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 E. BH 5T TGFBI-TGF-B/Smad 55 146 FURMRFL MR (PTC) " I RIBRHAE, ik 4L 31 4
PTC M RG24 IE AP 55 4 41, SR ) S2 i 9¢ % 2 i PCR (qPCR) %1 TGFB1 mRNA 357K ¥, % Fl Western
blot 44T TGF-B1 & BRI IR I, F il i S 2 AL 45 A QuPath X TCF-B1 K H T4 T p-Smad2/3 YZHZN
FENL R FRIBR AT R bT . ARAEAF GRS AT R IMZ AL (ETE) Kbk L4556 8 (LNM) 43 )2% , IR 41 24—
I S A A E X R A3 A T4 R NS EL B R A 2 RN IRl b g, R qPCR 45 W%, TGFB1 mRNA 7& PTC
fibRI L 2R () Rk B 3 s Tl X 52 4 4 (P<0. 05) , 1% 22 516 ETE & LNM %432 N 8 &, (H 43 )2 4 6]
(No-ETE vs. ETE 1 NO vs. N1) FLi 227 IG 278 X (P>0.05) , Western blot 453 /R, TGF-B1 & H K H ik
KOFFEIR S R 2 ) 22 5 RG24 L (P>0.05) , #R AR A £ A 5 mRNA ZKFFEAEA—BE . fupr b ss
R WK, TGF-B1 FZ @ A TR MMM , R R AP 4 2 b 38 = T 05 41 21 (P<0. 05) ,7E ETE J2 LNM
FAr RN R AR A p-Smad2/3 FEHELL L 2 B WA 2 A58 , $78 TGF-B/Smad {55 3 F& £ g )2 1 4k T
FEIRA . HE—25 0 20 &KL, p-Smad2/3 g MR 1E No-ETE 432 h R I B &, 76 NO 43 2 R 2 AH
RIaHY TE ETE M N1 BEAR N 1% 22 S5l T U Bl R AR E s A2 L A e 252 R IC S 2 7 L (P>0.05)
it PTC AL TGFB1 $553KFETHm , TGF-B1 FKik M , p-Smad2/3 #E M REFEAR R EH X EP 2R E
SRR 7R TGF-B/Smad 55 7E PTC {2285 A8 i ] BE ELAT B Bokl 5C B TR4E AT

X @ W PRI ; TGFBI ; p-Smad2/3 ; TGF-B/Smad {55 18 % ; BRAMR AL ; R L 45 546 7%

R E 4> 2S5 :R739.91

Expression characteristics of TGFB1-TGF-3/Smad signaling in
invasion-related phenotypes of papillary thyroid carcinoma

LIU Huasheng' , GE Pingjiang' , FU Xiangjun®, PENG Shuwen’, HHUANG Jiebo’ , WANG Junwen’
ZHANG Fang®, ZHOU Yixing’, OU Weijian®
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Abstract: Objective To investigate the expression characteristics of TGFB1-TGF-B/Smad signaling in papillary
thyroid carcinoma (PTC). Methods Cancer tissues and paired adjacent non-cancerous tissues were collected from 31
patients with PTC. The expression level of TGFB1 mRNA was detected using real-time fluorescence quantitative polymerase
chain reaction (qPCR), and the overall expression of TGF-B1 protein was evaluated by Western blot. The tissue
localization and expression intensity of TGF-B1 and its downstream molecule p-Smad2/3 were quantitatively analyzed by

immunohistochemistry combined with QuPath software. Samples were stratified into extrathyroidal extension ( ETE) and
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lymph node metastasis (LNM) groups according to the postoperative pathological results, and comparisons were conducted
both within and between stratified groups based on the paired cancer tissue and adjacent non-cancerous tissue. Results

