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B ER EMEIRENEFERELRENEM T RBAFIRELALREEZME. TEAEFR
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The promotion of precise diagnosis and treatment of thyroid cancer by mass
spectrometry-based high throughput proteomics technologies

LIANG Nan, RAN Bingbing, SUN Hui (Department of Thyroid Surgery, China-Japan Union Hospital of Jilin University, Jilin Provincial
Key Laboratory of Surgical Translational Medicine, Jilin Provincial Engineering Laboratory of Thyroid Disease Prevention and Control,
Changchun 130033, Jilin, China)

[Abstract] Thyroid cancer is a common endocrine malignant tumor, and its incidence is increasing year by year. Understanding the
pathogenesis of thyroid cancer is essential for improving the accuracy of diagnosis, precise risk stratification, and the realization of
personalized treatment. Recently, with the consistent development of mass spectrometry-related technologies, a variety of proteomics
analysis methods based on different specimen types (cells, tissues, serum and urine) have been widely used in the research of thyroid
cancer, thereby actively promote the development of precision diagnosis and treatment of thyroid cancer through elucidating the
pathogenesis, diagnostic classification, prognosis prediction and targeted therapy etc.
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FRACELR, REZGRAFEFBEHRR T
JRMAR . AXHETMSE B RAFHAL
FRRER LRG0 B BT MTEF A
WA RS RHITER, EEAED FRRER
VT B KRR BB AR

1 ERRREREREISTTNEBREF IR

BB FUEF R UMS A A Eal, L& | it A8 %
NEERARONAR AR BERENEAESE
FUE R BRI, R, B MS BRI AT TR,
EERAF I BAEEH T F 2T iz . B,
R T Re8 B B SR AT vk £ B AR - R R
Jf g # A (I1iquid chromatography—tandem mass
spectrometry,LC-MS/MS) . % Jit 48 B ik ot A AT B8 B8 X,
FTHE 8] i R (matrix—assisted laser desorption/
ionization time of flight mass spectrometry,
MALDI-TOF-MS) . %8 g 35 7+ &t TR R Bl L R AL A %
B . A (stable—isotope labeling by amino acids in
cell culture,SILAC) . [F] £ % 3 1 47 & A (isotope—
coded affinity tag,ICAT).[E 1L £ A& 10 A8 %t Fn 45 %t
F & # K (isobaric tags for relative and
absolute quantification,iTRAQ)#u & Bk FiiAR 48 4%
A (tandem mass tag,TMT) %,

PR Z A, 35T TP A B 5 A Bl R AR R B MS
& % # A (matrix—assisted laser desorption
ionization mass spectrometry imaging,MALDI-MSI)
EHRBHRARR R FRREN ZE g7 BRE
#71 . MALDI-MSI 3 3t £ &-MS % A 5 R A& & A
HRFAEY G THATRMLSAN, AR ES TH
ERAAHGERE. HTERARG S H#HLEEK
W BEAE®RE 5B EME IKEFME, T
REFHNN T ZREY . L HEEFREEFTIL,
MALDI-MST & FL B A th %o — 77 @, £ MALDI-MST 4t
B WEEEREEEHN (formalin—fixed
paraffin—embedded , FFPE ) AR A ¥ | 14 3 ™, 7 —
7 T , MALDI-MST 7 Al F 4 A7 B A 3k &k o o 28 4 &7
#) (fine needle aspiration, ENA) #r A& , [& B 3 Ao
FNA 28 B AT A ke U B9 =T AT M EA AR G BY
MALDI-MST # AR T [Fl — B ¥R RE R A E 5
R B R MR R, ME 2B AN &
J& MALDI-MSI ¥] 6 i 4 1R & W R iR LI %7 77 K
KRBT

2 NATHRRBEEBREFMROEZGARLE

BT T R B R AT
KA+ B FNA A B R K AR A A

RBARARE AT AR R R

8 ks A b % R B A AT A, FNA A7 R &7 # 1
R A A QU /N, (B8 B T 5k 3% 1 R 4 o ik e 48
HRUHAARCE, WEHLAANEaRFEe, B
Wb, 3 8/ 0k R 4 2R (fresh/frozen, FF) f1 FFPE & %
FATHER TR RKATY, EAl A RAE.
mAFXEREAZHEF ARG E. HHE, IR&
B R T AR R A G N T R AR & 3k
BRI iz, B ¥ R A R R
R IE R AT R

