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p promoter hypermethylation and expression of p16

cyclin D1, and Rb in papillary thyroid carcinoma

Yoon-Jung Kim, M.D.l, Hye-Soon Kim, M.D.l, Yu-Jin Ha, M.D.], Ho-Young Lee, M.D.l,
Keun-Gyu Park, M.D.", Mi-Kyung Kim, M.D.", and Sun-Young Kwon, M.D.

Departments of 'Internal Medicine and ZPathology, Keimyung University School of Medicine, Daegu, Korea

Background/Aims: Dysregulation of the cell cycle is believed to be important in human neoplasia. p1 6" a regulator of the ret-
inoblastoma protein, is inactivated by several mechanisms, including hypermethylation of the promoter. The aim of this study was
to assess the relationship between pl 6N methylation status and the expression of p16mK4a, cyclin D1, and retinoblastoma protein
in papillary thyroid cancer.

Methods: Thirty-five surgically resected papillary thyroid cancer cases treated at Keimyung University Dongsan Medical Center

INK4a

from Jan 2003 to Dec 2005 were included in the study. We examined promoter hypermethylation of pl6 and im-

munohistochemically analyzed p1 6™

Results: Aberrant hypermethylation of 5° CpG islands of the p16 gene promoter was observed in 17 (48.6%) out of 35 cases,

cyclin D1, and retinoblastoma protein expression.

and the p16INK4a protein was lost in 18 (51.4%) cases. With the exception of one case, pl6 promoter hypermethylation corre-
lated with the loss of p16INK4a protein expression (p<0.0001). Overexpression of cyclin D1 was found in 27 (77.1%) cases and reti-
noblastoma immunostaining was detected in 10 (28.6%) cases. There was an inverse relationship between p16INK4a and pRb im-
munostaining (p<0.018, r=-0.398), and a strong direct correlation between cyclin D1 and pRb immunostaining (p<0.0001,
r=0.710). Cyclin D1 expression was significantly associated with the pathologic T stage of cancer (p=0.04).

Conclusions: These data suggest that promoter hypermethylation is a major mechanism underlying the inactivation of p16INK4a
and alterations in the pl6 INK4a/cyclin D1/retinoblastoma pathway, which are thought to be very important in papillary thyroid

cancer. (Korean J Med 78:333-340, 2010)
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2. DNA &
FE2A 1 ang TR FASEEAL 5% Y 2
S A7keto] A2 & Aol A 1027 faEefste] A&

Zolg AASIRL Be AWEL DA TEO 89l(10
mmol/L Tris-HCl, 1 mmol/L EDTA, pH 8.9) 4.5 mLE 7|5}
o] g 4 He % (.5 mL sodium dodecyl sulfate (SDS)2}
proteinase K E31oHS I 60Col|A] 48~60A]7F HEZA|7]
3 thA] 0.1 mL SDS2} proteinase K E§toH-S- A 713}ke] 60C
ol A 2448417t WS AIZITE 1087F Tz o B T ARS
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£ d3y 3I3sF & YAIREE T, AR S22 A 10

mmol/L ammonium acetate 2 mLe} 4472 20 mLE A7}
ato] 412 & 4CollA] 2R 52t WRSAIFH T 10,000 goil
A 608:7F PAEEIStol DNAS AT T T0% 82
M A st AZA]A 500 L LOTE (3 mmol/L Tris, 0.2 mmol/L
EDTA, pH 7.5)0] 0] 4CejA Rytstgict.

3. p16™ =ZIxte| melst EM(methylation analy—

sis)

pl6""* ZA1210] W= EHe Herman 5'V0] W33 o5}
S olgato] BAsklck EEHE cytosine bisul-
fied modificationo] w2} thymidine © 2 HEIw| L} €5} %]
OFO cytosine> uracil® HIE 2 Z 0]2 PCR=Z ZZ3}o]
cytosine®] HEs} oS sty FE7H DNA‘E_‘ so-
dium bisulfite, hydroquinone 18] 37 sodium hydroxide?} HH3-
A7l 3 Eolufle W02 W=SSHA| oh2 cytosineS ur-
acil2 HZA|7 Wizard DNA purification kit (Promega, Madi-
son, Wisconsin, USA)E ©]|-&3}o] DNAE £2|5}1, sodium
hydroxide 2 &3t W62 FEgh —? offets HAIA
PCR $Z2 3t} W Eske DNA £Z2 9|3l sense pri-
mer= 5’ TTATTAGAGGGTGGGGCGGATCGC3’,
primer= 5’GACCCCGAACCGCGACCGTAAY & A3} AL
m2ekE] ] ¢k DNA F-Zol= STTATTAGAGGGTGGG
GTGGATTGT3’ 2} 5>CAACCCCAACCACAACCATAA3Z 7} Zt
ZF ARE-EQITE PCR o] ANTP 250 mmol/L, primer 10
pmol/L, DNA 50 ng, MgCl, 1.25 mmol/L 12|37 Taq polymer-
ase 0.5 UE 95CollA] 5 W71 5 95Cof|A] 30%, 65C

antisense
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Table 1. Clinical data and pathological features

