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ABSTRACT

Alterationsin Epidermal Barrier Induced by Long Term
Exposure of Suberythemal Dose Ultraviolet Light in

HairlessMice

Hana Bak

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Sung Ku Ahn)

Background Exposure of ultraviolet (UV) radiation induces ioais
cutaneous changes including erythema and pigmentasi well as thickening
of the epidermis. UV radiation on mammalian skiroduces dose- and
wavelength dependent changes of skin barrier imogudcompromised
integrity of the epidermal permeability barrier mvin increased TEWL
(transepidermal water loss). Although several swmidiave reported on the
biological effects of UV radiation, there have bera reports on the
changes in epidermal structure, skin barrier flumctind epidermal lipids of
murine skin following long term UV irradiation atifserythemal doses.

Objectives To investigate the changes of functions, morphiokigstructures
and epidermal lipid properties of the skin bargéer long term UV radiation
at suberythemal dose (SED).



M ethods Hairless mice were irradiated 3 times weekly fomieks at a SED
of UV (UVB: 20 mJ/cr; UVA:14 J/cnf). Every three weeks, visible skin
changes and epidermal barrier function were assessd skin specimens
were taken, and then hematoxylin & eosin stain, imatistochemical stain
and calcium ion capture cytochemistry were donee Thorphological

alterations of stratum corneum (SC) lipid lamellsere examined by electron
microscopy (EM) using ruthenium tetroxide postfizat Activities of three

key enzymes for mRNA of serine palmitoyl transferafatty acid synthase
and HMG Co A reductase were analyzed with real tRMePCR. | analyzed
the activity of three key enzymes with real timeRRIR for mRNA of serine
palmitoyl transferase, fatty acid synthase and HM& A reductase. | also
measured the amount of ceramide, cholesterol sudiad free fatty acid in the
SC by high performance thin layer chromatographi? THC) with exposed

time.

Results Visible fine wrinkles were found since 3 weeksiri@diation, and
progressively worsened in proportion to the duratad irradiation. There
were significant increases in epidermal and dermtkness and the
epidermal differentiation markers including invaling loricrin, filaggrin and
K5/10/16. These changes were accompanied withasither of epidermal
calcium gradient and SC intercellular lamellae M Endings. TEWL was
increased up to 12 weeks. SC hydration was graddafireased in proportion
to exposure time. mRNA of three key lipid synthesite limiting enzymes
were increased until 6 weeks of UV-irradiation athecreased thereafter.
However three major lipids gradually decreasedughout exposed period
with a notable decrease in ceramide.

Conclusions In conclusionjong term UV irradiation even with SED to which
people are usually exposed during their life timmfluences skin barrier
function and structure. Notable ceramide decreas&C intercellular lipid



after long term UV irradiation can be implicated the treatment or
prevention of photoaging.

Key words: ultraviolet light, suberythemal dose, skin barrieornified
envelope, stratum corneum lipid, ceramide
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| ntroduction

A main function of the skin is to provide a proteetbarrier at the interface
between the hazardous external environment andrgiaism. Although the
skin has many functions, the formation of a perrigalbarrier that impedes
transepidermal water loss (TEWL) is of major importe, because it is
required for life in a dry environment. This perrodity barrier is localized to
the outermost, the stratum corneum (SC), and iesliated primarily by
extracellular, nonpolar, lipid-enriched lamellar mi@anes that are
impermeable to watér A variety of insults, including mechanical trauma
produced by tape stripping, or contact with eitbaivents or detergents, can
injure the SC, resulting in acute perturbationscafaneous permeability
barrier function. Disruption of the permeabilityrbar stimulates a vigorous
homeostatic repair response in the underlying eiagidermis that leads to
the rapid restoration of permeability barrier fuoot.



Epidermal differentiation leads to the formationtbé SC, heterogeneous
tissue composed of lipid-depleted corneocytes endxbdn a lipid-enriched
extracellular matrix, which subserves the barridrese lipids derive from a
highly active, lipid-synthetic factory, operativa all of the nucleated cell
layers of the epidermis, which generates a unidpigl land hydrolase-
enriched, secretory organelle, the epidermal laanéibdy (LBY>. Following
secretion of their contents at the stratum granumoéSG) —SC interface, LB
contents are processed from a polar lipid mixtate & hydrophobic mixture
of ceramides, free fatty acid (FFA), and cholesieorganized into the
lamellar membranes that form the hydrophobic matwxhin which
corneocytes are embeddedlthough corneocyte proteins have been studied
intensively as markers of epidermal differentiatiotheir role in the
permeability barrier is less cléarYet, these SC is well known to perform
other critical epidermal functions. The corneocytdkience the permeability
barrier through their function as “spacers”, thigyce water and xenobiotes
to traverse a tortuous, extracellular hydropholaithway, and by serving as a
scaffold for lamellar membrane organizafion

