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Abstract

Background: Aberrant methylation of the global genome has been investigated as a prognostic indicator in various cancers,
but the results are controversial and ambiguous.

Methods and Findings: This meta-analysis presents pooled estimates of the evidence to elucidate this issue. We searched
the electronic databases: PubMed, Embase, ISI Web of Science and the Cochrane library (up to August 2013) to identify all of
the relevant studies. The association between the level of surrogates’ indexes of genome-wide hypomethylation (LINE-1, Alu
and Sat-a) and the overall survival (OS) of cancer patients was examined. In addition, the pooled hazard ratios (HRs) with
their 95% confidence interval (95%Cl) were calculated to estimate the influences through fixed-effects and random-effects
model. Finally, twenty studies with total population of 5447 met the inclusion criteria. The results indicate that the summary
HRs for the studies employing LINE-1, Alu, and Sat-o repetitive elements also show that the global DNA hypomethylation
have significant desirable effects on the tumour prognostic value. The pooled HRs (and Cls) of LINE-1, Alu and Sat-o were
1.83 (1.38-2.44), 2.00 (1.16-3.45), and 2.92 (1.04-8.25), with a heterogeneity measure index of I (and p-value) shows of
66.6% (p=0.001), 57.1% (p=0.053) and 68.2% (p = 0.076) respectively. The meta-regression and subgroup analysis indicated
that the percentage of hypomethylated sample of cancer patients is one source of heterogeneity.

Conclusion: Our meta-analysis findings support the hypothesis that the global DNA hypomethylation is associated with a
detrimental prognosis in tumour patients.
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mammal cells. Although CpGs are disproportionately concentrat-
ed in enriched regions referred to as CpG islands (CGlIs), which
tend to be differentially located in the promoter regions of genes,
70-90% of all CpGs in the human genome are in regions of large

Introduction

Cancer is a leading cause of death worldwide, accounting for
7.6 million deaths (approximately 13% of all deaths) in 2008, and

this number is projected to continue increasing to an estimated
13.1 million deaths in 2030 [1]. The reliable identification of
molecular prognostic biomarkers is significant for the facilitation of
the rational choice of potential therapeutic methods in cancer
treatment and for improving the prognosis of cancer patients [2—
4].

DNA methylation is an epigenetic modification involving a
covalent addition of a methyl group (CHs) from the methyl donor
S-adenosylmethionine (SAM) to the 5-position carbon of the
pyrimidine ring of a cytosine base and formation of 5-methylcyt-
osine (5meC), typically occurring in CpG dinucleotide contexts in
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repetitive sequences (.e. centromeres and retrotransposon ele-
ments) and are typically methylated under normal conditions [5].
Then the methylation level of the repetitive elements including
long interspersed element-1 (LINE-1), Alu element (Alu), and
Satellite-o. (Sat-ot), which constitute 11%, 17%, and 4% of the
genome respectively, and cover more than 30% of the total CpG
sites in the genome, may serve as surrogate indexes as genome-
wide DNA methylation level [6].

With the recent developments in the high-throughput and high-
resolution methods for DNA methylation analysis such as
pyrosequencing and luminometric methylation assays (LUMAs),
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global DNA methylation level was fully analysed in various
tumours. More and more researchers found that DNA hypo-
methylation is inversely associated with tumour progress through
promoting carcinogenesis by increasing DNA recombination or by
direct and indirect effects on gene expression, such as overexpres-
sion of some imprinted genes, activation of genes associated with
tumour invasion or metastasis and so on [7].

Although numerous studies have attempted to assess the
prognostic value of DNA hypomethylation in diverse cancers,
identification of the results remain controversial and ambiguous as
following: several studies have found that global DNA hypo-
methylation was a prognostic factor for dismal outcome, other
studies, however, drew beneficial conclusions [8-10] or found no
significant association [8,9,11-14]. To clarify this question, we
conducted this meta-analysis to appraise the prognostic value of
global genomic hypomethylation in various tumours.

Materials and Methods

Search strategy and selection criteria

We followed the guideline of MOOSE (Meta-analysis of
Observational Studies in Epidemiology) [15] and PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
analysis) [16] to systematically conduct and report this meta-
analysis. Two reviewers (Jinhui Li and Qingyuan Huang)
independently performed a systematic literature search of the
following electronic databases to identify studies that assessed the
prognostic utility of global DNA (including its surrogate markers:
Alu, LINE-1 and Sat-o) hypomethylation in patients with any type
of carcinomas without language limitation: PubMed, Embase, ISI
Web of Science and the Cochrane library (last search was on
August 2013).