The qPCR results indicated that the expression of TGFB1 mRNA in PTC cancer tissues was significantly higher than that in
the paired adjacent tissues (P<0.05), and this difference was consistently observed within ETE and LNM subgroups,
whereas no significant differences were found between stratified subgroups (No-ETE vs ETE and NO vs N1) (P>0.05).
Western blot analysis showed no statistically significant difference in the overall expression level of TGF-B1 protein between
the cancer and adjacent tissues (P>0.05) , suggesting a discrepancy between the protein expression and mRNA level. The
immunohistochemical results revealed that TGF-B1 was mainly localized in the cytoplasm of cancer cells and was
significantly elevated in cancer tissues compared with adjacent tissues (P<0.05), with a similar trend within each of the
ETE and LNM subgroups. p-Smad2/3 showed a significantly enhanced nuclear localization in cancer tissues, indicating
that the TGF-B/Smad signaling pathway was activated at the tumor level. Further subgroup analysis revealed that the
enhanced nuclear localization of p-Smad2/3 was more pronounced in the No-ETE subgroup and showed a similar trend in
the NO subgroup, while in the ETE and N1 subgroups, this difference tended to weaken or become unstable; there was no
The transcriptional level of TGFB1 in

PTC tissues is elevated, and the expression of TGF-B1 is enhanced. The nuclear localization status of p-Smad2/3 shows

statistically significant difference between the subgroups (P>0.05). Conclusions

differential changes in different invasion-related stratifications, suggesting that the TGF-B/Smad signaling may have stage-
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related regulatory characteristics during the invasion process of PTC.

Keywords: Papillary thyroid carcinoma; TGFB1; p-Smad2/3; TGF-B/Smad signaling pathway; Extrathyroidal

extension; Lymph node metastasis

FRCBR i 2L =k R 98 (papillary thyroid carcinoma,
PTC) S5 i UL 43 A0 A AR s | IR 1015 A R
I, BRI, — BR A MR AR AE (extrathyroidal exten-
sion, ETE) B # E2 45 5% %% (lymph node metastasis,
LNM) , HJRiR 52 K B ame 3 7% XU I 25 1,
R R TS VAL FIR J5 A B R R,
TEIm PR SE e ETE AN B #6565 Mg o3 0 LR
0 PR A B, AL R TICSS P IG5 s Y
HER K2 " R4 ETE I LNM 75 PTC 12
2203 9 b ELAT WA A i R S (HHE R AR R R Y 3
TG RS A B ks Ay R i — P IR R
AR AR I Y 5C B il 42 18 % S P AE AR AR

I Bz - 8] 5t %% 4k ( epithelial-mesenchymal transi-
tion, EMT) #A S e 4i i 3R 45 10 3% Al 22 /e
AR YAl AR e O S 2 Rl SR 1 =
bR I O B Ak A K B (transforming
growth factor, TGF) {5 5 # J&— 5% TGF-B XK
TERCAR 5 1 22 R/ 7 B BRI 2 AR S T 1% Smad
SRS T AR S 5 T % TGR-B1 &
TGFBI F:[A k5 B D RE 1 4 1 B 8, REAE A
FEFRW], TCF-B 5518 B% Al 11175 5 EMT AHOCH 5%
FEIP, A2 3F i 70 40 B s e R A0 (H iz %
PTC {2285 18 b (0 0 FRAE S B Be AR A Ay e =
FRENRT AT 58 T I AR H AR B 7L Sk bR o 4
ZUREAR, 43 TGFBI TEA [ 1R 28 70 2 v 19 R 3k
it PG5S BN RIA L LUE M S5 R R HAE PTC

RED R ETEVER, R PTC 1228 KU PEAk 443t
SEE AR
1 #HRE5HZ®
1.1 G PRFEACKIR SR8
ARWFFEE PTC 8 F AR VIR 198 41 21 XA
NS B R FERT G . BT REAR SRR T M
T 7 B DX B e - 4 PO O S AR} | R AR SR A 15 (1]
2025 4FE1 H—20254F 6 A, HL99A 31 HlaR)E
JRPRUESC PTC B, Hoh 3 8 fil, < 23 il 4R ik
16~69 % L 55 % M LA R (28 #i) ., MIEARSG
SRR A AT R A G 43 2 40 A, Horh ETE BHAE
13 i, B34 18 41 ; LNM FHAE 16 61 (N1) |, B 15 141
(NO) .

