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Soluble CD30 is more relevant to disease activity of atopic dermatitis
than soluble CD26
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SUMMARY

It is suggested that CD30 and CD26 are surface molecules expressed on activated Th2 and Thl cells,
respectively. We examined plasma levels of soluble CD26 (sCD26) and sCD30 in patients with atopic
dermatitis (AD) when their eruptions were aggravated and in non-atopic healthy controls, and then
analysed the possible correlation between these values and the levels of several clinical markers. The
plasma levels of both sSCD30 and sCD26 were significantly higher in AD patients than in controls, both
in exacerbation status and after conventional treatment. Multiple regression analyses showed that plasma
sCD30 was a much better predictor of the levels of serum IgE, serum LDH and plasma sCD25, and the
area and the score of AD eruption than sCD26, although elevated levels of both sCD30 and sCD26 are
associated with these clinical predictors of AD. Importantly, sCD30 plasma levels decreased
significantly in AD patients after conventional treatment, while no significant transition was noted in
the concentration of sCD26. Moreover, a significant reduction of sCD30 levels was observed in the
group of patients whose eruption score was reduced >50%, whereas it was not in those <50%.
These findings provide evidence that the successful treatment of AD is associated with down-activation

of Th2.
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INTRODUCTION

Atopic dermatitis (AD) is a chronic inflammatory skin disease
frequently seen in individuals with a genetic predisposition to
increased IgE synthesis and IgE-mediated allergic reactions, i.e.
allergic rhinitis or asthma [1-3]. A cytokine-mediated immune
dysregulation, or in other words Th1/Th2 imbalance, to environ-
mental allergens is thought to be an important pathogenic
mechanism of the disease [1-4]. Th2 cells produce predominantly
IL-4, IL-5 and IL-13, which promote IgE synthesis and
eosinophilia and participate in humoral immunity [5]. These
features suggest that Th2-type cytokines play a pathogenic role in
allergic diseases. Indeed, predominance of Th2 cells from the
blood and lesions of patients with AD has been demonstrated, as
well as in other atopic disorders [6—10]. In contrast, non-atopic
persons show mainly Thl immunity characterized by production
of interferon-gamma (IFN-vy), which inhibits the growth of
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Th2 cells [11]. A deficiency in the ability of atopic T cells to
produce Thl cytokines, but not Th2 cytokines, on stimulation is
also documented [12]. It is therefore expected that successful
treatment of AD would be accompanied by down-activation of
Th2 cells, though little evidence has been presented about the
transition of the Th1/Th2 balance in association with the course
of AD.

The surface antigen CD30 molecule is a 120-kD membrane-
bound glycoprotein belonging to the tumour necrosis factor (TNF)
receptor superfamily, originally described as a marker for
Hodgkin and Reed-Sternberg cells in Hodgkin’s disease
[13,14]. In addition, it has been shown that CD30 is an activation
marker of T cell clones revealing a Th2-related cytokine
production pattern [15,16]. The soluble form of the molecules
(sCD30) is released into the bloodstream after cellular activation,
and elevated serum levels of sCD30 has been reported in patients
with AD [17-21]. However, little information is available
concerning the possible correlation between the levels of sCD30
and several clinical markers that represent atopy and disease
activity of AD: serum levels of lactate dehydrogenase (LDH) and
IgE, blood eosinophil count and the eruption area and score. More
importantly, there has been no study in which the transition of
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sCD30 values was examined in association with the course of AD,
when the eruptions of AD are aggravated and improved.

Recently, it has been shown that surface expression of CD26, a
glycoprotein dipeptidyl peptidase IV, correlates with the produc-
tion of IFN-y in CD4" T cells in patents with granulomatous
diseases and those with allergy against birch pollen [22,23]. Thus,
it is suggested that high expression of CD26 would indicates a
Thl-like immune reaction, although no information was found
about the levels of its soluble form (sCD26) in plasma or serum of
AD patients or other skin diseases.

In this study, we examined plasma levels of sCD26 and sCD30
in patients with exacerbated AD and non-atopic healthy controls,
and then analysed the possible correlation between these values
and the levels of several clinical markers. We also evaluated
whether the values of sCD30 and sCD26 could change in
association with improvement of the eruption in AD.

