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Abstract 

Exposure to UV light has, besides some beneficial effects ( vitamin D production ), many harmful effects on human health. UVB irradiation 
has been shown to suppress both systemic and local inmmne responses to a variety of antigens, including some microorganisms. However, it 
is still not known whether such immunomodulating effects may lead to an increase in the number and severity of certain turnouts and/or 
infections in humans. We report herein the data provided by a prt~ject that was funded by the European Union (Programme Environment), 
and that was aimed at the estimation of the risk associated with increased UVB exposure due to ozone depletion regarding the deleterious 
effects on the immune system and related resistance to tumours and infections in humans. The data, obtained by the different research groups 
inw~lved, were assembled and used to calculate for the first time a risk assessment for increased environmental exposure to UVB in human 
subjects. ~g? 1998 Elsevier Science S.A. All rights reserved. 

Kevwordx: Uhraviolet light: hnmunosuppression: Photocurcinogcne>is; hlfections: I'rocanic acid: I)NA damage 

1. Introduction and aim nf the stud)' 

Much attention has focused recently on the decrease in the 

upper atmosphere of the ozone layer which serves as a pro- 

tective shield against ultraviolet (UV) light reaching the 

earth's surface. Exposure to UV light, especially UVB ( 280- 

315 nm), has many harmful effects on animal and human 

health. Two decades ago it was demonstrated that the induc- 

tion of skin turnouts by chronic UVB exposure was due to a 

combination of the genoloxic (mutagenic) effects together 

with a decrease in immune surveillance against the tumour 

cells. Since then, UVB irradiation has been shown to suppress 

both systemic and local immune responses to a variety of 

antigens, including several microorganisms. It is not known 

at the present time whether such effects may lead to an 
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increase in the number of cases oftumours and/or  the severity 

of infectious diseases in humans and such informatkm is 

difficult to obtain except by large-scale retrospective epide- 

miok)gical studies, made even more complex by the inability 

to quantitate past exposure to sunlight. However. our 

approach has been to consider a variety of systems in rodent 

models and then, from the data generated, to develop a math- 

ematical model allowing an estimate to be made of the effect 

of increased environmental UVB exposure on immunity to 

one systemic bacterial infection in human subjects. 

In the present review, these systems, which li)rmed the 

basis of a recent EC-funded collaboratkm, are outlined. In 

the first place, the cutaneous chromophores for UV radiation, 

urocanic acid (UCA)  and DNA, suggested as initiators of 

the changes leading to immunomodulation, were investi- 

gated. Secondly, the effects of UVB exposure on the skin and 

basal immune parameters in mice. rats and human subjects 

were ewtluated, including studies of non-melanoma skin can- 
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cers in mice and humans. Thirdly, several rodent models of 
infectious diseases, some using microorganisms that were 
skin associated and others that were systemic, were devel- 
oped, and the effect of UV exposure on specific immune 
responses determined in each case. The data obtained from 
these approaches were then assembled and used to calculate 
for the first time a risk assessment tk~r increased environmen- 
tal exposure to UVB in human subjects. 

Throughout the studies the output from the sources of 
broadband UVB radiation was measured with UVX radi- 
ometers fitted with a UVX31 detector (UVL Products Inc., 
UK).  These had been calibrated centrally against spectrora- 
diometers, thus allowing valid comparisons regarding UVB 
dosimetry to be made between the results obtained by one 
group and another. 

2. Chromophores for UV-induced immunosuppression 

2.1. Urocanic acid (UCA) 

UCA (4-imidazoleacrylic acid) is formed in the upper 
layers of mammalian epidermis as the wans-isomer. On UV 
irradiation it converts to the cis-isomer in a dose-dependent 
manner until an equilibrium is reached when cis-UCA com- 
prises about 30-70% of the total UCA. In 1983 De Fabo and 
Noonan [ 1] proposed that UCA could act as a major chro- 
mophore for UV radiation in the skin and so initiate a chain 
of events leading to immunosuppression. They constructed 
an action spectrum (wavelength dependence) for the inhi- 
bition of  contact hypersensitivity (CH) in mice. This peaked 
at 270 nm with a 10-fold decreased effect at 315 nm, and 
closely matched the in vitro absorption spectrum of UCA. if 
the stratum corneum was stripped from the animals before 
UV exposure, no suppression in CH resulted. Since then 
many investigations have sought to substantiate the role of 
UCA in UV-induced immunosuppression and these were 
reviewed most recently by Norval et al. [ 2 ]. 

At a particular wavelength the degree of trans-to-cis-UCA 

photoisomerization is dependent on two factors: (a) the 
absorption of t rans-UCA and (b)  the quantum yield 
(q S, ,~ =probabi l i ty  of trans-to-cis isomerization occurring 
after the absorption of one photon of radiation ). For many 
photochemical reactions, values are constant across different 
wavelengths. If this is the case, the action spectrum for the 
photochemical reaction is solely dependent on the absorption 
spectrum of the initial molecule. However, work by Morrison 
et al. 131 showed that the in vitro <b t ~ for UCA was wave- 
length dependent with &, ~ at 270 nm being almost 10 times 
lower than at 313 nm. Thus, although the trans-UCA absorp- 
tion spectrum peaks at 270 nm and tails off into the UVA 11 
(320-340 rim), the quantum yields are increasing over the 
same spectral range. If &, ,~. values are wavelength depend- 
ent, it is probable that the action spectrum fl)r the reaction 
would not match the absorption spectrum of trans-UCA in 
vitro. To test this hypothesis, aqueous solutions ( 6 mM and 

15 txM) of trans-UCA were irradiated with narrow half- 
bandwidth ( 3 nm) radiation from a monochromator, and cis- 

UCA production analysed using high-performance liquid 
chromatography (HPI,C)  [ 4,5 ]. The slopes of the UV dose 
response curves at each waveband were used to construct an 
action spectrum for ci.s-UCA production. The resulting 
curves showed that this action spectrum was highly depend- 
ent on the initial t rans-UCA concentration. The action spec- 
trmn at 6 mM peaked at 310-315 nm but was artificially 
biased towards higher wavelengths because of the opacity of 
the UCA solutions at 270 300 nm [41. A more accurate 
estimation of the wavelength dependence Ik~r cis-UCA pro- 
duction was made at 15 gM and was lound to peak at 280 
nm, as shown in Fig. 1 [5].  

To demonstrate the action spectrum for trans-to-cis 

photoisomerization in vivo, outbred Skh-I hairless albino 
mice were anaesthetized and were irradiated with narrow 
half-bandwidth radiation. UCA was extracted from skin sam- 
pies and isomers monitored by HPLC. Data analysis and 
construction of the action spectrmn were as described tor the 
in vitro studies above. The resulting action spectrum peaked 
at 310-315 nm ( Fig. I) 141. 

Thus the action spectra for cis-UCA production in vitro 
( 15 IxM) and in mouse skin in vivo peak at 280 and 310-  
315 nm, respectively. Both of these spectra are red-shifted 
compared with the absorption peak of  UCA at 268 rim. The 
original proposal that UCA might be a unique chromophore 
for UV suppression of CH was largely based on the similarity 
between the action spectrum for this effect and the absorption 
spectrum of trans-UCA and assumed that the absorption of 
t rans-UCA also reflected the action spectrum tk)r its photo- 
isomerization [ I ]. Our data do not support this assumption 
( Fig. 1 ). The marked deviation of  the in viw) action spectra 
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Fig.  1. A b s o r p t i o n  s p e c t r u m  o f  t r a n s - U C A  in vi t ro,  and  ac t ion  spec t r a  fo r  

p r o d u c t i o n  o f  c i s - U C A  ( 15 txg m l - -  ~) in v i t ro  and  in m o u s e  skin  in vivo.  

All  spec t r a  n o r m a l i z e d  at their  o w n  pcaks .  



