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Figure 6 Viral replication of Surv.m-CRA and cytotoxicity against sorted FGFR3-positive and FGFR3-negative cells. (A) Growth curves

of sorted cells. Whereas FGFR3-positive celis proliferated somewhat more rapidly than FGFR3-negative cells, the difference was not drastic.

* P<005. (B) Representative images of phase-contrast and the fluorescence-microscopic pictures 5 days after infection with Surv.m-CRA, Ad.
dE1.3, or no virus. Whereas viral replication and cytopathic effects of Surv.m-CRA were prominent in both groups, the proportion of remaining
cells 5 days after Surv.m-CRA infection at an MOI of 1 was lower in sorted FGFR3-positive cells than in sorted FGFR3-negative cells. (C) Cell viability
was determined by WST-8 assay 3 or 5 days after infection. Cytotoxic effects of Surv.m-CRA were statistically significantly higher than those of Ad.
dE1.3 solely in the sorted FGFR3-positive cells. *, P < 0.05; **, P < 0.005 between Surv.m-CRA and either Ad.dE1.3 or no virus.

induced prominent viral replication and cell death in all
rhabdomyosarcoma cell fractions, including RSCs, and
that such effects were more potent in RSCs than in pro-
geny. This is consistent with the higher survivin expres-
sion levels and promoter activities in RSCs relative to
progeny, shown above (Figure 3).

Surv.m-CRA had potent in vivo therapeutic effects on
tumors generated from RSC-enriched rhabdomyosarcoma
cells in mice

We subcutaneously inoculated RSC-enriched rhabdo-
myosarcoma cells into mice to generate a tumor nodule,
into which Surv.m-CRA (1 x 10° pfu), the control Ad.

dE1.3, or no virus (none) was subsequently directly
injected. Periodic measurement of tumor size revealed
that a single intratumoral injection of Surv.m-CRA sig-
nificantly inhibited tumor growth in comparison to Ad.
dE1.3 42 days after adenoviral injection (Figure 8A, B).
By contrast, there was no significant difference in tumor
size on day 42 between the controls, ie, Ad.dEL
3—treated and PBS-treated mice. Furthermore, histo-
pathologic analysis of viable and dead tumor cells clearly
demonstrated the potent therapeutic effects of Surv.m-
CRAs beyond what could be shown by the macroscopic
analysis (Figure 8B, C): the macroscopically large tumor
nodules in control mice treated with either Ad.dE1.3 or
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Figure 7 Viral replication of Surv.m-CRA and cytotoxicity against sorted FGFR3-positive and FGFR3-negative cells. Sorted FGFR3-positive
and FGFR3-negative cells were infected with Surv.m-CRA, Ad.dE1.3, or no virus (none) at an MOI of 1. The cells were observed under phase-
contrast and fluorescence microscopy 1, 3, and 5 days after infection. Representative phase-contrast (upper) and fluorescence (lower) images are
shown at 50x magnification. In the case of no infection (none), FGFR3-positive cells proliferated more rapidly than FGFR3-negative cells after 3
and 5 days. By contrast, the proportion of remaining cells 5 days after Surv.m-CRA infection was lower in FGFR3-positive than in FGFR3-negative
cells. These results suggest that Surv.m-CRA exhibited more efficient replication in and cytotoxicity against sorted FGFR3-positive than

PBS consisted mainly of viable tumor cells with histo-
logical features of active malignancy, including a large
number of mitoses, heterogeneous morphologies of nu-
clei and cells, and densely accumulated cells; in addition,
these tumors contained small and spotty areas consisting
of spontaneous necroses in their centers (Figure 8B, C).
By contrast, the macroscopically small nodules in the
Surv.m-CRA-treated mice consisted histologically of
large necrotic areas with loose connective tissues but no
apparent viable malignant cells. Thus, a single injection
of Surv.m-CRA into tumor nodules generated by im-
plantation of RSC-enriched rhabdomyosarcoma cells in
mice exhibited a potent therapeutic effect in vivo.

