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A protective Langerhans cell-keratinocyte axis that is

dysfunctional in photosensitivity

William D. Shipman'*3, Susan Chyou®, Anusha Ramanathan?, Peter M. Izmirly®,
Sneh Sharma®®, Tania Pannellini3, Dragos C. Dasoveanu®’, Xiaoping Qing?,

Copyright © 2018
The Authors, some
rights reserved;
exclusive licensee
American Association
for the Advancement
of Science. No claim
to original U.S.
Government Works

Cynthia M. Magro®, Richard D. Granstein’, Michelle A. Lowes'?, Eric G. Pamer®,
Daniel H. Kaplan'"'?, Jane E. Salmon?3'3"%, Babak J. Mehrara'*, James W. Young>®1%1316,
Robert M. Clancy”, Carl P. Blobel”'>'7"'8 Theresa T. Lu*>*'%19+

Photosensitivity, or skin sensitivity to ultraviolet radiation (UVR), is a feature of lupus erythematosus and other
autoimmune and dermatologic conditions, but the mechanistic underpinnings are poorly understood. We identify
aLangerhans cell (LC)-keratinocyte axis that limits UVR-induced keratinocyte apoptosis and skin injury via keratinocyte
epidermal growth factor receptor (EGFR) stimulation. We show that the absence of LCs in Langerin—-diphtheria
toxin subunit A (DTA) mice leads to photosensitivity and that, in vitro, mouse and human LCs can directly protect
keratinocytes from UVR-induced apoptosis. LCs express EGFR ligands and a disintegrin and metalloprotease 17
(ADAM17), the metalloprotease that activates EGFR ligands. Deletion of ADAM17 from LCs leads to photosensitivity,
and UVR induces LC ADAM17 activation and generation of soluble active EGFR ligands, suggesting that LCs protect
by providing activated EGFR ligands to keratinocytes. Photosensitive systemic lupus erythematosus (SLE) models and
human SLE skin show reduced epidermal EGFR phosphorylation and LC defects, and a topical EGFR ligand reduces
photosensitivity. Together, our data establish a direct tissue-protective function for LCs, reveal a mechanistic basis
for photosensitivity, and suggest EGFR stimulation as a treatment for photosensitivity in lupus erythematosus

and potentially other autoimmune and dermatologic conditions.

INTRODUCTION

Photosensitivity, a sensitivity to ultraviolet radiation (UVR) whereby
even ambient sunlight exposure can result in inflammatory skin lesions,
is a common feature in cutaneous and systemic forms of lupus ery-
thematosus and can also occur with other autoimmune conditions, a
number of dermatologic conditions, and as a response to drugs such
as fluoroquinolone antibiotics (1-3). The photosensitive lesions can
be disfiguring and, in systemic lupus erythematosus (SLE), can be
associated with systemic disease flares (1, 2). The pathogenesis of
photosensitivity is poorly understood, and treatments consist mainly
of sun avoidance and sunscreen to prevent lesion development (2).
A better understanding of the mechanistic basis of photosensitivity
could lead to improved disease treatment.

"Weill Cornell/Rockefeller/Sloan-Kettering Tri-Institutional MD-PhD Program, New
York, NY 10065, USA. immunology and Microbial Pathogenesis Program, Weill Cornell
Graduate School of Medical Sciences, New York, NY 10065, USA. 3Autoimmunity
and Inflammation Program, Hospital for Special Surgery, New York, NY 10021, USA.
“Department of Medicine, New York University School of Medicine, New York, NY
10016, USA. 5Department of Medicine, Memorial Sloan Kettering Cancer Center,
New York, NY 10065, USA. immunology Program, Sloan Kettering Institute, Memorial
Sloan Kettering Cancer Center, New York, NY 10065, USA. 7Department of Physiology,
Biophysics and Systems Biology, Weill Cornell Medicine, New York, NY 10065, USA.
8Department of Pathology and Laboratory Medicine, Weill Cornell Medicine, New
York, NY 10065, USA. 9Department of Dermatology, Weill Cornell Medicine, New York,
NY 10065, USA. "®Rockefeller University, New York, NY 10065, USA. 'Department
of Dermatology, University of Pittsburgh, PA 15260, USA. 1ZDepartmem of Immu-
nology, University of Pittsburgh, PA 15260, USA. "*Department of Medicine, Weill
Cornell Medicine, New York, NY 10065, USA. "*Division of Rheumatology and
Pediatric Rheumatology, Hospital for Special Surgery, New York, NY 10021, USA.
5Division of Plastic and Reconstructive Surgery, Department of Surgery, Memorial
Sloan Kettering Cancer Center, New York, NY 10065, USA. 6Adult Bone Marrow
Transplantation Service, Memorial Sloan Kettering Cancer Center, New York, NY
10065, USA. " Arthritis and Tissue Degeneration Program, Hospital for Special
Surgery, New York, NY 10021, USA. "CInstitute for Advanced Studies, Technical Univer-
sity Munich, Munich, Germany. '°Department of Microbiology and Immunology,
Weill Cornell Medicine, New York, NY 10065, USA.