INK4A

, cyclin D1, and Rb in papillary thyroid carcinoma —

No Sex Age Size (cm) T’ ET' Multi LN® Msp' plé6 cyclinD1 pRb
1 F 12 25 T2 N N N 17 0+ 1 0
2 F 53 2.0 Tl N” Y? Y 1 0 1 0
3 F 60 1.5 T3 Y Y N 1 0 1 0
4 F 50 1.6 Tl N Y Y 0 1 0 1
5 F 35 4.6 T3 Y N Y 0 1 1 0
6 F 33 2.2 T2 N N N 0 1 1 0
7 F 52 3.0 T2 N N N 0 1 0 1
8 F 19 2.5 T2 N N N 1 0 1 0
9 M 53 4.5 T3 N N N 1 0 1 0
10 F 34 0.8 T1 N N N 1 0 1 0
11 F 37 1.6 T1 N N N 0 1 0 0
12 F 51 1.1 Tl N N N 1 0 1 0
13 F 49 2.5 T2 N Y N 0 1 1 1
14 F 41 1.7 T3 Y Y N 0 0 1 0
15 F 63 2.5 T2 N Y N 0 1 1 0
16 F 49 1.1 T3 Y Y N 1 1 1 0
17 F 63 1.1 T3 Y Y N 0 1 1 0
18 F 69 1.9 T3 Y Y Y 1 0 1 1
19 M 54 2.6 T2 N N N 0 1 0 1
20 F 33 2.5 T2 N Y Y 1 0 1 0
21 F 53 2.0 T1 N N N 1 0 1 0
22 F 56 1.8 T1 N Y Y 0 1 0 1
23 F 45 1.5 Tl N Y N 0 1 0 1
24 F 51 4.8 T3 N N Y 0 1 1 0
25 F 63 2.2 T2 N Y N 1 0 1 0
26 F 72 1.8 T1 N Y N 0 1 0 1
27 F 30 1.4 T1 N N Y 1 0 1 0
28 F 42 1.5 Tl N N N 1 0 1 0
29 F 31 1.2 T1 N N Y 0 1 0 1
30 F 53 1.5 T1 N N N 1 0 1 0
31 F 57 2.0 T3 Y N Y 0 1 1 0
32 F 62 1.1 T1 N N N 0 0 1 1
33 F 33 2.9 T2 N N N 1 0 1 0
34 M 66 3.0 T3 Y N Y 1 0 1 0
35 F 43 2.2 T2 N N N 0 1 1 0

pT, pathologic tumor stage; 'ET, extrathyroidal extension; *Multi, multicentricity; SLN, lymph node metastasis; 'MSP, methylation; 1Y,
yes: N, no; "1, expression; 0, nonexpression.

o A] 302,
58 HR2A1A 1% agarose gelo] 7]

72°CollA] 30% k-

= 363

Aelste] Bk 59l 248 A8k 10% £ g}
of 314 T et wopE 248 4 um S AHoR 7
o % o]0 #o] Q0T L.Eo|A 147 B3t 71la}a
histoclear®} ZAH-S- 3:1 2 E3% 24| (dewaxing agent)©]|
60CellA] 33, AofA] 13] Helste] Hutetaist st
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Figure 1. Representative data for methylation-specific PCR for CpG islands of the p16

(A

INK4a

gene promoter in papillary thyroid cancer. The presence of a visible PCR product in lane U in-
dicates an unmethylated gene; the presence of a product in lane M indicates a methylated gene.

A : e g

INK4a

Figure 2. Typical images of p16

cychn D1 and pRb expression in papillary cancer by immunohistochemistry (x100). (A) positive

p16™* immunostaining, (B) positive cyclin D1 immunostaining, and (C) positive pRb immunostaining.

