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Abstract Neuroendocrine tumors can develop in various
organs. All of these tumors are designated on the basis of
their morphologic characteristics evident by light microscopy, and by immunohistochemistry for antigens such as
synaptophysin, chromogranin-A, and CD56/NCAM. In the
present study, we attempted to demonstrate the localization
of Zonula occludens-1 (ZO-1) and N-cadherin in rosette
structures of neuroendocrine tumors using immunohistochemistry and to clarify their specific distribution in
rosettes in human pulmonary neuroendocrine tumors in
comparison with various types of adenocarcinoma. Among
40 neuroendocrine tumors of the lung examined, 18 cases
(45%) and 22 cases (55%) were positive for ZO-1 and Ncadherin, respectively. In addition, we divided the cases into
two types: 16 cases of Flexner-type tumor and 24 cases of
Homer–Wright-type tumor. We then determined the Rosette
Index (RoI; the percentage fraction of rosette structures
positive for ZO-1 or N-cadherin among the total number of
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rosette structures). The Flexner-type neuroendocrine tumors
showed significantly higher levels of RoI in ZO-1 than the
Homer–Wright-type neuroendocrine tumors (median;
38.8% vs 0%, p<0.001). On the other hand, N-cadherin
and ZO-1 were hardly detected in tubular adenocarcinomas
in various organs, and their immunoreactivities differed
significantly between adenocarcinoma and pulmonary
neuroendocrine tumor (ZO-1, mean 0.23% vs 18%, p<
0.0001; N-cadherin, mean 0% vs 33%, p<0.0001). In
conclusion, expression of ZO-1 and N-cadherin may reflect
the mechanisms leading to rosette formation in neuroendocrine
tumors, which possibly recapitulate neural tube formation in
embryogenesis and could represent a specific immunohistochemical marker for neuroendocrine carcinoma of the lung.
Keywords ZO-1 . N-cadherin . Neuroendocrine
carcinoma . Endocrine carcinoma . Carcinoid . Lung

Introduction
Neuroendocrine tumors of the lung are subdivided into four
entities, including typical and atypical carcinoid tumors, small
cell lung carcinoma (SCLC) and large cell neuroendocrine
carcinoma (LCNEC) [1, 2]. Among these tumors, carcinoids
are considered to be relatively indolent, whereas SCLC and
LCNEC are thought to be highly aggressive [3–13].
Neuroendocrine tumors can develop in a variety of
organs, including the digestive system, endocrine system,
urogenital system, and soft tissues [14]. All of these tumors
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are classically designated as neuroendocrine tumors on the
basis of their characteristic morphological features, including organoid, trabecular, palisading, or rosette growth
patterns (Fig. 1). As well as these light-microscopical
morphologic characteristics, dense-core neurosecretory
vesicles evident by electron microscopy are helpful for
diagnosis. Recently, immunohistochemistry, particularly for
synaptophysin, chromogranin-A, and CD56/NCAM, has
been applied successfully to identify neuroendocrine
features. Among the various morphological and immunohistochemical markers, the characteristic morphological
feature of rosette formation is strongly pathognomonic,
but the molecular mechanism responsible for rosette
formation, or its biological significance, is still unclear.
Rosette structures are a very useful morphological
marker of neuroendocrine differentiation and are divided
into two types: the Flexner type and the Homer–Wright
types [15] (Fig. 1). The rosette structure appears as a radial
arrangement of tumor cells resembling a rose. The Flexnertype rosette is a spoke- and wheel-shaped tumor cell
formation with lumina, which is frequently detected in
ependymoma, retinoblastoma, and immature teratoma
(Fig. 1a). The Homer–Wright rosette is a circular or spherical
grouping of tumor cells around a pale, eosinophilic, central
area but lacking lumina, which is typically seen in medulloblastoma and neuroblastoma (Fig. 1b).
On the other hand, embryologically, neural differentiation is characterized by development of the neural tube.
Since the morphological structure of the rosette in pulmonary neuroendocrine tumors mimics that of the neural tube,
we have hypothesized that rosette structures within neuroendocrine tumors recapitulate the early stage of neural tube
formation.
Various proteins are known to be components of the
neural tube/neural rosette structure: PAX6, nestin, Sox1,
Sox2, and N-cadherin as constitutive proteins of neuro-

