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Ontogeny of ECL Cells in the Rat
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ECL cells produce histamine and chromogranin A, and are restricted to the
oxyntic mucosa of the stomach. ECL cell ontogeny has been studied in some
detail in the rat. Using histidine decarboxylase immunostaining, the first ECL
cells can be demonstrated at embryonic day 17. Immunoreactive histamine and
chromogranin A appear one day later. At embryonic day 20, the vesicular
monoamine transporter type 2 is also present in the ECL cells. Neonatally the
ECL cell proliferation is slow; however, one to three weeks postnatally there is
a rapid growth of ECL cells to populate the basal half of the glands. Gastrin is
known to be an important stimulator of ECL cell activity and growth in the adult
rat. As revealed in recent mouse gene knock out models gastrin does not seem
to play a role in the early ECL cell differentiation and development.

INTRODUCTION

The ECL cells have a characteristic and restricted distribution in the gastrointestinal
tract, being confined to the oxyntic mucosa of the stomach. Here, they constitute the predom-
inating endocrine cell type [1, 2]. The cells are unique among gut neuroendocrine cells in
that they have the ability to produce histamine [1-3]. This is a feature shared by the ECL
cells in all species examined so far, including several mammals as well as a number of
submammalian vertebrates [1-4]. Histamine is produced by the action of the enzyme his-
tidine decarboxylase (HDC)?, the presence of which in the ECL cells of rodents is well
documented [3, 5]. It is also well established that gastrin is a key hormone for the regulation
of ECL cell histamine production and secretion. Thus, the HDC activity in the ECL cells
is subject to wide variations depending primarily on the circulating gastrin level [4-6].

Most of the knowledge on ECL cell biology has been gained from studies of the rat,
where the cells are comparatively numerous and rich in histamine. In e.g., humans, they are
considerably less numerous and contain less histamine [7, 8]. The ECL cells are also known
to produce chromogranin A, an acidic protein stored in the secretory granules together
with histamine [7-10].

In the ECL cells, presumably within the secretory granules, chromogranin A is proteolyt-
ically processed to yield, e.g., pancreastatin. Interestingly, in the rat circulating pancreastatin
may serve as a marker for the ECL cells, emphasizing the great size of the ECL cell pop-
ulation in this species [10].

Recently data are accumulating to indicate that the ECL cells express the amine trans-
porter VMAT-2 (vesicular monoamine transporter type 2) [11]. Presumably this transporter
molecule serves to transfer newly formed histamine from the cytoplasm into the secretory
granules for storage. Thus, VMAT-2 may serve as an additional marker for the ECL cells.
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ECL CELL ONTOGENY

So far, most data related to the ontogeny of the ECL cells have been obtained in the
rat (for a review, see [12]). In early studies the OPT (o-phtalaldehyde) histofluorescence
technique was used to demonstrate histamine in tissue sections. However, this method
failed to reveal cells in the epithelium of the oxyntic mucosa before birth; not until a few
days after birth could the first OPT-reactive endocrine cells be detected [13]. Studies utilizing
the APUD (amine precursor uptake and decarboxylation) mechanism, which the ECL
cells share with many other gut endocrine cells, revealed cells accumulating dopamine
after preloading with L-DOPA in the oxyntic mucosa immediately before birth [14, 15].

Electron microscopy has also been used to reveal cells with the characteristic ultra-
structural features of the ECL cells. However, cells with vesicular-type secretory granules
typical of mature ECL cells could not be demonstrated until after birth [15].

Assays for HDC activity in the oxyntic mucosa have revealed barely detectable levels
at birth. The enzyme activity increases slowly during the first postnatal week, and then more
rapidly during the second and third weeks, coinciding with a marked rise in circulating
gastrin levels, with both HDC and gastrin reaching high levels at the weaning period [15].

In more recent studies, employing immunocytochemistry for the demonstration of
histamine, immunoreactive endocrine-like cells were detected in the oxyntic mucosa of
the rat already at embryonic day 18 (E 18) [16, 17]. These data give a clear indication that
the first ECL cells in the rat appear well before birth. As judged by the failure of endocrine
cells in the oxyntic mucosa to exhibit APUD characteristics and characteristic ultrastruc-
tural features of ECL cells, the histamine-storing cells detected prenatally may be regard-
ed as still immature ECL cells.

Studies in the fetal mouse stomach have revealed histamine-immunoreactive epithelial
cells, interpreted as ECL cells, already at E15, suggesting that the ECL cells make their
debut somewhat earlier in the mouse than in the rat [18]. In the stomach of the develop-
ing rat HDC mRNA expression has also been examined by in situ hybridization [17]. A
clear signal was, however, not detected in the oxyntic mucosa until after birth, suggesting
only low levels of HDC expression, undetectable with the in situ hybridization technique,
in the first ECL cells appearing before birth. Using HDC immunocytochemistry, the first
immunoreactive epithelial cells in the oxyntic mucosa of the rat can be detected at day
E17 (Figure 1a). At this stage the cells are rare and located basally in the thin, poorly dif-
ferentiated epithelium. A couple of days later the cells are provided with short processes
(Figure 1b). The number of cells and the HDC immunostaining intensity increases slowly
during the following days (Figure Ib). After birth, HDC-immunoreactive ECL cells gradu-
ally increase in number to become numerous two to three weeks postnatally (Figure Ic).
At this stage, most of them are provided with cytoplasmic processes typical of mature
ECL cells. Cells displaying chromogranin A/pancreastatin immunoreactivity are first seen
at E 18 (Figure 2a). They are at this stage rare and weakly stained. The number of chro-
mogranin A/pancreastatin-immunoreactive cells increases slowly during the following
days, as judged by double immunostaining for HDC and chromogranin A, and some, but
not all of them are identical with the cells containing immunoreactive HDC. Thus, chro-
mogranin A seems to appear at the same stage in the fetal rat (E 18) as does histamine [16].
This makes sense, since both are thought to be stored in the same secretory granules.