Proteins of the cornified envelope (CE), and itemal, ceramide-enriched,
cornified-bound lipid envelope together providetabk, mechanically and
chemically resistant scaffold for the depositiond anrganization of the
extracellular matrix The CE, a uniform, 15 nm thick, peripheral enpelo
that encloses the corneocyte cytosol, consist&wéral highly cross-linked,
cytosolic proteins, including involucrin, loricringlafin, desmoplakin,
envoplakin, cytostatins, and pancornulins/cornifiismall proline-rich
proteins§™2 Involucrin, a 68 kDa rod-shaped molecule witredes of highly
conserved 10 amino acid repeats, containing 3 min& residues each as
potential cross-linking sites, accounts for 5-15Pthe CE expressed in the
late spinous and SG layer, and it appears to bdirdteenvelope precursor
that is cross-linked by transglutaminase 1 (TGl therefore localizes to the



outer SG2 Loricrin is a cysteine (7%), serine (22%), angcigle (55%)
enriched, 38 kDa, highly insoluble peptide, comipgsone component of
keratohyalin granules, and accounts for up to 8% B mass. Loricrin is
cross-linked into the CE late in differentiationnmediately after LB
secretiof™*3

CE-associated proteins, while being necessary for steady-state
maintenance of normal barrier homeostasis, aresitratty downregulated
following acute barrier perturbations, apparently @ form of metabolic
conservation, but subsequently upregulated duraigr|stages of barrier
recovery*™ Keratins are the most abundant structural proteihsthe
epidermis and its appendages, contributing to tleehanical properties of
these epitheliufi. Keratins are of two types, type | or acidic (K8)-2&nd
type Il or basic (K1-8), which are co-expressedpdirs, and all keratins
display a similar secondary structure, with a @nnod domain comprising
four a helices, and distinctive, non-helical, haad tail sequenc&s Whereas
K5 and 14 are expressed in the basal layer, Kla2e, 10 are expressed in
suprabasal layers, eventually accounting for 80%th# mass of the

corneocyté'®!8

Profilaggrin is a large, histidine-rich, highlyatmonic
phosphoprotein, consisting of 37 kDa filaggrin r&se connected by peptide
segments enriched in hydrophobic amino did&rofilaggrin is concentrated
within keratohyalin granules, where it may sequesteicrin, which also
localizes to keratohyalin. During terminal diffetiestion, profilaggrin is both
dephosphorylated and proteolytically processed Baab-dependent protein
convertase, furin, at the N-terminus to yield figeg, which ionically binds to

KI/10, inducing the formation of macrofibrils in¢hcorneocyte cytosét=:

The processing of secreted LB contents leads tprhgressive generation
of a mixture of relatively non-polar lipids, whidh enriched in ceramides,
cholesterol, and FFA, present in an approximatejyireolar ratio?’. The



“mortar” which means endogenous synthetic lipidghe keratinocytes also
contain abundant cholesterol, which is secretedhamged from LE’.
Although a variety of studies have shown that céiele| is critical for
permeability barrier function, cholesterol deriviedm cholesterol sulfate is
not required®. The key lipid constituent of the mortar is a famof nine
ceramide speciés Ceramides 1, 4, and 7 are the principal repasidor the
essential fatty acid (EFA), linoleic acid, a cricstructural ingredient in the
barrief"%

A 10 nm, tightly apposed, electron-lucent, plasneanbrane-like structure
replaces the plasma membrane on the external aspestneocytes* The
cornified bound lipid envelope comprises o-hydraeamides , with very
long-chain, Nacyl fatty acids, covalently bound ttee CE®* These o-
hydroxy derive from insertion of the b-glucosyl aihgxyceramide-enriched
limiting membrane of the LB into the apical plasms&mbrane of the
outermost granular ceffs* The cornified bound lipid envelope could restrict
water movement to extracellular domains, while fingi both water uptake
into the corneocyte, and egress of water-solulylgrdscopic amino acids out
of the corneocyte cytostl

These significant advances in our understandingthef homeostasis
mechanisms that regulate epidermal barrier fundtewe been achieved over
the past two decadesFor example, an acute perturbation stimulateskh w
coordinated repair response within the epidermmsiuding the immediate
secretion and regeneration of LB, the generatiokeyf barrier lipids, and
increased epidermal proliferatidif® Since occlusion with a vapor
impermeable membarane blocks all of these respopsesieability barrier
integrity is linked to epidermal lipid and DNA symsis. As hazards,
Ultraviolet (UV) irradiation of mammalian skin prodes responses including
not only inflammation, erythema, hyperproliferaticand desquamation but



