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Aberrant Methylation of p16 Tumor Suppressor Gene and Death-Associated
Protein Kinase in Non-Small Cell Lung Carcinoma
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Background : The p16™“ (p16) tumor suppressor gene is frequently inactivated in human non-small cell
lung cancers (NSCLCs), predominantly through homozygous deletion or in association with aberrant promotor
hypermethylation. Death-associated protein kinase (DAPK) gene influences interferon y-induced apoptotic cell
death and has important role in metastasis of lung cancer in animal model. Hypermethylation of promoter re-
gion of DAP kinase gene may suppress the expression of this gene.

Methods : This study was performed to investigate the aberrant methylation of pl6 or DAP kinase in 35
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resected primary NSCLCs by methylation-specific PCR {(MSP), and demonstrated frequency, diagnostic value
and clinical implication of aberrant methylation of two genes.

Results : Thirty-two cases were male patients, and 3 cases were female patients with an average age was 57.

8110.5 years. The histologic types of lung cancer were 22 of squamous cell carcinoma, 12 of adenocarcinoma,
1 of large cell carcinoma. Pathologic stages were 11 cases of stage I (1 T A, 10 1B), 13 cases of stage 1T (1
IIA, 12 1IB), and 11 cases of stage II (9 IMA, 2 NIB). Regarding for the cancer tissue, pl6 aberrant
methylation was noted in 13 case of 33 cases (39.4%), DAP kinase in 21 cases of 35 cases (60%). Age over
55 year was associated with pl6 aberrant methylation significantly (p< 0.05). Methylation status of two genes
was not different by smoking history, histologic type, size of tumor, lymph node metastasis and disease progres-
sion of lung cancer. There was no correlation between pl6 and DAP kinase hypermethylation.

Conclusion : This investigation demonstrates that aberrant methylation of p16 tumor suppressor gene or DAP
kinase showed relatively high frequency (74.3%) in NSCLCs, and that these genes could be a biologic marker
for early detection of lung cancer. { Tuberculosis and Respiratory Diseases 2001, 51 : 108-121)

Key words : DNA methylation, p16, DAPK, Non-small cell lung carcinoma, Methylation-specific PCR.
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Table 1. Primers used in MSP

Primer Product  Annealing Sequence
Size  temperature
pl6
Unmethylated
sense . 5-TTATTAGAGGGTGGGGTGGATTGT-3
antisense oLbe 0T A ACCCCAAACCACAACCATAA-3
Methylated
sense 150 bp - 5-TTATTAGAGGGTGGGGCGGATCGC-¥
antisense 5-GACCCCGAACCGCGACCGTAA-3
DAP kinase
Unmethylated
sense 106 bp 60°C 5-GGAGGATAGTTGGATTGAGTTAATGTT-3
antisense 5-CAAATCCCTCCCAAACACCAA-3
Methylated
sense 98 bp 60 5-GGATAGTCGGATCGAGTTAACGTC-3
antisense 5'-CCCTCCCAAACGCCGA-3

rpm o 1HL 438 F 60C~T70CH 71dd F
F4 500 & 7¥3lel AAlE DNAES 343ich
3M NaOH 554 & #rieln d-20A 587 vke
g &, glycogen (10mg/mé) 1uf S 7}slzm, 10M
ammonum acetate 1pf 21 3 vol ice~cold 100%
ethanol& 7}sle] -20°CollA &R B9 AEA A
U 2597t fARE R 4FAE e 4Ce T0%
ethanol 2 Al 3% 19t B A2jd %%4 20~3014
o resuspend & PCRol| Alg3lgion, U=
-70°C ol ®Esisich

