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Diagnosis of Malignant Pleural Effusion by using Aberrant Methy-
lation of p16 and RARB2
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Background: A diagnosis of malignant pleural effusion is clinically important, as the prognosis of lung cancer
patients with malignant pleural effusion is poor, The diagnosis will be difficult if a cytological test is negative,
This study was performed to investigate whether the detection of hypermethylation of the p16 (CDKN2A) and
retinoic acid receptor b2 (RARB2) genes in pleural fluid is useful for a diagnosis of malignant pleural effusion,
Methods: Pleural effusion was collected from 43 patients and was investigated for the aberrant promoter methylation
of the RARB2 and CDKN2A genes by use of methylation-specific PCR. Results were compared with findings from
a pleural biopsy and from pleural fluid cytology.

Results: Of 43 cases, 17 cases of pleural effusion were due to benign diseases, and 26 cases were from lung
cancer patients with malignant pleural effusion. Hypermethylation of the RARB2 and CDKN2A genes was not
detected in the case of benign diseases, independent of whether or not the patients had ever smoked. In 26 cases
of malignant pleural effusion, hypermethylation of RARB2, CDKN2A or either of these genes was detected in 14,
5 and 15 cases, respectively, The sensitivities of a pleural biopsy, pleural fluid cytology, hypermethylation of RARB2,
hypermethylation of CDKN2A, or hypermethylation of either of the genes were 73.1%, 53.8%, 53.8%, 19.2%, and
57.7%, respectively; negative predictive values were 70.8%, 58.6%, 58.6%, 44.7%, and 60.7%, respectively. If both
genes are considered together, the sensitivity and negative predictive value was lower than that for a pleural biopsy,
but higher than that for pleural fluid cytology. The sensitivity of hypermethylation of the RARB2 gene for malignant
pleural effusion was lower in small cell lung cancers than in non-small cell lung cancers.

Conclusion: These results demonstrate that detection of hypermethylation of the RARB2 and CDKN2A genes showed
a high specificity, and sensitivity was higher than for pleural fluid cytology. With a better understanding of the
pathogenesis of lung cancer according to histological types at the molecular level, and if appropriate genes are
selected for hypermethylation testing, more precise results may be obtained. (Tuberc Respir Dis 2008,64:285-292)
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Table 1, Primers used in methylation specific PCR

Primer PS* AT’ Sequence
RARB2"
methylated
forward 146 bp 584°C TCG AGA ACG CGA GCG
ATT CG
reverse GAC CAA TCC AAC CGA
AAC GA
unmethylated
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GCG GAT CGC
reverse GAC CCC GAA CCG CGA
CCG TAA
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forward 151 bp 58.0°C TTA TTA GAG GGT GGG
GTG GAT TGT
reverse CAA CCC CAA ACC ACA
ACC ATA A
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beta 2.
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Table 2, The results of the aberrant methylation and the characteristics of the patients

No Sex Age Diagnosis Smoking RARB2 p16 histology cytology
1 F* 40 tuberculosis no = - —* —*
2 M’ 71 tuberculosis yes — — - -
3 M 56 tuberculosis yes - - - -
4 F 28 tuberculosis no - - - -
5 F 65 tuberculosis no - - - -
6 M 16 tuberculosis no - - - -
7 F 78 tuberculosis yes - - - -
8 F 38 tuberculosis no - - - -
9 F 47 tuberculosis yes - - - -
10 F 22 tuberculosis no - - - -
11 M 40 tuberculosis yes - - - -
12 F 23 tuberculosis no - - - -
13 F 65 tuberculosis no - - - -
14 M 19 tuberculosis no - - - -
15 M 88 tuberculosis yes - - - -
16 M 79 pneumonia yes - - - -
17 M 68 pneumonia yes - -

18 M 67 adenocarcinoma yes — - 4+ +7
19 F 39 adenocarcinoma no - - + -

20 M 54 adenocarcinoma yes +! - - +

21 M 75 adenocarcinoma yes + - + -

22 M 84 adenocarcinoma yes + + + +

23 M 46 adenocarcinoma no + - + +

24 M 70 adenocarcinoma yes + - - +

25 F 65 adenocarcinoma no + + +

26 M 70 adenocarcinoma yes + + - +

27 M 77 adenocarcinoma yes + + + +

28 F 74 adenocarcinoma no + + + +

29 M 70 adenocarcinoma yes - - + +

30 M 63 squamous cell yes - - - -

31 M 65 squamous cell yes + - + -

32 M 66 squamous cell yes + - + -

33 M 70 squamous cell yes + + +

34 M 68 squamous cell yes + - + -

35 M 74 squamous cell yes - - + -

36 F 50 NSCLC® no - - - +

37 F 71 small cell yes + - + -

38 F 50 small cell yes - - + +

39 M 54 small cell yes - - - -

40 M 47 small cell yes - - - -

41 M 71 small cell yes - - + +

42 F 68 small cell yes - + + -

43 M 69 small cell yes - - + -

*female, "male, “non-small cell lung cancer, §nega’[ive for aberrant methylation, "positive for aberrant methylation, "retinoic acid
receptor beta 2, **negative for malignancy in histology or cytology, ' 'positive for malignancy in histology or cytology.

