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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 pl16™* (pl6) 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.
8+10.5 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 II (1
IIA, 12 IIB), and 11 cases of stage T (9 A, 2 HIB). Regarding for the cancer tissue, p16 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 p16 and DAP kinase hypermethylation.

Conclusion : This investigation demonstrates that aberrant methylation of pl6 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 151 bp 60°C 5-TTATTAGAGGGTGGGGTGGATTGT-3’
antisense 5-CAACCCCAAACCACAACCATAA-3
Methylated
sense 150 bp 65C 5-TTATTAGAGGGTGGGGCGGATCGC-3
antisense 5'-GACCCCGAACCGCGACCGTAA-3
DAP kinase
Unmethylated
sense 106 bp 60°C 5-GGAGGATAGTTGGATTGAGTTAATGTT-3
antisense 5-CAAATCCCTCCCAAACACCAA-3
Methylated
sense 98 bp 60°C 5'-GGATAGTCGGATCGAGTTAACGTC-3’
antisense 5'-CCCTCCCAAACGCCGA-3’

rpmoE 187 YT F 60C~70CE 71¥98 F
F4 50t & 718l AR DNAE 38t
3M NaOH 5.5 & H7}s}ar Aol 587t vke
3 &, glycogen (10mg/mé) 1pf & 7V3l3, 10M
ammonium acetate 1u£ £} 3 vol ice-cold 100%
ethanol& 713l -20CollA 3% F<t HAARA
t} 2587 AAEEF FEAE el 4T 70%
ethanol 2 Al ¥ % 19t B Mald 74 20~304
o] resuspend ¥ PCRel| Ag-3l% o™, UmA| &=
-70°C REsIA .

3) Methylation specific PCR(MSP)

pl6 f@zte} DAP kinase®] methylation %3
MSP H#PH& ol Primers ®231d 7]
Aare Fusle 249 oligonucleotide & A3}
AtH(Table 1). PCR %89 24L& 10 xbuffer
(670 mM Tris-HCl, pH 8.8, 166 mM (NH,),, 67
mM MgCl;, 100 mM B-mercaptoethanol), 2mM
dNTP 2.5u¢, 300ng/uf sense primer 1pf , anti-

sense primer 1pf, bisulfite treated DNA 240,
Platinum® Taq polymerase 1.25 unit, &5F 28.5
pl o2 & 408 7} =4 stdc}. pl6 MSP= 95°¢C
oAl 587t 71EE, 95°CoA 30%, 60°CellA 30
%, 72°CAM 3074 3b6F71E WML wpAw
o] 72°ColA 487 o ¥2A vt DAP kinase:
2ol PCROA ZEo] oFsld stepdown PCRE
Al s, 95 ColA 5827 HAF 70°CA] 58
T 2°C SPEIEA ZH2te] 2xolA 2 cycled]
PCR¢ 33l 56 ColA 30 cycle & 72°CllA
58 A4 vhe-& ). o] denaturing, anneal-
ing, extension A|7He- #]¢] plé MSP&} FUs1A
Agsiel A7 o] wx Y QAN F&
# DNAE &4 dzx=2 sigen, dx Y o
oAl 325 DNAZ Sssl methyltransferase2 =
23 A& A d== st ZE MSP g2

714l 4oja PCR AHE 10xf & nondenaturing 7
% polyacrylamide geldl 80 voltelA] 1A]7F 30&
2ol A7l %3 & ethidium bromide 2 ¢4 3}e]
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Table 2. Clinicopathologic characteristics of NSCLC patients

o 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.(%)
I 11 (31.4)
1A 1 (100) 1(2.9)
IB 9 (40.9) 1(8.3) 10 (28.6)
I 13 (37.1)
A 1(8.3) 1(2.9)
1B 8 (36.4) 4 (33.3) 12 (34.3)
m 11 (31.4)
MmA 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, LLCC : Large cell carcinoma

A2 FAISAA 1 (band) & BIEATT. of, W5 BHdE chi-square test®, chAs: &

AMofl= logistic regression analysis& Al8)3}¢1,
3. EAlEA x2| p163} DAP kinase WE3le] A& Pearson 4

