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Abstract
Mammalian skin incorporates a local equivalent of the hypothalamic-pituitary-adrenal (HPA) axis
that is critical in coordinating homeostatic responses against external noxious stimuli. Ultraviolet
radiation B (UVB) is a skin-specific stressor that can activate this cutaneous HPA axis. Since
C57BL/6 (B6) and DBA/2J (D2) strains of mice have different predispositions to sensorineural
pathway activation, we quantified expression of HPA axis components at the gene and protein
levels in skin incubated ex vivo after UVB or sham irradiation. Urocortin mRNA was up-regulated
after all doses of UVB with a maximum level at 50 mJ/cm2 after 12 h for D2 and at 200 mJ/cm2

after 24 h for B6. Proopiomelanocortin mRNA was enhanced after 6 h with the peak after 12 h and
at 200 mJ/cm2 for both genotypes of mice. ACTH levels in tissue and media increased after 24 h
in B6 but not in D2. UVB stimulated β-endorphin expression was higher in D2 than B6.
Melanocortin receptor 2 mRNA was stimulated by UVB in a dose-dependent manner, with a peak
at 200 mJ/cm2 after 12 h for both strains. The expression of Cyp11a1 mRNA — a key
mitochondrial P450 enzyme in steroidogenesis, was stimulated at all doses of UVB irradiation,
with the most pronounced effect after 12–24 h. UVB radiation caused, independently of genotype,
a dose-dependent increases in corticosterone production in the skin, mainly after 24 h of
histoculture. Thus, basal and UVB stimulated expression of the cutaneous HPA axis differs as a
function of genotype: D2 responds to UVB earlier and with higher amplitude than B6, while B6
shows prolonged (up to 48 h) stress response to a noxious stimulus such as UVB.
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1. Introduction
Mammalian skin incorporates the major functional elements of the hypothalamic-pituitary-
adrenal (HPA) axis, and this cutaneous HPA axis influences local homeostasis [reviewed in
(Slominski et al., 2007; Slominski et al., 2012; Slominski et al., 2013b)]. In the mouse skin
the activity of proopiomelanocortin (POMC), one of the main components of the HPA axis,
is coupled to the phase of hair cycle (Slominski et al., 1992). This includes hair cycle
dependent expression of POMC transcripts, of prohormone proconvertases 1/3 (PC1/3) and
2 (PC2) with final processing of POMC to either ACTH or melanocyte stimulating hormone
(MSH) and β-endorphin (β-END) peptides (Slominski et al., 1992; Slominski et al., 1996b;
Ermak and Slominski, 1997; Slominski et al., 1998; Mazurkiewicz et al., 2000; Slominski et
al., 2000c). Importantly, physiological immune functions and histology of murine skin
dramatically change during hair cycling and the local melanogenic activity is strictly
coupled to the anagen phase of hair growth (Slominski and Paus, 1993; Stenn and Paus,
2001).

Human skin does express an equivalent of the HPA axis that is highly organized and follows
the central HPA axis organizational structure, in which corticotropin releasing hormone
(CRH) or urocortin (UCN1) produced by skin cells and/or released by nerve endings interact
with CRH receptor type 1 (CRH-R1) to produce POMC-derived β-END and ACTH peptides
(Slominski et al., 2001; Slominski et al., 2006; Slominski et al., 2013b), with the latter
stimulating local production of cortisol (COR) or corticosterone (CORT) (Slominski and
Mihm, 1996; Ito et al., 2005; Slominski et al., 2005b; Slominski et al., 2005c; Cirillo and
Prime, 2011; Hannen et al., 2011; Vukelic et al., 2011; Slominski et al., 2013b). It has been
proposed that cutaneous CRH, β-END, ACTH and glucocorticoids (GCs) may not only
regulate local homeostasis, but might also affect central body homeostasis through signals
send via the neural and vascular connections [reviewed in (Slominski and Wortsman, 2000;
Slominski et al., 2000c; Slominski et al., 2012)]. Ultraviolet B (UVB, λ 290–320 nm) acts as
a skin-specific stressor capable of activating different elements of the local HPA axis in
human skin (Slominski et al., 1996a; Chakraborty et al., 1999; Zbytek et al., 2006;
Skobowiat et al., 2011; Slominski et al., 2012; Skobowiat et al., 2013).

