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Fig. 1. TGF-8, inhibits TARC secretion by HaCaT cells after
stimulation with IFN-y and TNF-x. The concentration of
TARC produced by HaCaT cells was measured after stimula-
tion with TGF-B, (10 ng/ml) alone or stimulation with IFN-y
(10 ng/mi) and TNF-x (10 ng/ml) with or without TGF-B; (0-
20 ng/ml) for 24 h. When the concentration of TGF-B, added to
the medium was increased, TARC production decreased. The
maximum inhibition achieved at a concentration of 10 ng/ml of
TGF-B,. The data are shown from four different experiments,
The bars indicate the standard deviation.

production by TGF-B, increased gradually with
increasing concentration up to a maximum at 10
ng/il, which was 73.8% inhibition compared with
control. TGF-B; at 20 ng/ml was less effective than
at 10 ng/ml. Spearman’s analysis also clarified the
statistical correlations between down-regulation of
TARC levels and TGF-B, concentrations (r= —
0.87, p <0.00). To confirm the ELISA results,
Western blot analyses were carried out and the
results are shown in Fig, 2, The TGF-$; modula-
tion of TARC synthesis by HaCaT cell was
obvious after densitometer analysis using NIH
Image, similar to the results form ELISA. The
maximum inhibition of TARC production by
TGF-B, was 50.7% at a concentration of 10 ng/
ml. This means that the increased concentration of
TARC in the culture supernatant was due to newly
synthesized TARC by HaCaT cells and that TGF-
B, inhibited the synthesis of TARC by HaCaT
cells co-stimulated with IFN-y and TNF-a.

To clarify whether TARC mRNA expression
was also modulated by TGF-p;, RNA was ex-
tracted from HaCaT cells and Northern blot
analysis was performed. The results (Fig. 3)
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Fig. 2. Western blot analysis of TARC produced by HaCaT
cells. (a) The panel shows TARC protein of HaCaT cells: for
lane 1, un-stimulated; lane 2, stimulated with both IFN-y {10
ng/ml) and TNF-e (10 ng/ml); lanes 36, stimulated with TFN-
¥, TNF-a and TGF-B, {0.1 ng/ml (lane 3), 1.0 ng/ml (fane 4), 10
ng/ml (lane 5), 20 ng/ml (lane 6)) for 24 h. A representative data
is shown from three different experiments. (b) The relative
density of the blots was calculated as follows: the density of the
blots—the density of background of the same lane. The
maximum inhibition was achieved at a concentration of 10
ng/ml of TGF-B,. These data are based on three different
experiments.

demonstrated that HaCaT cells expressed TARC
mRNA spontaneously at a low level, and that
TARC mRNA greatly increased after the co-
stimulation with IFN-y and TNF-«. Furthermore,
when TGF-B, was added to the medium with JFN-
v and TNF-a, the expression of TARC mRNA in
HaCaT cells was inhibited by TGF-p,. The max-
imum inhibitory effects of TGF-B, on TARC
mRNA expression were also detected at 10 ng/
ml, same as the results of Western blot analysis.

To further elucidate that the down-regulation of
TARC production from HaCaT cells by TGF-B,,
anti-TGF-B; Ab was added to the culture medium
with IFN-y (10 ng/ml), TNF-«¢ (10 ng/ml) and
TGF-B; (10 ngfml). As shown in Fig. 4, additional
anti- TGF-B; mAb greatly reversed the inhibitory
effects of TGF-B; on TARC secretion by HaCaT
cells. This data indicate the direct effect of TGF-p,
on TARC secretion by HaCaT cells co-stimulated
with and IFN-y and TNF-a.
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Fig. 3. TGF-B, inhibits TARC mRNA expression by HaCaT
cells after the co-stimulation with IFN-y and TNF-o. (a) The
panel shows Northern blot of TARC mRNA (upper) and f-
actin mRNA (lowet) of HaCaT cells. Lane 1, un-stimulated;
lane 2, stimulated with both IFN-y and TNF-; lanes 3-6,
stimulated with IFN-y, TNF-« and various concentrations of
TGF-p) (0.1 ng/ml flane 3), 1.0 ng/m! (lane 4), 10 ng/ml (lane 5)
and 20 ng/ml (lane 6)) for 24 h. The maximum inhibitory effect
of TGF-fB; on TARC mRNA expression was obtained at 10 ng/
ml. A representative data are shown from three different
experiments. (b) The relative density of TARC mRNA to B-
actin mRNA ratio was analyzed using densitometer (NIH
image).

4. Discussion

Chemokines and their receptors are important
for the selective aftraction of various subsets of
leukocytes [2,3]. It has been shown TARC/CCL17
and its receptors (CCR4) participated in immuno-
logical processes such as AD and bronchial
asthma [2,8,9]. AD> is a chronically relapsing skin
disorder, and in the early stage of the disease
lymphocytes infiltrating in the acute skin lesion
produce mostly Th2 cytokines, such as IL-4 and
IL-5 [15}). We have reported that the serum TARC
levels and CCR4 expression of CD4% CD45RO
T cells were correlated with the activity of AD, and
that the lesional epidermal KCs expressed TARC
in AD {11,16]. Therefore, the logal production of
TARC plays an important role in the induction
and maintenance of inflammatory process as a
result of the promotion of Th2 cell infiltration, As
epidermal KCs can produce TARC, we explored
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Fig. 4. Anti-TGF-B; mAb restores the inhibitory effect of
TGF-B; on TARC secretion of HaCaT cells co-stimulated with
IFN-y and TNF-a, The first column shows TARC production
by unstimulated HaCaT cells. The second column shows that
stimulated with TGF-B; {10 ng/ml) alone for 24 h. The third
column shows that co-stimulated by both IFN=y (10 ng/ml) and
TNF-z (10 ng/ml) for 24 h. The fourth column shows that co-
stimulated by IFN-y, TNF-a and TGF-§, (10 ng/m) for 24 h.
The fifth column shows that co-stimulated with IFN-y, TNF-,
TGF-pB; (10 ng/ml) and rabbit JgG (10 pug/ml) for 24 h. The
sixth column shows that co-stimulated with IFN-y, TNF-a and
TGF-B, (10 ng/ml) and anti-TGF-f; mAb (10 pg/ml) for 24 h.
Anti-TGF-B; mAb restored the immunosuppressive effect of
TGF-fi;, on TARC production by HaCaT cells co- stimulated
by IFN-y and TNF-a, however isotype matched control (rabbit
12G) did not restore this. Data are based on four different
experiments.

the expression and modulation of TARC by
HaCaT cells, a human KCs cell line, We confirmed
that the synthesis and secretion of TARC by
HaCaT cells, when co-stimulated with TNF-o
and IFN-vy, greatly increased, as previous reported
[12).

To expand our fundamental understanding of
the modulation of TARC expression of HaCaT
cells, we investigated whether TGF-B; could
regulate the expression of TARC. We clearly
showed that TGF-B, decreased both TARC pro-
tein production and secretion by HaCaT cells
stimulated with both IFN-y and TNF-«, Because
TARC mRNA expressions were also inhibited by
TGF-f;, these data strongly suggest that the
inhibitory effect of TGF-p; on TARC production
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by HaCaT cells occur at pre-transcriptional level.
In addition, the neutralizing experiments of anti
TGF-B; Ab further confirmed the inhibitory effect
of TGF-B,. TGF-p, has various functions of cell
differentiation, growth and regulation of immu-
nological function [15,16). It has recently been
reported that polymorphism of the TGF-f; (+
915C allele) gene was frequently identified in
childhcod in AD [l4]. The frequency of this
TGF-f; genotype, known to be a low producer
of TGF-f;, was well correlated with severe group
compared with mild, and moderate group of AD
or healthy controls. These data suggest that the
low production of TGF-f, in AD might be related
to the maintenance and exaggeration of the skin
eruption of AD. Our data suggest that TGF-B,
might modulate Th2 cytokines in AD by suppres-
sing TARC production and secretion by epidermal
KCs, and show that TGF-B, might play an
important role for modulating Thl and Th2
imbalance in AD by modulating Th2 chemokines.

