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SUMMARY

Studies in experimental models have implicated histamine and prostanoids in ultra-violet B
(UVB)- and cis-urocanic acid (UCA)-induced systemic immunosuppression. This study examined
the hypothesis that UVB irradiation and cis-UCA suppressed contact hypersensitivity responses
to hapten by induction of histamine, which in turn evoked a prostanoid-dependent component of
immunosuppression. BALB/c mice were administered with a cis-UCA monoclonal antibody, a
combination of histamine types 1 and 2 receptor antagonists, or indomethacin. Mice were
sensitized to 2,4,6-trinitrochlorobenzene (TNCB) on their ventral surface 5 days after UVB
irradiation, or cis-UCA or histamine administration. Ears were challenged with TNCB 5 days
later. Cis-UCA antibody inhibited the suppressive e�ects of UVB by approximately 60% and
confirmed that suppression of contact hypersensitivity responses by UVB was due, at least in
part, to mechanisms involving cis-UCA. Histamine suppressed contact hypersensitivity responses
and the e�ects of cis-UCA and histamine were not cumulative, suggesting that cis-UCA and
histamine signal largely through the same pathway. The immunosuppressive e�ects of histamine
were not a�ected by the cis-UCA antibody, consistent with the model that histamine acts
downstream of cis-UCA. Administration of histamine receptor antagonists and indomethacin
each approximately halved the UVB- and cis-UCA-induced systemic suppression of contact
hypersensitivity responses. The e�ects of the reagents that inhibited the action of histamine and
prevented prostanoid production were not cumulative, and suggested involvement in the same
pathway. These results support the involvement of cis-UCA, histamine and prostanoids, in a
sequence, in UVB-induced systemic suppression of contact hypersensitivity responses.

INTRODUCTION which, in turn, initiates immunosuppressive signals. There is
some evidence that DNA may be a UVB photoreceptor,6,7Ultra-violet B ( UVB) irradiation (wavelength 280–320 nm) is
but trans-urocanic acid (deaminated histidine), a molecularimmunosuppressive and allows the growth of highly antigenic
species located superficially in the stratum corneum of the skinUV-induced tumours.1,2 The immunosuppression can be both
and which isomerizes to its cis form on UVB irradiation, haslocal and systemic, and results in reduced expression of contact
also been implicated in the mechanisms whereby UVhypersensitivity (CHS) and delayed-type hypersensitivity
irradiation generates systemic immunosuppression.8–12 Skin(DTH) responses to a variety of antigens in mice and humans.
painting or parenteral inoculation with cis-UCA can reduceExamination of the suppression of CHS responses to haptens
systemic CHS responses and is associated with an alterationin experimental animals has allowed some dissection of the
in antigen-presenting cell ability in vivo. However, in vitromechanisms of the UVB-induced e�ects.2–4
studies have shown that the defect is not due to the directAs less than 10% of UVB irradiation reaches the dermis,5
e�ect of cis-UCA on antigen-presenting cells of the spleen.8 Itit seems likely that a UVB photoreceptor exists in the epidermis
is generally hypothesized that UVB (and cis-UCA) regulates

Received 11 February 1997; accepted 1 April 1997. the production of immunomodulatory mediators by epidermal
and dermal cells.13–15Abbreviations: CHS, contact hypersensitivity; DTH, delayed-type

Whole-animal experiments have previously determined thathypersensitivity; H1, histamine type 1; H2, histamine type 2; TNCB,
UVB- and cis-UCA-induced immunosuppression is, in2,4,6-trinitrochlorobenzene; UCA, urocanic acid; UVB, ultra-violet of

wavelength 280–320 nm. part, indomethacin-reversible3,16 and suggested prostanoids as
important mediators of UVB- and cis-UCA-induced systemicCorrespondence: Dr P. H. Hart, Department of Microbiology and
suppression of CHS responses. In a study with skin explantsInfectious Diseases, School of Medicine, Flinders University of South

Australia, GPO Box 2100, Adelaide, Australia 5001. and keratinocytes in culture, histamine was implicated in
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signficant UVB-induced production of prostaglandin E2 irradiation (18 kJ/m2/mouse), 50 ml of a commercial alcohol-
based SPF 15+sunscreen (containing 4-tertiary-butyl-(PGE2), 6-keto PGF1a and PGF2a.17 We found that cis-UCA

was not stimulatory for PGE2 production by keratinocytes in 4-methoxy dibenzoyl methane, 2-ethyl-hexyl-paramethoxy cin-
namate and 2-hydroxy-4-methoxy-benzophenone) was evenlyculture, but synergized with histamine for increased PGE2

production.16 Furthermore, cis-UCA, but not trans-UCA, applied to the shaved dorsal area of each mouse. The sunscreen
components had maximum absorption at 358, 311 and 325 nm,could increase the sensitivity of keratinocytes to very low

