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This study investigated whether apoptosis and re-
lated proteins are involved in parturition by com-
parative observation of FP-deficient mice without
labor and wild type mice with vaginal delivery. We
examined the expression of apoptosis, Fas, FasL, ac-
tive caspase-3 and bcl-2 proteins in the amnion, pla-
centa and decidua. DNA laddering in the amnion,
pPlacenta and decidua tissue did not significantly dif-
fer between FP-deficient and wild type mice on day
18 of pregnancy. Similar TUNEL staining results
were found in all tissues of FP-deficient mice com-
pared with those of wild type mice. A higher inten-
sity of apoptotic cells was found in the decidua basa-
lis. The index of TUNEL-positive cells were not
significantly different in the amnion, placenta and
decidua of FP-deficient mice compared with that of
wild type mice on day 18 of pregnancy. Specific
bands for Fas were clearly observed in the amnion,
placenta and decidua tissue. FasL specific bands
were observed in the placenta and decidua, but a few
in amnion tissue. A great number of active caspase-3
specific bands were detected in decidua, while a few
such bands were detected in the placenta and few
bands in the amniotic tissue. Bands for bel-2 were
detected in the amnion, placenta and decidua tissue.
The weakest band was in decidual tissue. Fas, FasL,
active caspase-3, and bel-2 specific bands did not show
any significant differences between the two groups.
These findings demonstrate that apoptosis, Fas, FasL,
caspase-3, and Bcl-2 occur in mouse term placenta that
is not involved in parturition. © 2002 Elsevier Science (USA)
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turition; placenta; mouse.
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Apoptosis is a form of programmed cell death that is
controlled at the gene level, and it plays important
roles in embryonic development, in the maintenance of
tissue homeostasis, and in the elimination of cells that
have suffered serious DNA damage (1, 2). Apoptosis
has recently been implicated in regulating various re-
productive tissues, including those of the uterus (3)
ovary (4) placenta (5) fetal membranes (6). In humans,
apoptosis has been described in placentas from normal
pregnancies and is reported to be increased in preg-
nancies complicated by fetal growth restriction (7, 8).
Increased incidence of apoptosis has been demon-
strated in syncytiotrophoblast of failing first trimester
pregnancies (9, 10).

Apoptosis is specifically induced via signaling
through a family of receptors known collectively as
‘death receptors’ including Fas, TNFR, DR3, -4, and -5.
Fas is a type I membrane protein that belongs to the
tumor necrosis factor and nerve growth factor family
(11). FasL is a type Il membrane protein also related to
the tumor necrosis factor family. FaskL binding induces
Fas trimerization and recruits initiator caspase-8 and
10 via the adaptor protein FADD (Fas-associated death
domain). Caspase-8 then cleaves and activates
caspase-3. Caspase 3 is one of the key executioners and
is essential and specific for apoptosis (12, 13). When it
is activated, it is cleaved into a small prodomain and
two submits of 17 and 12 kDa, and cleaves endogenous
substrate protein, finally causing the degradation of
chromosomal DNA into nucleosomal units characteris-
tic of apoptosis (14). Bcl-2 was first discovered in hu-
man follicular lymphoma and was regarded as a proto-
oncogene (15). It was reported that Bcl-2 has the
function of inhibiting apoptosis (16, 17).

Prostaglandin F,, is believed to play an important
role in the regulation of myometrial contractility and
initiation of parturition. The receptors for prostaglan-
din F,, (FP)-deficient mice are unable to induce a spon-
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taneous labor even 1 week after term due to a failure of
the corpora lutea to cease progesterone production (18).
In humans, whether apoptosis in the placenta is asso-
ciated with labor remains controversial. Mice lacking
the prostaglandin ¥ receptor provide an animal model
with normal gestation but failure to initiate labor and
delivery at term, continuing the pregnancy instead.
This study investigated whether apoptosis and its re-
lated proteins are involved in parturition by a compar-
ative observation of wild type mice with vaginal deliv-
ery and FP-deficient mice without labor.

MATERIALS AND METHODS

All animals were maintained in accordance with institutional
guidelines for care and use of laboratory animals. Mice were housed
under standard lighting (12 h light:12 h darkness) and temperature
(23 + 1°C). Mice were also given free access to a nutritionally
balanced diet and tap water.

Prostaglandin F,, (FP) receptor-deficient mice were obtained as
described previously (18). Normal adult female mice with the =
genotype bred in our animal facility were mated with either FP-
deficient male mice or male mice with the * genotype, and the
resulting female FP-deficient mice and wild type mice were used in
the present experiment. The mouse genotypes were identified by
polymerase chain reaction.

The day a copulation plug was found was considered day ¢ of
pregnancy, Wild type mice delivered normal fetuses at term {day 18
or 19), but FP-deficient mice were unable to deliver fetuses. Am-
nions, placentas and deciduas were removed from fetuses on day 18
of pregnancy. At the same time, the number of pups, survival, and
weight were recorded. Half of placentas from the same mice were
fixed in & 10% formaldehyde neutral buffer solution and embedded in
paraffin. Five sections were cut for each sample. The other placentas
were isolated by gently separating amnion, placenta and deciduas
tissues. All tissues were flash frozen, and stored at —80°C until
processed for DNA fragmentation assay and Western blot analysis.

DNA fragmentation assey. The amniotic, placental and decidual
tissues dissected were immediately frozen in liquid nitrogen. Each
sample was homogenized in 300 to 500 ul of lysis buffer (100 mM
Tris-HCI, pH 8.5, 5 mM EDTA, 200 mM NaCl, 0.2% SDS, pH 8.0,
0.5% Triton X-100) and 10 ul proteinase K (10 mg/ml) followed by
overnight incubation at 37°C. The samples were then incubated with
6 ul of RNase A (10 mg/ml) for 30 min at 37°C, and DNA was
extracted with isopropanol. DNA was precipitated with 70% ethanol,
air dried, suspended in a TE buffer, incubated at 37°C for 60 min,
and left overnight at 4°C DNA (15 pg from each sample) was elec-
trophoretically separated on a 1.8% agarose gel. The gel was stained
with 0.02% ethidium bromide to visualize the DNA fragmentation
and photographed.

In situ detection of DNA nicking. Detection of fragmentation was
performed using the terminal deoxynucleotidyl transferase-
mediated dUDP nick end-labeling (TUNEL) technique, Briefly, con-
secutive sections (5-pm) from formalin-fixed, paraffin-embedded tis-
sue blocks were placed on coated slides for use in a molecular
biological-histochemieal system. The TUNEL procedure was per-
formed using an Apop Tag kit (Oncor, Gaithersburg, MD) according
to the manufacturer’s instructions. The tissue sections were depar-
affinized and protein was digested with 20 pg/ml proteinase K for 15
min at room temperature, Endogenous peroxidase activity was
quenched with 3% H,0, in phosphate-buffered saline. After washing
with PBS, an equilibration buffer was applied directly to the speci-
men. Terminal deoxynucleotidyl transferase (TdT) enzyme and
dUTP-dioxigenin were added and incubated at 37°C for 1 h in a
humidified chamber. The reaction was then stopped with a stop/
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TABLE 1
Characteristics of FP-Deficient and Wild Type
Pregnant Mice

Wild type  FP-deficient  Statistics
Maternal mouse (week) 14 32 14 = 35 NS
Parity 0 0 NS
Day of pregnancy 18 18 NS
Body weight of fetus (g 118 0.12 119 0.11 NS
Number of fetus 83=*17 75x15 NS

Note. All values were expressed as means + SD. NS, nonsignifi-
cant.

wash buffer supplied with the kit, and the slides were incubated with
an anti-digoxigenin-peroxidase solution for 30 min at room temper-
ature, colorized with DAB/H,0,, and counterstained with methyl
green. Negative controls were processed with labeled dUTP in the
absence of the TdT enzyme. Sections of normal redent mammary
gland were used as positive controls. The apoptotic index was ob-
tained by dividing the number of apoptotic cells by the total number
of eells counted and multiplying the result by 100.

Western blot analysis. Each sample was homogenized in a lysis
buffer (0.01 M Tris, pH 7.8, 0.1 M NaCl, 0.1 mM EDTA, 1 mM PMSF,
pepstatin 2 pg/ml, leupeptin, and chymostatin 2 ug/ml) and centri-
fuged at 12,000z for 10 min at 4°C and the supernatants were stored
at —80°C. Then, the protein concentration of the lysates was deter-
mined with a BCA protein assay kit (Pierce, Rockford, IL}, samples
(50 pg) were denatured in a gel loading buffer at 100°C for 3 min and
loaded on a 15% SDS-polyacrylamide gel. After electrophoresis, pro-
teins were transferred to nitrocellulose membranes. Blocking was
performed with PBST (phosphate-buffered saline containing 0.1%
Tween 20}, containing 5% nonfat dried milk solution for 1 h. The
transferred membrane was incubated with the primary antibody for
Fas, FasL, and Bel-2 (polyclonal Ab M-20, N-20 and N-19 at 1:1000
dilution; Santa Cruz Biotechnology Inc.); for caspase-3 (polyclonal Ab
D-175 at 1:1000 dilution; Cell Signaling) for 24 h at 4°C. After
washing, horseradish-peroxidase-conjugated anti-rabbit immuno-
globulin G (IgG) was applied at a 1:1000 dilution for 1 h at room
temperature. The blot was washed in PBS-T three times and visu-
alized with an enhanced chemiluminescence (ECL) Western blotting
detection system (Amersham).

