
Virchows Arch [Pathol Anat] (1985) 406:339-350 Awh  A 
© Springer-Verlag 1985 

The intermediate filament cytoskeleton of cutaneous 
neuroendocrine carcinoma (Merkel cell tumour) 
Immunohistochemical and biochemical analyses* 
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Summary. The presence and distribution of cytokeratins, neurofilament 
proteins, vimentin and glial fibrillary acidic protein were studied in 10 
cutaneous neuroendocrine carcinomas (CNEC) by immunohistochemi- 
cal techniques, using specific antibodies. In all cases tumour cells were 
specifically stained with antibodies to mouse liver cytokeratin component 
D in paraffin-embedded formalin-fixed and frozen sections. Moreover, 
one- and two-dimensional SDS-polyacrylamide gel electrophoresis of  
high salt/detergent resistant cytoskeletal residues from tumour material, 
isolated by microdissection from frozen sections, revealed the presence 
of cytokeratin components 8 and 18 which are characteristic constitu- 
tents of  cytokeratin filaments of  simple epithalia. Neurofilament proteins 
were detected by immunocytochemistry in turnout cells from 2 patients, 
from whom frozen material was available, and their presence was also 
positively identified in cytoskeletal residues by immunoblotting using 
specific antibodies. Glial fibrillary acidic protein and vimentin could 
not be demonstrated in tumour cells. Our studies did not confirm the 
suggested origin of CNEC from epidermal Merkel cells. 

Key words: Cutaneous neuroendocrine carcinoma - Immunocytochem- 
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Introduction 

Cutaneous neuroendocrine carcinomas (CNEC) are neoplasms first de- 
scribed in 1972 by Toker (1972) as trabecular carcinomas. Clinically, bluish- 
red nodules are observed and the cheek of elderly women is the most fre- 
quent single location. Local recurrences after surgery and lymph node metas- 
tases are common. The tumour cells are small and uniform in size and 
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shape with a thin rim of cytoplasm, well defined nuclei, small nucleoli, 
and finely dispersed chromatin. A few cases with squamous differentiation 
have been described (Sidhu et al. 1980; Frigerio et al. 1983; Gomez et al. 
1983; Fetissof et al. 1983). Orr the basis of histomorphology the possibility 
that CNEC represent a heterogenous group of neoplasms cannot be ex- 
cluded. Electronmicroscopic characteristics are membrane-bound dense-core 
neuroendocrine granules and intermediate-sized filaments in perinuclear lo- 
cation (Sibley et al. 1980; Pilotti et al. 1982; Hiibner et al. 1983; Cremer 
and Totovic 1983; Warner et al. 1983). The histogenesis of CNEC is un- 
known. On the basis of ultrastructural similarities a relationship with Merkel 
cells of the epidermis has been suggested (see Warner et al. 1983, for review). 

Using immunohistochemical criteria a more precise definition of CNEC 
is possible. Several studies have demonstrated the presence of neuron-specif- 
ic enolase (Gloor et al. 1982; Wick et al. 1983; Gu et al. 1983; Nakashima 
et al. 1983; Kirkham and Isaacson 1983) and neurofilaments (Mietinen et al. 
1983; Viale et al. 1983) suggesting neuroendocrine properties of neoplastic 
cells in CNEC. There are also reports of CNEC associated with production 
of ACTH, calcitonin and other peptide hormones (Johannessen and Gould 
1980; Iwasaki et al. 1981 ; Solcia et al. 1981 ; Gould et al. 1984). In addition, 
recent data showed that CNEC are also related to epithelial differentiation, 
because some authors demonstrated cytokeratin (Ortonne et al. 1983) or 
coexpression of cytokeratin filaments and neurofilaments in tumour cells 
(Kerl et al. 1984; Merot et al. 1984; Ruiter et al. 1984; Virtanen et al. 1984; 
H6fler et al. 1984b). 

In the present study further immunohistochemical and biochemical anal- 
yses were performed to characterize the major cytoskeletal structures of 
CNEC and thus to contribute to our knowledge regarding histogenesis and 
diagnosis of these tumors. 

Material and methods 

Tissues. 10 CNEC, identified by light- and electronmicroscopy, were investigated. Tissues 
were fixed in 10% buffered formaldehyde solution. Material from 2 patients was frozen immedi- 
ately after surgery in isopentane cooled in liquid nitrogen for frozen sectioning. 

