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Background: The promoter region of the adenomatous polyposis coli (APC) gene
is hypermethylated in several types of cancers, including non-small cell lung can-
cer (NSCLC). The prevalence of methylation in the promoter region of this gene
in tumor tissues and autologous controls has not been consistent in previous stud-
ies. We evaluated the frequency of APC gene promoter 1A methylation between
tumor tissues and autologous controls in NSCLC patients by meta-analysis.
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between tumor tissues and autologous samples in NSCLC patients were identified
using a systematic search. Odds ratios (OR) and 95% confidence intervals (CI) of
APC gene promoter 1A methylation in lung cancer tissues versus autologous
controls were calculated. Fourteen studies, involving a total of 1345 patients and
2182 samples, were finally included.

Results: The pooled proportion of APC promoter 1A methylation was 0.62
(95% CI 0.52-072) and 0.34 (95% CI 0.21-0.50) in cancer tissues and autologous
controls, respectively. The APC gene promoter 1A methylation rate in cancer tis-
sues was much higher than in autologous controls, with a pooled OR of 3.66
(95% CI 2.12-6.33). A strong and significant correlation of APC gene promoter
1A methylation between tumor tissues and autologous controls was detected
(correlation coefficient ryearson = 0.77; P = 0.0013).

Conclusion: The proportion of APC promoter 1A methylation in lung cancer tis-
sues was higher than in autologous controls, indicating that promoter 1A methyl-
ation of the APC gene may play an important role in NSCLC carcinogenesis.

Baoli Hu and Hangfeng Zhang contributed
equally to this work.

Received: 7 March 2017;
Accepted: 30 March 2017.

doi: 10.1111/1759-7714.12450

Thoracic Cancer 8 (2017) 410-416

Introduction commonly detected change in cancer, is deemed an impor-
tant epigenetic mechanism for the silencing of tumor sup-

Lung cancer, which accounted for 1.4 million deaths . o
pressor genes.” The association between tumor suppressor

worldwide in 2008, is the leading cause of cancer related

mortality in men and the second for women. An esti- gene promoter hypermethylation and NSCLC risk has pre-

mated 158 080 deaths, 72 160 in women and 85 920 in
men, occurred in the United States in 2016.> Lung cancer
is divided into non-small cell lung cancer (NSCLC) and
small-cell lung cancer (SCLC), according to biological
behavior. Tobacco smoking is a confirmed risk factor for
developing NSCLC, accounting for 85% of lung cancer-
related death worldwide. However, other carcinogenesis
may also play an important role in the development of
NSCLGC, such as epigenetic processes.” DNA methylation, a
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viously been studied.>**Adenomatous polyposis coli (APC),
a well-characterized tumor suppressor gene, is located on
the long arm of chromosome 5 between positions 21 and
22. The promoter region of this gene is hypermethylated in
various kinds of cancers, including NSCLC. However, the
prevalence of methylation in the promoter region of this
gene in tumor tissues and autologous controls has not been
consistent in previous small sample studies.”® Therefore,
we conducted a meta-analysis of the prevalence of
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methylation in the promoter region of APC in tumor tis-
sues and autologous controls using open published studies.

Methods

Search strategy

Medline, Embase, and CNKI databases were searched for
open published studies of APC gene promoter 1A methyla-
tion in NSCLC published before December 2016. The fol-
lowing search terms were used as free text: “Non-small cell
lung cancer/non-small cell lung carcinoma,” “NSCLC,”
“Adenomatous polyposis coli,” “APC,” “methylation,” and
“hypermethylation.” The search was limited to studies of
humans and restricted to English and Chinese language.
All potential relevant studies were assessed in detail and all
citations in the included articles were further evaluated in
order to identify additional suitable publications. The selec-
tion procedure for suitable articles was conducted using a
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement flow chart (Fig 1).

Selection criteria

The inclusion criteria were: (i) NSCLC without restriction
of stage and pathology type, (ii) APC gene promoter 1A
methylation frequency was clearly reported or could be cal-
culated, (iii) only methylation-specific polymerase chain
reaction (MSP) and quantitative methylation-specific

Figure 1 Flowchart of the literature search
strategy. CNTLT, corresponding non-tumor
lung tissues.

