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Gastric-and-intestinal mixed endocrine cell phenotypic
expression of carcinoid tumors in the rectum
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Abstract. We have previously demonstrated that gastric and
intestinal endocrine cell (End-cell) marker expression is
important for assessment of the histogenesis of endocrine cell
tumors. However, the End-cell phenotypes of carcinoid
tumors in the rectum remain largely unclear. We therefore
examined marker expression of rectal carcinoid tumors. We
evaluated 20 rectal carcinoid tumors (as well as 8 from the
stomach for comparison) phenotypically, using gastrin,
gastric inhibitory polypeptide (GIP) and glucagons-like
peptide-1 (GLP-1) as End-cell markers. Rectal carcinoid
tumors were divided into 3 endocrine-gastric (e-G), 16 endo-
crine-gastric-and-intestinal mixed (e-GI), 1 endocrine-
intestinal (e-I), and O endocrine-null (e-N) types, thus 19 (e-G+
e-GI types, 95%) had gastric phenotypic expression, while
17 (e-GI+ e-I types, 85%) harbored intestinal elements.
Stomach carcinoid tumors were classified as 6 e-G and 2 e-N
types, respectively. In conclusion, most rectal carcinoid
tumors exhibited the e-GI type, suggesting the importance of
gastric End-cell marker expression for histogenesis of the
rectal carcinoid tumors. Further studies of pathological and
biological analyses are needed to clarify the histogenesis of
the carcinoid tumors.

Introduction
Histologically and biologically, neuroendocrine tumors are

divided into carcinoid tumor and endocrine cell carcinoma (1).
Regarding the pathological classifications of neuroendocrine
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tumors, there are several classifications such as WHO
classification of digestive tumors (2), TNM staging (3), and
Guideline for the management of gastroenteropancreatic
neuroendocrine (including carcinoid) tumors (4). However,
the histogenesis of neuroendocrine tumors has remained
unclear.

From analyses of 8305 lesions (5), it has been concluded
that most carcinoid tumors (73.7%) occur in the gastro-
intestinal tract. We have previously demonstrated that gastric
and intestinal endocrine cell (End-cell) marker expression is
important for assessing the histogenesis of endocrine cell
tumors in the stomach (6). Regarding gastric and intestinal
End-cell markers, gastrin is predominantly detectable in the
pyloric glands of the stomach, while gastric inhibitory
polypeptide (GIP) and glucagon-like peptide-1 (GLP-1) are
characteristic of the small intestine and colon (7-11). Gastrin
is thus a marker of the gastric End-cell, whereas GIP and
GLP-1 are typical intestinal End-cell markers (7-11), so that
endocrine tumors can be classified as endocrine-gastric (e-G
type), endocrine-gastric-and-intestinal mixed (e-GI type),
endocrine-intestinal (e-I type), and endocrine-null (e-N type)
types (6). In the stomach, carcinoid tumors express chromo-
granin A (CgA) and End-cell differentiation markers but
have no exocrine cell (Exo-cell) phenotype, and most lesions
exhibit an e-G type, suggesting progenitor cells specializing
towards an End-cell lineage in the glandular ducts
(1,6,12,13). However, to our knowledge, there have hitherto
been no data on the gastric and intestinal End-cell phenotypic
classification of carcinoid tumors in the large intestine,
especially in the rectum.

In the present study, we therefore compared rectal and
stomach carcinoid tumors histologically and phenotypically,
using gastric (gastrin) and intestinal (GIP, GLP-1) End-cell
markers, and Caudal-related homeobox gene (Cdx) 2, an
intestinal specific gene.

Materials and methods

Samples and tissue collection. We examined 20 rectal and 8
stomach carcinoid tumors endoscopically and surgically
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Table I. Antibodies for immunohistochemistry.

HIRATA et al: ENDOCRINE CELL PHENOTYPE AND HISTOGENESIS OF RECTAL CARCINOID TUMORS

Antibodies Clonality Dilution Source
Anti-human chromogranin A (344-374) Polyclonal 1:1000 Y
Anti-human gastrin 34 (1-15) Polyclonal 1:1000 Y
Anti-human gastric inhibitory polypeptide Polyclonal 1:2000 Y
Anti-human glucagon-like peptide-1 (7-36) Polyclonal 1:1000 Y
Anti-human caudal-related homeobox gene (CDX2-88) Monoclonal Prediluted kit B

Y, Yanaihara Institute, Fujinomiya, Japan; B, BioGenix, San Ramon, CA, USA.