A []— - 7R AT BAFE DR E S5 B 32 W 75 22 10 i 4
T ET ARG AR T o ge S Jo IX N B i R 4 2
— 2 L 1B 1 9 5 R R R 2 2 45 T — B e 4 21
JIT A 95 55 L S 2R J s BRME SN 757 gl Jl o0, AR
ST 7 G228 N T 2 B DX R g e 2 AR 2 R 25 o
KA (I FEHE S . 2024117 ), B A2 1%
B AT A BRI R A S O R A
H ) AR B RE
1.2 RNA 25U TGFB1 ) qPCR #ill

AR U 2 805 g 55 B e A 2URE AR S )
BT RNA FEAR LR AE W (RNA Sample Preservation
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Solution , Absin, ABS9268 ) H L il - A7, LA#fi £ RNA
fofasE e, i H RNA $2 BUR ( Servicebio, G3013 -
100 mL) $2£HLEL RNA , 3R H NanoDrop 2000 43565
FETHREIN RNA ¥R BE M 46 . & RNA R A HiScript
Il All-in-one RT SuperMix fz % 5% 7] & ( Vazyme,
R323-01) #4730 5% 5% O, A B eDNA, SERT 288
FE &5 PCR f#if] Cham(Q) Universal SYBR qPCR Master
Mix ( Vazyme,Q711-02) #4743, AbiF 58 i 35 A
g TGFBI ,NBIHHly GAPDH,, FrA 51t %
B R, FPE) KA1 B AR . TGFB1 : F-CAG-
CAACAATTCCTGGCGATA, R-GCTAAGGCGAAA-GC-
CCTCAAT( 139 bp) ; GAPDH; F-TGCACCACCAA-CT-
GCTTAG, R-GAGGCAGGGATGATGTTC ( 176 bp ).
qPCR Z5 R 2722 ikt M ik g, T
JE SRS T
1.3 TGF-B1 ) Western blot 2 FH %A HT

5 qPCR SE 90 AR R 5 0 9 20 21 5 98 55 8T
fif A ZVREAREAT TCF-B1 26 /KGN, AR B A
SERME N A BT SE BB B PTC 9 ) 2k 47
Western blot 4381, 21 ZURE A 76 vk 25 14 F Im A
RIPA ZEfH IR 05510, ISR 1 A i 70 B 1k 2
IR, 00T 4°C 250 J5 8 Y, R BCA
FEEAWREIS — b E, SREAEAS
SDS-PAGE HLIK 5T J5 5% i % PVDF i, JEE7E 2% Uit
T 5% BEAs A W5 EH A 1 h, Bl T 4°C 408 T
H TGF-B1 — ¥i ( Servicebio, GB111876 - 100, 1 :
5000) , N2 K B-actin( Servicebio, GB15001, 1 :
5000), B0 & AN HRP bric 403 R k2
RCDW R, AN KR H Image] #FiH
R R B E A S NS E AW E, I
— AR ALY S S A TR se 8 i .
1.4 el ey foe it

XTI PTC 4] 43 52kl TGF-B1 HLfk il
p-Smad2/3 YA AT RAEA LY A, T —$it
#%5. TGF-B1 #i & ( Boster, %% 5 BA1395, #i ¥ It
1:200) 1 p-Smad2/3 14 ( Boster, 55 A00019-2,
FREEL 1:50) , T BUAARMS B LU B A4 T K Ut
PGS G LI S5 E . Y1 &8 S KAk
PURAE S Je PG o S AL B L P S AR N — e
TR & H , M5 R B HRP Aric —$i & DAB &
OARRIEATE T AT AL, IE AR AR REATAZ G
e S E WY R it s E, TR g e e
30T .

G AL E 3 Hr R ] QuPath 2Kf4 (v0. 6. 0)
e, B SRR Y] A A R S A 2 S
S AU S8k, I R 28 X3 P B ML ke B 22 A 3 4
(AR R A X3, 7 DR IE 20 2 485 4 50 3 Ikt e I
FE L AT R SR I &, T TGF-B1 N
GBI AR Y, HARRE N T 6 T A B AR DX
I LA DAB SEH AR e 48 b , 70l i 58
LG 9 55 L A DXl ) 2 (LA PP (2 B0 S e A
TR,

