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induce limited photoprotection against the immune effects
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Summary

Background Exposure of human subjects to ultraviolet (UV) B radiation causes im-
munosuppression. Most experiments to date have not tested the effects of low
daily doses of UVB radiation.

Objectives To ascertain whether photoprotection against several UV-induced
immune effects might develop following repeated exposure.

Methods Groups of approximately 30 healthy individuals were given whole-body
UVB irradiation on each of 10 consecutive days with 0.7 minimal erythema dose,
or whole-body irradiation as before followed by a single erythemal UVB dose on
a small body area, or irradiated only with a single erythemal UVB dose on a
small body area, or were not irradiated. They were sensitized with diphenyl-
cyclopropenone (DPCP) 24 h after the final dose, and skin biopsies collected to
assess cytokine mRNA expression and the number of cells with thymine dimers
and expression cyclooxygenase (COX)-1 and COX-2.

Results The contact hypersensitivity (CHS) response to DPCP was significantly
lower in the three irradiated groups compared with the unirradiated controls,
while cutaneous interleukin (IL)-1f, IL-6, IL-10 and tumour necrosis factor-o
mRNAs, COX-1 and COX-2 and thymine dimers were all significantly higher.
When the single erythemal UVB dose was given following the repeated low
exposures, a slight downregulation in cytokine expression and thymine dimer
formation was indicated.

Conclusions The repeated low doses of UVB protected to a limited extent against
the effects of an erythemal UVB dose on cytokine expression and thymine dimer
formation, but not on CHS or COX enzymes.

Solar ultraviolet (UV) radiation reaching the surface of the
earth contains predominantly UVA wavelengths (315—
400 nm) with a smaller component of UVB wavelengths
(280-315 nm). As UVB is more effective than UVA at indu-
cing biological damage, UVB is thought to contribute towards
about 80% of the harmful effects associated with sun expos-
ure.! One of these effects is suppression of cell-mediated
immune responses. The process involved is complex.” ™ It is
initiated by chromophores in the upper layers of the skin that
are capable of absorbing the radiation. One such chromophore
is DNA® with the commonest photoproduct being cyclobutane
pyrimidine dimers (thymine dimers, dTT). These dimers are
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repaired, but this process is slow with an estimated half-life of
33 h.° The DNA damage leads to the increased synthesis of

7—11

several cytokines. In addition, an upregulation in the

2 . .
histamine and

production of platelet activating factor,"
prostaglandin E, (PGE,)'*'* occurs. Cyclooxygenase (COX)
enzymes are the first in a series that converts arachidonic acid
into prostaglandins and thromboxane. Two isoforms of COX
are found:'® COX-1 is constitutively expressed in almost all
cell types including keratinocytes, while COX-2 is induced in
many tissues in response to stimuli such as injury or inflam-
mation. UV radiation can stimulate COX-2 expression in basal

keratinocytes. '
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Modulation of the contact hypersensitivity (CHS) response is
frequently used to evaluate immunity in human subjects follow-
ing UV exposure.'” In most cases the sensitizer, a hapten such as
diphenylcyclopropenone (DPCP), is applied to the skin within a
few days of the UV radiation, with the elicitation phase taking
place several weeks later. To measure local immunosuppression,
the hapten is placed directly on an irradiated skin site. A primary
allergic response (PAR) can develop within 1-2 weeks of sensi-
tization in many individuals who have not previously come in
contact with the particular sensitizer. This response is thought
to indicate the onset of hapten-specific sensitization.'®

To date, most information regarding UV-induced immuno-
suppression in human subjects has been gathered from study-
ing the induction phase of CHS following exposure of a small
area of the body to a single UV dose, often > 1 minimal ery-
thema dose (MED).'"™*!
mimic natural conditions as most people are exposed to the

However, such a protocol does not

sun for short periods of time on a daily basis over the sum-
mer months with many experiencing occasional burning UV
exposures on limited areas of the body. There is the possibility
that, as the skin adapts to the chronic UV radiation by epider-
mal thickening and tanning, photoprotection against the
effects of UV on the immune system may develop. In the pre-
sent study, we aimed to test this possibility by repeatedly
irradiating volunteers with suberythemal UVB, followed by a
single erythemal UVB dose on a small body area. CHS, cytokine
and COX expression, and DNA damage were then assessed in
comparison with unirradiated subjects or others irradiated
with the single erythemal dose only.

