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Abstract Although pruritus is the cardinal symptom ofal pathway from the receptor in the skin, along spinal
atopic dermatitis, its mechanism is not well understoqmathways, to the higher centres in the brain [18]. The re-
Free nerve endings in the skin are involved in pruritus@ptors of pruritic sensation are regarded as being free
itching receptors. We studied the cutaneous nerve fibnesve endings in the dermoepidermal junction [19, 20].

in lichenified lesions of 16 patients with adult atopic der- Previous studies have revealed that the number of cu-
matitis. On immunohistochemistry, fibres immunoreataneous nerve fibres is increased in atopic skin lesions
tive for neurofilament, neuron-specific enolase, and pfd2, 17]. Although such studies were immunohistochem-
tein gene product 9.5 were observed in the papillary digal studies with light microscopy, few papers on elec-
mis and dermoepidermal junctions as well as in the efpbn microscopy have been published [14,15]. The pres-
dermis. In these areas, no fibres stained positively ot investigation was undertaken to elucidate the mor-
substance P, neuropeptide Y, vasoactive intestinal pppelogical features of the nerve fibres, particularly free
tide, beta endorphin, somatostatin or serotonin. On elaefve endings, in cutaneous lesions of adults with AD,
tron microscopy, the ultrastructure of subepidermal abhg means of histology, immunohistochemistry and elec-
intraepidermal free nerve endings appeared to be essem microscopy.

tially normal. However, the distribution density of the

cutaneous nerve fibres was much higher than in normal

controls, and the diameter of these fibres was much |aaterials and methods

er, because of the large number of axons in each nerve fi-

bre. Degranulation of mast cells was not seen. The&sgnples were obtained from 16 Japanese patients, 8 men and 8
findings suggest that pruritus in lichenified atopic skin ygmen aged 15-59 years (mean 20.3 years), who fulfilled the diag-
probably not caused by damage to the cutaneous f} ic criteria of AD recently proposed by the working group for

: : _of the Japanese Dermatological Association [16]. None had re-
nerve endings. In such lesions, the number of the Cuw@e' ed topical or systemic treatments in the past month. Under local

ous free nerve endings is greatly increased, but they raa¥esthesia with 1% lidocaine hydrochloride, 3- or 4-mm punches
have a normal function. were made to obtain biopsy specimens from the lichenified lesions.
The biopsy specimens came from the antecubital fossa in 13 cases,

; e ; . the upper back in 2 cases, and the lateral chest in 1 case. Informed
Key words Atopic dermatitis - Pruritus - Cutaneous consent was obtained from each subject. As controls, specimens of

nerve - Immunohistochemistry - Electron microscopy normal skin of adults (5 men and 1 woman, age range 3165, mean
50.3 years) from around benign skin tumours such as seborrhoeic
keratosis were obtained from the antecubital fossa in 4 cases, and

Introduction the upper back and lateral chest in 1 case each. All the specimens
were cut in half. One half of each was fixed in 3% buffered forma-

. . . . . lin and embedded in paraffin; these specimens were used for histo-
Atopic dermatitis (AD) is typically accompanied by S€ogical and immunohistochemical studies. The other half was cut
vere pruritus that elicits vigorous scratching leading to th& smaller pieces for examination by conventional transmission
aggravation of the lesions. A vicious circle of itch—scratéjgctron microscopy (TEM). These specimens were fixed in 2.5%
results. Generally speaking, the neural activity that isrg jtaraldehyde solution buffered by 0.1 M sodium cacodylate at

! . 7.4. They were postfixed with 1% osmium tetroxide diluted by
lated to each type of sensation travels along a defined figdlsame buffer, dehydrated in a graded series of ethanol, and in

propylene oxide, and embedded in Epon 812.
For histological examination, all paraffin-embedded sections

R. Urashima - M. Mihard[(]) were stained with haematoxylin and eosin.
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anti-human neuron-specific enolase (NSE; Dako Japan, Kyo
1:1000), monoclonal anti-human protein gene product 9.5 (P¢
9.5; Ultraclone, UK; 1:100), polyclonal anti-calcitonin gene-rela
ed peptide (CGRP) (Affiniti Research Products, UK; 1:1000%
polyclonal anti-substance P (SP; Biomeda, USA; 1:50), polyclor S
anti-neuropeptide Y (NPY; Peninsura, USA; 1:400), polyclong
anti-vasoactive intestinal peptide (VIP; Biomeda; 1:20), polycle
nal anti-beta endorphin (End; Biomeda; 1:100), polyclonal an
somatostatin (SOM; Chemicon, USA; 1:1000), and polyclonal ag*
ti-serotonin (Ser; Biomeda; 1:1000). The specimens were tf
analysed by the streptavidin—biotin-peroxidase complex meth¢
using the Histofine SAB-PO (M) Kit (Nichirei, Tokyo). The reac
tion products were visualized by the diaminobenzidine (DAB) ¢
cobalt-enhanced DAB reaction. The details of the positive contrt
are described elsewhere [7]. g

