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Topical tacrolimus and cyclosporin A differentially inhibit early and late effector
phases of cutaneous delayed-type and immunoglobulin E hypersensitivity
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SUMMARY

Systemic and topical administration routes of tacrolimus and cyclosporin A (CsA) were compared
in effects on early and late phases of elicited T-cell-mediated contact sensitivity (CS), and effects on
early and late phases of cutanecous immunoglobulin E (IgE) antibody-mediated hypersensitivity
responses in mice. Thus, both CS and IgE responses in the skin have an early mast-cell-dependent
phase, and also a late inflammatory phase. We measured the effects of both immunosuppressants on
both phases of the respective T cell versus IgE responses. Systemic administration of both agents
completely suppressed CS and IgE late-phase responses, but failed to affect either early phase. In
contrast, when topical CsA was used, low doses abolished the early phase of IgE responses, but even
high doses did not inhibit the early phase of CS. Conversely, topical tacrolimus inhibited the early
phase of CS more potently than the early phase of cutaneous IgE hypersensitivity responses. Thus,
topical treatment was needed to inhibit the early phases and the two agents acted differentially,
suggesting differing susceptibility of the early phases, that are probably due to different signalling
mechanisms. These studies underscore the potential value of topical administration of these
powerful immunosuppressive agents in the treatment of allergic diseases that exhibit features of
early-phase mast-cell-dependent inflammation, and late inflammation due to mast cells or to T cells,
such as atopic dermatitis or asthma, since the early phase is predominantly susceptible to topical
application, while the last phase of both IgE and T-cell inflammation responds to systemic

treatment with both agents.

INTRODUCTION

The effector phase of contact sensitivity (CS) is an important
in vivo manifestations of T-cell allergy mediated by sensitized
CD4™" T cells that recruit various non-specific, bone marrow-
derived effector leucocytes into the extravascular tissue, via
release of cytokines.! We showed previously in mice that
elicitation of CS responses requires an early, immediate
hypersensitivity-like initiating phase that is due to release of
the vasoactive amine serotonin from local mast cells>® and
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platelets,* and tumour necrosis factor-o. (TNF-or) from mast
cells.>® This CS-initiation is due to antigen (Ag)-specific
factors that sensitize the tissues for mast cell release of
serotonin and cytokines like TNF-o,>® following local
challenge with Ag.”® Although similar to immediate hyper-
sensitivity, the early phase of CS responses is not due to
immunoglobulin E (IgE),*® but is due to complement-fixing
IgM antibodies that are produced very early after sensitiza-
tion by the B-1 subset of B cells,'’ that bind Ag, leading
to activation of complement (C) to locally generate the
C-fragment C5a, that in turn activates mast cells and platelets
via C5a receptors.®'0!12

Cyclosporin A (CsA) and tacrolimus are potent immuno-
suppressants, used to prevent rejection of transplants and to
treat a variety of immune-mediated disorders.'>'> The main
action of CsA and tacrolimus appears to affect transcription
of genes encoding cytokines in recently activated T cells.'®!”
There are several other possible sites of action, including:
inhibition of T-cell-receptor-mediated exocytosis of cytotoxins
from killer T cells;'® inhibition in mast cells,'® and basophilzo‘21
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IgE Fce receptor-mediated exocytosis and cytokine tran-
scription; and effects on antigen-presenting cells.?>>*

Prior studies showed that CsA and tacrolimus inhibit the
late, effector phase CS-related responses, suggesting an effect
on production of cytokines by sensitized effector T cells.?® The
mechanism of this effect is still not fully understood. CsA and
tacrolimus bind to different intracellular proteins; termed cyclo-
phillin and FK-506-binding protein, respectively.?® Although
structurally distinct, both proteins possess isomerase activity,
thought to be of importance in protein folding. However,
blockade of isomerase activity and protein folding may not
be sufficient to explain immunosuppression.>’ Binding of the
drug-immunophilin complex to calcineurin, a serine/threonine,
calcium/calmodulin-dependent protein phosphatase,”® is now
thought to mediate immunosuppression by affecting transcrip-
tion of lymphokine genes that require phosphorylation for
activation.?®¥

Several differences in activity indicate that a mechanism of
action involving calcineurin may not fully explain the effects of
these drugs. For example, tacrolimus is 50-100 times more
potent than CsA in inhibiting interleukin-2 (IL-2) secretion
in vitro, even though its ability to bind calcineurin is similar;
albeit at different sites.>>>° Also, these drugs mediate differ-
ential effects on T-cell activation in vivo,>' and differences
have been noted when employed in organ transplantation.*?
These data suggest that in vivo, CsA and tacrolimus may
act on different targets producing alternative mechanisms of
immunoregulation.