Fig. 1 Histological evaluation
of tumor type with rosette
structures. Rosette structures
distinguished as arrangements of
several polarized cells. The
Flexner-type rosette in retinoblastoma contains lumina (a),
while the Homer–Wright-type
rosette in neuroblastoma does
not (b). We defined tumors as
the Flexner-type (in which
rosettes with lumina are
predominant) or the Homer–
Wright-type (in which rosettes
without lumina are predominant).
Scale bar 50 μm
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epithelium, or PLZF, DACH1, MMRN1, PLAGL1, NF2F1,
DMTR3, LMO3, FAM70A, EVI1, ZNF312, LIX1, RSPO3,
Shroom-3, and Zonula occludens-1 (ZO-1) as proteins that
are associated with the development of neural tube/neural
rosette structure [16–19]. Among these molecules, ZO-1
and N-cadherin show characteristic localization, especially
in early-stage neural rosettes that develop from human
embryonic stem cells [17].
N-cadherin, also known as cadherin 2, is a member of
the cadherin family. N-cadherin is also known to be present,
and to accumulate, in the adherens junctions of the apical
portion of neuroepithelial cells in chick and mouse embryos
[20, 21]. In human tumors, N-cadherin is differentially
expressed in pulmonary tumors and is observed predominantly in neuroendocrine lung lesions, neuroendocrine
hyperplasia, typical carcinoid tumor, atypical carcinoid
tumor, SCLC and LCNEC. Neuroendocrine hyperplasia,
typical carcinoid, small cell lung carcinoma, and large cell
neuroendocrine carcinoma demonstrate diffuse membranous N-cadherin immunoreactivity, whereas atypical carcinoid exhibits strong and diffuse and membranous
immunoreactivity [22].
ZO-1, also known as tight junction protein 1, is a 225kDa tight junction-associated polypeptide [23]. It is not
only concentrated at tight junctions in epithelial cells but
also colocalized with the cadherin molecule in nonepithelial tissue [24]. Since ZO-1-deficient mice show a
lethal embryonic phenotype, it is thought that ZO-1 plays
essential roles in development [25, 26].
It is also known that expression of ZO-1 is maintained
both before and after closure of the neural tube in both
chick and mouse neuroepithelium [18]. In human embryonal stem cells (hESCs), the formation of neural rosettes is
initiated by acquisition of cell polarity, as demonstrated in
vitro by redistribution of ZO-1 in the apical membrane,
being expressed evenly on the surface of undifferentiated
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hESCs [17]. These reports indicate that ZO-1 is colocalized
with N-cadherin and plays an important role in neurogenesis.
In the present study, we attempted to clarify the
mechanisms leading to rosette formation in neuroendocrine
tumors with reference to neural tube formation during
embryogenesis using ZO-1 and N-cadherin as key proteins
of neuroendocrine tumor rosette structures and demonstrated
the specific distribution of the two proteins in rosettes of
human pulmonary neuroendocrine tumors. Our findings
suggested that ZO-1 and N-cadherin are useful immunohistochemical markers for clarifying the biological significance
of rosette structures, as well as being a diagnostic feature of
neuroendocrine tumors.

