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Figure 1 Immunnohistochemical analysis for IM glands with sequential sections. 1M glands were detected by the expression of either CD10
or MUC2. Solely I-type IM glands express the intestinal markers without MUCSAC expression (lower panel, X40), while Gl-mixed-type IM

glands express the intestinal markers with MUCSAC (upper panel, x40).

apical end of MUCS5AC-positive cells in GI-mixed-type
IM glands, whose expressed cell numbers increased
with diminishing MUC5AC expression in the glands.
It is noteworthy that CD10 expression was not always
detected with villin at the brush border in GI-mixed
IM glands (Figure 6) but was also occasionally local-
ized in the cytoplasm (Figure 5). Its inclusion body-
like appearance was the same as that reported in fa-
milial microvillus-inclusion body disease (Groisman et
al. 2002). This inclusion body-like CD10 staining pat-

tern is more apparent in GIl-mixed-type IM glands
with more abundant MUCS5AC-expressing cells, but it
disappears with declining MUCSAC expression.

Discussion

To date, several immunohistochemical studies have dem-
onstrated an intestinal or a gastric phenotype by the
detection of specific molecular expressions in IM glands
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Figure 2 Localization of MUCSAC and MUC2 mucin core protein in normal gastric glands and IM glands. Frozen sections were stained with
two mouse MAbs against MUCSAC directly labeled with AlexaFluor 568 and MUC2 with AlexaFluor 488 as described in Materials and Meth-
ods. Nuclei were counter-stained with DAPI (blue) and observed by fluorescence microscopy. MUC5AC (red) and MUC2 (green) mucin core
protein expressions were observed in the cytoplasm of foveolar epithelial cells in normal gastric mucosa (A) and in the Golgi apparatus of
goblet cells in solely I-type IM glands (C), respectively. Colocalization of MUC5SAC and MUC2 on the same cells was demonstrated by merged

images (yellow) in Gl-mixed-type 1M glands (B, X60).

using serial sections (Ho et al. 1995; Inada et al. 1997,
2001; Reis et al. 1999; Jass 2000; Shaoul et al. 2000;
Silva et al. 2002; Tatematsu et al. 2003). These studies
have attempted to demonstrate that some cells are ei-
ther intestinal or gastric phenotypic markers, suggest-
ing limited possibilities for the same cells to have both
gastric- and intestinal-marker antigens (Reis et al. 1999,

2000; Lopez-Ferrer et al. 2000,2001; Shaoul et al. 2000).
In the present study, we were able to overcome such
limitations by employing Zenon antibody-labeling
technology, thus successfully demonstrating the co-
expression of both gastric and intestinal molecular
markers in the same cells in GI-mixed-type IM glands,
in which MUCSAC clearly existed with MUC2, or vil-
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Figure 3 Colocalization of MUCSAC and MUC2 mucin core proteins in Gl-mixed-type IM glands. Frozen sections were stained by the dou-
ble-immunofluorescence method using two mouse MAbs against MUCSAC and MUC2 directly labeled with AlexaFluor 568 or 488, MUC5AC
(red) and MUC2 (green) expressions in Gl-mixed-type IM glands were observed by confocal laser scanning microscopy (A=C: low-power
views; D-F: high-power views). (A,D) MUC5AC was observed in the cytoplasm of almost all columnar epithelial and goblet cells, except for
the center of a secretory vesicle of goblet cells. (B,E) MUC2 expressions were observed in the Golgi area in columnar cells (arrowhead) and
the secretory vesicles in goblet cells. (C,F) Colocalization of MUCSAC and MUC2 was seen on the periphery of secretory vesicles in the com-
posite images (yellow, arrow). (G,H) B-elimination increased MUC2 antibody (Ccp58) reactivity in mucous vesicle of solely I-type IM glands.

(A~C,G,H x20), (D-F, X60).

lin and/or CD10. These findings suggest that mixed
gastric and intestinal type metaplasia is formed by cells
with dual differentiation and are consistent with the
previously demonstrated evidence that some metaplas-
tic cells have both intestinal and gastric differentia-
tion-specific structures (Goldman and Ming 1968).

The cells in Gl-mixed-type IM glands exhibited
MUC2 with MUCSAC in their cytoplasm (Figures 2
and 3), while the cells in I-type IM glands exhibited
MUC?2 in the peri-nuclear Golgi apparatus area. The
subcellular localization of MUC2 appeared to shift from
secretion vesicles to the Golgi apparatus area with a
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Figure 4 Expression of MUCSAC and villin in normal gastric glands and Gl-mixed-type IM glands. Frozen sections were stained by the dou-
ble-immunofluorescence method using two mouse MAbs against villin and MUCSAC directly labeled with AlexaFluor 488 or 568. Nuclei
were counter-stained by DAPI (blue) and observed by fluorescence microscopy. (A&-€) Only MUCSAC (red) without villin (green) was seen in
gastric columnar epithelial cells. (G-1) Such cells in I-type IM glands exhibited only villin without MUCSAC. (D~F) MUC5SAC was observed in
the cytoplasm and villin of the micro-villi of the columnar cells in Gl-mixed-type IM glands. Composite images demonstrate the absence of
any yellow signal in the cells, suggesting their different subcellular localization (). (A}, X60).

histological alteration from Gl-mixed-type IM to I-type
IM. A glycosylation change might be one of the prob-
able explanations, since the MUC 2 antibody used in
this study could detect only underglycosylated MUC2
core protein for the epitope as discussed in previous
studies (Hong and Kim 2000; Shaoul et al. 2000). In the
present study we observed the enhanced anti-MUC2
antibody staining in I-type IM glands by alkali-cata-
lyzed B-elimination, which was similar to the MUC2
staining on GI-mixed-type IM glands. This result indi-
cates that O-linked glycosylation limited the detection
of MUC2 expression in goblet cells in I-type IM glands,

suggesting that the difference between the higher gly-
cosylated MUC2 in I-type IM glands and the lower
glycosylated MUC?2 in the goblet cells in the GI-mixed-
type IM glands would be the other maturation indica-
tor for goblet cells in IM glands.

