OncoTargets and Therapy downloaded from https://www.dovepress.com/

For personal use only.

OncoTargets and Therapy Dove

3

ORIGINAL RESEARCH

Assessing the potential value of long interspersed
element-| hypomethylation in colorectal cancer:
evidence from retrospective studies

Jie-Ting Tang'?
Zhen-Hua Wang'?
Jing-Yuan Fang'?

'Division of Gastroenterology and
Hepatology, Renji Hospital, 2Shanghai
Institute of Digestive Disease,
School of Medicine, Shanghai Jiao
Tong University, Shanghai, People’s
Republic of China

Correspondence: Jing-Yuan Fang
Division of Gastroenterology and
Hepatology, Renji Hospital, Shanghai
Institute of Digestive Disease, School of
Medicine, Shanghai Jiao Tong University,
145 Middle Shandong Road, Shanghai
200001, People’s Republic of China

Tel +86 21 5388 2450

Fax +86 21 6326 6027

Email jingyuanfang@sjtu.edu.cn

This article was published in the following Dove Press journal:
OncoTargets and Therapy

5 November 2015

Number of times this article has been viewed

Background and aims: Long interspersed element-1 (LINE-1) hypomethylation may play
an important role in colorectal cancer (CRC). Studies were identified that investigated LINE-1
methylation levels in CRC compared with normal controls.

Methods: The random-effects model was used to estimate standardized mean difference with
95% confidence intervals according to the heterogeneity between the studies. We explored the
relationship between LINE-1 hypomethylation and microsatellite instability (MSI) status, clinical
features, and molecular features in CRC patients using a fixed-effects model.

Results: A total of 7396 CRC patients were included in the meta-analysis. LINE-1 methylation
was significantly lower in CRC patients than in controls (P=0.000). Mean LINE-1 methylation
was significantly lower in non-MSI-high than in MSI-high tumors (P=0.000). LINE-1 hypo-
methylation was found more frequently in patients with a family history compared with those
without family history (P=0.002). Patients with left colon cancer had lower LINE-1 methylation
than those with right colon cancer (P=0.001). LINE-1 methylation was not associated with body
mass index or patient sex. LINE-1 hypomethylation was found in p21 lost tumors (P=0.000).
LINE-1 methylation levels were not associated with KRAS or PIK3CA-mutation status.
Conclusion: LINE-1 hypomethylation is a potential biomarker for risk of CRC and associated
with various clinical and molecular features of CRC.
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Introduction

Epigenomic alterations, including DNA methylation, histone acetylation, and RNA
editing are important mechanisms during human carcinogenesis.'* A considerable num-
ber of DNA methylation occurs in repetitive sequences. Long interspersed element-1
(LINE-1) is an interspersed repetitive DNA retrotransposon leading to genomic
instability in cancer cells via influencing gene expression status.* It duplicates via a
copy-and-paste mechanism and rearranges the genome continuously. Its promoter is
internally located in 5” untranslated region ranging from +1 to 909 bp.’ The methyla-
tion status of LINE-1 was first demonstrated in cancer cell lines in 1993.¢ LINE-1
hypomethylation was detected in head and neck squamous cell carcinoma, bladder
cancer, gastric cancer, and so on, and was demonstrated to be associated with poor
prognosis.” ' Epigenetic changes of LINE-1 occur early during the process of carcino-
genesis. LINE-1 methylation levels were found to be nearly normally distributed in
CRC patients. Studies showed that LINE-1 methylation levels seemed to be checkered
in CRC cell lines.!"'> Recently, an increasing number of studies have evaluated LINE-1
methylation levels in association with tumor progression of CRC. However, some of
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the results remain controversial in several studies.'"" In a
previous meta-analysis, LINE-1 hypomethylation in blood
and tissues was evaluated in several types of cancer includ-
ing CRC." Nevertheless, the results remain insufficient, and
the role of LINE-1 hypomethylation in specific subgroups is
needed to be better clarified. Hence, we conducted a meta-
analysis to pool available trial data to more precisely estimate
the values of LINE-1 hypomethylation in CRC patients.

