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5-FU B ARIMFEHMEZR KG-1a
P25 2 Pl I B4 2 B
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SHRA K K

BEE BREE OB

(EREMA¥ESRER, WRARRLHFEBABEFTHEALRE. ERTERLRE, EK400016)

BE KA A @R B 4 5- RURTEE (S-fluorouracil, 5-FU)MAA & fo.5% 48 e %
KG-la P8 £MB T et BB . RS2 88K IE# % 5-FU 64 R AEAE R R E A4k ) B 8]
KG-la @42 5-FU S B 5, RXMIAAE R A 7% @ feBf ¥ CD34*CD38™ ZRE ML Lbf); =1 "2 AE
F EMIER LA G AL B LA A RT-PCR ¥ 2 400 en e ) ZBEBIR F 4 A H15 &8 GRBE%RAN 2
(ATP-binding cassette superfamily G member 2, ABCG2) mRNA #) & A ; ¥ El4K32 R mfiteg £ %
HAREE . 4R 27,50 pg/ml 5-FU 4 A KG-1a 40/t 4 X &, CD34*CD38" T A b #1325 10 4%
VA b wYoRAR R & T WK ML BOA K 42 6,5 649 DNA 4 £, RNA 281K, shk mib sk
i ABCG2 mRNA K-F; ML BE MR 5N AR ERALERABRY . HRLEREA,
FIR 5-FU 445 3 538 78 dm e e MR, RAR IR M TR ik E RA G RFm@mEE KG-1a TAYE

T émpert BB AR T k.
P 30

Jif98 T4 ffd (tumor stem cell, TSC)2 A Kk fif
HAKREARRYE, EMEARPFERLSETH
FRORE b yes 40 o YU ¥, 162 41 i B A S PR 358 7 1 v e,
TEB B T A A K ke tE I YE A - Bon-
net 250 BLZE MW ARG MBEHIUESL T TSC MFFLE,
RILRE R8N SERENE 5 05 48 i o] 72 3E Ak
RUME PRI / BEREBX B 5% 6k fi (nonobese diabetic/se-
vere combined immunodeficient, NOD/SCID)/) i {4
WM AE MR, HERANRAREEREN
CD34°CD38", B FH A MWK K HEK TSC, MZAH
I35 T4 Bl (leukemia stem cell, LSC).

HETAA LSC 24 TH# 1, 3 BRI ATP &
& #I12H H(ATP binding cassette, ABC) #2549,
SECHLT AR, (HEFEE THRFENERE
FREmMoLEES, #REALKMNRKERRE.
2003 2 Fefi B 7 T M e R o ey (145 S 4 g L 2R
R I 53 B TSC, SR 7R SE 1 8 40 i AR
FBFFFE TSC LB, W4 TSC M4 B alifh 3ty [
40 LR PR3 e BRATAT AT R TAEVI B T
CD34 M AB IR MM R KG-1a FHFE /MK
SrYHh LSC HEAIMS ., 7E bR sEatiz b, AHHF
FLRURYE LSC it 2 iAW) 250 1, 38 ik 40 il J5) 3 4F
S 5- FRMERE (5-fluorouracil, 5-FU)Z 58 K3

B 195 40 8 5- FURMERE; KG-1a AR, &R 2

Sy RETH AN, B4 KG-1a MR Z i LSC FE4R
WEE, AR AR RERE., RNA S8,
=ERIR S G2 B GERIKR R 2 (ATP-bind-
ing cassette superfamily G member 2, ABCG2)%* 1A
EE TS LA T AT LSC AY#HREE .

1 ¥R5AE%
1.1 #l

NS REAN fE E f 40 LR KG-1a I FAb R
KEH—E B MR F A %, RPMI 1640 K555 A
Gibco A A= fih; B4 L& A PAA A8 7= BULE
%¢(propidium iodide, PI). BPi A CD45-PC5. K
HiA CD34-PE. R¥HIA CD38-FITC. RHMA IgG,-
PC5. B3 1gG,-PE. R¥it A 1gG,-FITC ¥4
Beckman CoulterA &) 7= ih; 5-FU I H Sigma 24 ]; A7
WEREIR I B B LA A F); RNArose W B _Fifg 45k
/2 d]; ABCG2 514124 Invitrogen /A 8 & ; RT-PCR
RAFK TaKaRa A F =M.
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¥ A% 5-FU B I 40 i 2R KG-1a 50 Fh8 40 O A I 2 40 i 787

1.2 /%

1.2.1 fmpesEsk A B e ot B R 40 i R
KG-1a, A& 15% KIEG 4 MU FIRPMI 1640 5537
HEREFR, MREEREE H 21054 ml, BT 37 °C, 5%
CO, BT HEF, ¥ 3 KRB —IK.