Materials and methods
Patients and tissue specimens
A total of 101 specimens that had been surgically resected
at Tsukuba University Hospital (Ibaraki, Japan) between
1975 and 2009 were retrieved. Written informed consent
had been obtained from the patients between 1996 and
2009. All of the cases examined were anonymized, and this
study was approved by the institutional review board of the
University of Tsukuba. Among these cases, 58 showed
rosette formation, including two medulloblastomas, one
ependymoma, three neuroblastomas, one olfactory neuroblastoma, two retinoblastomas, two immature teratomas,
one mature teratoma, one pineoblastoma, one neurocytoma,
one atypical carcinoid of the colon, one atypical carcinoid
of the thymus, five typical carcinoids of the lung, two
atypical carcinoids of the lung, 25 large cell neuroendocrine
carcinomas of the lung, eight small cell carcinomas of the
lung, and two large cell carcinomas of the lung. The
remaining 43 cases were well-differentiated tubular adenocarcinomas, including three adenocarcinomas of the lung,
ten adenocarcinomas of the stomach, ten adenocarcinomas
of the colon, five adenocarcinomas of the pancreas, five
adenocarcinomas of the bile duct, and ten ductal carcinomas
of the breast.
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All specimens had been previously fixed in 15%
formalin and paraffin-embedded. Serial sections of the
materials were cut at a thickness of 3 μm. Slides were
deparaffinized in xylene and dehydrated in methanol. The
EnVision ® (Dako) signal enhancement system was
employed for analysis of all antibodies. Heat-mediated
antigen retrieval was used for visualization of N-cadherin,
synaptophysin (pressure pan treatment, 15 min at 105°C),
chromogranin-A, and CD56/NCAM (autoclave treatment,
10 min at 120°C), and an enzymatic antigen retrieval
method employing Dako proteinase K Ready-to-use was
adopted for ZO-1 (5 min at room temperature; Dako).
Tissues were incubated with ChemMate POD Blocking
Solution (Dako) for 5 min at room temperature. After
blocking, the sections were incubated with the primary
antibody diluted in Dako REAL Antibody Diluent (Dako)
for 30 min at room temperature. Dilutions used for the
primary antibodies were: N-cadherin and ZO-1, 1:50;
chromogranin-A, 1:500; synaptophysin and CD56/NCAM,
pre-diluted. Tissues were washed in TBS and incubated
with ENVISION+Dual Link Polymer (Dako) for 30 min.
Visualization was performed by incubation with the DAB+
Liquid System (Dako) for 5 min. After being rinsed in
water, the sections were counterstained with hematoxylin
and mounted. These immunohistochemical processes were
performed with a histostainer (Nichirei Biosciences).
The positive controls for immunohistochemistry were liver
tissue for anti-N-cadherin, normal bronchiole epithelium for
anti-ZO-1, and pancreatic islet tissue for anti-synaptophysin,
anti-chromogranin-A, and anti-CD56/NCAM.
Evaluation of rosette structure types
Rosette structures can be distinguished as arrangements of
several polarized cells. In this study, we distinguished the
tumor type as Flexner-type tumors (in which rosette
structures with lumina are predominant and correspond to
the Flexner type) or Homer–Wright-type tumors (in which
rosette structures without lumina are predominant and
correspond to the Homer–Wright type; Fig. 1a, b). If any
individual case included both types of rosette structure, it
was classified according to the predominant type present.

Immunohistochemistry
Evaluation of immunostaining
For immunohistochemical analysis, the following antibodies were used as primary antibodies: anti-N-cadherin
(6 G11, mouse monoclonal, Dako, Copenhagen, Denmark),
anti-ZO-1 (epitope; residues 463–1109 of ZO-1, rabbit
polyclonal, Zymed Laboratories, San Francisco, USA),
anti-synaptophysin (27 G12, mouse monoclonal, Nichirei
Bioscience, Tokyo, Japan), anti-chromogranin-A (A0430,
rabbit polyclonal, Dako), and anti-CD56/NCAM (1B6,
mouse monoclonal, Nichirei Bioscience).

Immunoreactivity in the cytoplasm and/or cell membrane of
neural tube-like structures in immature teratoma was
classed as negative or positive for N-cadherin. On the other
hand, immunoreactivity that was evident as apical membrane staining or dot-like positivity in the center of the
structure was evaluated as ZO-1 positivity. We used the
Rosette Index (RoI) for evaluating the quantity of the
rosette structures expressing each of the proteins. The RoI
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is defined as the percentage of positive rosette structures
among the total in each tumor. We counted 100 rosette
structures in each tumor. We considered specimens to be
negative for ZO-1 or N-cadherin if the RoI score was less
than 5%. All histological evaluations were judged by three
pathologists (KS, SS, and YK), each of whom examined
the RoI score independently without any information, and a
10% score difference was tolerated. If the evaluations
differed by over 10%, the pathologists discussed the case,
and a consensus diagnosis was reached.
Statistical analysis
Statistical analysis was performed with the SPSS 9.0
software package (SPSS Inc., Chicago, IL, USA). Mann–
Whitney U test was applied for assessment of anti-ZO-1
positivity as a parameter of RoI. Fisher’s exact test was
performed for analysis of patient profiles. For all analyses,
a significance level of p<0.05 was adopted.

