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Characterization of enterochromaffin
cells isolated from the rat ileum.
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Enterochromaffin (EC) cells are distributed throughout the digestive epithelium. This cell type releases serotonin besides a variety of
peptides and hormones, thereby being a key messenger for intestinal
motility as well as secretion. Studies using highly enriched, isolated
EC cells from rat ileum now reveal a large spectrum of receptors specifically expressed on this cell type, for example b-adrenergic, muscarinic as well as GABA-ergic receptors. Interestingly, also EC cells
seem to express several bitter taste and olfactory receptors, which
might shed a light on a physiological function as a ‘sentinel cell’ in
the gut. Current studies determine the response of these enriched cells
towards receptor antagonists as well as antagonists, offering a large
perspective to treat patients with motility disorders, diarrhoea or constipation. Gastric EC-like cells, in contrast, have been characterised
since already ten years. This cell type releases histamine as a paracrine
stimulant, thereby controlling the peripheral regulation of acid
secretion. ECL cells respond to treatment with gastrin as well as
PACAP with histamine release; somatostatin and galanin inhibit the
release. So far, there is a lot of information regarding the physiological function; ECL cells, however, have not become a target for pharmacological therapy. Microarray techniques are currently being
performed to determine key factors during the malignant transformation of these tumors.
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Enterochromaffin-like (ECL) cells: Lessons from the past.
ECL cells are histamine-containing neuroendocrine cells located in the
lower third of the acid-secreting gastric epithelium1,2. They constitute
more then 30% of the neuroendocrine cell population of the gastric
mucosa and are important for the peripheral regulation of gastric acid
secretion. In response to gastrin and PACAP they release histamine in
a calcium-dependent manner thereby stimulating acid secretion from
parietal cells. Storage of histamine in secretory vesicles is dependent
on transport via the vesicular monoamine transporter-2 (VMAT-2).
Hypergastrinemia leads to proliferation and tumor development of
ECL cells. These tumors infiltrate nearby structures but never
metastatize. ECL cells can be isolated and highly enriched from the
gastric mucosa. Previous studies have characterized the presence of
certain exocytotic and endocytotic proteins specifically in ECL as well
as other neuroendocrine cells, thereby serving as marker genes to
identify the characteristic parameters during mircroarry techniques3,4.
Thus, cell biology studies have served as a basis to determine changes
during inflammatory or malignant transformations in the gut.
Enterochromaffin (EC) cells. EC cells are polarized
neuroendocrine cells of the gastrointestinal epithelium, which
synthesize, store and release serotonin (5-HT) as well as a variety of
peptides such as guanylin5,6. They accumulate 5-HT in secretory
vesicles via VMAT-17,8. In vivo, 5-HT release is sensitive to
mechanical stimulation or acidification of the gut lumen9,10. 5-HT
regulates intestinal motility and transport in paracrine/endocrine and
neuronal ways11. Activation of 5-HT receptors on intestinal crypt cells
leads to chloride secretion12. The importance of 5-HT receptors on
enteric nerves varies among intestinal regions and species13,14.
Binding of 5-HT to the G-protein coupled 5-HT4 receptor on intrinsic
neurons elevates intracellular cAMP levels and inhibits voltage gated
K+ channels, leading to depolarization and hence increased
excitability. 5-HT4 receptors also appear to be important for the
initiation of peristaltic reflexes. Furthermore, 5-HT is thought to play
a role in generation of some diarrheal states caused by bacterial toxins
15,16
and several pathological conditions such as vomiting, diarrhea
after radio- or chemotherapy17,18 and irritable bowel syndrome19,20.
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A large number of stimulatory and inhibitory receptors have
already been postulated as being present on EC cells 21. However, the
actual target and hence mechanism of action of most of the drugs used
in intestinal therapy is not clear since only heterocellular tissue or
organ preparations have been used21,22. The release of serotonin is
thought to be calcium-dependent, suggesting the involvement of
receptor-operated or voltage-dependent calcium channels, although a
cellular attribution is difficult in the crypt preparations investigated23.
An enriched preparation to investigate functions of and potential
pharmacologic targets on EC cells of the small intestine has not been
available to date.
Table 1: Enrichment of EC Cells from rat intestine as determined by
Immunocytochemistry and serotonin content
5-HT positive cells (%)
SNAP-25 positive cells
(%)
5-HT content
(pg/105 cells)