1.2.2 8 FEHHZ S-FU & LSC Hmio 24
B AR A4 A B 1) W HE A B A K 3 4 i DA
2x105 A4~ /ml WEEEEFP T 5 ml JE3RMP . FRINA
LR H 10~80 pg/ml H 5-FU F 37 C. 5% CO,
WREESE 24 h, BANAYIREEM 3ANEFE. &
W3 W5 G T BOR P 3 40 B ARV B, s B 2%, 7
B H BARIE KG-1a 41 M 72 o 348 56 HA 40 W 1) e N 29 )
WRE . LAIREHE 5-FU it KG-1a 4080, iE4:
B3R 6 K, S REUH 4 M# 1T SR a5, 25
MMt 2R, B R sEERRTE. AR E
R SZIHA E [ 5-FU BAE 3 S FIYERI BT IH], E4E LSC
FE 40 fd T B

1.2.3 AX@EER Sy BTG mRE T
CD34*CD38" LB smftib | Z 4 B 5-FU 254K
RhFRAH S AR A B, 28 PBS ¥R 2 WK o B A 4
A (1054~ / ml), IIABPLA CD45-PC5. RPN
CD34-PE. [ #i A\ CD38-FITC & 20 ul, 25 Ci#t:
25 min, PBS ¥t 2 &/ 400 pl & 1% ZEFEK
PBS W E&E w4, L iule. At
WA RN 1gG,-PCS. B3I IgG,-PE. RFTA
IgG,-FITC, [l & BT HR. %A CD45/ ]
7] £ (side scatter, SSC) WS HHUS KIMEE KG-1a 411D
BB E (D), BRIP4 MLt AT S e hiak i 4
1.2.4  v(72AR$ &L My 4L B AT G 4m Ao P A% BE 4
REGEAL BUS-FU 29 R Ab 3 41 55 b 2 40 41 ik
RS G, 23RN &EH € HEMREERE, $l%g 108
A /ml 1 AREVR, $219 1 1 B EGEIN Y BE RS YR,
VRAJE I B E 15 min, WA A L, Nk
A £ TE2000U ZU18E 5% 845t (Nikon) F W %L .
M BERE 5 DNA 455 REEIOE, 5 RNA 56 N LG
BOREIER.

1.2.5 RT-PCR ¥Z 4N ML LA E @A
ABCG2 mRNA #9435  JHRNArose 43 HI#2H{ 5-FU
Y RAL R 5 A PR A A0 BB RNA JS, S TI
ek, BVERR UL B P ESKIEAT . B35 GenBank ABCG2
mRNA FFIF1 B- 31 E A mRNA &it& K314,
ABCG2 51751 h5-GCTGGGTAATCCCCAGGCC-
TCT-3', 5-~AGAGATCGATGCCCTGCTTTACCA-3';

NS B- UL EAKEIT 54 5'-AGCGAGCAT-
CCCCCAAAGTT-3', 5“-GGGCACGAAGGCTCATC-
ATT-3'. PCR #&H 4347, BL 10 pul PCR =43t
1T 1% BERRPEEERS Bk, KA bR U8 20 i R 40 (BIO
RAD)KI#ll ABCG2 5 B- Mz E B % FE, HH
ABCG2/B- Wz & H mRNA Hixt & K281k .

1.2.6 FEARZBANIRG LA G mIe kB AR
e ey AL HLS-FU 299 R A0 B4 55 b 2 40 41 i,
F##F RPMI 1640 ¥ 52 0H s B 4 Bl . KA
LT 4 2 EARIA G FR 5BV, B R E R 0.9% H
FAUR, 10% I54 L& X 1x10° A /ml 40 FE .
i 10004 / %R, AR 3 M. 37 CTHFHE 14K
J&, 7€ XDS-1B AU {38 S N WL E L RIE -
TR MR, BEFEMBE = 50 . ERBRE
= H%$/1000x100% .

