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Abstract: Objective Recurrence and drug resistance in different thyroid cancer in the clinic are associated with tumor
stem cells. To investigate the differences in transcript levels of tumor stem cell-associated genes in different thyroid
cancer cell lines and their correlation with tumor pathways for identifing factors affecting thyroid cancer progression.
Methods Wound healing assay was performed to analyze cell migration; to compare the transcript levels of tumor stem
cell related genes CD133, OCT4, ABCG2, ALDH2, Nanog, CD44, CD24, EMT and thyroid specific genes in different
thyroid cancer cell lines; to analyze the correlation between the above genes and tumor pathways and the correlation
between genes using R software GSVA package combined with TCGA database. Results Wound healing results showed
that thyroid cancer cell lines TPC-1 and ATC healed faster than normal cells. gPCR showed significantly different
expression of EGFR, CD44, CD24 and ABCG2 in ATC and TPC-1 compared to Nthy-ori 3-1. EGFR and ABCG2 were
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highly expressed in ATC cell lines, while CD24 gene was highly expressed in TPC -1; TTF2 was significantly low
expressed in both ATC and TPC-1 cell lines. Correlation analysis showed that ABCG2 and OCT4 were negatively
correlated with inflammatory response, ALDH2 with P53 signaling pathway, CD24 with ECM degradation and P53
signaling pathway, Nanog with MYC target gene pathway, and CD44 with reactive oxygen species (ROS) gene
upregulation in thyroid cancer; EGFR was positively correlated with TGFB signaling pathway. The genes ALDH2,
ABCG2 and CD44 were significantly and positively correlated with TPO and TG. Conclusion The transcriptional levels
of tumor stem cell genes differed greatly among different types of thyroid cancer and were significantly associated with

tumor signaling pathways. It may be related to signaling pathways that exacerbate the development of thyroid cancer.

Keywords: Thyroid Cancer; Tumor Stem Cell-Associated Gene; Transcript Level; Correlation Analysis
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R i (thyroid cancers, TCs) H A & 8 S ik,

J PN G0 A TR v A DL IR R o FRODR R A L M A
FE ] 43 8 a0 A B I R IR Cwell differentiated
thyroid carcinoma, WDTC). /L HIRARE (poorly
differentiated thyroid cancer, PDTC) FlA 44k FIR e
(undifferentiated thyroid carcinoma, UTC ). it 43k HUIR
BRI E A BROR F 2PUE E sk, HIERAE. H
A AL IE I 404 SR (fine needle aspiration biopsy,
FNA), BRI T % 02 Wr, SR AE SR ol i
FHNTREIATFAR . RE S F ARG P 86
I7 REARBR K 22 B Ve BRI, (EDG) Be B R AR 4k
BP0 2R FOR B 7E V6 T I AR o 4 i B TR S R Th R
PR A RAT R R T BUR S A S R T AT AR I IR —
R @, F 55 4 H RS -4 2 Ccancer stem cells, CSCs)
(IAELERSIR TCs 12 B AINHIE R IA T AT PE[L]. =
ATy = FROIR e FifJed 4 I 7E HROIR B R AR R R v T
BB, Fk, AHEFUE WL A R 2R A HUIR
I e 200 L 2R P e - 4 A G 25 R A S Kk T i 22 S A
b, 456 TCGA B 7 b AR SCERAF I BE R 78 HR AR
Jei R IR ML AT BEAZETE RSN, NI B8 47 7 i IR
JR e 3B B I L, O HUIR IR IRE R 2 R SR AL L 1 1
FFEARIE

2 PR ¥R
2.1 ZHBRERFI I BE 5

N IEH HUIRRZR AL (Nthy-ori 3-1). A TPC-1 4
MukkFl ATC 4Hffikk (8305C) Wy bk nT M ahA: M TR
ANdE . BT A R4 M Pk35 H DMEM 15 77 2
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(Hyclone). 10%JiG4F 1% (Gibco), LA 100Ul/mL
R M 100pg/mL #8% & (Gibco) M5 ks
WHEAT R IR, JHAES 37T 5%CO, (K INIEIAEE (1) 77
#i (Thermo scientific) %57#. Nthy-ori 3-1 Il RPMI
1640 15773 (Hyclone) A 10% FBS. 100UI/mL & %
FOM 100pg/mL HE R 2R AR SE S IR AR 7R, Ki R4k
15 37T 5%CO, MR IAET . B 4n e 7 [F —
FAF AR E LRI T .