C57BL/6 (B6) and DBA/2J (D2) are among the most widely used inbred strains and are
exploited in many areas of research. Both have been sequenced and they are known to differ
at ~5 million SNPs, indels, and CNVs (Wang et al., 2010; Porcu et al., 2011). Both strains
are recessive homozygotes for the non-agouti allele (a/a) of the agouti signaling protein
(Asip). Concerning pigmentary phenotype, both strains produce solely eumelanin. However,
the amount of eumelanin pigment produced by D2 is lower than in B6, because of the loss of
function mutations in Myo5a and Tyrp1 genes (Bennett and Lamoreux, 2003). Interestingly,
POMC−/− B6 mice do produce exclusively eumelanin, indicating that POMC-derived
peptides in both strains having the Asip a/a genotype play different role in skin physiology
than strict regulation of melanin pigmentation (Slominski et al., 2004b; Slominski et al.,
2005a). Over the last decade we have expanded a large family of inbred strains made by
crossing B6 with D2. This family of BXD strains have strikingly different phenotypes
(Andreux et al., 2012) including changes in melanin pigmentation (www.genenetwork.org).
Since UVB light is the major cutaneous stressor, positive regulator of melanin pigmentation
and inducer of local neuroendocrine activities (Slominski et al., 2000c; Slominski et al.,
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2004b; Slominski et al., 2012), we investigated the different responses of B6 and D2
parental genotypes to UVB in terms of induction of cutaneous HPA axis.

2. Material and methods
2.1. Animals

C57BL/6 (B6) and DBA/2J (D2) females were purchased from the Jackson Laboratory, and
bred at UTHSC, Memphis, TN in a specific pathogen-free (SPF) facility. Animals were
weaned at 25 days of age and housed in same sex cages with 2–5 mice per cage until the day
of sacrifice. Animals had free access to standard laboratory chow and water and were
maintained on a 12:12 light/dark cycle. Room temperature ranged from 20 to 24 C. Four B6
and four D2 mice were sacrificed at 60 days of age by cervical dislocation. All procedures
involving mouse tissue were approved by the Institutional Animal Care and Use Committee
at the University of Tennessee Health Science Center, Memphis TN.

2.2. Irradiation
Back skin was shaved with animal clipper, the epidermal surface was disinfected with 70%
ethanol, and the skin dissected out and collected as described previously (Slominski et al.,
1992; Slominski et al., 1994; Mazurkiewicz et al., 2000). Skin from each animal was
subdivided into two parts: the control and experimental samples and placed onto humid
(PBS), Waltham paper covered, 100 mm petri dishes. Experimental samples underwent
appropriate UVB (290–320 nm) irradiation, while the control samples (sham-treated) the
same way, except the irradiation (they stayed covered in alumni foil in humid chamber).
Irradiation was performed with USHIO G15T8E bulb equipped with Kodacell filter which
cuts of any shorter wavelengths than 290 nm (Skobowiat et al., 2013). The times [s] of UVB
irradiation were calculated based on formula: Time=Dose/Intensity, [Jcm−2/Wcm−2]. Doses
of UVB irradiation included Ctr (sham) = 0 mJ/cm2, 50 mJ/cm2 and 200 mJ/cm2, and their
absolute and erythemic values are listed in Table 1. The UV dosimetry was performed by
Dr. R.M. Sayre from the Rapid Precision Testing Laboratories, Cordova, TN with the use of
a scanning double monochromater spectroradiometer (model OL 756; Optronic
Laboratories, Orlando, FL) as described in (Skobowiat et al., 2011; Skobowiat et al., 2013).
After irradiation, all skin parts were punched (6mm) to obtain 28 punches from each skin
part. Seven punches per well were seated and 2 ml of Williams E medium (Sigma, St. Louis,
MO) was added which was corticosterone- and serum-free but supplemented with 5μg/ml
insulin and 1% Antibiotic-antimycotic solution. The skin samples were cultured in 6 well
plates for 6, 12, 24 and 48 h, at 5 % CO2, 37 C. After defined incubation times, the 1.5 mL
of medium and 2 skin punches for RNA, 3 for ELISA, and 2 for IHC were collected and
frozen separately in −80 °C (see Fig. 1 for experimental layout).