Immunohistochemistry. For the immunocytochemical staining of antigens the PAP-technique 
(Sternberger 1979) was used. With monoclonal antibodies against neurofilament proteins as 
first antibody layer the biotin-avidin-peroxidase method (ABC-Kit, Vector, USA) was applied. 
All reagents were diluted with phosphate-buffered saline (PBS, 0.5 M). Peroxidase activity 
was visualized with 3',3'-diamino-benzidine-tetrahydrochloride (0.05% w/v) and hydrogen per- 
oxide (0.01% w/v) in Tris-HC1 buffer (0.05 M, pH 7.2). For the immunocytochemical demon- 
stration of cytokeratin the paraffin sections were pretreated with 0.1% pronase (Type VII, 
Serva, Heidelberg, FRG) for I h at 37 ° C according to Denk et al. (1977). For indirect immuno- 
fluorescence microscopy cryostat sections were air-dried for 10 rain, fixed in - 2 0 ° C  acetone 
for 10 rain and subsequently incubated with the primary and secondary antibodies (for details 
see Denk et al. 1981). Double label immnnofluorescence microscopy was performed by sequen- 
tial application of antibodies to cytokeratin and neurofilament proteins from different species 
and FITC- and TRITC-coupled secondary antibodies. The following antibody combination 
was used: guinea pig antibodies to mouse liver cytokeratin D (visualized by TRITC-coupled 
goat antibodies to guinea pig IgG; E-Y-Labs, San Mateo, CA) and mouse antibodies to 



Intermediate filaments in cutaneous neuroendocrine carcinoma 

Table l. 

341 

Antiserum to Dilution" Source/References 
(species) 

(gp) mouse liver cytokeratin D (CK/D, 49 K) 1 : 3,000 
1 : 1 0 0  b 

(gp) human epidermal prekeratin I (67 K) 1 : 200 
1:80 b 

(gp) human epidermal prekeratin II (58 K) 1 : 1,000 
3:40 b 

(gp) human epidermal prekeratin III (53 K) 3 : 1,000 
1:60 b 

(ra) human vimentin 3 : 300 
3:~5 b 

(ra) glial fibrillary acidic protein (GFAP) undiluted 

(m) human neurofilament protein (NF), (70 K), 1 : 10 
monoclonal 3 : 5 u 

(m) human neurofilament protein (NF), 1:40 
(200 and 70 K), monoclonal 3:28 

(ra) human neuron-specific enolase (NSE), 3:1,000 
E.C. 4.2.3.31 

Denk et al. (1981) 

Denk et al. (1981) 

Denk et al. (1981) 

Denk et al. (1981) 

Denk et al. (1983) 

Dako (Denmark) 

Sanbio (Holland) 

Virtanen (Finland) 

Dako (Denmark) 

Abbreviations." gp = guinea pig; ra = rabbit; m = mouse 

a peroxidase-antiperoxidase reaction except 
b indirect immunofluorescence microscopy 

human neurofilament protein (kindly provided by Dr. I. Virtanen; visualized by FITC-coupled 
goat antibodies to mouse IgG and IgM; TAGO, Burtingame, CA). Controls included preim- 
mune rabbit and guinea pig sera, gamma globulin from sheep and PBS, respectively, instead 
of primary and secondary antibodies. Antibodies used are summarized in Table 1. Antibodies 
to different epidermal cytokeratin polypeptides were prepared as described by Denk et al. 
(1981) and Franke et al. 0981) for those to mouse liver cytokeratin D. 

Preparation of cytoskeletal material. Tumour tissue from two CNEC was isolated by micro- 
dissection of 25 gm thick frozen (cryostat) sections as described by Moll et al. (1982, 1983, 
1984). The material was scraped off the slide, collected in medium A (96 mM NaC1, 8 mM 
KHzPO 4, 5 .6mM Na2HPO4, 1 .5mM KC1, 10mM Naz-EDTA, 0.1 mM dithiothreitol, 
0.4 mM phenylmethylsulfonyl fluoride; pH 6.8) and homogenized in a glass homogenizer 
equipped with a tephlon pestle. Thereafter, 3 vol of extraction medium I (2.0 M KC1, 200 mM 
NaC1, 10 mM Tris-HCl, 0.1 mM dithiothreitol, 0.4 mM phenylmethylsulfonyl fluoride) were 
added and homogenates were extracted for 30 min at 4 ° C. The homogenate was then centri- 
fuged for 20 rain at 10,000 g. The sediment was resuspended in extraction medium II (1.5 M 
KC1, 1% Triton X-100, 150 mM NaC1, 10 mM Tris-HCl, 0.1 mM dithiothreitol, 0.4 mM phen- 
ylmethylsulfonyl fluoride, pH 7.4; 3 x the vol of E I) and extracted for 90 rain at 4 ° C. 
The extract was centrifuged for 20 min at 10,000 g, the sediment was washed 3 times for 
20 min in PBS (pH 7.45) containing 0.1 mM dithiothreitol and 0.4 mM phenylmethylsulfonyl 
fluoride and centrifuged at 8000 g for 5 min. 

