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The distribution
of endocrine cells in the human intestine
was studied by immunostaining
using the labeled avidinbiotin technique.
The total number of endocrine
cells was
abundant
in the proximal
portion of the small intestine and
the distal portion
of the large
intestine.
Gastrin,
cholecystokinin,
and motilin immunoreactive
cells were localized in the proximal
portion of the small intestine.
Peptide
YY, serotonin,
and glucagon/glicentin
immunoreactive
cells
were distributed
more abundantly
in the lower large intestine. The serotonin
and somatostatin
concentrations
in the
colonic
mucosa
determined
by high-performance
liquid
chromatography
and radioimmunoassay
were higher in the
distal than proximal
portion of the large intestine, being in
correlation
with the distribution
of serotonin
and somatostatin immunoreactive
cells estimated by immunostaining.
Therefore,
the regional
differences in the number
of endocrine cells and the mucosal
concentrations
of the hormones
probably
reflect differences in the physiological
functions of
different regions of the gut.
Not many endocrine
cells with unknown
peptides
and
animes and immature
endocrine
cells were present in the
lower large intestine.
Therefore,
the frequent occurrence
of
carcinoids
in the rectum is difficult to explain by the quantitative dominance
of endocrine
cells alone in the rectal
mucosa, and other factors are considered to need evaluation.
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gastro-entero-pancreatic
system'),'),'). This protein has been
reported to be a convenient specific marker for endocrine
cells'). To determine the distribution and localization
of
endocrine cells in each region of the gut, we examined
mucosal endocrine cells of the human small and large
intestine immunohistochemically
using antibodies against
CGA. We also examined them for the number and type of
immunoreactive cells using eight antibodies. The concentrations of somatostatin
and serotonin in the normal
mucosa of the large intestine were measured by radioimmunoassay and high-performance
liquid chromatography
(HPLC), respectively, and compared with the immunohistochemical results to determine their correlation.
We also examined immunohistochemically
17 cases of
rectal carcinoids, which occur at a relatively high frequency among
the gastrointestinal
thermore we examined the number and
cells in the rectum, duodenum and ileum
tinal carcinoids occur most frequently
ach.
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Introduction
Endocrine cells are distributed throughout the digestive
tract'),') Although different regions of the digestive tract
have been found to have different types and numbers of
endocrine cells'), it has been difficult to estimate the
distribution and localization of endocrine cells present in
different regions. Recently, Chromogranin
A (CGA), a
large acidic protein originally discovered in the adrenal

Samples of normal tissues were obtained at abdominal
operations from the small and large intestine. The samples
were judged to be normal by conventional
histopathological examinations.
The date on the patients
who
provided the samples are shown in Table 1. The samples of
each portion were collected from 4 to 27 patients.
Seventeen cases of rectal carcinoids were obtained by
endoscopic polypectomy. The normal and carcinoid samples were fixed in 10 % neutral buffered formalin, embedded in paraffin, cut into 6 ,um-thick sections, and subjected
to immunohistochemistry.

Table 1. Descriptions of the Patients for Immunostaining
Gut segment exam
fined

No.of patients

Duodenum
Jejunum
Ileum
Distal ileum
Ascending colon
Transverse colon
Descending colon
Sigmoid colon
Rectum

21(14M 7F)
5( 3M 2F)
6( 2M 4F)
24(16M 8F)
22(17M 5F)
27(15M 12F)
15(10M 5F)
27(18M 9F)
25(19M 6F)

Age (yr)
Median Range
71
59
58
69
73
65
61
62
64

43-85
52-67
29-80
36-84
59-84
36-83
39-77
31-83
40-84

Table 2. Details of Antisera
Antisera
Cholecystokinin
Gastrin
Glucagon/Glicentin
Motilin
Pancreatic polypeptide
Peptide YY
Somatostatin
Serotonin
Chromogranin A