Results
Patient background
Among the 40 neuroendocrine tumors of the lung, including
five typical carcinoid tumors, two atypical carcinoid tumors,
25 large cell neuroendocrine carcinomas, and eight small cell
carcinomas, the clinicopathological characteristics including
gender (p=0.230, p=0.180), pathological stage (p=0.550, p=
0.312), lymphatic duct invasion (Ly factor; p=0.842, p=
0.816), vascular invasion (V factor; p=0.822, p=0.218), and
lymph node status (N factor; p=0.071, p=0.836) did not
show any significant difference between cases positive and
negative for both ZO-1 and N-cadherin.
Table 1 N-cadherin and ZO-1
expression in all tumors with
rosette structures

LCNEC large cell neuroendocrine
carcinoma

b
Positive cases are adopted if
RoI is 5% or more

The results of immunohistochemical staining in neuroendocrine tumors of the lung and other tumors with rosette
structures (total 58 cases, described in “Materials and
methods”) are summarized in Table 1. Rosette structures
are observed in various tumors: neuroblastoma (Fig. 2a),
immature teratoma (Fig. 2b), large cell neuroendocrine
carcinoma of the lung (Fig. 2c), and small cell carcinoma of
the lung (Fig. 2d). Cytoplasmic and/or cell membrane
staining for N-cadherin were evident in these tumors (Fig. 2
e–h). Among the cases positive for N-cadherin, 18 (49%)
showed a strong diffuse (cytoplasmic and cell membrane)
staining pattern, and only 19 (51%) showed a strong cell
membrane staining pattern. N-cadherin immunoreactivity
was evident not only in rosette structures but also other
tumor cells. On the other hand, staining for ZO-1 was
accentuated on the apical membrane of tumor cells that
formed rosette structures and, at higher cell densities, was
localized in the center of the rosettes (Fig. 2 j–l). There were
no correlations between N-cadherin and ZO-1 expression
(R=0.13, p=0.28) or N-cadherin localization (diffuse versus
cell membrane) and ZO-1 expression (p=0.43).
The rate of N-cadherin positivity in most of the tumors
exceeded that of ZO-1 positivity (Table 1). Comparison of
immunoreactivity between N-cadherin and ZO-1 showed
that their positivity rates were 55% versus 45% in pulmonary
neuroendocrine tumors (p=0.021) and 83% versus 22% in
other rosette-forming tumors (p=0.03), respectively. However, the rate of ZO-1 positivity in LCNEC of the lung
tended to be higher than that of N-cadherin (52% vs 44%,
p=0.12). Although the number of cases was limited, 100%
of the immature teratomas examined were positive for both
ZO-1 and N-cadherin (Table 1).

No. of positive casesb

Pulmonary neuroendocrine tumors
Typical carcinoid of the lung
Atypical carcinoid of the lung
LCNEC of the lung
Small cell carcinoma of the lung

a

Others: ependymoma, mature
teratoma, medulloblastoma, neuroblastoma, neurocytoma,olfactory neuroblastoma, pineoblastoma,
retinoblastoma, and atypical
carcinoid of the colon

Neuroendocrine tumors of the lung and other tumors
with rosette structures

Other rosette-forming tumors
Large cell carcinoma of the lung
Immature teratoma
Othersa

Total

N-cadherin

ZO-1

p Value

5
2
25
8
40

4 (80%)
1 (50%)
11 (44%)
5 (62.5%)
22 (55%)

1 (20%)
1 (50%)
13 (52%)
3 (37.5%)
18 (45%)

0.068
0.66
0.12
0.043
0.021

2
2
14
18

2 (100%)
2 (100%)
11 (78.6%)
15 (83.3%)

0
2
2
4

0.16
0.18
0.008
0.03

(0%)
(100%)
(14.3%)
(22.2%)
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Fig. 2 Histological characterization of tumors with rosette structures.
Neuroblastoma (a, e, i), immature teratoma (b, f, j), large cell
neuroendocrine carcinoma of the lung (c, g, k), and small cell

carcinoma of the lung (d, h, l) are shown. Immunoreactivity for Ncadherin (e, f, g, h) and ZO-1 (i, j, k, l) is shown. Scale bar is 100 μm

