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16.69.4.576,3) P<0.05;¢=25.69.22.70, 3 P<0.001)#) %k kK F 2 % Fif, Transwell it £ 55 & 0, 34K TBX3 B E 494 T
KHM-5M VA% 8505C 44t 45 fit 71 (BUAKLE vs. 3T F8 20, KHM-5M F ¢=10.90.11.67,3) P<0.000 1;8505C F ¢=14.49.35.19,3) P<
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The functional study of TBX3 in mediating BRAFY**—induced dedifferentiation of thyroid cancer
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China)

Abstract Objective: To investigate the role of T-box transcription factor 3 (TBX3) in BRAF*®*—induced dedifferentiation of thyroid
carcinoma cells. Methods: The correlation between TBX3 expression and alterations in thyroid cancer differentiation gene expression
was analyzed using a mouse model of in situ spontaneous papillary thyroid carcinoma (mPTC) and an inducible BRAFY®*—overex—
pressing in vitro dedifferentiated thyroid carcinoma cell model (Nthy—BRAF* Teton ). TBX3 was knocked down in witro in human
anaplastic thyroid carcinoma (ATC) cell lines (KHM-5M, 8505C ). The effects on cell differentiation , migration, and stemness
were assessed via Western blotting, reverse transcription quantitative polymerase chain reaction (RT-qPCR ), Transwell, and tumor—
sphere formation assays. Results: Immunohistochemical and immunofluorescence analyses revealed an inverse correlation between the
expression levels of Thx3 and differentiation markers (Pax8, thyroglobulin, sodium—iodide symporter) during thyroid cancer progres—
sion. Doxycycline induction in Nthy—BRAFY™® Teton cells resulted in sustained p—extracellular regulated protein kinase 1/2 activa—
tion, accompanied by progressively increased BRAF and TBX3 protein levels. CCK -8 assays demonstrated significantly enhanced
cellular proliferation upon BRAFY™® gverexpression (1=9.076, P<0.000 1). The 48—hour induction point was selected for subsequent
experiments, characterized by significantly elevated TBX3 expression (1=6.180, P<0.01) and markedly reduced mRNA levels of
differentiation genes TG, PAX8, and FOXE1 (:=4.101, 2.994, 4.392; all P<0.05). RT-qPCR confirmed significantly higher TBX3
mRNA levels in ATC cell lines KHM-5M and 8505C compared to immortalized normal human thyroid epithelial cells (Nthy) (¢=18.82,
6.562, both P<0.01). In KHM-5M and 8505C, efficient TBX3 knockdown (knockdown group vs. control group: KHM-5M, ¢=82.29,
61.22; 8505C, ¢=25.89, 26.71; all P<0.001) led to significant upregulation of key differentiation proteins, as shown by Western
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blotting: NIS (KHM-5M: ¢=35.50, 9.343; 8505C: ¢=19.02, 20.55), PAX8 (KHM-5M: ¢=27.72, 17.16; 8505C: ¢=6.831,
7.015), thyroid peroxidase (KHM-5M: ¢=27.14, 6.113; 8505C: ¢=56.34, 10.81), and thyroid transcription factor—1 (KHM-
5M: ¢=16.69, 4.576; 8505C: ¢=25.69, 22.70) (all P<0.05 unless otherwise specified; specific P-values for all protein compar—
isons were P<0.01 or P<0.001). TBX3 knockdown significantly attenuated the migratory capacity of both ATC cell lines KHM-5M
and 8505C in Transwell assays (knockdown vs. control: KHM-5M, ¢=10.90, 11.67; 8505C, ¢=14.49, 35.19; all P<0.000 1).
Furthermore, tumorsphere formation assays revealed a significant impairment in stem cell -like properties of KHM -5M and 8505C
upon TBX3 depletion (knockdown vs. control: KHM-5M, ¢=8.660, 12.56; 8505C, ¢=10.41, 14.79; all P<0.001). Conclu—

sion: TBX3 mediates BRA™™*—induced dedifferentiation in thyroid cancer by repressing cellular differentiation, enhancing migratory

