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Abstract
Gastrin-secreting enteroendocrine cells

(G cells) in the antrum play an important
role in the regulation of gastric secretion,
gastric motility and mucosal cell prolifera-
tion. Recently we have uncovered the exis-
tence of two subpopulations of G cells with
pivotally different morphology and a dis-
tinct localization in the antral invaginations;
the functional implications of the different
G cell types are still elusive. In this study a
transgenic mouse line in which EGFP is
expressed under the control of a gastrin pro-
moter was used to elucidate the distribution
pattern of the two G cell types throughout
the different regions of the antrum. The
results of immunohistochemical analyses
revealed that G cells were not equally dis-
tributed along the anterior/posterior axis of
the antrum. The “typical” pyramidal- or
roundish-shaped G cells, which are located
in the basal region of the antral invagina-
tions, were more abundant in the proximal
antrum bordering the corpus region but less
frequent in the distal antrum bordering the
pylorus. In contrast, the “atypical” G cells,
which are located in the upper part of the
antral invaginations and have a spindle-like
contour with long processes, were evenly
distributed along the anterior/posterior axis.
This characteristic topographic segregation
supports the notion that the two G cell types
may serve different functions. A compari-
son of the antrum specific G cells with the
two pan-gastrointestinal enteroendocrine
cell types, somatostatin-secreting D cells
and serotonin-secreting enterochromaffin
(EC) cells, revealed a rather similar distri-
bution pattern of G and D cells, but a funda-
mentally different distribution of EC cells.
These observations suggest that distinct
mechanisms govern the spatial segregation
of enteroendocrine cells in the antrum
mucosa.

Introduction
The murine stomach is the first com-

partment of the gastrointestinal tract acting
as a reservoir and initiating gastrointestinal
secretion and motility. The gastric mucosa
is structured either as a planar surface
epithelium or tubular invaginations of the
surface epithelium called pits, or tubular
extensions of the pits called glands.1 These
invaginations are lined mainly by epithelial
surface mucous cells and mucous neck cells
interspersed by some more specialized cell
types, including acid-producing parietal
cells, zymogenic (chief) cells, and hor-
mone-secreting enteroendocrine cells
(EECs). To maintain the barrier function
and eliminate damaged cells, the gastric
epithelium undergoes a strictly regulated
continuous renewal. All five different
epithelial cell types seem to originate from
multipotent stem cells, however, fate and
life time of the cell types vary consider-
ably.1,2 In contrast to columnar and mucous
cells, for EECs in the stomach the turnover
time was found to be in the order of 45 to 60
days,3 indicating that EECs do not share the
turnover characteristics with other cell
types of the epithelium, thus represent a cell
population independent of other cell lineag-
es. Although the EECs are by far outnum-
bered by the other cell types, they, neverthe-
less, play a key role in controlling and reg-
ulating many important functions in the
gastrointestinal tract, all necessary to per-
form the main task; digestion of ingested
food and absorption of nutrients. EECs are
dispersed among the epithelial cells of the
mucosa and relatively little is known about
how these cells segregate from their precur-
sor cells as they terminally differentiate and
where they are finally localized within the
epithelial layer. This lack of information
may partially be due to the fact that an
investigation of these solitary endocrine
cells which are dispersed along the gastric
mucosa is much more difficult than study-
ing endocrine cells in specialized tissues,
such as the pancreatic islets or adrenals.
However, in recent years, the availability of
high efficient antibodies and especially of
transgenic enteroendocrine reporter mouse
models has opened a new chapter for the
characterization of this rare cell type.4

Utilizing a mGAS-EGFP transgenic
mouse line generated by Takaishi5 we have
recently began to characterize the major
EEC type in the antrum region, the gastrin-
secreting G cells. In the course of this we
uncovered that individual G cells show piv-
otal differences in their morphology and
their localization in the epithelium lining
the tubular invaginations.6 The functional

implications of these different G cell types
are still elusive. Towards a further charac-
terization of these cells, in this study
attempts have been made to elucidate the
distribution of the two G cell types, not only
along an individual antral tubular gland, but
rather throughout the different regions of
the antrum. In addition, the distribution pat-
tern of gastrin-secreting G-cells and the
number of somatostatin-secreting D cells
was determined. A comparison of G and D
cells was of special interest, since both cell
types apparently derive from a common
multihormonal G/D precursor cell type.7-9

