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Introduction

Malignant pleural effusion (MPE) is a common complication 
in neoplastic disease1-3 and can be caused by almost any tumor 
type. One of the most frequent underlying causes is broncogenic 
carcinoma, especially lung adenocarcinoma.1-3 The diagnosis 
of MPE is associated with advanced and disseminated disease 
and reduced life expectancy depending on the type and stage.1-3 
The current TNM classification of lung cancer has re-classified 
patients with metastasis, discriminating those having only pleural 
involvement from those with distant metastasis, as prognosis and 
survival differences exist between these two groups.4 Biochemical 
characteristics of pleural fluid5-7 and comorbidity8 are also related 
to survival. However, studies are scarce and therefore clinical 
guidelines are inconclusive1-3 to establish which factors influence 
prognosis.

Patients with pleural effusion (PE) secondary to adenocarci-
noma may show differences in their evolution, therefore it would 
be of great utility the use of molecular markers that, in combina-
tion to clinical variables, could predict patient’s evolution and 
guide clinical decision making.

Lung adenocarcinoma is one of the most frequent causes of malignant pleural effusions (MPE). The presence of MPE 
bears a poor prognosis. Although epigenetic changes are commonly related to human neoplasia, scarce date is available 
on patients with MPE. We aimed to estimate the prognostic value of DNA methylation of tumor suppressor genes from 
pleural fluid. Thirty patients with MPE due to lung adenocarcinoma were prospectively included. Methylation-specific 
(MS) PCR was used to study the methylation status of the promoter region of tumor suppressor genes p16/INK4a, 
MGMT, BRCA1 and RARβ in pleural fluid. Clinical data and survival were collected. Survival analysis was performed using 
Kaplan-Meier plots and Cox regression. Hypermethylation in at least one gene was detected in 25 patients (83.3%). On 
multivariate analysis factors significantly associated with shorter survival were the lack of hypermethylation in any of 
the studied genes (hazard ratio = 9.3; p = 0.001), Charlson index ≥ 3 (hazard ratio = 9.6, p = 0.002) and no oncological 
treatment (hazard ratio = 11.1; p < 0.001). Analysis of aberrant promoter hypermethylation of tumor suppressor genes 
may be useful in predicting prognosis, but further studies are needed to validate our findings.
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Epigenetic alterations are known to contribute in the develop-
ment, invasion and metastases of many human tumors. DNA meth-
ylation is one of the most common epigenetic mechanisms studied, 
including genome-wide hypomethylation and site-specific CpG 
island hypermethylation.9-11 Methylation profiles at specific CpG 
islands of tumor suppressor genes have been described for various 
cancers and are considered promising markers for early detection, 
tumor classification and chemotherapy response.9-12 The transcrip-
tional inactivation caused by promoter hypermethylation affects 
genes involved in important cellular pathways, and has been sug-
gested as a diagnostic tool for PE.13-16 However, there is practically 
no evidence of its relation with prognosis in patients with MPE.17

Therefore we aim to analyze the hypermethylation status of the 
promoter region of tumor suppressor genes p16/INK4a, MGMT 
(O6-methylguanine-DNA-methyltransferase), BRCA1 (breast-
cancer susceptibility gene 1) and RARβ (retinoic acid receptor β) 
in pleural fluid, and its association with survival and other com-
mon clinical parameters in patients with MPE. The four genes 
studied have known roles in the pathogenesis of NSCLC and are 
presumably and potentially important for growth and cell cycle, 
DNA repair and carcinogenesis suppression.11,13-16
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Table 1. Methylation status of the genes studied and survival for the 30 patients studied

Case p16/INKa BRCA1 RARβ MGMT Hypermethylation in any gene Survival (days)

1 X X X 410

2 X X X 322

3 X X 200

4 55

5 X X 174

6 X X 412

7 X X 374

8 X X 777

9 386

10 X X X 526

11 X X 446

12 X X 509

13 X X X 36

14 X X X X 230

15 X X X 249

16 X X X 89

17 X X X X 59

18 X X X 9

19 15

20 14

21 X X X X 102

22 X X X 85

23 X X X X 302

24 X X 1022

25 X X X 419

26 X X X 560

27 67

28 X X X 3

29 X X X 751

30 X X X 491

The boxes marked with a “X” indicate methylation, whereas white boxes correspond to unmethylation.