Discussion
We previously showed that Surv.m-CRAs could treat a
broad range of cancer types more efficiently and safely (i.e.,
cancer-specifically) than Tert.m-CRAs, which are among
the best CRAs [11,12,25]. The results of this study demon-
strate not only that Surv.m-CRAs can efficiently kill all
populations of rhabdomyosarcoma cells, including both
RSCs and their progeny (ie., the bulk of malignant cells),
but also that the antitumor effects of Surv.m-CRAs are
higher against RSCs. This feature is clinically meaningful
and promising because the therapeutic mode of Surv.m-
CRAs is opposite to that of conventional chemoradiothera-
pies, and because Surv.m-CRA may overcome, at least in
part, the serious drawbacks of current cancer treatments.
Some previous studies assessed the cytotoxic effects
of oncolytic viruses on CSCs [26], and several groups

reported that their CRAs might be effective against
stem-like cancer cells of glioblastoma [27,28], esophageal
cancer [29], and breast cancer [30]. However, the efficacy
of these CRAs against CSCs was not accurately estab-
lished in these studies, due to limitations of the analyses
or the CSC models used. From the standpoint of the
analyses, the lack of point-by-point comparisons of bio-
logical features, both regarding genes that regulated viral
replication and the differences in the effects of CRAs be-
tween sorted CSCs and progeny, led to unclear conclu-
sions regarding the most important question: how
efficiently do these viruses kill CSCs in comparison to
their progeny [27,28]? From the standpoint of the CSC
models, some previous studies used radioresistant cancer
cells as cancer stem-like cells, but did not examine
sorted CSCs [28]. Although radiation treatment may en-
rich CSCs, the radioresistant cancer cells are not equiva-
lent to CSCs. Thus, although the previous studies did
provide some important information, their results may not
allow a generalized assessment regarding the potentials of
CRAs against CSCs. Therefore, the efficacy of each
oncolytic virus and CRA against CSCs should be indi-
vidually and carefully assessed in the proper experimen-
tal models.

To accurately assess the biological features and thera-
peutic potential of Surv.m-CRAs against CSCs, in a previ-
ous study we identified FGFR3 as a useful marker that
allows accurate monitoring and purification of RSCs; a
single implanted FGFR3-positive rhabdomyosarcoma cell
could form a tumor in vivo, whereas FGFR3-negative
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Figure 8 In vivo therapeutic effects of Surv.m-CRA against tumors in mice. Tumor nodules were generated in mice by implantation of
RSC-enriched rhabdomyosarcoma cells, and a single intratumoral injection of Surv.m-CRA, Ad.dE1.3, or PBS was subsequently administered to
each nodule. (A) The macroscopic tumor size after each treatment. A significant difference was found between mice treated with Surv.m-CRA
and those treated with either control (Ad.dE1.3 or PBS) (P < 0.05). (B} Representative macroscopic pictures of a tumor nodule 42 days after each
treatment. (C) Representative histopathologic pictures of hematoxylin/eosin-stained sections in the tumor nodule 42 days after each treatment. In
Ad.dE1.3-treated and the PBS-treated mice, tumor nodules mainly consisted of viable tumor cells exhibiting malignant features without large
necrotic areas. By contrast, in Surv.m-CRA-treated mice, tumer nodules mainly consisted of large necrotic areas with ioose connective tissues
and without viable tumor cells. Original magnification: 40x (top; scale bar, 1 mmj) and 400x (bottom; scale bar, 100 mm).

PBS

cells did not form tumors [7]. Because FGFR3-positive
rhabdomyosarcoma cells, including KYM-1 cells, were
characterized as RSCs in our previous study, it was not ne-
cessary to repeat this characterization in this study. Based
on those results, in this study we carefully compared the
biological features of survivin (both endogenous gene ex-
pression and the transduced promoter activity) and Surv.
m-CRAs, both between RSC-enriched and RSC-exiguous

conditions and between purified FGFR3-positive RSCs
and purified FGFR3-negative progeny cells. We used both
of these experimental systems because the former
(enriched CSCs together with some progeny cells) may, at
least in part, reflect the in vivo microenvironment,
whereas the latter (purified CSCs) may facilitate clarifica-
tion of the biological differences between CSCs and pro-
genitor cells. Analyses in both experimental systems
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clearly revealed that the activity of the survivin promoter,
which has already been shown to have stronger and more
cancer-specific activity than the Tert promoter [11,12],
was further increased in RSCs; indeed, Surv.m-CRAs effi-
ciently killed all populations with the desirable property of
increased therapeutic efficacy against RSCs.