Histological features of rosette structures in neuroendocrine
tumors

structures with lumina were predominant) and Homer–
Wright-type tumors (in which rosette structures without
lumina were predominant). On this basis, 16 tumors were
considered to be the Flexner-type and 24 were considered
to be the Homer–Wright-type (Table 2). The Flexner-type
tumors included one carcinoid tumor (1/7, 14.3%), 12
LCNECs (12/25, 48%), and three SCLCs (3/8, 37.5%). We
then determined the RoI for both ZO-1 and N-cadherin.
Flexner-type neuroendocrine tumors showed significantly
higher values of RoI for ZO-1 than Homer–Wright-type
neuroendocrine tumors (median, 38.8% vs 0%; 25th
percentile, 19.3% vs 0%; 75th percentile, 55.5% vs 0%; p<
0.001, respectively; Fig. 3). However, there were no
significant differences of RoI between the two types of
tumor for N-cadherin (median and mean, 52.2% vs 6.7% and
38.4% vs 24.6%, p=0.387, respectively; data not shown).

As mentioned in “Materials and methods,” we found two
patterns of rosette structure in neuroendocrine tumors:
Flexner-type rosettes and Homer–Wright-type rosettes
(Fig. 1). We divided pulmonary neuroendocrine tumors
into two types: Flexner-type tumors (in which rosette
Table 2 Pathological diagnosis of Flexner-type and Homer–Wright-type
pulmonary neuroendocrine tumors
Pulmonary neuroendocrine
tumors

Typical carcinoid
Atypical carcinoid
LCNEC of the lung
Small cell carcinoma

Number of tumors
Total

Flexner-type

5
2
25
8
40

0
1
12
3
14

(0%)
(50%)
(48%)
(37.5%)
(35%)

LCNEC large cell neuroendocrine carcinoma

Homer–Wright
type
5
1
13
5
26

(100%)
(50%)
(52%)
(62.5%)
(65%)

Carcinomas with tubular structures
In order to examine the expression of ZO-1 and N-cadherin
in tubular adenocarcinomas, in which it is sometimes
difficult to discriminate rosettes from glandular structures,
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Fig. 3 ZO-1-positive rosette structures in neuroendocrine tumor of
the lung (total 40 cases). Flexner-type tumors (in which rosette
structures with lumina are predominant) showed significantly higher
values of rosette index for ZO-1 than Homer–Wright-type tumors (in
which rosette structures without lumina are predominant; p<0.001).
Asterisk: mean; solid line: median; and dashed line: 25th and 75th
percentiles, respectively. Statistical analysis was performed by U test

we assessed 43 well-differentiated tubular adenocarcinomas
(described in “Materials and methods”; Fig. 4a–d). There
was no positive staining for N-cadherin among adenocarcinomas of the lung (Fig. 4e), stomach (Fig. 4f), colon,
pancreas (Fig. 4g), bile duct, and breast (Fig. 4h). All of the
tubular adenocarcinomas were also negative for ZO-1
(Fig. 4 i–l), except for one ductal carcinoma of the breast
(Fig. 4l, insert) in which the ductal structures were negative
for other common neuroendocrine markers such as synaptophysin, chromogranin-A, and CD56/NCAM, although a
few cases were positive for neuroendocrine markers
(Table 3). Among ten tumors of the breast, one invasive
ductal carcinoma was positive for ZO-1 and also for
estrogen receptor and progesterone receptor, but negative
for Her2 protein.
The immunoreactivities for both ZO-1(median and
mean, 0% vs 0% and 0.23% vs 18%, p<0.0001) and Ncadherin (median and mean, 0% vs 0% and 0% vs 33% p<
0.0001) differed significantly between adenocarcinoma and
pulmonary neuroendocrine tumor.