Materials and methods

Subjects

The study included 140 healthy subjects of either phototype II
or TII, as assessed by Fitzpatrick score.”” These are the most
commonly occurring skin types in Poland and include subjects
who do not burn easily and develop a tan on sun exposure.
The volunteers were recruited following advertising in the
local newspapers and within the University of Lodz. They
were without any skin or other disease and were not receiving
any medication. Subjects exposed to high doses of sunlight or
sunlamps within 2 months prior to the study, or previously

Table 1 Characteristics of subjects in groups A-E

sensitized with DPCP, were excluded. The experimental pro-
cedures were conducted in the winter months to decrease any
influence of natural sunlight. Each volunteer gave written
informed consent before entry into the study and underwent a
thorough physical examination and full blood count. The
experimental plan was approved by the Local Ethics Commit-
tee of the Medical University of Lodz and was conducted
according to the Declaration of Helsinki principles.

Phototesting and ultraviolet B irradiation

Phototesting of each volunteer was undertaken approximately
1 week before the study began using a Waldmann Medizin-
technik UV 109 device (Waldmann Medizintechnik, Villingen-
Schwenningen, Germany) containing TL-12 tubes (Philips,
Eindhoven, the Netherlands) emitting 58.6% UVB and 41.4%
UVA. The test was performed with an incremental dose series
on six squares (1 X 1 cm) on the back. The MED was defined
as a just perceptible erythema 24 h later. From this value, 0.7
MED was calculated for each individual although it is recog-
nized that, due to undulations on the body surface and varia-
tions in MED with site, some areas may receive slightly higher
and others slightly lower doses.

The volunteers were divided into five groups as shown in
Table 1: 40 nonirradiated individuals served as the control
group (group A), 30 subjects were given whole-body UV
irradiation for 10 consecutive days with a dose of 0.7 MED
(group B), 30 subjects were given whole-body UV irradiation
for 10 consecutive days with a UV dose of 0.7 MED followed
24 h later by a single UV dose of 3 MED (left buttock,
10 X 10 cm) (group C), 30 subjects were irradiated with a
single UV dose of 3 MED (left buttock, 10 X 10 cm) (group
D) and 10 individuals were irradiated on the left buttock
(10 X 10 cm) with a single UV dose of 4 MED (group E).
The TL-12 lamps, with an erythema effectiveness irradiance
for UVB (280-315 nm, biologically weighted with the CIE
erythema action spectrum) of 0.64 mW cm™ %, were used for
the whole-body exposures, and the phototesting device was
used to irradiate the buttock. Measurement of the intensity of
the lamps was performed using a type 1 UV meter calibrated
against a spectrophotometer (Waldmann Medizintechnik). For
erythema, pigmentation, PAR and CHS measurements, all 140
subjects were included. For the cytokine mRNAs (n = 40),

Number of Mean age, MED, ] cmfz,
Group volunteers years (range) Sex, F/M Phototype, II/IIT mean (range)
A: unirradiated 40 25.0 (18-36) 17/23 19/21 0.18 (0.09-0.21)
B: 10 X 0.7 MED, whole body 30 30.0 (19-38) 19/11 14/16 0.16 (0.09-0.19)
C: 10 X 0.7 MED, whole body 30 27.8 (19-32) 16/14 18/12 0.15 (0.07-0.17)

(C1) + 3 MED, 10 X 10 cm (C2)

D: 3 MED, 10 X 10 cm 30 29.4 (18-37) 16/14 11/19 0.14 (0.09-0.19)
E: 4 MED, 10 X 10 cm 10 30.6 (19-34) 4/6 5/5 0.14 (0.07—0.19)

MED, minimal erythema dose.
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COX proteins (n = 21) and dTT (n = 21), not all the subjects
in each group were used on ethical grounds, as these assess-
ments required the collection of skin biopsies, up to three per
person in some instances.