Dilution

Source

1:1000 Cambridge Research Biochemicals
1:1000
DAKO
1:4000
MILAB
1:1000
ICN Immuno Biologicals
1:1000
DAKO
1:1000 Peninsula Laboratories,INC
1:1000
DAKO
1:1000
DAKO
1:1000
DAKO

Table 3. Descriptions of the Patients for the Tissue
Concentration of Somatostatin and Serotonin
Gut segment
examined
Ascending colon
Transverse colon
Sigmoid colon
Rectum

No. of
patients
9(2M 7F)
4(1M 3F)
12(8M 4F)
7(3M 4F)

Age (yr)
Median Range
70
57
66
58

62-88
30-72
43-83
48-78

The details of the antisera used are shown in Table 2.
After deparaffinization,
the section were immunostained
by the labeled avidin-biotin (LAB) technique. Each section
was incubated in a drop of the primary antiserum at an
adequate concentration at 4 °C for 24 hours. The secondary
antiserum
(biotinylated
swine anti-rabbit
immunoglobulins or biotinylated goat anti-mouse immunoglobulins)
and peroxidase-conjugated
streptavidin were reacted at 1 :
500 for 60 minutes each. The peroxidase was visualized
using DAB/H202 (0.7mM diaminobenzidine-HCL in 0.002%
H2O2). Controls were incubated with a non-immune serum
of the same animal species at the same dilution instead of
the primary antiserum,
or without the primary and
secondary antisera.
The numbers of endocrine cells were counted using a

microscope at a X 200 magnification
equipped with a
lattice sectioned to 0.25 mm-squares
(divisions).
Cells
within 20 to 30 divisions were counted for each section and
the means calculated. The numbers of endocrine cells were
expressed as the numbers per 1 cm of the digestive tract.
Only endocrine cells located in the glands perpendicular to
the mucosa with a clearly visible nucleus were counted.
The results of the immunostaining
of rectal carcinoid
were classified as follows. (1) - : no positive cells,
(2) (+) : < 1 % positive cells, (3) + : 1-5 % positive
cells, (4) + + : 5-50% positive cells, and (5) + + + :
50 % positive cells.
The concentrations of somatostatin
and serotonin were
examined in the normal mucosa from the ascending,
transverse, and sigmoid colon and the rectum obtained at
abdominal
operations.
The findings obtained
on the
patients who provided the samples are shown in Table 3.
The mucosa was isolated from the samples by microdissection and its weight was measured. For somatostatin
measurement, the mucosal samples were extracted in a five
times excess of 0.5 N acetic acid, homogenized at 0 °C ,
incubated in boiling water for 3 minutes followed by
immediate cooling in ice, centrifuged at 15,000 rpm at 4°C
for 5 minutes, and subjected to radioimmunoassay.
For
serotonin measurement,
the mucosal samples were extracted in 0.2 N HC104 containing 0.1 % (w/v) Na2EDTA,
homogenized at 0 °C, centrifuged at 15,000 rpm at 4 °C for
5 minutes, and subjected to HPLC.
The results are expressed as the mean ± standard error
of mean unless otherwise indicated. Statistical tests were
carried out using the repeated variance analysis method.
For statistically
significant differences, the combinations
with significant differences were identified by the least
significance difference method.

Results
Endocrine cells in the mucosa are found mainly in the
lower part of the gland. They are flask-shaped
and
secretory granules are located on the basal side of the cell
(Figures la, lb, lc). The presence of secretory granules in
these endocrine cells was also confirmed by immunoelectron microscopy by the post-embedding method using
protein A gold (Figures 2a, 2b, 2c).
The cells immunoreactive
to CGA, a marker of the
endocrine cell, were abundant in a large area from the
small intestine to the large intestine, especially in the
proximal portion of the small intestine and the distal
portion of the large intestine (Figure 3). Cholecystokinin
(CCK) immunoreactive
cells were found only in the
duodenum (Figure 4). The cells immunoreactive to gastrin
and motilin were observed only in the duodenum and
jejunum, but not in the other portions of the small and
large intestine (Figure 5, Figure 6). The cells immuno-