Materials and methods
Search strategy

Systematic computerized searches of publications before
January 2015 were performed using the PubMed, Embase,
and the Web of Science databases. For both of the databases,
keywords of (“colorectal cancer [CRC]” or “colorectal carci-
noma”) AND (“LINE-1” or “long interspersed element-1")
AND (“hypomethylation” or “methylation”) were used to
search eligible studies. Moreover, the bibliographies from
selected articles and review articles were scrutinized to trace
other potentially relevant studies.

Inclusion criteria and data extraction
Studies were included in the quantitative analysis only if
they satisfied the following criteria: (1) case-control design,
and (2) studies with available mean values and standard
deviations (SDs) of LINE-1 methylation levels. The first two
authors independently reviewed the papers for eligibility and
quality. Disagreements were resolved by the third author.
Data, including the first author’s name, year of publication,
ethnicity, total number of cases and controls, testing methods
for methylation analysis, testing materials in each study, and
mean values and the SD of global DNA methylation levels
for each group were collected.

Statistical analysis

The Stata version 11.0 software (StataCorp LP, College
Station, TX, USA) was used for all data analyses.
Heterogeneity of effect sizes across the studies was exam-
ined using the Q statistic. If the P-value was <0.05, then the
random-effects model (DerSimonian and Laird method) was
used to estimate the standardized mean difference (SMD) with
95% confidence interval (CI)."* Otherwise, a fixed-effects
model (Mantel-Haenszel method) was used. Additionally,
the magnitude of the between-study heterogeneity was also
assessed by the P value. An I value of 0% denoted no observed
heterogeneity, whereas 25% was “low”, 50% was “moderate”,
and 75% was “high” heterogeneity.'® Furthermore, sub-
group analyses were conducted based on ethnicity, and by
methods used to measure global DNA methylation levels.

Sensitivity analyses were performed to assess the contribu-
tions of single studies to the final results.

Funnel plots with the Begg’s test!” were visually evalu-
ated for any asymmetry to detect a possible publication bias,
in which a P-value <0.10 was considered representative of
a statistically significant bias.!® Trim and fill analysis was
applied if there was publication bias."

Results

Characteristics of the included studies
Fourteen studies!®!2203! were identified according to our
search strategy and study selection criteria in the final meta-
analysis. In five studies,'>**?22* LINE-1 methylation levels
were evaluated both in tumor and in normal controls tissues,
among which, two papers?*?* included different cancer types,
which were separated into substudies. The remaining ten
studies'®**2-32 included only CRC patients. The character-
istics of all included studies are summarized in Table 1.

LINE-1 methylation levels decreased
in CRC

LINE-1 methylation levels were successfully measured both
in cancer and in normal controls tissues in five studies,>20-2224
including a total of 693 CRC samples. LINE-1 methylation
levels were significantly lower in cancer patients than in the
control samples (SMD: —2.26; 95% CI.: —3.08, —1.45; z=5.44,
P=0.000, Figure 1).

However, heterogeneity between studies was signifi-
cantly high (’=96.6%); thus, subgroup analysis based on
ethnicity was performed. A total of ten studies!?2022:24
(including substudies) were from non-Asian, and one*!
from Asian countries. Methylation levels of LINE-1
were significantly lower in CRC patients than in control
samples in the non-Asian subgroup (SMD: —2.48; 95%
CI: -3.28, —1.68; P=0.000). Heterogeneity between stud-
ies, in the non-Asian subgroup, was still significantly high
(’=95.9%) (Figure 2).