TREFRAREEA L BRe B, 44 T E# % E
W, BB A B ARR A E A HF TR EXREE,
¥ RHE G R S B AR 4o ICAT. i TRAQ/TMT . 47 12
(lable—free) & & 7] -1 &1 R A BIAF A, W AR AR
BRI LA E %, SILACEFIDE 2 E
FAFBANEEZL R 4, L EHKTF FEEE
B,ERERTHMAAR, F5h, AMERARLEL
& M BT AW & A B F AT, TR R R RO
I U ¢ (data—independent acquisition mass
spectrometry,DIA) R & 77 i #ATH R . 114 5 ,MALDI~
MST 72 H 3Rk 8 B 0 AT R L A AR 3, T /S 4 AR
A E B PR M Y PNA AR R AT B AT, BEE &
BRAFBEANTY AR, ETARRRREN 2
B 5 S 17 2k FOR R BN R/ TC R W AR v UE T .

x1 ATHERREZERRAFMROTERALEH MRS

FrA Y 5 B

FNA OaMHF/N 4% H b
@B Gk L3RS 1PN
@A O AREIRZE KR

2 OE kARG OBk
OPRARDSE AR @A

O ARERZEKX
1 OB O 2%
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OHIXTHE (it 771z i PN
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MEZLRE, BENE AR, BRARSEF
F # B A&, BRAF .RAS .RET . TERT % # [ & % fn % ff
#0715 RNA (microRNA, miR) #7 miR-146b. miR-221 #2
miR-222 % ¥ 5 WOR IR B B9 & &£ & R F A KU
EERAAFHEREHFIREREAPNAT RN E
BRERZAKFHELR, B, B3 ETMSHERE
EERAFEARAEERF®RRKILLRE (papillary
thyroid cancer, PTC) . ¥k fif J& # %& (follicular
thyroid cancer, FTC) . ¥ ik f® & £ & (medullary
thyroid cancer,MTC) % T~ [5] X & H AR R E M X £
R RALH, # Hy #7 F K OB & AL 48 BT B
W TR LG AR ETT 7 A &

3.1.1 PIC #HR"KI,PTC L F 7 B BL A LB
(pyruvate carboxylase,PC) & iA i ,PC i# it # 42
MEB-ARRBA AT R AN A REHE, R =R
REFRETEREPICHEFHREZ., ETEAAR
41 % 4 AT, KRISHNAN % % 3, , TFG (TRK fused
gene) -RET &€ & 34 5 2 B3 2 % i # W HUWEL (HECT,
UBA,WWE domain containing 1%k F#E, ATi/N-F
PTC % .,

PTCH 5 & &M E LA ymph node metastases,
LN\, #2o B# & 7 T 5, B 25 A AL o & 8 A
XTONG 4" % JB TMT Fu LC-MS/MS # A W88 & 4 #1 %
& LNM B PTC R & 3, LNM 7T &k 5 28 g b % L
BOCZARBRET R R TR EEERA X, &
T iTRAQ A7 LC-MS/MS # A , JIN % 48 7R i 8 47 4 &
K B F (hepatoma—derived growth factor, HDGF)
fo 7 i % £ & B 1-C (high mobility group
isoform I-C,HMGI-C) 7 &¢ & W 4k R # /b 5L 3K K
%% (papillary thyroid microcarcinoma, PTMC) &
H LNM 25 Y148 %

3.1.2 FTC MARTINEZ-AGUILAR %" 3 ¥ bb. 4% ¥ 4R AR
JEI IR JE (follicular adenoma,FA)Fu FTC 4H 20 £ &
% ik7%& @ (differentially expressed protein,DEP)
R, R HE®HMEKETF B % 5% 8 (transforming
growth factor-p-induced protein,TGFBIp) £ FTC 41
R RATFH S, LA FAFFICH# BT F
REEEMEA. HARAE™ W4T PIC.FICF F
MR R 49 (anaplastic thyroid cancer,ATC) 4
M A w9 A s =7 E 0, LI TSC101 & g # 31 i 12
RIS - kiR i R 2N

