Open Access Article. Published on 19 May 2020. Downloaded on 4/6/2026 10:43:53 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

[{ec

Photochemical &
Photobiological Sciences

7 ROYAL SOCIETY
PP OF CHEMISTRY

View Article Online

View Journal | View Issue

’ '.) Check for updates ‘

Cite this: Photochem. Photobiol. Sci.,
2020, 19, 810

Received 19th November 2019,
Accepted 31st March 2020

DOI: 10.1039/c9pp00452a

rsc.li/pps

Introduction

Photoprotection conferred by low level summer
sunlight exposures against pro-inflammatory UVR
insult

L. E. Rhodes () b

Tanning (melanisation and epidermal thickening) is a photoprotective response to solar UVR exposure,
but it's unclear to what degree low-level exposures induce this in light-skin individuals, or whether this
modifies the histological inflammatory response to UVR. Objectives were to examine if, in light-skin
people, a simulated summer's casual sunlight exposures induces (i) melanogenesis, (i) epidermal thicken-
ing and (iii) demonstrable protection against both clinical (erythema) and histological (neutrophil infiltra-
tion) impacts of higher-level, pro-inflammatory UVR challenge. A UVR intervention study was designed to
simulate a summer’s brief sunlight exposures (95% UVA, 5% UVB) as can provide sufficient vitamin D. Ten
healthy adults of phototype I, median 47 years (range 30-59 years), 2 male/8 female, received 1.3 SED 3x
weekly for 6 weeks, and were subsequently challenged with 2x personal MED of UVB on small areas of
UVR-exposed and UVR-protected buttock skin. Skin erythema and pigmentation were measured spectro-
photometrically. Punch biopsies were taken from (i) unexposed skin (i) skin following the x18 low-level
UVR exposures and (iii) skin at 24 h following the 2 X MED challenge, with skin sections evaluated for epi-
dermal thickness, and for neutrophil infiltration by immunohistochemistry. The 6-weeks’ UVR exposures
significantly increased skin pigmentation, skin lightness (L*) reducing from 69.37 (SD 2.8) to 65.52 (2.33) at
course-end (p < 0.001), and stratum corneum thickness rising from 29.3 (9.59) to 41.5 (12.7)um (p <
0.05); there was no influence on neutrophil numbers. Following the pro-inflammatory (2x MED) UVR
challenge, there was a small (18%) reduction in erythema but a proportionately greater (71%) reduction in
neutrophil infiltration in skin prior-exposed to the UVR course compared with photoprotected skin (both
p < 0.05). Thus, findings add to information on risk-benefit of low-level sunlight exposure. Even very
light-skin people show measurable although modest photoprotective responses to repeated low-dose
UVR; greater impact is seen on histological than clinical inflammation.
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Ultraviolet radiation (UVR) from summer sunlight incident on
skin comprises approximately 95% UVA (320-400 nm) and 5%
UVB (290-320 nm). Biological effects include inflammation,
immunomodulation, vitamin D production and DNA
damage,"* and also tanning responses, i.e. increased pigmen-
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In general, the pigmentation in delayed tanning develops
2-3 days after UVR-induced DNA damage, with p53 triggering
increased eumelanin production and spatial rearrangement of
melanosomes over basal keratinocyte nuclei, giving some pro-
tection against further damage.”*” Eumelanin acts as a broad
filter, reducing penetration of UVR, and has antioxidant pro-
perties.” Tanning shows differential UVA and UVB effects and
kinetics.®® Thus, solar-simulated radiation (SSR) may induce
greater delayed pigmentation than UVB alone, suggesting
synergism of UVA and UVB.’

