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epithelial cells (Fukamachi 1992), to compare the
growth of the epithelial cells from neighboring organs
in the same culture condition. The cell number was
determined by MTT assay, and the data were ana-
lyzed using Student's ttest, and differences were
considered significant when P < 0.05.

RNA extraction and reverse transcription-polymerase
chain reaction

The epithelial and mesenchymal tissues of forestom-
ach, glandular stomach, duodenum and colon were
obtained from 16.5 day rat fetuses, and total RNA
was extracted from the tissues by Trizol (Invitrogen,
San Diego, CA, USA), according the manufacturer’s
instructions. Approximately 1 pg of total RNA from
each tissue was reverse transcribed to cDNA using
SuperScript Il Reverse Transcriptase (Invitrogen) and
the resulting cDNA was subjected to 30 cycles of
polymerase chain reaction (PCR) using ExTag DNA
polymerase (Takara, Kyoto, Japan). The following oli-
gonucleotide primer pairs were used for the PCR
reactions (expected product size in parentheses): ET-
3 (477 bp), 5-TTCTCGGGCTCACAGTGACC-3 (sense)
and 5-GCTGGTGGACTTTATCTGTCC-3 (antisense);
ET, (418 bp; Shigematsu et al. 1998), 5-CAGATC-
CACATTAAGATGGG-3" (sense) and 5-GGAGAT-
CAATGACCACGTAG-3 (antisense); and ETg (475 bp;
Wang et al. 1996) 5-TTCACCTCAGCAGGATTCTG-3'
(sense) and 5-AGGTGTGGAAAGTTAGAACG-3
(antisense). G3PDH was used as a control to com-
pare tissues of different sizes and to compensate for
varying efficiencies of extraction and reverse tran-
scription (RT) as described previously (Matsubara
et al. 1998). The PCR products thus generated were
separated by electrophoresis on 2.0% agarose gels
in 0.5x TAE buffer.

Resulls

Growth of colonic epithelial cells in primary serum-
free culture

When fetal rat colonic tissues were treated with col-
lagenase, epithelial and mesenchymal components
could be separated with the aid of forceps. As shown
in Fig. 1A, pure epithelial tissues with few contami-
nating mesenchymal cells could be obtained, and
were used for primary culture. It was essential to
seed small tissue fragments for culture, since neither
single epithelial cell nor large tissue fragments would
attach to the substratum. When small epithelial frag-
ments were seeded on collagen gels, most (> 90%)
of them attached to the substratum, and proliferated

Fig. 1. Phase contrast micrographs of fetal rat colonic tissues.
(A) Epithelial and (B) mesenchymal tissues just after separation
by collagenase treatment. Note that no contaminating cells
could be found in both tissues. (C-F) Growth of colonic
epithelial cells in primary culture on days (C) 1, (D) 2, (E) 3 and
(F) 4, showing sequential changes of the same tissue fragment
in culture. Note that the cells grew rapidly from days 1-3, but
cell growth slowed down from days 3-4. Bars, 1 mm.

rapidly in the first 4 days under optimal culture con-
ditions (see below). These epithelial cells attached
closely to each other, and exhibited typical epithelial
morphology with distinct margination of cell sheets
(Fig. 1C-F). The epithelial nature of the cells was
confirmed by the presence of cytokeratin (data not
shown). Collagen gel was necessary for the attach-
ment and proliferation of colonic epithelial cells: with-
out collagen gels, less than 5% of the celis attached
to and proliferated on plastic substratum, whereas
approximately 50% of the cells attached to and pro-
liferated on a dried collagen substratum. This is sim-
ilar to the properties of duodenal epithelial cells
(Ichinose et al. 1997). We have previously reported
that collagen gel is superior to basement membrane
components including laminin and type IV collagen
in inducing growth of gastrointestinal epithelial cells
(lchinose etal. 1997). Thus in the present experi-
ment, collagen gel was used as a substratum. The
epithelial cells ceased to proliferate on days 4-5 in
culture, and some cells began to degenerate on day
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Fig. 2. (A) Growth of colonic epithelial cells in primary culture
under optimal conditions. Each point represents mean + SE of
six independent experiments. (B-E) Effect of ET-3 on the growth
of (B) colonic, (C) duodenal, (D) glandular stomach and (E)
forestomach epithelial cells in primary culture. The cell number
was determined on day 4 in culture, and data are summarized
from three to six independent experiments. Asterisks indicate
that values are significantly greater than controls.

5 (Fig. 2A). Attempts have been made to subculture
colonic epithelial cells, but so far they have not been
successful.- Considering that postmitotic cells exhibit
apoptosis within 4-5 days after they leave the stem
cell zone in vivo, we speculate that it is a physiolog-
ical reaction that the colonic epithelial cells ceased
to proliferate on days 4-5 in culture.

The proliferation of colonic epithelial cells in culture
was guantitatively measured by an MTT assay. We
have previously shown that there is a good correla-
tion between the cell number in a well and the amount
of formazan produced by the cells in the range of
1% 10° to 5x 10* cells (Fukamachi 1992). The effect of
growth factors on the proliferation of colonic epithelial
cells was quantitatively examined, and optimal

culture condition was determined. The cells proliferated
maost extensively when cultured in F-12 supplemented
with EGF (10 ng/mL), insulin (30 ng/mL), cholera toxin
(200 ng/mL), transferrin (10 pg/mL), hydrocortisone
(2 ug/mL) and BPE (100 ug/mL; Table 1). These
factors synergistically induced epithelial proiiferation.
This is clearly shown by Table 2, where the lack of
any one of six factors severely inhibited the epithelial
proliferation. Serums were not used since any lot of
serum examined (a total of 10 lots, including fetal
bovine serum, bovine serum and horse serum) inhibited
the colonic epithelial growth (the cell number was
decreased to 43+ 18% of the controls by adding
10% serum into the complete medium).

