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TR R R

HERL, HBAY
T ERFENRRESR, IR We
M 65 BT B HORARSMEL, AR G

Woks H . 20264F4H 190 FHEM: 20264F5H12H; &AF HI: 20264F5H20H

HE

B : Bt EURBRALSOIRIE (papillary thyroid carcinoma, PTC)4L 2R Gl 7)) iR 4% 7 44 551 JR (prostate-
specific membrane antigen, PSMA) 5 44HlL[F M %32 /& (sodium/iodide symporter, NIS) f{] FRiERHE,
SRS BIEIETT R R R, HE— B R PSMAZR I 5545 22 M5 B4R 22 18] BOAE St . 7.
E BN 20224E11 H £20244E6 A 1T FRIBEVI HEZ BINGT WPTCEE 1204 . /&I (FRBREG Y
A4 Z RS 1R TR B (BB AR)) WIIRIRIT RS dE, K S8 &S EMIT R V) & HONTT 0%
& 4 (acceptable response, AR) 60f, YT AR G HETT N ES T A B 4 (incom-
pleteresponse, IR) 604 . KF B H RN ZE T EMMPSMAFINISRIE, A 5BUHIHRIET KM, 2
ZMHIRERE R & 2 MRt . G5 ikaEEPearson y2 % . SpearmanB AR KERE =
JGLogisticE A3 #r. 4R : NISREKFEBIHERTT R EEMHR, ARAHNISHEREEE L, 1M
IRAFNISERIEHTLRIEEE W.; Logistic[H BT B~ , NISRIEKFRER, S5ARSH HICHE5E (OR
= 4.00, 95% CI: 2.30~6.97, P < 0.0001) . PSMAEEEi TR MHSSHT A B N 241, BHREKTF
Huygiiiiasr KM EEHR, PSMARKREAFINESR, BANIRAKREIEIN(OR = 2.383, 95% CI:
1.454~3.907,P = 0.0006). PSMASNISRIATFFEEEREL, HEFH MK (Pearsony?=22.16,P =
0.0084; Spearman p = -0.196, P = 0.032). M4k, PSMARIEKFEHIERIE. FRBIMRIE KL H
¥WEEMR. 45i8: PTCHNISERAMNPSMARRIAY 5B RIGTT RN AMEHR, HPSMASNISE5
FiH K . PSMARRIZE 53R E MR BUSERSS, RETTRIEN R BLIE 2 ML R AR B AEY %
ITRWIBER AR ED.
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Abstract

Objective: This paper aims to investigate the expression characteristics of prostate-specific mem-
brane antigen (PSMA) and sodium/iodide symporter (NIS) in papillary thyroid carcinoma (PTC)
tissues, to analyze their relationships with the initial response to 131I therapy, and to further eval-
uate the association between PSMA expression and several aggressive pathological features.
Methods: A total of 120 patients with PTC who underwent total thyroidectomy followed by 1311
therapy between November 2022 and June 2024 were retrospectively enrolled. According to the
criteria for initial therapeutic response evaluation in the Guidelines for Diagnosis and Treatment
of Thyroid Nodules and Differentiated Thyroid Carcinoma (Second Edition), patients with excel-
lent response and indeterminate response were grouped into the acceptable response group (AR,
n = 60), whereas those with biochemical incomplete response and structural incomplete response
were grouped into the incomplete response group (IR, n = 60). Inmunohistochemistry was used
to detect the expression of PSMA and NIS. Their associations with the initial response to 131] ther-
apy, aggressive pathological features, and the relationship between PSMA and NIS were analyzed.
Statistical analyses included Pearson’s chi-square test, Spearman’s rank correlation analysis, and
univariate binary logistic regression. Results: NIS expression was significantly associated with
the initial response to 1311 therapy. Moderate-to-high NIS expression was more common in the AR
group, whereas low or absent NIS expression was more common in the IR group. Logistic regres-
sion analysis showed that higher NIS expression was more strongly associated with the AR group
(OR =4.00, 95% CI: 2.30~6.97, P < 0.0001). PSMA was mainly localized in tumor-associated neo-
vascular endothelial cells, and its expression was significantly associated with the initial response
to 131] therapy. For each one-grade increase in PSMA expression, the odds of being classified into
the IR group increased (OR = 2.383, 95% CI: 1.454~3.907, P = 0.0006). PSMA expression was sig-
nificantly associated with NIS expression and showed a weak negative correlation trend (Pearson
x%2=22.16,P = 0.0084; Spearman p = -0.196, P = 0.032). In addition, PSMA expression was signif-
icantly associated with capsular invasion, extrathyroidal extension, and multifocality. Conclusion:
Low NIS expression and high PSMA expression in PTC were both associated with an unfavorable
initial response to 131] therapy, and PSMA showed a weak negative correlation with NIS. High
PSMA expression was also associated with several aggressive pathological features, suggesting
that PSMA may serve as a potential auxiliary biomarker reflecting tumor dedifferentiation and
adverse biological behavior.
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1. 3]