On the other hand, the movements and changes of
CSCs within the body are not fully understood, and
these points can be accurately addressed in only a few
animal models. In addition, human type 5 adenovirus,
which is the backbone of Surv.m-CRAs, can infect
mouse cells but cannot replicate in mice; therefore, there
is no available animal model in which the therapeutic ef-
ficacy of CRAs against CSCs can be accurately analyzed.
Therefore, we assessed the therapeutic efficiency of
Surv.m-CRAs in tumor nodules generated by implant-
ation of RSC-enriched rhabdomyosarcoma cells; Surv.m-
CRAs exhibited a potent in vivo therapeutic effect in this
animal model. Although the in vivo efficacy of Surv.m-
CRAs against CSCs cannot be quantitatively assessed,
this result demonstrates the therapeutic efficacy and the
possible clinical utility of Surv.m-CRAs for treating
rhabdomyosarcoma.

The RGD-based fiber modification allows the adeno-
virus to use integrins as alternative receptors during the
cell entry process, and increases AGTEs in certain cell
types, particularly those that lack the expression of the na-
tive Coxsackie-adenovirus receptor [31]. In contrast to a
previous report that fiber-modified CRA increased thera-
peutic efficacy against CSCs of glioma [27], in our hands
the fiber modification did not drastically increase AGTEs.
Therefore, we did not need to modify the fibers of Surv.
m-CRAs in order to obtain therapeutic benefits, at least in
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this model. The clinical utility of the fiber modification
may depend on the adenoviral infectivity in each cell type.

Together with the previous findings, the results of this
study suggest the possible therapeutic efficacy of Surv.m-
CRAs against other types of CSCs. Clinical studies previ-
ously demonstrated that high survivin expression levels are
positively correlated with poor prognosis, accelerated rate of
recurrence, and increased resistance to therapy in a variety
of cancer types, including rhabdomyosarcoma [5,13,14]. Our
results reported here regarding up-regulated survivin ex-
pression and survivin promoter activity in RSCs are consist-
ent with the clinical findings, and should therefore be
considered reasonable. Because a close relationship between
higher expression levels of survivin and more malignant
phenotypes has been observed in a variety of cancer types,
the potent efficacy of Surv.m-CRAs to the RSCs revealed in
this study may be applicable to other types of CSCs.

In terms of mechanism, accumulated data have re-
vealed that survivin is involved in apoptosis resistance
and proliferation of cancer cells, mediated at least in
part through the responses to various growth factors, in-
cluding bFGF [32,33]. bFGF up-regulates survivin ex-
pression in certain cancer cells [32], and survivin plays
an essential role in angiogenesis in tumors by up-
regulating bFGF expression [33], leading to activation of
the FGFR3-mediated signaling pathway [7]. Any mech-
anistic inference based on these findings would necessar-
ily be speculative, however, and the overall molecular
mechanism underlying the relationship between the sur-
vivin expression and malignant features of CSCs should
be clarified by extensive future studies.

This study provides general and important information
that should be useful in the development of oncolytic
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virotherapies against CSCs. To date, there have been
very few successful reports of transcriptional targeting of
oncolytic viruses against CSCs. In particular, none of the
previous reports clearly showed that oncolytic viruses
successfully acquired increased therapeutic efficacy
against CSCs in parallel to increases in promoter activity
and expression of a target gene. In this study, expression
and promoter activity of survivin were further increased
in CSCs; as a result of these transcriptional changes,
Surv.m-CRAs exerted increased therapeutic efficacy
against CSCs. Although the replicative mechanisms of
adenoviruses have not been fully elucidated, the results
described here suggest that the promising features of
Surv.m-CRA may be due partly to specific features of
adenoviruses and partly to the function of the survivin
gene. Taken together, these findings demonstrate that
Surv.m-CRA is an effective anticancer agent, but more
generally, the results indicate that the use of m-CRAs rep-
resents a promising strategy for the development of effect-
ive anticancer agents against CSCs (Figure 9). In other
words, the results described here pave the way to future
development of several effective m-CRA—-based therapies
against CSCs; future progress will proceed via identifica-
tion of new genes that target CSCs and generation of new
m-CRAs using the promoters of these genes.