Epidermal thickening is a further adaptation against UVR-
induced damage, reducing the UVR reaching the dividing
basal cells."®'" Both UVB and, in much higher doses, UVA can
cause epidermal hyperplasia, potentially through increased
activity of the pentose shunt enzyme, glucose-6-phosphate
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dehydrogenase.’> More recently, whole genome microarray
studies identified alterations in JAK-STAT, p53 and p38 stress-
responsive pathways following SSR exposure in ex vivo human
skin.”> In mice, acceleration of DNA, RNA and protein syn-
thesis, with increased mitosis and basal cell turnover, is
observed 24 h prior to UVB-induced epidermal hyperplasia.'*
While UVR induces epidermal hyperplasia, particularly stratum
corneum thickening, under certain conditions,'>'® the extent
to which repeated low-level doses, equivalent to the brief
summer sunlight exposures that attain vitamin D
sufficiency,'”'® also influence epidermal thickness (viable epi-
dermis ie. epidermis excluding stratum corneum, and the
stratum corneum itself) and melanisation in humans in vivo is
unknown.

Acute UVR-induced inflammation, ie. ‘sunburn’, clinically
features as skin erythema, accompanied by pain, heat and
swelling at higher exposure dose; UVB is orders of magnitude
more effective than UVA at inducing erythema.'® This acute
inflammatory response follows release of a cascade of inflam-
matory mediators, including nitric oxide, tumour necrosis
factor-a, interleukins and sequential eicosanoid profiles.>*™
Alongside dilatation of dermal vasculature, upregulation of
endothelial adhesion molecules and neutrophil chemoattrac-
tants results in neutrophil adherence to vascular endothelium,
diapedesis and migration to UVR-exposed sites®>**** The
erythema time course is typically maximal 24 h post-exposure

and is accompanied by peak neutrophil infiltration,*"**> while
maximal lymphocytic and macrophage influx is at
25,27-30

24-72 h.>**® Neutrophils have manifold functions,
including release of reactive oxygen species and proteolytic
enzymes, immunomodulation, and phagocytosis of damaged
cells.

Presently it’s unclear what degree of photoprotection occurs
against sunburn erythema after repeated UVR exposures under
everyday conditions, and whether clinical erythema reflects the
histological inflammatory response. This study aimed to
examine the impact of a simulated summer’s low-level sun-
light exposures (6 week course; 95% UVA, 5% UVB) on epider-
mal melanisation and thickening in light skin (phototype II)
Caucasians, and the potential photoprotection conferred
against UVR-induced inflammatory insult, assessed both clini-
cally as erythema and histologically by neutrophil infiltration.

Methods

Study volunteers

Healthy volunteers, Fitzpatrick skin type II, were recruited in
Greater Manchester, UK, and the clinical study was performed
in winter-time (January-February) in the Photobiology Unit,
Dermatology Research Centre, Salford Royal Hospital, Greater
Manchester, UK (53.5°N). Exclusion criteria were pregnancy,
breastfeeding, taking photoactive medication or supplements
containing vitamin D, history of skin cancer/photosensitivity,
and sunbed-usage/sunbathing within 3 months prior to or
during the study. This research comprised part of a larger
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study in which other UVR outcomes were assessed, with
Ethical approval by North Manchester Research Ethics
Committee (reference 09/H1014/73). The study adhered to
Declaration of Helsinki principles.

Minimal erythemal dose (MED) assessment

The MED, defined as the lowest dose of UVR to produce visu-
ally discernable erythema at 24 h, was assessed for each volun-
teer at baseline. A geometric series of 10 doses (7-80 mJ cm™?)
of erythemally-weighted UVR was applied over 2 horizontal
rows of buttock skin with a Waldmann UV 236B unit contain-
ing Waldmann CF-L 36 W/UV6 lamps (peak emission:
313 nm; range: 290-400 nm; Waldmann GmbH, Villinge-
Schwenningen, Germany).

Simulated summer sunlight exposures

Volunteers were given a 6-week course of UVR exposures, as
described."® A Philips HB588 irradiation cabinet (Eindhoven,
The Netherlands), fitted with 11 Arimed B (Cosmedico GmbH,
Stuttgart, Germany) alternating with 13 Cleo Natural (Philips,
Eindhoven, The Netherlands) fluorescent tubes, delivered
whole body UVR with emission spectrum close to UK summer
sunlight (95% UVA: 320-400 nm, 5% UVB: 290-320 nm).
Cabinet emission was characterized and monitored by spectro-
radiometry.'”” Wearing protective eye goggles, T-shirts and
shorts, volunteers lay prone on the sunbed with the canopy
closed. One buttock was fully photoprotected whilst a cut-out
panel revealed 10 cm® of contralateral buttock skin throughout
the UVR course.

