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Comprehensive analysis of LINE-1 methylation level in gastric cancer.
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DNA methylation in the long interspersed nucleotide element-1, L1 (LINE-1)
repetitive element is a good indicator of the global DNA methylation level. In some types of human
neoplasms, However, prognostic significance of LINE-1 hypomethylaiton in gastric cancer remains
unclear.Using 203 resected gastric cancer specimens, we quantified LINE-1 methylation using
bisulfite-pyrosequencing technology. Gastric cancers showed significantly lower LINE-1 methylation levels
compared to matched normal gastric mucosa. LINE-1 hypomethylation was significantly associated with
shorter overall survival. LINE-1 hypomethylation in gastric cancer is associated with shorter survival,
suggesting that it has potential for use as a prognostic biomarker. LINE-1 methylation in the
noncancerous gastric mucosae of gastric cancer patients was significantly lower than in the gastric
mucosae of the autopsied individuals suggesting the formation of epigenetic field defect in noncancerous

gastric mucosae.

LINE-1 Pyrosequence



(global DNA hypomethylation)
(proto-oncogene)

LINE-1
17
LINE-1 CpG
LINE-1
target
LINE-1
LINE-1
H.pylori
LINE-1
203
Macro dissection
DNA bisulfite
“ Pyrosequencing
technology” LINE-1
(Figure 1)

SAS program (SAS Institute,

Cary, NC) LINE-1

A LINE-1 methylation level : 78%

150 -
100 -

Not CpG

50-

-—

79%| 81% 75%] 76%)

@

200~

150-

100-
50
0

Not cPG\

: LINE-1 methylatlon level : 39°/

38%| 42%| 35%. 39%

v V\’ J \‘t \;'JJ

i
ESACTCAGTGTGTCAGTCAGTTAGTCTG

Figure 1

LINE-1
97.5 %(

5 10 15 20 25

11.6 %
71.4 %)

LINE-1

(p<0.0001; N=74

Figure 2)

100 —
90—_
80——
70;

LINE-1 Methylation Level (%)

N=74
P<0.0001

Figure 2

LINE-1

3
Cancer

T T
Normal Tumor

Stage
LINE-1
LINE-1

LINE-1

log-rank p=0.029 Figure
Gastric

0.4 -

Survival probability
©
N
L

©
=)

L\ﬂ*_‘\

Ter2-3**

P=0.029

o

Figure 3

10 20 30 40 50 60
Overall survival (months)

*Ter1 represent the “hypermethylated group”
**Ter2-3 represents the “hypomethylated group”

LINE-1 H.pylori

P=0.037 Figure 4



=
= 90 °
< : $
| & e
2y %
:MiS’TD 3 o
I]‘é -~ 1
aw
B0
LU
= P=0.037
— 50 .
. &1 =4k
Figure 4 Helicobacter pylori B% &
20
P=0.01 LINE-1
H.pylori
epigenetic field defect
LINE-1 H.pylori
epigenetic
field defect
LINE-1
H.pylori

epigenetic field defect

Medical Oncology

(2015 Apr)

17
Kosumi K, Baba Y, Watanabe M, Ida S,
Nagai Y, Baba H: Pedunculated

gastric conduit interposition with
duodenal transection after salvage
esophagectomy: an option for
increasing the flexibility of the
gastric conduit. J Am Coll Surg
214(5):e31-3, 2012.

Kurashige J, Kamohara H, Watanabe M,
Hiyoshi Y, lwatsuki M, Tanaka Y,
Kinoshita K, Saito S, Baba Y, Baba H:
MicroRNA-200b regulates cell
proliferation, invasion, and
migration by directly targeting ZEB2
in gastric carcinoma. Ann Surg Oncol
19 (S3):S656-64, 2012.

Watanabe M, Iwatsuki M, lwagami S,
Ishimoto T, Baba Y, Baba H:
Prognostic nutritional index
predicts outcomes of gastrectomy in
the elderly. World J Surg
36(7):1632-9, 2012.

Iwagami S, Baba Y, Watanabe M,
Shigaki H, Miyake K, Ida S, Nagai Y,

10.

Ishimoto T, Iwatsuki M, Sakamoto Y,
Miyamoto Y, Baba H: Pyrosequencing
assay to measure LINE-1 methylation
level in esophageal squamous cell
carcinoma. Ann Surg Oncol
19(8):2726-32, 2012.

Liao X, Lochhead P, Nishihara R,
Morikawa T, Kuchiba A, Yamauchi M,
Imamura Y, Qian ZR, Baba Y, Shima K,
Sun R, Nosho K, Meyerhardt JA,
Giovannucci E, Fuchs CS, Chan AT,
Ogino S: Aspirin use, tumor PIK3CA
mutation, and colorectal-cancer
survival. N Engl J Med
367(17):1596-606, 2012.

Inadomi K, Ishimoto T, Watanabe M,
Iwatsuki M, Arima K, Ida S, Nagai Y,
Iwagami S, Baba Y, Sakamoto YV,
Miyamoto Y, Honda Y, lyama K, Baba H:
Primary malignant melanoma of the
esophagus with extensive
intraepithelial extension. Ann
Thorac Surg 94(6):2105-7, 2012.

