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Review of Molecular Markers for Thyroid Cancer
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The incidence of thyroid cancer has been rapidly increased in Korea. Although fine needle aspiration cytology
is recommended for diagnosis of cancer, there are some limitations. Patients with indeterminate or suspicious
cytology category in which malignancy cannot be ruled out usually undergone a thyroidectomy, however, only
10~ 25% of them finally diagnosed as cancer. According to the progress in understanding molecular mechanism,
some mutations or other molecular alterations have been studied for the diagnostic and prognostic markers for
thyroid cancer. The majority of papillary thyroid cancers have BRAF and RAS mutations or RET/PTC rearrange-
ment, and approximately 80% of follicular thyroid cancers harbor a RAS mutation or PAX8/PPAR yrearrange-
ment. These genetic alterations are mostly studied and current clinical guidelines suggested that these molecular
markers may help management for patients with indeterminate cytology. In addition, recent studies demon-
strated the high sensitivity and specificity of thyroid-stimulating hormone receptor mRNA in diagnosing cancer
in patients with indeterminate cytology. For the detection of recurrent or residual thyroid cancer, serum thyro-
globulin is the only circulating marker in clinical practice. However, it lacks sensitivity and is unreliable specifi-
cally in the presence of antibodies to thyroglobulin. Recent studies demonstrated a significant role of measuring
the mRNA of thyroglobulin, thyroid peroxidase, thyroid-stimulating hormone receptor, and sodium/iodine sym-
porter in peripheral blood for monitoring of the recurrence of thyroid cancer. (Ewha Med J 2012;35(1):3-10)
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shorat wEE 409 FH SAWOIE BRAF RAS,
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1) 5

8=olo] oF 75%0]| A BRAF, RAS, ©= RET/PTC
EAHo|7} FZ =™ mitogen-activated protein kinase
(MAPK) Z 25 @43} AZIHH6]. 53], BRAF &A%
o|¢t RET/PTC EARCl= A% R os W d
(7].

(1) BRAF: BRAF S0l $-531ol 4 714 Eo}
™ BRAF kinase2} MAPK/extracellular signal-regulated
kinase (ERK) B 25 A &2 o2 SA43AZIHH8]. 7}
Z EHA YA == #ol= 6008 opu| 4kl o]
FEFACE X3 A(V600E) L= 17999 w29
LEES FEAW|7} dloth9). BRAF" 4
Hol= 717F AR A2y HolE Hol= AlZAY
A4 v E3eol A= BAFR T o ZHFo|L o
Zolde TAEHA gFerH10].

() RET/PTC: RET/PTC A¥j8-E RET QAR
tyrosine kinased &2l 3E€3} PTC §-74%}9] 5E0] §
e dao|ti11]. o] &-FAA A THEo{ X RET/
PTC chimeric @32 A|3Z U tyrosine kinase H 9|7}
A4H oz Gysteel Qich 1 A3 thopet 5 4
22l MAPK, ERK, phosphatidyl inositol 3-kinase (PI3K)
HEE SASAITHI2]. AU " RET/PTC
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GAR AW E-& RET/PTC3} RET/PTC) 7} &
Ao2 dEA glon, btz o WA= {7
9] 15~40%°f A THHTH13]. o] FHA Aujd
20k I WA mEof T fFFE B
H AR AAHI 9InH14,15]. o] = 7] o=
A RO E WA AR ATAEL o] EAF
A B33t3 §Jti[16,17]. RET/PTCr tyrosine kin-
ase receptorql RET +7dAket 7]5 0] 43R4 g2
H4 {722 Aujgol, RET/PTCsS AA 7150l
A R A %2 elephant ear-like leaf 1 (ELET) F-H A}
ok Auj Eolth. RET/PIC ARSI} e 7
e WM 2HFS wolv YT Aolgo] &
ouf npseto R Agel A9E 4 Ao

A TH6,18].
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(1) RAS: RAS §7307] ©)3) @HEoiz] ghule 4]
ZupegA S dEE o] o]5°] B43E MAPK,
PI3K/v-akt murine thymoma viral oncogene (AKT) 7
29 Azdgdy d43E S5t Aor dA
UTH19]L. RAS FAA | HE A7 Loy ol
A7t A4 H o2 BAsheETH AL WA
o= HRASS 613 =3 NRASS 612 =2 &AM
7 7P & EHEE AeR dEA UTH20.21].
RAS 2ol 7YY A=Y BRoA THET
AZAFNNE A FHEs Aoz HiuHa Ql
T}{20,22). RAS W0l 2 9 $EQFe o %A W
o] ¥2id, Yxd Hol7h A1 el Felxel 3
FE Blttes Bivt do23]