The simulated summer’s sunlight was given 3x weekly in
winter when ambient UVB is negligible at UK latitudes.”* An
exposure of 1.3 standard erythemal dose (SED)** was given at
each visit. It took ~6.5 minutes to deliver this dose after accu-
rate measurement of cabinet UV irradiance;** a constant UVR
dose was maintained throughout the course by adjusting for
any decrease in irradiance with increase in delivery time. This
is equivalent to 13-17 minutes unshaded sunlight exposure on
a clear June midday at 53.5°N, 6x weekly, accounting for non-
simultaneous exposure of ventral and dorsal surfaces in sun-
light, and the range of postures in daily life.>*

2x MED UVB-challenge

At 72 h following completion of the course of simulated
summer sunlight exposures, buttock skin was exposed to a
pro-inflammatory challenge, individually-dosed for each volun-
teer to be twice their MED of UVB. This was applied using a
Waldmann UV 236B unit to two 1 cm? areas of buttock skin,
one area that had received the simulated summer’s UVR
exposures, and a control site that was photoprotected.

Skin color measurements

A Minolta CM-2500d hand-held spectrophotometer (Konica
Minolta, Tokyo, Japan) was used for non-invasive measure-
ment of skin color. Measurements were made at baseline and
weekly from UVR-exposed and UVR-protected buttock skin,
and 24 h after the 2x MED UVB-challenge. Data were recorded
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in standard three-dimensional Commission International de I’
Eclairage L*a*b* format; L* represents white-black differen-
tiation, where L* of 100 is pure white and L* of 0 is pure black,
a* values reflect the balance between green (negative) and
increasing redness (positive) whilst b* is the differentiation
between blue (negative) and yellow (positive).>* Readings were
made in triplicate at each site. Individual typology angle (ITA)
values were also calculated as the vector direction in the L*b*
plane, as arctangent [(L* — 50)/b*] x (180/x) on exposed and
unexposed skin throughout the UVR course.***’

A reflectance instrument (Erythema meter, Diastron,
Andover, UK) was further used for non-invasive measurement
of buttock skin erythema. Erythema index (EI) readings were
taken in triplicate from 2x MED UVB-challenged skin, the UVR
course-treated skin and adjacent non-irradiated skin.

To obtain background-corrected data, induced erythema
was calculated by subtracting a* or EI readings taken on proxi-
mal, untreated buttock from those on 2x MED UVB-challenged
buttock skin.

Skin sampling

At the end of the UVR course, four 4 mm punch biopsies were
taken, immediately after the last 1.3 SED exposure from
buttock skin that was: (i) unexposed and (ii) exposed to the
6-week simulated summer sunlight, and a second set of biop-
sies was taken 24 h after 2x MED UVB exposure from buttock
skin that had been (iii) previously unexposed and (iv) exposed
to the 6-week simulated sunlight. All samples were formalin-
fixed and paraffin-embedded prior to histological analysis.

Immunostaining

3 um skin sections were prepared for immunohistological ana-
lyses including a solubilising step utilising 0.5% Triton X-100.
After washing in tris-buffered saline (TBS), hydrogen peroxide
(0.3% diluted in phosphate-buffered solution, PBS) was added
to inhibit endogenous peroxidase before repeated washing.
Primary antibody was added (neutrophil elastase NP57, Dako,
Glostrup, Denmark; dilution 1:100) in primary antibody
diluent (Diagnostic Biosystems, California, USA). For control,
primary antibody was not added to one slide for each staining
cycle. ImmPress reagent (Vector Laboratories, California, USA)
was added before repeated rinsing. Slides were developed with
NovaRed (Vector Laboratories, California, USA), rinsed and
counterstained with Mayer’s haematoxylin. Sections were de-
hydrated, and permanently mounted using DPX (Sigma-
Aldrich Inc., St Louis, USA).

