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(8 E] BB WITHARIE R LR 25 R R g T4 (cancer stem cells, CSCs) F1_F 5z 20 g [8] 5 ¥4 4K (epithelial-
mesenchymal transition ,EMT) W1E]. ik : LAHDIRARA /UG SW1736 IRFSEXTS, R AT EGHIE /3 HAR
SW1736 4wk et A T A4 a0 EE (side population, SP) 4., FHFH: K175 FAEMIRE (non-SP) 4N AEIMT 2}, 7 SP \non-
SP & non-SP fiif 252 e, SR A A S M S BT U iaCaR A o R BURE 7 5 0 FHY A R0 i (VT ) 325 00 B 5 3R KT 1 54 FF) 5 1) 5 veal -
time PCR T 4IIARE nestin  ABCG2, &M 252K MDR1,EMT #3124 E-cadherin  B-catenin vimentin slug .N-cadherin
BEBL, ZER:SW1736 MM FAFAE 0.8% A7 H) SP 4T, SP Ai i FE BT R W T non-SP 4HL, non-SP i 24 240 fd 14 44
Fh e B2 B 5 T non-SP 408, H. non-SP Tt 245 40 il i X 43 AN BEFRAS SP 4lfifl, RS2 non-SP 4 fil, real-time PCR %5 4R i
7~ ,SP 5 non-SP 4l il /5 ¢ 3% nestin  ABCG2 . MDR1 . N-cadherin .B-catenin , vimentin M slug; non-SP Tt 25 40 L %5 non-SP 41 Jifd
MDR1 slug %3k F I BRKGH E-cadherin, £ : B8 58 15 5 6 2548 REAS AE IR T 240 (non-SP AR ) 54 A1 g ARASPE iR 140
JL(SP 4ff) , {HF] S8 EMT M55 306 . SP A mT AE 2 MR 25 & % B RS AR U,
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The role of cancer stem cells and epithelial-mesenchymal transition in drug resistance and
metastasis of anaplastic thyroid carcinoma

Zheng Shuai, Wang Xiaodong, Cui Dai, Xu Xinyu, Yang Tao,Zheng Xuqin”

(Department of Endocrinology ,the First Affiliated Hospital of NJMU ,Nanjing 210029 , China)

[Abstract] Objective:To explore the role of cancer stem cells (CSCs) and epithelial-mesenchymal transition (EMT) in drug
resistance and metastasis of anaplastic thyroid carcinoma. Methods: Human anaplastic thyroid cancer cell line,SW1736,was sorted for
side population (SP) cells which had stem cell characteristics by Fluorescent Activated Cell Sorting (FACS). Non-SP cells were treated
with doxorubicin to establish drug resistant cell modes. Among SP,non-SP and non-SP drug resistant cells,the clonal formation assay was
performed to evaluate the self-renewal potential;3-(4,5-dimethylthiazol-2-y1)-2, 5-diphenyltetrazolium bromide (MTT) cell proliferation
assay was adopted to examine effects of doxorubicin on the proliferation;Genes expression of stem cell markers-nestin and ATP-binding
cassette superfamily G member 2 (ABCG2),the gene related to cancer resisitance and relapse-multidrug resistance gene (MDRI1) and
some EMT associated genes-E-Cadherin,B-catenin,vimentin,Slug and N-cadherin,were compared by performing real-time PCR.
Results;SW1736 line cells contend 0.8% side population cells. Clonal formation assay revealed that SP cells displayed markedly higher
clonogenic potential than non-SP cells. MTT cell proliferation assay showed that the half maximal inhibitory concentration (IC50) of non-
SP drug resistant cells was obviously higher than that of non-SP cells. SP cells displayed higher genes expression of nestin,ABCG2,
MDR1,slug, B-catenin,vimentin and N-cadherin,compared with non-SP cells. The gene expressions of slug and MDR1 were higher in
non-SP drug resistant cells than those of non-SP cells. E-cadherin was not detected in all cell types. Conclusion: Doxorubicin can’t
make the transition of non-CSCs (namely non-SP) to acquired CSCs (namely SP),but can induce the aberrant activation of EMT. SP
cells may have significant impact on tumor drug resistance,recurrence and metastasis.
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(cancer stem cells, CSCs ) TEALIT 254 24 vh A #5 dE 2L
YERIW, Hoim3eik ABC %2 RS2 g i 24 1) 51 2241
il z T, T2 R AR B 5 A A AN W] =
78 FERERE ). AT L B 2 2 0 FL A
Ziit 2k P32 E-cadherin 26355 5 A WIS & Lt
2k b — LB RS AHOCRERTA 7RI o 46 s £ T 2
TR G FAANA AT 2257 KPR MCF-7/ADR
YNMILESARI 2GR I, A2 T 1 e 20 Ma ] B 1k
(epithelial-mesenchymal transition, EMT) ,figi#F T HAZ
78 HATE SIS . Brabletz SESHRH T REAY
UM BN, A CSCs ANXTEIRE 1) 4 28 % e
R TRE VR T TR 00 R 7 T A7 i 1
i, FECEMT (55805

