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Microtubule-associated proteins (MAPs) are a ma-
jor component of cytoskeleton family proteins as-
sociated with microtubule assembly. MAP-2 has
been shown to be specifically expressed in neuro-
nally differentiated cells. Pulmonary neuroendo-
crine carcinomas such as carcinoid tumors and
small cell carcinomas are derived from neuroendo-
crine cells. We hypothesize that neuroendocrine
cells may also express MAP-2, and therefore,
MAP-2 may be used as a marker for pulmonary
carcinomas of neuroendocrine differentiation. To
investigate the utility of using MAP-2 expression to
separate pulmonary neuroendocrine from non-
neuroendocrine tumors, we examined the expres-
sion of MAP-2 immunohistochemically in 100 cases
of pulmonary carcinomas. The immunoperoxidase
method with antigen retrieval was used to charac-
terize the expression of MAP-2, chromogranin, syn-
aptophysin, and neuron-specific enolase in 25 small
cell carcinomas, 25 carcinoid tumors, 25 adenocar-
cinomas, and 25 squamous cell carcinomas. All tu-
mors were lung primaries. All 25 cases of carcinoid
tumors (100%) as well as 23 of 25 cases (92%) of
small cell carcinomas were positive for MAP-2. Four
of 25 cases (16%) of adenocarcinomas were positive
for MAP-2 and synaptophysin. Among the 25 squa-
mous carcinomas, 4 cases (16%) were positive for
MAP-2, 2 cases (8%) were positive for synaptophy-
sin, 11 cases (44%) were positive for neuron-specific
enolase, and none was positive for chromogranin.
In conclusion, MAP-2 is a new sensitive and specific
marker for the pulmonary tumors of neuroendo-
crine differentiation.We recommend thatMAP-2 be
added to immunohistochemical panels to separate

non-neuroendocrine from neuroendocrine lung
tumors.
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The cytoskeleton is composed of a three-dimensional
network assembled from actins, microtubules and
intermediate-size filaments. This network is involved
in a wide variety of cell functions such as the regula-
tion of cell shape and polarity during cell differentia-
tion and proliferation, intracellular membrane traffic,
secretory process, modulation of receptors, spatial
organization of cell organelles, chromosome parti-
tioning at mitosis, and intracellular transportation (1,
2). These functions are maintained and supported
mainly by the microtubule network that includes tu-
bulin isoforms and microtubule associated proteins
(MAPs). Although the tubulin isoforms form the
frame of the network, the integrity and intracellular
organization of microtubule network is modulated
and assembled by MAPs. It is well known that MAPs
interact with other cytoskeleton proteins as well (1, 2).
Although MAPs have been found to be present in

all eukaryotic cells, MAPs have been traditionally
isolated and characterized from the brain. The fam-
ily of MAPs includes high molecular components
such as MAP-1A, MAP-1B, MAP-1C, MAP-2A and
MAP-2B, the neuronal MAP-3, MAP-4; intermediate
size polypeptides such as tau; and small molecular
component such as MAP-2C. More than twenty
isoforms of neuronal MAPs have been found and
characterized during last three decades. MAP-2 is
found mainly in dendrites and soma of neuronal
cells in most regions of central nervous system.
MAP-2 has been used extensively as a very sensitive
and specific marker for neuronal differentiation
during the last two decades (2).
Most pulmonary carcinomas may be readily clas-

sified and characterized based on their morpho-
logic features such as cellular pattern, cell size, nu-
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clear to cytoplasmic ratios and nuclear features
such as chromatin pattern and presence or absence
of nucleoli. However, the morphologic separation
of pulmonary neuroendocrine carcinomas from
non-small cell carcinomas may sometimes be dif-
ficult and challenging. The distinction between
these two groups of carcinomas is very important,
because they differ in clinical behavior, prognosis,
and treatment, including their response to chemo-
therapy and irradiation. Although many studies in-
dicate that the immunohistochemical markers for
neuroendocrine differentiation such as synapto-
physin, chromogranin, Leu-7 and neuron-specific
enolase are useful in detecting neuroendocrine dif-
ferentiation in lung carcinomas, these markers are
not specific for neuroendocrine differentiation be-
cause positive staining has been reported in non-
small cell carcinomas (3–11).
Although the cell origin for neuroendocrine car-

cinomas of the lung is controversial and debatable,
most studies support that neuroendocrine carcino-
mas are derived from Kulchitsky cells, based on the
presence of intracytoplasmic dense core granules
and immunohistochemical profile (12, 13). The util-
ity of MAP-2 expression in neuroendocrine neo-
plasms has not been investigated. In this study, we
compared the sensitivity and specificity of MAP-2
immunoreactivity to that of conventional neuroen-
docrine markers such as synaptophysin, chromo-
granin and neuron-specific enolase in neuroendo-
crine carcinomas and non–small cell carcinomas.

