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Abstract

Background: Death-associated protein kinasel (DAPKT) is an important tumor suppressor gene. DNA methylation can
inactivate genes, which has often been observed in the carcinogenesis of cervical cancer. During the past several decades,
many studies have explored the association between DAPK1 promoter methylation and cervical cancer. However, many
studies were limited by the small samples size and the findings were inconsistent among them. Thus, we conducted a meta-
analysis to assess the association between DAPKT promoter methylation and cervical cancer.

Methods: We systematically searched eligible studies in the PubMed, Web of Science, EMBASE and CNKI databases. Using
meta-regression, subgroup analysis and sensitivity analysis, we explored the potential sources of heterogeneity. The odds
ratio (OR) and 95% confidence interval (95% Cl) were calculated by Meta-Analysis in R.

Results: A total of 15 studies from 2001 to 2012, comprising 818 tumor tissues samples and 671 normal tissues samples,
were analyzed in this meta-analysis. The frequencies of DAPK1 promoter methylation ranged from 30.0% to 78.6% (median,
59.3%) in cervical cancer tissue and 0.0% to 46.7% (median, 7.8%) in normal cervical tissue. The pooled OR was 19.66
(95%Cl =8.72-44.31) with the random effects model, and heterogeneity was found through the sensitivity analysis. The
P=60% (P=0.002) decreased to F=29.2% (P=0.144) when one heterogeneous study was excluded, and the pooled OR
increased to 21.80 (95%Cl =13.44-35.36) with the fixed effects model.

Conclusion: The results suggested a strong association between DAPK1 promoter methylation and cervical cancer. This
study also indicated that DAPKT promoter methylation may be a biomarker during cervical carcinogenesis that might serve
as an early indication of cervical cancer.
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cancer development in various types of cancer, including cervical
cancer [4,5]. DNA rmethylation is an early event in carcinogen-
esis, and is often related to a transcriptional block and the loss of a
relevant protein [6]. Because DAPKI is an important tumor
suppressor gene that has been studied extensively, we performed a
meta-analysis to assess the association between DAPKI promoter
methylation and cervical cancer.

Introduction

Cervical cancer is the third most common cancer, after breast
and colorectal cancer, among women worldwide, with 529,500
estimated new cases and 275,000 deaths in 2008 according to
Ferlay et al. [1]. The development of invasive cervical cancer is a
gradual process that occurs over a long period, from cervical
intraepithelial neoplastic (CIN) lesions to cervical cancer. Thus, it
is critically important to detect precancerous lesions to prevent the
development of cervical cancer. Although infection with the
human papillomavirus (HPV) is an accepted major risk factor for
cervical cancer [2], only a small proportion of HPV infected

Materials and Methods

Study search and selection criteria
We systematically reviewed the studies of DAPKI promoter

patients develop invasive cervical cancer [3]. Other risk factors
may also contribute to the genesis of this cancer type.
Hypermethylation of the promoter regions of tumor suppressor
genes can cause gene inactivation, which is important in the
pathogenesis of cancers, and usually occurs in the early stages of

PLOS ONE | www.plosone.org

methylation in cervical cancer, and attempted to find the eligible
studies within PubMed, EMBASE, Web of Science and CNKI,
using various combinations of Medical Subject Headings (MeSH)
and non-MeSH terms. The keywords were “cervical cancer”,
“DAPKI”, and “methylation”, while the search strategy was
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Figure 1. Flow chart of study selection for the meta-analysis.
doi:10.1371/journal.pone.0107272.g001

performed in PubMed with “uterine cervical neoplasms” (MeSH),
“DAPKI”and“methylation”. The study was conducted till No-
vember 1, 2013 without any language limitation.

The studies for inclusion in this meta-analysis had to meet the
following standards: (i) the studies assessed the association of
DAPK]I methylation and cervical cancer, (ii) the studies provided
detailed information about the frequency of DAPKI methylation
for both the cancer group and the normal control group, (iii)
methods for the detection of DAPKI methylation were limited to
the methylation-specific polymerase chain reaction (MSP) and
real-time quantitative polymerase chain reaction (QMSP).