The columnar epithelial cells, similar to the intesti-
nal absorptive cells, were seen in GI-mixed-type IM
glands that exhibited MUCSAC and either villin or
CD10. Compared with villin-positive cells, CD10 was
preferentially found in the faint MUCSAC-preserved
columnar cells, suggesting that CD10 exists in cells of
the more intestinalized GI-mixed-type IM glands (Fig-
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ure 6). Analogously, in the development of fetal mouse
small intestine, villin appears on the brush border prior
to CD10 (Landry et al. 1994; Montgomery et al. 1999).
Villin is an actin-binding cytoskeletal protein essential
for brush border formation in normal epithelial cells
of the intestine, while CD10 is a brush border-associ-
ated neutral peptidase. Adapting these findings to hu-
man IM, the structural accomplishment of IMs such
as villin expression might precede by functional matu-
rations such as digestive enzyme, CD10 expression.
Moreover, it may be reasonable to assume that villin-
positive and CD10-negative cells in GI-mixed-type IM
are functionally immature absorptive cells, and that
the phenotype shift from GI-mixed-type IM to solely
I-type IM is a kind of maturation. Furthermore, the
expression of CD10 in the cytoplasm of columnar cells
in GI-mixed IM (Figure 5) might support this idea, be-
cause it has been found in the surface enterocytes of
familial microvillus inclusion disease due to the imma-
turity of CD10 (Groisman et al. 2002).

Co-expression ratios of MUC5AC to MUC2, villin,
or CD10 varied greatly in terms of establishing a dom-
inant MUCSAC type or a MUC2#villin/CD10 dominant
type. Based on these findings, the cells in mixed-type
IM glands seem to be about to free themselves from the
gastric phenotype, finally becoming solely I-type IM
cells. As villin, CD10, and MUC2 expressions progres-
sively increase, MUCSAC expression reciprocally di-
minishes. Gastric-type cells are gradually reduced and
finally replaced by intestinal-type cells, leading to solely

Merge

Figure 8 Cellular localization of CD10
in Gl-mixed IM glands. Frozen sections
were stained by the double-immuno-
fluorescence method using two mouse
MAbs against MUC5AC and CD10 di-
rectly labeted with AlexaFluor 568 and
488, respectively. This figure was ob-
tained by fluorescence microscopy.
CD10 (green) was expressed in the mi-
crovilli of columnar cells without
MUCSAC expression (red), while CD10
stained as inclusion body-like signals in
MUCSAC-positive cells. Arrowheads in-
dicate CD10-positive inclusion bodies
(X60).

I-type IM. These results indicate that Gl-mixed-type
IM cells are multi-phenotypic, suggesting that the phe-
notype shift from a Gl-mixed type to a solely I-type IM
should occur in each cell over time (Figure 7).

In conclusion, we demonstrated that intestinaliza-
tion occurs in individual cells with MUCSAC expres-
sion in GI-mixed-type IM glands. The cells with an in-
testinal phenotype in GIl-mixed type IM glands are
morphologically and functionally less mature than those
in I-type IM glands. As they are midway between gas-
tric and intestinal phenotypic cells with varying de-
grees of differentiation and maturation, the GI-mixed-
type IM glands consist of a heterogeneous population
of cells, Based on observations in this study, we hy-
pothesize that the cells in GI-mixed-type IM glands re-
main out of some regulations on intestinal differentia-
tion and subsequent functional maturation toward
becoming intestinal type cells. Furthermore, consider-
ing that stem cells are also present in GI-mixed-type
IM, such unstable phenotypes might be induced at stem
cells by either transcriptional factors or DNA methyl-
ation. To clarify and confirm these possibilities, fur-
ther studies based on molecular biological techniques
and applying our findings will have to be initiated
starting with the identification of GI-mixed IM cells.
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Figure 6 Expression of villin and CD10 in Gl-mixed IM glands. Frozen sections were stained by the double-immunofluorescent method us-
ing two mouse MAbs against villin and CD10 directly labeled with AlexaFluor 488 and 568, respectively. Nuclei were counter-stained by
DAPI (blue) and observed by fluorescence microscopy. CD10 (red; A,B,G) and villin (green; B,E,H) were observed to be colocalized in the mi-
cro-villi of columnar cells in I-type IM glands and small intestine by composite images (yellow) (F,}). In contrast, compared with villin (B),
CD10 expression (A) was faint in Gl-mixed-type IM glands, and the colocalization was barely visible (C). (A-1, %20).
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Figure 7 Schematic representation of phenotypic shift of differentiation markers from Gl-mixed-type IM to i-type iM glands. Gastric fove-
olar epithelial cells express only MUCSAC. IM begins from such foveolar epithelial cells, along two different cellular pathways. One begins
with an aberrant expression of villin and subsequent CD10 on columnar epithelial cells, resulting in absorptive-like intestinal cells. The other
starts from an ectopic expression of MUC2 and then accumulates in mucous vesicles, developing into goblei-like intestinal cells. As villin,
€D10, and MUC2 expressions progressively increase, MUCSAC expression reciprocally diminishes. Gastric-type cells are gradually reduced

and are finally replaced by intestinal-type cells, leading to solely I-type IM (upper panel, X20).
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ntraperitoneal bleeding due to a ruptured tumor is a serious
complication in patients with hepatocellular carcinoma (HCC).
According to data compiled by the Liver Cancer Study Group of
Japan,’ ruptured HCC accounts for around 10% of deaths in

these patients. Clinical features include the sudden onset of abdom-

inal pain and distension and, if bleeding is massive, the presence of
shock. Other causes of an acute abdominal emergency must be ruled
out. Diagnostic imaging generally includes sonography, contrast
computed tomography (CT), and angiography. In patients with rup-
tured HCC, prompt diagnosis and treatment is essential to avoid
hepatocyte necrosis and secondary hepatic failure associated with
shock and decreased hepatic perfusion due to bleeding.