J. Gar.s.~en et aL /,hmrmtl o/Phowchemi~tt 3' aml Pholohiolo~,v B: Biolog)' 42 (1~98) 167 / 7t) 169 

for production of cis-UCA and the reported action spectra lkw 
inhibition of CH suggests that the proposal that UCA is a 
unique chromophore and mediator of UV suppression of CH 
may be an oversimplification. There is much evidence thai 
cis-UCA has immunosuppressive properties that mimic the 
effects of UV radiation [ 2 1 and therefore UCA should prob- 
ably still be considered as one of several chromophores 
that may contribute to the complex processes of UV 

immunosuppression. 
In human subjects, out studies showed that UCA isomer- 

ization occurs in the epidermis after irradiation with either 
broadband ( TL 12 ) or narrowband (TL01 ) U V B photother- 
apy sources 1 6 ]. Exposure to the combination of psoralens 
and UVA radiation during PUVA photochemotherapy for 
psoriasis also resulted in UCA photoisome,ization [ 7 ]. How- 
ever, in vitro studies suggest that it is probably the very small 
amount of UVB radiation emitted by the so-called UVA flu- 
orescent sources used in PUVA that is active in UCA isom- 
erization rather than any 8-MOP photosensititization. As 
8-MOP photosensitization is crucial to both the therapeutic 
and immunosuppressive eflects of PUVA, it is highly doubl- 
ful that UCA has any role in these PUVA effects [81. The 
action spectrum for UCA photoisomerization in human skin 
is yet to be reported. We have found that the peak of the 
absorption spectrum of UCA when in contact with isolated 
human stratmn corneum shills from 270 to about 290 mn 1 5 I 
and there is an early indication from our in viw) studies that, 
like the mouse action spectrum described above, the human 
action spectrum may also be red-shifted compared to the 

trans-UCA absorption spectrum in vitw. 
In Italian volunteers of skin type Ill to V, the total content 

of UCA and percentage of cis-UCA have been investigated 

in two different sites, one exposed ( forearm ) and one unex- 
posed (buttocks) to natural sunlight throughout the year ( C. 
De Simone and D. Cerimele, unpublished), The total UCA 
content decreased in June and then increased in September, 
to reach the max±reran value in March, in both the photoex- 

posed and non-photoexposed areas (Table l) .  The percent- 
age of cis-UCA was higher in the exposed body site than in 
the unexposed one at all the times investigated. In the exposed 

areas the content of cis-UCA had a minimum value in March, 
which increased in June, then decreased in September. The 
inter-subject variation in UCA content was high and this was 
confirmed in another study using a cohort of subjects in Scot- 

land, in which the UCA isomer concentration at 10 body sites 
was analysed [ 9]. 

Up t i l l  now, most experimental systems to test the i,nmuno- 

suppressive effects of cis-UCA have been developed in the 
mouse. Comparative studies were therefore undertaken to 
examine its properties in rats, [irst by UCA analysis of skin 
samples, and secondly by measuring its effects in ~iw) (J. 
Garssen and H. Van Loveren. unpublished resuhs). It was 
demonstrated that l n m s - U C A  could be isomerized by a single 
exposure of rats to UVB radiation. Isomerization was greater 
in the ears than in the dorsal skin. The highest percentage of 
cis-UCA was found in the ears and was approximately 30-  
4()~;'~ of the total amount of UCA. which is comparable to 
other species. The total UCA conccntration was not affected 
by UVB exposure. Analysis of the dorsal skin from experi- 
ments in which rats were exposed daily to UVB radiation of 
between 0.125 and 0.5 minimum erythema dose (MEI)) for 
periods ranging fi+om three to 42 days demonsmtted a low 
percentage ( i.e., < 10% ) of cis4 iCA. Thus there is the pos- 
sibility that some kind of adaptation may occur with respect 
to UCA isomerization as a result of frequent UV irradiation, 
although this suggestion is not substantiated by the analysis 
noted above of UCA isomers in human subjects exposed to 
natural sunlight during the summer months [ 91. 

Rats were injected subcutaneously with lrans- or cis-UCA 
(50-200 Ixg) three times a week for at period of four weeks. 
Subsequently they were examined for changes in various 
immune parameters. Their body weight and the weight of 
lymphoid organs were unchanged. In the thymus an increase 

in cortical apoptosis was demonstrated in the cis-UCA+ 
injected groups compared with the control groups. The in 
vitro proliferation of splenocytes induced by the mitogens 

concanawdm A ( Con A ), phytohaemagglutinin ( PttA ) and 
pokeweed mitogen was not atlSected by the cis-  or mms-UCA 

treatment. In addition, the mixed lymphocyte reaction 
( MI, R) was not altered. Thus no evidence was obtained to 
indicate that ci.s-UCA adnfinistered subcutaneously modu- 
lates these particular itmTmne responses in the rat. 

However. in contrast to these results, cis-UCA had signif- 
icant activity in at model of T r i c h i n e l l a  ,v)irali.+ infection in 

the rat (J. Garssen and H. Van I,overen, unpublished). As 
described in Section 6.2 below, UV exposure lowers resis- 
tance to oral infection with this worm. Similarly, if rats were 

injected subcutaneously with cis-I, JCA three times a week for 
four weeks starting one week before oral T. sp i ra l i s  infection, 

the delayed-type hypersensitivity ! DTH ) to Trichi tu ' lh¢ anti- 
gen was significantly impaired ( Fig. 2 ). Tram-UCA did not 
have this effect. In addition, the number o f  T. ,v~iralis worms 

Table l 
Urocanic acid ( UCA ) content and percentage as cis-tJCA in the skin of hcahhy w~lunteers ( ~t = 15 ) throughout the year 

Photoexposed site 

UCA (nM/cm'i I +S.D.I % ~is UCA ( _+ S.D.) 

Non pholoexposed site 

UCA ( nM/cm'~ { ± S.D.I 9/- cis-UCA ( + S.D. ) 

March 7.11 __2.74 13.51 +25.15 9.68±6.60 t).4(t+ 0.57 
June 4.81 ± 1,88 41.1)5.+_22.17 4.84 ~ 2.72 15.90± 13.41) 
September 6.30 ± 2.15 22. I0 _+ 103,~7 6.12 + 3.51) 11.57 + 0.35 
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isolated l'rom the carcasses 45 days after infection was sig- 
nificantly increased in the cix-UCA-treated animals only 
(Fig. 3). This is a particularly interesting finding, as T. sp i r -  

a l i s  induces a systemic infection, the larvae spreading from 
the gut to muscle tissues, and is not skin associatcd. The 
cellular immune response is strictly T-cell dependent. Thus 
cis-UCA, formed by photoisomerization in the epidermis, 
appears to be capable of initiating a cascade of responses 
which then lead to the suppression of specific systemic 
immunity. 

"~ "~ D N A  ~ . , a .  

UV radiation is absorbed in the skin, especially in the 
epidermis. After exposure, the number of major histocom- 
patibility complex (MHC)  class 11+, ATPase + Langerhans 
cells and Thy-1 ' dendritic epidermal cells (DETC) in the 
epidermis of rodents decreases. Whether this decreasc is duc 
to migration of  these cells or to loss of membrane markers is 
not clear. To address this question, the monoclonal antibody 

H3 I I0] directed against cyclobutyl thymine dimers - -  a 
loNn of DNA damage that is specifically induced by UV 
radiation was used to investigate whether H3 + cells are 
present in the draining lymph nodes of  the skin following UV 
exposure of hairless, inbred mice ( H R A / S k h )  J I I I. Af le ra  
single dose of UV irradiation of mice, H3 ~ cells were 
detected in the paracortex el: the draining lymph nodes. No 
positive cells were found in the blood of UV-exposed mice. 
These resuhs suggest lhal [ t 3  cells in the lymph nodes 
originate from the skin. The 13umber of H3 '  cells in the 
draining lymph nodes increased in the first 24 h after irradi- 
ation and then stabilized. Immunohistochemical double slain- 
ing revealed that all t]3 ~ cells (i.e., cells with thymine 
dimers) were MHC class 11 +, and that only a fraction of the 
cells were NLDC-145 positive, i.e., cells with a dendritic 
morphology. No Vy3 T-cell-receptor-bearing cclls, i.e., cells 
that might be simihu io dendritic epidermal T cells, could be 
found in the lymph nodes after UV irradiation of the skin. 

From the above and other published work ( for example, 
Refs. [ 12-14J ) it is clear that both DNA dan]age and UCA 
isomerization are involved in UVB-induced immunosup- 
pression. It is possible that UCA isomers may interact with 
DNA or bind to DNA or that both photoreceptors may act 
independently. We have not found any indication of binding 
of cis-UCA to DNA. The rclalive importance of both photo- 
receptors may depend on the wavelength and dose of UV 
radiation, the antigen inw/lved and its route of administration, 
in addition to the species sttidied. 