Studies were excluded based on the following criteria: (i) the
studies did not have a normal group (control group), (i) the raw
data could not be isolated from the studies in which the cancer
group (case group) also contained individuals with various types of
precancerous lesions such as Atypical Squamous Cells of
Undetermined Significance (ASCUS), Low-grade Squamous
Intraepithelial Lesions (LSIL), and High-grade Squamous Intra-
epithelial Lesions(HSIL), (iii) a case-control study did not feature
the frequency of DAPKI methylation.

Data Extraction

Two authors independently conducted the extraction of data
from the selected studies. The extracted information contained the
following: first author’s name, publication year, the patients’
ethnicities, the methods used in the measurement of DAPKI
methylation, the tissue source of the control group, the mean age
of the case group, and the number of participants in the case and
control groups. All the information was verified by three reviewers.

To assess the quality of the studies, The Newcastle-Ottawa scale
(NOS) (http://www.ohri.ca/programs/clinical_epidemiology/
oxford.asp) was implemented for quality assessment of observational
studies. The NOS is a quality assessment tool which is often used for
nonrandomized studies, specifically case-control and cohort studies,
included in systematic reviews. It has also been widely used in
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Case group included CIN and

ASCUS N=5

systematic reviews of nonrandomized studies by The Cochrane
Collaboration.

There is a maximum of nine ‘stars’ for each item: four stars to
the selection of the study groups, two stars to the comparability of
the groups, and three stars to the ascertainment of the outcome of
mterest. The evaluation was performed independently by two
reviewers. Studies with quality scores greater than or equal to 6
were included.

Statistical analysis

The ORs and 95% Cls were calculated to assess the association
between DAPKI promoter methylation and cervical cancer risk.
The x*-based Cochran Q statistic test and I? statistics were used to
test the heterogeneity among the included studies [7]. Significant
heterogeneity was confirmed if P<0.05; I*>50% was also
considered to demonstrate significant heterogeneity [8]. Then, a
random effects model (the DerSimonian-Laird estimator) was used
to calculate the pooled ORs; otherwise, a fixed-effects model (the
Mantel-Haenszel method) was applied [9]. A meta-regression
(restricted maximum-likelihood estimator method) was employed
to explore the source of the heterogeneity. Furthermore, a
subgroup analysis was performed to evaluate the source of the
heterogeneity, and t> was used to determine how much
heterogeneity could be explained by subgroup differences. A
sensitivity analysis was used to find relatively poor-quality studies
by the omission of a single study at a time and to see whether a
particular omission could affect the overall OR value. The funnel
plots [10] and Egger’s test were used to evaluate publication bias.
The fail-safe number was also an indicator to assess publication
bias. An asymmetric plot suggested a possible publication bias and
the P value of Egger’s test less than 0.05 was considered to be
representative of a statistically significant publication bias [10].

All statistical analyses were calculated with the Meta package
(version 2.5-1) in R (version 3.0.1; http://www.r-project.org/).

September 2014 | Volume 9 | Issue 9 | 107272


http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.r-project.org/

DAPK1 Promoter Methylation and Cervical Cancer

1003'7£2L0L0duod [euInol/LLgL "0 LIOP
‘Jjown} ayj o} ucwum:u@ S9NSsI] [edIAI8d
Jewou :1y ‘asdejoid suusIN pue ‘ewoAWOoUPe ‘eWOAW SULIRIN Se Ydns saseasip [ed160]0daukb ubiuag pey oym siusned woiy sanssiy [edIAI9D [ewou :1Dg ‘9jdoad Ayljesy woly sanssil [edIAI9D [BWIOU ] N ‘[e10] JO Jaquinu :N
‘suoiejAyiaw Jo Jaquinu ayy | d|qediidde jou :yN ‘uondeal uleyd asesswAjod dydads-uoneAyiaw aAneIuRNb dWil-|eal (dSIND ‘uondeal uleyd asesswAjod diyads-uonejAyiaw idSi {wopbury pauun N ‘SpuepsyIsN N @10N

