
Abstract. The rectum and appendix are the two major sites of
well-differentiated endocrine neoplasms (carcinoid tumors)
in the lower gastrointestinal tract. Previously, we reported the
consistent expression of peripherin in rectal well-differentiated
endocrine neoplasms without metastases. However, its
expression has not as yet been examined in appendiceal well-
differentiated endocrine neoplasms. The aim of our present
study was to clarify whether peripherin, a type III neuronal
intermediate filament, and α-internexin, a type IV neuronal
intermediate filament, are expressed in appendiceal well-
differentiated endocrine neoplasms. Other endocrine markers
were also examined and compared with the findings from the
rectal well-differentiated endocrine neoplasms. The analyses
were carried out by immunohistochemical methods using
12 formalin-fixed and paraffin-embedded appendiceal well-
differentiated endocrine neoplasms. In all the neoplasms exam-
ined, diffuse immunoreactivity of peripherin was observed.
In addition, immunoreactivity of α-internexin, which was
frequently co-expressed with peripherin, was found in all
appendiceal cases. Chromogranin A and neural cell adhesion
molecule expression was found in all appendiceal tumors, and
serotonin was also frequently expressed (83%, 10/12 cases).
Incidences of the expression of these three markers were much
higher in the appendiceal than in the rectal cases. Peripherin
expression is a common feature of appendiceal and rectal well-
differentiated endocrine neoplasms, but the manner of neural
marker expression is different depending on the site of origin.
It is uncertain whether the expression of peripherin and/or

α-internexin is present in the well-differentiated endocrine
neoplasms of other organs; further analysis is required to
clarify this issue.

Introduction

Neurons have several different intermediate filaments, such
as neurofilament, peripherin and α-internexin (1-4). These
intermediate filaments are involved in the development and
maintenance of various neurons, and their distribution is not
always the same (1-5). They are frequently expressed in the
central and peripheral neuroblastomas and medulloblastomas
(6-8), but not in the majority of non-neural neoplasms.
Peripherin belongs to a group of type III intermediate fila-
ments. It is expressed throughout the lifetime of a subgroup of
peripheral neurons, from their early developmental stage (1,2),
and is frequently found in cutaneous endocrine carcinomas
(Merkel cell carcinomas) (9) in addition to neuroblastomas
(6). Recently, we demonstrated the presence of consistent
peripherin expression in rectal well-differentiated endo-
crine neoplasms (carcinoid tumors) without metastases (10).
α-internexin, a 66-kDa type IV intermediate filament, is quite
abundantly expressed in various kinds of central and peripheral
neurons from early development (3,4), and is frequently
demonstrated in medulloblastomas (7) and neuroblastomas
(8). However, there have been no reports on an immuno-
histochemical analysis of this intermediate filament in
gastrointestinal endocrine neoplasms. Here, we report the
results of immunohistochemical analyses of peripherin and
α-internexin expression in appendiceal well-differentiated
endocrine neoplasms. Several endocrine markers were also
examined for comparison with the findings from the rectal
well-differentiated endocrine neoplasms.

Materials and methods

Tissue specimens of appendiceal well-differentiated
endocrine neoplasms. Materials consisted of 12 formalin-
fixed and paraffin-embedded tissue specimens of consecutive
appendiceal well-differentiated endocrine neoplasms (carcinoid
tumors) obtained from 11 patients (cases 1-11) at Amiens
University Hospital and 1 patient (case 12) at the Shiga
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University of Medical Science Hospital between 2000 and
2006 (Table I). All specimens were operative cases, and the
size of each tumor was recorded according to its maximum
dimension after formalin fixation. The median age of the
patients (7 men and 5 women) was 41.7 years (range 14-74).
All specimens were re-evaluated by at least two diagnostic
pathologists according to the criteria described in the World
Health Organization Classification of Tumors, Pathology and
Genetics of Tumors of the Digestive System (11), and
Histological Typing of Endocrine Tumors (12).

