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Aberrant Methylation of T-cadherin Can Be a Diagnostic
Biomarker for Colorectal Cancer
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Abstract. Background/Aim: T-cadherin is a
suppressor gene, its predictive value in colorectal cancer
(CRC) still remains controversial. In this study, we aimed to
evaluate the association between T-cadherin promoter
methylation and CRC by performing a meta-analysis.
Materials and Methods: The relevant literature was searched
using the PubMed, Cochrane Library, Web of Science and
Google Scholar databases for articles published until
December 2016. The effect sizes were estimated by measuring
an odds ratio (OR) with a 95% confidence interval (CI).
Sensitivity analysis was performed to examine the
heterogeneity and funnel plots were constructed to evaluate
publication bias. Results: Nine studies, including 488 samples
were included in this meta-analysis. The pooled OR of T-
cadherin promoter methylation in cancer tissues was 16.73
(95%CI=6.24-44.87), 1948 (95%CI=5.64-67.31) and 2.23
(95%CI=1.05-4.75) compared to normal tissues, adjacent
tissues and premalignant tissues, respectively. The relationship
between T-cadherin ~ promoter  methylation  and
clinicopathological features were also analyzed. However, a
significant association was not observed between T-cadherin
promoter methylation status and gender, tumor stage, and
lymph node status (p>0.05). Conclusion: The methylation
status of T-cadherin promoter was strongly associated with
CRC risk. However, T-cadherin promoter methylation may
have a limited prognostic value for CRC patients.
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At present, colorectal cancer (CRC) is among the most
common malignant diseases in the western world. Many
Asian countries have experienced a two- to four-fold
increase in the frequency of CRC during the past few
decades (1, 2). Despite the recent and main improvements in
diagnostic and therapeutic opportunities, overall survival is
poor for CRC.

DNA methylation is one of the key epigenetic modifications
in eukaryotes, regulating genes microRNAs expression (3),
and gene alternative splicing (4). In addition, epigenetic
alterations can change gene expression levels including direct
hyper-methylation that influence gene expression.
Furthermore, abnormal DNA methylation plays a role in the
development of colorectal cancer (5). T-cadherin, also known
as cadherin 13 (CDH13), is a tumor-suppressor gene (TSG),
its loss in tumor cells is associated with tumor malignancy,
invasiveness and metastasis. The mechanism for T-cadherin
suppression is associated with hypermethylation of the T-
cadherin gene promoter region. T-cadherin promoter
hypermethylation has been detected in breast (6) and lung
cancer (7), in pituitary adenoma (8), diffuse large B cell
lymphoma (9), and nasopharyngeal carcinoma (10). Moreover,
T-cadherin gene has been suggested as a promising early
detecting marker for CRC. Herein, we conducted a meta-
analysis to evaluate the diagnostic ability of the T-cadherin
promoter methylation test in CRC.

Materials and Methods

Literature search strategy. A systemic literature search for studies
published prior to November, 2016 was conducted in the PubMed,
Cochrane Library, Web of Science and Google Scholar databases
without any language restrictions. The following keywords and
search terms were used: (CDH13 OR cadherin 13 OR H-cadherin
OR T-cadherin) and (colorectal cancer OR colorectal tumor OR
colorectal carcinoma OR colorectal neoplasm) and (‘methylation or
hypermethylation or epigenetic). The retrieved studies were
carefully examined to exclude potential duplicates or overlapping
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Table 1. Characteristics of the included studies.

Study Country Ethnicity Method Sample  CRC tissues Premalignant tissues Adjacent tissues Normal tissues
N M %) N M %) N M %) N M %)
Toyooka et al. USA Caucasians MSP Tissue 35 (48.6) 19 (42.1) 33 (6.1) 8 (0)
Hibi et al. Japan Asians MSP Tissue 84 (32.1) unknown 84 (0) unknown
Luo et al. USA Caucasians MSP Tissue 22 (40.9) 35 (14.3) unknown 35 (2.8)
Hibi et al. Japan Asians MSP Tissue 61 (37.7) unknown 61 (0) unknown
Joensuu et al. Finland Caucasians MSP Tissue 108 (60.2) unknown unknown 40 (2.5)
Leong et al. UK Caucasians MS-MLPA Tissue 51 (70.6) unknown 35(5.7) 19 (5.3)
Zhao and Yu et al. China Asians MSP Tissue 32 (594) unknown unknown 12 (8.3)
Wang et al. China Asians MSP Tissue 85 (31.8) unknown 85 (94) unknown
Scarpa et al. Italy Caucasians MSP Tissue 10 (50) 14 (28.6) unknown 30 (23.3)

M, Methylation; MS-MLPA , methylation-specific multiplex ligation-dependent probe assay; MSP, methylation-specific polymerase chain reaction;

N, the number of samples.

data. Titles and abstracts of articles selected from the initial search
were first scanned, and then full papers of potential eligible studies
were reviewed.