2118 43] Hejsto] BA171I WAV T
slaih & of7] ¥J3te] 0.3% HoO,-methanol-2 40 Cofj 4]
28 59t 1Rt & oz AlFsEHch ple™ ", cyclinDl
g pRb HHES 7] 2J5) CINtec™ pl6™* Histology Kit
(Dako, USA), NCL-CyclinDI-GM (Novocastra Laboratories,
UK) 9 anti-pRb monoclonal antibody (BDbiosciences, USA)E
Z¥ZF 1:40, 1:25 9 1:6,0000.2 3]A5lo] AlEsF4ch

5}4].0
Dj—/\_é_

g0 MU

AAFOFA) Alo] 9] ARk A|+= Pearson Chi-Square test® &
Astqlet did=t 7o) thekst W4 H]aolli= independ-
ent-samples #-test®} Pearson Chi-Square testE ©]-8-5}% 0.
7|t =47} 5 u|qkel 7ol Fisher’s exact testS ARES

At W52 A= Pearson AR A 02 H715H
CHcorrelation coefficient, r). ZA* 2]+ SPSS 14.0 (SPSS
Inc., Chicago, IL,USA)S AMESI o EA4 S0l &l
value 0.05 B|9to =2 A3

z
1, A W Halst A7

AARZA7T] 224 E7of et AXgHF, A5
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stz 357 F 17848.6%) oA TEEUTHIE ).

FAGEdol A pl6™t 2217 B E Sl 3 oS A

93l 229 p 16““*‘ Th A 443 AR THp<0.0001).
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GEotoll A pl6™ Thl Ao 35T = 187(51.4%)0l A 44
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Table 2. Relationship between p16
icopathological parameters in papillary thyroid cancer

expression and clin-

p 1 6INK4a
+ - p
(n=17) (n=18)
Tumor size 0.78
<2.0cm 9 11
>2.0cm, 4 cm> 6 6
>4 cm 2 1
LN metastasis 0.63
Absent 11 13
Present 6 5
Multiplicity 0.41
Absent 9 12
Present 8 6
pT stage 0.84
1 6 8
2 6 5
3 5 5
Extrathyroidal ext.” 0.93
Absent 13 14

*Extrathyroidal ext., extrathyroidal extension.

o] A& JAIFH= §-%412] Rba= cyclin D1of| 2J3]| 214ks}
7b B E2Fo A EeEjEo] AlZ7] 24 7]5S AAHSHA

=t pRb HYzA e FMo] 357 F 1075(28.6%) 0l A
T ALY 20). pRbe} ple™ " Wrd-e ou]d] PA Y
I(p<0.018,  =-0.398), pRb&} cyclinD12] BF&lL- ofo] Ay
TS EAHp<0.0001, =0.710).

4, p16™“* cyclineDl XU pRb Wa0L0| M= 2t
M REoto| M

mpz]ulo &2 pl6™*, cyclineD1 2 pRbo] W 2255t ¢
A Akl ¢ Bz2ehE] QAsTte] Aol st

o
ok

o =
of ZARBIT AL S ZH0lA pl6™ ol o
U A RRre] SAS A A ple™t gy
o] £AE Tk 2R Fe oM Yol 7], Y
Ho|, thiry 5, 228kA] W7), FAAIS] 23] Ha Zo|
£ 54 ool QATHE 2). WA FES 2-oA
cyelin DIo] el 23t whels]] ghe 7 Atolel] el
27), 9= o), thiby 45 elw A o) 27 A
= 2pel7t glglo, 22eh4 7]= cyclin DI Wdto A

9] 62l 7 GET} pl6™ A, cyclin DI @ Rb —

Table 3. Relationship between cyclin D1 expression and clin-
icopathological parameters in papillary thyroid cancer

Cyclin D1
+ - p
(n=27) (n=8)
Tumor size 0.42
<2.0cm 14
>2.0 cm, 4 cm > 10
>4 cm 3
LN metastasis 0.67
Absent 19 5
Present 8 3
Multiplicity 0.51
Absent 17
Present 10
pT stage 0.04
1 6
2 9 2
3 10 0
Extrathyroidal ext.” 0.09
Absent 19
Present 8 0

*Extrathyroidal ext., extrathyroidal extension.
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Table 4. Relationship between pRb expression and clin-
icopathological parameters in papillary thyroid cancer

PRb
+ - p
(n=10) (n=25)
Tumor size 0.43
<2.0cm 7 13
>2.0cm,4 cm> 3 9
>4 cm 0
LN metastasis 0.49
Absent 6 18
Present 4 7
Multiplicity 0.13
Absent 4 17
Present 6 8
pT stage 0.21
1 6 8
2 3 8
3 1 9
Extrathyroidal ext.’ 0.25
Absent 9 18
Present 1 7

*Extrathyroidal ext., extrathyroidal extension.
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