Results

Patient characteristics. Thirty patients with lung adenocar-
cinoma were included: 20 (66.7%) men with a median age of 
63  years (IQR: 53.2–80.0 y). Twenty-one patients (70%) had 
history of smoking (10 current smokers and 11 former smok-
ers), and six patients (20%) had other malignancies (one with 
laryngeal squamous cell carcinoma, two prostate carcinoma, one 
basal cell carcinoma, one prostate carcinoma and lung adenocar-
cinoma, and one basal cell carcinoma and laringeal carcinoma).

The size of PE was greater than 2/3 according to X-ray in 
13 patients (43.3%) and less than 1/3 in five (16.7%) cases. At 
present six patients (20%) are alive, with a minimum follow-up 
of seven months. Median survival was 275.5 d (IQR: 65–457).

Methylation status and survival. Promoter hypermethyl-
ation of p16/INK4a, BRCA1, RARβ and MGMT in MPE of 

lung adenocarcinoma was detected in 6 (20.0%), 16 (53.3%), 
12 (40.0%) and 12 (40.0%) patients, respectively. Table 1 sum-
marizes the methylation status of each gene and survival data. 
According to the total number of methylated genes, 5 patients 
(16.7%) showed lack of methylation in any of the 4 genes studied 
while the remaining 25 (83.3%) presented hypermethylation in 
at least 1 gene. One methylated gene was registered in 8 patients 
(26.7%), 2 methylated genes in 13 patients (43.3%), and 3 meth-
ylated genes were found in 4 patients (13.3%). Regarding sur-
vival time, statistically significant differences (Kruskal-Wallis; 
p = 0.049) were detected in relation to the number of methylated 
genes, suggesting that the number of methylated genes may be 
related to different survival times. The U Mann Whitney test for 
the pair-wise comparisons revealed statistically significant differ-
ences in survival for patients bearing 0 or 1 methylated gene (p = 
0.013) and 1 or 3 methylated genes (p = 0.042).
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60 mg/dL and elevated LDH showed no correlation with median 
survival (Table 2), and therefore were not associated with prog-
nosis. We found no relationship between a Karnofsky index ≤ 70 
and survival, whereas a Charlson index ≥ 3 correlated signifi-
cantly with a worse prognosis (p = 0.04).

Regarding oncological treatment, seven patients (23.3%) 
did not receive any treatment. On the other hand, the presence 
of distant metastasis (other than pleural) was not a significant 
prognosis factor. Cox multivariate model including Charlson’s 
index and oncological treatment showed significant hazard ratios 
greater than 9 for both variables (Table 3).

Discussion

Lung adenocarcinoma is one of the most common metastatic 
tumors to the pleura.1-3 The diagnosis of MPE is generally related 
to advanced disease and poor prognosis. Consequently, clini-
cal guidelines1-3 state that treatment is essentially palliative, and 
emphasize that general health condition together with tumor 
histology are factors affecting prognosis in these patients.1 A bio-
marker detectable in pleural fluid capable of predicting patient 
outcome and guiding treatment would be of great utility.

Methylation of the promoter region of certain tumor sup-
pressor genes has been proposed as potential markers for vari-
ous types of cancer,9-11 including lung cancer.12 In our study a 
panel of four tumor suppressor genes related to various cell func-
tions were analyzed to confirm their importance and relation 
with malignant pleural effusion due to lung adenocarcinoma. 
In general, hypermethylation studies involving tissue specimens 
from patients with lung cancer have reported contrasting and 
inconclusive results regarding patient outcome. The authors20 
reported that hypermethylation of p16/INK4a was associated 
with shorter survival in patients with lung adeno and squamous 
cell carcinoma, while other studies in Korean21,22 and American23 
patients found no correlation with survival. These latter studies 
also found no differences in survival with MGMT methylation, 
although Hayashi et al.24 found that smokers with methylated 
MGMT had worse outcome. Regarding RARβ, both studies per-
formed in Korean patients reported methylation of this gene as a 
risk factor related to poor survival.21,25

