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Abstract: Background: The aim is to discuss the relationship of Line-1 methylation and the MDR1 expression in
esophageal squamous cell carcinoma (ESCC). Methods: We analyzed the methylation level of Line-1 by quantitative
real-time MSP, and the expression of MDR1 by real-time RT-PCR in 310 ESCC and corresponding non-tumor tissues.
Results: We found that the methylation index (Ml) of Line-1 decreased from 0.90 in non-tumor tissues toward 0.78
in ESCC. The cumulative survival was significantly shorter in ESCC patients with Ml < 0.78 (34 months) than that
in patients with MI > 0.78 (43 months). There was a statistical difference between MI < 0.78 and MI > 0.78 cases
with these clinicopathologic parameters (age, AJCC stage, differentiation; P = 0.010, P < 0.0001, P = 0.015, re-
spectively). These results implied that Line-1 hypomethylation could be more in ESCC patients with older, advanced
tumor and poor differentiation group. Meanwhile, ESCC with demethylation of Line-1 were shown elevated MDR1
expression in tumor (Mean ,, . = 0.21), but ESCC with hypermethylation of Line-1 were considered to be decreased
MDR1 expression in tumor (Mean ,, . =-0.86). Conclusions: Line-1 hypomethylation could be as a biomarker of poor
prognosis in ESCC patients. MDR1 gene could be activated via epigenetic mechanisms with demethylation of Line-1

in ESCC, and enhance tumor progression.
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Introduction

Esophageal carcinoma is a serious malignancy
with regards to mortality and prognosis, and
the 5-year survival rate for all patients diag-
nosed with esophageal cancer ranges from
15% to 20% [1]. Esophageal squamous cell car-
cinoma (ESCC) is the fourth leading cause of
cancer-related deaths, and the overall five-year
survival rate is only 10% or so in China. ESCC
incidence is 20.85/100 000 and the mortality
is 16.24/100 000 [2]. ESCC evolves in all parts
of the esophagus via a mere progression from
normal squamous epithelial cells to dysplasia
and malignant invasion, and multimodal thera-
pies including surgery, chemotherapy, and
chemoradiotherapy [3]. It should be clearly
understand the pathogenesis for better clinical
therapy. However, it remains unclear for molec-
ular alterations in carcinogenesis of ESCC.

Global DNA hypomethylation and regional CpG
hypermethylation in cancer tissue has been
demonstrated and may be linked to carcinogen-
esis. DNA methylation has been widely charac-
terized by analysis of specific CpG island pro-
moter regions of tumor-related genes in
patient’'s specimens of carcinomas and/or
associated precursor lesions [4, 5]. Our previ-
ously studies suggested that ESCC show con-
current hypermethylation of a number of cell-
cycle related genes, which has been defined,
for CpG island methylator phenotype (CIMP).
CIMP + may specifically define a subgroup of
patients associated with unfavorable outcome
in ESCC [6]. However, its presence and impor-
tance remain poorly understood in ESCC [7].

As Line-1 constitutes a substantial portion of
the human genome, and the level of Line-1
methylation has been shown to be a surrogate
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(ABCB1, MDR1) is the first ABC
transporter, which is frequently
overexpressed in cancer cells
resulting in drugs being pumped
out of the cells and reducing the
effectiveness of the drugs in Kkill-
ing cancer cells [14, 15]. Drug
resistance has been a major
obstacle that limits the effective-
ness of chemotherapy in ESCC
[16]. It should be noted that the
histone deacetylase (HDAC) in-
hibitors might elicit the overex-
pression of ABC transporters. It
should be resulted that epigene-
tic mechanisms, such as DNA
methylation, could be involved in
MDR1 expression, but the com-
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Figure 1. Line-1 methylation in ESCC and the matched non-tumor tissues.
The methylation index (MI) of Line-1 was indicated by the mean and 95%
Cl in ESCC and Non-tumor tissues. The mean Ml of Line-1 in ESCC (M| =
0.78) was lower than that in the matched non-tumor tissues (Ml = 0.90, P
< 0.0001). Statistical analyses were done using the paired t test.

