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Introduction

[tching, or pruritus, is defined as an unpleasant sen-
sation which provokes the desire to scratch (1). From
a phylogenetic point of view, itching can be regarded
as a “physiological” and well-adapted nociceptive
sensation that induces scratching in order to remove
potentially noxious or damaging stimuli, such as ec-
toparasites, fibres or chemicals from the skin sur-
face. When itching occurs as a symptom of skin
disease or internal disorder, its nociceptive function
is dubious, as scratching can lead to further damage
of the skin, increasing the inflammation and pruri-
tus, i.e. a vicious “itch-scratch™ circle is initiated.
Mild pruritus may occur in people’s everyday life
and therefore it is often overlooked as a trivial phe-
nomenon, but intense itching can be extremely dis-
tressing and as disabling as severe pain.

Today’s knowledge of the pathophysiology of itch-
ing is based on studies of human subjects, as no
research models for the investigation of itching in
animals are established (2). Although scratching
often occurs in animals, there is no definite proof
that it always reflects the sensation of itching (3).
The highly subjective nature of pruritus makes it an
intricate task for the investigator to evaluate. To
circumvent the problem of measuring such a subjec-
tive symptom, some investigators have developed
methods for measurement of scratching, as this is
the objective correlate to itching. The methods have
included various nocturnal movement-sensitive
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meters secured to the patient’s limbs, e.g. monitor-
ing of forearm muscle potentials (4-6), the use of
modified self-winding watches (7), clectromagnetic
movement detectors (8) or paper strain gauges (9).
Other methods have employed bed vibration trans-
ducers attached to hospital bed-legs (7), or a
movement-sensitive radar beside the patient’s bed
(10). The major gain with the nocturnal scratch re-
cordings has been an increased knowledge of scratch-
ing behaviour during different stages of sleep (5).
Due to the technical requirements, these investiga-
tions have been restricted to inpatients. Sometimes
the results of the scratch recordings have been val-
idated by correlating them with subjective ratings of
itching (7,8), i.e. in the end one has to rely upon the
patient’s assessment of his own symptom, which has
long been well accepted in pain research (11).

In clinical studies, various scales for rating itch
intensity have been used, but their validation has
received very little attention. However, some recent
studies (12-15) have focused on the evaluation of
rating scales used for assessing experimentally in-
duced itching. Such studies, which have the advan-
tage that the itch-provoking stimulus is controlled,
have shown that it is possible to obtain a dose-
response curve between the stimulus strength and
the itch response, i.e. a weaker stimulus produces
less itching than a stronger stimulus. This indicates
that it is possible for a subject to assess the itch
Iintensity accurately. The visual analogue scale (VAS)
Is a rating scale used for measuring various subjec-
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tive feelings (16). This scale can be used also for
assessing itch intensity, both in experimentally in-
duced pruritus (14, 15) and in clinical disease (17).
Furthermore, both conventional retrospective rating
forms completed twice daily and a new computer-
ized technique for continuous recording of pru-
ritus are valid for measuring itch intensity in clin-
ical disease (17). The latter method (Pain-Track®,
Symtrack®) consists of portable microcomputers
carried by the patients all day and night (17-20). Its
main advantages are possibilities for frequent sam-
pling, surveillance of compliance, analysis of a large
amount of data, and the possibility to study changes
in the itch intensity over the day (17).

The qualitative aspects of the itch sensation in
various diseases have not been investigated system-
atically. There is no “itch questionnaire™ analogous
to the “McGill pain questionnaire” (21) which, in
addition to an intensity rating scale, contains qual-
itative verbal terms to be chosen as a specification
of the pain sensation.

Neurophysiology

Itching can be elicited by chemical, electrical, me-
chanical and thermal stimulation (22, 23). No mor-
phological structure has been identified as specific
receptor for the itch sensation, but it is assumed that
“itch receptors™ are linked to the free nerve endings
of C-fibres close to the dermo-epidermal junction
(22). The impulses set up in the thin, non-myelinated,
slowly conducting C-fibres enter the spinal cord via
the dorsal horn, then ascend in the contralateral
spinothalamic tract, pass via thalamus and end in
the somatosensory cortex of the post-central gy-
rus (24).