potential, and maintaining stemness, thereby collectively promoting malignant progression.
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vitrogen ) ; BeyoECL Star fb2% &G & (thE, &
W3 A R F AR FHRRAF] ) ;cDNA 5 —4E 5
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A 40 i AIME S U8 55 B (p—ERK ) 172 FiA 4 i b
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R (SEH , Sigma) ; Vinculin HLAAR (P E , Z /2 50 4
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Anti—-Mouse IgG (H+L) Antibody (3 ,KPL) ; NISPT
& [ Alexa Fluor™ 568 Goat anti-Mouse 1gG  (H+L) .
Alexa Fluor™ 568 Goat anti—Rabbit IgG (H+L)(3E[FH,
Thermo Fisher Scientific); & ALR 5% T2 46 . SERT ¢
YeE B PCR X E3 WA T35 E Thermo Fisher Scientific
/5] 3 CLASS 11 TYPE A2 A= 922 A0 g F v [ b 5t
ARG IR AR il s A PR W 5 A B AR AL A D)
FAUETHERE Leica /A F]; 1E B 20 B MBI T
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1.2.1 S£EhY  TPO-Cre /B 26 [ NIH )
Shioko Kimura 2#% 5% W ; LSL—Braf* ™ CA /)N 1 28
NIH A9 Martin McMahon ZdZ5a0 . $ TPO-Cre /)N
S5 LSL-Braf™™"CA /NRA23A% 8] TPO-Cre ;5 LSL-
Braf"™CA /N, B mPTC /NSRS, BT A /N RS
SRR R R4 R 5200 2l W4 L 4% 9] ) o
AL . SRR G R R R s i
i Z2 D2 22 I AH 548 T JE U (4L v 55 SYXK () -
2023-0004].

1.2.2 s IR R ALt AN IEH HURBR b K 4 i
Nthy IS HAT BRAFY: 82509 A ATC 4iififl RKHM -
5M.8505C }i % T & 10% 4= i M 1% H 55 &R
1Y) RPIM-1640 3554, T 5% CO, . 37°CH I 3: 5+
FErP TSR ARG 2 90% 4547, FH 0.25% 1
R B AL 40 L1

123 OB K BRAFY™ S8R fRILR F BE ol &
12 95 7 Tet—on 155 2 K AKX pLVX ~Tet—on—Bsd
M7 pLVX-Tet—on—BRAFYE T 2H [Tk , 45411
TBX3 (Y shRNA 5z 2| pLKO.1-puro H', 315 T
I TBX3 HYEL ki, shTBX3 H S5t hitps:
/Iwww.sigamaaldrich.cn/CN/zh (W3 #6173 11, 5190 &
BUR 55 FR b R A W B 2w . A OC shT-
BX3 SI¥FHIESR 1 .

1.2.4 UL MG se oA (THC/E) - /)

%1 shRNA 3|#1F7|
Tab.l shRNA primer sequences

Bl EX FIWIFEFI(5'—3")
shTBX3#1 GCGAATGTTTCCTCCATTTAA
shTBX3#2 GCTGATGACTGTCGTTATAAA

1 shTBX3#1/#2 : TBX3 R i

B IRd L 4% [ 2 AE 4% PRA v IR0 1 Ty it opr
XNRAL A WSS T A VTR R S um. HESY
RIS AWEDIRAE 61°CH/RM TR 90 min,
TR R O WK b IR R Y
30~60 s, F RIK ik 3~5 KGR 15 min, LT %
@ 10s, ARAKPPE 3~5 RIG IR 5 min. BREE 2B
KB I A Bt B o s 2k~ e b IR
R AU RAE 61°CAME B A 90 min, —HIZR
B KL . FEATIERRENZE i (pH 6.0)
T T R BT 0.2% Triton—100 FY PBS %
JI5 15 min J&5 FH PBS ¥&57E. 3% H,0, Ki& IR A
P, JERH 10%E1MESEH 2 he Hin—3t
(TBX3 1:200,PAX8 1:20.TG 1:400.NIS 1:100)
T 4CHE IR . WY —PUE A HRP FRi2H) P
(IF 1: 1 000;THC 1:200)H 27505 F 2 h, BFE
WS HETT DAB AL IR AR R G Yt . B L
KB B 5 FH P R e B o SRiE s g e bR n
T ZhimaE LR S e g g e R L 0
BoIE DY O ANTT LR TE IR A AL . AR 8
—PUBYELE FITC A3 B0 E 2he HEA
DAPI & AT E Ao DL B GBSIAHEY A
TIEEZOGR MG T RERKR.
1.2.5 RT-qPCR %ill%E RNA ()& I TRIzol
PEHUE RNA, F#i A GenStar ¥ 5% 551857 & ik 47
RNA #5255 . R LightCycler 480 real-time PCR
Z 45 (Roche ) AHXT E 1, qPCR R F2IF 4 : (1)
748 :95°C,600 s, (2)43:95C, 155;60°C,60 s 9"
B840 MBI (3)MEfF:95°C, 15 5360°C, 60 $;90°C,
1so (4)¥H):4°C, oo AT N Z:X0 I NAS B H Y 2
CTAHIEATAZIE , SR FH HLHE Co fE % (2744 115 AH
X E o B MEAR B /D TR 3 K5I A iR SS thib
SRV A w5 1P AR 2 Th .