Statistical analysis. Values were expressed as means and stan-
dard deviations. Statistical analysis between the groups was per-
formed by using Student’s ¢ test and Mann-Whitney U test. Values
were considered statistically significant at P < 0.05.

RESULTS

There were no significant differences in maternal
age, parity, day of pregnancy, weight of fetus and num-
ber of fetuses between FP-deficient mice without labor
and wild type mice with normal delivery (Table 1).
There are no differences in the weights of placenta and
decidua on day 18 of pregnancy between the two
groups in a previous report (19).

DNA Fragmentation Assay

To determine whether apoptosis occurred in the
mouse amnion, placenta and decidua, DNA fragmen-
tation assay was performed using these tissues. DNA
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fragments from the amnion, placental and decidual
tissue can be detected by the “DNA ladder” on agarose
gel electrophoresis (Fig. 1). DNA fragmentation was
always more pronounced in decidual tissue than am-
nion and placenta. DNA laddering was not signifi-
cantly different between FP-deficient and wild type
mice at day 18 of pregnancy in the amniotic, placental
and decidual tissue.

In Situ Detection of DNA Nicking

Apoptosis has also been demonstrated by the
TUNEL method in various cell types within amniotic,
placental and decidual tissues. Similar TUNEL stain-
ing results were found in amnion, placenta and decidua
of FP-deficient mice compare with those of wild type
mice (Fig. 2). In amnion, apoptosis was observed in
scattered areas in amnion epithelial cells, and beneath
the basal lamina of the amnion (Figs. 2A and 2D). The
distribution of apoptosis in the amnion was presented
in clusters. In the placenta, most TUNEL-positive cells
were found in trophoblast and stromal cells (Figs. 2B
and 2E). A higher intensity of apoptotic cells was found
in the decidual basalis (Figs. 2C and 2F); however,
these apoptotic cells were not uniformly distributed.
The main area demonstrating these cells was the cen-
ter of the decidual basalis, and the intensity decreased
toward the placental margin. The index of TUNEL-
positive cells did not significantly differ in the amnion,
placenta and decidua of FP-deficient mice compared
with that of wild type mice on day 18 of pregnancy
(Fig. 3).

Western Blot Analysis

We examined the expression of Fas, FasL, active
caspase-3 and becl-2 proteins in the amnion, placenta
and decidua by western blotting analysis. Figure 4
revealed a major band of approximately 45 kDa for
Fas, 40 kDa for FasL, 17 kDa for active caspase-3 and
26 kDa for Bcl-2 running at the same molecular mass.
Specific bands for Fas were clearly observed in the
amnion, placenta and decidua tissue. FasL specific
bands were clearly observed in placenta and weakly in
decidua, but few in amniotic tissue. There were no
significant differences in Fas and FasL between FP-
deficient and wild type mice. There were a greater
number of active caspase-3 specific bands were more
detected in decidua and a few in the placenta, few in
amniotic tissue. Bands for bcl-2 were detected clearly
in amniotic, placental and decidual tissue. The weak-
est band was detected in decidual tissues. Neither the
active caspase-3 nor bcl-2 specific bands demonstrated
significant differences between FP-deficient mice with-
out labor and wild type mice with vaginal delivery.

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

500bp —*

FIG. 1. Electrophoretic analysis of DNA fragmentation in amni-
otic, placental, and decidual tissue at day 18 of pregnancy between
wild type mice with normal delivery and FP-deficient mice without
labor. Equal amounts DNA (15 pl) were electrophoretically sepa-
rated on 1.8% agarose gels and stained with ethidium bromide. A
100-bp DNA ladder was used to reference the molecular size. +/+,
wild type; —/=, FP-deficient mice; A, amnion; P, placenta; D, de-
cidua; M, molecular marker.

DISCUSSION

The mechanism by which human and mouse labor is
initiated remains largely unknown. It is believed that
initiation of labor may involve a maternal-fetal com-
munication process. It has been suggested that the
metabolic functions of the human amnion might con-
tribute to the initiation of parturition (20). The inci-
dence of apoptosis in human and mouse placental tis-
sue was reported to progressively increase throughout
pregnancy and until close to delivery (7, 19, 21). How-
ever, whether apoptotic machinery was associated
with parturition at term remains to be elucidated.

In the present study, we demonstrated a similar
degree of apoptosis in amnion, placenta and decidua
between FP-deficient mice without labor and wild type
mice with normal delivery by the TUNEL method and
DNA fragmentation assay. As reported previously, fe-
male FP-deficient mice do not deliver fetuses at term,
although these can be successfully rescued by cesarean
section (18). No parturition cccurred irrespective of the
genotypes of the mating males. There were no abnor-
malities observed in the weights of placentas and de-
ciduas or histology of the placentas from FP-deficient
mice compared with those from wild type mice, al-
though induction of labor is lacking in FP-deficient
mice. Lei et al. reported that the rat amnion epithelial
cells underwent apoptosis before the onset of active
labor (22). Hsu et al. provided further evidence that a
significantly higher apoptosis in amnion epithelial
cells of patients with term labor than in those of pa-
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FIG. 2. TUNEL staining in amnion, placenta and decidua from wild type (A, B, C) and FP-deficient mice (D, E, F) at day 18 of pregnancy.
Dark-brown staining indicates a positive reaction (arrows). Tissues were counterstained with 1% methyl green. Original magnification, X200.

tients undergoing elective C/S without labor (23).
These observations suggest that apoptosis in amnion
epithelial cells can be strongly associated with labor at
term in the rat and human. However, a similar inci-
dence of apoptotic nuclei was similar in placentae ob-
tained before the initiation of labor and after delivery
has been described (8, 24). Runic and co-workers also
demonstrated that apoptosis occurs as part of a pro-
gram of senescence in chorionic and decidual cells that
are not triggered in association with labor (6). Our
results further confirm previous observations report-
ing apoptosis might be involved in a mechanism of
placental senescence that is not related to parturition
in human placenta (8, 16, 24).

In the present study we have demonstrated expres-
sion of Fas in amnion, placenta and decidua tissue and
FasL in placenta and decidua, but few in amniotic
tissue. The major function of Fas/FasL interaction and
Fas activation is the induction of cell apoptosis (11, 25).
Fas/FasL-mediated apoptosis i8 a process that is im-
portant not only for normal placentation but also for
the establishment of the fetal allograft (26-28). We
detected enhanced bands for Fas and FasL in placenta.
Huppertz et al. localized the expression of FasL to the
villous cytotrophoblast in first trimester placentae,
whereas the Fas receptor localized to the microvillous
surface of syncytiotrophoblast (29). Other authors
identified FasL in both layers of the trophoblast
throughout gestation (6, 30, 31). In the villous part of
the placenta, where FasL is mainly present on cells
that have no contact with maternal tissue or blood, the

Fas/FasL system is more probably involved in placenta
growth. In contrast, in the decidua the presence of
FasL on extravillous trophoblast cells may play an
important role in the maintenance of immune privilege
in the pregnant uterus, by endowing fetal trophoblast
cells with a defense mechanism against activated ma-
ternal leukocytes. The reduced Fas expression and
functicn in term cytotrophoblasts associated with par-
turition in humans (32). However, there were no sig-
nificant differences in Fas and FasL on amnion, pla-
centa and decidna tissue between FP-deficient and
wild type mice in our study. Similar to our results,
there was no association of Fas or FasL with the pres-
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FIG. 3. Comparisen of incidences of apoptosis in amnion, placenta,
and decidua from wild type {+/+) and FP-deficient mice (~/—) at day 18
of pregnaney. The data represented the mean and SD of 10 to 12 samples
from different fetuses. *P > 0.05, compared with wild type mice.
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FIG.4. Western blot analysis of the expression of Fas, FasL, active caspase-3, and bel-2 in amnion, placenta, and decidua from wild type (+/+)
and FP-deficient mice (—/-) at day 18 of pregnancy. The upper panel was a representative experiment; the lower panel was summary of the
densitometric analysis from three to four independent experiments for each protein. Relative protein levels in decidual tissue of FP-deficient mice
were given a value of 1. Values were the mean and SD. *P > 0.05, compared with wild type mice. A, amnion; P, placenta; D, decidua.

ence or absence of labor in human amnion in a study
by Kumagai et al. (33). It is thought that Fas/FasL
may contribute to protecting of the semi-allogeneic
fetus from rejection, but is not associated with labor
(28, 33, 34).

