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SUMMARY

Since Langerhans cells (LC) are the principal antigen-presenting cells among epidermal cells,
treatments suppressing LC function may inhibit CHR. Although calcium channel blockers (CCB)
have been shown to suppress the functions of several immunologically active cells, little is known about
their effect on LC. In this study we show that pretreatment with topical 1% nifedipine or verapamil HCl
significantly suppressed both the sensitization and elicitation phases of a CHR in mice. We then
investigated whether CCB affected LC. Flow cytometric analysis of regional lymph node cells obtained
24 h after applying FITC demonstrated that topical CCB treatment significantly reduced the percentage
of FITCþ NLDC-145þ cells, suggesting that CCB had suppressed antigen transport by LC.In vitro
treatment with nifedipine or verapamil significantly suppressed the antigen-presenting capacity of LC in
a dose-dependent manner. In addition,in vitro CCB treatment reduced the percentage of class II MHC
antigen-positive epidermal cells and significantly suppressed class II MHC and B7-1 levels in LC, as
determined by flow cytometry and reverse transcriptase-polymerase chain reaction, whereas surface
expression of B7-2 and mRNA was only weakly reduced. Neither expression of CD45 nor the
percentage of CD45þ cells were affected, suggesting that the effects of CCB on LC were not due to
cytotoxicity. Our results suggest that CCB inhibit CHR, at least in part, by suppressing the functions of
LC.
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INTRODUCTION

It is now known that the epidermis can serve as the site initiating
immune responses, rather than just being a target tissue for these
reactions [1]. In CHR, a representative model of a cutaneous
immune response, antigen-presenting cells (APC) are essential,
since T cells recognize antigenic peptides processed by APC which
are combined with class II MHC (Ia) antigens on the cell surface
[2,3]. Among epidermal cells (EC), epidermal Langerhans cells
(LC) are the principal APC which constitutively express Ia anti-
gens [2,4] and can induce proliferative responses of antigen-
primed T cells [5,6]. The function of LC in CHR has already
been established. They take up antigen, transport it to primary
lymph nodes in the sensitization phase, process it if necessary, and
present it to T cells in an Ia-restricted manner [7]. Therefore, it has
been suggested that certain treatments which suppress the function
of LC could inhibit CHR [8,9].

A number of intracellular events are dependent on calcium ions
alone, or calcium in association with its carrier protein calmodulin,
as a second messenger. Koideet al. investigated the relationship

between the level of intracellular calcium and HLA-DR expres-
sion, using HL-60 cells which can differentiate into monocytes
[10]. They demonstrated that a calcium ionophore A23187-
induced calcium influx resulted in increased HLA-DR expression,
whereas depleting calcium from the culture medium, orin vitro
treatment with a calmodulin antagonist, W7, blocked interferon-
gamma (IFN-g)-induced DR expression at the transcription level
[10]. These findings imply that calcium might also be involved in
the expression of Ia in LC, although the regulation of Ia expression
in dendritic cells as LC is likely to differ from expression in other
leucocytes [11]. Diezelet al. showed that systemic administration
of the calcium channel blockers (CCB), lanthanum and diltiazem
hydrochloride, inhibited the sensitization phase of hapten-induced
CHR in mice, and they suspected that this inhibitory action resulted
from the inhibition of LC function [12]. So far, however, they
have only demonstrated that CCB diminished LC density and
affected the morphology of LC [12]. Although there have also been
some reports showing that CCB inhibit cutaneous DTH reactions
[13–15], there is little information on the effect of CCB on LC.

In this study, we first investigated whether topically applied
CCB could inhibit the sensitization and elicitation phases of
hapten-induced CHR using nifedipine and verapamil HCl as the
CCB, since systemic CCB treatment might affect not only LC but
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also lymphocytes in the lymph nodes [16]. We then examined the
effects of CCB on antigen transport, processing, and presentation
in order to estimate whether the inhibitory action of CCB in murine
CHR is due to the suppression of LC function. We also investigated
whether CCB treatment affects the expression of Ia antigens and
co-stimulatory molecules, B7-1 and B7-2, which are required for
antigen presentation [17].