Itching and pain are related phenomena, and it
was previously believed that itching was equal to
subthreshold pain, i.e. with increased activity in the
C-fibres the perceived sensation changed from itch-
ing to pain. Today, itching and pain are considered
as 2 separate sensory modalities (23). The reasons
for this are: a) that both sensations can be felt si-
multancously, b) that if the epidermis is removed
itching cannot be elicited, whereas pain can still be
provoked, c) that itching and pain evoke different
motor responses (scratching and withdrawal, respec-
tively), d) that opioids provoke itching, but relieve
pain, and, e) recent neurophysiological findings. By
inserting microelectrodes percutaneously into pe-
ripheral C-fibres of conscious volunteers, Torebjork
& Ochoa (25) showed that electrical stimulation of
some C-fibres provoked itching, whereas stimulation
of other C-fibres induced pain. If itching was in-
duced, increased stimulation frequency gave an in-
creased itch intensity, but itching never changed to
pain. Further studies, where pruritus was provoked
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by electrical stimulation (12) or histamine ionto-
phoresis (14), have confirmed this.

The central mechanisms involved in the modula-
tion, interpretation and processing of pruritus are
completely unknown, but undoubtedly the central
nervous system has a great influence on the percep-
tion of itching. For example, emotional stress or
anxiety can aggravate pruritus (26), whereas distrac-
tion can relieve it.

It is not fully understood why the natural conse-
quence of itching, i.e. scratching or rubbing of the
skin, relieves itching, but several mechanisms may
be involved. The * gate-control” theory was intro-
duced by Melzack & Wall (27) to explain why me-
chanical stimulation reduces pain. They suggested
that activity in afferent large-diameter myelinated A-
fibres, elicited by vibration or touch, inhibits the ac-
tivity in afferent small-diameter C-fibres reaching the
spinal cord, i.e. A-fibre input closes the “gate” for
C-fibre input. It is not known whether this phenom-
enon is applicable to the itch sensation, but if so, it
may explain why rather mild mechanical stimulation
of the skin temporarily relieves mild pruritus. Fur-
thermore, it is known that itching cannot be induced
experimentally in an area previously exposed to pain
(“antipruritic state”) (28). Scratching of the skin is
a fairly strong mechanical stimulus also activating
nociceptors, and the nociceptive input appears to be
particularly important for induction of the “antipru-
ritic state” i.e. pain seems to inhibit itching.

If a mild mechanical stimulus is applied to the skin
in an area surrounding that exposed to a pruritic
stimulus, such as a mosquito bite or an intradermal
injection of histamine, itching is often perceived in-
stead of touch. This phenomenon of cutaneous hy-
peraesthesiais called “itchy skin™ (28) or ““alloknesis”™
(29). The underlying neurophysiological mechanisms
are not known in detail, but the condition has sev-
eral features in common with secondary hyperalge-
sia, which appears to be due to an altered central
processing of mechanoreceptive input (Torebjork.
personal communication). The state of “itchy skin”
may be of considerable importance in pruritic skin
diseases if trivial mechanical stimulation, such as
light touch or friction, of “uninvolved skin™ next tc
pruritic skin lesions is felt as itching. It is important
to note that “itchy skin” is not equivalent to a low-
ered itch threshold. The latter indicates that pruritus
is provoked by a less intense pruritogenic stimulus
(e.g. a lower histamine concentration), but not thal
touch is perceived as itching, which is the case in the
state of “itchy skin”.

Mediators of itching

Most pruritic dermatoses (e.g. infestations, urticaria
eczema, lichen planus, dermatitis herpetiformis) are



associated with a cutaneous inflammation where
various inflammatory mediators are produced. Pru-
ritogenic mediators are assumed to act directly upon
free nerve endings of the C fibres close to the dermo-
epidermal junction, or to act indirectly by stimulat-
ing release or activation of substances that in turn
stimulate these nerve endings. On the other hand,
cutaneous inflammation is not always associated
with pruritus (e.g. acne and discoid lupus erythema-
tosus) and inflammation of the skin is not a prereq-
uisite for itching, as it is not observed in pruritic
internal diseases (e.g. uraemia and cholestasis). The
pathomechanisms of most pruritic dermatoses and
internal diseases are still unknown.

No single or principal pruritogenic mediator is
identified, although histamine was for long consid-
ered the unique, direct, chemomediator of clinical
pruritus. During the 1950’s, it was shown that pro-
teases could cause itching, and Arthur & Shelley
(22, 30) suggested that proteolytic enzymes pro-
duced by cellular infiltrates in the skin, by blood in
the skin capillaries, by damaged epidermal cells, or
by microorganisms on the skin surface may contrib-
ute to clinical pruritus in various diseases. The dis-
covery and identification in biochemical research of
various new inflammatory mediators have allowed
studies of their pruritogenic properties, as summa-
rized in Table 1. Most proteases and peptides have
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turned out to be histamine liberators, and the itch-
ing provoked by most of these substances can there-
fore be blocked by antihistamines (31). Kallikrein
and papain, however, elicit a burning itch without
the release of histamine from dermal mast cells
(32, 33). Prostaglandins (34-37) and endorphins
(38, 39) induce no or only weak itching on their own,
but potentiate histamine-induced itching, i.e. they
may act as peripheral modulators of itching.

