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Abstract

Key words

Background and Aims: Thyroid cancer is the most common malignant tumor of the endocrine system,
with papillary thyroid carcinoma (PTC) being the predominant subtype. PTC mainly metastasizes via
cervical lymph nodes. Clinical observations and some studies have indicated that young male PTC
patients are more prone to cervical lymph node metastasis. This study aims to analyze the risk factors for
cervical lymph node metastasis and explore the differentially expressed genes and associated signaling
pathways in PTC patients across different genders and age groups.

Methods: The clinical data of PTC patients who underwent surgical treatment at the Department of
General Surgery, Xinhua Hospital, Shanghai Jiao Tong University School of Medicine, and the Huangpu
Branch of Shanghai Ninth People's Hospital, Shanghai Jiao Tong University School of Medicine, from
January 2015 to October 2018 were collected. Risk factors for cervical lymph node metastasis were
analyzed. The TCGA database was used to identify differentially expressed genes and related pathways
in male and <45-year-old PTC patients compared to their female and >45-year-old counterparts,
respectively. Functional validation of selected differentially expressed genes was performed in cellular
studies.

Results: A total of 1 071 PTC patients were included, of whom 209 (19.5%) had cervical lymph node
metastasis. Univariate analysis showed that male patients had a higher rate of cervical lymph node
metastasis than female patients (;*=5.990, P<0.05), and patients <45 years old had a higher metastasis
rate than those >45 years old (}*=28.969, P<0.05). Multivariate analysis identified male gender and
age <45 years as independent risk factors for cervical lymph node metastasis (both P< 0.05). A total of
443 and 477 differentially expressed genes were identified in male and <45-year-old PTC patients,
respectively, using the TCGA database. GO analysis revealed that the differentially expressed genes in
these patients were primarily enriched in immune-related biological processes, such as complement
activation via the classical pathway and immunoglobulin-mediated humoral immune response. KEGG
pathway analysis indicated that these differentially expressed genes were associated with metabolic
pathways, including pancreatic secretion, thyroid hormone synthesis, and fat digestion and absorption.
Based on fold-change and pathway analysis, IGF2 and IGF2BP1 were selected for functional validation.
Knockdown of IGF2 and IGF2BP1 significantly reduced the migration ability of thyroid cancer cell lines
BCPAP and KTC-1 (both P<0.05).

Conclusion: Male gender and age <45 years are independent risk factors for cervical lymph node
metastasis in PTC. The underlying mechanisms may involve multiple immune-related or endocrine
metabolism-associated signaling pathways, highlighting the need for more rigorous examination and
management of cervical lymph nodes in young male patients. Further research on IGF2 and IGF2BP1
may provide new therapeutic targets for thyroid cancer and cervical lymph node metastasis.

Thyroid Neoplasms; Thyroid Cancer, Papillary; Lymphatic Metastasis; Risk Factors
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FEOR BE 2 Sk R 98 (papillary thyroid carcinoma ,
PTC) o B MR vh e WL 26 B . R 28 PTC
NG, REMERS, B R, HEJA
PR B L G R, B B 0] Gk 40%~
90%!", HEIZmAFER . KT, X T AR P ER
HEAT 15 B M 25 I L 45 9 49 B HO M R AT A e il
BARPTC B H L RMEN R & THME (BLl
B2y R 1:3) B, H PTC 55 1 f8 3 2050 bk L 45 5% 7%
RGN R L Y 0, AR AR R RO A
FRAW T @, R GE PTC bk L 45 546 45 19 14 51
AR B HABAH G &, A5 38 o A= W15 B 22 U
b 71 I B 5 N [ 7 NS o £ 3 el ET N D B S P
k25, IERIE T PTC Wk L 45 7 % 19 4 T AL
LA S il PR L 48130 AT RE A7 A 1 ST b L 5 e R
LR A B MG RS F AR S S %

