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Summary. A group of lung neuroendocrine (NE) 
neoplasms are investigated in view of the possible 
presence of S-100 protein immunoreactivity in their cells. 

The selected tumours were classified according to 
Gould et al. (1983a) and Mosca et al. (1985). They 
comprise 5 carcinoids, 3 neuroendocrine carcinomas of 
the well-differentiated type, or peripheral carcinoids, 5 
neuroendocrine carcinomas of the intermediate cell type, 
or intermediate-cell, poorly differentiated carcinomas, 3 
neuroendocrine carcinomas of the microcytoma type, 
or small cell carcinomas-SCC and a nodal metastasis of 
microcytoma. 

All but 2 tumours were immunoreactive for neuron 
specific enolase (NSE). 

Few S-100 immunoreactive cells were detected in 4 
out of 5 carcinoids, in 1 out of 3 peripheral carcinoids, in 
4 out of 5 poorly differentiated carcinomas and in the 3 
microcytomas examined. No S-100 positive cells were 
found in the SCC's nodal metastasis. 

The S-100 immunolabelled cells can be interpreted as 
dendritic reticulum cells migrating through the tumours. 

However, in one case of typical carcinoid, abundant 
S-100 positive cells were detected: their stellate 
morphology and their intimate relation with neoplastic 
cells suggest that they are part of the neoplasia as a sort 
of satellite cell. 
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Introduction 

S-100 protein is an acidic, calcium binding protein, 
widely distributed in normal and neoplastic human 
tissues. 
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With immunohistochemical methods, using polyclonal 
antisera, it has been detected in various neural cell types, 
normal and neoplastic (Cocchia and Miani, 1980; 
Ghandour et al., 198 1 ; Stefansson et al., 1982; Grahm et 
al., 1983; Weiss et al, 1983; Barbareschi et al., 1984; 
Bonnin and Rubinstein, 1984; Hofler et al., 1984; Choi et 
al., 1985; Matsunou et al., 1985). S-100 immunoreactivity 
has also been described in melanocytes (Stefansson et al., 
1982a). chondrocytes (Stefansson et al., 1982b), serous 
cells of bronchial glands. sweat glands, myoepithelial 
cells of salivary glands and breast (Kahn et al., 1983), 
interdigitating reticulum cells of lymph nodes, spleen and 
thymus (Takahashi et al., 1981; Khan et al., 1983; 
Lauriola et al., 1984 b), Langerhans cells of the skin 
(Cocchia et al., 1981b; Halliday et al., 1986), and 
adipocytes (Nakajima et al., 1982). 

Immunostaining for S-100 gives positive results in 
tumours derived from the above mentioned cell types 
(Nakajima et al., 1982; Khan et al., 1983; Weiss et al., 
1983) comprising the group of histiocytosis (Nakajima et 
al., 1982; Moscinski and Kleinschmidt-De Masters, 
1985). mixed salivary gland tumours (Nakazato et al., 
1982; Rozel et al., 1985), chondroid syringomas (Kahn et 
al., 1983), granular cell myoblastomas (Nakazato et al., 
1982; Dhillon and Rode, 1983; Mukai, 1983), a variety of 
breast lesions (Nakajima et al.. 1982; Kahn et al.. 1983). 
chordomas (Nakajima et al., 1982; Weiss et al., 1983), 
and fibromatosis (Weiss et al., 1983). 

New sites of human S-100 immunoreactivity have 
been detected with 2 different monoclonal antibodies by 
Vanstapel et al., (1985, 1986): they include histiocytes, 
striated muscle fibers and a variety of normal and 
neoplastic epithelia1 cells. 