Gel electrophoresis. One-dimensional SDS-polyacrylamide gel electrophoresis followed the 
methodology of Laemmli (1970) as described (Denk et al. 1981). Two-dimensional gel electro- 
phoresis was performed using nonequilibrium pH gradient conditions in the first dimension 
(O'Farrell et al. 1977) and SDS-electrophoresis in the second dimension (Moll et al. 1983). 
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Gels were stained with Coomassie blue. In order to positively identify some polypeptides, 
immunoblots were performed according to Towbin et al. (1979) using antibodies to vimentin 
from human aorta (Denk et al. 1983) and to neurofilament protein (kindly supplied by Dr. 
I. Virtanen, Helsinki, Finland; see Table 1). Proteins were identified by the binding of anti- 
bodies (e.g., to vimentin) to polypeptides transferred to nitrocellulose paper by blotting. Binding 
of antibodies was visualized by the peroxidase-antiperoxidase (PAP) technique (Sternberger 
1979). The binding of monoclonal antibodies (e.g., to neurofilament proteins) was assessed 
by horse-radish peroxidase-coupled antibodies to mouse immunoglobulins (Dako, Denmark). 
Peroxidase activity was visualized by the diamino-benzidine reaction. 

Results 

Morphology and immunohistochemistry 

The histological features of the investigated CNEC were variable. Only 
2 neoplasms revealed characteristic sheets of cells forming a trabecular pat- 
tern, 3 tumours showed features resembling oat cell carcinoma and in 5 
lesions a nodular and diffuse pattern simulating malignant (lymphoblastic) 
lymphoma was found. Neuron-specific enolase immunoreactivity was de- 
tectable in all CNEC (for a detailed description and the investigation of 
different neuropeptides see H6fler et al. 1984b). Tumour cells did not react 
with antibodies to S-100 protein, glial fibrillary acidic protein (GFAP) and 
vimentin. A positive reaction for vimentin was found only in the stroma 
and vessels of  CNEC. In all cases of CNEC, tumour cells were stained 

Fig. 1. Cutaneous neuroendocrine carcinoma. Ring-like cytoplasmic staining pattern of tumonr 
cells with anti-cytokeratin D. Formalin fixation, paraffin-embedded material. PAP-technique. 
x 280 
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Fig. 2. Cutaneous neuroendocrine carcinoma. Strong fluorescence of paranuclear cytokeratin 
accumulations in tumor cells. Notice also decoration of slender cytoplasmic extensions. Cryo- 
stat section, acetone fixation, indirect immunofluorescence, x 640 

Fig. 3. Cutaneous neuroendocrine carcinoma. Intensive paranuclear fluorescence of tumour 
cells with antibodies to neurofilament proteins (200 K and 70 K). Staining pattern is similar 
to that anti-cytokeratin D. Cryostat section, acetone fixation, indirect immunofluorescence. 
x 400 
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Fig. 4. Cutaneous neuroendocrine carcinoma. Double label immunofluorescence microscopy 
discloses colocalization of neurofilament proteins (A) and cytokeratins (B) in tumor cells. 
Cryostat section, aceton fixation, double label immunofluorescence microscopy (A, FITC; 
B, TRITC). x 800 