The induction of apoptosis by most agents in mam-
malian cells has been found to be caspase-dependent
(35). Most studies of caspase were performed in the
ischemic brain (36-38), but the role of the caspase in
the regulation of programmed cell death in the pla-
centa has not been well studied. In the present study,
there were a greater number of active caspase-3 spe-
cific bands detected in decidua and a few in the pla-
centa, but few in amniotic tissue at term. This is con-

sistent with the greater degree of apoptosis in the
decidua. Higher levels of caspase-3 are expressed in
cytotrophoblasts and syncytiotrophoblasts in the first
compared to third trimester villi (29). However, active
caspase-3 increased in human fetal membrane at term
(33). Whether caspase-3-independent pathway also
regulates the placental apoptosis is not yet known. In
this study, there were no significant differences in ac-
tive caspase-3 between FP-deficient and wild type
mice.

We also identified bcl-2 expression in all tissues ex-
amined in mouse term pregnancy. The lower bcl-2 ex-
pression in decidual tissue might be related to the
induction of apoptosis by increasing the expression of
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active caspase-3. Caspase activity is regulated by the
bel-2 family of proteins (39-42). Lea et al. examined
the immunostaining of bel-2, a proto-oncogene believed
to inhibit apoptosis, from failing in the first trimester
pregnancies. Immunostaining of bel-2 was less intense
in failing pregnancies (43). Kim et al. reported that the
degree of bcl-2 expression significantly decreased in
placenta after a gestational period of 32 weeks, and
this may be a parturition-associated biological change
for inducing apoptosis in the placental villi (44). Bel-2
protein expression also participates in the regulation of
extravillous trophoblast apoptosis (45). Further, an in-
verse relationship has been identified between apopto-
sis and bel-2 expression in synecytiotrophoblasts (46).
There was no significant difference in bcl-2 between
the subjects that underwent labor and those that did
not, and between the vaginal delivery group and the
caesarean section group (33). Bel-2 expression might be
an important factor in the regulation of apoptosis in
placenta and thus in maintaining placental function
during gestation, but not in the induction of labor.

In conclusion, it seems likely that Fas, Fasl,
caspase-3, and Bcl-2 expressions participate in the reg-
ulation of amniotic, placental and decidual apoptosis
during pregnancy in mice. Similar expressions of
apoptosis and related proteins were found at term
pregnancy in FP-deficient and wild type mice, suggest-
ing that these proteins are not involved in parturition.
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Abstract

Accumulating evidence indicates that histamine is involved in the modulation of cytokine expression patterns. We previously
reported that daily treatment with the H, receptor antagonist, cimetidine, suppressed tumor growth through alteration of the local
cytokine expression pattern. In this study, we used a mouse strain genetically lacking histidine decarboxylase (HDC), to evaluate the
role of endogenous histamine synthesis on cytokine expression and tumor development. In the mutant mice, cimetidine had no effcct
on tumor growth, whereas an H; agonist, dimaprit, significantly enhanced tumor growth. When the HDC-deficient mice were
implanted with mutant CT-26 cells stably expressing HDC, drastic suppression of tumor growth by cimetidine was observed, which
was accompanicd by augmentation of mRNA expression of LT-p, TNF-a, and IFN-y in the tumor tissues. These results suggest that
endogenous histamine synthesis in tumor tissues suppresses local tumor immunity via the Hz receptors, resulting in tumor growth

promotion.
© 2002 Elsevier Science (USA). All rights reserved.
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Histamine has diverse physiological functions in the
digestive [1], neuronal [2]), and immune systems [3-5].
In the immune system, the IgE-mediated massive re-
lease of histamine from mast cells and basophils in
anaphylactic responses has been studied intensively [6)],
whereas the modulatory functions of histamine on cy-
tokine expression profiles and helper T-cell responses
have recently been focused on [7-11]. Tumor progres-
sion has also been found to be modulated by histamine
[12). Many clinica! trials have demonstrated that his-
tamine H; receptor antagonists have the potential to
improve survival in some types of cancer [13-15]
Although many in vitro and in vivo studies on the
modulatory roles of histamine in tumor development

¥ Abbreviations: cDNA, complementary DNA; GAPDH, glyceral-
dehyde-3-phosphate dehydrogenase; HDC, L-histidine decarboxylase;
IFN, interferon; IL, interleukin; LT, lymphotoxin; RPA, ribonuclease
protection assay; TNF, tumor necrosis factor; TGF, transforming
growth factor,
* Corresponding author. Fax: +81-75-753-4557,
E-maif address: aichikaw@pharm.kyoto-u.ac.jp (A. Ichikawa).

have been reported, it remains controversial as to how
histamine promotes the development of some types of
tumors [5,16]. Recent findings on the role of histamine
in the immune system have shed new light on this field.
We recently demonstrated that a daily injection of an
H, antagonist, cimetidine, suppressed tumor progres-
sion in mice having received a syngeneic transplanta-
tion of CT-26 cells, a colon adenocarcinoma cell line
[17). In this model, high levels of histamine synthesis by
infiltrated leukocytes in the tumor tissues were ob-
served, whereas the intratumoral expression of cyto-
kines, such as LT-p, TNF-a, and IFN-y, were
decreased simultaneously with the tumor development.
The expression of these protective cytokines was re-
stored upon daily treatment with cimetidine, This result
strongly indicates that endogenously produced hista-
mine suppresses local cytokine expression in tumor
tissues, although it remains to be fully clarified whether
local histamine synthesis is directly involved in the
suppression of cytokine expression, and whether the
effect of cimetidine is solely mediated by the blocking
of H, receptors.

0006-291X/02/$ - see front matter © 2002 Elsevier Science (USA), All rights reserved.

PII: S0006-291X(02)02360-4

- 127 -



1206 K Takahashi et al. | Biochemical and Biophysical Research Communications 297 (2002) 1205-1210

Histamine synthesis in mammals is regulated by the
rate-limiting enzyme, L-histidine decarboxylase (HDC:
EC 4.1.1.22). We recently developed a mutant mouse
strain expressing HDC lacking the domain responsible
for its enzyme activity [18]. This mutant strain is resis-
tant to IgE-dependent cutaneous and systemic anaphy-
laxis [19,20] and exhibits abnormal granule formations
in peritoneal mast cells [18]. In the current study, we
investigated the involvement of endogenous histamine
synthesis in tumor development using these HDC-defi-
cient mice.

Materials and methods

Animals. Five-week-old male Balb/c mice were obtained from
Shimizu Experimental Animal Lab (Kyoto, Japan). HDC-deficient
mice, which genetically lack the putative binding site for pyridoxal §'-
phosphate in the HDC protein, were generated as described previously
[18). This strain was back-crossed by eight generations to Balb/c mice
and maintained under specific pathogen-free conditions. All the ex-
periments were performed according to the Guideline for Animal
Experiments of Kyoto University,

Cell culture. The mouse colon adenocarcinoma cell line, CT-26, was
grown in RPMI-1640 medium supplemented with 10% fetal bovine
serurn in a fully humidified atmosphere of $% CO; at 37°C.

Histidine decarboxylase assay. Measurement of HDC activity in
tumor tissues and cells was performed as previously described [17]. The
histamine formed was separated on a cation exchange column, WCX-1
(Shimadzu, Kyoto, Japan) by HPLC and then measured by the
o-phthalaldehyde methed [21).

Preparation of a mutant CT-26 cell line. CT-26 cells were trans-
fected with pcDNA3YHDC7, which contains the full-length HDC
cDNA [22], and G-418-resistant clones with high expression levels of
HDC mRNA were selected. We confirmed that three individual clones
exhibited similar levels of enzyme activity and HDC mRNA expres-
sion. The profile of tumoer growth in mice injected with eack clone was
not significantly different. Proliferation of one of the mutant CT-26 cell
lines (CT-26/HDC) was evaluated by [*H]thymidine incorporation.
Cells were seeded onto 12-well culture plates (2 x 10° cells) and incu-
bated in RPMI-1640 containing 2.5% fetal bovine serum for 61 fol-
lowed by the addition of 1pCi of [*H)thymidine (2 Ci/fmmol, NEN,
Boston, MA). Cells were harvested after a further 12h of incubation.
Incorporation of [*H]thymidine into the acid insoluble fraction of cells
was measured by a liquid scintillation counter (23].

Tumor inoculation and measurement of tumor size, Tumor inocu-
lation was performed as previously described [17]). Briefly, CT-26 cells
(1 x 10 cells/0.1 ml) or vehicle was injected intradermally into Balb/c
mice or HDC-deficient mice. Cimetidine (0.12 mg/kg/day), dimaprit
(0.12mg/kg/day) or vehicle (saline} was injected subcutansously and
tumor size was measured [17]. Tumor volume (F) was calculated using
the values of the largest () and the smallest () diameters according to
the formula: ¥ = 0.5 x a¥’.