CSCs Mi255 EMT =3 Z [A] A1 4% 1 AN D
EN MY IR IN & SR RN 17 R e TWa e I |
ML TE /0% (fluorescent activated cell sort-
ing, FACS) M 14332 th I #¥ (side population ,SP) 4fi
L AAEDIHFE (non-SP) 41, F1 I 52 2 15 non-SP
AP 2, e = e T A AR EMT Rk &
XS SRR 251 . PRI R R REVE S EMT
Rkl e Uk Ca B R L R e BN
TR Al it 24 AL, SRR 3 FOIR IR A 3
g F At T BEBr IR TR A

1 #EF7EE

1.1 ##

N HUIR B A oA 95 40 M ik SW1736 b 7 [ A
MRUEER 22 B VKRR 2% B Derwahl #5045 20

DMEM 1535 3G 4= 113 (Gibeo 23 W], 32 )
BT 8 2 Hoechst ¢ G YLkt L ABCG2 45 B 71 4 7
K DY R LA UM (MITT) B 75 B2 U4 K ( Sigma 2
A, EHE) ; TRIzol IRIEHE (Invitrogen 23 H] , 5
); WS K real-time PCR X5 & (TaKaRa 2o
Al HAR) s RO K R4 (BD 2w, 22
12 Fik
12.1 fmfissh

SW1736 2 ff bk 0 e A K7 & 10% 15 4 1L
DMEM ({535 8T 37°C 5% CO, Hisftrhiiss,
1.22 MOk KR K gl SW1736 28 g ¥ 4
SP 48 . F= non-SP 2m el

BB KW SW 1736 240 i i Al A 40 i &
W, VHAESANBSE A 1x10° 4> /ml, 37°C/K VA A6 il

10 min J5, AP RESZIGAI AT RRA , PRI A
Hoechst33342 44k} (R 5 we/ml) , Hrp ) B8 21 Jin
A ABCG2 ¥ iz R ES BRI de bk (&KW 50
wmol/L), BT 37°CHIEKGHHCIFF 120 min,
9T SE UK AN M FE BT 4°C HBSS W (7 2%
2R 198 & 10 mmol/L Hepes) 1,30 wm J& Ji f& i
U8 ) B BN ARV, I A LA TR BE (PT) 3 200 %
A2 we/ml, FEKNLL 350 nmpV #UE DGR 610
nm S EETE IR EE 450 nm Fl 675 nm iH 4 KA
U8 3 A I RS D6 6 R 216 4y, ik i
SW 1736 2L 114 SP 4H L Fl non-SP 4l
1.2.3 SW1736 AKX 4 i) %) non-SP 48 ftL i -F- @t 25

DMEM 5 323 in A B 55 2 32 25 175 F non-SP
YT 25 , BT R e BE M 0.01 pg/ml 24, & #i i
% 0.02,0.03.0.04 wg/ml, FAHEEHN 0.05 pg/ml,
Bigw 15 d, QIR AS AT, 4 non-SP TR 2541,
1.2.4 ARSI FE XIS

