
We report here that human B cells produce thy-
mus and activation-regulated chemokine
(TARC/CCL17) and macrophage derived
chemokine (MDC/CCL22) if stimulated with anti-
CD40 and IL-4. The production was determined by
both protein and mRNA level using specific ELISA
and semi-quantitative RT-PCR methods.  Since
the ligand of the TARC and MDC is CCR4, which is
specifically expressed on Th2 type T cells, the pro-
duction of these CC chemokines is likely to play
important roles in the T cell and B cell interaction.
Consistent with this, ovalbumin (OVA) specific
IgE levels, which reflect the T-B cell interaction, are
significantly correlated with the amounts of TARC
and MDC in sera. Furthermore, we found that
TARC and MDC levels are significantly increased in
the sera obtained from patients with atopic der-
matitis, and that the amounts are correlated with
the severity of atopic dermatitis.

Since CD40 ligand and IL-4 are produced by acti-
vated T helper cells, these results indicate that
TARC and MDC produced by B cells play important
roles in the production of antigen specific IgE by
the T-B cell interaction and in the pathogenesis of
allergic disease.
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Introduction

The human chemokine system currently includes
more than 50 chemokines and 18 chemokine recep-
tors. The chemokines are divided into the C, CC,
CXC and CX3C subfamilies according to their NH2-ter-
minal cysteine-motifs1-3.

Chemokines are small, secreted polypeptides that
play important roles in a wide range of inflammatory
and immunological processes by recruiting selected
subsets of leukocytes4,5. CC chemokines TARC has
been mapped to human chromosomes 16 and 2,
respectively6,7. The human macrophage-derived
chemokine (MDC)/stimulated T cell chemotactic protein
(STCP-1) is encoded by a gene on chromosome
16q138-11, and CCR412,13 is the receptor for TARC and
another macrophage/dendritic cell-derived CC
chemokine, macrophage-derived chemokine (MDC)8.
Both TARC and MDC bind to the same receptor
(CCR4), which is selectively expressed by Th2 cells14.
Memory-effector T cells of the CD4 lineage are now
subdivided into Th1 and Th2 types in accordance with
their cytokine profiles. Th1 cells produce IL-2, IFN-Î,
and TNF-Ï, for example, and are responsible for cell-
mediated immunity, whereas Th2 cells produce IL-4, IL-
5, IL-6, and IL-13, for example, and are involved in
humoral immunity and allergic diseases15. Th2-domi-
nant immune responses to environmental allergens in
the skin on the basis of undefined genetic predisposi-
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tions are the central features of AD16.
Atopic dermatitis (AD) is a chronic inflammatory

disease of the skin that is frequently associated with
high serum IgE levels and eosinophilia17. Atopic der-
matitis is a Th2-type disease. 

In this study, the roles of TARC and MDC produced
by activated human B cells are discussed.  We also
showed high amounts of TARC and MDC in the sera of
pediatric patients with atopic dermatitis (AD). Thus our
data strongly suggest that TARC and MDC are impor-
tant chemokines in the pathogenesis of AD.

Materials and Methods

Cells
Peripheral blood mononuclear cells (PBMCs) were

isolated from buffy coat preparations obtained from
healthy volunteers. Separation was achieved by Ficoll
(Sigma) density gradient centrifugation.

B Cells Separation 
Human B cells were isolated from PBMCs by positive

selection with anti-CD19-coated immunomagnetic
beads (Dynal, Oslo, Norway) following protocols pro-
vided by Dynal. B cells were washed and resuspended
in RPMI 1640 culture medium supplemented with
10%(v/v) heat-inactivated (56°C for 30 min) fetal calf
serum (FCS) (GIBCO BRL) and collected by centrifu-
gation. Purity of B cells was greater than 99%.

Macrophages Isolation
Macrophages were obtained as adherent cells after a

60 min plating of the PBMCs. Purity was greater than
95%. PBMCs (2×107) were suspended in 10 ml of
RPMI 1640/10% FCS and used as a source for
macrophages. Cell culture flasks (75 cm2 CORNING
430720), were used routinely for preparation of
serum-coated dishes. Two or three milliliters of FCS
heat-inactivated at 56°C for 30 min was incorporated
into the dish and then incubated at 4°C overnight.
PBMCs were added to the dish and incubated for 60
min at 4°C.The adherent macrophages were easily
removed by incubation in PBS containing 0.2% ethyl-
enediamine tetraacetate (EDTA) and 5% FCS and
recovered as a cell suspension with greater than 95%
purity.