Erythema and pigmentation

Erythema and pigmentation were quantified using the UV
Optimise 555 device (Chromo-Light, Espergaerde, Denmark)
before and after irradiation, but before sensitization, on the
buttock skin in the UV-exposed groups (groups B-E). The
mean values of three readings were calculated.

Sensitization and elicitation of contact hypersensitivity

Sensitization and elicitation of CHS were performed using
DPCP (Fluka Chemie GmbH, Buchs, Switzerland) as described
by Narbutt et al.”
left irradiated (groups B—E, 24 h after the final UVB exposure)
or nonirradiated (group A) buttock skin. The sensitization site

In brief, the subjects were sensitized on the

was assessed for the development of a PAR, including its
length of time, severity and size. Three weeks later, all the
volunteers received an antigenic challenge on the unirradiated
upper inner left arm skin using a series of 20 UL acetone con-
taining 0.4, 0.8, 1.6, 3.2 and 6.4 ug DPCP. The highest con-
centration of DPCP was applied only if no PAR was observed.
The CHS response was evaluated after 48 h by a subjective vis-
ual scoring system: 0, no reaction; 1, macular erythema; 2,
erythema with infiltration; 3, erythema with infiltration and
papules or vesicles; 4, bullous reaction. This score was deter-
mined by one dermatologist who did not know the group
assignations.

Assessment of interleukin (IL)-1p, IL-6, IL-10 and tumour
necrosis factor-o mRNA expression by relative
quantitative reverse transcription-polymerase chain
reaction

The control samples consisted of 3-mm punch biopsies from
10 subjects in group A, 15 in group C (before irradiation
began) and 15 in group D (before irradiation began), making
40 in total. The irradiated samples consisted of two more
biopsies from the same 15 individuals in group C (Cl: 24 h
after 10 days of 0.7 MED UVB, and C2: 24 h after 3 MED
UVB) and one more biopsy from the same 15 individuals in
group D (24 h after 3 MED UVB). The samples (50 mg) were
dissolved in Fenozol reagent and total mRNA prepared using a
total RNA Prep Plus Kit (A&A Biotechnology, Gdynia, Poland).
The first strand of ¢cDNA was synthesised according to the
manufacturer’s instructions (Promega, Madison, WI, U.S.A.)
using (dT)20 primer with 2 pg of total RNA. Then mRNAs
for tumour necrosis factor (TNF)-o, interleukin (IL)-10, IL-6
and IL-1f were determined by relative quantitative reverse
reaction (RT-PCR)
B-actin mRNA as an internal standard,”* using the following
primers: 5-GTAGCCCATGTTGTAGCAAACC-3” and 5’-GAG-

transcription—polymerase chain using
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GACCTGGGAGTAGATGAGG-3" for TNF-o, 5-GAGAACAGCT
GCACCCACTTCC-3" and 5’-CTGGGTCTTGGTTCTCAGCTTGG-
3’ for IL-10, 5’-ACCTGAACCTTCCAAAGATGG-3" and 5-GACT
GCAGGAACTCCTTAAAGC-3” for IL-6, 5'-CTCGCCAGTGAAAT-
GATGG-3" and 5'-GCATCTTCCTCAGCTTGTCC-3" for IL-1PB
and 5’-CAGCAGATTCAAGCAGCTATGG-3" and 5-GTCTGTGG-
TGCTGATCTCATCC-3” for P-actin. The RT-PCR assay con-
tained 5 pL cDNA sample,
(Epicentre Biotechnologies, Madison, WI, U.S.A.), 2 mmol