concentrations of histamine.16 These studies implicated hista- respectively.22 The sunscreen inhibited the acute skin damage
induced by UV irradiation but minimally reduced the suppres-mine as another important mediator in UVB- and cis-UCA-

induced systemic immunosuppression. sion of CHS responses in UVB-irradiated mice. In nine
previous experiments in which this sunscreen was applied toThe hypothesis to be tested was that the immunomodula-

tory e�ects of UVB were due, at least in part, to the activity the backs of mice and UVB-irradiated (18 kJ/m2), the CHS
response was reduced by 42±9% (mean±SD). In five previousof cis-UCA and that histamine was involved in the biological

e�ect of cis-UCA. Finally, the e�ects of UVB, cis-UCA and experiments in the absence of sunscreen,16 the CHS response
was reduced by 50±6%.histamine were manifest by increased prostanoid production

by, for example, cells of the skin. The e�ects of inhibitors of
the activity of cis-UCA and histamine, and the production of Urocanic acid and histamine

The trans isomer of UCA was purchased from Sigma Chemicalprostanoids, were examined in a murine model of UVB-
induced systemic immunosuppression in which the sensitiz- Co. (St Louis, MO) and UV-irradiated. Cis-UCA was

purified from irradiated trans-UCA by ion-exchange chro-ation phase involved hapten application to a non-irradiated
site 5 days after irradiation. The immunosuppressive e�ects of matography.23 For experimentation, both isomers were dis-

solved in mouse–osmolality–phosphate–bu�ered saline (PBS)UVB were compared directly with those of cis-UCA, and
similarly the e�ects of cis-UCA were compared with those of (330 mOsm/kg H2O) at 1 mg/ml. For the animal experiments,

0·2–200 mg was injected subcutaneously (s.c.) into the backshistamine. Using the same cis-UCA antibody, both positive18
and negative19,20 involvement of cis-UCA in UVB-induced of mice (control mice received an equal volume of PBS ), 5

days prior to induction of CHS. Histamine (0·2–200 mg/mouse)suppression of CHS responses has been reported recently.
Previous investigations of the e�ect of histamine receptor (Sigma) was administered in an identical manner to that

described for cis-UCA.antagonists on UVB- and cis-UCA-induced immunosuppres-
sion21 had been performed with the hypothesis that cis-UCA
may act through receptors for histamine. The studies presented Injection of the cis-UCA antibody

The production of the monoclonal antibody to cis-UCA hasherein support the involvement of cis-UCA in UVB-induced
systemic suppression of CHS responses, and the involvement been described elsewhere24 and was used as previously optim-

ized.19 Mice were injected intraperitoneally (i.p.) with 300 mlof histamine in the prostanoid-associated component of UVB-
and cis-UCA-induced immunosuppression. of 1/500 dilution of the cis-UCA antibody ascitic fluid (equival-

ent to 0·1 mg IgGl ) 4 h prior to UVB irradiation or cis-UCA
administration. As controls, an equal number of mice was

MATERIALS AND METHODS
injected with 300 ml mouse–osmolality PBS or with PBS con-
taining 0·1 mg X63, a non-specific isotype-matched controlMice

Pathogen-free female BALB/c mice, aged 8–12 weeks, were antibody.25
obtained from the Animal Resource Centre of the South
Australian Department of Agriculture. All experiments (five Histamine receptor antagonists

The histamine receptor antagonists were administered to miceanimals/group) were performed according to the ethical guide-
lines of the National Health and Medical Research Council, on each of four consecutive days, starting one day before

UVB-irradiation or administration of histamine or cis-UCA.the Commonwealth Scientific and Industrial Research
Organization and the Australian Agricultural Council. The antagonists were administered in two equal doses/day

approximately 10 h apart. The histamine type 1 (H1) receptor
antagonist, cyproheptadine26 (Merck, Sharp & Dohme, SouthUV irradiation

The UV source was a bank of FS40 sunlamps (Westinghouse Granville, Australia), 330 mg/mouse/day, was administered i.p.
in 5% ethanol in PBS. The histamine type 2 (H2) receptorCorp., Pittsburgh, PA) emitting a broad band of UV, 250–

360 nm, with 65% of the output in the UVB range (280– antagonist was cimetidine (Sigma), 100 mg/mouse/day.21 In
preliminary studies, neither cyproheptadine or cimetidine, at320 nm). A PVC plastic film was used to screen out wave-

lengths <290 nm. The dose rate was monitored using a UVX the doses defined above, alone consistently reversed UVB-
induced systemic suppression of CHS responses. Thus, theradiometer with a UVX-31 sensor (Ultraviolet Products Inc.,

San Gabriel, CA). combination of an H1 with an H2 receptor antagonist, which
was shown in preliminary studies to inhibit UVB-inducedFor irradiation of the mice, a uniform dorsal area (8 cm2)

was clean-shaven, the ears protected with black adhesive immunosuppression consistently (data not shown but
illustrated in Fig. 4b), was administered.insulation tape and the mice housed in individual compart-

ments of perspex cages. The sunlamps were held 20 cm above
the cages. Mice were UVB-irradiated 5 days prior to induction Indomethacin