also changes in biophysical properties of skinibarr

UV irradiation induces various cutaneous respotirsglsding physiologic
and morphologic changes in the skin. These incloflammatory responses
such as erythema, epidermal proliferation, apogtdsiperpigmentation and
immunosuppressidhi*2  Moreover, UV irradiation of mammalian skin
produces dose- and wavelength- dependent respimtieding compromised
integrity of the epidermal permeability barf&f’. The researches about UV
exposure to the skin have commonly were performaitd high minimal
erythemal dose (MED), that is to mean, more thaviED UV light which
could implicated in sunbuth*®*’ A single exposure of human skin to 2MED
ultraviolet B (UVB) irradiation induces a delayedciease in TEWT®.
Likewise, increased TEWL also occurs after exposiitgairless mice skin to
a single high dose of UVB, a combination of UVA abhi¥/B or UVC
exposuré3‘49'59 Furthermore, UV irradiation of human or rat skiso results
in increased transepidermal delivery of xenobidticHaratake et al.
demonstrated that the UVB-induced barrier abrogatio5-7.5 MED) is dose
dependent and delayed by at least 48 hours affgrsexe in young hairless
mice™. A single UVB irradiation with high MED (7.5 MED)agised not only
a significant increase in TEWL but also marked rhotpgical abnormalities
in the intercellular domains, including abnormadfple of LB and its contents
at the interface between SC and®$@dult hairless mice irradiated for 7 days
with high MED (1.5-7.5 MED) UVB showed delayed adtton in barrier
function and both an epidermal proliferative resmonand thymocyte-
mediated events appear to contribute to UVB induabtbgation of the
permeability barrigf.

People are commonly exposed to low dose, that imdan, suberythemal
dose (SED) of ultraviolet A (UVA) and UVB duringein lifetime. Photoaging
results from accumulation of responses of these BE[@xposure. Narbutt et



al. demonstrated that short term UVB irradiationthwSED (0.7 MED)
protected to a limited extent against the effettaroerythemal UVB dose on
cytokine expression and thymine dimer formatiomairless mice irradiated
with 1/3 MED of UVB and UVA for 10 weeks showed aalition of the
physical properties of the skin and increases matke content of S€. These
results showed the early events of wrinkle formawmly with limited data.
Wherease we can easily expect that suberythemal edposure have
important role of photoaging, relatively few furmtal and structural
abnormalities in the epidermis irradiated with lalegm UV with SED was
reported. The aim of this study was to evaluateettfiects of long term UV
irradiation with with SED on function and morphojogf skin barrier.



1. Materials and M ethods

1. Animalsand UV irradiation

All animal experiments were performed with 7-8-weédk female hairless
(hr-hr ) mice (n=40), which are purchased from #remal laboratory of
Yonsei University, in an ambient environment of°@3 50% relative
humidity. The MED which means the minimum dose Beagy to cause a
discernable erythema after 24 hours measured domnay selected mice with
a UV-dosimeter (Villingen-Schwenningen, Germany)aswUVB 80+5
mJ/cnt and UVA 2045 J/crh Treatment group was irradiated with SED of
UVB (20 mJ/cm) and UVA (14 J/crf) three times a week for 15 weeks.
Hairless mice in the control group were sham-iaetli during the same
minutes. UVB irradiation was delivered with Philipg20W/12 fluorescent
lamps (Philips, Eindhoven, Netherlands). As a U\Grse, Philips, UVA
sunlamp 40W (Philips, Eindhoven, Netherlands) wasdu Irradiance was
measured with a UV-dosimeter (Villingen-Schwennimg&ermany). Under
general anesthesia with 4% chloral hydrate by petridoneal injection, the
dorsal skin of each mouse was irradiated with seidbemal dose of UV.
Skin biopsies and the measurements were performeldeodorsal skin of the
hairless mice at every three weeks after the tiksirradiation.

2. Visual score / Assessment of epidermal barrier function and
stratum corneum hydration

Prior to the measurements hairless mice were aatled for at least 15
minutes to standardized laboratory environment. u&lis scoring was
performed every week by a trained investigator gisén grading system
developed by Bisset et°3l The scale ranged from 0 for normal skin to 3 for
heavily wrinkled skin. The minimum difference ofetlscale was decided as
0.5.
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TEWL was measured on the dorsal surface of hairleke by using a
Tewameter TM210 (Courage and Khazaka, Klon, Gerjnance a week.
Each value used for the final calculations reprieskethe arithmetic mean of
two single measurements. SC hydration was measisiag a Corneometer
CM 825 (Courage and Khazaka, Klon, Germary) onseek.

