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Exposure to mid-range ultraviolet radiation (UVR) 

~ [280 -320 nm, ultraviolet B (UVB) radiation] inhibits 
the acquisition of delayed-type hypersensitivity in 
nllce and contact hypersensitivity in rodents and 

( hUDlans. Intraperitoneal administration of interleu
kin 10 (IL-10) inhibits the sensitization of mice to 
alloantigens for a delayed-type hypersensitivity reac
tion and administration of neutralizing antibodies to 
IL-l0 largely, but not totally, blocks the UVR-medi
ated suppression of the ability to sensitize mice. This 

J suggests that these inhibitory effects of UVB radia
f tion may be mediated by release ofIL-10. To test this 
I hypothesis directly, IL-10 gene-targeted (IL-10T) 
, mice lacking expression of IL-10 were examined for 

the ability of UVB radiation to suppress induction of 
delayed-type hypersensitivity to alloantigens. IL-10T 

E
xposure of mice to relatively large d oses of mid-range 
ultraviole t radiation (UVR) [ultrav io let B (UVB), 280 -
320 nm] inhibits the acquisition of contact hypersensi
tivity (CHS) by applicatio n of haptens to nonirradiated 
sites as well as the indu ction of delayed-type hypersen

( SlClV1ty (DTH) by inj ection of allogen eic cells subcutaneously 
(Ullrich, 1986; M o ledijk et aI, 1987). The magnitude of suppression 

( of DTH indu ction was found to reach its maximul1l 4 dafter UVR 
and lasted 3 wk (Mo ledijk et aI , 1987). T hese o bserva tions have ! been interpreted as suggesting that UVB-medi ated immunosup
pression p lays a role in the development of cutaneous malignancies 
by c hronic UVB exposure . It has al so been dem onstrated that 
humans can be suppressed for induction of CHS responses , at least 
loc ally, by UVB radiation (Yoshikawa et aI, 1990). Interestin gly, 
there is som e evidence that the ability of humans to be suppressed 

, in trus manner is heterogeneous and that individu als m ore suscep
tible to such immun os uppression are at g reater ri sk for develop
ment of skin can cer (Yoshibwa e/ aI, 1990) . 

The mechanisms by which UVB irrad iation causes immunosup
( pression are under intense investigation. Eviden ce exists both for 
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mice were completely resistant to UVB-induced im
munosuppression in this system .. Interestingly, UVB 
radiation could suppress in IL-10T mice the induc
tion of contact hypersensitivity to a hapten applied 
to the skin at a site distant of irradiation, supporting 
the concept that regulation pathways of delayed-type 
hypersensitivity and contact hypersensitivity re
sponses by UVR differ. These data provide additional 
understanding of the mechanisms of immunosup
pression induced by UVR and suggest that IL-10 
release subsequent to UVB radiation may playa role 
in the growth of immunogenic UVB-induced cutane
ous malignancies in the primary host. K ey words: 
im III 11110 fogy I de f aJled - type irypeJ'sell s itillity I COli ta ct "ypel'sell
sitillity. ] I,,,,est Dermatof 107:553-557, 1996 

DNA and urocanic acid as photoreceptors (Tan and Stoughton, 
1969; De Fabo and Noonan , 1983 ; Wolf et aI, 1993) initiating a 
cascade of e vents resulting in the fun ctional effec ts described above. 
R ecently, it was shown that intraperitonea l administration of 
interle ukin 10 (IL-IO) to mice inhibi ts their abili ty to be sensitized 
to trinitrophenyl-coupled spleen cells for a DTH response (Sch warz 
et aI, 1994). Fur themlore, administratio n of n e utra lizing an tibodies 
to IL-I O largely, but not to tally, inhibited the abili ty of UVB 
irradiation to suppress sensitiza ti o n to all oantigens (Rivas and 
Ullrich, 1994) o r sheep erythrocytes (S .E. Ullrich , personal com
munication) in mice. Togeth er with the observation that exposure 
ofa transfonned murine keratinocyte lin e (PAM 212 cells) to UVB 
radiation results in production of biologically re levant con centra
tions of IL-1 0 (Rivas and Ullrich , 1992), these data suggest a ro le 
for IL-1 0 in UVB-induced immunosuppress ion . In o rder to directly 
address the question o f the relevance and importa nce of IL-1 0 in 
UVB-induced immunosuppress io n, we have uti lized IL-10-defi
cient, gene-targeted (IL-10T) mice. W e find that IL-1 0T mice can 
not be suppressed by UVB irrad iatio n for induction ofDTH but arc 
normally suppressed by UVB iITadiation fo r induction of C HS . 
Exa mination of serum for IL-I O from irradiated wi ld-type control 
mice revea led peak TL-10 levels at 4 d , coinciding with th e same 
time course for immunosuppression after UVB irrad iation as re
p orted previously (MoledUk et aI, 1987). Freshly explanted epider
m al cells fi'om IL-I0T mice dem onstrated enhanced presentation of 
alloan tigcn ;,/ vitro to unprimed T cclls, consi stent with a regulato ry 
role for epidermal-derived IL-I O. 
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MATERJALS AND METHODS 