Selection of studies. Eligibility of studies for inclusion was
independently assessed by two investigators. Studies were eligible
for inclusion if all the following criteria were fulfilled: (i) The
studies were case—control or cohort studies; (ii) diagnosis of CRC
was proven by histopathological analysis; (iii) the methylation
frequency of the T-cadherin gene was sufficient for the case-control
or cohort studies; (iv) the data provided should have been sufficient
to estimate T-cadherin promoter methylation in cancer versus
premalignant, adjacent, or normal tissues; (v) the studies showed an
association between T-cadherin promoter methylation and
clinicopathological  parameters, including gender, tumor
differentiation, tumor stage, and lymph node status. If the data sets
overlapped or were duplicated, we only extracted the most detailed
or recent information.

Data extraction. Data were extracted by two of the authors
independently using the same standardized form. The fields extracted
included first author, year of publication, the original country of
patients, ethnicity, sample size, the number of T-cadherin promoter
methylations in individual cases and controls in individuals,
detection method of methylation, and clinicopathological Parameters.
For the articles with the same population resources or overlapping
data sets, the paper that included the largest population or contained
more useful information was included.

Statistical analysis. All statistical tests were two-sided, and all
statistical analyses were carried out with SPSS 16.0 and Stata
Statistical Software 13.0. A random-effects model was used to
estimate pooled ORs in order to take into account the heterogeneity
of the risk estimates and to provide more conservative estimates
compared with the fixed effects model. Statistical heterogeneity
between studies was assessed with the chi-square statistic and
quantified by 12, a statistic that represents the percentage of total
variation contributed by between-study variation. A significant
heterogeneity was defined as a p-value <0.10. To investigate
potential sources of between studies heterogeneity, subgroup
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analyses was conducted. Bias was assessed using the tests by Egger,
and Begg, and the contour enhanced funnel plots.

Sensitivity analysis. Sensitivity analysis is the study of how the
uncertainty in the output of a mathematical model or system can be
apportioned to different sources of uncertainty in its inputs. Then
sensitivity analyses were carried out to assess whether the summary
estimates are robust to inclusion of studies by omitting one study
from the pooled analysis each time.

Results

Study selection and characteristics. The characteristics of
eligible studies are summarized in Table I. A total of 9
studies (11-19), including 488 cases with CRC, 48
premalignant tissues, 298 adjacent tissues, and 144 normal,
met the inclusion criteria for this meta-analysis (Figure 1).
The total number of patients was 998. All studies were based
on data of retrospective analyses. Among the studies, 4
focused on Asian subjects, and 5 examined Caucasians
subjects. Six studies reported the association between T-
cadherin promoter methylation and CRC in CRC versus
normal tissues; 5 studies in CRC versus adjacent tissues; 3
studies in CRC versus premalignant lesions; and, 4 studies
assessed the association of T-cadherin promoter methylation
with clinicopathological features.

T-cadherin promoter methylation and risk of CRC. The
heterogeneity among studies was significant (p<0.05 and
I2:60.7%), and therefore, the random-effects model was
used. Our findings demonstrated that the frequency of T-
cadherin promoter methylation in cancer was significantly
higher in cancer tissues compared to normal, adjacent, and
premalignant tissues (cancer tissues vs. normal tissues:
OR=16.73, 95%C1=6.24-44 .87, cancer tissues vs. adjacent
tissues: OR=19.48, 95% CI=5.65-67.31; cancer tissues vs.
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Figure 1. Flow chart showing the process articles inclusion.

premalignant tissues: OR=2.23, 95% CI=1.05-4.75), which
suggested a statistically significant increase in the likelihood
of T-cadherin promoter methylation in CRC compared to the
controls (Figure 2).

The analyses of T-cadherin promoter methylation and
gender, tumor grade and lymph node status used the random
effects model; we found that the OR was 1.77 (95%CI=0.90-
3.48), 1.17 (95%CI1=0.63-2.15), and 0.86 (95%CI=0.17-
4.44), respectively, as assessed by the random effect model.
This result indicated that a significant association was not
found. The pooled OR (OR=4.07, 95%CI=1.73-9.57) from 2
studies indicated that T-cadherin promoter methylation was
significantly higher in poorly-differentiated CRC than in
moderately- or highly-differentiated CRC (Table II). Hence,
when T-cadherin used as a potential biomarker for CRC
diagnosis should be cautious.