Conclusion

Surv.m-CRAs demonstrated not only therapeutic effi-
cacy against all the populations of rhabdomyosarcoma,
but also increased efficacy against RSCs. These results
will facilitate the clinical application of Surv.m-CRAs,
and should be useful for future development of oncolytic
virotherapies that target CSCs.
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ABSTRACT

Gastric parietal cells are important in acid secretion, but it is unclear which cells throughout the gastric gland have the
highest secretion potency. Here, we used immunohistochemical methods with anti-H', K'-ATPase, phosphoryl ezrin
and CD44 antibodies to study the distribution of gastric acid secretion activity. Stomach tissues from freely fed and
starved rats were cryofixed for light microscopy or fixed by high-pressure freezing for electron microscopy. Parietal
cells from freely fed animals corresponded to the active secretion phase and to the inactive resting phase from starved
rats. Anti-H", K'-ATPase and anti-phosphoryl ezrin labeling were observed on the membrane of the intracellular cana-
liculi and the tubulovesicle from freely fed rats, while cells from starved animals showed weak labeling with
anti-phosphoryl ezrin antibody staining. Morphometrical analysis at the electron microscopic level was performed on
active and inactive acid secretory phases between the upper and base regions of the gland. H', K'-ATPase and CD44
were distributed on both sites of the microvillous and tubulovesicle membrane in the same cells, but phosphoryl ezrin
localized predominantly on the microvillous membrane in active cells of the glandular neck and upper base. Therefore,
the highest secreting potency appeared to be in cells of the glandular neck and upper base.

Keywords: Gastric Parietal Cells; Secretory Potency; Phosphoryl Ezrin; Histochemical Morphometry

1. Introduction the IC and TV throughout the parietal cell membrane.
We previously used high-pressure freezing followed by
freeze-substitution to investigate the histochemistry of
gastric gland cells and the ultrastructural alterations that
occur in both fed and starved phases [3,4]. Cryofixation
using rapid freezing (especially high pressure rapid
freezing for capable freezing depth) is believed to be
superior to conventional chemical fixation with regard to
morphological preservation and retention of soluble
components. Using antibodies against the proton potas-
sium ATPase a- and fS-subunits, we also showed that the
enzyme localized on both IC and TV membranes in al-
most all parietal cells throughout the length of the gland
[3-5].

Parietal cells contain more actin than other glandular
cells. Transformation between IC and TV occurs with

Gastric parietal cells play a major role in acid secretion
and are widely distributed from the pit to the base of rat
gastric glands. They show characteristic aspects of intra-
cellular canaliculi (IC) with numerous microvilli and tu-
bulovesicles (TV) in the cytoplasm, which are thought to
be interconvertable structures. Although the conversion
mechanism for these structures is unclear, various hypo-
thesizes have been proposed. During the active acid-se-
creting phase of parietal cells, the IC is markedly ex-
panded, but the cells undergo a morphological transfor-
mation during their inactive resting phase when the IC
reduces in width and the TV mass increases [1,2]. The
secretion activity alternates according to the physiologi-
cal phases of feeding or starving.

Proton potassium ATPase (H', K'-ATPase; “the pro-

ton pump”) is an important enzyme for gastric acid se-
cretion and exists as an integral membrane-protein along

Open Access

redistribution of actin in the cell. Filamentous actins are
anchored to the plasma membrane via phosphoryl ezrin,
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and most actin molecules are thought to form a globular
structure in the inactive resting state, which molecules
polymerize rapidly to form a filamentous structure upon
active acid secretion [2,6-11]. Ezrin is a member of the
ERM (ezrin/radixin/moesin) family of proteins that is
implicated in linking functional activities of the plasma
membrane to the actin cytoskeleton. In addition, actin
binds to intramembranous CD44 via phosphoryl ezrin in
the plasma membrane [12-14]. It has previously been
suggested that the above-mentioned morphological changes
are induced and triggered by this cytoskeletal reorganiza-
tion of f-actin [15-17].