Mucosal cells

EC Cells

12 ± 4

84 ± 6

42 ± 4

86 ± 8

0.5 – 1

6 – 12

Isolation of enterochromaffin cells from the intestine. To
obtain an enriched fraction of isolated EC cells, a combination of
enzymatic digestion, counterflow elutriation, density gradient
centrifugation and short-term culture was applied. The protocol used
the small size and high cellular density of EC cells and was a
modification of the isolation procedure for gastric ECL cells24. With
this procedure, EC cells could be enriched ~7fold compared to the
crude cell suspension (MUC) based on serotonin
immunocytochemistry (table 1). Most of the contaminating cells in the
enriched fraction were identified as goblet cells by PAS staining. The
high percentage of SNAP-25 positive cells in the unfractionated cells
indicates the presence of other neuroendocrine cells. While most of
the isolated cells excluded Trypan blue, a loss of cell integrity
occurred within 24 h in culture. This loss of survival seems
characteristic of isolated intestinal epithelial cells25. Serotonin content
was significantly enhanced in isolated EC cells when compared to
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unfractionated mucosal cells from the ileum, yielding a 7-12 fold
enrichment (see table 1).
Receptors present on EC cells. RT-PCR and imunocytochemistry were performed on EC cells after the enrichment
procedure to determine possible receptors present on these cells. As
shown in table 2, both methods gave positive results for alpha2A and
beta1 adrenoreceptors as well as muscarinic M3 and the GABA-A
receptors. Furthermore, RT-PCR revealed the presence of RNA for
alpha2B and beta2 adrenoreceptors. No positive signal was obtained
for the GABA-B receptor. The presence of adreno- and muscarinic
receptors in EC cells has been deduced by Racke et al. based on data
using isolated porcine or guinea pig tissue strips26-28. Thus, the
isolated and enriched cells largely confirm these previous data. I n
contrast to previous studies29, no 5-HT3 and 5-HT4 receptors were
detected on isolated EC cells.
Table 2: Receptors expressed on EC cells
Receptor

Immunucytochemistry

RT-PCR

a2A

+

+

Affymetrix Gene
chip
+

a2B

n.d.

+

+

b1

+

+

+

b2

n.d.

+

+

M3

+

+

+

GABA-A

+

+

+

GABA-B

n.d.

-

?

5-HT3

n.d.

-

-

5-HT4

n.d.