Sub-group and sensitivity analyses. Sub-group analysis was
carried-out to confirm the stability of the relationship. When
cancer tissues were compared to adjacent tissues, the result
demonstrated that T-cadherin promoter methylation had
significantly increased the risk of CRC in Asians and
Caucasians (OR=21.46, 95% CI=2.26-203.33; OR=24.28,
95% CI=8.04-73.28, respectively) (Figure 3). Then,
sensitivity analysis was subsequently performed to detect the
influence of individual study on the pooled estimate by
omitting one study from the pooled analysis each time (CRC

vs. normal tissues; CRC versus adjacent tissues; CRC vs.
precancerosis tissues). The exclusion of each single study did
not significantly change the pooled OR, suggesting that the
results of the meta-analysis were robust (Figures 4, 5 and 6).

Discussion

Epigenetic alterations are much more frequent in CRC than
genetic alterations. In addition to epigenetic alteration of
expression of miRNAs, other common types of epigenetic
alterations in cancers that change gene expression levels
include direct hypermethylation or hypomethylation of CpG
islands of protein-encoding genes and alterations in histones
and chromosomal architecture that influence gene
expression. As an example, 147 hypermethylations and 27
hypomethylations of protein-coding genes were frequently
associated with colorectal cancers. Of the hypermethylated
genes, 10 were hypermethylated in 100% of colon cancers,
and many others were hypermethylated in more than 50% of
colon cancers (20). In addition, 11 hypermethylations and 96
hypomethylations of miRNAs were also associated with
colorectal cancer.

However, the potential of T-cadherin promoter methylation
to be a biomarker for CRC has not yet been evaluated. The
findings of the current study showed that T-cadherin promoter
methylation was significantly higher in CRC patients than in
normal, adjacent, and premalignant tissues, suggesting that
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Study %
D OR (35% CI) Weight

MNormal tissue

Scarpa (2016) E 3.29(0.73, 14.74) 835
Zhao (2011) 16.08 (1.84, 140.14)  6.02
Leong (2011) 4320(5.28,35342) 621
Joensuu (2008) £8.95 (7.81,44529) 647
Luo (2005) 2354 (2.71,204.63) 6.03
Toyooka (2002) 16.08 (0.86, 299.99) 4.17
Subtotal (l-squared = 26.7%, p=0.234) 16.73 (6.24, 44.87) 3725
Adjacent tissue

Wang (2012) 4.48 (1.90, 10.58) 11.00
Leong (2011) 39.60 (8.41, 186.42) 8.16
Hibi (2005) 75.08 (4.43, 1272.17) 4.36
Hibi (2004) 80.83 (4.83, 1351.80) 4.39

Toyooka (2002)
Subtotal (l-squared = 62.4%, p=0.031)

1464 (3.03,70.79)  8.06
1948 (5.64, 67.31) 3597

Precancerosis

Scarpa (2016) —_
Luo (2005)

Toyooka (2002) —
Subtotal (l-squared = 0.0%, p = 0.405)

250 (0.46, 13.65)  7.60
415(1.16,14.82)  9.28
1.30 (0.42, 4.01) 9.89
2.23(1.05, 4.75) 26.78

Overall (l-squared = 60.7%, p = 0.002) 10.60 (5.13, 21.89) 100.00

001110}{‘[t0~‘}}+j

NOTE: Weights are from random effects analysis
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Figure 2. Forest plot of the association between T-cadherin promoter methylation and CRC among different groups.

Study %
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Figure 3. Forest plot of subgroup analysis on ethnicity for CDHI13 promoter methylation in CRC versus adjacent tissues.
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Figure 4. Sensitivity analysis of T-cadherin in CRC versus normal tissues.

Table II. T-cadherin promoter methylation and clinicopathological features.