L B et

o andy S0 el
SBELF - A
28R A G N AR I

Figure 1. Rectal carcinoid tumors: typical expression of CgA, gastrin and GLP-1. (A) H&E staining. (B) CgA is apparent in the cytoplasm of tumor cells.
(C) gastrin is positive in the cytoplasm of tumor cells. (D) GLP-1 is apparent in the cytoplasm of tumor cells (original magnification, x200; CgA, chromo-

granin A; GLP-1, glucagons-like peptide-1).

resected at Nagoya City University Hospital and several
associated hospitals between 1996 and 2004. A carcinoid is
defined morphologically as a well differentiated neoplasm of
the diffuse endocrine system as previously described (6). We
defined the term carcinoid tumor according to the WHO
classification of digestive tumors (2), and we examined
carcinoid tumors as neuroendocrine tumors that had low
grade malignancy histologically. In addition, each carcinoid
tumor was classified according to the recent WHO
classification (14) and TNM staging (3).

All specimens were fixed in 10% buffered formalin.
Carcinoid tumors along with adjacent non-neoplastic mucosa
were cut serially into 5-mm slices in parallel and embedded
in paraffin, and then stained with hematoxylin and eosin for
histological examination.

Immunohistochemistry. Immunohistochemical staining was
carried out with antibodies against the antigens listed in
Table I (6,11). For gastric and intestinal End-cell markers,
we used normal gastric mucosa and normal ileum as positive
and negative controls, and vice versa. The precise procedures
for immunohistochemical techniques were as previously
described (6,11,15-17). Briefly, 4 mm-thick consecutive
sections were deparaffinized and hydrated through a graded
series of alcohols. After inhibition of endogenous peroxidase
activity by immersion in 3% H,O,/methanol solution, antigen
retrieval was achieved by heating in 10 mM citrate buffer
(pH 6.0) in a microwave oven for 10 min at 98°C. Then,
sections were incubated with primary antibodies. After
thorough washing in phosphate-buffered saline (PBS), they
were next incubated with biotinylated secondary antibodies,
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Table III. The clinicopathological factors and expression of CgA, gastrin, GIP, GLP-1 and Cdx2 in 8 stomach carcinoid tumors.

Stage

Lymph node TNM

Metastasis

Depth  Vascular

(@)
classification

Phenotype WH

Cdx2

Gender  Size  Therapy @ CgA  Gastrin GIP  GLP-1
(mm)

Age

metastasis

invasion

I
I

TINOMO
TINOMO
T2NOMO
T2NOMO
T2NOMO
T3NIMO

sm

ET (b))
ET (bb)
ET (u,b)

e-G
e-N
e-G
e-N
e-G
e-G
e-G
e-G

+++ +++

ER
ope

82
67

S-1
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sm

++

S-2
S-3

ITa

sm

ope 4+

12
55

68

ITa
ITa

mp

EC
EC
EC
EC
EC

ope

63

S-4
S5

mp

++

++

ope

12
53

70
58

1IIb
IIIb
IIb

+

si

ope

S-6
S-7
S-8

T2N1MO

se

16 ope +++ ++

25

45

T3N1IMO

+

se

++ 4+

ope

71

CgA, chromogranin A; GIP, gastric inhibitory polypeptide; GLP-1, glucagon-like peptide-1; ER, endoscopic resection; ope, operation; ET (b.b), well differentiated endocrine tumor (benign behavior); ET (u.b), well

differentiated endocrine tumor (uncertain behavior); EC, well differentiated endocrine carcinoma. sm, submucosa; mp, muscularis propria; se, serosa exposed; si, serosa infiltrating.

Table IV. Phenotypic classification in stomach and rectal
carcinoid tumors.

