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Gene Methylation Associated with Differentiated Thyroid
Cancer
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Epigenetic alteration changes expression of many genes, such as fumor suppressor gene and molecular specific
gene, without change in DNA sequence. Cancers, including thyroid cancer, often exhibit an aberrant methylation
of gene promoter regions, which is associated with loss of gene function. Aberrant methylation plays a
fundamental role in tumorigenesis. Methylation of some genes tends to occur in certain types of thyroid cancer.
Methylation of TIMP3, SLC5A8, p16, RAR 52, DAPK genes is associated with papillary thyroid cancer. Some studies
show that aberrant methylation is related to the BRAF VOOOE mutation. Methylation of PTEN and RASSF1A genes
occurs commonly in follicular thyroid cancer. Methylation of thyroid-specific genes, such as sodium/iodide
symporter, thyroid-stimulating hormone receptor, and SLC26A4 which encodes pendrine, also has a relation to
thyroid cancer. Methylation of these genes could be utilized as markers to detect early disease, to define
prognosis and to predict therapeutic targets of thyroid cancer.
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o]tk CpG dinucleotide7} o] Tol Q= HOIE CpG
island2} H#5tal, =2 promoter?} exon®] A|ZF F.&Q]of
Qx| gtchH(Fig. 1). ZAH(transcription) A]ZF H9| ] 9]
DNA W€ 3k= FA4A (chromatin) Z]7d (remodeling) Tt
Azio] glon), WE $HA] YA S oA FoE) DNA
WS} AR HES Ak WS fuA 5
AAFO] HAF 7]k (transcriptional machinery) 2] ZAg-S
9= DNA methyl-binding transcription repressorsg -
AAStAY DNA WE37F 2APAOZ  transcription
factor®} gene?] AFL AAAst= Aolct”

DNA tlZaks ujzpar
AR o] 2-o| Fo% Aestd A YSela, A
Ao 2= H|ZA X FAA|(inactive X chromosome)
oF ZF9l 8- A Himprinted gene)o]l EAIFHE whd
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A= Al Yo A HE S 2=t Promoterof A
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W71 ol B4 AlEoA HEet2RE o Ho= uf
Dul A el fAAE vgshs WAl 4
e, 53] ol &3] s, o] FAAAe] 74
Aot v Z/d3hGsilencing) & 22Tt AAZ DNA o
23k :‘TE"‘%P? T4 \_*3—3— 4 Y (genetic
alteration) I} 974l 79| Z& oA EAst0, o] 79]
T¥E frste Ao AR gk

)

A (embryogenesis) &<9F -
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silencing. Methylated CpG
islands contribute to loss of
gene function.

8| A% HA(histone modification)< OPA|ESHacetylation)
2} W2 SH(methylation) 7} tHE A o]0} -3 A} 24 (gene
regulation)of| E StLto| F 29t FAHA WAoot

2184 F(cukaryote) Ol A DNA= G284 Qtof] &3t
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FARES] 2 (regulation)-& Wallota, S-S
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H-2 methylation specific polymerase chain reaction (MSP)
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B WY F 80% ol AT AR
7 Aggol Y FFAA R tE s TIMP3

(tissue inhibitor of metalloproteinase 3), SLC5A8 (solute
carrier family 5, member 8), p16, RAR 82 (retinoic acid
receptor beta 2), DAPK (death-associated protein kinase),
RUNX3 (runt-related transcription factor 3) 59 -4
AFgo] gol AE I glek(Table 1).7

TIMP3= 9] & (growth) Tt B3 AY/d (angiogen-
esis), 2 (invasion), % 0](metastasis)S A S}= meta-
lloproteinase®] Z2Z  AA|ZH(inhibitor) 2 &2 A QL
T o] GHANE TGS ul R ofg] YoM T}
WEsrt Ak Hy 2o 7arA g zor
Z 2o A RNAE £2|5Fal quantitative methylation spe-
cific polymerase chain reaction (QMSP)-& %3] TIMP3
o) esHE LHsY. BAAEE 21 231 2
1227](53%) ol 4] TIMP3 promoter®] I} E3}7} S7A L]

onf, TIMP3 tgsbr} geld 2 tgshrt 4

Table 1. Methylation of tumor suppressor genes associate with papillary thyroid cancer

Gene Methods nMe/N (%) Clinical signification References
TIMP3 QMSP 122/231 (53%) Exirathyroidal invasion Hu et al. 2006
Lymph node metastasis
Multifocality
QMSP 22/44 (51%) Lack of tissue inhibitor of metalloproteinase Brait et al. 2012
and antagonist of angiogenesis
SLCHA8 MSP 9/10 (90%) Thyroid tumorigenesis Porra et al. 2005
QMSP 76/231 (33%) Extrathyroidal invasion Hu et al. 2006
Multifocality
Advanced tumor stage
QMSP 34/86 (40%) Increase of the amount of circulating cf~-DNA  Zane et al. 2013
P16 MSP 17/35 (48%) No association with clinical characteristics Kim et al. 2010
MSP 18/44 (41%) High AMES risk group Lam et al. 2007
Advanced tumor stage
MSP 10/25 (40%) No association with clinical characteristics Mohammadi—as! et al. 2011
MSP 3/12 (25%) Advanced tumor stage Schagdarsurengin et al. 2002
MSP 20/74 (27%) Metastasis Wang et al. 2013
High AMES risk group
RAR B2 QMSP 50/231 (22%) No association with clinical characteristics Hu et al. 2006
QMSP 23/138 (17%) Association with smoking Kiseliak—Vassiliades et al. 2011
DAPK QMSP 78/231 (34%) Multifocality Hu et al. 2006
RUNX3 QMSP 10/12 (83%) Diagnostic marker Ko et al. 2012
Rap1GAP MSP 58/75 (71%) Silencing of gene Zuo et al. 2010