Certain genes such as DAPK, RASSF1A, p15, p16/INK4a, 
RARβ, MGMT and APC, are known to be methylated in many 
cancers, and have been studied in patients with MPE.13-16 In these 
studies, methylation analyses (combined or not with cytology) 
improved diagnosis of MPE13-16 avoiding the need of other inva-
sive diagnostic tests. However, the application of methylation as 
a prognostic tool is still poorly explored in patients with MPE.17

In our study, methylation of p16/INK4a, BRCA1, RARβ and 
MGMT in pleural fluid was not significantly related to median 
survival. However, patients with hypermethylation of p16/INK4a 
and BRCA1 showed shorter survival. In contrast, hypermethyl-
ation of RARβ was related to longer survival time. In the case 
of MGMT, survival was barely the same for the methylated or 
unmethylated status.

According to the number of methylated genes, statistically 
significant differences in survival were detected in patients that 

Table 2 shows the median survival for each potential prog-
nostic factor obtained from Kaplan-Meier analyses. No differ-
ences in survival were observed for methylation of p16/INK4a, 
BRCA1, RARβ or MGMT. However, the lack of hypermethyl-
ation in any of the genes studied was surprisingly related to a 
shorter survival (median survival of 55 d vs. 322 d; log-rank p = 
0.003). Regarding the number of methylated genes, statistically 
significant differences were observed with 0, 1, 2 or 3 methylated 
genes and survival (log-rank p = 0.021). As shown in Figure 1, 
patients with no methylation had shorter survival compared with 
patients with 1, 2 or 3 methylated genes. Conversely, survival was 
gradually shortened by the presence of 1, 2 or 3 hypermethyl-
ated genes. Cox multivariate analysis corroborated that the lack 
of hypermethylation in any of the genes significantly correlated 
with survival (p = 0.001; hazard ratio: 9.3, 95% CI 2.4–35.2), 
suggesting that hypermethylation in at least one gene is related to 
a better prognosis (Table 3).

Clinical characteristics and survival. Biochemical char-
acteristics of the pleural fluid including pH ≤ 7.28, glucose ≤ 

Table 2. Univariate analysis of the survival predictive variables in 
patients with malignant pleural effusion of lung adenocarcinoma

Survival (days)*

Variable Yes No p

Sex (men) 215 (61–439) 348 (80–582) 0.5+

Age (> 67 y) 102 (0–237) 412 (359–465) 0.1^

p16/INK4a HPM 157 (45–436) 312 (72–479) 0.5^

BRCA1 HPM 239 (92–416) 354 (45–582) 0.7^

RARβ HPM 366 (89–551) 215 (58–420) 0.3^

MGMT HPM 275 (92–517) 287 (50–425) 0.4^

Lack of HPM in any gene 55 (14–226) 322 (95–500) 0.003+

HPM in at least 2 genes 322 (60–508) 230 (63–429) 0.7^

HPM in at least 3 genes 166 (69–284) 348 (64–495) 0.9^

pH (≤ 7.28) 202 (54–347) 374 (85–509) 0.5^

Glucose (≤ 60 mg/dL) 78 (28–194) 380 (89–504) 0.1^

LDH (≥ 1000 UI/L) 302 (89–486) 275 (56–437) 0.5^

Karnofsky index (≤ 70) 85 (6–468) 302 (78–468) 0.1+

Charlson index (≥ 3) 142 (28–236) 348 (65–495) 0.04

No oncological  
treatment

15 (9–102) 374 (174–509) < 0.001+

Distant metastasis 211 (40–473) 348 (97–466) 0.2^

HPM, hypermethylation of the promoter region; LDH, lactate dehy-
drogenase. *Expressed as median (interquartile range). ^Breslow or 
+log-rank.