MATERIALS AND METHODS

Animals
Male BALB/c mice were obtained from Japan SLC (Shizuoka,
Japan) and were used at 6–8 weeks of age.

CHR
CHR was assayed by quantifying the ear swelling response to a
contact allergen, as previously described [19]. Mice were sensi-
tized by applying 25ml of 1% 1-chloro-2,4-dinitrobenzene
(DNCB; Sigma Chemical Co., St Louis, MO) in a 4:1 acetone–
olive oil mixture to the shaved back of the mice. Seven days after
sensitization, the mice were challenged with 25ml of 0.25% DNCB
applied to the dorsal surface of the ears. Ear thickness was
measured with an engineer’s micrometer (Peacock Inc., Tokyo,
Japan) at 24 h and 48 h after being challenged and was quantified as
the difference in thickness before and after being challenged.

CCB treatment
Nifedipine and verapamil HCl (Sigma) were dissolved and diluted
in methyl alcohol at a concentration range 0.01–3% (w/v) and
50ml of the dilution were applied topically for 2 consecutive days
before painting DNCB onto the shaved back and the right ear of the
mice to evaluate its effects on sensitization and elicitation, respec-
tively. For thein vitro study, nifedipine and verapamil HCl were
dissolved in ethyl alcohol at 2× 10¹2

M and diluted serially with
medium. The final ethyl alcohol concentration was no greater than
0.5% (v/v) in any working dilution.

EC preparations, culture and enrichment
EC suspensions were prepared from mouse truncal skin treated
with Dispase (type II; Godo-Syusei, Tokyo, Japan) as described
elsewhere [18]. EC suspensions (1× 106 cells/ml) were cultured in
RPMI 1640 (Nissui Pharmaceutical Co., Tokyo, Japan) containing
2 mM L-glutamine, 50mM 2-mercaptoethanol, 80mg/ml kanamycin
sulfate, and 10% heat-inactivated fetal bovine serum (FBS) at
378C in a 5% CO2 humidified atmosphere. LC enrichment was
carried out with Lympholyte M gradients (Cedarlane Labs Ltd,
Ontario, Canada) as previously described [20]. LC were enriched
to 15–25% by gradient centrifugation and were used in the
phenotypic and functional analyses. For RNA preparation, EC
were depleted, and enriched for LC by immunomagnetic separa-
tion with rat anti-I-Ab;d;q, I-Ed;k MoAb (M5/114.5.2; American
Type Culture Collection, Rockville, MD) and sheep anti-rat IgG-
coated magnetic beads (Dynabeads M-450; Dynal, Oslo, Norway),
as previously described [21]. While 70–80% of the cells in the
enriched LC population were Ia-positive, this figure was < 0.2% in
the LC-depleted EC population.

Flow cytometry
EC suspensions were cultured in the presence of various concen-
trations of CCB [16] for 48 h and then enriched for LC. These
cells were first incubated with anti-CD32/16 MoAb (2.4G2;

Pharmingen, San Diego, CA) for 3 min and then double-stained
with FITC-conjugated anti-I-Ad MoAb (AMS–32.1; Pharmingen)
and PE-conjugated anti-B7-1 MoAb (1G10; Pharmingen) or PE-
conjugated anti-B7-2 MoAb (GL1; Pharmingen), or isotype-
matched mouse or rat control antibodies for 30 min on ice. The
expression of CD45 on LC was estimated with FITC-conjugated
rat anti-mouse pan-CD45 MoAb (M1-9.3HL (Boehringer Mann-
heim, Indianapolis, IN) and RA3-6B2 (Cedarlane)) in another tube
to which propidium iodide (Sigma) was added at a final concen-
tration of 0.5mg/ml to each sample just before analysis to identify
the dead cells. The stained cell populations were analysed with
FACScan (Becton Dickinson, San Jose, CA).

