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Chemotactic Effect of the House Dust Mite Allergen,
Dermatophagoides pteronyssinus on Human Monocytic THP-1 Cells
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House dust mites (HDMs) play an important role in the occurrence of allergic diseases such as asthma and atopic
dermatitis. Dermatophagoides pteronyssinus (Der p) is one of the most prevalent HDMs. It mediates the activation of T
cells and monocytes, and induces the elevation of immunoglobulin E levels in allergic diseases. However, the effects of
Der p on human monocytes have not been fully understood. In the present study, we investigated whether or not Der p
has a great effect on the chemotactic activity of the human monocytic cell line, THP-1 cells, as induced by CC
chemokines. We also show that the Der p extract (DpE) increased the chemotactic activity of THP-1 cells in response to
MCP-1, RANTES, MIP-10, and TARC, but had no effect on the expressions of CC chemokine receptors (CCRs) binding
to CC chemokines in THP-1 cells. Protease inhibitors, such as aprotinin and E64, blocked the increased chemotaxis,
while cytoplasmic Ca®* influx mediated by these chemokines was inhibited by DpE. These results indicate that DpE
increases the chemotactic activity of THP-1 cells in response to CC chemokines by regulating the cells' protease-
dependent mechanism. This finding may be useful in identifying the pathogenesis of allergic diseases induced by Der p.
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House dust mites (HDMs) are the main allergens in a
variety of allergic diseases, including asthma, atopic derma-
titis, and rhinitis (Arlian and Platts-Mills, 2001). These are
ubiquitous, with Dermatophagoides pteronyssinus (Der p)
(Roche et al., 1997) being one of the most prevalent. Studies
show that most asthma and atopic dermititis patients have
positive reactions to the Der p skin prick tests (Ring and
Darsow, 2001). In these patients, Der p induces the high
level of immunoglobulin E in the serum and mediates the
proliferation and activation of T cell (Friedmann, 1999).
Human monocytic THP-1 cells release high levels of MCP-
1, IL-6, and IL-8 after the stimulation of Der p (Lee et al.,
2008). In chronic asthma, monocytes and macrophages
induce various inflammatory mediators and reactive oxygen
that mediate tissue damage and contribute to the patho-

genesis of the asthma (Holgate, 2008). Similarly, monocytes
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in the atopic dermatitis migrate into the skin due to the
monocyte chemotactic protein-1 (MCP-1) and are differen-
tiated into the dendritic epidermal cells that produce
various inflammatory cytokines (Bieber, 2008). It is clear
that the migration and activation of monocytes are impor-
tant immune responses in allergic diseases. Among various
chemoattractants, members of the CC(B) chemokine family
have been reported to increase the chemotactic activity of
the monocyte lineage, while CXC(a) chemokines induce
neutrophil migration (Taub and Oppenheim, 1994). These
CC chemokines include MCP-1, macrophage inflammatory
protein la (MIP-1a), regulated on activation normal T
expressed and secreted (RANTES), and thymus- and
activation-regulated chemokine (TARC) and they are in-
volved in allergic disease (Murphy et al., 2000). Although
monocyte migration is an important process in the allergic
sites, the precise role of Der p in the chemotaxis of human
monocytes has not been completely elucidated.

In the present study, THP-1 cells were obtained from
the American Type Culture Collection (Manassas, VA) and
were maintained in RPMI 1640 supplemented with 10%
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heat-inactivated fetal bovine serum (FBS), penicillin (100
U/ml), and streptomycin (100 pg/ml). The cells were used
as in vitro model of human primary monocytes in this
study. The Der p extract (DpE) was supplied by Dr. Tai-
Soon Yong (Yonsei University College of Medicine, Seoul,
Korea). Endotoxin in DpE was removed by Endo Trap Red
(Lonza, MD), according to the manufacturer's instructions.
Eodotoxin level in DpE was very low (0.005 EU/mg of
DpE) as compared with that reported by other studies
(<0.96 EU/mg of DpE) (Liu et al., 2005). To determine the
effect of DpE on the migration of THP-1 cells induced by
CC chemokines such as MCP-1, RANTES, MIP-1a and
TARC, we performed a chemotaxis assay using a 48-well
microchamber (Neuroprobe, Gaithersburg, MD) and a
polyvinylpyrrolidone-free filter (Neuroprobe) with a pore-
size of 5 um. The cells of four randomly selected fields per
well were counted, and the chemotactic index (CI) was
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calculated from the number of cells that migrated to the
control. In order to detect the mRNA levels of CC
chemokine receptors (CCRs) in THP-1 cells, the total RNA
was extracted from THP-1 cells using a Trizol reagent,
after which reverse-transcriptase polymerase chain reaction
(RT-PCR) was carried out. We also performed a flow
cytometry for the detection of CCR surface expression,
which was then analyzed by CellQuest sofiware on a
FACSCalibur (Becton Dickinson, Franklin Lakes, NJ). There
were 10,000 events collected for each experiment. To
monitor the alternations in intracellular free calcium (Ca>")
level following chemokine stimulation, THP-1 cells were
incubated with the Ca®" indicator fluo-3 acetoxylmethyl
(fluo-3 AM) ester and were run at a concentration of >500
cells/second on flow cytometry. Fluorescence increase was
evaluated every second for 120 seconds. In this study, data
were expressed as the means = SEM, and statistical
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Fig. 1. The effects of DpE on THP-1 cell migration in response to MCP-1, RANTES, MIP-10, and TARC. THP-1 cells were starved for
24 h at 37°C in RPMI 1640 containing 0.5% FBS. The cells were treated with DpE in a dose-dependent manner for 24 h and were
incubated with MCP-1 (100 ng/ml), RANTES (100 ng/ml), MIP-1q (10 ng/ml), and TARC (1000 ng/ml) in a 48-well microchamber for 5 h.
After removing the non-migrated cells that adhered on the upper surface of the polycarbonate filter, this filter was then stained with Diff-
Quick. The chemotactic index (CI) was calculatd from the number of cells that migrated to the control. A single experiment includes six
replicate measurements, and data are expressed as the mean CI + S.E.M. Here, **P<0.01 was considered a significant difference between