with antibodies to mouse  liver cytokera t in  D (anti C K / D ;  for designation 
see D e n k  et al. 1981). The cytokera t in-re la ted  staining was conf ined to the 
rim-like cytoplasm of  t u m o u r  cells. In some turnout  cells immunos ta in ing  
was concent ra ted  as a paranuc lear  p laque (Figs. 1, 2). The  keratin-specific 
immunoreac t iv i ty  corre la ted well with the ul t ras t ructural ly  detectable para-  
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Fig. 5. A One-dimensional SDS-polyacrylamide gel electrophoresis of cytoskeletal (high salt/ 
detergent resistant) residues from two different cutaneous neuroendocrine carcinomas (lanes 
2 and 3). The tumour tissue was isolated from frozen sections by microdissection prior to 
the preparation of cytoskeleton enriched in intermediate-sized filaments. Cytokeratin compo- 
nents 8 and 18 (Moll et al. 1982) are indicated by dots (8, upper dot; 18, lower dot in lanes 
2 and 3). Vimentin and vimentin degradation products are indicated by arrowheads (lanes 
2 and 3). Cytoskeletal residues from human liver (lane 4) with the major polypeptides 8 (upper 
band) and 8 (lower band) and from mouse liver (lane 5) with the major polypeptides A (upper 
band) and D (lower band; for designation see Denk et al. 1981) are included for comparison. 
Molecular weight markers are shown in lane 1 (from top to bottom: phosphorylase B, bovine 
serum albumin, ovalbumin, carbonic anhydrase, soybean trypsin inhibitor, lysozyme). B Im- 
munoblot of cytoskeletal residues from the two different cutaneous neuroendocrine carcinomas 
electrophoresed in lanes 2 (lane 6) and 3 (lane 7) with antibodies to human vimentin. The 
bands indicated by arrowheads in lanes 2 and 3 are positively identified as vimentin and 
vimentin degradation product (lower band in lane 6 corresponding to lane 2). C ]mmunoblot 
of cytoskeletal residues from the cutaneous neuroendocrine carcinomas shown in lanes 2 and 
3 (lane 8 corresponds to lane 2; lane 9 corresponds to lane 3) with antibodies to neurofilament 
proteins (reactive with the 70 K and the 200 K protein; antibodies kindly supplied by Dr. 
[. Virtanen). Note positive reaction of the neurofilament antibody with a band with apparent 
molecular weight between 69 and 70 K (lanes 8 and 9; arrowheads), In lane 8 a less distinct 
band at 57 K is also decorated (degradation product?). The neurofilament antibody does 
not react with cytoskeletal polypeptides derived from human (lane 10) and from mouse (lane 
I1) liver 
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Fig. 6. Two-dimensional gel electrophoretic pattern of cytoskeletal proteins derived from a 
cutaneous neuroendocrine carcinoma (identical to that electrophoresed in lane 2 of Fig. 4). 
NEPHGE, first dimension using non-equilibrium pH gradient electrophoresis (basic polypep- 
tides to the left, acidic polypeptides to the right); SDS, direction of second dimension electro- 
phoresis in the presence of SDS. Components 8 and 18 (for further information see Moll 
et al. 1982) are major cytokeratin polypeptides. A component (9) corresponding to component 
9 of human epidermis is also present. X and Y denote unidentified proteins. Vimentin (V) 
is most probably derived from contaminating mesenchymal cells and blood vessels. BSA is 
included as reference protein 

and perinuclear accumulation of intermediate-sized filaments. CNEC with 
trabecular features showed a more diffuse cytoplasmic staining pattern. All 
cases tested were positive on paraffin-embedded and frozen sections; the 
reaction, however, was more pronounced on frozen material. With anti- 
bodies specific for epidermal prekeratin polypeptides of different molecular 
weights (53 K, 58 K, 67 K) negative results were obtained. These antibodies 
only decorated the epidermis and adnexal structures. A positive staining 
pattern almost identical to anti CK/D was observed with antibodies directed 
to neurofilament polypeptides (70 K, 200 K and 70 K), namely cytoplasmic 
staining with areas of focal concentration (Fig. 3). Sometimes cytoplasmic 
extensions were decorated. Neurofilament proteins were detectable in frozen 
sections only. The immunoreactivity was weaker with the antibody to the 
70 K neurofilament protein than with that which recognized the 200 K and 
70 neurofilament proteins. Double label immunofluorescence microscopy 
disclosed eolocalization of cytokeratin and neurofilament proteins (Fig. 4). 
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Electrophoretic and immunochemical results 

One dimensional SDS-polyacrylamide gel electrophoresis revealed several 
bands in the molecular weight range of intermediate filament cytoskeletal 
proteins (Fig. 5; lanes 2 and 3). Polypeptides with molecular weights of 
58 K (Fig. 5; lanes 2 and 3) and 57 K (Fig. 5; lane 2) were identified as 
vimentin and vimentin degradation products by immunoblotting (Fig. 5; 
lanes 6 and 7). Cytokeratin polypeptides corresponded to components 8 
(M r, 52.5 K) and 18 (Mr, 45 K) according to the catalog of human cytokera- 
tins established by Moll et al. (1982). In two-dimensional gels isoelectric 
pH values of the major variant were around 6.1 (component 8) and 5.7 
(component 18; see Fig. 6). A polypeptide spot corresponding in its electro- 
phoretic coordinates to cytokeratin component 9 (M r 64.5 K; IEP 5.35) 
could be detected in small amounts in two-dimensional gels (Fig. 5). Other 
unidentified spots were also present (X: M r 59 K, IEP 5.8; Y: M r 48 K, 
IEP 6). A polypeptide with electrophoretic coordinates of a neurofilament 
protein was undetectable in Coomassie blue- and silver-stained gels. Immu- 
noblot experiments on one-dimensional gels, however, revealed a distinct 
band reactive with antibodies to 200 K and 70 K neurofilament proteins 
(kindly provided by I. Virtanen, Helsinki, Finland; Fig. 5, lanes 8 and 9). 