In addition to these data, S-100 labelled cells have 
been reported, using polyclonal antiserum. in cells strictly 
related to subepithelial neuroendocrine cells of human 
gut (Lundqvist and Wilander, 1986), in appendiceal 
carcinoids (Wilander et al., 1985) but not in other human 
gut carcinoids (Lundqvist and Wilander, 1986), and in 
pheochromocytomas (El Salhy et al., 1986). 
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S-100 immunoreactive cells have been described also 
in some gastrointestinal and bronchial carcinoids 
(Nakajima et al., 1982; El-Salhy et al., 1986). In some of 
the latter the labelled cells were numerous, stellate- 
shaped and were interpreted as Schwann or satellite cell 
components of the tumours. 

Immunoreativity to S-100 protein has been described 
in various human lung tumours, but actual data seem still 
incomplete. Stefansson et al. (1982) report 4 SCCs 
devoid of any S-100immunoreactivity. Kahn et al. (1983) 
describe occasional S-100 positive cells in 2 
bronchioloalveolar carcinomas and in interstitial lung 
tissue, whereas other lung tumours are reported to be 
completely negative. The immunoreactive cells in 
interstitial lung tissue were interpreted as interdigitating 
reticulum cells or Langerhans cells. 

Recently, Gatter et al. (1985) reported imrnunoreactive 
cells in 3 SCCs and in many of the squamous cell 
carcinomas and adenocarcinornas examined. 

The aim of our study is to examine a series of 
neuroendocrine lung tumours in view of the possible S- 
100 positivity in their cells. This group of tumours is 
selected because of the supposed relationship with 
normal bronchial neuroendocrine cells (Becker et al., 
1980; Gould et al, 1983b; D'Angati and Perzin, 1985). 

For diagnostic purposes, and as part of further study 
on a large series of human lung neoplasms (Mosca el al. 
1986), the tumours were also immunostained for neuron 
specific enolase (NSE), chromogranin (CG) and the 80 
kd antigen of neurosecretory granules detected by the 
monoclonal Phe-5 antibody. 

Materials and methods 

The neuroendocrine lung tumours examined are 
classified according to Gould et al. (1985), and Mosca et 
al. (1985) in the following 4 groups: 

- typical carcinoids or Neuroendocrine Carcinomas 
(NEC) of the CarciNoID type (NECNID); 5 cases 
studied. 

- peripheral carcinoids or NEC of the WELL - 
Differentiated type (NECWED); 3 cases studied. 

- intermediate cell poorly differentiated carcinomas 
or NEC of the Intermediate cell type (NECINT); 5 
cases studied. 

- small cell carcinomas (SCC) or NEC of the 
MICrocytoma type (NECMIC); 3 primitive cases 
and 1 nodal metastasis studied. 

In our study we also examine 2 tumourlets of which 
one, according to the cited classification, belongs to the 
NECNID and the other to the NECWED group. 

All specimens were surgically removed, formalin- 
fixed, paraffin-embedded and sectioned in 4 pm sections. 
For routine histology the sections were stained with 
hematoxylin - eosin and Alcian-blue-PAS. Preliminar 
investigations were also carried out by treating the 
specimens with a modified argyrophil Grirnelius reaction 
(Lack and Mercer, 1977). 

Immunohistochernical staining was performed using 
the peroxidase-antiperoxidase (PAP) method of 

Sternberger et al. (1970). Rabbit polyclonal antiserum to 
bovine brain S-100 protein was obtained from DAKO 
(Code No. 2311 Lot. n. 026). Rabbit polyclonal 
antiserum to human neuron specific enolase (NSE) was 
obtained from Immuno Nuclear Corp. (Cat. No. 
3A022, Lot. No. 85 44050). Rabbit polyclonal 
antiserum to native porcine chromogranine (CG) was 
obtained from Immuno Nuclear Corp (Cat. No. 63H2PT 
Lot. No. 8541012). Monoclonal antibody to the 80 kd 
antigen of neurosecretory granules was obtained from 
Ortho Diagnostic System S.p.A. (Cod. ENDO; ENZO 
BIOCHEM Cat. No. EAB-932, Lot. No. 51FC2). 
Sections to be stained with antiserum against NSE and 
CG were preincubated with a proteolytic enzyme 
(Protease XIV. SIGMA) to enhance the reactions. 