3. Pr imary skin effects induced by UV exposure  

3. 1. E[ lbc ts  in m u r i n e  .vkin 

Ahhough broadband UVB irradiation has been shown to 
induce selective immunosuppression in a variety of experi- 
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mental systems, the wavelength dependence of the immuno- 
modulation and the primary events in the skin remain unclear. 
In one study [ 15 ] three UV lamps were used at suberythemal 
doses to determine their relative local effect in the skin of 
C3H/HeN mice. The lamps were a conventional broadband 
UVB source (270-350 nm, Philips TLI2) .  a narrowband 
UVB source ( 3 11-312 nm, Philips TL01 ) and a UVA source 
(320~100 nm).  Their effect on the photoisomerization of 
zrans-to-cis-UCA, on the density of Langerhans cells and on 
the ability of epidermal cells to stimulate autologous lym- 
phocytes in the mixed skin lymphocyte reaction (MSLR)  
was ascertained. Broadband UVB irradiation was more effi- 
cient than narrowband UVB at reducing the density and func- 
tion of Langerhans cells, while UVA irradiation was least 
effective. These changes were most pronounced immediately 
following irradiation, were dose dependent and were only 
detected in UV-exposed areas of the skin. There was a close 
correlation between the UV-induced reduction in Langerhans 
cell density and the formation of cix-UCA in the epidermis. 
Such a correlation was not detected between the reduction in 
the MSLR response following UV irradiation in vivo and ci.s- 
UCA formation. Thus cis-UCA plays a role as a photorecep- 
tor and mediator of some, but not all, of the local effects of 
UV on the cutaneous immune system. 

In a second study, the effects of chronic and acute irradi- 
ation with the narrowband UVB (TL01) lamp and broadband 
UVB ( TL 12) lamp on various parameters in the skin of mice 
were compared [ 16]. C3H mice were irradiated three times 
a week for up to six weeks with either 500 or 1000 J m +, 
broadband UVB, or 3000 J m " +' narrowband UVB. Each dose 
was suberythemal. The number of Langerhans cells in the 
epidermis was reduced by over 50c/, after two weeks of irra- 
diation with the TLI2  source and by 20~,;~ Following TIJ)I 
irradiation. Continued irradiation for up to six weeks resuhed 
in no further decrease in Langerhans cell numbers in the case 
of the TL 12 source but a steady decline to 40+/+: in the case of 
the TL01 source. Sunburn cells were detected following irra- 
diation with both sources, but the numbers were very low in 
comparison with acute exposure. TLI2  exposure resulted in 
a doubling o f  the thickness o f  the epidermis throughout the 
six weeks of irradiation, while TI+01 exposure did not ahet  
epidermal thickness. The epidermal concentration of ci.~- 
UCA started to decline to unirradiated values after four weeks 
of TL01 exposure, despite continued irradiation. As observed 
following a single exposure, the CH response was signifi- 
candy reduced after six weeks of UVB irradiation but was 

not affected by TL01 exposure, indicating no correlation 
between uis-UCA levels and CH responses. Total serum 
immunoglobulin levels remained unchanged throughout the 
six weeks of TLI2  or TL01 in'adiation, but lgE titres signi f- 
icantly increased in all cases in the first two weeks of irradi- 
ation, indicating a possible shift to a T helper 2 (Th2) 
cytokine profile. IgE levels started to return to normal at later 
times. Thus chronic broadband UVB exposure induces a 
number of cutaneous and systemic responses which are likely 
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to be dose dependent, while chronic TL01 exposure induces 
only some of these responses. 

3.2. Coml?arixon qt'~[/~'ct,s in the skin q / d ~ , r e n l  specie,s 

Rats and mice were exposed to UVB radiation daily for 
five consecutive days using two diflerent broadband UVB 
sources, the Kromayer (on four small areas of the shaved 
flank ) and the FS40 ( on the shaved back) lamps [ 17 ]. The 
emission spectra of these hnnps are given in Fig. 4. 

Human volunteers werc similarly exposed, but to the Kro- 
mayer lamp only, on discrete areas of  their backs. The advan- 
tage of using the Kromayer ( handheld ) lamp is thai it is very 
easy to expose volunteers locally (e.g., 2 cm -+ exposure 
spots). After irradiation, acauthosis, hyperkeratosis, inflam- 
mation and sunburn cells were observed in a dose-dependent 
fashion in the three species tested. The number of MHC class 
I I '  cells was lower in the epidermis due to a depletion of 
Langerhans cells. The inflamn3atory response in all three 
species was characterized by inliltration of MHC class 1I 
monocytes /macrophages  and T cells. The L+VB-induced 
influx of MHC class I! ~ macrophages in the dermis, and 
sometimes the epidermis, was positively correlated with the 
increased expression of intercellular adhesion molecule-I 
( ICAM- I ) and lymphocyte-funclion-associated antigen- I 
( I+FA- I ) in these layers. The inlerspecies variation for the in 
vivo UVB-induced effects in the skin was modest. There was 
a relatively large variation between different fiununl volun- 
teers (intraspecies) for the UVB-induced effects. 

4. UVB and immune functions 

The effects of UVB on several different specific and non- 
specific immune parameters were investigated in mice, rats 
and human subjects. Comparisons could then be made 
between the responses in the different species to determine 
whether the data obtained in rodent models were applicable 
to humans. 

4.1. k,7[lk'u~,~' on I?,,sul i , ,mme. /m, ' t io , , s  it; ,rice 

Both CH and DTH responses are suppressed by, UV irra- 
diation prior to exposure to the antigen. Two types of antigen- 
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specilic T cells are needed for the elicitation of CH [18 ]. 
They act in an obligate sequence to mediate the early initiating 
and late effector phases of CH, which are accompanied by 
skin-swelling responses at 2 and 24 h after challenge, rcspec- 
tively. The magnitude of the late ear swelling depends on that 
of the early swelling. 

The influence of UV radiation on both phases of CH to 
picryl chloride was studied 119]. Mice were exposed to stlb- 
erythemal doses on the shaved backs for four consecutive 
days and were sensitized on non-inadialed skin four days 
later. Four days after that, they were challenged on the ears, 
and swelling was measured 2, 4 and 24 h after challenge. 
Both lhe early and late phases of CH were signilicantly sup- 
pressed m UV-irradiated. sensitized mice ( Fig. 5( a ) !. Trans- 
fer of immune lymphoid cells from donor mice thai were 
sensitized four days previously induced the early and late 
components of CH in naive recipients after challenge. Trans- 
fer of immune lymphoid cells from donors that were sensi- 
tized one day previously reduced the early componen! of CH 
only. {IV in'adiation of donor mice signilicantly reduced lhe 
capacity of the immune lymphoid cells to induce both phases 
of CH. 

DTH responses in mice can also be suppressed by UVB 
exposure. This was shown in a murme model of  HSV infec- 

tion 1201, and, as for CH, the suppression could be transferred 
with splenic T cells to recipient mice ah'eady infected with 
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car challenge} to picryl chloride in UV-exposcd animals CUV) and ram- 
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hn'e.~'t, l)erm. ). { b) Dehycd-typc hyl~ersensiti\ ily response t, hcrpc~ sitn 
plex virus in UV-irradiatcd, cis-tJCA-trcated and conu-ol mice. 

HSV. The early swelling response on elicitation of  DTH to 
HSV is at 1 h after challenge. UV irradiation prior to primary 
infection with the virus suppressed both the early and the late 
response at 24 h ( Fig. 5( b ) ). Additionally,  it was found that 
epicutaneous treatment of mice with cis-UCA before HSV 
infection suppressed both phases of the DTH response [ 21 I. 

4.2. E-/lk'cls on basal mmmne. / imct ions  in rats 

After exposure of rats to suberythemal doses of UVB radi- 
ation (FS40)  daily Ii)1" seven days, ranging fi'om O. 125 to 0.5 
MED, there was dose-dependent impairment of basal 
immune functions, such as the MI,R and natural killer (NK)  
cell activity of splenocytes 1 22 ]. In contrast, lymphoproli-  
ferative responses to the mitogens Con A, PHA and pokeweed 
mitogen were enhanced, hnmunoglobulin titres were not 
altered by the irradiation, except for a significant decrease in 
IgE serum titre after three days of UVB exposure. Analysis 
of subsets of lymphocytes in the spleen, using llow cytometry, 
indicated that the suppression of NK and MLR activity was 
not due to a change in the number of T lymphocytes or to a 
change in CD4 ' /CD8 ' ratio in the spleen. After more pro- 
longed exposure io UVB radiation, the activity of lympho- 
cytcs, as tested in NK and MLR assays, returned to control 
levels, indicating some form of protective adaptation, such 
as epidermal thickening or pigmentation. 