The central mediators or transmitters of pruritus
are unknown, but recent findings indicate a role for
endorphins, i.e. endogenous peptides with morphine-
like antinociceptive activity. These neurogenic pep-
tides are found in both peripheral and central nerve
fibres and they are assumed to be involved in the
endogenous control of pain (40). If morphine is in-
jected into the cisterna cerebellomedullaris in certain
animals, a violent scratching syndrome is provoked
(41). In man, itching is a well-known side-effect in
patients receiving epidural or spinal opiates and such
induced itching is reversed by administration of the
opiate antagonist naloxone (42). In a double-blind,
randomized, placebo-controlled study of patients
with chronic urticaria or atopic dermatitis (AD), a
single oral dose of nalmefene, a potent opiate an-
tagonist, significantly reduced itching, but adverse
effects were frequent (43). The itch-relieving effect of
opiate antagonists suggests a role for endorphins

Table 1. Pruritogenic properties of some inflammatory mediators, investigated by intradermal injections in human skin

Group Substance Pruritus Comment Reference
Amines Histamine + Classical chemomediator of itching (44,45)
Serotonin (+) Not present in human mast cells, but (121)
released when platelets aggregate; itching
potentiated by prostaglandins
Proteases Trypsin + Histamine liberator {22,122)
Chymase + Histamine liberator (122)
Papain + Burning itch without visible skin changes; (30,33,35)
no histamine releasing effect; itching
potentiated by prostaglandins
Kallikrein + Burning itch without visible skin changes; (32)
no histamine releasing effect
Peptides Bradykinin {+) Histamine liberator (32)
Secretin + Histamine liberator (123)
Substance P + Histamine liberator (123,124)
Neurotensin + Histamine liberator (123)
VIP + Histamine liberator (123)
Endorphins 0/(+) Potentiates histamine-induced itching (38)
without histamine release or formation
of prostaglandins
Eicosanoids Prostaglandins 0/(+} Potentiates itching induced by histamine, (34-37,121)
serotonin and papain
Leukotrienes 0 {125)
HETE 0 Unpublished data Hagermark, personal
communication
Phospholipids PAF + Histamine liberator {126)

0=no itching; (+)=weak itching; + =itching; VIP=vasoactive intestinal polypeptide; HETE =hydroxyeicosatetraenoic acid; PAF= platelet activating factor.
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and opiate receptors in the central transmission of
pruritus.

Urticaria

Urticaria is a condition characterized by transient
wheals in the skin resulting from acute dermal oe-
dema. The pathogenesis involves immunological,
non-immunological and idiopathic mechanisms. In
the 1920’s, Lewis showed that intradermal injection
of histamine causes itching and a vascular “triple
response” in the skin comprising a local redness,
wheal and axon-reflex-mediated flare reaction
(44, 45), i.e. the same symptoms as in urticaria. His-
tamine, since then the classical chemomediator of
itching, is released from activated skin mast cells
and is the main pruritogenic mediator in most cases
of urticaria. In fact, urticaria is the only disease
where the main itch-provoking substance is known.
In all other pruritic diseases the pruritogens are un-
known. Other vasoactive mediators of varying cel-
lular origin may, however, also be involved in the
pathogenesis of urticaria, e.g. prostaglandins and
neuropeptides (46-48), and these substances may
therefore contribute to the itching in the whealing
disorders.

Histamine-induced itching is mediated through H,
receptors in human skin, whereas the contribution
from H, receptors seems doubtful (49, 50). The pru-
ritus is associated with a visible “triple response”
and the histamine dose required to induce itching is
higher than that needed to provoke the vascular re-
sponses (30). Accordingly, histamine-induced itch-
ing without a visible wheal and flare reaction is un-
likely. The individual lesions in urticaria are often
most pruritic at onset. Repeated intradermal injec-
tions of histamine lead to tachyphylaxis in the skin,
i.e. further injections of histamine lead to gradually
decreased itching and vascular responses (44, 51,
52). This phenomenon, together with local depletion
of histamine stores in skin mast cells, is assumed to
explain the short duration (a few hours) of the indi-
vidual lesions in urticaria, whereas new lesions con-
tinue to develop at new sites.