Antigen uptake and transport
The capacity of LC to take up and transport antigens to regional
lymph nodes was estimated as previously reported [8,9,22]. Mice
were pretreated topically on the rear footpads with 1% CCB or
vehicle for 2 consecutive days. Then, 25ml of 0.5% FITC (Sigma)
diluted in acetone/dibutylphthalate (1:1) were applied topically to
the rear footpads. After 24 h, the draining popliteal lymph nodes
were taken out and single-cell suspensions were prepared by
pressing the nodes through nylon mesh. These cells were first
incubated with rat MoAb NLDC-145 (Serotec, Oxford, UK) [23]
for 30 min and then with PE-conjugated anti-rat IgG antibody
(Caltag, CA). The mean fluorescence intensities (MFI) and per-
centages of FITCþ NLDC-145þ cells were determined with
FACScan.

Antigen presentation to presensitized lymphocytes
The ability of LC to present protein antigens was estimated as
described previously, with some modifications [9,11]. Antigen-
primed lymph node cells were obtained from popliteal and brachial
lymph nodes 7 days after priming the footpads of BALB/c mice
with 100mg of keyhole limpet haemocyanin (KLH; Sigma) in 50ml
Freund’s complete adjuvant (Sigma). Then the lymph node cells
were passed through a Cellect Mouse T-cell Kit (Biotex Labs Inc.,
Alberta, Canada) according to the manufacturer’s protocol and
used as KLH-primed T cells. LC-enriched suspensions were
adjusted to a concentration of 5× 106 cells/ml and pulsed with
100mg KLH for 12 h in the presence of various concentrations of
CCB or solvent at 378C in 5% CO2. After pulsing, the EC were
washed four times in medium, incubated with 50mg/ml of mito-
mycin C (Sigma) at 378C for 30 min, and washed four times. These
LC-enriched suspensions (1× 105/well) were co-cultured with
antigen-primed T cells (2× 105/well) in the absence of additional
antigen in 96-well flat-bottomed microtitre plates for 48 h, accord-
ing to the result of a preliminary study (data not shown). T cell
proliferation was estimated by a modification of the MTT assay
[24,25] using Cell Titer 96 AQueousNon-Radioactive Cell Prolif-
eration Assay (Promega, Madison, WI) according to the manufac-
turer’s instructions. The absorbance of the formazan product at
490 nm was measured with a microplate reader (Model 450;
BioRad, Hercules, CA). We confirmed in our preliminary study
that the data from proliferation bioassays comparing this system
and3H-thymidine incorporation showed similar results.

Reverse transcriptase-polymerase chain reaction
Reverse transcriptase-polymerase chain reaction (RT-PCR) for Ia
antigens, B7-1 and B7-2 was carried out using LC-enriched and
LC-depleted samples. Total RNA was isolated from these samples
after 24 h of culture in the presence or absence of CCB, as
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described [26]. Total RNA (1mg) was reverse transcribed using a
First-Strand cDNA Synthesis Kit (Pharmacia Biotech, Uppsala,
Sweden) in a final reaction volume of 15ml. The PCR mixture
contained 5ml of the cDNA reaction mixture, 5ml of 10×PCR
buffer (Perkin Elmer, Irvine, CA), 0.4 mM dNTPs, 20 pmol of 50

