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CD30 expression on circulating memory CD4™ T cells as a
Th2-dominated situation in patients with atopic dermatitis

Th2 clones have been reported to express CD30 preferentially, but whether T
cells producing Th2-type cytokines may favor CD30 expression in the in vivo
state remains unknown. We investigated the expression of CD30 on circulating T
cells in atopic dermatitis (AD) as a Th2-dominated disorder. Peripheral blood
mononuclear cells were prepared from 51 AD patients and 14 nonatopic
controls, and their phenotypes were analyzed with flow cytometry. Cytokine
production by stimulated CD4" T cells was also assessed by the single-cell-
staining method. Flow cytometric analysis clearly revealed that CD30" T cells
were identifiable in the blood of AD patients with greater frequency compared to
controls. The important finding was that CD30 expression was restricted to a
small but substantial population of memory (CD45RO™*) CD4™" T cells, but not
CD8 ™ ones. In AD patients, it was demonstrated that the percentages of CD30 ™"
cells within CD45RO™* CD4™" T cells correlated well with the disease severity,
serum IgE levels, peripheral eosinophil counts, and tendency toward Th2-
dominant cytokine pattern as determined by the ratio of interleukin-4 to
interferon-gamma production. This study suggests that CD30 expression in
circulating T cells might serve as an in vivo marker for the Th2-dominated
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It is widely accepted that after activation, naive CD4*
T cells differentiate into two major effector subsets (Th1
and Th2) defined by the pattern of cytokines they
produce. Thl effector cells produce interferon-gamma
(IFN-y) and lymphotoxin, and control cell-mediated
immune responses, whereas Th2 cells secrete interleukin
(IL)-4, IL-5, and IL-13, which are involved in responses
dominated by IgE production and eosinophil genera-
tion (1). The differentiation process of CD4™ T cells
appears to be determined by the antigenic nature of
activation and the cytokines present during the initia-
tion of the T-cell response. The antigen-primed effector
cells primarily develop in the secondary lymphoid
organs, migrate into the circulating blood pool, and are
eventually recruited to local inflammatory sites, where
they exert individual effector functions. This current
concept of immune regulation has led to the notion that
the deviation to Th2-dominated responses in the host is
involved in the pathogenesis of allergic diseases (2).
Atopic dermatitis (AD) is a chronic inflammatory skin
disease, often associated with increased levels of serum
IgE and eosinophilia. Seemingly supporting the Th2

cell-predominance in AD, a number of studies have
shown that allergen-specific T-cell clones of the Th2
type are obtainable from the peripheral blood (3), as
well as the skin lesions, of AD patients (4).

It has been demonstrated that expression of CD30, a
member of the tumor necrosis factor receptor super-
family (5), is closely associated with production of
Th2-type cytokines in both CD4* (6) and CD8 " T-cell
clones (7). Furthermore, the interaction between CD30
and its ligand has been found to promote the in vitro
development of antigen-specific CD4" T cells into
the Th2-type of T-cell phenotype (8). Although the
association of expression of CD30 with the Th2-type
response is deduced from the in vitro studies, additional
evidence for in vivo involvement of CD30% cells in
allergic diseases has appeared from immunohisto-
chemical findings of CD30 expression on CD4™" cells
infiltrating into AD skin lesions (9). In addition,
increased levels of soluble CD30 (sCD30), which is
proteolytically released from CD30-expressing cells
(10), have been observed in the serum of AD patients
(11). However, the presence of identifiable T cells
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Figure 1. Flow cytometric detection of CD30-positive cells in peripheral blood cells. Freshly isolated PBMCs were stained with anti-
CD30, anti-CD45RO, and anti-CD4 or anti-CD8 mAbs. Relation between CD30 and CD45RO expressed on CD4* or CD8* T cells
was analyzed by flow cytometer. Staining of two representatives of AD (A) and nonatopic control (B) is shown.

expressing CD30 in the blood of AD patients remains to
be determined. In this study, we examined whether a
fraction of circulating T cells in AD as a Th2-dominated
disorder might express CD30 as a function of the
disease. We will show that CD30 can be expressed on
some of the memory or antigen-primed (CD45RO™)
CD4™" T cells in the peripheral blood, which seems to
participate actively in the Th2-type response in vivo.

Material and methods
Subjects

Fifty-one patients (age: 0-27 years, mean 8.6 years)
with AD diagnosed according to Hanifin & Rajka’s
criteria (12) were enrolled for this study. According to
Rajka & Langeland’s scoring criteria (13), the patients
were subdivided into three groups: mild (n=19),
moderate (n=22), and severe (n=10). Fourteen
sex- and age-matched healthy donors without history
of atopy were used as control. The study was conducted
according to the ethical standards of Toyama Medical
and Pharmaceutical University (Japan), which require
informed consent from each subject.