The itch-relieving effect of H,-receptor antago-
nists in most cases of urticaria is well documented
(46, 50), although some patients respond poorly, in-
dicating that other pruritogenic inflammatory medi-
ators may be involved, as well.

Atopic dermatitis

General aspects

AD is a genetically based (53), pruritic, chronically
relapsing inflammatory skin disease, with typical
clinical morphology and distribution, frequently as-
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sociated with a personal history of respiratory ator
or a family history of respiratory atopy and/or Al
(54). In addition to these major criteria, sever
minor features can be listed (54), e.g. early age :
onset, dryness of the skin, tendency toward cutane
ous infections, recurrent conjunctivitis, increase
serum IgE level, positive immediate skin test rea
tions and various functional, vascular abnormalitie
The aetiology of AD is unknown, but it is assume
to be multifactorial (55, 56). The primary pathc
mechanisms are unknown, although research durir
recent decades has shown several pharmacophys
ological, biochemical and immunological abnorma
ities, as extensively reviewed by several authors (55
61). The role of IgE in AD is unclear, and hence, th
term “‘atopic” is sometimes criticized. The frequenc
of elevated serum IgE levels seems to vary with th
severity of AD and the presence of a concomitar
respiratory atopy (55). The IgE bound to mast cel
and basophilic granulocytes is involved in the pathc
genesis of the immediate hypersensitivity reaction
including the late-phase reaction, but it is not prove
that these reactions are involved in the pathogen
sis of AD, although it has been suggested (62). Ar
other possible role for IgE in AD is suggested by th
finding of IgE bound via low-affinity Fc-IgE recey
tors (F¢,R2/CD23) on Langerhans’ cells in involve
skin, and to a lesser extent in uninvolved skin, of Al
patients with elevated serum IgE levels (63-66
Epidermal Langerhans’ cells may bind and preser
allergens to T lymphocytes, inducing an allerger
specific inflammatory response (63, 67). The signi
icance of the immune system and lymphocytes i
AD is supported by the fact that atopy has bee
transferred with bone marrow transplantation fror
an atopic donor to a non-atopic receiver (68), an
conversely, that transplantation of a normal bon
marrow to patients with the Wiskott-Aldrich sy
drome has cured their eczematous lesions (69, 70
which are indistinguishable from AD.

Histochemical and immunohistochemical findings

The microscopic features of AD vary with the natur
of the clinical lesion. The acute lesion is characte
ized by epidermal intercellular oedema, and epide
mal and perivascular dermal inflammatory infi
trates. The chronic lichenified lesion show
acanthosis and hyperkeratosis, and dermal inflan
matory infiltrates in both perivascular and interva
cular locations. The inflammatory cellular infiltrate
consist predominantly of lymphocytes and macropl
ages. The T-helper/T-suppressor cell ratio in the ski
is approximately 7:1 (71). The number of mast cel
is increased in lichenified plaques, but not in acut
lesions or in normal-appearing skin (72,73). Onl
occasional neutrophils, eosinophils and basophi



are noted (72). Although accumulation of eosino-
phils in the skin is not a prominent feature in AD,
the finding of deposits of major basic protein in
AD lesions indicates that these cells degranulate in
the skin in such patients (74). Venular changes are
observed in both lesional and normal-looking AD
skin comprising endothelial cell hypertrophy and ho-
mogenecous thickening of the basement mem-
brane (72).

Clinical itching and scratching

Pruritus is a hallmark of AD, and the patients judge
the severity of their eczema more by the itch inten-
sity than by the appearance of the skin lesions. Itch-
ing is often more intense in the evening and at night,
although peaks occur also in the morning (17). Itch-
ing can be aggravated by various factors, each hav-
ing different importance in the individual patient. In
a study of 85 adult AD patients, detailed interviews
revealed that itching was provoked by heat/
perspiration in 969, of the patients, by wool fibres
in 919,, by emotional stress in 819, by certain foods
in 499, by alcohol in 449, and by common colds in
367, (20).

Many of the lesions in AD patients are secondary
to scratching of the skin, which leads to lichenifica-
tion and excoriations, increasing the cutaneous in-
flammation and in turn provoking more itching, i.c.
a vicious circle of itching and scratching is initiated.
The use of mechanical scratching devices is frequent
and was admitted by 389 of the AD patients in one
study (20). Many patients tend to scratch at mo-
ments of emotional tension or frustration. The psy-
chological component of the scratching behaviour
i1s complex, but it has been stated that it some-
times includes a component of pleasure or somati-
zation of emotions. Furthermore, scratching can be
a conditioned response, and an experimental study
shows that patients with AD are more prone to de-
velop a conditioned scratching response than con-
trols (75).