1 HARERE

1.1 IEEREHERIR

(o] Josi P U4 2015 4F 1 H —2018 4 10 H T L
28I K 2 2 B B T AR B e R L T A8 0E K 2E R
2B 5 JUN R B e 803 4 B i AT T R IR 9T PTC i
W AE B S R PRk, I AARIE: (1) R
Sy B/ XA FR PR R DD IR R + S Ak B 4 R
(2) & FREHEMARJGHIEHL ; (3) Ik K 7R
PR ST 4 HERRARME . (1) 95 B2 Wi RN B o v
Jed A R A B 2D 5 (2) B B vk FROIR e i g el p A
b5 B SR R s 5 (3) IR AE>T em (R k4
i3 B i 2o KO bk EL E5 B e BT i T ) o AREE R
Jo A B B, SRR A (A4S v e ORI 3
D) D g 200 B Sy 290 90 4k L 45 5 B8 PR R . AT
FEWCHE HH A5 B A 11 AR B e AN g S LA
B IR B #3143 Be A0 B 2% B 2 b e TR 38 (/R FRAL S
XHEC-C-2022-003-1; f&H#i#t*5: 2024-KY-02).
1.2 EEMMEEEAE L (TCCGA)HBRER

4b3E

M TCGA %0¥5 J#E [TCGA papillary thyroid carcinoma
(n=507) 1H T~ #k PTC H 3 ) RNA-seq £ 85 A1 I IR
G, R RIEFMEE 2T RIESISHEHER,
DIESR (CBM/ZotE) FAER (<4548 />45% ) X%
S 5L N AT R AR NE B A BT
1.3 #pEsE

N HIR IR 8% 40 9 BCPAP 11 KTC-1 ¥ g [ [

BE2Be b A 2, & 100 UmL & % R .
100 weg/ml 4% % % . 1% NEAA. 10% FBS (¥
RPMI1640 55 353, F 37 °C . 5% CO, i A1 3 40
JitL 85 R A8 B R

1.4 HRERLSHAHE

K5 X K03 0 IR I 98 40 i BCPAP 1 KTC-1 %
)6 fLak b, HeFh RN 2x 100 AL/l , T
37 CHEFRFARGE SR, 5 2 K4 M Lipofectamine 2000 f%
ek (S EFEB CH/RBHE A Rl UL S
B gt siRNA, X 5 3 R e 4 (sidIGF2. si-
IGF2BP1) . BHMEXT B4 (NC), %% Yt 6 h )5 5 d%
FEW o /NTHE RNA JF AW F 4 SR AL PR A7 B
O F . si-IGF2: 57-UCG CCU CGU GCU GCAU UGC
UGC UUA-3" ; si-IGF2BP1: 5'-CCG GGA GCA GAC
CAG GCA A (dTdT) -3’

1.5 Western blotiXI&

YL NC ., si-IGF2. si-IGF2BP1 48 h Jii W 4E 41
ML, A 80~100 pL 24, K I 2L f# 30 min 5,
12 000 r/min, 4 °C B> 30 min, 5K E A E &
J&, N 5 xloading buffer, 7K ¥ 15 min {8 £ 4 28
PR o il 28 SDS- 2R N M 5t e 56 I H UK J= 200 mA %
B 1 ho il R 21 4 2% A (T ) bR 5% B RE AR
WEHW D, =R TEKMERES, HH1h,
A—Pi, 4 CWH LR, PBST UG N i = i
WEEHFE 1 he PBSTURME 3 WG, fh=% &L g
B EJHR,

1.6 Transwell iT&iX1E

B g J5 i) BCPAP FI KTC-1 40 it % M il 7 1k
DU 55 I3 B 855 35 W2 77 A M, o Al 4 i 2%
2% 10° > /mL 20 il B2 . Transwell /N (89 [ % A
100 wL 4 M2, T E A 600 pL % 10% Ji 4 1.
WK SR, B3R 48 he ARG, RHZE
U [51 5 15 min, 45 %8 9% 6420 min, i ] PBS ¥
W3W, BT, MAEE LERFEOMM, F£&
£ B s TSI iC SRR B k. iR &
FHFT3IW
1.7 Sit=4biE

I SPSS 19.0 8k kA7 e it b B, TH A
RG] CEE) [0 (%) 1F£xR, 4B bR
RHKE; 56 1EA 00T 7R R ¥ +
brifE2 (x+s) Fon, ARHERM ALK, P<
0.05 WESFHGIT¥E L.
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21 PTCEE—MAMRITMHEBEBEXESE

