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Our previous studies demonstrated a role for the zinc finger transcription factor Slug in
ultraviolet radiation (UVR)-induced skin cancer and cutaneous wound healing consistent
with its function in regulating epithelial-mesenchymal transition (Shirley et a/., 2010).
Unexpectedly, these studies also revealed that S/ug knockout (KO) mice were resistant to
sunburn, perhaps due to impaired release of proinflammatory cytokines from the UVR-
exposed epidermis (Newkirk et al., 2008). The present studies expanded these findings to
show conclusively that sunburn resistance in KO mice is due to altered UVR-induced
cytokine release from the epidermis and not to altered inflammatory cell response to these
cytokines. All animal studies were performed using protocols approved by the MD
Anderson Cancer Center Institutional Animal Care and Use Committee.

First, we performed reciprocal bone marrow grafts between wild type (WT) and S/ug KO
mice (see Supplementary Materials and Methods online). Fully chimeric mice were exposed
to approximately three minimal erythemal doses (MED) of UVR, skin was harvested 48
hours later, immunohistochemistry was performed to identify inflammatory and immune
cells, and cells were quantified. Figure 1a shows that mice with KO epidermis and either KO
or WT bone marrow had significantly reduced dermal neutrophil influx compared to mice
with WT epidermis and WT bone marrow. Significant differences between UVR-exposed
KO and WT skin in numbers of T lymphocytes in the epidermis or dermis, mast cells in the
dermis, or B cells in the dermis were not seen (data not shown). Second, we used fluorescent
imaging techniques (described in Supplementary Materials and Methods online) to examine
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UVR-induced dermal inflammatory cell infiltration in mice with S/ug deleted only in the
epidermis (conditional S/ug knockout, CKO) and in mice with expression of a S/ug
transgene targeted to the epidermis by the bovine keratin 5 (K5) promoter (transgenic S/ug,
TG) (see Supplementary Materials and Methods online for descriptions). Inflammatory cell
influx was measured 24 hours after exposure to approximately two MED of UVR. UVR
exposure significantly enhanced neutrophil influx in all genotypes; however, neutrophil
influx was significantly lower in CKO compared to WT control mice and significantly
higher in TG mice compared to WT mice (Figures 1b,c and S1). These results clearly
illustrated that it was the genotype of the epidermis rather than that of the hematopoietic
tissue that determined the extent of neutrophil influx into UVR-exposed skin. Moreover,
neutrophil migration studies (see Supplementary Materials and Methods online) failed to
demonstrate any difference in the migration of WT versus KO neutrophils in response to the
chemotactic peptide WKYMVm (Trp-Lys-Tyr-Met-Val-D-Met-NH,) and to mouse serum
(Figure S2), suggesting that both S/ug KO and WT neutrophils were able to migrate
normally in response to proinflammatory cytokines released from UVR-exposed epidermis.

To identify those proinflammatory cytokines that might fail to be induced by UVR in KO
epidermis, we performed microarray analysis of epidermal gene expression using a
commercial inflammatory response PCR array (see Supplementary Materials and Methods
online). Of the 370 mRNAs quantified, 131 appeared to be differentially induced by UVR in
the KO compared to the WT epidermis (Table S1). Among these, we identified five genes
encoding secreted proinflammatory cytokines that were very highly induced by UVR in WT
epidermis, were not induced or induced to a much lower extent in the KO skin, and were
chemotactic for neutrophils. These included CCL3, CCL4, CCrL2, interleukin-18 (IL-1B),
and oncostatin (OSM). We examined induction of these genes in CKO versus WT epidermis
at two different UVR doses. The higher UVR dose significantly enhanced expression of
CCL3, CCL4, and OSM in WT but not in CKO epidermis (Figure S3). The lower UVR dose
significantly enhanced expression of IL-18; however, no significant UVR induction of these
cytokines was seen for CKO epidermis (Figure S3). CCLr2 was not significantly induced in
either genotype at either UVR dose (data not shown). This confirmed our microarray results
for CCL3, CCL4, OSM, and IL-1p, indicating a role for Slug in regulating expression of
these cytokine genes. It was not clear, however, if Slug modulated expression of these genes
directly or through an indirect mechanism. The 3000 nucleotides upstream of the
transcription start sites in these genes contain four Slug binding sites (CAGGTG, CACCTG)
in CCL4 and two in OSM, but none in IL-1p or CCL3. Ingenuity Pathway Analysis (Figure
S4), suggested that NF-xB was likely to play a central role in the differential gene
expression identified by microarray analysis, and CCL3, CCL4, IL-1pB, and OSM all have
binding sites for NF-xB, a master regulator of inflammation (Widmer et a/., 1993;
Basagoudanavar et al., 2011; Eigenbrod et al., 2013; Chen et al., 2014).