Studies of AD patients employing nocturnal limb-
movement sensitive meters show that 2-389%, of the
night time is associated with scratching (4, 9). Sleep-
ers scratch predominantly with the hands, but in-
creased leg movements also occur, reflecting a noc-
turnal restlessness (7, 8). In fact, a considerable
amount of energy can be consumed in nocturnal
scratching and restlessness (7). Scratching is more
frequent in superficial stages of orthodox sleep than
in deeper stages, whereas the paradoxical sleep
(rapid eye movement) is in between (5). The dura-
tion of the scratching bouts is fairly constant for
each individual and not related to the depth of sleep
(5). Some sedative drugs, such as trimeprazine and
trimipramine, modestly reduce nocturnal scratching,
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probably because they reduce the time spent in the
superficial stage of orthodox sleep when scratching
is most frequent (6).

Pathophysiology of itching

The mechanisms causing pruritus in AD are un-
known. Rajka (55) has suggested that 2 components
can be recognized: first, itching induced by various
immunological or non-immunological stimuli, and
secondly, an increased itch sensitivity in the skin,
observed as reduced itch thresholds or prolonged
itch durations for pruritic stimuli.

The increased itch sensitivity can be illustrated by
using wool fibres of medium to coarse thickness,
which provoke a stronger itch response in patients
with AD than in healthy controls (76), but the in-
creased itch sensitivity does not seem valid for all
pruritogenic substances. When various doses of his-
tamine are injected intradermally in AD patients and
healthy controls, the dose-response curves for the
itch responses do not differ significantly between the
2 groups, indicating that they are equally able to dis-
criminate between weak and strong histamine con-
centrations, and that AD patients are neither signif-
icantly more sensitive nor refractory to histamine
(76). Wool fibres also provoke a qualitatively differ-
ent response, as significantly more AD patients
than controls feel a “pure itching” without any
pricking sensation (76). This may reflect the state
of “itchy skin”, where mild mechanical stimula-
tion is perceived as itching and not as touch, and
this phenomenon may be added as a third compo-
nent of importance for the itching in patients with
AD.

However, the pruritic mediator(s) of AD must be
considered as the most important component. This
substance or substances, as well as its/their cellular
origin, remains to be identified.

Histamine

Much interest has focused on mast cells and baso-
phils, as they produce histamine as well as other
inflammatory mediators. The number of mast cells
in lichenified AD plaques is increased, but the pe-
ripheral basophilic granulocytes are normal in num-
ber. On the other hand, in vitro studies of basophils
show an abnormal function with increased (77) or
faster histamine releasability (78). Histamine is the
most thoroughly studied pruritogen and has been a
persevering candidate as chemomediator of pruritus
in AD. During the 1930’s, it was suggested that his-
tamine might be involved in the pathogenesis of AD,
as studies showed that intramuscular injections of
histamine increased the skin temperature in the flex-
ures in AD patients but not in controls (79). Stud-
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ies during the 1960’s showed increased histamine
levels in involved and uninvolved AD skin (80, 81),
although this was not specific for AD (81). Recent
studies employing a more sensitive laboratory tech-
nique have failed to confirm significantly elevated
skin histamine levels (82). Plasma histamine levels
are normal (82) or sometimes raised (83) in patients
with AD.

However, there are several arguments against his-
tamine being the main pruritogen in patients with
AD. When histamine is injected intradermally, itch-
ing is nearly always accompanied by a visible vas-
cular response (20) and the dose required to elicit
pruritus is higher than that needed to provoke wheal-
ing (30). The itching in patients with AD is not as-
sociated with whealing. Furthermore, the long-lasting
itching of the individual lesions in AD patients is not
compatible with repeated or continuous histamine
stimulation, which would induce tachyphylaxis to
histamine in the skin (44, 51, 52). Finally, the anti-
pruritic effect of H,-receptor antagonists in placebo-
controlled studies of AD patients is not convincing,
whereas their antipruritic effect in most cases of urti-
caria is generally prompt.

The study of pruritus and the antipruritic effect of
drugs is a challenge for the clinical investigator. Sev-
eral studies have been published concerning the an-
tipruritic effect of antihistamines in both children
and adults with AD, but most of them can be criti-
cized as they do not meet essential design criteria for
the clinical evaluation of antipruritic drugs. A double-
blind, randomized study design is required and pla-
cebo must be included (84, 85), as the subjective
symptom of itching is highly influenced by any me-
dication, whether active or not (86, 87). By definition
the patient himself has to assess the magnitude of
itching, not the investigator of the study or the par-
ents of a pruritic child, and the itch recording method
has to be described carefully. A cross-over design
has the advantage that the patient is his/her own
control, minimizing the influence of individual fac-
tors, such as severity of eczema, flare factors and
subjective reading of the rating scales.