PATIENTS AND METHODS

FPatients

Eighty-eight patients with chronic (history of AD, median
22 years, range 6—35 years), moderate to severe AD diagnosed
according to the criteria of Hanifin & Rajka [24] (age, median
25 years old, range 14-57 years) were selected for this study.
Peripheral blood was obtained when their eruptions were
exacerbated. The median serum IgE level of the patients was
4280 U/ml (range 20-57 900 U/ml; reference value <380 U/ml).
Patients were then treated with conventional therapy including
systemic antihistamine and topical steroids. No patients had been
treated with systemic steroids or immune suppressive agents.
Plasma was obtained once more from 45 of these patients after
treatment of AD for an average of 192 * 113 days. The activity
of AD was calculated using a modified scoring system of Costa
et al. [25]. Our scoring method consisted of scoring types of
lesions (erythema, exudation/crust, excoriation, lichenification,
oedema, prurigo and dryness) in 22 anatomical areas: face, scalp,
right and left sides of the chest, abdomen, back and buttocks,
anterior and posterior aspects of both arms, thighs and lower legs.
We estimated the clinical score at the sum of the number of types
of lesions in all areas, giving a maximum score of 154. The values
obtained with these scoring methods showed a significant
correlation with those of Costa (r = 0-893, P < 0-0001). Healthy
controls without any history of atopic diseases including AD,
bronchial asthma or allergic rhinitis (n = 12, median serum IgE
level 25 U/ml, range 1-183 U/ml) also participated in this study.
Informed consent was obtained from all subjects or from their
parents.

ELISA

Plasma levels of sCD30 and sCD26 (Bender Med System, Vienna,
Austria) were measured with commercially available kits for
sandwich ELISA, according to the manufacturer’s instructions.
The detection limit of the assay was estimated to be 6-3 U/ml for
sCD30 and 39:0 ng/ml for sCD26. All plasma samples, stored at
(80°C until use, were assayed in duplicate. Serum levels of soluble
IL-2 receptor (sCD25) were also measured using ELISA
(Yamanouchi Pharma, Tokyo, Japan).

Statistical analysis
Data were expressed as mean =* s.d. unless otherwise indicated.

Mann—Whitney U-tests were performed for comparison analysis
between patients with AD and control subjects. Linear regression
analyses were carried out to determine a possible correlation
between values of sCD30 and sCD26 and several clinical markers
such as eruption score, total serum IgE levels, LDH levels, sCD25
levels and peripheral blood eosinophil counts using log-trans-
formed values except for eruption areas and eruption scores.
Multiple regression analyses were performed to analyse which
value of sCD30 or sCD26 accounts for the levels of the other
clinical predictors. Transition of log sCD30 and log sCD26 in AD
patients in association with treatment was analysed using
Student’s paired -test. All statistical analyses were assessed using
StatView Version 5 (SAS Institute Inc., Cary, NC) on a Macintosh
computer. P < 0-05 was regarded as significant.

RESULTS

The plasma levels of sCD30 and sCD26 in patients with AD

We examined the plasma levels of sCD30 and sCD26 in AD
patients when their eruptions were aggravated. The plasma levels
of sCD30 were significantly higher in AD patients (median
71-4 U/ml, range 33—-400 U/ml) than in control subjects (median
33.3 U/ml, range 20-55 U/ml) (P < 0-0001), as previously
reported (Fig. 1) [17-21]. Significantly higher levels of sCD26
were also noted in AD patients when their eruptions were in
unfavourable conditions (median 710 ng/ml, range 257-1300 ng/
ml) compared with non-atopic healthy controls (median 540 ng/
ml, range 392-754 ng/ml) (P = 0-0038) (Fig. 1). The correlation
between log sCD30 and log sCD26 was not significant
(r = 0:378, P = 0-0549).

Correlation between sCD30 and sCD26 concentration and other
predictors of disease activity in AD

We next examined the association between the levels of log
sCD30 or log sCD26 and the values of several clinical markers in
AD patients when their eruptions were in aggravation (Table 1).
The correlation between levels of log IgE and log sCD30 and
between log IgE and log sCD26 was weak but significant. The
logarithmic values of peripheral eosinophil counts (log Eos) and
log LDH showed positive correlation both with log sCD30 and log
sCD26. The levels of log sCD25 correlated significantly with log
sCD30, while no correlation was found between log sCD25 and
log sCD26. The values of patients’ eruption area and eruption
score also correlated significantly with both log sCD30 and log
sCD26. These findings indicate that elevated levels of both sCD30
and sCD26 are associated with clinical markers of AD. Multiple
regression analyses were then performed to evaluate which value
of log sCD30 or log sCD26 accounts for other clinical markers in
AD (Table 2). The contribution of log sCD30 and sCD26 to log
IgE was small. Log LDH, log Eos, and log sCD25 were explained
by log sCD30 and log sCD26. The area and score of the eruption
were also accounted for by log sCD30 and log sCD26. The
regression coefficients of sCD30 were higher than those of sCD26
for all clinical markers, suggesting sCD30 is more relevant to
disease activity of AD than sCD26.