marker of global DNA methylation level in vari-
ous cancers, such as non-small cell lung can-
cer, colon cancer, breast cancer [8, 9]. Line-1
hypomethylation have been also as a biomark-
er of poor prognosis in cancer patients [9]. A
few studies reported Line-1 hypomethylation as
a poor prognostic marker in ESCC, but results
were still filled with controversy in detail. The
chromosomal instability could be associated
with Line-1 methylation levels in ESCC due to
the percentage of copy number alterations in
the whole genome [10]. Line-1 hypomethylation
was significantly associated with a history of
tobacco in noncancerous esophageal mucosae
of ESCC patients [11]. Meanwhile, Line-1 meth-
ylation levels were significantly associated with
CDK6 mRNA and CDK6 protein expression lev-
els in ESCC specimens [12]. However, further
studies are needed to validate the molecular
basis for the association between Line-1 hypo-
methylation and patient prognosis in ESCC.

Multidrugresistance (MDR) means the resis-
tance of cancer cells to structurally and mecha-
nistically unrelated classes of anticancer drugs,
which leads to cancer relapse and death [13].
The overexpression of ATP-binding cassette
(ABC) transporters has been as an important
mechanisms underlying MDR. P-glycoprotein
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plex mechanisms of MDR in
ESCC remain unclear [17, 18].
Our studies confirmed that Line-
1 hypomethylation could activate
stem cell marker CD133 expres-
sion during carcinogenesis in
HCC, which implied that global
DNA hypomethylation could be
as an important factor for tumor-related gene
expression [19].

However, none of studies has examined the
potential effect of MDR1 expression and Line-1
hypomethylation. We hypothesized that global
DNA hypomethylation might be an important
influential factor for MDR1 expression, leading
to resistance of cancer cells. We therefore
assessed the influence of Line-1 hypomethyl-
ation in relation to MDR1 expression altera-
tions in 310 ESCC patients and matched non-
tumor tissues.

Material and methods
Patients and tissue samples

Tumor samples from 310 cases of ESCC
patients that underwent surgical resection
between 2001 and 2014 were investigated,
together with corresponding non-tumor tissue
specimens. These specimens were collected
from Changzhou Cancer Hospital and Nanyang
Center Hospital in China. The samples were fro-
zen in liquid nitrogen right after surgical resec-
tion and were kept in -196°C until processing
for RNA/DNA extraction. The patients consist-
ed of 180 men and 130 women, ranging in age
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Table 1. Correlation of clinicophthologic variables with Line-1 hypomethylation in ESCC

Variable No. MI<O0.78 (N=143) MI>0.78 (N=167) 0dds ratio (95% Cl) P value*

Gender Male 180 89 91 1.38 (0.87-2.17) 0.168
Female 130 54 76

Age (y) >50 262 129 133 2.36 (1.21-4.59) 0.010
<50 48 14 34

Size <3cm 172 86 86 1.42 (0.90-2.23) 0.127
>3cm 138 57 81

Tobacco Yes 168 83 85 1.34 (0.85-2.09) 0.208
No 142 60 82

Alcohol Yes 147 74 73 1.38 (0.88-2.16) 0.158
No 163 69 94

Depth of invasion T, 224 106 118 1.19 (0.72-1.96) 0.497
T., 86 37 49

AJCC Stage -1 125 39 86 0.35 (0.22-0.57) <0.0001

ln-Iv. 185 104 81

Lymph node metastasis N, 148 60 88 1.47 (0.97-2.24) 0.071
N,, 262 83 179

Distant metastasis M, 251 123 128 1.40 (0.75-2.59) 0.294
M, 59 20 29

Differentiation G, 88 36 52 0.015
G, 142 59 83
G 80 48 32

*Comparison was done with Pearson’s Chi-square test or Fisher’s exact test.

from 36 to 82 years (mean + SD, 52.47 + 12.43
years). 88 cases were well differentiation, 142
cases were moderately differentiation, and 80
cases were poorly differentiation. The present
study was in accordance with the ethics stan-
dards of the committee on Human Ex-
perimentation of the Soochow University.
Written informed consent was obtained from
each patient.