APC gene methylation and lung cancer

polymerase chain reaction (qMSP) methods were used,
(iv) methylation detection in lung cancer tissues and autol-
ogous controls included corresponding non-tumor lung
tissues (CNTLT) or blood/serum/plasma or sputum/
bronchoalveolar lavage fluid (BALF), and (v) studies in
English and Chinese language only. The exclusion criteria
were: (i) APC gene promoter 1A methylation detected in
animals or cell lines, (ii) inadequate data to pool the preva-
lence of APC gene promoter 1A methylation, and (iii) case
reports and review papers.

Data extraction

Two independent reviewers extracted the data. Any disa-
greement was solved in consultation with the third investi-
gator. Data including publication year, patient eligibility,
age, gender, pathology, methylation detection method, and
autologous control types of the relevant studies were
extracted by two reviewers and then verified by the third
reviewer, as described in the Cochrane Handbook for sys-
tematic reviews. The number of patients, samples detected
for APC gene promoter 1A methylation, and methylation
frequency in both tumor tissues and autologous controls
were extracted with caution.

Statistical analysis

Meta-Analyst 3.13 (http://www.biomedcentral.com) and
Stata/SE 11.0 (StataCorp LP, http://www.stata.com) were

Initial studies identified by
searching data bases.
(n=363)
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abstracts (n =331)
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used for statistical analysis. The methylation status in
tumor tissues and controls was calculated as a methylation
proportion. The methylation proportion was then used to
pool the overall proportion by DerSimonian-Laird random
effects method and was demonstrated as odds ratios
(OR) and 95% confidence intervals (CI). Statistical hetero-
geneity among the studies was evaluated by I°.° If signifi-
cant heterogeneity was found (I* > 50%), the data was
pooled wusing the DerSimonian-Laird random effect
method. Inversely, a fixed-effect method was applied. Pub-
lication bias was detected by Egger’s test.!' The association
of APC gene promoter 1A methylation between tumor tis-
sues and autologous controls was evaluated by Spearman’s
rank correlation test.

Results

Study characteristics

Fourteen studies involving a total of 1345 patients and
2182 samples were finally included in this meta-analy-
sis.>>1272% The detailed selection procedure is demonstrated
in Figure 1 and the patient’s characteristics are summar-
ized in Table 1.

Pooled results from the meta-analysis

The methylation proportion of APC gene promoter 1A
ranged from 10% to 96% in cancer tissues and 0% to 88%
in autologous controls, respectively. The pooled proportion
of APC promoter 1A methylation was 0.62 (95% CI
0.52-072) (Fig 2a) and 0.34 (95% CI 0.21-0.50) (Fig 2b) in
cancer tissues and autologous controls, respectively. The

Table 1 General characteristics of included studies
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APC gene promoter 1A methylation rate in cancer tissues
was much higher than in autologous controls, with a
pooled OR of 3.66 (95% CI 2.12-6.33; P = 0.000) in a ran-
dom effect model (Fig 3).

Meta-regression and subgroup analysis

Significant heterogeneity was found across the included
studies (> = 78.1%; P = 0.000). We performed meta-
regression analysis to further assess the potential source of
heterogeneity using the Knapp-Hartung modification,
which restricted the maximum likelihood method to esti-
mate variance between studies.”’ Heterogeneity may arise
from control types (CNTLT, sputum, serum), gender, age,
ethnicity, histology type, smoking status, clinical stage,
sample size, and methylation detection methods. We
included each of the clinical characteristics as covariates to
evaluate their contribution to heterogeneity; however, none
of these was a source of significant heterogeneity among
the studies (Table 2). Only a small portion of heterogeneity
can be explained by these factors. However, we still per-
formed subgroup analysis according to the different fac-
tors. In subgroup analysis, the pooled odds of methylation
for qMSP (P = 0.076), serum (P = 0.286), and sputum
(P =0.385) subgroups were not statistically different
(Table 3).