Materials and Methods

Mice
Analyses were performed with the

BAC-transgenic mouse line mGas-EGFP
which expresses EGFP under the control of
the gastrin promoter.5 Mice were housed
with a 12 h light/dark cycle in groups or
individually at the Central Unit for Animal
Research at the University of Hohenheim
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and had access to food and water ad libitum.
Experiments were carried out in accordance
with the Council Directive 2010/63EU of
the European Parliament and the Council of
22 September 2010 on the protection of ani-
mals used for scientific purposes. The work
was approved by the Committee on the
Ethics of Animal Experiments at the
Regierungspräsidium Stuttgart (V318/14
Phy) and the University of Hohenheim
Animal Welfare Officer (T125/14 Phy,
T126/14 Phy). Six mice were used for the
quantification of G cell subtypes and for
determining G cell distribution patterns.
Topographic distribution patterns and the
number of D and EC cells were determined
for three mice each. 

Tissue preparation
For immunohistochemistry both immer-

sion and perfusion fixation processes were
used. For perfusion fixation animals were
killed with carbon dioxide and tissues were
fixed using 4% paraformaldehyde perfused
via the vascular system. Then, an incision
through the integument and abdominal wall
was made and the rib cage was carefully
opened to expose the heart. To prepare the
mouse for the perfusion, a needle was intro-
duced into the left ventricle and an incision
to the right atrium was made. Using the per-
fusion needle, first 10 mL ice-cold 1x PBS
(0.85% NaCl, 1.4 mM KH2PO4, 8 mM
Na2HPO4, pH 7.4) were applied followed
by 3x10 mL ice-cold 4% paraformaldehyde
(in 150 mM phosphate buffer, pH 7.4).
After perfusion, the abdomen was opened
and the stomach was removed. For immer-
sion fixation this step immediately followed
the sacrifice. Next, the fundic tissue was cut
off, the stomach was opened along the less-
er curvature and washed with ice-cold 1x
PBS (0.85% NaCl, 1.4 mM KH2PO4, 8 mM
Na2HPO4, pH 7.4). The antral tissue and the
adjacent corpus, pyloric and duodenal tissue
was mounted on a piece of rubber and
immersed in 4% ice-cold paraformaldehyde
(in 150 mM phosphate buffer, pH 7.4) for 1
h. After fixation, the tissue was cryoprotect-
ed by incubation in 25% sucrose overnight
at 4°C. Finally, the tissue was embedded in
Tissue Freezing Medium (Leica
Microsystems, Bensheim, Germany) and
quickly frozen on dry ice or liquid nitrogen.
Cryosections (8-µm) were generated using
a CM3050S cryostat (Leica Microsystems)
and adhered to Superfrost Plus microscope
slides (Menzel Gläser, Braunschweig,
Germany).

Immunohistochemistry
Cryosections were air-dried, rinsed in

1x PBS for 10 min at room temperature and

blocked in 0.5% Triton X-100 in 1x PBS
containing 10% normal donkey serum
(NDS; Dianova, Hamburg, Germany) for
30 min at room temperature. For single- and
double-labeling experiments, primary anti-
bodies were diluted in 0.5% Triton X-100 in
1x PBS containing 10% NDS. Antibodies
were used in the following dilutions: goat
anti-somatostatin (sc-7819, Santa Cruz,
Dallas, TX, USA) 1:1000, rabbit anti-sero-
tonin (5-HT) (S5545, Sigma Aldrich,
Schnelldorf, Germany) 1:500, rabbit anti-
histamine (11425, PROGEN Biotechnik
GmbH, Heidelberg, Germany) 1:500 and
rabbit anti-smoothelin (sc-28562, Santa
Cruz) 1:200. Blocked sections were incu-
bated with the diluted primary antibodies
overnight at 4°C. After washing in 1x PBS,
the bound primary antibodies were visual-
ized using Donkey anti-Goat IgG (H+L)
Secondary Antibody, Alexa Fluor 568,
Invitrogen™ (10463972, Fisher Scientific,
Göteborg, Sweden) 1:500 and Donkey anti-
Rabbit IgG (H+L) Secondary Antibody,
Alexa Fluor 568, Invitrogen™ (10617183,
Fisher Scientific) diluted in 1x PBS with
0.5% Triton X-100 containing 10% NDS
for 2 h at room temperature. After three
rinses for 5 min in 1x PBS, tissue sections
were counterstained with 4′,6-diamidino-2-

phenylindole (DAPI; 1.0 μg/mL, Sigma
Aldrich) 1:1000. After incubation for 3 min
at room temperature, sections were rinsed
with double-distilled water and mounted in
MOWIOL (10% polyvinyl alcohol 4-88
(Sigma Aldrich), 20% glycerol in 1x PBS).
No immunoreactivity could be observed
when the primary antibodies were omitted.

