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LINE-1 hypomethylation is inversely correlated
with UHRF1 overexpression in gastric cancer
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Abstract. DNA methylation is an important epigenetic modi-
fication that alters gene expression; DNA hypomethylation
contributes to tumorigenesis through multiple processes.
In the present study, the methylation of long interspersed
element-1 (LINE-1) in 95 gastric cancer (GC) tissues
and matched adjacent normal tissues was investigated by
pyrosequencing. LINE-1 methylation was compared with
the expression of ubiquitin-like with PHD and ring-finger
protein 1 (UHRF1), an essential regulator of DNA meth-
ylation, using reverse transcription-quantitative polymerase
chain reaction. Significant hypomethylation of LINE-1 and
overexpression of UHRF1 were observed in GC tissues
compared with the matched controls (P<0.001 and P=0.001,
respectively). LINE-1 hypomethylation was inversely corre-
lated with UHRF1 overexpression in GC tissues (r=-0.026,
P=0.028). In addition, LINE-1 hypomethylation in GC was
significantly associated with Lauren's histological clas-
sification, tumor differentiation and background intestinal
metaplasia (P=0.014, P=0.042 and P=0.034, respectively).
These results suggest that LINE-1 hypomethylation may be
a potential biomarker for GC and it is indirectly regulated by
UHRF]1 overexpression.
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Introduction

Epigenetic alterations are important in maintaining genomic
stability. DNA methylation is the most common epigenetic
modification, and is involved in various biological processes,
including tumorigenesis, when aberrant DNA methylation
occurring in promoter CpG islands can lead to gain of func-
tion in oncogenes and loss of function in tumor suppressor
genes (1-4). The mechanism by which DNA hypomethylation
contributes to tumorigenesis has been proposed to involve
chromosomal instability (5,6), derepression of imprinted
genes (7), and retrotransposon activation (8,9). Long inter-
spersed element-1 (LINE-1) is a repetitive retrotransposon
and a major constituent of interspersed DNA repeats. As it
constitutes approximately 17% of the human genome, LINE-1
methylation is used as a surrogate marker of global DNA meth-
ylation (10). LINE-1 hypomethylation has been observed in
several types of cancer, including gastric cancer (GC) (11-14).
However, the mechanism by which LINE-1 methylation is
regulated remains undefined.

Ubiquitin-like with PHD and ring-finger protein 1
(UHRF1) is a modular protein containing several functional
domains. The SET and RING finger-associated domain plays
an essential role in DNA methylation, transferring methylation
patterns to daughter cells through the recruitment of DNA
methyltransferase 1 (DNMT]1) to newly synthesized strands
during DNA replication (9,15-17). UHRF1 is overexpressed in
several cancers (9,18-20). However, the relationship between
LINE-1 hypomethylation and UHRF1 expression has not been
reported in GC. Here, we have investigated LINE-1 meth-
ylation status and UHRF1 mRNA expression in GC tissues
compared to matched adjacent normal tissues. In addition, we
explored whether LINE-1 methylation is related with UHRF1
expression as well as clinicopathological features including
age, gender, tumor location, Lauren's histologic classification,
tumor differentiation, tumor stage, and accompanying atrophy
and intestinal metaplasia.

Materials and methods
Ethics statement. The present study protocol was reviewed

and approved by the Institutional Review Board of Chungnam
National University Hospital approved the study protocol (IRB



HONG et al: CORRELATION BETWEEN LINE-1 HYPOMETHYLATION AND UHRF-1 OVEREXPRESSION

no. 2014-10-031). All patients enrolled in this study provided
their written informed consent for tissue collection and use.

Patients and tissue samples. GC and matched adjacent normal
specimens were obtained from 95 patients who underwent
a gastrectomy at Chungnam National University Hospital
between February 2010 and July 2015. The mean age of the
patients (65 males and 30 females) was 65.4+11.0 (Table I).
Adjacent normal mucosa was obtained at least 5.0 cm from
the tumor margin. The biospecimens and data used for this
study were provide by the Biobank of the Chungnam National
University Hospital, a member of the Korea Biobank Network.

