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Abstract

Thymus- and activation-regulated chemokine (TARC) is an important molecule in the development
and maintenance of allergic diseases. However, there is little information about the influence of
anti-allergic agents on TARC production. The aim of this study is to examine the influence of
epinastine hydrochloride, an H;-receptor antagonist, on TARC production from human peripheral
blood CD4* T cells using an in-vitro cell culture technique. CD4* T cells prepared from healthy
subjects were cultured in wells coated with a combination of OKT3 and anti-CD28 monoclonal
antibody in the presence or absence of epinastine HCI for 24 h. The cells were also stimulated with
interleukin (IL)-4 in a similar manner. Levels of TARC and IL-4 in culture supernatants were examined
by ELISA. The addition of epinastine HCl exerted a dose-dependent suppressive effect on the
production of both TARC and IL-4 from CD4* T cells under co-stimulatory molecule stimulation.
The minimum concentration of the agent showing a significant suppressive effect on TARC and IL-4
production was 5.0 um and 2.5 uwm, respectively. Epinastine HCl also suppressed the ability of cells to
produce TARC in response to IL-4 stimulation, when the agent was added to cell cultures at more
than 2.5 um. It was concluded that this inhibitory action of epinastine HCl may be partially respon-
sible for epinastine’s attenuating effect on allergic diseases.

Introduction

Allergic rhinitis, including pollinosis, is defined as an allergic inflammation in the nasal
membranes and is characterized by a symptom complex that consists of any combina-
tion of conditions, such as sneezing, nasal congestion and nasal itching, which are
caused by lipid mediators and other toxic proteins (e.g. histamine, tryptase, leuko-
triens, etc.) (Fokkens etal 1997). Over several hours, these mediators, through a
complex interplay of events, lead to the recruitment to the nasal mucosa of inflamma-
tory cells, such as eosinophils, lymphocytes and macrophages. This results in contin-
ued inflammation, termed the late-phase response (Bensch etal 2002). Although
allergic rhinitis is not a life-threatening condition, complications can occur and the
condition can significantly impair the sufferer’s quality of life, which leads to a number
of indirect costs (Barnes et al 1996; Beltrani 1999).

The best treatment of allergic rhinitis is avoidance of the allergens. However, since
this is not always possible, a variety of antihistamines, decongestants and intranasal
steroids may be prescribed (Barnes etal 1998). Studies performed on the underlying
mechanisms controlling the allergic immune response have identified new classes of
therapeutic targets. The first approach is to target Th2 T cell-derived cytokines, such as
interleukin (IL)-4 and IL-5. This was tentatively performed using antagonists against
IL-4 and IL-5, and their attenuating effects on the clinical conditions of allergic
diseases have been reported (Boushey & Fahy 2000; Chantry 2000). Immunoglobulin
E (IgE), which is produced from B cells under signals derived from Th2 T cells, is
believed to be the second therapeutic target (O’Garra 1998; Milgrom etal 1999). The
third strategy in the disease setting would interfere with the migration of the appro-
priate effector cell populations, such as eosinophils and Th2 T cells, into the site of the
allergic inflammation (Andrian & Mackay 2000; Chensue et al 2001). However, to the
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best of our knowledge, there is no clear evidence showing the
efficacy of antagonists against receptors in the treatment.

Recently, we examined the influence of second-
generation Hj-receptor antagonists, fexofenadine hydro-
chloride and epinastine hydrochloride on the production
of eosinophil chemo-attractants, RANTES and eotaxin,
in-vitro and in-vivo (Asano etal 2004a, b). Our findings
suggested that the suppressive activity of Hj-receptor
antagonists on eosinophil chemo-attractants may underlie
the clinical efficacy of the agents on allergic diseases, such
as pollinosis.

Thymus- and activation-regulated chemokine (TARC)
is a member of the CC chemokine family. TARC is pro-
duced by monocytes, dendritic cells and Th2 T cells by
antigenic stimulation, and may facilitate the recruitment,
activation and development of Th2 polarized cells that
express CCR4 (Terada etal 2001). Plasma TARC levels in
patients with allergic rhinitis and atopic dermatitis are
elevated and have been correlated with disease activity
(Kakinuma etal 2001; Terada etal 2001). These reports
suggest that inhibition of TARC production may be
useful in the treatment of allergic diseases, including
pollinosis.

