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Abstract

Context: The purpose of this study was to determine whether the expression of sensory neuropeptides, 
NK1, 5-HT1A receptors, as well as mast cells in the skin of patients with hereditary neuropathy and sensory 
and autonomic defi cits (HSAN type 5) was elevated. Such increase might refl ect an attempt to compensate 
for nerve loss.

Materials and methods: Six patients with HSAN type 5, three of which were heterozygous and three 
were homozygous and examined whether there were any compensatory mechanisms in the skin cells to 
prevent tissue damage.

We compared the innervation of nerve fi bres and mast cells in skin biopsies from the arms and legs of 
these patients and compared these to biopsies from healthy control individuals.

Results: Both types of patient groups showed reduced cutaneous nerve fi bres and the existence of 
the sensory neuropeptide substance P in the skin. In the homozygous patients, the Neurokinin 1 (NK1) 
Receptor(R) was present at a higher level in the dermis of the legs than in both the heterozygous patients 
and in the healthy controls. 

In addition, cells staining positively for serotonin (5-HT; 5-hydroxytryptamin) as well as 1AR and 
tryptase positive cells (mast cells) were more frequent in the patients compared to controls.

Conclusion: Thus, increase in the number of cells that express the receptors for NK1 and 5-HT1A, 
along with tryptase positive cells, may be associated with the severely reduced number of nerve fi bres 
observed in our patients.
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Introduction

Pain is an unpleasant sensory experience that serves the 
purpose of triggering avoidance and thereby protecting the 
body from damage. In the skin we have c-fi bers and alpha 
delta fi bers which via chemical messenger signal pain in 
skin damage. The experience of pain is a result of actual or 
potential tissue damage. In the absence of nerve fi bers in the 
skin, can bodily injury lead to ulcerations, large tissue damage, 
infections and autonomic dysfunctions such as anhidrosis.

The heterogeneous group of rare Hereditary Neuropathies 
with Sensory and Autonomic Defi cits (HSAN) are traditionally 
classifi ed into 5 groups based on age at the time of onset, 
pattern of inheritance and clinical presentation [1-3]. To 
date, fi ve genes have been linked to autosomal dominant and 
seven to recessive forms of HSAN [4]. The patients usually 
exhibit pronounced loss of distal sensation, including pain 

and temperature sensitivity which can lead to ulceration, self-
mutilation, infections and autonomic dysfunctions such as 
anhidrosis [5]. 

HSAN 1, the most common form of sensory and autonomic 
defi cit, is autosomal dominant and involves loss of all modalities 
of sensation as well as foot ulcers. In the case of the autosomal 
recessive HSAN 2, the patient exhibit chronic ulcerations 
in both the arms and the legs. HSAN 3 is characterized by 
widespread autonomic dysfunction in combination with loss 
of the sensations of pain and temperature. HSAN 4 is a rare 
autosomal recessive disorder with anhidrosis [6,7]. Finally, 
HSAN 5 is associated with selective loss of feelings of pain 
and temperature, caused by mutations in the genes encoding 
Neurotrophic Tyrosine Kinase (NKT) Receptor (R) and Nerve 
Growth Factor  (NGF), but few other autonomic defi cits [8-
10]. They have R221W mutation in the NGF  gene.
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Previously, we characterized patients in northern Sweden 
who carry a mutation in the gene encoding NGF  [9]. 
Homozygous individuals exhibit clinical symptoms, painless 
fractures and progressive joint destruction that debut in 
childhood, with normal sweating and mental capacity [11], 
while heterozygous patients develop joint disorders later in life 
[12]. Indeed, two other families recently described as affl icted 
by HSAN 5 also carry a mutation in the NGF  gene [13,14]. 

The sensory and autonomic defi cits in the skin of such 
patients are due to loss of both myelinated and unmyelinated 
nerve fi bres among the rich sensory network that reacts to 
painful stimuli. Neuropeptides are involved in a variety of 
cutaneous functions and Calcitonin Gene-Related Peptide 
(CGRP) and substance P are expressed in C-fi bres. Substance 
P binds to its NK1R, which plays an important role in pain and 
hyperalgesia [15]. 