Ribonuclease protection assay. Total RNA was extracted from the
turnor tissues using ISOGEN (Nippon Gene, Tokyo, Japan) and sub-
Jjected to the ribonuclease protection assay (RPA). RPA was performed

using a multiprobe template set (RiboQuant, Pharmingen, San Diego,
CA, mCK-3: LT-p, TNF-a, TNF-p, IL-6, IFN-y, IFN-p, TGF-p1, and
TGF-$2, and two housckeeping genes, L32 and GAPDH) as previously
described [17). The template set was transcribed using a Riboprobe
system (Promega, Madisor, WI) in the presence of {**Pluridine tri-
phosphate (UTP) (3000 Cifmmol, NEN, Boston, MA). Total RNA
(20 pg) was hybridized with [?P]-labeled antisense RNAs at 56°C
overnight and subjected to ribonuclease treatment. Protected fragments

were precipitated and separated onto a 5% acrylamide gel, The gel was
dried and analyzed using a Fujix BAS 2000 Bio-Imaging Analyzer,

Results

Effects of cimetidine and dimaprit on CT-26 tumor growth
in HDC-deficient mice

We previously demonstrated that daily treatment
with an H, receptor antagonist, cimetidine, could sig-
nificantly suppress CT-26 tumor growth in Balb/c mice
{17]. In the current study, we performed the syngeneic
tumor implantation study using HDC-deficient mice to
focus on the role of endogenous histamine synthesis in
tumor development. HDC-deficient mice back-crossed
by eight generations to the Balb/c strain demonstrated
no rejective responses to the implanted CT-26 celis,
which were originally established from the Balb/c mice.
Daily treatment with cimetidine (0.12mg/kg) did not
change the profile of tumor development nor alter the
mRNA expression of any of the cytokines examined in
the tumor tissues on Day-14 (Figs. 1A and B). On the
other hand, daily treatment with an H; agonist, dima-
prit (0.12mg/kg), significantly augmented tumor growth
and suppressed the mRNA expression of LT-B, TNF-a,
and IFN-y, but not that of IL-6 and TGF-f (Figs. 1C
and D). Similar treatment with dimaprit did not affect
tumor growth in the wild type Balb/c mice (data not
shown).

Establishment of a mutant CT-26 clone constitutively
expressing HDC

We prepared a mutant CT-26 clone {(CT-26/HDC),
constitutively expressing HDC mRNA, to evaluate the
effects of local histamine synthesis on tumor develop-
ment. This clone exhibited a significant amount of HDC
activity, whereas the parental CT-26 cells have no de-
tectable enzyme activity (Table 1). In vitro {*H]thymi-
dine incorporation by CT-26/HDC cells was smaller
than that of the parental CT-26 cells under culture
conditions in the presence of 2.5% fetal bovine serum
(Table 1). The levels of [*H]thymidine incorporation
into CT-26/HDC cells were not altered in the presence
of cimetidine, pyrilamine (an H, antagonist), or thio-
peramide {an H,, antagonist) up to a concentration of
100 uM (data not shown), excluding the possibility that
histamine produced by CT-26/HDC cells may suppress
the cell growth in an autocrine fashion.

Effect of cimetidine on CT-26/HDC tumor growth in
HDC-deficient mice

CT-26/HDC cells were successfully implanted tnto
HDC-deficient mice, although the growth rate of the
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Fig. 1. Promotion of tumor growth and suppression of cytokine expression mediated by histamine H; receptors male HDC-deficient mice (5-8 weeks
of age) were intradermally injected with CT-26 cells (1 x 10° cells/0.1 ml). The mice were treated with a daily dose of cimetidine (0.12mg/kg, A and
B), or dimapnit (0.12 mg/kg, C and D) for 14 days. (A, C) The volume of each tumor (open boxes, control; closed circles, cimetidine or dimaprit) was
measured everyday by the procedure described in the ‘Materials and methods.’ Values are presented by means + SEM (n = 16). *P < 0.05 is regarded
as significant by Student’s 7 test. (B, D) Total RNA (20 ugflane) extracted from each tumor on Day-14 (open columns, control; closed columns,
cimetidine or dimaprit) was subjected to RPA. [*?P]-labeled riboprobes protected from ribonuclease digestion were separated and analyzed using a
BAS2000 Bio-Imaging Analyzer. The intensity of each protected band was normalized according to that of GAPDH. The relative intensities are
presented as means £ SEM (7 = 3). *P < (.05 is regarded as significant by Student’s ¢ test.

Table 1 Table 2
Histamine synthesis and proliferation of CT-26/HDC HDC activity in Day-14 tumor tissues
Cell HDC activity [*H]thymidine incorporation Mouse strain Baib/c HDC/-
CT-26 <0.005 100 £ 6.19 fmplantet — cT26 CT26  CT-26/HDC
CT-26HDC  0.868+0206  67.8 124 morces
HDC activity and [PH]thymidine incorporation were measured as HDC activity  0.200+0.0650 < 0.005 0.140 £ 0.0200

described in Materials and methods, Results are presented as mean-
s+ SEM (HDC activity, pmol/min/mg protein, » = S, [PH]thymidine
incorporation, % of incorporation by CT-26 cells, n = J).

P < 0.05 is regarded as significant by Student’s ¢ test.

CT-26/HDC tumor was smaller than that of the CT-26
tumor. HDC activity in the CT-26/HDC tumor tissues
in HDC-deficient mice on Day-14 was comparable to
that in the CT-26 tumor tissues in Balb/c mice (Table 2).
Daily treatment with cimetidine (0.12mg/kg) signifi-
cantly suppressed tumor growth and drastically aug-
mented the mRNA expression of LT-§, TNF-o, and
IFN-y, but not that of IL-6 and TGF-p (Figs. 2A and

Balb/c or HDC-deficient mice were intradermally injected with CT-
26 or CT-26/HDC cells. Tumor tissues were collected 14 days after the
implantation and stbjected to the HDC assay as described in the
‘Materials and methods.’ Specific enzyme activities of HDC are pre-
sented as means + SEM (pmol/min/mg protein, n = 6).

B). Treatment with pyritamine or thioperamide did not
affect CT-26/HDC tumor growth (data not shown).

Discussion

We demonstrated in this study that local histamine
synthesis in tumor tissues has the potential to suppress
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Fig. 2. Inhibitory effect of cimetidine on the growth of CT-26/HDC tumors in HDC-deficient mice. Male HDC-deficient mice (5-8 weeks of age) were
intradermally injected with CT-26 cells constitutively expressing HDC (CT-26/HDC, 1 x 10% ¢¢lls/0.1 ml). The mice were treated daily with cimetidine
{0.52mpke) for 14 days. (A) The volume of each tumor (open boxes, control; closed circles, cimetidine) was measured everyday by the procedure
described in Materials and methods. Values are presented as means = SEM (n = 16). *P < 0.05 is regarded as significant by Student’s ¢ test. (B) Total
RNA (20 pgflane) extracted from each temor on Day-14 (open columns, control; closed columns, cimetidineg) was subjected to RPA, The relative
intensities are presented as means £ SEM (n = 3), *P < 0.05 is regarded as significant by Student’s ¢ test.

tumor development, using HDC-deficient mice. Since
neither the HDC-deficient mice [18] nor the colon ad-
enocarcinoma cell line, CT-26, exhibit de novo hista-
mine synthesis (Tables 1 and 2), HDC-deficient mice
implanted with CT-26 cells can be treated as a syn-
geneic tumor model without kistamine. Daily treatment
with an H; antagonist, cimetidine, significantly sup-
pressed CT-26 tumor development in wild type mice
[17] whereas not in mutant mice (Fig. 1A}, which in-
dicates that the tumor suppressive effect of cimetidine in
wild type mice is a result of the inhibition of the H;-
mediated actions of endogenous histamine. Although
cimetidine is also known to be a powerful radical
scavenger [24], which can affect tumor growth, our
observations exclude this possibility. Involvement of the
H, receptors on tumor growth was also confirmed by
the promoting effect of the H, agonist, dimaprit, in
mutant mice (Fig. 1C). Since histamine is produced by
infiltrated leukocytes in the tumor tissue of wild type
mice {17], no additive effects of dimaprit may be ob-
tained. Changes in the cytokine expression profiles
upon treatment with cimetidine or dimaprit were also
consistent with our previous observations [17]. Intra-
tumoral expression of a series of cytokines, such as LT-
B, TNF-o, and IFN-y, which are known to suppress
tumor development [25-27), were found to be regulated
by H; receptors (Figs. 1B and D). Accumulating evi-
dence indicates that the production of several cytokines
is regulated by histamine via H; receptors. TNF-a
production by monocytes and mast cells was found to
be directly inhibited by histamine via the H, receptors
[28,29). The modulation of IFN-y production by his-
tamine has been quite controversial. Dohlsten et al.
demonstrated that IFN-y and IL-2 production by
purified human T cells is inhibited by histamine via H;

receptors [30] and these findings have been supported
by recent findings that histamine suppresses the pro-
duction of the Thl-inducing cytokine, 1L-12, via H;
receptors [7,31]. On the other hand, Kohka et al. [32]
showed that production of 1L-18 and IFN-y in human
peripheral blood mononuclear cells is induced by his-
tamine via H, receptors. The former reports are con-
sistent with our results; however, further studies are
needed to elucidate this discrepancy.