FRODR B e8 S 5 DL IR PN 4300 R G S e g [ 1], e A 24 284 FROHR g8 (differentiated thyroid cancer, DTC)
AR ZHL, ORISR (papillary thyroid carcinoma, PTC) 2 i WA EEZRAL[2] [3]. KZE % DTC
BELETFA L FRIRBER I RSO YA T J5 UG 5y, R BEARIE T MR 4 e — e f2 5 b
PR T FOR IR I B 40 P ) o A AR HE AR RE Fa 4] BURHPE RIS IT (radioactive iodine therapy, RAT)Z Ft
PLRENS R AEAE R, 5 AR FOIR AR 4 B e Bl B[] 1) #4128 18 (sodium/iodide symporter, NIS) /™5l -1
BENGIM, Rk, NIS ThEEM5e 8t & DTC Xt 121 677 U1 B 20 T IR [5].

SR, JFERTA DTC B E FRRRIFLE M B ik aa . P& MRERE, 05 & T i IS AL
EESEE, RIATEBEE ST N RN 58 SIGIT RNAR 22, S 23 N JRUR HERIUHE VR A DOIRES [6]
[7]o BEARFE S RN IRE ], NIS Rk T, JRE A 578 K IhRe 2 402 X — i A2 1) H ZEHL I 2 —([8]-
[10]o DAL, 78 BURYT RS F RIS 5T, R0 5 M8 A S ) B A T AR 58, B W I R
=98

U5 i 55 P4 T J5 (prostate-specific membrane antigen, PSMA )] K HL 7 5T 51 e 7 1 i R A 1T 52
B, HFELF TR, PSMA FHAERT SR e 401, 75 2 Fh S g o 58 0 5 A T g A G HT
AR P RZARAR11]-[13]. AR, PSMA T8 FURIRE F IR il AR I, HAER 28 VR R B 1%
FRAE VR AH DI A P AT REBE N B[ 14]. X378 PSMA FIT e B AT fE 3 HUIR BRIPR 56 AL ThRg, 12
JRg B PR R AL ) M AR AN R SR AL AR R R ) — R B A A RHE . BT BIR,
AHIE TR B A 9 5k B 51, 208 PTC o PSMA 5 NIS [URIERFE K H S B YIHETEIT RN 9%
R, IFikE— PRI PSMA 555012 28 11 i BEASFAE 2 8] RO AH DG 1E

2. AREFZE
2.1. ARFR

[ PECAE 2022 45 11 A2 2024 4 6 A TH & BB B FARIRAMEHT HUR IR A VIR IE T 55 T
PR Bitz e S BHE R BIIRYT I PTC BF AR TR . GIAFRHE: 1) ARJFHHEIESE Y HUR B AL SR
2) Al3k18 HE. CD31. PSMA J& NIS Sk 2z ge apr fR 2 2R A; 3) BEVIRTE] > 6 M H . HEFRbR
#HE: 1) IRRTRM G 2) A I MBI .