Subgroup analysis based on methods used to mea-
sure global DNA methylation levels was performed.
Pyrosequencing was used in a total of six studies (includ-
ing substudies), whereas combined bisulfite restriction
analysis (COBRA) was used in four studies. Only one
study?* used multicolor MethyLight assay to evaluate
LINE-1 methylation level. The SMDs for pyrosequenc-
ing and COBRA LINE-1 subgroups were —3.53 (95%
CI: —4.76,-2.30; P=0.000) and —1.11 (95% CI: —1.60, -0.62;
P=0.005), respectively. Heterogeneity between studies was
also significantly high (?=96.6% and 76.3%, respectively)
(Figure 3).
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Table | Main characteristics of studies included in the meta-analysis

Study Year Ethnicity Tumor cases Normal controls Methods Materials
Antelo et al (early onset)® 2012 Non-Asian 185 32 Pyrosequencing FFPE
Antelo et al (Lynch syndrome)® 2012 Non-Asian 20 32 Pyrosequencing FFPE
Antelo et al (older onset sporadic MSI)*® 2012 Non-Asian 46 32 Pyrosequencing FFPE
Antelo et al (older onset sporadic MSS)® 2012  Non-Asian 89 32 Pyrosequencing FFPE
Matsunoki et al?' 2012 Asian 48 48 Multicolor MethyLight assay =~ FFPE
Hur et al? 2014  Non-Asian 77 77 Pyrosequencing FFPE
Rhee et al?? 2012 Asian 207 NA Pyrosequencing FFPE
Estecio et al'? 2007 Non-Asian 60 60 Pyrosequencing Fresh tissues
Pavicic et al (sporadic MSS)* 2012 Non-Asian 55 55 COBRA FFPE
Pavicic et al (sporadic MSI)** 2012 Non-Asian 52 52 COBRA FFPE
Pavicic et al (Lynch syndrome)* 2012  Non-Asian 43 43 COBRA FFPE
Pavicic et al (FCCX)* 2012 Non-Asian 18 18 COBRA FFPE
Imamura et al® 2014 Non-Asian 1,267 NA Pyrosequencing FFPE
Morikawa et al? 2012  Non-Asian 1,060 NA Pyrosequencing FFPE
Shima et al?’ 2011 Non-Asian 1,072 NA Pyrosequencing FFPE
Baba et al' 2010  Non-Asian 869 NA Pyrosequencing FFPE
Hazra et al® 2010  Non-Asian 182 NA Pyrosequencing FFPE
Ogino et al® 2009 Non-Asian 647 NA Pyrosequencing FFPE
Ogino et al*® 2009 Non-Asian 82 NA Pyrosequencing FFPE
Lou et al®' 2015  Asian 129 NA Pyrosequencing FFPE
Yamauchi et al*2 2012 Non-Asian 1188 NA Pyrosequencing FFPE

Abbreviations: COBRA, combined bisulfite restriction analysis; FCCX, familial colorectal cancer type X; FFPE, formalin fixed paraffin embedded; MSI, microsatellite
instability; MSS, microsatellite stability; NA, not available.

Study ID SMD (95% Cl) % weight

|
Antelo et al® (early onset) -’- -2.37 (-2.81,-1.93) 9.36
Antelo et al®® (Lynch syndrome) -IJ| -3.05 (-3.87,-2.23) 8.77
Antelo et al® (older onset sporadic MSI) 4.- —1.94 (-2.48, -1.39) 9.22
Antelo et al?® (older onset sporadic MSS) [I- -1.90 (-2.37, -1.43) 9.32
Estecio et al' (total) —r— : —11.00 (-12.45, -9.55) 7.38
Hur et al?? * -2.21(-2.61,-1.81) 9.40

|
Pavicic et al?* (sporadic MSS) |-|- -1.79 (-2.23, -1.35) 9.36
Pavicic et al** (sporadic MSI) | &+ —-0.88 (-1.29, —0.48) 9.40

|
Pavicic et al** (Lynch syndrome) | &+ —1.09 (-1.54, -0.63) 9.34
Pavicic et al?* (FCCX) | - —-0.57 (-1.23, 0.10) 9.04
Matsunoki et al*' | #* 0.08 (-0.32, 0.48) 9.40
Overall (/=96.6%, P=0.000) —2.26 (-3.08, —1.45) 100
Estimate of between-study variance 72=1.7978
Test of SMD =0: z=5.44, P=0.000 |

[ I I
-12.5 0 12.5

Figure | Forest plot of the SMD of LINE-| methylation levels between colorectal cancer and control groups.