108 ¥T/0 €5/LT VN dSW uelsy ealoy 100z [LL] '|e 32 Buog
IN Lv/T 8Y/SE VN dSWO uejsesne) aN 00T [2] "|e 39 s1s19d-quiseay
109 L1/0 78/09 VN dSW ueisy ealoy S00¢ [SL] e 12 Buey
109 ve/L 8//S€ (6£-¥2)6'81 dSW uelsy ealoy 900¢ [7L] e 39 Buosr
109 CL/0 St/vC VN dSWO ueisedne) vsn £00T [02] "|e 19 sesindealys
AN aL/L €9/1€ 89v dSWO ueiseone) vsn £00T [21] e 19 Buay
1v £2/0 £01/09 (S8-€2)S°TS dSW uelsy eulyd 800¢C [£1] “[e 33 Buna
108 0z/0 [474%43 (L£-ST)Ty dSW uelsy eulyd 800¢ [€2] "Ie 33 oeyz
IN 0t/0 /Ll (¥8-00)EvE dSW uejseoned 3N 600C [€] "Ie 3@ Aopel4
IN SL/0 L9/1v (z9-8lL)LY dSWO uejseone) ERELID) 600C [€1] '|e 39 sojnodoy|
109 0z/s 09/81 (£5-8€)LY dSWO uejseone) aN 010z [zl "|e 19 Buey
109 Ly/LL 69/0S VN dSW uelsy ealoy 010z [9L] e 19 wiy
108 8/0 ¥L/0L VN dSW uesuyy eisiuny 110z [81] '|e 33 Inoessi
109 o€/l 0e/6l (€o-LOv'Ly dSW uelsy eulyd (4104 [61] ‘[e 33 1zeAIN
1IN 9€€/LSL vL/LL (S9-81)€6€ dSW uelsy eulyd Loz [Lg] ‘|18 uns
S]|043U0D JO 324N0S N/+WN N/+W (K) aby poyIs fApuyg Aiyuno> aea p loyany
|oa3uod Jowny

‘sisk[eue-e19W 3y} Ul PAPN|DUI SAIPNIS Y1 JO UOBWIOU| L d|qeL

September 2014 | Volume 9 | Issue 9 | 107272

PLOS ONE | www.plosone.org



DAPK1 Promoter Methylation and Cervical Cancer

200¥'7£T£0102uod [eulnof/LZEL°0LI0p
S|0J3UOD pue Sased J0) swes 3y} alel asuodsal

-UoU ‘g pue S|0J3UO0D PUE SISED 10 PASN JUSWUILLISISE JO POYIDW WS ‘g ‘P03 JO MIIAISIUI Papul|q AQ B1NSOdXa JO JUSWUIELIIDSE ‘/ !S|0JIU0d 3Y) dzAeue pue 133]9s 03 (dnoib ased ayl yum pasedwod Auausboidiay uedyiubis
aAey Jou pjnoys dnoib [011u0d 3y3 Jo abe aY)) J01de) JueLIOdWI ISOW PUOISS BY1 01 BuIPIOIIL ‘9 5|01V 31 SZAjeue pue 1D3[9S 0] (SISDUEBD JSY10 AU JO JSDURD [BDIAISD YUM Pasoubelp Jou a1am dnoib [011u0d ay) ul sjusned)

10108} JueHIOdWi 3S0W dY1 01 Bulpiodde ‘G ‘aseasip Apnis Jo A10ISIY OU YlIM S|OJIUOD ‘4 S|0J1U0d AJIUNWWOD ‘€ ‘uolieuasaldal poob e aAey sased Jo sjudlied SAIINIISUOD ‘¢