In this study, therefore, we examined the influence of
epinastine HCI on TARC production from human per-
ipheral blood T cells in response to co-stimulatory mol-
ecule stimulation.

Materials and Methods

Agents

Epinastine HCl, a preservative-free pure powder, was
kindly donated by Nippon Boehringer Ingelheim Co. Ltd.
and Co. KG (Kawanashi, Japan). This was dissolved in
RPMI-1640 medium (Sigma Chemicals, St Louis, MO,
USA) supplemented with 10% fetal calf serum (FCS) at
2.0mgmL ™", sterilized by passing through a 0.2-um filter
and stored at 4°C as a stock solution. All dilutions used in
this study were prepared from this stock solution by dilut-
ing with RPMI-FCS just before use.

Monoclonal antibodies

The monoclonal antibody (mAb) OKT3 was obtained
from the American Tissue Culture Collection (no. CRL
8001; ATCC, Rockville, MD, USA). Anti-CD28 was pur-
chased from Genzyme/Techne Co. Ltd (Cambridge, MA,
USA). These mAbs were diluted with phosphate-buffered
saline (PBS) at a concentration of 20.0 ugmL ™" and used
for the experiments.

Preparation and purification of human
peripheral blood CD4* T cells

Human heparinized peripheral blood was obtained from
five male non-allergic healthy subjects (40.0 + 10.3 years)
under written informed consent, which was approved by
the Ethics Committee of Showa University. The blood

was diluted twice with PBS, layered onto lymphocyte
separation medium (Organon Technica, Durham, NJ,
USA) and centrifuged at 254+ 2°C for 30 min at 1000 g.
Peripheral blood lymphocytes (PBLs) at the plasma and
medium interface were then collected, washed several
times with PBS and suspended in PBS. CD4" T cells
were separated from PBLs using a magnetic cell separator
(Milteny Biotec GmbH, Bergisch Gladbach, Germany) as
described previously (Asano etal 2001). The cells were
suspended in RPMI-FCS at a concentration of 1 x 10°
cells/mL. The cell purity was more than 95% as judged
by a flow cytometer (FACScan; Becton Dickinson, San
Jose, CA).

Cell culture

PBS (500 zL) containing OKT3, or with anti-CD28, was
introduced into 24-well culture plates (IWAKI GLASS,
Tokyo, Japan) in triplicate and incubated overnight at
4°C (Asano etal 2001). Before use, these plates were
washed three times with PBS. CD4" T cells (1 x 10°
cells/mL) were cultured in mAb-coated plates that con-
tained various concentrations of epinastine HCl in a final
volume of 2.0 mL for 24 h. PBLs were also stimulated with
10.0ngmL~" IL-4 (R & D systems, Minneapolis, MN,
USA) (Oda etal 2002) in the presence of various concen-
trations of epinastine HCl in a similar manner. The super-
natant was then collected after pelletting cells by
centrifugation at 4°C for 10 min at 2000 g. The superna-
tants were stored at —40°C until assayed for TARC. For
examining transcriptional factor activation and mRNA
expression, cells were cultured in a similar manner for
4h and stored at —80°C until used. To examine the influ-
ence of epinastine HCI on cell proliferation, CD4™ T cells
(100 uL) were cultured in mAb-coated 96-well flat-bot-
tomed culture plates that contained various concentra-
tions of epinastine HCI in a final volume of 200 uL
for 72h. Cells were pulsed with 37kBq *H-thymidine
(H-TdR; specific activity 740GBq mmol™'; New
England Nuclear, Boston, MA, USA) for 8h and the
thymidine incorporation into nucleui of cells cultured in
triplicate was measured by liquid scintillation counting.

Assay for TARC and IL-4

TARC and IL-4 levels in culture supernatants were
assayed using human TARC and IL-4 enzyme-linked
immunosorbent assay (ELISA) kits (Genzyme/Techne)
according to the manufacturer’s recommendation. The
sensitivity of the TARC and IL-4 ELISA kits was
7.0pgmL~" and 3.0 pgmL ", respectively.