4.3. E[lecls oll basal i m m m m  f imct ions  in man 

Several investigations of imnmne function in patients with 
psoriasis undergoing phototherapy or chemophototherapy, 
and in normal subjects undergoing phototherapy were under- 
taken. Initially, psoriatics were shown to have percentages of 
subsets of circulating peripheral blood mononuclear cells 
(PBMC) ,  complement components and immunoglohulin 
isotypes within normal ranges and their NK cell activity was 
also normal. The epidermis contained approximately three 
times the quantity {if total I_CA per unit area of normal sub- 
jeers, perhaps relleciing the abnormal thickening that occurs 
in psoriasis, even in uninw}lved skin. 

In the lilst study [71, samples were taken fi-om psoriatic 
patients before starting treatment (broadband UVB. PUVA 
or coal tar), after f'our weeks of therapy and fl)ur weeks after 
completing it, and fiom normal subjects following broadband 
UVB. In vitro lymphoproliferalive responses to the mitogen 
Con A and to HSV were unchanged by any (if the treatments, 
as were the percentage subsets of PBMC. The functional 
ability of epidermal cells to present HSV was suppressed 
during UVB irradiation, while that of the adherent cells from 
the peripheral blood remained unaltered by the therapy. Dur- 
ing the UVB irradiation, the percentage of cis-UCA rose in 
both the epidermis and the suction blister fluid of all subjects 
and it remained elevated in the stlciion blister fluid for several 
weeks after therapy had lerminated. Whether any of these 
changes in immune parameters contribute to the success of 
the phototherapy remains uncertain. 
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In the second study [ 23 ], modulation in NK cell activity 
in psoriasis patients undergoing broadband UVB, nan-ow- 
band UVB (311-313 nm, TLO1 source) and PUVA regi 
mens was examined. A comparison was made with psoriatics 
treated with coal tar and normal subjects receiving broadbaml 
UVB. The group treated with coal tar showed unchanged NK 
cell activity throughout therapy. In contrast, most subjects 
undergoing pbototherapy exhibited depressed NK cell activ 
ity during or after irradiation, with the timing of the suppres- 
sion varying between the lamps used, a factor which may be 
related to dose. The mechanism of UV-indtlced suppression 
of  NK activity is uncertain but evidence was obtained to 
indicate that cis-UCA induced a dose-dependent suppression 
of NK cell activity when added to cultures of PBMC in vitro. 
Trans-UCA had hardly any effect. Thus it was concluded that 
cis-UCA formed in the epidermis as a restllt of I lVR nlil\ 
modulate NK cell activity to account for the suppression thai 
occurs during phototherapy [ 23l .  

The third and most recent approach has been to concentrate 
on changes in several immune parameters at the initiation of 
phototherapy [ 6 ]. The main reason for undertaking this study 
was to compare the results in human subjects with those 
obtained in rats exposed daily to UVB where seven days of 
irradiation inhibited NK and MLR responses and enhanced 
lymphoproliferative stimulation by mitogens, but these activ- 
ities returned to control values after further exposures ( see 
Section 4.2 above).  The responses of patients with chronic 
plaque psoriasis were therefore compared im mediately be fore 
starting therapy and after one week of  broadband UVB, nin- 

rowband UVB or PUVA therapy. Broadband UVB and 
PUVA had no effect on NK cell activity, bnt a reduction wlis 
found in the group receiving TI ,OI.  In vitro lymphoprolifer 
ative responses to mitogens arid HSV did not alter with ther- 
apy, except there was ii significant increase in some mitogen 
responses in the TL01 group. Generally no change in overall 
percentage of subsets of circulating mononuclear cells was 
fourid in any group. The higher dose and piirticular wave- 
bands emitted by the TLOI souive rnay be inducing signi li 
cant modulation in several immune parameters very early in 
phototherapy, which may contribute to the success of treat- 
ment with this lamp. 

An extension of these studies aimed to establish whether. 
as a result of UVB therapy, Thl responses were suppressed 
with enhancelnent of Th2 responses, its has been reported in 
several in vitro systems [ 24.25 ] imd in lnicc [ 26 ]. Patients 
with psoriasis undergoing broadband UVB or TI,OI treat- 
ment were monitored before and after one to four weeks of  

therapy 127l. First, plasma IgE and I<,Ge subclasses vverc 
assayed and no significant change occurred. Secondly. the 
PBMC of the patients was stimulated in vitro for 48, hours 
with PHA; proliferation was measttred by the incorporation 
of tritiated thynfidine and the snperniitants assayed for ihe 
presence of various cytokines characteristic of Th I ( IFN-y, 
IL-2) and Th2 (IL-10) activities. Lymphoproliferation was 
not consistently affected by four weeks of broadband UVB 
therapy and there was no change in the production of 1I,-2, 
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significantly sttppressed lymphoproliferative responses. In 
addition, the production of IL-2. I1.-I0 and IFN-y was low- 

ered after one week of TLO1 therapy and this was even more 
apparent after the treatment had extended to four weeks. 
Thus, ahhough no evidence was obtained to indicate that 

broadband UVB therapy affected Th subsets in psoriasis. 
TLOI therapy inhibited the activity of both Thl and Th2 

subsets, while not altering plasina antibody concentrations. 
Modifications in PBMC have been reported after acute 

exposure of human subjects to tIV [ 2829] .  Further investi- 

gations were carried out to monitor circulating PBMC subsets 
in healthy Italian wtlunteers, skin type 111 to V, ill three dil- 

ferent limes in the year: January (winter) ,  June (beginning 

of summer) and September ( end of summer) and the results 
are shown in Fig. 6 ( C. De Simone and D. Cerimele. unpub- 

lished results ). In June a signilicant decrease in the percent- 
ages ofCD3 ' and CD4 " was observed: these values returned 

to normal in September. In September HLA-DR ' and NK 

!C[)56 ~ i cells increased signilicautly to return to normal 
values in January. It is uot known if UCA isomerization may 
play a role in inducing these changes ( see Section 2.1 above ). 
In addition, the effect of acute exposure to the sun was eval- 

uated m 13 healthy Italian volunteers, skin type II1 to V, by 

comparing percentages of CD3 IT cells),  CD4 (T helper 

cells ). C[)8 ( T cyiotoxic/suppressor  cells ), CDI9  ( B cells ), 
CD25 (11-2 receptor),  CD56 (NK cells) and DR-positive 

cells (hunlan MHC class II positive cells) before, 12 h after. 
and seven days after a one Ilour I I-2 p.m. ) sun exposure in 

Rome in June. A transient increase in DR + cells was found 

12 h after exposure (p<( t . ( ) l ) .  CI)56 + cells decreased 
immediately after sun exposure and were still low after seven 
days (p < 0.05 ). Total UCA did not change in either exposed 
or non-exposed body sites: however, the percentage of cis- 

I, JCA increased at 12 h in both exposed lind non-exposed 

sites, with decreasing values at sexen days although still 
higher than the pre-exposure amounts. 

Flow cylometric assays were also carried otlt on PBMC in 
patients with multiple basal cell carcinomas (MBCC) ,  
together with gin analysis of their epidermal UCA content, 
and these results arc described in Section 5.2 below. 
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4.4. Coml~ar i son  q f  .vuxcelnibi l i  O" to U V B  b e t w e e n  rodent.~ 

d l l d  I l l l l t l  

In the first place, lymphocytes f r om blood a n d / o r  spleen 
of rats, mice and human subjects were exposed to different 
doses of UV in vitro. The functional activity of these lym- 
phocytes was determined using assays for mitogen prolifer- 
ation and the MI,R. These experiments demonstrated thai in 
vitro irradiation caused a dose-dependent decrease of lhe 
MLR activity I301. The viability of lyrnphocytes and prolif- 
erative responses to mitogens were also decreased by expo- 
sure. but were less severely affected than the MI,R. The 
lymphocytes of rats were more sensitive to the effects of (IV 
than lymphocytes of mice and humans. However. the inter- 
species variation was limited. 

Secondly, the UVB-induced morphological and functional 
changes in the skin of mice, rats and humans were investi- 
gated ] 17]. The morphological studies concentrated on Lan- 
gerhans cells using confocal laser scanning microscopy. 
Changes were found in mouse and rat skin after in siln expo- 
sure of pieces of skin to high doses of broadband LIVB radi- 
ation (3 -9  kJ m 2). Similar UVB doses failed to induce 
alterations in the rnorphological structure of human I.anger- 
hans cells. 

