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Isolation and characterization of a stem-like side population in thyroid cancer cell lines
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("Department of Endocrinology ,the First Affiliated Hospital of NJMU,Nanjing 210029 ;’Department of Endocr-
inology , Beijing Jishuitan Hospital , Beijing 100035 , China)

[Abstract] Objective: To identify the presence of cancer stem-like cells (side population,SP) in thyroid cancer and compare the
growth pattern,clonogenity and invasive potential between cancer SP and non-SP cells. Methods: Three different human anaplastic
thyroid cancer cell lines(including HTh74,SW1736,and C643) were stained with Hoechst 33342 and sorted for a small fraction of SP by
fluorescence-activated cell sorting (FACS). The gene expression of stem cell marker-Oct4 (octamer-binding transcription factor 4) and
genes related to cancer resistance and relapse-ABCG2 (ATP-binding cassette superfamily G member 2) and MDR1 (multidrug resistance
1) in SP and non-SP cells was compared by performing RT-PCR and immunofluorescent staining. Colony formation assay was performed
to evaluate the self-renewal potential of SP cells,and cell invasive potential was measured by using the Matrigel invasion assay. Results;
Cancer SP cells possessed some intrinsic stem cell properties as they preferentially expressed stem cell marker Oct4 and ABC transporter
genes-ABCG2 and MDR1,and can generate both SP and non-SP cells in vitro. Colony formation analysis and Matrigel invasion assay
revealed that these cancer SP cells were more clonogenic and displayed higher invasive potential than non-SP cells. Conclusion: These
findings suggest that the SP in thyroid cancer cell lines is enriched with stem-like cancer cells that may be the source of tumor drug
resistance and recurrence.
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AR PR ARG 5% 20 M 73 2545 30 A HOR A T4 M, e A4
Hh2E TSH 55 1] Lok FAR i 4 e O ml et | 7k
—UESE T HURIR T 4L AE7E . 2007 4F, Mitsu-
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MM Hoechst JL R AL A 1 B4, =4
M2 6 IE /0% (fluorescent activated cell sorting,
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MR AT S IR RAE AU A 3 e Th 2 5
A EA T A0 RRERY SP 4, b BRI R 31
TR SR AT AR AR

1 #MRERE

1.1 A

N R R AR 43 A 9 20 JfL bR HTh74 SW1736,
CO643 H 78 [ AR AR TIE £ R 27 B 1K ¢ B2 2% Bt Derwahl
HFZE

U535 ] DMEM F1 F12 855558 dE s s it
1R S IR A I8 I H 32 [ Gibeo 23 Al ; Hoechst ¢ 4%
BE K ABCG2 FEHLAIAERIAK I A SE[E Sigma A A 5
ABCG2 B 4K (clone BXP21) }z TRITC ¥5ric B %€ )
P B 2 [# Santa Cruz 2 ) ;RNA #2 B H
Tripure A1 RT-PCR 257 & 3 & Promega N T ;
A 519 50 i I AR TR Rl A R, AR
22155 H Martigel 14 H 52 [ Sigma /A A , Transwell
/NEEE A 5 E BD A, SO R AU SE
BD AR,
12 F#k
1.2.1 fmpaizi

C643 F1 SW1736 iR Fi DMEM 35 3% 3 17
B398 HTh74 Z0HR ] Ham F12 B30 TH5 5%
1.2.2 Mok Kk K 2o ik T AR IR AT 98 2 e 64
SP #m A,

R4S IR A e A K B K3, e sE R

AIIET45 FH B IR (& 2% 062 L35 ) , VR4 40 i
BN 1 x 10° 4 /ml, 37°C/K I FE H Y 10 min
J& , A Hoechst33342 Y (K 5 pg/ml), X
RAEROEE T 37°C/KIBH T IFE 120 min, &
30 min &8 1 IRELAE . X IR T e A5 B8 v [R] )
A ABCG2 #%3a (R FEHT RN AE LK (ZH B R 50
pmol/L) W E . W H 56 UG H 4 & T 4C
HBSS B (7 2% 64 1135 & 10 mmol/L Hepes),
30 pm J& e B g DA 5 B A A AR v, it =X A
Ao e Hi AL I BE (AR 2 pg/ml) LAHERR
ET- AT SEBR B S2 M, LA 350 nm WV ORI |
610 nm AU {4 k38 2 P € B2 450 nm Fl 675 nm i1
G IEUE 7 ARSI HCS O G S LI Ay, 2
PERIACREEMS S, B a5 5 A A
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HTh74 405 Hoechst YeRILIF B )G, EET
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HUAR T2t WA T EE
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22 FACS 43 Ve SP 1 non-SP 2B, # ML 7 1%
4 2 A0 RNA, R RT-PCR J7 2 =
SEPH AN EIRIEN mRNA AR 2R, ki
B-actin NS, K51 WTFINANT B-actin GZHYIH
280 bp) 7 :5'-TCAAACATGATCTGGGTCAT-3',
% :5'-CCCAGGCACCAGGGCGTGAT-3" ; OCT4 (=
14 216 bp) 37 :5'-GACAACAATGAGAACCTTC-
AGGAG-3', Fif:5 -CTGGCGCCGGTTACAGAAC-
CA-3';ABCG2 (F=#¥)°4 379 bp) ¢ :5'-AGTTC-
CATGGCACTGGCCATA-3", Fiif .5 -TCAGGTAG-
GCAATTGTGAGG-3' ;MDR1 (=4 K 253 bp) L i .
5'-GCCTGGCAGCTGGAAGACAAATAC-3", Fiif:5'-
ATGGCCAAAATCACAAGGGTTAGE-3";Tg (J=¥)HN
280 bp) 37 : 5'-AGTCCTAAGTCCCCTGATGC-3',
% :5'-CAAAGGGAGACGTCGAGTGT-3" ;NIS (=¥
9299 bp) k.5 -TCTCTCAGTCAACGCCTCT-3',
T#:5'-ATCCAGGATGGCCACTTCTT-3" , iz &%
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Figure 1