AMES: age—metastasis—extent—size, ci—=DNA: cell-free DNA, DAPK: death—associated protein kinase, MSP: methylation specific
polymerase chain reaction, nMe/N: number of cases with methylation/total, QMSP: quantitative methylation specific polymerase
chain reaction, Rap1GAP: Rapi GTPase—activating protein, RARS2: retinoic acid receptor beta 2, RUNX3: Runt-related
transcription factor 3, SLC5A8: solute carrier family 5 member 8, TIMP3: tissue inhibitor of metalloproteinase 3
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ol= Ho|x| ¢kt sEX|u hMLHI -4 AFe] o o
&2 BRAF V600E mutation, RET/PTC rearrangement,
18] 3 isocitrate dehydrogenase 13} NRAS -3 Z}9]
mutation¥} HTo] ¢l HISIFITH
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growth factor (VEGF)2] T}3H (overexpression) I} A
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TIMP3 o250 o3t ¥ 2 shet VEGES] Tpatalol
BRAF V600E mutation®] ¥Ajof Tojste] BRAF mu-
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g HAYZeR 28 Aer oA

AP EOIA FFAASARt

H| A AL Q] H|El$KTable 2)
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oF 22] 657), 12]a H/AdulEstet 24 36
EN f342te] | EsE Ao 1 A3t
HQPPOM 257(69%) 2 Do L3} 7y o
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PTEN $Azte] wgsl Arrp gAY
(progression) ]| 7]oJS Ao & of AZItha Aeks}
RASSF1A G- A= Ras?} HHEH pathwayol 2F
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FARRA T At Heo] PALeAE HLst
7} 3= TE? RASSFIA -3AAF= A ZAFAAHapoptosis)
QF M3 7] AA(cell cycle arrest) S A5kl Al|ZF
(cell line)o|A] LA E EAYO] A7} Sl koA
%EX}O]E}.B) Schagdarsurengin %41)-,% QMSPE &3

::: 0>~ ol

D:\l

PTEN (phosphatase and tensin homolog) -F+dAt= RASSFIA -§-AZe] WESE AEE ZAFSHA, 1709 T4+
phosphatidylinositol 3,4,5-trisphosphate S & 913 depho- A2 E3Hpoorly differentiated) & 2] 5 171(100%), 57}
sphorylation) A|# phosphatidylinositol 3-kinase (PI3K)/ o] TAMASASE 22 = 471(80%), 107119] Aot
Akt pathway@] Al% (signaling)E ZRA]7]+= phosph- ZA 2 771(70%), 9719 73440l ESHundifferentiated) &
ataseS ¥ J(encoding) 3ttt PI3K/AKT pathway+ Al 3E ZA Z 7TN78%), 13709 DAAAAGTYS 22 = 87
o 43 el Fa AL o, ool WAY (02 2AA stk PEUDART Al
How iy\qﬂ HAe AL oS St Alvares- Hh DT B EskE sholstg o, 4710 HAF 1M
Nuer 578 46708] AP S5, 770] ZHAHof % 204l 1lEsm ol Tolg st Uebgteha
&, 679 ot A1, el a 397H0) g Al 24 EJ_o}“’ﬂE} Xing 57 QMSPE E3f 97He] g
& MSPE olfsil ZARIATE WAREY 271 AR B B e, 12719 AR £ o)
s.79%), WHHAZY 67|E57%), AT AF A (5%), 30 BEUREL B o7heow) 2ol
(1.3790] S A2t PTEN S4S) BN} RASSTIA GA4S] AL Hlsic el 1)
DAENL, B WA 24 oA = b4l vE o A /A 22 o|A= RASSFIA 42| Ao
St AR 2] oFgkth o]of PTEN -R-xke] IuE st Sh7b UebA] oFgkthal B uskGich o]o] RASSFIA
7F AL Bl IS vlA| ], 5] AxG F FAARe] v7ggA Q1 vEshs G A S ¥
FolA Tast 92 T Aot AkstGit:. Hou d3t Ao 23 AL 2ol a3t o
Table 2. Methylation of tumor suppressor genes associated with follicular thyroid carcinoma

Frequency (nMe/N [%])
Gene Methods References
FA FTC PTC
PTEN MSP 5/6 (83%) 6/7 (86%) 21/46 (46%) Alvarez—Nufiez et al. 2006
QMSP 5/43 (12%) 25/65 (51%) No exam. Hou et al. 2008
PTC FTC Normal
RASSF1A  QMSP 8/13 (62%) 7/10 (70%) 1/4 (25%) Schagdarsurengin et al. 2002
QMSP 6/30 (20%) 9/12 (75%) 0/14 (0%) Xing et al. 2004

FA: follicular adenoma, FTC:

follicular thyroid cancer, MSP: methylation specific polymerase chain reaction, nMe/N: number

of cases with methylation/total, PTC: papillary thyroid cancer, PTEN: phosphatase and tensin homolog gene, QMSP: quantitative

methylation specific polymerase chain reaction, RASSF1A
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