TGF-B, can be produced by KCs as well as
fibroblasts or CD4% CD25" T cells by various
stimuli [15]. Although the origin of TGFE-B; in AD
is not fully understood, it has been reported that
cosinophils secrete TGE-B, and that this modu-
lates fibrosis in asthma [17]. We showed that a
subpopulation of CD4* CCR4™ T cells in PEMC
expressed CD25 in AD patients [16] and the
secretion of cytokines from CD4% CD25™ T cells
is currently being investigated. Our studies also
present the question of how TGF-f, regulates the
production of TARC from HaCaT cells. Berlin et
al. reported that the inhibition of the activation of
nuclear factor (NF)-xB completely abrogated
TARC production in bronchial epithelial cells
[18]. The mechanism by which TGF-$, modulated
the expression of TARC mRNA and protein of
HaCaT cells should be elucidated in the future.

In summary, we have shown that TGF-B, can
down-regulate the secretion and synthesis of
TARC protein and the expression of TRAC
mRNA of HaCaT cells. This is a novel finding
of the modulation of chemokine, TARC, by TGF-
f1. This finding may clarify the role of TGF-B; in
the pathogenesis of Th2 related disease, and could
lead to a new therapeutic approach for allergic
diseases such as AD.
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Ultraviolet A irradiation inhibits thymus-
and activation-regulated chemokine
(TARC/CCL17) production

by a human keratinocyte HaCaT cell line

Ultraviolet A (UVA) irradiation modulates the immunological functions
of skin. We examined the effect of UVA irradiation on the basal and the
IFN-y-and TNF-a-stimulation-induced production of thymus-and
activation-regulated chemokine (TARC/CCLI17) using HaCaT cells.
UVA irradiation inhibited the basal levels of both TARC mRNA expres-
sion and TARC protein production. UVA irradiation also significantly
inhibited TARC mRNA expression and TARC protein secretion that
were induced by co-stimulation with IFN-y and TNF-¢. A time course
study showed that: the significant suppression of TARC mRNA expres-
sion was detected 8 hours after irradiation and continued for 36 hours;
the strongest inhibition of TARC protein secretion occurred in the first
8 hours after UVA irradiation and continued for 36 hours. Our data
provide the first evidence that UVA inhibits TARC mRNA expression
and TARC protein production by keratinocytes in a dose-dependent
manner. These results may suggest an explanation for the UV-induced
therapeutic effect.
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T hymus- and activation-regulated chemokine
(TARC/CCL17) is a CC chemokine secreted by
dendritic cells, monocytes and by keratinocytes as
well [1]. TARC functions as a selective chemoattractant for
activated T cells which belong to the Th2 subset and ex-
press CC chemokine receptor (CCR4), the receptor for
TARC [2]. TARC can be produced locally and recruit
CCR4 + T cells and it may play an important role in the
immune responses in which CCR4 + Th2 cells participate
[3]. Recently, it has been shown that high levels of TARC
were expressed in various allergic diseases [4-6). In par-
ticular, TARC levels were markedly elevated in serum from
patients with atopic dermatitis and TARC proteins were
expressed strongly by their epidermal keratinocytes [6].
The concentration of TARC in the serum was also related to
the disease activity of atopic dermatitis [6]. It has been
suggested that TARC could be a useful target for therapeu-
tic approaches to allergic disease in which TARC and
CCR4 are involved [1, 7].

UV irradiation has been shown to modulate the immune
function, (8, 9]. One of the possible mechanisms might be
the direct and/or indirect effect of UV irradiation on the
modulation of cytokines produced by immune cells [9, 10].
However, to our knowledge, the effects of UV irradiation
on TARC expression by keratinocytes have not been exam-

Abbreviations: IFN-y (interferon-y), TARC/CCLI7 {thymus and
activation-regulated chemokine), TNF-u (tumor necrosis factor-a), UVA
(ultraviolet A).
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keratinocytes, thymus- and activation-

ined, In this study, we examined the effects of UVA irradia-
tion on the expression of TARC mRNA and the release of
TARC protein by HaCaT cells, a human keratinocyte cell
line.

Materials and methods

Reagents and cell culture

The cytokines used were recombinant human (rh) tumor
necrosis factor (TNF)-a (Peprotech Inc. London, UK), and
th interferon (IFN)-y (R&D Systems Inc. Minneapolis,
MN). HaCaT cells which were kindly provided by Prof.
NDEDFusenig (German Cancer Research Center, Heidel-
berg, Gemany) were cultured at 37°C, 5% CO, in RPMI
1640 containing 10% fetal calf serum.

UV irradiation

The UV source was a DERMARAY Medical Ultraviolet
Irradiation Apparatus (Clinical Supply, Tokyo, Japan). This
machine can be adjusted to radiate UVA or UVB specifi-
cally. The emission spectrum of the lamp used for UVA
irradiation is 310-410nm, and the peak emission is at
360nm. The irradiation dose was measured with a UV
radiometer (Clinical Supply, Tokyo, J agan). The UVA irra-
diation doses used were 1, 4 and 7J/cm?, Cultures were fed
fresh culture medium, with or without TNF-u (10ng/ml)
and IFN-y (10ng/ml), 24 hours before UVA irradiation.
Just before UVA exposure, the medium was collected. The
cells were washed twice with PBS (37°C) and then irradi-
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ated in the presence of PBS without the plastic lid. For a
6-cm diameter plate 3-mi PBS were added. After UV irra-
diation, the PBS was removed, the collected medium was
added and the cells were incubated for the indicated times.
Sham-irradiated controls were placed under aluminum foil
while irradiation was being carried out. The irradiation
distance was 40 cm.

Enzyme-linked immunosorbent assay (ELISA)

The concentration of TARC in culture supernatants was
measured using a commercially available kit (Genzyme,
Minneapolis, USA). In brief, samples were added to wells
onto which a monoclonal antibody specific for TARC had
been pre-coated. After washing, an enzyme-linked poly-
clonal antibody conjugated to horseradish peroxidase was
added. Following washing, color was developed. The opti-
cal density (OD) was measured using an ELISA reader
(Spectra and Rainbow Readers). The minimum detectable
concentration was less than 7pg/ml. The protein level in the
supernatant was normalized to total cell number. Each
supernatant from four different experiments was analyzed
in duplicate,

Northern hybridization [11]

Total mRNA was extracted from the cells using a lysis
buffer (Invitrogen Co., CA, USA). Total mRNA (20ug) was
fractionated on a 1.5% agarose-formaldehyde gel and
transferred to a nylon membrane (Bio-Rad, Hercules, CA,
USA). The membrane was UV cross-linked, incubated in
10ml of pre-hybridization solution (0.25M Na,HPO, pH
7.2 and 7% SDS) for 2 hours at 65°C and then hybridized
for 20 hours with a ¢cDNA probe labeled with digoxi-
genin{DIG)-dUTP using PCR amplification [9]. After
washing stringently, the cDNA-mRNA hybrids were visu-
alized using a DIG nucleic acid detection kit (Roche, Ger-
many). The probe was a 511bp TARC cDNA fragment.
For cDNA probe synthesns polyA* mRNA was extracted
using a Micro-FastTrack™ 2.0 kit (Invitrogen Co., CA,
USA). Approximately lug of polyA* mRNA was reverse-
transcripted using a First cDNA kit (Invitrogen Co., CA,
USA). The PCR labeling mixture included cDNA, each
primer (25-50pmol), MgCl,, dNTP (the ratio of dTTP to
DIG-dUTP was 19) and Taq polymerase (TaKaRa, Otsn,
Japan). The cycling condition consisted of 40 cycles of
denaturation at 95°C, annealing at 57°C, and extension at
72°C. After PCR, the probe was purified. The relative blot
intensities of the TARC mRNA were quantified by densi-
tometric scanning and analyzed using NIH Image computer
software. Because UV irradiation might influence the ex-
pression of GAPDH mRNA expression [12] and our pre-
liminary results also indicated that B — actin mRNA expres-
sion may be affected by UVA irradiation, the amounts of
RNA loaded were normalized to 285 RNA.