Pellets containing 0·05 mg indomethacin in a biodegradableof CHS.
In the mice irradiated and administered the histamine carrier ( Innovative Research of America, Toledo, OH) were

implanted into mice s.c., by trochar, at the base of the neck3,27receptor antagonists or indomethacin, immediately before
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4 days prior to UVB exposure. The pellets released indometh-
acin at a constant rate (2·4 mg/day) over a 21-day period.
Previous studies have shown that a daily dose of 1·25–2·5 mg
indomethacin blocks prostaglandin synthesis.3 Placebo pellets
contained the biodegradable carrier alone. There was no
evidence of gastrointestinal bleeding in mice receiving the
indomethacin pellets.

Assay of CHS
Mice (five animals/group) were sensitized on the shaved
ventral skin with 100 ml freshly prepared 5% (w/v)
2,4,6-trinitrochlorobenzene (TNCB, Tokyo Kasei Kogyo Co. Cis-UCA (mg/mouse)
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Ltd., Tokyo, Japan) in acetone. Five days later, and after
Figure 1. The e�ect of cis-UCA and histamine on CHS responses incoding the identities of the mouse groups, a CHS response
BALB/c mice. Mice were administered s.c. di�erent doses of (a) cis-was elicited by applying 10 ml freshly prepared 1% TNCB in
UCA or (b) histamine in a volume of 200 ml mouse-osmolality PBS.acetone to each of the ventral and dorsal surfaces of both
Five days later a CHS response to TNCB was assessed. Mean earears. Twenty-four hours after challenge, the ear thickness was
swelling+SD is shown for (n) experiments. An asterisk represents ameasured with a micrometer (Mitutoyo Corp., Tokyo, Japan)
significant di�erence in ear swelling due to cis-UCA or histamine

and the extent of ear swelling for each mouse was calculated administration.
by subtracting the ear thickness before challenge. From this
value was subtracted the mean swelling measured in mice that
were challenged, but not sensitized, with TNCB (0·03 mm).

Expression of results and statistical analysis
For each in vivo study, the mean values±SD for changes in
the ear thickness upon challenge with TNCB for all five mice
in a group were calculated. For some treatments, the mean
results from individual studies was used to calculate the mean
value±SD for n experiments. Within an experiment, a multiple
comparison procedure employing a one-way analysis of vari-
ance and Fisher’s test was used to determine the statistical
significance of di�erences between experimental and control
groups. For comparison of mean values from multiple experi-
ments, a paired Student’s t-test was used. Probabilities less
than 0·05 were considered significant.
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RESULTS Figure 2. The e�ect of a cis-UCA antibody on UVB- and cis-UCA-
induced suppression of CHS responses. Mice were injected i.p. withThe involvement of cis-UCA and histamine in the mechanisms
0·1 mg of the cis-UCA antibody, or with the isotype-matched controlby which UVB irradiation suppresses CHS responses
antibody, X63, 4 h before UVB irradiation (18 kJ/m2) or cis-UCA or
histamine administration (20 mg s.c.). The CHS response to TNCBFigure 1a demonstrates the e�ect of increasing doses of cis-
was assessed commencing 5 days after UVB irradiation or cis-UCAUCA on suppression of CHS responses in BALB/c mice. The
administration. The mean ear swelling+SD in each group for (n)dose-dependent immunosuppressive e�ects of histamine on
experiments is shown. An asterisk represents a significant di�erenceCHS responses in BALB/c mice are shown in Fig. 1b.
in ear swelling by similarly treated mice administered X63 or the

To determine the relationship of studies with cis-UCA to cis-UCA antibody.
those with UVB irradiation, 0·1 mg cis-UCA antibody or the
control antibody, X63, was administered 4 h before UVB
irradiation (18 kJ/m2) in each of four experiments (Fig. 2). It
was first demonstrated that the e�ect of injecting X63 was not unirradiated animals pre-treated with the same antibody. The

specificity of the antibody was confirmed in three experimentsdi�erent from injecting an equal volume of PBS (data not
shown). UVB was found to suppress the CHS response in in which mice were administered 20 mg cis-UCA s.c. in place

of UVB irradiation 4 h after cis-UCA antibody (Fig. 2). Inmice pre-treated with X63 by a mean of 52%. The suppression
was reduced to 20% in mice pre-treated with the antibody to mice pre-treated with X63, cis-UCA administration caused a

46% suppression of the CHS response. Administration of thecis-UCA, and this change in the CHS response induced by
administration of the cis-UCA antibody was significant (P= cis-UCA antibody changed this to 19% suppression of the

