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PGK

ICL
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nuclear mteractiné protein 1

H2A histone family, member L

transgelin 2

transcription terrnination factor

tumor necrosis factor (ligand) superfamily,
member 12

matrix metalloproteinase 23A

eukaryotic translation initiation factor 3,
subunit 2 (beta, 36kD)

ubiquinol-cytochrome ¢ reductase (6.4kD)

subunit
AW1630022.134732705
Incyte EST 02.108920122

interferon induced transmembrane prot
ein 3 (1-8U)X573522.101902535
conserved hypothetical protein
AAF96700 2.067803834
KIAA0316 gene product AB002314
2062464711
Sequence 100 from Patent WO99517
27. '
AX015425
ribosomal protein 528
2.027208876
zinedinAF2129402.010433205

2.028429387
AW161288

glucosidase, beta; acid (includes gluco
sylceramidase) AF0232682.01010705
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prostate differentiation factor A
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syntaxin 11

nucleolar protein 4

receptor-interacting serine-threonine
kinase 2

SWL/SNF related, matrix associated, actin
dependent regulator of chromatin, subfamily
a, member 5

regulator of G-protein signalting 5

pre-mRNA splicing factor similar to S.
cerevisiae Prp18

uridine monophosphate synthetase (orotate
phosphoribosyl transferase and orotidine-5'-



decarboxylase)

TIAl cytotoxic granule-associated RNA-
binding protein-like 1

ES1 (zebrafish) protein, human homolog

RNA  guanylyltransferase and =~ 5™
phosphatase

tumor necrosis factor (ligand) superfamily,
member 13

RuvB (E coli homolog)-like 1

vav 2 oncogene

tubulin, beta polypeptide

tryptase, alpha

small
polypeptides B and Bl

pim-1 oncogene M24779 2.51813998

nuclear ribonucleoprotein

procollagen-proline, 2-oxoglutarate 4-di
oxygenase {proline 4-hydroxylase), bet
a pol ypeptide (protein disulfide is
omerase; thyroid hormone binding pro
tein p55)
2 |
. tissue factor pathway inhibitor 2NM__
006528 2.46381741
cathepsin D (lysosomal aspartyl protea
se) - MI11233 2397615848
ATPase, H+ transporting, lysosomal
(vacuolar proton pump) 21kD A
15674772.390568889
keratin 8A19789322.372110171
immediate early response 3 A
1022951 2.357425546

J02783  2.49578561

ribosomal protein S21BE2214082.3392
01379
chromobox homolog 4 (Drosophila P

¢ class) AF(0139562.29998834
4
keratin 8 X74529 2.29013874

dopa decarboxylase (aromatic -amino
acid decarboxylase)M761802.270581792
Human genomic DNA, chromosome
22q11.2, BCRL2 region, clone:KB14
40D3.AP000553 2.23204468
4
syndecan 4 (amphiglycan, ryudocan) D
13202 2.221370746
predicted using Genefinder; preliminar
y prediction CAB608922.17594025
4
~ S100 calcium-binding protein P X
65614

2.155072182
basigin X64364  2.14576871
5
tumor necrosis factor  alpha-induced

protein 6 M31165 2.13628328 |
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Human chromosome 21 segment HS2
1C004.  AL1632045.820879849
CCAAT/enhancer binding protein (C/
EBP), betaW93514 4.761084522



Human low density lipoprotein recept
or gene, exon 18.1.00352 3.42883164
3

solute carrier family 7 (cationic amino

acid transporter, y+ system), fnémber 5

M802443.002677003

cytochrome ¢ oxidase subunit VI J
04823  2.89536847

Human urokinase-type plasminogen re
| ceptor, exon 7. U09937 2.80687624
9 )

Jow density lipoprotein receptor (famil
"ial hypercholesterolemia) NM_00052
7 2.748060893

CCAAT/enhancer binding protein (C/
EBP), beta X52560 2.65794148

epithelial protein lost in neoplasmbeta

AAS594624 2.578110619

claudin 4

AK0266512.544981486
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Arginine-rich protein AA582041
20001823

transcription factor-like 1 AA705337
1.983229372

ectonucleoside triphosphate diphospho
hydrolase 6 (putative function) A
F0399161.976892726

phosphatidylinositol transfer protein, m
embrane-associated A18052461.9562918

82

a disintegrin and metalloproteinase do
main 15 (metargidin)U417671.954849542

calpain 4, small subunit (30K) A

Y007141 1.941214035

Rho GTPase activating protein 1 U
02570  1.940837133
“Human melanoma growth stimulatory
activity beta (MGSA betfa) gene, partial
cds. U03019 1931748436
U2 small nuclear ribonucleoprotein au
xiliary factor (65kD)AA936430 1.
931253285
‘alpha2 8-sialyltransferase  U91641 1.
919789645
* Homo sapiens clone 23929 mRNA s
equence AF0521221.918846265
suppressing  subtransferable
AF0354441.91593511
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Effects of Prostaglandins on Spontaneous
Apoptosis in Gastric Mucosal Cells