Microscopy and photography
Immunhistochemical staining was doc-

umented using a Zeiss Axiophot micro-
scope (Carl Zeiss MicroImaging, Jena,
Germany) or a Zeiss LSM510 Meta laser
scanning microscope (Zeiss, Oberkochen,
Germany). For determining cell numbers,
the 10x objective was used. Images were
adjusted for contrast in AxioVision LE Rel.
4.3 (Carl Zeiss MicroImaging). 

Determining distribution patterns
and numbers of EECs

For determining the total number of
cells on longitudinal tissue sections through
the antral mucosa, DAPI-stained nuclei
were counted. ImageJ 1.48v (Wayne
Rasband, National Institutes of Health,
USA) and the plugin ITCN (Image-based
Tool for Counting Nuclei) were utilized.

                                                                                                        Original Paper

Figure 1. G cells are clearly confined to the antral region of the stomach. A-D)
Longitudinal tissue sections of the antrum and the adjacent gastrointestinal tissues
derived from mGAS-EGFP transgenic mice are shown; G cells are visible due to their
intrinsic EGFP fluorescence (green). Tissue sections were immunostained using specific
antibodies for histamine (A,B) and smoothelin (C,D) both labeled in red. A,C) To visu-
alize the gastrointestinal tissues all cells were counterstained with DAPI (blue). A,B) The
transition from the corpus to antrum (indicated by the yellow arrows) can be clearly
determined by labeling ECL cells and G cells; both EEC populations are found in distinct
compartments of the stomach and do not overlap; histamine-immunopositive cells are
found in the corpus but absent in the antrum while EGFP-positive G cells are only pres-
ent in the antrum. C,D) The transition from the antrum to the duodenum (indicated by
the yellow arrows) can be visualized by labeling smooth muscle cells of the pylorus which
separates the stomach from the small intestine; EGFP-positive G cells are scattered
throughout the antrum reaching the pyloric region but are absent in the duodenum.
Scale bars: 200 µm.
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For automated counting of nuclei, images
were converted into 8-bit images and nuclei
of the submucosa were removed manually,
using the eraser tool. ITCN parameters were
adjusted to 0.7 (Threshold) and 8.0 (Width)
before running the plugin. 

Numbers of G, D and EC cells were
counted manually using ZEN 2012 (Carl
Zeiss Microscopy GmbH, Jena, Germany).
Roundish-shaped EECs in the lower third of
the antral invaginations were assigned to
the “basal region”, spindle-shaped EECs in
the upper two-thirds to the “upper region”. 

Cell numbers were quantified per 1000
nuclei, rather than per gland. Determining
cell numbers within single glands would
require a different experimental setting in
which thicker tissue sections are needed to
actually include the entire gland in its 3-
dimensional structure. Thus, evaluating cell
numbers in single glands on thin-layer tis-
sue sections would result in biased data. As
cell numbers do not increase with increas-
ing gland height, we are confident that our
method of quantification is suitable for the
purpose of determining topographic distri-
bution patterns of antral EECs.
Interindividual differences are indicated by
standard deviations illustrated as error bars.

Results
G cells serve as a marker for the

antral region of the mouse stomach
As a prerequisite for exploring the dis-

tribution patterns of EECs within the
antrum mucosa it was necessary to deter-
mine what defines the beginning and end of
the antral region. The antral region of the
mouse stomach is macroscopically distinct
from the region of the corpus based on dif-
ferent gland types.10 In addition, the distri-
bution pattern of distinct EEC types,
notably G cells and enterochromaffin-like
(ECL) cells, might be used to mark particu-
lar regions of the stomach. To visualize the
location of the two EEC types, longitudinal
tissue sections through the stomach of the
transgenic mGas-EGFP mouse line were
prepared for immunohistochemical stain-
ing. G cells were visible due to their intrin-
sic EGFP fluorescence; ECL cells were
visualized using a specific antibody for his-
tamine. As shown in Figure 1A and C, the
topographic distribution patterns of the two
EEC types did not overlap; while hista-
mine-immunopositive ECL cells were
restricted to the corpus (Figure 1C), G cells
were exclusively found in the antrum. Thus,
the clear segregation of the two EEC types
marks the structurally and functionally dif-
ferent regions of the stomach. In order to

determine the transitional region from the
antrum to the small intestine, the pyloric
sphincter was stained using a specific anti-
body for smoothelin which labels the strong
ring of smooth muscles (Figure 1 C,D).
Thereby, it became evident that G cells
were present only in the antral epithelium;
the distribution of G cells terminated just
before the pyloric region. These observa-
tions indicate that G cells are clearly con-
fined to the antral region of the stomach and
thus may serve as a specific marker for this
particular compartment of the gastrointesti-
nal tract.