1012

Reagents

The following mAbs were purchased from Dako Japan
(Kyoto, Japan): FITC-conjugated anti-CD30 (Ber-
H2), PE-Cy5-conjugated anti-CD4 (MT310), PE-
Cy5-conjugated anti-CD8 (DK25), PE-conjugated
CD45RO (UCHL-1), and PE-conjugated CD20 (B-
Lyl). PE-conjugated anti-CD16 mAb (3G8) was
obtained from Immunotech (Marseille, France). Anti-
CXCR3 (1C6, mouse IgGl) mAb was generously
provided by Leukosite (Cambridge, MA, USA). Anti-
CCR4 mAb (KM2160, mouse 1gG1), a kind gift from
Dr K. Matsushima (University of Tokyo, Tokyo,
Japan), has been established and characterized as
described previously (14). PE-conjugated antimouse
IgG1 Ab was obtained from Southern Biotechnology
Associates (Birmingham, AL, USA). Chemicals for
intracellular cytokine staining and mAbs against 1L-4
(8D4-8) and IFN-y (4S.B3) were purchased from
Beckton Dickinson (Franklin Lakes, NJ, USA). Other
chemicals were obtained from Sigma (St Louis, MO,
USA).

Flow cytometric analysis

Peripheral blood mononuclear cells (PBMCs) were
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Figure 2. CD30 expression on T cells in AD. Mean frequency of CD307 cells in CD4% CD45RO™ T cells in AD patients and
nonatopic controls (A), and in each grade of AD (B). According to Rajka & Langeland’s scoring criteria, patients were subdivided into
three groups: mild (n=19), moderate (n=22), and severe (n=10). Data points are from individual subjects. Horizontal bars represent
average of each group, and error bars indicate standard deviation. *P <0.05; **P <0.001.

isolated from heparinized venous blood using density anti-CD8 mAb for 30 min at 4°C. CD4- or
gradient centrifugation with Histopaque-1077. After CDS8-positive cells were gated, and these positive
isolation, the cells were stained with FITC-conjugated cells were subsequently analyzed for the expression of
anti-C30 mAb together with PE-conjugated anti- CD30 and CD45RO. In some experiments, the
CD45RO mAb and PE-Cy5-conjugated anti-CD4 or isolated cells were stained with FITC-conjugated
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Figure 3. Correlations between CD30-positive rates in CD4" CD45RO* T-cell population and serum IgE levels or peripheral

eosinophil counts. Serum IgE levels (n=18) and peripheral eosinophil counts (n=42) were assessed at same time that CD30 expression
was measured in AD patients.
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Figure 4. Intracellular cytokine expression by single-cell-staining method. Cells were stimulated with PMA and ionomycin for 4 h in
presence of Brefeldin A; then intracellular cytokine production of IFN-y and IL-4 in CD4* T cells was analyzed by flow cytometer.
CD30 expression in CD4 " T-cell population was determined on freshly isolated cells before stimulation. Staining of two representatives
of relatively higher (A) and lower (B) CD30 expression cases is shown.

anti-C30 mAb together with PE-conjugated anti-
CD16 or anti-CD20 mAb. The samples were analyzed
on an EPICS XL-MCL (Beckman Coulter KK,
Japan). Some AD patients were selected at random
to assess serum IgE levels (r=18), peripheral
eosinophil counts (n=42), and intracellular cytokine
production (n=27) at the same time that CD30
expression was evaluated. Recently, preferential
expression of some chemokine receptors with Thl
or Th2 cells has been reported. Thl cells predomi-
nantly express CXCR3 (15), and Th2 cells selectively
express CCR4 (14). We therefore examined coexpres-
sion of CD30 and these chemokine receptors on
CD4" T cells in the peripheral blood of five AD
patients whose CD30 expression was relatively high.
Isolated cells were incubated with the mAb against
CXCR3 or CCR4, and then this step was followed by
a second incubation with goat PE-conjugated anti-
mouse IgGl Ab. After saturation of nonspecific
binding sites with 5% normal mouse serum, the
cells were stained with FITC-conjugated anti-CD30
and PE-Cy5-conjugated anti-CD4 mAbs.