Note: Weights are from random effects analysis.

Abbreviations: Cl, confidence interval; FCCX, familial colorectal cancer type X; LINE-1, long interspersed element-1; MSI, microsatellite instability; MSS, microsatellite
stability; SMD, standardized mean difference.
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Estecio et al'? (total) e o | -11.00 (-12.45, —-9.55) 7.38
Hur et al?? -lt- -2.21 (-2.61, -1.81) 9.40
Pavicic et al** (sporadic MSS) :-t- -1.79 (-2.23, -1.35) 9.36
Pavicic et al** (sporadic MSI) | -+ -0.88 (-1.29, -0.48) 9.40
Pavicic et al** (Lynch syndrome) | - -1.09 (-1.54, -0.63) 9.34
Pavicic et al** (FCCX) | =4 -0.57 (-1.23, 0.10) 9.04
Subtotal (/2=95.9%, P=0.000) ¢ —2.48 (-3.28, -1.68) 90.60
Asian :
Matsunoki et al*' | -+ 0.08 (-0.32, 0.48) 9.40
Subtotal (/12=.%, P=.)* l <) 0.08 (-0.32, 0.48) 9.40
Overall (/?=96.6%, P=0.000) & —2.26 (-3.08, -1.45) 100

|

|

| |

-12.5

0

12.5

Figure 2 Forest plot of the SMD of LINE-| methylation levels between colorectal cancer and control groups.
Note: The subgroup analysis was based on ethnicity. Weights are from random effects analysis. *There is only one study in the Asian subgroup, so the I* of the subgroup is

blank in the output graph.

Abbreviations: FCCX, familial colorectal cancer type X; MSI, microsatellite instability; MSS, microsatellite stability; LINE-1, long interspersed element-|; SMD, standardized

mean difference; Cl, confidence interval.

Sensitivity analysis and publication bias
Sensitivity analysis was performed to assess the influence
of each individual study. The results suggested that no
individual studies significantly affected the pooled SMD
indicating a statistically robust result (Figure 4A).

Begg’s funnel plot and Egger’s linear regression test
were performed to assess the publication bias of the included
studies. The shape of the funnel plot seemed to be asymmetrical
in the dominant model (Figure 4B). Therefore, Egger’s test was
applied to provide statistical evidence of funnel plot symmetry
(t=—2.77, P=0.022). The results suggested that publication bias
could not be completely excluded as a factor that influenced the

present meta-analysis. Then, trim and fill method was applied.
Data from four hypothetical negative unpublished studies
were replaced respectively, and the filled funnel plot was sym-
metrical (Figure 4C). The pooled analysis continued to show
a significantly lower level of LINE-1 methylation in cancer
patients (SMD: —3.30; 95% CI: —4.50, —2.10; P=0.000).

LINE-1 hypomethylation is inversely
related to the MSI status in CRC

The mean LINE-1 methylation level was significantly lower in
non-microsatellite instability (MSI)-high tumors than in MSI-
high tumors (SMD: —0.42; 95% CI: —-0.52, —0.32; P=0.000).
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Study ID SMD (95% ClI) % weight
Pyrosequencing |
Antelo et al?® (early onset) &+ -2.37 (-2.81, -1.93) 9.36
Antelo et al?® (Lynch syndrome) -QJ| -3.05 (-3.87, -2.23) 8.77
Antelo et al?° (older onset sporadic MSI) -||- -1.94 (-2.48, -1.39) 9.22
Antelo et al?® (older onset sporadic MSS) l-l- -1.90 (-2.37, -1.43) 9.32
Estecio et al™ e | -11.00 (-12.45, -9.55) 7.38
Hur et al?? -ll- -2.21 (-2.61,-1.81) 9.40
Subtotal (/12=96.6%, P=0.000) O -3.53 (-4.76, —2.30) 53.46
COBRA |
Pavicic et al?* (sporadic MSS) I-l- -1.79 (-2.23, -1.35) 9.36
Pavicic et al** (sporadic MSI) | * —0.88 (-1.29, -0.48) 9.40
Pavicic et al** (Lynch syndrome) | & -1.09 (-1.54, -0.63) 9.34
Pavicic et al** (FCCX) : - -0.57 (-1.23, 0.10) 9.04
Subtotal (/12=76.3%, P=0.005) | O -1.11 (-1.60, —0.62) 37.14
Multicolor methylight assay |
Matsunoki et al?' | & 0.08 (-0.32, 0.48) 9.40
Subtotal (/12=.%, P=.)* | <> 0.08 (-0.32, 0.48) 9.40
Overall (/=96.6%, P=0.000) @ —2.26 (-3.08, —1.45) 100
| \
-12.5 0 12.5