3. Assessment of epider mal/der mal thickness, epidermal prolifera
-tion and differentiation

Whole skin sections were fixed in formalin and s¢al with hematolxilin
and eosin. The thickness of epidermis considereth@glistance from the
basal layer to the stratum granulosum/stratum coméSC) junction, was
randomly measured on 10 points on each photograptg WPPhotoshop 3.0
(Adobe Systems, Mountain View, CA). The dermal khiess considered as
the distance from the basal layer to the lower d#&subcutaneous fat
junction, was measured in the same way to the spale thickness
measurement. For the light microscopic examinatios,specimen was fixed
in 10 % formalin solution and was embedded in pgeraSections of bm
thickness were cut and stained with differentiatizarkers such as involucrin,
loricrin, filaagrin, Keratin 5 (K5) (BabCo, RichmdnCA), Keratin 10 (K10)
(BabCo, Richmond, CA), Keratin 16 (K16) (BabCo, iRiwnd, CA). Briefly,
after deparaffinization, the sections were treatglentially with 100%, 90%
and 70% ethanol solution for rehydration. Then gshmples were treated to
inactivate endogenous peroxidases by incubatiorbifoin in Tris-buffered
saline (TBS). Samples were then blocked for 10 wiith blocking serum
solution (DAKO, Carpinteria, CA, USA) and incubategernight at 45 with
the primary antibody. After several washes in T@®y were incubated for 30
min with a secondary biotinylated antibody. Thager was detected with the
avidin-biotin complex system (Vector, Burlingamed,dJSA), according to
the  manufacturer’s instructions by using 3,3’-diaofienzidine
tetrahydrochloride (Sigma Chemical Co., St LouisOMUSA), as the
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substrate. Then they were examined under a ligtitascope.

4. Electron microscopic studies

1) Calcium ion-capture cytochemistry electron microscopy

At every 3 weeks after UV irradiation, the skin gd@s were taken and
fixed for ultrastructural examination. Calcium ioapture cytochemistry was
performed in order to investigate the epidermakioah ion distribution.
Briefly, biopsized samples were finely minced angtevimmersed in an ice-
cold fixative which contained 2% glutaraldehyde, maldehyde, 90 mM
potassium oxalate and 1.4% sucrose (pH 7.4); therg \eft overnight in the
ice-cold fixative in the dark.

2) RuO, postfixation

To see the SC intercellular lipid lamellae, Rugbstfixation was done.
Briefly, biopsized samples were fixed in modifiedardovsky’'s fixative
overnight, washed in 0.1 M cacodylate buffer, arabtfixed in 0.25%
ruthenium tetroxide (Rug) (Polyscienses Inc., Warrington, PA, .S.A.) in 0.1
M cacodylate buffer for 45 min in the dark at rommperature, or processed
routinely. After rinsing in a buffer, samples wedehydrated in graded
ethanol solutions, and embedded in an Epon-epoxiunai. Ultrathin sections
were examined using an electron microscope (Joekyd, Japan) after
further contrasting with uranyl-lead citrate.

5. Real-time RT-PCR for epidermal lipid synthesis rate limiting
enzymes

Serine palmitoyl transferase (SPT), HMG-CoA redsetéHCR) and fatty
acid synthase (FAS) mRNA were quantified with rémle PCR by using a

12



LightCycler FastStart Master Hybridization Probé WRoche Diagnostics
GmbH, Mannheim, Germany) according to the manufacti instructions.
Briefly, primers and two labelled probes were destyfor SPT, FAS, HMG-
CoA reductase, glyceraldehyde-3-phosphate dehydesge (GAPDH),
respectively. In all experiments, primer conceireg were first optimized to
avoid unspecific binding of primers, and after rimgnthe PCR products, a
dissociation curve analysis was performed to vetiifg specificity of the
amplification products. For each gene, a specit®RFprimer pair based on
the cDNA sequence published as indicated: GADPH 5'-
AATGGTGAAGGTCGGTGTGA-3'/5-CTGGAAGATGGTGATGGGC-3';
SPT 5-CTGCTGAAGTCCTCAAGGAGTA-3'/ 5-GGTTCAGCTCATCA
CTCAGAATC-3'; HCR 5-GATCCAGGAGCGAACCAA-3/  5'-
GSGAATAGACACACCACGTT-3’; FAS 5'-CCTCACTGCCATCCA
GATTG-3'/5-CTGTTTACATTCCTCCCAGGAC -3 PCR  mixture
contained 2 ul of DNA template, 2 pl of LightCyclémastStart Master
Hybridization probes (Roche Diagnostics GmbH, Mammh Germany),
2 mM MgClL and 0.5 uM forward primer, 0.5 uM reverse prinfe uM FL-
probe and 0.2 uM LC-probe, respectively. The PGRtien was performed in
20 pl (final volume) and the conditions for thermgitling were as follows:
initial denaturation for 10 min, followed by 55 alifigation cycles at 95°C
for 10 s, 56°C (SPT)/ 57°C (HCR,FAS)for 15 s and26r 8 s, cooling at
40°C for 1min.

6. High performance thin layer chromatography (HPTLC) for SC
lipid analysis

Epidermal lipids were extracted using the methodBtgh and Dyer,
dissolved in chloroform/methanol (2:1, vol/vol) astbred in liquid nitrogen
until used”. Lipids were separated by one-dimensional HPTLQ®x 20 cm
glass plates coated with Kiesel gel 60 (Merk, Daadlis Germany). For
quantification, lipid standards consisting of cledézol sulfate, free fatty acid

13



and ceramide were run in parallel. The quantifaatvas performed using
scanning densitometry (Camag, Muttenz, Switzerlpafter charring of the
lipids.