CHS response (P=0·05). In contrast, in two separate experi-0·02). In one of the experiments, the cis-UCA antibody totally
blocked the suppressive e�ects of UVB irradiation. Indeed, ments, administration of the cis-UCA antibody had no e�ect

on the suppressive properties of histamine (Fig. 2).when the results of the four experiments were combined, the
CHS response of UVB irradiated mice pre-treated with the That cis-UCA and histamine may signal systemic immuno-

suppression by similar pathways is suggested by the lack ofcis-UCA antibody was not significantly di�erent from that of

© 1997 Blackwell Science Ltd, Immunology, 91, 601–608
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Figure 4. The e�ect of histamine receptor antagonists (HRantag)
on immunosuppression due to (a) histamine and (b) UVB and
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cis-UCA. Cyproheptadine (330 mg/mouse/day) plus cimetidine
Figure 3. The e�ect of histamine, without and with cis-UCA, on CHS (100 mg/mouse/day) was injected into mice on each of four consecutive
responses in BALB/c mice. Mice were administered cis-UCA (200 mg) days, starting from 1 day prior to (a) histamine (0–200 mg) or (b) UVB
or histamine (200 mg), alone or together. Five days later, a CHS irradiation (18 kJ/m2) or cis-UCA administration (200 mg). The CHS
response to TNCB was assessed. The mean ear swelling+SD for the response to TNCB was assessed commencing 5 days after adminis-
five mice/group in each of two experiments (di�erent shadings) is tration of histamine or cis-UCA, or UVB-irradiation. In (a) the ear
shown. An asterisk represents a significant di�erence in the ear swelling swelling for mice from a single experiment (five animals/group) is
by the cis-UCA-, histamine- or cis-UCA with histamine-treated mice shown. An asterisk and a hash represent a significant e�ect of
and control mice. histamine in the absence and presence, respectively, of histamine

receptor antagonists (HRantag). In (b) ear swelling in each experiment
was normalized with the swelling of control mice calculated as 100%;cumulative e�ects of maximal doses of histamine (200 mg)
the mean swelling+SD for mice from five experiments is shown. In

with cis-UCA (200 mg) in each of two experiments (Fig. 3). (b) an asterisk represents a significant di�erence in the ear swelling
by the UVB-irradiated or cis-UCA-administered mice that were admin-
istered the histamine receptor antagonists (HRantag) and bothThe e�ect of histamine receptor antagonists on UVB- and
(a) those UVB-irradiated or administered cis-UCA, and (b) thosecis-UCA-induced systemic suppression of CHS responses
non-irradiated but administered the HRantag.

To investigate the role of histamine in UVB- and cis-
UCA-induced suppression of contact hypersensitivity to
TNCB, cyproheptadine, 330 mg/mouse/day, with cimetidine
100 mg/mouse/day, were administered to BALB/c mice on each
of four consecutive days, namely days −1, 0, +1 and +2 of
UVB irradiation (18 kJ/m2). This dosage of histamine receptor
antagonists on days −1, 0, +1 and +2 of s.c. administration
of histamine was su�ciently potent to inhibit by 77% the
e�ects of 200 mg histamine (Fig. 4a). The histamine receptor
antagonists had no significant e�ect on CHS responses in non-
irradiated mice (Fig. 4b). The inhibitory e�ects on UVB-
induced suppression of CHS responses of the combination of
an H1 with an H2 receptor antagonist were significant in each
of the five experiments (Fig. 4b). However, the response by
irradiated, receptor-antagonist-treated mice was significantly
less than that measured in non-irradiated receptor-antagonist-
treated mice, indicating that the reversal of immunosuppres-
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sion was only partial. Similarly, in five experiments, adminis- Figure 5. The e�ect of indomethacin on UVB- and cis-UCA-induced
immunosuppression. Indomethacin (Indo) or placebo pellets weretration of identical doses of cyproheptadine and cimetidine as
implanted s.c. into mice 4 days prior to UVB-irradiation (18 kJ/m2 )used in the UVB-irradiated mice diminished the significant
or cis-UCA administration (200 mg). The CHS response to TNCBinhibitory e�ects of cis-UCA on CHS responses (Fig. 4b).
was assessed commencing 5 days after UVB irradiation or cis-UCA
administration. Ear swelling in each experiment was normalized,

The e�ect of indomethacin on UVB- and cis-UCA-induced with the swelling of control mice calculated as 100%. The mean
swelling+SD for mice from six and nine experiments, respectively, issystemic suppression of CHS responses
shown. An asterisk represents a significant di�erence in the ear swelling