If these basic requirements are applied, few stud-
ies of the itch-relieving effect of antihistamines in
AD patients remain to review. In a double-blind,
randomized, cross-over trial, where itching was rated
in 16 AD patients using daily VAS forms, chlorphe-
niramine alone or chlorpheniramine plus cimetidine,
given for 4 weeks each, did not relieve pruritus better
than placebo (88). Three days’ treatment with a new
non-sedative H -receptor antagonist, LN2974, failed
to reduce itching recorded with VAS forms and noc-
turnal scratching recorded with limb-movement
meters in a double-blind, randomized, placebo-
controlled, cross-over study of 10 adults with AD
(89). On the other hand, a double-blind, random-
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ized, placebo-controlled, but parallel study with
completing AD patients showed that 10 days’ tl
apy with either of the 2 non-sedative antihistami
terfenadine (180 mg/day) or acrivastine (24 mg/d
significantly relieved itching, rated with VAS for
compared with placebo (90). Two subsequ
double-blind,randomized, placebo-controlled, cr«
over studies have failed to confirm these results
one study completed with 24 AD patients, who ra
itching twice daily on VAS forms, 7 days’ treatm
with terfenadine (240 mg/day) did not relieve itch
more than placebo (91). In another trial involy
25 patients with AD, the antipruritic effect of

sedative antihistamine clemastine (4 mg/day) ¢
the non-sedative antihistamine terfenadine (120 1
day) was compared with that of placebo (18).
itch intensity was recorded continuously usin,
computerized method for self-assessment (P:
Track®). The treatments were given for 3 days e:
and the computerized itch recordings from days
3 were analysed. Intradermal histamine injecti
showed that both antihistamines had a signific
H -receptor blocking effect in the skin, confirm
that the patients had taken the drugs as reques
and that significant concentrations were achievec
the skin. In spite of this, and the fact that clemast
induced a significant sedation, neither clemastine 1
terfenadine relieved the patients’ clinical itching b
ter than placebo. These findings (18), in comm
with the previously mentioned placebo-controll
cross-over studies (88, 89, 91), support the view t
histamine is not of major importance in the patl
genesis of pruritus in AD. Furthermore, sedation
antihistamines is not necessarily associated with i
relief (18, 20), which has previously been sugges
by results from open studies of itching and scrat
ing (92).

The results of experimental studies suggest tl
some antihistamines, in addition to their H,-recep
antagonizing effect, may have other effects, such
inhibiting the release of histamine (93, 94) and .
kotrienes from mast cells (94), or inhibiting chen
taxis of eosinophils (95). The possible relevance
these experimental findings to the relief of clini
itching in AD patients is still completely unknov

Eosinophil-derived toxic proteins

Blood eosinophilia is common in patients with A
Disease severity and personal or family history
respiratory atopy are important factors in determ
ing high blood eosinophil levels in these paties
(96). The eosinophilic granulocytes contain, in th
granules, various toxic proteins: major basic prot
(MBP), eosinophil cationic protein (ECP), eos
ophil-derived neurotoxin (EDN) and eosinophil p
oxidase. Increased serum levels of MBP (97) a



ECP (98), and deposits of MBP in lesional skin (74)
occur in patients with AD. Moreover, cutaneous
eosinophils are present in positive patch tests with
specific aero-allergens in AD patients (99). The role
of the eosinophils in AD is, however, unknown.
MBP i vitro induces histamine release from rat mast
cells and human basophils (100), and intradermal
injections of MBP, ECP or EDN into human skin
induce a wheal and flare reaction (101). As whealing
is not observed in AD lesions, it is unlikely that such
a mechanism is important in the pathogenesis of
itching in AD patients.

