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With increasing prevalence of thyroid nodules, clinicians are increasingly impelled to  Research Laboratory, Departments of

identify the optimal predictor of thyroid cancer, with the goal of guiding management Suigeryand internal Medicine', Yonsei
based on assessed risk. Fine-needle aspiration cytology is the gold standard diagnostic %g;ggrslfy College of Medicine, Seoul
method for thyroid nodules. However, fine-needle aspiration cytology is not perfect and

adjuncts which might complement its predictive value are being investigated from several

innovative perspectives. For these vigorous efforts, remarkable advances have been

achieved in understanding several major biologic areas of thyroid cancer, including the

molecular alterations for loss of radioiodine avidity of thyroid cancer, the pathogenic role

of the MAP kinase and PI3K/Akt pathways and their related genetic alterations in thyroid

tumorigenesis and pathogenesis. These exciting advances provide unprecedented oppor-

tunities for development of molecular-based novel diagnostic and therapeutic strategies

for thyroid cancer. The common somatic genetic changes in thyroid cancer of follicular cell

origin (RET/PTC, NTRK, RAS, BRAF, PAX8-PPAR 7 ) are generally mutually exclusive, with : :

distinct genotype-histologic subtype associations of thyroid cancer. Mutation analysis in 12Lﬁ:gznszigr‘;‘;‘)[ﬁg%bgyr;\':g?Sigiﬁfjﬁ:
fine needle aspiration samples has been applied to improve the diagnostic accuracy. In o ean government (MEST) (2014R1A1A2059343).
studies regarding gene expression profiling, aberrant gene methylation and miRNA have

shown significant progress toward identification of biomarkers that could improve the  peccived August 8, 2015,

accuracy of fine needle aspiration cytology in the evaluation of patients with thyroid Revised August 30, 2015,

nodule and prediction of disease aggressiveness. Future clinical trials evaluating the Accepted September 5,2015

accuracy and cost-effectiveness of applying these biomarkers in the management of ~Corespondence: Jandee Lee

. . Department of Surgery, Yonsei University
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Table 1. Genetic alterations in thyroid neoplasia

Gene/Protein

Type of gene

Chromosome location

Genetic abnormality

Tumor

TSH receptor ~ GPCR receptor 14931 Point mutations Toxic adenoma, DTC

Gsa G protein 20qg13.2 Point mutations Toxic adenoma, DTC

RET/PTC Receptor tyrosine kinase 10g11.2 Rearrangements PTC

RET Receptor tyrosine kinase 10g11.2 Point mutations MEN2

BRAF MEK kinase 7024 Point mutations, PTC

rearrangements
TRK Receptor tyrosine kinase 1923-24 Rearrangements MNG, PTC
RAS Signal transducing p21 Hras 11p15.5 Point mutations DTC
Kras12p12.1; Nras1p13.2
P53 Tumor suppressor 17p13 Point mutations Deletions, ATC
insertion

APC Tumor suppressor 5q21-g22 Point mutations ATC

p16 Tumor suppressor 9p21 Deletions DTC

p21 Tumor suppressor 6p21.2 Overexpression ATC

MET Receptor tyrosine kinase 7931 Overexpression FTC

c-MYC Receptor tyrosine kinase 8024.12.-13 Overexpression DTC

PTEN Phosphatase 10923 Point mutations PTC in Cowden’s

synd.
CTNNB1 B -catenin 3p22 Point mutations ATC
LOH Tumor suppressor 3p; 11913 Deletions DTC, ATC
Other loci
PAX8-PPARy  Transcription factor t(2:3)(q13;p25) Translocation FA or FTC
Nuclear receptor fusion

Source: Adapted from Harrison’s principle of internal medicine 17" edition.
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Table 2. miRNA expression in thyroid tumors

o1l b v} o], Hlulo] o} mRNAS] HE 5
0. AAPHYTS] BARTE 9131l s S

Alo= 3k o] 7H =]

o A A& 7he & HSH L ik, e, AR XIeke] A

SiEsRc HE o] &% At o= BAE S84

T AR AL Aetsfor s, A

o 14011,}01:6 71 J‘ﬁ A7} A A 0 &2 5 slE|o] glojok
S17] wjZolct.

A, A 02 Tt d E3RI0] S BRAF oW RAS &

o] AAPHE Etﬂ AR A7 DEAR | pyrosequencing,

r-1|1

allele-specific PCR, Colorimetric mutector assay, real-
time LightCycler polymerase chain reaction (LC PCR) 3
Dual priming oligonucleotide-based multiplex PCR &2+ 2+
o] u}om HPEo] A 85T Ueh(4244,54,59) KA v
2, o} WS BE £ Sae) Ag vgES Holw
glovt, FHoR NPT Y 1017

ko] Hohwsh ol felstolof 8h2lck.(35) RET/PIC
U PAX8/PPAR 7 £+ 22 24 Al &= 2] 588 w 4]
AR 5% F Ack 591 RETPTCE] 35 1% l31e) 5
S ol HE R Al 7l
o7} Qe
AR

H

P

FIAE 75 A e

HZE4 Auf € (nonclonal rearrangement )TE_—

th(56) wetA, 8~ 12% =2 FUAH LS Ko}
He s AW AAPHE o] 85k 2ol Adsirtal
o] £A| ¢} Bl Eo] RET/PTCH PAXS/PPAR 7 A
AET v Fasiet. &, 2 ulo| ghedl
|41 o]t G4} o] 4 % AR 2L Al%t

o] Blesirhy, 1AE A% AX% RET/

30

=
1r
ox,

o H1 ox
o
g
oN

S~
Ir

b

Y

o

> Hl

Sk 0z

o

_‘Z

b
i

Tumor type miRNA
Follicular carcinoma miR-197,-346 Up
Follicular carcinoma, conventional type miR-187,-221,-222,-224,-155 Up
Follicular carcinoma, oncocytic type miR-221,-224,-203,-183,-339,-31 Up
Follicular adenoma, conventional type miR-339,-224,-205,-210,-190,-328,-342 Up
Follicular adenoma, oncocytic type miR-221,-224,-203,-183,-339,-31 Up
Poorly differentiated carcinoma miR-187,-221,-129,-222 -146b,-339,-183 Up
Anaplastic carcinoma miR-222({2-folds) Up
miR-30d,-125b,-26a,-30a,-5p Down
Anaplastic carcinoma miR-302¢,-205,-137,-214,-155,-224,-222 -221 Up
Medullary carcinoma miR-323,-370,-129,-137,-10a,-124a,-224,-127,-9,-154 Up

Source: Adapted from Endocr Pathol (2009) 20:85-91.
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