We prepared a mutant CT-26 cell line (CT-26/HDC),
which stably expresses HDC, to investigate the effect of
local histamine synthesis in tumor tissues. The degree of
CT-26/HDC tumor growth in HDC-deficient mice was
smaller than that of the parental CT-26 tumor growth
(Figs. 1 and 2), which may be inconsistent with the
suppressive effects of histamine on tumor growth via H,
receptors. However, it is quite difficult to compare the in
vivo growth rate of the CT-26/HDC tumor with that of
the CT-26 tumor because of the lower in vitro prolifer-
ation rate of the mutant cell line (Table 1). Although it
remains to be elucidated why the PH}thymidine incor-
poration by the mutant cell line was lower than that by
the parental CT-26 line, the possibility that histamine
suppresses proliferation in an autocrine fashion may be
excluded since histamine receptor antagonists did not
augment the in vitro growth rate of the CT-26/HDC
cells. '

In the HDC-deficient mice implanted with CT-26/
HDC cells, a much pronounced suppression of tumor
growth by cimetidine was observed (Fig. 2). This sup-
pressive effect of cimetidine suggests that local histamine
synthesis in tumor tissues is essential for suppression of
tumor immunity via H, receptors. The drastic aug-
mentation, greater than 5-fold increase, of mRNA
expression of antitumoral cytokines, such as LT-§,
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TNF-a, and IFN-y, upon treatment with cimetidine
(Fig. 2B) also supports this hypothesis. Jutel et al. [11]
recently demonstrated that histamine enhances Thl-type
responses via the H, receptors, which are the dominant
subtype of histamine receptors expressed in Thl cells,
and negatively regulates Th1/Th2-type responses via H;
receptors. The suppressive effects mediated by H, re-
ceptors were also reproduced in our system. Further-
more, it is possible that the combination of CT-26/HDC
cells and cimetidine treatment augment the Thl-type
responses via the H, receptors, atthough no effect of the
H, receptor antagonist, pyrilamine, on tumor develop-
ment and cytokine expression could be observed in our
system. Modulation of tumor immunity by histamine in
our syngenic tumor model may be mainly mediated by
H; receptors.

In summary, we demonstrated that endogenous local
histamine synthesis suppresses the mRNA expression of
LT-B, TNF-u, and IFN-y, via H, receptors, resulting in
enhancement of tumor growth in the CT-26 syngenic
tumor model.
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ABSTRACT

An association of gallbladder carcinoma with cheleli-
thiasis suggests that chronic inflammation may modulate
tumerigenesis and/or progression of the carcinoma. An en-
hanced expression of cyclooxygenase-2 (COX-2) is observed
frequently in advanced carcinomas of gastrointestinal
tracts, which in turn suggests that potentiated arachidonate
metabolism may play a crucial role in tumor biology. In the
present study, the expression levels of COX-2 and prostag-
landin E receptor subtypes were determined in 16 cases of
gallbladder carcinomas of different depths of invasion (pT,
3, pT; 2, pT, 4, and pT, 7) to determine the role of arachi-
donate metabolism in tumor growth and progression. The
mRNA levels of COX-2 were increased significantly in pT,
and pT, carcinomas compared with the levels in pT, and
pT, carcinomas. Immunohistochemistry and in sity hybrid-
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ization revealed the existence of COX-2 mRNA and protein
in both the cancerons epithelia and adjacent stroma of
pT,-pT, carcinomas. Only in pT, and pT, carcinomas was
intense expression of COX-2 observed in the adjacent
stroma. The tissue concentration of PGE, was significantly
increased in pT, and pT, carcinomas. The mRNAs of PGE
receptor subtypes EP,, EP,, and EP, were amplified in
pT;-pT, gallbladder carcinomas, in which their mRNAs and
EP, protein were expressed mostly in the cancerous epithe-
lia, Treatment with a specific EP, agonist, as well as PGE,
but not EP, and EP; agonists, up-regulated the expression of
c-fos, an induced growth response gene, and increased col-
ony formation. In advanced gallbladder carcinoma, en-
hanced expression of COX-2 is ohserved in the adjacent
stroma rather than in the cancerous epithelia, and the
stroma is a potent source of PG synthesis. In epithelial-
stromal interactions, the increased PGE, synthesis in the
adjacent stroma and its biological effect via EP, on the
carcinoma cells may contribute to tumor growth and pro-
gression of gallbladder carcinoma.

INTRODUCTION

Gallbladder carcinoma has been associated with a dismal
overall prognosis (1-5). The S-year survival rate after surgery
has been reported recently to be between 5 and 13% (1-5).
Although the clinical course of galibladder carcinoma has been
thought to depend on the depth of tumor invasion (6-8), tu-
morigenesis of gallbladder carcinoma, as well as its growth and
progression, is complex and not completely understood. An
association of gallbladder carcinoma with cholelithiasis (9) or
an anomalous arrangement of the pancreaticobiliary duct (10,
11) suggests that long-term inflammation may modulate tumor-
igenesis and/or progression of the carcinoma. Supporting this
notion, in situ lesions of dysplasia are found frequently in the
epithelia adjacent to gallbladder carcinoma associated with gall-
stones (12), which in turn suggests the possibility that the
histogenesis of epithelial dysplasia may be attributable to a
chronic inflammatory stimulus on the gallbladder by gallstones
and that some of the precursor lesions may yield carcinoma. In
addition, inflammatory changes are often observed in noncan-
cerous epithelia adjacent to advanced carcinoma (12).

Because a number of studies has shown that arachidonate
(13) and PGE,” levels (14, 15) are increased in human carci-

? The abbreviations used are: PGE,, prostaglandine E,; Ab, antibody;
COX, cyclooxygenase; G3IPDH, glyceraldehyde 3-phosphate dehydro-
genase; ISH, in situ hybridization; pT, pathological tumor stage; EP,
prostaglandin E-receptor; PLA,, phospholipase A,; RT-PCR, reverse
transcriptase-PCR; sPLA-IIA, secretory group ITA phospholipase A,.
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noma tissues, interest has been focused on the expression of
inflammatory enzymes in the arachidonate cascade, COXs, and
PLA,s in carcinoma of the gallbladder.

A second isoform of COX, COX-2, is induced by mitogens
(16), cytokines (16), and growth factors (17), and it produces
PG-involved inflammation (18) and cell growth (19). Recent
studies {20-23) have shown that COX-2 mRNA expression is
markedly elevated in most tissues of human colorectal carcino-
mas and have suggested a putative role of COX-2 in the tumor-
igenesis, growth, and progression of carcinomas. Notifying a
biclogical function of COX-2 in carcinoma tissues, overexpres-
sion of COX-2 in carcinoma cells is associated with biochemical
changes, including activation of membrane metalloproteinase
and PG synthesis (24), which in turn yield the phenotypic
change of increased invasiveness of the carcinoma cells (24,
25). Besides COX-2, overexpression of sPLA,-IIA has been
shown in gastric (26), breast (27), and hepatocellular carcino-
mas (28). The increased expression of sPLA,-IIA in carcinoma
tissues has been shown to correlate with an increased malignant
potential of the carcinoma cells (26, 27) and is likely to con-
tribute to tumor development.

Diverse biological activity of PGE, (29-31), ie., physio-
logical, inflammatory, and immunological functions, can be
attributed to four specific G protein-coupled receptors, termed
EPs. Recent studies have shown that EP mRNAs are distributed
throvghout the gastrointestinal tracts (32, 33), and the biological
effect of PGE, in gastrointestinal tissues involves signaling via
EP subtypes. The biological effect of COX-2-derived PGE, via
EPs on carcinoma cells may be involved in phenotypic changes
of the carcinoma cells observed in the process of tumor pro-
gression, which may modulate the malignant behavior of carci-
noma cells.

To elucidate the role of arachidonate metabolism in tumor
growth and progression, the expression levels of COX-2 and
SPLA,-ITA,| as well as EP subtypes, were determined in gall-
bladder carcinoma tissues of different depths of invasion. Fur-
thermore, in in vitro experiments, a growth promotion of gall-
bladder carcinoma cells in response to treatment with specific
EP,, EP,, and EP, agonists, as well as PGE,, was studied.