%2 RT-qPCR3|#57|
Tab.2 RT-qPCR primer sequences

ElE A EUEFHI(5'—3") TEFFI(5'—3") FIHIR/ANbp)
TBX3 TTTGAAGACCATGGAGCCCG ACATTCGCCTTCCCGACTTG 20
TG GTTCCTGATTCTGAGTTCCCC GGCAACATTGTCACTTGTCC 21
TPO AGTCCGTGTCTCTAGCGTC TGTTGGTCAGGAAGTTTGG 19
PAXS ACTACAAACGCCAGAACCC AGGGAGGGTTGAATGGTTGC 20
FOXE1 CTACAGCTACATCGCGCTCA GCGGACACGAACCGATCTAT 20
GAPDH CCTGTTCGACAGTCAGCCG CGACCAAATCCGTTGACTCC 20

T : TBX3: T-box 54 5% N+ 3;TG: HURIFERE 1 ; TPO : HUAR e E AL ; PAXS : i Xt & 8; FOXEL: X3k & E1; GAPDH: H M -3-BE B it

S

1.2.6  Western EIiESCHG  RRA 0% N 80% AL 4q
WA B o FF RIPA S0 2% vhl « 85 I ]
I - WL AR R A IR 100 < 12 1 By e B EAT
[ 1 DAV e [ R O i o e o4

HEEHE T BCA 070 &0 e B IR . 8 IR
2t 8% 1 SDS-PAGE BEREHL Ik 70, B =
PVDF i I, #MEE I K/NTE PVDF iE, ZJ54
SPMUIR A WiE A 2 h, 355 PA I B B SR 5 7% 28 5% ) —
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Yo 4B 0, 5 T RARE—PUR YEAE HRP A5
W PP E , P E s BTG, I
FRZER RS —Pihn N : TBX3(1: 1 000) .BRAF(1 :
1 000) .p-ERK1/2 (1:2000) .ERK1/2 (1:1000),
NIS(1:500).PAX8(1:200).TPO(1:1000) . TTF-1
(1:500) .Vinculin(1 : 1 000) .«a—=Tubulin(1:2 000),
1.2.7 CCK-8 LHe  MER AL T X5 £k < W nd 40 i
Fi FEAEFL 1 000 403 513 2 96 FLAR L i E:
T 37°C,5% CO, Fi A h 597, LR & 4 A
8] 510,24 .48 .72 h, BHHANMIEE 6 &2 fL. FR4uffnG
BERFIC A O h, BEFR 24 h W BR_ g B3R, 19 96 L
FBEEIA 100 WL i CCK8(CCKS it 58 455 7%
FEAZIR 1 10 #6788 ), BT 37°C, 5% CO, AL 7
AT E 2 he WEE UG BRSO EGZ 20 i
7E 450 nm Kb YOG EEAE B g e S 10 O E AT b 3
8 Graphpad Prism 8.0 {422 il 40 i 3% 5 ith 2%

1.2.8 Transwell IEFE L0 i £ A0 T X6 A= KA
AIAIAE,  FH TG LY 1% 37 25 o I R 2 4 b vk By
2.5%10%100 pL, BPAEMEEEFR/NER EEHnA
S5x10° ML, Z 576 T ZAA 600 wL &4 10%1iL
HREFRE, IR I/ NE T 37°C.5% CO,
AL A0 T 5% 24~48 ho BUN B3 HHE T
4% PFA T2 [E 2 30 min J5 A& %84
ENAULRML, PBS WEE 3 WK, 0.19%0945 sy (o,
TR0, B E 15 min. PBS TR 2 A A04E

lem 2 3 4 5 6 7 8
R e o O e e

e

WT-30 d mPTC—30 d

mPTC-60 d mPTC-140 d
WwT mPTC
30d 60 d 140 d

Thx3

Pax8

Nis/DAPI Tg/DAPI

THC 353

AR DGR BE

Py W P EREERAFTAR TR, FER
T N HAREIEL , 3] Image J #-A7 58 20 HT

1.2.9 HIfERERSLES 78 DMEM/F12(50 mL) 15 5%
FPAIA 1 mL B27.1 mL 20%#J BSA .5 wL 200 wg/
mL ) EGFR LA} 40 pL 5 mg/mL 89 A% 5 & 15 5
TN RG L A0 e (IR Bk B R L6 FLAR )
rhE R AR FLAIM R 10 000 4R BT 37°C.
5% CO, dHMu3EFF IR 10~14 d, WIEAR P40 i
ERR S AT BT 72 f 0 HT

1.3 %it 542  Hid GraphPad Prism 8.0 #1745
P AVER, i SEge I B 1R 3 W BT & I
O3 R IEBAEZEIY  PILE A Fe bR F ¢ K6, W 2
DL R R 27 225381 (One Way-ANOVA ),
P<0.05 HZEFEAGIE L