WA 4 X5 BT 1) non-SP F1 non-SP 1 24 21 fifd,
FLIMA 200 wl g4I AW, 5x10° 4~ /FLEEFIT 96 fL
M, 37°C.5%CO, 5T 24 h )5, TICILIE R FRm A
BESRmUMAAN R EE P RARLE IG5 24 51 48 h,
FUINA 20 wl MTT I (5 mg/ml) , QKEER53: 4 h, 5
3 BHLIIA 150 ] DMSO, & TR R #EIE
10 min, I FHEEPEGRERANY , 492 nm Ab I 45 FL I
FeRE(, AR 6 NS, EE 3K,
1.2.5 P sE ET5 R R

P41 SP 5 non-SP 4 itk LA BT 200 >
IR Y 5 BE R 213D T B4R 60 mm AYREFRILA, B
T 37°C 5% CO, HEFFa ISR, A nl TR 3
AN 7 T B g [, R 5 ek e 0 ) I B
50 AR SRR, TERTE R (%) =i bE
/AR A%< 100% .,
1.2.6 At K E % real-time PCR

2 HCHOBR B R Ak 98 40 B RNA, il
TaKaRa PrimeScript™ RT reagent Kit $ RNA i %
% ¢cDNA, real-time PCR JZ W 554 . TAS 14 94°C

5 min, 8% 94°C 30 s, 1Bk 30 s, $EfH 72°C 30 s,

I 2530 MIEER, e f5 72°CIEMH 10 min, 455 91751
W F :Bactin (5 ¥ 280 bp) L UF 5 -
CCCAGGACCAGGGC GTGAT -3', F il 5'-TCAAA-
CATGATCTGGGTCAT-3" ; ABCG2 (234 bp) LI 5'-
TGTAGCAACACTTCTCAT GACC-3' , T iif 5 -TG-
TAGCAACACTTCTCATGACC-3' ;MDR1 (253 bp) |-
% 5'-GCCTGGCAGCTGGAAGACAAATAC-3', Fiif
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5" -~ATGGCCAAAATCACAAGGGTTAGC-3" ;Nestin FUIR B R A 962 40 BBk SW 1736 A7 7 /b &

(177 bp) i 5'- AGCAGCACTCTTAACTTACG - B9 SP 40, Fb 5k 0.8% . TESNA ABC %1z 5 1
3", Fiif 5'- CTGACTTAGCCTATGAGATGG -3";N-  BHEFFIAERIAK )G , SP A b9 F R o1 1),
cadherin (199 bp) Fii# 5'- CGAGCCGCCTGCGCT- S PEfE SP AR R T EAE A, T non-SP 4fl il TG
GCCAC-3", Fiif 5'-CGCTGCTCTCCGCTCCCCGC-  ETE MU LS # , KA S ek AE K (B 2) , 4
3'; Vimentin (179 bp) Fi# 5-CCGAAAACACCCTG- &5 5538 5 d,SP 40 il () 58 B T iR (CFE) N
CAATCTTTC-3", Fif# 5'-CACATCGATTTGGACAT- (17.40 + 4.60)% ,non-SP 4ififu %) CFE & (0.97 =
GCTGT-3;B-catenin (100 bp) Ll 5'- AAAATG-  0.49)%, MAHHA G225 (P < 0.05), k)5
GCAGTGCGTTTAG-3" , T Ui 5 - TTTGAAG- K38 10 d,SP 40 i %) CFE & (24.50 + 5.50)%,

GCAGTCTGTCGTA-3" ;Slug (182 bp) L% 5 -  non-SP 4iJfif¥) CFE & (1.37 = 0.45)% , W ¢ 8 B
ACAGCGAACTGGACACACATAC 3", T i 5’ -  AZiFF2ER(P<0.05), i~ SP A re I ik