Figure
la-c. Normal
rectal
mucosa
immunostained
chromogranin
A (a), peptide YY (b) and somatostatin
The immunoreactive
cells are found predominantly
in
lower part of the glands.
(LAB technique, a = x 160, b
160,c=x160)

for
(c).
the
= x

Figure 2a-c. Electron micrographs
of secretory
granules
of
endocrine cells in the human rectum intensely labelled with
immunogold
particles
after
incubation
with
antichromogranin
A serum (a), antipeptide
YY serm (b) and
antisomatostatin
serum (c). (Protein A-gold technique,
a =
x 40,000 b = x 15,000 c = x 15,000) a : Bar = 200nm, b and c :
Bar = 500nm.

Figure 3. Number
and distribution
of chromogranin
A
immunoreactive
cells in various regions of the intestines.
Abbreviations:
D = duodenum,
J = jejunum, I = ileum, dist
I = distal ileum, A = ascending colon, T = transverse colon,
De = descending
colon, S = sigmoid colon, R = rectum. -:
mean
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distribution
A immunoreactive

reactive to glucagon/glicentin
were distributed from the
jejunum to the large intestine, but they were few in number
and tended to be more abundant in the distal portion of the
large intestine than in the other regions (Figure 7). A
small number of pancreatic polypeptide (PP) immunoreactive cells were found only in the large intestine being
more abundant in its distal portion (Figure 8).
Peptide YY (PYY), serotonin and somatostatin
immunoreactive cells were distributed throughout the small
and large intestine.
PYY immunoreactive
cells were
frequently observed in the region from the distal portion
of the ileum to the large intestine, particularly
in the
distal portion of the large intestine (Figure 9). Serotonin
immunoreactive
cells were frequently
observed in the
duodenum, distal portion of the ileum and the large
intestine, and were particularly
abundant in the distal
portion of the large intestine (Figure 10). Somatostatin

Figure
11. Number
and
immunoreactive
cells.

and frequency
cells.

of the different

distribution

endocrine

of somatostatin

cell types

in the ileum were composed of endocrine cells with unknown peptides and amines and immature endocrine cells.
The mucosal concentrations
of somatostatin
in the
ascending, transverse, sigmoid colon and the rectum were
25.0 ± 3.9 ng/g, 18.8 ± 3.7 ng/g, 29.3 ± 5.2 ng/g and 87.9
± 27.7 ng/g, respectively (Figure 14). The mucosal concentrations of serotonin in the membrane of the ascending,
transverse, sigmoid colon and the rectum were 2011.7
± 281.7 ng/g, 2373.3 ± 696.8 ng/g, 3060.2 ± 473.6 ng/g and
8232.0±2193.0 ng/g, respectively (Figure 15). The mucosal
concentrations
of somatostatin
and serotonin
in the
rectum were significantly higher than that in the other
regions of the large intestine (p < 0.01).
Next, immunostaining
was performed in 17 cases of
rectal carcinoids, the size of which ranged from 0.4 to 1.7
cm. The depth of invasion in all cases was limited to the
submucosa and no metastasis
to the other organs was

immunoreactive
cells existed primarily in the duodenum
and distal portion of the large intestine (Figure 11).
Figure 12 summarizes the distributions
in the gut of the
cells immunoreactive
to CGA, and eight kinds of peptides
and serotonin. The number of endocrine cells as expressed
by the CGA immunoreactive cells was large in the proximal portion of the small intestine and the distal portion of
the large intestine. Of the cells immunoreactive
to the
eight peptides and serotonin, PYY and serotonin immunoreactive cells were abundant in the distal portion of the
large intestine. Figure 13 shows the ratios of the different
kinds of immunoreactive
cells to the number of CGA
immunoreactive
cells. Five of the eight kinds of peptide or
serotonin immunoreactive
cells constituted 60 to 73 % of
endocrine cells in the large intestine other than the rectum
where they constituted about 88 %. On the other hand,
84 % of the endocrine cells in the jejunum and 73 % of them

Figure

13.