YA 1 071 4] PTC &, Hob 1 ifg 28 38 K2
2 27 e B e B 4 I e 856 3], I ¥ A8 M K 2 IR 2 e
B LN R BE B B 20 B 215 ) . Hirp o 822 1],
249, B4l 1:33; R 14~80 %, Ty
I (46.8+12.6) & 5 FOK 2 897 4], AU g
A5 174 ) 5 Bk R kR 815 Il & K& 9 kE 256 B ;
209 ] H o PTC B ik 45 7 %, B H
195%. LR ESEERER, BEOES . F
LCN R VAN TSl S o L = R 1 S N o s A R T €

K (B P005); ZRESHERE R, B
AR <45 5 S SR B i ST fE B R (3
P<0.05) (1),
22 ERFIXEETEE

TE TCGA 3045 2 F 25 PTC AY mRNA 7 38 2 46 )
Bods B B e BRI AR S 0 4, R edgeR U
3 count B PAE AN FDR 18, 2K )5 155 FPKM {H
Fik Z BB . Ll P<0.05, FDR<0.05, 2% 51%%K
>1.5 1% 0 2 5 RGA LR 1E A fF . b, B
HERERIRIERAG 4437, [ERR<4s O R EERE
KB 4774, MIE A 198 M RERES (K1),
ANTRVE S . A IE AT 10 43 22 5 383k 3 P UL 46 23,

F1 PTC ZETMAMELEHBHERERSN

Table 1 Analysis of factors associated with cervical lymph node metastasis in PTC patients

WRELEEEE R [0 (%)] AP ST EASE 0
SES
H ¥ P P Exp(B) 95% CI
P53
5 62(24.9) 187(75.1)
5.990 0.017 0.046 0.702 0.496~0.994
I 147(17.9) 675(82.1)
AR (%)
<45 132(26.5) 366(73.5)
28.969 <0.01 <0.01 2.378 1.733~3.265
>45 77(13.4) 496(86.6)
HBAL
<R ]| 156(17.4) 741(82.6)
15.846 <0.001 0.132 0.624 0.337~1.154
XA 53(30.5) 121(69.5)
™
A 137(16.8) 678(83.2)
: 15.880 <0.001 0.312 0.704 0.406~1.223
2K 72(28.1) 184(71.9)
Fx2 BEMEPTCEEHI0IERRKIEZER
Table2 Top 10 differentially expressed genes in in male
PTC patients
LA P FDR Ak
el 158 4> NN PPY 1.92E-213 6.84E-210 0.032
MATNI1 3.03E-214 1.15E-210 0.040
THH 5.41E-189 1.56E-185 0.052
WIF1 7.99E-197 2.42E-193 0.053
IGF2AS 1.05E-177 2.45E-174 0.053
1 TCGAHIEEFRARREEGPTC ERRIEZEENHIHER TXLNG2P 0.000 044 8 0.001 807 2 2013.47
Figure 1 Distribution of Differentially expressed genes in DDX3Y 0.000 006 81 0.000 324 2 2294.83
PTC across different combinations in the TCGA UTY 0.000 081 2 0.003 072 0 2464.27
database RPS4Y1 0.000 043 2 0.001 749 8 2501.57
KDM5D 0.000 004 14 0.000 203 8 2555.82
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K3 FR<45F5 PTCEREHEI0 I ERFTIAER
Table3 Top 10 differentially expressed genes in PTC
patients aged <45 years

FEH 2 FDR R
AKRIB10 9.1E-295 6.88F-291 0.025
PPY 1.2E-101 1.06E-98 0.030
IGF2AS 8.16F-291 5.48E-287 0.033
IGF2 2.15E-215 6.21E-212 0.076
KRT85 8.7F-56 3.58E-53 0.077
NKAIN1 1.51E-175 2.85E-172 15.27
DPYSL5 6.42E-188 1.34E-184 17.44
MNX1 1.12E-259 4.86E-256 2477
IHH 9.83E-299 8.49E-295 29.33
MATN1 ~0 ~0 39.60

complement activation, classical pathway

humoral immune response mediated by circulating immunoglobulin
complement activation

immunoglobulin production

myofibril assembly

production of molecular mediator of immune response
immunoglobulin mediated immune response