MATERIALS AND METHODS

Patients. Specimens from 16 patients (7 males and 9
females) with gallbladder carcinomas (3 with pT,, 2 with pT,, 4
with pT,, and 7 with pT, carcinomas) were included in the
present study. The mean age of the patients was 63 years (range,
5278 years). The patients had been diagnosed as baving gall-
bladder carcinoma and had undergone operations between April
1997 and December 1999 in the University of Tsukuba School
of Medicine Hospital. Gallbladder carcinoma was diagnosed on
the basis of histological findings and classified according to the
tumor node metastasis classification of the American Joint
Committee on Cancer (34). In addition, intact gallbladder spec-
imens were obtained at surgery from 10 subjects who had
undergone hepatectomy because of metastatic liver carcinoma.

Immunoblot Analysis of COX-2 in Gallbladder Carci-
noma. Immunoblot analysis of COX-2 in lysates of the gall-
bladder and gallbladder carcinoma was performed as described

previously (35). The lysate of Mz-ChA-1 cells (36) was used as '

a positive contral. The proteins (50 pg) were transferred to
nitrocellulose filters after electrophoresis, and the filters were
probed with antihuman COX-2 Ab (IBL13515; Immuno-
Biological Laboratories, Gumma, Japan), developed in an en-
hanced chemiluminescence system (Amersham, Buckingham-
shire, United Kingdom), and exposed to Kodak XARS film.
Quantitation was carried out by video densitometry.

Immunohistechemical Expression of COX-2 and EP in
Gallbladder Carcinoma, Immunostaining of COX-2 was
performed by the avidin-biotin complex technique using a Vec-
tastain Elite avidin-biotin complex kit (Vector, Burlingame,
CA), as described previously (23). Formalin-fixed, paraffin-
embedded specimens were serially sectioned at a thickness of 4
pm, placed onto microscopic slides, and then deparaffinized.
The slides were immersed for 30 min in 0.3% hydrogen perox-
ide/methanol to deplete endogenous peroxidase. Then, nonspe-
cific binding sites were blocked with 0.3% normal goat serum
for 20 min. The primary Ab raised against COX-2 or the Ab
raised against human EP, (Cayman Chemical Co., Ann Arbor,
MI) was used at a dilution of 1:100, applied to tissue sections,
and incubated at room temperature for 30 min. After washing
with PBS, biotinylated goat antirabbit IgG (Vector) was applied
onto the tissue sections and incubated at room temperature for
30 min. After washing with PBS, a streptavidin peroxidase
reagent was applied and incubated at room temperature for 10
min. Finally, the reaction product was visualized using devel-
oping color by incubating the slides in a solution of 0.3%
hydrogen peroxide, diaminobenzidine tetrahydrochloride, and
PBS. A negative control was made using BSA instead of the Ab
against COX-2. Counter staining was done with hematoxylin.
Specificity was determined by preabsorption of the anti-COX-2
Ab with the COX-2 synthetic polypeptide, which was used as an
immunogen (17 amino acids, position 251-267: TVKDTQAE-
MIYPPQVPE) for generation of the Ab (37) before staining.
Immunostaining with normal rabbit serum and anti-COX-2 Ab
absorbed with the synthetic COX-2 polypeptide was completely
negative.

Evaluation of the sections was performed by a single
pathologist who was blinded to the clinical characteristics and
pathological grade of response. The total number of cancerous
epithelia and adjacent stroma cells in each section was evalu-
ated. The immunohistochemical expression of COX-2 in gall-
bladder carcinoma was evaluated in terms of the intensity and
positive rate of the immunostaining in the cancerous epithelia or
adjacent stroma cells. The intensity was defined by comparing
the intensity in smooth muscles or vascular endothelia as inter-
na! built-in controls, Fig. 1 shows pictures representing the
intensities of immunostaining of COX-2 in gallbladder tissues.
The intensity was graded on a scale of 0-2: (a) grade 0 (Gy), an
intensity in epithelia or adjacent stroma cells being less intense
than that in internal controls or the staining being negative; (5)
grade 1 {(G,), an intensity being similar to that in internal
controls (Fig. 1, A and B); and (¢} grade 2 (G}, an intensity
being more intense than that in internal controls (Fig. 1C). When
>5% of the total number of cancerous epithelia or adjacent
stroma cells in each section was scored as grade 1 or 2, the
section was judged as being positive for COX-2 staining, and
then the positive rate {expressed as a percentage) was calculated
by counting the epithelia or stroma cells expressing COX-2.
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Fig. 1 Grading intensity of immunostzining of
COX-2 in gallbladder tissues, A, a specimen of
intact gallbladder tissue from a patient who under-
went cholecystectomy in gasirectomy because of
early gastric carcinoma (original magnification:
X33)., Weak immunostaining of COX-2 (grade 1
intensity) was observed in the epithelia and
smooth muscles (sm). B, a specimen of galibladder
carcinoma tissue from a case of pT, carcinoma
(original magnification: X66). Weak immuno-
staining of COX-2 (grade 1 intensity} was ob-
served in the cancerous epithelia, whereas the
staining was not noted in the stroma. C, a speci-
men of gallbladder carcinoma tissue from a case of
pT, carcinoma (original magnification: X66). In-
tense immunostaining of COX-2 (grade 2 inten-
sity) was observed in both the cancerous epithelia
andd the stroma adjacent to the epithelia. The
COX-2 stainings in the stroma included fibroblasts
(D, arrowheads; original magnification: X132},
vascular endothelial cells (E; arrowheads; original
magnification: X132}, and inflammatory mononu-
clear cells {F; arrowheads; original magnification:
%132),

Assay of Tissue Concentration of sPLA,-IIA in Gall-
bladder Carcinoma. The protein masses of sPLA,-IIA in the
tissues of gallbladders and gallbladder carcinomas (ng/mg X
protein) were immunoradiometrically assayed as described re-
cently (38). Assay kits were kindly supplied from the Pharma-
ceuticals Research & Development Division, Shionogi & Co.,
Lid. (Osaka, Japan). All assays were performed in triplicate.
Protein concentration in the supernatant was measured by the
method described by Lowry et al. (39).

Assay of Tissue Concentration of PGE,. Aliquots of
tissue homogenates were assayed by a highly specific RIA (Ref.
40; anti-PGE, Ab; Amersham, London, United Kingdom) for
PGE, in duplicate and at two dilutions. The protein contents in
the supernatant were measured by the method described by
Lowry et al. (39). The final results are expressed as pg PGE./
mg X protein,
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RNA Isolation and ¢cDNA Synthesis. Total RNA was
isolated from gallbladder carcinoma specimens using Trizol
reagent by the modified method described by Chomezynski and
Sacchi (41). First-strand ¢cDNAs were synthesized from total
RNA with Moloney murine leukemia virus reverse transcriptase
by the random primer method.

RT-PCR. Semiquantitative RT-PCR was performed us-
ing a DNA Thermal Cycler {model PJ 2000; Applied Biosys-
tems, Inc., Foster City, CA). PCR was subjected to each cycle
(G3PDH, 20; COX-1, 30; COX-2, 30, sPLA,-IIA, 35; EP,, 35;
EP,, 35; EP,, 35; and EP,, 35) at 94°C for 1 min, at 55°C for 2
min, and at 72°C for 2 min. Aliquots of the reaction mixture
were electrophoresed on a 2% agarose gel. PCR primers were
designed from cDNA sequences for human COX-1 (42), COX-2
(43), sPLA,-TIA (44), EP, (45), EP, (46), EP; (47), and EP,
(48) and then synthesized using an Applied Biosystems DNA
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synthesizer (model 392; Applied Biosystems., Inc.) as follows:
G3PDH, sense 5'-GAACGGGAAGCTCACTGGCATGGC-3',
antisense 5’ -TGAGGTCCACCA CCCTGTTGCTG-3'; COX-1,
sense 5'-CTTGACCGCTACCAGTGTGA-Y', antisense 5'-AGA-
GGGCAG AATACGAGTGT-3'; COX-2, sense 5-AAGCCT-
TCTCTAACCTCTCC-¥', antisense 5'-TAAGCACAT CGCAT-
ACTCTG-3"; sPLAIIA, sense 5-ACCATGAAGACCCTC-
CTACTG-3', antisense 5'-GAAGAG GGGACTCAGCAACG-3';
EP,, sense §'-CGCGCTGCCCATCTTCTCCAT-3', antisense 5'-
CCCAGG CCGATGAAGCACCAC-3'; EP,, sense 5'-GCTGCT-
GCTTCTCATTGTCTCG-3", antisense 5'-TCCGAC AACA-
GAGGACTGAACG-3"; EP;, sense 5'-GGCACGTGGTGCTT-
CATC-3', antisense 5'-GGGTCC AGGATCTGGTTC-3'; .and
EP,, sense 5'-ATCTTACTCATTGCCACC-3', antisense 5’-TC-
TATTGCTTTA CTGAGCAC-3'". Plasmid vectors into which each
objective coding region of human COX-1 (42), COX-2 (43),
sPLA,-1IA (44), BP, (45), EP, (46), EP; (47), and EP, (48) had
already been inserted were used as positive controls. In each
experiment, RT-PCR was done in triplicate. In the semiquantitative
assessment, the amounts of fluorescence intensity were measured
using a Fluorlmager (Molecular Dynamics, Sunnyvale, CA). The
data were expressed relative to the amount of G3PDH mRNA
present in each specimen and then averaged.