127 %t FEHH L PR BE LA £ AR
HEZEEF + s)FKIERER, SPSS 11.0 Sit ik
BATEIRIE A, HEFHARR RMSTEAR ¢
5, P<0.05 AERERIMER X

2 #R
2.1 5-FU B LSC #4mia T B Ry xR EFE
F (8]

ANEWE 5-FU A KG-1a 41/ 24 h J5, 7] 1.2
kst 41 i B A BEAE F7E 10~50 pg/ml 3% BE 3 BB A 2571
BRI RE 1), 2P 50 pg/ml £ KG-1a 41877
TEEUE B BRARE R B D PR, PEHE N 5-FU
HIRHEE IR . FERIRFEEME I FIELLRE 2 41 6
R, KM KG-1a g/ im B E R KBS R, 25 4
Rk B FAKME(s B 2). FILHE 50 pg/ml 5-FU 1
Fi KG-1a 41 4 K4 54 LSC A4 AR i B A S 36 4%
.

2.2 5-FUAEEIE KG-1a A+ CD34*CD38-
F BF 4 Bl EE 5 2 1k
KG-1a 41441 A\ CD34 F1 CD38 XHibric 5 i

S = N W A

4 L AE RS H(x 105 /ml)

0 2'0 4'0 6‘0 8I0 160
5-FUK FE(ug/ml)
E1 FERES-FUER 24 h 5 KG-1a 897555
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0.2%, [FIi AT WA 23.0% ] CD34 CD38 W4 (&l

3B). #/x5-FU 45 KG-1a 4 i R+ H4H CD34*
CD38™ R AUFAEM LSC WA 40 1 Hu i 1 R = .
2.3 5-FU A ERTE KG-1a HHARAZES R R T 4

g 9 s : : . MY W 8 e 015 8] B 5Ot WA B W%, 5-FU &b

S-FUfERIRTRICR) BERTRFR ST KG-1a MR A S 3 (4 BUG 21 2. 5%

B2 50 pugml S-FUERRRMER KG-1a Hiat0szEsy 0 7 T MO AAUACHE B (L sl AT 645 O R 147

LRI, DR MR R IO, R KG-

5 (A) (B) R
“ R - la 40 B /NI 7 A0 MU R 2 B R LUR SR € 700
o 10* w107
= E
by -~ 3 M 1 2
é 10 .9 'é 10
E 10" E 10% —ti—
o 10 10 e e 1 1
FL2 CD34-PE FL2 CD34-PE
bp
E3 5-FU&EFHIE KG-1a 45 CD34*CD38" I 84 A7 2000 —
XE 1000 —
. 5. 4 B: 5- 4
A: 5-FU KACHE4; B: 5-FU 4h3 4. 750 — ABOCH
@A) 500 —
250 — B-ULEhEE

100 —

E5 5-FURERE KG-1a 4158 ABCG2 mRNA BI3EX
M: marker; 1: 5-FU &3 4; 2: 5-FU R4-HH,

(A)

El4 5-FURIERIG KG-1a 40/ R #%ER 4R A AY EL 3 (RY BERE SR
£, 200x)
A: 5-FU RAF4; B: 5-FU AbHE4H .,

A AR K 25 R HA, 5-FU RALFR KG-1a 4/
F LLCD34*CD38* #H 41 1 W HF 4 3=, BT o LUl A 85%,
1 CD34:CD38" FA ML HL L 7.02% (BI3A). 50 me 5.FULAIR KG-1a MAYE BRI M EER A
pg/ml 5-FU 1Ef 4 K5, KG-1la ZAfE+ CD34*CD38"  (400x)

TR0 Hg EL 45 K 76.8%, T CD34*CD38+ W BE 41 AN A: 5-FU RMFA; B: 5-FU L4
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S-FURLAHEA 5-FUAbFE 4

7 5-FU&IRRTE KG-1a A ERIESFE B R B I LR
* RAFAREEEFT(P<0.01).