Discussion
In this study, we demonstrated positive immunoreactivity
for both N-cadherin and ZO-1 in neuroendocrine tumors
showing rosette formation. It was of considerable interest
that staining of the rosettes was similar to that of neural
tube/neural rosettes in immature teratoma. These results
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indicated that both Flexner-type and Homer–Wright-type
rosettes may mimic the neural tube in embryos, not only
morphologically but also functionally. In tumors positive
for ZO-1 and N-cadherin, ZO-1 positivity was localized in
rosette structures, especially at the apical membrane of the
constituent tumor cells, and the staining pattern was very
rosette-specific, especially in Flexner-type tumors (Fig. 2).
The correlation between ZO-1 and N-cadherin in Flexnertype tumors was significant (R=0.595, p=0.004). These
results suggested that ZO-1 and N-cadherin are molecules
playing a specific role in rosette morphology, not only in
the neural tube but also pulmonary neuroendocrine tumor.
In the early stage of neurogenesis, ZO-1 acts as a tight
junction protein and regulates rosette growth to control
symmetric versus asymmetric differentiation of neural stem
cells. ZO-1 functions as a cross-linker between α-catenin
and the actin cytoskeleton. The interaction between ZO-1
and N-cadherin is a key determinant of stable localization
of both adherens junctions and gap junctions in the
intercalated disks of rat myocytes, and expression of ZO-1
and N-cadherin, in relation to the so-called “cadherin
switch”, has also been reported in melanoma. The present
study suggests that the former mechanism, regulating the
turnover of stem cells, is more likely, although additional
experimental studies to verify this possibility will be
needed [27, 28].
There are two types of neuroendocrine markers: morphological markers such as rosette formation and palisading
of the tumor cells, and immunohistochemical markers such
as synaptophysin, chromogranin-A, and CD56/NCAM.
These two marker types are frequently used for routine
surgical diagnosis, but the relationship between them has
not been studied in detail. In this study, we showed that ZO1 and N-cadherin, which are specifically expressed in the
neural tube, are characteristically expressed in the rosette
structures of neuroendocrine tumors. Therefore, ZO-1 and
N-cadherin are markers that are closely associated with
neuroendocrine morphology and could be implicated in the
formation of rosette structures.
Among the pulmonary neuroendocrine tumors, carcinoid
tumor and SCLC are diagnosed on the basis of purely
morphological criteria [2]. However, to diagnose LCNEC,
positivity for an immunohistochemical marker (at least one
among synaptophysin, chromogranin-A, and CD56/NCAM
[2]) is required. These three neuroendocrine markers were
considered to be useful for diagnosis of LCNEC. However,
this set of immunohistochemical markers is provisional and
is simply used empirically. We suggest that ZO-1 or Ncadherin could also be a useful marker of neuroendocrine
differentiation and may be positive in cases of large cell
carcinoma (LCC) with neuroendocrine morphology. LCC
with neuroendocrine morphology mimics LCNEC but is
negative for all three neuroendocrine markers. However, if
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Fig. 4 Histological characterization of carcinomas with tubular structures. Lung adenocarcinoma (a, e, i), stomach adenocarcinoma (b, f, j),
pancreas adenocarcinoma (c, g, k), and breast carcinoma (d, h, l) are

shown. There is no immunoreactivity for N-cadherin (e, f, g, h) and ZO1 (i, j, k, l). Insert is a ZO-1-positive area in invasive region of breast
carcinoma in one of ten cases (l). Scale bar is 100 μm

positivity for ZO-1 and/or N-cadherin can be demonstrated,
both LCNEC and LCC with neuroendocrine morphology
may prove to be closely related tumors biologically and
classifiable into a similar category.
SCLC and LCNEC are both high-grade neuroendocrine
carcinomas of the lung. The present study demonstrated

that a significantly higher proportion of SCLC cases (p=
0.043) were positive for N-cadherin than for ZO-1 and that
more cases of typical carcinoid and atypical carcinoid (p=
0.068 and 0.66) were positive for N-cadherin than for ZO-1
(Table 1). Interestingly, however, the positivity rate for ZO1 (52%) was relatively higher in LCNEC than in SCLC

Table 3 Immunohistochemical status of carcinomas with tubular structures
No. of positive cases (%)

Lung
Stomach
Colon
Pancreas/bile duct
Breast

Total

Syn.

Ch-A.

CD56.