DNA and bisulfite treatment. Genomic DNA (gDNA) was
extracted using a DNeasy Blood & Tissue kit (Qiagen, Valencia,
CA, USA) according to the manufacturer's instructions. DNA
quality (A260/280 and A260/230) was assessed using a
Nanodrop 2000 (Thermo Fisher Scientific, Inc., Wilmington,
DE, USA). The isolated DNA was treated with sodium bisulfite
using an EZ DNA Methylation kit (Zymo Research Corporation,
Irvine, CA, USA) according to the manufacturer's instructions.

Pyrosequencing. The methylation status of four CpG islands
in the LINE-1 promoter (position 305, 318, 321, and 328 in
GenBank accession no. X58075) was measured by pyrose-
quencing. A 50 ul volume PCR was performed using 50 ng
of bisulfite-treated gDNA, Taq DNA polymerase, 50 pmol
of the forward (5-TTTTGAGTTAGGTGTGGGATATA-3")
and reverse (5'-biotin-AAAATCAAAAAATTCCCTTTC-3")
primers, and 0.3 M of pyrosequencing primer (5'-AGT
TAGGTGTGGGATATAGT-3") with a Veriti Thermal Cycler
(Applied Biosystems; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) using the following PCR conditions: 95°C for
10 min; 45 cycles of 95°C for 30 sec, 50°C for 30 sec, 72°C for
30 sec; and 72°C for 5 min. Pyrosequencing was performed
using a PyroMark Gold Q24 reagent kit and the Pyromark ID
system (both from Qiagen, Germantown, MD, USA). Data
were analyzed using PyroMark Q24 2.0.6 software (Qiagen).
The methylation level was calculated as the percent of 5-meth-
ylated cytosine divided by the total cytosine, and represents
the mean of the four sites.

Reverse transcription-quantitative polymerase chain reacvtion
(RT-gPCR). Total RNA was isolated with TRIzol (Thermo
Fisher Scientific, Inc.) and cDNA was synthesized using a
SuperScript III First Strand cDNA synthesis kit (Thermo Fisher
Scientific, Inc.), both according to the manufacturer's instruc-
tions. PCR amplification was performed using cDNA, TagMan
Universal Master Mix II with UNG (Applied Biosystems;
Thermo Fisher Scientific, Inc.), and a TagMan Gene Expression
Assay kit (Applied Biosystems; Thermo Fisher Scientific, Inc.);
the genes assayed were UHRF1 (Hs00273589_m1) and GAPDH
(Hs99999905_m1). Amplification reactions were performed in
triplicate with a StepOne Plus system (Applied Biosystems;
Thermo Fisher Scientific, Inc.) using the following conditions:
2 min at 50°C, 10 min at 95°C, 40 cycles of 15 sec at 95°C and
1 min at 60°C. The relative mRNA expression was calculated
as the difference in quantification cycle (ACq) between the
triplicate mean Cq for UHRF1 and the triplicate mean Cq for
GAPDH from the same sample.
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Statistical analysis. Data are presented as the mean + standard
error of the mean (SEM). Two group comparisons were
performed using a Paired Samples t-test. The Wilcoxon test
was used to compare LINE-1 methylation or UHRF1 mRNA
expression between tumors and adjacent normal tissues.
Mann-Whitney U and Kruskal-Wallis tests were used to
evaluate associations between LINE-1 methylation and clini-
copathological parameters. The Spearman correlation test was
used to evaluate correlation between LINE-1 methylation and
UHRFI mRNA expression in tumor tissues. A Two-sided
P<0.05 was considered to indicate a statistically significant
difference. All statistical analyses were performed using SPSS
(SPSS, Inc., Chicago, IL, USA), version 22.0 for Windows.

Results

Correlation between LINE-1 methylation and UHRF I expres-
sion in GC. We first quantified LINE-1 methylation in 95 GC
tissues and matched adjacent normal tissues by pyrosequencing
analysis (Fig. 1). LINE-1 was significantly hypomethylated
in GC tissues compared with matched controls (75.8+0.3
vs. 69.3+1.0%, P<0.001; Fig. 2A). We next measured UHRF1
mRNA expression in 95 GC tissues and matched adjacent
normal tissues by RT-qPCR analysis. UHRF1 was highly
expressed in GC tissues compared to adjacent normal tissues
(P=0.001; Fig. 2B). To evaluate whether UHRF1 overexpres-
sion is related to LINE-1 hypomethylation, we analyzed the
correlation between UHRF1 mRNA expression and LINE-1
methylation in GC tissues. LINE-1 methylation was inversely
correlated with UHRFI mRNA expression (Spearman
r=-0.026, P=0.028; Fig. 3).