2 R

2.1 TC (2R E L Thx3 AAKF B F EHEX
WU [FIHI S mPTC /N BRI ARg 41 48, 76 TC
KA R RR T I R/ N (& 1A) . HE
Yeta gk FR R, Bl ] A HERS | HOIR IR R 4 21
BT U5, HEVE SR EE (K 1), Z
J& , %t Thx3 DL Pax8 . Tg . Nis 1% 6 5 HUR AR 4L AH
KRBT THC DL IF efa, R IAEREZS mPTC
B EAL, Thx3 Feik K2 T , Pax8 T LUK
Nis 3265 FUR R 43 AR 56 110 35 PR e 3 7K 1320 7
(& 1B.1C).

Thx3

mm WT-30 d

== ) PTC-30d

= mPTC-60 d
mPTC-140 d

THC ¥4y

AFXT TG EE

T W B ARG mPTC : R ARFL R8N B Thx3 : T-box 345 A F 35 Pax8: FLXT £ 85 Tg: HARMRERER (15 Nis : g/BUFL 2 14 THC : FoiE
HEEA A1 I EH /N B AR AR Z LR TR e /N B AR BRI 1R (n=2) K/ B3 B WT LA R mPTC AR AR 414 HE
Pttt ZUB AR THC 2 IF G4 5530 BT Thx3 \Pax8 . Tg Nis B 13835 ; C: Thx3 .\ Pax8 \Tg Nis A IHC . IF YL A 25 E & sns: T ETEZE R,

#P<0.05, #£P<0.01, #¥%P<0.001, **%#P<0.000 1; LB :50 wm
1

FRBRER S UIRES Thx3 RiXKFEEIEMER

Fig.1 Tbx3 expression positively correlates with thyroid cancer dedifferentiation
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2.2 TBX3 HRAF R X 5 R AR T 3 & M
F ¥ m FE DOX 55 A i I8 BRAF™™™ [
Nthy 4 2 rF, B MAPK {5 53 R
TBX3 By H &K IA Bt (B 2A), If H 41 s
YEfiE J7 B B 3858 (1=9.076, P<0.000 1,8 2B), X 5
RN ZE R —5 EBUNA DOX 5T 48 h 1
A A ], 2 IAE TBX3 81 (1=3.890, P<
0.05) A M mRNA (¢=6.180,P<0.01)7KF B & T} = 1
A2 N, ZEMEEE A TG . PAXS L & FOXEL 1
mRNA K44 BT T (1=4.101.,2.994 .4.392, 2 P<
0.05,# 2C 2D .2E).,

2.3 TBX3 %% 23t WK A 5L F oL X
BRAFY™E 578 () ATC 4HfifE 5 KHM-5M L) & 8505C
o TBX3 #Y mRNA ZK-F#EATAGI , 25 R 3R ] KHM-
5M DL Kz 8505C H1, TBX3 Y mRNA /K2 i &5 T
Nthy(¢=18.82.6.562,%] P<0.01, & 3A). ZJ&% %)
£ KHM-5M L)} 8505C 4 it 1 @ik TBX3, Western
Blotting (#f{KZH vs. XJ HRZL , KHM-5M h ¢=58.15
63.07, 3 P<0.000 1;8505C 1 ¢=44.49 .42.29, %] P<
0.000 1) LA & RT-qPCR (¢=82.29.61.22, 3 P<
0.000 1;¢=25.89.26.71,%] P<0.001)%% % il /5 TBX3
I 2 @ I (&L 3B), IF e fIik TBX3 )5, 2k br

A Nthy—BRAF'*® Teton+DOX ns mm(0h
Time Oh 12h 24h 48h 72h el . 2h
e w24 h
IB:TBX3 | M -" | 001D 1 48 h
w Of ! mm72h
IB:BRAF | s —-J -100kD P .
.Hﬁ 4 sk - ) eskckok '—|ns
IB: p-ERK1/2 — & | -45kD = e =
-~ st seeorsk [T ns
IB:ERK1/2 | S S S S | —45kD ¥ ) = e
L |
IB: Vinculin | e e e e e | 150 kD
TBX3 BRAF p-ERK1/2 ERK1/2
Nthy—BRAF'** Teton
B 3 - - Ci Nthy-BRAF'™* Teton
tr) _—
DOX - +
—#= DOX IB: TBX3 ~100 kD
3 St : —
e * IB:BRAF | =« @l | —100 kD
I 4t
2 IB:p-ERK1/2 | -45kD
N
=X 2t IB:ERK1/2 | e s | 45 kD
0 1 1 1 1
Oh 24 h 48 h 72h
Nthy-BRAF'** Teton Nthy-BRAF'*™ Teton
D 20 - il 8T wmCul
ns mm DOX mm DOX o