Figure 3 Forest plot of the SMD of LINE-| methylation levels between colorectal cancer and control groups.

Note: The subgroup analysis was based on methods used to measure global DNA methylation levels. Weights are from random effects analysis. *There is only one study in
multicolor methylight assay subgroup, so the I* of the subgroup is blank in the output graph.

Abbreviations: FCCX, familial colorectal cancer type X; MSI, microsatellite instability; MSS, microsatellite stability; LINE-1, long interspersed element-1; SMD, standardized
mean difference; Cl, confidence interval.

There was low heterogeneity between studies (/2=48.3%)

(Figure 5).

LINE-1 methylation levels with clinical

and molecular features in CRC
No difference of LINE-1 methylation levels was found
between males and females (SMD: —0.00; 95% CI: —0.10, 0.10;

P=0.974). Heterogeneity between studies was low (/°=41.4%)
(Figure 6A).

Patients with a family history of CRC had lower
LINE-1 methylation level than those without family
history (SMD: -0.23; 95% CI: —0.38, —0.08; P=0.002).
There was no heterogeneity between studies (7°=0.0%)
(Figure 6B).
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Figure 4 Sensitivity analyses and Begger’s funnel plot.

SE of SMD, filled

Notes: (A) Sensitivity analyses. Results were computed by omitting each study in turn. Meta-analysis random-effects estimates (exponential form) were used. The two ends
of the dotted lines represent the 95% CI. (B) Begg’s funnel plot of the SMD of LINE-1 methylation levels between colorectal cancer and control groups. Each point represents
a separate study for the indicated association. Horizontal line indicates the mean magnitude of the effect. (C) Funnel plots with trim and fill. O represents identified studies;

[ represents estimated missing studies after adjustment for publication bias.

Abbreviations: Cl, confidence interval; FCCX, familial colorectal cancer type X; MSI, microsatellite instability; MSS, microsatellite stability; LINE-1, long interspersed

element-1; SE, standard error; SMD, standardized mean difference.

There was no difference in LINE-1 methylation levels
between patients with a body mass index (BMI) below 30
and those with a BMI above 30 (SMD: —0.02; 95% CI: —0.19,
0.16; P=0.8). There was no heterogeneity between studies
(1°=0.0%) (Figure 6C).

The LINE-1 methylation levels in right colon cancer
were significantly higher than left colon cancer (SMD: 0.21;
95% CI: 0.09, 0.34; P=0.001). There was no heterogeneity
between studies (/?=0.0%) (Figure 6D).

No difference in LINE-1 methylation levels was found
between KRAS-wild-type tumor and KRAS-mutant tumor
(SMD: 0.02; 95% CI: —0.06, 0.11; P=0.597). There was no
heterogeneity between studies (7?=0.0%) (Figure 7A).

No difference in the LINE-1 methylation levels was found
between PIK3CA-wild-type tumors and PIK3CA-mutant

tumors (SMD: —0.09; 95% CI: —0.24, 0.06; P=0.247).
There was no heterogeneity between studies (7°=0.0%)
(Figure 7B).

The LINE-1 methylation levels in tumors that lost the
ability to express p21 were significantly lower than p21
expressing tumors (SMD: —0.34; 95% CI. —-0.47, —0.21;
P=0.000). There was no heterogeneity between studies
(1°=0.0%) (Figure 7C).