1soubelp ajelidoidde pue uoniuysp ased sajedipul ‘|

L BN SOA SOA ON SOA N ON SOA SOA [LL] '|e 32 Buog
YA SOA SIA SOA ON SOA SOA ON SOA SOA [Tl |e 19 si919d-quisaay
YA SOA SIA SOA ON SOA SOA ON SOA SOA [S1] ‘Je 19 Buey
YA SOA SIA SOA ON SOA SOA ON SOA SOA [¥L] “|e 3@ Buosr
VA SOA SIA SOA ON SOA SIA ON SIA SOA [0Z] "[e 39 Jexundealys
8 SOA SOA SOA ON SOA SOA SOA SOA SOA [Z1] ‘|e 19 Bua4
9 SOA SOA SOA ON SOA ON ON SOA SOA [£1] '|e 1 Buna
L SOA SOA SOA ON SOA SOA ON SOA SOA [€2] "Ie 33 oeyz
YA SIA SIA SIA ON SIA SOA ON SOA SIA [€] '|e 13 Aspe|q
YA SIA SIA SIA ON SIA SOA ON SOA SIA [€1] 'e 13 sojnodol||
8 SOA SIA SOA SIA SOA SOA ON SOA SOA [91] e 19 wy
VA SOA SIA SOA ON SOA SOA ON SOA SOA [zz] ‘e 32 buei
VA SIA SIA SIA ON SIA SOA ON SOA SIA [8L] "|e 13 Inoessiy
L SOA SOA SOA ON SOA SOA ON SOA SOA [61] ‘[e 19 1zeAIN
6 SOA SOA SOA SOA SOA SOA SOA SOA SOA [1Z] “|e 18 ung
|ejoL 6 8 L 9 S 14 € [4 L Joyiny

9|eds eme}O-3j3IsedmMaN

‘sisAjeue-e1aw ay3 Ul SAIPNIS PAPN|DUL JO UBWISSASSe Aujen) *Z a|qeLl

September 2014 | Volume 9 | Issue 9 | 107272

PLOS ONE | www.plosone.org



DAPK1 Promoter Methylation and Cervical Cancer

Case Control Odds Ratio
Study Events Total Events Total B OR 95%-Cl W(fixed) W(random)
Sun et al,2012 11 14 157 336 —'—| 418 [1.15; 15.25] 16.2% 9.7%
Niyazi et al,2012 19 30 1 30 ————  50.09 [5.97; 420.36] 2.2% 6.8%
Missaoui et al,2011 10 14 0 8 ———— 39.67 [1.86; 844.72] 1.1% 4.6%
kim et al, 2010 50 69 11 41 —o—r 718 [3.01; 17.12] 22.9% 11.2%
Yang et al,2010 18 60 5 20 - 129 [041; 4.07] 31.6% 10.2%
lliopoulos et al, 2009 41 61 0 15 —r—'— 62.76 [3.57;1101.79] 1.6% 4.9%
Flatley et al, 2009 17 42 0 40 —+——— 5559 [3.20; 965.29] 1.8% 5.0%
Zhao et al,2008 34 52 0 20 ———— 76.46 [4.37;1337.36] 1.5% 5.0%
Leung et al, 2008 60 107 0 27 *'— 70.05 [4.16; 1178.30] 2.1% 5.0%
Feng et al,2007 31 63 1 16 —— 14.53 [1.81; 116.74] 4.9% 7.0%
Shivapurkar et al ,2007 24 45 0 12 —-—0— 28.49 [1.59; 510.26] 2.2% 4.9%
Jeong et al, 2006 35 78 1 24 — 18.72 [2.41; 145.60] 5.1% 71%
Kang et al, 2005 60 82 0o 17 ———— 94.11 [5.43; 1631.02] 1.3% 5.0%
Reesink-Peters et al, 2004 35 48 2 M ~—'— 52.50 [11.06; 249.11] 3.5% 8.7%
Dong et al, 2001 27 53 0 24 50.85 [2.94; 879.35] 2.0% 5.0%
Fixed effect model 818 671 Q 15.32 [9.97; 23.55] 100% =
Random effects model <> 19.66 [8.72; 44.31] DD 100%
Heterogeneity: I-squared=60%, tau-squared=1.339, p=0.0015 :
I T T 1
0 01 1 10 1000