Cell viability [13]

After UVA irradiation (1, 4 and 7J/cm?), cell viability was
evaluated by trypan blue dye exclusion [13]. Cells floating
in the supernatant and cells adhering to the dish were
collected 24 hours or 48 hours after UVA irradiation to-
gether using 0.02% EDTA and 0.25% trypsin. The viable
and dead cells were counted.

Statistical analysis

ANOVA was used for comparing the differences in TARC
mRNA or protein levels between the UVA-irradiated and
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sham-irradiated groups. Non-parametric Spearman’s corre-
lation test was used to evaluate the correlation between the
doses of UVA irradiation and their effects on TARC mRNA
or protein levels. Student’s t-test was used to compare the
differences in TARC mRNA or protein levels at different
time points between the UVA-irradiated and sham-
irradiated groups. The values shown are means =+ standard
deviation (SD). Differences were considered significant at
p < 0.05.

Results

Effects of UVA irradiation dose on cell viability

The percentages of viable cells, based on three counts per
plate, and three plates per treatment, were not 31gn1ﬁcant1y
different for UVA doses of 0, 1, 4 and 7J/cm? at either the
24 or 48 hours post-UVA irradiation. There was no differ-
ence between the UVA irradiated and non-irradiated groups
(P > 0.2) (Data not shown).

Effects of UVA irradiation on the baseline level of TARC
mRNA expression and TARC protein secretion in non-
stimulated HaCaT cells

We first examined the effects of UVA irradiation on the
basal level of the expression of TARC mRNA and the
secretion of TARC proteins. Non-stimulated HaCaT cells
expressed a low level of TARC mRNA and secreted a very
small amount of TARC protein, as has been reported [14].
Under our experimental conditions, per 10° cells secreted
64 £ 12.9pg/ml TARC proteins. Culture supernatants and
for total mRNAs were harvested at 24 hours after UVA
irradiation or sham-irradiation. The concentrations of
TARC protein in the culture supemnatants were 53.8 + 11.8,
24.7+10.5, and 8.63 + 4.2pg/ml at UVA irradiation doses
of 1, 4, and 7 J/em®, respectively (Fig. I). The level of
TARC protein secretlon was s1gn1ﬁcantly inhibited at doses
of 4 and 7 J/em?, but not at | J/em?, when the TARC protein
concentration was measured at 24 h0urs after UVA irradia-
tion. Because the minimum detectable dose was about
Tpg/ml, we think that the basal levels of TARC protein
secretion were almost completely inhibited by UVA irra-
diation at a dose of 7J/cm?. There was a significant corre-
lation between the inhibitory effects of UVA on TARC
secretion and the UVA irradiation doses (r=0.57,
P = 0.003<0.01). Northern hybridization showed the same
pattern of suppression of TARC mRNA expression. At
UVA irradiation doses of 1, 4 and 7J/em?, TARC mRNA
expression was suppressed by 22%558% and 79%, respec-
tively compared to controls (0J/cm?®) (Fig. 2).

Effects of UVA irradiation on the levels of TARC mRNA
expression and TARC protein secretion by HaCaT cells
co-stimulated with IFN-y and TNF-o

High levels of TARC production can be induced in HaCaT
cells by co-stimulating them with IFN-y and TNF-¢ [14].
Moreover, it has been shown the both IFN-y and TNF-a
were involved in the pathogenesis of inflammatory skin
disease such as atopic dermatitis [15]. Thus co-stimulating
HaCaT cells with IFN-y and TNF-o mimics the inflamma-
tory condition. Further research was conducted to examine
whether UVA irradiation could regulate IFN-y and TNF-q
stimulation induced TARC mRNA expression and TARC
protein secretion by HaCaT cells. Fig. 3 shows the inhibi-
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Figure |. Inhibitory effects of UVA irradiation on TARC
protein secretion by non-stimulated HaCaT cells. To examine
the effects of UVA irradiation on the baseline levels of TARC
protein production, non-stimulated HaCaT cells were irra-
diated with UVA (0, 1, 4, and 7lem?), and culture superna-
tants were harvested 24 hours later. There was a significant
correlation between the inhibitory effects and the UVA
irradiation doses (r=0.57, P = 0.003<0.01). There were
significant differences in the TARC Zprorein levels between the
sham-irradiated controls (ONem®) and the HaCaT cells
irradiated with UVA at doses as 4 and 7J/em® (* p < 0.05).

tory effects of UVA irradiation on IFN-y and TNF-a stimu-
lation induced TARC protein secretion by HaCaT cells. The
TARC protein levels in the culture supernatants which were
collected at 24 hours after UVA irradiation were
825.1+92.8, 755.5+79.6, 6853 +68.3, and 6232+
76.2pg/ml at UVA irradiation doses of 0, 1, 4 and 7J/cm®
respectively. There was significant suppression after expo-
sure to UVA irradiation dose of 1, 4 and 7J/cm?. There was
a significant correlation between the inhibitory effects of
UVA on TARC secretion and the UVA irradiation doses
{r = 0.59, P = 0.003<0.01). Northern hybridization showed
that, compared to sham-irradiated controls, UVA irradia-
tion inhibited IFN-v and TNF-o stimulation induced TARC
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Figure 3. Inhibitory effects of UVA irradiation on TARC
secretion by HaCaT cells co-stimulated by IFN-y and TNF-a.
HaCaT cells were irradiated with UVA (1, 4 and 7Vem?), and
the culture supernatants were harvested 24 hours later, There
was a significant correlation between the inhibitory effects
and the UVA irradiation doses (r = 0.59, P = 0.003<0.0] ).
There were significant differences between the controls and
the UVA irradiated HaCaT cells (* p < 0.05, ** p < 0.0]).

mRNA expression by 24%, 49% and 74% at dose of 1,
4 and 7J/em? respectively {Fig. 4).

Time course of the effects of UVA irradiation on IFN-y
and TNF-a stimulation induced TACR mRNA
expression and TARC protein secretion by HaCaT cells

Confluent HaCaT cells was co-stimulated with IFN-y-and
TNF-a 24 hours before UVA irradiation as stated at mate-
rials and methods. After one exposure to UVA irradiation
(71/cm®), total RNA was harvested at different time points
and was subjected to Northern hybridization (Fig. 5). Sig-
nificant inhibitory effect on TARC mRNA expression was
detected 8 hours after UVA irradiation. The inhibitory ef-
fect on TARC mRNA expression was the most effective at
16-24 hours after UVA irradiation, At about 36 hours after
UVA irradiation, the inhibitory effect of UVA irradiation on

2
o«
oY
TARC g
mRNA m

Figure 2. Inhibitory effects of UVA irradiation on TARC
mRNA expressions by non-stimulated HaCaT cells. Northern
hybridization results. Upper lane, TARC mRNA; lower lane,
285 mRNA. A representative result from three different
experiments s shown.
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Figure 4. Inhibitory effects of UVA irradiation on TARC
MRNA expressions by HaCaT cells co-stimulated by IFN-y
and TNF-a. Northern hybridization results. Upper lane,
TARC mRNA; lower lane, 285 RNA. A representative result
from three different experiments is shown,
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Figure 5. A time course study of the effects of UVA irradia-
tion on TARC mRNA expression by HaCaT cells. The relative
amount of TARC mRNAs. Data are based on three different
Northern hybridization experiments. After UVA irradiation
2 h, the amount of TARC mRNA began to reduce. At 8 I after
UVA irradiation, TARC mRNAs were significantly inhibited,
At 16-24 h after UVA irradiation, the inhibitory effects of
UVA became most effective. The inhibitory effects of UVA
irradiation began to decrease 36 h after UVA irradiation.