GTATCCGGAAAGAGGAGAGAGG-3 ;E<cadherin(151  BES1HH 58 T non-SP 4ififl .
bp) ¥ 5'- TTGAAAGAGAAACAGGATGGCTG-3', S ) )
T 5'- TCATTCTGATCGGTTACCGTGAT-3", % H 4 = -
AN B 5 (282N AT AT, SRR I A 3 IR :
13 GitF ik _ o

I SPSS17.0 ettt , FHE ORI %L + ﬁ7f
FEE (R £ s) KRR, SHLRTMLEE 25 |
Hr, PRI EEBER ) Bonferroni 5 Dunnett T3 35, P < : 1.8 oa
0.05 HERA GRS, ~PEAMHRIREE (1C,) 1l 0 100 150 200 250 50 100150 200 250
H GraphPad Prism 5 #K{4AEEITSH >

Hochest Red
K1 BRI RR SW1736 H SP AR 4k

»
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|
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2 &F R . . . ,
Figure 1 SP cells sorting by flow cytometry in anaplastic
2.1 SW1736 i r:]? SP #= non-SP m B0 %, ]Ié-}fjﬁg(‘ thyroid cancer cell line SW1736
AE 7 09 YL
*
ISP 4
* Il non-SP
w1736
5d 10 Id

5 non-SP 41 [b#, *P < 0.05,

2 SP.non-SP 40 K & SW1736 4 4 7 FEFE R (x200)
Figure 2 Colonal assay of SP, non-SP and SW1736 cells(x200)

2.2 non-SP 2 s feL ey AR A AT FE AN 45 REIR non-SP i 2540 N RE A SP 41, HiE

FHAE ) 0 m A5 non-SP 411 (& 3)
P55 225 A 15S non-SP i 25, MG H MTT 45 R R, A JE non-SP 4 J& non-SP

FE 001 wg/ml FLEZREE 005 pg/ml, 3555 15 d, 400 WF254006, 3557 72 h % 48 h 4HAEIEPE T B non-SP
RERAF, IR F PR WS ,non-SP 4TCH: il 24 40 e X Bl 8 2R (4 i 259 BH {2 58 T non-SP 4 /i
FEG WO BTEE 24 15 d JG 296l 005 pg/ml 1) (1 4), 553% 48 h )5 ,non-SP 21 Ay > B il vie i
non-SP il fifl %€ A non-SP T 2541 ifd . (ICsp) A 0.50 pg/ml,non-SP Tif Z5 214 0.88 pg/ml,

non-SP M 25 41, TR #EFT SP ) FACS 203, 5538 72 h J5 ,non-SP 4 Jf1 () 1Cs, & 0.08 wg/ml,
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non-SP M 25414 0.38 pg/ml,
2.3 SP.non-SP #= non-SP & 25 28 fit, P -F 40 fe A
Jgft 24w EMT 48 % A B 69 & ik

Nestin , ABCG2 /& T i 5 FL A, MDR1 A
Mg 255K . SP 45 non-SP 4H0AH L, Bk

HERIAK (+) HERIAK (=)

»
»

50 100 150 200 250
1

1
1

1

X
\

Hoechst Blue
50 100 150 200 250
I

%
0% 0%

L B B e e R e e e R EREERS
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Hochest Red
K13 non-SP M 25 4 i i SP A A8 1) i 2 2k
Figure 3 SP cells sorting by flow cytometry in non-SP drug

resistant cells

i

= 4g pA non-SP AL~ & non-SP Zji}il

z 100 2 non-SP ﬁﬁgg ELL S -

z S )il

= 3

& 50 = 50

& i

2 P

% 0 ! ! T '% 0 T T T 1
-3 -2 -1 0 1 -3 -2 -1 0 1

Log[ Doxorubicin( pug/ml) ] Log[ Doxorubicin( pug/ml) ]
Kl 4 FIEE 25T non-SP il non-SP i 265 41 0 7735 2R B4 52 i

Figure 4 The effects of doxorubicin on non-SP and non-SP

drug resistant cells viability

nestin(P < 0.05) , ABCG2 2 MDR1(P < 0.01), SP 4f
5 non-SP Tif 2541 A HL , ABCG2(P < 0.01) \nestin
(P < 0.05)F kTR MDR1 T# 5%, Non-SP i
2540 148 non-SP ZiJifd MDR1 263k THE: (P < 0.05),
ABCG2 .nestin I FEIA TG T2 5%,