Mast cells stimulate cutaneous nerve fi bres to secrete 
neuropeptides [16] and may contribute to the development of 
pain and hyperalgesia, possibly also by exerting direct effects 
on nerves, as proposed in the case of endometriosis [17].

In addition, serotonin (5-hydroxytryptamin; 5-HT) 1ARs 
are often co localized with NK1R in the brain and are essential 
for neuronal survival dendricity.

Patients and Methods

Patients

We chose six patients with attenuated sensitivity to deep 
pain and temperature that had normal mental development 
and sweating. 

Three homozygous patients for this mutation, two men and 
one woman (age 20,27 and 45) are all insensitive to deep pain 
and have experienced painless fractures and progressive joint 
destruction since childhood. 

Previous studies of these patients have shown normal 
velocity of nerve conduction and Electromyography (EMG) 
patterns, but Sympatic Skin Response (SSR) was absent in 
two. Their sural nerve biopsies exhibited a moderate loss of 
thin myelinated fi bres (A) and severe loss of unmyelinated (C) 
fi bres [1]. 

Three heterozygous patients two women and one man (range 
50,55 and 78 years), the oldest suffered from polyneuropathy, 
with Charcot joints in the knees and ankles, while the other two 
were clinically normal except for pronounced Carpal Tunnel 
Syndrome (CTS). All three had undergone sural nerve biopsy, 
which revealed moderate loss of both thin myelinated (A) and 
unmyelinated fi bres (C) [2]. 

The three control subjects without the NGFB R221W 
mutation or other neurological disease were two men and one 
woman with a mean age of 69 years.

All subjects gave their informed written consent to 
participate and preapproval by the local ethics committee of 
Umeå university was obtained (04-058M).

Table 1 documents the clinical features and neurological 
fi ndings for all 6 patients and control subjects.

Processing of skin biopsies

Skin biopsies of 4mm were taken from the lateral upper 
arm, the thigh (behind the trochanter major) and the calf (20cm 
below the tibial tubercle) of each subject under local anesthesia. 
These biopsies were immediately fi xed in phosphate-buffered 
10% formalin (v/v) containing 0.4% picric acid (w/v) at 4°C 
for 2h and then rinsed in cold 0.1mol/l Sörensen’s phosphate 
buffer containing 10% sucrose for at least 48h, snap frozen and 
stored at -70°C until analysis. 

Sections (14μm) of the skin biopsies were prepared on 
a Microm cryostat (Heidelberg, Germany), mounted on 
Super Frost Plus glass slides (Menzel-Gläser, Freiburg, 
Germany) and stored at -70°C until being subjected to 
immunohistochemistrical analysis. Sections at three levels 
encompassing the entire biopsy were performed. 

Immunohistochemistry

A blocking solution containing 1% bovine serum albumin 
(w/v), 0.3% Triton X-100, and 0.1% sodium azide in phosphate-
buffered saline (PBS) was placed gently on top of each section, 
followed by incubation for 1h at room temperature. The 
sections were then rinsed again in PBS and thereafter incubated 
overnight (4°C) in a humid chamber with one of the antibody 
preparations described in Table 2. The 5-HT1AR antibody is 

Table 1: Clinical features and neurological fi ndings for the homozygous and 
heterozygous HSAN V patients.

