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Abstract. Peripherin is a type III neuronal intermediate
filament and its expression is involved in the growth and
development of the peripheral nervous systems. Peripherin
expression has been reported in cutaneous endocrine
carcinomas, but not in rectal well-differentiated endocrine
neoplasms (carcinoid tumors). Well-differentiated endocrine
neoplasms have been reported to have a relatively high
incidence of metastasis, but there is no complete parameter
for prediction of their malignant behavior. The aim of the
present study was to clarify the expression of peripherin in
human fetal and adult rectal mucosae and rectal well-
differentiated endocrine neoplasms and the significance of
peripherin expression in well-differentiated endocrine neo-
plasms. Expression of peripherin was studied immunohisto-
chemically in 3 fetal hindgut mucosae, 10 non-neoplastic
rectal mucosae, 12 rectal well-differentiated endocrine
neoplasms without metastases, and 5 well-differentiated
endocrine neoplasms with metastases. Adult rectal mucosal
epithelial cells did not have peripherin. However, transient
expression of peripherin was detected in the subgroup of
epithelial cells of the fetal rectum. Peripherin was demon-
strated in all of the rectal well-differentiated endocrine
neoplasms without metastases (12/12 cases), but was absent
from some of the well-differentiated endocrine neoplasms
with metastases (3/5 cases). Constant expression of peripherin
in rectal well-differentiated endocrine neoplasms without
metastases (12/12) seems to reflect the phenotype of the
subpopulation of epithelial cells confined to the fetal rectum.
However, loss of its expression was observed in cases with
metastases (3/5) and can be regarded as an additional para-
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meter to predict the risk of metastasis in rectal well-
differentiated endocrine neoplasms.

Introduction

Endocrine tumors arising from epithelial tissues usually have
several markers common to neurons. However, their manner
of neuronal marker expression varies considerably depending
on the origin of each tumor. Peripherin is one such neural
marker, belonging to the type III intermediate filaments with
a molecular weight of 56 kDa (1), encoded on chromosome
12 (2). This intermediate filament is expressed in peripheral
nervous systems through a lifetime from their early develop-
mental stage (3-5) and in their neoplastic counterparts (6). It is
frequently expressed in cutaneous neuroendocrine carcinomas
(Merkel cell carcinomas) (7), but there have been no reports
on peripherin expression in rectal endocrine neoplasms and
in non-neoplastic rectal mucosae. Herein, we report the
presence of peripherin immunoreactivity in fetal and adult
rectal mucosal epithelial cells and their neoplasms, and
discuss the significance of peripherin expression in rectal
endocrine neoplasms in correlation with their metastatic
ability.

Materials and methods

Tissue specimens and clinicopathological features of rectal
endocrine neoplasms. The material consisted of 40 formalin-
fixed and paraffin-embedded tissue specimens of consecutive
rectal endocrine neoplasms from 17 patients in our hospital
during 2001-2005. All of these cases arose from the rectum
although no intentional selection was done, and there were
no cases arising from the appendix or any other portion of the
colon. The median age of the patients (13 men and 4 women)
was 56.6 years (range, 26-82 years). These tumors were
diagnosed by at least two pathologists approved by the
Japanese Society of Pathology. Rectal well-differentiated
endocrine neoplasms were classified into two groups according
to the description in the World Health Organization Classifi-
cation of Tumors, Pathology and Genetics of Tumors of the
Digestive System (8), and Histological Typing of Endocrine
Tumors (9) as follows. In Group A, a well-differentiated
endocrine neoplasm (carcinoid tumor) without metastases is
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defined as a neoplasm of monomorphous endocrine cells
showing mild or no atypia and growing in the form of solid
nests, trabeculae or pseudoglands, restricted to the mucosa or
submucosa without angioinvasion, and having no metastasis
to the lymph nodes and other organs, including the liver. In
Group B, a well-differentiated endocrine neoplasm (carcinoid
tumor) with metastases is defined as a neoplastic lesion
composed of endocrine cells showing moderate atypia and
growing in the form of solid nests, trabeculae or larger, less
well defined cellular aggregates, which deeply invades
(muscularis propria or beyond) and shows metastases to lymph
nodes or the liver. In this study, the two categories were
distinguished by the combination of histological findings and
evaluation of metastatic condition by computed tomography
(CT) scan and/or magnetic resonance imaging (MRI).
Elastica van Gieson staining was performed in addition to
hematoxylin and eosin staining for the evaluation of angio-
invasion. The tumor size was evaluated by the maximum
dimension of the tumor tissue after formalin fixation.

Ten non-neoplastic rectal mucosae attached to the
resected colon and colorectal carcinomas and rectal and
colon mucosae of three fetuses aborted around 10-11 weeks
of gestation were also analyzed.