ET-3 dose-dependently and region-specifically
stimulated the growth of gastrointestinal epithelial cells

The effect of ET-3 on the growth of colonic, duodenal,
glandular stomach and forestomach epithelial cells
was examined in primary culture. To examine whether
forestomach and glandular stomach epithelial cells
respond differently to ET-3, they were cultured in
the same medium optimum for glandular stomach
epithelial cells. In case of duodenal and colonic
epithelial cells, their response to ET-3 was compared
in a medium for duodenal epithelial cells, since BPE
suppressed the growth of duodenal epithelial cells
(Fukamachi et al. 1995).

The cell number was determined on day 4 when
it was greatest in the culture of colonic epithelial
cells, and rapid cell growth was ceased in the cul-
tures of duodenal (Fukamachi 1992) and glandular
stomach (Fukamachi et al. 1994a) epithelial cells. ET-
3 dose-dependently stimulated the growth of colonic
and duodenal epithelial cells, and their numbers
were increased about 3-fold and 1.8-fold by adding
30 nm and 100 nm ET-3, respectively (Fig. 2B,C). In
contrast, ET-3 only weakly stimulated the growth of
glandular stomach and forestomach epithelial cells
(Fig. 2D,E). These results indicate that colonic epi-
thelial cells are the most responsive to the growth-
stimulating effect of ET-3, followed by duodenal and
glandular stomach epithelial cells. We thus conclude
that ET-3 may play an important role in controlling
gastrointestinal epithelial growth in development,
especially in the colon.

ET-3 and its receptor were expressed by both
mesenchymal and epithelial tissues in the developing
gut

Next, we examined whether £T-3 and receptors for
ET-3, were expressed in the fetal rat gastrointestinal
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Table 1. Combinations and concentrations of growth factors which induce maximat growth of gastrointestinal epithetial cells in
primary culture

Growth factors Forestomach Glandular stomach Duodenum Colon
Horse serum (%) 10 10 - -
BPE (ug/mL) 100 100 ~ 100
EGF (ng/mL) 10 10 20 10
Cholera toxin (ng/mL) 300 300 200 200
Hydrocortisone (ug/ml.) 1 3 3 2
Insulin (ig/mL) - 3 30 30
Transferrin (ug/mL) - - 100 10

The best concentration of a factor was determined by changing its concentration while the concentration of other factors was kept
constant. Data for forestomach, glandular stomach and duodenum are from Fukamachi et al. (1995).
—, No effect or inhibitory for epithelial growth. BPE, bovine pituitary extract; EGF, epidermal growth factor.

Table 2. Effect of depletion of a growth factor from the complete media on the growth of gastrointestinal epithelial cells in primary
culture (cell numbers are expressed as percentage by regarding the cell number in complete media as 100%)

Growth factors Forestomach Glandular stomach Duodenum Colon
Horse serum 16 + 10(5)" 57 £ 25(5) - -

BPE 54 £ 11(5) 48 +9(5) - 59 £ 22(5)
EGF 75+7(5) 79+ 15(5) 34 £ 17(8) 72+ 10(6)
Cholera toxin 61+ 11(5) 56 + 6(59) 28+ 27(7) 55 £ 23(5)
Hydrocortisone 48 £ 10(7) 60 + 16(5) 24 + 19(9) 69 + 28(8)
Insufin - 85 + 9(5) 59 + 49(8) 58 + 14(6)
Transferrin - - 37 £ 19(7) 59 + 16(6)

tMean + SD (number of experiments). Data for forestomach, glandular stomach and duodenum are from Fukamachi et al. (1995).
—, No effect or inhibitory for epithelial growth. BPE, bovine pituitary extract; EGF, epidermal growth factor.

tract by RT-PCR. It was difficult to measure the con- C D GS FS
centration of ET-3 protein in the developing gastroin-
testinal tissues because the tissues were too small E M EMEMENM
to obtain reproducible results, but reproducible results G3PDH
could be obtained at the level of MRNA. As shown
in Fig. 3, ET-3 and ETg, a receptor for ET-3, were
expressed by both mesenchymes and epithelia of
gastrointestinal organs. In the colon and duodenum,
their levels were greater in mesenchymes than in ETA
epithelia, while their levels were similar in glandular
stomach and forestomach. In contrast, E7,, a receptor ETB
for ET-1, was expressed exclusively by gastrointestinal
mesenchymes, and only a slight expression could Fig. 3. Expression of ET-3, £T, and £T, genes in epithelial (E)
be found in the overlying epithelial cells. Considering and mesenchymal (M) tissues of colonic (C), duodenal (D),
that ET-3 significantly stimulated colonic epithelial glandular stomach (GS) and forestomach (FS) tissues from
growth, we suppose that ET-3 secreted from the 16.5-day fetal rats. Expression of mRNA}for ET3, ET{" and ETg
) . was assessed by RT-PCR and normalized according to the
colonic mesenchyme regulates the growth of overlying expression of G3PDH.
epithelial cells, by mediating epithelia-mesenchymal
interaction.

ET3

a chemically defined serum-free medium in the
absence of mesenchymal celis. Using this system,
we quantitatively examined the effect of growth
In the present study, we found that colonic epithelial factors on the proliferation of colonic epithelial cells
cells from fetal rats proliferated in primary culture in in vitro, and found that EGF, insulin, cholera toxin,

Discussion
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transferrin, hydrocortisone and BPE synergistically
stimulated their growth while serum inhibited it. We
have previously reported that EGF, insulin, cholera
toxin, transferrin and hydrocortisone stimulate, and
serum severely inhibits, growth of duodenal epithelial
cells in primary culture (Fukamachi 1992). Thus, colonic
and duodenal epithelial cells are very similar in their
responsiveness to growth factors; however, there are
some differences. BPE inhibits the growth of duode-
nal epithelial cells but stimulates that of colonic cells.
Also, duodenal epithelial cells are more sensitive
than colonic ones to the growth-inhibitory effects of
serum. In previous studies, colonic epithelial cells were
almost always grown in the presence of serum, and
it has been difficult to quantify the effects of growth
factors on their proliferation (Moyer & Aust 1984:
Buset et al. 1987; Chopra et al. 1987; Whitehead et al.
1987; Kaeffer et al. 1997; Sugiyama et al. 1998). This
may be due to the growth-inhibitory effect of serum.
Because our culture system does not employ serum,
it should be useful for future studies on the mecha-
nisms by which colonic epithelial growth is controlled.