G cells are unevenly segregated
across the proximal and distal
antrum

In order to explore the topographic dis-
tribution pattern of G cells along the anteri-
or/posterior axis, from the proximal to the
distal region of the antrum, longitudinal tis-
sue sections of the antral epithelium were
counterstained by DAPI (n=6). Upon closer

inspection it appeared that the morphology
of the antral mucosa differed along the
length of the antrum; from the proximal
antrum (adjacent to the corpus) to the distal
antrum (just before the transition to the
small intestine), gland height increased,
while cell numbers seemed to decrease
(Figure 2A). Analyses of the tissue sections
for EGFP-positive G cells revealed that the
cells were not evenly distributed along the
length of the antrum, but became less fre-
quent from proximal to distal. As visible in
Figure 2 B,C, in the proximal region
(Figure 2B), the number of G cells was
higher than in the distal antrum (Figure 2C).
The number of G cells in the proximal
antrum, starting at the very first G cell,
amounted to 25.08±7.58 (Figure 2D) while
only 13.77±4.13 G cells were found in the
distal antrum, which was defined by the
very last G cell (Figure 2E). These findings
demonstrate that G cells were not evenly
distributed along the length of the antrum,
but were less frequent in the distal antrum
compared to the proximal antrum. 

                             Original Paper

Figure 2. G cells are less frequent in the distal antrum compared to the proximal antrum.
A-C) Longitudinal tissue sections of the antrum of mGAS-EGFP transgenic mice are
shown; G cells are visualized by green fluorescence; tissue sections were counterstained with
DAPI (blue). A) The antral mucosa differs along the length of the antrum. Likewise, G cells
were not evenly distributed. B,C) When counting G cells in the proximal (B) and distal
antrum (C), normalized to 1000 nuclei 25.08±7.58 (D) and 13.77±4.13 G cells (E) were
found in the mucosa of the proximal and distal antrum respectively. Scale bars: 200 µm.
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Topographic distribution pattern of
the two G cell subtypes

As initially observed in our previous
study,6 G cells differed in their morphology
and their localization within the antral
invaginations (Figure 3A). While basally
located G cells were pyramidal- or
roundish-shaped (Figure 3B), G cells in the
upper region of the invaginations had a
spindle-like contour and long processes
(Figure 3C). Gastrin expression in both
EGFP-positive G cell subtypes was con-
firmed by immunolabeling for gastrin (data
not shown). Subsequently, the distribution
pattern of the two G cell subtypes along the
anterior/posterior axis was determined
(n=6). For the pyramidal-/roundish-shaped
G cells in the basal region (Figure 3D) we
found significantly more G cells in the
proximal antrum (23.91±7.49) compared to
the distal antrum (12.22±3.81; P=0.0067).
This cell type represented 95.3% and 88.7%
of total G cell number respectively. When
counting the number of spindle-like G cells
located in the upper region of the invagina-
tions, we found 1.17 ± 0.25 in the proximal
antrum and 1.55±0.40 in the distal antrum
(Figure 3E). Thus, this unique cell type rep-
resented 4.7% and 11.3% of the total G cell
population. These findings demonstrate a
distinct topographic distribution pattern for
morphologically different G cells; while the
numbers of pyramidal-/roundish-shaped G
cells was significantly higher in the proxi-
mal antrum compared to the distal antrum,
the number of spindle-like G cells did not
significantly differ between the two regions.
These findings may indicate that the spin-
dle-like G cells serve a function which is
equally relevant throughout the length of
the antrum, while the function of pyrami-
dal-/roundish-shaped G cells may be more
important in the proximal antrum.