Discussion

Genome-wide DNA hypomethylation is an important
epigenetic aberration in human cancer.”® As a repetitive
DNA retrotransposon, LINE-1 constitutes a large propor-
tion of the human genome. Thus, the level of LINE-1
methylation can approximately represent the level of
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Study ID SMD (95% Cl) % weight

T
Baba et al'® —-:— -0.42 (-0.62, —-0.23)  27.28
Shima et al?” —-—:— -0.53 (-0.70, -0.36) 35.16
Yamauchi et al®2 (CIMP-high) i —0.04 (-0.33, 0.26) 11.58
Yamauchi et al®2 (CIMP-low/0) : -0.57 (-0.87, —0.28) 11.33
Antelo et al?® l —-0.33 (-0.69, 0.03) 7.80
Pavicic et al?* E —-0.36 (-0.74, 0.02) 6.85
Overall (/=48.3%, P=0.085) <> -0.42 (-0.52, -0.32) 100
Test of SMD =0: z=8.29, P=0.000 :

|

|

T

T
-0.87

0 0.87

Figure 5 Forest plot of the SMD of LINE-| methylation levels between non-MSl-high tumors and MSI-high tumors.
Abbreviations: Cl, confidence interval; CIMP, CpG island methylator phenotype; LINE-1, long interspersed element-1; MSI, microsatellite instability; SMD, standardized

mean difference.

global DNA methylation.** CRC is an intricate disease
resulting from genetic and epigenetic aberrations, includ-
ing tumor suppressor genes high methylation and global
DNA hypomethylation. The methylation level of LINE-1
repeats decline in colon cancer is recognized as a potential
prognostic biomarker. However, some of the results remain
controversial in several relevant studies.'"'* A previous
meta-analysis was conducted to evaluate LINE-1 hypo-
methylation in blood and tissue samples in several types

of cancers, but the authors have not fully discussed the
association of LINE-1 hypomethylation with clinical and
molecular features in CRC, especially those in dispute.'
Therefore, we performed the current meta-analysis to inves-
tigate more precisely the values of LINE-1 hypomethyla-
tion as a biomarker for cancer risk in CRC patients. This
meta-analysis concerned 15 unique articles. Two articles
included different cancer types, which were separated into
substudies. Altogether, there were 21 unique studies with

A  study D SMD (95% Cl) % weight

T

Antelo et al? : . 0.32 (-0.05, 0.68)  7.69
|

Rhee et al?? —_— 0.20 (-0.07, 0.48)  13.34
|

Baba et al'® —-—: -0.08 (-0.22, 0.05) 58.53
|

Hazra et al?® e 0.04 (-0.25, 0.33) 12.25
|

Lou et al®" + : -0.11 (-0.47, 0.24) 8.19

Overall (1=41.4%, P=0.146) -0.00 (-0.10, 0.10) 100

Test of SMD =0: z=0.03, P=0.974

—-0.685 0

Figure 6 (Continued)

0.685
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Study ID SMD (95% ClI) % weight
|
|
Antelo et al?® T -0.23 (-0.76, 0.30) 7.93
\
|
Baba et al® — -0.23 (-0.39, -0.08) 92.07
|
Overall (/?=0.0%, P=0.993) -0.23 (-0.38, -0.08) 100
Test of SMD =0: z=3.05, P=0.002
|
I
\
|
T ‘ T
-0.758 0 0.758
Study ID SMD (95% Cl) % weight
I
|
Antelo et al?° l -0.12(-0.77,0.53) 7.24
|
|
I
Baba et al™ —_ -0.01 (-0.19, 0.17) 92.76
|
Overall (P=0.0%, P=0.761) I> -0.02 (-0.19,0.16) 100
|
Test of SMD =0: z=0.20, P=0.838
|
|
|
|
T I T
—0.766 0 0.766
Study ID SMD (95% Cl) % weight
|
Rhee et a2 : . 0.34(-0.04,072) 10.68
|
Baba et al'® - 0.19(0.03,0.35)  61.42
|
|
Hazra et al®® —_—t 0.13(-0.17,0.43) 17.22
|
|
Lou et al*' —t 0.34 (-0.03,0.72) 10.68
|
Overall (?=0.0%, P=0.736) 0.21(0.09, 0.34) 100
Test of SMD =0: z=3.40, P=0.001
|
|
|
T I T
-0.718 0 0.718