The e�ect of indomethacin or placebo pellets administered 4 by the UVB-irradiated or cis-UCA-administered mice that were admin-
days prior to UVB irradiation or cis-UCA administration is istered indomethacin and both (a) those UVB-irradiated or adminis-
shown for six and nine experiments, respectively, in Fig. 5. As tered cis-UCA, and (b) those non-irradiated but administered

indomethacin.previously published,16 indomethacin caused a consistently
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Figure 6. The e�ect of cyproheptadine with cimetidine, and indometh-
acin, alone or together, on UVB- and cis-UCA-induced immunosup-
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pression. Cyproheptadine (cyp; 330 mg/mouse/day) and cimetidine Figure 7. The e�ect of indomethacin on the immunosuppression
(cm; 100 mg/mouse/day) were injected into animals on each of four induced by cis-UCA, histamine, and cis-UCA with histamine.
consecutive days, starting from one day prior to (a) UVB irradiation Indomethacin or placebo pellets were implanted s.c. into mice (five
(18 kJ/m2), and (b) cis-UCA administration (200 mg). Indomethacin animals/group) 4 days prior to s.c. injection of 200 mg of cis-UCA,
(indo) or placebo pellets were implanted s.c. into mice 4 days prior to 200 mg histamine or cis-UCA with histamine, or an equal volume of
UVB irradiation or cis-UCA administration. The CHS response to diluent (control). The CHS response to TNCB was assessed commenc-
TNCB was assessed commencing 5 days after UVB irradiation or cis- ing 5 days after injection of cis-UCA, histamine or cis-UCA with
UCA administration. In (a) the mean ear swelling+SD for three histamine. The mean ear swelling+SD for five mice in each group is
experiments is shown. In (b) the mean ear swelling for five mice per shown. An asterisk represents a significant di�erence in the ear swelling
group+SD in a single experiment is shown. An asterisk represents a by the indomethacin-treated, cis-UCA-, histamine- or cis-UCA with
significant di�erence in the ear swelling by the UVB-irradiated or cis- histamine-treated mice and both (a) those administered indomethacin
UCA-administered mice that were administered the antagonists and/or alone, and (b) those treated with cis-UCA, histamine or cis-UCA
indomethacin and both (a) those UVB-irradiated or administered cis- with histamine.
UCA, and (b) those non-irradiated but administered the antagonists
and/or indomethacin.

The e�ect of indomethacin on the systemic suppression of CHS
responses caused by histamine or cis-UCA, alone or in

significant, partial reversal of UVB- and cis-UCA-induced
combination

suppression of CHS responses.
Both histamine and cis-UCA (200 mg/mouse) suppressed CHS
responses by an extent similar to that caused by the

The e�ect of histamine receptor antagonists with indomethacin
co-administration of both reagents (Fig. 3). The partial rever-

on UVB- and cis-UCA-induced suppression of CHS responses
sal of the immunosuppression by indomethacin was similar in
all treatment groups; Fig. 7 shows the e�ects of indomethacinThe cumulative inhibitory e�ects of histamine receptor antag-

onists (cyproheptadine with cimetidine) and indomethacin on on the mice of the second experiment of Fig. 3.
UVB- and cis-UCA-induced immunosuppression were investi-
gated in three and two experiments, respectively. For the three

DISCUSSION
experiments summarized in Fig. 6a, UVB irradiation reduced
ear swelling by 41% (P=0·02). Both cimetidine with cyprohep- Many studies have implicated cis-UCA in the mechanisms by

which UVB suppresses CHS responses in mice (reviewed intadine, and indomethacin, significantly increased the CHS
responses in UVB-irradiated mice (to 84% of the control refs. 9, 28). However, in this study of systemic suppression of

CHS responses by UVB irradiation and cis-UCA, it wasresponse, P=0·05, and 80% of the control response, P=0·02,
respectively). However, the combination of all three drugs did important to validate this hypothesis and verify that by

studying the actions of cis-UCA, we were investigating, atnot further reverse the e�ect of UVB irradiation, the CHS
response in this group being 77% of, and significantly di�erent least in part, the mechanisms of action of UVB irradiation. A

monoclonal antibody to cis-UCA19,24 was used to confirmto, the control response (P=0·04). In Fig. 6b, the lack of a
significant cumulative e�ect of the histamine receptor antagon- that UVB-induced suppression of CHS responses was due, at

least in part, to mechanisms involving cis-UCA. The changeists and indomethacin on cis-UCA-induced suppression of
CHS responses is shown for a representative of two experi- in UVB-induced e�ects on CHS responses from 52% to 20%

suppression in mice pretreated with the cis-UCA antibodyments. Thus, there was a significant partial reversal of UVB-
and cis-UCA-induced immunosuppression by the histamine could be considered a minimum, as a single intraperitoneal

injection of the antibody was given 4 h prior to UVBreceptor antagonists. A similar reversal was detected following
administration of indomethacin. However, there was no irradiation. It is unknown how much of the antibody reached

the epidermis, the site of cis-UCA formation. We also do notcumulative e�ect of the histamine receptor antagonists and
indomethacin, consistent with a direct relationship between know the half-life of the antibody. It should be noted that the

dose of antibody administered also reversed the suppressivehistamine and its action, and prostanoid production.