Based on the Medical Subject Headings (MeSH) and corre-
sponding search terms, our search strategy was the following:
(whole genome “DNA” OR “LINE-1” OR “Sat-o” OR “Alu”
AND  “hypomethylation*”) AND (“Prognosis” [Mesh] OR
“Survival Rate” [Mesh] OR “Mortality”’[Mesh]) AND (“tumour”
OR “cancer”). Over the same period, we also manually searched
for abstracts from selected bibliographies carefully to identify
additional studies. Only those papers restricted to human studies
and published as full-text articles in English or Chinese were
included as primary candidates. In addition, the identified studies
were not limited by the year of publication.

The initial set of eligibility criteria applied was the following: (1)
The articles represented original epidemiological studies that
assessed the level of global DNA hypomethylation and its
corresponding cut-off’ standard, including its surrogate markers
(LINE-1, Alu, and Sat-a); (2) The outcome of the overall survival
(OS) used in the studies could be accepted; (3) The studies reported
a hazard ratioHR) and the corresponding 95% confidence
interval (95%CI) directly or provided the relevant data or survival
curve, which we can use to estimate the HR and 95% CI; (4) The
study sample size was higher than thirty individuals.

Data extraction and management

We designed a standard form with the Access Database of the
Microsoft Office Suite that facilitated the extraction and input of
the data into a corresponding blank plot. The database was used to
record the most relevant data, which encompassed (1) the general
information of the studies (publication year, mean age and follow-
up, number of patients, detected materials and methods, treatment
administered, cancer types, and evaluation score) and (2) the HRs
and corresponding 95% ClIs for the OS of patients with a global
hypomethylation level compared with patients without global
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hypomethylation level. Throughout the procedure, one review
author (Jinhui Li) mined the data from the included studies and
another author (Qingyuan Huang) checked the extracted data. All
minor disparities were resolved by discussions between the
authors.

Studies providing univariate or multivariate analysis (or both)
results for the survival were used to aggregate the survival data.
When related data were unavailable directly from the studies, we
calculated the corresponding HR and 95%CI using the indirect
methods described by Tierney et al [17]. This method allows the
use of the parameters given in the publications, such as the O-E
statistic and variance, the number of patients who exhibited
beneficial or harmful prognosis and the log-rank statistic or its p-
value to estimate the HR and its variance using the established
formulas. If the manuscripts only offered the survival curve, we
used the Engauge 4.1 software to obtain the individual survival
data at certain specified times, and then the Excel tables provided
by Tierney et al were used to obtain the summary HRs and Cls.

Quality Score Assessment

To evaluate the methodological quality of the studies, two
authors (Jinhui Li and Qingyuan Huang) scored them according to
the REMARK guidelines. The REMARK guidelines include the
following four parts with multiple sub-items: introduction,
materials and methods, results, and discussion. Each of these
parts contains a few items, such as markers examined, biological
materials used and standard prognostic variables among others.
The two investigators scored the quality of each publication
independently, and then reached a consensus value for each item,
using a checklist in which one point was allocated to each reported
one. A higher score represented a better methodological quality.

Statistical analysis

To quantitatively combine the survival data, we extracted the
HRs and their 95% CIs to assess the impact of the global
hypomethylation status on tumour prognosis. I was adopted to
assess the heterogeneity among the studies [18]. I? values of 25%,
50%, and 75% correspond to the cut-off points for low, moderate,
and high degrees of heterogeneity [19]. If the assumption of
homogeneity was supported (I2>25%) , the random-effects model
was adopted to calculate the HR according to the DerSimonian-
Laird method [20]. Otherwise, the fixed-effects model (Mantel-
Haenszel method) was used directly [21]. In addition, we also
explored the heterogeneity through single variable meta-regression
analysis and subgroup analyses using the factors mentioned above.
Funnel plots with Egger’s regression were adopted to examine the
effect of publication bias. To determine whether the conclusions
could be affected by removing one or two studies, we conducted
sensitivity analyses. All differences with a p-value that was less than
0.05 were considered as significant. All of the mentioned above
were conducted using the STATA 12.0 software platform (Stata
Corporation, College Station, TX, USA).

Results

Search results and characteristics

A total of 146 relevant citations were identified for initial review
using the search strategies described previously. Based on a review
of the titles and abstracts, 107 of the original studies were removed
because they did not meet the initial eligibility criteria. The full
text of the remaining 39 original studies was then reviewed, and 14
of these articles were eliminated on the basis of inadequate data,
and one article was excluded because it was an overlapping
publication. Six studies did not include sufficient survival data, five
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studies did not contain detailed information on global methylation,
four studies were just seminar abstracts with no method to obtain
the full texts, and the remaining five studies were basic scientific
research studies. Thus, after the application of the inclusion and
exclusion criteria given above, 20 studies were included in the
analysis (Figure 1) [8-14,22-33].