Immunohistochemistry. Deparaffinized 3-ym sections of the
specimens were processed for the LSAB system (Dako Japan
Co., Ltd., Kyoto, Japan) using the following primary anti-
bodies: peripherin monoclonal mouse antibody (diluted
1:100; PIMS50, Novocastra Laboratories Ltd., Newcastle upon
Tyne, UK), serotonin monoclonal mouse antibody (diluted
1:100; SHT-H209, Dako), Ki-67 monoclonal mouse antibody
(diluted 1:50; MM1, Novocastra), synaptophysin monoclonal
mouse antibody (diluted 1:200; 27G12, Novocastra), and
chromogranin A (diluted 1:50; LK2H10, Novocastra). Anti-
gen retrieval with 20 min of incubation in a microwave at
500 W with 0.01 M citrate (pH 6.0) was performed before
the application of the primary antibodies of peripherin, Ki-67,
synaptophysin, and chromogranin A, and 15 min of pronase
(0.05%) digestion at 37°C was performed for anti-serotonin.
Then, the sections were washed with 0.1 M phosphate-
buffered saline (pH 7.4) and bathed in 3% H,0O, 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 the
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 tetrahydrochloride (DAB; Nichirei)
for a few minutes and then counterstained with hematoxylin.
Immunohistochemical staining of peripherin and other markers
was carried out in the serial sections to evaluate the correlation
between marker distributions.

Evaluation of immunoreactivity. Immunohistochemical
findings were verified by control studies. Negative controls
consisted of slides run without the primary antibody. The
specificity of the immunoreactivity to individual antibodies
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was evaluated by the inner and outer positive controls. Non-
neoplastic rectal mucosal endocrine cells within the tumor
tissue slides were used as the inner controls for the immuno-
reactivity to serotonin, synaptophysin and chromogranin A
and submucosal ganglia was used as a positive control of
peripherin. Sections of dorsal root ganglia mounted on the
slides were used for the external positive control of peripherin.
Lymph node sections were used for the external positive
control of Ki-67. Ki-67 labeling indices were evaluated by
counting the percentage of positive cells in 1000 tumor cells.

Results

Fetal and adult non-neoplastic rectal mucosae. At the end of
the first trimester, peripherin-positive epithelial cells were
scattered in the rectum, including the cloaca (Fig. 1A), but
not in the upper portion of the colon. On the other hand,
peripherin-positive cells were not detected in non-neoplastic
adult rectal mucosae, although peripherin was clearly demon-
strated in the submucosal ganglion cells (Fig. 1B).

Well-differentiated endocrine neoplasms without metastases.
As described in the section of Materials and methods, our 12
well-differentiated endocrine neoplasms (carcinoid tumors)
without metastases were confined to the mucosa and sub-
mucosa of the rectal wall (Fig. 2A), without lymphatic and
venous invasion; the median tumor size was 3.8 mm (range,
2-8 mm) (Table I). The tumor Ki-67 labeling indices were
<1% (Fig. 2B) (Table I).

Synaptophysin was positive in all well-differentiated
endocrine neoplasms without metastases (12/12) (Fig. 2C)
and chromogranin A was positive in 5 cases (5/12) (Fig. 2D).
Serotonin was revealed in 5 cases (5/12). Peripherin-positive
cells were abundant in all 12 of the well-differentiated
endocrine neoplasms without metastases (Fig. 2E) and their
distribution was not related to the immunoreactivity to
serotonin.

Well-differentiated endocrine neoplasms with metastases.
Five cases of well-differentiated endocrine neoplasms
(carcinoid tumors) with metastases invaded beyond the
muscularis propria (Fig. 3A). Median tumor size was 13.8 mm
(range, 8-22 mm) (Table I), and the tumor Ki-67 labeling
indices were >1%, ranging from 2 to 3% (Fig. 3B). Synapto-
physin was positive in all five of these neoplasms (Fig. 3C)
and chromogranin A was positive in 2 of the 5 cases (Fig. 3D).
Three cases did not have peripherin immunoreactivity
(Table I) (Fig. 3E) and immunohistochemical profiles of
individual primary tumors and their metastatic lesions were
fundamentally the same. Distribution of peripherin immuno-
reactivity was not related to the immunoreactivity to serotonin
as in the cases without metastases.

Discussion

Endocrine neoplasms of the gastrointestinal tract have neuro-
endocrine markers such as synaptophysin, chromogranin A,
and neuron-specific enolase in addition to epithelial markers
(10,11). Peripherin, a type III neuronal intermediate filament,
has not been reported in gastrointestinal mucosae or endocrine
neoplasms.
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Figure 1. (A) Immunohistochemical staining of peripherin in fetal rectal mucosa (original magnification x200). Peripherin-positive epithelial cells were
present in rectal mucosa at the end of the first trimester (arrows). (B) Immunohistochemical staining of peripherin in adult rectal mucosa (original magnifi-
cation x100). Submucosal ganglion cells were positive for peripherin, but no peripherin-positive epithelial cells were seen in non-neoplastic adult rectal

mucosa.