Mice IL-l 0T mice were generated by IGihn el til on a CS713L/6 back
ground as previously described (Kuhn et 01, 1993) . BrieAy, codons 5-55 of 
the first exon of the murin e IL-'IO gene were replaced by a linker containing 
a termination codon and a "eo gene. Additionall y, a stop codon was I 
introduced into exon 3 by mutagenes is of the EcoRJ site. Mice heterozygous 
for this mutation were bred, and litters were typed by Southern blotting. 
Animals were housed under conventional conditions and rece ived water 
and dry food pellets ad IibilJlIII. IL-l0T mice started to develop an inAam
matory bowel disease after 8-9 wk of age. T he an imals used in the 
experiments were all age-matched litters . BALB/c and C57BL/6 mice were 
obta ined from Jackson Laboratories (Bar Harbor, M.E). 

Effects of UVB Radiation on Induction of DTH and CHS Re
sponses The most common ly used high-dose VVB radiation proced ure 
wa s employed as described elsewhere (Ullrich, 1986; Moledijk et 01, 1987, 
I~ivas and Ullrich, 1994). Groups of IL-1 OT mice, heterozygous littermates , 
and wild-type control mice were exposed to 3 X 10" joules 0) UVB 
radiation per m2 on the shaved dorsum and , 5 days later, immunized by 
subcutaneous injection of 1 0" allogeneic (BALB/c) nucleated spleen ce ll s at 
the nonirradiated abdominal site. Five days later these mice were challenged 
by injection of 107 BALBI c spleen cells in a hind footpad, and footpad 
swelling was assessed at 24 and 48 h with a micrometer (Mitutoyo, Tokyo, 
Japan) as a measure of DTH response. Groups of control mice were either 
irradiated but not immunized before ch'lIl enge or only challenged without 
prior inll11l1l1izatlol1. TillS eXperil11 c Il t was pcrfonncd tw ice. 

For studyin g the effects ofUVR on the induction ofCHS, several groups 
of IL-l OT mice were irradiated 'IS above, but their cars were protected with 
vinyl electri ca l tape (3M Electrica l Products Division, Austin, TX) . Five 
da ys after irradiation , 100 I.d of a 5'1. solution of oxazolone (4-cthoxy
methylene-2-phenyloxazolinc-S-one, Sigma C hem ical Co .. St. Louis, MO) 
in 'lcetone: corn oi l (4: 1.) were app lied to their shaved , nonirradiated 
abdomens. Five da ys after immunization, these mice and a group of 
non immunized mice (negative control) were challenged to the hapten by 
epicutaneously painting 5 I .. d of 1 'y. , oxazolone solution onto each side of 
each car. Twenty-four and 48 h later, car swelling. as a measure of CHS, 
was assessed with a micrometer as described <1bove. In another experiment, 
trinitrochlorobenzene was used as a hapten m the same experimental 
fashion w ith a similar result (data not shown). 

Serum IL-10 Levels After Irradiation To exam ine the se rum COncen
tration of IL-l 0 after uvn irradiation , C57BL/6 mice were exposed to 3 X 

10' J UVB per 111 2 on the shaved dorsum, and se rum was obta ined from 
three Tnice at various tilTIcpo in ts. Subsequentl y, this serunl was tested for 
[L-10 content with a mlL-l0 Cytoscreen ELISA-Kit (Biosource Lntema
tional , Camorillo , CA) . 