The underlying liver disease varies in such patients with ruptured
HCC. Chronic hepatitis, cirrhosis, or both may be present, and the
severity of hepatic dysfunction as well as the size, number, and pro-
gression of the neoplastic lesions present varies from case to case.
A common feature is the presence of a responsible lesion on or pro-
truding from the surface of the liver. If hemostasis can be achieved early
after HCC rupture, then overall prognosis depends on the patient’s liver
function and degree of tumor progression. Although there is a risk of
intraperitoneal seeding, long-term survival is possible if the tumor can
be completely resected by hepatectomy. One study has already report-
ed a good 5-year survival rate after resection of ruptured and nonrup-
tured HCC.? In another study, rather than performing emergency
surgery, Marini et al® used transcatheter arterial embolization (TAE) to
control bleeding; in those patients who could then undergo surgery,
elective hepatectomy was associated with long-term survival.
Treatment of ruptured HCC involves more than just hemostasis.
Subsequent therapy is important, and, whenever possible, complete
resection should be performed after bleeding has been controlled.

© 2005 by the American Institute of Ultrasound in Medicine e J Ultrasound Med 2005; 24:1021-1026 e 0278-4297/05/$3.50
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Nevertheless, in a series of 172 patients with rup-
tured HCC in Japan, Miyamoto et al* reported that
subsequent hepatectomywas possible in only 12%
of cases; in most cases, the presence of multiple
lesions or underlying cirrhosis made surgery diffi-
cult. In patients in whom hepatectomy cannot be
performed, relatively radical yet less invasive treat-
ment with percutaneous radio frequency ablation
(RFA) may lead to an improved prognosis.

Transcatheter arterial embolization is now
widely used as first-line treatment to achieve safe
and reliable hemostasis in ruptured HCC.
However, extensive TAE may worsen liver func-
tion and lead to post-TAE hepatic failure. In addi-
tion, angiographic localization of the bleeding
site in ruptured HCC is difficult and is successful
in 20% of cases at most.> Accurate localization of
the bleeding site allows for hemostasis with
superselective TAE and local ablative therapy
that can minimize injury to nontumor tissue and
reduce the risk of posttreatment hepatic failure.
In the case of ruptured HCC reported here, we
identified the site of bleeding by contrast har-
monic sonography and performed RFA under
sonographic guidance to achieve hemostasis.
This case shows the successful application of
percutaneous ablative therapy guided by con-
trast harmonic sonography.

Case Report
The patient was a 56-year-old man who had

been followed for chronic hepatitis C at our out-
patient clinic since 1992. In June 1999, hep-

atomas involving Couinaud segment 7 (§7; 18
mm in diameter) and S8 (25 mm) were found
and were subsequently treated with TAE and per-
cutaneous ethanol injection therapy (PEIT). In
2001, local recurrence as well as recurrence at
other hepatic sites was noted, and RFA was per-
formed. Eight months later, the patient had
abdominal pain and distension and was hospi-
talized after consulting our clinic 2 days later.
The only episode of note in the medical history
was appendectomy at age 15 years; blood trans-
fusion was required during that admission. The
family history was notable in that both parents
and an older brother had died of HCC. The
patient also reported a 35-year history of alcohol
consumption (=0.54 L of sake, Japanese rice
wine, per day). At admission, the patient was
lucid and afebrile, and physical examination
revealed pallor and tachycardia with no sign of
shock (blood pressure, 120/60 mm Hg; pulse
rate, 124 beats per minute, regular). Jaundice
and ascites were apparent, but peripheral
edema was not. The hemoglobin concentration
was 10.6 g/dL. Liver function was severely
impaired, with a total bilirubin level of 3.2
mg/dL, an albumin level of 2.6 g/dl., and pro-
thrombin time of 36.2%. Serum aspartate
aminotransferase and alanine aminotransferase
levels were markedly elevated at 825 and 353
1U/1, respectively. a-Fetoprotein (106.0 ng/ml),
lens culinaris agglutinin-reactive o-fetoprotein
(12.9%), and des-y-carboxy prothrombin (241
milli-arbitrary units/mlL) levels were also elevat-
ed, indicating a recurrence of HCC. Abdominal

Figure 1. Abdominal contrast CT. A, An irregular low-density mass in S7 and S8 indicates scarring from previously treated HCC, but
a new 3-cm tumor is also present on the S2 liver surface (arrow). During the arteria! phase, no contrast enhancement is observed. B,
During the equilibrium phase, the tumor has low density (arrow). A large amount of ascites is present, but no areas of high density
suggesting blood dots and no leakage of contrast material are shown.

A

B
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contrast CT showed a large volume of ascites
present in the peritoneal cavity but no areas of
high density suggestive of hematoma or leakage
of contrast into the peritoneum (Figure 1).
Several posttreatment nodules were evident in
the right lobe of the liver, and a new 3-cm tumor
was observed on the surface of S2. No enhance-
ment occurred during the arterial phase, and the
lesion was hypodense during the equilibrium
phase. Although there was no sign of intraperi-
toneal hemorrhage, as abdominal paracentesis
revealed grossly hemorrhagic fluid, we consid-
ered a diagnosis of ruptured HCC to be highly
probable.

Although we initially considered TAE for
hemostasis because the patient had severe hep-
atic dysfunction, TAE was decided against
because of a potentially increased risk of hepat-
ic failure. The patient was therefore treated con-
servatively. However, bleeding continued,
shock developed, and the patient required
transfusion of more than 1000 mL of blood to
maintain blood pressure. On the second hospi-
tal day, the anemia progressed and bleeding
became difficult to control. Because the tumor
was exactly 3 cm in diameter, we thought it
would be possible to achieve hemostasis
together with complete tumor necrosis with
minimal damage to the surrounding hepatic
parenchyma if the lesion could be thermocoag-

ulated with 1 application of RFA. Contrast
sonography (Sonoline Elegra; Siemens AG,
Erlangen, Germany) was used to localize the
bleeding site. Because a vascular signal could
not be detected with conventional power
Doppler imaging of the S2 lesion, 2.5 g of the
contrast agent Levovist (SH U 508A; Schering
AG, Berlin, Germany) was administered by
bolus intravenous injection, and sonography
was performed with contrast harmonic (gray
scale B-mode) imaging. During the early phase,
real-time observation of leakage of microbub-
bles from the tumor surface confirmed the
diagnosis of ruptured HCC (Figure 2). After
obtaining informed consent, we performed RFA
{Cool-Tip radio frequency system; Radionics,
Burlington, MA) of the bleeding lesion under
sonographic guidance on the same day (Figure
3). The tumor was pierced with a 3-cm electrode
needle, and RFA was performed for 12 minutes.
Immediately after RFA, contrast harmonic
imaging was repeatéd, confirming no tumor
blood flow and no leakage of the contrast agent
into the peritoneum (Figure 4). After the proce-
dure, blood pressure stabilized and anemia did
not progress. No complications occurred. Liver
function also improved, and the postprocedure
course was initially good. However, hepatic fail-
ure progressed 1 month after the procedure, and
the patient died on the 60th hospital day.