(2) PAXS/PPARy: PAX8 3+ AA= ZHAFA oA E0]
DHE = AAQIANE 453}t 9low, PPARy &
Z A= peroxisome proliferator activated receptor y &
uH3 31 TH24]. PAXS/PPARy A B L 0|5 & SHAL
o] Hojot o= TSR M A HF o FHATH
TH25]. PAXS/PPARy Au B2 A& A Q o292 30
~40%0 4 Holn o] ZAF] 2~10%] 4 HAH T
(26-29]. PAX8/PPARy A B°] Sl= T4 1%, &
39 A% HdS Holn FF E¢ e WY
TH[30]. PAXS/PPARy A Qe $59te] o 24
oA = T HTH26].

(3) Micro-RNA: Micro-RNAs (miRNAs)+= non-coding
RNAs2 FA2 23S 5424 o2 283 th miR-155,
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miR-181b, miR-213, miR-221, miR-222, miR-224, miR-345
£ §EgelA 2 Hol o] BIE T YIrk31-34). B,
Fepo] SAulo] Aefoh miRNA 7| 23He] ATAE A
AT GITH35). miRNA ZHol4he of ZeH3s]elut
A B GAAABANNE BT k.
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Eiok _4/}:] Ol-kl _4/}:] o]—M oz H Eo]__]—J_ 9}\‘:]' 36].
0]54 oFA Qe = Zhzb okA L 1% U]yl v A
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g B HAGAA A-EFAAEH
A 733}7} Uma o BRAFV7} glom ofgoz B
Fotet =wol o, 237 FAHLE YtH e
RAFV7L Tk 44 F ot o AtEE H$7t
X gty Buska QrH54-59]. £3, BRAFVGOOE
g ) £33t A EoA kst [54,60],
stom 223t Fato] £ A HoA Aot &2
=0°| AHH61].

2o T AT AAZANZHA GAE o] &3}
o] BRAF, RAS, RET/PTC, PAX8-PPARy %A} W3}
S 2ARFATH52,53]. I A3} o= shite] HMstEt=
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27; AR, & o dAe HAE 2Ast=
g =go] & 4 qlrhe2].
S AR Wo] o= Wagner 5[55]2 HLog2 &

A o] AFA] TSH receptor (TSHr) mRNAS H13t 2
32 wrEstdnt. 7299 Sxjolq 44 Mol TSHr
mRNAS A% RT-PCRZ SH35t=0l, 2 23 144
AEshel Batel 72%% Fots] AestAn A
Bx10] 80%S HEs| AnstAT AWFANEGA
7t 2R Ao koA 475 9] kAt Fofl 37
o] AdFAE A& EFsIF L, 148 FAHAZAAE A
Zo 118& Ags| B7ste] UdE 75%9 Eol=
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mRNA RT-PCRZ #o] 39S W= Jee ng=r}
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95%0| ] Eo|E=7} 89%=2 A2 Z ol 3k of
E]j- =oy 2359k Chia 0[56]—8— o9 A+

2w WA ATE ey, 2073 8
X]-E- Ao 2 TSHr mRNAE JFRT-PCRE Z3 5}
At AFAES receiver operating characteristic
(ROC) AEE o] &3t 7|EAE A83to] RS}
oFg A=t AT 72%, Eo|% 825%2] AIE
wasth AU SANEAA A} B Ae
1ol BAE 60 o A TSHr mRNAZ A 68%2] 41
B BA=S A} E2RT 5 AT TEA
TSHr mRNAZ AL 24 A ZAAZE AAA A
FEFIAZHAE dAIsH] o3eu 288 A
FAMZAA 23S Hd i =] @ AR B

RSN EL NS RN
U o ZEG e o ZEG gAY A4S A R
Py 7] 913 BRAF, RAS, RET/PTC, PAX8-PPARy
o) f24 Wste] @ AAE 1T 5 Yoty @
Taka Qeks] A7 LAk SR
o] Zoll 70~80%7} W oH, FF H2e FA%
#o| o} mRNA<| thet AutEo] WEY Ao A7
A} 2eju ok EXREY Aurt AFAET
2 pol7h glof YA $8HL FF AT A%

sojof & Aoz walth

e @ AANA §284 Wolg Aakst: RS &
A9 oF B4T JPES LRSHE Po] =gol B
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1) UXGolo| ZIMMZEEZ =F
AZ 2 & F(thyroglobulin, Tg)2 TAHA A
Aol A FASHE Tebalolth, tliel A B
= 50| %o OE]E”—IVHE 7]
o] AN BAE 2H BRI A FE B
A o[ §HT Yok YAHIERAL WAL
2 248 + Aok WA Folg 2ol7] AsA
Tg AAHE 28 AZAL Aok AHgste] 2L AAl
AoA HARSE= Zlo] ok 3 o] HA A=
anti-thyroglobulin antibody (TgAb)oll &J3] @S
°BE TgAbS FAlo] 2otz 7o) WA =8
Al Tg =74 Z3}7} heterophil human anti-murine anti-