Figure 2. Pooled OR value for 15 selected studies.
doi:10.1371/journal.pone.0107272.9g002

Results

Search Results and Study Characteristics

A total of 15 studies that incorporated 1489 patients were
included in this meta-analysis (Fig 1). In all, 110 studies were
initially found after a search of the above databases, but 34 studies
were excluded because of duplication. By screening the titles and
abstracts of the remaining76 studies, a further 45 studies were
excluded (8 meeting papers, 1 review, 1 patent paper, 1 cell lines, 3
studies with therapy, and 31 irrelevant articles). Eleven studies
without a control group and 5 studies that included precancerous
tissues such as ASCUS, LSIL, and HSIL in the case group, which
meant that the raw data of the cancer patients could not be
isolated, were excluded during the process of full-text review.
Finally, 15 studies were included in this meta-analysis [3,11-24].
The number of cases ranged from 22 to 350 among the studies
with participants from, Asia (8 studies), North Africa (1 study),
Europe and North America (7 studies). For the 15 studies, 5 studies
used real-time quantitative polymerase chain reaction (QMSP)
and the other 10 studies used methylation-specific polymerase

chain reaction (MSP) to detect DAPKI methylation in the case
group and in the control group (Table 1).

Quality assessment

The result of NOS demonstrated that the lowest score was 6
and highest score was 9 with a median score of 7.2. Most studies
used healthy volunteers from the hospital as controls except those
of Feng et al. [12] and Sun et al. [21]. The study by Leung et al.
[17] was the only one where the control tissues were derived from
adjacent normal tissues (Table 2).

Meta-regression and subgroup analyses

The x°-based Cochran Q statistic test and I? statistics found
significant heterogeneity among the 15 studies (I©=60.0%,
P =0.002). A strong association was observed between DAPKI
promoter methylation and cervical cancer with a pooled OR of
=19.66 (95%CI =8.72-44.31) based on the random effects model
(Fig. 2). For this result, we tried to find the possible source of the
heterogeneity. Based on previous studies and our present
knowledge, we first used a multiple regression model with five
variables based on publication year, ethnicity, method, source of

Table 3. Meta-regression analysis on 15 selected studies (Table 1).

95%ClI

Sources of heterogeneity Coefficient P
Lower Upper

Publication year 1.2831 —0.3213 2.8875 0.1170

Ethnicity 1.2830 —2.5690 5.1351 0.5139

Method -1.9797 —5.9054 1.9461 0.3230

Source of controls 0.3772 —1.3829 2.1373 0.6745

Case sample size —0.7374 —2.1433 0.7964 0.3460

doi:10.1371/journal.pone.0107272.t003
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<0.001 3.18

75.9

18.22(3.35-99.03)

12.27(6.25-24.10)

144

319

166

Caucasians
Method
MSP

0.67
3.41

0.089

403

21.07(8.98-49.43)

19.10(11.11-32.84)
10.46(5.21-21.01)

541 170 567
104

277

323
149

<0.001

78.8

15.30(2.34-99.66)

QMSsP

Sample size

0.51
1.71

0.195
0.003

29.3

27.25(10.67-69.58)
13.55(3.93-46.73)

25.80(12.56-53.02)
10.70(6.22-18.42)

298 160 513
18

520

177
295

69.3

158

Notes: Non-Caucasians included Asians and Africans; A: The case sample size was less than 60; B: The case sample size was larger or equal to 60; M-H: the fixed effects mode; D+L: the random effects model.

doi:10.1371/journal.pone.0107272.t004
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controls, and case sample size. Case groups whose sample size was
less than 60, were classified as group A, while the other groups
were classified as group B. Through the regression model, we did
not find a significant heterogeneity for the five variables listed
above (Table 3). We then conducted a subgroup analysis to further
assess the source of the heterogeneity.