Quantitative methylation analysis of Line-1

We isolated specific tumor tissues and non-
tumor tissues and removed tissues by surgical
needles under direct microscopic visualization.
After microdissection, the tissue samples were
placed into Eppendorf tubes and were incubat-
ed with proteinase K at 37°C overnight. Then
the tissue was extracted twice in phenol and
twice in chloroform, followed by ethanol precipi-
tation. Genomic DNA (3 ug) from tissues and
cells was denatured with 0.3 M NaOH at 37°C
for 10 min. Then freshly prepared (208 ul) 3 M
sodium bisulphate (PH 5.0) and 12 ul fresh 100
mM hydroquinone solutions were added.
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Bisulfite treatment was carried out as described
previously [19]. Line-1 methylation was mea-
sured using a methylation-specific real-time
PCR assay as previously described [19]. The
Line-1 primers used were: unmethylated for-
ward primer, TGTGTGTGAGTTGAAGTAGGGT,
reverse primer, ACCCAATTTTCCAAATACAACC-
ATCA; methylated forward primer, CGCGA-
GTCGAAGTAGGGC, reverse primer, ACCCGAT-
TTTCCAAATACGACCG. MSP were performed in
a 25 ul reaction volume with bisulfite-modified
DNA. Reactions step was followed by 40 cycles
at 95°C 30 seconds, 55°C for 35 seconds, and
72°C for 40 seconds in the Mx3000P QPCR
System (Stratagene, USA) with SYBR Premix Ex
Taq (TaKaRa Bio, Dalian, China). The methyla-
tion index (M) of Line-1 was calculated using
the formula: 100 x methylated reaction/
(unmethylated reaction + methylated reaction).

Quantitative real-time PCR analysis
RT-gPCR was performed using SYBR Green |

chemistry (Invitrogen Life Technologies, Car-
Isbad, CA, USA). Total RNA was isolated from

Int J Clin Exp Pathol 2015;8(11):14392-14400
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310 ESCC, and adjacent normal tissues sam-
ples using TRIzol reagent, according to the pro-
tocol provided by the manufacturer. The quan-
tity and quality of the RNA samples were mea-
sured carefully by spectrophotometer and elec-
trophoresis. The first-strand cDNA was synthe-
sized from a moloney murine leukemia virus-
reverse transcriptase kit using 2 ug total RNA
according to the manufacturer’s instructions
(Takara Bio, Inc., Dalian, China). Primer
sequences of MDR1 for reverse transcription-
PCR (RT-PCR) reaction were forward (5-CTGG-
TTTGATGTGCACGATGTTGG-3’) and reverse (5'-
TGCCAAG-ACCTCTTCAGCTACTG-3’) [20]. Quan-
titative real-time PCR (qPCR) were carried out
using the Mx3000P QPCR System (Stratagene,
USA). The cDNA was then used for gPCR ina 20
ul SYBR Premix Ex Tag. gPCR for MDR1 mRNA
expression was performed by 40 cycles of 30
seconds at 95°C, 40 seconds at 60°C, and 40
seconds at 72°C. As an internal control for
gPCR, B-actin mRNA expression was amplified
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Figure 2. The level of Line-1 methylation
associated with age, AJCC stage, and
differentiation in ESCC. The methylation
index (MI) of Line-1 was indicated by the
mean and 95% Cl in ESCC tissues. A.
The mean Ml of Line-1 in different age
groups. B. The mean Ml of Line-1 in dif-
ferent AJCC stage groups. C. The mean
MI of Line-1 in different differentiation
groups. Statistical analyses were done
using the unpaired t test.

from the same cDNA samples. All results were
normalized to B-actin amplification. C, values
for triplicate reactions were averaged and rela-
tive MDR1 expression was determined with the
comparative C. method, using average C, val-
ues for MDR1 and B-actin.

Statistical analysis

All data were analyzed by SPSS 18.0 software
(SPSS, Inc., Chicago, USA). Comparison was
done with t test (unpaired or paired). All P val-
ues presented were two-sided, and a P value of
less than 0.05 was considered statistically sig-
nificant. Univariate analyses of the interaction
between Line-1 methylation and clinical param-
eters were performed with Pearson’s Chi-
square test or Fisher’s exact test. Survival
curves were based on Kaplan-Meier estimates.
Hazard ratios (HR) between two groups were
calculated using Cox regression with the prog-
nostic factors.
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Table 1. Using statistical analy-
sis, we examined Line-1 meth-
ylation level with regard to
ESCC patient clinicopathologic
parameters of age, gender,
tumor size, smoking history,
drinking alcohol, AJCC stage,
differentiation, and others
(Table 1). The cutoff value 0.78
was set for Ml and the patients
were classified according to
the mean Ml of Line-1 in ESCC.
There was a statistical differ-
ence between MI < 0.78 and
MI > 0.78 cases with these
clinicopathologic parameters
(age, AJCC stage, differentia-

0 1 1 ) )
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Figure 3. Line-1 hypomethylation confers poor prognosis in ESCC. The overall
survival of these patients was compared using the Kaplan-Meier method and
the log-rank test. Results showed a significantly longer median cumulative
survival (43 months) was seen in ESCC with M| > 0.78 group compared with
34 months in the ESCC with MI < 0.78 group (log-rank P < 0.0001).