[-catenin , vimentin , slug \N-cadherin E-cadherin
A EMT AHOCIE . SP 5 non-SP 4 iEAH L , B ik
B-catenin vimentin slug & N-cadherin(P < 0.05), Non-
SP Tt 25 4HMfi%% non-SP Aififl =315 slug(P < 0.05) , B-
catenin ,vimentin Z [A] ) 22 | TCEL 11274 5 X, Non-SP
it 25 40 e 55 SP 4f il AH L |, slug 3R ik 38
herin Z3A N[ (P < 0.05), B-catenin vimentin [1%)3&
ik, non-SP it 25 5 T non-SP 4f fifl .SP & F non-SP
i 25 2, (H 34 o8t 1247 X, E-cadherin JEI7E 4

= N-cad-

T g YA (KD 5)
3 3t i

T 245 i1 7% 2 il B TR ) A
I T 240 L R 200 e T Joi 2 A ol N Sy e R A
FH . BRIWEST & B 96 2 U 2 (6] v] REA7 £ D) RE
MR .

FLTE 2001 4F, AF9E N D 4 i T At i 3L
IS TS R A A — /N B AR E
B Z MBI BERY CSCs, HUEA vEFRMEB R BE
I, R R SR EAREYY . Nestin FL7F 1990 4F
SRR A R 5 kﬁﬂF'E’JJFQEEIB@ NN

44 b - g o3
I I EEEERRE X * w
%3 3 X — iy —
® #® ) 22
§ 2 ; 2 E ":E
= = E £ :
E1 S = =
L] il ﬂ [
7o : : ——<0 20
non-SP non-SP itz SP non-SP non- SP it 25 SP non-SP non- SP it 24 SP non-SP non-SP {fif 24 SP
37 6 g 3
= = 3 =
E 1 ’—| f: 2 ﬁ ;
5} ;;‘ 1 E
£, . . oLL. : & 0

non-SP non-SP 425 SP

non-SP non-SP [it 24

Sp non- SP non- SP 25 SP

SP 5 non-SP 4l i #H Lt ,nestin ,/ABCG2 ,MDR1 slug, B -catenin , vimentin M N-cadherin ?’%ﬁiﬂ ;non-SP ﬁﬁﬁj'ﬁ non-SP 4 jfd 4 Lt , MDRI1

slug ik 1294 ;non-SP Mt 24 5 SP AHMIAH L , slug FikHE
K
cadherin) ) FE R

,ABCG2 ,nestin ,N-cadherin #i5 F[&, *P < 0.05,
real-time PCR Z3#T non-SP .non-SP T 245 SP éEH M nestin  ABCG2 MDR1 Fl EMT A3 A (B-catenin , vimentin ,slug ,N-

“P<0.01,

Figure 5 Real-time PCR analysis of mRNA expression of nestin, ABCG2,MDR1 and EMT related gene(-catenin,vimentin,slug,

N-cadherin )
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TEW A I TR i A g A TR AE A CSCs IR
B Liu SO0 F BUR R oAb g b g 20 bR A
HATHR A LS, MR A BhR AR R 5
nestin , MR8 55 1E A9 FR BRZH 2T nestin B R A PE,
nestin ] B8 2 FUR R AR 43k 9 e 1 40 i 1 A i
Y1, ABCG2 Jj& ABC iz iR Z G R, |2 fE1E
FAFT UM L, AR RA e T SP 4ifflfy
Hoechst BIPEGL @8R | AWFST os , 76 B R AR R 43
b9 20 i AR SW1736 433 i 19 SP 4 I8 #¢ non-SP
Y0 755 # 3K nestin , ABCG2, #2758 76 HUIR R K431k
TR R P T ANV REAY SP 4.,