Table 3. Multivariate analysis of the survival predictive variables in 
patients with malignant pleural effusion of lung adenocarcinoma

Variable HR CI 95% p

Lack of hypermethylation in any gene 9.3 2.4 – 35.2 0.001

Charlson index (≥ 3) 9.6 2.3 – 39.9 0.002

No oncological treatment 11.1 3.3 – 37.2 < 0.001

HR, hazard ratio.
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without methylation in a univariate analysis.17 Since this survival 
difference in our cohort resulted statistically significant in both 
uni- and multi-variate analyses, discrepancies observed between 
our study and Katayama’s17 may be related to ethnic differences 
instead of experimental variations given that we used the same 
primer designs and therefore analyzed the same CpG sites con-
tained in the promoter region of p16/INK4a, RARβ and MGMT.

Regarding hypermethylation of BRCA1, no studies on pleural 
fluid have so far included this gene. BRCA1 plays an important 
role in the repair of DNA double-strand breaks and epigenetic 
silencing of this gene promoter occurs frequently in many human 
cancers resulting in loss of heterozygosity and chromosome insta-
bility.25 Supporting evidence exists for the involvement of BRCA1 
in non-small cell lung cancer tumorigenesis as a tumor suppressor 
promoter and hypermethylation as the predominant mechanism 
for deregulation, though BRCA1 was rarely hypermethylated in 
tumor specimens from patients with non-small cell lung cancer.12

Epigenetic alterations are also modified by diet, stress, aging, 
environmental exposures or hormones.26 Therefore, environmen-
tal factors, besides promoting tumor development, are thought 
to be related not only to the phenotype of the disease, but also to 
potential biomarkers27 which may be responsible for the differ-
ences between our results and others. However, determination of 
the methylation status (methylated or unmethylated) used in this 

lacked hypermethylation in any gene. In 
these patients, the transcriptional inactiva-
tion caused by promoter hypermethylation 
in at least one gene resulted in a much bet-
ter prognosis. This was corroborated in the 
multivariate analysis, showing a hazard ratio 
of 9.3 (95% CI 2.4–35.2). Considering that 
the transcriptional inactivation caused by 
promoter hypermethylation results in loss of 
expression, in the case of tumor suppressor 
genes, it seems contradictory to find lon-
ger survival times in this group of patients. 
However, methylation should be considered a 
continuous and gradual process were incom-
plete suppression is possible and can result in 
active gene expression. In this regard, Safar 
et al.23 reported that in certain tumor sup-
pressor genes, the presence of hypermethyl-
ation seems to indicate a protective effect, 
in accordance to our findings concerning 
RARβ and the variable at least one hyper-
methylated gene. It should be noted that 
besides methylation, other mechanisms may 
lead to gene silencing like mutations or tran-
scription modulators, among others.

When we analyzed the methylation status 
of the four genes studied codified as 0, 1, 2 or 
3 hypermethylated genes, two tendencies are 
found: first, the absence of hypermethylation 
seems to be related to a very poor progno-
sis, while the presence of hypermethylated 
genes suggests favorable clinical outcome. 
Second, the progressive increase in the num-
ber of hypermethylated genes from 1 to 3 correlated with shorted 
survival times. The former observation may seem contradictory, 
however at first glance this could partially be explained by the 
fact that 40% of the patients with absence of hypermethylation 
did not receive oncological treatment compared with only 20% 
of the patients with at least one hypermetthylated gene. To deter-
mine its relation to treatment methylation frequencies were com-
pared in patients with or without oncological treatment, finding 
no differences (data not shown). Therefore the first tendency 
observed seems more concerned with the gradual methylation 
process. On the other hand, the latter finding on shorter sur-
vival times with increasing methylation supports the concept 
that aberrant promoter methylation of tumor suppressor genes 
[p16/INK4a (cell-cycle regulation), MGMT and BRCA1 (DNA 
repair-related) and RARβ (thyroid-steroid hormone receptor)] is 
associated with a loss of gene function that can lead to a selective 
growth advantages to neoplastic cells.