The

regional

distribution

Figure 14. Mucosal concentrations
of somatostatin
different regions of colon.
* : P < 0.01

in

ratio

of the different

endocrine

cell types.

Figure 15. Mucosal concentrations
regions of colon.
* : P < 0.01

of serotonin

in different

Table 4.
No.

Details

of Patients

Age

with Rectal

Sex

(cm)
Size

Carcinoid

Invasion
Depth of

Tumors

Histologic
t
ype

1
41
M
0.5
sm
B
2
57
F
0.8
sm
B
3
39
M
0.5
sm
B
4
46
F
1.0
sm
B
5
68
M
0.7
sm
B
6
37
M
0.8
sm
B
7
57
M
1.6
sm
B
8
72
F
1.7
sm
E
9
54
F
0.4
sm
A
10
37
M
0.7
sm
A
11
42
M
1.2
sm
B
12
56
M
0.5
sm
A
13
47
M
0.5
sm
B
14
46
M
1.4
sm
B
15
57
F
1.1
sm
E
16
44
F
1.0
sm
A
17
53
M
0.8
sm
B
*According to Soga's classification
A = solid
,
B = trabecular
anastomosing,
C = acinar or rosette-like,
D = atypical, E = mixed type,

Figure 16 a, b. Rectal carcinoid with trabecular
pattern (a).
Numerous pancreatic
polypeptide
immunoreactive
cells are
found in the tumor cells (b). (a: H&E, X200 b: LAB technique, X200)

Table

5.

found (Table 4). Histologically,
11 cases were of the
trabecular anastomosing type, four cases were of the solid
type and two cases were of the mixed type (Figure 16).
CGA immunoreactive cells were found in 94 % (16/17) of
all carcinoids, PP immunoreactive
cells in 82 % (14/17),
PYY immunoreactive cells in 73 % (11/15), somatostatin
immunoreactive
cells in 35 % (6/17), and serotonin immunoreactive cells in 12 % (2/17). Of the rectal carcinoids
examined in this study, 65 % (11/17) consisted of cells
immunoreactive
to two to four kinds of peptides or
serotonin (Table 5). However, motilin and gastrin
immunoreactive cells which are found only in the normal
mucosa of the small intestine were not detected.

Immunohistochemical

Findings

No.

CGA

PP

PYY

So

Se

Mo

Ga

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
Positive

++
+++
++
++
+++
++
++
++
++
+++
+++
+++
+++
+++
+ +
++
94

++
++
(+)
+++
++
+
++
++
+
+++
+
+
++
++
82

++
+
ND
++
ND
+
++
+++
++
+
+
++
+++
73

+++
(+)
+
(+)
+
+
35

++
+++
12

0

ND
ND
0

Total

(16/17)

(14/17)

(11/15)

(6/17)

(2/17)

(0/17)

(0/15)

CGA : chromogranin
A, PP : pancreatic
polypeptide,
PYY: peptide YY, So: somatostatin,
Se :
serotonin,
Mo : motilin, Ga: gastrin, Grade of positive cell number- : No positive cells, (+) : < 1 %,
+ : > 1 % to 5 %, + + : > 5 % to 50 %, + + + : > 50 %, ND : not done,