Using the system, we found that ET-3 significantly
stimulated gastrointestinal epithelial growth. The
growth-promoting activity of ET-3 has been reported
on various cell types, including vascular smooth
muscle cells, fibroblasts, astrocytic glial cells, oste-
oblastic cells, melanocytes, and mesangial cells
(Battistini ef al. 1993), but the effect of ET-3 on intes-
tinal epithelial growth has not been examined. Using
IEC-6 and IEC-18 small intestinal epithelial cell lines,
Shigematsu etal. (1998) reported that these cells
expressed ET-1, ET, and ETg but not £E7-3, and that
exogenously added ET-1 induced a slight prolifera-
tive response in both cells. They did not examine the
effect of ET-3 on the cells. Thus, our current report may
be the first demonstration that ET-3 has mitogenic
activity on intestinal epithelial cells.

In the present study, we found that ET-3 region-
specifically stimulates the growth of gastrointestinal
epithelial cells, with the greatest response from the
colonic epithelial cells, followed by duodenal and
glandular stomach epithelial cells. We thus speculate
that there is a head-to-tail gradient in the gastroin-
testinal epithelial cells which controls epithelial
response to ET-3, with the greatest response in the
caudal region (colon) and the least response in the
rostral region (glandular stomach). We have previ-
ously reported similar head-to-tail gradients which
control the epithelial response to growth factors and
substrata in the developing gastrointestinal epithelial
cells (Fukamachi et al. 1995). The present result is
consistent with the previous one. The nature of this
gradient remains to be determined. Roberts et al.

(1995) reported that sonic hedgehog from the endo-
derm plays a role in inducing a nested pattern of
Hox gene expression in the mesoderm surrounding
the hindgut, and that regionalized medoderm then
instructs the endodermal tube to become the differ-
ent organs of the digestive tract. Recently, canonical
Wnt signaling and its inhibition have been shown to
be essential for the development of gastric epithelial
cells (Kim et al. 2005). It remains to be examined how
ET-3 is involved in the specification and differentiation
of gastrointestinal organs in the developing intestine.

In the present study, we found that ET-3 and ET,
were expressed by both gastrointestinal epithelia
and mesenchymes while ET,, the receptor for ET-1,
was exclusively expressed by mesenchymal tissues.
That ET-3 is expressed by intestinal mesenchymes
has been repeatedly demonstrated in human and
mouse fetuses (Brand et al. 1998; Leibl et al. 1999).
Our finding that E£7-3 is expressed by colonic and
duodenal mesenchymes is consistent with these pre-
vious studies, and together they suggest that ET-3 is
an important mesenchyme-derived growth factor that
controls intestinal epithelial growth in developing
mammalian fetuses.

In the glandular stomach and forestomach whose
epithelial growth was only scarcely stimulated by ET-
3, both ET-3 and ETp, were expressed at a high level.
Thus the level of ET; expressed in the epithelial cells
did not correlate with their responsiveness to the
growth-stimulating effect of ET-3. It is possible that
the growth-promoting activity of ET-3 in culture was
suppressed by serum and/or BPE supplemented
in the culture medium for glandular stomach and
forestomach epithelial cells. It is more probable that
ET-3 may play other roles such as control of epithelial
differentiation in these organs. It is interesting to note
that ET-1/ET, signal transduction has recently been
shown to be involved in branchial arch development
(Fukuhara et al. 2004). it is a problem for the future
how ET-3 is concerned in the differentiation and
morphogenesis of the gastrointestinal organs.

It is well established that a targeted disruption of
ET-3 or ETs results in aganglionic megacolon and
pigmentary disorders in mice (Baynash et al. 1994;
Hosoda et al. 1994). However, the proliferation and
differentiation of colonic epithelial cells in these trans-
genic mice have not been fully examined mostly
because they usually die several weeks after birth,
before maturation. It is likely that colonic epithelial
growth is altered in the transgenic mice given our
finding that ET-3 affects the growth of colonic epithelial
cells in vitro. Further studies are needed to confirm
whether the colonic epithelial growth is altered in
these transgenic mice in development.
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We and other researchers have shown that epithe-
lial-mesenchymal interactions play an essential role
in the control of gastrointestinal epithelial growth and
differentiation not only in fetal stages, but also in
adults. In the present study, we present evidence that
ET-3 is an important mesenchymal factor that con-
trols colonic epithelial growth in normal development.
Then ET-3 may also play a role in regulating colonic
epithelial growth in various diseases including turmors.
ET-1 and its receptor have been reported o play a
role in colon cancer progression (Egidy ef al. 2000).
It remains to be examined whether the function of
ET-3 and its receptor are altered in colon tumors,
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 ORIGINAL ARTICLE

Tissue damage of different submucosal injection solutions
for EMR (cve)

Mitsuhiro Fujishiro, MD, PhD, Nachisa Yahagi, MD, PhD, Koji Kashimura, Toyokazu Matsuura,
Masanori Nakamura, MD, Naomi Kalkushima, MD, Shinya Kodashima, MD, Satoshi Ono, MD,

Katsuya Kobayashi, MD, Takuhei Hashimoto, MD, Nobutake Yamamichi, MD, PhD, Ayako Tateishi, MD,
Yasuhito Shimizu, MD, PhD, Masashi Oka, MD, PhD, Masao Ichinose, MD, PhD, Masao Omata, MD, PhD

Tokyo, Japan

Background: When choosing submucosal injection solutions for EMR, tissue damage should be considered, as
well as the lesion-lifting ability. The objective of the study was to find out the potential tissue damage of sub-
mucosal injection solutions.