HXT mRNA 7K

TBX3 TG

TPO  PAX8 FOXElL

H AR A

TBX3

BRAF

p-ERK1/2 ERKI1/2

T Ctrl : YL pLVX-Tet—on-BRAF'™  RHEERAA AN DOX 75 (MBI HEXS FEZH ; DOX : JE% Y% pLVX-Tet—on-BRAF'“ i 5 LA DOX 755
B9 BRAFYO® 33 33841 ; DOX : 5 J) 85 s TBX3 : T-box $5 57 A F 35 BRAF : 222 R/ 2 W 7K A I8l s ERK 172 « 4RI AM 5 58 Yl s p-ERK1/2 - B
Rtk ERK1/2; TG : HURBREREE 4 5 TPO : HUAR M S b 4l s PAXS: it XF & 8;FOXEL: X3k & E1;A: Western blotting R JUJIA DOX 755 AS [l i
[8]F ,p-ERK .BRAF Ll K TBX3 42 1 3R35 ; B: CCK-8 S 5046 I JifrJg 4t i 38 5% fik 77 5 C: Western Blotting #2ill il A DOX 55 48 h B, p-ERK.
BRAF L)} TBX3 (& 1335 ; D: RT—qPCR Al il A DOX 55 48 h [}, TBX3 TG . TPO ,PAX8 LI} FOXE1 /) mRNA ik ; E: p-ERK BRAF LI
K TBX3 (7B 5 BT s ns: o EMEE R, #P<0.05, ##P<0.01 , #*%P<0.001 , **#%P<0.000 1

B 2 TBX3 7 ANFRARBRE S LR R g B B R B =ik

Fig.2 Time-dependent expression of TBX3 in human dedifferentiated thyroid carcinoma model
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Fig.3 TBX3 depletion promoted redifferentiation of anaplastic thyroid carcinoma
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Fig.4 TBX3 promoted the migration of anaplastic thyroid carcinoma cells

A shCirl shTBX3#1 ShTBX3#2
KHM-5M %
©
@ &
8505C &% & ,
o
o B . 100 pm

B

R

KHM-5M 8505C

200 200
150 150

100 100

BRI

50 50

>

-
e
S

2

R

1« shCurl : B PR BEZH 5 shTBX3#1/#2 : TBX3 R {40 ; TBX3 : T-box % N T 3; A 7E KHM-5M .8505C T3 fik TBX3 Ji5 % 20 g sl 3R 52 56

B« 4 BEREE S5 BT 5 #44P<0.001 , ###%P<0.000 15 ELBIR : 100 pm

B 5 TBX3RiRKIRARS WEABTIERS

Fig.5 TBX3 promoted stemness acquisition in anaplastic thyroid carcinoma cells

3 g
ATC 2 HUR B b B 57 LB AR 2 M i T

MR, HETHIBESE A, 940 45%19 ATC &
T BRAFYOE 5845100 I H X 26 ATC B 11E1E
25 A R USE AR FUE ., SRR R R, I
PR 138 5 B MAPK #0500 R 1 il MAPK {5 %3
PRI , DR ATC P Tk A R BB, {H
MAPK il 5 04 01 F 230 ATC 35 7™ A it 24
P, TR 203X —IRTT RS A RO, BRI, %8
X 2 BRAF/MAPK 15 5 38 [ 5 5 W00 B 5 50
ATC B, T4k BRAFY" 531 MAPK {5518 %%
WS R RO IE R HE A ST TR, A R A DI
PR_E TC A AR RO XERT . FEAIFSE 24
JFSE, TBX3 & BRAF/MAPK {5538 f% 9K 5h TC
RAMEBIRE BN 43 383 R H & mPTC /MR
RERL IR, Thx3 BYKIBKF-5 TC Kb & I
A, BRI Thx3 Fih/K-F-# s, TC 240 o fh A% B2 e

. X—45 04275, TBX3 [ RETE TC /bt B rp
RIFRHAER

C AW, 78 SV-40 K46 Nthy Fhid 5%
ik BRAFV‘“’E 58 75 A (Nthy —-BRAFY™) | A 75 5 41 iy

MO AL FE T s Nthy-BRAF Y 21 ffa f1%)
%I%%_ 5 ATC 410 2 8505C &5 ARLZ , 28
A BRI AR AL = B E TC 140 TR, JE
TFLAEIFSY, AFFE S Tet-on R T 5T A
1 #ik BRAFY® [ Nthy ZH g & (Nthy-BRAFY*
Teton) . B ATH 1 P84 BRAF/MAPK {553 [