7. Statistics

The results are expressed as the mean = SD. BHltdifferences among
groups were determined by unpaired Student’s tusislg SPSS version 10. P
< 0.05 was considered statistically significant.
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[11. Results

1. Visible scores of wrinkle increases in proportion to UV exposed
time.

Long term UV radiation even with low dose inducednkie formation.
The skin originally showed no wrinkles and smoatiface features (Fig.1).
Wrinkles became deeper and wider following 15-weBkK irradiation. The
degree of wrinkling is summarized in Figure 2. Tist significant sign of
wrinkle, in comparison to the control group, wadedeed at 3 weeks of
irradiation (p < 0.01). The skin wrinkles and sudafeatures worsened
progressively over the 15-week irradiation period.

2. Long term SED UV irradiation affects on epidermal barrier
function and SC hydration in proportion to exposuretime.

Epidermal barrier function was determined by measent of TEWL (Fig.
4). Basal TEWL was not different until 9 week exp@s but increased
significantly, relative to control group, after Meeks of UV irradiation.
Figure 3 indicates SC hydration values. SC hydnatiecreased since 3 weeks
of irradiation and progressively more decreased L&tweek post irradiation.

3. Long term SED UV irradiation induce alterations in both
epidermal and dermal thickness.

Histopathologic changes including increases in api&l and dermal
thickness after long term UV exposure was most prent over 15 weeks of
UV irradiation (Fig. 5). The first significant inease in epidermal thickness
was found at 9 weeks, while significant increasdammal thickness started at
12 weeks post irradiation (Fig. 6,7). The changat #pidermal thickness
increased earlier than dermal thickness would bmi@nesting manifestation
asking a further interpretation.

15



Figure 1. Gross appearance of hairless mouse skin. Contoalpg
showed normal looking appearance while UV treatedig of 0, 3, 6,
9, 12 and 15 weeks exposure increased rough wsinkle
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Figure 2. Changes of wrinkle grade in long term SED UV iraaed
mice (O) and non-irradiated mice)( The values of wrinkle grade were
expressed as mean + SD. Visible scores increadlewiiog irradiation.
*p < 0.05, *p <0.01, vs. non-irradiated mice
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Figure 3. Changes inSC hydration after long term SED UV
irradiation. The water content of the epidermisrdased in proportion
to the irradiation time. (< 0.05, **p < 0.01)
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Figure 4. Changes in TEWL after long term SED UV irradiation.
Basal TEWL increased significantly from 12 weeks ofuVv
irradiation. (*p <0.05) time. (p<0.05, **p < 0.01)
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Figure 5. Histopathologic changes after long term SED U¥dration.
Epidermal hyperplasia and an increase in dermakiieiss were more
prominent in UV irradiated groups (9, 12, 15 weeksnpared to control.
(H&E, X 200)
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Figure 6. The changes in epidermal thickness after long-t8ED
UV irradiation. The first significant increase ipidermal thickness
was found at 9 weeksf*< 0.05, *p < 0.01)
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Figure 7. The changes in dermal thickness after long-t8ED UV
irradiation . The first significant increase in @pimal thickness was
found at 12 weeks (< 0.05, *p < 0.01)
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4. Long term SED UV irradiation affects epider mal differentiation.
To determine whether structural changes of theegpis were induced by
long term UVB and UVA at low doses, we examined éxeression of the
epidermal differentiation related proteins suclnaslucrin, loricrin, filaggrin,
K5, K10, and K16 (Fig. 8). After long term SED U¥xfddiation, involucrin,
loricrin and filaggrn are overexpressed from thatsim spinosum (SS) to the
SG, compared to the control. Wherease K5 are ngrengdressed in the basal
layer, K10 and K16 are overexpressed from the SB&&G in the epidermis
of UV irradiated mice with epidermal hyperplasialldwing the irradiation
period, these findings were more prominent compaoethe control group.
These results suggest that long term UV irradiatewen at low doses
influences epidermal differentiation as well asdepmal proliferation.

5. Long term SED UV irradiation induces changes in epidermal
calcium gradient.

The epidermis in the control group displayed a atigristic calcium
gradient in which calciuns sparse in the basal and spinous layers, inogeasi
to the highest levels in the granular layer, andidieg again in the stratum
corneum. The epidermal calcium gradient began éamgh at 3 week post UV
irradiation. The epidermis after 6 week UV irraghat displays evenly
dispersed calcium precipitates in all epidermagtayFig. 9) These perturbed
calicium gradient was persisted to 15 weeks posirtadiation.
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Figure 8. The expression of the epidermal differentiaticziated
proteins such as involucrin, loricrin, filaggrin,5K K10, and K16.
Immunohistochemical staining for each of these ginst except K5
were overexpressed in the epidermis of UV irradiateice with
epidermal hyperplasia. (X 200)
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Figure 9. Changes in epidermal calcium gradient examined by
calcium ion capture cytochemistry. The changegafegmal calcium
gradient in the control group (NL) showed normdticem gradient.
However, long term UV irradiated group after 6 weeknd 15 weeks
showed increased calcium ions within whole epidsrimicluding
stratum corneum (arrows). SC: stratum corneum, Sfatum
granulosum, SS: stratum spinosum, SB: stratum éasabcale
bar:0.2um
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6. Long term SED UV irradiation affects ultrastuctural changes of
SC intercellular space.