AN SR FH [ A 9 81 o HR U AR UL YR YT RORLKS B T AR AL (AR) T AU EEZL(IR)
1 HEHC AR 20 60 Bl IR 4H 60 7, 3k 120 BIIAISHT. IR EHMIZHR . A AR KR, IR
MR S BERIE. FURERAMZIE. PSMA FIEK T K NIS 23k /KT 25 s A B % R

2.2. JRFT RN SR

s CHUIR BR S 15 A A0 B BRI 126 38 1 GB i)Y MILRIRIT IS VPl bR, H B 0 N2k
fift(excellent response, ER). J7 % N 1) (indeterminate response, IDR). A= 4L )7 %N (biochemical incomplete
response, BIR) M 454 1457 AN (structural incomplete response, SIR). A{E T Ziit- 434, AHE 70K ER Fl

][l
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IDR &I AT R B IF4(AR), ¥ BIR A SIR & 0 A7 AELLIR) .
2.3. REALALFRERITS

AR TR 2 2 e B T2 5 95 PRS2 i HE M2 CD31 4l 2H 4k S et NIS 4hys 2 Ak et T M L
 B5Es, PSMA G 4 i Bk T4 A MR I A IR A J SE = e . FTA VI 2 A A )
HAFR A Aoy BB UM 52 ) v I @ 45 5, 44 R Ton] f e AL A &8 SR e v B — B, o NIS $P4r i)
Kappa %04 0.76, PSMA ¥4 kappa RECN 0.74. PSMA e 414k 3= B e A T s A e I 9 Bz 4
Mfs, BIYEE S RHEm A RERE 6. RARSXKMILE TSGR EBET S NE SR, #
PSMA Fik7r 7o AR TS 4 9, Hp ARV A, BRI B A g m kil 4.
NIS % Atk as RS RG— WU RIF R R AL 0 2 NFATE, 1 2 NIRERRTE, 2 42 8T, 3 908
e FEBEE

2.4. GHtEST

KH SPSS 26.0 Geit AT AT 78 THECE R DABIEORI 4 le 3R, AH A ELECR ] Pearson 2 K56 s
LS SREOANT S E I R ESMEAL IE 2 A 565R Fisher # V1ML, 43 720 2878 & 2 1R IO M et
Spearman FRAHIE /34T o S LU0 25V 73— R ) Kappa 30 PEAN o LVARYT [ B 7 4L(AR/IR) N R A8 &
i), SR $KER G Logistic VA5 HT, 1HHE LA LL(OR) K& 95%E (5 X [H(95% CI). P<0.05 NZEFHG
HES- 38

3. 5%
3.1. BEIGKRRIESRR

AT TR BB 78, JE9IN 120 1) PTC B3, 78 RIF(AR)H 5T RAEIR) A % 60 (U
1 FioR). HAER < 45 % 57 411(47.5%), >45 % 63 B1(52.5%); &M 74 $1(61.6%), T 46 141(38.4%);
JR R I B KAE < 1.0 cm % 31 91(25.8%), >1.0 cm & 89 f1l(74.2%). PSMA KIEANT. KE. FEMEE
FH AN 16 41(13.3%) 46 51(38.3%) 47 BH1(39.2%)F1 11 §1(9.2%); NIS KiENTL. KE. FHEMEE
HA AN 15 B1(12.5%) 45 B1(37.5%)~ 41 B(34.2%)F1 19 51(15.8%). FAMIIRH R K 49 51(40.8%), XUl
BB 71 61(59.2%).

Table 1. Clinical and pathological characteristics of the immunohistochemical cohort

F 1. GRB BTG R FHE R FRIREFHIE

I PRAFFALE T 1% B B4t
e
<45 % 57 47.5%
>45 % 63 52.5%
P51
i 74 61.6%
S 46 38.4%
Jiev g JE A b A KA
<1.0 cm 31 25.8%
>1.0 cm 89 74.2%
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Yk
Jirrrt R
S fi 49 40.8%
XA et 71 59.2%
B YRYT ROBL
AR 60 50%
IR 60 50%
PSMA Fik/KF
ToRIE 16 13.3%
flREERRIE 46 38.3%
R ik 47 39.2%
[HESSES 11 9.2%
NIS F&ikKF
ToRIE 15 12.5%
([9EFS2 45 37.5%
Rk 41 34.2%
[SESSES 19 15.8%

3.2.NIS 5 PSMA fiEFRiAEHE

NIS At R, NIS AR LT A4 . ik b, AR 41 NIS KA T IR 4. PSMA
G AL et R, PSMA R T o 18] FHr AL B4uIm e o fegu i, midEmmgn A s, Bk L,

IR 4 PSMA FixET AR 4. %A R 1. K 2,

NISAIE & FH 4

Figure 1. Immunohistochemical staining of NIS protein

I.NIS ER &R EHKLEE
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PSMAIEFE Bk PSMAI JEE FH 14

