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Abstract

Helicobacter pylori has been known as a major risk factor linked to gastric cancer. The incidence of
gastric cancer has steadily declined because the screening and eradication of Helicobacter pylori has become a
common clinical practice to prevent gastric cancer. In contrast, the prevalence of gastric corpus cancer arising
from is Helicobacter pylori-negative mucosa, gastroesophageal junction cancer, and esophageal adenocarcinoma
has been increasing in Western countries, where the infection rate of Helicobacter pylori is relatively low. The
recent striking increases in those types of cancers parallel the increase in obesity and metabolic syndromes,
because obesity promotes gastroesophageal reflux, which may be related to increased intra-abdominal pressure
and reflux disease. The use of proton pump inhibitors, which strongly inhibit the function of HK-ATPase in
gastric parietal cells, has become widespread for the treatment of peptic ulcer disease and gastroesophageal
reflux disease. Recently, proton pump inhibitors are also administrated for patients with inflammatory bowel
disease and irritable bowel syndrome; however, such widespread use of proton pump inhibitors has been
known to cause dysbiosis, such as striking increase of oral bacteria Klebsiella in colon.

In a previous study, we examined the gastrointestinal tract of mice with high fat diet-induced obesity
and found that totally 35% of mice developed macroscopically distinct metaplastic patchy lesions in stomach
during ~8-20 weeks of high fat diet feeding. This metaplastic patchy lesion was histologically characterized by
severe loss of parietal cells expressing HK-ATPase and the expression of TFF2 and ectopic Alcian blue-positive
mucin, which resembled the previously reported pattern for precancerous lesion, spasmolytic polypeptide
expressing metaplasia (SPEM).

To examine the effect of proton pump inhibitors on upper gastrointestinal tract, proton pump
inhibitors was administrated by oral-gastric gavage to mice fed with normal diet (CE2) three times a week.
After 4 weeks of proton pump inhibitors administration, metaplastic lesion was induced in stomach of 50% and
28.6% of mice administrated with 10 mg/kg and 5 mg/kg of proton pump inhibitors, respectively, which
resembled the precancerous lesion observed in high fat diet-fed mice and histologically characterized by severe
loss of parietal cells expressing HK-ATPase and the expression of TFF2 and ectopic Alcian blue-positive mucin.
No mice administrated with 1 mg/kg of proton pump inhibitors developed macroscopically distinct metaplastic
patchy lesions in stomach.

To characterise the early changes in the stomachs of the mice after ~1-2 weeks of proton pump
inhibitors administration, we performed morphological analysis using electron microscopy (EM). Samples of
corpus mucosa were pre-fixed with 2% paraformaldehyde and 2% glutaraldehyde in 30 mM HEPES buffer (pH
7.4) at 4°C and then post-fixed with an aldehyde-OsO4 mixture containing 1.25% glutaraldehyde, 1%
paraformaldehyde, 0.32% K3[Fe(CN)6], and 1% OsO4 in 30 mM HEPES buffer (pH 7.4) for 1 h at room
temperature.  The fixed blocks were sectioned to 70 nm thickness with an ultramicrotome. The ultra-thin

sections were contrasted with EM stainer and lead acetate and examined with electron microscope. In high fat



diet-fed mice, parietal cells containing cytoplasmic tubulovesicles and numerous mitochondria were mostly lost
in the gastric corpus pits and remaining parietal cells contained abnormal mitochondria with dense crystalline
inclusions, suggesting the presence of mitochondrial stress in high fat diet-fed parietal cells. In contrast, proton
pump inhibitors-administrated mice displayed no pathological changes even in the corpus mucosa of mice
administrated with 10 mg/kg of proton pump inhibitors.

Next, we examined surgically resected human non-cancerous mucosa from patients with gastric
adenocarcinoma using electron microscopy. The background mucosa of posterior wall of stomach were
pre-fixed with 2% paraformaldehyde and 2% glutaraldehyde in 30 mM HEPES buffer (pH 7.4) at 4°C and then
post-fixed with an aldehyde-OsO4 mixture containing 1.25% glutaraldehyde, 1% paraformaldehyde, 0.32%
K3[Fe(CN)6], and 1% OsO4 in 30 mM HEPES buffer (pH 7.4) for 1 h at room temperature. The fixed blocks
were sectioned to 70 nm thickness with an ultramicrotome and the ultra-thin sections were examined with
electron microscope. Nineteen of twenty samples examined contained parietal cells with abnormal
mitochondria with dense crystalline inclusions. These mitochondrial stress in parietal cells were observed in
corpus mucosa from obese (> BMI 30) and non-obese patients with and without diabetes. There was no
relationship between the mitochondrial stress and Helicobacter pylori infection.  Since all of them were
administrated with proton pump inhibitors, we further examined normal corpus mucosa from 3 healthy
volunteers who have never medicated with proton pump inhibitors. Although one out of three had medicated to
eradicate Helicobacter pylori infection, their gastric corpus pits were mostly occupied by parietal cells
containing cytoplasmic tubulovesicles and numerous mitochondria and did not showed any mitochondrial stress
in parietal cells.

To test whether proton pump inhibitors affected cell viability in vitro, we isolated epithelial cells from
the gastric corpus mucosa by flow cytometry and cultured them to form gastric-organoid for 44 h.  Then, proton
pump inhibitors were added to the gastric-organoid culture at the final concentration of 1, 10, 100, 1000, and
10000 ng/ml.  After 1 h incubation, cell viability was determined by the addition of Ethidium Homodimer Il to
the three-dimensional organoid culture. To identify parietal cells, immunostaining of organoid culture for
HK-ATPase was performed after fixing the cells with paraformaldehyde. The addition of proton pump
inhibitors to the culture medium induced parietal cell death in a dose-dependent manner (100 ng/ml — 10 ug/ml).
To clarify the mechanism of proton pump inhibitor-induced parietal cell death, we treated gastric-organoid
culture with proton pump inhibitor at the final concentration of 10 ug/ml, and then detected the production of
reactive oxygen species by using CellROX Green. In this organoid culture condition, the production of reactive
oxygen species was hardly detected neither in proton pump inhibitor-treated nor untreated cells. These results
suggest that proton pump inhibitor may induce parietal cell death without the production of reactive oxygen
species.