Similar topographic distribution
patterns of G cells and D cells in the
antrum

While G cells are present only in the
antrum, their “functionally antagonistic”
cell type, the somatostatin-secreting D
cells,11-13 are distributed throughout the
whole gastrointestinal tract. Based on the
fact that these pan-GI EECs share a com-
mon multihormonal precursor cell with the
G cells in the antrum,7-9 we asked whether G
and D cells may share a similar topographic
distribution pattern within this subcompart-
ment of the stomach. To visualized D cells,
we performed immunohistochemical exper-
iments using a specific antibody for
somatostatin (Figure 4; n=3). The distribu-
tion of gastric G cells and the pan-GI D

cells is visible in Figure 4; the proximal
antrum (Figure 4A) and distal antrum are
shown (Figure 4B). As observed for G cells,
most of the D cells were located in the basal
region of the antral invaginations, but some
were also found in the upper region.
Compared to the relatively high number of
G cells in the basal region, the number of D
cells was much smaller; about 7.36±0.70
(P=0.0484) and 2.53±0.13 (P=0.0399) D
cells were found in the proximal and distal
antrum, respectively (Figure 4C). For the
upper region of the invagination in the
proximal antrum 0.44±0.23 D cells
(P=0.0069) and in the distal antrum 0.54
±0.25 D cells were found (Figure 4D). The
data indicate that the number of D cells in
the basal region were significantly larger in
the proximal antrum compared to the distal
antrum (P=0.0003), but the number of D

cells in the upper region of the antral invagi-
nations did not significantly differ between
the two regions (P=0.6518). Thus, G cells
and D cells share similar distribution pat-
terns within the antrum. The ratio of G cells
versus D cells was determined as about 3:1
and interestingly it is very similar in all
regions.

Different topographic distribution
patterns of G cells and EC cells in
the antrum

In order to investigate whether all EECs
in the antrum share similar distribution pat-
terns, the localization of G cells and EC cells
was compared. The cells were specifically
visualized by the fluorescent labeling obtained
by EGFP and with a specific 5-hydroxytrypt-
amin (5-HT) antibody (Figure 5A,B; n=3). 

                                                                                                        Original Paper

Figure 3. Distinct topographic distribution patterns for morphologically different G
cells. A) A longitudinal tissue section of the antrum of a mGAS-EGFP transgenic mouse
is shown in differential interference contrast (DIC); G cells are visible due to their intrin-
sic green fluorescence; the yellow dashed line separates the basal region from the upper
region of the antral invaginations. While basally located G cells are pyramidal- or
roundish-shaped (B), G cells in the upper region have a spindle-like contour and long
processes (C). D) In the basal region the numbers of pyramidal-/roundish-shaped G cells
was significantly higher in the proximal antrum (23.91±7.49) compared to the distal
antrum (12.22±3.81). E) In the upper region the number of spindle-like G cells did not
significantly differ between the proximal (1.17±0.25) and distal antrum (1.55±0.40).
**P<0.01; ns, not significant. Scale bars: A) 20 µm; B) 5 µm; C) 10 µm.
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It became apparent that in the basal region of
the antral invaginations the number of 5 HT-
immunopositive cells was smaller than the
number of G cells (Figure 5C); while in the
upper region more EC cells were found
(Figure 5D). The exact number of G cells in
the basal region was 13.92±3.26 and
6.46±3.33 EC cells in the proximal and distal
antrum, respectively. In the upper region,
1.36±0.58 and 3.10±1.04 EC cells were
found, resulting in an opposing G/EC cell
ratio. While G cells represent the major EEC
type in the basal region of the antral invagina-
tions (about 2:1), G cells were outnumbered
by EC cells in the upper region (about 1:2).
These findings demonstrate a significantly
different distribution pattern of EC cells com-
pared to G cells, indicating that not all EECs
in the antrum follow the same topographic
distribution pattern.