1.5 Stk

B A Ge it o A 76 R 2% (version 4.3.2) i
eI, LR T AR I 3 A AFELL M(Pos, Prs)
Fon, KT qPCR 4558 TR i bt — 253 5
BN A e E LAPEAL 22 R B9 AE 2= B L, Western
blot MG h it E AR SN S
HHMKE AR, JF it — Pt B A 5 5 A
ZU LLAE B log2 (T/N) MH, LA B M AH X 3R I8 28 4K
X T B e A AL E R A 2R O3 i IR T 2 0 R A
T AL DAB S S bR, LPEAG A W 4 4L IX
B FRIRIK o iRg 2 25 00k B R 05 A 2R 2 TA) 1Y
BEXT 8ok H Wilcoxon E X Bk FlAS: 33 ; A [A] 4= 28
Z A AR Wilcoxon BRFIKG 6 . BT A Seit
R 6 359 1 WA | LA P<0. 05 i 225 BA 4o it

2 #R

2.1 TGFBI £ PTC HEZ 5@ 554U %) qPCR #
IRRHE

31 9] PTC 2043 59 55 4 4L B X gPCR Bl
TN, TGFB1 FEREAL 4 1) mRNA 35 /K7 i
ZET NN SR . Wilcoxon X Rk FIAG 56 45
KRRz ER BAGITFRE X (V=487,P<0.05),
AR R E AT 50 )2 08T, & Wilcoxon BL X}
PR & I 76 ETE BHPEZH (n=13) 5 ETE BAYE
H(n=18) ", TGFB1 TEg 41 ¥ B & = T 5%
HL(V=91,P<0.05) , Hr ETE fHEZ T TGFB1
{18 L IR A R AR A ] 3% B B kg — 3R )
P, % INM RS EE , 7 NO 4 (n=15) 1 N1 41
(n=16) "', TGFB1 ¥ 5 BlJE 4 45 T 55 4 211
FRIKFFAE, ZR YA AR E L (V=134,P<
0.05), WKl 1,

<72 .



X4k 25  TGFB1-TGF-B/Smad {5578 FUIR MR FL S PRI 2 28 AH S B0 v 1) IR HEAE 552 M
0.002 01 n=31 ETEpAtE |[ ETEMAHE | NO I[ N1 |
n=13* n=18 n=15 n=16*
L ] L
5 0.001 51
3
[aV]
1§ 0-001 01
§ ]
. *?50.0005-
+ #
— B 0.0000L — - c
= EA = JEA =S fEA EE  EA
HE @ HE @ HE @R HE @

1 TGFB1 ZEELXT PTC FEAR K AR RIR 284 E i k45 iE AL TGFB1 7E PTC 140 5% 52 41 U (L X 2238 81 (P<
0.05) ; B: ETE JRZS42ZE F TGFBI £E PTC 2043 59 55 40 L AU BT X 63443 M7 (P<0. 05) 5 C: LNM ARZS40)2 F TGFBI 1E PTC 44

2159 55 A1 LU W 238 4347 (P<0. 05)

JPEAL TGFB1 BB REE X 7 AR 2852, i
— K Wilcoxon & UK 6 X 2H [8] 22 5 3517 Ho 3¢
(£ 1), LA ot 5% 35 {E ( Tumor-only ) A $8 BRI,
TGFB1 7E ETE BAME 5 BATE Z 18] i g 2635 22 = G
GiitaFE L (P=0.953) ,N1 5 NO Z|f] R L4 1
2L (P=0.379), L log2 (T/N)VE AR L i
FEFRPRET , ETE 432 28— 2 FlE(P=0.125),
M LNM 732 AR MR i 25 5% (P=0.770) ,

F 1 TGFBI fEARRIEZE 2 A H LSRR (#))
SMEEE Y b w r P
ETE 13 18 Jifrg X 119  0.014 0.953
log2(T/N) 156  0.280 0. 125
LNM 16 15 iR IX 97 -0.163  0.379
log2(T/N) 112 =0.057  0.770

TR (AL F) s ETE(JRAMRAL) s LNM (R ELZ5456%8) , T IRl

2.2 TGF-B1 7£ PTC 41 Z1H 1) Western blot & 138
IKFEAE

N K- — 2Pl TGF-B1 76 PTC H iy
FIRABA KT 31 B EAT SE R B B AR T 2 41
55 5%F W g 55 A EFT Western blot /i, Z5 5 oK,
TGF-B1 & FHTEM A2 5w o A 2 Xy TR 21, {1
AFFEA Z AR R R A E W B 22 5 (B 2) o 7ERB
YRR LH R TGR-B1 M 223k i T % o 55
L MAE D) — L9 191 v ) 522 B0 AH B 528 A A B I
kS PR TGF-B1 & MR8 HA BRI MA 7
IGig