TARC mRNA expression became less effective at 36-hour
time point than that of 24-hour time point. This suggests
that the inhibitory effects of UVA irradiation on IFN-y and
TNF-a stimulation induced TARC mRNA expression be-
gan to reduce, Fig, 6 shows the inhibitory effects of UVA
irradiation on TARC protein secretion. Culture supernatant
was collected at indicated time points. UVA irradiation
partially inhibited IFN-y-and TNF-a co-stimulation in-
duced TARC protein secretion by HaCaT cells under our
experimental conditions (Table I). TARC protein concen-
tration in the culture supernatant after 24-hour time point
was significantly lower than that of controls. The most
effective inhibition of UVA irradiation on TARC protein
secretion occurred during the first 8 hours after UVA irra-
diation because the rate of TARC protein secretion was
43 * 4.9% of the control which was the smallest compared
to that of any other pericds after UVA irradiation (not
shown). During the period of from 36 hours to 48 hours
after UVA irradiation, the rate of TARC protein secretion
was 83 + 9.4% of controls. This secretion rate was not
significantly different to the control groups, even through
the TARC concentrations at 36-hour and 43-hour time point
were significantly lower than control. Our results also
shows the inhibitory effect of UVA irradiation on TARC
secretion gradually became weaker and at about 36 hours
after UVA irradiation the rate of TARC secretion is not

120

100

0 F

TARC concentration (% of conrol)

[—s- Control |
| -m  UVA iradiation |

oh Bh 1th 24h 36h 48h
Time after UVA irradiation

Figure 6. A time course study of the effects of UVA irradia-
tion on TARC protein secretion by HaCaT cells. Twenty-four
hours after co-stimulation by IFN-y and TNF-«, HaCaT cells
were UVA irradiated (7}/cm?). The culture supematants were
collected 0, 8, 16, 24, 36 and 48 hours after UVA irradiation.
For all experiments n =4, and all measures were made in
duplicate. The bars indicate the standard deviations (* p <
0.05). TARC concentration in the culture supernatant of UVA
irradiated groups were significantly lower than that of
controls. We also found that the inhibitory effect of UVA on
the secretion rate of TARC was the strongest at the first
8 hours and the secretion rate of TARC was not significantly
different from that of control 36 hours after UVA irradiation,

significantly different from the controls. Thus, 36 hours
after UVA irradiation, the inhibitory effects of UVA irradia-
tion on TARC protein secretion could not countercheck the
IFN-y-and TNF-g-induced TARC secretion by HaCaT
cells nor it is likely that the inhibitory effect of UVA
irradiation ceased because of the cellular self-repair func-
tion. Another interesting finding is that the inhibitory ef-
fects of UVA irradiation on TARC mRNA expression and
the inhibitory effects of UVA irradiation protein secretion
did not parallel each other. This may suggest that multiple
points might be affected by UVA irradiation in the process
of TARC production.

Discussion

Keratinocytes are considered an important component of
the skin immune system and actively participate in various
kinds of immune responses [16]. In humans, because of
their anatomical location, keratinocytes are the natural tar-
gets of UV irradiation. Therefore, keratinocytes have been
used as a model in studies on the effects of UV irradiation

Table 1. The time course results of TARC protein concentration (pg/ml)

Group Oh 8h 24 36h 481
Control 4110+ 85 5353 £80 684774 82512 110 1015.2+99 12617 £ 78
UVA irradiated 4109+ 86 4633+ 83 5404+ 87 623276 766.6 + 64 933.8 =98

Twenrv-four hours after co-stimulation by IFN-y and TNF-0, HaCaT cells were UVA irradiated (7J/em?). The culture superngtants were collected 0, 8, 16, 24,
36 and 48 hours after UVA irradiation. For all experiments n = 4, and all measures were made in duplicate.
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[17]. In this study, we showed that UVA irradiation inhib-
ited both the basal level and the IFN-y and TNF-u
stimulation-induced TARC mRNA expression and TARC
protein secretion by HaCaT cells. The UVA irradiation
doses (1,4 and 7J/cny®) we used, did not affect cell viability,
in agreement with what others have reported [18). This
excluded the possibility that the inhibition of TARC mRNA
expression and TARC protein secretion was caused by
UVA irradiation-induced cytotoxicity. To our knowledge,
this is the first report showing that UVA irradiation can
inhibit TARC mRNA expression and TARC protein secre-
tion by a human keratinocyte line, HaCaT cells. We believe
that this finding is important to understand the underlying
mechanism of UVA irradiation in the process of modulating
immune responses.

High levels of TARC production can be induced in HaCaT
cells through co-stimulating with IFN-y and TNF-a [14].
Because it has been shown that both IFN-v and TNF-a were
involved in the pathogenesis of many inflammatory dis-
eases [15], the stimulation of HaCaT cells with IFN-y and
TNF-o mimics the inflammatory condition, as mentioned
before [19]. We found that UVA irradiation could inhibit
the IFN-y- and TNF-g-induced TARC mRNA expression
and TARC protein secretion by HaCaT cells, indicating that
UVA irradiation might suppress the IFN-y- and TNF-a-
induced TARC-involved inflammation. Our time course
experiments also show that the inhibitory effect of UVA
irradiation on TARC secretion gradually became weaker
and that at about 36 hours after UVA irradiation, the rate of
TARC secretion is not significantly different from the con-
trols. Thus, 36 hours after UVA irradiation, the inhibitory
effects of UVA irradiation on TARC protein secretion could
not countercheck the IFN-y-and TNF-a-induced TARC
secretion by HaCaT cells nor it is likely that the inhibitory
effect of UVA irradiation ceased because of the cellular
self-repair function.

It has been proven that UVA irradiation affects the immune
function [20-23]. One proposed mechanism was the modu-
lation of immuno-modulatory cytokines of keratinocytes
[9, 10, 23]. Substantial evidence suggests that UVA irradia-
tion is selective in its modulating of the induction of cytok-
ines, such as interleukin-12, that promotes Th1 responses
and inhibits Th2 responses {20, 21]. TARC acts specifically
on Th2 lymphocytes and promotes Th2 response. Qur find-
ings that UVA irradiation inhibited TARC mRNA expres-
sion and TARC protein secretion by HaCaT cells are con-
sistent with previous findings that UVA irradiation
modulates Th2 response [21]. Based on our results, we
suggest that UVA irradiation affects the human cutaneous
immune function, at least in part, by modulating the capac-
ity of keratinocytes to produce TARC. It has been shown
that high production of TARC was detected by lesional
keratinocytes in atopic dermatitis and that a high level of
serum TARC concentration is correlated with the disease
severity of atopic dermatitis [6]. In this study, we found that
UVA irradiation inhibits TARC mRNA expression and
TARC protein secretion by human HaCaT keratinocyte cell
lines. Thus, we consider that the inhibitory effects of UVA
irradiation on TARC production might be an underlying
mechanism responsible for the effectiveness of UVA irra-
diation on immune modulation.

The mechanism by which UVA irradiation inhibited TARC
mRNA expression and TARC protein secretion needs to be
investigated. Berlin er a/ showed that nuclear factor
(NF)-kB participated in epithelial cell TARC mRNA ex-
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pression [24]. Djavaheri-Mergny M et al reported that UVA
could induce a decrease in NF-kB activity in human kera-
tinocytes [25]. Whether UVA inhibited TARC mRNA ex-
pression and TARC protein secretion through regulating
NF-kB remains to be clarified. Also, we found that the
inhibitory effect of UVA irradiation on TARC mRNA ex-
pression and the inhibitory effect of UVA irradiation pro-
tein secretion which were induced by co-stimulation with
IFN-y-and TNF-a did not parallel each other. This may
suggest that multiple points might be affected by UVA
irradiation in the process of TARC production. Further
research on the underlying mechanism may lead to impor-
tant findings.