Methods: The submucosal injection solutions examined were the following: normal saline solution (NS), 3.75%
NaCl, 20% and 50% dextrose water (DW), a glycerin solution (Glyceol; 10% glycerin with 0.9% NaCl plus 5% fruc-
tose), and two hyaluronic acid (HA) solutions (0.25% 1900 kDa/NS solution and 0.125% 1900 kDa/ Glyceol so-
lution). Furthermore, DW with different concentrations (5%, 10%, 15%, 30%, 40%) also was examined to find out
the tolerable concentration without tissue damage. A total of 2 mL of each solution per stomach were injected by
endoscopy into the submucosal layer at the separate sites of 4 living minipigs. Two minipigs were euthanized
after 30 minutes of endoscopic observations, and the others were euthanized after additional endoscopic obser-
vations a week after injection. :

Results: There was no apparent tissue damage in NS, 5% and 10% DW] Glyceol, or two solutions of HA, whereas,
hypertonic solutions, except Glyceol and 10% DW, have more or less potency of tissue damage. In 3.75% NaCl
and DW with concentrations of >20%, considerable tissue damage was observed, which might affect resected
EMR specimens and ulcer healing.

Conclusions: Use of hypertonic solutions except Glyceol is not recommended with respect to tissue damage. A
combination of HA and Glyceol is the most favorable submucosal injection solution, considering tissue damage

and lesion-lifting ability. (Gastrointest Endosc 2005;62:933-42.)

For the purpose of preventing perforation, fluid injec-
tion into the submucosa is commonly performed during
EMR to create a fluid cushion between the lesion and
the muscle layer. Although the duration of lesion lifting
is crucial to achieve successful results of EMR, knowledge
as to tissue damage, depending on the submucosal injec-
tion solutions, should also be important. If the submuco-
sal injection solution we choose has a high enough
property of tissue damage to destroy the resected speci-
mens, it may be difficult to make a precise histologic diag-
nosis of the targeted lesion. Furthermore, tissue damage
of the muscle layer may result in delayed bleeding or

See CME section; p. 949.
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perforation, especially in the case of the thin gut wall,
such as the large and small intestines. However, there is
little knowledge about the potential tissue damage of
the submucosal injection solutions we widely use in clini-
cal practice. This study compared the tissue damage of
these solutions and dextrose solutions with different con-
centrations, by using a living minipig stomach to find out
the appropriate use of submucosal injection solutions.

MATERIAL AND METHODS

Endoscopy was carried out with standard endoscopes
(GIF XQ230; Olympus Optical Co, Ltd, Tokyo, Japan; and
EG2931; Pentax Corp, Tokyo, Japan) in 4 'minipigs
(Sus scrofa; Miniature Swine; Chugai Research Institute
for Medical Science, Inc, Nagano, Japan) that were fasted
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overnight and then placed in the left lateral decubitus po-
sition after tracheal intubation and induction with general
anesthesia. A disposable 23-gauge catheter injection nee-
dle (NM-200L-0423; Olympus) was used to inject 2 mL of
each solution per stomach into the submucosal layer at
separate sites. After injection, endoclipping was made
near the injection sites to identify the locations.

All of the solutions were mixed with a minimal volume
of indigo carmine dye (approximately 0.5 mL per 10 mL of
solution) so that the submucosal diffusion could be visual-
ized. The solutions examined were the following: 0.9%
NaCl (normatl saline solution [NS])'; 3.75% NaCl (hyper-
tonic saline solution [HS])% 20% dextrose water (DW)?;
50% DW*; 10% glycerin with 0.9% NaCl plus 5% fructose
(Glyceol; Chugai Pharmaceutical Co, Tokyo, Japan),’

which is widely used in Japan for the treatment of intracra-
 nial hypertensnon as a formulation for intravenous drip in-
fusion®; two solutions of hyaluronic acid (HA) (0.25% 1900
KDa HA solution made by a 1% 1900 KDa preparation [Su-
venyl; Chugai Pharmaceutical] and NS) and 0.125% 1900
KDa HA solution made with Suvenyl and Glyceol, which
have the similar ability of lesion lifting’; and DW with
five different concentrations (5%, 10%, 15%, 30%, and
40%), which also were tested to find the tolerable concen-
tration without tissue damage because it was thought that
hypertonic solutions might have the possibility of tissue
damage to some extent.

The endoscope was kept in the stomach to allow obser-
vation of the injection sites for up to 30 minutes, and two
minipigs were ecuthanized after the observations were
completed to investigate the immediate tissue damage.
The other two minipigs recovered from the general anes-
thesia and then follow-up endoscopies were carried out
a day and a week after injection. When the endoscopic ob-
servations of a week after injection were completed, the
remaining two minipigs were euthanized to investigate
the delayed tissue damage.

The retrieved stomachs were stretched flat on a cork
board with pins and then were fixed with formalin; then
the stomach was cut at the separate injection sites and em-
bedded in paraffin. Histologic sections were made from
each block and were stained with H&E, and the effect of
the injections on the tissue was examined microscopically.

RESULTS

Endoscopic observation

Endoscopic observations are presented in Figure 1A
to H. There was little difference among the minipigs in
mucosal changes caused by the same solutions. In NS,
5% and 10% DW, Glyceol, and two HA solutions, there
were no apparent mucosal changes seen by endoscopy.
Hypertonic solutions, except Glyceol and 10% DW
have greater or lesser degrees of tissue damage. In
15% DW, mucosal whiteness with marginal redness at

-Previous: studies:of :submucosa mjectlon solutlons for :

“EMR have evaluated only..the ability to create’: -

g fsubmucosal fluid. cushi d he’ potentlal for

‘tissue: damage CERe

:Recommended: submucosal- solutions.are. the followmg:

:hyaluronic acid,*50%: dextrose:water,:and. Glyceol (10%
lycenn WIth 0 9% NaCI plus 5% fructose)

What thls study adds to our: knowledge

e ln an anlmal study of avallable submucosal mjectlon

- ..solutions, a mixture of: high-molecular. weight hyaluronic
-~acid and Glyceol provide optimal lesion-lifting ability
‘ "Wlth minimal tissue damage. '

the small areas of the injection sites, not all the seeping
area of the solutions, was visualized within 30 minutes.
A day after the injection, the mucosal redness at the injec-
tion sites was also recognized; but, a week after injection,
it was difficult to point out the injection sites by endos-
copy. In HS and 20% DW, the mucosal whiteness with mar-
ginal redness at all the seeping areas of the solutions was
visualized within 20 minutes. A day after injection, the mu-
cosal redness at the all seeping areas, (in the case of HS,
the central erosion was visualized) also was recognized,
and, a week after injection, mucosal erosion was formed.
In 30%, 40%, and 50% DW, the mucosal whiteness with
marginal redness at all the seeping areas of the solutions
was visualized within 15 minutes. Shallow ulceration was
formed a day after injection and was persistent a week
after injection.