3.1.3 MIC SMITH% "3 i MALDI-MSI 447 £ 2., MIC
& M AR AR E a AR, 45 % (calcitonin, Ctn)
Fn# ig & @ (apolipoprotein E,APOE) % &%t &,
#— 5 8 1 PR AR B B E B B B FTE (nano-

liquid chromatography electrospray ionization

tandem mass spectrometry,nLC-ESI-MS/MS)#{ A i
52, moesin.veriscan A7 lumican = 2 & 7] §8 2 5 MTC

R ERRRE,
32 RIFTRBRFBHESHOE O RATEY

BHUOMN TERRENETRTEEXRE
E, B RREN O EEREE = o T 44t
% | 7F # (fine needle aspiration biopsy,
FNAB) , I X A E AN EAZE T F g 1 EREKE .
AEHRTTRIANEGRAKF AT, o
HBME-1.galectin—3.CK19 2 CD56 % , & {187 & & &
FBEREATERET. DR, FEBRE FREEE
B B BB P AT R A X TR BT ) B B RO B
WESE FHX S TRLAE RESH 2 RELBT
TREREEERE X

ETHR BT F B, 7AW 7 IR 5R B g o
RAMIFSERE, Bk D ENWN S TR NEART.
HTHRIBHECGHEN FRREES LN EEHE
B B AT R 4, LU &% 2 F MALDI-TOF-MS # A *f
PTC & # o & A B M vE 2 & A AT RAE, KL
“ & E JR a(fibrinogen alpha chain)fa%}f& C4A/B
(complement C4A/B) ¥ & & ¥ 72 8 PTC - W7 £ 2 F
WA, AR LI, PTC B3 M iE F AMK C3
Jm . # g & B A4 (apolipoprotein A4, APOA4) ¥ /b,
RN X H A E G B AR FHI BT PTC B B EAT
M. 740, JAYAPALAN & & R AR A& L3, & #
% B (osteopontin) 1 ¥kt V& ik & & (gelsolin) ¥ LA
X4PTCE5 R MRE. 1 7FMREARARFRE
ENREHOMAEIR A THETREE N
BB T A 0 AW