Cytokine detection at single cell level

Intracellular cytokines were detected by flow cyto-
metry by the method of Waldrop et al. (16) with the
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Fastimmune® system (Becton Dickinson). Briefly,
whole blood cells were stimulated with 2.5 ng/ml of
PMA (phorbor 12-myristate 13-acetate) and 1 pg/ml
of ionomycin in the presence of 10 pg/ml of Brefeldin
A. After incubation for 4 h at 37°C in a humidified
atmosphere of 7% CO, in air, the cells were washed
and then surface-stained with PerCP-conjugated anti-
CD4 mAb for 15 min. After washing, the cells were
cultured in lysing solution for 5 min at room
temperature. After further washing, the cells were
resuspended in permeabilizing solution, and incubated
for 10 min at room temperature. The cells were rinsed
again, and then stained for intracellular cytokines
with FITC-conjugated anti-IFN-y mAb and PE-
conjugated anti-IL-4 mAb for 30 min. CD4-positive
cells were gated; these positive cells were subsequently
analyzed for the expression of both cytokines.

Statistical analysis

Results are shown as mean+SD. One-way ANOVA
was used to determine the significance in differences
between groups of patients and control subjects.
Linear regression analysis was used to determine
whether a relationship existed among frequency of
CD30*" cells, serum IgE level, peripheral eosinophil
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Figure 5. Relationship between intracellular cytokine expression
and frequency of CD30%" cells in CD4%* CD45RO™ T-cell
population. Intracellular cytokines were detected in randomly
selected AD patients (n=27) at same time that CD30 expression
was measured. Frequency of IL-4 % cells (A) and IFN-y " cells (B)
in CD4 ™" T-cell population is shown. For each patient, IL-4/[FN-
vy ratio was calculated (C).

count, and percentage of intracellular cytokine-
producing cells. P values of <0.05 were considered
significant.

Results

Expression of CD30 was evaluated in PBMCs by three-
color flow cytometric analysis (Fig. 1). A substantial
number of CD30-positive cells could be detected in the
CD4* CD45RO™ population of the patients with AD.

CD30 on T cells in atopic dermatitis

In contrast, a few cells expressed CD30 in the CD4™*
CD45RO™" population of nonatopic controls. A few
cells were CD30-positive in the CD8* CD45RO*
populations of both atopic and nonatopic subjects. In
the CD16™" or CD20™" populations of both groups, the
CD30 molecule was hardly detected (data not shown).

Frequency of CD30 expression was calculated as
percentage of CD30" cells in the CD4" CD45RO™
lymphocyte population. The mean frequency of CD30*
cells in AD patients was significantly higher than that in
nonatopic controls (4.6+2.8 vs 1.0+0.9%, P<0.01)
(Fig. 2A). Therefore, we determined whether there was
a correlation between the frequency of CD30™ cells and
clinical findings of AD. The increase in CD30 expres-
sion was still significant when the patients were
subdivided into three groups by their severity.
Significantly, even mild AD patients had a significantly
higher frequency of CD30 expression than nonatopic
subjects. In addition, the more severe a patient’s AD,
the greater the percentage of CD4% CD45RO™ cells
expressing CD30 (P<0.01 by ANOVA) (Fig. 2B).
Furthermore, frequency of CD30% cells significantly
correlated with serum IgE levels and peripheral
eosinophil counts in AD patients (r=0.717 and
r=0.686, respectively) (Fig. 3).

Helper T cells are divided into two subgroups by
profile of cytokine synthesis. Intracellular cytokine
expression of CD4™ cells was evaluated by the single-
cell-staining method at the same time that CD30
expression was assayed. Fig. 4 shows the representative
cases. Intracellular IL-4 expression was prominent in
the subject whose CD30 expression rate was relatively
high, whereas the percentage of IFN-y positively
stained cell was high in the patient with relatively low
CD30 expression. Fig. 5 shows the relationship between
the frequency of CD30" cells in CD4* CD45RO™
T cells and the percentage of CD4™% T cells staining
positively for the cytokines IFN-y and 1L-4 after 4-h
stimulation with PMA and ionomycin in the presence of
Brefeldin A. There was a significantly positive correla-
tion between CD30 expression rate and the percentage
of IL-4-producing cells (r=0.700, P<0.0001)
(Fig. 5A). In contrast, a significantly inverse correlation
was found between CD30 expression rate and the
percentage of IFN-y-producing cells (r=—0.509,
P <0.01) (Fig. 5B). For each patient, we calculated an
IL-4/IFN-vy ratio to take account of the balance of Th2
activity (IL-4) and Thl activity (IFN-y) and found a
significantly positive correlation between the percentage
of CD4™" cells expressing CD30 and the IL-4/IFN-y
ratio (r=0.677, P<0.0001) (Fig. 5C). We also asked
whether CD30 molecules were detected on CCR4™
T cells, which have been considered to be expressed
preferentially on Th2 cells. As shown in Fig. 6, CD30*
cells were almost entirely included in the CCR4™ CD4*
T-cell population. In contrast, CXCR3 as a marker of
Thl was not detected in CD30™ population.
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Figure 6. Coexpression of CD30 molecule on chemokine receptor, CXCR3 (A) and CCR4 (B). Freshly isolated PBMCs were stained
with anti-CD30, anti-CD4, and anti-CXCR3 or anti-CCR4 mAbs. Relation between CD30 and chemokine receptors expressed on
CD4™" T cells was analyzed by flow cytometer. Similar results were obtained from four different AD samples.