*Corresponding author. Email: lut@hss.edu

Shipman et al., Sci. Transl. Med. 10, eaap9527 (2018) 15 August 2018

Keratinocyte apoptosis occurs rapidly after UVR exposure, and
photosensitivity is associated with increased keratinocyte apoptosis
(4, 5). In autoimmune diseases, apoptotic keratinocytes can display
autoantigens that bind autoantibodies, leading to complement activa-
tion and sustained skin inflammation (1, 5). The localization of “sunburn
cells,” or apoptotic keratinocytes, with lupus erythematosus skin
lesions (6) further supports the idea that keratinocyte apoptosis is part
of the pathophysiology. Keratinocytes are critical for normal skin
barrier function (7), and even in the absence of autoimmunity, increased
keratinocyte death and failure to compensate have the potential to
lead to skin injury and inflammation (8). However, mechanisms that limit
UVR-induced keratinocyte apoptosis that are dysfunctional in photo-
sensitivity are not well understood.

In addition to keratinocytes, the epidermis contains a popula-
tion of well-described Langerin* dendritic antigen-presenting cells,
known as Langerhans cells (LCs). LCs are primarily associated with
their antigen presentation functions: capturing antigens in the
epidermis, migrating from the skin to the draining lymph node,
and initiating T cell responses (9, 10). In lupus skin lesions, LCs
have an abnormal morphology and are reduced in number (11),
suggesting the possibility of a regulatory role. However, in the
MRL-Fas”" SLE mouse model, the role of LCs in spontaneous (that
is, non-UVR-induced) skin lesion development has been examined
with mixed conclusions; constitutive LC absence had no effect on
skin lesions (12), whereas acute depletion of LCs and Langerin*
dermal dendritic cells (DCs) increased lesions, and this was attributed
to loss of T cell tolerance (13). Thus, the role of LCs in photo-
sensitivity and as a potential direct modulator of keratinocyte
function has not been explored.

We and others have recently shown that DCs can directly modulate
stromal elements in lymph nodes, adipose tissues, and skin (14-18).
Because LCs have DC characteristics (9, 10), we asked whether LCs
modulated keratinocyte survival and skin injury after UVR exposure.
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Here, we delineate an LC-keratinocyte axis
whereby LCs limit UVR-induced kerat-
inocyte apoptosis and skin injury by ac-
tivating epidermal growth factor receptor
(EGFR). This axis is dysfunctional in photo-
sensitive SLE mouse models, and there
is also evidence of dysfunction in human
SLE. Photosensitivity in one of the SLE
models is reduced by EGFR ligand sup-
plementation. Together, our results iden-
tify a tissue-protective function for LCs,
provide insight into mechanisms that
limit skin injury, and suggest that EGFR
stimulation may be an approach for treat-
ment of photosensitivity in lupus ery-
thematosus and other diseases.

RESULTS

LCs limit UVR-induced keratinocyte
apoptosis and skin injury

LCs are positioned within the epidermis
with keratinocytes (fig. S1, A and B),
suggesting that LCs have the potential to
modulate UVR-induced keratinocyte
apoptosis. To test this idea, we used the
Langerin-diphtheria toxin subunit A
(DTA) mouse model that is constitu-
tively depleted of LCs (fig. S1C) but not of
Langerin® dermal DCs (19). We treated
wild-type (WT) and Langerin-DTA mice
with UVR and examined the skin at
24 hours (Fig. 1A). In WT mice, epider-
mal LCs were reduced by half with UVR
(fig. S1C), likely due to LC emigration
(9, 10). As expected, UVR induced an in-
crease in activated caspase-3" cells in the
epidermis (Fig. 1B, left). These cells were
Langerin™ (fig. S1D) and CD3" (fig. S1E),
consistent with the idea that the apop-
totic cells were keratinocytes. The lack
of activated caspase-3" Langerin® cells
also suggested that LCs were not ingest-
ing apoptotic keratinocytes. Langerin-
DTA mice showed increased numbers of
activated caspase-3" keratinocytes relative
to WT mice (Fig. 1B, right), and this oc-
curred as early as 3 hours after UVR ex-
posure (fig. S1F). Langerin-DTA mice had
greater monocyte accumulation (Fig. 1C).
This was associated with greater num-
bers of monocyte-derived DCs (fig. S1G),
whereas CD11b~ DCs, CD11b* DCs,
macrophages, and neutrophils did not
increase in Langerin-DTA mice (fig. S1G).
Our UVR source provided both ultravio-
let A and B radiation (20), and increased
UVR-induced keratinocyte apoptosis and
monocyte accumulation in Langerin-DTA
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Fig. 1. LCs limit UVR-induced keratinocyte apoptosis and skin injury. (A to H) WT and Langerin-DTA mice were
exposed to UVR and examined. (A) Experimental scheme for (B) and (C); ears were harvested 24 hours after UVR.
(B) Activated (Activ.) caspase-3* keratinocytes per high-powered field (HPF). Left: Representative images of Langerin (red)
and activated caspase-3 (green) stain. Right: Quantification (n = 3 to 9 mice). Scale bars, 50 um. (C) Absolute (left) and
normalized (right) monocyte numbers assessed by flow cytometry (n = 3 to 7 mice ). (D) Experimental scheme for (E) and
(F); ears were harvested 5 days (d5) after UVR. (E) Epidermal thickness (n = 3 to 7 mice). (F) Epidermal permeability as
assessed by toluidine blue penetrance. Left: Representative images. Right: Quantification (n = 3 to 5 mice). (G) Exper-
imental scheme for (H); mice were exposed to UVR for 3 days and examined 24 hours later. (H) Left: Representative
images of back skin. Right: Lesional area quantification (n = 3 to 5 mice). Bars represent means (B, C, F, and H) or medians
(E). Error bars depict SDs (B, C, F, and H) or interquartile ranges (E). *P < 0.05, **P < 0.01, ***P < 0.001 using two-tailed
unpaired Student’s t test (B, C, F, and H) or nonparametric nondirectional Mann-Whitney U test (E) after one-way
analysis of variance (ANOVA). Data are from nine (B), five (C), four (E), two (F), and three (H) independent experiments.
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mice remained when UVB was blocked by use of a Mylar filter (fig.
S1, H to J), suggesting that LCs limit the effects of, at least, UVA.
Together, these results suggested that LCs limit UVR-induced kera-
tinocyte apoptosis and skin inflammation.