2.3. Real time RT-PCR (RT-PCR)
Total RNA was extracted with high Pure RNA Tissue Kit according to the manufacturer
instructions (Roche, Indianapolis, IN). One microgram of total RNA was reverse transcribed
into cDNA with high-capacity cDNA reverse transcription kit (Applied Biosystems, Foster
City, CA). Primers used for PCR amplification are listed in Table 2. The PCR reactions
were performed in triplicate with SYBR Green I Master Mix (Roche, Manheim, Germany).
The data were collected on the Light Cycler 480 from Roche. The amount of amplified
product for each gene was compared to that for reference gene (β-actin) using a comparative
ΔΔCT method and presented as a fold change ± SD.

2.4. ELISA/EIA
Skin samples (3 punches from each skin part; 6 per animal) together with media were
homogenized with T-PER® buffer (Thermo Sci., Rockford, IL) supplemented with protease
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inhibitor cocktail (10μl/1ml; Sigma, St. Louis, MO), by the use of homogenizer (Polytron
PT-MR2100, Swiss) and stand for 30 min, 4 C and centrifuged at 12,000 g, 25 min, 4 C.
Supernatants containing extracted proteins were normalized, i.e. adjusted to the same
concentration (2 μg/μl of total protein) after calculation with BCA assay (Thermo Sci.,
Rockford, IL). ELISA/EIA was performed according to the manufacturer’s directions,
respectively for ACTH (Alpco Imm., #21-ACTHU-E01, Salem, NH) and CORT (Enzo Life
Sci., ADI-900–097, Plymouth Meeting, PA). ACTH and CORT OD’s were read with
spectrometer (SpectraMax M2, Molecular Devices, Sunnyvale, CA) and the concentrations
were calculated from the 4 parametric standard curve with the software (SoftMax Pro,
Molecular Devices, Sunnyvale, CA) and presented in pg/mL for ACTH and in ng/mL for
CORT.

2.5. Immunohistochemistry
Skin samples (2 punches per skin; 4 per animal) were fixed in 4% buffered (pH = 7.4)
paraformaldehyde for 4 h. After extensive rinsing, punches were submerged in 18 %
sucrose, frozen and cut on cryostat (Leica 3050, Bannockburn, IL) with the technique
described by Ralf Paus (Paus et al., 1999). Ten μm sections were mounted onto silanized
slides (Dako, Carpinteria, CA), rinsed several times with PBS and subjected to a single
immunofluorescence. Blocking was performed with 5% donkey serum, 0.1% BSA, 0.3%
Triton X-100 diluted in PBS for 1 h, RT. Following extensive rinsing in PBS, the primary
antibodies diluted in the same blocking solution were applied overnight, RT. Next day,
tissues were rinsed and the biotinylated donkey anti-rabbit IγG were applied for 1 h.
Following rinsing in PBS, the streptavidine–CY3 (red) fluorophore was applied for 50 min.
Afterward rinsing, sections were submerged in fluorescent mounting medium (Dako,
Carpinteria, CA) and topped with cover glass. Negative controls were performed the same
way except applying the primary antibodies (omission) or with the use of serum from non-
immunized rabbits (replacement). At least 6 sections per skin scrap, i.e. 12 per animal of
each primary antibody were studied under fluorescent microscope (Leica, Digital
DM4000B, Buffalo Grove, IL) equipped with the filter capable for visualization of λ
excitation/emission 550/570 nm (red), and conjugated to a digital camera. Pictures were
further analyzed for quantitative intensity of immunocomplexes (6 measurements per
assessment) with the use of ImageJ software (National Health Institute). List of primary and
secondary antibodies used are provided in Table 3.

2.6. Statistics
Data are presented as means ± SD and were analyzed with Student’s t-test (for 2 groups) or
(for more than 2 groups) with one-way ANOVA Dunnett’s multiple comparison post hoc
test using Prism 4.00 (GraphPad Software, San Diego, CA). Statistically significant
differences are denoted by * (t-test) and # (ANOVA); where p<0.5 (*,#), p<0.01 (**,##) and
p<0.001 (***,###).