2.2 20 By SR

B8R0 BIFERE A 5000 NAHARAL, AART
96 fLIR, INAFE4E: 7 (DMEM BX RPMI 1640 155
H+10%FBS) #EATH:F: 24 /N fE, BAL& A 10ul
CCK-8 A W+90uIDMEM i RPMI 1640 3555, ¥k%
FEBURNRE FEAE T 2h. BRI E 450nm b iR
A (OD)o RIIARGFRMMFLAZ AN R, 5
T 3 NES

2.3 YRS KE

IR 2 FT, fE 6 SRR Em tH =2 R
AR AT, B PR K 10°
A> TPC-1. ATC Al Nthy-ori 3-1 43 B 5] BN 6 LR
W, RS 4N A B SR 100%. B K, FARE
I H TR K et R7 i 77 ki o —iE 1
RN TEH . AR5 PBS phcaip, A FraE e 4
Braedk. WIS, ¥ 6 FLIRE T 37T, 5%CO, fH iR 55
FEM IR, #£ Oh. 4h. 8h. 24h HUMEEIRMR, 7E{H
B WS MR E S N R . A Image J AT
SRR AR . AR AR 3 AN EE R .
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2.4 RNA 43 Bl qRT-PCR R

i TRIzol X751 (Takara) M 3 Fhas-HfCqn bk
FEA 230073 B RNAG 4 200ud 0475 (Sigma) i A2
TRIzol 213+, 1E 4T F, 12,000g/min .01 (3§
B B 15min, FEK EEKZEHER B TR
Eppendorf & 1, b & A SRR 5 A RE(Sigma) . K
TR BIFAE 4T, d N 12,0009/min 1 & QLT
B, B0 15min, AASEWREEDTE. H 70% SRS
J&, K5 RNA ARTE TS RNase 7K H, it FE i i

UKVF RNA IR . et (R 2aleE
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A260 1 A260/280 Tt FEIE RNA WRFEEFNAEREE,
TR IRIUK S RNA B /A7E 80T LA JE 2E 55

f# F§ TransScript All-in-One First-Strand cDNA
Synthesis Kit (RIEARAFD K RNA S8 —
¥ cDNA, cDNA HI-F RT-PCR FlIszit ikt E & PCR
i, LN GADPH DN . 20 gRT-PCR
JRPVRA WA 10uL SYBR Green gPCR Master Mix.
135 LN D BT : 94T A8 5 404, ARG AE 94C30
Fb. 58C30 I 72C30 F5 F kAT 40 MEFRY G . H
I 2785C 3 i AHST mMRNA KF, i 52 & /3T
— . qPCR 51440 T

R 1 AR R T AR AT DG I IR S e S B IR 5 W i

FHEH (Gene) Bl¥ %] (Primer sequences of various of PCR) FEMIAR/N (Product size(bp))

CD133 F:5’- CACTACCAAGGACAAGGCGT -3’ 153
R:5’- TCCAACGCCTCTTTGGTCTC -3’

OCT4 F:5’- GGTCCGAGTGTGGTTCTGTA-3’ 84
R:5’-GCAGCCTCAAAATCCTCTCG-3’
F:5’- GCTACACCACCTCCTTCTGT -3’

ABCG2 R: 5’- GGAAGAAGAGAACCCCAGCT-3" 195
F:5’- CTTCGCCCTGTTCTTCAACC -3’

ALDH2 R: 5’- CTGAGTTTCATCCACCTGCG 3’ 175

Nanog F:5’- GGCCTCAGCACCTACCTAC-3’ 122
R: 5’- GGTTGCTCCAGGTTGAATTGT 3’

cDa4 F:5’-CTGATGATGACGTGAGCAGC-3’ 107
R:5’- ACTGTCTTCGTCTGGGATGG-3’

cD24 F:5’-TGGTCCTAAGCCTAAAAGTGGG3’ 123
R: 5’- TCAGTGTGTGACCATGCGAA 3’

EMT F: 5°>-ACTTGCTATCCTGCCTTGGT-3’ 123
R: 5’- AAGTCATCACGTCCCCTTT-3’