3
10
10
10
10

1
2
1
0
1

0
0
0
0
1a

0
0
0
0
1a

(33%)
(20%)
(10%)
(0%)
(10%)

(0%)
(0%)
(0%)
(0%)
(10%)

(0%)
(0%)
(0%)
(0%)
(10%)

N-cadherin
0
0
0
0
0

(0%)
(0%)
(0%)
(0%)
(0%)

ZO-1
0
0
0
0
1

(0%)
(0%)
(0%)
(0%)
(10%)

The percentage values are rounded to the nearest whole number
Syn synaptophysin, Ch-A chromogranin-A, CD56 CD56/NCAM
a

Positivity for both was recognized in an identical case and was positive for estrogen receptor and progesterone receptor, but negative for Her2
protein. This case was diagnosed as primary ductal carcinoma with neuroendocrine features since the case did not show specific neuroendocrine
morphological findings and had intraductal carcinoma component
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(37.5%) or carcinoid tumor (28.6%; Table 1). This
difference may have been attributable to the rosette
subtypes present. SCLC and carcinoid tumors frequently
include Homer–Wright-type rosettes, which express ZO-1
less frequently than Flexner-type rosettes (Table 2 and
Fig. 3). These results indicate that LCNEC is more closely
associated with neural tube formation than is the case for
SCLC and suggest that these two high-grade neuroendocrine carcinomas of the lung originate from different cells,
and/or have different mechanisms of carcinogenesis.
In order to compare the immunohistochemical characteristics of rosettes and tube-like structures, we examined 43
well-differentiated tubular adenocarcinomas for their expression of ZO-1 and N-cadherin. Almost all cases were
negative for both ZO-1 and N-cadherin (Fig. 4 and Table 3).
This was not surprising because the tubular structures of
adenocarcinoma are not rosettes and would thus be nearly
negative for both proteins. The present results indicated that
ZO-1 and N-cadherin would be very powerful immunohistochemical markers for differentiating rosettes from tubular
structures in adenocarcinoma. On the other hand, it was
interesting to note that one ductal carcinoma of the breast
(1/43, 2.3%) expressed ZO-1 strongly in the apical area of
tubular structures only in the invasive area (RoI=32.3%),
the staining pattern being similar to that of Flexner-type
rosettes (Fig. 4l, insert). However, this case was negative
for other markers of neuroendocrine differentiation (synaptophysin, chromogranin-A, and CD56/NCAM). Therefore,
the biological significance of ZO-1 may differ from that of
other common neuroendocrine markers.
To our knowledge, this is the first report to have pointed
out the similarity between rosette structures in pulmonary
neuroendocrine tumors and the embryonic neural tube.
Although this study is descriptive and preliminary, our
findings allow us to propose a completely original concept
that will undoubtedly be helpful for understanding the
mechanisms leading to rosette formation in neuroendocrine
tumors, recapitulating formation of the neural tube during
embryogenesis. On the basis of these results, we propose
that ZO-1 and N-cadherin are very useful immunohistochemical markers of rosettes in pulmonary neuroendocrine
tumors, allowing them to be differentiated from glandular
structures in adenocarcinoma, especially in small specimens.
This knowledge may be of help in understanding the
biological features of pulmonary neuroendocrine tumor and
the essential differences between LCNEC and SCLC.
Since the number of cases examined here was limited,
we did not analyze the outcome of the studied patients.
Therefore, it will be necessary to confirm the outcome in a
prospective study using a large cohort. A few previous
studies have examined the contribution of ZO-1 to
prognosis. Their findings have indicated that the level of
ZO-1 messenger RNA is a valuable indicator of outcome in
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patients with non-small cell lung cancer and that there is no
significant correlation between the level of ZO-1 immunoexpression and outcome in gastric cancer [29] [30]. On
the other hand, Asamura et al. have reported that the
diagnosis of LCNEC is a predictor of poor outcome [31]. It
would be interesting to analyze the outcome of cases of
large cell carcinoma lacking expression of synaptophysin,
chromogranin-A, and CD56/NCAM, but showing ZO-1and N-cadherin-positive rosette formation, which until now
have not been classified as LCNEC.
In conclusion, analysis of ZO-1 and N-cadherin may help to
clarify the mechanisms leading to rosette formation in
neuroendocrine tumors, in the context of neural tube
formation during embryogenesis, and may have utility in the
diagnosis of pulmonary neuroendocrine tumors in differentiating rosettes from glandular structures in adenocarcinoma,
especially in small specimens.
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