Discussion
In this study, we examined immunohistologically
the
numbers and kinds of endocrine cells in the normal mucosa
of different regions of the small and large intestine. The
total number of endocrine cells was determined using an
antibody against CGA, a large acidic protein originally
found in adrenal medulla and known to exist in endocrine
cells throughout the gastro-entero-pancreatic
system")'5)'').
The evidence has been accumulating that CGA is a precursor of a newly found peptide (pancreastatin)
as well as of
some other peptides that have already been identified'").
Moreover, chromogranin
is known to be present in all
identified endocrine cells in the human intestines, making
it a useful specific marker for histochemical detection of
endocrine cells, including immature endocrine cells. An
antibody
against
chromogranin
therefore enables the
determination
of the distribution
and localization
of
endocrine cells in the gut mucosa.
CGA immunoreactive
cells were present throughout a
large region extending from the small intestine to the
large intestine. In the small intestine they were more
abundant in the proximal portion whereas in the large
intestine they were found more frequently in the distal
portion, showing the different distribution within the gut.
In particular, they were as abundant in the rectum as in the
proximal portion of the small intestine. Sjolund et al.
estimated the total number of endocrine cells by totaling
15 kinds of peptide or amine immunoreactive
cells in
different regions of the digestive tract". The distribution
pattern of the endocrine cells deduced from the number of
CGA immunoreactive
cells determined in this study was
similar to that estimated by Sjolund et al.
PYY, serotonin and somatostatin
immunoreactive
cells
were present in a large area extending from the small
intestine to the large intestine.
PYY and serotonin
immunoreactive cells tended to be found more frequently
in the distal portion of the large intestine. Glucagon/
glicentin immunoreactive
cells were found in the region
from the jejunum to the rectum, both begin more abundant
in the latter. PP immunoreactive cells were absent in the
small intestine, and only a small number was found in the
large intestine being more abundant in its distal portion.
Gastrin, CCK and motilin immunoreactive
cells were
found only in the proximal portion of the small intestine.
We examined the correlation between the physiological
effects of the secreted peptides and amines and their
distribution. The main physiological effects of gastrin are
stimulation
of hydrochloric
acid secretion
from the
parietal cells of the stomach, stimulation of secretion of
pepsin and the intrinsic factor"), stimulation of mucosal
blood flow in the stomach, and the trophic effect on the
gastrointestinal
the gallbladder

tract"). CCK enhances the contraction of
and the secretion
of the pancreatic

enzymes, inhibits gastric emptying"), stimulates pancreatic growth""), and induces PP secretion")-"). The physiological effects of motilin include stimulation of type III
myoelectric activity in the stomach and duodenum and
stimulation of contraction of the smooth muscles in the
small intestine, the gallbladder, the sphincters of Oddi and
the lower esophageal sphincters"). That is, the endocrine
cells secreting these three peptides are located near their
target organs. Glucagon/glicentin
immunoreactive
cells
were present in the region from the jejunum to the rectum.
Glicentin (enteroglucagon)
has been reported to affect the
intestine in defferent ways such as inhibition of intestinal
motility")'',), stimulation of blood flow") and induction of
epithelial cell proliferation"),").
However the knowledge
about its action is limited, and it seemed difficult
to
correlate the distribution of glucagon/glicentin
immunoreactive cells with a physiological action.
Somatostatin,
PYY and serotonin immunoreactive
cells
were found in a large region extending from the small
intestine to the large intestine. The diverse effects of
somatostatin,
such as inhibition of secretion of many gut
peptides as well as gastric and intestinal juice') ,21), inhibition of intestinal blood flow and nutrient absorption') 21),
control of the gastrointestinal
motility, the prolongation
of gastric emptying and intestinal
transit
time, and
inhibition of gallbladder contraction"), may be related to
the wide distribution of the somatostatin
immunoreactive
cells. Serotonin and PYY immunoreactive
cells were
present in both the small intestine and large intestine,
being the most abundant in the rectum. Serotonin relaxes
the intestinal
anal sphincters in rat").
The serotonin
concentration in the mucosa and circular muscle of the
sigmoid colon have been reported to be increased in patients with severe idiopathic constipation"). PYY has also
been reported to inhibit the motility of the large intestine') and PYY producing ovarian carcinoids to cause
severe constipation"). Therefore, the presence of a large
number of serotonin and PYY immunoreactive cells in the
distal portion of the large intestine, such as the sigmoid
colon and the rectum, was suggested to be related to the
suppression of motility of the distal side of the large
intestine.
We examined the composition of the endocrine cells in
different regions of the small and large intestine. Since the
eight kinds of endocrine cells examined in this study
constituted only a small portion of the total endocrine
cells within the small intestine, particularly in the jejunum
and ileum,there may be many endocrine cells of unknown
types, immature endocrine cells, or endocrine cells not
examined in this study. On the other hand, the eight kinds
of endocrine cells were abundant in the large intestine ; in
the rectum in particular,
they together accounted for
about 88 % of the total endocrine cells. Therefore unknown
or immature endocrine cells were in a small number in the
rectum. Recently, there has been an increasing number of