PSMAGEH P PSMAGE FH

Figure 2. Immunohistochemical staining of PSMA protein

2.PSMA ERREHLEE

3.3.NIS IAKEE BT AT REEIXER

fE AR 20, NIS RN, KA. FEEMEEEE /8 4 6. 8 il 33 f5IF0 15 f5l; 7E IR A 435
J9 12 4. 36 B, 8 BiIAT 4 . LLVATT RS L(AR/IR) I AZ & . NIS Fib25 4y HAS BT BRI & ot
Logistic [FJH43#7, 453278 NIS RIA/KF5 BT YILRIAIT IR M2 EM G, H NIS RIE/KTF#HE, 5 AR
IR SRR (OR = 4.00, 95% CI: 2.30~6.97, P < 0.0001). &/~ NIS & # A 7E AR HA & W, Mm{k#E
IRETERIATE IR A WL(A0E 2 FR).

Table 2. Comparative analysis of NIS expression and response to 3'I therapy

R 2. NIS RiES PR RMALLR S

1311 NIS FikKF
- — OR 95% CI P A
TR *x R ailia fei
AR 4 8 33 15
4.00 2.30~6.97 <0.001
IR 12 36 8 4

W AR: BUBITITRGHEE, IR: BUIRITIT RN
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3.4. PSMA RiXKES BT REBIKXF

7t AR 407, PSMA RiEATo. (KB, TR EEE 408 11 6 31 41, 15 fIF0 3 f); 7E IR AR
AN S Bl 15 5. 32 BIFD 8 il LAIRIT RN H(AR/IRY AR AE & . PSMA RIAEH N H A EITH
K3 70 Logistic [FIJA4#HT, &R E/R PSMA RIAKFE B JRIT RN EM (OR = 2.383, 95% CI:
1.454~3.907, P < 0.001). &/~ PSMA RIEETFm 1 ANEH, FN IR AR, B PSMA &RIATE
IR ZHHh 58 9 WL (I 3 i)

Table 3. Comparative analysis of PSMA expression levels and response to '*'I therapy

= 3. PSMA FRiAKF S BT R MBI 24

1311 PSMA FRik/KF
OR 95% CI P1H
JTRL c R i E E
AR 11 31 15 3
2.383 1.454~3.907 <0.001
IR 5 15 32 8

E: AR: BUVAITITRONE, IR: BRI A= .

3.5. PSMA 5 NIS FiAB0HE 4

PSMA 5 NIS ¥ NG 753 KB . KA 4 x 4 HIBKFKIAT Pearson P file, 4iRE R - FHoMmERR
Bt R L(*=22.16,P=0.0084), &/~ PSMA FKik5 NIS RIAFFAAE KRBk, #F— 1T Spearman FiAH
KOWTER, p=-0.196 (P =0.032), $&/~ PSMA 5 NIS Z [AIfF/E5 iAo, RISy PSMA £k
BRGE, NIS FRIEBALUNTE 4 FiR).

Table 4. Correlation analysis between PSMA expression level and NIS expression level

%= 4. PSMA FTiAKTES NIS FRiAKEMHBEX ST

PSMA #i&/KF NIS =0 NIS =1 NIS =2 NIS =3 iTETt
x 0 6 6 4 16
LRk 7 10 19 10 46
R IA 8 26 9 4 47
Ik 0 3 7 1 11
HETt 15 45 41 19 120

¥E: Pearson y? = 22.155, df =9, P =0.0084; fUSRLL y* =25.624, P =0.00235; Cramér’s V = 0.248; Spearman p =
—0.196, P=0.0322; Kendall7=-0.162, P=0.0413, SfREIFHAHCESE, B PSMA RIS, NIS Kk Wim
.