3) Methylation specific PCR(MSP)

pl6 $-4dAtet DAP kinase®] methylation 9ARS-
MSP & o] &8It Primere Kalg ¢7]
Aate Zusld ZAE oligonucleotideE A&}
AUrH(Table 1). PCR ¥rg-<] 242 10 xbuffer
(670 mM Tris-HC], pH 8.8, 166 mM (NH,),, 67
mM MgCl,, 100 mM S-mercaptoethancl), 2mM
dNTP 2.546 , 300ng/1d sense primer 140, anti-

sense primer 1pf, bisulfite treated DNA 244,
Platinum®Taq polymerase 1.25 unit, S5 28.5
wl 0.7 F 40l 7} =A sfgirh. pl6é MSP+ 9

dlM 5EZ 7FEE, 95TAHA 30%, 6()°C°ﬂ]ﬂ 30
Z, 72°CoA 30274 35578 WESL g
o] 72¢oA 487 o] whe-AlZTh DAP kinase:
=49l PCRoJA ZEo] okslo] stepdown PCR&
A=, 95°CANA 587 HAS 70°ColA 58
T/ 2°C shsiEAl Zi2te] %EOIW 2 cycle?]
PCRE 311 56°Coll4 30 cycleg & & 724
58 94 wheg sk o)uf denaturing, anneal-
ing, extension AJZHe $19] pl6 MSPe} FUHA
Al 47 ARlel dx 89 dureA &
¥ DNAE &4 d&2 sipen, vz E9 ot
o|A] ZZ% DNAZ Sssl methyltransferase 2 #
2% A% P4 BER BT RE MSP g
714 gdolAd PCR AM2 104£ £ nondenaturing 7
% polyacrylamide geld] 80 volto|A] 1A17F 308
=9t W79 %S & ethidium bromide 2 &4 5lo]
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Table 2. Clinicopathologic characteristics of NSCLC patients

. Histologic type Total
Characteristics :
SCC Adenocarcinoma LCC (No.)
Patients, No.(%) 22 (62.9) 12 (34.3) 1(2.9) 35 (100)
Sex, No.(%)

Male 21 (95.5) 10 (83.3) 1 (100) 32 (91.4)
Female 1 (4.5) 2 (16.7) 3 (8.6)
Age, yr. (mean+SD) 59.3+9.7 55.9+11.7 73 57.8+10.5

Smoking status, No.(%)
Smoker 20 (90.9) 7 (58.3) 1 (100) 28 (80)
Nonsmoker 2 (9.1) 5 (41.7) 7 (20)
Tumor, No.(%)
T1 1 (100) 1(2.9)
T2 18 (81.8) 6 (50) 24 (68.6)
T3 4 (18.2) 4 (33.3) 8 (22.9)
T4 2 (16.7) 2 (5.7)
Node, No.(%)
NO 12 (54.6) 6 (50) 1 (100) 19 (54.3)
N1 5 (22.7) 2 (16.7) 7 (20
N2 5 (22.7) 4 (33.3) 9 (25.7)
N3
Stage, No.(% )
| 11 (31.4)
1A 1 (100) 1(2.9)
IB 9 (40.9) 1(8.3) 10 (28.6)
It 13 (37.1)
ITA 1(8.3) 1(2.9)
B 8 (36.4) 4 (33.3) 12 (34.3)
I 11 (31.4)
mA 5 (22.7) 4 (33.3) 9 (25.7)
mB 2 (16.7) 2 (5.7)

NSCLC : Non-small cell lung carcinoma,

SCC : Squamous cell carcinoma, LCC : Large cell carcinoma

A2 FA3lelA o] (band) & TESGITH
3. BAIEA |

27 Azlx SPSS version 10.0 218 o}43}

of, A B = chi-square testE, THAT &
Ao = logistic regression analysisE Al313}%3,
pl63} DAP kinase |23}e] AWAS Pearson 4
TAFE o] &3 ptel 0.05 ol B5- 7o
& Aoz A9 st
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Fig. 1. MSP of pl6 in primary non-small cell lung carcinoma. Both the unmethylated (U) and
methylated (M) PCR products are shown for each sample. Lane MW, molecular weight
marker ; Lane L, Peripheral blood lymphocyte as a negative contol for methylation;
Lane 1IVD, in vitro methylated DNA as a positive control for methylation ; Lane H.,0,
water blanks. Methylated alleles were observed in DNA from cases 2, 3 and 5.
Unmethylated alleles were shown in all lesions due to contaminating normal tissue.
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Table 3. Relationship between clinicopathologic characteristics and pl6 hypermethylation in
NSCLC patients

pl6 hypermethylation, No. (%)