In summary, our data provide the first evidence that UVA
inhibits TARC mRNA expression and its protein produc-
tion by HaCaT cells in a dose-dependent manner. This
observation indicates that UVA-irradiation might modulate
the skin immune function through regulating TARC pro-
duction by keratinocytes. W
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Abstract

The CC chemokine thymus- and activation-regulated chemokine (TARC/CCLI17) acts on CC chemokine receptor 4
(CCR4), which is known to be selectively expressed in Th2 cells. In order to compare the regulatory profiles of TARC
production by tumor necrosis factor-o¢ (TNF-t}, IFN-y, interleukin-4 (IL-4) and IL-13 in keratinocytes and fibroblasts,
HaCaT cells, a human keratinocyte cell line, and NGIRGB cells, 2 human skin fibroblast cell Iine, were used. The
expression of TARC protein was measured using enzyme-linked immunosorbent assay (ELISA), and the mRNA level
was detected by reverse transcriptase polymerase chain reaction (RT-PCR). The spontaneous expression of TARC
protein and mRNA levels were augmented by TNF-o. and IFN-y and were inhibited by IL-4 and IL-13 in the
keratinocytes. The fibroblasts expressed the TARC protein and mRNA only in the presence of IL-44TNF-« or IL-
134 TNF-« stimulation. IFN-y further enhanced the IL-4 4+ TNF-a or IL-13 + TNF-¢-induced TARC production in the
fibroblasts. Thus, TNF-a and IFN-y -induced TARC production was differentially regulated by IL-4 and IL-13 in
human keratinocytes and fibroblasts. @ 2002 Elsevier Science Ireland Ltd. All rights reserved.

Keywords: Keratinocytes; Fibroblasts; Thymus-and activation-regulated chemokine; TNF-o; IFN-y; [L-4; IL-13

1. Introduction

Chemokines, a family of low-molecular-weight
proteins that induce specific types of leukocyte

Abbreviations: CCR4, CC chemokinel receptor 4; TARC, chemotaxis, play essential roles in regulating
thymus-and activation-regulated chemokine, extravasation and tissue accumulation of lympho-
* Corresponding author. Tel.: +81-92-642-5585; fax: +81- . . .
926425600 cytes during immune and inflammatory responses
E.mail address:  yubin{@dermatol. med kyushu-uacjp (B. {1,2]. Thymus-and activation-regulated chemokine
Yu). (TARC/CCL17) was identified by cloning the

0923-1811/02/% - see front matter © 2002 Elsevier Science Ireland Ltd. Al rights reserved.
PII: 50923-1811(02)00046-4
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D3A gene from peripheral blood monenuclear
cells (PBMCs) after stimulation with PHA [3].
TARC is a basic protein with a predicted mole-
cular weight of 8 kDa, and is produced by
dendritic cells [3-5], keratinocytes [6,7] and bron-
chial epithelial cells [8]. TARC acts as a specific
ligand for CC chemokine receptor 4 (CCR4),
which is predominantly expressed on Th2-type
CD4 4T cells [2,3]. Thus, TARC selectively che-
moattracts Th2 cells into inflammatory sites. In a
murine study, a monoclonal antibody against
TARC inhibited Th2-mediated bacteria-induced
fulminant hepatic failure [9].

Predominant infiltration of Th2 cells has been
found in allergic disorders such as atopic derma-
titis and asthma [10-12]. TARC has been shown
to be overproduced in keratinocytes of NC/Nga
mice exhibiting atopic dermatitis-like lesions [4].
Lymphocytes that infiltrate acute or early lesional
skin of atopic dermatitis are mainly Th2 cells,
which produce interleukin-4 (IL-4), IL-5, IL-10
and IL-13. However, it has been reported that Thl
cells, which produce IFN-y, increase in number in
chronic lesions [13,14]. Keratinocytes also secrete
various kinds of proinflammatory cytokines such
as tumor necrosis factor-o (TNF-a) [15). Thus, it
would be interesting to know how these cytokines
regulate the production of TARC. In this study,
we examined the production of TARC in kerati-
nocytes and fibroblasts in the presence of IL-4, IL-
13 or TNF-a, IFN-v, and we found that IL-4 and
IL-13 reciprocally regulated the production of
TARC in keratinocytes and in fibroblasts,

2. Materials and methods
2.1. Reagents

Dulbecco’s medified eagle’s medium (DMEM),
penicillin—streptomycin and trypsin—EDTA were
purchased from Gibco-BRL (Grand Island, NY).
RITC 80-7 medium was purchased from IWAKI
Glass (Chiba, Japan). Fetal bovine serum (FBS)
was obtained from HyClone (Logan, USA). Re-
combinant human IL-4 and IL-13 were purchased
from PeproTech (Rocky Hill, NJ}. Recombinant
human TNF-a and IFN-y, and agarose were

purchased from Sigma (Life Science Research,
USA}. Human TARC was obtained from R&D
Systems (Minneapolis, MN). An RNA isolation
reagent, Isogen, and ethidinm bromide were pur-
chased from Nippon Gene (Tokyo, Japan). Super-
script™ 11 RNase reverse transcriptase was
purchased from Gibco-BRL.

2.2. Cell culture

HaCaT cells, a spontancously immortalized,
nontumorigenic human skin keratinocyte cell line
(kindly provided by Dr N.E. Fusenig, DKFZ
Heidelberg), and NGIRGB cells, a normal human
skin fibroblast cell line (kindly provided by Dr H.
Nagamune, Tokushima University, Japan), were
used for the experiments. HaCaT cells were
maintained in DMEM with 10% heat-inactivated
FBS, penicillin (100 U/ml) and streptomycin (100
mg/ml). NGIRGB cells were maintained in RITC
80-7 with 10% heat-inactivated FBS, penicillin
(100 U/ml) and streptomycin (100 mg/ml). HaCaT
cells (4 x 10° cells per well) were plated into 24-
well plates, and NGIRGB cells (2 x 10° cells per
well) were plated into six-well plates, respectively.
They were then cultured for 24 h. Before stimula-
tion, all of the culture medium in each well was
replaced by identical formation containing 0.1%
BSA in place of FBS, The cells were treated with
the medium only or with various concentrations
{0.1-100 ng/ml) of TNF-o, IFN-vy, IL-4 and IL-13.
After incubation for the indicated periods of time,
the supernatant was collected from each culture
dish and centrifuged at 15000 rpm for 1 min and
then stored at —80 °C until further analysis.

2.3. TARC enzyme-linked immunosorbent assay
{ELISA)

Concentrations of TARC in the supernatant
were measured with an enzyme-linked immuno-
sorbent assay (ELISA)} kit (R&D Systems) accord-
ing to the mannfacturer’s instructions using an
ELISA reader, Labsystems Multiskan MS (DAI-
NIPPON, Tokyo). This ELISA method enabled
detection of TARC concentrations of greater than
15.6 pg/mi.
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2.4. Detection of TARC by reverse transcriptase
polymerase chain reaction (RT-PCR)

Human keratinocyte HaCaT cells and fibroblast
NGIRGB cells were cultured and stimulated as
described above, and then the cells were washed
with PBS and total RNA was extracted. Extracted
RNA was subjected to reverse transcription using
a superscript ™™ II RNase reverse transcriptase kit,
Transcripts of the constitutively expressed gene for
B-actin served as control in each sample. The
sequences of the PCR primers were as follows:
TARC sense, 5-ATGGCCCCACTGAAGAT-
GCT-3; TARC antisense, 5-TGAACAC-
CAACGGTGGAGGT-3"; and B-actin sense, 5'-
CCTCGCCTITTGCCGATCCGC-3'; B-actin anti-
sense, 5-AGGTAGTCAGTCAGGTCCCG-¥.
These primers yielded PCR products of the
expected sizes of 332 bp for TARC mRNA and
598 bp for B-actin mRNA. The initial stage of the
PCR protocol consisted of denaturation at 34 °C
for 7 min, annealing at 58 °C for 2 min and
elongation at 72 °C for 3 min. The second stage,
followed by 34 cycles of TARC ¢cDNA amplifica-
tion, consisted of denaturation at 94 °C for 1 min,
annealing at 58 °C for 1 min and elongation at
72 °C for 2 min. For the amplification of -actin
c¢DNA, the cycles included one step of denatura-
tion at 54 °C for 7 min, annealing at 56 °C for 2
min and elongation at 72 °C for 3 min, and then
29-34 cycles of the second step by the same
procedure as that of the second stage of TARC
c¢DNA PCR. The results were visualized on a 2%
agarose gel, which was then stained with ethidium
bromide (1 ug/ml} and examined with Print-
graphFX (ATTO, Tokyo) consisting of a charge-
coupled device camera, an unltraviclet transillumi-
nator, and an analysis program,

2.5. Statistical analysis

Data are expressed as means 4 S.E.M. Statistical
significance of differences was analyzed using an
analysts of variance (ANOVA) method ANOVA.
A P-value of less than 0.05 was considered to be
statistically significant.