SHINJI TSUTSUMI, BS,* REIKO HARUNA, BS,* WATARU TOMISATO, BS,*

TATSUNORI TAKANO, BS,* TATSUYA HOSHINO, BS,* TOMOFUSA TSUCHIYA, PhD,* and

TOHRU MIZUSHIMA, PhD*t -

Prostaglandins have cytoprotective effects on gastric mucosa via the influence of various
mechanisms. The purpose of this study is to examine the effects of prostaglandins on
maturation-dependent spontaneous apoptosis in gastric mucosal cells in vitro, which mimics
the apoptosis of gastric mucosal cells related with a rapid cell turnover rate in vivo. Both
prostaglandin E, and E, inhibited spontaneous apoptosis in a dose-dependent manner and
increased the viability of gastric mucosal cells in culture. A number of antiulcer drugs
presently in clinical use were shown to increase the concentrations of prostaglandins in cells.
All of the drugs tested clearly inhibited the spontaneous apoptosis in a dose-dependent
manner. Based on these results, we propose that the cytoprotective effects of prostaglandins
on gastric mucosa in vivo can be partially explained by an increase in the number of gastric

mucosal cells present as a result of the inhibition of maturation-dependent spontaneous

apoptosis.

KEY WORDS: spontaneous apoptosis; gastric mucosal cells; anti-ulcer drugs; prostagtandins.

Prostaglandins (PGs), one of the major groups of
chemical mediators in the mammalian body, are in-
volved in numerous physiological reactions, such as
inflammation and cellular differentiation (1). PGs,
especially PGE, and PGE,, also have cytoprotective
effects on gastric mucosa as a consequence of various
physiological mechanisms that include increased epi-
thelial mucus secretion (2) and amelioration of mu-
cosal blood flow (3). Cyclooxygenase, the first enzyme
in the pathway of PG synthesis from arachidonic acid,
exists in both constitutive (cyclooxygenase-1) and in-
ducible (cyclooxygenase-2) isoforms (4). While PGs
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produced by cyclooxygenase-2 (cox-2) seem to be
involved in inflammation and cellular differentiation,
PGs produced by cyclooxygenase-1 (cox-1) may be
involved in cytoprotective effects on gastric mucosa
(5).

Gastric mucosal cells (gastric pit cells) have a rapid
rate of turnover in vivo. This short turnover cycle is
the result of rapid proliferation of progenitor cells at
the isthmus, cell maturation that occurs during the
upward migration of cells, and rapid cell death at the
gastric surface (6). In the normal mammalian stom-
ach, there is a balance between the proliferation of
progenitor cells and the death of mature cells at the

" gastric surface. Alterations in this balance due to

various pathological conditions in gastric mucosa
have been reported (7, 8). For example, changes in
the balance between the proliferation and death of
the gastric pit cells by Helicobacter pylori was sug-
gested to be involved in the development of atrophic
gastritis associated with H. pylori infection (9). Thus,
the control mechanism of this short turnover cycle of
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PROSTAGLANDINS AND SPONTANEOUS APOPTOSIS

gastric mucosal cells (and thus rapid cell death at the
gastric surface) should be revealed if researchers are
to more fully understand the processes associated
with gastric physiology and gastric diseases. It has
been suggested that PGs affect the short turnover
cycle of gastric mucosal cells in vivo (10). However,
the precise mechanism of this effect has remained
unknown due to the lack of a suitable in vitro model
that can adequately reproduce the cycle of turnover
of gastric mucosal cells in vivo.

The primary culture of guinea pig gastric mucosal
cells has been established and well characterized (11).
Recently, we reported that guinea pig gastric mucosal
cells in primary culture undergo spontaneous apopto-
sis (12). Since this spontaneous apoptosis was found
to be maturation-dependent (12), it is thought to
mimic the rapid cell death at the gastric surface
associated with the short turnover cycle of gastric
mucosal cells in vivo. In the present study, we have
examined the effects of PGE, and PGE, on matura-
tion-dependent spontaneous apoptosis in guinea pig
gastric mucosal cells in primary culture and found
that they inhibited the apoptosis in a dose-dependent
manner. We also found that clinically used antiulcer
drugs, which increase the concentrations of PGs in
gastric mucosal cells, also inhibited the spontaneous
apoptosis. These results suggest that PGs partially
protect the gastric mucosa by inhibiting the rapid cell
death and thus increase the number of gastric muco-
sal cells present when the gastric mucosa is damaged
by exposure to applied stresses.