We assessed additional parameters of skin function. UVR exposure
induces epidermal hyperplasia within several days (21), and Langerin-
DTA mice showed less epidermal thickening than WT mice (Fig. 1, D
and E). Epidermal barrier function is compromised despite the hyper-
plasia (22), and Langerin-DTA skin showed greater tissue penetrance
of toluidine blue (23) than WT skin (Fig. 1F), suggesting worsened
barrier function. Consistent with worsened skin function, Langerin-
DTA mice showed a greater lesional area after exposure to multiple
UVR doses (Fig. 1, G and H, and fig. S1K). These results together
suggested that LCs limit the extent of UVR-induced skin injury.

We next attempted to assess whether the monocytes that ac-
cumulated in UVR-treated skin contributed to the UVR-induced
damage. Consistent with the work of Tamoutounour et al. (24), we
identified CCR2" monocytes and monocyte-derived DCs in inflamed
skin, and CD11b" DCs were also CCR2" (fig. S2A). Monocytes and
monocyte-derived DCs comprised the vast majority of CCR2" cells
(fig. S2B). LCs were CCR2™ (fig. S2C). We depleted the CCR2" cells
using CCR2-DTR mice (fig. S2D) (25). The depletion did not alter
UVR-induced keratinocyte apoptosis or epidermal thickness (fig. S2,
E and F) but reduced toluidine blue penetrance (fig. S2G). Although
we cannot rule out a role for the CD11b" DCs, these data raise the
possibility that an increased number of infiltrating monocytes and
monocyte-derived cells contributed to the worsened barrier func-
tion in Langerin-DTA mice.

LCs directly protect keratinocytes
T cells also inhabit the epidermis (Fig. 2A) (9), and we asked whether
LCs limited UVR-induced skin injury via T cells. Ragl "~ Langerin-DTA
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mice lacking both lymphocytes and LCs showed higher UVR-induced
keratinocyte apoptosis than Ragl 7~ mice (Fig. 2B). Although Ragl ™~
mice showed higher UVR-induced monocyte accumulation than WT
mice (Fig. 2C), Ragl™~ Langerin-DTA mice showed even greater
monocyte accumulation (Fig. 2C). These results suggested that LC-
mediated skin protection was independent of antigen presentation
to T cells and that LCs could potentially limit keratinocyte apoptosis
directly.

We tested for direct LC-keratinocyte interactions using LC-
keratinocyte cocultures. UVR induces keratinocyte apoptosis in vitro
(26), and addition of LCs reduced the apoptosis (Fig. 2, D and E).
Essentially, no activated caspase-3" cells were Langerin™ (fig. S3A),
suggesting that the LC-mediated reduction in apoptotic keratino-
cytes was not due to apoptotic keratinocyte ingestion and clearance.
These effects were not due to phototoxicity from the phenol red-
containing culture medium because results were similar in phenol
red-free medium (fig. S3B). Together, these results suggested that
LCs limit UVR-induced keratinocyte apoptosis and skin injury in
vivo by direct interactions with keratinocytes.