3.6. IEFRRIRIEERS PSMA RiAKFEHEERS

¥ PSMA KL AFIRIKA(TCERIE + (IRRIX)MIEEEH(TELRE + ERE)FITHRFEER T
Logistic B3 #. 4550 B8, MHIZEE . ol RIE R IR KRS PSMA RIA/KF-3HT0 535 MK P>
0.05), T XM AR 2% 5 PSMA 15380k i 3 A 5%(OR = 2.222, 95% CI: 1.053~4.688, P =0.036), #Z7~ PSMA
ERIETRE S MR B AR, 8 PSMA £k K Pl A 5 8 2 22 MM 52 (3 5 FR).
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Table 5. Univariate analysis of clinical and pathological factors associated with PSMA expression level

5. IERRHREE RS PSMA RIXKFEHBAERRSH

A IS OR 95% CI P 1A
iR
<45 % vs>45 % 1.062 0.519~2.175 0.869
P51
¥ vs itk 1.114 0.534~2.327 0.852
JE R e K A%
<l cmvs >1 cm 0.590 0.258~1.348 0.210
Jirt 8 7%
MR vs B R - 2.222 1.053~4.688 0.036

3.7. PSMA FTiXKESHEREMRIBHEN X R

KH Spearman FRAHIG /M HTIFAL PSMA FRIAEH SHEBIZIC. HARIRIMRIL R Z IR LR &
7R, PSMA FiL/KF 5 EZI0(rs = 0.364, P <0.001). HURIRIMZ A (rs = 0.254, P < 0.01) M2 Z M (rs =
0.350, P < 0.00 1) AF1E 23 it 22 R B (W R 6 FToR). fAAE LI B MEASAER 5, PSMA A Al sy
FOKLBIB RGN MR, EX EIRMEEVERHER EE Y, PSMA TRBBURERIETE R W

Table 6. Relationship between PSMA expression level and aggressive tumor features

3% 6. PSMA FiX/KFESHEREMIFENXR

i = 8 PSMA #ik/KF rs p
7 iRk T EERIE SN
A2
p &t 15 25 13 3 0.364 <0.001
AU 4 20 32 8
IR ARSI

p &t 16 33 32 4 0.254 0.005

AR 3 10 13 9

ESR 3
R 13 21 15 3 0.350 <0.001
£ 3 25 32 8

4. ig

AHFFLIET 120 4] PTC 2 (1 BB 15 BT, 204 T PSMA 5 NIS IRIBHRHE & H 5 BTG
PR Z AR R ERER, NIS RIEKTFE BRI RN EEZEMIS, AR 414 NIS HEREFEH L,
1M IR ZHH NIS IREIA BT FRIA TR s Logistic BIH ik — PR, NIS Rik#iE, BEIRGEL Y]
BYRTT NPT REPERRK . %45 5 NIS AE N HOR ARG M BRI OB 70 7 I AR P 2= T REAH — B, IR IR
PR SCHE T ONIS TS B VAYF RS F M2 B )% &
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5 NIS #EL, PSMA FEASHI Ft 2 B 60 T Mg AH DGR A I P4 R 4, TR A & o 2551
IR, PSMA FRik/KF5 B EYT RBEZEMAR, HILREA SN IR AR nT et e e, (HEE
HEHAE, PSMA FIX— @M RHES R, HATRBUE AT GE2& PTC MR A5 Hh i A il IR AR [ 151,
7 A i 8 200 i A B HOR R 2 A Th BRI AR B o R A DG A8 LA AN AN R e 4 A K BT i 8 7 R A AL ) 2
EGERSERY, A2 PR O 5 M R () SR A B 40 [16]. PSMA 1E 3T A6 I/ P 7 400 B v (1) 3R A 1
5, BN IR T Re AL T B BRI AL E R A B S RORAS o ZRIBAFE UL, PSMA TR B AR
e M BRI I — AR, AT e AR MR 2 ik e v if 385 26 Ry b B o 358 OB R 3 5 11 ] 3K
PR, PR ARG A4k PTRBUIRES M R b VA IT RS ANVEIR SR, PSMA BT RER B RR
AH D AR L R R P RER AT TR 17]. #0552, PSMA SR 35 A2 R R R A A ShRE RO AR BE 1
SR B -5 e i ok v I A AT AR 5 S AE 9 18]-[20]

KRBT — LRI, PSMA 5 NIS RIA(E(ERERHL, HEFFAMGES . BRMOGREAMR, A
Hop i B IR X, Bl S4A - PSMA #iE, NIS BMIK. X —455RiR, 76 BRI B a A 224
ter kR AR, ATREAEAE “NIS Ni—PSMA Lifl” #14r FRAAE[21]-[23]. NIS KFKIA [ B2
PR P D e IR, T PSMA i 23K JUI W] BE BE 22 i B Ji e A G I AR il B TR VR BRI AN R AR 24T
[19]. =FHBA A BT MORE M BEEAR PTC N “o bR, wiEmmt” ) “dbpdd. gl mAs %
St .