To gain further insight into the mechanisms by whidV irradiation
affects epidermal lipid structure, we examined thgastructure of the
epidermis in the hairless mice. In normal epidefr§i€ intercellular space
contains multiple, alternating dense and lucentdbaimdicating the lipid
lamellae (Fig. 10). In the SC intercellular spafterahe first 6 week after UV
irradiation, incomplete SC lipid lamellae can berséFig. 10). Following the
irradiation period, more prominent abnormal findinigcluding incomplete
and separated lamellae with fragmentation coulddmn as shown in Figure.
10.

7. The mRNA levels of epidermal lipid synthesis rate limiting
enzymes were affected by long term suberythemal dose UV
irradiation.

To determine whether long term UV irradiation withw doses affects
epidermal lipid production including ceramide, yadicid, and cholesterol, we
measured mRNA levels of SPT, FAS, and HMG CoA reghes This study
demonstrated an increase in SPT, FAS, and HMG Galiatase up to 6
weeks of UV irradiation (Fig. 11). But these inged mMRNA levels for the
three key enzymes decreased from 9 weeks to 15swafellV irradiation
(Fig. 12). Thus, barrier disruption by UV irrad@ti results in an increase in
the mRNA levels for the three key enzymes, ceramidéty acid, and
cholesterol synthesis until 9 weeks of the irradiat Thereafter, even the
levels of the enzymes represented as compensgiagrmal lipid synthesis
were downregulated after 9 weeks of the irradiation
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Figure 10. Changes in SC intercellular spaces. The SC isltesr
spaces including lipid lamellae of the control gro(NL) showed
normal in appearance. The UV irradiated group afteweeks and
15weeks showed remarkable changes including incetepilayer with
fragmentation. (RuO4 postfixation) Scale bar: 100nm
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Figure 11. Relative mRNA expressions of three major key enzyofe
cholesterol, ceramide, and fatty acid synthesise Values were up-
regulated in murine epidermis until 6 weeks of Uxpasure (A), but
were down-regulated at 15 weeks (B), suggestingptissibility that
even compensatory epidermal lipid synthesis isudigtd by chronic
UV irradiation. (HMG, HMG CoA reductase; SPT, seripalmitoyl

transferase; FAS, fatty acid synthase)
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Figure 12. SC lipids analysis by HPTLC. Lipids including chsterol,
free fatty acid and ceramide were slightly reucethurine epidermis at
6 weeks of UV exposure (A), but were more redudetbaveeks (B).
This result implicates the possibility that epidaintipid synthesis is
disturbed by long term UV irradiation. (CHOL, Chstlerol; FFA, Free
fatty acid; CER, Ceramide) * Arbitrary unit
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8. SC lipids were decreased in proportion to UV exposuretime.

To analyze the amounts of ceramide, fatty acid, @malesterol, we used
the HPTLC. Figure 12 shows the level of ceramid#yfacid, and cholesterol
obtained. The results reveal that the levels ddaltbree main lipids started to
decrease from 6 weeks of UV irradiation. It coukd & meaningful finding
that, following UV irradiation, the ceramides hadmm marked decreased rate
than fatty acid and cholesterol.
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V. Discussion

Chronic sun exposure causes various changes inskive that are
recognized as photoaging, immunosuppression andogdrginogenesis.
Long term exposure to solar UV irradiation leadslterations in human skin,
a process referred to as photoaging. Individuale tdive outdoor lifestyles,
live in sunny climates, and are lightly pigmenteitl experience the greatest
degree of photoaging.

UV irradiation of mammalian skin induces a varietywell-documented
acute responses, including erythema, hyperprotiteradesquamation, and
permeability barrier alteratiorfs Diminished permeability barrier fuction also
has been reported in response to UVB, combined Wil UVB or
UVC*483931 Yy jrradiation stimulates the generation of a bemof effector
molecules immediately after exposure including anila of epidermal
cytokines and prostaglandins initiating a complexaneous resporSe®.
UV light has a distinct effect on the productiordasecretion of cytokines
from KC, depending upon its wavelen§fthThese mediators initiate both an
inflammatory response, including erythema and epidé hyperplasid. The
delayed UV light induced barrier abnormality occwihin this setting of
epidermal hyperplasia and cutaneous inflammation