As previously stated, to date only one study investigated the 
utility of methylation for predicting prognosis in MPE patients 
with lung adenocarcinoma. This study was conducted in 34 
Japanese lung cancer patients and found, in contrast to us, simi-
lar survival in patients with methylation in at least one gene 
(MGMT, p16/INK4a, RASSF1A, DAPK or RARβ) and patients 

Figure 1. Overall survival of patients with malignant pleural effusion according to the number 
of hypermethylated genes.
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Caucasian patients and perhaps more candidate genes for meth-
ylation analysis using a quantitative approach are needed.

Material and Methods

Study subjects. Consecutive, unselected patients with MPE sec-
ondary to lung adenocarcinoma were prospectively enrolled. All 
patients were evaluated in the Bronchopleural Unit of Complexo 
Hospitalario Universitario de Vigo (CHUVI) over a three-year 
period.

Only patients with a confirmed diagnosis of MPE (presence of 
malignant cells in pleural fluid or in pleural transparietal biopsy 
or thoracoscopy)1-3 were included in the study. Patients receiving 
chemotherapy at the time of diagnosis or with a history of intra-
pleural instillation with symphyseal or chemotherapeutic agents 
were excluded.

Clinical and epidemiological characteristics, biochemical 
analysis of pleural fluid [pH, glucose and lactate dehydrogenase 
(LDH)], presence of other metastatic sites at the time of diagno-
sis of MPE and oncological treatment after diagnosis (at least one 
chemotherapy cycle and/or treatment for at least one month with 
epidermal growth factor receptor tyrosine kinase inhibitors) were 
recorded. Patient’s health status and comorbidity were estimated 
through the Karnofsky and Charlson indexes,18,19 respectively.

Clinical-radiological follow-up was accomplished for all 
patients until death or submission of this manuscript.

The local Ethical Committee approved this study. All patients 
provided informed consent.

Collection of samples and methylation-specific-PCR. 
During thoracocentesis or pleural biopsy 10 mL of pleural fluid 
were obtained for molecular analysis. The pleural fluid was cen-
trifuged at 1,600 g for 15 min and stored in 1 mL aliquots at 
-20°C until testing.

DNA methylation status of the promoter regions of p16/
INK4a, MGMT, BRCA1 and RARβ was assessed with methyl-
ation-specific (MS) PCR. Cell-free DNA from pleural fluid was 
extracted using QIAamp DNA Blood Mini Kit (Qiagen) accord-
ing to manufacturer’s instructions. Sodium bisulfite modification 
and purification was done using EZ DNA Methylation-Direct kit 
(Zymo Research). Briefly, 20 μL of DNA were bisulfite-treated 
according to manufacturer’s instructions, and finally resuspended 
and eluted in 20 μL of elution buffer. Modified DNA was stored 
at -80°C until used. A positive methylated control treated with 

study may be improved with the use of a methylation quantifica-
tion strategy through quantitative real-time methylation-specific 
PCR. This could allow more accurate results and the estima-
tion of a methylation percentage cut-off for each gene and their 
combination.

In relation to the biochemical characteristics of pleural fluid, 
none of the parameters studied showed statistically significant 
correlation with survival. Low pH, low glucose or elevated LDH 
are considered by many authors to correlate with poor progno-
sis,1,3,5,6 although survival is much more strongly related to tumor 
histology.7 In a systematic review Heffner et al.2 affirms a greater 
relationship between low pH and pleurodesis failure compared 
with low pH and shorter survival time. Regarding the variable 
Karnofsky index, and in contrast to other authors,7,8 we found no 
relation with survival using a cut-off of 70. On the other hand, 
comorbidity based on the Charlson index strongly predicted 
prognosis.

As expected, survival in patients with MPE due to lung cancer 
was correlated strongly with treatment. The indication of treat-
ment was based on the oncologist’s criterion together with the 
patient’s willingness, independently of our study. Patients receiv-
ing oncological treatment showed significantly longer survival 
compared with untreated patients, independently of the meth-
ylation status of the four genes studied and other biochemical/
clinical characteristics.