Synthesis of cRNA Probes of COX-2 and EP Subtypes.
Riboprobes were synthesized from plasmid vectors into which
each objective coding region of COX-2, EP,, EP;, and EP, had
already been inserted. Briefly, pBluescript KS containing the
coding region of human COX-2 was prepared in the laboratory
of Dr. T. Tanabe (National Cardiovascular Center Research
Institute, Osaka, Japan). All pBluescript SK containing each
coding region of human EP,, EP,, and EP, were prepared in the
laboratory of Prof. A, Ichikawa (Kyoto University, Kyoto, Ja-
pan). The inserted coding regions were a 4i4-bp fragment of
human COX-2 (from 7634 to 8047 of D28235, GenBank/EMBL
Data Bank; Ref. 43), a 1089-bp fragment of human EP, (from
157 to 1245 of U19487, GenBank/EMBL Data Bank; Ref. 46),
a 1186-bp fragment of human EP; (from 45 to 1230 of X83857,
GenBank/EMBL Data Bank; Ref. 47), and a 1251-bp fragment
of human EP, {from 362 to 1612 of L28175, GenBank/EMBL
Data Bank; Ref. 48). These plasmids were linearized, and anti-
sense RNA probes were transcribed with RNA polymerase in
the presence of Cytidine 5'-(a-thio) triphosphate [*°S] to a
specific activity of 1 X 10° cpm/pg.

ISH of COX-2 and EP Subtypes in Gallbladder Carci-
noma. Frozen sections of 8 pm in thickness were cut on a
cryostat and thaw mounted onto poly-L-lysine-coated slides.
The slides were fixed with 4% formaldehyde in phosphate
buffer saline, rinsed in PBS twice, and acetylated with 0.25%
acetic aphydride in 0.1 M triethanolamin/0.9% NaCl at room
temperature.

ISH was performed as described previously (49). Hybrid-
ization was carried out in a buffer containing 50% formamide,
2 X 88C, 10 mm Tris-Cl (pH 7.5), 1 X Denhardt’s solution,
10% dextran sulfate, 0.2% SDS, 100 mm DTT, 500 pg/ml
sheared single-stranded salmon sperma DNA, and 250 pg/ml
yeast tRNA. Riboprobes were added to the hybridization buffer
at 7 % 10* cpm/ml. The hybridization solution was applied to
the slides, which were then covered with a coverslip and sealed
by rubber cement. After incubation at 60°C for 5 h, the slides
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were immersed in 2 X SCC to remove the coverslips and then
washed for 1 h by warming in 2 X SCC and 10 mM B-mercap-
toethanol, The sections were then treated with 20 pg/m! RNase
A in 0.5 M NaCl, 10 mm Tris-Cl (pH 7.5), and 1} mm EDTA,
followed by an additional wash in 0.1 X 8SC at 60°C for 1 h.
After dehydration, the slides were dipped in NTB-2 emulsion
(Eastman Kodak, Rochester, NY) diluted 1:1 with distilled
water, After exposure for 4 weeks at 4°C, the dipped slides were
developed in COPINAL (FUJIFILM, Tokyo, Japan), diluted 1:2
in distilled water, fixed, and counterstained with H&E.

Cell Line and Culture Conditions. Mz-ChA-1 and Mz-
ChA-2, gallbladder adenocarcinoma cell lines (36), were ob-
tained from Dr. A. Knuth (Johaness-Gutenberg University,
Mainz, Germany). The cells were maintained in DMEM that
contained 10% heat-inactivated FCS (Hyclone Laboratories,
Inc., Logan, UT} in a humidified atmosphere with 5% carbon
dioxide at 37°C. The biological properties of these two cell
lines, i.e., the in vitre colony formation, the in vitro growth
kinetics, and the tumor formation into nude mice, have been
described by Knuth et al. (36).

Immunoblot analysis of COX-2 in cell protein lysates was
performed in the same way as described before. Northern blot
analysis was performed using total cellular RNA extracted from
the cells. RNA specimens (each 20 pg) were separated on
formaldehyde-agarose gels and blotted onto nitrocellulose fil-
ters. The blot was hybridized with cDNA probes labeled with
fa-*?PIdCTP by random primer extension as described previ-
ously (50). RT-PCR and ISH of EP mRNAs in the cells were
performed in the same ways as described before. PGE, produc-
tion in the cells was determined by measuring PGE, concentra-
tion in the media from the cells with and without 10 mm
arachidonate treatment, The PGE, conceniration 6 h after the
addition of arachidonate was assayed in triplicate by an RIA in
the same way as described before (40).

Mz-ChA-2 cells were placed in 24-well tissue culture
plates, precultured for 24 h, and then treated with test reagents.
In experiments for c-fos expression, Mz-ChA-2 cells were
grown in complete DMEM with 10% fetal bovine serum for
24 h and then in a medium with 1% FCS for 48 h before being
harvested for RNA extraction. i

Colony Formation Assay, The colony number of Mz-
ChA-2 cells was counted according to the method (51) de-
scribed previously with minor modifications. Briefly, Maz-
ChA-2 cells were plated in a 10-cm cell culture disc at a density
of 1000 cells/dish with DMEM containing 10% FCS. A selec-
tive EP, agonist (ONO-AE1-259; Ref. 52; Ono Pharmaceutical
Co., Ltd., Osaka, Japan), EP; agonist (ONO-AE-248; Ref. 52),
and EP, agonist (ONO-AE1-329; Ref. 52) at a concentration of
0.01, 0.1, 1, or 10 pm or PGE, (Cayman Chemical Co.) at a
concentration of 1 M was added daity to selected cells, and the
medium was replaced every day. The cells were incubated for
14 days, and then the colonies were visualized by staining with
0.2% methylene blue and counted manually. In each experi-
ment, the assay was done in quadruplicate.

Assay of C-fos Expression in Gallbladder Carcinoma
Cells. To elucidate the mechanism involved in the PGE; or
EP, agonist-induced growth of gallbladder carcinoma cells, the
steady-state mRNA level of c-fos, one of the earliest induced
growth response genes (53), was determined in Mz-ChA-2 cells
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with or without a stimulation by semiquantitative RT-PCR. The
cells were grown in complete DMEM supplemented with 10%
FCS for 24 h and then in serum-free media for 48 h before being
harvested for RNA isolation. PGE, at a concentration of 1 jum or
ONO-AE1-329 at a concentration of 0.01, 0.1, 1, or 10 pM was
added to the cells, and the cells were harvested after 30 or 60
min. Isolation of total RNA from the cells and RT-PCR were
performed in the same way as described before. PCR was
subjected to each cycle (G3PDH, 20; c-fos, 25) at 94°C for 1
min, at 55°C for 2 min, and at 72°C for 2 min, PCR primers of
c-fos were designed from ¢cDNA sequences for human c-fos (54)
and then synthesized in the same way as described before as
follows: c-fos, sense 5'-GAATAAGATGGCTGCAGCCAAA-
TGCCGCAA-3', antisense 5'-CAGTCAGATCAAGGGAAG
CCACAGACATCT-3'. In each experiment, RT-PCR was done
in triplicate. The data were expressed relative to the amount of
G3PDH mRNA present in each specimen and then averaged.

Statistics. Values are given as means * SE. Means of
two groups were compared with the Mann-Whitney rank sum U
test {two-tailed test), and multiple comparisons were performed
by ANOVA. A two-sided x* test was used for comparison of
clinicopathological data between groups. A P of <0.05 was
defined as statistically significant.

RESULTS

Immuncblot Analysis of COX-2 in Gallbladder Carci-
noma. A limited number of carcinoma tissue specimens (5
specimens from 1 patient with chronic cholecystitis associated
with cholelithiasis, 1 patient with pT,, 2 patients with pT,, and
1 patient with pT, carcinoma) was subjected to immunoblot
analysis (Fig. 2). Parallel to the depth of invasion, the carcinoma
tissues yielded a prominent band for COX-2; in densitometric
analysis, the abundance of the band (expressed as COX-2:B-
actin ratio) was significantly higher in 11 specimens of pT, and
pT, carcinomas (0.88 % 0.08, mean * SE, P < 0.01) thanin §
specimens of pT, and pT, carcinomas (0.53 *= 0.02) and 10
specimens of normal gallbladders {0.24 = 0.02).