Reference Ethnicity Method M+ Cases M+ Total male (M+ %) M+ Total female (M+%)
Hibi et al. Asians MSP 27 84 (32.1) 18 45 (40) 9 39 (23.1)
Wang et al. Asians MSP 27 85 (31.8) 18 52 (34.6) 9 33 (27.3)

The pooled OR (95% CI): 1.77 (0.90-3.48), 12=0.0%, p=0.09

Poorly differentiated Moderately or highly
Hibi et al. Asians MSP 27 84 (32.1) 5 6 (83.3) 22 78 (28.2)
Wang et al. Asians MSP 27 85 (31.8) 14 29 (48.3) 13 56 (23.2)
The pooled OR (95% CI): 4.07 (1.73-9.57), 12=25.9%, p<0.01

Node+ Node—
Hibi et al. Asians MSP 27 84 (32.1) 6 31 (194) 21 53 (39.6)
Wang et al. Asians MSP 27 85 (31.8) 17 44 (38.6) 10 41 (24.4)
The pooled OR (95% CI): 0.86 (0.17-4.44), 12=81.7%, p=0.86
Sage 1-2 Stage 3-4

Hibi et al. Asians MSP 27 84 (32.1) 19 54 (35.2) 8 30 (26.7)
Luo et al. Caucasians MSP 9 22 (40.9) 5 11 (45.5) 4 11 (36.4)
Wang et al. Asians MSP 27 85 (31.8) 9 40 (22.5) 18 45 (40)

The pooled OR (95% CI): 1.17 (0.63-2.15), 12=43.5%, p=0.62

95% CI, 95% Confidence interval; M, methylation; MSP, methylation-specific polymerase chain reaction; OR ,odds ratio; total, the number of samples.
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Figure 5. Sensitivity analysis of T-cadherin in CRC versus adjacent tissues.
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Figure 6. Sensitivity analysis of T-cadherin in CRC versus precancerosis tissues.
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the methylation of T-cadherin may be involved in the
development of CRC. And the result denoted that T-cadherin
promoter methylation had a significantly increased risk of
CRC in Asians and Caucasians patients, which indicated that
these populations were susceptible to the promoter
methylation of T-cadherin. Furthermore, the OR value in
Caucasians (OR=24.28) was significantly higher than in
Asians (OR=21.46), which revealed that T-cadherin promoter
methylation may be a relatively more important risk factor
among Caucasian populations. In addition, we conducted
meta-analyses to determine the correlations between T-
cadherin promoter methylation and -clinicopathological
characteristics. The results showed that the T-cadherin
promoter methylation was not associated with gender, tumor
stage, and lymph node status.

T-cadherin could play a navigating role in the growing
tumor vessels, which in the absence of contact inhibition
from the stromal cells, grow into the surrounding tumor
tissue. And T-cadherin loss in tumor cells is associated with
tumor malignancy, invasiveness and metastasis. Thus, tumor
progression in colorectal cancer correlates with
downregulation of T-cadherin expression. In vitro, T-
cadherin is implicated in regulation of cell growth, survival
and proliferation. In cultured VSMC and primary astrocytes,
the expression of T-cadherin depends on proliferation status
with maximum at confluency suggesting its regulation of cell
growth by contact inhibition. Known mitogens such as
platelet-derived growth factor (PDGF)-BB, epidermal growth
factor (EGF) or insulin-like growth factor (IGF) elicit a
reversible dose- and time-dependent decrease in T-cadherin
expression in cultured VSMCs. In nude mice, expression of
T-cadherin leads to complete inhibition of subcutaneous
tumor growth. Seeding T-cadherin-expressing cells on plastic
coated with recombinant aminoterminal fragments of T-
cadherin resulted in suppression of cell growth and was
found to be associated with increased expression of p21. In
T-cadherin-deficient C6 glioma cell lines, its overexpression
results in growth suppression involving p21ClP”WAF1
production and G2 arrest.

Certain limitations of the current meta-analysis should be
considered. First, the numbers of studies are relatively small,
and may not consider all confounding factors though they
reported adjusted estimates. And the inclusion of articles
published only in English and Chinese might lead to a
selection bias. Second, all the studies are based on Asians
and Caucasians, other ethnicities, such as Africans, were
limited. Further studies are needed to investigate the role of
T-cadherin in on African countries. As we know, there are
significant differences such as etiology, biology features,
clinical types, and prognosis in the risk of CRC in different
ethnic groups within a given geographical area. Third, blood
or feces samples were insufficient. More studies based on
urine and blood samples are very essential to evaluate

whether T-cadherin promoter methylation can become a non-
invasive biomarker for the detection and diagnosis of CRC
in the future. Finally, no attempt was made to identify
unpublished work and grey literature, for example university
theses or conference proceedings. As a result, publication
bias may have influenced the results.

Conclusion

This integrated analysis of pooled data provides strong
evidence that the methylation status of the T-cadherin
promoter is significantly associated with CRC. However, T-
cadherin promoter methylation was not correlated with
gender, tumor stage, and lymph node status in cancer. Large-
scale, prospective clinical trials with advanced
methodologies are still required to verify the findings and
provide a higher level of evidence.
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