PR TR, SR TC MR 2 21k i 7 A
SR, IR AMGE TBX3 1E TC 244k b it 8 45/

FHERAL T IR RSN ARG AR 25 SRR

PEBE# BRAF/MAPK {5538 i B RFL 0 , TBX3
kA TR, 20 iR 5 e B 1
I HAE Thx3 B EF B AHTHE T, sk AH G A
TG .PAX8 L) & FOXE1 ) mRNA 7KF-2404 FF R i



AR, %, TBX3 /-5 BRAFY " 5 Ay RS- LR DIRERIT Y 21

ZIRAN I AR RN SIE T /N BRUSEARL ) &5
FAE IR K SEIESE T TBX3 ZE 420k Al
YEH.

TBX3 1EH T-box XK GH— 0, ERIRE
B VAR e A i B i R R R T RE . WS
FEH, TBX3 REME A 1o 725 40 f 384 5 L 4 fb (A 405
FAE DL b R 8] B R (EMT) 5 72, 2w Z2
AE PR ELE AR, AR, G T TBX3 ZE/E
RIFFEZRETIG Z o BN, 7e P B AR, TBX3IY
FEIR 5L L1239 g /N RV 20 i 7% 5 1E A
Kl A B fn Z AR BRAFY™ fEf%15 S TBX3 1
E2eiA T TBX3 MR RIS AR T R AR A A
ROREMMD E-SRE H RIS, I HAE—I0
BFXF 189 A4~ BASIFI 178 9l H 3 O 25 B R 58 & PR
TBX3 A LIAME IR B A R AR Pl 4R
1M, TBX3 7E ATC K43 fkrh BB g i A E R

XS, 3 IEH T TBX3 245 ATC
RO KGR SN -, TBX3 7E BRAFYO® 275 )
ATC HiiffL Z ik, fIk TBX3 J , - AAH SC LA
(4n NIS.TPO.PAX8) RyZRik W L, FIHH
TBX3 A[{EHE ATC ML

YT TC IR MR S TS, JFH
IR AT e B R BRI R A0 e )
el B B A 9 E— AT T TBX3 X4 #8
TP 52, 2551, B TBX3 5254 T 20
MR FUSERBE ST, UEBH TBX3 [k K F-REfS
SN ATC 4R 1R 281 RN T 20 R AR

ZE LTk, ARSERAEAL A & mPTC /)N ERAR
IR ARG ATC 411 2 UESE, TBX3 Fik/K 5 TC
KA OFRIE B IEA G, BN TBX3 REUSHEHE ATC F
A4k, I BEEAN S TC TR LA K HERAS . X it
KIRA BRAFYE 58745 Fir @AY ATC B35 IR IT 2
BET R AHEE T MAPK 3108030 5 T 24 (14 [0 51, 3
] T WERONE 3 TBX3 R 5 5 A Pk A2 8 A it 43
FRARAS , L 2 L AT, ORI IR 33555 TC 253
A —FpSfEmg . I H TBX3 M3k F a4l LI
B i RS ATC B3, S R 2 W B TP Al
RAAIET 7 A (0 1) ST %) 3 -l o SR,
i F IR L ATC B T BN 24, BRBRAF ™"
RAHN, WH A TERT 3 31 7248 \PI3K/AKT i
S AT R AR DL R 2R IR AR . AL
TBX3 7£ TC K44k i EAR AL A7 IR A
IR

SE k-

[1] COLOMBO C, MINNA E, GARGIULI C, et al. The molecular and
gene/miRNA expression profiles of radioiodine resistant papillary
thyroid cancer{J]. ] Exp Clin Cancer Res, 2020, 39(1): 1-14.

[2] YUAN J, GUO Y. Targeted therapy for anaplastic thyroid carcino—
ma: advances and management|J]. Cancers (Basel ), 2022, 15(1):
1-21.

[3] BIBLE K C, KEBEBEW E, BRIERLEY J, et al. 2021 American
Thyroid Association guidelines for management of patients with
anaplastic thyroidcancer{J]. Thyroid, 2021, 31(3): 337-386.

[4] MOLINARO E, ROMEI C, BIAGINI A, et al. Anaplastic thyroid
carcinoma: from clinicopathology to genetics and advanced thera—
pies[J]. Nat Rev Endocrinol, 2017, 13(11): 644-660.

[5] FALLAHI P, FERRARI S M, GALDIERO M R, et al. Molecular
targets of tyrosine kinase inhibitors in thyroid cancer[J]. Semin Ca—
ncer Biol, 2022, 79: 180-196.