Quantification of staining and epidermal thickness
measurements

Images were captured and scanned using Pannoramic 250
Flash II, 3DHisTech Ltd (Budapest, Hungary) scanner. Counts
were made of the number of positively staining cells per high
power field (hpf; original magnification x20), in triplicate per
section, with three hpf taken per section (9 hpf per slide).
Cellular epidermal (from stratum basale to distal stratum gran-
ulosum) and stratum corneum thicknesses were measured
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using the Pannoramic Viewer, nine per slide. Epidermal and
dermal areas per hpf were measured using Image ] 1.48
(National Institutes of Health, Bethesda, MD). The assessor
(SJF) was blinded to sample identity for counting and
measurements.

Statistical analyses

Data analyses, specifically paired and unpaired t-tests, and
linear regressions, were performed using SPSS statistical soft-
ware (version 21.0.0; IBM SPSS Statistics, Portsmouth, UK) and
GraphPad Prism (version 6; GraphPad Software, La Jolla, CA,
USA). Neutrophil counts per epidermal area were logarithmi-
cally transformed to stabilise their variance. Results were con-
sidered statistically significant if p < 0.05.

Results

Eight participants were female, two male. Median age was 47
years (range 30-59), BMI 25 (range 22-35) kg m~> and MED 30
(22-54) mJ em™? of erythemally-weighted UVR (equivalent to 3
SED).

A simulated summer’s repeated low-level sunlight exposures
significantly darkened the skin and thickened the stratum
corneum

The repeated 1.3 SED exposures increased skin pigmentation,
L* reducing 5.5%, from mean 69.37 (SD 2.8) at baseline to
65.52 (2.33) at course-end (p < 0.001; Fig. 1A). Similarly, ITA
decreased from 52 (5.7)° at baseline to 41 (6.4)° post-course
(p < 0.0001; Fig. 1B).

Mean viable epidermal thickness did not differ significantly
between unexposed (39.1 [6.6] pum) and simulated sunlight-
exposed skin (43.7 [8.1] um; p > 0.05), whilst the stratum
corneum thickened significantly from 29.3 [9.6] to 41.5 [12.7]
pm (p < 0.05, Fig. 2A). The stratum corneum thickening did not
correlate with darkening (change in L* or ITA; R* = 0.06, R* =
0.24 respectively, p > 0.05 for both).

A pro-inflammatory (2 x MED) UVB-challenge “thickened”
viable epidermis at 24 h in previously unexposed and exposed
skin
In previously unexposed skin, 2x MED UVB induced signifi-
cant viable epidermal “thickening”, from 39.1 [6.6] to 48.1
[7.0] pm at 24 h post-challenge (p < 0.05, Fig. 2B). In the
simulated summer sunlight-exposed skin post-course, the 2 x
MED UVB increased the viable epidermal thickness from 43.7
[8.1] to 48.6 [6.4] pm (p = 0.05). However, thickening
appeared due to epidermal oedema (spongiosis) not acantho-
sis, as keratinocyte spacing rather than number increased
(Fig. 2C and D).

In contrast to the impact on viable epidermis, the single
acute 2x MED UVB-challenge did not provoke measurable
change to stratum corneum thickness, in either previously unex-

This journal is © The Royal Society of Chemistry and Owner Societies 2020
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Fig. 1 Weekly skin color measurements taken from buttock skin during
the simulated summer’s sunlight exposure. ITA represents skin color on
the L*-b* plane, based on spectrophotometer readings taken from
buttock skin. The vertical axis is the skin lightness (L*) and the horizontal
axis the yellow-blue component (b*). (a) L* and (b) ITA show significant
darkening over the simulated summer sunlight exposures, from 69.37
(2.8) to 65.52 (2.33) and from 52 (5.7)° at baseline to 41 (6.4)° at course-
end for the 10 volunteers (p < 0.001; p < 0.0001). ITA represents skin
color on the L*—b* plane, based on spectrophotometer readings taken
from buttock skin. The vertical axis is the skin lightness (L*) and the hori-
zontal axis the yellow-blue component (b*). ITA values were higher at
baseline (open circles) representing ‘very light’ skin color and were sig-
nificantly decreased (closed circles) by the simulated summer’s UVR
exposures to ‘light’ or ‘intermediate’ color. Short horizontal bars in (a)
denote the mean. *p < 0.0001.