WERXR S TARULHNHCHEEE s EAE £
MR EFRBEELEIGER B FE., RAEEFRE
L3k R % (follicular variant papillary thyroid
carcinoma,FV-PTC) & — & 7| & # . UCAL %™ 3T
Wi Ea A F o X H, 5 B4 % ¥ A8, FV-PTC &
1Q # 5 GTP Bg /& & & (IQ motif containing GTPase
activating protein, 1QGAP) K-F E E 7%, 3 H IQGAP1
T A 7 & A R AR 5L KR E (classic papillary
thyroid carcinoma,CV-PTC) ¥ & &%, i IQGAP2 T A!
EFV-PIC /7 & o & & ik, X & 7 IQGAP F B T X &+
FV-PTC #2 CV-PTC, [&] B, SUCLG2(succinyl—CoA ligase
[GDP-forming] subunit beta) & & £ X 4 FA 5 FIC
B EY R E O 5% R R B 82%° . AT DIARA,
LT &5 % 30, i 77 MR H F H A8 % & & 1(compl ement
factor H-related protein 1,CFHRI)ZEX4-MTC #2PTC
BRI B AT 4 W 1 B (P<0. 001D, R&E Fuke R E
47 £ 2] 100. 0% £ 85. 1%, i 4 & & AR S
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Ry RRBENFELR, §8 0K ERBYL
WEAZRWGREG, AATEE#HLE, U FA
A BT TR
B-RAEMUHRREEE T RR, Bk S
MEHERE, SHEORNRINEAC VM RAEES.
CIREGIA %) % F nLC-ESI-MS/MS # A #F %2 7 # i
200 ) B 4R BB B H PNA AR A, X I BK A 4 B AL B 1
(enolase 1,ENO1).%& & DJ-1. # & 4 ¥ 1.5
(superoxide dismutase, SOD) . fE Bx & B Al
(annexin A1, ANXAD) . 8§k b & # 8 & g 53 (LA
cornulin, CRNN) %F 5 f# A7 & #7 % B o3k B & B9 2 7
BemE, HBURE H83.2%. 45 7 A 78. 9%, M4,
% B T ANXAL #1 CRNN 72 X 4 BB R W R AT 1
THBFRE. BAARKZIL,ENOL, BB 7 A% 7
4 B (triose phosphate isomerase, TPI) .4 H &
B ® D (cathepsin D, CISD) . #& Bx & & A2
(annexin A2,ANXA2) .CPNE1(copine 1).#41%& &1
(cofilinl,CFL1) . 3% 7 4 A #% 411 J& (proliferating
cell nuclear antigen, PCNA) . # % & & 27 (heat
shock protein 27,HSP27)4F 8 A 47 5 4 ¢y 4 & 7 A
T4 W PTC, 3 B ANXA2 Sh Y & 7T AR E 44 A
T B T FTCHI LW . % Fiar R4 4 A B ¥ BT 3Bk
Ao RSB Z B NAR R R A, BRRIA Z
ERRAVH R RN EWHALFHR—FEAN
5.
3.3 FRMMFRIBIAG QR G MIFED
UM EARTRBEERL R TWEERNE,
FMFEARE S TREEL NG R EEET
FTEUREKEBHEAEFHEREE, ZHANEPI XA
TMT 77 i 4 #71 7 [E] LN\M A2 & (NO,N1a,N1b) B PTC 41 42
AR, 5B FHLAMELL, B EE A y2aninin
subunit gamma-2, LAMC2) #2 AL 2k & & [ G (myosin
[GWOIOEMBEARTEGRLA, HRFE 5B
ARG K LNMLAJCC & 4 7 4 #7 .BRAF & . Tl 5 1~
REHEZEIEMX, R4 HET 682 TN PTC # £ fu 1
B G AR A 4. CHEON 455 fu WU 4259 4, i
S, S100 45 4 A & B A4 (S100 calcium-binding
protein A4, S100A4) . & % & @ (agrin, AGRN) fr
CTSC 5 PTCHY LNM Ak 2 W 5 I AH K. 74, &
PTC £ mE A+, A £ (integrin X & &
S H5PIC K &£ LN Az ZH RN ET HLAED,
& x4 PTMC, LIN %" % 3, 5 3F # 7% £ PTMC & # 18
b, T4 & % 2 H 15 & & (IFN-stimulated gene
15 protein, ISG15) #£ & & LNM By PTMC & & # T #
B, 2 ET RE R TN LNM B 7% 78 & 47
MICE#FWTEAFET RN ERAZ R,

R EINARAF TH ZEEFEHN N ERAE
Br R, mEpERE KEEFFIRES. ¥
T LC-MS/MS # A, ZHAN 2 ™3¢ b A 7 # & & Bk
fi# & £ & (sporadic medullary thyroid cancer,
SMIO A A Fn E¥ FRBAFNEGREZR, LI
o 4 % B & 1 (fibronectin 1,FND K E &
S6 %t B A3 (ribosomal protein S6 kinase A3,
RPS6KA3) 72 SMTC HL 4R o & % & & &, 9F H FN1 K F
5 E 2% INME E AJCC 2 8 E i # %, B &
FN1 1K & 35 & SMTC & & T #t B & F B ML T R
EHE %,

B AXHA, 2 EaRTaE FRIRE &
HFHEHOM R AEFMEHEX(X2) . ETEHE
BRAFTEA, FREANASE LKA £ WA
FIR BN E G RSy, TR E BE A
L6 B BB A N R
3.4 RERATIEL M T ARSI EIT R

fEAZ MR E RE W FREE,ATCE # 4 5%.
HER TEZHEF K AWM, RETXHFNIETF
B, BRrLAMATCHRER R MATHRERN
B . ORLANDELLA 4“3t ATC 40 fifl 2 #t 1T & & R4 %
A7 & I, miR-650 1 1T 7 %] 22 & 8L / 7 &L B L Big
PPP2CA (serine/threonine-protein phosphatase
2A catalytic subunit alpha isoform) #& ik #f
& # ATC 28 8 V& P& . hsa—miR-139-5p 7 i 3T I8 45 #
# M 37 B2 H F HNRNPF 5% 34 9 1 {2 2 ATC 20 g py i 7%
Fo g7, x4 R R BH, PPP2CA 1 HNRNPF ¥ g8 2
T3 ATC 48 g £ 78 7% 72 W0 7 B 38