the untreated group and the DpE-treated group.
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differences were analyzed using the paired t-test. The SPSS
statistical software package (Version 10.0, Chicago, IL)
was used for statistical analysis, in which a significant P
value was defined as less than 0.01.

We first determined the chemotactic activity of THP-1
cells induced by MCP-1, RANTES, MIP-1a, and TARC.
The chemotactic activities of THP-1 cells induced by CC
chemokines have been reported in previous studies (Cross
etal,, 1997; Gouwy et al., 2008). As shown in Fig. 1, DpE
increased the migration of THP-1 cells in response to MCP-
I, RANTES, MIP-1a, and TARC and that the increased

activity was dependent on the concentration of DpE. In
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particular, MCP-1 strongly induced the chemotactic activity
of THP-1 cells following DpE stimulation. THP-1 cells
express surface CCR2 protein among CCR subtypes,
resulting in interaction of MCP-1 with CCR2 (Gouwy et
al., 2008). To investigate the precise mechanism behind
the chemotactic effect of DpE, we examined the mRNA"
and surface protein expressions of CCR1 through CCR5
expressions after treatment with DpE in a dose-dependent
manner. Although the mRNA levels of CCR1-5 were
slightly reduced by DpE, it did not change the surface
expression levels of these receptors (Fig. 2A and B). These

results indicate that the elevated chemotactic activity
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Fig. 2. The effects of DpE on CCR expression and Ca®" influx in THP-1 cells. A, Total mRNA was extracted from THP-1 cells after DpE
treatment for 24 h in a dose-dependent manner, after which RNA levels of CCR subtypes were analyzed by RT-PCR. We used GAPDH as
an internal control, and expressed the data as representative of six individual experiments. B, The surface protein expressions of CCR
subtypes in THP-1 cells treated with DpE (10 pg/ml) for 24 h were analyzed by flow cytometry using anti-CCR subtypes antibodies.
Baseline was analyzed by incubating only the normal mouse IgG. The relative surface protein expression of CCR subtypes (taking the
fluorescence level of baseline as 100%) shows the means + S.E.M. C, The alternation of intracellular Ca®* concentration in THP-1 cells
was analyzed by staining with the Ca?" indicator fluo-3 AM. The cells were incubated with or without DpE (10 pg/ml) for 24 h before
treatment with CC chemokine. The fluorescence levels were measured every second for 120 seconds.

- 95



Y

(5%

o
1

2 100+ *

é sol e

-

@ =

® oph W

L 1. A,

DpE - - - - + + + +

inhibtor - Ap E64 Ap+E64 -~  Ap EB4 Ap+E6d

Fig. 3. Chemotactic activity increased by DpE is associated with
the protease-mediated mechanism. Serum starved THP-1 cells were
pre-incubated in the absence or presence of 50 pg/ml aprotinin
(Ap), 50 pg/ml E64, or 50 pg/ml aprotinin plus 50 pg/ml E64 for
30 min. After treatment with 10 pug/ml DpE for 24 h, the cell
migration assay was performed. Data are expressed as the mean
CI = S.EM. Here, **P<0.01 was considered a significant difference
between the untreated group and the DpE-treated group or between
the DpE-treated group and the inhibitor-treated group.

induced by DpE is not associated with alternations of CCR

expression and may instead be influenced by other responses.

In the calcium influx experiments, MCP-1 and RANTES
showed immediate and potent response without DpE
stimulation. The calcium influx was slightly induced by
MIP-1a but not by TARC (Fig. 2C). Meanwhile, DpE
stimulation slowed down the increase of intracellular calcium
concentration due to the presence of CC chemokines in THP-
1 cells. Given that many chemokines induce an elevation of
the calcium cytoplasmic level after binding to their receptors
(Ling et al., 1999), these data are consistent with the results
that DpE has no effect on CCR expression. As shown in
Fig. 3, the cell migration increased by DpE was significantly
blocked by aprotinin, a serine protease inhibitor, and E64, a
cysteine protease inhibitor (P<0.01). Although it has been
shown that protease-dependent compounds in DpE may be
mmvolved in DpE-induced chemotaxis, nevertheless, there is
a need to further identify the associated protease in a future
study.

In conclusion, we demonstrate that Der p may change
allergic response by modulating the chemotactic activitiy
of human monocytes. This study may contribute to further
understanding the developmental processes in Der p-

sensitive allergic diseases.
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