3. Results
Ex-vivo UVB irradiation up-regulated the HPA axis elements in murine skin independently
of the strain. Although the pattern was similar, the amplitude of changes and time of
reactions differed between B6 and D2 (Figures 2 and 3).

First we examined the UVB induced changes in gene expression (Fig. 2). Ucn1 (urocortin)
mRNA was up-regulated after all doses of UVB with a peak at 50 mJ/cm2 for D2 and 200
mJ/cm2 for B6 at incubation time of 6–12 h (Fig. 2A, A′). After 24 h the Ucn1 gene was
slightly down-regulated compared to untreated controls. Pomc mRNA was augmented
already at 6 h (50 mJ/cm2) with the peak after 12 h for the dose of 200 mJ/cm2 for both
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strains (Fig. 2A, A′). Longer incubation, 24 h, also enhanced mRNA expression, but the fold
change was lower compared to the earlier (12 h) time point. There were tangible differences
in Mc2R mRNA (receptor for ACTH) expression between B6 and D2. While D2 reacted in
a dose-dependent manner in a fast (6 h) and long lasting mood (up to 24 h), the B6
responded only to one dose, i.e., 200 mJ/cm2, 12 h (Fig. 2A, A′). The gene Cyp11a1,
encoding the cholesterol P450 side-chain cleavage enzyme (P450scc), a key mitochondrial
enzyme which starts steroidogenesis, was stimulated earlier (6–12 h) and with higher
amplitude in D2 compared to B6 where the delayed and prolonged (12–24 h) up-regulation
of Cyp11a1 mRNA has been observed (Fig. 2A, A′).

Next, we measured endogenous and UVB-induced production of ACTH and CORT (Fig. 2).
ACTH peptide level increased slightly after 50 mJ/cm2 of UVB irradiation, similarly in both
strains, but the higher amounts were produced after dose of 200 mJ/cm2 followed 24 h of
murine skin culture (Fig. 2B, B′). The production of final product of GC pathway in mouse
– CORT followed the dose-dependent enhancement after UVB irradiation in B6 (Fig. 2B, B
′). In D2, the dose of 50 mJ/cm2 is more effective than 200 mJ/cm2 in stimulation of CORT
synthesis at 6 h after UVB exposure. However, after 24 h UVB-induced accumulation of
CORT in culture media was similar in both mouse strains, being significantly higher than in
controls (Fig. 2B, B′).

Finally, we applied IHC for in situ expression and relative expression of UCN1, β-END and
P450SCC antigens. Thus, UVB radiation stimulated significantly expression of these
antigens in both epidermal and dermal compartments including hair follicles with sebaceous
glands and dermal mesenchymal cells in both strains (Fig. 3A). The relative quantification
of immunopositive signal intensity surprisingly revealed that endogenous expression levels
of UCN1 were significantly lower in D2 than B6 (respectively, in epidermis 0.29 ± 0.01 vs.
1.1 ± 0.14 and dermis (1.18 ± 0.57 vs. 2.89 ± 0.54) (Fig. 3B). Interestingly, UVB was more
potent in stimulation of this antigen in D2 than in B6 as measured by differences in ratios of
UVB/control (respectively, in epidermis 13.7 vs. 2.62 and dermis 7.77 vs. 2.45).
Furthermore, levels of β-END expression were higher in D2 than B6 (respectively, in
epidermis 0.98 ± 0.12 vs. 0.34 ± 0.18 and dermis 5.23 ± 0.71 vs. 3.24 ± 0.12) (Fig. 3B),
while the ratios of UVB/control were similar in D2 and B6 (respectively, 4.38 vs. 3.49 in
epidermis and 1.67 vs. 1.92 in dermis). The constitutive P450scc expression levels were
similar in B6 and D2 in epidermis 1.59 ± 0.19 vs. 2.00 ± 0.42 and dermis 2.50 ± 0.84 vs.
4.20 ± 1.25, respectively (Fig. 3B). Also, there were no statistically significant differences in
the UVB induced stimulation of P450scc between both mouse strains.