WFFEUER ABC 32 AR iy /55 22 35 W] A1 {f Jie g 20
MOk A7 252 A, RN 2512, ABCG2
A1 MDR1 [A]J& T ABC ¥%18 F % , 76 LI O T
Jors VA5 ) BT 2R T 24 v A T AR 7 FUIR R R
S3ALJEE HTh74 4HfEtk, =361k ABCG2 il MDRI
J& SP 4i i Kz HTh74 T 24 kX6 il 25 25 Mif 24 1) 3 22
Jr R 2z 280 AR ST R BN SW1736 2 Jfd 73 £ 1Y
SP ZHifi#4 non-SP 4l Jifd =5 Z 1% ABCG2 & MDRI1, 1]
RERL I HR R A A X A7 AN TR T o B %
WL 2 — B, fky7 2516 & 1l ABC #%
15 B UG 29 AE ORI R oA 0 IR 97 Th A T
FERIE RN A

[RIE, ASHFFE 45 S22 BH non-SP M 24 21 fifd it =X
IYEEANBEIRAT SP 4l , HAEFRAR non-SP 4L, A
PR S AT B S IR 25 SR B K SW1736 21 it LB
FEREIWRIE 0.5 pg/ml FEAM 24 3 d, X0 iE SP 40
MBI LLAIA 3.19%12) ) B SW1736 4 LA i 25 15 19
0.8%SP 4Hfd Ll B B T, DL 25 SRR B 3
ANAEIS T non-SP 41 fL (RIAE CSCs) #4 4kl SP 4 i
(Bl CSCs), M558 H SP Hp It vl fg 2 th T
SP 2 A B 1G5 5 R

EMT %) % A D 1 Bz 20 AR 1 1 32 2% R ] ST
PE CBLEF 2 4 MORE i AN 8] bR e 6 1R ) 2 3k
L) ARG | 20 e [ 266 B i ) 2 2 kB8 Kz Blifig
J1ARAR A EEAEAE, 5 s 2 MR S R b 5 R A
HYIRFR, HATRN ARSI IEE AT EMT
TEFLIRI (S5 i RS B T R 5
22 Pl e 119 i M 12 i 4 e M 5 B v S 5 26
B8 IVE U417 E-cadherin  N-cadherin . Vimentin .
B-catenin 1 Slug ¥J 4 EMT M KHhrd . A5 H
real-time PCR %} % I /8 E-cadherin 7F SW1736 4H
U433 14 SP .non-SP & non-SP it 25 4 iy h 34 ok 3
ik, SP 4 i1 %% non-SP 4fl fifd = %2 35 N-cadherin , Vi-

mentin . B-catenin 1 Slug, ESZ T 7E HURIE AR 7046
JEANRR SW1736  BAT TANMIRFE Y SP 4l %
AT EMT, 2y SP 4R 53 1R 22 e AL e s S fit 17—
SE R EBARE o [T 58 % B, Bl 3235 F % non-
SP i 24 40 it & 24E T EMT, non-SP i 24 41 it 5
non-SP 4 HIAH L = ik Slug,, 1 MiHE = FUR AR AR 5
A 98 40 L ) A A2 22 BE ) T RES SP Al kAR T
EMT AH3C, TAEARsy 2590055 AR T 40
non-SP 1] §E i & 4 EMT i HA T =iz 281k
I3, Horp R &R A Rtk — 2

25 EITR AW SR T FACS 4077 A
ARWEA SR ANk P 2 2 e ) SP i, %
AN LA A RE ) 5, IR T AN AR R R i 24 Ak
R EMT AHOGHEIN 50— UAE FHAR R34 i
BRrr, FHA3 B H 1Y non-SP 41 it 175 31t 24 |, & PR 2
ZAEERIE CSCs BP non-SP 40 e 74k 8 CSCs A
SP 2L, (H R B EMT A5 B0 . 245 R 1
SP LA Tt i AT BESE: F T SP 4 A B3G5 51 Y
SP 41 nT RESE AR 25 2K R ORI . AR
A ARYA 7 ZE [ B EH XS CSCs Fl EMT 5558 #
(&% 3CHk]
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