Figure 2. Abdominal contrast sonography. A, The 3-cm tumor is visible on the S2 liver surface (large arrow). During the early phase,
the contrast agent flowed into the tumor, and leakage of microbubbles from the tumor surface into the peritoneum was observed
(small arrows). The diagnosis of ruptured HCC was thereby confirmed. B, The HCC tumor (large arrow) shows uniform contrast

enhancement.

A
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Figure 3. Sonographically guided RFA for ruptured HCC. A, The RFA electrode needle was inserted into the tumor along with the
puncture guideline (arrow). B, After RFA, the entire tumor became strongly echoic (arrow).

Discussion

In ruptured HCC, imaging findings suggestive of
blood within the peritoneum include hyperdense
areas within the ascites on CT scanning and float-
ing hyperechoic areas (corresponding to blood
clots) on sonography. Leakage of contrast medi-
um on contrast CT helps confirm the diagnosis,
but localizing the bleeding site is often difficult.
Even on angiography, the diagnostic rate is less

than 20% based on extravascular leakage of con-
trast medium.! In a study of color Doppler sonog-
raphy performed to identify the site of bleeding in
ruptured HCC, Ishida et al® reported that jet color
flow imaging was useful in delineating the sur-
face of the ruptured tumor. However, all the rup-
tured tumors were in the right hepaticlobe, so the
usefulness of this procedure for tumors in the left
hepatic lobe, which is subject to a cardiac apical
motion artifact, could not be evaluated.

Figure 4. Contrast sonography after RFA. A, On contrast sonography after RFA, no bloed flow into the tumor was observed during
the early phase (arrow). B, During the late phase, the tumor appeared as a defect (arrow). There was no leakage of contrast into the

peritoneum during either phase, thus confirming hemostasis.

A
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In the case reported here, the ruptured tumor
was in the left hepatic lobe. However, the blood
flow signal from the tumor surface could not be
identified on color flow imaging, perhaps because
of the decreased sensitivity that was used to
avoid a motion artifact from the cardiac apex. We
were able to localize the site of bleeding by using
contrast harmonic imaging. Compared with
conventional color Doppler imaging, contrast
harmonic imaging is highly sensitive in the
detection of blood flow and can identify bleeding
sites even when only slight bleeding is present.
The disadvantage of contrast sonography is
attenuation of contrast effects in deeper areas. In
our patient, however, the ruptured tumor was on
the liver surface, and imaging could be per-
formed under conditions of optimal sensitivity
in the presence of ascites. In addition, the use of
an intravenous sonographic contrast agent is
safer than iodine contrast material. Hence, con-
trast harmonic imaging is useful because it can
be repeated to evaluate the effects of treatment
immediately after hemostasis. A literature search
revealed only 1 other report of ruptured HCC in
which extravascular leakage of contrast material
was observed in real time with the use of an
intravenous sonographic contrast agent.” In that
study, contrast color Doppler imaging was used,
whereas in our study, we used contrast harmon-
ic imaging. In comparison with conventional
Doppler imaging, contrast harmonic imaging
provides higher resolution because it is not
affected by motion artifacts or blooming. Indeed,
we were able to clearly observe extravascular
leakage of each microbubble in our case. In addi-
tion, because contrast harmonic imaging is a
gray scale B-mode technique, it is easier to per-
form percutaneous local ablative procedures
under contrast guidance than with color Doppler
imaging.

Very few reports have discussed control of
bleeding in ruptured HCC with the use of percu-
taneous local ablation procedures such as PEIT
and percutaneous microwave coagulation thera-
py. One reason is because accurate localization
of the site of bleeding is difficult with conven-
tional sonography. However, identification of the
bleeding site with contrast harmonic sonogra-
phy permits a percutaneous approach to the
tumor, allowing hemostasis to be achieved with
local ablative therapy. Radio frequency ablation
is a novel procedure that allows thermocoagula-
tion of a 3-cm lesion during a single procedure.

} Ultrasound Med 2005; 24:1021-1026

For lesions 3 cm or less in diameter, RFA yields a
high local cure rate, a less than 5% local recur-
rence rate, and a low incidence of posttreatment
complications, including death.® We could only
find 3 other case reports in which RFA was used,
as in our patient, to control bleeding due to rup-
tured HCC.*!! Two of these cases were refractory
to initial hemostatic treatment with TAE, and the
remaining case was treated with RFA alone,
although the site of bleeding was not identified.
In each of these cases, hemostasis was achieved
with a single procedure, without serious compli-
cations. One of the limitations of RFA is a cooling
effect near large vessels and potential injury to
bile ducts.!? Because of this cooling effect,
hemostasis with RFA may be insufficient in
cases of extensive bleeding. However, contrast
harmonic imaging is repeated immediately after
the procedure, so even if hemostasis is incom-
plete, another method to control the bleeding

-such as PEIT or percutaneous microwave coag-

ulo-necrotic therapy can be selected. Moreover,
for ruptured HCC on the hepatic surface, the
risk of bile duct injury is low. In addition, in the
presence of intraperitoneal bleeding, an ample
space forms between the liver surface and the
skin, abdominal wall, diaphragm, and bowel.
Therefore, the risk of complications due to ther-
mal injury is low; as a result, RFA can be consid-
ered a safe procedure.