Although there is evidence that these drugs inhibit the
in vitro function of mast cells and basophils,'g’21 there has been
no confirmation in vivo. We postulated that these agents might
affect in vivo mast cell function differentially. Therefore, we
examined the effects of either systemic or topical CsA versus
tacrolimus on the early versus late effector phases of CS in mice,
which involve early-phase mast-cell-dependent T-cell-mediated
immune responses in the skin. We compared these effects on
CS to the effects of the immunosuppressive agents on IgE-
mediated mast-cell-dependent cutaneous responses, generated
in mice after passive transfer of antigen-specific IgE, which also
feature early- and late-phase components. These latter IgE
responses therefore depend on mast cells, but in this model
are independent of T-cell immunization. Therefore, these
procedures allowed us to examine potential differential
effects of these agents by using these contrasting in vivo
models of cutaneous allergy, that are relevant to human
allergic diseases.

MATERIALS AND METHODS

Mice

Male CBA/J and female BALB/cJ mice (5-6-week-old) were
obtained from the Jackson Laboratory, Bar Harbor, ME. Mice
were maintained in filter-topped microisolators in a locked
bioclean room and fed autoclaved food and water. Cages were
changed in a laminar flow hood and mice were handled by
personnel wearing sterile gloves, garments and masks. Mice
were rested for at least 1 week before use.

Reagents
Picryl chloride (PCl) [trinitrophenyl (TNP) chloride
(Chemotronix, Swannonoa, NC)], recrystallized from

ethanol/H,O before use, and oxazolone (OX) (Gallard-
Schlesinger, Carle Place, NY), were protected from light in a
desiccator during storage at room temperature. Ascites fluid
containing 2 mg/ml of mouse anti-DNP/TNP IgE monoclonal
antibody (H1 DNP-C-26),>* was a gift from Dr F. T. Liu
(Scripps Clinic, La Jolla, CA) and was stored at —70°. For
each experiment, a freshly thawed sample of IgE-rich ascites
was centrifuged for 5 min at 16 000 g in a microfuge to remove
aggregates, and diluted in sterile pyrogen-free phosphate-
buffered saline (PBS, pH 7-2) containing 1% fetal bovine serum
(Sigma, St Louis, MO). Different doses of IgE were injected
intravenously (i.v.) via the retro-orbital plexus in a volume of
0-5 ml, 24 hr prior to skin challenge. CsA (Sandimmune,
Novartis, Summit, NJ) for oral use, 100 mg/ml in olive oil and
12-5% ethanol, was diluted 1: 10 in olive oil and 0-2 ml (2 mg)
was injected subcutaneously. CsA for i.v. use at 50 mg/ml in a
sterile ampoule was diluted 1:10 in PBS (pH 7-2) and 1 mg was
injected i.v. per mouse. For topical use, CsA powder (kind gift
of Prof. Robert E. Handschumacher, Yale University) was
dissolved initially in absolute ethanol to which was added
olive oil 1:2, and 20 ul of a 10% w/v solution was applied to
the ears following local challenge with PCIl. Tacrolimus
(FK506) in powder was a kind gift of Dr S. Puppala (Fujisawa,
Deerfield, IL) and was reconstituted in absolute ethanol to
a concentration of 10 mg/ml and stored until use at —70°.
Dilutions were made in sterile pyrogen-free PBS (pH 7-2)
for intravenous administration, or in olive oil for topical
treatment, and used as described above for CsA.

