R S HAT Ah RS
JeHekthoechst33342 (K RHED L I LA, WP
AT T P40 B e i 15 TR E o B R T A, AR
P v B T A TR S B 23 3R A, W4
F% (holoclone, H). 43 7% [% (meroclone, M)F15%
el (pareclone, P), BTN 42 v i i i it
EAE AN, s R, R
A1 B e AR (K A DG S CUE SR A v B
ERE T AN, BRI, AAJH-E AR B b o0 i R T
4 fi(liver cancer stem cells, HCSCs), &6
S (KT H. A SCLABEL-740441 i 5 A A 5004,
DAl i 15 57 O T- B, AU R S HC S Cs i e
BESVARE 0 H AT 7 RO SEg, DU I PR BT
o JHFE T4 L FR) U B 1 S Y S 6 LAl

1 MRRTSA
1.1 A AT 40 i RBEL-740404 [ 7 il oK 2%
M ZE, 5 10% 06 4 35 O KWISENTZA
A FRPMI 16405577 (I = KWISENT A 1)),
37 °C. 50 mL/L CO,:; 7 h 15 5%
12 Fix
1.2.1 BEL-7404-ADM-P4m fitt % 849 3 s HUG
A KB EL-7404 40 i 1 % 40 o 2 5 Ky 5 X
10"/mL, 800 r/min.[»5 min, F-#i_EiE, FIRPMI
164017773 1 mLE &, F1 mLid: 4 4% % 4 i
RV, S AR 10 R BTN ES B R (0.2 mL/A,
REEON S 40 B 5 12X 10°), I BT 2% 2GR
JT R 2AT FRA RS mg/kg T, £5 s BN
1.5 cm I HURS FE 8 40 i s AR 3 7%, FEE AR
1A B BALARAAR, TR 5 DU AR A 9% 4 B iy 44
Jj “BEL-7404-ADM-P4” | 31 H & 10%FBSI
RPMI 164055773, & 137 'C. 50 mL/L CO, %%
TR IR
1.2.2 #mpass e PO HAKIMBEL-7404.
BEL-7404-ADM-P441 Jitd, JBEREE 16, B4 ifnih
LA AR RS A0 PR R, R R A i Ak
12504 /mL; HX80 uL4n i, M 10%M6 44
MIEFRPMI 16405577 5EM % 4210 mL, F&4EfL
100 pLEEFI N96FLAR, ~FIgREFLIA 4, & T
37 C. 50 mL/L CO X574, 2 hilsIfid %
FEFLE A AU M 0L, o ac SR 40 M 2 2
A5 R 130 Y Tl O 2 A T A A O, i s
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R = bl SR A L2 X 100%.
1.2.3 BEL-7404., BEL-7404-ADM-P4 ¢ % % ¢m
P H. M. PoyE LA RIS RIS DK,
H{BEL-7404. BEL-7404-ADM-P4 57 5 41 iy
HH. M. P, BREGH AR AN 20, R4 i 2%
17, B2 A\ 1.5 mLIfjeppendorf &5+, &
2R, I 10%6 4 M TR PMI 164055 77
Rk, AR R O 1250 /mL; BX80 pL4i i
B, HE10%M6 2 IS IRPMI 16408577 KM
B2 10 mL, 1%5EFL100 pLEERH N 96FLIR, K1
FEFLIANGINE, 137 °C. 50 mL/L CO% 5544
o, 2 hit B A A 2 wioW S BN 20 g v
TERUEDL, VA IR TE R s TR R = ok
VB TRR A EL X 100%.
1.2.4 BEL-7404. BEL-7404-ADM-P4% 3H.
M. P#yJ e i B 2R3 A HOG E K
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JERT A0 A At i fs, P BC 2 mTeSRTMILA
JWR I 40 57 4 15 TR A E R Al i, 2000 r/min&
20K, HHEAN % 92000 /mL, Rl TG ES
B IRI96FLHR, 20040 B3 AL, & Fh 4l 10
ANEIL, 2 higidse LR 20 fu . S RM SR
MRS DL, 10 dJETHE =100 41 “ a5k
T 8, R RTFERIE R BIFRRIE S = Bk
RERUFE DA 12X 100%.
1.2.5 BEL-7404. BEL-7404-ADM-P43# % [%
i FH. M. P#hoechst33342"4 & & 3
KA RIS, BT 96 LA
BEL-7404. BEL-7404-ADM-P4 5. 50 5 41 ifg
H. M. P, 5598, HPBSHrE2iE, S5
WIS 29K S pg/mL hoechst33342fRPMI
16401577100 uL, ‘& T-37 CHHA h B G
30 min; W% hoechst33342({RPMI 16401557
W%, FIPBSIE Y21, A AT 10%FBSH
RPMI 164085 57; IR 50 Bl M %2
BEL-7404. BEL-7404-ADM-P4 5.5 5 41 Jifg
H. M. PRIGERE.
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P<0.054 7 e A geit2 m X
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A IE 52 I S5 2 B
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1 BEL-7404, BEL-7404-ADM-PATERPMI 164057 EHVEFIRTS( x 200). A: BEL-740440if1; B: BEL—7404—ADM—P4ZJif.