EGER F:5’- GTGAGCCAAGGGAGTTTGTG-3’ 81
R: 5’>-AGGTGATGTTCATGGCCTGA -3’

NIS F:5’- ATGCTAAGTGGCTTCTGGGT-3’ 126
R: 5’- CCTCGGGTCAGGGTTAAAGT-3’

PO F: 5°- CGGACCCCTACGAGTTAGGA -3’ 165
R: 5’- TGGATTTAGTGCCAGTGCGT 3’

TG F:5’- TCCAGTGCCAGAACGACG -3’ 181
R:5’- TGACACTGAGGGAGGTAGGAG3’

TTE-2 F: 5’- CACGTTCATGCAGTGTGGAA -3’ 142
R: 5’- ATGCCTGCTTCTGGTGTAGT -3’
F:5’- TGTTGCCATCAATGACCCCT -3’

GADPH R: 5’- TCGCCCCACTTGATTTTGGA -3’ 17

25 ZHN5FESEBMHERES RS
i R AR SRtk 7 #

Mo iE O B % (TCGA) # #h &
(https://portal.gdc.com)$k75 T Eﬁ#ﬁﬂzﬁﬂﬂlﬂf“‘ﬁ (n=510 Mk
fi) [ RNAseq 0 ARG IRAE B o FFUCEEA B
S IEE, EiT R WA GSVA B EET T,
& & 2 method='ssGSEA', &% J5 il it il % /R 2

(Spearman) AH I 73 Bt IR 44 25 [R] 5 3= 2 i 8 A
A PRAT > AR o T bR PR RE R 55 FROIR R R 5
R ) 2 R A Ve EE R v4.0.3 TR R B
pheatmap 147 &7 18 F Spearman (1940 5& 43 B ke fifiik
B’AIES MK E &R E ZE K AHE KT

(C https://www.aclbi.com/static/index.html#/functional_an
alysis), p<0.05 AN EA Gt 5 Lo

http://www.medresfront.com


https://portal.gdc.com/

4 WIS HORBRE R T 4R A OG22 K 20 B

3 it ab 4 g5R
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Graphpad prism7.0 AT G0 HT. P ELEL

%}gﬁ tﬁ\%, P*<0.1, P**<0.05, P**<0.01 yg%ﬁﬁé}ﬁ ﬁﬂﬁﬂﬁ?ﬁéﬁmﬁﬁfﬂﬂﬁéﬁﬁ‘] Nthy-ori 3-1 %%Eﬁ%
ey, BTEAE A, MEBER) ATC 20 S 2R B AE K, IEER) TPC-1

i SRR (L 1A). %) Nthy-ori 3-1. ATC 410
1 TPC-1 41575 % 24 /NS 3R451K) OD {EAHY, Uik
=P AL T AR A K APIRES (LK 1B ).
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S 3 s :
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T
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4.2 FARBEBARE SR

ARl SH AR KR 5 23 U7E Ohy 4h. 8h Al 24h MEXRR A . 4550 ER, 78 0~8h ZIf], Stk
A TPC-1>ATC>Nthy-ori 3-1, T7E 24h B & A bk 13T #2182 ATC>TPC-1>Nthy-ori 3-1, —#R4Hfutk
WL g2 & X (P>0.05) (K 2).
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Time(h)
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4.3 BT 40 R SR E BRI A FRR AR
B A RERFERAKF

R T4 B AR S LR gPCR R E/R: 5
Nthy-ori 3-1 #Hlt, EGFR. CD44. CD24 1 ABCG2 £
ATC F1 TPC-1 4HfutkiERiL A BEM %R, EGFR
1 ABCG2 1t ATC 4tk m 3Rk, 1 CD24 R AI7E

WERRGHY 2022, 1(1): 1-9 5

TPC-1 ik, £ ATC Al TPC-1 4 Mk AH H. bk
A L, OCT4. CD24 1 ABCG2 N £k & B A it
ZR L ILE 3A).