By the time our patient arrived at the hospital,
secondary hepatocyte necrosis due to hemor-
rhage had already occurred. The development of
delayed hepatic failure and subsequent limited
survival may have resulted from hemostasis
being performed long after the onset of tumor
rupture. Ruptured HCC is generally associated
with a poor prognosis, but prompt control of
bleeding may permit radical treatment, prevent
progression of hepatic failure, and improve the
prognosis. Radio frequency ablation is useful for
both hemostasis and radical cure. Furthermore,
when compared with hepatectomy, RFA is mini-
mally invasive and thus minimizes loss of the
surrounding hepatic parenchyma.

In conclusion, the combination of contrast har-
monic sonography and RFA enabled bedside
diagnosis, hemostasis, and radical treatment of
ruptured HCC. This case suggests that the proce-
dure might become quite valuable and well
worth trying, at least as a palliative treatment of
ruptured HCC. Further studies are needed to
elucidate indications for such treatment.
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Abstract

The effect of the selective COX-2 inhibitor, etodolac, on Helicobacter pylori (Hp)-associated stomach carcinogenesis was inves-
tigated in Mongolian gerbils (MGs). Hp-infected MGs were fed for 23 weeks with drinking water containing 10 ppm N-methyl-N-
nitrosourea. They were then switched to distilled water and placed on a diet containing 5-30 mg/kg/day etodolac for 30 weeks. We
found that etodolac dose-dependently inhibited the development of gastric cancer, and no cancer was detected at a dose of 30 mg/
kg/day. Etodolac did not affect the extent of inflammatory cell infiltration or oxidative DNA damage, but it significantly inhibited
mucosal cell proliferation and dose-dependently repressed the development of intestinal metaplasia in the stomachs of Hp-infected
MGs. These results suggest that COX-2 is a key molecule in inflammation-mediated stomach carcinogenesis and that chemopreven-
tion of stomach cancer should be possible by controlling COX-2 expression or activity.

© 2005 Elsevier Inc. All rights reserved.
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Despite a recent decline in its incidence, gastric cancer
remains one of the most common malignancies in the
world. Its pathogenesis is known to be closely associated
with several environmental factors, including a high in-
take of salted foods and nitrates, and insufficient intake
of fresh fruits and vegetables [1-6]. Clinicopathological
and histological studies suggest a correlation between
chronic atrophic gastritis (CAG) and the development
of gastric cancer [1,7]. Moreover, since the discovery
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E-mail address: ichinose@wakayama-med.ac.jp (M. Ichinose).

0006-291X/$ - see front matter © 2005 Elsevier Inc. All rights reserved.
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of Helicobacter pylori (Hp) in 1983, considerable evi-
dence has accumulated for its involvement in CAG.
Hp colonizes the stomach mucosa and triggers a series
of inflammatory reactions [8,9), and it is now considered
to be the most important cause and a potent driving
force for subsequent progression of CAG.

Chronic atrophic gastritis is the first step in the series
of events leading to carcinogenesis of the stomach, a
process referred to as the CAG-metaplasia-dysplasia-
cancer sequence [1,7]. By following up 4655 healthy
asymptomatic males for a mean period of 7.7 years,
we recently found that the risk of developing gastric can-
cer increases in a step-wise manner with the progression
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of CAG, and the cancer incidence rate reached a maxi-
mal level of 871 per 100,000 person-years in individuals
with metaplastic gastritis [10]. Because gastric cancer did
not develop in Hp-free subjects during the study period,
it appears that Hp-associated gastritis is central in the
Japanese carcinogenic pathway.

Meanwhile, elevated expression of cyclooxygenase 2
(COX-2), a prostaglandin-synthesizing enzyme, is ob-
served in a wide variety of human malignancies, includ-
ing gastric cancer [11-14]. Various in vitro and in vivo
studies strongly suggest that COX-2 is involved in a
major early oncogenic event in various human malig-
nancies. In addition, epidemiological and preclinical ani-
mal studies indicate that regular intake of either
nonselective or selective COX-2 inhibitors reduces the
risk of several forms of human cancer [15-17]. Thus, it
is conceivable that targeted inhibition of abnormally
or improperly elevated COX-2 will be a highly effective
strategy for preventing these epithelial malignancies.

The current model for human stomach carcinogenesis
emphasizes the importance of Hp infection. Hp-induced
chronic gastritis increases the level of COX-2 expression
in the stomach mucosa [18-20]. Enhanced expression of
COX-2 is also observed in intestinal metaplasia, dyspla-
sia, and gastric adenoma, which are considered precan-
cerous lesions [11,21]. Thus, it is likely that the
development of cancer can be reduced by regulating
COX-2 expression or activity. The selective COX-2
inhibitor, Celecoxib, has been reported to prevent
N'-methyl-N'-nitro-N-nitrosoguanidine-induced chemical
carcinogenesis in the rat [22]. Furthermore, while we were
preparing this manuscript, Nam et al. [23] reported that
another selective COX-2 inhibitor, nimesulide, represses
the development of gastric cancer in Hp-infected C57/
BL6 mice. In this mouse model, however, Hp-associated
gastritis is mild and cancer development does not follow
the characteristic series of events seen in humans [9,24].
The response of Mongolian gerbils (MGs) to infection
with Hp, in contrast, is quite similar to that in humans:
as in humans, Hp causes severe and persistent infection
in the stomach of MGs; induces a similar series of path-
ological events, including the development of chronic ac-
tive gastritis, peptic ulcers, intestinal metaplasia; and
results in the same histological types of gastric cancer.
These pathological events are not observed in any other
animal model [25-27]. Thus, MGs are considered to be
the best experimental model for human stomach carcino-
genesis. Therefore, in the present study, we investigated
the effect of a selective COX-2 inhibitor, etodolac, on
Hp-associated stomach carcinogenesis in MGs.