GALDIERO 4 */ % F STLAC # K48 7~ , 78 ATC 40 fiE
o T Bk B T 41 4] E F BCL2 48 % 470 /8 T # F 3 (BCL2-
associated athanogene 3,BAG3)H & & i & ik
J&, BB & G/NE & E-1(caveolin—1,CAV1) Fu i &
14| & & 2 5 B JR BE 7 37 4 47 -2 (plasminogen
activator inhibitor type—2,PAI-2) & A BAG3 {2 A+
JEVE VERIHTHE R, X N B R ATC 4 FE AT R
BT FHE T

Ao, B EGRAFEAL LN, NEREY
FREMEAR AR K ER T AL FFHEER
B G FT & A sl S AR By K v 2 BATC
P EEY, T RATCHETHNEETARZ —,
R LATCEXM#F £ — &7 M8 7 024+
fE. # T MSHE G A ¥ # % 4% & nTOR . MEK 1
Sre/FAK EX DB RMAERFFAIRFLEETE
1R, B B30 &) 3 = AL 8 X 40 A KR R
TR R EAN, DL LR R A N TR ATC HT 6T
A EE T A,
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PTC 13 T=34,N=20 APOA4.C3 Y e [14]

PTC JRIB T=19,N=10 Osteopontin. Gelsolin Sz [15]

PTC 10375 T=70,N=30 Fibrinogen a.C4A/B £ Sl [28]
CV-PTC,FV-PTC FF T=12,N=6 IQGAP1.IQGAP2 SR [29]
FTC FFPE T=10,N=10 SUCLG2 = Sl [30]
PTC,MTC,FTC 1375 T=29,N=25 CFHRI1 £l [31]
PTC,MTC,FTC FNA T=70,N=142 ENOI.DJ1.SOD.ANXA1.CRNN %52 [32]
PTC FF T=48,N=48 LAMC2.MYOIG ToE 3 [34]

PTC FFPE T=55,N=55 S100A4 oLl 19155 [35]

PTC FNA T=7,N=7 AGRN.CTSC ot 1915 [36]
PTMC FNA LNM=60, Without LNM=60 ISG15 oLl 79155 [38]
SMTC FF T=3,N=3 FN1.RPS6KA3 TR [39]

T Jib 8 B A N 2 FRBE A

BRI 4B FORERE TG R AT, EMD
HNBRr BRI KXERAEY, PTER A
# TG . 4T Tk 2 5% ], MORAES 417 2 F LC-MS/MS
BASMEXA, BB LW Al HEHEFAE &3
(Abl-interactor member 3,ABI3) 7] DL{E ¥ FTC 4
MEK & FE THEAE A K, EABIS I IE B R
WH KX A HMEER . 7 % x4t PTC 8 B-CAP
MR HATERICEEE G RAFAN LN ,PDZ A
LIM 4 # 3 4 & & & 5(PDZ and LIM domain 5,
PDLIM5) 3# 3t 8 4% Ras—ERK 15 5 ¥ % 41 #| PTC 28 i 89
A% (2 & AR, $2 OF PDLIMS 7] & & % 75 14 PTC By
BT N,

4 %5 B

BRl, BAETMS & & LA F 5% & 7R IR
BRGSO E BT RMTESE A ERRA T — &
R, EMATRENE. EARAFE AR
RETEER EHERAFH—FSRE. TRAH
HRERENEERME KETRMEE, £ FREK
BEAERNFE St 2EE BB LA T In
REBEMARKOEE . REZARA¥EFREK
T B P R AR DL ok £ B A PRk, (B R T A NS
BAW R R T R, FE N 28 T
A H T RO 2 BURTES L TREH, A
TR EWE T R AT I R A R
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