We performed a subgroup analysis according to ethnicity,
method, and the case sample size. The OR was 18.22 in
Caucasians (95%CI=3.35-99.03; random effects model) and
17.88 (95%CI =10.29-31.07; fixed effects model) in Non-Cauca-
sians, the I? value were obtained separately and were determined
to be 75.9% and 42.6% compared with the whole study group
(I =60%). With this method, the ORs of the studies that used
MSP was 19.10 (95%CI=11.11-32.84; fixed effects model) and
15.30 (95%CI=2.34-99.66; random effects model). Similarly, the
OR in group A was 25.80 (95%CI=12.56-53.02; fixed effects
model) while the OR in group B was 13.55 (95%CI = 3.93-46.73;
random effects model) (Table 4).

Sensitivity analysis and subgroup analyses

The result of the sensitivity analysis showed that the OR value
ranged from 13.97 (95%CI=8.94-21.83) to 21.80 (95%
CI=13.44-35.36) with a pooled OR of =15.32 (95%CI=9.97-
23.66) with the fixed effects model (Fig. 3). After the omission of
the heterogeneous study (Yang et al., 2010), the pooled OR
changed dramatically compared to when other studies were
removed. Additionally, the initial heterogeneity (I°=60.0%,
P =0.002) decreased to FF=29.2% (P=0.144) with a pooled
OR of =21.80 (95%CI = 13.44-35.36; fixed effects model) when
the heterogeneous study was removed (Yang et al., 2010) (Fig. 4).
When, we made a further analysis based on ethnicity, method, and
the case sample size, the results showed that the heterogeneity in
Caucasians, QMSP method and larger sample size disappeared
when the data from the heterogeneous study was removed (Yang

et al., 2010) (Table 5).

Publication bias

Funnel plots and Egger’s test were performed to assess the
publication bias of the literature. The shape of the funnel plot in
Figure 5 shows a possible asymmetry, but Egger’s test resulted in
P =0.551, which indicates that publication bias was very low; no
significant bias was found among the included studies. The fail-
safe number (Z=61.12, Nfsq 5 =1374.98, Nfsg =674.13) also
indicated that the degree of publication bias was very small.

Discussion

Death-associated protein kinasel (DAPKI) could mediate cell
death via IFN-gamma and could lead to tumor pathogenesis and
metastasis when inactivated [25]. Recently, many studies have
shown that DNA methylation alterations are involved in cancer
initiation and progression, and could be used to predict the
diagnosis and prognosis of human diseases and malignancies
[26,27]. The loss of DAPK]I expression, mainly by hypermethyla-
tion of its promoter region, enhances the metastatic potential of
cancer cells and has been proven to occur in a variety of cancers,
including cancer of the uterine cervix [14,24]. Although HPV
infection is one of the most important risk factors, the majority of
patients with HPV infection do not develop cervical cancer. HPV
infection alone is insufficient for malignant transformation of
cervical cells, which suggest potential roles of other genetic and
epigenetic events in cervical carcinogenesis [11].

the result of the pooled OR was 19.66 (95%CI=8.72-44.31)
with the random effects model (Fig 1), which showed that DAPK]I
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Study

Omitting Sun et al,2012
Omitting Niyazi et al,2012
Omitting Missaoui et al,2011
Omitting kim et al,2010
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Omitting Zhao et al,2008
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Omitting Feng et al,2007
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Omitting Dong et al,2001

