
Functional melanocortin 1 receptor Mc1r is not necessary for an
inflammatory response to UV radiation in adult mouse skin

Agnieszka Wolnicka-Glubisz1,2, Edward De Fabo1, and Frances Noonan1

1Department of Microbiology, Immunology and Tropical Medicine, School of Medicine and Health
Sciences, The George Washington University Medical Center, Washington, DC, USA

Abstract
The G-protein coupled receptor, Mc1r, plays a major role in pigment production and has been
reported to be important in the inflammatory response. We have investigated the effect of
deficiency in Mc1r on UV inflammation. Mice on the same genetic background were used-
C57BL/6-c (albino), C57BL/6 (black), C57BL/6-Mc1re/e deficient (yellow). FACS analysis of
disaggregated skin showed a similar dose-dependent increase in Ly6G+ and CD11b+ cells in
response to UV radiation in all groups. No differences in UV-induced edema or in DNA damage
were detected between groups. The contact hypersensitivity response, neonatal immune tolerance
and UV immunosuppression were all similar in C57BL/6 and C57BL/6-Mc1re/e mice. We
conclude that the absence of Mc1r does not impair the inflammatory response to UV radiation or
the generation of immunosuppression.
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Background
The melanocortin-1 receptor (MC1R), a member of the G-protein- coupled receptor family
(GPCR), is expressed by all cutaneous cell types and is responsive to alpha-melanocyte
stimulating hormone (α-MSH) is derived from the pro-opiomelanocortin (POMC) precursor
protein (1,2). The MC1R regulates the amount and type of melanin production and thus
human skin phototype and its sensitivity to UV-induced damage (1,2). Polymorphisms in the
human MC1R are a well-established risk factor for melanoma (3–5). The MC1R has been
proposed as the receptor responsible for the anti-inflammatory effects of α-MSH and related
peptides (6–8) since administration of α-MSH results in reduction of the expression of pro-
inflammatory cytokines (9) and adhesion molecules (7), thus affecting the humoral and
cellular phases of inflammation (10–12). Further, MSH has been shown to decrease contact
hypersensitivity and induce immune tolerance in mice, indicating an immunosuppressive
role (13).
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Mc1re/e yellow mice, however, which have a spontaneous mutation resulting in a non-
functional Mc1r, have yielded conflicting findings on the role of Mc1r in inflammation
(14,15). UV radiation causes inflammation (16) and stimulates production and release of
MSH (17) but the role of Mc1r in these events has not been directly addressed in vivo.

Questions addressed
We have used quantitation of the influx of inflammatory cells in response to UV radiation
(18) and of immunosuppression by UV radiation (19) to establish if the Mc1r is required for
UV-induced inflammation and immunosuppression in the mouse.

Experimental design
We used syngeneic black pigmented (C57BL/6), yellow Mc1r deficient (C57BL/6-Mc1re/e)
and albino (C57BL/6-c) mice. Routine histology and FACS analysis of disaggregated skin
for Ly6G+ and CD11b+ cells were employed to assess the inflammatory response to UV
radiation and DNA damage was detected by immunohistochemistry (18). Edema was
assessed as increase in skin thickness. We investigated both systemic suppression by UV
radiation of contact hypersensitivity to trinitrochlorobenzene (TNCB) and UV-independent
neonatal tolerance. All animal work was performed in accordance with NIH guidelines for
the Human Care and Use of Laboratory Animals. For detailed methods see Supplementary
materials.

Results
UV irradiation (8.4 kJ/m2 from F40 sunlamps) induced similar DNA damage in the
epidermis and dermis in C57BL/6-c, C57BL/6 and C57BL/6-Mc1re/e strain animals (Fig.
1a) and resulted in marked cellular infiltrate into the upper dermis and epidermis of all
strains of mice (Fig. 1b). Inflammation was accompanied by significant edema with a more
than two-fold increase in skin thickness with no significant differences between strains (Fig.
S1). The underside of skin upon UV irradiation showed an angiogenic effect (18) which was
similar in all tested groups (data not shown).

