
Blister Fluid Cytokines in Cutaneous In£ammatory Bullous
Disorders

LESLEY E. RHODES1, IBRAHIM A. HASHIM2, P. JEREMY McLAUGHLIN3 and PETER S. FRIEDMANN4

Departments of 1Dermatology, 2Clinical Chemistry, 3Immunology, University of Liverpool, Liverpool and 4Immunodermatology Unit,
Department of Medicine, University of Southampton, Southampton, UK

Cytokines are important regulators of immune and in£amma-
tory reactions in the skin, and may contribute to in£ammatory
blister induction. We examined the pro¢les of interleukin-6
(IL-6) and tumour necrosis factor-a (TNF-a) in £uid of spon-
taneous blisters in the immune-based in£ammatory disorders
bullous pemphigoid (8 patients), allergic contact dermatitis (5
patients) and toxic epidermal necrolysis (5 patients). These
were compared with levels in 9 patients with burns, i.e. in£am-
matory blisters of non-immune aetiology, and 4 patients with
blisters of physical origin. Very high levels of IL-6 were
found in bullous pemphigoid and toxic epidermal necrolysis
(pv0.001) compared with non-in£ammatory and burn blis-
ters. TNF-a levels were high in bullous pemphigoid and burns,
but undetectable in non-in£ammatory blisters. The pattern in
bullous pemphigoid (very high IL-6, high TNF-a) di¡ered sub-
stantially from toxic epidermal necrolysis (very high IL-6, low
TNF-a), while burns and allergic contact dermatitis showed
lesser elevation of both cytokines. Hence, di¡erences in cyto-
kine pro¢les were identi¢ed, although the relevance to under-
lying pathomechanisms is uncertain. Key words: interleukin-
6; tumour necrosis factor-a; blister formation.
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The blistering disorders are characterized by di¡erent patterns
of cellular in¢ltration. It is possible that the pro¢le of cytokines
in each disorder re£ects the cell-type speci¢c e¡ector mechan-
isms. Interleukin-6 (IL-6) has many functions including activa-
tion of T- and B-lymphocytes (1), and has been shown to induce
peripheral lymphocyte migration in vitro (2). Tumour necrosis
factor-a (TNF-a) is another multifunctional cytokine, whose
functions include pivotal e¡ects on neutrophil activation and
adhesion, also stimulation of T-lymphocytes, prostaglandin
release and induction of further cytokines, including IL-6 (3,
4). Both IL-6 and TNF-a additionally stimulate protein synth-
esis in the acute phase response, which represents a systemic
reaction to signi¢cant stress of various aetiology (1, 3, 5).
We have examined the blister £uid content of IL-6 and TNF-

a in patients presenting with the immune-mediated conditions
bullous pemphigoid (BP), allergic contact dermatitis (ACD)
and toxic epidermal necrolysis (TEN), and have compared
these with the non-immune in£ammatory blisters induced by
burns, and with physical blisters caused by friction or gravita-
tional oedema. All samples were collected within 24 h of blister
formation and before treatment commenced. In order to assess
whether blister levels represented local production or plasma-
derived transudation, serum levels of the cytokines were exam-
ined simultaneously. Our aim was to determine whether

disease-related cytokine patterns could be identi¢ed, which
might give an indication of the cell-type speci¢c e¡ector
patterns.

MATERIALS AND METHODS

Subjects

Thirty-one adults (19 men and 12 women) presented with acute skin
blistering to the Accident and Emergency or Dermatology depart-
ments of the Royal Liverpool University Hospital, over a-3-year per-
iod. The blistering conditions comprised BP (n~8), ACD (n~5),
TEN (n~5), small localized thermal burns (n~9), and non-
in£ammatory blistering disorders (n~4). The non-in£ammatory blis-
tering conditions were gravitational oedema (n~2) and mechanical
friction (n~2). The diagnosis of BP was made following skin biopsy,
with the characteristic histological ¡immuno£uorescence ¢ndings.
Other conditions were diagnosed on the basis of characteristic clinical
features ¡skin biopsy.

Blister £uid and blood sampling

Blister £uid and blood samples were taken via needle puncture at the
initial presentation of the patients, before treatment was commenced.
The blister £uid and serum were stored at ^ 70³C until use.

