
Abstract. Background: p16INK4a is a tumor suppressor gene
frequently inactivated by aberrant promoter hypermethylation. In
the present study, p16INK4a methylation was evaluated in non-
small cell lung cancer (NSCLC) using a quantitative assay and
the clinical significance of the methylation was explored.
Materials and Methods: A total of 244 tumor samples from
formalin-fixed paraffin-embedded archives were examined in this
study. p16INK4a methylation was analyzed by the fluorescence-
based, real-time methylation-specific PCR assay, MethyLight.
The quantitative methylation value was expressed as the
percentage of methylated reference (PMR). Results: The median
level of p16INK4 methylation was 0.55 PMR (range 0.00-503.4).
The p16INK4 methylation value was significantly higher in males
(p=0.005) and in squamous cell carcinoma (p=0.018).
Prognostic analysis using the Cox proportional hazard model
showed that the p16INK4a methylation value was a significant
prognostic factor (odds ratio, 1.005; 95%CI, 1.003 to 1.008;
p<0.0001). The p16INK4a methylation value remained a
significant prognostic factor (p=0.0004) in multivariate analysis
including age, gender, histological type and clinical stage.
Specimens were then classified into hypermethylated or non-
hypermethylated groups based on the p16INK4a methylation value
using various cut-offs from 1 to 100 PMR. There was no
significant difference in prognosis between the two groups using a
cut-off value of 1 PMR. On the other hand, there was a
significant difference using 6 PMR or more as the cut-off value
(p<0.01). Conclusion: These results provide clear evidence for
the prognostic significance of p16INK4a methylation in NSCLC
using quantitative DNA methylation analysis. Careful assessment
of DNA methylation is needed because qualitative methylation

analysis may overestimate low levels of methylation, which have
less clinical significance.

Despite recent advances in cancer therapy, lung cancer
remains one of the major causes of cancer death worldwide.
The cumulative 5-year survival rate of non-small cell lung
cancer (NSCLC) is about 60% even in patients in clinical
stage I. Therefore, precise methods for prediction of prognosis
are required for the optimal selection from among the
available modalities of lung cancer therapy.

Aberrant promoter methylation is a common epigenetic
modification in human cancer (1). Methylation leads to
silencing of tumor suppressor genes and plays an important
role in tumorigenesis. It has been suggested that aberrant
promoter methylation may be useful as a prognostic marker
in many type of cancers. Indeed, APC (2), DAP-kinase (3),
FHIT (4) and MGMT (5) methylation were reported to be
linked with clinical prognosis in patients with NSCLC.

p16INK4a is a tumor suppressor gene frequently inactivated
by aberrant promoter hypermethylation (6, 7). Although
there have been a number of studies of the prognostic
significance of p16INK4a methylation in NSCLC, the results
were not consistent (8-13). This inconsistency may be
attributable to qualitative methods of the DNA methylation
analysis used in previous studies. Ogino et al. showed that the
CpG island methylator phenotype of colorectal cancer was
best characterized by quantitative DNA methylation analysis
(14). They suggested that qualitative methods may give
positive results for tumors with low levels of methylation,
which are of little or no biological significance. Previous
studies on p16INK4a methylation in NSCLC may have
evaluated such low levels of methylation as hypermethylated,
making the prognostic significance of p16INK4a methylation
unclear. In the present study, p16INK4a methylation was
evaluated in NSCLC using the quantitative MethyLight
method and the clinical significance of methylation was
explored. The results indicate that the prognostic significance
of p16INK4a methylation is evident with quantitative DNA
methylation analysis.
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Materials and Methods

Sample collection and DNA isolation. A total of 244 primary tumors
collected from NSCLC patients diagnosed by pathological
examination were included in this study. All tissue samples were
obtained from surgically resected tissues, which were fixed in formalin
and embedded in paraffin followed by histological diagnosis with
H&E staining. Tumor tissue was dissected manually from formalin-
fixed paraffin-embedded tissue sections 10 Ìm thick. After
deparaffinization using xylene and ethanol, genomic DNA was
isolated using a QIAamp DNA mini kit (Qiagen, Hilden, Germany)
according to the manufacturer's protocol. Approval of this project
was obtained from the Kanazawa University School of Medicine
Ethics Committee.