4. Discussion
In this paper we show for the first time that UVB can stimulate expression of local HPA axis
including stimulation of Ucn1, Pomc and POMC-derived ACTH and β-END, Mc2R and
P450scc expression with increased production of CORT in the mouse skin incubated ex-
vivo. Furthermore, there was a different pattern of endogenous or UVB-induced expression
of selected elements of the “cutaneous HPA axis” for B6 and D2 strains. These studies are in
agreement with previous data showing that mammalian skin and skin cells cultured in vitro
express POMC [reviewed in (Slominski et al., 2000c; Slominski et al., 2012)] and CRH
(reviewed in (Slominski et al., 2001; Slominski et al., 2006)) signaling systems, and
steroidogenic activities [reviewed in (Slominski et al., 1996c; Slominski et al., 2004c;
Slominski et al., 2007; Slominski et al., 2013a)] substantiating the concept on cutaneous
HPA axis acting as one of the coordinators of skin responses to stress (Slominski and Mihm,
1996; Slominski et al., 2007; Slominski et al., 2012). They also show that UCN1, POMC
and POMC-derived peptides are expressed in D2, similarly to that in B6 skin reported
previously (Slominski et al., 1992; Slominski et al., 1996b; Ermak and Slominski, 1997;

Skobowiat et al. Page 5

Gene. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Slominski et al., 1998; Slominski et al., 1999a; Mazurkiewicz et al., 2000; Slominski et al.,
2000b; Slominski et al., 2004a), however, with noted differences, see discussion below.
Importantly, they show, for the first time, that mouse skin does express steroidogenic
activity, which is similar to human skin (Slominski et al., 1996c; Slominski et al., 1999b;
Slominski et al., 2004c; Ito et al., 2005; Slominski et al., 2005b; Slominski et al., 2005c;
Cirillo and Prime, 2011; Hannen et al., 2011; Skobowiat et al., 2011; Vukelic et al., 2011;
Slominski et al., 2013a) and rat skin (Slominski et al., 2000a).

Noticeable, the D2 had lower endogenous expression of UCN1 than B6, however, it was
more sensitive to UVB stimulatory effect both at gene and protein levels, e.g., gene
induction in D2 was seen at lower dose (50 mJ/cm2) of UVB than in B6, the latter required
higher dose for maximal stimulation (200 mJ/cm2). Similar results were reflected at the
protein level, where UVB stimulated UCN1 expression at the higher level in D2 than in B6.
It must be noted, that mouse skim, in contrast to human skin, does not express CRH gene,
making UCN1 as the leading molecule of the cutaneous HPA axis trigger (Slominski et al.,
2001; Slominski et al., 2004a). Accordingly, we failed to detect CRH mRNA in D2 (not
shown), which is similar to B6 (Slominski et al., 1996b; Slominski et al., 2001). Thus, in
mouse skin UCN1 or CRH (released by nerve endings) would activate CRH-R1 leading to
increased Pomc gene expression, with subsequent mRNA processing, production of POMC
precursor protein and its enzymatic cleavage with proconvertases (PC1/3; PC2) to yield
ACTH and β-END peptides (scheme of processing of POMC is in Suppl. Fig. 1).