Real-time polymerase chain reaction (PCR)

mRNA was extracted from fibroblasts using uMACS
mRNA isolation kits (Milteny Biotec GmbH) according
to the manufacturer’s instructions. The first-strand cDNA
synthesis from 1.0 ug mRNA was performed using the
SuperScript Preamplification System for cDNA synthesis
(GIBCO BRL, Gaithersburg, MD). PCR was then carried
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out using a GeneAmp 5700 Sequence Detection System
(Applied Biosystems, Foster City, CA). The PCR mixture
consisted of 2.0uL of sample cDNA solution
(10.0ngpL™"), 250uL of SYBR-Green Mastermix
(Applied Biosystems), 0.3 uLL of both sense and antisense
primers and distilled water to give a final volume of 50 uL.
The reaction was conducted as follows: 4min at 95°C,
followed by 40 cycles of 15s at 95°C and 60s at 60°C.
(-Actin was amplified as an internal control. mRNA
levels were calculated by using the comparative parameter
threshold cycle (Ct) and normalized to (-actin. The
nucleotide sequence of the primers was as follows: for
TARC, 5-CCACTGAAGATGCTGGCCCTG-3 and
5-GAGGCTTCAAGACCTCTCAAG-3'; for [-actin,
5'-CGGAACCGCTCATTGCC-3" and 5-ACCCACAC
TGTGCCCATCTA-3 (Oda etal 2002).

Assay for NF-xB

Nuclear Factor (NF)-xB activity was analysed by a com-
mercially available ELISA test kit (Active Motif, Co. Ltd,
Carlsbad, CA) that contained sufficient reagents and
monoclonal antibody against P50 according to the manu-
facturer’s recommended procedure. In brief, nuclear
extract (5.0 ug protein) from CD4 ™ T cells was introduced
into each well of 96-well microtitre plates pre-coated with
oligonucleotide containing the NF-xB consensus site (5'-
GGGACTTTCC-3') in a volume of 20.0 uL, and incu-
bated for 1h at 25°C. After washing three times, 100 L
of monoclonal antibody against P50 was added to the
appropriate wells, and incubated for a further 1h at
25°C. Anti-IgG HRP-conjugate in a volume of 100 uL
was then added and incubated for 1 h at 25°C. The absor-
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bance at 450 nm was measured after the addition of tetra-
methylbenzine solution.

Statistical analysis

The statistical significance of the data between the control
and experimental groups was analysed by analysis of var-
iance followed by Fisher’s PLSD test. P < 0.05 was
accepted as statistically significant.

Results

Influence of epinastine HCl on the production of
TARC and IL-4 from CD4* T cells in-vitro

This study was undertaken to examine the influence of
epinastine HCl on TARC production from CD4 " T cells
under co-stimulatory molecule stimulation in-vitro.
CD4" T cells, at a concentration of 1 x 10° cells/mL,
were stimulated with immobilized mAbs OKT3 or anti-
CD28 in the presence of various concentrations of epinas-
tine HCI for 24 h. Stimulation of cells with OKT3 or anti-
CD28 alone did not enhance the ability of cells to produce
TARC, whereas cells stimulated with OKT3 plus anti-
CD28 produced a large amount of TARC (Figure 1).
The data in Figure 1 clearly show the suppressive effect
of epinastine HCl on TARC production from CD4" T
cells in response to co-stimulatory molecule stimulation.
This suppressive activity was dose dependent, and was
first observed at 5.0 um epinastine HCI. We next examined
whether epinastine HCI could also suppress IL-4 produc-
tion after co-stimulatory molecule stimulation as in the
case of TARC production. Addition of epinastine HCI

7.5 10.0 12.5 15.0

alone alone CD28

alone

Figure 1

OKT3, CD28 + EP (M)