Association between LINE-1 methylation and clinicopatholog-
ical features. We also evaluated possible correlations between
LINE-1 methylation and clinicopathological features of the
GCs. The level of LINE-1 methylation was significantly related
to the Lauren's histologic classification, tumor differentiation,
and the presence of background intestinal metaplasia (P=0.014,
P=0.042, and P=0.034, respectively; Table I). However, there
were no significant associations between LINE-1 methylation
and other clinicopathological features of GC.

Discussion

Pyrosequencing is a reliable assay to measure LINE-1 methyla-
tion (21,22). In this study, we investigated LINE-1 methylation
and UHRF1 mRNA expression in GC tissues and matched
controls using pyrosequencing and RT-qPCR, respectively.
LINE-1 hypomethylation and UHRF1 overexpression were
observed in GC tissues compared to adjacent normal tissues
(Fig. 2A and B).

Several studies have reported LINE-1 hypomethylation
and UHRF1 overexpression in various cancers, including
GC (9,11-14,18-20,23,24). However, there have been no reports
demonstrating that LINE-1 hypomethylation is correlated with
UHRF1 overexpression in GC. Here, we show that LINE-1
hypomethylation is inversely correlated with UHRF1 overex-
pression, indicating that LINE-1 methylation may be regulated
by UHRFI, which need to be confirmed molecular mechanism
by further studies.



6668

Table I. Association between LINE-1 methylation and clinico-
pathological features.

LINE-1
methylation
(%)
Feature N (%) Mean SEM P-value
Age, years 65.4+11.0
(mean + SD)
<65 40 (52.6) 695 1.6 0.695
=65 45474) 69.1 1.2
Sex
Male 65(684) 68.8 1.2 0.366
Female 30(31.6) 704 1.6
Tumor location
Upper 27(284) 716 1.6 0.056
Lower 68 (71.6) 684 1.2
Background atrophy
No 68 (71.6) 69.5 1.2 0514
Yes 27(284) 68.7 1.7
Background intestinal
metaplasia
No 12 (12.6) 740 1.6 0.042
Yes 83(874) 68.6 1.1
Tumor differentiation
Differentiated 47 (49.5) 66.7 1.6 0.034
Undifferentiated 48 (50.5) 71.8 09
Lauren's histologic
classification
Intestinal 67 (70.6) 67.6 1.3 0.014
Diffuse 14147y 729 1.6
Mixed 14(14.7) 737 1.6
T classification
T1/T2 29 (30.5) 71.1 1.6 0.290
T3/T4 66 (69.5) 68.5 1.2
N classification
NO 29 (30.5) 699 1.5 0.796
N1 24 (253) 682 2.3
N2 17(179) 68.1 24
N3 25(1263) 703 1.9
Tumor stage
1 (A+B) 20 (21.1)  69.0 2.0 0.111
I (A+B) 20 (21.1) 730 1.5
IIT (A+B+C) 46 (484) 68.0 1.6
v 9(9.5) 73.0 24

LINE-1, long interspersed element-1; SEM, standard error of the
mean; SD, standard deviation.

Accumulating evidence suggests that UHRF1 regulates
gene expression through epigenetic mechanisms including
DNA methylation, histone methylation (25), histone
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Figure 1. Pyrosequencing assay to measure LINE-1 methylation levels.
Percentage is the proportion of cytosine at each CpG site after bisulfite
conversion. Overall LINE-1 methylation level is the average of proportion of
cytosine at the four CpG sites. LINE-1, long interspersed element-1.

deacetylation (26), and possibly histone ubiquitination (27). A
previous study demonstrated that plasmid-mediated UHRF1
overexpression delocalized and destabilized zebrafish Dnmtl,
causing DNA methylation (18). In addition, they demon-
strated that oncogenic UHRF1 overexpression induces global
DNA hypomethylation, causing hepatocellular carcinoma in
zebrafish (18). The relationship between UHRF1 expression
and LINE-1 methylation has been investigated in esophageal
cancer (19). Consistent with our results, UHRFI mRNA
expression was negatively associated with LINE-1 methylation
in esophageal cancer tissues (19); however, the mechanism by
which UHRF]1 overexpression causes global DNA hypometh-
ylation remains to be fully elucidated. Mechanisms including
DNMT]1 delocalization and destabilization (27), ubiquitination
and degradation (24), and redistribution and/or sequestration
of DNMT1 away from DNA (28) have been proposed.