Stimulation of Cells
B cells (1×105/well) and macrophages (1×105/

well) were cultured in U-bottom 96-well microtiter

plates (SUMILON MS-3096U) and were stimulated with
anti-CD40 (1 Òg/ml) and IL-4 (1 Òg/ml) for the indicated
times. The supernatants were assayed by a sandwich
type enzyme-linked immunosorbent assay (ELISA). B
cells (2.5×106/well) were cultured in 24-well flat-bottom
culture plates (BECTON DICKINSON) and were stim-
ulated with anti-CD40 (1 Òg/ml) and IL-4 (1 Òg/ml). At
the indicated times, cells were harvested for semi-
quantitative RT-PCR analysis.

RNA Isolation and RT-PCR
Total RNA was prepared from B cells stimulated with

anti-CD40 and IL-4, with a Total RNA isolation kit
(Ambion, ToTally RNA). The RNA was reverse tran-
scribed into cDNA with a First-strand RT-PCR kit
(ProSTAR). For PCR, cDNAs were amplified in a 25 Òl
reaction volume containing a final concentration of 1.5
mM MgCl2, 0.05 units/Òl Taq DNA polymerase, 1×
PCR buffer, 0.2 mM dNTP Mixture, and the primers (0.5
ÒM), Primers used for PCR were 5’ and 3’ TARC (5’ -
AGCTGGAGGGACCAATGTG-3’ and 5’ -GACCTCT-
CAAGGCTTTGCAG-3’), resulting in 212-bp fragment;
5’  and 3’  MDC (5’ -CTGCACTCCTGGTTGTCCTC-3’
and 5’ -ACGGTCATCAGAGTAGGCTC-3’ ), producing
a 297-bp fragment; 5’ and 3’ G3PDH (5’ -
ACCACAGTCCATGCCATCAC-3’ and 5’ -TCCAC-
CACCCTGTTGCTGTA-3’), amplifying a 451-bp prod-
uct. The mixture was first incubated for 5 min at 94°C
and then cycled 30 times at 94°C for 45 s, 58°C for 45
s, and 72°C for 2 min, (9600 Thermal Cycler, Perkin-
Elmer). After amplification, the samples were separat-
ed on a 2% agarose gel containing 0.1 Òg/ml ethidium
bromide, and bands were visualized and pho-
tographed using a translucent UV source.

ELISA for MDC 
A 96-well flat-bottom plate was coated with 100 Òl

per well of the capture antibody (R & D Systems), at a
concentration of 2 Òg/ml in PBS and was incubated at
room temperature overnight. The plates were washed
three times with PBS containing 0.05% Tween-20
(PBS-T) and blocked for 1 hour at room temperature
with PBS containing 1% bovine serum albumin (BSA),
5% sucrose and 0.05% NaN3. After washing three
times with PBS-T, 100 Òl of two-fold dilutions of cell cul-
ture supernatants in PBS containing 1% BSA, pH 7.4,
was added to the wells. The plates were incubated for
2 hours at room temperature then washed three times
with PBS-T. Biotinylated anti-human MDC antibody (R
& D Systems) at a concentration of 50 ng/ml in 1%
BSAPBS was added and incubation was continued for
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2 hours at room temperature. After another washing as
described above, 100Òl streptavidin HRP at a
1/20,000 dilution (Zymed) was added to each well and
incubated for 20 min at room temperature. After
washing, the streptavidin-peroxidase substrate (gen-
zyne TECHNE) was added and the plates were incu-
bated at room temperature for 20 min. Finally, 50 Òl of
stop solution (1 M H2SO4) was added to each well, and
the results were measured at 450 nm with an auto-
mated microplate reader (BIO-RAD, Model 550), OD
readings for duplicate wells were averaged. Units of
MDC in experimental samples were calculated
against a standard curve generated with dilutions of
purified recombinant human MDC (R & D Systems).

ELISA for TARC 
The harvested supernatants were assayed for

TARC with the TARC QuantikineTM high sensitivity kit (R
& D Systems). The standard curve for these kits was
run according to protocols provided by QuantikineTM.

Serum Samples 
Serum samples were collected from 16 infantile

atopic dermatitis patients (mean age±SD, 3.9±0.11
years), 14 normal subjects(mean age±SD, 3.25±
0.57 years) and assayed in our laboratory for TARC

and MDC. This study approved by the declaration of
Helsinki and informed consent has been obtained
from all the subjects prior to the experiment.

Results

TARC and MDC were Produced by Activated
Human B Cells.