MATERIALS AND METHODS

Cases were retrieved from the archives of the
Department of Pathology and Laboratory Medicine
at Allegheny General Hospital from Jan. 1996 to Jan.
1998. A total 100 cases of pulmonary carcinomas
were included. The original hematoxylin-eosin
stained sections as well as a recut from each case
were reviewed to confirm the diagnosis. All tumors
were lung primaries based on morphologic finding
and chart review. The formalin-fixed paraffin em-
bedded blocks were selected from each case for
immunohistochemical studies.
We studied 50 cases of neuroendocrine carcino-

mas, including 25 cases each of carcinoid tumor
and small cell carcinoma and 50 cases of non-small
cell carcinomas, consisting of 25 cases of squamous
cell carcinoma and 25 cases of adenocarcinoma.
Immunostaining was performed using the avidin-
biotin-peroxidase complex (ABC) method. Five-
micrometer sections were cut from the paraffin
blocks and mounted on charged slides. The sec-
tions were deparaffinized, rehydrated, and treated
with 1% hydrogen peroxide for 10 minutes to block
endogenous peroxidase activity. Sections then were
rinsed and incubated with primary antibodies

against MAP-2 (Sigma, St. Louis, MO), chromo-
granin (Sigma), synaptophysin (SYN; Sigma), and
neuron specific enolase (NSE; Sigma). The immu-
nostaining was performed on an automated immu-
nostainer with appropriate positive and negative
controls.

RESULTS

A total of 100 pulmonary carcinomas were stud-
ied. The results of the immunoreactive staining are
shown in the Table 1. The immunostaining pattern
for MAP-2 is diffuse cytoplasmic positivity with no
nuclear staining. Strong positive MAP-2 immuno-
reactivity was seen in carcinoid tumors. The immu-
noreactivity for synaptophysin, chromogranin, and
neuron-specific enolase was also cytoplasmic.
Figure 1 shows the immunoreactivity of MAP-2

for a carcinoid tumor. As shown in Table 1, all 25
cases (100%) of carcinoid tumors were strongly and
diffusely positive for MAP-2. Twenty-three of 25
cases (92%) of small cell carcinomas showed immu-
noreactivity with MAP-2 (Fig. 2). Unlike diffuse im-
munoreactivity of MAP-2 seen in carcinoid tumors,
MAP-2 immunoreactivity with the small cell carci-
nomas was weaker and less diffuse. Four cases
(16%) of poorly differentiated adenocarcinomas
showed focal immunoreactivity with MAP-2 and
synaptophysin. Two of 25 cases (8%) of squamous
carcinomas were focally positive for MAP-2.
Positive immunoreactivity of synaptophysin was

also seen in all 25 cases (100%) of carcinoid tumors
and in 23 cases (92%) of small cell carcinomas. The
immunoreactivity was diffuse and strong in carci-
noid tumors but less diffuse in small cell carcino-
mas. Four of 25 (16%) adenocarcinomas and 2 of 25
(8%) cases of squamous carcinomas were focally
positive for synaptophysin.
All 25 cases of carcinoid tumors (100%) were im-

munoreactive with chromogranin (Table 1). Twenty-
one of 25 cases (84%) of small cell carcinomas were
negative for chromogranin. There were 4 cases (16%)
of small cell carcinomas showing focal, weak blush
immunoreactivity (�5% of the cells) with chromo-
granin. None of the 25 cases of adenocarcinomas and
25 cases of squamous carcinomas was immunoreac-
tive with chromogranin.
NSE immunoreactivity was demonstrated in 21

cases (81%) of carcinoid tumors and in 10 cases

TABLE 1. The Positive Staining Percentages for MAP-2,

SYN, CHR, and NSE

Cases MAP-2 (%) SYN (%) CHR (%) NSE (%)

Carcinoid tumor 100 100 100 84
Small-cell carcinoma 92 92 0 40
Adenocarcinomas 16 16 0 60
Squamous cell carcinoma 16 8 0 44

MAP, microtubule-associated protein; SYN, synoptophysin; CHR,
chromogranin; NSE, neuron-specific enolase.
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(40%) of the small cell carcinomas. The intensity of
the NSE immunoreactive staining with carcinoid
tumors and small cell carcinomas was not as strong
as with MAP-2 and synaptophysin. 14 of 25 cases
(60%) of adenocarcinomas and 11 of 25 (44%) cases
of squamous carcinomas were also immunoreac-
tive with NSE.