Rectal carcinoid tumors 3 16 1 0 20
Stomach carcinoid tumors 6 0 0 2 8

and then with avidin-biotin horseradish peroxidase
complexes (Vectastain Elite ABC kit, Vector Laboratories,
Inc., Burlingame, CA, USA). Finally, immune complexes
were visualized by incubation with 0.01% H,0, and 0.05%
3,3'-diaminobenzidine tetrachloride (DAB). Nuclear counter-
staining was accomplished with Mayer's hematoxylin.

Two independent researchers (Y.H. and T.M.) judged the
histology and immunohistochemical staining of the End-cell
markers and Cdx2. Reactivity was scored according to the
percentage of positively stained tumor cells in the section
areas on a 3-point-scale: score 0 (-), <10%; score 1 (+), 10-
33%; score 2 (++), 34-66%; score 3 (+++), 67-100%. A
result was considered positive (+) with a score of =1. When
<10% of tumor cells stained, immunostaining was considered
negative (6,18).

Phenotypic classification of tumors. The carcinoid lesions
were classified as e-G type or e-I type, respectively, with at
least one gastric or intestinal End-cell phenotype, and e-GI
type when both gastric and intestinal End-cell markers were
present. Those showing neither gastric nor intestinal
phenotypic expression were grouped as e-N type, as previously
described (6).

Results

Clinicopathological factors for rectal carcinoid tumors. Data
on clinicopathological factors of 20 rectal carcinoid lesions
and results of immunohistochemistry are shown in Table II.
Eleven patients were men and 9 were women; they ranged in
age from 53 to 79 years (mean + SD, 65.7+8.6). Tumor
diameters ranged from 2 to 18 mm (mean + SD, 7.2 mm +4.1).
Of the total, 15 were treated by endoscopic resection (ER)
and the other 5 by surgical resection. According to the recent
WHO classification (14), 17 and 3 lesions were classified as
well differentiated neuroendocrine tumors and well differ-
entiated neuroendocrine carcinoma. The lesions had no Exo-
cell marker expression such as MUCS5AC, MUC6, and
MUC?2 (data not shown).

Clinicopathological factors for stomach carcinoid tumors.
Data on clinicopathological factors of 8 stomach carcinoid
lesions (6 in men and 2 in women) and results of immuno-
histochemistry are shown in Table III. The age range was
from 45 to 82 years (mean = SD, 65.5+10.8) and diameters
ranged from 3 to 55 mm (mean = SD, 22.9 mm +20.3). One
lesion was treated by ER and 7 by surgical resection.
According to the recent WHO classification of endocrine
tumors (14), 3 and 5 lesions were classified as well differ-
entiated neuroendocrine tumors and well differentiated
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neuroendocrine carcinoma. The lesions had no Exo-cell
marker expression (data not shown).

Phenotypic classification of carcinoid tumors in the rectum
and stomach. Results for phenotypic expression of gastric
and intestinal End-cell markers are shown in Fig. 1 and
Tables II and III. In the rectal carcinoid tumor cases, all 20
lesions had the expression of at least one End-cell marker,
expression of gastrin, GIP, and GLP-1 being found in 19
95%), 15 (75%) and 15 (75%), respectively. Regarding
Cdx2, nuclear staining was lacking, but cytoplasmic
expression was found in 11 cases (55%) (data not shown).
The lesions were divided phenotypically into 3 e-G, 16 e-GI,
1 e-I, and O e-N types, 19 (e-G+ e-GI types, 95%) having
gastric phenotypic expression, while 17 (e-GI+ e-I types,
85%) harbored intestinal elements (Table IV).

All 8 carcinoid tumors of stomach were positive for CgA,
6 featuring expression of at least one End-cell marker.
Expression of gastrin, GIP, and GLP-1 was found in 6 (75%),
0 (0%) and 0 (0%) lesions, respectively. None was Cdx2
positive. Phenotypically, there were 6 e-G, 0 e-GI, O e-I, and
2 e-N types. Most stomach carcinoid tumors were classified
as gastric and none exhibited intestinal End-cell marker
expression (Table IV).