Negative control sections were obtained by omission 
of the primary antibody. 

Positive controls for NSE consisted in medullary cells 
of adrenal gland. Controls for S-100 consisted of nerve 
fibres of appropriately tested specimens and of intrinsic 
cartilage, bronchial serous glands and nerve fibres laying 
in proximity to the tumours being investigated. 

Results 

The surgical specimens were classified according to 
the classification of neuroendocrine neoplasms, recently 
proposed by Gould et al. (1983a) and Mosca et al. 
(1986), which is a modification of the WHO classification 
system. 

We studied 14 macroscopically evident tumours, 2 
tumourlets and one nodal metastasis (Table 1). 

The 2 tumourlets examined were found in lung 
specimens, which were surgically removed for chronic 
inflammatory diseases (bronchiectasis). One was 
classified in the NECNID and the other in the NECWED 
group. Both were clearly argyrophilic with the modified 
Grimelius silver impregnation and stained positively 
with antiserum against NSE (Fig. l )  CG and the 80 kd 
antigen of neurosecretory granules, but, on the contrary, 
the tumourlets appeared clearly devoid of any S-100 
positive cell. 

Of the other 15 neoplasms, Grimelius silver 
impregnation demonstrated clear argyrophilia in the 
remaining 4 NECNID and 2 NECWED,in 2 out of the 5 
NECINT, none in the primary SCCs and none in the 
metastatic one. The specimens were immunostained for 
detection of NSE: all but one NECINT and one SCC 
were positive (Fig. 2). All NECNID were also CG 
positive. 

Immunostaining with antiserum against S-100 protein 
revealed three different patterns: 

a) Total absence of S-100 positive cells; this being the 
case of 1 NECNID. 2 NECWED, 1 NECINT and of the 
SCC's nodal metastasis. 

b) Focal and irregular presence of scarce S-100 
positive cells. Most of the tumours examined presented 
this pattern. The S-100 reactive cells were generally 
irregularly shaped, with cell processes extending through 
tumoural elements (Fig. 3). Sometimes these cells lay in 



Fig. 1. NSE immunoreactive tumourlet. 
lmmunoperoxidase PAP-hematoxylin 
counterstain. x l  00 

Fig. 2. NECINT with variable 
argyrophilia of many cells. Grimelius 
silver impregnation. xlOO 



Fig. 3.5-1 00 immunoreactive cells 
in neuroendocrine lung tumours: 
these cells are very scarce, 
dendritic, stellate- or irregularly 
shaped. lmmunoperoxidase PAP 
without counterstain. (a) peripheral 
carcinoid x250. (b) atypical carcinoid 
x250. (c) SCC x100 

Fig. 4. Endobronchial carcinoid. (a) 
The tumoural growth is partly 
subepithelial (arrows mark epithelia1 
layer covering the neoplasm). 
Hematoxylin-Eosin, xl00 (b) The 
same tumour shows distinct 
NSE immunoreactivity. 
lmmunoperoxidase PAP-Hematoxylin 
counterstain. x100 
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Fig. 5. Same case of Fig.4, 
immunostained for S-100. (a) S-l00 
immunoreactive cells are numerous, 

stellate-shaped and in intimate 
relation with tumoral cells. 

Immunoperoxidase PAP x100. (b) At 
higher magnification, 

the cell morphology appears 
reminiscent of other cell types with 

sustentacular functions. 
lmmunoperoxidase PAP. x250 

the interstitial connective tissue between neoplastic carcinoid (NECNID) with a conspicuous endobronchial 
cords. Similar cells could sometimes be identified in growth: Grimelius silver impregnation and immunostaining 
interalveolar connective tissue of adjacent non-tumoural for NSE and CG were positive (Fig. 4). The S-100 positive 
lung parenchyma. cells were very abundant, intimately connected with 

c) Diffuse presence of S-100 immunoreactive cells in tumoural cells, elongated or stellate-shaped, with numerous 
relation with neoplastic cells. We found only one tumour cell projections (Fig. 5 ) .  
presenting this pattern. It was a centrally located 
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Table 1. Examined cases and immunohistochemical findings. 