3. Resulis

3.1. Production of TARC protein and mRNA
expression were augmented by TNF-a and IFN-y
but were inhibited by IL-4 and IL-13 in human
keratinocytes

We first studied the effects of TNF-e, IFN-y,
IL-4 and IL-13 on the production of TARC by
human keratinocytes. HaCaT cells were cultured
with medium only or with 0.1-100 ng/mi of TNF-
¢, IFN-y, IL-4 and IL-13 for 72 h, and the
concentrations of TARC in the supernatants
were quantified by ELISA. TNF-a (Fig. 1A) and
IFN-y Fig. 1B) significantly augmented the spon-
taneous preduction of TARC from HaCaT cells in
a dose-dependent manner. In contrast, IL-4 (Fig.
1C) and IL-13 (Fig. 1D) dose-dependently inhib-
ited the TARC production. Time-course experi-
ments showed that the up- or down-regulatory
effects of these cytokines were time-dependent for
72 h (Fig. 2). To confirm the results, we next
examined the expression levels of TARC mRNA
in HaCaT cells incubated with medium only, IL-4,
IL-13, TNF-a or IFN-y for 24 h. In accordance
with the protein levels, the TARC mRNA expres-
sion was enhanced by TNF-a and IFN-y and
inhibited by IL-4 and IL-13 (Fig. 3). In each
experiment, the inhibitory effects of IL-4 and IL-
13 on TARC production by keratinocytes were
similar, but the enhancing effect of JFN-y was
stronger than that of TNF-q.

In order to determine whether similar regulatory
mechanisms operate in fibroblasts, we examined
the TARC production by NGIRGB cells, a hu-
man fibroblast cell line. However, NGIRGB cells
did not produce detectable amounts of TARC
even in the presence of TNF-¢, IFN-y, IL-4 and
IL-13 (Table 1),

3.2. Reciprocal regulation by IL-4 and IL-13 of
TARC production by keratinocytes and fibloblasts
in the presence of TNF-a

To further elucidate the regulatory effects, we
next examined the co-stimulatory response of
TARC production in the keratinocytes and the
fibroblasts under various combinations of these
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Fig. 1. Production of TARC by HaCaT keratinocytes stimulated with various concentrations of TNF-t (0—100 ng/ml), IFN-y (0—100
ng/mt), IL-4 {(0-100 ng/ml) or IL-13 (0-100 ng/ml). HaCaT cells were cultured for 72 h with the indicated concentrations of cytokines.
Data are presented as means 4+ S.E.M. Representative data are shown (n=3). *, P <0.05; **, P <0.01; *** P <0.001.

four cytokines. The augmenting effects of TNF-u
and IFN-y were neutralized by IL-4 and 1L-13 in
the keratinocytes. IFN-y did not further enhance
the up-regulatory effect of TNF-« in the keratino-
cytes (Table 1).

In sharp contrast, IL-4, JL-13, TNF-a and IFN-
v did not induce the TARC production in the
fibroblasts. The significant production of TARC
was observed only in the dual presence of IL-4 and
TNF-a or IL-13 and TNF-« (Table 1). Interest-

ingly, IFN-y? synergistically enhanced the TARC
production induced by TNF-«.+IL-4 or TNF-a+
I1-13 in the fibroblasts (Table 1),

To confirm the effects of TNF-a+1L-4 or TNF-
a¢+IL-13 on TARC production by the fibroblasts,
we next examined the mRNA levels of TARC in
the fibroblasts stimulated with various combina-
tions of cytokines. As shown in Fig. 4, TNF-a
induced detectable mRNA accumulation for
TARC only in the presence of 1L-4 or IL-13. In



B. Yu et al. | Journal of Dermatological Science 30 (2002) 29-36 33

HaCaT

1200

w
2
=)

—d—medium only,
—x—1IL4
—O—IL-13
—8—TNF- a
——IFN-r

(X3
=
=

TARC Production (pg/ml)
3
S

Time (hour)

Fig. 2. Time courses of TARC production from HaCaT
keratinocytes sitmulated with TNF-« (50 ng/ml), IFN-y {10
ng/ml), IL-4 (10 ng/ml) or IL-13 (50 ng/ml) for 24, 48 or 72 h.
Data are presented as means+5.E.M. Representative data are
shown (n=3). * P <0035 ** P<00l; *** P <0.00],
compared with representative medium only.

a3

&

S o # A
Stimulation 8¢ Q.;’l & ‘éc, §
TARC .
g-actin

Fig. 3. Comparison of TARC mRNA levels by HaCaT
keratinocytes incubated with IL-4 (10 ng/ml), IL-13 (50 ng/
mi}, TNF-« (30 ng/ml) or IFN-y (100 ng/ml) for 24 h,
Representative data of two independent experiments with
similar results are shown.

addition, IFN-y further enhanced the accumula-
tion of TARC mRNA induced by TNF-¢+IL-4
or TNF-a+1L-13 stimulation in the fibroblasts,

4. Discussion

We examined the production of TARC by
keratinocytes and fibroblasts, two major cell
populations of skin, in a mixture of proinflamma-
tory (TNF-or), Thl (IFN-v) and Th2 (IL-4 and IL-
13) cytokines. In keratinocytes, the synthesis of
TARC was strongly enhanced by TNF-a and
IFN-y but was inhibited by IL-4 and IL-13 both
in protein and in mRNA levels. In contrast, 1L-4
and IL-13 induced the production of TARC
protein and mRNA by fibroblasts in the presence

Table 1
Levels of TARC protein expression by human kerationcyte
HaCaT cells and fibroblast NGIRGB cells

Stimulation TARC Production (pg/ml)
HaCaT cells NGIRGB cells

Medium only 291.45 0

1L-4 25.05° 0

IL-13 27.10° (]
TNF-x 628.02° 0
IFN-y 946,54 0
TNF-t+IFN-y 865.19* 0
114+ TNF-o 154.06° 286.22°
IL-13 4+ TNF-4, 128.56° 246.45°
TL-4+IFN=y 377.83° 0

1L-13 + IFN-y 442 24° 0

IL-4+ TNF-a+1FN-y 682.20¢ 797.75¢
IL~13++ TNF-t + IFN-y 625.60¢ 755.28¢

HaCaT cells and NGIRGB cells were incubated for 48 h with
TL-4 (10 ng/ml), IL-13 (50 ng/ml), TNF- (50 ng/ml), IFN-y
(100 ng/ml) or various combinations of these cytokines.
Representative data are shown (5= 3). *, P < 0.001 in compar-
ison with Medium only; ®, P <0.001 with TNF-; ¢, P < 0.001
with TEN-y; 4, P < 0,001 with TNF-t.+IFN-y.

of TNF-a. IFN-y per se did not stimulate the
fibroblasts to synthesize TARC protein but it
synergistically augmented the IL-4 +TNF-a- or
IL-13 +TNF-o-induced TARC synthesis in the
fibroblasts.