DNA methylation analysis. The DNA was subjected to bisulfite
treatment using a CpGenome DNA Modification Kit (Chemicon,
Temecula, CA, USA) according to the manufacturer's protocol.
Quantitative DNA methylation analysis was performed by the
fluorescence-based, real-time PCR assay, MethyLight, as described
previously (15). Two sets of primers and probes used to specifically
amplify the bisulfite-converted p16INK4a and ACTB sequence as a
DNA loading control, were designed previously (16). The specificities
of the reactions for methylated DNA were confirmed separately using
human sperm DNA (unmethylated) and SssI methylase (New
England Biolabs, Ipswich, MA, USA)-treated sperm DNA
(methylated). The percentage of molecules fully methylated at
p16INK4a was calculated by dividing the p16INK4a: ACTB ratio of the
sample by the p16INK4a: ACTB ratio of SssI-treated sperm DNA and
multiplying by 100. The abbreviation, percentage of methylated
reference (PMR) was used, to indicate this measurement as described
previously (16).

Statistical analysis. The associations of the PMR as a continuous value
with clinicopathological variables were analyzed by the Mann-
Whitney U-test or the Kruskal-Wallis test. The statistical significance
of the p16INK4a methylation value as a prognostic factor was evaluated
using the Cox proportional hazard regression model. The cumulative
survival rate was calculated by the Kaplan-Meier method and
statistical significance was analyzed by Log-rank test.

Results

p16INK4a promoter methylation and clinicopathological features
in NSCLC. The methylation level of the p16INK4a gene was
successfully measured in all 244 tumor samples. The
associations between p16INK4a methylation and
clinicopathological features are shown in Table I. Significant
associations of the p16INK4a methylation level with gender
(p=0.005) and histopathological type (p=0.018) were
observed. There were no correlations between methylation
and other clinicopathological features, including age, T factor,
N factor, distant metastasis or clinical stage.

p16INK4a promoter methylation and prognosis. Prognostic
information was available in 238 patients. The median follow-
up time was 45.0 months (range 2-149 months). Cox
proportional hazard regression analysis indicated that the

p16INK4a methylation value in cancer tissue was a significant
prognostic factor (odds ratio, 1.005; 95%CI, 1.003 to 1.008;
p<0.0001). Multivariate analysis including age, gender,
histological type, clinical stage, and p16INK4a methylation
value indicated that p16INK4a methylation remained significant
as a prognostic factor (p=0.0004) together with age
(p=0.0009), gender (p<0.0001) and clinical stage (p<0.0001).

To explore what level of PMR in p16INK4a methylation was
clinically significant as a prognostic factor, a variety of cut-off
values of PMR were set, followed by grouping of the samples
into hypermethylated or non-hypermethylated groups. The
groups were compared with regard to prognosis by the
Kaplan-Meier method and the Log-rank test. Cut-off values
from 1 to 100 PMR were tested. Representative results are
shown in Table II, in which the number of hypermethylated
cases and p-value by the Log-rank test are listed together with
the cut-off values used. There were no significant differences
in prognosis between the two groups with a cut-off value of 1
PMR, whereas borderline significance, from p=0.03 to 0.05,
was observed when using a cut-off value of 2 to 5 PMR. On
the other hand, a significant difference was observed with a
cut-off value of 6 PMR or more (p<0.01). These results
suggest that methylation showing more than 6 PMR has
clinical significance as a prognostic factor. The frequency of
the samples judged as hypermethylated was less than 20%
with this level of cut-off value. The prognostic difference
between the hypermethylated and non-hypermethylated cases
remained significant in either clinical stage I or stage III sub-
groups using a cut-off value of more than 10 PMR. Statistical
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Table I. Relationship between clinicopathological features and p16INK4a

methylation.

n p16INK4a methylation P-value

Total 244 0.55 (0.00-503.4)

Age
≤65 123 0.50 (0.00-132.5) 0.222
65< 121 0.62 (0.00-503.4)

Gender
male 153 0.71 (0.00-503.4) 0.005
female 91 0.41 (0.00-350.6)

Stage
I 141 0.61 (0.00-503.4) 0.146
II 20 0.77 (0.04-64.70)
III 78 0.40 (0.00-350.6)
IV 5 0.26 (0.00-107.7)

Histology
adeno 148 0.44 (0.00-350.6) 0.018
squamous 87 1.04 (0.00-503.4)
large 3 0.36 (0.20-24.72)
others 6 0.93 (0.03-107.7)

p16INK4a methylation was expressed as median (range).



analyses in clinical stage II and IV were not available because
of the small number of patients in these sub-groups. As
representative results, the Kaplan-Meier survival curves using
a cut-off value of 10 PMR are shown in Figure 1.