The researches about UV exposure to the skin hawvenonly performed
with high MED which means more than 1 MED UV ligimplicated in
sunburd**?*¢ A single exposure of UVB irradiation with high NDE
perturbed skin barrier function and triggered catars inflammatory
responses by directly inducing epidermal keratitegyo elaborate specific
pro-inflammatory cytokines, such as IL-la and TNE-& single UVB
irradiation with high MED caused not only a sigoént increase in TEWL but
also marked morphological changes in the SC inlletaespacé’.
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But commonly exposed sun light to people is usualy with SED.
Photoaging process might result from accumulatibtué irradiation with
SED. But because of experimental limits, there vienereports on the effects
of long term UV irradiation with SED, In this study, performed on the
hairless mice, | have shown that long term UV iiaddn even at a SED
influence not only biophysical properties but atsorphologic changes of the
epidermis and SC intercellular spaces.

Wrinkles and sagging are characteristically obseim photoaged sIifi®.
Earlier studies have reported decreased collageappearance of reticular
structure of elastic fibers, accumulation of abrarmelastic fibers, and
deposition of glycosaminoglycans in the dermal acdlular matrix of
photoaged skifi®® Kambayashi et al. reported that chronic low doks&V
irradiation induced wrinkle formation in hairlessicen and the increased
keratin content of the stratum corneum may resutthanges to the physical
properties of the skil In this study, long term UV irradiation with SED
induced wrinkle formation. These might result frtme above causes in those
researches. Also, the reason why fine wrinkle faimnadeveloped early at 3
week post irradiation might result from decreaseSC hydration shown in
figure 2 and 3.

To elucidate the meanings of the results, we adeehamd newly arranged
the data obtained from the study. First, to asgessmpact of long term UV
irradiation on permeability barrier function, wengpared the TEWL in each
group. Although SC hydration decreased as seeigird-4, the TEWL had
no significant change until 12 weeks of UV irradiat when the only
significant increase found at. In this study, thessult before 12 weeks of the
treatment is coincident with that of Choi as regaodthe skin barrier
protective responses after short term UV irradiatieith SED (in press).
Kambayashi et al. demonstrated that low dose Udiation induces wrinkle
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formation in hairless mice and TEWL increased sigantly after 10 weeks
of irradiation and this increase persisted 24 wemeikisout irradiation. In this
study, the TEWL increased significantly after 12ek® of irradiation and
conversely, decreased at 15 weeks of treafthadp to this point, | suggest
that the cumulative hazardous responses of UV iatiath with SED take
approximately 12 weeks considering the result dh dbarrier disruption
represented as TEWL at 12 weeks of the treatmédrd. TEWL decreased at
15 weeks post irradiation. That might means thetetftould also have been
some compensatory mechanisms during UV irradiatimmsidering decrease
in TEWL at 15 weeks of the treatment. Moreover tligticroscopy revealed a
significant increase in both epidermal and derntatkness (Fig. 6,7).
Increases in epidermal thickness began to appé&awatks of UV irradiation,
while increases in dermal thickness began at 1xksveé the treatment. |
suggest that epidermal and dermal thickness, npigtitally contribute to the
recovery of TEWL at 15 weeks of UV irradiation evdrough SC hydration
decreased following UV irradiation period and ligighthesis decreased from
9 weeks after UV irradiation, as shown previouéiterations in epidermal
proliferation are known consequences of acute Wadiatiort’. Haratake et al.
reported that hyperproliferative response is reglifor the UVB induced
barrier defect and inhibition of epidermal prold&on diminished the effects
of acute UVB exposure on the barffer

Earlier researches demonstrated that low dose tddiation with SED for
10 weeks induced wrinkle formation with primaryeaibg the epidermal
components of the skin, rather than the detimiBut, changes of dermal
components might involved in photoaging processragbme period of UV
irradiation considering increased dermal thicknefier 12 weeks of UV
irradiation in this study. In addition, Werner ¢t r@ported that keratinocytes
stimulate fibroblasts to synthesize growth factersich in turn will stimulate
keratinocyte proliferation in a double paracrinenmer®. Up to this reason, |
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found that epidermal thickness increased earlian tthermal thickness after
UV irradiation in this study.