The use of proton pump inhibitors has become widespread following an increase in gastroesophageal
reflux dur to the worldwide obesity epidemic, aging, eradication of Helicobacter pylori. Such widespread use
of PPIs has recently come to be suggested to be associated with the formation of gastric sporadic fundic gland
polyps. In this study, we observed mitochondrial stress in parietal cells of murine gastric mucosa after proton
pump inhibitor administration. Furthermore, we clearly showed that proton pump inhibitor caused parietal

cell death without the production of reactive oxygen species by using the gastric-organoid culture. These



results indicate that the use of proton pump inhibitors might be associated with an increased risk of metaplastic

change in stomach.



~REER £ BAESA DR~

(EEHRS -

WA SHILB[ERBHARE TN BHic)

NORETILZBWTPPIE SO EEA 85T
FPREEZREZBWE XD Z LB

E MRFEZRWERIE~PPIIRSE & OEE~

BEREBHEVYOANDSEEPPIERIZES(CKD
BHEFEZ{LMNIERISNDIEERLE

AIWNH/ A RBERZBWVWT, PPIIEFS~,OVR
)7 COROSEEXZHH T (CEMRICHBARI &
BgZcExBEUE

EREBHEOESEERICENDINIVRUPESE
EBR=zBH UKL



70 kYR TREFIOHEICEICKEFTZE
~N D RETILZRBLIRET~

JORVIRYTHERERICKD
BEEREEVORICEEINDBIHROZEL

K5 RE BRAEDIRAE
10 mg/kg 50%
5 mg/kg 28.6%

1 mg/kg 0%




0LV TREFIDEILEICRETZE
~ & MMRIFER IR~

IER E ~BEElRe IESESI TR SNz
O VRY TREA (-) SRIVRUPRELR
- S ‘; .‘:‘ !tm‘,;‘ , : : ‘_" PR T e a) :

F£720 BEXRBIESABZRICTHRS



70 kiKY THEEAIC K SiBieES
~B LRIEERERBL\TIRFT~

XYIRARILIE 70 kRSN
AIWA/ AR AIA/ AR

BEHARR(C H (T 2HHRIFEN
BEMRENICERO SN



MERR R PEFHFRBHREICOLT

RS 29481029

WIS - Za b AR TRREAIO Y A 7 K- & L CO R REME~ AR & IENBREE~O

[

F T

FAEWITEE 4 -

LA A hv

EE

Bl

o>

Intermittent fasting prompted recovery from
dextran sulfate sodium-induced colitis in mice

Okada, T.,
Otsubo, T.,
Hagiwara, T.,
Inazuka, F.,
Kobayashi, E.,
Fukuda, S., Inoue,
T., Higuchi, K.,
Kawamura, Y. I.,
Dohi, T.

J Clin Biochemistry
and Nutrition

61

2017

Disruption of the TWEAK/Fn14 pathway
prevents 5-fluorouracil-induced diarrhea in mice

Sezaki T, Hirata
Y, HagiwaraT,
Kawamura Y|,
Okamura T,
Takanashi R,
Nakano K,
Tamura-Nakano
M, Burkly LC,
Dohi T.

World J
Gastroenterology

23

2017

DNA hypermethylation and silencing of PITX1
correlated with advanced stage and poor
postoperative prognosis of esophageal squamous
cell carcinoma

Otsubo T,
Yamada K,
Hagiwara T,
Oshima K, lida K,
Nishikata K,
Toyota T, lgari T,
Nohara K,
Yamashita S,
Hattori M, Dohi
T, Kawamura Y.

Oncotarget

2017

Fatty acids in high-fat diet potentially induce
gastric parietal-cell damage and metaplastia in
mice

Hirata Y, Sezaki
T, Tamura-
Nakano M,
Oyama C,
Hagiwara T,
Ishikawa T,
Sezaki T, Fukuda
S, Yamada K,
Higuchi K, Dohi
T, Kawamura Y.

J Gastroenterology

52

2017

i
oy
R
s

ZA v

R

it

2B

Fatty acids in a high-fat diet potentially induce
gastric parietal-cell damage and metaplastia in
mice

Hirata Y, Fukuda
S, Yamada K,
Higuchi K,
Kawamura Y|,
Dohi T

DDW2017

Chicago

201745 H




MERR R PEFHFRBHREICOLT

HIH FHE, ks
HiAC, B
F ()

Il F RSN 55 BRI S (Lo Co |, BFBR 7 |72 A A b |,
frest T KA [erans TR 2017
WF . R
T =
ey
5 P A g | L gy [TTOF AR |
f;_tﬁ)%ﬁm/géz?m$ IS %HEEEQ R N S N 201749
" . )

Dt gEE ik, 7L, 5O

A bv REH FEFRIE Sipt FHH

AL

FERFBARRPUCOWT BRSO DI ( )FHOZ &,

5594 B w1 O esn (haR) |

UL

MEZUNRWIEE ORI TRE2E L) LEtflioZ &,
KEAEMIEENPEB D ONBZLHDO Z L,



	1_29指1029河村実績報告(29年度)
	2_29指1029河村english(29年度）
	3_29指1029事後報告_最終
	4_29指1029実績報告業績(河村班29年度最終)