2 BEL-7404. BEL-7404-ADM-PAER{RIEIEFATRZMAVFHFEIZMZAR( x 200). A: BEL-7404—H; B: BEL—7404—M; C: BEL—-
7404—P; D: BEL—7404—ADM—-P4—H; E: BEL-7404—ADM—P4—M; F: BEL-7404—ADM—P4—P.

%1, BEL-7404-ADM-PAZ il 22 B Uy 37 SR BTN, 21 55 I, GG (] 1).
2.2 BEL-7404., BEL-7404-ADM-P4#afi %694  BEL-7404. BEL-7404-ADM-P44ll il & P41 i
KE AL R S EmiePH, M, Pe9A KA RiRn eSS al e s, BH. M. P(&2).
BEL-7404. BEL-7404-ADM-P4Z4H I RAEB'E 4 T T M3 v B T2 40 i 1) S B 1 0, FRATIAL
BB IS, AREASTWHEER, B B T3 R AR i g (K13). WEK g T
FE L ZHEZ B B AR R AR, A R/ %%, BUEHE, BEL-7404. BEL-7404-ADM-P441 jiid &
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1500 - D5-H
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< D4-M
:§ 1000 -
- E2-M
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3 BEL-7404, BEL-7404-ADM-PACHH. M. PEVAEICERZE. A: BEL-7404thH, M. PRUAERHRZ, HibBs, 4. C3. €9,
B5. C8496FLHfLS; B: BEL-7404—ADM—P4tHH, M. PHOAFHRZ, HiD5, E5, D4, E2. B2, C11496f AL S.

h, EB6 R TITUR, HIGFE I e i, 40 & dm K
MR Z 5 PHOGE I B 5 1%, JF T 55 10K IF4h th I 4
W4k 4E 56T, HBEL-7404-ADM-P4-H4H g %5k
JBEL-7404-H.

2.3 BEL-7404., BEL-7404-ADM-P4% & ¥ % [%
wm P H. Mik 43RG 0 L EH oL ik
1 7] %1, BEL-7404-ADM-P4-H{) i [ 1 % i 1
BEL-7404 &, BEL-7404-ADM-P4-M(P<0.05), 5
gk X GERL, K4).

2.4 BEL-7404., BEL-7404-ADM-P4% & ¥ % [%
mn P H, M. PEIFIR L BIFERIE sk
¥, LA BEL-7404-ADM-P4-H & BEL-7404-HA
BIFERIE G, HoR M R ORI ER, 3815
SRIFURB I P4 AT . MBEL-7404-ADM-P4-H
JBEL-7404-HE V7RI ORG24 (=
1.228, P =0.268>0.05, [¥15).