Figure 6 Forest plot of the SMD of LINE-| methylation levels between several clinical features in CRC.
Notes: (A) Forest plot of the SMD of LINE-| methylation levels between males and females. (B) Forest plot of the SMD of LINE-1 methylation levels between patients with
and without a family history. (C) Forest plot of the SMD of LINE-| methylation levels between patients with BMI values below 30 and above 30. (D) Forest plot of the SMD
of LINE-1 methylation levels between patients with right colon cancer and left colon cancer.
Abbreviations: BMI, body mass index; Cl, confidence interval; CRC, colorectal cancer; LINE-1, long interspersed element-1; SMD, standardized mean difference.
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a total of 7396 CRC samples included. According to the
results, LINE-1 methylation levels were significantly lower
in cancer patients than in control samples (SMD: —2.26;
95% CI: —-3.08, —1.45; z=5.44, P=0.000, Figure 1), which
suggested that LINE-1 hypomethylation is a potential
biomarker of the risk of CRC. The heterogeneity in the
comparisons was significantly high, and this heterogeneity
continued in the subgroup analyses conducted by ethnic-
ity. In the subgroup analyses based on the methods used to
measure global DNA methylation levels, the heterogene-
ity between studies in the pyrosequencing subgroups was
significantly high (/°=96.6%), and was less, but still high,
in the COBRA subgroups (/’=76.3%). Therefore, hetero-
geneity was a potential problem that may have affected the
interpretation of the SMD results.

The MSI pathway is involved in CRC development.®
It is caused by the inactivity of the DNA mismatch repair
system and associated with the increase of mutation rate in
colorectal mucosa cells.* MSI-high CRC presents specific
clinical features. Iacopetta et al*” did not found a correla-
tion of methylation levels in LINE-1 with MSI or CpG
island methylator phenotype status in CRC. In contrast,
Estecio et al'? suggested that MSI was the main molecular
alteration associated with lack of LINE-1 hypomethyla-
tion. Thus, we performed a subgroup analysis to evaluate
the relationship between LINE-1 methylation levels and
the MSI status. The results showed that the mean LINE-1
methylation level was significantly lower in non-MSI-
high tumors than in MSI-high tumors (SMD: —0.42; 95%
CI: -0.52, —0.32; P=0.000), which indicated that LINE-1
hypomethylation is inversely related to MSI status. There
was low heterogeneity between the studies (/?=48.3%)
(Figure 5). Molecular classification of CRC based on MSI
status reflects global epigenomic and genomic aberrations
in cancer cells, which has great importance during colorec-
tal carcinogenesis. Our results indicated that MSI-high is
inversely associated with LINE-1 hypomethylation. Previ-
ous studies have proved that global hypomethylation pro-
motes genomic instability which supporting the hypothesis
that genome-wide hypomethylation might be involved in
the pathway connected with MSI phenomena.*® Evidence
showed that DNA hypomethylation preceded genomic
instability in gastrointestinal cancers,* therefore, LINE-1
hypomethylation is supposed to be a marker of distinction
in molecular classification of CRC and might be crucial
for cancer prevention and treatment.