£ % K/10004 41

¥ DNA A%, 3 RNA & &/>(H 4A); 43 )5 KG-1a
9 0 KBRS, R4+t RNA & &1
Z&T DNA (Kl 4B). #R-E4YE £/ LH4
KE L TFFIERE, RNA #HFKHR, FF& TR
¥ e
2.4 5-FU 43251 /F KG-1a 411 ABCG2 mRNA
RIXEEHHT

ABCG2 ] PCR F=#JK/N & 701 bp, B- Nz EH
f) PCR F=#J K /N A 285 bp. PCR =448 i fie i 3k 1]
1% B IR 5-FU AL F 41 KG-1a 20 i #) ABCG2 45 & B
ERTROCEAMBES). BRABEINTERE
7R: 5-FU Ab# 21 41 s ABCG2 mRNA F% & %4(1.306
+0.120), & T 5-FU K434 40 /1(0.346+0.075), %=
#A BEMHP<0.05).
2.5 5-FU 232715 KG-1a ARRIAIME LR T IL

5-FU 43RG FIKG-1a 40 e Behh T 8 A 15 5%
AR, 2R RI S-FU AL ET KG-1a 41 i 444+
BRIETC RS 18, RVE TEE N (12.5%19.6%), &
T RN F 85 4 50~804; 5-FU Ab 3 J5 42 7% T RUR T
WD, FEAEFETWABRAUDAAE, EEE
BEH(6.7%+5.0%) (K 6). WAEKKRRLESH
BEERP<0.05) (A7),

3 g

TSCHA BEEH G AL, &R
Ak, BBERNERORE, M AMBEHARPEE
HEW/DH TSC FFRMEIEM T E &, TEX,
ARERRG R R IMERRI LB, AR
P VA S e R 40 Pl R R AEAE D BORLE TSC Y
S HIERE; 7E AN FLIRFE 400 R SK-3rd F1 K4 16% Ky
AR LS T A M YRR BATRTHA
BFSTIESE N B L% 4 i R KG-1a FFAFE7E/D$ A 1LSC
PR L g M Y B, R4 55 LSC FE S iy 348
MR, S AR FUR H AWt — 2 B & KG-

la M EF K LSC TWHFLHA.

R¥E LSC £ 4bFFr 1L BRI 2545, Bl wAd
T I 40 B R A 259 5-FU A4 RIEKG-1a A &
RIS RS A, AT IA B E 5E LSC A4 fr#F i B
H. 5-FU 2 —FeEre 5P, 1650 a2 B R v g
4 Fi B (thymidylate synthase, TS), TS I B —BE
P fiit 42 PR 1% BE (deoxyuridine monophosphate, dUMP)
B Ah A Rl — B R I 4 9 IR 1 BE (deox y thy midine
monophosphate, dTMP), J&# /& DNA & B FE R
Ko 5-FU 7E4H M A ) 1 7= P s PR v e — B AR A 4L
JRF (fluorodeoxyuridine monophosphate, FAUMP) 5
TS FERUEFH WM &5 &, #H] TS BevEHE, ZETME
dTMP & R 52 FH, DNA & ficHP i, 38958 30 i 40 152
1B 35, RAERSET. 5-FU 2IkK L& H
HIVRTT B SE R LT i 2 —, [EIRY 5-FU &
FA T 1E % 3 1 40 FR AR 22 R PR AT L. BLER SR
WS 5-FU 855 A T 9k B 40 ffd 3 1555 40 B &R Jurkat
FET-R2> FHLEI &, 5-FU YEF Jurkat 41/ 48 h
HIE BB CS, H) 0 20 pg/ml. BT, WAE
0~80 ng/ml iR ETLENERT 5-FUEA 240 5
KG-la fififFis Bz MM EBR R, &R KIELD
WK T 50 pg/ml B, KG-1a 4 7715 B 2 FI 24K
KR, B 5-FU IREZERT N, KG-1a 41 A& H0E
1 FB#, 24 5-FU W h 50 pg/ml B, KG-1a 4 fLf7 5
ok BIBARE, #1EH BRI KG-1a AR P IEHE
HA 4 B B /N 25 IR A 50 pg/ml. FEBLIR R
F, KG-1a i P s B R B AR, T35 4 Rik
BIRAR(E, I T HHARIE KG-1a 40 7 3454 HA 40
Jfg BXF LSC Mt B B B/ MESE, # 58 50 pg/ml 5-
FU 1EF 4 RATHIE LSC B4 M H B LU 414