Parameter Homozygous Heterozygous

Patient number  1 2 3 4 5 6

Age (years) 45 27 20 78 55 50

Gender M F M M F F

Consanguineous parents Y Y Y N N Y

Number of affl  icted siblings 0 0 0 1 3 1

Number of healthy siblings 1 0 1 0 0 3

Age at onset 7 7 3 50 N  N

Symptoms at onset F O O A N N

Mental retardation N N N N N N

Painless fracture Y Y Y N N N

Multiple infection or ulcer Y Y Y Y N N

Charcot arthropathy Y Y Y Y Y N

Sensation pinprick ++ ++ ++ ++ ++ ++

heat ++ ++ + ++ ++ ++

cold ++ ++ + + ++ ++

vibration ++ + + 0 0 ++

Corneal refl ex N N N N N N

Ortostatic hypotension N Y N Y N N

Neurography diagnosis N N N NP N N

CTS neurography N N N Y N Y

Abbrevations: Ab: Absent; A: Arthropathy; CTS: Carpal Tunnel Syndrome; F: Fracture; 
N: Normal or None; ND: Not Determined; NP: Polyneuropathy; SSR: Sympatic Skin 
Response; Y: Yes; Sensation: 0: Absent; +: Reduced; ++: Normal 
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directed against amino acid residues 170-186 in the second 
extracellular loop of the rat protein [18]. No staining specifi c 
for autonomic fi bres was performed.

On the following day the sections were rinsed again in PBS 
and then incubated either with a biotinylated goat anti-rabbit 
(for polyclonal primary antibodies) (BA-1000) or a biotinylated 
horse anti-mouse (monoclonal) (BA-2000) secondary antibody 
(both diluted 1:200, Vector, Burlingame, CA, USA) for 40min. 
The primary antibodies were visualized by incubation with the 
fl uorochrome Cy2-labelled streptavidin (PA42001; diluted 1:2 
000; Amersham Pharmacia Biotech, Uppsala, Sweden) and the 
sections then rinsed in PBS and mounted with Kaisers glycerol 
gelatin (Merck, Darmstadt, Germany) before being covered 
with glass slips.

Microscopy

The stained sections were examined under a Nikon 
epifl uorescence microscope (Eclipse E800, Yokohama, Japan) 
with Cy 2 and FITC fl uorescence being visualized following 
excitation at 465-495nm and Texas Red fl uorescence following 
excitation at 540-580. Digital photographs (Nikon DXM 1200) 
of the stained slides were then coded and examined blindly by 
one of the authors (SLR). 

Statistical methods and data management

Multiple comparisons of continuous data were performed 
by analysis of variance, ANOVA. In the case of a statistically 
signifi cant result in the ANOVA, statistical comparisons were 
made by use of the post-hoc test proposed by Fisher to control 
for multiplicity [18,19]. In addition to that descriptive statistics 
was used to characterize the data. All analyses were carried out 
by use of statistical software (The SAS system for Windows 
9.3. SAS Institute Inc. Cary, NC, USA.). A p-value of <0.05 
was considered as signifi cant and in the case of a statistically 
signifi cant result the probability value (p-value) has been 
given.

Results 

The control individuals exhibited the highest densities of 
nerve fi bres in the papillary dermis of the upper arm and thigh.

All patients both homozygous and heterozygous had 
signifi cantly reduced density of peripheral nerve fi bres 
expressing PGP 9.5 in all sites where the biopsies were taken. 
In the biopsies from the homozygous patients the most 
pronounced differences were observed in the thigh and calf, the 
largest difference being observed in the upper arm in epidermis 
and dermis in crus. All biopsies from the heterozygous patients 
also demonstrated a moderate decrease of nerve fi bre density 
(Figure 1).

 Table 2: The primary antibody preparations employed.

Directed 
towards

Type of nerve 
fi bre or cell 

detected
Nature

Raised 
in

Dilution Source

PGP 9.5 all polyclonal rabbit 10 000
UltraClone, Isle of 

Wight, UK

GAP-43 all monoclonal mouse 10 000
Chemicon, Temecula, 

CA, USA

NF200 Aδ polyclonal mouse 1 000
Sigma-Aldrich, 
St.Louis, USA

Substance 
P

C polyclonal rabbit 10 000
Bachem, St. Helens, 

UK

CGRP C polyclonal rabbit 10 000 Bachem

NK1 R polyclonal rabbit 5 000
Abcam, 

Cambridgeshire, UK

5-HT1AR polyclonal rabbit 5 000 Azmitia et al. [2] 

Tryptase Mast cells monoclonal mouse 5 000 Chemicon

Figure 1: Immunostaining for PGP 9, 5-positive peripheral nerve fi bres. Here in skin 
biopsies from the thigh of a control subject, heterozygous patients and homozygous 
patients.