Various types of inflammatory cells and their
cyto-chemokines play important roles in the
pathomechanisms of atopic dermatitis. Many in-
vestigators have demonstrated a predominant
emergence of Th2 cells both in peripheral blood
and in skin lesions of patients with atopic derma-
titis [16-18]. The infiltration of Th2 cells in
patients with atopic dermatitis is clearly demon-
strable in vivo, particularly in atopic patch test
sites, with allergens. Yamada et al. reported that
infiltration of IL-4-producing lymphoid cells was
observed in the perivascular area of the dermis
even at 2 h after application of mite allergen {19].
However, in later stages of the disease, Thl-type
IFN-y 7%is produced in the lesions of atopic
dermatitis [13,14]. TNF-o has been reported to
be up-regulated in mast cells in the lesional skin of
atopic dermatitis [20]. In the present study, we
demonstrated that both human skin keratinocytes
and fibroblasts are potent producers of TARCin a
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certain combination with TNF-¢, IFN-y, IL-4 and
1L-13. Vestergaard et al. reported that TARC was
highly expressed in the basal epidermis of lesional
skin of NC/Nga atopic dermatitis model mice [6].
Kakinuma et al. recently reported serum TARC
levels of patients with atopic dermatitis were
significantly higher than those of healthy control
subjects and patients with psoriasis. The scrum
TARC levels were significantly correlated with
clinical severity scores and with levels of cosino-
phils and serum soluble E-selectin. Kakinuma et
al. also immunohistologically detected the expres-
sion of TARC in the lesional epidermis of atopic
dermatitis [21].

Since TARC is a specific chemoattractant for
Th2 cells, it would be interesting to know the
differential regulation of TARC synthesis by
keratinocytes and fibroblasts. PAM 212 cells, a
murine keratinocyte cell line, produced TARC
after stimulation with TNF-a or IFN-y [6]. In
the previous study, IL-10 greatly augmented the
TNF-a+IFN-y-induced TARC production by
human keratinocyte HaCaT cells [22]. An obvious
difference between keratinocytes and fibroblasts is
their responses to IL-4 and IL-13. In our experi-
ments, IL-4 and IL-13 inhibited the production of
TARC by HaCaT cells but synergistically induced
the de nove synthesis of TARC by NGIRGB
fibroblasts only in the presence of TNF-o. Human
corneal fibroblasts have also been shown to
produce TARC only in the presence of both IL-4

and TNF-a [23]. These results indicate (1) that
fibroblasts require dual stimulation with IL-4 and
TNF-o for the production of TARC, (2) that
TNF-o. and IFN-y act as enhancers of TARC
production by keratinocytes and fibroblasts and
(3) that IL-4 and IL-13 act as inhibitors of TARC
production by keratinocytes but as enhancers of
TARC production by fibroblasts. Sekiya et al,
have recently reported the regulation of TARC
production by bronchial epithelial cells. Two
bronchial cell lines, A549 and BEAS-2B, reacted
to produce TARC protein by dual stimulation
with TNF-a-+1L-4 [8]. Moreover, IFN-y synergis-
tically up-regulated the TNF-o+IL-4-induced
TARC production, manifesting a similar regula-
tory pattern to that observed in the NGIR GB skin
fibroblasts in the present study.

Campbell et al. reported that CCR4 and TARC
were important in the recognition of skin vascu-
lature by circulating T cells and in directing
lymphocytes that were involved in systemic im-
munity to their target tissues [24]. It is known that
the much higher level of mononuclear cell infiltra-
tion is observed in the dermis than in the epidermis
of a chronic lesion of atopic dermatitis [25].

Although the precise molecular mechanisms
remain unclear, the differential regulation by IL-
4 and 1L-13 in the TARC production by kerati-
nocytes and fibroblasts is a very infercsting
evidence.
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Cutting Edge: Profile of Chemokine Receptor Expression
on Human Plasma Cells Accounts for Their Efficient
Recruitment to Target Tissues’

Takashi Nakayama,* Kunio Hieshima,* Dai Izawa,* Youichi Tatsumi,” Abibisa Kanamaru,”

and Osamu Yoshie”*

We systematically examined the repertoire of chemokine
receptors expressed by human plasma cells. Fresh bone
marrow plasma cells and myeloma cells consistently ex-
pressed CXCR4, CXCR6, CCR!0, and CCR3. Accord-
ingly, plasma cells responded to their respective ligands in
chemotaxis and very late Ag-4-dependent cell adhesion to
fibronectin,  Immobilized CXC chemokine ligand
(CXCL)16, a novel transmembrane-type chemokine and
CXCRG ligand, also directly induced adhesion of plasma
cells without requiring G, signaling or divalent cations.

Furthermore, we revealed consistent expression of

CXCLI2 (CXCR4 ligand), CXCL16 (CXCRG ligand),
and CC chemokine ligand 28 (CCR10 and CCR3 ligand)
in tissues enviched with plasma cells including bone mar-
row, and constitutive expression of CXCLI2, CXCLIG,
and CC chemokine ligand 28 by cultured buman bone
marrow stromal cells. Collectively, plasma cells are Likely
to be recruited to bone marrow and other target tissues via
CXCR4, CXCRG, CCRI10, and CCR3. CXCR6 may also
contribute to tissue localization of plasma cells through its
direct binding to membrane-anchored CXCL16, The
Journal of Immunology, 2003, 170: 1136-1140,
‘ immunity by inducing directed migration of various
types of leukocytes through interactions with a group
of seven-transmembrane, G protein-coupled receptors (1). Ac-
cumulating evidence has demonstrated that chemokines and
their receptars are crucial in trafficking and tissue microenvi-
ronmental localization of various lymphocyte classes and sub-
sets (1). Thus, upon differentiation, maturation, and activation,
cells of the lymphoid lineages dynamically change their expres-
sion profiles of chemokine receptors, leading to their specific
migration programs to new sets of chemokines (1).

Plasma cells represent the end stage of B cell differentiation
and function as the factories for Ab production. Plasma cells

hemokines play important roles in innare and acquired

from immunized mice demonstrated up-regulation of CXCR4
and down-regulation of CXCR5 and CCR7 (2, 3). Further-
more, plasma cells in chimeric mice reconstituted with
CXCR4-deficient fetal liver cells were mislocalized within the
spleen, found in elevated numbers in the bload, and failed to
accumulare in the bone marrow (2). Thus, CXCR4 and its li-
gand CXC chemokine ligand (CXCL)?12 play a major role in
the localization of plasma cells within splenic red pulp and
lymph node medullary cords as well as in the bone marrow
(2). Furthermore, IgA-producing cells but not those produc-
ing IgG or [gM in mice express CCRY and efficiently re-
spond to its ligand CC chemokine ligand (CCL)25, which is
selectively expressed by cryptic epithelial cells in the small
intestine (4).

Recently, we have found that EBV.immortalized human B
cells consistently up-regulate CCRG and CCRI10 and down-
regulate CXCR4 and CXCRS5 (5). We have further shown that
the EBV-encoded latent proteins are responsible for up-regula-
tion of CCR6 and down-regulation of CXCR4 (5). However,
the up-regulation of CCR10, whose expression in normal B
cells has not been reported so far (6), or the down-regulation of
CXCRS5 could not be explained by the effects of the EBV-en-
coded larent proteins (5). Because EBV-immortalized B cells
resemble plasma cells, we speculated that their differentiation
stages fixed by immortalization with EBV may be responsible
for CCRI0 up-regulation and CXCRS down-regulation. In-
deed, recent studies have consistently shown CXCRS down-
regulation in mouse plasma cells (2, 3}. These considerations
prompted us to examine the full repertoire of chemokine recep-
tors expressed by human plasma cells. In this study, we report
that human bone marrow plasma cells and myeloma cells selec-
tively express CXCR4, CXCR6, CCR10, and CCR3, and that
tissues known to be enriched with plasma cells as well as cul-
tured human bone marrow stromal cells constitutively express
CXCL12 (CXCR4 ligand) (7), CXCL16 (CXCR6 ligand) (8,
9, and CCL28 (CCR10 and CCR3 ligand) (10, 11).
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Materials and Methods
Cells and cyrokines