The main features extracted from the 20 studies that were
included in the meta-analysis are summarised in Table 1. Among
these studies, 15 trials were on LINE-1, and three studies focused
on LINE-1 and Alu. One study was about Alu and Sat-o, and
another one study examined the three indexes. The total study
population was 5447, with a mean of 183 subjects per study
(range, 42 to 2068). The mean age of the subjects was 58.6 years,
with a range of 42 to 72 years old. The trials were conducted in six
countries (Korea, USA, China, Thailand, Japan and Italy), and
the publication year ranged from 2008 and 2013. The global DNA
methylation level was detected through four main methods
(pyrosequencing methylation, BSP, MSP and COBRA) with two
types of hypomethylation dividing level. The analysis of the
biological materials revealed that 15 studies used tissue samples,
two used blood samples, one performed cell culture of tissues
samples, and another one used bone marrow samples. The mean
evaluation score was 16.5 with a range of 14 to 20. And the tumors
contained various types, such as tumors of the digestive system,
respiratory system tumors and other tumors. In addition, we were
able to directly obtain the HRs and Cls from 16 of the studies,
whereas we had to extrapolate the HRs and CIs of the other four
trials from the graphical expression of the survival distributions.

Meta-analysis

A meta-analysis was used to analyse the studies that adopted the
surrogate indexes (LINE-1, Alu and Sat-a) for the determination
of the degree of genomic methylation. Using the random-effects
model due to the significant heterogeneity of the studies, dismal
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survival outcomes were observed for tumour patients with global
DNA hypomethylation. The summary HRs obtained in the studies
employing LINE-1, Alu and Sat-o repetitive elements also
indicated that global DNA hypomethylation has significant
negative effects on tumour prognosis. The pooled HRs and CIs
were 1.83 (1.38-2.44), 2.00 (1.16-3.45), and 2.92 (1.04-8.25) with
I? values of 66.6%, 57.1%, and 68.2% respectively. Figure 2 shows
the results of the forest plot explained above.

Due to the relatively high heterogeneity exhibited in the trials
aggregated with respect to the overall survival, meta-regression
and subgroup analyses were conducted to explore the heteroge-
neity of the covariates including the study location , number of
patients, mean age, follow-up, biological materials, hypomethyla-
tion rate and cut-off, methylation detection method, cancer types,
treatment information and quality score. Because of the limited
number of studies that used Alu (n=1>5) and Sat-a (n=2) for the
analysis of global hypomethylation and the OS relationship, we
only performed meta-regression for the publications on LINE-1 as
the surrogate of global genomic methylation. Ultimately, the
methylation level was found to be a source of heterogeneity
(p =0.067), whereas the others variables were not (Table 2). The
subgroup analyses of the overall survival and global DNA
hypomethylation status detected a little significant correlation in
the patients with a global DNA methylation rate less than 50%
HR, 2.52; 95%CI, 1.72-3.71; ?, 54.2%).However, after stratifi-
cation by mean age, year of publication, mean follow-up,
biological samples used, hypomethylation cut-off, and test method,
no significant results were found.

Publication bias and sensitivity analysis

We chose Egger’s test to evaluate the publication bias. The
funnel plots revealed that all of the studies included revealed no
evidence of obvious asymmetry (p =0.142; Figure 3). Moreover,

Studies identified from Studies identified through Additional records identified
previousmeta-analysis (n=2) | database searches (n=142) from other resources (n=2)

! I

l

43 studies removed for duplications.
Title and abstracts screened for eligibility

Review articles (n=4) |-— .

Studies removed for mamnly on | ¢

animals or cell experiments (n=40)

Studies removed for clearly not relevant or wrong topics in titles
orabstracts (n=20)

Studies on Methodology (n=7)

Studies on relationship between LINE-1 hypomethylation
and cancerrisk (n=8)

Studies on associationabout LINE-1and therapy (n=9)

Studies on the relationship of LINE-1 hyp ylation and
other diseases (n=9)

Studies that not given the Molecular markers needed in
detail (n=7).