Transition of plasma levels of sCD30 and sCD26 in association
with the disease course in AD

Finally, we analysed whether the values of sCD30 and sCD26
could change in association with the improvement of the eruption
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Fig. 1. Plasma levels of sCD30 and sCD26 in patients with atopic
dermatitis (AD) during exacerbation and normal healthy subjects.
Concentration of plasma sCD30 (a) and sCD26 (b) was examined using
ELISA.

in AD. The median value of the eruption score was reduced from
35-5 to 25-0 after treatment. As shown in Fig. 2a, log sCD30 was
significantly reduced in AD patients after conventional treatment
(n =45, P=0-0032). However, no significant change in
association with treatment was noted in the concentration of log
sCD26 (P = 0-254). Both log sCD30 and log sCD26 levels after
conventional therapy were still significantly higher than those of
non-atopic controls (P = 0-0007 and 0-0074, respectively;
unpaired #-test). Patients were then divided into two groups for
further analysis, i.e. one group consisted of patients whose
eruption score was reduced >50% (n = 14) and the other
consisted of those whose score was reduced <50% (n = 31). The

values of log sCD30 in the improved group were significantly
reduced in association with treatment (P < 0-0001), while those
in the unimproved group were not (P = 0-8340) (Fig. 2b).
Neither the improved group (P = 0-0634) nor the unimproved
one (P = 0-4757) showed significant change in log sCD26
(Fig. 2¢).

DISCUSSION

We first examined which of Thl or Th2 cells was involved in
exacerbation of eruptions in chronic AD patients by examining
plasma levels of sCD26 and sCD30, respectively. Hamid er al.
suggested that the relative contribution of Thl- and Th2-type
cytokines to the pathogenesis of AD depends on the duration of
the eruption [2]. They demonstrated by in sifu hybridization that,
compared with normal control skin, acute skin lesions had
significantly larger numbers of cells that were positive for IL-4,
IL-5, and IL-13 mRNA, whereas they contained few IFN-y
mRNA-expressing cells [8,26]. When compared with acute AD,
chronic AD skin lesions revealed significantly lower numbers of
IL-4 and IL-13 mRNA-positive cells but increased numbers of IL-
5 and IFN-y-positive cells. Other observations revealed that
increased in situ expression of the Th2-type cytokines IL-4 and
IL-10 was always observed together with increased expression of
the Th1-type cytokine IFN-y within identical chronic skin lesions
of the same patients [27,28]. These findings indicate that acute
exacerbation of AD eruption is driven by Th2 cells, while
maintenance of chronic lesions is associated with both Thl and
Th2 cells. Although we found significantly higher levels of both
sCD30 and sCD26 in plasma obtained from AD patients in
aggravated conditions compared with healthy non-atopic controls,
multiple regression analysis showed that sCD30 levels accounted
for sCD25 much better than sCD26. In addition, the plasma levels
of sCD25, a representative marker for lymphocytic activation,
correlated with those of sCD30 but not of sCD26 in AD patients
in exacerbation. It is therefore suggested that both Thl and Th2
cells, and particularly Th2 cells, are activated and most probably
play pathogenic roles in AD patients when the eruptions are
aggravated.

In the present study, plasma sCD30 levels exhibited a weak
but significant correlation with serum IgE levels. Concerning IgE,
some studies could not show correlation between serum IgE levels
and sCD30 [17,19], while others could [18,21]. Serum IgE levels
of the present AD patients were higher than those of patients in the
studies showing no correlation between them, suggesting AD
lesions were much more severe in the present patients. This may
help explain the discrepancy in the results regarding the link
between IgE and sCD30.

Eosinophilia is a well-known clinical feature representing
disease activity of AD. Eosinophils play an important role in
exacerbation of AD as effector cells by secreting cytotoxic
granule proteins such as eosinophil cationic protein [29].
Currently, it is believed that the production and activation of
eosinophils is augmented mainly by IL-5 and therefore Th2 cells
should be a major subset of activated lymphocytes in AD patients
with eosinophilia. Indeed, we showed that increased sCD30
accounted for eosinophilia much better than sCD26 by multiple
regression analysis.

One of the major factors leading to exacerbation of AD
eruption is increase of allergen exposure and increased number
of antigen-specific IgE and T cells. Increase of IgE strongly
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Table 1. Correlation between sCD30 and sCD26 concentrations and other predictors of disease activity in atopic dermatitis (AD)

Correlation analysis sCD30*

Correlation analysis sCD26*

Median value (range) r P r P
Serum IgE (U/ml) 4455 (20-57 900) 0-324 0-0351 0-277 0-0159
Serum LDH (U/I) 250 (136-648) 0-729 < 0-0001 0-508 < 0-0001
Eosinophil (/1) 581 (131-4759) 0-714 < 0-0001 0-397 0-0003
Serum sCD25 (U/ml) 552 (249-3230) 0-879 < 0-0001 0272 02114
Eruption area (%) 31 (2-89) 0-804 < 0-0001 0-419 < 0-0001
Eruption score 36 (4-77) 0-586 < 0-0001 0-277 0-0159

Reference values: serum IgE, < 380 U/ml; serum lactate dehydrogenase (LDH), 114—243 U/I; peripheral eosinophil counts, < 420/u1; serum sCD25,

246-742 U/ml.