RPMIS8226 (JCRBO034), KMS-12BM (JCRB0429), KMS-12PE (JCRB0430),
and KHM-1B (JCRB30133) wesc human mycloma cell lines obtained from Health
Science Rescarch Resources Bank (Sennan, Osaka, Japan). Human bone marrow
ircadiated srromal cells were purchased from Takara Biomedicals (Kyote, Japan)
(# = 2). Peripheral blood samples were obtained from healthy adult donors {2 = 3)
and padents with multple myeloma (2 = 3). Bone marrow samples were obtained
from adult donors (» = 7) and also purchased from Takara Biomedicals (# = 5).
Informed consents were chtained from all denors. Mononuclear cells were isolared
by centrifugation on Ficoll-Paque (Pharmacta Biotech, Uppsala, Sweden) and
stored at —80°C until use. All human recombinant cytekines were purchased from

PeproTech (Rocky Hill, NJ),
RT-PCR

This was conducted as described previously (5). cDNA samples from various
human tissues were purchased from Clontech (Palo Alto, CA). Primers for the
chemokine receprors and G3PDH were described previously (5). Primers for
chemokines were as follows: +5'-CCCTCTGTGAGATCCGTCTTTG
GCCT-3' and —5°-TCTGATTGGAACCTGAACCCCTGCTG-3" for
CHCLLZ; +9'-CGTCACTGGAAGTTGTTATTGTGGT-3' and —5'-TG
GTAGGAAGTAAATGCTTCTGGTG-3" for CXCL1S; +5-ACCACC
TCTCACGCCAAAGCTCACAC-3" and —5-CGGCACAGATATCCTT
GGCCAGTTTG-3' for CCL1L; +5'-CAACCTTCTGCAGCCTCCTG-3
and =5-CCATTTTCCTTAGCATCCCA-3' for CCL27; and +5'-
AGAAGCCATACTTCCCATTGC-3" and —5"-AGCTTGCACTTTCAT
CCACTG-3' for CCL28. Real-time PCR was performed using TaqMan assay
and 7700 Scquence Detection System (Applied Biosystems, Foster City, CA).
Conditions for PCR included 50°C for 2 min, $5°C for 10 min, and 50 cycles
of 95°C for 15 s (denaturation) and 60°C for 1 min (annealingfextension). The
primers for chemokines were as follows: +5'-CCATGCCGATTCTT
CGAAAG-3" and =5 TTCAGCCGGGCTACAATCTG-3' for (XCL12;
+5-CGCCATCGGTTCAGTTCAT-¥ and —5"-ACACACGCTCCAGG
AAAGGA-3" for CXCL16; and +5'-CAGAGAGGACTCGCCATCGT-3
and —5'-TGTGAAACCTCCGTGCAACA-3' for CCL28. The probes for che-
mokines were as follows +5'-CATCTCAAAATTCTCAACACTCCAAACT
GTGCC-3  for  CXCL1Y;  +5'-ACCATCGGTGTCTATACTACAC
GAGGTTCCAG-3' for CXCL16& and +5"-CTTGGCTGTCTGTGCG
GCCCTACAT-3" for CCL28. The probes were labeled with reporeer
fluarescent dye 6-FAM at the 5' end. Primers and fluorogenic probes for
G3PDTH were from TagMan kit (Applied Biosystems). Quandification of che-
maokine expression was obtained using sequence detector system software (Ap-
plied Biosystems).

Flow cytometric analysis

The following murine mAbs wete purchased from R8:D Systems (Minneapo-
lis, MN): anti-CXCR3 {(clone 49801.111), anti-CXCRS (clone 56811.11),
anii-CCR3 (clone 444.11), anti-CCRS {clone 53103.111), anti-CXCR4
(clone 44717.111), and anti-CXCRS (clone 51505.111). Anti-CCR7 (2H7),
PE-labeled ani-CD38 (HIT2), and Cy5-labeled CD45 (HI30} were purchased
from BD Biosciences (Mountain View, CA). Rabbit anti-CCR10 was pur-
chased fram BIOCARTA (San Diego, CA). Isotype controls were purchased
from DAKO (Kyoto, Japan). Cells were washed with PBS containing 2% FBS
and reacred for 30 min with each mAb. After washing, cells were reacted with
FITC-conjugated sheep (F(ab"),) anti-mouse IgG (Sigma-Aldrich, St. Louis,
MOQ), In some experiments, cells were double stained with PE-labeled anii-
CI)38 and Cy5-labeled anti-CI345, For intracellular staining of CCRI0, cells
fixed and permeabilized with 2% paraformaldchyde and 0.1% Triton X-100
were indirectly stained with anti-CCR10 and FITC-babeled goat anti-rabbic
!gG (Sigma-Aldrich). After staining, cells were anal)m:d on FACSCalibur (BD
Biosciences) with appropriate gatings and quantitated in comparison with iso-
type conerol Abs. Dead cells were gated out by staining with propidium fodide.

Chemotaxis assay

All recombinant chemokines were purchased from R&D Systems. Migration
assays for fresh human bone marrow monanuclear cells were conducted nsing
Transwell plates with 8-m pore size (Corning, Corning, NY) 2s described pre-
viously (5).

Cell adbesion assays

Cell adhesion to immobitized fibronectin was determined as described previ-
ously (12). The extracellular demain of human CXCL16/SR-PSOX (13) was
subcloned into pDREF-SEAP (His)e-Hyg expression vector {14), and
CXCL16 fused at the C terminus with secreted form of placental alkaline phos-
phatase (SEAD), or CXCL16-SEAP, was generated by wransfection o HEK293

1137

cells. Cell adhesion to immobilized CXCL16 was determined essentially as de-
seribed previously (14).

ELISA

Human bone marrow stromal cells were seeded in 24-well plates at a densizy of
1 X 107 cellsfwell and culrured without or with 10 ng/ml IL-13. Measurement
of CXCLI12 and CCL28 in the culture supernatants was conducted using
ELISA kits purchased from R Systems. For standardization of assay, seriaily
diluted recombinant CXCL12 or CCL28 was included in each ELISA plate.

Results
Consistent expression of CXCR4, CXCRG, CCRI0, and CCR3 in
plasma cells and myeloma cells

To gain an insight into the full repertoire of chemokine recep-
tors expressed by human plasma cells, we first examined che-
mokine receptor expression in a panel of four human myeloma
cell lines. RT-PCR analysis using specific primer sets for all
known 18 chemckine receptors (CXCR1~6, CCR1~190,
XCRI1, and CX,CR1) (1} revealed that the myeloma cell lines
were consistently positive for CXCR4, CXCR6, CCR10, and
CCR3. Staining of these myeloma cell lines with specific Abs
for various chemokine receptors and flow eytometric analysis
verified the RT-PCR results {(data not shown).

After gerting a consensus profile of chemokine receptor ex-
pression in human myeloma cell lines, we proceeded to examine
the expression of selected chemokine receptors on human bone
marrow plasma cells, Plasma cells in bone marrow mononuclear
cells could be idenrified by the expression of high levels of
CD38 on their surface (15, 16). We confirmed that CD3ghsh
cells sorted from bone marrow mononuclear cells had the typ-
ical plasma cell morphology (Fig. 14). As shown in Fig, 1a,
plasma cells in the bone marrow expressed CXCR4 and
CXCRG at high levels, CCR10 at intermediate levels, CCR3 at
low levels, and CXCR3, CCR6, and CCR7 at marginal levels.
We found no significant differences in the expression levels of
these chemokine receptors between CD38""CD45" imma-
ture and CD38M"CD45™ mature plasma cells (15, 16) (data
not shown).
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FIGURE 1. Flow cytometric analysis for expression of chemokine re-
ceplors in fresh plasma cells and myeloma cells. o, Bone marrow mono-
nuclear ¢¢lls obtained from adult donors were triple stained for CD38,
CD45, and indicated chemokine receptors, and analyzed by flow cytom-
etry. Representative results from three donors are shown, May-Giemsa
staining of CD38M8" cells sorted from bone marrow mononuclear cells was
also shown. b, PBMC obtained from healthy adult donors and myeloma
patients were double stained for CD33 and indicated chemokine receplors,
and analyzed by flow cytometry. Representative resuhs from three patients
with multiple myeloma are shown.