7} oYW MAMEFS 1 5 47} Hol wekely]  ARE vlusgls ) Hds) F NEt fold Aol
ofefdth(Table 3). 7} glo] Holx|wt 1 Za] 7} Hol Ao el

HY GARE TollA FAAe} vlFAAe] 2334 "ol 71 of#eK(Table 4).
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Figure 1, The results of methylation specific PCR of reti-
noic acid receptor beta (A) and p16 (B) in cells collected
from the pleural effusion of lung cancer patients (24~35)
and control (1~5). Both unmethylated (U) and methylated
(M) PCR products are shown for each sample, *patient
number DNA ladder, "positive control, “normal saline for
negative control, *methylaed, "unmethylated.
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Table 3, The sensitivity and negative predictive values for
the detection of malignant pleural effusion according to
the detecting methods

p16+

Histology Cytology RARB2 p16 RARB?

Sensitivity 731 53.8 53.8 192 577
(%)
AD' 56.3 625 750 33.4 750
sQ’ 83.3 167  66.7 0.0 66.7
scLct 14 286 143 143 286
NSCLC' 0.0 100.0 0.0 0.0 0.0

NPV! (%) 708 586 586 447 60,7

*retinoic acid receptor beta 2, "adenocarcinoma, *squamous
cell carcinoma, * small cell carcinoma, "unclassifiable non-small
cell lung cancer, "negative predictive value,

Table 4, The sensitivity for the detection of malignant
pleural effusion by aberrant methylation according to the
smoking status

RARB2* p16 p16+RARB2
Smokers 52.4% 19.0% 12.0%
(n=21)
Never smokers 60.0% 20.0% 60.0%
(n=5)

*retinoic acid receptor beta 2,

EPAA = Qo] WA Ek, skARE, £ A
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pl6 TG AA| fdxfol| o3l AYikwl= Thil2 CDK4
o} CDK6 Tl e} A8l Giollr] s DAz o] AlE F2

289



SH Rha et al: Malignant pleural effusion and aberrant methylation of p16 and RARB2

ut

F719] R 23t = Rb Thilo] vl s
FARBR=H F8%t 9%s ataL, AlE S 7719 Jgs
gkt o] pl6 frdxke] Wdgshk= Aok Skate] A,
7182 A ollM ZHEEATH, RARB A4} 9]
F% A HAAR 2Hgate], g, ST, HlaA
Z HY ol wds} Hol gtk BuEde)

£ Ao e F5 Wellk] RARB28} p16 #-3
Aol Fdsls selstglon, Z47F 53.5%9)F 19.2%]
W, & FARF Bl 100%2] SolegE dEed
t}, Katayama 5% 55 ol g3te] ArS e =
o] ATE si=tl ol59] Aaelr= p167 RARBY
W77} 22 17.0%, 40.4%0]QaL, Eo)e= Zk2t 100%,
82.4%0=A H AT-e] Ael Jolgt AdE Bl vzt
=8 Aol primertt A3 W, F4 W o FU
A e, T 27 73 Sl
AR AAHARE 25| AFtellX= primertt
Z2 ol A3 due flo] el Ut &, §
W Fde] 2N A= ) FFShE T1ee] glopr Hlwdd
T Ut o598 AFelrd= & AFtellA o] &g F
A=} 99| O(’—methylguanjne—DNA methyltransferase
gene (MGMT), death-associated protein kinase (DAPK),
Ras associated domain family 1 (RASSF1A) & 57]9]
AAE ol 83l=tl A Frele Ards) ol
Hof & A7t Apolrt QI sARE vhE AtollM
2Qh Sate] ofAd B ZIHA] 100%8] Soleg B
Ao E Kol vzt wdste] A7ek = Ql= o] W
5 Felatolopst )8 s Aow AzhEn”,