LCs limit UVR-induced keratinocyte apoptosis and skin
injury by stimulating epidermal EGFR

Because keratinocyte EGFR signaling protects against UVR-induced
keratinocyte apoptosis (21, 27) and contributes to maintaining epider-
mal barrier function and limiting skin inflammation (7, 28), we hypoth-
esized that the LC-mediated skin protection involved EGFR signaling.
Treatment of WT mice with PD168393, an irreversible EGFR inhib-
itor (29), reduced epidermal EGFR phosphorylation at tyrosine 1068
(fig. S4, A and B), a residue associated with keratinocyte survival
after UVR (27). Ninety-eight percent of epidermal EGFR" cells was
keratinocytes (fig. S4, C and D), suggesting that the epidermal EGFR
phosphorylation in Western blots reflected mainly keratinocyte
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Fig. 2. LCs limit UVR-induced keratinocyte apoptosis directly. (A) Whole-mount stain of homeostatic mouse epidermis for CD3 (red), Langerin (green), and
4',6-diamidino-2-phenylindole (DAPI; blue). (B and C) Rag1 '/’, Rag1 /- Langerin-DTA, WT, and Langerin-DTA mice were exposed to UVR, and ears were harvested 24 hours
later (n = 3 to 8 mice). (B) Activated caspase-3* keratinocytes. n.s., not significant. (C) Absolute (left) and normalized (right) monocyte numbers. (D and E) Effect of LCs on
keratinocyte survival in vitro. Murine keratinocyte cultures without and with LCs were exposed to UVR and examined 24 hours later (n = 3 mice). (D) Representative images of
cultures stained for Langerin (green), activated caspase-3 (red), and DAPI (blue). (E) Activated caspase-3* keratinocytes. (E) Data are from five (B and C) and three (A, D,
and E) independent experiments. Scale bars, 50 um. (B, C, and E) Bars represent means. Error bars depict SDs. *P < 0.05, **P < 0.01, ***P < 0.001 using two-tailed unpaired

Student’s t test after one-way ANOVA.
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signaling. EGFR inhibition led to increased UVR-induced keratino-
cyte apoptosis and skin injury (fig. S4, E to H), resembling results from
Langerin-DTA mice and supporting the idea that LCs may limit UVR-
induced skin injury by modulating keratinocyte EGFR signaling.

We then examined the effects of LC absence on UVR-induced
keratinocyte epidermal EGFR activation. EGFR showed increased
phosphorylation by 1 hour after UVR exposure (fig. S4I) (21), so
we assessed this time point in subsequent experiments. The epi-
dermis from Langerin-DTA mice had
a modest reduction in homeostatic EGFR o Langerin-
phosphorylation (Fig. 3A), and phos- WT__ DTA
phorylation was not up-regulated after =~ pEGFR
UVR (Fig. 3B). These results suggested
that LCs mediated the UVR-induced
keratinocyte EGFR activation.

We asked whether the LC-dependent
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Fig. 4.LCs express EGFR ligands, and LC-derived ADAM17 mediates UVR-induced epidermal EGFR phosphoryla-
tion. (A and B) Murine (A) and human (B) LC EGFR ligand expression (n = 3 to 4 mice or human donors). Murine LCs
were sorted from control or UVR-exposed mice. Expression of each ligand was normalized to control murine Epgn or
human Epgn expression. n.d., not detectable. (C and D) WT and LC-Ad17 mice were treated with UVR and analyzed
at indicated time points. (C) LC numbers (n = 3 to 5 mice). (D) Epidermal EGFR phosphorylation. Left: Representative
Western blot. Right: pEGFR/tEGFR ratio. Dashed lines are the values for the UVR-exposed WT (blue) and Langerin-DTA
(red) mice shown in the blot. Uncropped Western blots are shown in fig. S13. Data are from three (A and B), four
(C), and two (D) independent experiments. Bars represent means. Error bars depict SDs. *P < 0.05, **P < 0.01 using
two-tailed unpaired Student’s t test. Student’s t test was performed after one-way ANOVA for (C) and (D).

LC numbers (Fig. 4C), LC-Ad17 mice showed reduced UVR-induced
epidermal EGFR phosphorylation (Fig. 4D), suggesting that LC-
derived ADAM17 was important for UVR-induced keratinocyte
EGEFR activation.

We further asked about the importance of LC ADAM17 in pro-
tecting the skin. The LC-Ad17 mice showed increased accumulation
of apoptotic keratinocytes, monocytes, and monocyte-derived DCs
(Fig. 5, A and B, and fig. S6, F and G), blunted epidermal hyperplasia
(Fig. 5C), and increased epidermal permeability (Fig. 5D) after UVR
exposure. Inducible deletion in LCs (34) of ADAM17 in Langerin-
Cre-ER"~ ADAM17%°1°% mice also increased UVR-induced kerat-
inocyte apoptosis and monocyte accumulation (fig. S7, A to E). HB-EGF
treatment dampened the increased UVR-induced keratinocyte ap-
optosis and skin inflammation in LC-Ad17 mice (Fig. 5, E and F),
supporting the idea that the effect of LC ADAM17 deletion involved
EGEFR signals. In vitro, ADAM17 deficiency or blockade rendered
LCs unable to protect keratinocytes from UVR-induced apoptosis
in both murine and human systems (Fig. 5, G and H). These results
together strongly supported the idea that LCs limit UVR effects via
ADAM17 and stimulating keratinocyte EGFR.