Sensitivity analysis

When omitting a single article in the random effect model,
the OR ranged from 3.13 (95% CI 1.87-5.22) to 3.99 (95%
CI 2.23-7.16) with only a slight change (Fig 4). Sensitivity
analysis indicated that the pooled OR was not sensitive to

Sample size Histology

Author Publication year Race Age (year) Gender M/F T C Method Sq Ad Ots Control type
Virmani et al.® 2001 White n/a n/a 48 18 MSP n/a n/a n/a CNTLT
Brabender et al.® 2001 White 63.3 (34-82) 69/22 91 91 QMSP 43 33 5 CNTLT
Usadel et al.” 2001 White 64.2 +£ 9.6 49/50 99 89 QMSP 35 47 17 Serum
Yanagawa et al.® 2003 Asia-pacific 67.3 (35-86) 54/21 75 75 MSP 29 43 3 CNTLT
Toyooka et al."? 2003 Mixed 26-87 355/159 514 84 MSP 194 299 21 CNTLT
Pan et al.® 2004 Asia-pacific 53.0 (36-68) n/a 17 17 MSP n/a n/a n/a CNTLT
Yang et al.™* 2005 Asia-pacific 56 + 11 n/a 49 49 MSP n/a n/a nfa CNTLT
Vallbohmer et al.® 2006 White 63 (34-83) 69/22 91 91 MSP 43 33 15 CNTLT
Kim et al."® 2007 Asia-pacific 63 + 8.4 80/19 99 99 MSP 61 38 0 CNTLT
Mi et al."” 2008 Asia-pacific 63.9 5/5 10 10 MSP n/a n/a n/fa CNTLT
Feng et al.'® 2008 White 64.3 26/23 49 49 MSP 14 20 15 CNTLT
Pan et al."® 2009 Asia-pacific 53 (35-71) 51/27 78 40 MSP n/a n/a n/a Serum
Zhang et al.?® 2011 Asia-pacific 59 (35-80) 58/20 78 78 MSP 36 30 12 CNTLT
Kang Chunyan and Tang Shoupeng'® 2011 Asia-pacific 52.9 (31-78) 40/7 47 47 MSP 29 12 6 Sputum

Ad, adenocarcinoma; C, control; CNTLT, corresponding non-tumor lung tissues; F, female; M, male; n/a,not available; gMSP, quantitative methyla-

tion specific PCR; Sqg, squamous cell carcinoma; T, tumor tissue.
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a Pooled prevalence

Study Name N Confidence Interval
Brabender (2001) 91 —&  0945(0.875,0977)
Virmani (2001) 48 — 0.458 (0.324, 0.509)
Usadel (2002) 99 ' —&  0.960(0.897, 0.985)
Yanagawa (2003) 75 —— 0.480 (0.370, 0.562)
Toyooka (2003) 514 B 0.549 (0.505, 0.591)
Pan (2004) 17 — 0.471(0.255, 0.697)
Yang (2005) 49 — 0.612 (0.471, 0.737)
Vallbohmer (2006) 91 : —&  0.945(0.875,0977)
Kim (2007) 99 —— | 0.485(0.388, 0.583)
Mi (2008) 0 —-. | 0.100 (0.014, 0.467)
Feng (2008) 49 — 0.531(0.392, 0.665)
Pan (2009) 78 —p 0,513 (0.403, 0.621)
Zhang (2010) 78 —a 0.564 (0.453, 0.669)
Kang (2011) 47 — | 0.383 (0.256, 0.528)
Overall * 0.624 (0.522, 0.715)
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b Pooled prevalence