Immunization and elicitation of cutaneous hypersensitivity
responses

CBA mice were contact sensitized by painting with 0-15 ml.
of a 5% solution of PCI or 3% OX in an ethanol/acetone
mixture (4:1 v/v) on all four paws, and the skin of the clipped
abdomen. Mice were challenged by topical application of
one drop (27-g needle) of 0-8% PCI or 0-8% OX, in olive oil
to both sides of the ears. Duplicate measurements of ear
thickness were made bilaterally with an engineer’s micrometer
(Mitotoyo, Paramus, NJ) before challenge, and at 2 and
24 hr after challenge. The increment in ear thickness was
expressed as the mean+SE in units of 1073 cm. In each
experiment there were four or five mice per group, and the ears
of a separate group of non-immunized controls were chal-
lenged and measured similarly, to provide non-specific back-
ground responses. IgE-mediated cutaneous sensitivity was
induced by i.v. transfer of various amounts of anti-TNP IgE
antibody. After 24 hr, mice were challenged on the ears with
0-8-1-0% PCI (TNP-chloride) in olive oil, and ear swelling
responses were then measured at various time-points, with an
engineer’s micrometer.

Statistical analysis

Statistical analysis was performed using Student’s z-test via
Stat ViEw 1.0 software, after tests confirmed normality of
distribution of the data. We confirmed the significance by
ANOVA, using SioMa STAT for Windows 2.03. A P-value of less
than or equal to 0.05 was considered significant. If indicated,
adjustment was made to correct for multiplicity.
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RESULTS

Systemic CsA inhibits the late but not the early component
of PCI CS

Systemic administration of CsA iv. from 1 day prior to
sensitization and daily thereafter, until 1 day prior to testing
on day 4, abolished the late 24 hr component of PCl CS
(Fig. 1a, Group B), compared to sensitized mice treated with
vehicle alone (Group A), and unsensitized challenged controls
(Group D). In fact, mice treated i.v. with CsA once, just 1 day
prior to testing, had almost 75% inhibition of 24 hr CS
(Group C), suggesting that CsA influenced the late effector
phase of CS needed for elicitation of CS, more than acting
at the T-cell sensitization phase. In contrast, CsA by both
regimens had no effect on the elicited early 2 hr component of
PCI CS (Groups B and C versus Group A). We concluded that
systemic CsA inhibited the late, but not early, effector phase of
CS, probably by affecting cytokine production by late-acting,
effector T cells, rather than affecting early initiating mechnisms.

Systemic tacrolimus diminishes the late component of
CS and modestly affects the early component

Tacrolimus is about 50-100 times more potent than CsA
using in vitro assays.’! As comparison, similar experiments
were performed to determine the effects of tacrolimus in vivo.
We used tacrolimus at a dose of 0-02 mg/day i.v., which is

approximately equivalent to 1-0-2 mg CsA per day used above,
and is one-third of the dose used for clinical immuno-
suppression.'>3>3*  Figure 1(b) shows that tacrolimus at
0-02 mg/day i.v. beginning 1 day prior to sensitization and
continuing daily until testing, significantly reduced 24-hr CS
responses, and had a small but significant inhibitory effect on
2-hr ear swelling (Group D). We concluded that systemic
tacrolimus also inhibited, but did not abolish, the late effec-
tor phase of CS, but also had a small inhibitory effect on the
early 2 hr component of CS.

Topical tacrolimus, but not CsA,
inhibits both early and late components of CS

CS reactions afford an opportunity to test the local topical
effects of immunosuppressants. Therefore, effects of topical
CsA and tacrolimus on CS responses were also examined.
Topical CsA (Fig. 2, Exp. 1, Group B versus D, and Exp. 2,
Group D versus B), and topical tacrolimus (Fig. 2, Exp. 2,
Group G versus B) applied on the ears at the time of Ag
challenge decreased both early (2-hr) and late (24-hr) CS ear
swelling responses. Notably, late swelling was suppressed more,
and topical tacrolimus was more potent.