Discussion

In the present study, we explored the prognostic significance
of p16INK4a methylation in NSCLC using the MethyLight
method of quantitative DNA methylation analysis. The results
clearly demonstrate the prognostic significance of p16INK4a

methylation. In particular, methylation of more than 6 PMR
was a significant indicator of poor prognosis. On the other
hand, there was no significant difference in prognosis between
the hypermethylated and non-hypermethylated groups when
using a cut-off value of 1 PMR. The results suggest that a low
level of methylation of approximately 1 PMR is of limited
clinical significance. The frequency of the samples judged as
hypermethylated was 36.6% with a cut-off value of 1 PMR.
Previous studies of the prognostic significance of p16INK4a

methylation indicated hypermethylation frequencies ranging
from 25 to 83% (8-13). A negative prognostic correlation was
observed in studies showing p16INK4a hypermethylation
frequencies of 39, 67 and 83%, whereas a positive correlation
was demonstrated in those of 25, 40.4 and 49%. The negative
studies may have overvalued the low-level methylation and
underestimated the prognostic significance of p16INK4a

methylation. All previous studies on p16INK4a methylation
used qualitative methylation analysis, methylation-specific
PCR (MSP). It has been reported that MSP can constantly
detect 0.1% methylated DNA (17). This high sensitivity of
MSP is accompanied by a risk of overvaluing low-level
methylation, which has no clinical significance. Therefore,
quantitative evaluation of DNA methylation may be more
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Table II. Frequency of p16INK4a hypermethylation and the p-values by the
Log-rank test when analyzed with the indicated cut-off value.

Cut-off value p16INK4a hypermethylated P-value
samples

1 87 (36.6) 0.1729
2 62 (26.1) 0.0435
4 49 (20.6) 0.0492
6 43 (18.1) 0.0067
8 41 (17.2) 0.0053

10 36 (15.1) 0.0016
15 31 (13.0) 0.0003
20 29 (12.2) 0.0001
30 22 (9.2) <0.0001
50 17 (7.1) <0.0001

100 8 (3.4) 0.0021

p16INK4a hypermethylated samples are expressed as the number (%).

Figure 1. Cumulative survival curves were constructed for all patients (A),
those with clinical stage I disease (B) and those with clinical stage III
disease (C) by the Kaplan-Meier method, using a cut-off value of 10 PMR.
The dotted line indicates patients with p16INK4a hypermethylation (≥10
PMR) and the solid line indicates those without hypermethylation (<10
PMR). There was a significant difference in prognosis between the patients
with and without hypermethylation in all groups.



optimal for exploring the clinical significance of a given
aberrant promoter methylation.

Another advantage of the present study was the relatively
large number of samples analyzed. DNA obtained from
formalin-fixed paraffin-embedded archive tissues was sufficient
for our methylation analysis. The use of these archive
specimens enabled us to analyze a large number of samples
retrospectively. The archives also have the great advantage in
that molecular events can be explored in association with a
variety of clinical information, including long-term survival
rates. Availability of formalin-fixed paraffin-embedded archives
for DNA methylation analysis may advance our knowledge of
methylation markers. The exploration of prognostic markers
has been performed by analyzing DNA, mRNA and protein.
However, targeting mRNA or protein for molecular analysis is
intrinsically vulnerable to assay error because of the target's
instability. Specific handling of clinical samples is often
required to analyze mRNA or protein. On the other hand,
alterations in DNA were suggested to be more stable than the
changes in mRNA or protein during the clinical handling from
tumor resection to the final assay. The results of the present
study demonstrate that formalin-fixed paraffin-embedded
tissue, which is generally used in clinical routine work, is
sufficient for DNA methylation analysis. The convenience for
sample handling may facilitate the use of DNA methylation
markers in the clinical setting.

In conclusion, we provided clear evidence of the prognostic
significance of p16INK4a methylation in NSCLC using
quantitative DNA methylation analysis. The implications of
aberrant promoter methylation for clinical significance should
be analyzed with quantitative methods, because qualitative
evaluation may have overvalued low-level methylation, which
has less clinical significance.
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