Since the skin was exposed to the UVB light, after dissection from killed animals, we
conclude that the skin of D2 shows lowered threshold sensitivity in terms of UCN1
stimulation in comparison to B6, which is similar to lower threshold sensitivity in this
species observed in opioid management (Eastwood and Phillips, 2012). Furthermore, on the
level of gene expression, D2 responded more rapidly than B6 in Pomc, Mc2R and Cyp11a1
genes expression (Fig. 2A, A′). However, both strains reacted similarly in terms of general
induction ACTH and CORT production with D2 showing nevertheless higher level of
sensitivity at lower doses and shorter time of UVB exposure (Fig. 2B, B′). This shows
qualitative similarity in response to UVB exposure with quantitative differences indicating
higher sensitivity of D2 to induction of HPA axis parameters. It has to be noted, that
expression of Pomc gene in mice fluctuates along the hair-cycle stage, reaching highest
levels in anagen (Slominski et al., 1992; Slominski et al., 1998; Mazurkiewicz et al., 2000).
In our experiments we used mice at telogen stage of hair cycle, where the Pomc expression
is the lowest and restricted to the exon 3 (Ermak and Slominski, 1997). Therefore, changes
observed after UVB radiation are considered as stress induced and independent of hair
cycling. Furthermore, they are independent of the systemic responses, since the skin from
killed animals, which was dissected from the body, was used for the experiments. The
quantitative differences in stimulation of local HPA axis (Pomc, ACTH and CORT) are
consistent with observed increased expression of UCN1 after UVB, which could act on
CRH-R1 to activate the HPA mode (Slominski et al., 2012). However, the direct action on
CRH-R2 that is independent of HPA axis may also be considered (Gerber and Bale, 2012).
In addition, β-END expression showed striking differences between both strains with higher
endogenous immunopositive signals in D2 than for B6, which might be related to a different
behavioral reaction to stress between D2 and B6 (Paterson et al., 2010; Williams and
Mulligan, 2012). We suggest that above differences in cutaneous opioid activities between
both species would be related to genetically predetermined endogenous production of β-
END. Therefore, endogenous and UVB-induced production of UCN1 and β-END may also
affect pathways that are independent of the HPA axis but related to local activation of opioid
peptides (Slominski et al., 2011; Slominski et al., 2012) and opioid receptors (Bigliardi et
al., 2009).
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Since both strains show different responses to cutaneous carcinogens and irritating factors
(http://www.informatics.jax.org/faq/STRN_imgpop.shtml), the challenge for future research
is to carefully dissect whether these differences are linked to differential activation of the
local HPA axis. In addition, B6 and D2 strains, while showing different phenotypes and
behavioral responses (Paterson et al., 2010; Andreux et al., 2012; Eastwood and Phillips,
2012; Williams and Mulligan, 2012), are also a source of B6 X D2 - derived isogenic but
diverse strains of mice (BXD type) that are deposited in an open-access web service for
systems genetics (www.genenetwork.org). Accordingly, linking different phenotypes with
the differential local neuroendocrine responses will be a subject of our future studies based
on the above BXD progeny. In this context, the significant differences in quantitative
expression of the cutaneous HPA axis between B6 and D2 strains (both endogenous and
UVB-induced) make this model a promising tool in dissecting genetic traits and networks
linked to local regulation of UCN1, POMC and steroidogenic activity.

5. Conclusion
We demonstrated expression of different HPA axis elements, including UCN1, POMC-
derived ACTH and β-END as well as P450scc and production of CORT in B6 and D2
murine skin. We expect that differences in endogenous or UVB-induced expression of the
selected elements of local neuroendocrine pathways in skin are determined by the genetic
background of these two mouse strains.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Acknowledgments
The authors are indebted to Dr. R.M. Sayre from Rapid Precision Testing Laboratories, Cordova, TN, for
performing the dosimetry of UVB radiation. This study was supported in part by grants from National Science
Foundation (# IOS-0918934) and National Institutes of Health (#1R01AR056666–01A2) to AS.

Abbreviations

HPA axis hypothalamic-pituitary-adrenal axis

B6 C57BL/6J

D2 DBA/2J

UVR ultraviolet radiation

CRH corticotropin releasing hormone

ACTH adrenocorticotropin

GC glucocorticoids

GR glucocorticoid receptor

β-END β-endorphin

POMC proopiomelanocortin

UCN1 urocortin

COR cortisol

CORT corticosterone
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Highlights

• UVB radiation induces the “cutaneous HPA axis” independently of the mouse
strain