Thirdly. alterations in the function of epidermal cells as 
antigen-presenting cells were monitored, nsmg Ihe MSLR 
(Fig. 7). In vitro UVB exposure of epidermal cells, derived 

from the skin of d i f f e ren l  species, revealed that low doses 
impaired the alloreactivity of these cells dose dependently: 
mouse epidermal cells were most UVB susceptible, while 
human cells were least UVB susceptible [31].  For suppres- 
sion of the alloreactive capacity of epidermal cells after in 
siiu UVB exposure of pieces of skin tissue, higher doses of 
UVB radiation were needed in all species tested: again mouse 
epidermal cells were most {IVB susceptible, and human epi- 
derrnal cells were least UVB susceptible. Differences in sus- 
ceptibility fl)r UVB-induced changes in the alloreactive 
capacity of epidermal cells were similar after in situ and after 
in vitro exposure experiments. It was concluded that epider- 
mal cells, especially Langerhans cells, from the skin of 
rodents are more susceptible to UVB-induced deleterious 
effects than epidermal cells derived from human skin. 

5. UVB-induced skin tumours  

5.1. ht  m i c e  

A failure in cellular immunity is known to play an impor- 
tant role in the formation of skin carcinomas induced by 
chronic UVB irradiation. An investigation was therefore car- 
ried out into the changes in subpopulations of lymphoid cells 
in the epidermis during the course of exposure. MHC class 
[I cells became bigger by rounding up, and their number 
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increased. Thy-I ~ cells also increased in size in the Ihsl 
week, and then returned to normal, The Thy-I ' cells were 
initially dominated by Vy3 CD4 CD8 cells, which dis- 
appeared alter the first week and reappeared at week seven 
.just before the tumour became apparent. An influx of CD4 
and CD8 ~ Thy-I ~ cells started in the first week, and the 
number of CD8 + cells peaked around seven weeks. Thus the 
UV irradiation caused considerable changes in lymphoid cell 
subpopulations in the epidermis: most of these alterations 
preceded the appearance of lumours and some, like the influx 
ofThy-I  ~Vy3 CI)4 CD8 cells, coincidedwilhtheonsel  
of turnout growth. 

To gain more insight into the changes in the imnmne sys- 
tem which may be responsible lk)l the lhilure to reject the 
tumour cells, alterations in lymphoid cell subpopulations in 
the spleen and skin draining lymph nodes were compared 
with those occurring in the epidermis during chronic UVB 
irradiation [32 i. In both spleen and lymph nodes, the tolal 
number of cells increased and all subpopulations invesligated 
increased. The increase in the lymph nodes occurred early, at 
the onset of the exposures, while the increase in the spleen 
occurred much later, i.e., tit the time the skin tumours ( diana- 
e te r>  1 ram), induced by the radiation, were observed. In 
lymph nodes there was a percentage increase in MHC chiss 
I1 ~ cells and a decrease in CD3 + cells. The latter was Cltused 
by' a percentage decrease of CD8 cells, while the percenlagc 
of CD4 ' cells remained coustant. In the spleen lhere was a 
slight percentage decrease of M HC class II ~ cells and al mosl 
no change in CD3 - cells. Within the CI)3 + cell population 
there was again a percentage decrease of CD8 ~ cells, while 
the percentage of CD4 ' cells reinained constant. Therefore, 
the ratio MHC class II:CD3 increased in the lymph nodes and 
decreased very slightly in the spleen, while the CD4 ~ :(7[)8 
ratios increased in the lymph nodes as well as in the spleen. 
All the observed shifts in subpopulations, in the lynlph nodes 
as well as in the spleen, were ah'eady presenl before the 
tumours started to appear. The decrease in CD8 ' numbers in 
the spleen and lymph nodes, with consequent increase in Ihe 
epidermis, may indicate a migration of this cell subset to the 
skin as a result of chronic UV exposure. 

To understand further the role of the immune system in the 
UVB-induced systemic suppression of host resistance to skin 
cancer, the total period of daily exposure to UVB radiation 
that was necessary to render hairless ( HRA/Skh  ) mice inca- 
pable of rejecting highly antigenic implants of an UVB- 
induced syngeneic squamous cell carcinoma ccll line was 
investigated [33l .  Two groups of mice were used, each 
chronically exposed to different daily UV doses. The median 
tumour induction time for 1 mm tunlours, which had aheady 
been established in a closely related outbred strain (Skh- 
HR 1 ), was verilied for the mice used in the study. At different 
time points in the coursc of daily exposure, the mice were 
in.jetted intradermally at unirradiated sites with lumonr cells, 
and were not irradiated further. In both groups tested, tumnur 
acceptance occurred considerably before tire induction of pri- 
mary tumours. There was no relationship between the pre- 

viously established time course of changes in lymphoid cell 
subpopulations in the spleen and the skin draining lymph 
nodes, outlined above, and the time the turnout transplants 
were accepted. However, the disappearance of Vy3 DETC 
from the irradiated epidermis after two weeks of exposure 
appeared to correlate with the lime of transplant acceptance. 

5.2. In hltman stUUect.s 

Prolonged exposure to solar radiation in sunny areas of 
southern Europe is a significant risk factor for the develop- 
ment of skin cancer. Individuals with multiple skin carcino- 
mas may be considered a susceptible population for the 
developnlent of further skin cancers. For this reason a group 
of 46 patients affected by MBCC (two to eight per subject) 
living in central Italy' has been investigated to test the possible 
relationship between genetic and imnmnological factors in 
the pathogenesis of UVB-induced skin carcinomas (D. Cer- 
imele, unpublished restlhs). UCA analysis was perft+rmed 
using samples collected from a sun-exposed and an unexpo- 
sed skin site. In addition, PBMC subsets were examined by 
flow cytometry. Two sets of controls were used: the firsl 
consisted of 50 healthy blood donors living in the same geo- 
graphical area (central lind southern Italy ), and the second 
was healthy blood donors li~ing in Spain, a geographically 
equivalent area. 

It was found that the total amount of epidermal UCA and 
the percentage of ci,v-UCA were significantly higher in the 
patients compared with the healthy controls, in both exposed 
and unexposed sites. In addilion, the percentage of CD8 + 
cells in the peripheral blood was signilicantly higher than in 
the controls, while the percentages of CD3, CD4 and CDI9  
did not differ between the patienis and the controls. The 
increased numbers of CD8 ~ cells in the blood may represent 
the migration of this cell popuhttion from the lymph nodes 
lind spleen to the skin, a suggestion made in Section 5. I above 
for events occuring during UV-induced carcinogenesis in the 
n / o u s e .  

30 patients, living in central Italy and affected by MBCC, 
and 220 healthy age-matched controls were typed for 72 
HLA-A, -B. -C, and MHC Class I1 antigens ( 16 HI,A-A, 34 
fll ,A-B, 7 H1,A-Cw. 12 HI,A-DR and 3 HLA-DQ ) ( D. Cer- 
imele, unpublished restilts). HI~A lyping was performed by 
a standard two-stage microtoxicity test using enriched B-cell 
suspensions. The results obtained with the class I antigens 
are shown in Table 2. No signilicant modilications were found 
in lhe t ILA-A antigens. With regard to B antigens. B I7, 
which is present in 23.69; of normal controls, decreased to 
6.(~</'~ in the patients with MBCC. Amongst the subsets of 
B 17, the frequency of B58 decreased from 21 to ~.6')'~ for the 
MBCC, while the values of B57 remained unaffected. The 
frequency of Cw3, which was 7.3'~f in the controls, was 
increased to 23.3% for the patients. For Class l1 antigens, the 
frequency of DR-I ,  which was 18. IRA in the controls, was 
significantly increased to 4(Y/~ for MBCC. 
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Table 2 
HLA antigen fl 'equencies ( g; ) in 30 patients wi,h multiple hasal cell carci- 

nolnaS ( M B C C )  and 220 conlrols 

MBC(" Controls p ; a lue  Reluti ' ,c risk 

B 17 6.,q 23.6 n.s. I) 23 

B57 0.0 1.8 n,s. 