Mixed Epidermal Cell-Lymphocyte Reaction Epidermal cells were 
prepared as described (Grabbe el ai , 1994) from truncal skins of shaved and 
chemicall y depila ted (Neet, Whitehall Laboratories, New York, NY) 
[L- 'IOT and wild-type (WT) mice . Subcutaneous fat and panniculus carno
sus were removed. after which the skins were Roated dermis side down on 
0.5 U dispase per ml and 0.4 % trypsin in Ca 2 + I Mg2

+ -fi:ee phosphate
buffered sa line for 40 min at 3 rc. Epidermal sheets were co llected and 
dissociated by gentle stirring for 20 min. T he resulting epidermal ce lls (EC) 
were fi ltered through nylon gauze (Nitex , Tecto, Elmsford, NJ) and 
washed . Thy 1.2+-bearing cell s were deleted by incubation in anti-Thy 1.2 
monoclonal antibodies (Sigma C hemical Co.) for 30 min on icc, followed 
by washing and subsequent incubation in low-toxicity rabbit comple
ment (Cedariane , Hornby, O ntario . Can<1da) for 30 min at 37°C. Dead 
cell s were removed by treatment with 0.05% trypsin and 80 IJ.g DNase 
per ml in Ca 2 + I Mg2

" -free phosphate-bull'ered sa line for 5 min at rOOm 
tCl11pcrature. 

T he primary mixed epidermal ce ll-lymphocyte reaction was performed as 
described (Grabbe cI 01, 1994). BrieAy, 2 X lOs nylon-wool-enriched 
BALl3/c splenic T ce ll s were cocultured with varying numbers of freshly 
prepared EC from IL-l0T <1nd WT mice in R.PMI-1640 (Cellgro , Wash
ington, DC) supplemented with 'I .5'X, mouse serum and 5 jLg indomethacin 
per ml (Sigma C hemical Co.), and 5 X 10- 5 M 2-mercaptoethanol 
(MEUl..-medium). Ce ll s were cul tured for 6 d at 37°C in round-bottom 
96-well plates and then pulse-labeled with 1 JLCi [3H]thymidine per ml for 
24 h before harvesting. Incorporation of radioactivity was assessed by liquid 
scintillation counting to evaluate response. 

Statistical Analysis The significan ce of dill'erences among groups was 
examined by the two-tai led Student's t test for independent events. 
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RESULTS 

DTH Response to Alloantigen After High-Dose UVB Ra
diation in IL-10T Mice Is Not Suppressed In the first set of 
experiments, groups of age-matc he d IL-1 0T, h eterozygous litter
mates, and wild-type control mice were irradiate d with 3 X 10· J 
UVB radiation per m 2

. Five days la ter, th ese mice were sensitized 
to allogeneic spleen cell s at the nonirradiated abdomina l site . Five 
days after that, these mice as weU as control mice treated identically 
except not immunized were cha ll enged by injection of a llogeneic 
splee n ceUs into a hind footpad. UVB irradiation suppressed the 
induction of immunity as described in Materials alld !\IIell/Ods in 
wild-type and heterozygous animals by > 80% w hereas IL-I 0T 
mice failed to exhibit significant suppression (Fig 1). Also, the 
magnitude of the response was hig her in IL-10T mice compared 
with the control groups. 

IL-10 Serunt Levels in C57BLl6 Mice After High-Dose UV 
Irradiation Examination of serum from C57BL/6 mice exposed 
to 3 X 10'1 J UVB radiation per m 2 demonstrated a rise in IL-I 0 
content detectable by 72 h and maximal at 4 d (Fig 2). This time 
course is in agreement with reports of oth ers (Rivas and UUrich 
1994) and coincides with the maximum UVB-induce d suppression 
of the sensitization phase for DTH responses as demonstrated 
previously (Moledijk e/ 01, 1987). These investigators found maxi
mal systemic immunosuppression 4 d afte r high-dose UVB irraw
ation, which lasted 3 wk. Immunization shortl y after irradiation (2-1 
or 48 h) yie lde d normal levels of sen sitivi ty responses (Moledijk er 
aI, 1987). 

Inhibition of CHS Responses to Contact Allergen by UVR. 
in IL-10T Mice Regulation of DTH and CHS responses by 
UVR ca n b e clearly distinguished in IL-1 OT mice. For induction of 
CHS, mice were immunized 5 days after UVB irrad iation by 
painting hapten epicutan eously on the nonirradiated abdornen. 
Control mice were treated identically but were not irradiated. Five 
days later these mi ce were ch allenged. Unlike the situation widl 
DTH responses, UVB radiation significantly and substantially 
inhibited the induction of CHS in IL-I0T mice (Fig 3). These 
results support previous data suggesting that tbe regulation ofDTH 
and CHS b y UVR is mediated by difFerent cytokine signals (Kim er 
aI, 1990; Yoshjkawa ct aI, 1990; Rjvas and Ullrich, 1994). CH 
responses were hi gh er in IL-10T mice in some experiments, a 
previously o b served (Berg el ai, 1995), but were lower in others 
(such as th e one shown in Fig 3). Experime nts a re underway to 
determine whether this variance depends on t he age of [he nuce, 
the d egree of inflammatory bowel disease present or, perhaps, the 
h apten employed . 