Full-text papers assessed for eligibility by two observers (n=39)

Newly published studies during the
reviewprocess (n=2)

-

Overlapped studies (n=1)

Insufficient survival data (n=6)

LINE-1 hypomethylation levels unavailable (n=5)
No full-text available(meeting abstract) (n=4)

Basic scientific researches(n=5)

L

Publications included in final meta-analysis (n=20)

Figure 1. Flow diagram illustrating the screening and selection process.

doi:10.1371/journal.pone.0106290.g001
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Figure 2. Meta-analysis of the forest plot showing the association between the genome-wide DNA hypomethylation and the overall
cancer survival. The squares represent the size of the study and are centred on the HR, and the whiskers represent the 95% Cls. A random effects

(RE) model was used.
doi:10.1371/journal.pone.0106290.9g002

the sensitivity analysis revealed that the omission of any individual
study would not affect the overall results.

Discussion

To the best of our knowledge, this meta-analysis is the first study
to systematically assess the association between global DNA
methylation level and tumour prognosis. Our study aggregated the
outcome of 5447 samples from 20 individual studies. In summary,
all three surrogate indexes, LINE-1, Alu and Sat-o had indicative
effect on tumour prognosis, and are potentially independent
prognostic biomarkers [22,25].

The initiation mechanism of global DNA hypomethylation
remains poorly understood and several factors have been reported
to be implicated in such processes [28]. Environmental factors
[34,35], chemical toxicants [36-38], diet and nutrition [39] can
perturb the underlying mechanism of genome methylation and
can alter the level of global DNA methylation [40]. Enzymes
related to DNA methylation, such as DNMT1, DNMT3a,
DNMT3b [41], and TET1-3 [42,43] may be the targets of
exogenous or endogenous compounds and the disturbance of them
can result in DNA hypomethylation.

The mechanism by which global DNA hypomethylation confers
a poor tumour prognosis remains to be fully explored. Genome-
wide DNA hypomethylation has been showed to be associated
with genomic instability. The global loss of methylcytosine has
been proposed to compromise gene repression in genomic regions
that are usually silent in normal cells, and this effect may result in
the re-expression of proto-oncogenes or imprinted genes, as well as
the activation of viral and parasitic transposons, all of which would
contribute to genomic instability [29]. Besides, DNA hypomethy-
lation has been consistently demonstrated to increase the
immunogenicity and immune recognition of cancer cells through
the up-regulation of different molecules involved in antigen pro-
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ceding and presentation, including HLA class I antigens and co-
stimulatory molecules [44]. Another explanation is that global
hypomethylation may affect transcriptional dysregulation, then
proto-oncogenes endogenous retroviruses, and it is also possible
that transposable elements may be actived, and these might affect
the tumour’s aggressiveness [25].

In this analysis, heterogeneity persisted in the subgroup of the
index LINE-1 with an I? of 66.6%. The source of inter-study
heterogeneity present in the OS found in this analysis was assessed
through meta-regression and subgroup analysis. The results
indicate that the percentage of hypomethylated sample of cancer
patients may account for part of the inter-study heterogeneity
(p=0.067). Moreover, the subgroup analysis indicates that the
percentage of hypomethylated sample of cancer patients had an
obvious relationship with the patients’ prognosis in the group with
a hypomethylation level less than 50% (HR, 2.52; 95% CI, 1.72—
3.71) and not in the group with a hypomethylation level higher
than 50%. Therefore, random models were adopted. This
different may be attributed to several reasons, one of which is
the lack of detail information of medicine those patients used. As
methylation is reversible, if patients had used drugs that affect
DNA methylation, the epigenetic biomarker will be affected by
treatment. In addition, the biological samples used may affect the
methylation rate. Besides, demethylation may also be cancer-
specific, i.e., some genome sequences may exhibit differential
susceptibility to DNA hypomethylation. Moreover, the degree of
global hypomethylation may markedly depend on the cancer
histological subtype [29]. Totally, the pooled analysis of all of the
studies on different types of cancers used in this meta-analysis
demonstrates the predictive value of global DNA hypomethylation
for detrimental survival in cancer patients. However, even though
some factors had no significant influence, we cannot completely
exclude the possibility that some of these covariates may
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Figure 3. Funnel plot for the visual assessment of the presence
of publication bias associated with all of the studies included
in the meta-analysis. The funnel graph plots the log of the hazard
ratio (HR) against the standard error of the log of the HR (an indicator of
the sample size). The open circles indicate the individual studies. The
line in the centre represents the pooled HR. Egger’s test for publication
bias has no significance (p=0.322).
doi:10.1371/journal.pone.0106290.g003