10 X Taq polymerase buffer

L MgCl,, 1 X PCR enhancer, deoxyribonucleoside triphos-
phate mix, and 25 pmol of each primer in 50 pL reaction vol-
ume. The samples were denatured at 95 °C for 5 min, then
cooled on ice before 1.25 U Taq DNA polymerase (Epicentre
Biotechnologies) was added. The reaction was performed in
25-30 extension cycles consisting of a 30-s denaturation step
at 94 °C, a 30-s annealing step at 60 °C and a 40-s polymer-
ase extension step at 72 °C. Finally, each reaction was termin-
ated with a 10-min elongation step at 72 °C. The final
products were electrophoresed in 7% polyacrylamide gels
using the genetic size marker 100 bp DNA Ladder (Promega).
Bands were visualized by UV radiation, and the results were
recorded photographically and analysed densitometrically
using LKB Ultrascan XL Enhanced Laser Densitometer (Phar-
macia LKB, Uppsala, Sweden). Concentrations of mRNAs were
normalized in each sample relative to B-actin mRNA. Usually,
four to seven bands were analysed for each sample and the
mean value was calculated. The mean * SD was then calcu-
lated for each group.

Expression of cyclooxygenase (COX)-1 and COX-2, and
assessment of DNA damage (thymine dimers)

Three-millimetre biopsies were collected from buttock skin
of seven unirradiated individuals (group A), seven individu-
als in group C (Cl: 24 h after 10 days of 0.7 MED UVB,
and C2: 24 h after 3 MED UVB), and seven individuals in
group D (24 h after 3 MED UVB). The samples were put in
liquid nitrogen immediately, and stored at —80 °C until
analysis.

For COX-1 and COX-2 assessment, 4-pm frozen sections
were collected on to Superfrost Plus slides (Menzel, Braun-
schweig, Germany), fixed in acetone for 10 min and air
dried. Endogenous peroxidase was blocked by incubating for
5 min with 3% hydrogen peroxide before washing in phos-
phate-buffered saline (PBS) and incubation for 30 min in 10%
normal horse serum in Tris—HCI-PBS and 1% bovine serum
albumin (BSA). After rinsing, the sections were incubated
overnight at 4 °C with the COX-1 monoclonal antibody
(mAb) (dilution 1 : 40, NCL-COX-1, clone 12E12; Novocas-
tra, Newcastle upon Tyne, U.K.) or COX-2 mAb (dilution
1:50, NCL-COX-2, clone 4HI12; Novocastra). Detection
was performed with LSAB+ System-HRP (Dako Cytomation,
Glostrup, Denmark). High-sensitivity diaminobenzidine (Dako
Cytomation) chromogenic substrate system was used. The
slides were counterstained with haematoxylin and dehydrated.
Negative controls were performed by omitting the primary
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antibody. The presence of brown colour at the sites of the tar-
get antigens (in cellular membrane, cytoplasm) indicated posi-
tive immunoreactivity. The number of COX-1+ or COX-2+
cells in the epidermis was counted by a computer-image pro-
gram (SIS Analysis; Olympus, Tokyo, Japan). At least two
sections were examined from each subject at X 400 magnifica-
tion, and the mean * SD number of positive cells mm™? for
each group calculated.

For the assessment of dTT, 4-pum cryostat sections were col-
lected on to Superfrost Plus slides (Menzel), fixed for 1 h in
4% buffered formalin at room temperature and air dried. The
sections were treated for 15 min of microwave oven heating
in Target Retrieval Solution (citrate buffer, pH 6.0; Dako Cyto-
mation) at 800 W and then transferred to distilled water.
Endogenous peroxidase was blocked by incubation for 30 min
with 0.3% hydrogen peroxide in methanol. Slides were
washed in PBS and incubated for 30 min with 10% normal
rat serum in Tris—HCI-PBS and 1% BSA. After rinsing, the sec-
tions were incubated overnight at 4 °C with the dTT mAb
(dilution 1 : 4000, clone KTM53; Kamiya Biomedical Com-
pany, Seattle, WA, U.S.A.). Detection, colour development and
counterstaining were performed as outlined above for COX.
Negative controls were performed by omitting the primary
antibody. Stained sections were examined at X 400 magnifica-
tion throughout the whole of the epidermis. Presence of
brown colour at the target antigen in cellular nucleus indicat-
ed positive immunoreactivity. The number of dTT+ nuclei
was counted by a computer-image program (SIS Analysis). At
least two sections were examined from each subject and the
mean * SD number of positive cells mm™ for each group
calculated.