We previously identified in UV irradiated skin a population of CD11b+Ly6G+ infiltrating
cells, almost exclusively neutrophils. Ly6G single staining is sufficient to recognize and
quantify this population (18). We also used CD11b to monitor other leukocytes such as
monocytes, macrophages, and lymphocytes. FACS sorting confirmed that UV irradiated
adult skin of all strains 48h after treatment showed a dose-dependent neutrophil influx.
However, the percentage of Ly6G + cells was similar in all tested groups (Fig. 1c). A similar
effect with lack of difference between strains was found with CD11b staining (Fig. 1d)

We previously demonstrated that FVB strain mice showed neonatal immune tolerance (18).
The contact hypersensitivity response of adult mice was significantly reduced if the animals
had previously been exposed to the same antigen as neonates. Similar levels of neonatal
tolerance were found in C57BL/6-Mc1re/e and C57BL/6 strains after neonatal exposure to
TNCB (Fig. 2a,b) similar to those previously described in albino FVB mice (18). Systemic
immunosuppression of contact hypersensitivity by UV irradiation prior to sensitization
occurs in most strains of mice (19) and is not genetically linked to black or brown
pigmentation (20). UV immunosuppression in C57BL/6-Mc1re/e mice occurred at a level
similar to that for C57BL/6 mice (Fig. 2c,d) (71% vs 75%). Thus, C57BL/6-Mc1re/e mice
did not show differences from the parent C57BL/6 animals in the generation of
immunosuppression.
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Conclusions
We have demonstrated that a genetically determined lack of functional Mc1r in mice did not
alter inflammatory responses to UV or affect either UV immunosuppression or UV-
independent neonatal immune tolerance. These findings are in contrast to published work in
which administration of α-MSH was anti-inflammatory and induced immune tolerance (11–
13). Our studies do not, however, exclude an anti-inflammatory and immunomodulatory role
for α-MSH, but show that Mc1r is not a necessary player. Our findings agree with studies
showing that Mc3r but not Mc1r is the predominant anti-inflammatory receptor for
melanocortins (14,21). Although UV upregulates α-MSH in keratinocytes and melanocytes
(1,17) and POMC, the α-MSH precursor in cultured skin explants (22) there is limited
evidence that UV upregulates α-MSH in human or mouse skin in vivo (1). It appears likely
that α-MSH will be upregulated in skin in response to the inflammatory UV doses we have
used but further studies will be required to resolve this point.

Mouse and human melanocortin 1 receptors differ in receptor number, responsiveness to
MSH and ligand-independent signalling (10,23) and loss of POMC in C57BL/6 mice does
not affect pigmentation (24). C57BL/6 skin also expresses Mc2r, raising the question of a
role for ACTH mediated effects (25). The truncated Mc1r receptor in the recessive yellow
mouse, where the ability to engage cAMP is totally absent, differs from the human
polymorphisms in MC1R which encode a complete receptor, albeit one with altered
function. In humans there is conflicting evidence on correlation between MC1R genotype
and erythema (26,27) and between MC1R genotype and immune responses (12,28). Most
studies have focussed on the anti-inflammatory properties of α-MSH from which a role for
MC1R in UV sensitivity has been inferred.

Our studies in a well established mouse model thus do not support a role for Mc1r in UV
induced inflammation and immunosuppression and indicate further studies are required to
understand the anti-inflammatory and immunosuppressive actions of α-MSH.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
(a) DNA damage in mouse skin within 1h after irradiation with 8.4 kJ/m2 UV irradiation
detected by antithymine dimer antibody conjugated with HRP. DNA damage (brown nuclear
staining marked by black arrows). Bar= 50μm.
(b) H&E stain of adult mouse skin 48h after UV irradiation (8.4 kJ/m2). White arrows
designated infiltrating inflammatory cells. Bar= 50μm.
Dose dependent infiltrate of Ly6G+ cells (c) and CD11b+ cells (d) in adult C57BL/6-c
(albino), C57BL/6-Mc1re/e (yellow) and C57BL/6 (black) mouse skin 48h after UV
irradiation. Significant difference between UV irradiated and untreated skin (t-test, p
<0.001) in each group. No differences between the UV response in the 3 tested groups of
mice (p=NS, ANOVA).
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Figure 2.
Neonatal tolerance (a,b) and UV immunosuppression (c,d) are not affected by loss of Mc1r.
Negative control mice (Nil) were not sensitized, positive control mice (CTRL) were
sensitized only as adults, test group (nnTNCB) were first sensitized with TNCB as pups and
resensitized as adults according to the schema in a). In b) CHS to TNCB determined as ear
swelling ± SEM, 24h after challenge in 8-week-old C57BL/6 and C57BL/6-Mc1re/e mice is
shown. Ear swelling in mice which had nnTNCB was significantly different from the
positive control in each group (*p<0.05, t-test). 4 mice per group.
UV immunosuppression was induced in 8 week old mice by exposure to 4.5 kJ/m2 of UV,
followed by sensitization at an unirradiated site 3 days later with TNCB and challenge 4
days later as shown in schema c). Ear swelling in UV,TNCB mice (d) was significantly
different from positive control within each group (*p<0.05, t-test). Each experimental group
consisted of 4 to 5 animals.

Wolnicka-Glubisz et al. Page 7

Exp Dermatol. Author manuscript; available in PMC 2014 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