Histologic observation

There was little difference among minipigs in tissue
damage caused by the same solutions (Figs. 2A to H and
3A to D). None of NS, 5% and 10% DW, Glyceol, or two
HA solutions caused any apparent tissue damage as seen
by histology. In 15% DW, slight degradation of epithelial
glands with mild congestion of capillary blood vessels in
the superficial mucosal layer was observed in the minipigs
euthanized on the day of injection, whereas, no tissue
damage was observed by histology in the minipigs eutha-
nized a week after injection. In HS and 20% DW, acute mu-
cosal erosion with degradation of epithelial glands and
congestion of capillary blood vessels was observed in
the minipigs euthanized on the day of injection, and these
tissue damages were persistent as mucosal erosion with fi-
brosis of the submucosal layer a week after injection. In
30%, 40%, and 50% DW, not only mucosal damage but
also muscle damage emerged on the day of injection,
and ulceration extending to the submucosal layer formed
a week after injection.
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Figure 1. Endoscopic views of injection sites of various solutions. A, 0.9% NaCl (normal saline solution). B, 3.75% NaCl (hypertonic saline solution). C,
15% dextrose water. (continued)
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Figure 1. D, 20% dextrose water. E, 50% dextrose water. F, Glyceol (10% glycerin with 0.9% NaCl plus 5% fructose). (continued)
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Figure 1. G, 0.25% solution of 1900 kDa hyaluronic acid with normal saline solution. H, 0.125% solution of 1900 kDa hyaluronic acid with Glyceol.
Dextrose water with a concentration of > 15% and hypertonic saline solution have greater or lesser degree of mucosal change. Normal saline solution,
Glyceol, and two hyaluronic acid solutions have no apparent mucosal changes.

DISCUSSION

EMR has developed as a less invasive local treatment for
GI tumors, which enables the preservation of the whole
organ and brings about a much better quality of life for
the patients with tumors.® In the case of the stomach,
smaller intramucosal tumors without ulcer findings have
been candidates for EMR until recently”'; however, these
days larger intramucosal tumors without ulcer findings
and smaller intramucosal tumors with ulcer findings
have been treated by EMR. The expansive indication of
EMR has been lead by novel findings of node-negative
tumors™ and newly developed techniques in EMR,>1418
called endoscopic submucosal dissection techniques. As
indicated, lesions become larger or ulcerative, the fre-
quencies of complications are increasing and relatively
high complication rates have become other problems. In
the use of an insulation-tipped knife for the treatment
of gastric tumors, the rates of bleeding and perforation
were reported as 22% and 5%, respectively.'?

Several approaches to lessen these complications have
been tried, and, among these, the most effective and

simplest way to prevent complications, especially perfora-
tion, is to maintain a sufficiently thick submucosal layer for
a time by endoscopic injection of fluid into the submu-
cosa. The recent studies,’?! including ours, revealed
that HA solutions were the best available solutions in cre-
ating the thickest fluid cushion and that hypertonic solu-

.tions tended to create higher lesion lifting than NS.

These studies recommended the alternative use of hyper-
tonic solutions in practice, because HA is much more ex-
pensive than the other solutions.

Although hypertonic fluid may be better for creating
higher lesion lifting and for obtaining effective hemosta-
sis,%? potential tissue damage by submucosal injection
may be considered, because of its high osmolality. As
shown in this study, the concentration of less than 15%
in DW, whose osmotic pressure is 3 times higher than
the extracellular fluid, is recommended as a submucosal
injection solution with respect to tolerable tissue dam-
age, if we want to have resected specimens with good
quality and avoid unexpected delayed healing of the arti-
ficial ulcers after EMR. It is speculated that Glyceol, which
consists of 10% glycerin, 0.9% NaCl, and 5% fructose, has
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Figure 2. Histologic changes of injection sites of various solutions. A, 0.9% NaCl (normal saline solution) (H&E, orig. mag. x40). B, 3.75% NaCl (hy-
pertonic saline solution) (H&E, orig. mag. x40). C, 15% dextrose water (H&E, orig. mag. x40). (continued)

938 GASTROINTESTINAL ENDOSCOPY Volume 62, No. 6 : 2005 www.giejournal.org

—264—



Fujishiro et al Tissue damage of submucosal injection solutions for EMR

o e
AR ba

A ety &

Ex e

e i s

b i
e i

Wigp e~

Figure 2. D, 20% dextrose water (H&E, orig. mag. x40). E, 50% dextrose water (H&E, orig. mag. x40). F, Glyceol (10% glycerin with 0.9% NaCl plus 5%
fructose) (H&E, orig. mag. x40). (continued)
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Figure 2. G, 0.25% solution of 1900 kDa hyaluronic acid with normal saline solution (H&E, orig. mag. x40). H, 0.125% solution of 1900 kDa hyaluronic
acid with Glyceol (H&E, orig. mag. x40). Dextrose water with concentration of >15% and hypertonic saline solution have greater or lesser degree of
mucosal damage, and 50% dextrose water causes tissue damage not only in the mucosal layer but also in the proper muscle layer, which is revealed by
histologic assessment of the stomachs of minipigs euthanized immediately after endoscopic observations of the day of injections. Those mucosal dam-
ages do not reverse a week after injection except 15% dextrose water and mucosal erosion or ulceration is formed. Normal saline solution, Glyceol, and

two hyaluronic acid solutions have no apparent mucosal changes.

no apparent tissue damage because glycerin can pass
freely through the cell membrane, because the osmotic
pressure difference between the inside and the outside
of the cell membrane is only generated by an additional
use of 5% fructose, which causes no cell destruction.
On the contrary, because osmotic pressure of Glyceol is
approximately 7 times higher than the extracellular fluid,
Glyceol has a possibility to produce sufficient submucosal
cushion.