Identification of SP cells in human anaplastic thyroid cancer cell lines
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A HOR B el S 36 A Tg & NIS, non-SP 4 i A5
i5 ABCG2 MDR1 & OCT4 K33k Tg J NIS F:[H
(K3),

2.4 HTh74 F SP #= non-SP 48 i ¥ #7148 A/ 49 phd

28 FACS 43k )5, 403535 HTh74 240 i
SP Fll non-SP 2045 2 J&, B4 56X T 2H 441 it
HEFT SP 8 FACS 40k, 455 7R SP 4 AT FE 5L
SP Fll non-SP 40 fifl, T non-SP 4 g AN BEF= 4= SP 4
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Figure 2 ABCG2 immunofluorescence staining of HTh74 cells with Hoechst co-culture(x 200)
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Figure 3 Expression of stem cell marker and ABC transporter genes in side population cells
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Figure 6 Analysis of in vitro colony formation of SP and non-SP cells
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Figure 7 Analysis of invasive potential of SP and non-SP cells

JifrIe RN 2 o e A A R S AR

H il 2 s T an i e o i 2 A HIEH T
Y B A0 VR AR R A T e S e, (HXT TR =
PRSP hR R 00 R T4, vl A T4 e
261k ABCG2 FEiz A, IITPKE ¢ Y6 44k Hoechst 2
AR, PRI ] FACS BEAR S-S L BER
LA (SP AR, HAT T e
VA R 2T i 0 g 1A 22 A e 2 2RI 4 i
A EI T SP AN, ARWFSE K IAE 3 BRI
NHUR IR A A R h B & /D E 0 SP 40
i, A 5 45 o L 2H 40 rp 20 A 40 i 1)
Boim LLIAR L, e g (g5 R /R FE HTh74 4
fiZ H, ABCG2 Yt FHEAIE Hoechst AN 4 I
Yo A SRR T R R R A S AR A M AR e S A
TSP YU, 1 X — Rk A0 MR v A R LUS B 55 b
96 T 240 LA R BR R 43 Al g v & AL 18 % 5
AL

LA R 5E Wor SP 4R RE o 2k 40
AH ¢ 2 [H (0CT4 . SOX2 . ZFX) . ABC #% iz 1A 3t
(ABCG2 ,ABCAS5) Wt {5538 F§AH X HE A (FZDIO
PTGS2 KLF5)5 Notch {551 A OGP 1O OCT4

LR 2 Pit-Oct-Une (POU) ¥4 st I+ F ik h By — 0t
VA WG T 4 M B R S PR R PR T M R G T 20
i 1) 22 5 B 1 FD 1A R R B R L AR
ABCG2 Fih T I T-4HAE  nestin(+) 5 S TR 2 |
JHFREBR R AR A2 T A s ok e —4N) 2%
ST bR G, BT ABCG2 Al MDR1 [d))& T
ATP-binding cassette transporter (ABC) #4158 Z & , 47
FH TN E SR B AR Y R FEEY A LAk
2E2GPiist , BT RIS UE S g gl 8t
ABC HisthfmaRik, ZiHainy sk vl fe (i
SR ALK AT 25038 A R S i 2 1S AR
5T A BIAE HTh74 4Hfrh, SP 20 sy 26 15 T4 i 2
OCT4 M it 25 A3 ABCG2 J MDRI, 1fij
AR HUR IR RS EE R NIS Tg, #78 SP 40l 2
BT afasett, HAEMEAZih SP 4 vl 682 i
AN 2] 5 AR

PR i O R N SR N 1 1 )
BRI o eg T 240 B T DAAE AR P9 B8 AR IR e i e
AAFFEH , HTh74 SP 41128 FACS 43385 1l FHIE AL
SP F1 non-SP 4iiffl, Ff H£83d R 501 5 555714 SP
B R EE , 1 non-SP 20 R BEdE T B IR E 1,