The purpose of the present study was to investigate
which parietal cells are more active than others in terms
of acid secretion, based on the distribution of pho-
sphoryl ezrin and CD44 throughout the gland using im-
munohistochemical techniques.

2. Materials and Methods
2.1. Tissue Preparation

Ten male Wistar rats were used in the experiments and
divided into two groups of five animals each. One group
was fed freely and the other was starved for 48 h with
free access to water. The rats were anesthetized with an
intraperitoneal injection of sodium pentobarbital, and the
pH of the luminal gastric juice was determined. The
stomach tissues were cut into small pieces and cryofixed
using a rapid freezing device (RF-6, Eiko, Japan) using
liquid propane for cryofixing and liquid nitrogen for light
microscopy. The specimens were then freeze-substituted
with acetone containing 0.2% glutaraldehyde at —79°C
for 72 h and embedded in paraffin [17].

For electron microscopy, the specimens underwent
high-pressure freezing under a 21 x 10° hPa atmosphere
(HPM 010, BAL-TEC, Liechtenstein). The frozen spec-
imens were freeze-substituted with acetone containing
1% osmium tetroxide or 0.2% glutaraldehyde at —79°C
for 72 h and were embedded in Epon812 or Lowicryl
K4M resin, respectively [3].

2.2. Primary and Secondary Antibodies

A rabbit antibody against the H', K'-ATPase (proton
pump) a-subunit (Immunogen; C-terminal synthetic pep-
tide based on the porcine H', K'-ATPase a-subunit se-
quence) was purchased from Calbiochem-Novabiochem
(San Diego, CA). The antibody was used at a dilution of
1:100 in phosphate buffered saline (PBS). A mouse
monoclonal antibody against the H", K'-ATPase f-sub-
unit (Immunogen; purified 34-kDa core peptide from de-
glycosylated hog gastric microsomes) was purchased
from Abcam Ltd. (Cambridge, UK) and diluted 1:200 in
PBS. A rabbit polyclonal antibody against phosphoryl

Open Access

ezrin (Immunogen: KLH-conjugated, synthetic phospho-
peptide corresponding to residues surrounding Thr567 of
human ezrin) and an anti-CD44 antibody were purchased
from CHEMICON International, Inc. (Temecula, CA).
These were used at a dilution of 1: 10 - 20 in PBS. A
mouse monoclonal antibody against actin (pan Ab-5;
Clone ACTNOS) was purchased from LAB VISION Co.
(Fremont, CA). This antibody reacts with all six known
isoforms of vertebrate actin (MW-42 kD) and also with
two highly homologous cytoplasmic actins (f, ). This
antibody was diluted 1: 10 - 80 in PBS. The antibodies
were confirmed to show cross-reactivity against the rat.
The following were used as secondary antibodies: bioti-
nylated goat anti-mouse immunoglobulin (F(ab'),) or
biotinylated swine anti-rabbit immunoglobulin (DAKO
Cytomation, Glostrup, Denmark) diluted 1: 100 - 200 in
PBS; horseradish peroxidase (HRP)-conjugated strepta-
vidin (DAKO Cytomation) (1:200 in Tris-buffered-saline;
TBS); colloidal gold (CG)-conjugated streptavidin (1:1
in PBS) from British BioCell International (Cardiff, UK).

2.3. Immunohistochemical Staining for Light
Microscopy

Specimens embedded in paraffin were cut into 4 pm-
thick slices with a sliding Jung-model microtome, mounted
on silconized glass slides and air-dried. Sections were
deparaffinized, rehydrated and immersed in PBS. After
blocking endogenous peroxidase activity with 0.3% hy-
drogen peroxide in methanol, specimens were incubated
with primary antibodies against the H', K'-ATPase a-
and f-subunits. They were then labeled with biotinylated
anti-rabbit or anti-mouse IgG antibodies overnight fol-
lowed by HRP-conjugated streptavidin for 1 h. Visuali-
zation was performed using 3, 3'-diaminobenzidine tet-
rahydrochloride (DAB; DAKO Cytomation) for 10 min.
Finally, sections were rinsed in distilled water, counter-
stained with Mayer’s hematoxylin, dehydrated in a
graded ethanol series, cleared in xylene and mounted
with Eukitt (O. Kindler, Germany).