Discussion

The present study provided clear evidence that the majority of
rectal carcinoid tumors (19/20, 95%) exhibit gastric End-cell
marker expression. Previous studies demonstrated that gastrin
positivity was only 3-14% in the rectal carcinoid tumors
(19,20) but the discrepancy might depend on the antibodies
used. Raju ef al (19) used a polyclonal antibody purchased
from Dako Co., while Federspiel et al (20) applied an antibody
from Immunonuclear Co. In the present study, we used a
polyclonal antibody purchased from Yanaihara Institute.
Secondly, differences in immunohistochemical methods could
influence the results, especially regarding the incubation time
with primary antibodies (overnight in our study vs. 30 min in
the earlier investigations).

The fact that most stomach carcinoid tumors (6/8, 75%)
exhibited the e-G type is in line with our previous data (6).
Several studies have indicated an origin from a progenitor
cell specializing towards the End-cell lineage in gastric
glandular ducts exhibiting e-G type (1,6,12,13). Most
conventional rectal carcinoid tumors appear to arise from
localized areas of crypt cell proliferation rather than from
diffuse areas of intraepithelial endocrine cell hyperplasia
(21). Furthermore, they are heterogeneous populations of
endocrine cells rather than a monoclonal population of cells
with each cell expressing a multiplicity of hormones (21).
Carcinoid tumors have been considered to be of endodermal
origin arising deep in the gastrointestinal mucosa, from cells
known as dispersed endocrine cells (22). Taking into
account the previous studies and our present data, we
therefore consider that the e-I type rectal carcinoid tumors
might originate from a progenitor cell specializing towards
the End-cell lineage in the normal rectal glandular ducts, in
which the intestinal but not gastric End-cell markers are
expressed. However, the development of e-GI and e-G type
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rectal carcinoid tumors can not be so simply explained.
Regarding the gastric phenotypic expression in rectal
glandular ducts environment, Koike et al (23) reported that
hyperplastic polyps have both gastric and intestinal Exo-cell
marker expressions such as MUC5AC, MUC6, and MUC2 in
the rectum. Hirono et al (24) also revealed that rectal
hyperplastic polyps and serrated adenoma showed bi-
directional gastric (foveolar and pyloric gland) differen-
tiation. If these facts of the Exo-cell lineage apply to the End-
cell lineage, some of e-GI type rectal carcinoid tumors may
occur from the progenitor cells specializing towards the End-
cell lineage in the glandular ducts exhibiting e-GI type. A
progenitor cell specializing towards the End-cell lineage in a
rectal glandular duct may harbor not only intestinal but also
inherently gastric End-cell marker expression. Further studies
of pathological and biological analyses are needed to clarify
the histogenesis of the carcinoid tumors.

In our present series, no Cdx2 nuclear staining was
detected in any stomach or rectal carcinoid tumor (Tables II
and III). Jaffee et al (25) reported that Cdx2 in carcinoid
tumors is a marker of midgut origin, while we evaluated the
Cdx2 expression of the carcinoid tumors in the rectum as
hindgut. There may be other homeobox genes that are
associated with intestinal End-cell marker expression in
hindgut origin, especially the rectum. Jenny et al (26) have
previously demonstrated that neurogenin-3 is required for
endocrine cell fate specification in multipotent intestinal
progenitor cells, whereas gastric endocrine development can
be either neurogenin-3 dependent or independent. Schonhoff
et al (27) reported that MATH1 and neurogenin-3 restrict
stem cells to the endocrine lineage, whereas the transcription
of specific hormones is regulated by several late acting
transcription factors such as Pax4, Pax6, and BETA2. These
homeobox genes might play important roles in the intestinal
phenotypic expression of endocrine cells and gastrointestinal
carcinoid tumors of hindgut origin.

In the present study, no rectal carcinoid tumors gave rise
to metastatic lesions, such as liver and lungs. Further studies
are needed to clarify the association the End-cell marker
expression and the metastasis/progression of rectal carcinoid
tumors.

In conclusion, most rectal carcinoid tumors exhibited the
e-GI type, suggesting the importance of gastric End-cell
marker expression for histogenesis of the rectal carcinoid
tumors. Further studies of pathological and biological analyses
are needed to clarify the histogenesis of the carcinoid tumors.
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