Elastica van Gieson staining was performed in addition to
hematoxylin and eosin staining for the evaluation of angio-
invasion.

Immunohistochemistry. Deparaffinized 3-μm sections of the
specimens were processed for the LSAB system (Dako Japan
Co. Ltd., Kyoto, Japan) using the following primary antibodies:
peripherin monoclonal mouse antibody (diluted 1:100; PJM50;
Novocastra Laboratories Ltd., Newcastle upon Tyne, UK),
α-internexin monoclonal mouse antibody (diluted 1:50; 2E3;
Lab Vision Corporation, CA, USA), serotonin monoclonal
mouse antibody (diluted 1:100; 5HT-H209; Dako), Ki-67
monoclonal mouse antibody (diluted 1:50; MM1; Novocastra),
NCAM (neural cell adhesion molecule; CD56) monoclonal
mouse antibody (diluted 1:100; CD564; Novocastra), synapto-
physin monoclonal mouse antibody (diluted 1:200; 27G12;
Novocastra) and chromogranin A monoclonal mouse antibody
(diluted 1:50; LK2H10; Novocastra). Antigen retrieval by
20 min of incubation in a microwave oven at 500 W with
0.01 M citrate (pH 6.0) was performed before the application
of the primary antibodies to peripherin, α-internexin, Ki-67,
NCAM, synaptophysin and chromogranin A. Pronase (0.05%)
digestion for 15 min at 37˚C was performed for anti-serotonin.
The sections were then washed with 0.1 M phosphate-buffered
saline (pH 7.4) and bathed in 3% H2O2 in methanol for 20 min
at room temperature to quench endogenous peroxidase activity.

Subsequently, primary antibodies were applied to the sections,
which were then incubated in a humidified chamber at 4˚C
overnight. After three washing steps in phosphate-buffered
saline, sections were incubated with biotinylated secondary
antibody for 20 min at room temperature and then sequentially
stained using a 0.1% peroxidase-conjugated streptavidin
solution, according to the manufacturer's instructions. Finally,
sections were incubated in 3,3'-diaminobenzidine tetra-
hydrochloride (DAB; Nichirei) for a few minutes and then
counter-stained with hematoxylin. Immunohistochemical
staining of peripherin and other markers was carried out in
serial sections to evaluate the correlation between marker
distributions.

Evaluation of immunoreactivity. Immunohistochemical
findings were verified by control studies. Negative controls
consisted of slides processed without the addition of primary
antibody. The specificity of the immunoreactivity to individual
antibodies was evaluated by the inner and outer positive
controls. Non-neoplastic appendiceal mucosal endocrine
cells within the tumor tissue slides were used as inner controls
for the immunoreactivity of serotonin, synaptophysin and
chromogranin A, and submucosal ganglia and nerve plexus in
the muscularis propria were used as a positive control for
peripherin, α-internexin and NCAM. Sections of dorsal root
ganglia mounted on the slides were used as the external
positive control for peripherin, and sections of neurons of the
cerebrum were used as the external positive controls for
α-internexin. Lymph node sections were used as the external
positive control for Ki-67.

Ki-67 labeling indices were evaluated by counting the
percentage of positive cells in 1,000 tumor cells. The immuno-
reactivity of other markers was classified according to the
following four categories: 0, no positive cells in the tumor; 1+,
positive cells comprising <30% of the tumor; 2+, positive cells
ranging from 31 to 69%; 3+, positive cells comprising >70%.
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Table I. Clinicopathological and immunohistochemical features of appendiceal well-differentiated endocrine neoplasms
(carcinoid tumors).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Case Age/sex Size (mm) Peripherin Internexin Serotonin NCAM Synaptophysin Chromogranin A Ki-67 index
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1 69/M 15 3+ 3+ 3+ 3+ 3+ 3+ <1%