2.4. Electron Microscopy

Ultrathin sections from specimens fixed with 1% osmium
tetroxide and embedded in epoxy resin were cut with a
Reichert Ultracat-N ultramicrotome and stained with
uranyl acetate and Reynolds’ lead citrate. They were ob-
served using a HITACHI H-7000 electron microscope at
an acceleration voltage of 80 kV.

Specimens fixed with 0.2% glutaraldehyde and em-
bedded in Lowicryl K4M resin were stained by the im-
munogold method (particle size of colloidal gold (CG):
15 nm and 10 nm). Thin sections were incubated with
unlabeled-streptavidin (Southern Biotech, Birmingham,
AL) for 30 min at room temperature to block endogenous
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biotin. Immunogold staining was performed as described
previously [4,18]. Briefly, the sections were incubated
with anti-H", K'-ATPase a- and S-subunits, anti-phos-
phoryl ezrin and anti-CD44 antibodies followed by
biotinylated anti-rabbit or anti-mouse IgG antibodies and
labeled with streptavidin-colloidal gold. Finally, the sec-
tions were counterstained with uranyl acetate and Millo-
nig’s lead acetate.

2.5. Morphometrical Analysis of Labeling
Density with Phosphoryl Ezrin
Immunogold Staining

The parietal cell labeling density with the anti-phos-
phoryl ezrin antibody was analyzed using Image-J NIH
software. Thus, the labeling number of gold particles (on
IC containing multiple microvilli) was counted on elec-
tron microscopic photographs taken at 15,000 X magni-
fication of the neck or base region (n = 20 each) of active
phase glands (fed animals) and inactive resting phase
glands (starved animals). The labeling density was esti-
mated as the number of gold particles per unit area (um?)
of IC. For the assessment of the phosphoryl ezrin label-
ing-density, the results were statistically analyzed by
t-test using Microsoft Excel software. Statistical com-
parisons were made between the neck and the base area
of the gland, and between active versus inactive glands
from starved animals. The differences between sites or
feeding/starving were evaluated by #-test. P < 0.01 or
0.05 was considered significant. The results are ex-
pressed as the arithmetic mean + SE.

3. Results
3.1. Morphological Observation

The average pH in the fed rats was 2.0, compared with
6.4 in the starved rats. We therefore hypothesized that the
former corresponds to the active phase and the latter to
the inactive resting phase of gastric juice secretion.

The parietal cells showed excellent ultrastructural pre-
servation at the electron microscopic level. The ultra-
structure of IC, TV, and other organelles was well pre-
served for each active and inactive phase of glands when
specimens were processed successfully by means of
HPF-followed by FS.

3.2. Immunohistochemical Observation with
Anti-H", K'-ATPase Antibody

The parietal cells were labeled intensely and clearly by
immunohistochemical staining with the H", K™-ATPase
anti-o~ and -A-subunit antibodies. Cells in the neck and
upper base were labeled particularly strongly in active
phase animals. Staining was evenly distributed from the
deep pit to the glandular base of the cells (Figures 1(A)
and (B)), and the staining pattern was similar between

Open Access

the anti-f-subunit antibody and a-subunit antibody (data
not shown). In the active phase, the microvillous mem-
brane and apical cell membrane of the IC were labeled
with the anti-a- and -f-H+, K+-ATPase subunit antibod-
ies and with the anti-phosphorylated-ezrin antibody
(corresponding to residues surrounding Thr566 and 567),
while TV membranes were hardly stained. In the inactive
phase, IC microvilli were labeled weakly with this anti-
body. The anti-CD44 antibody staining pattern was simi-
lar to that of anti-a- (and -f) H', K'-ATPase subunit
antibodies in inactive phase animals (Figures 2, 3(A) and
(B)). A regional labeling difference was evident from the
neck to the upper base and lower base.