B cell mediated immunity
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XF PTC 22 57 Hk R 4T GO DI 8w 5 70 M & 3L
Tk R 22 S AR N A AR W i e b R AR T AME
O 22 M L BR S BR AR Y 5 B MR
FORE . ARG | e sk E e A R (1812) 5
KEGG i ##73 Hr A B, A7 34 Zkad i 4, Horpi
Woor e Ry FAR IR IR A AR Y S AT
Kpd g AW (K13) . 4FI<45 2 % 25 7 Jk
DA 7 A Wy e R b R AR T AR O 2 L
6 PR f e BR AR A 5 B AR S g3 SO AMASTTS
P REBRAE A T 1 SR e o S5l % ([514) 5 KEGG
R T R, A 22 Rl BR AR, E R AR TE
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Figure 2 GO functional enrichment analysis of differentially expressed genes in male PTC patients
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Figure 3 KEGG pathway analysis of differentially expressed genes in male PTC patients
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Figure 4 GO functional enrichment analysis of differentially expressed genes in PTC patients aged <45 years
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Figure 5 KEGG pathway analysis of differentially expressed genes in PTC patients younger than 45 years old

2.4 IGF2.IGF2BP1 {2 Bk R i dE 75

BT 1R KEGG il #7452, KB PTC 22
S L DR B R AR T B R 0 A T B L IR DT T Ak i
& K FHOIR B 2R A BLAE N 43 W A O 1 A 5
PTC 22 5 % 3K 5 7 IGF2  (insulin-like growth factor
2) . IGF2BPI1
protein 1) J& R R HEA K F R IEM 5. TCGA
R, IGF2., IGF2BP1 7EAF <45 % i % (IGF2

(insulin-like growth factor 2 binding
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Figure 6 Effects of knockdown of IGF2 and IGF2BP1 on the migration ability of thyroid cancer cells

3 i #

PTC J2& fc i UL A FHCAR Bt s B Y, LB W24y
JRAF, JE TG MR, (HE A — 4 R
ERE S N R A g s A N L 2
M PTC B EWG . ERAMELEHER, Wigm
FART AR, M, @A . CT S ARFITk A
U A I PTC SRk LA R B L, AR EW
e T RF AR GO RS G R T AE T &
M, BAREFE P LMPICRKRITER T Bk,
2 AF 5 9 1 0 A U UK B e R R A X A
MRMOGEE L, BREE)T, S sEat
R, WA — s g B R R R 25 R, 1
J& H A R TAE PR Sk b X A5 B4 PTC R
R D L R e, A MR R R A
J WA R I AE R . B AL PTC M F1 30 1 45 56 5%
R O R R R AIL ], AR BF 98 X 3 4F Ok PTC R H 1Y
Il PR GEREHEAT T Se 153 A o

B 1 BF 5% & B0 I 98 /I b B 485 A B8 R B OE
ISR, b S e B fay , AR 5% 18 5 MR K
INST em BOIR BN A 3 HT, S5 R B, B AR
<45 % BH TR DA R R WS T Lt AR
>45 % B, SHOESCIRIRF R A R —B, /RS
PR AF IS <45 %5 & PTC f8 5 30056 ik 4 45 5% 5% 19 2l 37
FER R R, Hvh K ) A G 3 R A3 2 (8 A i — 25
PIE . BLAMA KB, XU PTC 5B 5 ¢ 5 29035 ik
ELEE R R £k PTC 1% PTC 830 ik B 45 7%
R AR AL PTC %I04 1248 (1) PTC #i
TR O R R R R M B AR S PTC b
S A BOTC AR C M 1 5 R /N TS A G
AR 55 bR /N A O