Discussion 
G cells are the prevailing EECs in the

antrum, secreting the peptide hormone gas-
trin which is a major regulator of gastric
secretion and gastric motility, but also
mucosal cell proliferation.14-16 Recently we
have uncovered that individual G cells
showed pivotal differences in their mor-
phology which correlated with their local-
ization in the antral invaginations; while
basally located G cells were pyramidal- or
roundish-shaped, G cells in the upper region
of the invaginations had a spindle-like con-
tour and long processes.6 Based on prelimi-
nary experiments in which we determined
the life span of antral G cells using BrdU
labeling, we are confident that morphologi-
cally different G cells constitute distinct G
cell subtypes rather than different develop-
mental stages. By quantifying the number
of BrdU-positive cells at distinctive time
points post injection, we observed that G
cells in the upper region exhibit a life span
up to 3 days, whereas G cells in the basal
region became 63 days and older. Besides,
G cells with a spindle-like contour were
found above the isthmus region (the region
in which newly generated cells emerge)
whereas roundish-shaped G cells were
found below (data not shown). As the func-
tional implications of these different G cell
types are still elusive attempts have been
made to elucidate the distribution of the two
G cell types throughout the different regions
of the antrum. Investigating longitudinal tis-
sue sections, we found that the antral
mucosa morphologically differed along the
anterior/posterior axis of the antrum and
that G cells were not evenly distributed
within the mucosa. On the contrary, no dif-

ferences in the distribution pattern of G
cells between the greater and lesser curva-
ture have been observed (data not shown).
Differences in distribution patterns were
observed only between the anterior (proxi-
mal antrum) and posterior region (distal
antrum). G cells were less frequent in the
distal antrum compared to the proximal
antrum, suggesting functionally different
regions of the antrum. In fact, functionally
different regions of the antrum have been
described before; most notably for the emp-
tying mechanism of the antral pump. After
the phase of gastric emptying in which flu-

ids and small particles are released into the
small intestine, chyme which contains large
particles is forced retrograde into the relax-
ing middle and proximal antrum while the
terminal antrum is cleared.17 Based on this
observation it seems plausible that the num-
ber of G cells is higher in the proximal
region compared to the distal antrum, given
their pivotal role in the regulation of diges-
tive processes. An unequal distribution of G
cells was only found for G cells in the basal
region, but not for G cells in the upper
region of the antral invaginations; pyrami-
dal-shaped G cells were mainly found in the

                             Original Paper

Figure 4. Similar topographic distribution patterns of G cells and D cells in the antrum.
A,B) Longitudinal tissue sections of the proximal (A) and distal antrum (B) of mGAS-
EGFP transgenic mice are shown; G cells are visualized by green fluorescence; D cells
were immunostained using a specific antibody for somatostatin (red); tissue sections were
counterstained with DAPI (blue). C) In the basal region of the antral invaginations, com-
pared to G cells (grey bars), smaller D cell numbers (black bars) were counted; in the
proximal antrum 7.36±0.70 D cells were found, while only 2.53±0.13 D cells were count-
ed in the distal antrum. D) In the upper region, 0.44±0.23 and 0.54±0.25 D cells were
found in the proximal and distal antrum respectively. ***P<0.001; **P<0.01; *P<0.05; ns,
not significant. Scale bars: 200 µm.
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proximal region, but less abundant in the
distal antrum, whereas spindle-shaped G
cells were found in equal amounts through-
out the length of the antrum. Their different
distribution patterns support the notion that
the “atypical” spindle-shaped G cells serve
other functions than the “typical” G cells.
Keeping in mind that the distal part of the
antrum is cleared after gastric emptying it is
conceivable that the spindle-shaped G cells
may not be primarily involved in digestive

processes but may rather be involved in the
regulation of gastric motility. 

Besides gastrin-secreting G cells,
glands of the antrum contain two other EEC
types namely somatostatin-releasing D cells
and serotonin-producing EC cells.8 While G
cells are selectively found in the antral
region of the stomach,18 D and EC cells are
pan-GI EECs which are present throughout
the GIT from the fundus to the rectum.19

Based on the fact that G and D cells in the

antrum derive from a common multihor-
monal G/D precursor cell7-9 the question
arose of whether those two EEC types may
share a similar distribution pattern.
Visualizing the G and D cells revealed that
both EEC types in fact have a similar topo-
graphic distribution pattern within the
antrum, however differ in numbers. The
ratio of G cells versus D cells was deter-
mined as about 3:1 and was very similar in
all regions. These findings strongly indicate
that the “functionally antagonistic” EEC
types share some mechanisms governing
the topographic distribution pattern and cell
number. 

Interestingly, this was not the case when
the G cell distribution pattern was com-
pared with EC cells, the second pan-GI
EEC type in the antrum. While G cells rep-
resented the major EEC type in the basal
region of the antral invaginations, they were
outnumbered by EC cells in the upper
region, indicating that distinct mechanisms
govern the spatial segregation of EECs in
the antrum.

Further studies are needed to unravel
the mechanisms underlying the generation
of morphologically different G cell types
which may help shed light on the function
of morphologically different G cells.
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