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Summary. Neurofilament immunoreactive nerve fibers were 
demonstrated in human skin using indirect immunohisto- 
chemical technique with antibodies to neurofilament poly- 
peptides. Neurofilament-positive fibers were seen as free 
nerve endings in the epidermis and in dermal papilla, in 
Meissner's corpuscles and as fibers crousing in the dermis. 
Strongly fluorescent nerve fibers were also seen around hair 
follicles, sweat gland ducts and sometimes in relation to 
blood vessels. From the distribution pattern it was con- 
cluded that predominantly sensory nerve fibers were la- 
belled and that this technique may be used to study reinner- 
vation of cutaneous sensory nerved following tramatic inju- 
ries and surgical procedures. 

Introduction 

Neurofilaments (NF), which are the neuronal cytoplasmic 
intermediate filaments, are built up of a triplet of polypep- 
tides with molecular weights of approximately 70, 150 and 
200 K (Hoffman and Lasek 1975; Schlaepfer 1977; see also 
Lazarides 1980). These polypeptides are chemically and im- 
munologically distinct from the 50 K glial fibrillary acid 
protein and have been shown to comigrate in axoplasmic 
transport (Hoffman and Lasek 1975) and disappear in 
sciatic nerve undergoing Wallerian degeneration 
(Schlaepfer and Micko 1978). Most polydonal NF-antisera, 
including the one used in the present study, seem to react 
with all three polypeptides in the NF-triplet (Dahl 1980, 
1981 ; Dahl et al. 1981, 1982). In both the central and pe- 
ripheral nervous system myelinated axons and a population 
of neuronal cell bodies are strongly immunoreactive (Bj6rk- 
lurid et al. 1984; Dahl and Bignami 1977; Dahl et al. 1981 ; 
Schlaepfer and Lynch 1977; Seiger et al. 1984; Shaw et al. 
1981). However, not all neuronal cell bodies are stained 
by NF-immunohistochemistry (Dahl and Bignami 1977; 
Seiger et al. 1984; Shaw et al. 1981). It is not known wheth- 
er both sensory and autonomic peripheral nerve fibers may 
be immunoreactive although it has recently been shown 
that the dense network of NF-positive fibers in the rat iris 
is of exclusively sensory origin (Seiger et al. 1984). In the 
present study the distribution of NF-like immunoreactivity 
in the human skin was investigated using indirect immuno- 
histochemical technique. 

* To whom offprint requests should be sent 

Material and methods 

Blocks of human skin were taken with a 3 mm punch from the 
palmar aspect of distal phalanges or from the arm of healthy vo- 
lounteers (the authors). The specimens were kept in a Ringer-su- 
crose solution, rapidly frozen, cut at 14 gm on a cryostat and pro- 
cessed for indirect immunohistochemistry according to Coons 
(1958). Briefly, the sections were incubated in a humid atmosphere 
at 4 ~ C overnight with NF-antibodies raised in rabbits against de- 
graded antigen from phosphate buffer extracts of autolyzed human 
spinal cord (Dahl and Bignami 1977). The NF-antisera was diluted 
]/1000 in phosphate buffered saline (PBS). The second day the 
sections were rinsed in PBS, incubated with rhodamine-conjugated 
swine anti-rabbit antibodies (dilution 1 : 50, Dakopatts, Denmark) 
at room temperature for 60 rain in darkness, rinsed in PBS, 
mounted in 90% glycerin in PBS and examined in a Zeiss fluores- 
cence microscope. Control sections were incubated with preim- 
mune serum or PBS. 

Results 

In human skin a dense pattern of NF-positive nerve fibers 
was observed (Fig. 1). The NF immunoreactive fibers were 
localized in the epidermis and dermal papilla as free nerve 
endings (Fig. 2A) and in Meissner's corpuscles (Fig. 2B). 
Several NF-positive nerve fibers were observed in the der- 
mis (Fig. 1) in relation to blood vessels (Fig. 2C), sweat 
gland ducts (Fig. 2D) and in hairy skin in relation to hair 
follicles (Fig. 2 E), whereas other fibers were seen crousing 
towards the dermal papilla and epidermis (Fig. 1). No im- 
munoreactivity was observed in the control sections. 