Purified human peripheral B cells were stimulated by
anti-CD40 with or without IL-4, and semiquantitive
RT-PCR specific for the TARC and MDC was per-
formed using the RNA obtained from thus cultured B
cells. As shown in Fig. 1, anti-CD40 and IL-4 stimula-
tion clearly induced TARC and MDC mRNA expression
in human peripheral B cells. The large amounts of
TARC and MDC mRNA were induced as indicated by
the facts that cDNAs were detectable even if diluted at
1:3125. IL-4 alone induced less amounts of TARC
mRNA than anti-CD40 and IL-4 stimulation. Anti-
CD40 alone failed to induce detectable amounts of
TARC mRNA. As for MDC, IL-4 alone induced small
amounts and anti-CD40 alone induced relatively high
amounts of MDC mRNA. 

To confirm these TARC and MDC production by
human B cells, TARC and MDC in the culture super-
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Fig. 1. Semiquantitative RT-PCR analysis of TARC and MDC mRNA expression.
Human B cells (5×105/ml) were cultured in vitro for 96 hours in the presence of the indicated stimuli. Total RNA was isolated and
reverse transcribed and serial 1:5 dilutions of the cDNA prepared from the indicated cells were used as template to PCR-amplify TARC,
MDC, and G3PDH. M, Marker.



natants were examined by specific ELISA system. As
shown in Fig. 2a, large amounts of TARC were pro-
duced by B cells stimulated by anti-CD40 and IL-4. The
mean amount of TARC detected at 145 hours after
stimulation was 4115.01 ± 1131.97 pg/ml. TARC was
detectable in the culture supernatent at 48 hours after
stimulation, and it reached maximum levels at 145
hours. IL-4 also induced small amounts of TARC in
human B cells. Anti-CD40 stimulation alone failed to
induce TARC production.

Similarly, MDC was produced by human peripheral B
cells if stimulated with anti-CD40 and IL-4 (Fig. 2b). The
production of MDC was relatively rapid if compared with
TARC production and reached almost peak levels
(6627.32 ± 392.16 pg/ml) at 48 hours after the stimu-
lation. Anti-CD40 alone induced small amounts
(2075.10 ± 265.94 pg/ml) of MDC at 120 hours after
the stimulation. These results are consistent with the
observations obtained by the RT-PCR system, and
clearly indicate that activated human B cells produce

TARC and MDC.
It has been reported that human macrophages pro-

duce MDC and TARC. We compared the amounts of
TARC and MDC produced by macrophages and B
cells. As shown in Fig. 3a and 3b, both B cells and
macrophages produced comparable amounts of
TARC and MDC (P=0.65, 0.72, respectively).

Serum TARC and MDC Levels are Correlated with
OVA Specific IgE Levels

It is known that anti-CD40 and IL-4 stimulation
induces IgE production in human B cells. We compared
the serum levels of TARC and MDC and those of OVA
specific IgE. We choose OVA specific IgE because this
is the most frequently observed antigen specific IgE in
infantile AD. As shown in Fig. 4a, there is a significant
correlation between serum TARC and OVA specific IgE
levels (n = 14, p = 0.005). Similarly, as shown in Fig.4b,
a significant correlation between serum MDC and
OVA specific IgE was found (p = 0.001). There are sig-
nificant correlations between serum TARC and MDC
levels with OVA specific IgE level expressed in both
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Fig. 2. Inducible expression of the CC chemokine TARC and MDC in
B cells.
Human B cells (5×105/ml) were plated into 96-well tissue culture
plates incubated at 37°C and stimulated with anti-CD40 (1 Òg/ml) and
IL-4 (1 Òg/ml) for the indicated times, and the supernatants were
assayed by an ELISA. Each point represents the mean ± SD.

(A) TARC induced by anti-CD40 and IL-4 stimulation.
(B) MDC induced by anti-CD40 and IL-4 stimulation.

In unstimulated (◇), IL-4(○), anti-CD40(△) and anti-CD40 plus IL-
4(□).

Fig. 3. TARC and MDC production by B cells and macrophages.
Equal numbers of B cells and macrophages (5×105/ml) were cul-
tured. Supernatants were collected 3 days after stimulation with anti-
CD40 (1 Òg/ml) and IL-4 (1 Òg/ml). TARC and MDC were measured
by ELISA.

(A) TARC production by B cells and macrophages.
(B) MDC production by B cells and macrophages.



RAST scores and specific IgE titers (data not shown).

Serum TARC and MDC Levels are Increased in
Patients with AD.