Five Epon-embedded blocks were randomly sampled for T
in each case. Each grid had three ultrathin sections, and si
eight such grids were made for each block. In two randomly sa.*
pled grids, the ultrathin sections were double-stained with urar
acetate and lead citrate. A total of 30 ultrathin sections were ¢
served with an electron microscope (Hitachi H 500, Ibaragi, <
pan) at 75 kV. 4

In addition, seven to eight blocks of the antecubital lesiol
were sampled in all 13 cases. In these blocks, we counted all bl‘"
cells, all intraepidermal nerve fibres or Schwann cell-axon col. - &
plexes (SAs), all subepidermal SAs within2# of the epidermal
basal lamina, and all mast cells with nuclei. The total number - :
SAs (number of subepidermal SAs plus intraepidermal SAs) : ) -
calculated per 100 basal cells. Finally, 100 subepidermal SAs w___ ==
randomly sampled. Their shortest diameters were measured,
the number of the axons in each SA were counted. The shortes
ameters of all the axons were also measured. Mean values
compared with those of 30 SAs obtained from the antecubi
skins of 4 normal controls. All statistical comparisons were ana
sed by the Mann-Whitney U test.

Results

In the lesion-bearing skin specimens there were para
atosis, moderate acanthosis with elongation of rete ri
es, and spotty spongiosis with an exocytosis whose cca
ponent cells were largely lymphocytes. From the papiy
lary dermis to the upper reticular dermis there was m#
to moderate perivascular lymphohistiocytic infiltration §-
intermingled with eosinophils. A number of melang
phages were also seen. Thick cutaneous nerve fiki}
were occasionally encountered below the mid-derngt
through the subcutaneous fatty tissues both in the lesig =
bearing skin and in the normal controls. Their distribgg®
tion density seemed not to differ much between lesig
bearing skin and the normal controls. The cutaned
nerve fibres showed no pathologic changes in the lesif®
bearing skin.

R
¥

controls (see Table 1). In the papillary dermis of the les-
ion-bearing skin, thin N'.:'pO.S'tlve fibres were seen n OE{%:A There are NSE-immunoreactive fibres in the dermoepi-
ly 1 case, and NF-positive fibres were also present in al junction grrowhead$ and the lower spinous layeartow).
epidermis in this patient, while no NF-positive fibreBAB-cobalt, x 340.B There are NSE-immunoreactive fibres in
were observed in and above the papillary dermis in the suprabasal arearfowhead and the spinous layearfow).
normal controls. Both thin fibres in the papillary dermikhe latter nerve fibre has a beaded appearance. DAB-cobalt, x 225
and thick fibres in the deep dermis stained extensively

positive for NSE and PGP 9.5 in lesion-bearing skin.

These fibres also were seen in the dermoepidermal junc-

tions in many patients (Fig. 1A). Some fibres reached the
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Table 1 Immunohistochemistry

(AD atopic dermatitisNF neu- Deep dermis Papillary dermis DE junction Epidermis
rofilament,NSEneuron-specific
enolasePGP protein gene pro- AD  Control AD Control AD Control AD Control

duct, CGRPcalcitonin gene-re-

lated productSPsubstance P, NF + + +~= - o - Fm— -
NPYneuropeptide YIP vaso- NSE + + + +— + . o
active intestinal peptid&nd PGP9.5 + + + + — + - f~— -
beta endorphirGOMsomato- ~ CGRP + + f— - _ _ - B
statin,Serserotonin; SP + + - - - - _ _
NPY + + - - - - - -
VIP ¥ + - - - - - -
End + + - - - — _ _
SOM + + ~= - - _ _ _ _
Ser + + - - - _ _ _

Fig. 2 A nerve fascicle partial- ¥
ly ensheathed by a perineurial
cell (P) is seen. The nerve faci- i
cle has many Schwann cell-ax-' &
on complexes (SAs), in which
there are mono-§Alandhol-
low arrowy, oligo- (SA2, and
polyaxonal EA3 nerve fibres.
x 14,000