Discussion

The number of circulating CD30" T cells has been
considered too low to be detected by flow cytometry in
normal and atopic subjects (17-19). In the present
study, we demonstrated a small but clearly detectable
fraction of CD4" T cells coexpressing CD30 and
CD45RO in the peripheral blood. Interestingly, the
frequency of CD30" cells in the CD45RO" CD4*
population of AD patients was higher than in
nonatopic controls. Although imbalance of memory
helper T (CD45RO™ CD4™) cells in peripheral blood
of patients with allergic diseases has been reported, the
results are inconsistent (20, 21). In this study, the
proportion of CD45RO* CD4™" cells did not differ
between AD patients and controls, and no significant
correlation was found between the frequency of CD30™
cells and the percentage of CD45RO™ CD4 ™ cells (data
not shown). Moreover, CD30 expression was not
augmented in patients with psoriasis, another inflam-
matory skin disease (22) (data not shown). These results
indicate that increased expression of CD30 in AD
patients is not due to elevated percentage of memory
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helper T cells, and that CD30 cannot be considered a
nonspecific activation marker on T cells. The frequency
of CD30™" T cells in AD patients correlated with their
clinical findings including the severity of AD, serum IgE
level, and peripheral blood eosinophil count. Recently,
serum sCD30 levels have been determined in various
kinds of diseases in which a pathogenic role of Th2 cells
has been suggested (17, 23, 24). In AD, elevated sCD30
levels have been reported, but the relationship between
sCD30 and clinical findings is controversial (11, 25, 26).
Therefore, we measured serum sCD30 levels in some
patients (n=27) with a commercially available ELISA
kit (DAKO) at the same time that CD30 expression was
assayed. Although serum sCD30 levels of AD patients
tended to be higher than those of nonatopic subjects,
there was no significant correlation between sCD30
level and clinical findings. Furthermore, no relationship
between sCD30 level and the frequency of CD30™ cells
was found (data not shown). These results suggest that
level of circulating CD30" T cells rather than serum
sCD30 level might be a more useful marker for
evaluation of disease activity in AD.



Regarding the function of CD30, in vitro studies have
shown its effects on both cell death and cell activation
(27-29). Emerging data in CD30-deficient mice (30) and
transgenic mice overexpressing CD30 (31) indicate that
CD30 has an important role in thymic negative
selection by means of programmed cell death. In
contrast, a function of CD30 in the in vivo response
of Th2 cells is largely unknown. It is widely accepted
that the balance between Thl and Th2 cells must
determine the outcome of physiologic and pathologic
immune responses, including allergic diseases (2), and
that Th2-type cells play a key pathogenetic role in AD
(32). Th2 cells synthesize IL-4 and IL-5, but not IFN-y.
In the present study, we determined the Thl1/Th2
balance by assaying intracellular cytokine production
of peripheral CD4™* cells after 4-h nonspecific stimula-
tion, and demonstrated that the frequency of CD30"
T cells correlated with the ratio of IL-4/IFN-y. Leonard
et al. evaluated CD30 expression on CD4* T cells and
cytokine release of PBMCs of atopic asthmatics (33).
After 10-day incubation with mite allergen, an inverse
correlation between the percentage of CD4" T cells
expressing CD30 and both IFN-y production and IFN-
v/IL-4 ratio was found. Furthermore, we recently
demonstrated that CCR4" CD4" T cells in the
peripheral blood were more increased in AD patients
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than in normal persons, whereas CXCR3" CD4"
T cells were present in a lower frequency in AD patients
than in normal persons. These CCR4" and CXCR3™"
cells isolated from the peripheral blood synthesized
Th2- and Thl-type cytokines, respectively (34). In this
study, CD30™" T cells coexpressed CCR4, not CXCR3.
Taken together, these findings show that CD30" T cells
may be associated with an in vivo Th2-dominated
condition. However, the present study could not show
directly that CD30" cells truly synthesize Th2-type
cytokines. To determine whether the CD30 molecule
itself is a true marker for Th2 cells, determination of the
cytokine profile of CD30™ T cells is necessary. This is
the subject of further work and obviously is of great
interest in view of the controversy about CD30
expression and T-cell cytokine phenotype (35, 36).
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