Fixed effect model

DAPK1 Promoter Methylation and Cervical Cancer

Odds Ratio OR 95%—Cl
S 17.47 [11.01; 27.74]
S 14.54 [9.37;22.55]
+£—  15.04 [9.75;23.22]
—— 17.74 [10.77; 29.22]
T:—'— 21.80 [13.44; 35.36]
—— 1456 [9.42;22.51]
—— 14.57 [9.43; 22.52]
—— 14.39 [9.30; 22.25]
—— 14.15 [9.15; 21.86]
—— 15.36 [9.90; 23.83]
—— 15.03 [9.73; 23.21]
—— 15.14 [9.76; 23.49]
—— 14.25 [9.21;22.06]
—— 13.97 [8.94;21.83]
== 14.59 [9.44;22.54]
<.> 15.32 [9.97; 23.55]
I T T T 1
0.03 0.1 051 2 10 35.36

Figure 3. Sensitivity analysis of 15 studies with the fixed effects model.

doi:10.1371/journal.pone.0107272.g003

promoter methylation is associated with cervical cancer and
therefore, that it might play an important role in the pathogenesis
of cervical cancer. This result was consistent with the findings of
previous studies [11,20]. However, significant heterogeneity was
observed in those 15 studies, and the reason for heterogeneity
could not be explained at the beginning. To explore the possible
source of the heterogeneity, we implemented a meta-regression
and subgroup analysis. The results showed some heterogeneity in
Caucasians, the QMSP method and in a larger sample size
through the subgroup analysis (Table 4); then, we conducted a
sensitivity analysis to find the source of the heterogeneity. The
study by Yang et al. (2010) seems to be the heterogeneous study

that affected the meta-analysis, as I°=60% (P =0.002) was
reduced to I7=29.2% (P=0.144) when this study was omitted
(Fig 4). In addition, further statistical analysis confirmed the
heterogeneity of the study of Yang et al. (2010), and no significant
heterogeneity of the remaining 14 studies (Table 5).

When the heterogeneous study was omitted, the pooled OR
value was increased from 15.32 to 21.80 (the fixed effects model),
which suggested a stronger association between DAPKI promoter
methylation and cervical cancer. The heterogeneity presented in
QMSP was decreased from I°=78.8% to I°=0.0%, which
indicated that the method of QMSP is better than that of MSP.
This conclusion was consistent with the study by Eads et al. [28].

Case Control Odds Ratio
Study Events Total Events Total [ OR 95%-Cl W(fixed) W(random)
Sun et al,2012 11 14 157 336 —'—E 418 [1.15; 15.25] 23.7% 13.3%
Niyazi et al,2012 19 30 1 30 —r+——  50.09 [5.97; 420.36] 3.2% 71%
Missaoui et al, 2011 10 14 0 8 —§—~— 39.67 [1.86; 844.72] 1.6% 4.0%
kim et al, 2010 50 69 11 41 8 B 7.18 [3.01; 17.12] 33.4% 18.5%
lliopoulos et al,2009 41 61 0 15 —f—o— 62.76 [3.57;1101.79] 2.3% 4.5%
Flatley et al,2009 17 42 0 40 ———— 55,59 [3.20; 965.29] 2.7% 4.5%
Zhao et al,2008 34 52 0 20 —1——— 76.46 [4.37; 1337.36] 2.2% 4.5%
Leung et al,2008 60 107 0 27 —f—'— 70.05 [4.16; 1178.30] 3.1% 4.6%
Feng et al,2007 31 63 1 16 —s— 14.53 [1.81; 116.74] 71% 7.3%
Shivapurkar et al ,2007 24 45 0o 12 —:r'— 28.49 [1.59; 510.26] 3.2% 4.4%
Jeong et al, 2006 35 78 1 24 —— 18.72 [2.41; 145.60] 7.4% 7.5%
Kang et al,2005 60 82 o 17 —r——— 94.11 [5.43; 1631.02] 2.0% 4.5%
Reesink—Peters et al, 2004 35 48 2 41 —f—'— 52.50 [11.06; 249.11] 51% 10.8%
Dong et al,2001 27 53 0 24 E 50.85 [2.94; 879.35] 2.9% 4.5%
Fixed effect model 758 651 <(> 21.80 [13.44; 35.36] 100% ==
Random effects model <> 22.35 [11.54; 43.29] = 100%
Heterogeneity: I-squared=29.2%, tau-squared=0.4172, p=0.1442 ;
I T T 1
0 01 1 10 1000