and 30 oligonucleotide primers for I-Ab (a kind gift of Dr Y.
Koyama, Nippi Research Institute of Biomatrix; sense: nucleotides
24–42; antisense: nucleotides 264–285), murine B7-1 [27], murine
B7-2 (designed on the basis of the published sequence for murine
B7-2 [28]; sense: nucleotides 411–432; anti-sense: nucleotides
892–913) or glyceraldehyde 3-phosphate dehydrogenase (G3PDH;
Clontech, Palo Alto, CA), and 2.5 U Taq polymerase (Perkin
Elmer). Aliquots were then amplified by 30 cycles in a thermal
cycler (PHC-1; Techne, Princeton, NJ). Each cycle consisted of
denaturation at 948C for 1 min, annealing at 558C for 1.5 min, and
polymerization at 728C for 2 min. The amplified PCR products
(5ml) were then electrophoresed on 2% agarose gels and visualized
by ethidium bromide staining. The negative films were scanned
with a photoscanner (Canon, Tokyo, Japan) and analysed with NIH
Image software. Specificity of the amplified bands was validated
by their predicted size (262 bp, 483 bp, 503 bp and 983 bp for I-Ab,
B7-1, B7-2 and G3PDH, respectively).

Statistical analysis
Student’st-test was used to compare results.P< 0.05 was con-
sidered significant.

RESULTS

Reduction of DNCB-induced ear swelling
Topical application of 1–3% nifedipine or verapamil diluted in
methyl alcohol on 2 consecutive days before sensitization signifi-
cantly reduced DNCB-induced ear swelling (Fig. 1a). The same
treatments before elicitation also significantly suppressed the
DNCB-induced ear swelling response (Fig. 1b).

Antigen transport by LC
LC are thought to migrate from the epidermis into regional lymph
nodes after antigen uptake, which is followed by the presentation

of antigen to responsive T cells in the sensitization phase of CHR
[29]. After painting of FITC on the skin as hapten, FITC-labelled
dendritic cells appeared in the draining lymph nodes [22]. There-
fore, we analysed by flow cytometry whether or not CCB affect the
ability of LC to take up and transport FITC from the footpads to the
popliteal lymph nodes. As seen in Table 1, topical treatment with
1% nifedipine or verapamil on the footpads before FITC painting
significantly reduced the percentage of FITCþ NLDC-145þ cells
in the popliteal lymph nodes of CCB-treated mice compared with
vehicle-treated mice. The MFI of FITC induced by NLDC-145þ

cells also diminished significantly in lymph node cells of CCB-
treated mice.

Antigen presentation by LC
We next investigated whether CCB could affect the antigen-
presenting capacity of LC which was estimated from the KLH-
primed T cell proliferation reaction. In each experiment, the
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Fig. 1. In vivo effects of calcium channel blockers (CCB) on 1-chloro-2,4-dinitrobenzene (DNCB)-induced CHR. Topical treatment with
500mg of nifedipine (NDP), verapamil hydrochloride (VPM), or vehicle for 2 consecutive days was followed by sensitization or elicitation
with DNCB. CHR was estimated by measuring ear swelling. Each measurement is the mean value6 s.d. (n ¼ 3) from a representative
experiment. *Significantly different from the mean value of the ear swelling in mice treated with vehicle,P< 0.05.

Table 1. Antigen transport to the draining lymph nodes afterin vivo
calcium channel blocker (CCB) treatment

FITCþNLDC-145þ

Treatment cells (%) MFI†

0.5% FITC 2:436 0:32 656:6 6 30:2
1% nifedipineþ 1% FITC 1:486 0:16* 341:8 6 32:1*
1% verapamilþ 1% FITC 1:326 0:14* 364:4 6 42:7*
Vehicle 0:216 0:03 266:6 6 17:8

Topical treatment with 200mg CCB for 2 days was followed by
administration of 0.5% FITC 25ml on each footpad. After 24 h, the popliteal
lymph nodes were removed. The cell suspensions were prepared, immu-
nostained with NLDC-145 and then analysed with FACScan. These data
represent three separate experiments and are expressed as mean values6

s.d. (n ¼ 3). * Significantly different from the mean value of mice treated
only with FITC, P < 0:05.