UVB irradiation has also been reported to de@eBNA, RNA, and
protein synthesis within the first few hours aféeposure, with each of these
parameters increasing subsequently, culminating h witccelerated
desquamatiofl. Exposure of normal adult human skin to mild leeyha
inducing doses of UV induces p53 and proliferatogdl nuclear antigen
expression, both of which, however, are associattddcell cycle progression
but neither induce a mitotic response nor incredlsedeplication-associated
antigens, DNA polymerase or Ki 87 Likewise, my study showed increased
expression of keratinocyte differentiation repréednby markers such as
involucrin, loricrin, filaggrin and K10 and prolifation processes represented
by K16 except K5 which commonly expressed in bksadr of the epidermis.
Denda et al reported that exposure to changes viroemental humidity
alone induces increased keratinocyte proliferatiand markers of
inflammation, and these changes are attributablechanges in stratum
corneum moisture contéit Moreover It was well known that 1,25-
dihydroxyvitamin 3 which synthesized endogenously by a cascade of
reactions including UVB-induced photochemical raacttand subsequent
hydroxylations in the keratinocytes appear to péy important role in
keratinocyte differentiatiofi 25-dihydroxyvitamin B increases expression of
major epidermal differentiation proteins such alacrin, loricrin, filaggrin,
and transglutaminase and stimulates cornified epeeformation, which is
required for optimal epidermal differentiation amkermeability barrier
homeostasi§’® Vitamin D receptor knockout mice exhibit reduegzidermal
differentiation marker expressitin Also, in this study, the expression of
keratinocyte proliferation and differentiation merk increased and SC
hydration decreased in proportion to the irradratione. Then | suggest that
UV irradiation induced keratinocyte differentiaticand proliferation and
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consequent dry skin represented as decreased S&tibpdmight accelerate
these processes.

Calcium plays various roles including inductiontefminal differentiation,
formation of the cornified cell envelope, and agidermal lipid synthesis™
Menon et al demonstrated that alterations of thieiwwa gradient affect
exocytosis of the LB in SC-SG intersti€edy results show disruption of the
calcium gradient after long term UV irradiation WiSED. This disruption
might be mediated by various mechanisms includiteyation of epidermal
differentiation and lipid synthesis.

In addition to lipid synthesis, barrier homeostasiguires the assembly and
secretion of epidermal ‘lamellar bodies, followeds Ipostsecretory,
extracellular processifif’®. The epidermal lamellar body is a unique
secretory organelle that delivers lipid precursamsl hydrolytic enzymes to
the SC interstices, leading to barrier formatiddolleran et al. reported that
the generating capacity of the lamellar body wasimished in epidermis with
UVB irradiation and that T-cell dependent hyperifeshtive response in the
epidermis correlates with barrier abnorméfifi?®? In addition to potential
reduction in the number of cells available for LBrrhation, incomplete
stratum corneum lipid lamellae was found after U¥adiation and more
prominent abnormal findings appeared including mplete and separated
lamellae with fragmentation could be seen followiing irradiation period.

The SC intercellular lipid levels play critical ed in cutaneous barrier
homeostasis. In addition, barrier homeostasis afsnage to the barrier
includes a series of biochemical phenomena suchnagcrease of lipid
synthesis and lipid processfhgWe examined changes in lipid synthesis
abnormality after long term UV exposure with SEDshould be noticed that
the three major enzymes for lipid synthesis wertevated until 6 weeks of
UV irradiation to compensate the unrecognizablerosicopic changes and
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conversely decreased from 9 weeks to 15 weekseatrtient. These result
show that compensatory processes of lipid synthesie sustained until 6
weeks and thereafter, downregulated from 9 weekdJ\dfirradiation. |
hypothesized that some inefficient lipid formatigrocesses including
abnormal LB formation could be the reason for tireselts.

In lipids profile after UV irradiation, the levets ceramides, fatty acid, and
cholesterol began to decrease significantly at @kaeof UV irradiation.
These results were accompanied with down-regulatetivity of lipid
synthetic enzymes as shown previously. Moreovemettwas a particularly
significant reduction of ceramide among the lipidéhough Holleran et al.
reported an increase of ceramide synthesis accaetpdny increased SPT
activity following high doses and short term UVBraidiatiorf®. In
chronologically aged mice, a deficiency in lipidndlyesis, particularly in
cholesterologenesis, accounts for barrier abnotynadind lipid-induced
acceleration of barrier recovery in aged epidemniselates with repletion of
the extracellular spaces with normal lamellar stme®. Although the total
lipid content decreased in the stratum corneumgeflanice (approximately
30%), the distribution of ceramides (including eeide 1), cholesterol, and
free fatty acids was unchand&dCompared to these previous report, it was
the distinguished point that, in this study, a gigant reduction of ceramide
was found in the hairless mice treated with lomgnt&JV irradiation with
SED. Although further study to elucidate the ungiad mechanisms of
diminished lipid profiles after long term UV irradion is warranted to
confirm the alteration and compensatory respongiess supposed that
reduced lipid profiles resulted from cumulative uiesof long term UV
irradiation with SED. Also, although we need moeseaarch about recovery
after application of ceramide containing moisturizeve suggest that
ceramidogenesis can be associated with barriesgtieon and down regulated
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in photoaged mice. These results could implicatetqtherapy, photoaging,
and photooncogenesis.
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V. Conclusion

In conclusionjong term UV irradiation even with SED to which pémare
commonly exposed influences skin barrier functiow atructure. Marked
ceramide decreases in SC intercellular lipid dfteg term UV irradiation can
be implicated in the treatment or prevention oftphging.
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