Materials and methods

Chemicals. N-Methyl-N-nitrosourea (MNU; Wako Pure Chemical
Industries, Tokyo, Japan) was freshly prepared at 10 ppm in distilled

water twice a week. The MGs were fed the solution ad libitum as
drinking water from light-shielded bottles. The stock diet was made up
by mixing various amounts of etodolac (kindly provided by Nippon
Shinyaku, Kyoto, Japan) with CRF-1 (Oriental Yeast, Tokyo, J apan)
so that daily intake of etodolac would be 5, 10, or 30 mg/kg/day.

Bacteria. Hp samples (Type I Strain ATCC 43504; American Type
Culture  Collection, Rockville, MD) containing approximately
3.0 x 10® colony forming units per milliliter were used as the inoculum.
After a 24-h fast, samples (1 ml) were delivered intragastrically (i.g.)
using an oral catheter. Vehicle alone (Brucella broth) was administered
i.g. as a control.

Animals. Specific pathogen-free 6-week-old male MGs (Meriones
unguiculatus; MGS/Sea; Seac Yoshitomi, Fukuoka, Japan) were
housed in steel cages with hardwood chip bedding in an air-condi-
tioned biohazard room with a 12-h light/12-h dark cycle. The animals
were fed y-irradiated (30 kGy) stock diet.

Experimental design. The experimental design was approved by the
Animal Research Committee of Wakayama Medical University. As
shown in Fig. 1, a total of 154 gerbils were divided into five groups (A~
E). Animals were inoculated with Hp (groups A-D; n = 28, 35, 35, and
40, respectively) or vehicle (Brucella broth) alone (group E; n = 16).
After 1 week, groups A-D were given MNU in the drinking water at a
concentration of 10 ppm. MNU was not administered to group E.
After 23 weeks, all groups were switched to autoclaved distilled water
as drinking water. In groups B-D, the animals were given the stock
etodolac diet from week 24 until week 53, whereas the animals in
groups A and E received the control diet. The daily administered
dosage of etodolac was 0 mg/kg/day in groups A and E, 5 mg/kg/day
in group B, 10 mg/kg/day in group C, and 30 mg/kg/day in group D.
On the 53rd experimental week, the animals were fasted for 24 h,
placed under deep ether anesthesia, and subjected to laparotomy with
excision of the stomach. One small segment of this stomach tissue was
stored at —80 °C immediately after resection for isolation of total
RNA. The remainder was used for histological examination.

Tissue preparation and histological examination. The excised stom-
achs were fixed in 10% neutral-buffered formalin and embedded in
paraffin. Tissues sections (5 pm) were stained with haematoxylin-eosin
(H&E) and were analyzed by immunohistochemistry with anti-Hp
serum (Dako, Glostrup, Denmark), anti-COX-2 serum (Santa Cruz
Biotechnology, Santa Cruz, CA), or anti-proliferating cell nuclear
antigen (PCNA) serum (Dako). Histological features of mucosal
inflammation and intestinal metaplasia were evaluated for each spec-
imen under a light microscope. The degree of inflammatory cell infil-

53week
Etodolac  Omg/kg/day IS
Etodolac Smg/kg/day ]S
Etodolac 10mg/kg/day 13
Etodolac 30mg/kg/day IS
Etodolac Omg/kg/day |s

Fig. 1. Protocol of the animal experiment. At the beginning of the
experiment, animals were inoculated i.g. with Hp (groups A-D; ¥) or
vehicle (Brucella broth; group E; V). After | week and until 23 weeks,
the animals were given drinking water containing no (group E; open
bars) or 10 ppm MNU (groups A-D; filled bars). All groups were then
switched to distilled water and given a diet containing no drug (groups
A and E) or 5 (group B), 10 (group C), or 30 (group D) mg/kg/day
etodolac. The animals were sacrificed (S) on week 53.
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tration and the area of intestinal metaplasia were scored as follows: 0,
normal; 1, mild; 2, moderate; 3, marked. For the evaluation of mucosal
cell proliferation, the proportion of PCNA-positive cells per 1000
mucosal cells was assessed in the antrum and corpus as described
previously [28].

Isolation of total RNA and quantitative reverse transcription-poly-
merase chain reaction. Total RNA was isolated using Trizol reagent
(Life Technologies, Gaithersburg, MD) from the frozen stomach seg-
ments, and cDNA synthesis was carried out using 1 pg of total RNA
and a First Strand cDNA Synthesis Kit for reverse transcription-
polymerase chain reaction (RT-PCR) (AMV) (Roche, Indianapolis,
IN). PCR was performed with a LightCycler (Roche Diagnostics,
Mannheim, Germany), with glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) as a reference. Primers for COX-2 and GAPDH were
designed based on their cDNA sequences (GenBank Accession Nos.
AB044784 and AB040445, respectively). PCR was carried out with an
initial denaturation at 95 °C for 10 min, followed by 45 cycles of 95 °C
for 10s, 60°C for 10s, and 72 °C for 16s. LightCycler software,
version 3.5 (Roche Diagnostics) was used to determine the amount of
mRNA from each sample.

Serum levels of anti-Hp antibodies and 8-hydroxy-2'-deoxyguanosine
(8-OHdG). Blood samples from each animal were centrifuged and
separated sera were stored at —80 °C until use. The anti-Hp 1gG level
was measured in the serum using an enzyme-linked immunosorbent
assay (ELISA) (Seac Yoshitomi) with peroxidase-conjugated anti-
mouse immunoglobulin as the secondary antibody. Optical density at
450 nm (ODyso) was measured spectrophotometrically. A cut-off value
of 0.1 was used as an indicator of Hp infection [25]. These sera were
also centrifuged at 10,000g for 30 min at 4 °C through centrifugal filter
devices (Microcon YM-10, Millipore, Bedford, MA) and used for the
measurement of 8-OHdG by ELISA (high sensitive 8-OHdG check;
Japan Institute for the Control of Aging, Shizuoka, Japan).

Statistical analyses. An unpaired ¢ test or a Mann-Whitney U test
was applied to determine the significance of differences between two
groups. Survival curves of the animals were calculated by the Kaplan—
Meier method and the differences were evaluated using a log-rank test.
The incidence of cancer was assessed using Fisher’s exact probability
method. P values <0.05 were considered to be statistically significant.