Statistical analysis

The Mann—Whitney test, Wilcoxon pair test and x” test were
used to analyse the results, with P < 0.05 being considered
statistically significant.

Results

Repeated suberythemal ultraviolet (UV) B exposure
caused erythema and pigmentation development, and
was slightly protective against the erythemal effects of a
subsequent high UVB dose

Clinical examination revealed no visible erythema after
10 days of suberythemal whole-body UVB but a slight
pigmentation was evident. Irradiation with 3 or 4 MED UVB
on the small body area caused well-defined oedematous ery-
thema. Table 2 shows the detailed results for the measurement
of erythema and pigmentation in groups B-E. In all four
groups, the values significantly higher
(P < 0.005) following the UV exposure than before irradia-
tion. In group C, after 10 days of irradiation with suberythe-
mal UVB followed by irradiation with 3 MED on the small
body area, the erythema value was significantly lower than in
group D (P < 0.0001) and group E (P < 0.0001). Suberythe-

mal UVB on 10 consecutive days led to a significant increase

erythema were

in pigmentation (P = 0.001 for group B and 0.0019 for
group C), while the additional erythemal UVB dose decreased
the pigmentation value in group C (P = 0.000004). Follow-
ing erythemal UVB, pigmentation was significantly lower in
group D compared with group C (P = 0.0004). The decrease
in pigmentation observed in groups D and E may have resul-
ted from the intense erythema and oedema which cause
changes in the optical properties of the skin.

Repeated suberythemal ultraviolet (UV) B exposures
suppressed the occurrence of primary allergic response
and contact hypersensitivity, and did not protect against
the immunosuppressive effects of a subsequent
erythemal UVB dose

PAR was detectable a mean of 8.8 days after sensitization.
The response ranged from erythema with definite borders

Table 2 Erythema and pigmentation following ultraviolet (UV) exposure in groups B—E (mean £ SD, n = 30 in groups B-D and n = 10 in

group E)
Group B: Group C: 10 X 0.7 MED,
10 X 0.7 MED, whole body + 3 MED, Group D: 3 MED, Group E: 4 MED,
whole body 10 X 10 cm 10 X 10 cm 10 X 10 cm
Erythema
% value light reflectance before UV 28.1 £ 5.8 26.0 £ 5.3 29.2 £ 5.8 252+ 4.6
% value light reflectance after 10 x 0.7 MED 36.6 £7.0 37.8 £ 6.7 = =
% value light reflectance after = 489 £ 7.4 62.6 £9.9 60.4 = 7.1
3 or 4 MED (10 X 10 cm)
Pigmentation
% value light reflectance before UV 20.6 £ 5.7 21.6 £ 7.1 21.1 £ 8.0 232t 6.2
Y% value light reflectance after 10 X 0.7 MED 24.0 £ 5.8 249 6.7 =
% value light reflectance after 3 or = 22.1 £ 83 13.9+£9.0 17.4 + 8.1

4 MED (10 X 10 cm)

MED, minimal erythema dose.
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Fig 1. Percentage of subjects with no contact hypersensitivity
response to the challenge dose of 0.4, 0.8, 1.6 and 3.2 g
diphenylcyclopropenone (DPCP) in groups A-E.

to strong erythema with oedema, and vesicles in some
cases, but without blistering. The diameter of the PAR var-
ied between 9 and 19 mm. The percentage of subjects in
the unirradiated group with PAR (60%) was significantly
higher than in all the irradiated groups (26.7%, 33.3%,
26.7% and 10% in groups B, C, D and E, respectively;
P < 0.05 for all comparisons). There were no statistical dif-
ferences between the irradiated groups B-E with respect
to the occurrence of PAR, its length of time,
diameter.