granular layer. Other fibres 142m in diameter had atially ensheathed by the perineurium and endoneurium in
beaded appearance and ran up to 7 or 8 prickle cell l&gions (Fig. 2) as well as in controls. However, the num-
ers above the basal layers (Fig. 1B). In contrast, thées of the SAs in the nerve fascicles appeared to be much
were no NSE- or PGP 9.5-positive fibres in or above theeater in the lesion-bearing skin than in normal con-
dermoepidermal junctions in normal controls. In the lgols. In the subepidermal portions the nerve fibres lost
sion-bearing skin CGRP-positive fibres were seen uptkeir perineurium and endoneurium both in the lesion-
the papillary dermis, but not in the dermoepidermal junizearing skin and in the normal controls. In contrast to the
tions or the epidermis, while in the normal controlormal controls, in which there were only occasionally
CGRP-positive fibres were not seen in or above the p&#s in the dermal micropapillae, in the lesion-bearing
illary dermis. No fibres were positive for the other neskin specimens every dermal micropapilla had one SA in
ropeptides from the papillary dermis to the epidermis ¢iie same areas (Fig. 3A), and SAs were grouped in the
ther in the lesion-bearing skin specimens or in the noemaining areas (Fig. 3B). These axons were completely
mal controls. or partially ensheathed by Schwann sheaths (Fig. 3C).
Nearly all the cutaneous nerve fibres observed bmlike the normal controls, the lesion-bearing specimens
TEM were unmyelinated. In the dermis deep to the epad the nucleated and non-nucleated SAs coexisting next
dermis, each nerve fascicle with many SAs was dn- each other immediately beneath the epidermis
sheathed completely by the perineum and endoneuri(fig. 3D). In the epidermis of lesion-bearing skin the
in both the lesion-bearing skin and control. As the ner8As were found in the intercellular spaces between the
fascicles came to lie near the epidermis, they were paasal keratinocytes or in the spaces between the basal
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Fig. 3A Every dermal micropapilla has one subepidermal SAheathed by Schwann sheath. x 14,0D0The nucleatednSA

x 9,900.B The SAs (ight arrow) remain groupedL.eft arrowin- and non-nucleated5@1, SAP SAs coexist next to each other im-
dicates subepidermal SABK basal keratinocyteF fibroblast) mediately beneath the epidernissteriskindicates an axon in the
x 6,600. C The axons dsterisky completely or partially en- nucleated SA. x 11,0(:0



ks

][:ig. 4/5%, Ir31 Intr«'illepidergwal SAfinhthebSpalci between the ga_sal bm:rrfaces of the cell membranes of the basal keratinocytes
ace of the cell membrane of the basal keratinocyte and its bagyl their | lamin Fig. 4). In the last cases. the
lamina.A There are two SASS@. The basal lamina of the SA fuse%As twirebi?]s?jir:lct cgr?tasctgwitl’)] tips of the micror,ete

with that of the basal keratinocyte (B&rrowhead. x 25,00B The - - -
SA has basal laminaifow) and is surrounded by clustered mitotidges (Fig. 5). Frequently the intraepidermal SAs had
chondria ) in the cytoplasm of the basal keratinocyte. x 52,000 many axons (Fig. 5). At their entry into the epidermis,