2% TGF-B1 2 454l A7 5 it 7 b7, 45
R BAAREA T TGF-B1 & 7RG 440 59 55
HAZ M ZEF LG22 E L (V=312,P>0.05),
UL 3,
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2.3 TGF-B1 7F PTC Z1rP iy G s dl b ek FRAE

TGF-B1 Gy 4L A WL 21 4L X I 1 B 2% A
TR B DAB Yt A AL RER 40 IR AR R L,
JERT ULES IR A () DAB Yot MHLLZ T s 4UX
AR MEEE] DAB e f55 A0 A% A bbi vl U 14 75
ARG, WA RIAATE - WAL E H K TGF-B1
TEMIIEN R (K 4) . € R ora R BN, A
41 TGF-B1 (I MI3E DAB %5 FF W 25 7 T % i Y
S 2 (8 5) . Wilcoxon Be X % FIAGS: 56 45 5 412
N, WE 2R BA G E X (P<0.05) , %] TGF-
B1 7E PTC L ik L2 B e d,

e y gy B \
.
. o, & g e
o b ae¥)
< P | PP % i
T 7 ; e - % Ay e iy s
: y
. Vo XY LY . P
> A ; “
. 7] ’s
b ré - &
€y E, bl ) ot “w
; o\ & S
LA (3 .
2 San o 2
- -
5 2S " A
A , LA TE -
= ¢ T % a2 gty

B 4 TGF-B1 7E PTC 1L 595418 (1) 5 ] AL ik
fE (DAB+FRAZE x800) A: FfH4, B. fmozdH4l .
B A BRAF—VIA,

Wilcoxon P= %44e—06 Wilcoxon P=2.33e-08
0.20+ 4 201 .
1 . i d
{_ﬁ 0.157 ES 0.15 !
m i m $
2 5
= 0.10+ i = 0.101 s
= P =
0.05- l 0.051 ‘

BEAR AR B

5 TGF-B1 78 PTC A S 5541 41h G 44 5 & bt
AT ;B BT AU

2.4 TGF-Bl TEAR[RIZZES i e AL = bt

IE— 2 25512 28 M G0 BEAERE X TGF-B1 A4
P AL RT3 25007 . 4% ETE AR 53)Z2 5007,
1€ No-ETE ZH 1 ETE ZH N, i 412U IX S5 TGF-B1 1Y
DAB Y55 B 1) i 25 2 T oy 9 55 2H 21 X 4 ( Wilcoxon
e R GG, P 4<0. 05, & 6) . #ATM, AR ETE
SR Z AR A X I TCF-B1 B ik K22 H 58
EE X (P>0.05) , 7EH LNM RS 5 2 S Hrist
A FEWLER 3] W 20 P 9 41 20 TGF-B1 kK3 B 3%
1o T 55 41 21 ( Wilcoxon it X B FIAS 55, P <0. 05,

Bl 7) iR TR LNM 432 2 Rl 21 2L X 50 TGF-B1 /Y
RKikEF LI EL(P>0.05)

No_ETE ETE
{*15 0.201Exf#% P=3816-05  FEXHQM P=0.000244 i R No_ETE vs ETE, P=0.679
& . §3 020 .
o1 +  Rois .
Zo0.10 s 2010
= . H P 3 o~
2 0.05 ' ' { i 2 0.05
2 _ 2 o o A
EEALR EAR BEAR EAR No_ETE ETE
il No_ETE | ETE |
o7 0-20|BEXHHI P=3.816-05  MXHRI] P=0.000244 X No_ETE vs ETE, P=0.65
{:ka s 1020 .
*R0.15 i 3 .
Q J ;I;’ 0.15 v o
5010 i 20101 .0
%005 : ==li="=
g i i1 goos] 5 =2
EEAEN BAR BEAR BAR No_ETE ETE

B 6 ETE /3ZENE5ZRE) TCF-B1 fe 4l b 5E i 5 Mt
AETHEB BT EUE . A0 45 2 N i 2
vs. JESH L BN ZRIE 25 540 BT, A 0 R 43 J2 [0 968 4 2 I 2= 3
2550, T,