pl6 A= HIZAIE HYY] BE 2APORHE
Aotz A ZFolr] BEASE=", o] T DNA HEs}
of oJgh uke A= H|AME kel 27] dAo] 2k8st
ok A IF, Fraipont 5°9] ol oJaha #H|gko]
gle o= FAdo] Sl o 7]8A Fx Al
ZollA] p16, DAPK, MGMT, fragile histidine triad (FHIT),
adenomatous polyposis coli (APC) -2z} ZH| ez} o
2HE, A & Aol FE f7oh Aol
W FolM Rk sk Qislth o] zkels
s A = qlok shARE Fdol o kel
Fest 22 27] Wslee HE Y 7EA] ] el
, FrdAl Aedsh=
T 3] AHQ] wshE Foke] 2 ghgel ¢
g AY 7Fs7do] 7] iR o s FAHEL 2 AolA

il

W

N

>
Y
S i
)
o
[T
ool
ol
=
2
x
i)
Y
Al
(¥

st Bl Res Blud o fofdt Aol= Il

2AE gl ol o F57F IE SAkolA )
M| QY]] Wlate] RARB2 frdzke] Fedsl Wl So
SEIAE p16 frdAte] A9+= Atol7t glItk(Table 3).
Otterson 5 2] #|¢F AEFo] o3t ATE B SNE
o AEFAAE 1% p16 T W] IR,
B 2AZ AEFoME 70%0l pl6 while] who]
27 egskekar gtk B A7 Aaks Aol allEst
o njsf Fheles} da-go] EkARE, AR I EL-E
SobA] Otterson 5] Aok 28] A== o A
o2 ¥olrk &, thE Ad A7"YelA RARB2 f3%
TSt A AT BlAlZde] Afol7t YAl o
e Ax 2 A7 2k o7 AARE Sl 7t
ks A wliel] eko g S} Eelo] "adt Zow
AhE), mebA, ko R ojet Al S5 S| 2 i
Ho} g2 SIS 7L, doldt the 24 frdd uke
TRt Bt A 73S skl 24 fdaE A
“gatofor d Folekal Yzt

2 Ao AREL T W F= AL, A 2
A3 Aol glttar el 7 7211 RARB29} p169]
dhi sl dES AAfste] obd g AT 5 JEA
S ARSI H FrelMe ols 9 oAl fAt
o] I AIE AAshe FHEst A Pof e
Solus BRI WPeE wESATE FEds o2
A Fadek. AN F 7HAl fdate] e ds) dids
Aol S7gatke wl, T Wl AR AAET =2
=5 Boal, 224 3ol me Apolrt B E. o
7t 22l met Hofehs Sof TF Al FdAl
g A77F XY =o]A, RNA microarray9} 22 WL
2 FAl v At wiskE R0 4 A Hd o
Ao f83 vjids] o] d s glon, B <
7t 3d 7 ARE &8d s sl gtdd

il

—

¢

fr o ofr

=

fl

4
W AERQ A 549 BS
webr] B AT T G AlEoA FE8 DNAGA]
A AR LR retinoic acid receptor b2
(RARB2)9} p16 -742ke] Hu|ds) A4 o] o F 21
Bl g0l 4 4 haAE Belsh] slsto] Ashsch



Tuberculosis and Respiratory Diseases Vol, 64, No. 4, Apr. 2008

gt 8 39| SAjox] FE HAsle] B W g
A|Zx Wds) So] PCR ¥ & RARB29} p16 7
7te] Adsls SA51aL, ol F4 A B 5 AX
Z1 AP} ] ash it

4 1 4399 32} 7 17782 Fl|, 2ol 93t oA
T S, 20 Fat A
Fd Froiie F el gl RARB29} pl6 fr
Azte] Areshrt dEA] gttt 2689 o )
A ZEsle 247} 147, sHollx] BEEleH, F 4
2L 7 of= gt Zolgte HHEsyt A7 9= 1590]
Aot T4 A, T W AIEZ] FAE RARB2 T, pl6o
o=, 7 A w4 S AeEs)t Ak vizkes 7t
Z} 73.1%, 53.8%, 53.8%, 19.2%, 57.7%0|JaL, &4l o=
T ZF2E 70.8%, 58.6%, 58.6%, 44.7%, 60.7%EA] T
S Al AR o] RiztEel 34 ST F
o AR SRR, F o AlER AR =8k
o}, &, 2AEA pl6E o8k WIZHET) 14.3%2 E
o)z 22 FH o WE Aol BTk

4 E 2 A7 AdoA pl67} RARB2 F-2xke] T
gslo] WAL o] F55 A sk =2 5ol
TE B, WE ] T i AlER AAES 52
HWgolglet, Hote] M2 f3e wE EA BESH W

1. Korea National Statistical Office. Annual report on the

cause of death statistics, 2005, Daejeon, Korea: Korea
Office; 2005,
http://www_cancer, go.kr/nciapps/user/basicinfo/

National ~ Statistical available  from:
gcancer_main, jsp.

2, Light RW. Clinical practice. Pleural effusion. N Engl J
Med 2002;346:1971-7.