Since the early 2 hr component of CS is required for
elicitation of the late 24 hr component, i.e. the early component
is CS-initiating, and thus allows subsequent elicitation of the
classical late 24-hr component of CS,> 8 we treated with CsA
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Figure 1. Effects of systemic treatment with cyclosporin (CsA) and tacrolimus on the early and late components of PCl CS.
(a) Intravenous CsA inhibits the late component of PCI CS but not the early component. CBA mice were contact sensitized with 5%
PCI on day 0. Four days later CS responses were elicited by challenging the ears with 0-8% PCIl. Mice were treated daily with 1 mg
CsA in PBS (pH 7-2) i.v. on day — 1 through to day +3 (Group B), or with vehicle alone on day —1 to day +3 (Group A), or with
3 mgi.v. just on day + 3 (Group C). Ear thickness was quantified prior to challenge, and at 2 and 24 hr following challenge. Controls
were not immunized nor treated with CsA, but were just challenged on the ears with PCI (Group D). P<0:001 for Group B versus
A and P <0-005 for Group C versus A, at 24 hr. (b) Intravenous treatment with tacrolimus suppresses both early and late PCI CS
responses. CBA mice were sensitized with PCl and 4 days later their ears were challenged with 0-8% PCI. Groups B and D received
tacrolimus at a dose of 0-02 mg/day intraperitoneal from 1 day prior to sensitization, until the day of challenge, and were compared to
untreated Group C, and to Group A, that received vehicle alone. P <0-05 Group C versus A at 2 hr, and Groups B versus D at 2 hr.

P <0-005 Group C versus A and Group B versus D, at 24 hr.
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Figure 2. Differential effects of topical CsA and tacrolimus on early and late phases of PCl CS responses. CBA mice were contact
sensitized with PCl on day 0 and ear challenged on day 4. Ear swelling was measured 2 and 24 hr after challenge. Mice were treated
topically with either oil vehicle alone (Exp. 1 and 2, Group A), or 10% CsA (Exp.1, Groups C and D), or 0-1% tacrolimus (Exp. 2,
Group G) at the time of Ag challenge (0 hr), or just after the 2-hr ear swelling was measured (Exp. 2). n=4-5 per group. Exp. 1:
P <0-025 Group B versus D at 2 hr, P<0-01 Group B versus D at 24 hr. Exp 2: for 2 hr data: P<0-001 Group G versus B, P=NS,
Group D and F versus B; for 24 hr data: P<0-01 Group D and F versus B, P<0-05 Group F versus G.

and tacrolimus just after the 2-hr CS-initiating component.
Since this treatment was after the early CS-initiating com-
ponent occurred, it allowed examination of effects of the
topical immunosuppressants on the late-isolated, late-phase,
T-cell-dependent component, separated from the early CS-
initiating phase. Interesting differential effects of CsA versus
tacrolimus were obtained. The inhibitory effect of topical
tacrolimus on the late effector phase (24-hr CS ear swelling)
was significantly less when the drug was administered after the
early 2-hr component was allowed to occur (Fig. 2, Exp. 2,
Group F). This was compared to another group of mice
in which tacrolimus was applied at the time of initial antigen
challenge prior to the early component, and thus at a time
when tacrolimus clearly was able to influence the early effector
phase (Fig. 2, Exp. 2, Group G).

In contrast, CsA inhibition of late CS was equivalent
whether given either at the time of Ag challenge, or after the
2-hr ear swelling was measured (Fig. 2, Exp. 1, Group D versus
Exp. 2, Group D). This striking difference suggested that a
prominent component of the ability of tacrolimus to inhibit CS,
was due to an effect on the early occurring, CS-initiating, and
probably mast cell-dependent, events of the CS-initiating phase,
that occur soon after Ag challenge, and upon which the sub-
sequent late phase depends. This contrasted with CsA, which
seemed to have far less of an effect on the early component of
CS, and acted primarily on the late component (Fig. 1a versus
Figure 1b), probably due to predominant effects on T-cell
production of cytokines.

IgE-mediated hypersensitivity is inhibited in its late phase,
but not the early phase, by systemic CsA

Although, CsA generally is known to inhibit T cells, CsA can
also inhibit mast cell and basophil in vitro release of mediators,

including vasoactive amines such as serotonin and hist-
amine.'® 2! However, the above in vivo experiments showed that
the early component of CS in mice, which depend on release
of serotonin from local skin mast cells,>* was not affected by
systemic CsA, but was inhibited by topical CsA, and that
tacrolimus inhibited both components, but the early compo-
nent more potently (Figs 1 and 2). We therefore also tested
the effects of these agents on passively transferred IgE-
dependent in vivo cutaneous hypersensitivity, that depends
on mast-cell-release of mediators, and does not involve T cells
in the activation process.