As shown in our study, fetal rectal epithelial cells are
subdivided into two groups based on the immunoreactivity to
peripherin: a group with peripherin and a group without
peripherin. Constant expression of peripherin in all of our
rectal well-differentiated endocrine neoplasms without
metastases seems to reflect the fetal phenotype of the former
group confined to the rectum. High incidence of endocrine

Figure 2. Well-differentiated endocrine neoplasm without metastasis (Case 11)
(A) H&E (original magnification x100). A typical well-differentiated
endocrine neoplasm without metastases showed trabecular, insular growth
of uniform neuroendocrine cells. (B) Immunohistochemical staining of
Ki-67 (original magnification x100). The Ki-67 labeling index was <1%.
(C) Immunohistochemical staining of synaptophysin (original magnification
x100). Synaptophysin was detected in the tumor cells. (D) Immunohisto-
chemical staining of chromogranin A (original magnification x100). Tumor
cells were negative for chromogranin A. (E) Immunohistochemical staining
of peripherin (original magnification x100). Peripherin was detected in most
of these tumor cells (E).

tumors in the rectum may be related to the liability of
endocrine neoplastic transformation of the subpopulation of
stem cells in this area, which transiently express peripherin
during their endocrine differentiation. The appendix is the
other major site of lower gastrointestinal endocrine neo-
plasms in Caucasians but not in Japanese, and there was no
appendix endocrine neoplasm in our 17 cases. Accordingly,
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Table I. Profiles of rectal well-differentiated endocrine neoplasms and immunoreactivities of peripherin, serotonin and the Ki-67
labeling indices.

Age (years)/ Size Ki-67 labeling
Specimen no. Sex Histology (mm) Peripherin Serotonin index (%)
Case 1 43/Male Well 4 + - <1
Case 2 53/Female Well 8 + - <1
Case 3 40/Female Well 3 + - <1
Case 4 53/Female Well 2 + + <1
Case 5 76/Male Well 3 + - <1
Case 6 67/Male Well 2 + - <1
Case 7 55/Male Well 5 + + <1
Case 8 52/Male Well 3 + - <1
Case 9 36/Male Well 3 + + <1
Case 10 54/Male Well 5 + + <1
Case 11 26/Male Well 4 + + <1
Case 12 69/Male Well 4 + - <1
Case 13 67/Male Well + LN 11 - - 2-3
Case 14 39/Male Well + LN 12 + + 2-3
Case 15 75/Male Well + liver 16 + - 2-3
Case 16 82/Female Well + liver 22 - - 2-3
Case 17 75/Male Well + liver 8 - - 2-3

Well, well-differentiated endocrine neoplasm (carcinoid tumor) without metastases; Well + LN, well-differentiated endocrine neoplasm
(carcinoid tumor) with lymph node metastases; Well + liver, well-differentiated endocrine neoplasm (carcinoid tumor) with liver metastases.

Figure 3. Well-differentiated endocrine neoplasm with lymph node
metastases (Case 13) (A) H&E (original magnification x40). (B) Immuno-
histochemical staining of Ki-67 (original magnification x100). The Ki-67
labeling index was 2-3%. (C) Immunohistochemical staining of synap-
tophysin (original magnification x100). Tumor cells were positive for
synaptophysin. (D) Immunohistochemical staining of chromogranin A
(original magnification x100). Tumor cells were negative for chromogranin
A. (E) Immunohistochemical staining of peripherin (original magnification
x100). Peripherin was not detected in the tumor cells.
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neoplasms, so additional study is required to resolve
this question.

Rectal well-differentiated endocrine neoplasms (carcinoid
tumors) have a relatively high incidence of lymph node and
liver metastases (12-14) and prediction of their metastatic
ability is one of the major problems. In the World Health
Organization Classification of Tumors, Pathology and Genetics
of Tumors of the Digestive Systems (8) and WHO Histological
Typing of Endocrine Tumors (9), smaller size (<20 mm) and
low mitotic figures (<2 mitoses per 10 high power fields) or
low Ki-67 labeling index (<1%) are regarded as indicators of
the benign nature of the well-differentiated endocrine neo-
plasms. However, these indices are still not complete for the
prediction of malignant nature in rectal well-differentiated
endocrine neoplasms. For example, Soga reported that rectal
well-differentiated endocrine neoplasms, restricted to the
submucosal growth, exhibited a metastasis rate of 9.7% in
tumors <10 mm, 3.7% in tumors <5 mm, and 13.2% in
tumors 5.1-10 mm (14). Other indicators of malignant
potential, such as angioinvasion (9), invasion beyond the
muscularis propria (8-10), cellular atypia (15), and DNA
ploidy (16) are also not always sufficient to separate the
cases with metastases from cases without metastases.

Our rectal well-differentiated endocrine neoplasms with
metastases were larger than the cases without metastases, but
did not always exceed 20 mm. The Ki-67 labeling index was
higher than 1% in all of the metastatic cases. Peripherin was
demonstrated in only two of the five cases. Accordingly, loss
of peripherin immunoreactivity may have significance for
predicting the risk of metastasis in rectal well-differentiated
endocrine neoplasms.
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