Furthermore, subgroup analysis was performed to evalu-
ate the relationship between LINE-1 methylation levels and
clinical and molecular features in CRC. Interestingly, the

analyses revealed strong associations between LINE-1
hypomethylation and individuals with a family history of
CRC (SMD: —0.23; 95% CI: —0.38, —0.08; P=0.002). The
patients with left colon cancer had lower LINE-1 methyla-
tion levels than those with right colon cancer (SMD: 0.21;
95% CI: 0.09, 0.34; P=0.001). There was no heterogeneity
between the studies (/’=0.0%). No difference was found
between patients with BMI values below 30 and above
30, or between males and females. These results provide
useful information on the independent relations of LINE-1
hypomethylation with various clinical features (family
history and tumor location). Researchers have also found
patients with LINE-1 hypomethylation presented other spe-
cific clinical features, such as early onset, poor prognosis,
and lymphocytic reactions.'® However, the number of stud-
ies is too small to ensure statistical power. Efforts should
be made to investigate the relationship between LINE-1
hypomethylation and other clinical manifestations or patho-
logical behavior characteristics. Then, we can further assess
whether LINE-1 hypomethylation may produce a distinct
subtype of CRCs. LINE-1 hypomethylation was found in
tumors that had lost expression of p21 compared with p21
expressing tumors (SMD: —0.34; 95% CI: —0.47, —0.21;
P=0.000). There was no heterogeneity between the studies
(/=0.0%). p21 plays a key role in regulating the cell cycle.
In colon cancer, downregulation of p21 varied inversely with
MSI-high status.* The mechanism of this relation between
LINE-1 hypomethylation and p21 remains to be investi-
gated. No difference of LINE-1 methylation levels was
found between KRAS-wild-type tumors and KRAS-mutant
tumor, or between PIK3CA-wild-type tumors and PIK3CA-
mutant tumors. The mutation of KRAS and PIK3CA genes
has been identified in CRC. Nosho et al showed the loss of
O6-methylguanine-DNA methyltransferase (MGMT), but
not MGMT promoter methylation, may play a role in the
development of PIK3CA mutation. Otherwise, PIK3CA
mutation was significantly associated with KRAS mutation
and phospho-ribosomal protein S6 expression, and inversely
with p53 expression and 3-catenin (CTNNBI1) alteration.*!
It is not clear whether global hypomethylation is related to
KRAS or PIK3CA mutation.

However, several limitations of our meta-analysis need
to be considered. The number of included studies was
small, and the high heterogeneity in the analysis of LINE-1
methylation levels between cancer and normal controls
groups was a potential problem in this meta-analysis. In
order to resolve this problem, subgroups analysis was
performed. The ethnicity and different methods used to
measure global DNA methylation levels did not seem to
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Figure 7 Forest plot of the SMD of LINE-| methylation levels between several molecular features in CRC.
Notes: (A) Forest plot of the SMD of LINE-1 methylation levels between KRAS-wild-type tumor and KRAS-mutant tumor. (B) Forest plot of the SMD of LINE-| methylation
levels between PIK3CA-wild-type tumor and PIK3CA-mutant tumor. (C) Forest plot of the SMD of LINE-| methylation levels between tumors that lost the ability to express

p21 and p21 expressing tumors.

Abbreviations: Cl, confidence interval; CRC, colorectal cancer; LINE-1, long interspersed element-1; SMD, standardized mean difference.

cause the high heterogeneity. The slight asymmetry funnel
plots indicated that the studies included might be influ-
enced by publication bias, and publication bias may not be
completely excluded. It might due to the limited numbers

of publications recruited. Because of the limitation of the
researchers’ language ability, the non-English literature
could not be reviewed. Besides, some articles enrolled
in the analysis might not be with high quality. Trim and

3274 submit your manuscript

Dove

OncoTargets and Therapy 2015:8


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Association of LINE-1 hypomethylation with colorectal cancer

fill method was used to correct the results. The adjusted
estimate was consistent with the previous one. Furthermore,
the result of sensitivity analysis showed that there was no
single sensitive study in this meta-analysis, which indicated
a statistically robust result.

Conclusion

LINE-1 hypomethylation is associated with various clini-
cal and molecular features of CRC and might be connected
with chromosomal instability. Thus, it has the prospect of
becoming a biomarker for cancer risk in CRC patients.
These results strengthen the importance of LINE-1 hypo-
methylation in CRC development and open a new venue
to explore future cancer prevention strategies. Further
investigations in this field would provide deeper insights
into the pathogenesis of CRC and clinical implications of
LINE-1 methylation.
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