WATE ol &3t pate] 0.05 ) B4 Ao
57 A2l SPSS version 10.0 T2 IW¢ o83} @ Aoz A9 gt
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Fig. 1. MSP of p16 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.0O,
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
p=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)
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
I 6(46.2) 7(53.8) 13
| 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

4 (23.1%)?1 ¥, DAP kinasee] H]Q/4=<l 5. H2toflM p162t DAP kinase THX}o| mjEls} &

g3y} gelwl S E 21 8% (38.1%)°. A9 pighy 3 F FEALS 6 ZAE! o gls) B
2, pl6 WEs) ) gl 2 FAEFTS Bgoy
EA2 Folx ¢l th(p>0.05). A 3595 MSP¥ pl6ol| djsle] vds} H AV ®£=
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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.

dlesl =% 2 band7} st #abelx) ggid 2
o & A 2]t 33994 p163} DAP kinase -§-& =i}
Hg3H oz w4 HAY T uds) 52 g
band& #&& 4= YAEH, pleAwt Widslz} o
2 79+ 59(15.4%), DAP kinased]A{ut vel
7t #EE A9 124(36.4%) ol F 4
A} mFol A v QA dEsrl AR Ao} wi"
37 QI A= 47 89 (24.2% )00},
TR Aloje] wEs} Pgol M dRAde PATHr=
0.015, p>0.05). AA| i Al A F A= 3}
vtz g3yl 3ae A= 269 (74.3%) o)
o},

L

#Hete] WAL F24 W3l(genetic alteration)7}
A5 oA 34& AXNYY, 2 2 2 §4x)
o B 24 JA Rl 2843} 2asidn
& A Ut

TY IA AL BEYEEE 71 iz
¢ Al #32 promotere] WA vt o
& HAF A7 HE BaE)

DNA ddsl= ¥£§ 58 §429| promoter 3
9lolAl DNA MTasedl| 2j8jA] cytosine xzlol}

9717 B A9-E UM, o2 DNA wgs=
DNA major grooved] E2d W& dAsine
TE A AR A AR deido g Aale
BTk 229} 1 sldozs DNA ngsb)
Alfz-5ol HA} Qlzle] A 7Aa7H, o)
93} o]&4 DNA-Z§ ©a (methylation depen-
dent binding protein, MDBP)¢] #A} 2] olap2
gAY, A PR W3lE doA AL A
& frisicin o). =3, DNA ojgsi] os) AA
¥ 5-methylcytosine(5-mC) o] oln| =850} thy-
midine© 2 v}#A guaninew} R #L o] FA
%=dl, thymidine2 DNA|A 2AZ= HAlo)
@7le]m2 DNA glycosylased] 913 27 mge
A o|2] B3A e,

ol MIFAH widslel B Y997 g4t
49 DNA 732] ®3}, nickel ®= plato-
nium 5¢ 4¢t 22 =%, DNA MTase 84% =
7}, microsatellite instability(MSI)So] zaj¥=
v, @77 78 st RoeE o 947 d
e Aoz SFEHhohs.

o B A A Ze- vigslr) 90917 opw g
Y A8 sh=x|9) oJRe} T oA A B
243l A3 Adsh=r] £ & 7dd) 93 B
B4sHe ©A ZAAA FeRd ge =] o)z}

— 115 —



— Y. S. Kim, et al —

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)
N2 6(66.7) 3(33.3)
N3
Stage
I 5(45.5) 6(54.5) 11 NS
I 8(61.5) 5(38.5) 13
I 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

9lort, DNAWEsr} ¢ WA 9494 Age
th= 240 H AL A

Laird 5% olapd ApcMine] o3 fd®d &
£% micedl|A] WiEsle] BUL §3] AEE A
Ak 5, e AFdME MSIE 71 giRE

o] tjArelolA] mismatch repair gene?l MLHI1
promoter®] BFAHES) dEEE HelH¥, o] &
ore DNA MTase JAIA|¢) 5-aza-2'-deoxycy-
tidine(5-azad-c) 22 *2]3p3 MLHI1 promoter
2 guesl A4 MLH1 vhael A&4g 53
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