the basal laminae of the SAs fused with those of the bas-
al keratinocytes, and some parts of the Schwann sheaths
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Fig. 5 An intraepidermal SA has many axons, one of whi ( skin still had nuclei and degenerated intracytoplasmic or-
terisk contacts directly with the tip of the microrete ridgeréw- ganelles, such as mitochondria and vacuoles. In these
heag. Arow 'Qgécf‘,fgf;Pteh;uﬁgqsgalpfgrft?ngg;‘ff_exnzt?%ggsal Ian'gkins there were widened intercellular spaces between
the keratinocytes, where lymphocytes were scattered.
Langerhans cells were often seen in the epidermis in
(Fig. 4) and/or even axons (Fig. 5) made direct contdicith the lesion-bearing skins and the normal controls,
with the cell membranes of the basal keratinocytes. Tig apparent contacts between Langerhans cells and in-
SA had basal lamina in a relatively wide space betwetemepidermal nerve fibres, described by Hosoi et al. [5],
the SA and the surrounding keratinocyte (Fig. 4B). Intrarere not found. No Merkel cells could be found in any
epidermal nerve fibres were not observed in normal cari-the sections observed. Melanocytes had a normal ap-
trols. In the cases of AD, the axons and the Schwapearance in the diseased skin specimens. There was also
cells in the subepidermal and intraepidermal SAs genmild to moderate oedema in the subepidermal region,
ally had no pathologic changes. In one case with AD twdere a number of lymphocytes and macrophages were
mitochondria were clustered in a small area of the cys®en, not infrequently intermingled with eosinophils.
plasm of the basal keratinocyte and surrounded the Miast cells were encountered much more often in lesion-
raepdermal SA (Fig. 4B). bearing skin than in normal controls. Collagen fibres and
In the lesion-bearing skin specimens and in normelhstic fibres in the dermis of the lesion-bearing skin
controls, epidermal keratinocytes had round or oval mspecimens did not differ from those in normal controls.
clei with a large amount of euchromatin and a smé&hdothelial cells, smooth muscle cells and fibroblasts in
amount of heterochromatin. Intracytoplasmic organellébe blood vessels and lymphatic vessels were not altered
such as mitochondria, lamellar bodies, and melanospcomparison with those in the normal controls.
mes, showed almost the same distribution and amount inThe mean value of the number of the SAs per 100
the diseased skins as in the normal controls. Tonofitesal cells was 18.34+7.43 (mean+SD) in the antecubital
ments and desmosomes in the lesion-bearing skin sémions and 1.11+1.02 in the normal controls. According
ples also did not much differ from those in the normtl the Mann-Whitney U-test, the difference was statisti-
controls. In contrast with the normal controls, howevearally significant (U = 0,P = 0.0032). The mean number
the keratinocytes in the horny layer of the lesion-bearinf mast cells per 100 basal cells was 4.63+4.08 in the
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AD skins and 0.07+0.08 in the normal controls. THaes is actively taking place, the terminal Schwann cells
Mann-Whitney U-test showed that these data were statisem to migrate near to and into the epidermis because
tically different (U = 0,P = 0.0032). of the increasing number of axons and stretching [6]. In
The mean diameter of the SAs was 1.82+Quf8in the lichenified lesions of AD, the terminal Schwann cells
the antecubital lesions of 13 AD patients, anday move up to the subepidermal areas because of the
1.19+0.42um in the skin of normal controls. The Mannformation of numerous axons in the subepidermal and
Whitney U-test showed that the difference was statistpidermal areas.
cally significant (U = 7.0P = 0.0315). The mean num- Histologically, Mihm et al. [9] described demyelina-
ber of the axons was 6.38+1.77 in the lesional skins, dimh, vacuolar change, and fibrosis in the cutaneous nerve
2.57+£0.83 in the normal controls, a statistically signiffibres of AD and the relationship between such derange-
cant difference according to the Mann-Whitney U-testent of neural structures and pruritus. Similarly, using
(U = 0, P = 0.0320). The mean diameter of the axomdectron microscopy, Sugiura et al. [14] observed oedem-
was 0.39+0.08um in the lesion-bearing skin, andatous changes in axons in the cutaneous nerve fibres en-
0.41+0.14 um in normal controls. According to thesheathed by perineurial cells in patients with pruritic le-
Mann-Whitney U-test, these values were not statisticafijons of AD. However, in these studies the terminal por-
significant (U = 22.0P = 0.6502). When we evaluatedions of the cutaneous nerve fibres, which are the location
the interrelationship between the diameter and the nushthe most important itching receptor, were not evaluat-
ber of axons in the SAs, we obtained a Spearman’s raak Most cutaneous nerve fibres observed in our electron
correlation coefficient of 0.552, indicative of a positivenicroscopic study probably belong to the preterminal
correlation. This indicated that the larger diameter of taad terminal portions (free nerve endings, according to
SAs in the lesion-bearing skin specimens resulted fra@houchkov’s description [4]). Their axons and Schwann
an increased number of axons in each SA. cells had an essentially normal ultrastructural appear-
ance, suggesting that cutaneous free nerve endings in
atopic lichenified lesions may be functionally intact.
Discussion The number of mast cells is greatly increased in the
cutaneous lesion of AD [13]. There has been only one
Immunohistochemical analysis of the cutaneous nervegdievious report of mast cells entering perineurium and
bres in AD has shown that the numbers of NF-, PGP ggranulating, resulting in oedema of the axons, and this
CGRP-, and SP-positive fibres are increased in the pafiiiding was thought to be related to itching in AD [14].
lary dermis and the dermoepidermal junctions; they ddewever we could not demonstrate degranulation of
casionally enter the epidermis [1, 11, 12, 17]. This stuthast cells in the lesions of AD. From the clinical view-
confirmed earlier findings regarding NF and PGP 9.Boint, in that there is always severe pruritus in lichenified
which are axonal or neuronal markers. Recently interletepic skin lesions, such lesions may be considered as
kin 6-like immunorectivity was found in the nerve fibrebaving a continuous pruritogenic stimulus. Thus, there is
in the dermis and even epidermis of normal and inflamadgossibility that a pruritogenic mechanism not associat-
human skin, and these findings suggest that interleukied with degranulation of the mast cells may be at work
may have a trophic effect on sensory nerves and thatithatopic lesion-bearing skin.

increasing number of interleukin 6-positive fibres may
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with AD. These cutaneous nerve fibres had far more ax-

ons in each SA. In addition, the SAs remained groupg@ferences
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dermlsf [6].thhe Scthwann Icg”i of these” nuclcejated Sﬁf Chouchkov C (1978) Cutaneous receptors. Springer, Berlin
are referred to as terminal Schwann cells and are coMiyjgigelberg New York. pp 9-15

monly situated in the dermis at a distance from the eps: Hosoi J, Murphy GF, Egan CL, Lerner EA, Grabbe S, Asahina

dermis. The terminal Schwann cells stretch their penicil- A, Granstein RD (1993) Regulation of Langerhans cell func-
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