severity or

The CHS response at the highest concentration of DPCP was
not analysed statistically as the eliciting dose of DPCP was
applied only in the volunteers in whom PAR did not develop.
UV radiation in all the groups suppressed the CHS response,
and it was observed at all the DPCP concentrations (P < 0.05
for all comparisons, data not shown). As analysis of the visual
assessment of the CHS revealed statistically significant differ-
ences between the unirradiated group and any of the irra-
diated groups at any of the DPCP concentrations and because,
the CHS was
assessed as 0 (absent), we decided to simplify the analysis by
treating the CHS response as a binominal trait where 0 repre-

in the majority of the irradiated volunteers,

sented no reaction and 1 represented a response. These results
are shown in Figure 1. Statistical analysis of the CHS response
showed no significant differences between subjects in group B
and group C (P > 0.05), or between subjects in group C and
group D (P > 0.05).

Repeated suberythemal ultraviolet (UV) B exposures
increased the expression of interleukin (IL)-1p, IL-6,
IL-10 and tumour necrosis factor-& mRNAs in skin
biopsies, and slightly protected against the increased
expression of these cytokines induced by a subsequent
erythemal UVB dose

Following the suberythemal UVB exposures for 10 consecu-
tive days (group Cl),
IL-1B, IL-6, IL-10

the expression of the mRNAs of

and TNF-oo increased significantly
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Fig 2. Expression of (a) interleukin (IL)-1, (b) IL-6, (¢) tumour
necrosis factor (TNF)-ot and (d) IL-10 mRNAs in skin biopsies from
unirradiated subjects (n = 40), subjects irradiated with 0.7 minimal
erythema dose (MED) ultraviolet (UV) B for 10 consecutive days

(C1, n = 15) followed by 3 MED UVB (C2, n = 15), and subjects
irradiated with 3 MED UVB (D, n = 15). The cytokine expression was
normalized to the B-actin mRNA intensity and is presented in

arbitrary units. The mean * SD for each group is shown.

(Fig. 2a—d). After the additional exposure to erythemal UVB
(group C2), there was a further, although smaller, increase
in IL-1B, IL-6 and IL-10 mRNA expression and a decrease in
TNF-oo mRNA expression. The single erythemal UVB dose
induced a large rise in the expression of all four cytokine
mRNAs (group D). The increase was greater than that fol-
lowing the repeated suberythemal exposures and also follow-
ing the repeated suberythemal exposures plus the additional
erythemal exposure.
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Number of COX-1+ and
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Fig 3. Number of cyclooxygenase (COX)-1+ and COX-2+
cells mm™” in the epidermis of unirradiated subjects (A, n = 7),
subjects irradiated daily with 0.7 minimal erythema dose (MED)
ultraviolet (UV) B for 10 consecutive days (C1, n = 7) followed by 3
MED UVB (C2, n = 7), and subjects irradiated with 3 MED UVB (D,

n = 7). The mean * SD for each group is shown.

Repeated suberythemal ultraviolet (UV) B exposures
increased the number of cyclooxygenase (COX)-1+ and
COX-2+ cells in skin biopsies, and did not protect
against the increased number induced by a subsequent
erythemal UVB dose

In unirradiated skin biopsies, COX-1+ cells were observed
only occasionally, mainly in the basal layer of the epidermis,
and no COX-2+ cells were seen. The number of both COX-
1+ and COX-2+ cells increased significantly following UVB
exposure (P < 0.05 for all comparisons, Fig. 3). In irradiated
skin, the COX-1+ cells were located in both the basal layers
and the upper part of the epidermis, while the COX-2+
cells were present mainly in the suprabasal layer of the epi-
dermis (Fig. 4). The additional erythemal UVB dose follow-
ing the repeated suberythemal doses (group C2) induced
almost the same number of COX-1+ and COX-2+ cells as
the single erythemal UVB dose on its own (group D)
(Fig. 3), indicating that photoprotection for this factor had
not developed.