HE-—2P %} 5-FU & S 1) W8 40 AT LSCAH SR AE
YIERR R T4 AR W R IR KG-1a 48 fi
CD34*CD38 W #E40l &7 7.02%, $#75 T LSC HIAEAE,
R LSC &= (%5 21 T CD34°CD38* YLAF A
FBUR R % (85%), B KG-1a Afufh L 24k
FIFHA Y B . T 5-FU 4L f5 CD34*CD38 JLAF4H
i 5 76.8%, BARALFEHT & £ LSC 10 £5LL L R H
B1.23% f1CD34°CD38 WAL4H A, H AiA A% A4
FMERAS K€, AT AEAXE Tt CD34*CD38" JLAF4H
M BE A R LSC ¥, LSC 5 T4 —H K%
A F#EIRAS,  RNA S8, LR RKILH 5-FU
BEEEMNAR KL K HHEMNSEIRE, fndff
R R UL DNA 4 £, RNA & B E/R{K, RNA
KK, M6 T4 MR E.
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CANLSC i _EAA7E 2 7 ABC, 57 71l & ABCG2 K)
ik, RE K AME AL 2 R S e Gkl 3 Hh 4 A,
MTHERFARER, HFT MR 2500, 1
LSC & _L&#&kiA ABCG2 Wi, AMi1#&H ABCG2 /]
RERCA I ZE T 4B bRic . BATRI 5-FU K58
W4 B4 S, A RT-PCR K30 2 4795 40 i I 8
FiA ABCG2 mRNA, FKHFEA A+ E & LSC
FELH A

gx LT, fEF A A 2R A R 5-
FU ffii% KG-1a # LSC FE40M B 41, FF XTIk
WA SR, RNA 8. ABCG2 £k
HEE TSI H AT LSC AY#HRNEE.
MRERYS R S-FU RSB EEANAMKARE

KG-la PHILSC L B4 1L, TWi/58sLi M7 —

NOD/SCID %8 R A it — A A R EH G
HFBUERE S, ZER T —SHRAKT M.

R T i 52 WU 58 B A P B B e 0 AR K
TEZ—, HERR IR A e MR85 6 £ 2% 3C#k (References)
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Enrichment of Tumor Stem-like Subpopulation Cells with
5-FU in Human Leukemia Cell Lines KG-1a

Song Yang, Xiao-Ming Zhong, Ling Zhang*, Yu-Jie Gao, Zhan-Peng Luo, Peng He
(Key Laboratory of Laboratory Medical Diagnostics, Ministry of Education, Chongqing Key Laborarory,
Faculty of Laboratory Medicine, Chongqing Medical University, Chongqing 400016, China)

Abstract To enrich tumor stem cell-like subpopulation in human leukemia cell lines KG-1a with 5-
fluorouracil (5-FU), optimal concentration and effect time of 5-FU were determined with in vitro drug sensitivity
assay. The CD34*CD38- subpopulation in the enriched subpopulation of KG-1a cells was detected with flow
cytometry. The RNA content of enriched subpopulation cells was measured by using acridine orange staining, and
their expression of ABCG2 mRNA by RT-PCR. The colony-forming ability of this subpopulation cells was evaluated
by semi-solid culturing. It was indicated through our research that after treatment of KG-1a cells with 50 pg/ml 5-
FU for 4 days, the proportion of CD34*CD38- cells in enriched subpopulation was elevated by more than 10 folds;
The RNA content of enriched subpopulation cells was low, but the ABCG2 mRNA was highly expressed. The
colony forming ability of enriched subpopulation cells was lower than of non-enriched KG-1a cells. Our study
suggested that utilizing 5-FU for killing most proliferating cells, we successfully established the method in which
selecting and enriching tumor stem-like subpopulation cells in human leukemia cell lines KG-1a with 5-FU.

Key words leukemia stem cells; 5-fluorouracil; KG-1a cell lines; colony forming; drug resistance

Received: June 18, 2008 Accepted: September 3, 2008

This work was supported by the National Natural Science Foundation of China (No.30872418) and the Science and Technology
Research Program of Education Commission Foundation of Chongging City (No.KJ050309)

*Corresponding author. Tel/Fax: 023-66785390, E-mail: cqumszhl@sina.com