MATERIALS AND METHODS

Chemicals and Media. RPMI 1640 was obtained from
Nissui Pharmaceutical Co. (Tokyo, Japan). Fetal calf serum
(FCS), trypsin solution, and trypan blue were purchased
from Gibco {(Grand Island, New York, USA). Pronase E
and type I collagenase were purchased from Kaken Phar-
maceutical Co. (Kyoto, Japan) and Nitta Gelatin Co. (Osa-
ka, Japan), respectively. Sodium-N-lauroylsarcosinate was
obtained from Wako Co. (Tokyo, Japan), while Proteinase
K and RNase A were from Sigma Co. (Tokyo, Japan).
Plaunotol, rebamipide, ornoprostil, and ecabet sodium
were kindly donated by Sankyo Co. (Tokyo, J apan), Otsuka
Pharmaceutical Co. (Osaka, Japan), Ono Pharmaceutical
Co. (Osaka, Japan), and Tanabe Co. (Osaka, Japan), re-
spectively.

Preparation and Culture of Gastric Mnucosal Cells. Male
guinea pigs (4 weeks of age) were purchased from Shimizu
Co. (Kyoto, Japan). Gastric mucosal cells were isolated
from guinea pig fundic glands as described previously {11).
Isolated gastric mucosal cells (1 X 10° cells/dish) were
precultured for 6 hr in RPMI 1640, containing 10% FCS,
100 U/ml penicillin, and 100 pg/ml streptomycin in the
presence or absence of PGs or antiulcer drugs in an atmo-

Digestive Diseases and Sciences, Vol 47, No. I (January 2002)

. sphere of 5% CO,/95% air at 37°C. After removing nonad-

herent cells by washing with RPMI 1640, cells that were
attached to the plate at about 50% confluence were further
incubated in the same medium for various periods of time
as described below. Guinea pig gastric mucosal cell prepa-
rations have been previously characterized under these
conditions, with the majority (about 90%) of cells being
identified as pit cells (11).

Cell Viability Assay. Cell viability was examined by the
trypan blue exclusion test. After incubation in the culture
medium as described above, cells were treated with 1%
trypsin and collected by centrifugation. Cells were resus-
pended in phosphate-buffered saline (PBS) containing
0.2% trypan blue dye and observed under a light micro-
scope. All values are expressed as the mean X SEM. A
Student’s 1 test for paired results was performed for the
evaluation of differences between the groups. Differences
were considered to be significant for values of P < 0.05.

DNA Fragmentation Assay. Apoptotic DNA fragmenta-
tion was monitored as previously described (13). Cells were
collected with a rubber policeman and suspended in 20 pl
of lysis buffer, consisting of 50 mM Tris HC] (pPH 7.8, 10
mM EDTA, and 0.5% sodivm-N-lauroylsarcosinate. Pro-
teinase K was added to a final concentration of 1 mg/ml and
the lysate was incubated at 50°C for Z hr. RNase A was then
added to a final concentration of 0.5 mg/ml and the lysate
incubated at 50°C for 30 min. These samples were analyzed
by 2% agarose gel electrophoresis in the presence of 0.5
pg/ml ethidium bromide.

RESULTS AND DISCUSSION

Effects of PGE; and PGE, on Spontaneous Apo-
ptosis in Cultured Gastric Mucosal Cells. In order to
detect maturation-dependent spontancous apoptosis
of gastric mucosal cells in vitro, prepared cells should
first be preincubated in culture medium for 6 hr so
that appropriate cells are able to adhere to the culture
dish (preincubation step). Culture dishes should then
be washed in order to remove nonadherent cells. The
cells still attached after the washing procedure are
then incubated in readiness for the detection of apo-
ptosis (incubation step) (12). For the examination of
the effects of PGE, and PGE, on the spontaneous
apoptosis, PGs were consequently added the culture
medium both at the preincubation and the incubation
steps. We observed clear spontanecus apoptotic
DNA fragmentation in untreated control cells after 4
hr of incubation (Figure 1, lane 2), as reported pre-
viously (12). As shown in Figure 1A and 1B, both
PGE, and PGE, clearly inhibited the spontaneous
apoptotic DNA fragmentation in a dose-dependent
manner. The concentrations of PGE, and PGE; re-
quired for the inhibition of spontaneous apoptosis are
about 1 pM, being much the same as dosages previ-
ously reported for other PG-dependent cellular re-
sponses (14, 15).
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