The current TNM classification, based on prognosis, separates 
patients with broncogenic carcinoma and metastatic disease lim-
ited to pleura (M1a) from those with distant metastasis (M1b).4 
However, we did not find differences in survival between patients 
with distant vs. pleural metastasis.

Our study is the first to use a multivariate analysis to esti-
mate prognosis combining methylation status, biochemical and 
clinical factors influencing survival in patients with MPE of 
lung adenocarcinoma. The hazard ratios observed for the fac-
tors lack of hypermethylation in any gene, Charlson index and 
no oncological treatment are considerably high and therefore are 
robustly related to survival in patients with MPE related to lung 
adenocarcinoma. Inclusion of patients from a single hospital in 
addition to the exclusion of patients receiving oncological treat-
ment at the time of pleural effusion diagnosis largely explains the 
reduced number of cases in our study; moreover, patients with 
MPE related solely to lung adenocarcinoma were included. To 
confirm our results, further studies with larger populations of 

Table 4. Primer sequences and characteristics

Gene Methylated primer Unmethylated primer Annealing temp/ pb

p16/INK4a
F: TAT TAG AGG GTG GGG CGG ATC GC

R: GAC CCC GAA CCG CGA CCG TAA

F:TTA TTA GAG GGT GGG GTG GAT TGT

R:CAA CCC CAA ACC ACA ACC ATAA

65°C met (150 pb)

65°C unmet (151 pb)

BRCA1
F:TCG TGG TAA CGG AAA AGC GC

R:AAA TCT CAA CGA ACT CAC GCC G

F: TTG GTT TTT GTG GTA ATG GAA AAG TGT

R: CAA AAA ATC TCA ACA AAC TCA CAC CA

62°C met (75 pb)

62°C unmet (86 pb)

RARβ
F: CGA GAA CGC GAG CGA TTC G

R: GAC CAA TCC AAC CGA AAC GA

F:TTG AGA ATG TGA GTG ATT TGA

R: AAC CAA TCC AAC CAA AAC AA

59°C met (146 pb)

59°C unmet (146 pb)

MGMT
F:TTT CGA CGT TCG TAG GTT TTC GC

R: GCA CTC TTC CGA AAA CGA AAC G

F: TTGTGTTTTGATGT TTGTAGGTTTTTGT

R: AAC TCC ACA CTC TTC CAA AAA  CAA AAC A

66°C met (81 pb)

66°C unmet (93 pb)
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were considered significant. Results for qualitative variables are 
expressed as percentage or absolute frequency, and for numeric 
variables as median and interquartile range (IQR). For the eval-
uation of survival, variables that could influence survival were 
dichotomized as in previous studies.5,8,18,19

Survival curves were calculated by the Kaplan-Meier method 
and the significance of differences was estimated by the log-rank 
or breslow test. Multivariate analysis using Cox model was used 
to estimate hazard ratios.
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CpG methyltransferase (M.SssI; New England Biolabs) and a 
positive unmethylated control (untreated DNA) were included in 
each bisulfite treatment and PCR.

PCR was performed with primers specifically designed for 
methylated and unmethylated promoter sequences of p16/INK4a, 
MGMT, BRCA1 and RARβ as previously described20,21 and sum-
marized in Table 4. To confirm bisulfite-treated DNA integrity 
both methylated and unmethylated specific PCRs were accom-
plished in parallel for all samples. Figure 2 shows a representative 
example of MS-PCR detection. PCR products were visualized in 
3% agarose gels containing ethidium bromide.

The methylation status of each sample and gene was veri-
fied twice, in at least two independent PCRs using different ali-
quots of the pleural fluid sample (DNA extraction and bisulfite 
modification for each PCR). PCRs were performed in a blind 
fashion.

Statistical analysis. Statistical analyses were performed with 
the SPSS package (v16.0); tests were two-sided and p values < 0.05 
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