2 14/M 4 3+ 3+ 3+ 3+ 3+ 3+ <1%

3 45/F 20 3+ 3+ 3+ 3+ 3+ 3+ <1%

4 41/F 5 3+ 3+ 3+ 3+ 3+ 3+ <1%

5 28/M 3 3+ 2+ 0 1+ 3+ 2+ <1%

6 74/M 2 3+ 3+ 0 2+ 3+ 3+ <1%

7 44/F 15 3+ 2+ 3+ 3+ 3+ 3+ <1%

8 32/F 13 3+ 1+ 3+ 3+ 3+ 3+ <1%

9 25/F 4 3+ 2+ 3+ 2+ 3+ 3+ <1%

10 18/M 9 3+ 3+ 3+ 3+ 3+ 3+ <1%

11 44/M 9 3+ 2+ 3+ 1+ 3+ 3+ <1%

12 66/M 10 3+ 3+ 3+ 2+ 3+ 3+ <1%
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
0, no positive cells; 1+, positive cells <30%; +2, positive cells range from 31 to 69%; and +3, positive cells >70%.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Results

The clinicopathological and immunohistochemical findings
from 12 appendiceal well-differentiated endocrine neoplasms
are summarized in Table I. The median tumor size was
9.1 mm (range 2-20 mm) (Table I). All of the 12 tumors grew
in the form of solid nests, trabeculae or pseudoglands and
were comprised of monomorphous neoplastic cells showing
mild or no atypia (Fig. 1). These tumors frequently involved
muscularis propria, but were confined to the appendiceal wall,
and mesoappendix involvement was not revealed. Angio-
invasion and metastasis to lymph nodes or to other organs
were also absent in all cases, and these findings satisfied the
World Health Organization's criteria of well-differentiated
endocrine neoplasms (11,12).

Synaptophysin and chromogranin A were diffusely
expressed in all cases (Figs. 2 and 3). Serotonin was frequently
revealed in the tumor cells (10/12 cases) (Fig. 4). In addition,
peripherin and α-internexin were detected in all cases (12/12)

(Figs. 5 and 6). Tumor cells positive for peripherin were
abundant in all cases, and α-internexin-positive tumor cells
were abundant in 7 cases (Table I). These two neuronal
intermediate filaments were co-expressed in a considerable
number of tumor cells in all cases, but tumor cells that were
positive for only one or the other of these intermediate fila-
ments were also observed, especially in cases 5, 7-9 and 11.
NCAM was detected in all cases (12/12) (Fig. 7). The Ki-67
labeling indices were <1% in all cases (Fig. 8).

Discussion

The appendix and rectum are the two major sites of endocrine
neoplasms in the lower gastrointestinal tract. However,
appendiceal endocrine neoplasms are less frequent in Japan
than in western countries (13), and there was only one Japanese
case out of the 12. The appendix arises from the distal
portion of the midgut, and the well-differentiated endocrine
neoplasms located in it frequently exhibit enterochromaffin
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Figure 1. Typical well-differentiated endocrine neoplasm (carcinoid tumor) of
the appendix with insular growth of uniform neuroendocrine cells (case 4).
H&E (original magnification, x100).

Figure 2. Synaptophysin is diffusely expressed in the tumor cells (case 4)
(original magnification, x100).

Figure 3. Chromogranin A is diffusely expressed in the tumor cells (case 4)
(original magnification, x100).

Figure 4. Serotonin is detected in most of the tumor cells (case 4) (original
magnification, x100).
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differentiation with serotonin synthesis, the most common
phenotype of endocrine cells in this organ (14,15). The high
incidence of serotonin expression in our 12 cases (10/12) and
the diffuse immunoreactivity to chromogranin A, a vesicular
protein associated with amine-containing granules, in all our
cases seems to be related to the high frequency of entero-
chromaffin differentiation. On the other hand, the rectum arises
from the distal end of the hindgut and is rich in argyrophilic
cells (L cells) with enteroglucagon or peptide YY (15).
However, enterochromaffin differentiation is much less fre-
quent in the rectum than in the appendix. This phenomenon
seems to correlate with a lower incidence of immunoreactivity
to serotonin and chromogranin A in well-differentiated
endocrine neoplasms of the rectum than of the appendix, as
shown in our previous study where positive immunoreactivity
to both serotonin and chromogranin A was demonstrated in 5
of 12 rectal cases (10). Al-Khafaji et al reported that the
incidence of NCAM immunoreactivity in midgut well-
differentiated endocrine neoplasms (58%, 7/12 cases) was
higher than in hindgut cases (20%, 2/10 cases) (14). However,