55 32 4 5 ]
201245 A

TR - HOPM I Hh 26T 2R I A MR 2 M P 2 B R M

- 591 -

ANBEF=AE SP AN, $E 7 SP A 4 M AN X FR 4
Z4PEF IR TOHTRE 1, RIS, (R A1 SR Y B RE ) He
BARTCIBTES 3 KiBJ25 7 K, SP Ay s pE e
R 5T non-SP 4R,

ORI 2 B UESE R I M T A A AUS 3 1
I B L, iR 25 T M RS R, B
WoR, TEAMUARSMEZR SR T SP ALY 1R 28 RE )
BT non-SP Y, E—2E RS T MR 4 i E
AU S RZBHEAEE T, TN M b 5 7 i A
38

g bk, AR T FACS 20k IS
[73] FFAR B A e 9 40 M AR vy B 20 0 R Y SP 4 i
AN HE 240 P i 2 35 1 40 LB RS R e T 24 4 DG Kk
, [ PEAAR SN ST i i 3 TR AR 22 e R e 0, 4R
SP 20 fitg ] BE 2 R it 24 52 R S R AR IR it — 2D 1
UE T g T4 Be A s HUIR R S A 1Y)
BITHRAE TR 1A
(8% k]

[1] Bonnet D,Dick JE. Human acute myeloid leukemia is or-
ganized as a hierarchy that originates from a primitive
hematopoietic cell[J]. Nat Med, 1997,3(7) .730-737

[2] Al-Hajj M,Wicha MS, Benito-Hernandez A et al. Prospec-
tive identification of tumorigenic breast cancer cells [J].
Proc Natl Acad Sci USA,2003,100(7):3983-3988

[3] Singh SK,Clarke ID,Terasaki M, et al. Identification of a
cancer stem cell in human brain tumors [J]. Cancer Res,
2003,63(18).5821-5828

[4] Ricci-Vitiani L, Lombardi DG ,Pilozzi E,et al. Identifica-
tion and expansion of human colon-cancer-initiating cells
[J]. Nature,2007,445(7123):111-115

[5] Thomas T,Nowka K,Lan L,et al. Expression of endoderm
stem cell markers:evidence for the presence of adult stem
cells in human thyroid glands [J]. Thyroid,2007,16(6):
537-544

[6] Lan L,Cui D,Nowka K,et al. Stem cells derived from
goiters in adults form spheres in response to intense
growth stimulation and require thyrotropin for differentia-
tion into thyrocytes [J]. J Clin Endocrinol Metab,
2007,92(9):3681-3688

[7] Mitsutake N,Iwao A,Nagai K,et al. Characterization of

side population in thyroid cancer cell lines:cancer stem-
like cells are enriched partly but not exclusively[J]. En-
docrinology,2007,148(4) . 1797-1803

[8] Prrez-Caw M, Cobaleda C,Gonzrlez-Herrero 1,et al. Can-
cer induction by restriction oneogene expression to the
stem cell compartment[J]. EMBO,2009,28(1):8-20

[9] Goodell MA,Brose K,Paradis G,et al. Isolation and func-
tional properties of murine hematopoietic stem cells that
are replicating in vivo[J]. Exp Med,1996,183(4):1797-
1806

[10] Ho MM,Ng AV,Lam S,et al. Side population in human
lung cancer cell lines and tumors is enriched with stem-
like cancer cells[J]. Cancer Res,2007,67(10).:4827-
4833

[11] Addla SK,Brownl MD,Hart CA,et al. Characterization of
the Hoechsd3342 side population from normal and ma-
lignant human renal epithelial cells [J]. Am J Physiol
Renal Physiol ,2008,295(3) :680-687

[12] Friel AM,Sergent PA,Patnaude C,et al. Functional anal-
yses of the cancer stem cell-like properties of human en-
dometrial tumor initiating cells [J]. Cell Cycle,2008,7
(2):242-249

[13] Huang D,Gao Q,Guo L,et al. Isolation and identification
of cancer stem-like cells in esophageal carcinoma cell
lines[J]. Stem Cells Dev,2009,18(3) :465-473

[14] Zheng X,Cui D,Xu S, et al. Doxorubicin fails to eradicate
cancer stem cells derived from anaplastic thyroid carcino-
ma cells:characterization of resistant cells [J]. Int J On-
col,2010,37(2).307-315

[15] Chauhan PS,Bhushan B,Singh LC,et al. Expression of
genes related to multiple drug resistance and apoptosis in
acute leukemia;response to induction chemotherapy [J].
Exp Mol Pathol,2011,92(1):44-49

[16] Zhu W,Hai T,Ye L,et al. Medullary thyroid carcinoma
cell lines contain a self-renewing CD133* population that
is dependent on ret proto-oncogene activity [J]. J Clin
Endocrinol Metab,2010,95(1):439-444

[17] Vasko V,Espinosa AV,Scouten W et al. Gene expression
and functional evidence of epithelial-to-mesenchymal

transition in papillary thyroid carcinoma invasion [J].
Proc Natl Acad Sci USA,2007,104(8):2803-2808
(R EE] 2011-12-17