Discussion 

The present study give strong evidence for NF-like immu- 
noreactivity in a population of cutaneous nerve fibers. The 
NF-positive nerve fibers were localized in both the epider- 
mis and dermal papilla as free nerve endings or in Meiss- 
her's corpuscles, and in the dermis suggesting mainly a sen- 
sory origin. 

The NF-antiserum was first developed by Dahl and Big- 
nami (1977) and have since then been used extensively for 
studies of neuronal development (Bignami et al. 1980; Raju 
et al. 1981 ; Raju and Dahl 1982), degeneration and regen- 
eration (Chiet al. 1980; Dahl and Bignami 1978; Dahl et al. 
1982) and normal neuronal structure (Bj6rklund et al. 1984; 
Dahl and Bignami 1977; Seiger et al. 1984). The antisera 
used in the present study have been tested in immunoblot- 
ting experiments and was shown to recognize all three NF- 
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Fig. 1. Immunofluorescence micrograph of a cryostate section of human digital skin after incubation with NF-antiserum. Strongly 
fluorescent nerve fibers are observed in the dermal papillae as free nerve endings or in Meissner's corpuscles. NF-positive fiber bundles 
are also frequently seen in the dermis (arrows). Scale bar = 50gin 

polypeptides (Dahl et al. 1982; Raju and Dahl 1982; Seiger 
et al. 1984). 

The distribution and morphology of  the NF-positive 
nerve fibers found in the present study resemble the distri- 
bution of  myelinated and unmyelinated sensory fibers de- 
scribed in earlier light and electronmicroscopical studies 

(Cauna 1956, 1980; Miller et al. 1958). The finding of  NF-  
positive fibers in Meissner's corpuscles is in line with the 
findings in a recent study of  Iwanaga et al. (1982) where 
a comparison of  S-100-protein-, neuronspecific enolase- 
and NF-like immunoreactivity was performed. In this study 
it was reported that the lamellar cells of  the Meissner's 



113 

Fig. 2a-e. Immunofluorescence micrographs of cryostate sections of human digital skin (a-c) and human arm skin (d--e) after incubation 
with NF-antiserum. Immunoreactive nerve fibers are seen in the epidermis as free nerve endings (a), in dermal papillae in Meissner's 
corpuscles (b) and in the dermis around blood vessels (c), sweat gland ducts (d) and hair follicles (c). Scale bar = 50 gm 

corpuscles were S-100-protein-positive, suggesting that  
these cells are derived from Schwann cells, and that  nerve 
fibers were both N F -  and neuronspecific enolase-positive. 

In  a recent s tudy we have demonst ra ted  substance P 
immunoreact ive nerve fibers in human digital skin 
(Dalsgaard et al. 1983). The dis tr ibut ion of  substance P- 
positive fibers was somewhat  different from that  of  the N F -  
positive fibers described in this study; substance P-positive 
nerve fibers were often seen as free nerve endings in the 
dermal  papi l la  and epidermis and only occasionally in 
Meissner 's  corpuscles whereas NF-posi t ive  nerve fibers was 

frequently observed both in Meissner 's  corpuscles and as 
free nerve endings in the dermal  papi l la  and epidermis. A 
discrepancy between the dis tr ibut ion of  N F -  and substance 
P-positive sensory fibers was also observed in the rat  iris 
(Seiger et aI. 1984). Fur thermore ,  in iris sensory nerve 
fibers, but  not autonomic  nerve fibers, were NF-posi t ive  
indicating that  NF-an t ibod ies  might selectively label affer- 
ent fibers. 

The functional role or  t ransmit ter  content  of  the N F  
immunoreact ive sensory fibers in the digital skin is not  yet 
known. Since NF- l ike  immunorect ivi ty  was observed in free 
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nerve endings and in Meissner's corpuscles it is suggested 
that the NF-positive nerve fibers are involved in the media- 
tion of several sensory modalities i.e. touch, heat and pain. 
In a study of the rat trigeminal ganglion Seiger et al. (1984) 
showed that about  80% of the cell bodies were N F  immu- 
noreactive, indicating that several sensory functions and 
neurotransmitters may be involved. 

In conclusion. NF-immunoreact ive  nerve fibers were dem- 
onstrated in the human  skin. The distribution of these fibers 
suggests a sensory origin, and that sensory fibers with dif- 
ferent functions are NF-immunoreactive.  The present tech- 
nique may thus be suitable for selective studies of the senso- 
ry reinnervation in the skin, which has previously not  been 
possible. 
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