Study Name N Confidence Interval

Brabender (2001) 91 B 0.879 (0.795, 0.932)
Virmani (2001) 18 B—— 0.000 (0.000, 0.310)
Usadel (2002) 89 —B— 0.528 (0.425, 0.629)
Yanagawa (2003) 75 —E— 0.373 (0.272, 0.487)
Toyooka (2003) 84 B 0.143 (0.083, 0.235)
Pan (2004) 17 —a— 0.176 (0.058, 0.427)
Yang (2005) 49 B ! 0.061 (0.020,0.173)
Vallbohmer (2006) 91 —& 0.879 (0.795, 0.932)
Kim (2007) 99 8 0.333(0.248, 0.432)
Mi (2008) 10 ——F — 0.000 (0.000, 0.448)
Feng (2008) 49 T 0.429 (0.299, 0.569)
Pan (2009) 40 — 0.475(0.327, 0.627)
Zhang (2010) B B 0.128 (0.070, 0.222)
Kang (2011) a7 - 0.298 (0.185, 0.442)
Overal + 0.336 (0.205, 0.499)

0.0 0.2 0.4 06 08 1.0

Figure 2 Forest plot of proportion of adenomatous polyposis coli (APC) gene promoter 1A methylation in (a) cancer tissues versus (b) autologous

controls.

a single study, demonstrating that the results were rela-
tively stable.

Correlation of APC gene promoter 1A
methylation between tumor tissues and
autologous controls

The methylation proportion of APC gene promoter 1A
ranged from 10% to 96% in cancer tissues and 0% to 88%

in autologous controls, respectively. A strong and

Figure 3 Forest plot of pooled odds ratio (OR) Study
for APC gene promoter 1A methylation in can- 1D
cer tissues versus autologous controls. Cl, con-

fidence interval. Virmani (2001)

Brabender (2001)
Usadel (2002)
YYanagawa (2003)
Toyooka (2003)
Pan (2004)

Yang (2005)
Vallbohmer (2006)
Kim (2007)

Mi (2008)

Feng (2008)

Pan (2009)
Zhang (2010)
Kang (2011)

Overall (l-squared = 78.1%, P= 0.000)

NOTE: Weights are from random effects analysis

significant correlation of APC gene promoter 1A methyla-
tion between tumor tissues and autologous controls was
detected with a correlation coefficient of rpearson = 0.77
(P = 0.0013) (Fig 5).

Publication bias

Begger’s funnel plot and Egger’s line regression tests were
applied to assess publication bias.'" The funnel plot
demonstrated a little asymmetry (Fig 6). However, the

Events, Events, %

OR (95% Cl) Tumor  Control Weight
— 88— 3142(1.79,551.12) 2248 01g 270
237(0.79,7.11) 86/91 80/91 7.29
21.22(7.18,62.72) 95/99 47/89 735
1.55(0.81,2.97) 3675 28/75 9.01
7.29(3.86,13.77)
4.15(0.86,19.92) 817 n7 5.59

282/514 12/84  9.06

2421(6.59,88.98) 30/49 3149 6.52
237(0.79,7.11) 86/91 80/91 7.29
1.88(1.06, 3.34) 48199 3399 927

3.32(0.12,9160) 110 0/10 215
1.51(0.68, 3.34) 26/49 21149 847
1.16 (0.54, 2.50) 40178 19/40  8.60
8.80(395,19.60) 44/78 10/78  8.46

1.46 (0.62, 3.45) 18/47 14/47 824

3.66(2.12,6.33) 822/1345 350/837 100.00

T
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T
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Methylation in control Methylaiton in tumor
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Table 2 Meta-regression analysis

B. Hu et al.

Heterogeneity sources Coefficient (95%Cl) t P 7 1’res (%) R? (%) adjusted
Control type -0.24 (-1.79 to 1.30) -0.35 0.73 0.93 78.85 -11.28
Proportion of men -2.30 (-8.64 t0 4.03) -0.81 0.44 0.93 81.35 -5.55
Mean age 0.01 (-0.17 t0 0.19) 0.17 0.87 1.17 81.88 -16.92
Ethnicity -5.53 (-2.81to 1.76) -0.54 0.60 1.30 82.38 -30.20
Proportion of ad 3.20 (-4.02 t0 10.43) 1.00 0.34 0.87 79.85 -0.59
Proportion of smokers -2.50 (-8.28 t0 3.28) -1.00 0.34 0.85 79.59 3.18
Proportion of early stage -10.71 (-32.60to 11.16) -1.20 0.28 0.97 81.87 7.40
Sample size 0.001 (-0.003 to 0.006) 0.64 0.54 0.87 75.62 -4.39
Detection methods 0.77 (-1.01 to 2.56) 0.94 0.36 0.83 77.17 1.52

Ad, adenocarcinoma; Cl, confidence interval.