• UVB stimulates steroidogenesis in mouse skin independently of the mouse
strain

• Expression of “cutaneous HPA axis” differs between C57BL/6 and DBA/2J
strains

• DBA/2J appears is more sensitive in UVB induction of HPA elements than
C57BL/6

• UVB stimulated β-endorphin expression is higher in DBA/2J than in C57BL/6
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Fig. 1.
Experiment design layout.
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Fig. 2.
Comparison of the UVB induced changes in the expression of cutaneous HPA axis elements
between B6 and D2 mice.
Panel A. The qPCR analysis comparing the mRNA expression of Ucn1, Pomc, Mc2R and
Cyp11a1 between control and UVB-irradiated skin histocultured for 6, 12 and 24 h is
presented separately for B6 (A) and D2 (A′). UVB radiation stimulated genes involved in
the cutaneous HPA axis expression independently of the mouse strain. D2 responded to
UVB earlier and with higher amplitude than the B6 mice, which in turn, showed prolonged
stress response to this noxious stimulus. All data are presented as a fold change vs. control at
6, 12 and 24 h time points, based on ΔΔct method between reference (β-actin) and target
gene expression level. Statistically differences were obtained by comparison variability
inside group means to between group means (Anova, marked as #) and with t-test (marked
with *) where every UVB irradiated sample mean was compared to appropriate time point
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control mean (run in triplicate). Samples from 6 h time point are presented in green, from 12
h in yellow and 24 h in red.
Panel B. The immunoenzymatic assay presents the concentration of peptide (ACTH) and
final steroid product (CORT) of HPA axis activation in murine skin. B) Results for B6, B′)
for D2.
ACTH (ELISA, in pg/mL) and CORT (EIA, in ng/mL) concentrations measured in skin
scraps extracted together with media after appropriate tissue culture incubation. UVB
stimulated the cutaneous ACTH and CORT production in a similar pattern in both strains;
however the calculated amount of ACTH was higher in B6 than in D2. Samples from 6 h
time point are presented in green, from 12 h in yellow and 24 h in red. Statistical differences
were calculated using t-test (marked with *) and Anova Dunnet’s test (marked with #),
where p<0.05 (*,#), p<0.01 (**,##), and p<0.001 (***,###).
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Fig. 3.
Panel A The immunohistochemical detection (immunofluorescent CY3 red fluorophore) of
urocortin, β-endorphin (β-END) and P450 cholesterol side-chain cleavage enzyme (P450scc;
CYP11A1) performed on cryosectioned skin 24 h after UVB radiation (400 mJ/cm2) with
corresponding controls (for antibodies characteristics please see Table 3).
All antigens under investigation were higher expressed after UVB treatment compared to
control (sham-treated) scraps. The distribution pattern of immunopositive signals was
similar between B6 and D2. Ctr=Control, UVB=UVB irradiated skin, Epi=epidermis,
Derm=dermis.
Panel B. Comparison of immunofluorescent signal (IF) intensity for Urocortin, β-END and
P450scc between B6 and D2 measured separately in epidermis and dermis with Image J,
NIH. 6 measurements per tissue area and 6 biopsies per antigen were investigated and the
average results compared between conditions and strains are presented on the graphs. The
average IF signal intensities were higher after UVB exposure compared to sham treated
(Ctr) samples for all antigens under investigation. The constitutive Urocortin expression was
slightly lower in D2 compared B6 while β-End IF signal levels were higher in D2 than B6.
The statistical differences were measured with t-test and marked with *, where p<0.05 (*),
p<0.01 (**), and p<0.001 (***).
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Table 1

Doses of UVB waveband administered in this study. Kodacel filter, which cuts off any UVC, was applied.

Waveband Control (Sham-treated) mJ/cm2 Absolute Doses mJ/cm2 Erythemic Doses SED

UVB 0.0 50 1.3

200 5
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Table 2

List of primers used for real time RT-PCR. Primers were designed with Roche software at https://www.roche-
applied-science.com/sis/rtpcr/upl/index.jsp.

Target Name Gene Symbol Forward sequence 5′-3′ Reverse sequence 5′-3′

Urocortin 1) Ucn1 cgcgctcctcttgctgttag atggacagtggagggtcgtc

Proopiomelanocortin Pomc agtgccaggacctcacca cagcgagaggtcgagtttg

Melanocortin receptor 22) Mc2R aaatgattctgctgcttccaa tggtgtttgccgttgactta

Cholesterol side-chain cleavage enzyme Cyp11a1 aagtatggccccatttacagg tggggtccacgatgtaaact

β-actin β-actin ctaaggccaaccgtgaaaag accagaggcatacagggaca

Primer sequences described in

1)
(Revsin et al., 2008) and

2)
(Ikeda et al., 2009).
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Table 3

List of primary, secondary antibodies and reagents used for IHC.

Antigen Host Titer Source

Urocortin rabbit 1:2,000 Sigma-Aldrich, MO

β-END rabbit 1:500 Dr. Allen, USA

P450scc rabbit 1:1,000 Dr. Tuckey, Australia

Biotin. anti-rabbit IγG donkey 1:1,000 Jackson ImmunoRes., West Grove, PA

Streptavidin-CY3 – 1:12,000
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