[6] FUGAZZOLA L, ELISEI R, FUHRER D, et al. 2019 European
Thyroid Association guidelines for the treatment and follow —up of
advanced radioiodine —refractory thyroid cancer[J]. Eur Thyroid J,
2019, 8(5): 227-245.

[71 OHJM, AHN B C. Molecular mechanisms of radioactive iodine re—
fractoriness in differentiated thyroid cancer: impaired sodium io—
dide symporter (NIS) expression owing to altered signaling pathway
activity and intracellular localization of NIS[J]. Theranostics, 2021,
11(13): 6251-6277.

[8] VOLANTE M, LAM A K, PAPOTTI M, et al. Molecular pathology
of poorly differentiated and anaplastic thyroid cancer: what do
pathologists need to know?[J]. Endocr Pathol, 2021, 32 (1): 63—
76.

[9] SMITH N, NUCERA C. Personalized therapy in patients with
anaplastic thyroid cancer: targeting genetic and epigenetic alter—
ations[J]. J Clin Endocrinol Metab, 2015, 100(1): 35-42.

[10] PRIANTTIJ N, RODRIGUES NMV, DE MORAES FCA, et al. Ef-
ficacy and safety of BRAF/MEK inhibitors in BRAFV600E-mutated
anaplastic thyroid cancer: a systematic review and meta—analysis[J].
Endocrine, 2024, 86(1): 284-292.

[11] ELIA G, PATRIZIO A, RAGUSA F, et al. Molecular features of
aggressive thyroid cancer{]]. Front Oncol, 2022, 12: 1-10.

[12] DONG L, LYU X, FALETI O D, et al. The special stemness func—
tions of Thx3 in stem cells and cancer development[]]. Semin Cancer
Biol, 2019, 57: 105-110.

[13] KRSTIC M, KOLENDOWSKI B, CECCHINI M J, et al. TBX3
promotes progression of pre—invasive breast cancer cells by inducing
EMT and directly up-regulating SLUG[J]. J Pathol, 2019, 248(2):
191-203.

[14] ZIMMERLI D, BORRELLI C, JAUREGI-MIGUEL A, et al. TBX3
acts as tissue—specific component of the Wnt/f —catenin transcrip—
tional complex|]]. Elife, 2020, 9: 1-17.

[15] LI X, RUAN X, ZHANG P, et al. TBX3 promotes proliferation of
papillary thyroid carcinoma cells through facilitating PRC2-mediat—
ed p57KIP2 repression[]]. Oncogene, 2018, 37(21): 2773-2792.

[16] ZHANG P, GUAN H, YUAN 8, et al. Targeting myeloid derived



22

At EHKREZR

[17]

[18]

[19]

[20]

[21]

suppressor cells reverts immune suppression and sensitizes BRAF -
mutant papillary thyroid cancer to MAPK inhibitors[J]. Nat Com—
mun, 2022, 13(1): 1-18.

ZHANG Z, WU Y, FU ], et al. Proteostatic reactivation of the de—
velopmental transcription factor TBX3 drives BRAF/MAPK-mediat—
ed tumorigenesis[J]. Nat Commun, 2024, 15(1 ): 1-18.
DERWAHL M. Linking stem cells to thyroid cancer[]]. J Clin En—
docrinol Metab, 2011, 96(3): 610-613.

RIESCO-EIZAGUIRRE G, GUTIERREZ-MARTINEZ P, GARCIA-
CABEZAS M A, et al. The oncogene BRAF V600E is associated
with a high risk of recurrence and less differentiated papillary thy—
roid carcinoma due to the impairment of Na*/I” targeting to the mem-—
brane[J]. Endocr Relat Cancer, 2006, 13(1): 257-269.

SAQCENA M, LEANDRO-GARCIA LJ, MAAGJLV, etal. SWI/
SNF complex mutations promote thyroid tumor progression and in—
sensitivity to redifferentiation therapies[J]. Cancer Discov, 2021,
11(5): 1158-1175.

CRISPO I, NOTARANGELO T, PIETRAFESA M, et al. BRAF in—
hibitors in thyroid cancer: clinical impact, mechanisms of resis—

tance and future perspectives[J]. Cancers (Basel), 2019, 11(9):

[22]

(23]

[24]

[25]

[26]

¥k
1-14.
KIM M, KIM S J, XU Z, et al. BRAFV600E transduction of an

SV40-immortalized normal human thyroid cell line induces dedif-
ferentiated thyroid carcinogenesis in a mouse xenograft model [J].
Thyroid, 2020, 30(4): 487-500.
BOYD S C, MIJATOV B, PUPO G M, et al. Oncogenic B-RAF"**
signaling induces the T-box3 transcriptional repressor to repress E—
cadherin and enhance melanoma cell invasion[J]. J Invest Dermatol ,
2013, 133(5): 1269-1277.
LIZ, WANG Y, DUAN S, et al. Expression of TBX3 in hepatocel -
lular carcinoma and its clinical implication[]J]. Med Sci Monit,
2018, 24: 9324-9333.
FREEMAN S S, SADE-FELDMAN M, KIM J, et al. Combined tu-
mor and immune signals from genomes or transcriptomes predict
outcomes of checkpoint inhibition in melanomalJ]. Cell Rep Med,
2022, 3(2): 1-13.
PANZ, LU X, XU T, et al. Epigenetic inhibition of CTCF by HN1
promotes dedifferentiation and stemness of anaplastic thyroid cancer
[J]. Cancer Lett, 2024, 580: 1-13.