Enhanced Mixed Epiderntal Cell-Lyntphocyte Re;lction 
with EC front IL-10T Contpared to EC front Wild-Type 
Mice In o rde r to investigate th e relevance of epidermal cell
derived IL-10 to an ill lIitro system , we explored the abi li ty ofEC to 
present alloantigcn in the mixed epidermal cell-lymph ocyte reac
tion. As shown in Fig 4, a greater response was seen with 
stimu latio n by IL-I0T epiderma l cells compared to the wild-type 
epidermal cells, co nsistent w ith an immL1noregulatory role for 
epiderma l-derive d IL-I0 . 

DISCUSSION 

T h e finding that the induction of DTH in IL-IOT mice cannot be 
suppressed by exposure to UVB J'adiation provides definitive 
evidence that IL-10 is a necessary mediator of UVB-induced 
suppression of the induction ofDTH. In con cert with the evidence 
that IL-1 0 inhibits the g ranulocyte-macrop hage colony stimulating 
r.1ctor-induced ability of epidermal antigen-presenting cells (Lang
erhans cell s) to efFectively present tumor-assoc iate d antigens for 
indu ction of anti-tumor im111111uty (Beissert et 01 , 1995), these data 
suggest that IL-I0 might play an important role in the induction of 
ski n tumors in chronica lly UVB-exposed recipients. 

T hese resu lts confirm the findings of Rivas and Ullrich (1994). 
who used administration of ne utl'alizing antisera to IL-I0 to 
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Figure 1. Exposure to UVB radiation systemically inhibits the induction of DTH to alloantigens in WT but not IL-l0T mice. WT, 
heterozygous littennate . and I L-I OT Illice were exposed to 3 X '1 0" J UVB radiation per 111 2 or not irradiated as indicated. Five da ys later. indicated groups 
were immunized to alloa ntigen by inj ection of I X 10" nucleated spleen cells fi:om BALB/c mice. Five days later alllllice were challenged at a hind footpad 
with 1 X 107 nucleated spleen ce lls (i'om BALl3/c mice. Footpad swelling was assessed 24 h later as the difFerence in thickness between the injected and 
noninjected footpad as a measure of DTH response to alloaJltigcn. WT and heterozygote littermates showed highly significant suppression of the induction 
of DTH compared with non irradiated controls (p < 0.0 1 for UVB group versuS control group for both WT and heterozygous mice). IL-l 0T mice f.1 iled to 
exhibit suppress ion after UVI3 irradiation. Noninnllullized Illice served as negative control s. n = 4 for all groups. Em,r han'. mcan ::': SEM. 

demonstrate its ro le in U VB-induced suppression of the indu ction 
of DTH. The use o f gene-targeted mice defi c ient in a sin gle 
cytolcine allowed for confirmatio n of these findin gs in a we ll 
defined , d efinitive system. 

C hronica lly UVB-irradiated mice de velop highl y immunogenic 
cutaneous m alignan cies that regress upon transfer to syngeneic 
recipients (Kripke, 1990 ; reviewed in Grabbe and Granstein , 1994) . 
The d evelopment and growth of these tumors in the primary host 
depend o n the d eve lopment of specific downregulatory m ech a
nisms including th e appearance o f spleni c T suppressor cells that arc 
capable of preventin g th e un111une-mediated rejection of the tumor 
(Fisher and Kripke, 1982). The clll'rent data suggest that release of 
IL-I0 subsequ ent to UVB radiation migh t playa ro le in n o n-
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Figure 2. Serum IL-tO levels r ise after UVB radiation exposure. 
C57BL/6 mice wcrc irradiated with 3 X 10" J / m 2 at the shaved dorsum. At 
various ti lTIC points , serllnl \vas harves te d fronl three 111ice and IL-"I 0 content 
was measured with an cnzyme-linked immunosorben t assay. Symbols indi
cate three independent IllcaS llrCll1Cl1ts at celeh tinlcpoinc. 

recogllltlOn of these tumors. In addition, it ha s recentl y been 
reported tha t SOm e skin can cer cell lines, including m elan oma lin es 
(C hen el ai, 1994) and ba sal cell and squamous ce ll carcinomas (Kim 
el ai, 1995), produce lL- 10; such productio n m ay represent a 
m echanism by which these tumors can locally inhibit antigen 
presentation to escap e immune recognition . 