Cytokines

AD, allergic contact dermatitis, and lichen planus
are examples of diseases where itching is a promi-
nent feature. They have in common an inflammatory
mononuclear cellular infiltrate consisting predomi-
nantly of lymphocytes and macrophages in the pap-
illary dermis close to the dermo-epidermal junction,
where the free nerve endings of the C-fibres are lo-
cated. On activation, these mononuclear cells pro-
duce various cytokines, i.e. soluble mediators with
many inflammatory and immunoregulatory effects,
interacting in a complex network. Experimental data
from peripheral blood T cells suggest that an imbal-
ance in the interleukin-4/interferon-y ratio may be of
great importance in the mechanisms involved in AD
(39). Techniques for culturing skin-infiltrating lym-
phocytes obtained via skin biopsies from lesional
AD skin have recently been introduced (102-105)
and offer an exciting possibility of studying the func-
tional activity and spectrum of cytokine production
of lesional skin lymphocytes. Such in vitro-expanded
cultures of AD-skin-derived lymphocytes, stimu-
lated with mitogens or allergens, produce interleukin-
4. granulocyte-macrophage colony-stimulating fac-
tor (GM-CSF) and tumour necrosis factor-a,
whereas the production of interferon-vy is reduced or
absent (103-105).

The question arises whether cytokines are pruri-
togenic. This has not been investigated methodically,
but, interestingly, pruritus has been reported as a
side effect in patients treated with certain cytokines.
Injections of recombinant human GM-CSF can pro-
voke local erythema and pruritus at the injection site
(106). When recombinant human interleukin-2 (rhIL-
2) is given intradermally to patients with leproma-
tous leprosy to reconstitute cell-mediated immunity
in their cutaneous lesions, an induration appears at
the injection site (107), accompanied by local itch-
ing (Kiessling, personal communication). Further-
more, intravenous infusion of rhlL-2 to cancer pa-
tients frequently provokes a widespread erythema
and itching of the skin, and a peripheral blood eosi-
nophilia (108). Immunohistochemical investigation
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of skin biopsy specimens from these patients has
shown the presence of activated T lymphocytes in
the papillary dermis (108). As erythema and itching
are not relieved by antihistamines or indomethacin,
histamine or prostaglandins are unlikely to be the
major cause of these skin symptoms (108). These
findings, in fact, resemble some of those encountered
in patients with AD.

In recent years, cyclosporin A (CSA), a cyclic
polypeptide with potent immunosuppressive effects,
has been used for the treatment of various inflam-
matory dermatoses and in several case reports the
itch-relieving effect of oral CSA in various diseases,
such as AD, lichen planus, Sézary syndrome and
mycosis fungoides, is pointed out. Therefore, we
initiated a double-blind, randomized, placebo-
controlled study of the antipruritic effect of 10 days’
treatment with oral CSA (5 mg/kg/day) in 10 adults
with AD (19, 20, 109). Evaluation was based on
computerized itch recording (Symtrack®), clinical
scoring and examination of skin biopsy specimens.
CSA significantly reduced the itch intensity, the ec-
zema score and the number of peripheral blood
eosinophils. An analysis of the percentage of time
awake without pruritus on days 9-10 of CSA ther-
apy revealed that 4/10 AD patients were completely
free from itching, 2/10 spent more than 90%, of the
day without itching, whereas 4/10 were never free
from itching. On days 9-10 of the placebo period,
9/10 patients spent no time without pruritus. The
onset of the antipruritic effect differed, but 6/10 had
an effect within days 2—4. In 1/10, no itch-relieving
effect occurred within the 10 days of active therapy,
although the eczema score clearly decreased. How-
ever, relapses were seen within 2-30 days of com-
pletion of CSA therapy. In at least half of the pa-
tients, CSA reduced the number of CD3 +, CD4 +,
HLA-DR +, IgE+, CD23+ (low-affinity Fc-IgE
receptor + ), intercellular adhesion molecule-1+
(ICAM-1+) and EG2+ (*activated” eosinophils)
cells in lesional skin. The presence or absence of, or
changes in, any of these markers, did not strictly
parallel the clinical itch intensities in the patients. It
cannot be concluded that the immunohistochemical
alterations observed during active therapy are spe-
cific for CSA. It is possible that they, in fact, may
oceur in any successful treatment of AD patients.
CSA therapy does not decrease the serum IgE level
in patients with AD (110). Furthermore, open stud-
ies show that immediate responses to intradermally
injected histamine (111), and immediate- and late-
phase reactions to intradermally injected allergen
(110) are significantly increased during treatment
with CSA. As the patient’s eczema was markedly
improved (110), the importance of the immediate/
late-phase type-I hypersensitivity reactions in the
pathogenesis of AD seems doubtful.
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The mechanism of action of CSA in AD is not yet
understood. A major effect of CSA is the inhibition
of production of T cell-derived cytokines (112) but,
in addition, CSA also affects a variety of other cells.
For example, CSA in vitro has an antiproliferative
effect on keratinocytes and endothelial cells (113),
and inhibits the release of histamine from human
lung mast cells (114), although the concentrations
required seem to be higher than those needed to
inhibit 1L-2 production from T lymphocytes. Since
cytokine therapy can provoke itching as a side effect
and since CSA inhibits the production of various
cytokines, it is possible that such mediators, directly
or indirectly, alone or in concert, may be of impor-
tance in the pathogenesis of itching in AD.