Egger’s line regression test, which can provide exact statis-
tical analysis of the extent of asymmetry in a funnel plot,
did not show any evidence of statistical publication bias
(t = 0.49; P = 0.64).

Discussion

DNA methylation is one of the epigenetic modifications
that affects cytosines in dinucleotide: cytosine-phosphate—
guanine (CpG). The covalent addition of a methyl group
on the C5 of the Cp transforms it into a methylated cyto-
sine (Cm).*** Tumor suppressor gene transcriptional silen-
cing by CpG island hypermethylation of its promoter
region is an important component for the initiation and
progression of lung cancer.”” Accumulating evidence has
shown that hypermethylation of CpG islands in promoter
regions acts as an important mechanism for the inactiva-
tion of tumor-suppressor genes, including the cell cycle,
DNA repair, and apoptosis.** The APC gene, mapped on
chromosome 5q21 (18), is a well known tumor suppressor
gene.”® The protein product of the APC gene is an

Table 3 Subgroup meta-analysis

Pooled effect size

Subgroup OR 95% Cl P
Total 3.66 2.12-6.33 0.000
Subgroup
Ethnicity
Asia-Pacific 3.00 1.51-5.94 0.002
White 6.35 1.64-24.51 0.007
Method
MSP 3.23 1.85-5.62 0.000
gMSP 7.10 0.81-62.00 0.076
Control type
CNTLT 3.82 2.15-6.80 0.000
Serum 4.84 0.27-87.96 0.286
Sputum 1.46 0.62-3.45 0.385

Cl, confidence interval; CNTLT, corresponding non-tumor lung tissues;
MSP, methylation specific PCR; OR, odds ratio; gMSP, quantitative
methylation specific PCR.
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important component of the Wnt signaling pathway,
which binds to and inactivates B-catenin.”® Impaired APC
gene function usually leads to a lack of degradation f-cate-
nin, which could cause the loss of cell growth control.
Growing evidence shows that APC gene promoter 1A
methylation can be detected not only in colorectal cancer
but also in other types of cancers, including NSCLC.*>"
However, there has been significant variation in the range
of APC gene promoter 1A methylation in tumor tissues
and autologous controls in previous studies using a small
sample.”” Therefore, we performed this meta-analysis
using published studies on APC gene promoter 1A methyl-
ation in NSCLC patients in order to gain an objective
consensus.

Fourteen articles with a total of 1345 patients (2182
samples) were included in this meta-analysis. Great variety
in the range of APC gene promoter 1A methylation was
found. The proportion of APC gene promoter 1A methyla-
tion ranged from 10% to 96%, with a pooled proportion of
0.62 (95% CI 0.52-0.72) in NSCLC tumor tissues. In autol-
ogous controls, the methylation rate ranged from 0% to
88%, with a pooled proportion of 0.34 (95% CI 0.21-0.50).
The methylation frequency in tumor tissues was much
higher than in autologous controls, with a pooled OR of
3.66 (95% CI 2.12-6.33), indicating that APC gene pro-
moter 1A methylation may play an important role in
NSCLC carcinogenesis. Because of the obvious statistical
heterogeneity, we further performed meta-regression using
the Knapp-Hartung modification, which restricted the
maximum likelihood method to estimate the variance
between studies. The obvious heterogeneity could not be
explained by control type (CNTLT, sputum, serum), gen-
der, age, ethnicity, histology type, smoking status, clinical
stage, sample size, or methylation detection method. Only
a small portion of heterogeneity can be explained by these
factors. However, we still performed subgroup analysis
according to the different characteristics. In subgroup anal-
ysis, the significant odds of APC gene promoter 1A meth-
ylation proportion in tumor tissues compared with
autologous was changed in qMSP (P = 0.076), serum