(2025-05-14 i)

(E£% 137)

[14]

[15]

[16]

[17]

[18]

[19]

[20]

KIRTONIA A, ASHRAFIZADEH M, ZARRABI A, et al. Long
noncoding RNAs: a novel insight in the leukemogenesis and drug
resistance in acute myeloid leukemialJ]. J Cell Physiol, 2022, 237
(1): 450-465.

LIR, WU S, WU X, et al. Immune-related IncRNAs can predict
the prognosis of acute myeloid leukemia[J]. Cancer Med, 2022, 11
(3): 888-899.

LIML, WANG Y, XU Y N, et al. Overexpression of IncRNA-HO-
TAIR promotes chemoresistance in acute leukemia cells[]]. Int J Clin
Exp Pathol,, 2020, 13(12): 3044-3051.

FENG Y, HU S, LI L, et al. Long noncoding RNA HOXA -AS2
functions as an oncogene by binding to EZH2 and suppressing
LATS2 in acute myeloid leukemia (AML)[J]. Cell Death Dis, 2020,
11(12): 1025.

DIAZ-BEYA M, BRUNET S, NOMDEDEU J, et al. The lincRNA
HOTAIRMI1, located in the HOXA genomic region, is expressed in
acute myeloid leukemia, impacts prognosis in patients in the inter—
mediate —risk cytogenetic category, and is associated with a dis—
tinctive microRNA signature[J]. Oncotarget, 2015, 6(31): 31613~
31627.

CHEN L, HU N, WANG C, et al. HOTAIRM1 knockdown en—
hances cytarabine—induced cytotoxicity by suppression of glycolysis
through the Wnt/beta —catenin/PFKP pathway in acute myeloid
leukemia cells[]J]. Arch Biochem Biophys, 2020, 680: 108244.
DIAZ-RAMOS A, ROIG-BORRELLAS A, GARCIA -MELERO
A, et al. a—Enolase, a multifunctional protein: its role on patho—
physiological situations[J]. J Biomed Biotechnol, 2012, 2012(1):
156795.

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

LI'Y, LIU L, LI B. Role of ENOI and its targeted therapy in tumors
[J]. J Transl Med, 2024, 22(1): 1025.
XU W, YANG W, WU C, et al. Enolase 1 correlated with cancer
progression and immune —infiltrating in multiple cancer types: a
pan—cancer analysis[]]. Front Oncol, 2021, 10: 593706.
HANDSCHUH L, KAMIERCZAK M, MILEWSKI M C, et al. Gene
expression profiling of acute myeloid leukemia samples from adult
patients with AML-M1 and —M2 through boutique microarrays, re—
al-time PCR and droplet digital PCR[J]. Int J Oncol, 2018, 52(3):
656-678.
ZHANG W, LIU B, WU S, et al. TMT-based comprehensive pro—
teomic profiling identifies serum prognostic signatures of acute
myeloid leukemia[J]. Open Med, 2023, 18(1): 20220602.
TIAN Y, GUO J, MAO L, et al. Single—cell dissection reveals pro—
motive role of ENOI in leukemia stem cell self —renewal and
chemoresistance in acute myeloid leukemialJ]. Stem Cell Res Ther,
2024, 15(1): 347.
ZHANG G, ZHAO X, LIU W. NEDDA4L inhibits glycolysis and pro—
liferation of cancer cells in oral squamous cell carcinoma by induc—
ing ENO1 ubiquitination and degradation|]J]. Cancer Biol Ther,
2022, 23(1): 243-253.
ZHANG M, ZHANG Z, TIAN X, et al. NEDDA4L in human tumors:
regulatory mechanisms and dual effects on anti—tumor and pro-tu—
mor{J]. Front Pharmacol, 2023, 14: 1291773.
CHUM, ZHANG L, YUAN Q, et al. Distinct associations of NEDD4L
expression with genetic abnormalities and prognosis in acute mye—
loid leukemia[J]. Cancer Cell Int, 2021, 21: 1-12.

(2025-03-29 itfii )