Since CBA mice have unpredictable IgE late phase
responses, while IgE immediate responses in BALB/c mice
are regulatory followed by 24-hr late-phase ear swelling
responses, we used BALB/c. Figure 3 shows IgE-mediated
early and late biphasic ear swelling responses in BALB/c, and
that systemic CsA had no effect on the immediate responses,
but significantly inhibited the anti-TNP IgE-dependent late
phase in mice topically challenged with PCl (TNP-CIl)
(Fig. 3a,b). This was true at both 24 and 48 hr, and was true of
strong responses mediated by passive transfer of 200 ug IgE
per mouse (Fig. 3a), moderate responses mediated by 20 ug IgE
per mouse (Fig. 3b), and weak late-phase responses, accom-
panied by barely detectable early responses, mediated by
2 ug IgE per mouse (Fig. 3c). We concluded that systemic
treatment with CsA inhibited the IgE-mediated late-phase
responses, that probably depended on mast cell production
of cytokines, but did not affect the preceding IgE mast
cell-mediated immediate responses, that probably depend on
early-phase mast cell exocytosis and release of vasoactive
mediators like serotonin and TNF-a. This was similar to find-
ings in CS, where CsA inhibited late, but not early effector
phases of these T-cell-dependent responses (Figs 1 and 2).

© 2001 Blackwell Science Ltd, Immunology, 104, 235-242
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Topical CsA and tacrolimus suppress IgE-mediated
early responses

Employing the same passive sensitization of anti-TNP IgE
and then subsequent PCI ear challenge, CBA mice could
also sometimes elicit macroscopic late-phase IgE ear swelling
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Figure 3. Intravenous CsA inhibits the late phase but not the early
phase of IgE-mediated hypersensitivity. BALB/c mice were passively
sensitized on day 0 by i.v. injection of monoclonal anti-TNP IgE
antibody in varying doses (a) 200 ug, (b) 20 pg, and (c) 2 pg. Then,
24 hr later, mice were challenged on the ears with 0-8% PCl and ear
thickness was measured at various times later. A separate group of mice
that received identical doses of IgE were treated i.v daily with 1 mg CsA
in saline on day —1 to day +1. A negative control group was not
immunized, nor treated with CsA, and received saline vehicle alone,
and then were identically ear challenged with PCl to provide back-
ground swelling responses, that were then subtracted from the
responses of the experimental groups, to derive the net swelling
responses shown (note different scale of y-axis in each part of
the figure).
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responses, that were also inhibited by systemic CsA, with no
effect on IgE-dependent immediate responses (data not shown).
In contrast, when CsA was administered topically to the ears
in increasing doses, and just after Ag challenge at time 0, there
was complete inhibition of strong early responses and also
inhibition of the late effector phase, even at doses as small as
0-001% CsA (Fig. 4a, Groups C-G versus Group B).

Thus, a very small dose of CsA (0-001% solution, or a
10 000-fold dilution of stock solution), given topically signif-
icantly suppressed strong IgE-mediated early phase responses
in CBA mice. Similarly, in BALB/c mice, systemically admin-
istered tacrolimus modestly inhibited the late but not the early
phase of IgE responses (Fig. 4b, Group C), whereas topical
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Figure 4. Effects of topical CSA or tacrolimus on both early- and late-
phase, IgE-mediated reactions in CBA and BALB/c mice. Mice were
given 20 pg of TNP-specific IgE i.v. on day 0, and ear challenged with
1% PCl1 1 day later. Immediately after challenge, CSA (a) or tacrolimus
(b,c), were topically applied to the pinna of both ears at various con-
centrations, and ear swelling measurements were made 2 and 24 hr
later; n=4-5 mice/group. (a) 2 hr data: P<0-0005 for Group B
versus C and D; P<0-01 for Group B versus G. 24 hr data: P<0-01 for
Group B versus C, F and G. (b) 2 hr data: P<0-01 for Group D
versus B. 24 hr data: P<0-01 for Group D versus C. (c) 2 hr data:
P <001 for Group E versus B; P<0-05 Group F versus B; P=NS
Group G versus B.
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application of tacrolimus powerfully inhibited both phases
(Fig. 4b, Group D). Furthermore, in CBA mice with isolated
IgE early responses and no late-phase responses, systemic
tacrolimus did not inhibit the early response (Fig. 4c, Groups C
and D), while topical administration of tacrolimus resulted in
dose-dependent inhibition of IgE immediate hypersensitivity
(Fig. 4c, Groups E-G). However, topical CsA seemed to act
more powerfully than topical tacrolimus in this instance
(Fig. 4a, Groups E-G versus Figure 4c, Groups E-G).