B58 6.6 21 0.024 

( 'w3 23.3 7.3 1,.004 3 8 8  

DR I 40,(1 18. I 0.005 3 0 0  

These results show a negative association of B 17 ( mostly 
B58) and a positive association of Cw3 and DR-1 with 
MBCC. It is interesting to note that B58 shows higher fre- 
quencies in negroid populations which are relatively resistant 
to skin cancer. In addition, the frequency of B58 is lower in 
northern European populations, which are more susceptible 
to sunlight-induced cutaneous carcinomas. B 17 is an antigen 
commonly associated with psoriasis, a disease which has a 
negative correlation with skin cancer. An increased frequency 
of DR- 1 antigen has been observed in xeroderma pigmenlo- 
sum. where a deficiency in DNA repair mechanisms is highly 
associated with sunlight-induced skin cancers. Thus no direct 
correlation between immunological and genetic findings ,a, as 
established in this study. It is likely that more than one system 
of defence against the development of skin tumours could be 
operating in people exposed to solar inadiation: ( I ) genetic 
factors linked to HLA-B 17 antigen, and ( 2 ) immunological 
factors linked 1o an increase o f C D 8  ' cells. 

6. UVB and infectious diseases 

6.1. Ski,-associated il!/k, ct io,s  (hewes  simplex virus i ,  
mice and rats) 

{IVB irradiation is known to have diverse effects on micro- 
bial infections and those occurring in the case of  viruses are 
reviewed in Ref. [34[. One of the few instances where UV 
is recognized to affect clinical symptoms in human subjects 
is orolabial herpes simplex virus (HSV)  infections, when 
sudden exposure to sunlight can lead to reaclivation of lalent 
virus and recrudescence of cold sores. 

Previous studies have indicated that suberythemal UVB 
irradiation of C3H mice before primary infection with HSV 
type 1 does not result in increased morbidity or morlalily, but 
a suppressed DTH to the vires can be demonstrated 
{reviewed in Ref. I351).  Any effect of [IV radiation on 
pathogenesis during secondary epidermal HSV infection has 
not been previously examined. Mice were immunized by 
subcutaneous injection of inactivated HSV and. iive days 
late,, one group was UVB irradiated. The next day all mice 
were challenged epidermally with HSV. Mos! of the mice 
( 9 2 q )  in tile irradiated group developed severe lesions. 
whilst 599F ol: the non-irradiated group had mild lesions and 
30q no lesions [ 36 J. After challenge in either group, infcc- 

tious virus was not isolated from the adrenal glands, a pref- 
erential site for viral replication. In addition, the DTH to the 
virus was not affected by the UV exposure. The numbers of 
lymphocytes and dendritic cells in the lymph nodes draining 
the site of epidermal infection were increased in the UV group 
compared with the non-irradiated group. Following chal- 
lenge, the percentage of CD4 ~ and CD8 + lymphocytes in 
lymph nodes was unaltered but the MHC Class II expression 
on dendritic cells in these lymph nodes was reduced by UV 
exposure. The in vitro lymphoproliferative response of  lymph 
node cells revealed a suppressed response to HSV and to the 
milogen, Con A, in the irradialed group. Thus UV irradiation 
prior to epidermal secondary infection with HSV led to more 
severe infections due, perhaps, to a modulation in local anti- 
gen presentation. 

In the case of rats. UVB exposure before epicutaneous 
infeclion with HSV type 1 led to decreased cellular immune 
responses to the virus as measured by lymphocyte stimulation 
and DTH tests [ 171- Irradiation after infection did not affect 
cellular immunity to HSV-I,  but increased the number of 
HSV-I specific skin lesions. Thus the timing of irradiation 
with respect to infection is important for the induction of 
immunosuppression and skin lesions. 

6.2. No,-skin-associated i~!/'ecfions (c3,tome£,ahn'irus, 
Lixteria monocylo£,ene.v and Trichinella ,v~itzdis in ral.v) 

Rats exposed to suberythemal doses of UVB radiation 
using the Kromayer lamp before or after intraperitoneal in fec- 
lion with rat cytomegalovirus (RCMV) had increased virus 
titres m the salivary glands, a preferential site for viral repli- 
cation. This was particuhMy marked 26 days after inflection 

1371. 
In the case of Listeria monocylo£,ene.~', non-specific phag- 

ocytotic and killing responses, as well as specific T-cell- 
mediated responses, are important in resistance. A rat 
infection model with this pathogen was used to analyse the 
immunosuppressive activity of UVB exposure 138]. Rats 
were irradiated with suberythemal doses of UVB fl~r live or 
seven consecutive days, using the Kromayer or FS40 lamps, 
respectively. Subsequenlly. the rats were infected subcuta- 
neously or intravenously with viable Lisleria. UVB exposure 
resulted in an increased number of  bacteria in the spleen four 
days after infection. Specific lymphocyte proliferation assays 
as well as DTH responses demonstrated thai T-cell-mediated 
immunity to Listeria was impaired by UVB when measured 
four and eight days after infection. Additionally. UVB expo- 
sure decreased the phagocytotic activity of macrophages. 
This study demonstrates that suberythemal doses of UVB 
radiation cause a delay in the clearance of Listeria from the 
spleen of rats, and that this is probably due to impaired non- 
specific phagocytosis of the bacteria by macrophages and 
impaired activity of Li.vlerio-specilic T cells. 

Other rats were orally infected with T..~piralis larvae and 
were exposed to suberythemal doses of UVB radiation daily 
for live days ( Kromayer lamp I or seven days ( FS40 lamps ) 
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Table 3 
Predicted effects of ozone reduction on the biologically effective irradiancc Ibr imnmne suppression ( at noon under clear skies ) ( RAF = radiation amplification 
factor). Parts of thi,~ Table arc from Dc Fabo cl al. [ 40 J and Gaa>scn cl al. [ 31 J with permission fronl Photr*c/wmistJ 3' and t'hotohiology 

Latitude Ozone <4 Decrease Biologically effective ',4 Increase RAF Calculated time 
(dobson units) in ozone triad(ante (BEI) in BEI (min.) for 5()91 

[ \ g  III 2 ) i m m t l l l O s a p p r e s s i o l l  

{30°N January 368.5 0 {I 0087 0.0 3349 
350. I 5 (I I)(ItJ I 4.2 0.84 3201 
331.7 10 (I.OOt;5 8.7 0.87 3(166 
294.8 20 (I { l l l l3 18.8 I).t,~4 2828 

(30"S Januar} 333.8 0 (I ] 74 0.0 1fi7 
317. I 5 (i. 17~; 2.7 0.54 163 

300.4 I 0 O. 1 ~4 5.6 Ii.56 158 
267.1) 20 O. 196 12. I 0.fi I 149 

40°N Jamiary 335.6 0 0.073 0.0 399 
318.8 5 0.075 3.0 0.60 389 
302.0 l0 0.078 6.3 0.63 373 
268.5 20 I).083 13.5 0.68 35 I 

40°N July 307.0 0 I) 278 0.0 104 
2~)2.5 5 o285 2.5 O.50 102 
277.1 I0 0292 5.3 IL53 100 
246.3 20 (I ~11) 11.5 0.58 94 

2(VS January 262.(~ 0 (!..:,32 0.0 88 
249.5 5 (i. ~,41 2.5 0.50 85 
236.3 I I) O. ~5(I 5.3 0.53 84 
210. I 20 0.~70 I 1.4 0.57 78 

20% July 262. ] 0 0.196 (I.0 149 
249.0 5 0.2()1 2.6 0.52 ] 45 
235.9 1 (I 0.206 5.4 0.54 142 
209.7 20 0 2 18 I 1.7 0.59 134 

for d i f ferent  per iods  before  or a l te r  infect ion [ 39 1. A signif- 

icant  increase  in the n u m b e r  of  T r i c h i n e l l a  hirvae was f imnd 

in the carcasses  of  rats that  were U V B  irradiated in the second 

week af ter  infect ion.  This  is the t ime at wh ich  hirvae are 

sp read ing  f rom the gut  to the nmsc le  tissue. An increase  in 

the n u m b e r  of  larvae was also detected h is to logica l ly  in lhc 

tongue  in the same groups  of  rats. In addi t ion,  the lympho  

prol i fera t ive  response  to 71 ,s7;iralis was reduced.  Thus  expo-  

sure to UVB radiat ion has suppressed  the res is tance  to this 

parasi t ic  infect ion.  In contrast ,  there was no corre la t ion  

be tween  U V B - i n d u c e d  suppress ion  of  the res is tance  to these 

w o r m s  and al tered levels of  T r i c h i n e l l a - s p e c i t i c  lgM,  IgG 

and IgE ant ibodies  [ 38 ]. 

There fore  in each of  the three above  examples  rang ing  

f rom w o r m s  to viruses,  all of  which  cause  sys temic  infect ions,  

U V B  irradiat ion Iowcrs specific ce l l -media ted  i m m u n e  

responses  to the pa thogen ,  resul t ing in increased  numbcr s  of  

n l i c roorgan isms .  