Immunchistochemical Expression of COX-2 in Gall-
bladder Carcinoma. In tissue specimens of intact galiblad-
ders, immunostaining of COX-2 was observed in the epithelia
and smooth muscles (Fig. 1A). The expression levels were weak.
However, in tissue specimens of gallbladder carcinomas, intense
immunostaining of COX-2 was observed in cancerous epithelia
in the specimens of pT, and pT, carcinomas (data not shown)
and in both cancerous epithelia and stroma adjacent to the
epithelia in the specimens of pT; and pT, carcinomas (Fig. 1C).
The COX-2 stainings in the stroma included fibroblasts (arrow-
heads in Fig. 1D), vascular endothelial cells (arrowheads in Fig.
1E), and inflammatory mononuclear cells (arrowheads in Fig.
1F). Immunostaining of COX-2 was observed in >80% of
cancerous epithelia of pT,-pT, gallbladder carcinomas and nor-
mal epithelia of the gallbladders (Table 1). No significant dif-
ference in the expression rate of COX-2 was found among the
cancerous and normal epithelia. In the epithelia (Table 1), grade
2 intensity of COX-2 expression was observed at a high fre-
quency in pT, and pT, carcinomas (60%, P < 0.05) and pT, and
pT, carcinomas (82%, P < 0.05), compared with that in normal
epithelia (0%). Grade 1 intensity was observed at a high fre-
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Fig. 2 Immuncblot analysis of COX-2 in Mz-ChA-1 cells and gail-
btadder carcinoma tissues. Lane P, the lysate of Mz-ChA-1 cells; Lane
I, the lysate of a specimen of normal galibladder; Lane I, the lysate of
aspecimen from a case of pT1 carcinoma; Lane Ji1, the lysate of a specimen
from a case of pT2 carcinoma; Lane [V, the lysate of a specimen from a case
of pT3 carcinoma; Lane V, the lysate of a specimen from a case of pT4
carcinoma.

quency in normal epithelia (809%). In the stroma adjacent to the
cancerous epithelia (Table 1), grade 2 intensity was observed
only in the stroma adjacent to pT; and pT, carcinomas (55%),
and the rale of grade 2 intensity in these stroma was signifi-
cantly higher than that in the stroma adjacent to the normal
epithelia (0%, P < 0.05). Grade 1 intensity was observed in the
stroma of pT, and pT, carcinomas (20%) and pT, and pT,
carcinomas (27%).

Tissue mRNA Levek of COX-1 and -2, sPLA,, and EP
Subtypes in Gallbladder Carcinoma. Fig. 3 shows the PCR-
assisted amplifications of COX-1, COX-2, sPLA,-IIA, and
EP,_, subtypes in the tissues of normal gallbladders and gall-
bladder carcincmas of different depths of invasion. The mRNA
level of COX-2 was significantly higher in 5 specimens of pT,
and pT, carcinomas (91 * 17% of G3PDH, mean = SE, P <
0.01) and in 11 specimens of pT, and pT, gallbladder carcino-
mas {136 = 11%, P < 0.01), compared with the level in 10
specimens of normal gallbladders (54 £ 5%) as shown in Table
2, whereas the level of COX-1 was not significamly different
among the specimens. In terms of the depth of invasion, the
mRNA level of COX-2 was significantly higher in the pT, and
pT, carcinomas than in the pT, and pT, carcinomas (P < 0.01).
Of the sPLA, isoforms, the mRNA of sPLA,-IIA was expressed
strongly in tissues of gallbladder carcinomas, whereas it was
only expressed weakly in tissues of normal gallbladder. Similar
to the COX-2 expression pattern, the mRNA level of sPLA,-TIA
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Immunchistochemical expression of COX-2 in the epithelia and stroma of gallbladder carcinoma of different depths of invasion®

Tabie I
Normal gallbladder (10) pT,-pT; carcinoma (5) pT,-pT, carcinoma {11)
Intensity Intensity . Intensity
Positive Positive —_— Positive S
rate G," G, G, rate G, G, G, rate G, G, G,
Epithelia &10 2 8 r S5 0 2 3 11111 0 2 9¢
Stroma o0 10 0 0 1759 4 1 1] 9/11¢ 2 3 6

“ Immunestaining of COX-2 was evaluated in terms of the positive rate and intensity {see “Materials and Methods"™).

® Gy, grade 0; G,, grade 1; G,, grade 2.
€ P < 0.01, significantly different from other groups.
4P < 0.05.
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Fig. 3 PCR-assisted amplifications of mRNAs of sPLA,-HA, COX-1,
COX-2, EP,, EP,, and EP, in gallbladder carcinoma tissues. Plasmid
vectors into which each objective coding region of human COX-1 (42),
COX-2 (43), sPLA,-IIA (44), EP, (46), EP; (47), and EP, (48) had
already been inserted were used as positive controls. Lane P, positive
controls; Lane f, a case of normal gallbladder; Lane If, a case of pT,
carcinoma; Lane HI, a case of pT, carcinoma; Lane IV, a case of pT,
carcinema; Lane V, a case of pT, carcinoma. The abundance of G3PDH
mRNA was determined as an internal standard. The PCR products were
449 bp in size for sPLA,-IIA, 309 bp for COX-1, 531 bp for COX-2,
392 bp for EP,, 416 bp for EP,, 212 bp for EP,, and 311 bp for G3PDH.

was significantly higher in 5 specimens of pT, and pT, carci-
nomas (120 = 20%, P < 0.01) and in 11 specimens of pT, and
pT, gallbladder carcinomas (200 = 16%, P << 0.01), compared
with the level in 10 specimens of normal gallbladders (88 *
10%). In terms of the depth of invasion, the mRNA level was
significantly higher in the pT, and pT, carcinomas than in the
pT; and pT, carcinomas (P < 0.01).

Of the EP subtypes, the mRNAs of EP,, EP,, and EP, were
amplified in both tissues of normal gallbladders and gallbladder
carcinomas (Fig. 3). The mRNA levels of EP,_, subtypes de-
termined by the semiquantitative assessment were not signifi-
cantly different among normal gallbladders and pT,-pT, carci-
nomas. In contrast to COX-2 expression, the expression levels
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Table 2 Steady-state mRNA levels of sPLA,-11A, COX-1, and
COX-2 and tissue concentrations of sPLA,-NA and PGE, in
gallbladder carcinoma of different depths of invasion

Normal pT,-pT, pT-pT,
gallbladder  carcinoma carcinoma
10) (5) (11)
Messenger RNA % G3IPDH
sPLA,-TIA 88> 10 12020 200 * 1622
COX-1 1055 w712 9812
COX-2 545 91 =17° 136 = 1124
Tissue concentration peimg X
protein
sPLA-1IA 09=01 1.5+03 3.9 * 0.6%°
PGE, 59279 1062161 2579*26.1%"

9 P < 0.01, significantly different from normal gallbladder.
b p < 0.0, significantly different from pT,-pT; carcinoma.
P < 0.05.
P < 0.05.

of EP,, EP,, and EP, mRNAs did not differ significantly in
terms of the depth of invasion.

ISH of mRNAs of COX-2 and EP Subtypes in Gallblad-
der Carcinoma Tissues. COX-2 mRNA was expressed
widely in the epithelia and focally in the adjacent stroma in the
specimens of pT, gallbladder carcinoma tissues (Fig. 4, A and
B). The extent and distribution of COX-2 mRNA resembled that
of COX-2 protein in individual cases (data not shown). EP,,
EP;, and EP, mRNAs were predominantly expressed in the
cancerous epithelia (Fig. 4, C, D, and F), and the extent and
distribution of EP, mRNA was consistent with that of EP,
protein (Fig. 4E).

Tissue Concentration of sSPLA ,-IIA in Gallbladder Car-
cinoma. The tissue concentration of sSPLA,-IIA in gallbladder
carcinoma was significantly increased in 5 specimens of pT,
and pT, carcinomas (1.5 = 0.3 ng/mg X protein, mean = SE,
P < 0,01} and in 11 specimens of pT; and pT, gallbladder
carcinomas (3.9 * 0.6, P < 0.01), compared with the concen-
tration in 10 specimens of normal gallbladders (0.9 = 0.1) as
shown in Table 2. In terms of the depth of invasion, the con-
centration was significantly higher in the pT; and pT, carcino-
mas than in the pT, and pT; carcinomas (P < 0.01).

Tissue Concentration of PGE, in Gallbladder Carci-
noma. In association with the increased COX-2 and sPLA,-
IIA expression levels, the tissue concentration of PGE, was
significantly increased in 5 specimens of pT, and pT, carcino-
mas (106.2 * 16.] pg/mg X protein, mean * SE, P < 0.01) and