-

-

Gene chip analysis. To further investigate gene expression in
isolated EC cells, the Affymetrix GeneChip Rat Genome RG-U34A
array, which allows detection of 5467 genes of known function, was
used. Several genes were identified which showed both a relatively
high level of expression (400 or greater) as well as a more than 4-fold
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higher expression level in the EC cell fraction as compared to
unfractionated mucosal cells (table 3). Expression of components
necessary for storage of serotonin in EC cells was as expected. For
example, the vesicular monoamine transporter 1 (VMAT-1), a specific
marker of EC cells, was present, but not VMAT-2 which is present in
gastric ECL cells7. In addition, a sodium dependent neurotransmitter
transporter30 appears to be expressed in EC cells. Animals lacking the
serotonin reuptake transporter (SERT) still have the ability to
accumulate serotonin in EC cells31, suggesting a possible involvement
of this plasmalemmal transmitter transporter found here.
Expected receptor expression on EC cells as determined by
gene chip analysis. A variety of receptor genes were detected that
were both highly enriched (> 7-fold) and expressed at high levels. It
appears that the cells in the preparation selectively express the a1C
adrenoreceptor, nicotinic acetylcholine receptors, the histamine-2
receptor, GABA-A receptor, metabotropic and ionotropic glutamate
(AMPA R1 and NMDA receptors R1 and others). Most of these
receptor subtypes were also identified using IC and RT-PCR, similar
to results in previous works using intestinal strips29. In contrast,
GABA-B receptors were detected only in Gene chips, indicating there
may be a cross-reacting with sequences to related receptor sequences
such as glutamate receptors. GABA-B receptors are heterodimeric
complexes with numerous splice variants. The heterogeneity of
GABA-B receptors is quite complex and not fully investigated in
detail yet32. Presence of “metabotropic” GABA-B receptors was
determined by immunohistochemistry here in previous works33;
however, several receptor subtypes exist which may bind various
antibodies. N-methyl-D-aspartate receptors (NMDARs) are usually
present at many excitatory glutamate synapses in the central nervous
system, displaying unique properties that depend on their subunit
composition34. Although not confirmed by specific immunostaining,
the clustering of these genes suggests the selective expression
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Table 3: Relative enrichment of EC cell mRNA expression in purified EC cells
MUC
EC
x-fold
(n=2)
(n=3)
a2 adrenergic receptor protein (RG20)
14.3
212.4
14.9
a2A adrenergic receptor protein (promoter)
189.2
897.0
4.7
a1C adrenergic receptor protein (promoter)
32.4
677.4
20.9
b1 adrenergic receptor
34.9
155.3
4.5
b2 adrenergic receptor gene
140.3
570.2
4.1
b3 adrenergic receptor (spliced version)
118.9
696.5
5.9
M1 muscarinic receptor
158.9
147.5
0.9
M2 muscarinic receptor
131.0
440.1
3.4
M3 muscarinic receptor
119.3
523.7
4.4
M4 muscarinic receptor
229.1
460.6
2.0
Nicotinic acetylcholine receptor a6 subunit
683
607.1
8.9
GABA-A receptor a1 subunit
46.9
330.2
7.0
GABA-A receptor a2 subunit
69.6
455.6
6.6
GABA-A receptor a5 subunit
43.9
193.0
4.4
GABA-A receptor a6 subunit
22.8
277.7
12.2
GABA-A receptor d subunit
172.8
1535.6
8.9
GABA-A receptor g2 subunit
50.6
206.2
4.1
GABA-B receptor 1c
122.5
503.5
4.1
GABA-B receptor 1d
198.5
1178.8
5.9
metabotropic glutamate receptor mGluR7
15.55
291.5
18.7
glutamate receptor (GluR-B)
22.3
345.3
15.5
glutamate transporter
35.0
238.3
6.8
NMDA-R1
33.5
970.7
29.3
NMDA-R2C
198.2
991.2
5.0
NMDA-R2D1
148.6
645.6
4.3
NMDA-NR3
122.0
511.2
4.2
AMPA GluR1
35.6
818.7
23.2
olfactory OL1
84.1
535.4
6.4
olfactory QIL-LD1
161.7
1274.4
7.9
olfactory HGL-SL3
56.8
529.4
9.3
olfactory HGL-SL2
81.0
533.4
6.6
olfactory HVL-VN1
93.0
751.9
8.1
olfactory receptor-like protein
369.0
1622.1
4.4
olfactory EVA-TN1
191.5
876.3
4.6
olfactory SCR-D7
76.4
630.0
8.3
olfactory SCR-D8
164.6
734.0
4.5
olfactory receptor-like proteinSCR-D9
139.7
744.2
5.4
putative pheromone receptor
44.8
997.9
22.3
putative pheromone receptor
27.2
567.4
20.9
putative pheromone receptor
128.0
1139.5
8.9
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of these receptors in EC cells. In addition, the metabotropic glutamate
receptor subunit 4C appears to be related to EC cells. A possible effect
of glutamate on EC cells may be related to the stimulation of serotonin
secretion following neuronal stimulation.
A relative increase in mRNA was also detected for the
muscarinic M3 and M5 acetylcholine receptor subtype and some
subunits of the NMDA receptor. A high expression level and similar
enrichment was also observed for the dopamine receptor D4. Most of
the receptors demonstrated as present by gene chip analysis are not yet
amenable to specific immunostaining, but the detection of many genes
of several neuronal receptor families suggest that the cells in this EC
cell enriched preparation have both neuronal and endocrine
characteristics.
Un-expected receptor and protein expression on EC cells.
Surprisingly, we also found clustering of several genes encoding
olfactory and vomeronasal receptors. Such genes encoded olfactory
SCR, HGL, HFL, QIL, and EVA receptor subtypes and pheromone
receptors. The presence of these receptors was completely
unexpected; however, the strong signal of several subtypes may
suggest that some are selectively expressed in EC cells. It appears that
EC cells may analyze chyme, similar to other intraepithelial sensors in
the airway or blood system. The possibility exists that olfactory
receptors may have a more general function in chemodetection similar
to the situation observed in spermatids, taste buds and olfactory
systems35.
Besides the marker protein guanylin, secretin, VIP and galanin
were detected as highly expressed and enriched in the EC cell fraction
but other peptides were also present in the preparation such as
vasopressin, secretogranin II and atrial natriuretic peptide (ANP).
Vasopressin is a potent vasoconstrictor in the rat jejunum, enhances
proliferation of mucosa cell lines and has been found previously in the
gastrointestinal tract in nerve fibers and in enteroendocrine cells36,37.
These findings may indicate that EC cells play an important role in
blood flow and motility (via V1 receptors in smooth muscle),
resorption of electrolytes and fluid retention in the intestine.
Secretogranin II, which is processed in the intestine to secretoneurin,
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has previously been localized in D-cells of the human gut38.
Secretoneurin has been described as a link to the immune system by
inducing the migration of monocytes and leukocytes38. A possible
function of ANP in the EC cell may be related to processes of
electrolyte and water transport in the mucosa. Finally, factors involved
in intracellular signaling were identified as highly expressed and
enriched in the EC cell fraction. These include components
participating in IP3 metabolism and coupling via G-proteins (IP3
binding proteins, inositol polyphosphate phosphatase, G protein
coupled kinase 6). These components may participate in signal
transduction after activation of olfactory or other receptors observed
to be highly expressed in EC cells.
SUMMARY
The current data generated by gene chip analysis suggest the
presence of certain specific genes in EC cells; many of which appear
to be new to this cell type, some have already been assigned to EC
cells by immuncytochemistry. Additional studies are needed to
determine the accuracy of the gene chip readout and to assign specific
proteins to EC cells rather than other small neuroendocrine cells. Our
novel approach therefore defines several potential proteins of interest
in regulation of EC cell function. Continuation of these studies at the
proteomic level will likely yield a better understanding of the biology
of this important neuroendocrine cell.
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