Cytokine measurement

IL-6 was determined using an in-house radioimmunoassay, the pri-
mary antibody being goat anti-human IL-6. Standardization was per-
formed using IL-6 international reference preparation 88/514
(National Institute for Biological Standard and Control, South
Mimms, UK). The detection limit of the assay was 90 pg/ml, impreci-
sion v10%. The normal range of serum IL-6 was v15 pg/ml. TNF-a
was measured by ELISA technique as previously described (6). This
was based on a murine IgG1 monoclonal antibody and a rabbit poly-
clonal antiserum raised to recombinant human TNF-a (the human
TNF-a was a gift from Dr G. R. Adolf, Ernst Boehringer Institut fur
Arzneimittel Forschung, Wien, Austria). The normal range in serum
was v5 pg/ml.

Statistics

Di¡erences between the samples were assessed by one way analysis of
variance (ANOVA).

RESULTS

Interleukin-6

Low levels of blister £uid IL-6 were seen in the non-
in£ammatory blisters, while the levels were moderately raised
in burns and ACD (Table I). BP and TEN showed markedly
elevated levels of blister £uid IL-6, which were signi¢cantly
raised compared with the levels in both burn blisters and non-
in£ammatory blisters, pv0.001.
Serum IL-6 levels were detectable in all diagnostic cate-

gories, but these were always considerably lower than the
corresponding blister £uid levels, con¢rming that the blister
cytokine IL-6 contents were attributable to local production.
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TNF-a

The highest levels of TNF-a were seen in BP and burn blisters,
although this did not reach statistical signi¢cance due to the
pronounced inter-subject variation (Table I). TNF-a was only
slightly increased in TEN, in marked contrast to the grossly
raised levels of IL-6 in this condition. No TNF-a was detect-
able in the non-in£ammatory blisters.
Elevated serum TNF-a levels were seen in TEN, in keeping

with the systemic illness that occurs in this disorder.

DISCUSSION

Our observations con¢rm that di¡erent, disease-related pat-
terns of cytokines IL-6 and TNF-a occur in a range of blister-
ing disorders. Since serum levels are low, the cytokines are
present in the blister £uids due to local production, rather than
transudation. The pattern seen in BP con¢rms earlier reports of
a pronounced increase in blister £uid IL-6 (7 ^ 9) and high
levels of TNF-a (10). The inter-individual variation in cytokine
levels was high, and the magnitude of the IL-6 rise also di¡ers
substantially between studies. These di¡erences could re£ect
age of the blisters (9) or disease severity, and di¡erent assay
methods using di¡erent antibodies, respectively. The undetect-
able TNF-a in pressure blisters contrasts with levels in suction
blisters (10), suggesting the former are a more suitable control
since the suction process may itself induce cytokine release.
It is conceivable that the various cytokine patterns may

re£ect di¡erent e¡ector mechanisms used by the respective
in¢ltrating cells. In BP, the autoimmune reaction in the dermo-
epidermal junction attracts and activates neutrophils and eosi-
nophils (11, 12). Neutrophil elastase cleaves the lamina lucida
(13), but the mechanisms resulting in £uid accumulation are
unknown. Although the in£ammatory in¢ltrate is mainly gran-
ulocytic, T-cells and macrophages are also found. In TEN,
extensive keratinocyte necrosis is associated with accumula-
tion of CD8z T-lymphocytes and macrophages in the epider-
mis and CD4z T-lymphocytes and macrophages in the dermis
(14). In ACD, T-lymphocytes of the CD4z Th1 subtype
respond to speci¢c exogenous antigens, producing the charac-
teristic lymphocytic in¢ltrate in both epidermis and dermis
(15).
The cellular patterns of in¢ltration suggest that IL-6 may be

a major product when granulocytes and/or macrophages are
involved, i.e. in BP and TEN. Since granulocytes are not a fea-
ture of TEN, it seems that IL-6 is more likely derived from the
macrophage; alternatively, it may be produced by keratino-
cytes. It is conventionally held that TNF-a is a major product

of macrophages, but BP and TEN blisters contained many
macrophages and di¡ered greatly in TNF-a content. Hence,
TNF-a may be produced by a di¡erent cell type, or the
mechanism of release could be multifactorial. In burns and
BP, which had the highest TNF-a levels, mast cells are a poten-
tial source (13). In ACD, neither cytokine was markedly ele-
vated, although TNF-a has been identi¢ed as a mediator in
ACD reactions (16); this may be attributable to the short half
life of TNF-a.
Disease e¡ector mechanisms are likely to involve several

cytokines, and examination of 2 candidates gives only a partial
picture. Moreover, individual cytokines have di¡erent actions
depending on the cytokine microenvironment. De¢ning the
functional contribution of individual cytokines to skin blister-
ing will therefore probably require experimental injection of
pure, recombinant materials into skin, or the application of
speci¢c cytokine antagonists or anti-cytokine antibodies (5,
17, 18).
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