Neuropeptides

Cutaneous nerves in lichenified plaques of AD pa-
tients reveal demyelination and fibrosis (72), but
these morphological changes may be secondary to
the repetitive trauma of scratching (72), as degener-
ative changes in nerve fibres occur also in other pru-
ritic dermatoses where scratching is prominent (115).
Sensory nerve fibres are found in the dermis and
basal epidermis as free or specialized nerve endings.
Examination of neuronal structures in the skin em-
ploying various immunohistochemical markers (e.g.
protein S-100, protein gene product 9.5) has not
shown any differences between lesional/non-lesional
AD skin and skin from normal controls (Johansson
& Wabhlgren, unpublished data). However, the dis-
tribution and localization of some neuropeptides in
lichenified AD plaques differ from those seen in nor-
mal subjects. Substance P-positive nerve fibres
perivascularly in papillary dermis and neuropeptide
Y-positive epidermal dendritic cells are frequently
observed in AD patients, but not in healthy subjects,
whereas the staining patterns for calcitonin gene-
related peptide (CGRP) and vasoactive intestinal
polypeptide (VIP) do not differ between the groups
(116). The importance of these findings is not clear,
but it has been suggested that neuropeptides may
form a link between the nervous system and cuta-
neous inflammation. Such a model may explain, for
example, the well-known association between emo-
tional stress, erythema and itching. Another possible
explanation of why itching often develops in asso-
clation with erythema or sweating, may be the fact
that C-fibres are readily activated (lowered itch
threshold) if the skin temperature is raised (51). Nev-
ertheless, the primary factor that activates the C-
fibres in these situations is unknown. When neu-
ropeptides, such as substance P or neurotensin are
injected intradermally, they induce itch responses
that do not differ between AD patients and healthy
controls (117). Most neuropeptides, however, are
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histamine liberators where pruritus can be blocke
by antihistamine (see Table 1), disfavouring their rol
as primary pruritogens in AD.

Dry skin

LR

Dry skin (“xeroderma”, “asteatosis”) is a frequer
finding in patients with AD. It is defined as a rougt
ened skin texture with fine scaling but without er
thema. The underlying pathomechanisms are prot
ably heterogeneous, but dry skin may be the sequel
of an otherwise invisible inflammation (118), or i
volve abnormalities in epidermal lipid metabolis
(119). It 1s generally accepted that dry skin is ir
clined to itch, but the mechanism of itching in dr
skin is not established. The water-binding capacit
i1s decreased and the transepidermal water loss |
raised in dry skin of AD patients (120), reflecting
defect skin barrier (120). This allows the penetratio
of irritants into the skin and this may cause itching
Alternatively, assuming that dry skin is associate
with a mild cutaneous inflammation, pruritus may b
provoked by pruritogenic inflammatory mediator:
Some skin manifestation in AD, such as dry ski
erythema, itching and increased transepiderm:
water loss, show similarities with those of essenti:
fatty-acid-deficient animals. Abnormalities of esser
tial fatty-acid metabolism may play a role in th
pathogenesis of AD and placebo-controlled clinic:
trials show a therapeutic and antipruritic effect ¢
gamma linolenic acid (60), although the mechanism
for the antipruritic action are unknown.

Conclusions

Histamine, the classical chemomediator of itching,
the major pruritogen in most cases of urticaria an
here the pruritus is relieved by H-receptor antage
nist whether sedative or not. In AD, the pathomecl
anism of itching is unknown, but it is suggested the
the primary factor is pruritus provoked by one ¢
more inflammatory mediators. Such a mediator ¢
mediators, and their cellular origin, remain to t
defined. Most evidence supports the view that hi
tamine is not the major pruritogen in AD, and th
disqualifies several other pruritogenic inflammator
mediators, as many of these are histamine liberator:
Therefore, the use of H,-receptor antagonists as ar
tipruritic drugs in patients with AD appears to b
inappropriate. Other factors of importance in th
pathogenesis of itching in AD are the increased itc
sensitivity (lowered itch threshold and increased itc
response) to some ,but not all pruritogens, and prot
ably the phenomenon of “itchy skin”, where mil
mechanical stimulation of the skin is perceived ¢
itching.
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