Interestingly VMAT-2 immunoreactivity , abundantly observed in the ECL cells of
the adult rat (Figure 3), can be demonstrated in the ECL cells before birth (Figure 3b).
Thus, the ECL cells seem to acquire the ability to transport histamine into secretory granules
at about the same time, or slightly after the amine starts to form and the secretory granules
appear in the cells. Ultrastructural examination of the neonatal rat oxyntic mucosa reveals the
appearance of endocrine-like cells with very few, basally located small round and electron-
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Figure 1. HDC immunofluorescence in oxyntic mucosa of fetal (stage E17) (a), newborn (b)
and 14 d old (c) rats. HDC-immunoreactive cells, interpreted as ECL cells are first detected at E17.
At this stage they are rare and located basally in the thin, flat epithelium. At birth ECL cells are still
few, but more intensely immunoreactive and provided with delicate cytoplasmic processes. At 14 d
postnatally the ECL cells are numerous and furnished with extensive cytoplasmic processes giving
the impression of an ECL cell “syncytium” at the base of the glands. (x200).

Figure 2. Chromogranin A immunofluorescence in oxyntic mucosa of fetal (stage E18) (a),
(stage E20) (b) and newborn (c) rats. Chromogranin A-immunoreactive cells are first detected at
E18 (arrow in a); they become more numerous and more intensely immunoreactive at later embryonic
stages and are readily demonstrated at birth. A subpopulation of the cells is known to be identical
with ECL cells. (x 200)
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dense secretory granules at birth, together with cells having a mixed population of such
granules and large, electron-lucent mucus-type vesicles (Figure 4a and 4b). Only at post-
natal day four can cells and cell processes containing vesicular type granules characteristic
of mature ECL cells be seen (Figure 4c). Thus, the ECL cells seem to obtain the ability to
produce and store histamine and chromogranin A before the secretory granules have the
ultrastructural features of the mature cells.

ECL CELL ONTOGENY: RELATION TO GASTRIN

There is strong evidence that gastrin plays a key role in the maintenance of the ECL
cell population and in the regulation of the ECL cell activity; gastrin seems to be instru-
mental also in bringing about the ECL cell proliferation upon long-term blockade of acid
secretion [2, 9, 12, 46].

How does the development of the ECL cells relate to the development of cells pro-
ducing gastrin? It is generally agreed that in the rat the first gastrin-immunoreactive cells
appear in the antrum just before birth. They remain, however, very few in this location
during the first week postnatally, but then increase rapidly in number during the second
postnatal week, to reach a high density at the time of weaning [15, 19]. However, it is
worth mentioning in this context that in the rat, the pancreas is a rich source of gastrin,
both in the form of progastrin and bioactive amidated gastrins, during the neonatal period
[15, 20, 21]. Interestingly, the pancreatic gastrin cells develop earlier than the antral gastrin
cells to reach a high density at birth. A few days after birth the cells decrease in number
only to disappear from the pancreas during the second postnatal week [15, 19]. Thus, at
least in the rat gastrin is produced before ECL cells make their debut, and a role for gastrin
in the initiation of ECL cell development is thus possible. However, against such a role of
gastrin speak recent data from mice deficient in gastrin receptors due to targeted disruption
of the CCK-B receptor gene [22, 23]. In such mice, chromogranin A and HDC mRNA

Figure 3. Vesicular monoamine transporter type 2 (VMAT-2) immunofluorescence in oxyntic
mucosa of fetal (stage E17) (a), newborn (b) and adult (c¢) rats. VMAT-2-immunoreactive cells
are lacking at E17. They are few and weakly immunoreactive at birth, but numerous and strongly
immunoreactive in the adult rat. The bulk of VMAT-2 producing cells in the oxyntic mucosa of the
adult rat are known to be ECL cells (x150).
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abundance in the oxyntic mucosa is markedly reduced, but there remains a population of
endocrine cells interpreted as ECL cells. Similar observations, i.e., remaining cells with the
characteristics of ECL cells, have been made also in mice lacking gastrin due to targeted
disruption of the gastrin gene [24]. In the gastrin deficient mice the ECL cells are quite
small, poor in HDC, and accumulated at the base of the gland. This is in contrast to the
wild type mice where the ECL cells in the oxyntic mucosa are often quite large, furnished
with cytoplasmic processes and distributed along the basal half of the glands. The presence
of recognizable ECL cells in mice lacking gastrin receptors or gastrin, indicate that ECL
cells can be generated without gastrin. Gastrin seems to be important primarily for regulating
the ECL cell activity, reflected in the histamine and chromogranin A production, and the
size of the cell population. A role for gastrin in the proper spread of the cells along the
glands seems also likely.

Ci.

Figure 4. Electron micrographs showing endocrine cells in the oxyntic mucosa of newborn (a
and b) and 4-day-old (c) rats. Cells with endocrine features, such as small, electron dense secre-
tory granules, sometimes together with large electron lucent mucoid droplets, but lacking ECL cell
characteristics are seen at birth. At day 4 postnatally, cells with vesicular-type secretory granules,
typical of ECL cells, are detected (a: x8,000; b: x10,000; c: x12,000)
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