MIBTENLHI BB, PSMA 5 NIS B Fh 47 [ R BC AT fe H AR IR A7, 1o mT fg e e T HFCIR i 25 4
A ERE 3L ] RS Sl s P A . AN, MAPK IS 305, JUIHZTE BRAF B RAS
FAKHCR, —J7HAEE A0S PAX8. NKX2-1 %5 FUIR MRS R A OCH SR 7 1ia M, IR S AR DGR W is
FEUTER, FEUNIS ik T A ST e [24]; 53— J7 1, XAk VEGF S8 & A sl %05 F
W, R R A DGR A M TR R [25], HFiE— D AERE PSMA 5T AE LA A R 40 i A 2k Fh o el A
W, 7E PTC HHABX - AORAS 7] 2o 04k BUEVR J7 s b R b, mTRESBMTIE A “NIS T Y — I A ilid
BR—PSMA if” MR, Uk, SR e g S EELEEZ AR, nTREEHZE
WA i, HE—D N NIS Dhaediifil, A RAEBEa 7 HBT A RIEIR[26]. L] A 75 i —
SR FEUE ST, HAT/E— BRI LR AR T PSMA THiE 5 NIS FRH A7 A

BR5 697 RBAHIGAN, AR K IL PSMA Rk K S5HERIE. FURBRIMZIC S 2 MM 3 W 25 A
Ko e LR ZEVERHER B, PSMA 3Rk b B30, 427K PSMA mRIAMLS BT iGTT
SRS 5, AT g S R B 5 A R AR R M RIS AR AT N[ 12]. 4RI E T PSMA 7EHUIR
e R I AR R S, RIEAMEFTREAUR IR T “RIEFESE” M TIER, 15 TR Pl R =
MR HR B4R FR[27]

AW FAAEAE— E SRR B 5, ASHIF 7T A oo [a] 1 97 5 6 HEIF 78, AT REAFAE — 2 % % D 5
HWK, FEARMMAR, H PSMA 5 NIS VP4 FZE T G HAUL @ s A, R RS 5]
A BBV, AT REAEAE — E EWME . R, AWFR EEIE PSMA. NIS 55 B RIT OV M3
IR BRI AR, Wz KIABE U85 R KRR 2 0 FALGIRT 7T 3 FE. RIbk, ARG FEIFRE
ZHt ATHETERFST, DA IRIE AR A R R e MRS s RIS, WA A A B oy AR A S
3, 3t — B ER T PSMA 5 NIS 75 FUIR B 25 010 BRI A 1 4 S A I8 2 )l A2 P (VB AR M LR R
b4, R 4G PSMA-PET/CT 550 T B F B, #— PP 21%: PSMA Rk 5B HHCERILZ 8 1)
—FPE, FERZE PSMA TE BT RO . S5 2 297 — R4 R BV 7R R AR AH

5. &hig
PTC 7 NIS {&FRIAF PSMA m#R A5 B WIEEIT I NAVEM <, H PSMA 5 NIS RiA 255614
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Kia#. PSMA RILE SPIZI . FUARBRIMRZIC L2 2 Ik SRR M BRFAE AR O, $n HL AT e
SR 2 A A RAE A AT N B AL S B bR 254

B O

AWEFEAT LA FE B, SATFEZ I, FIEEORARRG. IR E3RF. B, EORgRne
IRV B . AEIRSCIERR . BE it BRI R OB d b, AR I 244 T RB LR AT
REOR, HTPERNA S FUSER T SRR 2t SRR AR A A R 2 BE R . LI, R Syt
£ R ITAE SISOt Bt B A BOR A T T 45 T I B 5 30 RE, (AT e A5 LU HE
o TN G BRETE B FARBRAMEH B 2B SO BERD O E AN R AE R B . FRASKb B BE DS
PP LS TAR R R Bt P B SRC & o SRR, R B KA 5 DU R EE A BE 3G 97 5 50 8F, AR
BIT AR T RIFHIZ I SR G &Ja, R —ER O SUMASCRERME AR IR &, 1E
AT R . AR SRR, A TRAWEITH R,

B B
AWEFERATIH & GBI e (e B2 A b (R L5 K2026-006), & 28 F F 7] & 45

SE
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