We used immunohistochemistry to determine expression of activated phospho-NF-xB, total
NF-xB, and IKK-a, a kinase that phosphorylates inhibitors of NF-kappa-B leading to their
inactivation, in the unexposed and UVR-exposed epidermis of WT and S/ug KO mice. UVR
exposure did not significantly enhance the number of IKK-a-positive nuclei in either
genotype (data not shown). Numbers of total NF-xB-positive nuclei were similar in
unexposed WT and CKO epidermis; UVR exposure significantly increased the number of
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positive nuclei for both genotypes, but there were significantly more NF-xB-positive nuclei
in the epidermis of UVR-exposed WT mice than in CKO mice (Figures 2a and S5). The
number of phospho-NF-xB-positive nuclei was significantly lower in the unexposed
epidermis of CKO compared to WT mice (Figure 2b). Although UVR exposure significantly
increased the number of phospho-NF-xB-positive nuclei in both WT and KO epidermis, this
effect was significantly more pronounced in WT epidermis (Figures 2b and S5). Unexposed
TG and WT epidermis had similar numbers of phospho-NF-xB-positive nuclei; UVR
exposure significantly increased these numbers in both genotypes, but the numbers were
significantly higher in TG versus WT epidermis (Figures 2c and S5).

Taken together, our findings confirmed that Slug facilitated the sunburn response by
enhancing the release of proinflammatory cytokines, including CCL3, CCL4, IL-1p, and
OSM, from UVR-exposed keratinocytes. Our studies also suggested that Slug regulation of
these cytokines occurred, at least in part, via NF-xB. This conclusion was consistent with
the report that transgenic expression of Snail, a zinc finger transcription factor closely
related to Slug, in keratinocytes results in activation of NF-xB and cutaneous inflammation
(Du et al., 2010).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Slug controls UVR-induced neutrophil influx into the skin
(@) UVR induced significantly greater neutrophil influx in mice with WT epidermis and WT

bone marrow (WT/WT) than in mice with KO epidermis and WT (KO/WT) or KO marrow
(KO/KO). Data shown as means of four to six micexSD (one-way ANOVA and Dunnett’s
multiple comparison statistic). (b,c) Signal from a fluorescent neutrophil elastase probe was
similar in unexposed CKO and TG mice and WT littermates. There was significant induction
of neutrophil elastase activity by UVR; however, UVR-exposed CKO mice had significantly
reduced and TG mice had significantly increased signal compared to UVR-exposed WT
mice. Data shown as means of three to six adult mice per group +SD (pairwise comparison
with one-way Mann-Whitney statistic).
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Figure 2. Slug modulates NF-xB activation in response to UVR
Mice were exposed to UVR and immunohistochemically positive epidermal nuclei were

quantified. (a,b) UVR exposure significantly increased NF-xB and phospho-NF-xB-positive
nuclei in WT mice but not CKO mice. Values shown as means of four to five mice +SD
(one-way ANOVA followed by Sidak’s multiple comparisons test). (¢) Both WT and TG
epidermis showed a significant increase in the number of phospho-NF-xB-positive nuclei
after UVR exposure, but induction in TG mice was significantly higher than in WT mice.
Values shown as means of three mice +SD (one-way ANOVA followed by Tukey’s multiple
comparisons test).
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