their midgut cases almost exclusively comprised small
intestinal tumors (11/12 cases) and were therefore inappro-
priate for the evaluation of the incidence of NCAM reactivity
in appendiceal tumors. Our present analyses revealed NCAM
in all 12 appendiceal well-differentiated endocrine neoplasms
(12/12), an incidence much higher than that found in rectal
tumors (14).

The well-differentiated endocrine neoplasms of visceral
organs have several markers in common with neurons and
epithelial markers. However, the expression of neuronal
intermediate filaments had not been shown in these until our
previous study demonstrated the consistent expression of
peripherin in rectal well-differentiated endocrine neoplasms
without metastases (10). Our present analyses revealed a
consistent and diffuse expression of peripherin in the
appendiceal well-differentiated endocrine neoplasms as well
as in the rectal cases, and demonstrated that peripherin
expression is a common feature in well-differentiated endo-
crine neoplasms of the lower gastrointestinal tract. In
addition to peripherin, another neuronal intermediate filament,
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Figure 5. Peripherin is diffusely expressed in the tumor cells (case 4)
(original magnification, x100). 

Figure 6. α-internexin is detected in most of the tumor cells (case 4) (original
magnification, x100). 

Figure 7. NCAM is expressed in the tumor cell membrane (case 4) (original
magnification, x200). 

Figure 8. Ki-67 labeling index is <1% (case 4) (original magnification,
x100). 

191-195  8/2/08  16:26  Page 194



α-internexin, was found in all 12 of these appendiceal well-
differentiated endocrine neoplasms. α-internexin belongs to
type IV intermediate filaments and is widely distributed in
immature central neurons and in some peripheral neurons. It
supposedly plays important roles in the development and
maintenance of neurons (3,4). This intermediate filament is
frequently expressed in central nervous system tumors, such
as medulloblastomas (7) and neuroblastomas (8), occasionally
with the co-expression of peripherin (7,8). However, the
expression of α-internexin had not been reported in gastro-
intestinal endocrine neoplasms prior to the present report. As
described, all of our appendiceal well-differentiated endocrine
neoplasms had α-internexin-positive cells, which were quite
abundant in 7 cases. α-internexin and peripherin were co-
expressed in all the appendiceal well-differentiated endocrine
neoplasms examined.

Our preliminary study revealed sporadic expression of
α-internexin in some of the rectal well-differentiated endocrine
neoplasms (4/8 cases) in addition to peripherin, but the fre-
quency of positive cells was far less than that found in
appendiceal tumors (unpublished data). To the best of our
knowledge, immunohistochemical analyses of peripherin and
α-internexin expression have not been reported in well-
differentiated endocrine neoplasms of the upper gastrointestinal
tract, respiratory tract or other visceral organs, so the exact
distribution of these two neuronal intermediate filaments in
well-differentiated endocrine neoplasms remains to be
clarified.

In conclusion, peripherin was consistently expressed in
all the appendiceal well-differentiated endocrine neoplasms.
There was no difference in the manner of peripherin
expression between appendiceal and rectal well-differentiated
endocrine neoplasms. In addition, co-expression of peripherin
and α-internexin was demonstrated in all 12 of our appendiceal
cases, and was quite abundant in 7. On the other hand,
incidences of immunoreactivity to NCAM and chromogranin
A in appendiceal and rectal well-differentiated endocrine
neoplasms differed considerably and were much higher in the
appendiceal than the rectal cases. Peripherin expression is a
common feature of appendiceal and rectal well-differentiated
endocrine neoplasms, but the manner of neural marker
expression is different and depends on the site of origin.
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