The rapid LC-dependent increase in epidermal EGFR activation
with UVR suggested that LC ADAM17 could be activated by UVR.
To measure ADAM17 activity, we quantified the level of cell-surface
tumor necrosis factor receptor 1 (TNFR1), a substrate for ADAM17
(31). Treatment with phorbol 12-myristate 13-acetate (PMA), a
known ADAMI17 activator (31), reduced murine LC TNFRI in an
ADAM17-dependent manner, as expected (Fig. 6A). Similar to PMA,
UVR rapidly reduced TNFR1 on both murine and human LCs
(Fig. 6, A and B). This effect was abrogated by Adam17 deletion or
ADAM17 blockade (Fig. 6, A and B). These results suggested that
ADAM17 on LCs can be rapidly activated by UVR.

Shipman et al., Sci. Transl. Med. 10, eaap9527 (2018) 15 August 2018

caused murine keratinocytes to release
more EGFR ligands, although this effect
was less pronounced than that seen in the
LCs (fig. S8C). These data further estab-
lished that UVR can trigger ADAM17
activation on LCs and showed that this
activation can result in greater avail-
ability of active EGFR ligand. Together,
our results show a central role for LCs
and LC-derived ADAM17 in vivo and
UVR-induced ADAM17 activation on
LCs ex vivo, suggesting that there is an LC-keratinocyte axis where-
by UVR induces LC ADAM17 activation and consequent EGFR
ligand cleavage, leading to increased keratinocyte EGFR activa-
tion, which limits UVR-induced keratinocyte apoptosis and skin
injury.

WT LC-Ad17

The LC-keratinocyte axis is dysfunctional in photosensitive
SLE models and human SLE

We asked whether photosensitivity in SLE models, at least in part,
reflected dysfunction of this LC-keratinocyte axis. The MRL-Fas'P"
SLE model is a known photosensitive strain, developing more UVR-
induced skin pathology than control Balb/c and/or MRL-Mp] mice
(36, 37). UVR induces increased apoptotic keratinocyte accumula-
tion in MRL-Fas'® mice (Fig. 7A) (36) along with skin plasma cell
accumulation (fig. S9A). Consistent with the possibility of a dys-
functional LC-keratinocyte axis, MRL-Fas" mice showed reduced
UVR-induced EGFR phosphorylation (Fig. 7B).

LC numbers are comparable between MRL-Fas® mice and Balb/c
controls (38), and we asked about their ability to protect the skin.
MRL-Fas®" LCs showed a trend toward reduced expression of
epigen, the most abundantly expressed EGFR ligand, with UVR
and reduced expression of epiregulin (fig. S9B), a ligand with rela-
tively low expression (Fig. 4A). Adam17 mRNA, on the other hand,
was reduced in MRL-Fas®" mice by about 70% at homeostasis and
after UVR exposure (Fig. 7C). Consistent with the reduced Adam17
expression, MRL-Fas™" LCs showed no UVR-induced ADAM17 ac-
tivation as indicated by TNFR1 changes or release of EGFR ligands
(fig. $9, C and D). In vitro, MRL-Fas"" LCs did not limit UVR-
induced keratinocyte apoptosis (Fig. 7D), whereas control LCs
could limit UVR-induced apoptosis of MRL-Fas'* keratinocytes
(Fig. 7D), suggesting that LC dysfunction was the critical defect
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Fig. 5. LC-derived ADAM17 limits UVR-induced keratinocyte apoptosis and skin injury. (A to D) WT and LC-
Ad17 mice were treated with UVR and analyzed at indicated time points. (A) Activated caspase-3* keratinocytes (n =3
to 5 mice). (B) Absolute (left) and normalized (right) monocyte numbers (n = 4 to 7 mice). (C) Epidermal thickness (n=3
to 4 mice). (D) Epidermal permeability (n = 3 to 5 mice). Left: Representative images. Right: Quantification. (E and
F) Vehicle or HB-EGF was applied on the ears before UVR exposure (n = 3 to 4 mice). (E) Activated caspase-3* keratino-
cytes. (F) Absolute (left) and normalized (right) monocyte numbers. (G and H) Effect of LC Adam17 deletion or
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man keratinocytes with control immunoglobulin G (IgG) or anti-ADAM17-treated LCs (H) were exposed to UVR and
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(A, B, and D to H) or nonparametric nondirectional Mann-Whitney U test after one-way ANOVA (C).
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leading to increased UVR sensitivity
in MRL-Fas"™" mice. These data together
suggested that MRL-Fas"" LCs, because
of reduced ADAM17 and potentially be-
cause of reduced EGFR ligand expression,
were unable stimulate epidermal EGFR,
thus contributing to photosensitivity.