reports showing that two or more kinds of peptides and
amines coexist in one immunoreactive
cell'),'). In this
study, we did not take this possibility into consideration.
In further studies it will be necessary to solve this problem
of coexistence to investigate the accurate composition of
the endocrine cells in different regions of the small and
large intestines.
Recently., it has become possible to measure mucosal
concentrations
of gut hormones. We also measured the
mucosal concentrations of somatostatin
and serotonin in
each region of the large intestine and examined the correlation between their concentrations
and the numbers of
endocrine cells. The mucosal concentrations
of somatostatin and serotonin were both high in the distal portion
of the large intestine, particularly
in the rectum. The
mucosal concentrations of somatostatin
and serotonin in
the rectum were significantly
higher than -those in the
other regions of the large intestine. Our findings were
similar to those obtained in the studies on the mucosal
concentrations of somatostatin28) and serotonin29) in biopsy
specimens of the large intestine. The spatial pattern of the
mucosal concentrations of somatostatin
and serotonin in
the large intestine approximately
coincided with that of
the numbers of somatostatin
and serotonin
immunoreactive cells. This finding shows a correlation between the
mucosal concentration
and numbers of these endocrine
cells.
We examined 17 cases of rectal carcinoid immunohistochemically. 94 % of the cases (16 out of 17 cases)
were immunoreactive to CGA, and 11 out of 17 cases were
immunoreactive to more than two peptides or amine. PP
and PYY immunoreactive
cells were present at high
frequencies, 82 % and 73 %, respectively, whereas somatostatin and serotonin immunoreactive cells were detected
in 35 % and 12 % of the cases, respectively. The cells
immunoreactive
to peptides and amine such as PP, PYY,
somatostatin
and serotonin found in the rectal carcinoids
were also found in the normal rectal mucosa examined in
this study. None of the 17 cases of rectal carcinoids were
positive to the peptides that were not detected in the
normal rectal mucosa. The peptides and amines detected in
the gastrointestinal
carcinoid are reported to be mostly
those normally present in the regions where the carcinoids
develop'and
our findings support this view.
Although there are minor differences among the reports,
the preferred sites of gastrointestinal
carcinoids found in
autopsy in Japan are, in the decreasing order, the stomach,
rectum, duodenum, and ileum"). In this study, the regions
where carcinoids occurred frequently in the small and large
intestines
corresponded
to the regions rich in CGA
immunoreactive
cells.
The precursor cells of the carcinoid are thought to be
derived from immature endocrine cells and not stem cells
capable of differentiating
into various cell types"),'). In
this study, we found a large number of endocrine cells with

unknown
hormones
and immature
endocrine
cells in the
small intestine,
whereas these cells were scarce in the large
intestine,
particularly
in the rectum. That is, the rectum,
one of the regions where gastrointestinal
carcinoids
occur
most frequently,
was not heavily populated
with immature endocrine cells. Therefore,
the frequent
occurrence
of
carcinoids
in the rectum
cannot
be attributed
to
the
number of immature
endocrine cells. It will be necessary
to
take into consideration
the difference
in the renewal
rate
of endocrine cells between the rectum and the other regions
of intestine and other background
factors.
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