DISCUSSION

Lung carcinomas are the leading cause of cancer
death for both males and females in United States.

Most pulmonary carcinomas may be readily classi-
fied based on their histological features. However,
diagnosis and classification by routine light micro-
scopic examination may be difficult and challeng-
ing, especially when the tumor is a poorly or undif-
ferentiated carcinoma. Accurate identification of
small cell carcinomas in biopsies is critical, because
these tumors are optimally treated by modalities
other than surgeries. Neuroendocrine tumors gen-
erally may be classified into two categories. The first
category is an organ-specific group arising from
neuroendocrine organs such as pituitary gland, thy-

FIGURE 1. Immunoreactivity of microtubule-associated protein-2 (MAP-2), synaptophysin, chromogranin, and neuron-specific enolase (NSE) with
carcinoid tumors. A, hematoxylin and eosin stain. B, MAP-2. C, synaptophysin. D, chromogranin. E, NSE.
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roid, pancreas, and adrenal gland. The second
group arises from the diffuse neuroendocrine cells/
Kulchitsky cells that are widely distributed through-
out the body and are highly concentrated in the
pulmonary and gastrointestinal systems (9, 10, 14,
15, 17). Neuroendocrine tumors usually demon-
strate ultrastructural evidence of dense neuroendo-
crine secretory granules and express certain spe-
cific hormones or proteins that can be detected

immunohistochemically (12, 13, 16, 18, 19). Synapto-
physin, chromogranin, neuron-specific enolase,
Leu-7, bombesin, beta-dopamine hydroxylase, and
villin have been shown to express immunohisto-
chemically in neuroendocrine neoplasms (5, 6, 9–11,
15, 20–23). Synaptophysin, chromogranin, and
neuron-specific enolase are usually included in the
immunohistochemical panel to confirm or exclude a
neoplasm with neuroendocrine differentiation.

FIGURE 2. Shows immunoreactivity of microtubule-associated protein-2 (MAP-2), synaptophysin, chromogranin, and neuron-specific enolase
(NSE) with small cell carcinomas. A, hematoxylin and eosin stain. B, MAP-2. C, synaptophysin. D, chromogranin. E, NSE.
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In this study, we demonstrated that a high per-
centage of pulmonary carcinoid tumors and small
cell carcinomas expressed MAP-2 immunohisto-
chemically. To our knowledge, this is the first study
to investigate the utility of MAP-2 expression in
pulmonary neuroendocrine neoplasm. We also
compared the sensitivity and specificity of MAP-2
immunoreactivity with conventional neuroendo-
crine markers including synaptophysin, chromo-
granin, and NSE.

MAP-2, a 280-kD high molecular weight compo-
nent of MAP family, is expressed in nerve cells and
has a characteristic dendritic and somatic subcellular
distribution. Ultrastructurally, they are components
of filamentous structures that occur between micro-
tubules and other organelles. Neuroscientists have
used MAP-2 extensively as a specific and sensitive
marker for cells with neuronal differentiation. MAP-2
also has been shown to be expressed in a number of
neuronal/neuroblastic neoplasms. Frierson et al. re-
ported that 8 of 11 cases of olfactory neuroblastomas
were positive for MAP-2, as well as neurofilaments
and synaptophysin. MAP-2 immunoreactivity has
also been demonstrated in central neurocytomas,
medulloblastomas, gangliogliomas, and dysembryo-
plastic neuroepithelial tumors (24–26).