posed skin or skin following the simulated sunlight course
(p > 0.05 for both; Fig. 2A). Degree of epidermal thickening in
previously unexposed skin was significantly, negatively corre-
lated with erythema induced by the 2 x MED challenge (a*;
R*=0.54; p < 0.05).

Repeated low level simulated summer sunlight exposures
significantly reduced erythemal response to acute 2 x MED
UVB challenge

2 x MED of UVB induced significantly greater erythema in pre-
viously unexposed skin compared with the simulated summer
exposed skin: a* readings were 15% higher (9.9 [3.7] versus 8.5
[4.2]) and similarly EI values were 18% higher at 80.8 [31.2]
versus 66.3 [32.1] (p < 0.05 for both within group comparisons;
Fig. 3A and B).
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Repeated low level simulated summer sunlight exposures
significantly reduced neutrophil infiltration response to acute
2 x MED UVB challenge

Dermal neutrophils were absent both in the unexposed
buttock skin and that exposed to 6 weeks’ simulated sunlight
course (Fig. 4A and B). However, following 2x MED UVB-chal-
lenge, the induced dermal neutrophil infiltration was 71%
lower in the exposed than previously unexposed skin (21.4
[24.1] versus 73.5 [72.5] mm™>; between group T-test p < 0.05;
Fig. 4C and D).

In previously unexposed skin, the 2 x MED UVB-induced
dermal neutrophil infiltration was positively correlated with
baseline pallor (ITA, R* = 0.40) and with erythemal response
(R? = 0.70, 0.72 for a*, EI respectively; p < 0.05 for all); no sig-
nificant associations were seen post exposure course.

Discussion

This study made a detailed evaluation of the degree to which
repeated low level sunlight exposures might protect against
sunburn inflammation following higher level exposure in easy-
sunburning white Caucasians, and found significant reduction
in dermal neutrophil infiltration, as well as in erythema. A
novel aspect of this study is its assessment of the photoprotec-
tion conveyed against neutrophilic infiltration as well as the
erythemal aspect of UVR-induced inflammation, and following
repeated UVR exposures mimicking real-life. These repeated
low-level exposures to radiation similar to solar UVR reaching
the earth’s surface in summer (95% UVA, 5% UVB) are equi-
valent to ~15 minutes UK (53.5°N) June midday sunlight, on
most days of the week. We have previously demonstrated that
these exposures do generate DNA damage (in the form of
cyclobutane pyrimidine dimers), but that damage levels do not
accumulate with repeated exposures, implying adequate repair
mechanisms.'® These exposure levels approximate guidance
on summer sunlight exposure for white skin people to achieve
vitamin D sufficiency, and findings highlight a further impact
of adopting such measures.'”*®

Typically, the more frequently assessed clinical erythema
response to UVR is assumed to reflect cellular aspects of the
early inflammatory response, where a neutrophilic infiltrate
predominates,?” while this work indicates a proportionately
larger effect on neutrophil numbers than on erythema.
Photoprotection against sunburn erythema following the
simulated summer’s sunlight exposures was quantified as
15-18% reduction, using two measures (a* and EI).
Interestingly, the repeated low-dose UVR exposures them-
selves did not induce a cutaneous inflammatory response,
contrasting with findings from mouse models where mul-
tiple low-dose (sub-erythemal) UVR may cause low-level
neutrophil infiltration.?® Rijken et al. (2005) found that
after single SSR challenge, neutrophils were detectable in
human skin only after a dose >1 MED;*® but the effect of
multiple challenge on neutrophil infiltration appears pre-
viously unreported in humans. In mouse models,*® the
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Fig. 2 Effect of UVR exposure on epidermal thickness. (a) The 6 week course of simulated summer sunlight exposures significantly thickened the
stratum corneum, from mean 29.3 (9.59) to 41.5 (12.7) ym (p < 0.05). Acute 2x UVB MED exposure did not provoke measurable change to stratum
corneum thickness. (b) Simulated summer sunlight exposures apparently increased mean viable epidermal thickness from 39.1 (6.6) to 43.7 (8.1) ym
(p > 0.05). Acute 2x MED UVB exposure apparently increased viable epidermal thickness from 43.7 (8.1) to 48.6 (6.4) pm at 24 h post-challenge (p =
0.05). Markers represent mean readings from each participant as measured by Pannoramic viewer (n = 8 for photoprotected skin due to lack of epi-