† MFI, Mean fluorescence intensities were determined from the com-
puter-generated log fluorescence histograms. FITCþNLDC-145þ cells and
the calculated linear fluorescence units are presented.



absorbance value was proportional to the number of living cells
using murine lymphocytes. As shown in Fig. 2,in vitro presenta-
tion of KLH by LC was significantly inhibited with nifedipine and
verapamil in a dose-dependent manner at concentrations ranging
from 10 to 100mM and 50 to 100mM, respectively. Very similar
dose-dependent suppression of the antigen-presenting capacity was
observed with CCB treatmentin vitro as determined in allogeneic
mixed epidermal cell–lymphocyte reactions using spleen T cells of
C3H/HeN mice (data not shown).

Ia antigens, B7-1 and B7-2 expression in LC
It is well known that both Ia antigens and B7 play crucial roles in

the antigen presentation of the CHR [3,17]. The levels of Ia, B7-1
and B7-2 in LC are higher after short-term culture than in freshly
prepared LC [30–33]. We therefore investigated the ability of CCB
to inhibit their expression in short-term cultured LC. In addition to
this, we examined pan-CD45 expression in EC, which does not
change during culture [33]. As shown in Table 2, 50–100mM

nifedipine or 100mM verapamil significantly reduced the percen-
tage of Ia-positive cells. Also, both CCB suppressed the expression
of the Ia antigen on a per cell basis at a concentration of 100mM, as
determined from the MFI. In addition, 50–100mM of nifedipine
and verapamil significantly reduced the levels of B7-1 expression,
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Fig. 2. The effect of calcium channel blockers (CCB) on the antigen-
presenting capacity of Langerhans cells (LC), estimated by the keyhole
limpet haemocyanin (KLH)-specific T cell response. These data are
representative of four separate experiments and are expressed as the
mean absorbance value at 490 nm6 s.d. of triplicate cultures. (Mean
‘background’ (not antigen-pulsed) absorbance value was subtracted from
the absorbance value of antigen-pulsed wells.) *Significantly different from
the mean value of cultures in the absence of CCB,P< 0.05.

Table 2. Effect of calcium channel blockers (CCB) on Ia and B7 expression in cultured Langerhans cells (LC)

Ia-positive Ia expression CD45þ cells B7-1 expression B7-2 expression
Treatment cells (%) (MFI†) (%) (MFI†) (MFI†) Viability (%)

Control 20:1 6 0:6 21216 77 48:9 6 5:2 26366 78 95526 282 48.5
Nifedipine

100mM 12:0 6 0:6* 15616 53* 52:3 6 4:6 15756 45* 89086 224* 51.2
50mM 17:3 6 0:4* 20236 82 49:5 6 4:7 21606 58* 94476 328 49.6
10mM 19:7 6 1:2 21526 75 51:8 6 5:3 25866 50 92546 228 50.2

Verapamil
100mM 12:5 6 1:0* 12586 48* 53:1 6 5:1 11206 31* 86156 215* 47.3
50mM 20:8 6 1:9 19826 71 47:5 6 5:2 16876 42* 93326 354 48.2
10mM 21:0 6 1:3 20986 78 49:1 6 5:0 27656 38 96226 298 51.4

Epidermal cell suspensions were cultured in the presence or absence of various concentrations of CCB for 48 h. Non-adherent cells were collected
and the LC were enriched by density gradients. These cells were stained with the appropriate antibodies and analysed by flow cytometry.

* Significantly different from the mean value of the control,P < 0:05.
† MFI, Mean fluorescence intensities were determined from the computer-generated log fluorescence histograms, and the calculated linear

fluorescence units are presented.

Fig. 3. In vitro treatment with calcium channel blockers (CCB) down-
regulates the level of I-Ab and B7-1 mRNA. Langerhans cell (LC)-enriched
suspensions (1× 106/ml) were cultured in the absence (lane 1) or presence
of 100mM nifedipine (lane 3) or 100mM verapamil hydrochloride (lane 4).
LC-depleted suspensions were also cultured (lane 2). RNA was extracted
24 h later, as described, and analysed by reverse transcriptase-polymerase
chain reaction.



whereas these doses of CCB only suppressed B7-2 expression
weakly. Change in the percentage of B7-1- and B7-2 -positive cells
by CCB treatment depended on the change in the percentage of
Ia-positive cells (data not shown). Neither the expression of CD45
nor the percentage of CD45þ cells was altered by the CCB (data
not shown), indicating that CCB treatment was not directly
cytotoxic. Normal cell viability was demonstrated in all cultures
containing the various drugs by trypan blue staining. There were no
significant changes in overall numbers of cells present in cultures
treated by CCB and the control (data not shown).