Among available solutions, HA solutions may be the
best as a submucosal injection solution with regard to tis-
sue damage, as well as to its lesion-lifting ability. HA is
a thick substance, with high viscoelasticity widely found
in connective tissues. Its current approved indications in
clinical practice are intra-articular injections for

osteoarthritis and use in eye surgery in many countries, in-
cluding Japan, Europe, and the United States. It is not an-
tigenic or toxic to humans,*?> and only minor adverse
effects are reported in clinical use.?® However, the crucial
disadvantage of HA solutions may be their high costs. A
previous study’ of ours revealed that a combination of
high-molecular-weight HA and Glyceol is an ideal sub-
mucosal injection solution with an acceptable cost, con-
sidering the facts of increasing viscoelasticity of HA
hypertonicity to create sufficient lesion-lifting effect
without tissue damage.” If the cost of the HA solution
is also unacceptable, Glyceol alone is more readily avail-
able and may be a practical alternative to HA solutions.
The disadvantage of a slipping submucosal cushion by
the solutions, with less lesion-lifting ability could be
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Figure 3. Histologic mucosal damages of hypertonic solutions. A, 3.75% NaCl (hypertonic saline solution) (H&E, orig. mag. x200). B, 15% dextrose
water (H&E, orig. mag. x200). C, 20% dextrose water (H&E, orig. mag. x200). D, 50% dextrose water (H&E, orig. mag. x200). Partial degradation of
epithelial glands and congestion of capillary blood vessels are observed in hypertonic saline solution, and 15% and 20% dextrose water. Furthermore,
20% dextrose water causes erosion of the superficial mucosal layer. In 50% dextrose water, complete degradation of epithelial cells and destruction of

the mucosal structure are observed.

balanced by repeated injection of the solutions during
the procedure. This also would be an alternative for
the use of HA solutions or Glyceol, but there is no
data available that indicates that repeated injection of
a solution with less lesion-lifting ability, such as NS,
achieves similar outcomes with a single injection of a so-
lution with more lesion-lifting ability, such as HA solu-
tions or Glyceol.

Finally, we emphasize from this study, that a submucosal
injection solution should be chosen considering tissue
damage as well as lesion-lifting ability to perform success-
ful EMR with good quality. On the basis of experimental
studies, including this study, a prospective clinical trial
may be planned in the future, and it is necessary to find
out the advantage of HA solutions or Glyceol over NS in
the clinical practice.
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A combination of the Helicobacter pylori stool antigen test and urea
breath test is useful for clinical evaluation of eradication therapy:
A multicenter study
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SHUNSUKE TAKATA,* HIROYUKI UEDA,* YASUO EGL* TORU HIYAMA,*
YOSHITAKA UENO,* YASUHIKO KITADAIL* MASAHARU YOSHIHARA® AND
KAZUAKI CHAYAMA?*

* Department of Medicine and Molecular Science, Hirsohima University, ' Department of Endoscopy, Hiroshima
University Hospital, ¥Kawamura Hospital, SHiroshima Kinen Hospital, Hiroshima, 1Saiseikai Kure Hospital,
Kure, **Hiroshima Kampo Health Planning and Medical Center, ''Chuden Hospital, Hiroshima and
B Health Service Center, Hiroshima University, Higashi-Hiroshima, Fapan

Abstract

Background: Helicobacter pylori stool antigen (HpSA) test is a new tool for evaluating the H. pylor:
infection. The present study was carried out to investigate the clinical usefulness of the HpSA test in the
evaluation of eradication therapy by comparing it with the *C-urea breath test (UBT).

Methods: One hundred and five patients received eradication therapy for H. pylori. After more than
8 weeks, the success of the therapy was evaluated by the HpSA test and the UBT. Concordant results
were regarded as a final diagnosis, but when the results were discordant, histological examination was
carried out.

Results: Of the 105 patients receiving eradication therapy for H. pylori, 25 patients were regarded as
H. pylor:i positive by the UBT and and 20 patients were regarded as H. pylort positive by the the HpSA
test. Nine patients (8.6%) showed discordant results (seven cases with UBT'(+) and HpSA(-), and two
with UBT(-) and HpSA(+)). Five cases out of nine were ultimately judged as having a false-positive
result of the UBT, and in these cases the UBT values were relatively low (below 10 per thousand). The
final diagnostic accuracies of the UBT and the HpSA test were 94.3% (88.0-97.9%; 95% CI) and
97.1% (91.9-99.4%), respectively. When we used the HpSA test in cases with weakly positive UBT val-
ues, we were able to diagnose the correct status of H. pylori infection after eradication in 99% of all
patients (94.8-100.0%).

Conclusion: The HpSA test is a useful tool for the evaluation of eradication therapy and a combination
of the HpSA test and UBT is clinically recommended.

© 2005 Blackwell Publishing Asia Pty Lid

Key words: eradication therapy, Helicobacter pylori, Helicobacter pylori stool antigen, '*C-urea breath
test.

INTRODUCTION rence in Japanese patients.' Eradication therapy has

come to be used for many gastric diseases including
Helicobacrer pylori eradication is a popular therapy for mucosa-associated lymphoid tissue (MALT) lym-
peptic ulcer patients in Japan. Successful eradication phoma (MALToma).? Although the prevalence of infec-
therapy should result in the reduction of ulcer recur- tion is gradually decreasing, the clinical application and
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importance of this therapy will increase in the near
future.