2.5 BEL-7404. BEL-7404-ADM-P4 % % % 4m
MPH. M. P#hoechst333424 & R £ & £
#ril 25 & BEL-7404 2BEL-7404-ADM-P4 i
i [ HHL A AT A 2D BOAS G R 3% 1 40 it A7 7E
HM. P44, HBEL-7404 %57 HH. M.
Plflhoechst33342%¢ i /% 1) 5 T BEL-7404-
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ADM-P41iEHH. M. P(/&6).

3 e

CSCsULZ A H HT RIS R T, b iR )
BITFRAL TR0 . CSCsELR R, Iim 1 %
A RS IR 25 L s 2R bk
AT e T8 4 i v R R 2 S PR e A i o
T2 M B A o BRI GE e . R i 24 1k A v B
FAPE"Y. H AT, CSCsif s 4 EZIMIL CSCsif) o
BEF SR BVR BRI B e Y PA L CS Cs ity
i 2 PR, 3 LA A R G SCHRAROE, SR 4 i
BERvEI T, R A0 P v B TR A TR RN i e
73 AH. M. P, HeAFHPIE S & % CSCs; CSCsli
o3 B A T EARGE H AR bR W HEAT o B G 2R
431" (magnetic activated cell sorting, MACS)Al!
P35 43 1% (luorescence activated cell sort-
ing, FACS)LL JZSP4il Jfii™(side population, SP)%E
B aarikidk. muSPAN M4l & i o o ik VAP
) F v 238 AB C G2 [y 141 W Bl 5 6
Fthoechst3334241F th M b S, AR 40
1 Kthoechst33342[ Yy sl AN e (¥ SPAH a4 £
sk, BEEEAT A SPEAT T 40 BuRe k. (H 2
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WA
A AR
FEFRRAA
W R4S AL, I MR %y PlE
| L 2 x
E R E AR
o, b o B2 BEL-74045BEL-7404—H 2.253 0.133
Wk, 20 BEL-74045BEL—7404—M 0.025 0.874
fgﬂ*f‘fﬁ;i‘ﬁ BEL-74045BEL-7404—ADM-P4 0.416 0.519
4 4 6, 32 (BEL -
7404-ADM-Pi-th BEL-74045BEL—7404—ADM-P4—H 5.007 0.025
B A g A BEL-74045BEL—7404—ADM-P4—M 0.097 0.755
% b 3% 8 9 T 4w BEL-7404—HSBEL-7404—M 1.807 0.179
FLAT K. BEL—-7404-HSBEL-7404—ADM—P4 0.741 0.389
BEL-7404—HSBEL—-7404—ADM-P4—H 0.567 0.451
BEL-7404-HSBEL-7404—ADM—-P4-M 3.271 0.071
BEL-7404—MSBEL-7404—-ADM—P4 0.237 0.626
BEL-7404-M5SBEL-7404-ADM-P4—H 0.702 0.402
BEL-7404—MSBEL-7404—ADM—P4—M 0.221 0.638
BEL-7404-ADM-P4SBEL-7404—ADM-P4—H 2.580 0.108
BEL-7404—ADM-P45BEL—-7404—-ADM—P4—M 0.913 0.339
BEL—7404-ADM-P4-HSBEL-7404-ADM-P4-M  6.452 0.011
90 - 16
80.69+1.47 76.16£7.72 84'@'20
- — . . 13.78+10.49
%0 72.06+1.27 73.14£5.80 69.71£2.70 14 ]
70 ™ | . 12
7Lc\° 60 - T10f 8.7945.62
5207 S g [ ]
\ B
L0t 2
S 6
P =
20 - 4
101 2 0 0 0 0
0 0
1 2 3 4 5 6 1 2 3 4 5 6
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B 4 BAVARTEFRE. 1: BEL-7404; 2: BEL—
7404—H; 3: BEL—7404—M; 4: BEL—7404—ADM—P4; 5: BEL—
7404—ADM—P4—H; 6: BEL—7404—ADM—P4—M.