3. Poe RH, Israel RH, Utell MJ, Hall WJ, Greenblatt DW,
Kallay MC. Sensitivity, specificity, and predictive values
of closed pleural biopsy. Arch Intern Med 1984;144:
325-8,

4, Digel W, Lubbert M, DNA methylation disturbances as
novel therapeutic target in lung cancer: preclinical and
clinical results, Crit Rev Oncol Hematol 2005;55:1-11.

5. Belinsky SA, Nikula KJ, Palmisano WA, Michels R,
Saccomanno G, Gabrielson E, et al. Aberrant methyl-

. INK4a . .
ation of P16 " is an early event in lung cancer and

10.

11.

12,

13.

14,

a potential biomarker for early diagnosis. Proc Natl
Acad Sci U S A 1998;95:11891-6.

Houle B, Rochette-Egly C, Bradley WE. Tumor-sup-
pressive effect of the retinoic acid receptor beta in hu-
man epidermoid lung cancer cells. Proc Natl Acad Sci
U S A 1993;90:985-9.

Herman JG, Graft JR, Myohanen S, Nelkin BD, Baylin
SB. Methylation-specific PCR: a novel PCR assay for
methylation status of CpG islands. Proc Natl Acad Sci
U S A 1996;93:9821-.

Schmiemann V, Bocking A, Kazimirek M, Onofre AS,
Gabbert HE, Kappes R, et al. Methylation assay for the
diagnosis of lung cancer on bronchial aspirates: a co-
hort study, Clin Cancer Res 2003;11:7728-34,

Kim YC, Kwon YS, Oh IJ, Kim KS, Kim SY, Ryu ]JS,
et al. National survey of lung cancer in Korea, 2005,
J Lung Cancer 2007;6:67-73,

Postmus PE, Brambilla E, Chansky K, Crowley J,
Goldstraw P, Patz EF Jr, et al. The IASLC lung cancer
staging project: proposals for revision of the M descrip-
tors in the forthcoming (seventh) edition of the TNM
classification of lung cancer. J Thorac Oncol 2007;2:
086-93.

Gilliland FD, Harms HJ, Crowell RE, Li Y-F, Willink R,
Belinsky SA. Glutathione s-transferase P1 and NADPH
quinone oxidoreductase polymorphisms are associated
with aberrant promoter methylation of P16™* and
(f—methylguanine—DNA methyltransferase in sputum,
Cancer Res 2002;62:2248-52,

Fraipont F, Moro-Sibilot D, Michelland S, Brambilla E,
Brambilla C, Favrot MC, Promoter methylation of genes
in bronchial lavages: a marker for early diagnosis of
primary and relapsing non-small cell lung cancer? Lung
Cancer 2005;50:199-209.

Ibanez de Caceres I, Battagli C, Esteller M, Herman ]G,
Dulaimi E, Edelson MI, et al. Tumor cell-specific
BRCA1 and RASSF1A hypermethylation in serum, plas-
ma, and peritoneal fluid from ovarian cancer patients.
Cancer Res 2004;64:6476-81,

Liu Y, Lee MO, Wang HG, Li Y, Hashimoto Y, Klaus
M, et al. Retinoic acid receptor beta mediates the
growth inhibitory effect of retinoic acid by promoting
apoptosis in human breast cancer cells. Mol Cell Biol
1996;16:1138-49.,

. Cote S, Sinnett D, Momparler RL. Demethylation by

5-aza-2'-deoxycytidine of specific 5-methylcytosine sites
in the promoter region of the retinoic acid receptor beta
gene in human colon carcinoma cells, Anticancer Drugs
1998;9:743-50.

291



SH Rha et al: Malignant pleural effusion and aberrant methylation of p16 and RARB2

16. Katayama H, Hiraki A, Aoe K, Fujiwara K, Matsuo K,

Maeda T, et al. Aberrant promoter methylation in pleu-
ral fluid DNA for diagnosis of malignant pleural
effusion, Int J Cancer 2007;120:2191-5,

17. Otterson GA, Kratzke RA, Coxon A, Kim YW, Kaye FJ.

292

Absence of pl6INK4 protein is restricted to the subset
of lung cancer cell lines that retains wildtype RB.
Oncogene 1994;9:3375-8,

18. Toyooka S, Toyooka KO, Maruyama R, Virmani AK,

19.

Girard L, Miyajima K, et al. DNA methylation profiles
of lung tumors, Mol Cancer Ther 2001;1:61-7,

Grote HJ, Schmiemann V, Geddert H, Rohr UP, Kappes
R, Gabbert HE, et al. Aberrant promoter methylation
of p16™* RARB2 and SEMA3B in bronchial aspirates
from patients with suspected lung cancer. Int J Cancer
2005;116:720-5,