7. An example of risk evaluation with respect to 
increased exposure to UVB 

Risk a s ses smen t  compr i se s  four steps: hazard  identif ica- 

t ion, d o s e - r e s p o n s e  assessment ,  exposure  a s ses smen t  and 

risk charac ter iza t ion .  In this study, the effects  of  U V B  radi- 

at ion on basal i m m u n e  funct ions  and the innnuno log ica l  

res is tance t o  infec t ious  diseases  and tumours  in rodents  were  

ana lysed  as part  of  this s t rategy [ 3 1 ] .  In a pa ra l l e logram 

approach ,  non - th r e sho ld  ma themat ica l  me thods  were used in 

order  to es t imate  the risk for the h u m a n  popula t ion  af ter  

increased exposure  to U V B  radiat ion as, for e thical  reasons,  

it is not poss ible  to inves t iga te  direct ly the effects  o f U V  lighl 

on the res is tance  to infec t ions  and turnouts  in man.  Thus  data  

ob ta ined  f rom animal  s tudies need to be ex t rapola ted  to the 

h tunan  situation.  It was decided to take uncer ta in ty  ( safety ) 

factors inlo account  for inler- and in i raspecies  var iat ion.  In 

general ,  these factors  are arbi l rar i ly  chosen  to be 10, but in 

the present  proiect  were calcula ted us ing  expe r imen t s  in 

which  h u m a n  volunteers  and rodents  or cells f i om these spe- 

cies were exposed  to UV light, us ing  exact ly  the same UV 

source. D o s e - r e s p o n s e  studies indica ted  that,  for the inter- 

species variat ion,  a factor  of  three to li)ur was sufficient  

instead of a fac tor  of  10. Varia t ion  be tween  ind iv idua ls  wi th in  

one species  ( h u m a n s  ) was  ca lcu la ted  as a fac tor  of  0.5 [ 31 I. 

Using a wors t -case  strategy,  it was es t imated ,  us ing  bio- 

logical ly ef fec t ive  doses  of  sunl ight  as ca lcu la ted  by De Fabo 

el al. 1 401 in 1990, that  exposure  for app rox ima te ly  100 min 

( local noon ) at 40°N in July could lead to 5 0 ~  suppress ion  

of  speci l ic  T-ce l l -media ted  responses  to L. m o n o O , ; o g e ; ; e s  in 

hnn3an subjects  ( [ 31 I, Table  3 ). W h e t h e r  this  will also lead 

to a decreased  res is tance  is uncer ta in ,  a l though  in rats 50cA 

suppress ion  of  ce l lu lar  i m m u n i t y  results  in a s igni l icant  

impa i rmen t  of  the resistance.  A 5~/z~ decrease  in the th ickness  
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of the ()zone layer would shorten this exposure time by 
approximately 2 .5~ .  These data demonstrate that UVB radi- 
ation, in doses relevant to natural exposure, may affect the 
immunological resistance to infectious diseases in humans. 
Further e x p e r i m e n t a l  s t u d i e s ,  in w h i c h  the  r e l a t i o n s h i p  

b e t w e e n  U V B  e x p o s u r e  a n d  i n f e c t i o u s  load is i n v e s t i e a t e d ,  

are essential. In addition, l a r g e - s c a l e  e p i d e l n i o l o g i c a l  s t u d i e s  

may answer the important question of whether UVB cxposure 
impairs the incidence and/or severity of infectious disease in 
the human population. 

Acknowledgements  

The work outlined in this review was funded by an EC 
Environment Programme grant. 

References  

I I] E.C. Dc Fabo, F.P. Noonan, Mechanism of immune snpprcssion by 
ultraviolet irradiation in vivo 1. Evidence for the existence of a unique 
photoreceptor in skin and ils role in photnimmunology. J. I.ixp Med. 
157 11983) 84-98. 

121 M. Norval, N.K. Gibbs, J.W. Gilmour. The role el urocanic acid m 
{IV-induced iinmunosuppression: recent advances ( 1992 94), l'ho 
tochem. Pholobiol. 62 ( 1995 ) 209-217. 

I 31 H. Morrison, C. Bcrnasconi, G. Pandey. A wavelenglh ell)el ,n  uro 
canto acid etz  pholoisomerisation. Photochcln. Phou~biol. 41) 11984 l 
549-550. 

141 N.K. (]ibhs, M. Norval, N.J. Truynor. M. Well'. B.[i. ,h,hnsml. J. 
Croshy, Action spectra Ibr the ;ran~ to cA pholoisonlerisaiion of 
urocanic acid in vitro and in mouse skin. Photochenl. Pholohil)l. 57 
(1993) 584-590. 

15 ] C.I). Jones, A.K. Burton. J. Crosby. M. Norval, N.K. Gibhs. In\esii- 
gating tile red-shi[t between ill vivo and in vitro urocanic acid pho 
toisomerisation action spectra, Photo)chem. Photobiol. (~ (1996) 
302-305. 

[61 M. Guckian, CD,  Joncs. J. Cooper, J.P Vestey, R.S, |)awe. N.K. 
Gibbs, M. Norval, [mnlunonloduhition at Ihe initiation of  phomther 
ally and pht31ochenmlherapy of psoriasis. Pholodcrn-i. Ph(itoirlln/tlnol. 
Photomcd. I I {1995) 163--]69. 

171 J,W. Gihnour, J.P, Vesiey. M. Norwil, The effect of UV therapy on 
immune function in patienls with psoriasis. Br. J. Dcrnlalol, 129 
(1993) 28-38. 

I81 N.K. Gibbs, G. Tort, B.E. Johnson, Evidence lhal certain phototoxic 
drugs photosensitize urocanic acid isomerizalion, .1. Photochcm. Phn 
lobiol. 34 (1996) 63-66. 

{91 G.M. Kavanagh, J. Crosby, M. Norval. Urocanic acid isonlers m 
human skin: analysis of sitc variation. Br, J. Dormatol. 133 { 1995) 
728-731, 

1101 L. Roza, K.J.M. Van Der Wulp. S.T. MacFarhmc, PH. I,nhnlan. R.A. 
Baan. Detection tH" cyclobutane thymine dithers m DNA of human 
tells wilh monochmal antihodies raised against a thymine-clinlcr con- 
taining letranucleotide. Pholochem. Photobiol. 48 i 19881 (727 034. 

[ I 1 I Y. Snntag, C.L.H. Guikers. A.A. Vink. [:.R. de (huijl. H. Van l :~oren.  
J. Garsscn, L. Roza, M.I,. Kripke, J.('. Van I)er l,cun, W , \  Vhttcn. 
Cells with UV-specific DNA dmnage are prescnl in mttrllle lymph 
nodes after in vivo UV irradiation, J. Imest,  l)ermal(ll. 104 (1995) 
734-738,. 

112] M.L. Kripke, P.A. Cox. L.G. Ahls. D.B. Yarosh. Pyrimidine dirner~ 
in DNA initiate s),siemic iminunosuppressiml in UV irradialed inicc. 
Prec. Natl. Acud. Sci. t]S.A, 89 ( 1992i 7516-7520. 