N1
M 0.201 EE*xTi% P=0.083  ExiHif P=0.000481 ] BWE;IZ NOvs. N1, P=0.654
! s 5020 K .
-?E 0.15 ? . Ro0.15
[aa]
3o10 H . ! <0.10 é
]
%E* 0.05 ' ‘ i : 2005 —5
2 SN Y
EEER AR EEAR BmAR NO N1
NO [ N1 |
*{1'15 0.20{RFFRH P-0000305 R P3085-05 i o BHIE NOvs. N1, P-0.922
Yo ! Bows| o ’
[an] - . .
010 + . D510
. P $ [a)
Hoos) §- 3 i 1 moos $
2 ' : = . ? B
FEEEHLS AR EEAR BAR NO N1

El7 LNM 432N &S ZEE TCR-B1 fiE 4l e B o
A FETIE,; B 3T HUE

2.5 p-Smad2/3 7E PTC 4L A H el (LR 4FAE

itk L VEAL TGF-B/Smad {55 38 F& A BLE IR
A% TGF-B1 8L NI /3 p-Smad2/3 #EAT g
ZHARAGIN V)R DL 4 4 DX B A A P A B B 2R
HHERSE DAB et ML T o5 4 40K 3 2 R
P55 DAB Y (i, IRt S0 9 40 A% R 55 558 DAB
FRPEGe (0 DL S RER 0 IR R R BE I (K 8) . 47
p-Smad2/3 7 PTC 41 58 i iR Ak J5 , ALK 2R
RO W 2 5 R e sl i, &
A SRR AL p-Smad2/3 AYEE DAB 6
W TN RS, 2 R ARG
X (Wilcoxon FCXTFL AR, P<0.05,/&9) .
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* *
0.20 A 0.20-
& e
# 0.15 §10.15
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EESSAN mAER A ESEN FELA B

9 p-Smad2/3 TR 4141 5 557 L AU P iy e e 4L AL E B
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2.6 p-Smad2/3 TEA Rl 2855 2 v i s 4H Ak e
AT

p-Smad2/3 H 38 4 A€ fa 4% ETE 4325087, 178
No-ETE £H /1, 8% 0 21 X 8§ p-Smad2/3 %% DAB ¢
RO N I SR 2 B E T (P $1<0.05) , T 7E
ETE 20 41 4 IX 3 p-Smad2/3 EA & T 56 41
21 (H 225708055 , (U P BUE T b 22 7 B ST
FREX(P<0.05), BEIFHTAR W B E 27 (P=
0.244) WK 10, i#—2 WE A ETE 43 )2 Z [H]
FEAZUX L p-Smad2/3 W% FRIKKF, 2R TS 1T
FEL(PH>0.05)

Fie LNM 23 2 43 #r, NO 4 wp g 4 40 IX 3}
p-Smad2/3 (4% DAB %5 B B 55 4L 80T, Horp
H B BT 25 5 A BT 2E 3 L(P<0. 05) |, T 41
I ERTGEI2AE X (P=0.0833), MLZT,
N1 2H s 4 4K I, p-Smad2/3 IR Rk THE1ER
{85 A0 BU(E 4 B v ¥ oKk R — B0 B E
(F11) , 7R 2B B LA NO 5 N1 W4
I, p-Smad2/3 MR R IA 22 5 TCGE T2 3 3L (P 4>
0.05),

p-Smad2/3 %5 v 85 1 22 5 4B 2R 432 N
W3 RN SME ;702 No-ETE 4122 % Lk ETE
T, g% A AL R BOR R R 28 R ALY
PTC ¥EA W p-Smad2/3 A9 WV 411 g 52 13 17 78 22 5+
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TR RS IR B p-Smad2/3 #2547

No_ETE [
AL P=0.0268

ETE ]
Fxi#5 P=0.244

i
5020
3R0.15
2o.10
20.
50.05
2
Eo.00

scesmeo oo
Xy
osme cmo o

ETE |
EEXHE P=0.036

No_ETE [
FEXTRE P=0.002 33

B 10 ETE 432 P K42 B p-Smad2/3 S 4l b e 5
Mro AT B Tl L 2NN 2 N
A vs. S LN FRIRZ T, AR 43 2 (M A 28U %=
kS, R,

NO N1
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