GRlMELlUS NSE S1 00 
TUMOUR NUMBER POSlTlVlTY POSlTlVlTY POSITIVITY 

N.D.: not done. * one of the positive tumours contained abundant S-100 
reactive cells; 

O the tumourlet type was negative 

NECNID 

NECWED 

NECINT 

NECMIC 

Metastasis 
of SCC 

Discussion 

The neuroendocrine tumours presented in this paper 
are classified according to Gould et al. (1983a) and 
Mosca et al. (1986). Their neuroendocrine nature has 
been confirmed with immunohistochemical analysis 
using polyclonal antiserum against NSE, which is a 
widely acccepted neuroendocrine marker (Said et al., 
1985; Mosca et al., 1986). 

The S-100 positive cells detected in our study are 
always, except in one case, very scarce and readily 
detected only in uncounterstained slides. Their 
morphology appears very irregular, dendritic, with 
elongated cell processes extending between neoplastic 
cells. Frequently the S-100 immunoreactive cells are also 
located in interstitial tissue between tumoural nests and 
cords. 

Owing to their morphology. distribution and scarcity 
we belive that the S-100 positive cells are not part of the 
neoplastic growth. They could be interpreted as 
dendritic reticulum cells migrating through the tumours. 
Similar findings and interpretations are also described 
for other neoplasms, i.e. nasopharingeal indifferentiated 
carcinomas (Lauriola et al., 1984 a; Nomori et al., 1986), 
and for inflammatory lesions, i.e. cutaneous 
leishmaniasis (Veress and El Hassan, 1985). 

In our material no correlation seems to exist between 
histological tumour type, presence, and quantity of S-100 
immunoreactive cells. 

The only exceptions are the tumourlets, which were 
devoid of any of such cells. This fact could perhaps be 
explained in view of the role of these S-100 labelled cells 
and the hypothetical nature of the tumourlets themselves 
(D'Agati and Perzin, 1985). In fact, if the detected cells 
are dendritic reticulum cells. they should play a role in 
modulation of host-tumour interactions (Lauriola et al., 
1983). It could be that such interactions, which take place 
between host and lung tumour's, are not yet fully 
developed in respect to the small size of the tumourlets. 
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which are interpretable as the very first stage of the 
neoplastic growth of neuroendocrine tumours (Gould et 
al., 1983a, b; Mosca et al., 1985). 

In our study we also detected a case of bronchial 
central carcinoid. similar to the one described by 
Nakajima et al., (1982), and to the four reported by El- 
Salhy et al., (1986), with very abundant S-100 
immunoreactive cells with peculiar stellate morphology. 
These cells resemble setellite cells of peripheral ganglia 
and adrenal medulla (Cocchia and Michetti, 1981a), 
folliculo-stellate cells of adenohypophysis (Nakajima et 
al., 1982) and the S-100 positive cells of paraganglioma 
(Nakaima et al., 1985) and pheochromocytomas 
(El-Salhy et al., 1986). 

We agree that these cells are in fact part of the 
neoplasia. possibly a sort of satellite cell component. 
Similar interpretations are reported with respect to 
appendiceal carcinoids. 

These latter tumours are believed to originate from 
subepithelial neuroendocrine cells (Rode et al.. 1982, 
1983; Lundqvist and Wilander, 1986) and to have a 
different histogenetic andlor differentiative pattern from 
other gut carcinoids. Seemingly, it could be supposed 
that the tumour we describe has a peculiar histogenetic 
andlor differentiating pattern. which sets it apart from 
the other lung carcinoids we examinated. 

Further studies are required to establish if the 
presence of supposed dendritic reticulum cells in lung 
neuroendocrine tumours has any prognostic significance. 
Moreover the nature and origin of lung carcinoids with 
respect to their possible S-100 immunoreactivity should 
be further investigated. 
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