Results

Methylation index of Line-1 in ESCC and non-
tumor tissues

Line-1 promoter methylation is prominent in
the genome and is frequently used to be a
marker of global methylation in several of can-
cers. The methylation status of the Line-1 pro-
moter region was analyzed by a real-time meth-
ylation-specific polymerase chain reaction
assay in 310 ESCC and their adjacent non-
tumor tissues. The methylation index (MI) of
Line-1 was calculated according to quantitative
methylation data in ESCC and Non-tumor sam-
ples (Figure 1). The mean Ml of Line-1 was 0.78
(95% ClI, 0.77-0.79) in ESCC, and 0.91 (95% Cl,
0.89-0.91) in Non-tumor samples. The Ml level
of Line-1 was significantly lower in ESCC sam-
ples compared with Non-tumor tissues (P <
0.0001). These results indicated a significant
decrease in methylation levels of Line-1 pro-
moter in ESCC compared with non-tumor
samples.

Line-1 methylation levels and clinicopathologic
features of ESCC

Demographic and clinical characteristics of the
subjects of the present study are presented in
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tion; P = 0.010, P < 0.0001, P
= 0.015, respectively).

The next, we analyzed Line-1
methylation level to age, AJCC
stage, and differentiation in
ESCC patients (Figure 2). The
results found that Line-1 Ml
were 0.84 (95% Cl, 0.81-0.86),
0.81 (95% ClI, 0.79-0.83), 0.77
(95% CI, 0.76-0.79), 0.74 (95% Cl, 0.71-0.76) in
ESCC patients with < 50 years, 50~59 years,
60~69 years, and > 70 years groups, respec-
tively. And, Line-1 MI were 0.85 (95% Cl, 0.83-
0.87), 0.82 (95% Cl, 0.79-0.84), 0.77 (95% Cl,
0.75-0.78), 0.72 (95% Cl, 0.68-0.75) in ESCC
patients with AJCC stage |, Il, Ill, IV groups,
respectively. Line-1 Ml were 0.78 (95% CI, 0.76-
0.81), 0.80 (95% Cl, 0.78-0.81), 0.75 (95% Cl,
0.74-0.78) in ESCC patients with G1, G2, G3
groups, respectively. These results implied that
Line-1 hypomethylation could be more in ESCC
patients with older, advanced tumor and poor
differentiation group.

To investigate the association between the
level of Line-1 promoter methylation status and
outcomes after post-resection of ESCC, the
survival of these patient groups was compared
using the Kaplan-Meier method and the log-
rank test (Figure 3). Results showed a signifi-
cantly longer median cumulative survival (43
months) was seen in ESCC with M| > 0.78 group
compared with 34 months in the ESCC with Ml
< 0.78 group (log-rank P < 0.0001). These
results suggested that Line-1 Ml level could be
an independent predictor for prognostic factor
in ESCC.

Int J Clin Exp Pathol 2015;8(11):14392-14400
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Figure 4. Elevated MDR1 expression associated with Line-1 demethylation in

ESCC patients. A. The MDR1 expressions were increased in
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-(ACt_.. -ACt . Statistical analyses were done using the
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while error bars represent 95% Cl. B. The scatter plots sum

expression levels of MDR1 (-AACT) associated with Line-1 methylation index in

ESCC patients (P < 0.0001).

Elevated MDR1 expression and Line-1 hypo-
methylation in ESCC

MDR1 has been a major difficulty for the failure
of chemotherapy in ESCC. To investigate the
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These results implied that
Line-1 demethylation could
play an important role in
elevated MDR1 expression
during tumorigenesis of
ESCC.