Influence of epinastine hydrochloride (EP) on TARC production from human CD4 ™ T cells. CD4 " T cells (1 x 10° cells/mL) were

stimulated by immobilized OKT3 and anti-CD28 in the presence of various concentrations of EP. After 24 h, culture supernatants were
collected and assayed for thymus- and activation-regulated chemokine (TARC) by ELISA. Data are expressed as the mean +s.e. of five

different subjects.
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into cell cultures caused dose-dependent suppression of
IL-4 production from CD4" T cells (Figure 2). The mini-
mum concentration of the agent that caused significant
suppression was 2.5 uM. The final experiment in this sec-
tion was carried out to examine the influence of epinastine
HCl on TARC production from CD4 ™ T cells in response
to IL-4 stimulation. The ability of cells to produce TARC
was significantly increased by IL-4 stimulation (Figure 3).
The addition of epinastine HCI into cell cultures at con-
centrations lower than 2.0 um scarcely affected TARC
production — TARC levels in experimental supernatants
were similar and identical to those in control superna-
tants. However, epinastine HCI significantly suppressed
TARC production from cells when the agent was added
to cultures at concentrations of more than 2.5 uMm (Figure 3).

Influence of epinastine HCl on CD4" T-cell
proliferation through co-stimulatory pathway

This experiment was designed to examine the influence of
epinastine HCI on CD4 ™" T-cell proliferation induced by
in-vitro stimulation through co-stimulatory pathways. To
do this, CD4" T cells were cultured with immobilized
mADbs in the presence of various concentrations of epinas-
tine HCI. The cell proliferation was assessed by examining
SH-TdR uptake into DNA. Although stimulation of
CD4" T cells with OKT3 alone or anti-CD28 alone did
not induce cell proliferation, extensive T-cell proliferation
was observed when the stimulus to OKT3 was combined
with an additional stimulus, such as anti-CD28 (Figure 4).
We next examined the influence of epinastine HCl on
CD4" T-cell proliferation by co-stimulatory molecule

P < 0.05

IL-4 level (pg mL™")

Med. OKT3

CD28 OKT3+ 25 5.0

stimulation. As shown in Figure 4, epinastine HCI did not
affect cell proliferation, even when added to cell cultures at
a concentration of 15.0 um.

Influence of epinastine HCl on mRNA expression
for TARC in CD4" T cells

This experiment was carried out to examine whether epi-
nastine HCI suppressed mRNA expression and resulted in
the inhibition of protein production, or whether it directly
inhibited protein production. CD4" T cells were stimu-
lated with co-stimulatory molecules in the presence of
various doses of epinastine HCI for 4h. The level of
mRNA expression was evaluated by real-time RT-PCR.
Addition of epinastine HCI at more than 2.5 um signifi-
cantly suppressed the TARC mRNA expression in CD4 ™
T cells (Figure 5), which had been enhanced by co-stimu-
latory molecule stimulation.

Suppressive activity of epinastine HCl on NF-xB
activation in CD4* T cells

The final experiment was designed to examine the influence
of epinastine HCl on NF-£B activation in CD4™ T cells by
co-stimulatory molecule stimulation. CD4% T cells were
stimulated with co-stimulatory molecules in the presence of
various doses of epinastine HCI for 4 h. The nuclear extracts
were prepared and NF-xB activity was examined by ELISA.
Addition of epinastine HCI at a dose of 2.5um into cell
cultures suppressed NF-xB activation (Figure 6) — the opti-
cal density at 450 nm in the experimental groups was signifi-
cantly lower than those in appropriate controls (P < 0.05).

7.5 10.0 12.5 15.0

alone alone alone CD28

OKT3, CD28 + EP (M)

Figure 2 Influence of epinastine hydrochloride (EP) on IL-4 production from human CD4" T cells. CD4™ T cells (1 x 10° cells/mL) were
stimulated by immobilized OKT3 and anti-CD28 in the presence of various concentrations of EP. After 24 h, culture supernatants were
collected and assayed for 1L-4 by ELISA. Data are expressed as the mean =+ s.e. of five different subjects.
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TARC level (pg mL™")

Med. IL-4 1.0 2.0 2.5 5.0 7.5 10.0 12.5 15.0

alone alone
IL-4 + EP (um)

Figure 3 Influence of epinastine hydrochloride (EP) on TARC production from CD4 " T cells in response to IL-4 stimulation. CD4 " T cells (1 x 10°
cells/mL) were stimulated with 10.0 ngmL ™" IL-4 in the presence of various concentrations of EP. After 24 h, culture supernatants were collected and
assayed for thymus- and activation-regulated chemokine (TARC) by ELISA. Data are expressed as the mean + s.e. of five different subjects.