Characteristics — - Total, No. p value
Positive Negative
Patients 13(39.4) 20(60.6) 33 NS
Sex
Male 12(40) 18(60) 30 NS
Female 1(33.3) 2(66.6) 3
Age, yr*
<55 2(14.3) 12(85.7) 14 =0.011
=55 11(57.9) 8(42.1) 19
Histology NS
SCC 10(50) 10(50) 20
Adenocarcinoma 3(25) 9(75) 12
LCC 1(100) 1
Tumor NS
T1 1(100) 1
T2 7(31.8) 15(68.2) 22
T3 6(75) 2(25)
T4 2(100) 2
Node NS
NO 8(47.1) 9(52.9) 17
N1 3(42.9) 4(57.1)
N2 2(22.2) 7(77.8)
N3
Stage NS
I 4(44.4) 5(55.6) 9
il 6(46.2) 7(53.8) 13
I 3(27.3) 8(72.7) 11

NS : not significant, * : statistically significant, NSCLC : Non-small cell lung carcinoma,
SCC : Squamous cell carcinoma, LCC : Large cell carcinoma

H(23.1%)¢) WE, DAP kinase?] B2 <l o 5. H[glollkl p162 DAP kinase f&Xl2| IS5} o
237t #elE FAIME 218F 83 (38.1%)2 Heo| izhd 3 5 FEXe| P ARl HiEs] i
2, pl6 vEs} &) vjs) He FEE HPou

FAAR] Aole 1A (p>0.05). A 35¢)% MSP¥ pl6dl tate] mld s} FAY B
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Fig. 2. MSP of DAP kinase gene in primary non-small cell lung carcinoma. Both the
unmethylated (U) and methylated (M) PCR products are shown for each sample.
Lane MW, molecular weight marker ; Lane L, Peripheral blood lymphocyte as a
negative contol for methylation ; Lane IVD, in vitro methylated DNA as a positive
control for methylation ; Lane H,0, water blanks. Methylated alleles were ob-
served in DNA from cases 1-5. Unmethylated alleles were in all lesions except
case 2 due to contaminating normal tissue.
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Table 4. Relationship between clinicopathologic characteristics and DAP kinase hyperme-

thylation in NSCLC patients

DAP kinase hypermethylation, No. (%)

Characteristics — - Total, No. p value
Positive Negative
Patients 21(60) 14(40) 35 NS
Sex
Male 18(56.2) 14(43.8) 32 NS
Female 3(100) 3
Age, yr
<55 9(60) 6(40) 15 NS
=55 12(60) 8(40) 20
Histology NS
SCC 13(59.1) 9(40.9) 22
Adenocarcinoma 8(66.7) 4(33.3) 12
LCC 1(100) 1
Tumor NS
T1 1(100) 1
T2 13(54.2) 11(45.8) 24
T3 6(75) 2(25)
T4 2(100)
Node
NS
NO 12(63.2) 7(36.8) 19
N1 3(42.9) 4(57.1) 7
N2 6(66.7) 3(33.3)
N3
Stage NS
I 5(45.5) 6(54.5) 11
I 8(61.5) 5(38.5) 13
m 8(72.7) 3(27.3) 11

NS : not significant, NSCLC : Non-small cell lung carcinoma, SCC . Squamous cell carcino-

ma, LCC : Large cell carcinoma

sievt, DNA®ES} oF o] s Hde
o= A0 2 ANHI o

Laird §%d] <|5Pd ApcMindl] oJ38] f2d #
€% miced)A] st YL &Fo) BHE A
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