To evaluate the final outcome of eradication therapy,
many kinds of examination techniques are applicable.
Although non-invasive methods are favorable for most
patients, the serological test for anti-H. pylor? antibodies
is not suitable because it takes a long-time to be nor-
malized. It is likely that the '*C-urea breath test (UBT)
will become the most popular and powerful method to
examine the results of eradication therapy. However, the
question has been raised by some researchers as to what
is the most appropriate cut-off value (2.5 or 3.5 per
thousand).? In addition, the high cost compared with
the other methods is a problem.

Recently, the H. pylori stool antigen (HpSA) test was
established and came to be applied in clinical situations.
The Maastrichet Report described the equal usefulness
of the UBT and the HpSA test for the judgment of not
only H. pylori infection but also of the success of erad-
ication therapy. In the present study, we investigated
the clinical usefulness of the HpSA test for the evalua-
tion of the success of the eradication therapy by com-
paring it with the UBT.

METHODS
Patients

A total of 105 patients with H. pylors infection (55 men,
mean age 56.6 years; 65 with peptic ulcers, five with

gastric MALToma, and 35 with dyspepsia) were .

enrolled in the present study from August 2002 to
December 2003, and all gave informed consent. The
ethical committee of Hiroshima University approved
the protocol. All patients received a gastroscopy or an
X-ray examination of the upper gastrointestinal series
and were confirmed to have no serious diseases present

in the stomach. No patients who had received antibiot-

ics or proton-pump inhibitors prior to eniry were
included in the study. H. pylori infection was examined
by the use of a least one of three methods; the rapid ure-
ase test, >C-urea breath test or the presence of serum
IgG antibodies against H. pylor: (E-plate, Eiken, Tokyo,
Japan).

An evaluation of eradication therapy was carried out
at least 8 weeks after completion of therapy that
involved the administration of lansoprazole (60 mg,
b.i.d.), amoxicillin (1500 mg, b.i.d.) and clarithromycin
(400 or 800 mg, b.i.d.).

Helicobacter pylori stool antigen and
BC-urea breath test

In all patients, the H. pylori stool antigen test (HpSA,
Meridian Diagnostics, Cincinnati, OH, USA)® and "*C-
urea breath test (UBT; Ubit IR-200, Otsuka, Tokush-
ima, Japan)® were routinely carried out.

According to the manufacturer’s instructions, a
pieces of fecal samples were diluted in the sample solu-
tion, and stored at room temperature until analyzed.

M Ito et al.

The HpSA test used polyclonal anti-H. pylor: antibod-
ies absorbed to microwells as a capture antibody. Sam-
ple solution was added and followed by the reaction
with enzyme-conjugated polyclonal antibody. After
addition of a substrate solution, the results were read by
spectrophotometry at 450/630 nm.

UBT test was carried out as previously reported.®
Fasting patients drank 100 mg of *C urea powder with
100 mL of tap water while they were in the sitting posi-
tion and then immediately rinsed their mouths with
water to remove the residual drug. Patients were placed
in the left lateral decubitus position for 5 min and then
in the sitting position for 15 min. Breath samples were
collected before the drug was given, and then 20 min
after the drug was given.

The cut-off values for the HpSA test and the UBT
were 0.120 (OD 450/630 nm)® and 2.5 per thousand
(delta-">CQO,),° respectively. When the HpSA test value
was 20.100 and <0.120, the HpSA test was re-exam-
ined. In 13 cases where the UBT values were <10.0, the
delta-"*CO, was measured not only by infrared spec-
trometer but also by mass spectrometry analysis. If the
results of the HpSA and UBT were identical, the result
was regarded as the final decision. When we had discor-
dant results, the following histological examination was
carried out to make the final decision.

Histological examination

Five biopsy specimens were taken (two from the
antrum, two from the corpus and one from gastric
angle) and H. pylori colonization and grades of gastritis
were evaluated by the criteria of the updated Sydney
system.” Specimens were stained with hematoxylin and
eosin (HE) and Giemsa staining. Specimens were
regarded as H. pylor: negative when no bacteria was
identified and active inflammation was absent in both
specimens.® Two experts (MI and SK) judged the his-
tological gastritis independently without clinical infor-
mation on the patients.

RESULTS

Helicobacter pylori stool antigen and
BC-urea breath test

Correlation of the UBT and the HpSA test are shown as
dot plots in Figure 1. OQut of all 105 patients enrolled,
positive results were obtained from 25 and 20 patients
with the use of the UBT and the HpSA test, respec-
tively. Seventy-eight and 18 patients were simulta-
neously negative and positive by the two methods,
respectively. Nine patients (8.6%) showed discordant
results; seven showed UBT(+) and HpSA(-) and two
showed UBT(~) and HpSA(+) (Table 1). We evaluated
the UBT value using two different methods (infrared
spectrometry and mass spectrometry) and confirmed
the very close relationship between the two results
(r=0.995, P<0.0001; n=18).
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Figure 1 Correlation between the *C-urea breath test
(UBT) and the Helicobacter pylori stool antigen (HpSA) test in
patients who have undergone eradication therapy. Dot-line
indicates the cut-off value in each examination. Fit line; log
(UBT) =0.586 x log (HpSA) + 0.861, r=0.506, P < 0.0001.

Table 1 Results of C-urea breath test and Helicobacter
pylori stool antigen test in patients who have undergone erad-
ication therapy

Evaluation by HpSA

Negative Positive Total
Evaluation by UBT
Negative 78 2 80
Positive 7 18 25
Total 85 20 105

HpSA, Helicobacter pylori stool antigen test; UBT, *C-urea
breath test.

Histological examination in patients with
discordant results

In nine cases where there were discordant results, a his-
tological examination was carried out with gastric
biopsy specimens. Results are summarized in Table 2.
Histological evaluation showed results concordant with
UBT test in three cases and with the HpSA test in six
cases. In cases with a false positive reaction with the
UBT, the delta-?CO, level was relatively low (below 10
per thousand).