dermis in 2 individuals, n = 10 for the remainder). Horizontal bars denote

the overall mean. Thickening of the stratum corneum and the viable epi-

dermis (black arrows) is seen between photoprotected skin (c) and that following the simulated summer sunlight (d). Original magnification x20.

*p < 0.05.

increased neutrophils are thought to contribute to photo-
ageing through releasing proteolytic enzymes, particularly
neutrophil elastase and matrix metalloproteinases, that can
damage elastin fibres and collagen networks, contributing
to solar elastosis.

Neutrophils have several pro-inflammatory and immuno-
modulatory activities,"* including release of reactive oxygen
species, and generation of chemotactic signals that attract
further leucocytes to the site. Thus neutrophils regulate host
responses to erythemal dose UVR injury. They also release Th,-
associated cytokines including interleukins-4 and -10,>7*%%7
which are immunosuppressive, and determine whether macro-
phages adopt a pro- or anti-inflammatory role. Moreover, they
phagocytose damaged keratinocyte components, repairing
UVR-induced injury.”>*® Consequently, while our demon-

814 | Photochem. Photobiol. Sci., 2020, 19, 810-818

strated reduction in neutrophil infiltration following photo-
adaptation reflects overall reduced UVR-induced inflam-
mation, it may also be associated with loss of beneficial, pro-
resolution effects.

We quantified two key mechanisms that confer photopro-
tection, i.e. skin darkening and epidermal thickening. In our
volunteers, who were typical skin type II including report of
poor tanning ability, the low-level exposures nevertheless
induced a small but statistically significant skin-darkening,
with L* decrease of 5.5%. This is similar to a report of 8% L*
decrease in five ‘lighter skinned’ Caucasians following 3-weeks
SSR exposures.'® We also quantified ITA as a measure of skin
darkening, which takes account of b* (yellow-green) spectro-
photometer measurements, and thus has been considered a
%7 The simulated

more accurate indicator of skin color.

This journal is © The Royal Society of Chemistry and Owner Societies 2020
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Fig. 3 Cutaneous erythema following acute 2x MED UVB-challenge.
Erythema induced by 2x MED challenge from all participants (n = 10)
was greater in previously photoprotected skin, as demonstrated by (a) a*
from L*a*b* scores (Konica Minolta spectrophotometer) and (b)
erythema index (El; Diastron reflectance instrument). To obtain back-
ground-corrected data, induced erythema was calculated by subtracting
a* or El readings taken on proximal, untreated buttock skin from those
taken on 2x MED UVB-challenged buttock skin. Horizontal bars denote
mean values. *p < 0.05.

summer decreased ITA values by 11°, with individuals moving
from a ‘very light’ to ‘light/intermediate’ category; although of
small magnitude, correlations between ITA and sunburn cell-
induction have been shown ex vivo.”” An apparent plateau
occurred at ~4 weeks, consistent with reported findings in
darker, skin type V, people.*?