Repeated suberythemal ultraviolet (UV) B exposures
increased the number of thymine dimer cells in skin
biopsies, and slightly protected against the increased
number induced by a subsequent erythemal UVB dose

In unirradiated skin, only a few dTT cells were observed
(15 mm_z), scattered within the epidermis, and the staining
was considered weak. The number increased significantly fol-
lowing UV exposure (P < 0.05 for all comparisons, Fig. 5).
The highest was seen after irradiation with the single erythe-
mal dose (group D) and this number was significantly greater
than that following the repeated suberythemal doses followed
by the single erythemal dose (group C2) (P = 0.00001). The
dTT+ cells were found mainly in the upper parts of the epi-
dermis following the repeated suberythemal doses of UVB,
while they were present throughout the epidermis following
the single erythemal dose.

Fig 4. Expression of cyclooxygenase (COX)-1 (a) and COX-2 (b) in
human epidermis after 0.7 minimal erythema dose (MED) ultraviolet
(UV) B for 10 consecutive days followed by 3 MED UVB as shown by
immunohistochemistry (original magnification X 400).

P= 0 000001
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P< 0-000001
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300
200
100
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©
o
o

Number of epidermal
dTT+cells mm—2

Fig 5. Number of thymine dimers (dTT+) cells mm ™ in the
epidermis of unirradiated subjects (A, n = 7), subjects irradiated daily
with 0.7 minimal erythema dose (MED) ultraviolet (UV) B for 10
consecutive days (C1, n = 7) followed by 3 MED UVB (C2, n = 7),
and subjects irradiated with 3 MED UVB (D, n = 7). The mean * SD

for each group is shown.

Discussion

In a previous study we attempted to simulate the natural ex-
posure of subjects with skin phototypes II/III to summer sun-
light by whole-body irradiation with 0.3 MED solar-simulated
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radiation (SSR) daily for up to 30 days.”® Their immune
responses to DPCP were then assessed. We found that both
the PAR and the CHS were reduced. These effects were de-
pendent on the cumulative UV dose as the downregulation
became more apparent as the number of days of exposure in-
creased. Therefore photoadaptation of this immune response
had not occurred, despite the development of some pigmenta-
tion in the skin.

In the present study, broadband UVB lamps were used
rather than SSR but, as the UVB waveband is the most biolo-
gically active and has similar immunological effects as SSR, we
assume that the changes induced by such lamps mimic closely
those following exposure to natural sunlight. We wished to
establish whether photoprotection against several effects of an
erythemal UVB dose was generated by pre-exposure of sub-
jects to suberythemal whole-body UVB radiation for 10 days.
We estimate that the dose of UVB given daily was equivalent
to being in the sun for about 35 min around midday on a
clear sky summer day in mid-Europe. The repeated irradia-
tions resulted in a small but significant degree of protection
against the erythemal effects of the subsequent high UVB
dose. This might be expected as the subjects were all of photo-
type II/TI (the commonest skin type in Poland) with the
ability to tan to some extent in response to solar UV radiation.

The repeated low UVB doses resulted in the suppression of
both the PAR and CHS, indicating a lack of photoadaptation
and corroborating our previous study.”® In addition, these ex-
posures did not offer any protection against the downregulat-
ing effects of a subsequent erythemal UVB dose on PAR and
CHS. In one of the few previous reports to monitor CHS after
several exposures to low doses of UVB, Cooper et al."® showed
that irradiation of a small body area with 0.7 MED UVB on
four consecutive days caused suppression of the CHS response
in 68% of subjects. Damian et al.”® demonstrated that the recall
response to nickel in nickel-allergic volunteers was suppressed
by exposure of a small area of the skin to suberythemal SSR
and that this effect was maintained even after 4 weeks of
repeated UV exposures. Long-term UVB phototherapy given to
patients with psoriasis was reported to impair subsequent sen-
sitization to DPCP.>®