© 1997 Blackwell Science Ltd, Immunology, 91, 601–608
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activity of 20 mg cis-UCA to a similar extent (Fig. 2). antagonists successfully blocked approximately 80% of the
Outcomes of previous studies using this antibody have varied, action of 200 mg histamine administered subcutaneously.
with one study using C57BL/6 mice implicating cis-UCA in Optimization of the e�ects of indomethacin were investigated
UVB–suppression of CHS responses.18 The other studies19,20 in a previous study;16 both one and two pellets of indomethacin
concluded that this antibody reversed UVB-induced changes (releasing 2·4 and 4·8 mg/day, respectively) blocked UVB- and
to DTH responses but not CHS responses, but this may reflect cis-UCA-induced suppression of CHS responses by approxi-
the species of mice used previously (C3H/HeN ) or the avail- mately 50%. The experiments with the histamine receptor
ability of the antibody at the epidermis at a crucial time of antagonists suggested that a significant proportion of the
cis-UCA activity. In one study,20 an amount of cis-UCA response due to cis-UCA was attributable to the actions of
antibody nine times that used in the present study was histamine. CHS responses were not di�erent in mice treated
administered to each mouse. We have found blocking e�ects with relatively high doses of cis-UCA and histamine and those
of the cis-UCA antibody similar to those shown in the present administered histamine alone and, thus, did not provide
study (which examined systemic CHS responses in BALB/c evidence for a histamine-independent component of cis-UCA-
mice) on UVB suppression of local CHS responses in BALB/c induced immunosuppression. Indomethacin was able to reverse
mice, and on systemic CHS responses in C57BL/6J mice only partially the immunosuppressive properties of histamine,
receiving 2 kJ/m2 UVB (data not shown). which suggested that histamine may act through an additional

With respect to the amounts of cis-UCA used in these prostanoid-independent pathway.
studies (0·2–200 mg/mouse; Fig. 1a), it has been estimated Cis-UCA is structurally related to histamine32 and it might
previously that the concentration of cis-UCA in non-irradiated be concluded from the experiments with the histamine receptor
murine epidermis was 0·2 mg/cm2, with values of 15 mg/cm2 antagonists that cis-UCA bound to histamine receptors. The
after UVB irradiation with 96 mJ/cm2,8 or 80 mg/mouse meas- receptor for cis-UCA remains uncharacterized. However, there
ured after 42 mJ/cm2 UVB.29 With respect to histamine, we is functional evidence that the receptor for cis-UCA is unlike
have estimated that the dermis of 8 cm2 dorsal skin of BALB/c that for histamine. H1 and H2 receptor antagonists blocked
mice (approximately 270 mm deep, approximately 40 mast the e�ects of histamine but were unable to suppress the direct
cells per mm2 horizontal section of dermis and 3–5 pg e�ects of cis-UCA on human monocytes.22 Histamine, but not
histamine/mast cell )30 contains approximately 8 mg histamine. cis-UCA, was able to stimulate PGE2 production in vitro by
This must be considered a crude estimation of available human keratinocytes.16 In addition, histamine, but not cis-
histamine as not all histamine would be released from degranu- UCA, was able to stimulate PGE2, IL-6 and IL-8 production
lating mast cells. In addition, histamine may be released by by human dermal fibroblasts (P.H. Hart et al., unpublished
murine keratinocytes.30 Significant suppression of CHS data). Thus, it is hypothesized that the histamine receptor
responses was detected with 2 mg cis-UCA/mouse and 2 mg

antagonists inhibited the e�ects of histamine, rather than
histamine/mouse (Fig. 1).

blocked cis-UCA binding to its receptor.
The relevance and the magnitude of involvement of hista-

This study did not identify keratinocytes as the source of
mine in UVB- and cis-UCA-induced systemic suppression of

prostanoids in UVB-induced immunosuppression; however,
CHS responses and UVB- and cis-UCA-induced prostanoid

keratinocytes are the major structural cells of the epidermisproduction, respectively, was the focus of this study. Experi-
and trans-UCA is found in the stratum corneum. As thements with the cis-UCA antibody confirmed that histamine
majority of UVB light does not penetrate beyond theacts downstream of cis-UCA in signalling immunosuppression.
epidermis, keratinocytes reside at sites adjacent to cis-UCABoth UVB- and cis-UCA-induced suppression of CHS
formation. Furthermore, keratinocytes express H1 and H2responses was partially reversed by administration of receptor
receptors17 and both types of receptor play a role in mediatingantagonists to histamine (Fig. 4), which may be released by
the response by keratinocytes to cis-UCA and histamine.16degranulating mast cells31 or by keratinocytes.30 Indeed, this
Thus, the need for blockade of both receptor types by cyp-study presents the first direct evidence that histamine receptor
roheptadine and cimetidine, respectively, for optimal inhibitionantagonists inhibit UVB irradiation-induced suppression of
was expected. The source of the bioactive histamine was notsystemic CHS responses. In further experiments investigating
confirmed. A report of cis-UCA as a mast cell degranulatingprostanoid involvement in these responses, the possibility of
agent in mice31 led us to hypothesize that cis-UCA directly oradditive e�ects of indomethacin, a cyclo-oxygenase inhibitor,
indirectly causes mast cell degranulation and contributes to,with histamine receptor antagonists was investigated (Fig. 6).
and perhaps is totally responsible for, UVB-induced mast cellThe lack of any cumulative e�ects by the combination of
degranulation, particularly as mast cells are located in thereagents suggested that the histamine receptor antagonists
dermis and at a site to which minimal UVB irradiationinhibited the receipt of stimuli for initiation of synthesis of the
transmits.same prostanoids, the production of which was blocked by