JH9 40 P ik = R S R bR &, IR, 7 H
AR JFF 36 T 40 BRORIE 5 o, A B S T SR
IR S PR ) R AR S, DG AR Sl 1 40
YL PP P 4 B YA BT Oy T

ARSI 20 T R IR 2 Pk, AR R A
IR 5 0 8 2% 9, A A P A R A A R
mh, BR BB B R R OB R 1 R 100%,  HL R
I [R] SRS — AR B S DA A P4 e, DAk 3
TCSCsHIWI w4, MBEL-7404. BEL-7404-
ADM-P4 S H A b HL ML PRIAE KNS
MkE, BEL-7404-HHIBEL-7404-ADM-P4-H::
TR e, R A5 I ) P 40 i K, B 4T
Wi S5 e ) g, X R] e L R e LA 1)
CSCsfix. MBEL-7404. BEL-7404-H. BEL-
7404-M. BEL-7404-ADM-P4. BEL-7404-ADM-
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B 5 SERASIRIME. 1: BEL-7404; 2: BEL—
7404—H; 3: BEL—7404—M; 4: BEL-7404—ADM—P4; 5: BEL—
7404—ADM—P4—H; 6: BEL—7404—ADM—P4—M.

P4-H. BEL-7404-ADM-P4-MI{ 57 [ T %K
BEL-7404-ADM-P4-H 7 [ T il i3 T oE A 40 i
BEL-7404, [FFf30H] 558 A 41 fIBEL-7404 41 LL,
BEL-7404-ADM-P4-H LA 555 1) 1 3 5B F138
Bifie )y, HAT S T i MR, IX e RBEL-
7404-ADM-P4-H 1] fig 7 A 5 s LU A 13 T
0 .

TC M7k 7 Bk 7R, R B 4i
(1) AL T B, 2 S E g T A SRR PRI 4R 5 2
— P MR R4 T 40 g BT AE
Ko, Tl T A0 AN Y. R BT BRI B
i1, L4 BEL-7404-ADM-P4-H }, BEL-7404-HA5
BVFERIE R, 1 H AR 40 AN B TR BR, Xt 78
S Ut B T4 v B LA S R T Al e, (R
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6 BEL-7404. BEL-7404-ADM-PABTIIZ/BIACOH, M. PHIhoechst33342:t R REMMILR( x 200). A: BEL—
7404—H; B: BEL—7404—M; C: BEL-7404—P; D: BEL-7404—ADM—-P4—H; E: BEL-7404—ADM—-P4—M; F: BEL-7404—ADM—

P4-P.

B 36 76 TR e v 2 2 X, i I TG I3 Ak VR Bk
Rig%, HASBE UL WIBEL-7404-ADM-P4-H¥E 141
Mk % T BEL-7404-H.

Zhou%™ MIFiegel 25 P2 iIE W] CSCs L AT
ACOR IR 24 P, JFG 0 3 T vy R T 2 R
ABCG2, "] LL¥ 94 klhoechst33342HE Hi i
Ab, AN (AR . AR X — Rk, ARSE
5521 LAB E L-7404 55 A 4 Jfl T R 11 3 24 78 e o
ot BRI AR SRR AR O W T B U
BEL-7404-ADM-P441 i J R (1) 35 248 780 7 [ 1)
hoechst33342 1) G At i, 25 5 Kk IBEL-7404-H
FIBEL-7404-ADM-P4-HH#RAT 12 /DR AN YL AU
P AEAE, (M. P (G, HBEL-7404
o H. M. PifThoechst33342%¢ i J& 14 5k
TBEL-7404-ADM-P4H.5g [ H, M. P, IX
W3 7RBEL-7404-ADM-P4-H 1] B & & I T
g0, FAT BRI 25 P, BEAE R 9 Gt
hoechst333427%% H! fu 4.

BN, ZRR A P B 3 T A ) 5 DY AR
JHFi 40 0, e A S i T R B R, TR IR
A o 5 20 O TV AP R UL LR R e TR A
Ao I B TR AE . v bR T KRR D) A
ZIRFE. DI FRATT Ak A P B 8 3% T A A
A PR LR 5 T T R 1 A o 9 41 B B A B
e LU A8 ) FFF 9 4 MR 40 . AR, el T T4
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