3.3. Morphometric Analysis with
Anti-Phosphoryl Ezrin Antibody and
Immunogold Labeling

Immunogold staining was performed to examine the in-
tracellular distribution and the labeling density of the

Figure 1. Active phase rat gastric gland immunostained
with the anti-H", K'-ATPase a-subunit antibody. (A) Pa-
rietal cells throughout the gland are stained strongly. Cells
are large and plump and become smaller and more slender
as they migrate downwards. Reaction products are thread-
like in shape; (B) Inactive resting phase gland with similar
staining. Parietal cells scattered throughout the gland are
also stained positively and reaction products were observed
diffusely in the cytoplasm. Scale bar = 100 pm.

Figure 2. Section of parietal cells stained with immunogold
method. (A) Anti-phosphoryl ezrin antibody staining. The
IC membrane and its microvilli were stained with anti-
phosphoryl ezrin antibody, but little staining was visible on
the TV membrane; (B) Anti-CD44 ant-ibody staining. The
two organelles (IC and TV) were labeled with this antibody.
Scale bar =1 pm.
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Figure 3. Adjacent serial sections immunostaining. Each
photograph is composed of several distinct pictures (mon-
taged pictures) and serially sectioned. Labeled gold parti-
cles are shown with arrowheads. The anti-phosphoryl ezrin
antibody bound only to the IC microvilli (A), while the anti-
CD44 antibody labeled both the IC and TV (B). Scale bar =
1 pm.

Figure 4. Labeling differences in each level of gland of pa-
rietal cell stained with immunogold using anti-phosphoryl
ezrin antibody. (A) Neck region, adjoining mucous neck cell
in active animals; (B) Lower region of base, neighboring
chief cell; (C) Neck region from starved rats. Anti-phos-
phoryl ezrin antibody labeling is strong on IC membrane of
parietal cell from fed (active secreting) rats (A), and mod-
erate to weak in lower half of base (B) and through gland
from starved (inactive resting or inactive secreting) rats (C).
Scale bar =1 pm.

anti-phosphoryl ezrin antibody in each cell between the
gland segments. Parietal cells adjacent to mucous neck
cells or chief cells were deemed to be in the neck or base
region, respectively. The gold particle numbers were
compared between the neck and the base region of the
glands, and between active and inactive resting glands
(Figure 4). The number of labeled gold particles was
divided by the IC area to give the labeling density (per
pm’). Labeling density zonation was clear from the neck
to the base, with a significantly higher density in parietal
cells located in the isthmus to neck region (mean + SE;
25.501 = 3.736 pum?) compared with the glandular lower
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base (17.082 + 7.275 pmz) or from inactive starved rats
(1.926 £ 0.465 pmz) (Figures 5(A) and (B)).

Statistical analysis using IMAGE-J revealed that phos-
phoryl ezrin expression in the neck and upper base was
significantly higher than that in lower base (25.501 +
3.736 vs 17.082 = 7.275, p < 0.05) and than that in
starved gland (25.501 = 3.736 vs 1.926 = 0.465, p < 0.01).
These findings suggest that the phosphoryl ezrin assem-
ble in the membrane of active parietal microvilli at neck
to upper base.

4. Discussion

The component cells of gastric glands include pit mucous
cells, progenitor cells, parietal cells, mucous neck cells,
chief cells and endocrine cells and have previously been
studied in rodents. These cells undergo mitosis in the
isthmus, from where they migrate and differentiate along
the longitudinal axis of the gland in an upward or down-
ward direction [19-21]. The parietal cells migrate up-
wards and downwards then mature, while chief cells de-
rive from the mucous neck cell through an intermediate
cell type to the mature chief cell in a downwards migra-
tion [17]. Parietal cells adjoining the mucous neck cell
are considered to be in the neck region and those next to
the chief cell are in the base region of the gland.

Gastric juice is very acidic, with a pH of around 1.5.
The average pH value measured in this study was pH 2.0
in fed rats and pH 6.4 in starved animals, indicating that
the parietal cells of fed rats correspond to cells in the
active secretory-phase, while those of starved animals
correspond to cells in the inactive resting phase. The pa-
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Figure 5. (A) Schematic drawing of rat gastric gland. After
proliferation in the glandular isthmus, the parietal cell mi-
grates and differentiate through neck to base of gland; (B)
Statistical analysis of phosphoryl-ezrin plotting. The label-
ing of the cell in the near neck site was significantly higher
than that in the lower base, or whole site of the gland in the
resting (the inactive).
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