Figure 4. Pooled OR value of 14 studies omitting one heterogeneous study (Yang et al., 2010).

doi:10.1371/journal.pone.0107272.9g004

PLOS ONE | www.plosone.org

September 2014 | Volume 9 | Issue 9 | 107272



DAPK1 Promoter Methylation and Cervical Cancer

The heterogeneity in Caucasians also decreased from I2 =75.9%
to I = 0.0%, which might have been caused by two major reasons.
First, the detection of DAPKI promoter methylation in Cauca-
sians by the QMSP method excluded the study by Flatley et al..
The other reason may be that the heterogeneity in Caucasians is
relatively small. Publication bias was evaluated through Funnel
plots and Egger’s test, and the Egger’s test showed P =0.551,
which indicated that there was no significant publication bias. The
fail-safe number further confirmed that the trend for publication
bias was very small.

This meta-analysis had some limitations. The first limitation was
that some studies did not provide detailed information regarding
the age of individuals in the case groups and control groups. The
second limitation in this meta-analysis was that some studies did
not reveal the stage of the cervical cancers or the subtype, which
might also be sources of the heterogeneity. Considering the small

Table 5. Subgroup meta-analysis of the association between DAPKT promoter methylation and cervical cancer omitting one
heterogeneous study (Yang et al.).
Group Tumor Control M-H pooled OR D+L pooled OR Heterogeneity

M+ N M+ N OR(95%CI) OR(96%Cl) F(%) P 2
Total 454 758 173 651 21.80(13.44-35.36) 22.35(11.54-43.29) 29.2 0.144 0.42
Ethnicity
Non-Caucasians 306 499 170 527 17.88(10.29-31.07) 19.82(8.12-48.35) 426 0.083 0.70
Caucasians 148 259 3 124 37.07(13.37-102.76) 37.44(13.82-101.40) 0.0 0.877 0.00
Method
MSP 323 541 170 567 19.10(11.11-32.84) 21.07(8.98-49.43) 40.3 0.089 0.67
QMSP 131 217 3 104 34.29(11.53-101.97) 35.44(12.24-102.63) 0.0 0.771 0.00
Sample size
A 177 298 160 513 25.80(12.56-53.02) 27.25(10.67-69.58) 293 0.195 0.51
B 277 460 13 138 18.57(9.63-35.81) 18.96(6.98-51.53) 327 0.191 0.49
Notes: Non-Caucasians included Asians and Africans; A: The case sample size was less than 60; B: The case sample size was larger or equal to 60; M-H: the fixed effects
mode; D+L: the random effects model.
doi:10.1371/journal.pone.0107272.t005

number of articles that described the stage and type of cervical
cancer, the power was too small to make a subgroup for them.
Other confounding variables such as method, ethnicity, sample
size, and the source of control may also exist. Publication bias was
the third limitation. Some unpublished and negative studies may
contribute to some bias though no significant publication bias was
detected according to Egger’s test.

In conclusion, a strong association was observed between
DAPK]I promoter methylation and cervical cancer, and therefore,
DAPKI promoter methylation may be valuable as a biomarker.
Considering that the quality and quantity of the reviewed articles
were limited, larger and well-designed studies should be employed
in the future for further confirmation of the association between
DAPKI promoter methylation and cervical cancer.
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Figure 5. Egger’s funnel plot for assessment of publication bias for the remaining 14 studies in the meta-analysis (each study is

represented by a point).
doi:10.1371/journal.pone.0107272.g005
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