ESCC with Line-
0.0001). -AACt,
unpaired t test,
marized relative
Discussion

Esophageal cancer is the

eighth most common can-
cer worldwide, and is the sixth most common
cause of death from cancer. The predominant
histological types of esophageal cancer are
ESCC, which tends to localize in the East, such
as Japan and China. Aberrant genome-wide

Int J Clin Exp Pathol 2015;8(11):14392-14400
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Table 2. Results of Cox regression analysis summarizing

significant independent prognostic factors

sion of MDR1 might be epigeneti-
cally regulated in that aggressive

type of esophageal cancer. The

Factor B SE  Hazard ratio (95% Cl)
Survival after surgery
Age 0.043 0.026 1.232(1.024-1.082)
Mi 1.172 0.482 2.843(1.408-7.023)
-AACt >0 1.326 0.563 2.536(1.327-5.534)

MDR1 mRNA

P multidrug resistance protein 1
encoded by ABCC1 was originally

0.034 discovered as a cause of multidrug
0.026 resistance in tumor cells. How-
0.014 ever, MDR1 serves a broader role

Cl, confidence interval; MI, methylation index.

hypomethylation and hypermethylation in can-
cer has been thought to be related to tumori-
genesis [21]. DNA hypomethylation occurs at
many genomic sequences, including repetitive
elements and retrotransposons, thus resulting
in genomic instability [22]. But the mechanism
of global DNA hypomethylation during cancer
development is still not fully understood [23].

As a good indicator of global DNA methylation
level, we also found that Line-1 hypomethyl-
ation is an important feature in ESCC. Firstly,
the MI of Line-1 decreased from 0.90 in non-
tumor samples toward 0.78 in ESCC. There was
a significant demethylation trend of Line-1 in
ESCC, which implied that Line-1 hypomethyl-
ation is one of the most common molecular
abnormalities during the carcinogenic process.
Secondly, Line-1 hypomethylation were signifi-
cantly associated with clinicopathologic fea-
tures, such as age, AJCC stage, and differentia-
tion. And our results implied that the Line-1
hypomethylation have been shown to be signifi-
cantly associated with poor survival in ESCC. It
could be some important factors resulting in
Line-1 hypomethylation including age, AJCC
stage, and differentiation. S. lwagami et al.
demonstrated that 30 ESCC tissues show far
lower Line-1 methylation levels than matched
normal mucosa by bisulfite pyrosequencing
assay [24]. Line-1 hypomethylation was signifi-
cantly associated with disease-free survival in
their large samples study using 217 curatively
resected ESCC specimens [25]. Our results
indicated that Line-1 hypomethylation in ESCC
with MI < 0.78 is associated with a shorter sur-
vival (34 months) than those with Ml > 0.78 (43
months), thus suggesting that it has potential
for use as a prognostic biomarker.

Our current study revealed a relationship

between MDR1 expression and Line-1 hypo-
methylation, suggesting that aberrant expres-
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than simply mediating the ATP-

dependent efflux of drugs from

cells, which likely influences the eti-
ology and progression of tumorigenesis and
clinical chemotherapy [26].

Increased MDR1 expression is an important
factor in patients with ESCC. Molecular corre-
lates with MDR1 activation may be important
for better understanding of Line-1 hypomethyl-
ation. There was a significant correlation
between Line-1 hypomethylation and chromo-
somal aberrations in gastrointestinal stromal
tumors. Generation of genomic instability by
hypomethylation seems to depend on the pro-
pensity of hypomethylated DNA [27, 28]. Our
results indicated that elevated expression of
MDR1 is significantly associated with Line-1
demethylation in ESCC. The MDR1 expression
was higher in ESCC with Line-1 demethylation
than that with Line-1 hypermethylation. Results
of Cox regression analysis indicated that Line-1
demethylation and elevated MDR1 expression
were significantly associated with patient sur-
vival in ESCC. These results implied that epi-
genetic changes in Line-1 are accompanied by
the alter expression of MDR1, and demethyl-
ation of Line-1 was associated with elevated
expression of MDR1 mRNA in ESCC.

Conclusions

Our paper demonstrates that Line-1 hypometh-
ylation was associated with advance cancer-
specific and overall mortality in ESCC.
Meanwhile, Line-1 demethylation could play an
important role in elevated MRD1 expression
during carcinogenesis of ESCC. Associations
have been drawn between MDR1 expression,
Line-1 hypomethylation and prognosis in
esophageal cancer; thus, our findings may pro-
vide new insights into the biological mecha-
nisms of ESCC tumorigenesis and progression.
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