No axon outgrowth (i.e., positive staining for GAP 43) was 
observed in the homozygous patients, and this outgrowth was 
also attenuated in the heterozygous individuals.

The number of myelinated nerve fi bers (i.e., expressing 
NF200) was low in both groups of patients, and in the 
homozygous ones the number of fi bers in biopsies from the 
calf were extremely low.

Moreover, in the homozygous patients sensory nerve fi bers 
staining for substance P and in particular for CGRP were absent 
from the epidermis and severely reduced in number in the 
papillary dermis of the upper arm.

In the papillary dermis of the arms and legs of the 
homozygous patients the number of sensory nerve fi bers 
positively staining for NK1R were similar to that of the 
corresponding values in the control group, but this number 
was elevated in their calves. These homozygous patients also 
exhibited elevated numbers of cells expressing 5-HT1AR and 
tryptase (mast cells) (Figures 2,3).

Discussion

In the present study we have found reductions in the 
number of thin nerve fi bres from our HSAN type 5 patients. 
There was also an increased number of NK1R and 5-HTA 
receptors positive cells in dermis as well as tryptase positive 
cells (Figures 4,5).
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Alterations in the number of cells expressing the NK1 
and 5-HT1A receptors, as well as that of mast cells, may be 
associated with the severe nerve loss, and may thus be involved 
in the underlying pathogenic mechanism [20]. Moreover, the 
reductions in intraepidermal nerve fi bres, as well as in the 
expression of the sensory neuropeptides substance P and 
CGRP at all locations examined in these patients is consistent 
with the severe loss of unmyelinated nerve fi bres (C) observed 
previously in sural nerve biopsies from patients homozygous 
for the HSAN type 5 patients [10]. 

The level of substance P in the synovial fl uid of HSAN 
type 4 patients has been reported to be reduced [21] and it 
has been proposed that the high incidence of bone fractures 
in these patients can be explained by their lower number of 
substance P positive nociceptive fi bres. This may also be the 
case for the patients studied here, whose more advanced neural 
defi ciency in the lower extremities may be the cause of their 
high incidence of arthropathy. 

Furthermore, both cutaneous sensory nerve fi bres and 
epidermal and dermal cells are capable of producing a variety 

of neuromediators, including the sensory neuropeptides 
substance P and CGRP. Substance P is widely expressed in the 
peripheral nervous system and exerts a wide range of peripheral 
and central activities, including transmission of pain [16].

Finally, the elevated numbers of NK1 and 5-HT1A receptor 
positive cells observed in this study may represent protective 
compensation by skin containing a reduced number of sensory 
nerves. Serotonin is essential for numerous basic cellular 
functions including proliferation, differentiation, maturation 
and migration [22]. Agonists to its well- characterized 
5-HT1AR provide protection against apoptosis and, moreover, 
this receptor is neuroprotective in animal models of brain 
ischemia (Figure 6) [23].

Nerve conduction and electromyography characterize 
primarily the function of large myelinated nerve fi bres and, 
at present, only a few methods for the visualization of small 
fi bre neuropathy are available. In this context skin biopsies are 
less invasive than sural nerve biopsies. Moreover, the former is 
useful for characterizing neuropathies involving sensory small 
fi bres and can be taken repeatedly to monitor the progression 
of a neuropathy [24].

Figure 2: Immunostaining for GAP 43, axon outgrowth. Here in upper arm, from a 
control subject, heterozygous patients and homozygous patients.

Figure 3: Immunostaining for Neurofi lament, myelinated nerve fi bers. Here in 
epidermis upper arm from a control subject, heterozygous patients and homozygous 
patients.

Figure 4: Immunostaining for Tryptas, mast cells. Here in upper arm from a control 
subject, heterozygous patients and homozygous patients.

Figure 5: Immunostaining for NK1 receptor, positive nerve fi bres. Here in skin 
biopsies from a control subject, heterozygous patient and homozygous patient.
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Figure 6: Immunostaining for 5-HT1A receptor positive cells. Here in skin biopsies in 
skin biopsies from a control subject, heterozygous patient and homozygous patient.
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