Ia antigens, B7-1 and B7-2 mRNA levels in LC
It was shown that short-term culture of LC increases the levels of
B7-1 and B7-2 mRNA [32]. LC express Ia mRNA constitutively
[34]. Since it is difficult to obtain a large number of highly purified
LC, we employed RT-PCR, although it is not a quantitative method
in the strict sense, to determine whether CCB suppress their
expression in LC at the mRNA level. As shown in Fig. 3, exposure
of LC to 100mM nifedipine or verapamil for 24 h led to a decrease
in the 262-bp and 483-bp fragments, which correspond to I-Ab

mRNA and B7-1 mRNA, respectively. However, the expression of
B7-2 mRNA was only weakly suppressed by CCB treatment
compared with B7-1. CCB treatments caused no significant
changes in the amount of the 983-bp fragment, which corresponds
to G3PDH mRNA, suggesting that the effects of CCB on LC are
specific and not cytotoxic. Depletion of Ia-positive cells by
magnetic immuno-adsorption resulted in the loss of mRNA signals
for I-Ab, B7-1 and B7-2, with no appreciable change in G3PDH
mRNA levels.

DISCUSSION

CCB, such as nifedipine, verapamil, and diltiazem, promote the
relaxation of cardiac and smooth muscle cells by inhibiting
calcium influx through calcium channels (slow channels) and
calcium release from intracellular stores, and are commonly used
as therapeutic agents for cardiovascular disorders [35–38]. In
addition to their effects on muscle cells, severalin vitro studies
have shown that CCB suppress the activation of various partici-
pants in immune reactions, such as T cells [16,39], mast cells [40]
and macrophages [41,42] via the inhibition of calcium influx,
suggesting that CCB can act as an immunosuppressant. Several
authors have shown an inhibitory effect of CCB on the cutaneous
DTH reaction inin vivo studies, which suggested it occurred via
the suppression of macrophages and T cells [13–15]. Our results
showed that topically applied nifedipine or verapamil suppress not
only the elicitation but also the sensitization of CHR in mice. In the
sensitization phase, LC interact with T cells in the primary lymph
nodes, where topically applied CCB do not seem to work. There-
fore, this suggests that the inhibitory effects of topical CCB,
especially on the sensitization of T cells, are mainly caused by
the suppression of LC function.

In CHR, LC first take up antigens by phagocytosis or pynocy-
tosis [7], then they migrate from the epidermis into the regional
lymph nodes [22,29]. Our investigation demonstrated that CCB
inhibited the capacity of LC to take up and transport antigens to the
regional lymph nodes. Neither the mechanism by which antigens
stimulate LC migration, nor the intracellular signalling which leads
to LC migration are known. Recently, some reports have demon-
strated that ligands for Ia antigens, such as anti-Ia MoAb and
staphylococcal superantigens, can induce LC migration [43,44]. If

direct binding of haptens to cell surface Ia/peptide complexes can
induce the signal for initiating migration of LC [45], reduction of
surface Ia expression with CCB, as seen in this study, may be one
of the modes by which CCB inhibit LC migration. Halliday &
Lucas demonstrated that topical application of a protein kinase C
(PKC) activator resulted in LC migration, whereas PKC inhibitors
blocked hapten-induced LC migration [46]. They concluded that
PKC is involved in the signal initiating LC migration [46]. LC
express one of the classical PKC isozymes, PKCb, whose activity
is dependent on intracellular calcium concentration [19,47]. In
most of the stimulated cells, transient calcium mobilization is
followed by prolonged activation of PKC, and these events cause a
variety of cellular responses by acting synergistically [47]. For
example, calcium mobilization and the subsequent activation of
PKC were shown to be important events in monocyte and B cell
stimulation via ligation of Ia antigens [48,49]. Therefore, it is
possible that CCB down-regulate LC migration by inhibiting
transient calcium release from intracellular stores, and/or by
interfering with a sustained calcium influx through calcium chan-
nels, which is required for the activation of PKC [35,36].