© 2017 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd
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Leave-One-Out Meta-Analysis

Study Excluded N Confidence Interval

Virmani (2001) 88 e 3.440 (1.998, 6.923)
Brabender (2001) 348 ——@—————  3.801(2.131,6.779)
Usadel (2001) 330 —_—— 3.125(1.872, 5.216)
Toyooka (2003) 892 — @ 3.402(1.937,5977)
Yanagawa (2003) 214 — e 3995(2231,7.156)
Pan (2004) 45  EE— 3.638 (2.063, 6.416)
Yang (2005) 131 P SR 3.171 (1.881, 5.346)
Vallbohmer (2006) 348 & ——  3.801(2.131,6.779)
Kim (2007) 279 ——+@&——— 3.946 (2.166, 7.191)
Mi (2008) 21 b 3668 (2.109, 6.379)
Feng (2008) 145 —e———— 3.981(2.233, 7.096)
Pan (2009) 177 — & 4064 (2316,7.132)
Zhang (2010) 210 = 3.354 (1.924, 5.846)
Kang (2011) 126 —o—— 3.979(2.238, 7.075)
Overall — & 38653(2125,6.279)

1

Figure 4 Sensitivity analysis conducted by omitting a single study
under the random-effect method.

(P = 0.286), and sputum (P = 0.385) subgroups. However,
as only a small number of subjects were included in this
subgroup analysis, the results should be interpreted with
caution.

We also found a strong and significant correlation of
APC gene promoter 1A methylation between tumor tissues
and autologous controls (Ipearson = 0.77; P = 0.0013). The
significant correlation indicates that the higher the propor-
tion of APC gene promoter 1A hypermethylation in autol-
ogous controls, the higher the proportion of this gene
promoter hypermethylation in tumor tissues. The detection
of APC gene promoter 1A methylation in autologous sam-
ples, such as sputum and serum, may represent a method
to diagnose NSCLC.**

However, several potential limitations should be consid-
ered when interpreting the results of this meta-analysis.

-
o
|

e
-}

e
'S

Methylation in tumor tissue (%)

T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Methylation rate in control tissue (%)

Figure 5 Correlation of adenomatous polyposis coli (APC) gene pro-
moter 1A methylation between tumor tissues and autologous controls.

Thoracic Cancer 8 (2017) 410-416

APC gene methylation and lung cancer

Begg's funnel plot with pseudo 95% confidence limits
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Figure 6 Begg's funnel plot for assessment of publication bias. SE,
standard error.

Firstly, obvious heterogeneity across studies was detected
(I = 78.1%), which could decrease the statistical power of
the results.””*® The 95% Cls were enlarged using a random
effect model with significant statistical heterogeneity.
Accordingly, our conclusions should be interpreted with
caution. Secondly, the pooled proportion and OR was cal-
culated using a contingency table, which was not adjusted
for contributing factors. However, the lack of adequate
data in the original included studies made this limitation
inevitable. Thirdly, hypermethylation in the promoter
region of tumor-suppressor genes may link and interact
with each other, indicating that an analysis of the status of
single gene promoter methylation may not be sufficient.

In spite of these limitations, this meta-analysis also has
merit: (i) all of the subjects included in this meta-analysis
were NSCLC patients with confirmed pathology, which
indicated that the clinical heterogeneity among patients
was not significant; (ii) the controls were derived from
autologous samples with concordance in clinical character-
istics such as age, ethnicity, smoking history, and clinical
stage and; (iii) no obvious publication bias was found using
an Egger’s line regression test. However, completely ruling
out the small number of studies and the possible existence
of unpublished articles suitable for inclusion was
impossible.

In conclusion, this meta-analysis showed that the preva-
lence of APC promoter 1A methylation in lung cancer tis-
sues was higher than in autologous controls, indicating
that promoter methylation of this gene may play an impor-
tant role in NSCLC carcinogenesis.
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