The mechanism(s) by which skin-derived prostanoids signalindomethacin. Thus, in the whole animal, the prostanoid-
systemic suppression of CHS responses and reduce immuneassociated component of UVB immunosuppression was linked
responses to antigens applied to distant body sites is notwith the activity of histamine.
known. The vasodilatory e�ects of PGE2 and PGI233 mayThe extent of histamine involvement in the mechan-
allow other immunomodulatory epidermal cytokines access toisms responsible for cis-UCA-induced suppression of CHS
the vasculature where they can have systemic e�ects.responses was not clearly determined. Whether su�cient hista-
Prostanoids have been hypothesized to ‘force sequestrationmine receptor antagonists and/or indomethacin were present
of sensitized e�ector cells in peripheral lymph nodes.3 Byat the site of histamine action and/or prostanoid production

to be fully e�ective may be an issue. The histamine receptor inhibiting interleukin-12 (IL-12) production, prostanoids may
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14. K I. & S J.W. (1992) Cis-urocanic acid suppres-play a crucial role in the development of either a T-helper 1
sion of contact hypersensitivity induction is mediated via tumor(Th1)-like or a Th2-like immunological response.34
necrosis factor-a J Immunol 148, 3072.A previous study showed the importance of prostanoids in

15. S J.W., T J.R., V V., K I., S T.,cis-UCA-induced systemic immunosuppression in mice. The
T C. & G C. (1994) Immune surveillance and sunlight-present study confirms in vivo the validity of considering
induced skin cancer. Immunol Today 15, 174.histamine as a critical mediator in the pathway(s) responsible

16. J A., F-J J.J., W C.J., S L.K.,
for UVB- and cis-UCA-induced systemic suppression of CHS S I. & H P.H. (1995 ) Cis-urocanic acid synergizes
responses. Furthermore, these studies with whole animals with histamine for increased PGE2 production by human
suggest that histamine functions in the induction of systemic keratinocytes: link to indomethacin-inhibitable UVB-induced
suppression of CHS responses, at least in part, by induction immunosuppression. Photochem Photobiol 61, 303.
of prostanoid production. 17. P A.P., M M., J S.C. & H M.J.

(1990) Enhanced prostaglandin synthesis after ultraviolet injury
is mediated by endogenous histamine stimulation. A mechanismACKNOWLEDGMENTS
for irradiation erythema. J Clin Invest 86, 556.

We thank Dr Irma Santucci for purification of cis-UCA. This work 18. K S., S D.N., MK R.C. et al. (1995) The role
was supported by grants from the Anti-Cancer Foundation of the of cis-urocanic acid in UVB-induced suppression of contact hyper-
Universities of South Australia, Flinders 2000 and the National Health sensitivity. Immunol Lett 48, 181.
and Medical Research Council of Australia to P.H. Hart and 19. E-G A.A. & N M. (1995) A monoclonal antibody to
J.J. Finlay-Jones, and from the European Commission (Grant cis-urocanic acid prevents the ultraviolet-induced changes in
ENV4-CT96-0192) to M. Norval and A.A. El-Ghorr. Langerhans cells and delayed hypersensitivity responses in mice,

although not preventing dendritic cell accumulation in lymph
nodes draining the site of irradiation and contact hypersensitivityREFERENCES
responses. J Invest Dermatol 105, 264.

1. M W.L. (1989) E�ects of ultraviolet radiation on the 20. M A.M., B C.D., K M.L., N M. &
immune system in humans. Photochem Photobiol 50, 515. U S.E. (1996) Di�erential e�ects of a monoclonal antibody

2. K M.L. (1990) Photoimmunology. Photochem Photobiol to cis-urocanic acid on the suppression of delayed and contact
52, 919. hypersensitivity following ultraviolet irradiation. J Immunol 157,

3. C H.-T., B D.K., R B., R L.K. & 2891.
D R.A. (1986) Involvement of prostaglandins in the immune 21. N M., G J.W. & S T.J. (1990) The e�ect of
alterations caused by the exposure of mice to ultraviolet radiation. histamine receptor antagonists on immunosuppression induced by
J Immunol 137, 2478. the cis-isomer of urocanic acid. Photodermatol Photoimmunol