Our data on epidermal thickness indicate that repeated
low-level UVR (5% UVB, 95% UVA) exposures significantly
thicken stratum corneum but have minimal impact on the
viable epidermis, the latter showing an apparent though
non-significant increase. This is consistent with the finding

This journal is © The Royal Society of Chemistry and Owner Societies 2020
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that 0.5 MED SSR (applied x5 weekly) to skin of the back of
individuals of skin type I-III, produced a 22% thickening in
stratum corneum without change of viable epidermal thick-
ness;'® our greater (42%) stratum corneum thickening poss-
ibly reflects skin type and irradiation site differences. In
our homogeneous skin type subjects, stratum corneum
thickening did not correlate with skin darkening.
Interestingly, a UVR conduction study in ex vivo skin
showed stratum corneum in phototypes I-III to filter >50%
of incident radiation, whilst the filtering averaged only
20-30% in black skin samples.**> Adaptations of the stratum
corneum may thus have a greater role in increasing photo-
protection in lighter skin types, partially compensating for
the lesser degree of skin darkening seen during a simulated
summer’s exposures in people of light versus dark skin
types.'®

Increased keratinocyte turnover is thought to be mostly
responsible for stratum corneum thickening post-UVR with epi-
dermal mitosis stimulated by increased proliferating cell
nuclear antigen (PCNA) activity.*® Alterations in stratum
corneum lipid content might also contribute, as increased
serine palmitoyl transferase activity and associated increases
in epidermal barrier lipids including ceramides, cholesterol
and fatty acids have been detected following UVR exposure of
murine skin.**

Following the single higher dose UVR challenge, epidermal
oedema, ie. spongiosis, appeared a key contributor to the
acute epidermal “thickening” seen at 24 h. Potentially, the
negative correlation we identified between epidermal thick-
ness and erythema could be attributable to plasma leakage
from capillaries limiting further capillary dilatation. Previous
human studies of skin thickening post-UVR are scarce. A
small study using high-frequency ultrasound imaging in four
volunteers reported epidermal thickening to be maximal 48 h
post single higher-dose (2-3 MED) UVR (40% UVB; 60% UVA)
in healthy back skin; however, this lacked evidence that
thickening was solely attributable to hyperplasia and not
spongiosis.”® In mice, detailed time course studies from 3 to
72 h post-UVR showed PCNA expression initially confined to
the basal skin layer, spreading upwards for 48 h post-UVR.*?
This was accompanied by gradual increase in epidermal
hyperplasia, with focal hyperplasia as early as 6 h, before
becoming more uniform, and maximal 48 to 72 h post-UVR.
Similarly, whilst metabolic changes occur within 24 h post-
irradiation in mouse skin," it may take 24 to 72 h to detect
change in thickness.

Findings of this study can be considered in the risk-benefit
assessment of low level sunlight exposures in light-skin
people: we show that repeated low-level simulated sunlight
exposures, as sufficient for gaining vitamin D, induce modest
measurable skin pigmentation accompanied by stratum
corneum thickening, in light-skin people, accompanied by
notable protection against higher dose UVR-induced neutro-
phil infiltration and slight, though statistically significant, pro-
tection against the accompanying erythema. While clinical
erythema is the most frequently utilized UVR-inflammatory
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Fig. 4 Neutrophil infiltration under varying conditions of UVR exposure. (a)—(d) Neutrophil elastase NP57 staining (Dako, Denmark; black arrows),
original magnification x20 in (a) unexposed skin (b) immediately following the last 1.3 SED exposure of the 6-weeks’ simulated summer sunlight
exposures (c) 24 h after 2x MED UVB exposure to skin that was photoprotected during the simulated summer’s sunlight, (d) 24 h after 2x MED UVB
exposure to skin that was previously exposed to the simulated summer’s sunlight exposures (e) neutrophil counts per mm? dermis. Neutrophils were
absent in unexposed skin and skin that had been exposed to the simulated summer’s sunlight. 24 h following acute 2x MED UVB-challenge, mean
counts were significantly higher in previously unexposed skin, at 73.5 (72.5) mm™2 than in skin that had received the simulated summer’s sunlight
(21.4 [24.1] mm™2; p < 0.05). n = 8 for counts in photoprotected skin due to lack of epidermis/dermis in 2 individuals, n = 10 for the remainder.

Horizontal bars denote the mean. *p < 0.05.

endpoint, including in study of photoprotective agents, this
research highlights its proxy nature and the desirability of
exploring histological outcomes.
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