Our results indicate that MAP-2 may be used as a
sensitive and specific marker for pulmonary carci-
noid tumor and small cell carcinoma and that
MAP-2 immunohistochemistry can be performed
on routine paraffin-embedded formalin-fixed tis-
sue. In this study, MAP-2 was positive in 100% of
carcinoid tumors and 92% of small cell carcinomas.
The sensitivity and specificity of MAP-2 immuno-
reactivity with carcinoid tumors and small cell car-
cinomas is equivalent to synaptophysin and is su-
perior to NSE and chromogranin. Two cases of
poorly differentiated squamous carcinomas were
focally positive for MAP-2 and synaptophysin. The
original diagnoses of poorly differentiated squa-
mous cell carcinomas were based on H&E exami-
nation without confirmation of immunohistochem-
ical studies. Our review of these two cases
suggested that they are best classified as large cell
carcinomas with neuroendocrine differentiation.
These cases suggest that future studies of MAP-2 for
the diagnosis of large cell neuroendocrine may be
of value. The use of thyroid transcription factor-1
(TTF-1) in small cell lung carcinoma has been ex-
tensively studied. Folpe et al. reported that TTF-1
expression was seen in 35% of typical carcinoid,
100% of atypical carcinoids, 75% of the large cell
neuroendocrine carcinomas, and 95% of small cell
carcinomas (27).

The sensitivity of synaptophysin and chromo-
granin for carcinoid tumor is also 100%. Chromo-
granin also has the highest specificity, since chro-
mogranin is rarely immunoreactive with any

tumors other than carcinoid tumors. Chromo-
granin is not only a sensitive marker for carcinoid
tumors but also has value in separating well-
differentiated neuroendocrine tumors such as a
carcinoid tumor from poorly differentiated neu-
roendocrine tumor such as a small cell carcinoma.
In this study, although all 25 cases of carcinoid
tumors were always strongly and diffusely positive
for chromogranin, 21 of 25 cases of small cell car-
cinomas were negative for chromogranin. Four of
25 cases of small cell carcinomas showed weak
blush immunoreactivity in less than 5% of the cells.

Our results with conventional immunohisto-
chemical markers of neuroendocrine neoplasms
are similar to previous studies (11, 18, 28). Said et al.
examined 9 carcinoid tumors and 12 small cell car-
cinomas, demonstrating positive staining for chro-
mogranin in all 9 carcinoid tumors and negative
staining in all 12 small cell carcinomas (11). Dardick
also failed to demonstrate positive staining of chro-
mogranin in 15 cases of small cell carcinomas by
using a very sensitive immunohistochemical ap-
proach called immunogold electron microscopy
(18). Walts et al. also showed absence of staining for
chromogranin in 20 cases of small cell carcinomas
in cytology specimens (28). However, a few studies
have demonstrated that a small proportion of small
cell carcinomas are immunohistochemically posi-
tive for chromogranin (8). The disparate results of
chromogranin immunoreactivity for small cell car-
cinoma are probably a reflection of the degree of
differentiation of the neuroendocrine tumors,
which includes the number of the cytoplasmic
dense-core neuroendocrine granules in the malig-
nant cells. Because small cell carcinomas are undif-
ferentiated tumors, they may not have any or have
very low number of neuroendocrine granules that
can be detected by immunohistochemistry. An-
other explanation for the differing results of chro-
mogranin immunoreactivity for small cell carcino-
mas is that the positive immunoreactivity in small
cell carcinomas may represent area of focal better
differentiation in small cell carcinomas.

Synaptophysin is a membrane glycoprotein ini-
tially identified from neuronal presynaptic vesicles.
SYN has been known as a sensitive and specific
marker for tumors with neuroendocrine differenti-
ation. In this study, SYN showed immunoreactivity
with 100% of carcinoid tumors, 92% of small cell
carcinomas, 16% of adenocarcinomas, and 8% of
squamous cell carcinomas. The sensitivity and
specificity of SYN immunoreactivity with neuroen-
docrine tumors is the same as MAP-2.

Enolase is a glycolytic enzyme composed of
dimers of three subunits named alpha, beta, and
gamma subunits. The gamma-gamma dimers of
enolase are found mainly in neurons and neuroen-
docrine cells and are referred to neuron-specific
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enolase. However, gamma subunits have been
found in other cells as well. Although NSE has been
used as a marker for neuroendocrine tumors, we as
well as other have demonstrated that NSE is non-
specific for the diagnosis of neuroendocrine tu-
mors. In this study, NSE showed immunoreactivity
in 60% of adenocarcinomas and 44% of squamous
carcinomas. Loy et al. also showed immunoreactiv-
ity of NSE with 60% of carcinomas lacking neuroen-
docrine differentiation.

In conclusion, we believe that MAP-2 is a very
sensitive and specific marker for the pulmonary
tumors of neuroendocrine differentiation. We rec-
ommend that MAP-2 be added to immunohisto-
chemical panels to separate non-neuroendocrine
from neuroendocrine lung tumors.
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