We also examined the B6.Slelyaa
model of SLE. These mice carry the Slel
lupus susceptibility locus derived from
lupus-prone NZB2410 mice along with
the Y chromosome autoimmune accel-
erator locus whose activity is attribut-
able to Toll-like receptor 7 duplication
(39). The mice develop lymphadenopathy
by 3 months (fig. SI0A), splenomegaly
and autoantibody production by 4 months,
and nephritis by 12 months (40). How-
ever, the photosensitivity of this model
is unknown. Six-week-old B6.Slelyaa
mice did not show increased UVR-
induced keratinocyte apoptosis (fig. S10B),
but 8- to 12-month-old B6.Slelyaa mice
did (Fig. 7E). Upon multiday UVR treat-
ment, 8- to 12-month-old B6.Slelyaa
mice developed skin lesions as early as
2 days, whereas B6 mice did not (fig.
S10C). The skin findings were associated
with the presence of plasma cells in
the skin (fig. S10D). These results indi-
cated that diseased B6.Slelyaa mice are
photosensitive.

The 8- to 12-month-old B6.Slelyaa
mice also showed reduced UVR-induced
epidermal EGFR activation relative to
controls (Fig. 7F). LC numbers were
unchanged, and only the EGFR ligand
amphiregulin was reduced (fig. S10, E
and F), but B6.Slelyaa LCs showed
reduced Adam17 mRNA expression
(Fig. 7G). Together, these data suggested
that photosensitivity in both SLE models
may be attributable, at least in part, to
a dysfunctional LC-keratinocyte axis
whereby LCs are less able to produce
activated EGFR ligands to stimulate
keratinocyte EGFR.

We examined human SLE skin for
signs of a dysfunctional LC-keratinocyte
axis. Nonsun-exposed, nonlesional SLE
skin showed decreased LC numbers
relative to healthy control skin (Fig. 7H),
suggesting an abnormality in LC func-
tion and a potential for reduced input
of EGFR ligands. Epidermal EGFR phos-
phorylation was also reduced in SLE skin
(Fig. 7). These data support the idea that
the LC-keratinocyte axis is dysfunctional
in human SLE.
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Topical EGFR ligand reduces photosensitivity in

an SLE model

We asked whether EGFR ligand supplementation could reduce photo-
sensitivity in MRL-FasP" mice. Multiday UVR exposure has been
shown to increase complement and immunoglobulin deposition in
skin (36), and we observed that this regimen also led to ulcerations
with a neutrophil-dominant infiltrate (Fig. 8, A to D, and fig. S11, A
and B). Topical treatment with HB-EGF (Fig. 8A) reduced the
severity of UVR-induced skin lesions (Fig. 8, B to D, and fig. S11, A
and B) and monocyte accumulation (Fig. 8E). Topical HB-EGF also
reduced germinal center B cells (fig. S11C) and plasma cells (fig. S11D)
in skin-draining lymph nodes, suggesting that modulating skin
EGFR signaling may affect systemic immunity. These findings
suggest that compensating for a dysfunctional LC-keratinocyte axis
by providing EGFR ligand can be used as an approach to treating
photosensitivity.

DISCUSSION

LCs are best known as antigen-presenting cells, and our findings here
establish LCs also as direct modulators of keratinocyte function and
skin integrity whereby LCs limit sensitivity to UVR-induced kerati-
nocyte apoptosis and skin injury. The mechanism requires LC expres-
sion of ADAM17, the metalloprotease that activates LC-expressed
EGFR ligands to stimulate epidermal EGFR. LC abnormalities may
contribute to dysfunction of the LC-keratinocyte axis in SLE, leading
to photosensitivity, and EGFR ligand supplementation may be an
approach to treating photosensitivity (fig. S12).

Shipman et al., Sci. Transl. Med. 10, eaap9527 (2018) 15 August 2018

The LC-keratinocyte axis appears to be a stress survival mecha-
nism. During homeostasis, keratinocyte ADAM17 plays a major role
in maintaining skin integrity and barrier function (23), and our re-
sults indicating that LCs have only a modest role in maintaining
epidermal EGFR phosphorylation during homeostasis are consist-
ent with this. In contrast, LCs and LC ADAM17 had an important
role in limiting skin injury with UVR, suggesting a scenario in
which, in times of stress, keratinocytes require an extra source of
EGEFR ligands and LCs function as this source. That LC ADAM17
responded more robustly to UVR than keratinocyte ADAM17 fur-
ther supported a role for LCs in providing a critical source of EGFR
ligands in the setting of stress. This role in promoting survival
during stress is similar to the role of DCs that we have delineated in
inflamed lymph nodes and fibrotic skin (14, 15). Murine LCs are
closely related to macrophages in ontogeny but have classical DC
functions (10). Our findings suggest that LCs behave as DCs in
maintaining epidermal integrity in times of stress.