Taken together, CsA and tacrolimus are two immuno-
suppressive agents that produced powerful, route-dependent,
differential inhibitory effects on early versus late phases of
cutaneous allergy due to IgE and to T-cell-dependent mechan-
isms in CS. Importantly, inhibition was more powerful when
these drugs were given topically, perhaps because of greater
effects on the early and required mast cell-dependent aspects
that are characteristic of both of these responses.

DISCUSSION

It is now clear that classical T-cell-dependent CS responses
have an important early, immediate hypersensitivity-like
component, and that conventional IgE-dependent immediate
hypersensitivity has a prominent late-phase component. Impor-
tantly, in both cases the early component is required for
elicitation of the late component.? 13538 Fyrthermore, the
late phase of IgE-dependent responses is now recognized to
be perhaps more clinically important than the early phase in
some allergic diseases, such as asthma.*® However, in actual
allergic diseases, such as asthma or atopic dermatitis, both
IgE- and T-cell-mediated early and late phases are involved
and present a complex mixture; the overlapping effects due
to IgE versus T cell are difficult to sort out. Thus, we have
chosen to study a model system in mice, in which the effects
of CsA versus tacrolimus given systemically or topically, can
be studied in relatively pure models of either IgE-dependent
or T-cell-dependent hypersensitivity.

The principal findings of this study are that systemically
administered CsA and tacrolimus inhibited the late phase of
both IgE- and T-cell-mediated cutaneous allergic responses,
but not the early phase of either response. In contrast, when
given topically, both inhibited the early and the late phases
and inhibition was differential. Topical CsA and tacrolimus
exerted the expected suppressive effects on the late phases of CS
and IgE cutaneous hypersensitivity responses. However,
tacrolimus more powerfully inhibited the early phase of CS,
while CsA more powerfully inhibited the early phase of IgE
responses. Thus topical tacrolimus, but not CsA, completely
inhibited the early and the late components of CS, while topical
CsA, but not tacrolimus, completely inhibited both phases
of IgE responses (Table 1). These findings again suggested
differential effects of the two immunosuppressants on the two
different hypersensitivities. It is possible that tacrolimus
inhibition of both early and late CS responses (Fig. 2, Group
G) was due to a barrier of effect preventing Ag penetration in
the skin, but the failure of tacrolimus applied similarly to block
the early 2-hr response to IgE (Fig. 3, Group E) is against this.

Both CsA and tacrolimus have strong effects on cytokine
production by T cells and by mast cells, that probably largely
account for their effects on the late effector phase of both
responses. In addition, we hypothesize that when administered

Table 1. Inhibitory effect of systemic versus topically administered
CsA and tacrolimus on CS/DTH and IgE-mediated responses

CS/DTH IgE-mediated

Treatment Early Late Early Late
CsA

Systemic 0 4+ 0 4+

Topical 0 3+ 4+ 4+
Tacrolimus

Systemic 1+ 2+ 0 4+

Topical 4+ 4+ 24+ 4+

Grading system: 0, less than 10% inhibition; 1+, 10-25% inhibition;
2+, 26-50% inhibition; 3+, 51-75% inhibition; 4+, greater than 75%
inhibition.