Following UV radiation of human skin, there is an upregu-

10, 27-33 .
induced

lation in the expression of various cytokines,
by various mediators such as calcitonin gene-related peptide,
a-melanocyte stimulating hormone, platelet activating factor,
histamine and PGE,.> The vast majority of the studies monit-
oring cytokine changes has been performed either in vivo
following a single erythemal dose of UVB, or in vito in
keratinocyte cultures. As far as we are aware, the situation
in vivo following repeated suberythemal exposures has not been
examined previously. We found that the mRNAs of the four
selected cytokines, IL-1f, IL-6, IL-10 and TNF-o, were
increased as a result of the 10 daily suberythemal UVB expos-
ures. However, the rise for each cytokine was significantly less
than that following the single erythemal UVB exposure, indi-
cating that the extent of the change was not dependent on the
cumulative dose of UVB. It was also noted that a small but

© 2007 The Authors

significant photoprotection against the mRNA induction of all
four cytokines occurred in the group irradiated daily for
10 days before receiving the single erythemal UVB exposure
(group C2, Fig. 2a—d) compared with the group irradiated
with the single erythemal UVB dose (group D, Fig. 2a—d).
PGE, is the predominant prostaglandin formed in the
human epidermis, and its production is increased after UV
exposure.’* Of the two major forms of COX, COX-2 is
induced by both UVB and UVA-II radiation.”® The COX
enzymes have important effects on apoptosis and proliferation

36-38

in the skin, and PGE, has been shown to play a critical

role in UV-induced systemic immunosuppression in mice.'>'¢
It was demonstrated by Athar et al.*” that the extent of COX-2
protein expression in the epidermis of UVB-irradiated mice
strongly correlated with dose; after several weeks of exposure,
COX-2 was present in all the layers of the epidermis but most
strongly in the basal layer. We found a similar pattern of
expression of COX-2 in human skin following the 10 daily
suberythemal exposures to UVB. The UVB radiation increased
COX-1 and COX-2 protein expression even when no clinical
signs of erythema were present. When the numbers of
COX-1+ and COX-2+ cells in the epidermis of subjects irradi-
ated with the single erythemal UVB dose were compared with
the numbers in subjects preirradiated with 10 daily subery-
themal doses followed by the erythemal dose, no evidence for
the development of photoprotection was obtained.

One of the major absorbers of UV radiation in the skin is
DNA, and DNA photoproducts, such as dTT, are recognized as
critical molecular triggers for local and systemic suppression
of CHS.”*® 1L-12, given either before or after the UV expos-

: 41-44
ure, can prevent this effect.

DNA damage is associated
with many biological changes in the skin other than immuno-
modulation, including erythema and sunburn cell forma-
tion,***® and it also enhances melanogenesis.*’ In the present
study, all the UV protocols increased the number of dTT+
epidermal cells, most after the single erythemal UVB dose.
The number in the skin of subjects irradiated with the 10
daily doses of suberythemal UVB before administration of the
single erythemal dose was about 34% less than this figure.
Thus some photoprotection against DNA damage had been
generated by the repeated pre-exposures. As erythema corre-
lates with DNA damage, the small degree of photoprotection
observed against erythema may explain this result. However,
the protection was by no means absolute as, in the repeatedly
exposed subjects, the subsequent single erythemal UV dose in-
creased the number of dTT+ cells substantially, from about
363 to about 573 mm %

Sheehan et al.*® showed that dTT steadily accumulated during

In confirmation of this result,

12 daily suberythemal SSR exposures of volunteers with skin
types II and IV, and that a tan may not be the major factor in
photoprotection against erythema.

In conclusion, we have shown that repeated exposures of
individuals to suberythemal UVB resulted in the generation of
slight erythema and pigmentation, the suppression of PAR and
CHS, and an increase in the mRNA expression of four cyto-
kines, in COX-1 and COX-2 proteins, and in dTT. The repeated
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irradiations protected to a limited extent against the subse-

quent effects of an erythemal UVB dose on erythema, cytokine

expression and dTT formation, but not on the suppression of
PAR and CHS or the expression of the COX enzymes. Thus
sun protection measures are recommended, even in subjects

who have developed a tan.
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