TCCA B9 JE ol 87, A7 200 5 bk B 45 5% 7%
M PTC B E B Z T Ltk, FRMHKRRE. N
i N 1| DS A B O A T R N R A
ML, AWFF e IS (B M) AR
(<45 % />45 % ) 43 5Pk PTC J 404, ik PTC 2%
S IR FE R DL KM G i o A A R BE, MR B RIAE
WX LA Z S HEA R A ES, REE
FEFHIGF2, IGF2AS (J& T K 85 1E 44 % RNA) |
IGF2BP1, MATN1. PPY. IHH %5 . HHfFHEFE
)2, IGF2. IGF2AS. IGF2BP1 Y& T Jik 5 E ke E
KR F 50, LG R TS IGFL DL A4S & E M
IGFBPs . 41 ifg % i 52 /K IGFIR . IGF2R, 5B 543
WAL K FR R ER 5 13 DD AH OG0 i KM A 4
MG FE Ak . K AE . 4ERRRE AR R S
T EHAEEAMEEN, RS 5EEEE. §X
WG WU B . b A A A e B AU A
KEGG {555 38 [ 40 7 v, ) R0 AF i 25 S R I 4
(30 B 5 A DG A - TR B K A L TR 0 W
JIE I 9 A S I AR R I I R R AR K IR A G
PR K 38 6 7T BEAE PTC Mkt 25 B B rh R E 2R,
PRI AS B 58 78 PTC 40 rp 64T 1 303, R0 IGF2 |
IGF2BP1 & (A () 35, B W4 il 40 i i %%, $80R
IGF2 . IGF2BP1 {2 ¥ PTC 40 M /3 H . REAE 98 &
M, IGF27E PTC R B, S5 K/,
Wk L5 A% Kl R 43 JH AR OC . JF 7T BE 5 Lin28B 3 7]
{1 PTC 1y & A & "™ 1GF1 FMIGFIR, [ & T
JoE B F AR A KN A, bk & BLTE PTC A R
NG h R B TR, I Bk [ B e e H R
HR B AH OGP TGF 3 B 52 M HEOBR AR B FL 7 A= 1
L HUR R R B OIR B 9 2R 5 e A R R A
IGF % 48 2H U0 A= ) 2 A0, 3 XS ) AH B AR T
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JE KA B2, IGF 78 AR F PTC 81355 ik B2
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i KL 75 i — 2D B Uk AT Y

GO ZrHr v, P I FRAR i 1) 22 S5 S Y 32 2 4
FERPEM G EY DR L EES, W £b
RS o PR O g Bk A A S 0 R R T E RN
o SE R A AR, R S OB 1T BB FE PTC 1Y
e AP R T EEEM . AKH
AR PR AR S — B8 P [ B S e HR IR R E I IR
b, BAKFRELR S PIC XEREY, KRii, X
T & M A TG AR IR 4% R 5 2 iF PTC 330388 bk 1 45
B R ) ) AT A 8 R A U220, AT itk — 25 A IE 52
AT -

H A 7 5 78 1 90 FAE % 5 PTC 35156 ik 2 25
BHXR L, AIRZA—-BUNER, ol hg 5 i
W, FARIM . Gt N FEERAL, JF KM
B2 o I TIE B8 2 UE 4R AT B IE . AR BER R I,
B AER <45 B R PTC & FUH K B 45 5 R 1 6
N &, 5 Liu &P gsie—s, Hw, M4
Yife B8, AR R 2R 58 T PTC Sk
S5 55 B 10 FH G DRI L O X AH DG SR AT T
Y HE 2= I, ASBE ST S5 R ] DLAE — E B O PTC
I RIZ W . TS FG T 38 0 T8 B, o X IR AR 5T
PTC ST Ik B 45 56 6 i A CHLHI . SRR B S5 7% %
MEEESZMME., HFRDBAERSLEZL,
TCGA B4 e 5 K Z R I8 F iy ABE, S5 E
BEMBEFETRAEHREER, FILERRTE
B Z2 (b AR 0 R 2 — 20 T Ok O A RS
A4 R DG 35 DA R AR B LR, AR SR AR H
2AZESFILH AT TR, 52807 B 20K
05 00 UE o 38 BE 0 Rk i . T AE XS 5 A G E
B, T 2 E B S 5 PTC S 5% B O
7 N T T 7 e R 9 7
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