potentially account for part of the heterogeneity, as the power of
meta-regression analysis was known to be low. In addition, due to
the limited number of studies on Alu and Sat-o¢ included, meta-
regression and subgroup analyses could not be conducted for these
indexes based on stability of the outcome. Moreover, the subgroup
analysis of the methods used to assess DNA methylation status
revealed that the pyrosequencing method was significantly better
HR, 0.54; 95% CI, 0.15-0.93) for the examination of the
methylation status of biosamples compared with other methods.
As for the cut-off value of hypomethylation, the median was used
in the vast majority of the included studies, and subgroup analysis
of “dichotomy” also showed meaningful predictive significance of
poor prognosis (HR: 2.15; 95%CI: 1.25-3.71). Thus, pyrose-
quencing with median as a cut-off criterion of hypomethylation
might be the optimal choice for clinicians who need to predict
patient prognoses based on their genome methylation statuses.
This finding is in agreement of previous reports those showed that
pyrosequencing is an ideal tool for the discrimination of the
methylation status of patients with different clinical characteristics
[45,46].

As all of the three indexes exhibited the corresponding
predictive value, and in various clinical cohort and case-control
studies, the LINE-1 has been adopted as a predictive biomarker
for the survival of tumour patients [45,47], we might concluded
that LINE-1 alone or accompanied by other two biomarkers
should be the surgeons’ appreciation. These indexes are common
in most cancer types [48], and some publications indicate that the
prediction of the effect will be better by combining detection of
two or three indicators [11,22,49], although these still need further
studies. Besides, some clinical trials about methylation are under
researches, such as epigenetic drugs (e.g., DHA, THD or other
clinical trials et al), combined with these predictive biomarkers,
will shed light on these malignant tumour patients and clinical
doctors [50,51].

The sensitivity analysis performed in this study revealed that our
pooled estimate of the effect was robust and did not change
appreciably in the various scenarios tested. Moreover, the meta-
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analysis included data from a wide range of countries, which
indicates that the findings are more representative. This may be
attributed to the fact that we followed these two guidelines
rigorously and used a strict search strategy and selection criteria.
Moreover, the most important step of the search strategy was that
we did not limit the language to English. This resulted in the
evaluation scores being relatively higher, i.c., the qualities of the
studies selected were greater. However, the inclusion of unpub-
lished studies and conference abstracts in our analysis, assuming
that the corresponding methodology assessment and meta-analysis
can be performed, would improve the results.

We acknowledge that our meta-analysis suffered from several
limitations despite our attempts to perform a comprehensive
analysis. One of the key limitations is the heterogeneity of the three
index groups. The LINE-1, Sat-o, and Alu repetitive elements
exhibited median heterogeneity (I? values of 66.6%, 57.1% and
68.2%, respectively). This may due to the fact that the meta-
analysis was a study analysis and not an individual analysis.
Besides, the sample size of indexes of Sat-o, and Alu are a little
small (5 and 2 respectively) to be particularly powerful to explore
the sources of their heterogeneities may existed even though the
quality of these papers is great. However, our comprehensive
analysis revealed that the hypomethylation rate is a source of
heterogeneity and we provided general explanations for this
discovery. Moreover, only one of the studies included in our meta-
analyses used method of Q-MSP, and its removal did not affect the
results, as determined through the sensitivity analysis was
unaffected by removal of it. Finally, although Egger’s test
suggested a p-value of =0.142, the funnel plot provides some
slight evidence of asymmetry between the included studies, which
indicates that some epidemiological research bias exists. Some of
the limited sample sizes may inevitably increase the bias risk or the
risk of random errors because only 20 studies (19 publications)
were included in the meta-analysis. However, because we
performed an extensive examination of the literature with strict
evaluation criteria, the scores of these studies were relatively
higher. The mean score was 16.5 (range of 14 to 20) according to
the REMARK guidelines. Therefore, all of the studies were of
good quality.

Based on the results of this meta-analysis, we support the
hypothesis that tumour patients with global hypomethylation in all
of the populations considered have dismal prognoses. From the
point of view of clinicians, the use of “median” as hypomethyla-
tion benchmark, and using pyrosequencing to detect the LINE-1
alone or combined with other two biomarkers methylation level of
biological samples from a patient may be a useful way to forecast
their patients’ outcome, and if low methylation is detected, a
strengthening treatment, such as the use of postoperative
radiotherapy and chemotherapy [52,53], or some type of
intervention treatment and immune-therapy [7,54] should be
considered. However, further validation is required to assess
whether this epigenetic biomarker should be used in routine
clinical application as a prognostic tool for patients with various
tumours. Future studies should have a stricter design, larger
sample sizes (to increase the statistical power of the results), a
uniform manner of analysing the survival outcomes and the level
of hypomethylation, and concordant bio-samples. In addition,
future studies require the use of a long and specified follow-up
period to confirm these results.
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