In this study, the presentation of protein antigens by LC, in
which processing is required, was inhibited by CCB in a dose-
dependent fashion. We also showed that CCB treatmentin vitro
significantly reduced the percentage of Ia-positive cells and down-
regulated the expression and transcription of Ia molecules in LC.
Activating T cells to proliferation by APC requires interactions
between a T cell receptor and an antigen–Ia complex [3]. Several
investigators have demonstrated that a reduction in the antigen-
presenting capacity of LC is correlated with a reduction in the
surface expression of Ia molecules [8,9,11]. In addition, Pure´ et al.
have shown that antigen processing by LC requires newly synthe-
sized Ia molecules [11]. The reduction of Ia mRNA by CCB
implies suppression of Ia biosynthesis in LC. Therefore, at least in
part, the inhibitory effects of CCB on the expression and transcrip-
tion of Ia molecules in LC lead to a reduction in the antigen-
presenting capacity of LC, and thus to their suppressive effects
on ear swelling. The detailed signal transduction mechanisms
regulating Ia expression and biosynthesis in LC remain unknown.
Our results suggest that calcium mobilization plays an important
role in the regulation of Ia expression, and this agrees with findings
in HL-60 cells [10]. These problems should be clarified in the near
future by studies using recently established long-term LC lines [50]
or transgenic mice [51].

Activation of T cells by APC requires another signal or ‘co-
stimulatory signal’ provided by several receptor–ligand interac-
tions, such as CD28 and its counter-receptors, B7-1 and B7-2 [17].
We demonstrated thatin vitro CCB treatment suppressed both the
surface expression and mRNA levels of B7-1. Yokozekiet al.
reported that allogeneic mixed epidermal cell–lymphocyte reac-
tions were partially inhibited with anti-B7-1 MoAb [32]. Gimmi
and co-workers also reported that the antigen-presenting capacity
of murine B cells to interact with tetanus toxoid-specific T cells
was almost completely blocked with anti-B7-1 antibodies [52].
These facts suggest that a reduction of B7-1 expression on LC,
induced by CCB treatment, could account for part of the observed
suppressive effects of CCB on antigen presentation, and thus on
CHR. Interestingly, in our protocol, CCB treatment suppressed
expression of B7-2 to a lesser degree than B7-1 in culture.
Although several authors reported that the expression of B7-1
and B7-2 was differentially regulated by cytokine stimulation, the
intracellular signals by which their expression is regulated remain
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unclear [53,54]. Our results suggest that calcium signals may be
more involved in the expression of B7-1 than in the expression of
B7-2.

In this study, similar dose–response relationships were
observedin vivo and in vitro for both of the drugs studied. There
have been several reports showing that similar concentrations of
verapamil and nifedipine inhibit calcium uptake and other calcium
channel-mediated events, e.g. in smooth muscle cells [55,56]. Our
results imply that the inhibitory effect of nifedipine and verapamil
on LC are due to calcium channel blockade. Since nifedipine and
verapamil in vivo have therapeutic ranges of 0.2–0.88mM and
0.1mM, respectively [57,58], the clinical dosages systemically
administered against cardiovascular disorders are unlikely to
inhibit antigen-presenting capacity of LC significantly. However,
it would be possible to administer much higher concentrations to
the skin tissue via topical application of CCB, and therefore CCB
may offer new therapeutic alternatives in skin diseases in which
LC are involved.
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