The qu estions remain , however , as to how photons initia te the 
production and secretion ofIL-l 0 and what is the target cell. Since 
UVB radiatio n is a lmost entirely absorbed within the epidermis 
(Everett el ai, 1965) and keratinocytes have been shown ill IIilro to 

produce both lL-10 mRNA and p1'Ote in upon exposure (Enk and 
Katz, 1992; Rivas and U llrich , 1992), they arc a like ly source of 
lL-10. Exposure to UVR. an9 other DNA-damaging agents triggers 
a cascade of events that leads to what has been called the "UV 
response," which may serve to protect cells from damage. Among 
the ea rliest mammali an UV responses is th e activation of Src 
tyrosine kinases, which then activates Ha-Ras and R af-1 (Oevary l'f 

ai, 1992). Activation of Ras protein stimulates cytoplasmic protein 
kinases , which lead to increased AP-l ac tivity (Oevary el ai , 1992; 
Engelberg ef ai, 1994) , and induce nuclea r translocation of N FKB 
(Oevary ef ai, 1993). T h e expression of both AP-l comple x 
compo n ents c-jllll and c-:fos are enh anced , and c-Jun is modified 
post-translationally (Radler-Pohl ef ai , 1993 ) . T he expression of 
several cytokines is modulated by AP-1 or NFKB, which would link 
their transcriptio nal regu latio n to a UVR-indu cibl e pathway. Cy
tolcines including tumor necrosis facto r-a (Kock ef ai, 1990) and 
IL-10 (R.ivas and Ullrich, 1992) have been shown to be UV
inducible and able to suppress cel lular immune responses in som e 
experimental sys tem s. Surprisingly, the abil ity of UVR to ac tivate 
this pathway is independent of ON A damage (Oevary er ai, 1993). 

An intri guing qu es tion is why evolution would have selected for 
m echanisms ofimll1unosuppression by UVR. Inductio n of sup pres
sive cytokines by UVR may hypothe ti cally serve to inhibit the 
development of autoimmune responses to nove l m o lecular struc
tures crea ted by photo-rearrangeme nt, such as cross-link formation , 
photoiso m erization , or release of "hidden" an tigens. In human skin 
following UV injury , macroph ages w ith A PC ability infiltrated the 
epidermis (Cooper eI ai, 1985). Those macrophages were found to 
stimulate auto logous suppressor indu cer T ce ll s (Baadsgaard ci ai, 
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Figure 3. Exposure to UVB radiation systemically inhibits t he induction of CHS to oxazolone in WT and IL-l0T mice. WT (a) and lL- lOT 
(b) mice were exposed to 3 X 10" J UVI3 radiation per m 2 as indicated in Pallel a. Prio r to UVR exposure, ears of all mice were covered with e lectrical tape. 
Five days later, indicated g ro ups were immunized to oxazolone by painting S'X, oxazolone (in acetonc:corn oil, 4:1) o nto the shaved nonirradiated abdomen. 
Five days after immunization , all mice were challenged w ith 1 % oxazolone, and ear swelling was assessed 24 h later as a measure of C I-IS response. Both 
W T and IL-IOT mice exposed to UVB radiation demonstrated hjghl y significant suppression of the induction ofCHS compared w ith nonirradiated controls 
(p < 0 .03 for UVB gro up lIerSIIS positive control group fo r bo th WT and IL-I 0T mice). N egative control groups were not immunized or irradiated . n = -I 
for all groups except negative contro l, n = 3. Error bars, mean ± SEM. 

1988) . Multiple pathways for UV-induced immunosuppression 
appear to have been created in the course of evolutio n to provide 
organismic protection against th e bio logic consequences of high
dose UVR. 
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Figure 4. Epid ermal cells from IL-l0T mice a re more effective at 
stimulating unprimed allogeneic T cells than WT control epider
mal cells . Epidermal ce ll s [stimulators (S)] were prepared from W T and 
IL-l OT mice and mixed at va rio us concentra tions w ith nylon-wool-purified 
BALB/c splenic T cell s as re sponders (R) for 6 d . Subsequently , [3H]thy_ 
midine was added to cul ture wells, and 24 h later incorporation of 
radioactivity w as 111easure d . E rror bars, 111can ::t SEM . 
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