Results

In the present study, we investigated whether long-
term treatment with etodolac, a selective COX-2 inhibi-
tor, can be used to prevent Hp-associated stomach
carcinogenesis. The animals were separated into five
groups: groups A-D were Hp-infected and were divided
according to the dose of drug administration, and group
E (control group) was neither infected with Hp nor
treated with etodolac (Fig. 1). During the 53-week
experimental period, the body weight gain of group C
(10 mg/kg/day etodolac) was significantly less than
group E (control), but there was no significant difference
in the food intake or body weight gain among the other
experimental groups of the animals. Also, a significant
difference was not observed in the appearance or surviv-
al rates among the various groups.

In all of the Hp-infected animals (groups A-D),
marked infiltration of inflammatory cells was observed
in the lamina propria and submucosa. This infiltration
was predominantly lymphocytes, although some macro-
phages and neutrophils were also observed. The histo-

logical examination also revealed hyperplasia of the
epithelia together with erosions, lymphoid follicle for-
mation, and intestinal metaplasia. These results are con-
sistent with our previous findings [29]. COX-2
expression, which was not observed in the stomach of
non-infected animals, was also induced by Hp infection.
Immunohistochemistry with a specific anti-COX-2 anti-
body showed that a considerable number of mesenchy-
mal cells and infiltrating mononuclear cells became
COX-2-positive in the Hp-infected stomach (not
shown).

Etodolac treatment did not have significant influence
on the number of COX-2-expressing mesenchymal or
inflammatory cells in the stomach, but the intensity of
the staining was significantly reduced. The mucosal level
of COX-2 mRNA expression tended to be dose-depen-
dently reduced by etodolac treatment. However, the dif-
ference in the COX-2 mRNA level between groups with
and without etodolac treatment was not significant (Fig.
2). This is probably due to the fact that RNA from
COX-2 expressing cells represents a relatively small pro-
portion of the total mucosal RNA.

The number of inflammatory cells infiltrating the
Hp-infected stomach did not appear to be influenced
by etodolac treatment because there was no significant
difference in the inflammatory scores among the etodo-
lac-treated groups (Fig. 3A). Infection with Hp remark-
ably elevated the serum level of 8-OHdG, a biomarker
of oxidative DNA damage, but it was not significantly
reduced by etodolac treatment, which suggests that
etodolac did not reduce inflammation-mediated mucosal
cell damage (not shown). In contrast, we found that the
etodolac treatment dose-dependently reduced the serum

20
18 - NS
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14 NS NS
12 -
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8 -

6_.

COX-2/GAPDH (X 106%

4 -
2

A C D E
n=5 n=3 n=5 n=3
Fig. 2. Effect of etodolac on the mucosal level of COX-2 mRNA
expression in Hp-infected MG stomach. Total RNA was isolated from
Hp-infected MG stomach mucosa and used to generate cDNA. PCR
was performed using specific primers for COX-2 and GAPDH, and the
level of COX-2 mRNA in each sample was determined using
LightCycler software. NS, not significant vs. group A.
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Fig. 3. Effect of etodolac on: (A) the number of inflammatory cells
infiltrating the stomach mucosa and (B) the serum level of anti-Hp
antibodies in Hp-infected MGs. (A) The degree of inflammatory cell
infiltration was scored as follows: 0, normal; 1, mild; 2, moderate; 3,
marked. NS, not significant vs. group A. (B) The anti-Hp IgG levels in
serum were measured by ELISA. An ODysy > 0.1 was used to confirm
infection by Hp. *p < 0.05 vs. group B; **p < 0.01 vs. groups A-D.

level of anti-Hp antibodies, with a statistically significant
reduction at 30 mg/kg/day (group D) (Fig. 3B).

Infection with Hp greatly enhanced mucosal cell
proliferation as revealed by anti-PCNA immunohisto-
chemistry (Fig. 4A). Etodolac treatment resulted in a
step-wise and significant reduction in the proliferation
of Hp-infected mucosal cells (p <0.01). In addition,
etodolac repressed the development of intestinal meta-
plasia, an end result of persistent gastritis (Fig. 4B).
These metaplastic changes were significantly reduced
in the groups C and D which were administered higher
doses of etodolac.

Finally, we examined the incidence and development
of cancer in the infected animals at the end of the exper-
imental period. Cancers were mostly observed in the
pyloric mucosa adjacent to the fundic region. As shown
in Fig. 5, a majority of them were well-differentiated
adenocarcinomas, although we also observed the devel-
opment of signet-ring cell carcinoma. The incidence of
cancer in the experimental groups is shown in Table 1.
As a result of long-lasting infection with Hp, 14.8% of
the animals in group A developed cancer. The cancer
incidence in the group treated with a low dose of etodo-
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Fig. 4. Effect of etodolac on: (A) the proliferation of mucosal cells and
(B) the development of intestinal metaplasia in the stomachs of Hp-
infected MGs. (A) Anti-PCNA immunohistochemistry was used to
evaluate mucosal cell proliferation. The proportion of PCNA-positive
cells per 1000 mucosal cells was determined in each experiment.
*p <0.01 vs. groups A and B. (B) The extent of intestinal metaplasia in
each experimental group was scored as described as follows: 0, normal;
1, mild; 2, moderate; 3, marked. #p < 0.05 vs. group B; ##p <0.01 vs.
group B.

lac (group B) was higher than the control group, but the
difference was not significant. The incidence of cancer
decreased in a step-wise manner with the dose of etodo-
lac, and the development of the cancer was completely
inhibited at a dose of 30 mg/kg/day {(group D).

Discussion

In the present study, etodolac, a selective inhibitor of
COX-2, dose-dependently inhibited the development of
gastric cancer in the mucosa of Hp-infected MGs. The
effect of etodolac was so strong that no cancer developed
in MGs treated with 30 mg/kg/day. This is the first dem-
onstration that a selective COX-2 inhibitor can prevent
stomach carcinogenesis in the CAG-metaplasia-cancer
sequence.
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Fig. 5. Typical adenocarcinoma in the pyloric mucosa of Hp-infected
MGs. Shown are a typical well-differentiated adenocarcinoma (A,B)
and a signet-ring cell carcinoma (C,D) stained with H&E. Images were
obtained at 100x (A,C) and 400x (B,D).