Our model that LCs provide EGFR ligands to stimulate kerat-
inocyte EGFR was supported by the UVR-induced increase in
EGFR phosphorylation. In vitro, UVR-induced EGFR phosphoryl-
ation has been shown to involve both ligand-induced EGFR kinase
activity (35, 41, 42) and reduction of protein receptor-type phos-
phatase k activity (43). The inhibition of UVR-induced EGFR phos-
phorylation by an EGFR tyrosine kinase inhibitor in vivo supports
the importance of EGFR kinase activity. Whether LCs also regulate
phosphatase activity merits further study.

Our study adds to the recent developments showing rapid EGFR
ligand production at barrier surfaces as a protective mechanism.
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using two-tailed unpaired Student’s t test. Student's t test was performed after one-way ANOVA for (A) to (D) and (F).
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Regulatory T cells and group 2 innate
lymphoid cells have recently been shown
to be critical sources of the EGFR ligand
amphiregulin in protecting lung and
colonic epithelium, respectively, during
inflammation (44, 45). In these models,
amphiregulin expression was induced
within days by alarmins from the injured
tissues. In contrast, LCs were “immediate
responders,” because LC-dependent epi-
dermal phosphoEGFR up-regulation oc-
curred by 1 hour after UVR in vivo, and
UVR could act directly on LCs to acti-
vate LC ADAM17 ex vivo. Whether in-
jured keratinocyte signals induce the
up-regulation of LC epigen and amphi-
regulin at 24 hours and whether LCs are
unique among immune cells in direct
activation of ADAM17 are unknown.
However, our study and that of others’
together suggest that there are distinct
immediate versus early layers of regula-
tion to protect barrier surfaces.
Hatakeyama et al. (46) recently sug-
gested that LCs help to resolve UVR-
induced skin inflammation at day 5 and
later after UVR exposure by ingesting and
clearing apoptotic keratinocytes. We show
distinct findings, focusing on immedi-
ate events after UVR exposure. Further-
more, we detected essentially no activated
caspase-3" Langerin® cells at 24 hours
after exposure in WT mice and in LC-
keratinocyte cocultures, suggesting that
LC phagocytosis of apoptotic keratino-
cytes was minimal both in vivo and in
vitro. Thus, although we do not rule out
a role for LCs in clearing apoptotic ke-
ratinocytes at later time points, our study
firmly establishes a role for LCs in lim-
iting keratinocyte apoptosis early on.
Our study also suggested that LCs
limit monocyte recruitment to the UVR-
exposed skin and that accumulated mono-
cytes contribute to increased epidermal
permeability. UVR has long been noted
to deplete LCs from the skin, and this
depletion correlated with myeloid cell
accumulation (47). Our results would
suggest that the UVR-mediated depletion
of LCs caused the myeloid cell accumula-
tion and that stronger or chronic UVR
exposure would further deplete LCs, lead-
ing to greater myeloid cell accumulation.
EGEFR activity has been shown to limit
keratinocyte CCL2 expression (7), but the
extent to which LCs alter chemokine ex-
pression by keratinocytes, fibroblasts, or
endothelial cells needs to be examined
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more directly in future studies. Sontheimer et al. (48) recently showed
that monocytes may be a major source of type I interferon a few
days after UVR exposure, and it would be interesting to understand
whether type I interferon increased epidermal permeability. Because
UVR is also associated with immune suppression in healthy humans
but increased autoimmunity in SLE patients (1, 47), it will be inter-
esting to understand whether monocyte and monocyte-derived cells
participate in differentially modulating immunity after UVR expo-
sure in healthy and lupus erythematosus patients.

Our study is relevant for understanding photosensitivity in human
disease in several ways. First, we showed that the LC-keratinocyte
axis is dysfunctional in two SLE models, and the reduced EGFR
phosphorylation in human SLE skin suggested that this axis may be
dysfunctional and contribute to photosensitivity in human SLE. LC
numbers were reduced in human SLE skin, and whether the reduced
epidermal EGFR phosphorylation reflected the LC reduction, or
other defects such as reduced LC ADAM17 or EGFR ligand expression,
remains to be determined. Although LC-independent keratinocyte-
intrinsic dysfunction may also lead to reduced epidermal EGFR
phosphorylation and will need to be considered, the reduced LC
numbers suggest failure of LC development or survival or perhaps
increased migration to draining lymph nodes and suggest that LCs
may be dysfunctional in human SLE. Second, our data showed that
LCs protected at least UVA-mediated skin injury. Because sunlight
is composed primarily of UVA (49), our data are relevant for better
understanding the mechanisms that protect against the effects of
sunlight exposure in lupus patients. Further understanding of LC
function and regulation in SLE will be interesting, as will under-
standing whether there are similar defects in photosensitivity asso-
ciated with other disorders (3).