P>0.05

Proliferation (counts min~" x 1073)

Med. OKT3 CD28 OKT3+ 25 5.0 7.5 10.0 12.5 15.0

alone alone alone (D28
OKT3, CD28 + EP (um)

Figure 4 Influence of epinastine hydrochloride (EP) on in-vitro proliferative response of CD4 " T cells induced by co-stimulatory molecule
stimulation. CD4 " T cells (1 x 10° cells) were stimulated by immobilized OKT3 with anti-CD28 in the presence of various concentrations of
EP. The cells were pulsed with 37 kBq *H-thymidine for the last 8 h of the 72-h culture. Data are expressed as the mean + s.e. from triplicate
cultures of five different subjects.

Discussion Although it is frequently used for the treatment of seaso-

nal allergic rhinitis and atopic dermatitis with remarkable

Epinastine HCI is a selective and potent Hj-receptor success, the precise therapeutic mechanisms are not well
antagonist with no anticholinergic or sedative effect. understood.
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TARC mRNA/S-actin mRNA ratio

Med.

OKT3 + 2.5

5.0 7.5

alone

CD28

OKT3,CD28 + EP (um)

Figure 5 Suppressive activity of epinastine hydrochloride (EP) on TARC mRNA expression in CD4™" T cells after co-stimulatory molecule
stimulation. CD4 " T cells (1 x 10° cells/mL) were stimulated by immobilized OK T3 and anti-CD28 in the presence of various concentrations
of EP. After 4h, poly A* RNA was obtained from cultured cells and assayed for mRNA expression for thymus- and activation-regulated
chemokine (TARC) by real time RT-PCR. Data are expressed as the mean +s.e. of five different subjects.

In a hypersensitivity response, CD4 ™ T cells play a key
role in triggering the allergic inflammatory response
(Asano etal 2001). Namely, cytokines produced by Th2
T cells are indispensable for initiating and maintaining the
allergic responses (Asano etal 2001). Trafficking of acti-
vated T cells into inflammatory sites is a tightly controlled
process directed by multiple molecules, particularly adhe-
sion molecules and chemokines (Kakinuma etal 2001;
Terada etal 2001). TARC and macrophage-derived che-
mokines are CC chemokines that selectively attract Th2 T
cells (Kakinuma etal 2001; Terada etal 2001; Oda etal
2002). It has been reported that nasal epithelial cells from
pollinosis patients released higher levels of TARC than
those derived from normal subjects after in-vitro stimula-
tion with inflammatory cytokines (Terada etal 2001).
Immunohistochemical analysis of nasal biopsies also
showed TARC immuno-reactivity in nasal epithelium
(Terada etal 2001). In atopic dermatitis, elevated levels
of TARC were found in the serum of patients compared
with normal controls, and levels of serum TARC have
been correlated with the severity of atopic dermatitis as
assessed by scoring atopic dermatitis system (Kakinuma
etal 2001). These reports suggest that TARC may be
strongly implicated in the development and maintenance
of allergic diseases, especially allergic rhinitis and atopic
dermatitis. Therefore, our results showing the suppressive
activity of epinastine HCI on TARC production may be
interpreted as demonstrating that epinastine HCI

decreases the recruitment of Th2-type T cells into the site
of diseases through the suppression of TARC production,
and reduces disease severity after antigenic stimulation in-
vivo. This suggestion is supported by the observation that
a monoclonal antibody against TARC could effectively
prevent airway hyperresponsiveness induced by antigenic
stimulation in a murine asthma model (Kawasaki etal
2001).