4. K I. & S J.W. (1993) Studies of contact hypersen- Photomed 7, 243.
sitivity induction in mice with optimal sensitizing doses of hapten. 22. S N.A., G P.M., A G.I. & A-
J Invest Dermatol 101, 132. P L.E. (1990) Interpretation and evaluation: spectro-

5. B W.A.G., S H.,   L J.C. & B L. scopic data of sunscreens. In: Sunscreens. Development, Evaluation
(1984) Transmission of human epidermis and stratum corneum and Regulatory Aspects. (eds N.J. Lowe & N.A. Shaath), p. 537.
as a function of thickness in the ultraviolet and visible wavelengths. Marcel Dekker Inc., New York.
Photochem Photobiol 40, 485. 23. H P.H., J C.A., J K.L., W C.J., S I.,

6. A L.A., L R.D., A J. & K M.L. (1989) S L.K. & F-J J.J. (1993) Cis-UCA stimulates
Identification of the molecular target for the suppression of

human peripheral blood monocyte PGE2 production and sup-
contact hypersensitivity by ultraviolet radiation. J Exp Med

presses indirectly TNFa levels. J Immunol 150, 4514.
170, 1117.

24. M A.M., N M., K I. & S T.J. (1993)7. K M.L., C P.A., A L.G. & Y D.B. (1992)
Characterization of a monoclonal antibody to cis-urocanic acid:Pyrimidine dimers in DNA initiate systemic immunosuppression
detection of cis-urocanic acid in the serum of irradiated mice byin UV-irradiated mice. Proc Natl Acad Sci USA 89, 7516.
immunoassay. Immunology 24, 667.8. N F.P., D F E.C. & M H. (1988) Cis-urocanic

25. K G. & M C. (1975) Continuous cultures of fusedacid, a product formed by ultraviolet B irradiation of the skin,
cells secreting antibody of predefined specificity. Nature 256, 495.initiates an antigen presentation defect in splenic dendritic cells in

26. E J.H., A R.F., R-T I.C., Svivo. J Invest Dermatol 90, 92.
J.W. & M G.F. (1983) An examination of di�erences in9. N F.P. & D F E.C. (1992 ) Immunosuppression by
serum antibody specificities and hypersensitivity reactions as con-ultraviolet B radiation: initiation by urocanic acid. Immunol Today
tributing factors to chronic infection with the intestinal protozoan13, 250.
parasite, Giardia muris, in mice. Aust J Exp Biol Med Sci 61, 599.10. D F E.C. & N F.P. (1983) Mechanism of immune

27. A F.J., H G.M., N C.K. & Msuppression by ultraviolet irradiation in vivo. I. Evidence for the
H.K. (1991) Indomethacin inhibits the chemical carcinogen benzo-existence of a unique photoreceptor in skin and its role in
(a)pyrene but not dimethylbenz(a)anthracene from alteringphotoimmunology. J Exp Med 158, 84.
Langerhans cell distribution and morphology. Br J Dermatol11. D F E.C., N F.P., F M., B J. & K H.
124, 29.(1983) Further evidence that the photoreceptor mediating

28. N M., G N.K. & G J. (1995) The role of urocanicUV-induced systemic immune suppression is urocanic acid.
acid in UV-induced immunosuppression: recent advancesJ Invest Dermatol 80, 319.
(1992–1994). Photochem Photobiol 62, 209.12. N M., S T.J. & R A. (1989) Urocanic acid and

29. N M., MI C.R., S T.J., H S.E.M. &immunosuppression. Photochem Photobiol 50, 267.
B E. (1988) Quantification of urocanic acid isomers in13. R J.M. & U S.E. (1992) Systemic suppression of
murine skin during development and after irradiation withdelayed-type hypersensitivity by supernatants from UV-irradiated
ultraviolet B light. Photodermatology 5, 179.keratinocytes. An essential role for keratinocyte-derived IL-10.

J Immunol 149, 3865. 30. M R., M A.R. & P A.P. (1996) Histamine

© 1997 Blackwell Science Ltd, Immunology, 91, 601–608



P. H. Hart et al.608

in human epidermal cells is induced by ultraviolet light injury. 33. G J.S. (1991) Are prostaglandins proinflammatory, anti-
inflammatory, both or neither? J Rheumatol 18 (suppl 28 ), 26.J Invest Dermatol 106, 785.

31. W J.J. & K A. (1995) Abrogation of contact hyper- 34.   P K T.C.T.M., B L.C.M., S R.J.T.,

W J. & A L.A. (1995) Prostaglandin E2 is asensitivity in mice by topically-applied mast cell degranulating
agents. J Invest Dermatol 104, 679 (abstt). potent inhibitor of human interleukin 12 production. J Exp Med

181, 775.32. M H. (1985 ) Photochemistry and photobiology of
urocanic acid. Photodermatology 2, 158.

© 1997 Blackwell Science Ltd, Immunology, 91, 601–608