*The values except for eruption areas and eruption scores were log-transformed for linear regression analyses.

up-regulates the expression of high-affinity IgE receptor (FceRI)
on mast cells and monocytes/macrophages [30—32]. IgE-dependent
up-regulation of FceRI expression strikingly augments the ability
of mast cells to release histamine, leukotriene C,4, IL-4 and IL-6
[30,31] and of monocytes to release TNF-a and several
chemokines following FceRI aggregation by multivalent allergens
(N. Katoh & T. Bieber, unpublished observation). These events
enhance allergic inflammation directly by mediator release and
indirectly via activation of both Thl and Th2 cells. Furthermore,
elevated expression of FceRI induces up-regulation of the
capacity for IgE-mediated antigen presentation to T cells [33],
which was shown to favour Th2 polarization by increasing
prostaglandin E, production, especially in AD subjects [34].
Taking these facts together, it is suggested that Th2 cells
are predominantly involved in allergen-induced, IgE-mediated
aggravation of AD, to which both Th cell subsets contribute. The
present findings are consistent with this hypothesis; plasma
sCD30 accounted for serum LDH, the area and the score of AD
eruption when the AD lesions were exacerbated much better than
sCD26, although both sCD30 and sCD26 were significantly
correlated with them.

The most important finding of this study was that plasma
sCD30 levels decreased significantly in AD patients after
conventional treatment for exacerbation, while no significant
transition was noted in the concentration of sSCD26. Moreover, the
significant reduction of sCD30 levels was observed in the
improved group, whereas it was not in the unimproved group. It

is therefore suggested that successful treatment of AD is
associated with down-activation of Th2 cells. These findings
further support the concept that Th2 cells play a predominant role
in aggravation of AD. Until now, the precise mechanism by which
activity of Th2 cells is down-regulated during successful treatment
for acute aggravation was unknown. Recovering the skin barrier
function associated with improvement of dermatitis reduces the
patient’s exposure to environmental allergens, which may lead to
diminishing the IgE-mediated, Th2-favoured antigen presentation.
Alternatively, it is possible that reduction of allergen exposure
and treatment with topical corticosteroids would suppress a
positive feedback mechanism for the development of Th2
response mediated by mast cells, e.g. corticosteroid inhibits 1L-4
production by mast cells which results in suppressing autocrine
survival of mast cells induced by FceRI engagement by multi-
valent allergens [35]. Reduction of histamine release from mast
cells accompanied by decreased allergen exposure also leads to
restoring the capacity of monocytes to produce IL-12 [36]. On the
other hand, it is implied that the failure to induce remission with
treatments is related to a failure to down-activate both Thl and
Th2 cells.

In conclusion, the presenting findings are consistent with the
hypothesis that the aggravation of AD is predominantly driven by
activated Th2 cells, and improvement of the eruption is
accompanied by down-activation of Th2 cells. Plasma sCD30
levels may be a useful circulating marker to monitor disease
activity in AD.

Table 2. Multiple regression analyses to evaluate which values of sCD30 and sCD26 account for clinical markers in atopic dermatitis (AD)*

Coefficient of determination

Regression coefficient sCD30

Regression coefficient sCD26

7P P P r P
Serum IgE (U/ml) 0-129 0-0061 0255 < 0-0001 0-168 0-1307
Serum LDH (U/l) 0-59 0-0005 0-625 < 0-0001 0-263 0-0015
Eosinophil (/ul) 0532 < 0-0001 0-651 < 00001 0-16 0-0659
Soluble CD25 (U/ml) 0778 < 0-0001 0-861 < 0-0001 0-076 0-5016
Eruption area (%) 0-657 < 0-0001 0761 < 0-0001 0-11 0-1307
Eruption score 0-345 < 0-0001 0-546 < 0-0001 0-0091 0-3702

*Multiple regression analyses were carried out with each clinical marker as dependent variable and sCD30 and sCD26 values as independent variables.
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Fig. 2. Transition of plasma sCD30 and sCD26 levels in association with
exacerbation followed by treatment in atopic dermatitis (AD) patients. (a)
Plasma was obtained when the eruptions were aggravated (Pre) and after
treatment (Post), then sCD30 and sCD26 levels were estimated using
ELISA. These values during aggravation status and after treatment were
compared using the paired #-test and those after treatment and non-atopic
controls were compared using the unpaired t-test. Patients were divided
into two groups; one consisted of patients whose eruption score was
reduced > 50% (n = 14) and the other consisted of those whose score was
reduced <50% (n = 31), then the values of log sCD30 (b) and log sCD26
(c) during exacerbation and after treatment were compared using the
paired r-test. *P < 0-05.
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