IL-4 is a key cytokine in the development and main-
tenance of allergic inflammation. It is associated with
induction of the e-isotype switch and secretion of IgE by
B cells (Coffman etal 1986). IgE-mediated immune
responses are further enhanced by IL-4 through its ability
to upregulate IgE receptors on cell surfaces, mast cell
activation and the hypersecretion of mucus (Pawankar
etal 1997; Dabbagh etal 1999). 11-4 also increases the
production of several types of inflammatory cytokines,
such as eotaxin from fibroblasts, that might contribute
to inflammation and tissue remodelling in allergic diseases
(Doucet etal 1998). Our results, therefore, may be inter-
preted as meaning that the suppressive activity of epinas-
tine HCI on IL-4 production from CD4 ™" T cells is also, in
part, responsible for the attenuating effect of epinastine
HCI on allergic diseases, including pollinosis.

Induction of allergic immune responses requires two
distinct signals. The first signal is generated by the inter-
action between T-cell receptors and antigen peptides pre-
sented in the major histocompatibility complex class II
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Figure 6 Influence of epinastine hydrochloride (EP) on NF-xB activation in CD4 " T cells. CD4 " T cells (1 x 10° cells/mL) were stimulated
with immobilized OKT3 and anti-CD28 in the presence of various concentrations of EP. After 4 h, cells were collected and assayed for NF-xB
(P50) activation by ELISA. Data are expressed as the mean optical density (OD) + s.e. of five different subjects.

molecule (Lenschow et al 1996). The second, or co-stimu-
latory, signal is provided by direct contacts of co-stimula-
tory molecules on T cells with their ligands on antigen-
presenting cells (Schwartz 1992). These two signals acti-
vate PI3-kinase (Ward etal 1993) and protein tyrosine
kinase (PTK) (Raab etal 1995), and then cause dissocia-
tion of NF-xB from IxkB (Ward etal 1993; Raab etal
1995). After translocation into the nucleus, NF-xB binds
to the promoter region of the NF-xB-dependent gene and
there is increase in mRNA expression for inflammatory
cytokines and chemokines, such as IL.-4 and TARC (Berin
etal 2001; Palanki 2002). In addition to Th2 T-cell cyto-
kines and chemokines, epinastine HCI can suppress the
ability of CD4™ T cells to produce Thl T-cell cytokines,
IL-2 and IFN-y, which is controlled by NF-xB, in
response to the stimulation of co-stimulatory pathway
(Zhou etal 2002). The activation of PI3-kinase and PTK
is known to require Ca*> ", which is increased by ligation of
co-stimulatory molecules and their ligand CD28 (Kobarg
etal 1997; Sotsios etal 2000). It has been reported that
epinastine HCI at 107> M was effective in inhibiting Ca®*
influx and Ca’" release from the intracellular calcium
store of immune cells exposed to compound 48/80 and
substance P (Kamei etal 1992). Epinastine HCIl at
3x 107> m also inhibited the ability of mast cells to pro-
duce chemical mediators depending on the increase in
intracellular Ca®" concentration (Columbo etal 1995;
Mita & Shida 1995). From these reports, our results may
be interpreted such that epinastine HCI inhibits TARC
mRNA expression through the modulation of NF-xB
activation by the suppression of changes in Ca>" concen-

tration in CD4" T cells after stimulation through a co-
stimulatory pathway, resulting in inhibition of TARC
production. This interpretation may be supported, at least
in part, by our observation that epinastine HCI suppressed
both TARC mRNA expression and NF-xB, P50, activation.

These results clearly show that epinastine HCI could
suppress the production of Th2 type cytokines, such as
IL-4 and, CC chemokines, such as TARC. However, the
minimum concentration of epinastine HCI required to sup-
press TARC production is twice that for IL-4. The reasons
for this discrepancy are not fully understood at present.
The GATA-binding protein GATA-3 is reported to be
essential for the production of Th2 cytokines, such as IL-
4 (Chakir et al 2003). On the other hand, the production of
CC chemokines, including TARC, requires GATA-1 acti-
vation (Richter etal 2003). From these reports, the differ-
ence in the susceptibility of GATA-1 and GATA-3 to
epinastine HCI might be responsible for the phenomenon.

In conclusion, this study strongly suggests that the
suppressive activity of epinastine HCI on TARC produc-
tion from human peripheral blood CD4" T cells may
underlie the therapeutic mode of action of epinastine
HCI on allergic diseases, including allergic rhinitis.
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