Kiyozumi Y, Watanabe M, lwatsuki M,
Ishimoto T, Iwagami S, Baba YV,
Tamaoki Y, |lyama K, Baba H:
Pathological complete response in a
case of HER2-positive gastric cancer
with  peritoneal dissemination
treated with  trastuzumab in
combination with chemotherapy. Int
Canc Conf J 2(1):51-5, 2013.

Shigaki H, Baba Y, Watanabe M, Murata
A, Iwagami S, Miyake K, Ishimoto T,
Iwatsuki M, Baba H: LINE-1
hypomethylation in gastric cancer,
detected by bisulfite
pyrosequencing, is associated with
poor prognosis. Gastric Cancer
16(4):480-7, 2013.

Miyata T, Watanabe M, Nagai VY,
Iwatsuki M, lIwagami S, Baba Y,
Furushou C, lkuta Y, Yamamoto T, Baba
H: Successful esophageal bypass
surgery in a patient with a large
tracheoesophageal fistula following
endotracheal stenting and
chemoradiotherapy for advanced
esophageal cancer: case report.
Esophagus 10(1):27-9, 2013.

Iwagami S, Baba Y, Watanabe M,
Shigaki H, Miyake K, Ishimoto T,
Iwatsuki M, Sakamaki K, Ohashi Y,
Baba H: LINE-1 hypomethylation is
associated with a poor prognosis
among patients with curatively
resected esophageal squamous cell




11.

12.

13.

14.

15.

16.

17.

carcinoma. Ann Surg 257(3):449-55,
2013.

Watanabe M, Baba Y, Nagai Y, Baba H:
Minimally invasive esophagectomy
for esophageal cancer: an updated
review. Surg Today 43(3):237-44,
2013.

Mima K, Hayashi H, Imai K, Kuroki H,
Nakagawa S, Okabe H, Chikamoto A,
Watanabe M, Beppu T, Baba H: High
CD44s expression is associated with
the EMT expression profile and
intrahepatic  dissemination  of
hepatocellular carcinoma after
local ablation therapy. J
Hepatobiliary Pancreat Sci
20(4):429-34, 2013.

Saito S, Okabe H, Watanabe M,
Ishimoto T, Iwatsuki M, Baba Y,
Tanaka Y, Kurashige J, Miyamoto Y,
Baba H: CD44v6 expression is related
to mesenchymal phenotype and poor
prognosis in patients  with
colorectal cancer. Oncol Rep
29(4):1570-8, 2013.

Shigaki H, Baba Y, Watanabe M, Murata
A, Ishimoto T, lwatsuki M, lwagami S,
Nosho K, Baba H: PIK3CA mutation is

associated with a  favorable
prognosis among patients with
curatively resected esophageal

squamous cell carcinoma. Clin
Cancer Res 19(9):2451-9, 2013.

Murata A, Baba Y, Watanabe M, Shigaki
H, Miyake K, Ishimoto T, lwatsuki M,
Iwagami_S, Sakamoto Y, Miyamoto Y,
Yoshida N, Nosho K, Baba H:
Methylation levels of LINE-1 in
primary lesion and matched
metastatic lesions of colorectal
cancer. Br J Cancer 109(2):408-15,
2013.

Baba Y, Murata A, Watanabe M, Baba H:
Clinical implications of the LINE-1
methylation levels in patients with
gastrointestinal cancer. Surg Today
44(10):1807-16, 2014.

Kosumi K, Baba Y, Ishimoto T, Harada
K, Miyake K, 1lzumi D, Tokunaga R,
Murata A, Eto K, Sugihara H, Shigaki
H, Iwagami S, Sakamoto Y, Miyamoto Y,
Yoshida N, Watanabe M, Komohara Y,
Takeya M, Baba H: Relationship between
LINE-1 hypomethylation and
Helicobacter pylori infection in
gastric mucosae. Med Oncol 32(4):571,
2015.

7
Long
interspersed nucleotide factor-1
(LINE-1)
112
2012 4 12

Iwagami S, Baba Y , Watanabe M, Shigaki
H, Miyake K, 1da S, Nagai Y, Ishimoto
T, lwatsuki M, Sakamoto S, MiyamotoY,
Baba H. Prognostic Significance
of LINE-Hypomethylation in Gastric
Cancer 2012 AACR
Kusumi K, Baba Y, Karashima R, Ida
S, Imamura Y, Ishimoto T, lIwagami S,
Sakamoto Y, Miyamoto Y, Yoshida N,
Baba H. Infection of Helicobacter
pylori 1is Associated with LINE-1
Hypomethylation of Non-cancerous
Gastric Mucousae The 4th JCA-AACR
2013 12 17 ,

LINE-1
86
2014 3 21
LINE-1
Helicobacter pyroli
86 2014 3 21
LINE-1
CD44  Helicobacter pyroli
100
2014 4 23
LINE-1
69
2014 7 18
0
0



@
IWAGAMI, shiro

70530153

®
(BABA, yoshifumi

20599708

(WATANABE, masayuki

80254639