We also evaluated the relationships between LINE-1
hypomethylation and clinicopathological features of the GC
samples. Our analysis revealed that LINE-1 hypomethylation
of GC was associated with Lauren's histologic classification,
tumor differentiation, and background intestinal metaplasia.
This is consistent with a previous study that demonstrated that
LINE-1 methylation was significantly associated with histo-
logic differentiation and Lauren's histologic classification (22).
Our results showed no correlation with tumor stage, similar
to previous studies (22,29). Some studies have demonstrated
that LINE-1 is a potential prognostic biomarker (22,29); that
is, LINE-1 hypomethylation in GC is related to unfavorable
prognosis. However, in our study, there was no significant
association between LINE-1 hypomethylation and prognosis
(data not shown). The mechanism by which aberrant global
DNA methylation results in poorer prognosis remains unclear.
Several studies have suggested that global DNA methylation
is associated with chromosomal instability and mitotic catas-
trophe (5,6,9,18,30). Large-scale studies are required to
confirm LINE-1 methylation status as a useful prognostic
factor. Additionally, we analyzed the association between
UHRF1 gene expression and clinicopathological features of
the GC samples but did not find any relation between them
(data not shown).

GC develops by multistep progression, from chronic
gastritis, atrophic gastritis, intestinal metaplasia, dysplasia,
to GC (22). Previous studies have evaluated the genomic
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Figure 2. LINE-1 methylation and UHRF1 expression comparision between
95 gastric cancer tissues and matched adjacent normal tissues. (A) LINE-1
methylation levels. The cancer tissues showed significantly lower levels of
methylation than matched normal tissues (P<0.001 by Wilcoxon signed-rank
test). (B) UHRF1 expression levels. UHRF1 mRNA expression levels were
significantly higher in cancer tissues than matched normal tissues (P=0.001
by Wilcoxon signed-rank test). The mRNA levels were normalized to those
of GAPDH. Horizontal lines represent the mean + standard error of the
mean as determined by triplicate assays. N, adjacent normal tissues; T, tumor
tissues; LINE-1, long interspersed element-1; UHRF]I, ubiquitin-like with
PHD and ring-finger protein 1.

hypomethylation status at various stages in gastric tumorigen-
esis. One study showed that LINE-1 methylation, measured
using pyrosequencing, progressively declined from chronic
gastritis to gastric dysplasia (22). However, there were no addi-
tional changes in LINE-1 methylation during the progression
from dysplasia to cancer (22). Meanwhile, another study based
on combined bisulphite restriction analysis demonstrated that
LINE-1 methylation progressively decreased from chronic
gastritis to GC (31). In our study, LINE-1 methylation in GCs
with background intestinal metaplasia was significantly lower
than in GCs without background metaplasia. Meanwhile, the
presence or absence of background atrophic gastritis in GC was
not associated with LINE-1 methylation. Helicobacter pylori
infection is closely related to premalignant lesions, including
atrophic gastritis and intestinal metaplasia, in multistep gastric
tumorigenesis. Therefore, the prevalence of H. pylori infection
can influence methylation in premalignant gastric lesions. It
has been suggested that quantitative data regarding the meth-
ylation of specific genes may be useful for predicting the risk
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Figure 3. Correlation between LINE-1 methylation and UHRF1 expression
in 95 gastric cancer tissues. r, Spearman's correlation coefficient; UHRFI,
ubiquitin-like with PHD and ring-finger protein 1; LINE-1, long interspersed
element-1.

of developing GC (32,33). Taken together, it can be inferred
that LINE-1 may be a useful biomarker for understanding
gastric tumorigenesis and for classifying GC types according
to pathogenesis.

There are limitations in this study. First, in vitro study are
required to elucidate the regulatory mechanism of LINE-1
methylation in GC. Second, the sample size was relatively
small. Finally, we could not investigate the relationship
between LINE-1 methylation and H. pylori infection status,
owing to the lack of data.

In conclusion, our results suggest that LINE-1
hypomethylation, which may be regulated by UHRF1 overex-
pression, may be a useful biomarker for GC. Further studies
are needed to better clarify how UHRFI1 regulates LINE-1
methylation and whether the mutation in UHRF1 gene and other
methylation regulators affect LINE-1 methylation levels in GC.
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