FOR IR 8 A G R gPCR &5 ER: 5
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4.4 MYETARMARER S E 5@
RAEIIHT A R 2 R R AR SR 1 2
MOREAE S R 41 B8O B R 41 GSVA 2

C https://www.aclbi.com/static/index.html#/functional_an
alysis) X450 4.3 [RPRIEEAT 2 2 MRE 5 M ER A G
P W LK 4a), R F40uAH R R S 19 Fh
JHR A5 5 R 3 B AN RIRR O IE AR S AU oG .
1, ABCG2 Fil OCT4 (POUSFL) 5 % i K 7« ALDH2

a

102(5) = 17.29, p = 3.66e~27, Ppascman = ~0.45, Clss, [<0.52, =0.38],

Inflammatory_response
L

$ 4
Log2 (ABCG2 TPM + 1)

Togd(S) = 17.23, p = 9.89¢~19. Pipuarmn = =038, Close, [-0.45, ~0.30].

Degradation_of_ECM

Log (CD24 TPM+1)

logi(5) = 17.10, p = 2.3¢~06, Bipuarman = ~0.21, Clpss, [0.29, =0.12)

Inflammatory_response
° S °

o's 1o
Log2 (POUSF1 TPM + 1)
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55 P53 {551l .CD24 5 ECM [4&f# Ml P53 {5 53l i .
Nanog 5 MYC $EE A% . CD44 5iftE% (ROS)
R LSRR EAMK; EGFR 5 TGF-B 55 i@k
EEFIEMRK.

B (LA 4b) R AE FFUIR B e 20 B AH O ik
DR 5 FCR Tl S B R 2 [RDRAR DG, I e ARR IE ARG,
LERRAMAAR, BUEBIRAR 2 [WAH IR o
Ji 93 T4 B AH 5= R K] ALDH2. ABCG2. CD44 5 HUIR
4 IE D] TPO M TG & & 2 IFAH .

10g,($) = 17.30, p = 5.35¢=31, Prpuaras = ~0.48, Clyse, (0.5, ~0.41)

i“.

z >
. '. 3
. .0..?‘.. :' -.

i i 3 &
Log2 (ALDH2 TPM + 1)

Toge($) = 17.24, p = 2.46e~19, Pspuarmas = ~0.38, Clasn, [<0.46, =0.30)

PS3_pathway

MYC_targets
°

Log2 (CDMTPM+1)

loge(5) = 17.05, p = 0.001, Pspescman = =0.15. Clgss, [-0.23, =0.06]

005 0lo 0l
Log2 (NANOG TPM + 1)
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Togl5) = 16,04, p = 1. 3647, Piguscmas = 0.58. Clyse, [0.52, 0.64],

oxigen_species_(ROS)

Genes_up-regulated_by_reactive_

TPO

TG

TGFB

WERRGHY 2022, 1(1): 1-9 7

1ogdS) = 1731, p = 1.94e=31, Pipuarmun = ~0.48, Closs, [~0.55, ~0.41)

H 6
Log2 (EGFRTPM + 1)

*p <0.05
*% p < 0.01

Correlation
0.6

- 0.4

0.2

0.0

Bl 4 B DR 515 Sm AR Sk K 2 3 DA L BU A R SR A W 45 2R

ik a: MR TARIA SCEE R S MR A5 S OE B AR M E TR
b R TG A DGR DA 55 FROR AR 57 22 DAL A Gk A P

5 Wig

TGN I8 AN B BT 52 BIAS [F] [R5 FAE DG 2L R 1Y
W, EHEERERATRIZERNS S, ZHEGE
17 WEFTHE B R 20 i PT B A2 R 4 4% 16 < 12
Mo 2], fEMR A R R EEAEA . HUR R4
i/ KEL 20 T 9 DR i 2EL P A R 98 R ol P A 05 4
Mo XU, FRATTIEHCAS [ S Y (1) R e 40
HEAT I - 4 B AE O 3 R 2 A DA RS W HE PR B S
R ) Rk BT ST . TPC-1 A1 ATC 41 kH R B (Y
Feik 22 K, CD44 78 TPC-1 #l ATC 4 b i 253k,
CD24 f£ TPC-1 Wik, #7E ATC RFEiL. WK
P2 H R T 4m B 204 = /K CD44 FMIR/KF- CD24,
CD44"ICD24 4l fu /775 T HUIR BR AL &R % [3-5] - Nanog