°
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bodies (HAMA)o] 93 vt/ = St}

2) 2Rt FCH| o3t 45 T FHDE
pal A
[} (o]

(1) BRAF, RAS S%1%0| A LA A E3tehe T
£ 94 ARt FESAW, H2A AP F9E
otk ob A7 o] LA B FAHY F%F
2 st ofggel dth W ATEA

BRAF E1¥0)7 pe] 3447 WA Qlchy 1
stk B3 ALY RS dEsHe EYolaet
= HuE Qirh o|¢t AHE HAPOE BRAF E=4H
o]t MAPK A2E BAstA7d o= Zoe] o
235 dod 5 e Aoz HuHT §oh 3,
BRAF & 9¥ ™ o]+= sodium-iodine symporter (NIS) ex-
pression¥} iodine TjAlo] FEFE F7]| W&o £Fo]
AR e EX R AFAHS G55t e A
o2 BIHT gtk 18 BRAF SAWo|7} B2
Hol Ae wel Ao JjE Aut o BL 4
o §Re AU WATE AE BRAF E4o)
P BAENA JTFE T OE AAT UL
A ARSI weka BRAF SAWoIToR TR
2 stol Mo ART A YL 5o §RU @
e e AzelA B ARl Uk RAS SO
£ AE §Eokl N THH Wy pARTGE
Huso] oy, TS 1ol =7 FFelA
= RAS Ed®ol9 WHo| vty o] & YA
2 g Fof o] &dt= AL oL ALE HRlth
(2) LxHMS o|&3Ft Tg, TPO, TSHr, NIS mRNA
RT-PCR: &2 &N o] E4 mRNAE RT-PCRZ =
Hohe weSol AFED Yok RTPCRS e
AAolBR 2217k FAe] Ushe mRNAS) Solw
7} w9 FQ3td], Tg, thyroid peroxidase (TPO), TSHr,
NISo] th3t mRNAZA o] A=l Qlrt. o] FoflA
Tg mRNAS] T3k A7F 7 gom, et g
i3t So|=7} 58~100%= A+ttt 2ol & Holil
Utk ALY AL oS0 mRNAS N f &
Aol ¢ wzsitt= A2 1H18,55,57,58]2F WA
Aol o QiZtsithE A A 63)7F BF g
Ut Tg mRNAS] S4 o et ZAIHES A4 A
HolMe SHE, 4 9L Aot Fxpof thgh Eo
=7} 25~30%Hto] %] 9o m[59,64-67], Tg mRNA
= "HEF SolA= AAE Hm[68], A Al Z o A
Tg mRNA7} AAFE A 473 7][69]0] et ZA)
7F Qlth. obA71A] Tg mRNAo| gt o= ZA=
Pl B8t A2 o2 Aeioltt. Chinnappa
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‘?=_ A Agoz 100%2 Eol=5
Barzon F[71] A&4d % A
ol oS ‘Q‘ﬁ‘&]——é i] Tg, NIS, TSHr, TPO mRNA ¥
T 235 FESUT 259 dFolA Tgd =
= 93%= =9k, NIS mRNAQ] Y1 =% 72.4%% )
a8u E o Eolx7} 29.4%E Wkt TPO mRNA
9} TSHr mRNAE Eo|=7} 642} 80.6%= =QroL}
7= 7} 531 40%2 2F9tth. Ishikawa 5[68]2 339
9] B3 g2 Ao A TPO, Tg, TSHr mRNAS ¢
T84t TPO mRNAZF 7Hd Eol=7h HAT
(96%) WHZ=+= 61%= Tgoll vl EojZFt}. Chinnappa
S7012 A 9 JHEAGY TAS A8 T2 A
Al TSHr mRNAE 243} 100%2] M7= 2l 98%2]
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Aot AApdro] wE 543 Tg Ao whet 23}
o] Aol ZA17L Ackar g A Uk o] & FEs}
7] HEA @ W HAEHe @A SolAd
mRNA7} dA7ET 9low, TSHr mRNAS TPO
mRNA 59 F&40] dRFHU. 53], G20
A TSHr mRNAS] 23 zjutola} zkzolo] dhA o
2 UHAES BEol=E

BIsk glof FF F7HA
Ql A7 AEo] Z gk
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