We next examined if serum TARC and MDC would
be increased in infantile atopic dermatitis patients. As
shown in Fig. 5a and Fig. 5b, significant increases of
both TARC and MDC were observed in AD patients
(n = 16) and if compared with age matched normal sub-
jects (n = 14) (P＜0.001 in TARC, P＜0.001 in MDC).
The mean ± SD of TARC was 9995.512 ± 6323.255
pg/ml in AD patients and 272 ± 129.61 pg/ml in normal
subjects, and the mean ± SD of MDC was 1595.931
± 1092.55 pg/ml in AD patients and 149.25 ± 95.20
pg/ml in normal subjects. Fig. 5c indicates that there is
a significant correlation between TARC and MDC levels
in AD patients and normal subjects (P = 0.0003).

The severity of AD and the amounts of TARC and
MDC in sera were further analyzed. As shown in Fig.
6a and Fig. 6b, there were significant correlations
between serum TARC and MDC levels and severity of

AD. The severities of AD were based on the interna-
tionally approved severity scoring of atopic dermatitis
(SCORAD) index. A scoring index (SCORAD) combin-
ing extent, severity and subjective symptoms was
mathematically derived from the first system and
showed a normal distribution of the population stud-
ied18.
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Fig. 4. Correlation of serum TARC and MDC levels with OVA-specific
IgE levels.
(A) Comparison between serum TARC levels and OVA-Specific IgE
levels patients with AD.
(B) Comparison between serum MDC levels and OVA-Specific IgE
levels patients with AD.

P < 0.001

P < 0.001

Fig. 5. Sera from atopic dermatitis (n=16) and normal subjects
(n=14) were assayed.

(A) Serum TARC levels were measured by ELISA.
(B) Serum MDC levels were measured by ELISA.
(C) Correlation between TARC and MDC levels in AD patients and

normal subjects



Discussion

We found that human B cells produce TARC and
MDC if stimulated with anti-CD40 and IL-4. Although
macrophages are known to produce TARC and MDC
upon the CD40 stimulation8, it has not been reported
previously that human B cells produce these
chemokines. The amounts of TARC and MDC pro-
duced by B cells were comparable with those produced
by macrophages if stimulated with anti-CD40 and IL-4.

The ligand of TARC and MDC is CCR4, which is
reportedly expressed on Th2 type T cells. It is also
known that CD40 ligand expressed on activated T cells
plays essential roles in the B cell activation through the
CD4019,20. These data suggest that TARC and MDC,
produced by CD40 activated B cells, are involved in the
T cell and B cell interaction. T cell and B cell interaction
is essential for the production of antigen specific IgE.
Thus, we next examined if the TARC and MDC pro-

duction is related with the serum amounts of IgE spe-
cific for OVA, one of the most frequently observed anti-
gen which is closely involved in the onset of atopic der-
matitis in children. As a result, there was significant cor-
relation between TARC and OVA specific IgE in the
sera of infantile atopic dermatitis patients (Fig. 4a).
Similarly, there was significant correlation between
MDC and OVA specific IgE in the sera of infantile atopic
dermatitis patients (Fig. 4b).

From these results, we examined if serum TARC and
MDC levels are increased in infantile AD patients. We
found that both TARC and MDC were significantly ele-
vated in AD patients if compared with normal age
matched subjects (Fig. 5a and b). Furthermore, we also
found that the severity of atopic dermatitis is signifi-
cantly correlated with the amounts of TARC and
MDC. The increase of TARC and MDC levels in the
sera of AD patients are not simply caused by the
inflammation, since it has been reported that TARC and
MDC are not increased other inflammatory disor-
ders21. Our data do not rule out the possibility that
TARC and MDC observed in the sera of AD patients
are produced by macrophages. However, significant
correlation of OVA specific IgE levels and TARC/MDC
indicates that TARC/MDC may be involved in the T-B
cell interaction and thus suggest that TARC/MDC in the
sera contained, at least in part, those produced by
CD40 stimulated B cells.

Taken together, these data suggested that TARC and
MDC may play some roles in the onset of infantile
atopic dermatitis, probably inducing the T cell and B cell
interaction. To confirm this idea we are now doing addi-
tional experiments including if B cells obtained from
infants produce TARC and MDC as observed in adult B
cells and if OVA specific IgE production by peripheral
blood mononuclear lymphocytes obtained from AD
patients are inhibited by the neutralizing anti-TARC or
anti-MDC.