131 

141 

151 

161 

171 

i91 

12(il 

1211 

1221 

1231 

124i 

1251 

12hl 

1271 

12Sl 

1291 

13()1 

A.M. Moodycliffe. C.D. Bucana, M.L. Kripkc, M. Norval, S.E. 
UIh'ich, Differential effects of a monoclonal antibody to ~/s-urocanic 
acid on the suppression of delayed and contact hypersensitivity fol- 
lowing ultraviolet irradiation. J. hll lnnno]. 157 (19961 2891-2899. 
A.A.  Ei-Ghorr. M. Norval, iX molnJclonul antibody to ('/.v-urocanJc 
acid prevenls the uhraviolel-inctuccd challges in Lan.~erhalls ceils and 
dehlycd hypcrsenshb, h'>' resflOllSes in mice, allhougb nol preveulhlg 
dendritic cells accLilllnlalilm in lynlph ilodes draining the site o f  irra 
dicllion and contact hypersensi/ivily. J. Invest. Derlnalitl. 105 ( lU95 ) 
264 2h8. 
A. V1-Ghorr, F. Pierik, M. Norval. ( 'omparative p~ltenc} ill different 
IIV sources m reducing the densily kind antigen presenling cupacJty 
ill inurine Langerhans cells. Photochem. Pholobiol. 60 f 1994) 256 
261, 
A. EI-Ghorr. M. Norval, M,B. l,appin, J.C. Crosby. Tile effects e l low 
dosc UVB radiath)n on l,angerhan,, cells, sunburn cells, urocanic acid 
isomers, contact hypersensili\il} and scrtnn immunogh)bulins in 
mice. Photochcrn. Photobiol. 62 ( 1995i 326 332. 
W. Goclisch. Effects i l l  ultra\ icier Ir'l radiation on the resistance Io 
inlectious diseases. Ph.l). Thesis. 17niversh) o f  Utrocht I I '-)95 ). 
H. Vall I,overen. R. Meade. P.\V. A:,konase, An earl) COlllpont'nl o f  
dehl.ved hypersensitivit,> nicdiatod h\  T cells and illaM c011s. J. Exp. 
Med. 157 (1983) t6( i4-1hl7.  
Y. Sontag. J. Garssen. F.I,t. tic' Gruijl..1.(7. Van Der l.etlli. \V.A. Van 
Vh>lon. H, Van Lovercll, 11\,' B induced suppi-essilm o1' the carl} 
initiathlg phase and the hlic 0flecl(~r phase ot  conlacl hypersensitivity 
to picr3l chloride is logulaled by differenl ruechanism-,..1. In,,e>i. 
DornlatOl. 1(12 ( 1994} 923 <)27. 
S. Howie, M. Nnrval, J. Mahlgay, Exposure to low dose ultra~ hflet B 
light suppresses dehiyed I',pc h~ persensitivity it} herpes simplex \ irus 
in mice, ]. Invest. I)ermal~l. 8¢'~ (1986) 125-128. 
J.W. Gilmour. M. Norval. The elTeci tfl: UVB irradJatkm. +'i,~ urocanic 
{Icid and ttlniotlr necrosis fachli .-f,~ 01/ delayed hypersensitivity to her 
pes shnplex virn'~. Pholod0rnlalo[. Pll(~l{ihnllltnlol. Pholollled. 9 
(1993) 250-254. 
W. (;octtxch. J. Garssen, t:.R. de (]rtlijl. H. Van l,overell, Efl'ecls el 
UV B in the immune system and lhe consequences fnr Ihe resisulnce 
against infectious diseases, ill li.G..lung. M.F. H,ilick ( Eds. I, Biolog 
ical Efl\ 'ctsof[,ight, WaherdoGruyter .  Berlin, 1993. pp.(~37 f~41. 
,I.W. Gilmour. J.P. Vestey. S. George. M. Norval. The el'l<_'ct el  ph/i- 
Iolherapy and urocanic acid on naltn-aI ki l ler ceil hinetimi..I,  lnveM. 
I)ermalol. I f l l  ( 19931 1{~9 174. 
J.C. Simon. R.E. Tigelaar. P.R. P, ereslresser, D. Edelbauill. P.D. ('ruz 
.Ir., I;hra;'Jolei B radiation ctinvelIS ].angerhans cells l'l-Oln ilrln/UllO- 
genie to h)lerouenic antigeil-ple~,entin~ cells, lndnclion of  specilic 
chnlal anergy hi CD4 ' T help0r I cells. J. lnunnnol. [ 4h I ] tit) I I 485 
4 t) I. 
J.C. Simon, T. Musmann, I). Iidclhaum. E. Schopf, PR, Bergstresser. 

P.D. Cruz Jr., In vi',o e\ idence that uhraviolet Bdnduced suppression 

elal lergic contact sensiti\ ily ix associuted u, ilh funclional inacti', alien 
i l l  Tb I cells. Pholoderlnalol. Pholl)innnuiml. Phohnned. 10 ( 1994 ) 
206 21 I. 
f-I./\. /k.raneo. T. Dowcll .  N. l~ae M(ion, R.A. Da},nes. Regulatinn i l l  
nlurine lylnphokine pi'(idtlcliltil m viva/. Ultraviolet ladicition 0xp~)sure 
depresses IL-2 and enhances 11:4 production by T cells through an 
IL- I  depondenl inechanisni..I, hmnuno]. 143 ( 1980 ) 1737.-1744. 
C.[). Jones. M. (iuckian. /~.i\. l i l ( ihorr. N.K. Gihhs. M. NLn-~,al. 
tilTccts of  ptlololherap3 (~ll lhc production e l  cymkine,, hy perilqlcral 
blood i~lOll(}ntlcl0ar cell~ and oil systemic all l ibod} responses ill 
patienD, with pslu'iasis, submiltod fl~l publication. 
P. Horsey. (;. Haran, E. I tasic. ,%. Edwards. Alteraliml o f t  tell subsets 
and induction of  supp,-o~sor T cell activity in normal suhjects afer 
exposure to sunlight, .I. hnnmno[. 17:11 { 1983 ) 17 t - 174. 
tt. Mc(]rcilh, YV.A. Wilson. 1!. Scopelit. Acule ell)cl,, i l l  ]o'~,-lluerlce 
ulirci',illlci-lighl on humarl lyinphocyt0 T subsels. Pholochenl. l 'ho 
tohiol. 43 f 1986i 627-63 I. 
W, (}oetlsch, J. (hlr',sen, HM.H. Hurks, F.R. dc (h'ttjl, H, Van 

].ovorcn. IZffocls o[  in ~<itro exposure hi I_lltravilllel radiation ¢nl the 



,I. Gars,~'en et al. / Journal of Pholoehemi~trv aput Photohioh~gy B: Biolo£v 42 (1998) 167 179 179 

functional activity of lymphocy/es, with emphasis on susceptibility ~l  
different species, Photochem. Photobiol. 60 (1994) 273 281. 

[ 31 J. Garssen, W. Goettsch, F. de Gruijl, W. Slob, H. Van Lovcrcn. Rb, k 
assessment of UVB effizcts on resistance to inl~clious diseases. Ph~,- 

tochem. Photobiol. 64 (1996) 269--274. 
[32 Y. Sontag, F.R. de Gru01, W.A. Van Vloten, J. Garssen, H. Van 

Loveren..I.C. Van Der l,eun, Changes in lymphocyte subsets in spleen 
and lymph nodes during UVB-induced carcinogenesis, Exp. Dcrma 

tol. 3 ( 19041 145-149. 
[ 33 Y. Sontag. P. Steerenberg, J. Garssen, H. Van Loveren. J.C. Van Der 

I,eun. W.A. Van Vloten. F.R. de Gruijl, Time and dose dependence 
of acceptance of UV-indueed syngeneie tumor implants m chronically 
UV-exposed hairless mice. Photochem. Photobiol. 65 i 1907 ) 342 

346. 
[341 M. Norval, A. El-Ghorr. J. Garssen. H. Van Loveren, The effect of 

uhraviolet light irradiation on viral infections. Br..1. Dermatol. 131) 
( 1994 ) 693-700. 

135 ] M. Norval, A.A. F,1-Ghorr. UV radiation and mouse models of herpes 
simple× virus infection, Photochem. Photobiol. 64 c 1096l 242 245. 

] 36 J A.A. E1-Ghorr, M. Norval, The effect of UV-B irradiation on second- 
ary epidermal infection of mice with herpes simplex virus type 1. J 
Gcn. Virol. 77 (1996) 485 491. 

]37] .1. Garssen, H. Van der Vliel, A. de Klerk. W. Goettsch, J.A.M.A. 
Dormans. C.A. Bruggeman. A.D.M.E Osterhaus, H. Van Loveren, A 

rat cytomegalovirus infection model as a tool for immunotoxicity 

testing, Eur. J. Pharmacol. Envir. Toxic. 292 (1995) 223-231. 

[ 38 ] W. Goettsch, J. Garssen, A. de Klerk, T.M.P.T. Herremans, P. Dortant. 
F .R de Gruijl, H. Van 1,overen, Efl~:cls of ultraviolet-B exposure on 

the resistance to Listerm mm~oevto,~,e~e.~ in the rat, Photochem. Pho 
tohiol. 63 { 1996) 672-670. 

139[ W. (;oettsch, J. Garssen, FR.  de Gruijl, H. Van Loveren. UVB 
induced decreased resistance to Tri~'hipwllo spiralis in the rat is related 
to impaired cellular immunity. Photochem. Photobio]. 64 ( 1996 ) 58 I 

585. 
[40] E.C. De Fabo, F.P. Noonan..I.E. Frederick, Biologically effectivc 

doses ot sunlight for immune suppression at various latitudes and thei~ 

relationship to changcs in stratospheric ozone, Photochem. Photobioh 
52(1990}  811 gl7.  