topically each agent can better affect the early mast cell
participation that is required for elicitation of the late
component in both responses. However, there appear to be
differential effects of the two agents on mast cell activation in
the two cutaneous allergic responses. This may be due to
different drug actions on intracellular signalling events that
could be associated with different mechanisms of mast cell
activation that are involved in these two types of responses.
CsA had more powerful inhibitory effects on early IgE mast
cell mechanisms, while tacrolimus was more inhibitory of early
mast-cell-dependent aspects of CS. These findings support the
idea that the early components of delayed-type hypersensitivity
(DTH)/CS responses, and of IgE-mediated reactions, that both
involve mast cells, and have a similar early time-course, but
are due to different mechanisms of mast cell activation, as
suggested previously.>>%4% It is known that IgE activates mast
cells via FceRI signalling pathways of mediator release, while
recent findings established that early mast cell activation in CS
is due instead to B-1 cell-derived IgM antibody activating C to
generate C5a to act on the mast cell C5a receptor signalling
pathway of mediator release.'®!>!* Thus, we have concluded
that IgE activation of mast cells via FceRI, and the early
component of CS, which also involves mast cell activation,
but via G-coupled C5a receptors,'®!* therefore act via dif-
ferent signalling pathways, and thus may have been affected
differentially by tacrolimus compared to CsA.

Differences in skin absorption, of these agents could
contribute to the differences we found. However, we do not
think that differences in skin absorption explain the differential
effects of these drugs on the effector phase of these two models
of cutaneous allergic responses. Absorption of tacrolimus and
CsA are similar in skin, at least in humans.*' Although parti-
tion coefficient experiments showed CsA to be more lipophilic
than tacrolimus, both drugs were present in the epidermis and
dermis in comparable percentages of total applied dose. The
greater topical efficacy of tacrolimus in clinical dermatitis
could not clearly be explained by the authors on the basis of
differences in skin absorption.*” In our study, we adjusted
the dose to compensate for potency differences of CsA and
tacrolimus. Further, absorption differences cannot explain the
reciprocal power of the two agents on the different early versus
late components of IgE versus CS responses.

Therefore, our findings extend understanding of the effects
of CsA and tacrolimus on mast cells. It was shown previously

© 2001 Blackwell Science Ltd, Immunology, 104, 235-242
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that in vitro treatment of mast cells or basophils with CsA
or tacrolimus inhibited activated release of histamine and
serotonin.?®*1?>2¢ These prior in vitro findings may be akin
to our findings with topical application of these agents. Our
results suggest that inhibition of basophils or mast cells in the
skin is probably not achievable by systemic administration,
employing even relatively high doses of either CsA or
tacrolimus, since these drugs did not affect the early eliciting
phase IgE or CS ear swelling responses when administered
intravenously. However, they probably affected skin mast cells
when applied topically, and did so differentially.

Tacrolimus and CsA offer a newly expanding approach
to the treatment of allergic skin conditions. For example,
systemically administered CsA has been employed successfully
to treat atopic dermatitis in adults.** Our results in CS and IgE
model systems of mice, suggest that this may be due to an effect
of systemic CsA on late components of either or both of the IgE
and T-cell aspects of this disease. In another study, a topical
formulation of CsA showed significant efficacy in patients with
allergic contact dematitis.** Finally, a comprehensive study of
topical tacrolimus in paediatric atopic dermatitis showed
significant suppression of disease when used in concentrations
similar to those used in this study.** Our results support the use
of topical therapy with these agents**** and further suggest
that topical tacrolimus may be more effective in the topical
treatment of immune allergic responses in the skin, such as
atopic dermatitis, compared to topical CsA. This may not
necessarily be due to differences in skin absorption, but due in
part to a distinct locus of action on the IgE/mast cell and T-cell
signalling mechanisms, that are both likely to underly this
complex and sometimes serious allergic skin disease.

In summary, we found that CsA and tacrolimus both
strongly inhibit the late phases of IgE and CS responses when
given systemically, and when applied topically to the skin.
However, these drugs are differentially active on the early,
mast-cell-dependent, effector phases of these responses.
Tacrolimus more potently inhibits the early component of
CS, while CsA more powerfully inhibits the early immediate
hypersensitivity phase of IgE responses. Our findings demon-
strate powerful topical effects of these agents on T-cell- and
IgE-mediated allergic skin models. Topical treatment is less
likely to be limited by significant side-effects compared to sys-
temic administration, thus probably resulting in an improved
therapeutic index. These findings support the use of these
agents in the treatment of combined T-cell- and IgE-mediated
allergic diseases with early mast cell-dependent components,
that may be amenable to topical treatment, such as atopic
dermatitis in the skin, and possibly allergic asthma in
the airways.
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