References
1. Loetscher, P., Moser, B., Baggiolini, M. Chemokines and

their receptors in lymphocyte traffic and HIV infection. Adv.
Immunol 2000;74:127-180.

2. Zlotnik A., Yoshie, O. Chemokines a new classification system
and their role in immunity. Immunity 2000;12:121-127.

3. Murphy PM. International union of pharmacology. XXII.
Nomenclature for chemokine receptors. Pharmacol. Rev
2000;52:145-176.

4. Baggiolini M., Dewald B., Moser, B. Adv. Immunol
1994;55:97-179.

5. Ben-Baruch A., Michiel D.F., Joost J. Signals and Receptors
Involved in Recruitment of Inflammatory Cells. J Biol Chem

L. LIN et al. J Med Dent Sci32

Fig. 6. Comparison of serum TARC and MDC levels among 3 groups
of patients with AD.

(A) Serum TARC levels among normal subjects (n=14) and 3
groups of patients with AD: those with mild (n=7) and severe (n=6)
disease.

(B) Serum MDC levels among normal subjects (n=14) and 3
groups of patients with AD: those with mild (n=7) and severe (n=6)
disease.
Each vertical bar represents mean ± SD of total subjects in individ-
ual categories.



1995;270:11703-11706.
6. Hieshima K., Imai T., Opdenakker G., et al. Molecular

Cloning of a Novel Human CC Chemokine Liver and
Activation-regulated Chemokine (LARC) Expressed in Liver. J
Biol Chem 1997;272:5846-5853.

7. Nonoyama H., Imai T., Kusuda J., et al. Genomics
1997;40:211-213.

8. Godiska R., Chantry D., Raport C.J., et al. Human
macrophage-derived chemokine (MDC), a novel chemoat-
tractant for monocytes, monocyte derived dendritic cells, and
natural killer cells. J Exp Med 1997;185:1595-1604.

9. Chang M., McNinch J., Elias III C., et al. Molecular cloning and
functional characterization of a novel CC chemokine, stimu-
lated T cell chemotactic protein (STCP-1) that specifically acts
on activated T lymphocytes. J Biol Chem 1997;272:25229-
25237.

10. Andrew D. OP., Chang M. S., McNinch J., et al. STCP-1
(MDC) CC chemokine acts specifically on chronically activat-
ed Th2 Lymphocytes and is produced by monocytes on stim-
ulation with Th2 cytokines IL-4 and IL-13. J Immunol
1998;161:5027-5038.

11. Nonoyama H., Imai T., Kusuda J., et al. Human chemokines
fractalkine (SCYD1), MDC (SCYA22) and TARC (SCYA17) are
clustered on chromosome 16q13. Cytogenet Cell Genet
1998;81:10-11.

12. Imai T., Chantry D., Raport C. J., et al. Macrophage-derived
chemokine is a functional ligand for the CC chemokin receptor
4. J Biol Chem 1998;273:1764.

13. Imai T., Baba M., Nishimura M., et al. The cell-directed CC
chemokine TARC is a highly specific biological ligand for CC
chemokine receptor 4. J Biol Chem 1997;272:15036-15042.

14. Imai T., Nagira M., Takagi S., et al. Selective recruitment of
CCR4-bearing Th2 cells toward antigen-presenting cells by the
CC chemokines thymus and activation-regulated chemokine
and macrophage-derived chemokine. Int Immunol
1998;11:81-88.

15. Mosmann TR, Sad S. The expanding universe of T-cell sub-
sets: Th1, Th2 and more. Immunol Today 1996;17:138-46.

16. Leung DY. Atopic dermatitis: new insights and opportunities for
therapeutic intervention. J Allergy Clin Immunol
2000;105:860-76.

17. Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis.
Acta Derm Venereol 1980;92:44-7.

18. Severity scoring of atopic dermatitis: the SCORAD index.
Consensus report of the European task force on atopic der-
matitis. Dermatology 1993;186:23-31.

19. Clark EA, Ledbetter JA. Activation of human B cells mediated
through two distinct cell surface differentiation antigens,
Bp35 and Bp50 Proc. Natl. Acad. Sci. USA 1986;83:4494-
4498.

20. Banchereau J., de Paoli P., Valle A., et al. Long-term human B
cell lines dependent on interleukin-4 and antibody to CD40.
Science 1991;251:70-72.

21. Leung TF, Wong CK, Chan IH, et al. Plasma concentration of
thymus and activation-regulated chemokine is elevated in
childhood asthma. J Allergy Clin Immunol 2002;110:404-9.

33TARC and MDC