Discussion 

Our immunohistochemical and biochemical studies show that CNEC coex- 
press cytokeratin filaments and neurofilaments and thereby confirm recent 
observations (Kerl et al. 1984; Ruiter et al. 1984; Merot et al. 1984; Vir- 
tanen et al. 1984; H6fler et al., 1984b). The major cytokeratin polypeptides 
present in cytoskeleton preparations from CNEC have electrophoretic coor- 
dinates corresponding to human cytokeratin components 8 and 18 (for fur- 
ther information see Moll et al. 1982). The polypeptide composition of cy- 
tokeratins of CNEC thus conforms to that of nonstratified simple epithelia, 
e.g. those of the digestive tract and associated glands and organs, including 
endocrine tissues (Moll et al. 1982; H6fler and Denk 1984). Complex strati- 
fied epithelia, on the other hand, express other acidic and basic cytokeratins, 
mostly with higher molecular weights. The presence of a polypeptide compo- 
nent similar to cytokeratin No. 9, which has so far been identified only 
in foot sole epidermis (Moll et al. 1982), is as yet unexplained in view of 
the strict exclusion of epidermis from the microdissected material. 

Some investigators were unable to demonstrate cytokeratins in CNEC 
immunohistochemically (Kirkham and Isaacson 1983; Miettinen etal.  
1983). These discrepancies are probably due to the application of cytokeratin 
antibodies with different specificities. In the present studies antibodies pre- 
pared against mouse liver cytokeratin D with broad range of cytokeratin 
immunoreactivity showed a positive reaction whereas antibodies to higher 
molecular weight epidermal cytokeratin components yielded negative re- 
sults. Cytokeratins have now been found in various endocrine tumours in- 
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cluding gastrointestinal carcinoids and pituitary adenomas (H6fler and 
Denk 1984; see H6fier et al. 1984a, for further bibliography). 

The presence of neurofilaments in CNEC was first emphasized by Miet- 
tinen et al. (1983) and Viale et al. (1983). The presence of neurofilament 
protein (70 K component) has also been confirmed in the present study 
by immunoblotting using monoclonal antibodies. 

The other components of the cytoskeleton investigated in this study, 
namely vimentin and GFAP, were not detectable in tumour cells of CNEC. 
Therefore vimentin, found in one- and in two-dimensional gels and positive- 
ly identified by immunoblotting using vimentin antibodies, most probably 
results from vimentin filaments derived from stromal cells contaminating 
the cytoskeletal residues. 

CNEC were related to epidermal Merkel cells mainly on the basis of 
ultrastructural similarities between tumour cells and Merkel cells (Warner 
et al. 1983). However, CNEC probably have no histogenetic relationship 
to Merkel cells, and the arguments for this assumption are: (i) most cases 
of CNEC arise in the dermis and subcutaneous tissue without obvious epi- 
dermal involvement or contact with the outer root sheath of hair follicles 
where Merkel cells are normally located. (ii) CNEC do not contain vasoac- 
tive polypeptide (VIP) and met-enkephalin (H6fler et al. 1984b) which are 
two important markers of Merkel cells (Hartschuh et al. 1983). (iii) In addi- 
tion, Saurat et al. (1984) demonstrated the lack of neurofilament proteins 
in normal Merkel cells. 

We have presented the coexpression of cytokeratin and neurofilament 
proteins in CNEC documenting the neural and epithelial properties of the 
tumour cells. Our results favor the concept that CNEC arise from, or differ- 
entiate towards, dermal neuroendocrine cells. There is some similarity be- 
tween CNEC and gastrointestinal carcinoids which probably originate from 
subepithelial stromal cells that have migrated downwards into the stroma 
from the epithelial layer (H6fler and Denk 1984). More decisive answers 
regarding the histogenesis of CNEC may be expected from systematic studies 
of the various histomorphological subtypes of CNEC. 
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