RSN —NEEW TR EY, 5 CSC M HEREH
IR, T ARRRSRIE PR A 1A Nanog FE[FI[6], A
TPC-1 fil ATC 771f CD24.CD44. Nanog 3% [H [ ik,
PEIRAN RIS T (1) R e 350 RT e A7 L6 30 43 i g 1 4t e
PASZ I iR it fg o IRILH A T Skl ATP S5 G i iR
H G HMEWEM A 2 (ATP binding transfer protein G
superfamily member 2, ABCG2), iZ#Eiz Al (g ks
K0T 25038 A S BUMR I 245 A, R A A
(1) e T4 AR e 2 —, AW TR I ABCG2 JE R 7E
ATC EFRiE, HMERIET TPC-1, HRAEDHF IR
e 2 L PT BEAECE N 25 ARV, AT ASE 2R 434 FFOIR e
RV TT R L 23 FOIR e (0 22

& R -8 78 i ¥ AE ( epithelial  mesenchymal
transformation, EMT) J&fRiidt g ih — AN E Epr i,
MR R AR R HA BEER . 28 T4
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T Wnt, Shh, Notch 253455 (5 5l B A1 TGF-B &1
AR AN HIEAS S B B P R T AR BRI o R A, 4EREVL
AL H e E, R EMT HFid 2325 5 M
4 MR 20 P P e FRBE T [7], SR T R 2
[8], A¥EMMRI R A[9]. - KI EMT {2k AR e
TRIE FTCL33 UFE 20 R i e A5, Jiivyeg 2 PRI 23 1 3%
A B, At ) MR T 4R A H I T S A ) | R
BEHr M AR SNEURIRE 71[10]. ASHFFT ATC Al TPC-1 H4%
£ EMT R385, 6B FOR MR 1T Re AR 2E 50 0 4R kA=
T EMT, RAFESERIM FUIR e 12 22 R 192 it 5% A4

FESMIR ki, FR R 4 B PR 1 A2 e

LU IR HAR IR0 B i o, 3E— 2P UE S T ROIR e R A
EME TS 5 R BT e, 5HIR
I A RIS EMT %, 2 st b 54 7% (1 AR A
FIAE o Ak, 3 A KRl 32 4 (epidermal growth factor,
EGFR) m&&THRIEHLF, HEMELEEE.
iR H AR L IR - A o8, Seom MR8 1)
9E55[11]. 1 ATC 4iffl EGFR X 7wk, HFE
LK MY TPC-1 PR & AR BR A0 5 £ ak
PLE, $&R KRB RUR RS ATC RIIRZB I R

I8 TPC-1 5845 % .

PPN S iR R sk v B 1 2 1
NPT R JORE SN, R T SRE PR 1 5 e g A i 2
FHEAER, 3 — 20 52 iR oo 358 M 42 32t e T i
[12]c MYC 755 e 1 A A8 e Fee AR e g 144t e 12 e
YeFF EAA HEAEA, BHHE B MYC 134 ] BRI
SPL % T 200 6 S A Tt ) T e, BT 0 ) 0 o ) 2 K 3
[13]. fEAS @ TCGA 43 M 3R15 M8 T 40 f A DG 3L (R
ABCG2. OCT4. ALDH2. CD24. Nanog. CD44 [
55 MR A LR . MYC SEJERERE . P53 iEEK 2
WA A S £, 18] ABCG2, OCT4. ALDH2. CD24.
Nanog. CD44 HE[KI7E H R 8 e e 164 B A ik o vl
HORERMREER, R E B, 0 HUIR AR AR

G

6 4

EI A9 T BRI e o83 40 i B BIF A AL T #0146
BrBL URAFAEAR 2 B R R A 0 TE . A SCAF AR
AR, PR TSN A0 F AR R S 1%
I3 A FFCBR T8 e 1 2R A O 25 PR K R KT 22 7k B
KHEZMMREE S ERETIM . xRN
FEDR JioE -5 P88 240 L S AR O A Sl R A TR &
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BEL VT A % A5 S R 0 Jf B8 ¥ 7R 2 R SR T R e
BEAT ARG BB AR L — o A SCI S5 B2 iR T4 i

v

GORMRTE I — /N D AR SRAT X 4% A fi e 144

PR S 22 DR R R 5% B A5 5l R AT R SR AL RS
JTIRAE T AT B .

Bois

RN HEERTT-BREKE LI O A

CD133-C225 HifkEE4 131-1 78 A 404k FER 5 i s g
F55) (20201AY070001-039) MM ERMERRZ —
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