The basic mechanism for the observed inhibitory ef-
fect of etodolac remains unclear, but our current findings
agree with epidemiological studies showing that aspirin
and other non-steroidal anti-inflammatory drugs, which
are non-selective COX inhibitors, reduce the risk for gas-
tric cancer [30-32]. We expect that etodolac acts by
inhibiting the inducible form of COX-2, a key enzyme
in prostaglandin biosynthesis. COX-2 is readily induced
by various stimuli, including proinflammatory cytokines,
growth factors, and tumor promoters. Hp has been
shown to directly upregulate COX-2 mRNA expression
in gastric mucosal cells in vitro [33]. Chronic inflamma-
tion in other organs, for example, in ulcerative colitis
or hepatitis C virus-associated chronic hepatitis, is
thought to play a central role in the accumulation of
genetic events leading to transformation and cancer by
increasing the number of target cells or by promoting
the proliferation of initiated cells [34-36]. In these cases,
the induction of COX-2 appears to participate in the
establishment of the carcinogenic state. In the current
studies, we found that etodolac inhibits mucosal cell pro-
liferation and the development of intestinal metaplasia, a
precancerous lesion caused by accumulation of genetic
events in the stomach epithelia. This strongly suggests

Table 1

that COX-2 also participates in inflammation-mediated
carcinogenesis in the Hp-infected stomach.

Measurement of the serum 8-OHAG level showed
that etodolac did not cause significant differences in
the extent of oxidative DNA damage. In addition, etod-
olac has a stronger inhibitory effect on the development
of cancer than on the development of intestinal metapla-
sia. This suggests that the anti-carcinogenic effect of
etodolac is mediated by the suppression of tumor pro-
motion rather than initiation, and it is consistent with
studies showing that the COX-2 pathway is involved
in tumor promotion in several other organs [37]. The ef-
fect of etodolac on gastritis was unclear because treat-
ment with etodolac did not result in significant
difference in the inflammatory score.

Interestingly, the titers of anti-Hp antibodies were
significantly lower in etodolac-treated animals. This is
consistent with the recent hypothesis that COX-2 inhib-
itors reduce B cell antibody production, in part, by
attenuating their differentiation to plasma cells [38]. A
high antibody titer is thought to reflect severe inflamma-
tion in Hp-infected stomach mucosa, and its long-term
persistence appears to lead to the progression of atroph-
ic changes and intestinal metaplasia [39,40]. Indeed, in
previous studies, the enhancement of carcinogenesis by
Hp has been observed mainly in animals with a high
antibody titer [29,41]. This is not surprising because a
T helper-2 humoral immune response is thought to be
important in the development of cancer [29]. Therefore,
reduction of the humoral immune response may contrib-
ute to the anti-carcinogenic activity of etodolac.

A variety of previous studies have provided evidence
that the effect of selective COX-2 inhibitor is mediated
not only by selectively inhibiting COX-2 but also by
modifying COX-2-independent mechanisms. For exam-
ple, both non-selective and COX-2 selective inhibitors
have been shown to suppress the activation of NF-kB
by Hp. This may subsequently reduce transcription of
the COX-2 gene [42]. A relatively high dose of etodolac
is needed for the anti-carcinogenic effect, indicating that
it may be mediated by COX-2-independent mechanisms.
Further studies are required to determine how this
COX-2 inhibitor prevents stomach carcinogenesis.

Effect of etodolac on development of gastric cancer in male Mongolian gerbils

Group Treatment Number of tumor-bearing Mongolian No. of Mengolian No. of cancer

gerbils (%) gerbils Well Poor Sig
A Hp + MNU + etodolac (0 mg/kg/day) 4 (14.8)" 27 0 1
B Hp + MNU + etodolac (5 mg/kg/day) 8 (23.5)" 34 8 0 0
C Hp + MNU + etodolac (10 mg/kg/day) 3(8.8) 34 3 0 1
D Hp + MNU + etodolac (30 mg/kg/day) 0 (0.0) 39 0 0 0
E Br + etodolac (0 mg/kg/day) 0 (0.0) 16 0 0 0

Hp, H. pylori {i.g.); Br, Brucella broth (i.g.); Well, well-differentiated adenocarcinoma; Poor, poorly differentiated a denocarcinoma; Sig, signet-ring

cell carcinoma.

" Significantly different from group D (p < 0.05) by Fisher’s exact test.
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In conclusion, the present study clearly demonstrates
that etodolac potently inhibits inflammation-mediated
carcinogenesis in the Hp-infected stomach. This effect
is due to the inhibition of cell proliferation, alteration
of the humoral immune response, and slowing of the
CAG-metaplasia-cancer sequence. In addition, the po-
tent anti-carcinogenic effect of etodolac strongly sug-
gests that COX-2 plays a key role in Hp-associated
stomach carcinogenesis, which is a main route for the
development of cancer in high-risk areas throughout
the world. Furthermore, it may be possible to prevent
stomach cancer by chemotherapy aimed at reducing
COX-2 expression. In addition to eradication of Hp,
selective COX-2 inhibitors should provide a potent
strategy for cancer prevention. However, the long-term
use of other selective COX-2 inhibitors is known to be
associated with an elevated risk of cardiovascular events
[43-46], and etodolac is expensive and less cost-effective
than therapy aimed at eradicating Hp. These factors
must be considered before etodolac is used clinically
for the chemoprevention of gastric cancer.

Our previous study revealed that subjects with exten-
sive metaplastic gastritis have the highest risk for the
development of gastric cancer (the annual cancer inci-
dence, 0.87%). These individuals represent less than
1% of the middie-aged Japanese population [10], and
they cannot be treated with therapy to eradicate Hp be-
cause the infection is no longer present [10]. In this small
population, inhibition of COX-2 may be useful for the
prevention of gastric cancer.
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