The diagnostic accuracy of the UBT and the HpSA
test was 94.3% (88.0-97.9%; 95% CI) and 97.1%
(91.9-99.4%), respectively. When we used the HpSA
test in cases where there were weakly positive UBT val-
ues (=2.5 and <10.0), we were able to diagnose the cor-
rect status of the H. pylori infection after eradication in
105/106 (99.1%) of all patients (94.8—-100%).
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Table 2 Results of *C-urea breath test, Helicobacter pylort
stool antigen test and histology in patients with discordant
results

No. Age/sex UBT (per thousand) HpSA  Histology
1 74/M neg (0.0) pos pos
2 52/M neg (0.6) pos neg
3 72/M pos (2.6) neg neg
4 71/F pos (2.7) neg neg
5 38/F pos (4.4) neg neg
6 84/M pos (4.7) neg neg
7 66/F pos (6.0) neg neg
8 43/M pos (11.1) neg pos
9 44/M pos (13.2) neg pos

Underlined data indicates a result that is discordant with the
histological examination. HpSA, Helicobacter pylor? stool anti-
gen test; neg, negative; pos, positive; UBT, *C-urea breath
test.

Relationship between UBT, HI’SA and
histological result in cases with low
UBT value

Among the 25 cases with a positive result of UBT, we
detected a relatively low UBT value (22.5 and <10.0) in
10 cases. Five cases showed simultaneously positive
reactions to the HpSA test, but the remaining five were
judged as H. pylori-negative by the HpSA test, in which
histological assessment also showed the clearance of
H. pylori and the absence of active inflammation by his-
tological examination (case 3-7 in Table 2).

DISCUSSION

The H. pylori stool antigen test is a new and valuable
tool for the assessment of H. pylort infection without an
invasive procedure’ and is reported to have higher diag-
nostic accuracy.'” Because it is a simple, economical
and non-invasive examination, this method has found
application in patients with pediatric disease,'"™” acute
gastrointestinal bleeding'®'® and severe statuses such as
liver cirrhosis.'® It is likely that this tool will also be
invaluable for large-scale studies such as the mass sur-
vey of gastric cancer.

Recent studies have shown that the HpSA test is a
useful tool, not only for the primary diagnosis of
H. pylor: infection, but also for the evaluation of eradi-
cation therapy of H. pylori. Odaka ez al®® and Tanaka
er al.* have reported the usefulness of the HpSA test in
the portion of the Japanese population undergoing
eradication therapy, even in the short term.*® Vaira et al.
also showed that the HpSA test has an identical diag-
nostic value compared with the UBT and emphasized
the clinical usefulness of the HpSA test for the moni-
toring of eradication therapy.?” Ishihara er al. examined
the correlation between the HpSA and UBT in patients
4 weeks after their eradication therapy and they showed
a close relationship between the two methods.?
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In contrast, some reports pointed out the lesser abil-
ity of the HpSA test to evaluate eradication therapy.
Perri et al. showed the low sensitivity of the HpSA test
compared with the UBT in patients who underwent
eradication.” To the contrary, Bilardi et al. reported a
high incidence of false positive results in the HpSA test
compared with the UBT.” These data are still contra-
dictory and the reason behind these discordant results is
still under discussion.

One of the major problems in this field lies in the dif-
ference in standard examinations. When we regard
UBT as the standard method, false negative cases with
the HpSA test will naturally increase. In some reports,
histological examination has been used as the standard,
and this seems appropriate. However, until now, few
reports discussed the histological changes based on the
international rule of the updated Sydney system. Fur-
thermore, using only the evaluation of the presence of
bacteria, we were not able to exclude the possibility of
false judgment even when using complicated methods
such as immunohistochemical analysis. Focus must be
placed on the improvement of active gastritis in the gas-
tric mucosa, because this is the essential goal of eradi-
cation therapy.

In the present study, we showed the clinical useful-
ness of the HpSA test in the evaluation of eradication
therapy in Japanese patients. The HpSA test showed a
relatively higher prevalence of correct diagnoses com-
pared with UBT. We detected discordant results of the
UBT and the HpSA test in 8.6% of all cases (9/105),
which is identical to the previous report. However, we
found more than half of the cases with discordant
results were a result of the false positive result in the
UBT, not the false negative in the HpSA test as previ-
ously reported. To improve the accuracy of the final
decision on H. pylori infection following eradication
therapy, we followed up for a sufficient period (more
than 8 weeks) after the eradication. Previous reports
had shown that more than 4 or 6 months are needed
after eradication to exclude the false results. In addition,
we examined the histological assessment with the use of
the updated Sydney system.

False-positive results of the UBT test have already
been reported in other studies. In the Japanese case,
Kato er al. reported the justification of a new cut-off
value (3.5 per thousand) for the UBT.? In the present
study, when we set the cut-off for the UBT at 3.5 per
thousand, the incidence of false positives decreased
(from five to three cases) without an increase in false
negatives (data not shown). However, we could not
exclude the possibility of false positive cases completely.
In practical use, a combination of the UBT and the
HpSA test must be beneficial. When there is a low-
grade positive value of the UBT (less than 10 per thou-
sand), additional examination using the HpSA test is
recommended. Although the gold standard test for
H. pylori infection is still difficult to decide, at least in
studies the authors of the present study have carried
out, almost all patients received an accurate diagnosis
that ultimately resulted in the improvement of their
active gastritis. The UBT value of 10.0, which we
described as the upper limit of low-grade positive, is not
based on enough evidence, and further larger-scaled
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examination is needed to determine the proper cut-off
value,

Another problem might be a result of the difference
in the methods, such as the ELISA system used in the
HpSA test and the cut-off value in these examinations.
Recently, HpSA ELISA using monoclonal antibodies
has been established, and reported similar results to
that of the polyclonal antibody which was used in the
present study.?® The difference in the status of infection
between nations might also be a problem. Particularly
in Japanese populations, atrophic change is very com-
mon and the amount of H. pylori tends to be less than in
Western populations.®

Taken together, HpSA is a very useful and non-inva-
sive diagnostic tool for the evaluation of eradication
therapy of H. pylori in Japanese patients. A combination
of the use of the HpSA test and the UBT is very prac-
tical in the clinical evaluation of eradication therapy of
H. pylori. Because simultaneous examination of UBT
and HpSA test contains some practical and economic
issues at present, this should be discussed further.
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