There are a few limitations of this study. Although epidermal EGFR
phosphorylation is reduced in human SLE skin, we do not yet know

Shipman et al., Sci. Transl. Med. 10, eaap9527 (2018) 15 August 2018
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Our data suggest that topical EGFR
stimulation could be a treatment to pre-
cortrol vent the development of photosensitive
1] cutaneous lesions in lupus erythemato-
Mulldose sus. The reduction in lymph node B cell
responses with HB-EGF suggests that
EGEFR stimulation could also improve
the systemic aspects of photosensitivity
in SLE. Although the potential for car-
cinogenesis should be considered (50),
topical EGF is being investigated for rashes
associated with the use of EGFR inhibi-
tors to treat lung cancer patients who
are most likely immunocompromised
(CinicalTrials.gov; trials NCT03051880
and NCT03047863) (51). Furthermore,
in mouse models of colitis-associated
cancer, EGFR inhibited tumor develop-
ment, likely by improving epidermal
function and reducing inflammation
(52). Our findings suggest that EGFR-
stimulating agents should be investigated for photosensitivity in
lupus erythematosus and potentially other autoimmune and derma-
tologic conditions.

HB-EGF

MATERIALS AND METHODS

Study design

Controlled experiments were designed using mouse models, in vitro
systems, and human skin. Animals were randomly assigned to ex-
perimental groups. Sample sizes were determined on the basis of
previously published experiments using similar tissues and assays
(14, 15). No data were excluded, each experiment was performed
with at least three biological replicates, and all data were reliably re-
produced. Investigators were not blinded to group allocation during
experiments and data acquisition. During data analysis, investigators
were not blinded for flow cytometry, Western blot, epidermal per-
meability, and mRNA experiments but were blinded for histology/
immunofluorescence and lesion measurements. Sample numbers and
numbers of independent experiments are included in each figure legend.
Each symbol in figures represents one mouse, human, or biological
replicate. List of primary antibodies are in table S1 and secondary
antibodies are in table S2. Primary data are included in table S3.

UVR treatments

In vivo, four FS40T12 sunlamps that emit UVA and UVB at a 40:60
ratio (20) were used as the UVR source. We determined 1000 J/m?
UVR to be the minimal dose that caused visible dilation in the ears
of C57BL/6] mice at 24 hours and used this dose for all experiments
unless otherwise indicated. For multidose experiments with Langerin-DTA
mice, mice were shaved 24 hours before the first UVR exposure. SLE
model mice were shaved 24 hours before the first UVR exposure
and then exposed to UVR (500 J/m?) for six consecutive days for
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lesion development experiments. In vitro, mouse and human primary
keratinocytes and LCs were exposed to UVR (500 J/m?) with the same
UVR lamps as above.

Statistical analyses

For analyses of experiments with more than two groups, one-way
ANOV A was initially used to examine differences among groups. For
data that were normally distributed according to the Shapiro-Wilkes
test, the ANOVA was followed by the two-tailed unpaired Student’s
t test to assess differences between two particular groups. For data that
were not normally distributed, the nondirectional nonparametric
Mann-Whiney U test was used to determine differences between
two groups. For analyses of experiments with only two groups, we
determined the distribution with the Shapiro-Wilkes test and then
used the appropriate statistical test for comparison. The statistical
test and measure of uncertainty used for each figure are included in
the figure legend.

SUPPLEMENTARY MATERIALS
www.sciencetranslationalmedicine.org/cgi/content/full/10/454/eaap9527/DC1

Materials and Methods

Fig. S1. Additional features of LC-mediated protection from UVR-induced keratinocyte
apoptosis and skin injury.

Fig. S2. The role of accumulated monocytes and monocyte-derived DCs in UVR-induced skin
injury.

Fig. S3. Additional features of LC-mediated protection of keratinocytes in vitro.

Fig. S4. Mice treated with EGFR inhibitor resemble Langerin-DTA mice and timing of epidermal
EGFR activation after UVR exposure.

Fig. S5. Effect of human LCs on human keratinocytes without UVR and further characterization
of in vitro LC-keratinocyte EGFR signaling.

Fig. S6. Characterization of mouse and human ADAM17 expression, LC-Ad17 mice, and
Langerin-Cre mice.

Fig. S7. Effects of inducible ADAM17 deletion in LCs.

Fig. S8. Validation of EGFR ligand release assay and characterization of keratinocyte EGFR
ligand release.

Fig. 59. Photosensitive MRL-Fas"™ mice have more skin plasma cells and reduced LC EGFR
ligand expression, LC ADAM17 activity, and LC EGFR ligand release.

Fig. $10. B6.Sle1yaa mice exhibit photosensitivity and characterization of EGFR ligand
expression by their LCs.

Fig. S11. EGFR ligand application reduces the severity of UVR-induced skin lesions and lymph
node B cell responses in SLE model mice.

Fig. S12. Model of protective LC-keratinocyte axis and dysfunction of this axis in lupus
photosensitivity.

Fig. S13. Uncropped Western blot images.

Table S1. List of primary antibodies.

Table S2. Secondary antibodies and other staining reagents.

Table S3. Primary data.
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Abrogating keratinocyte apoptosis in lupus

Lupus patients can experience photosensitivity as manifested by joint pain, fatigue, and skin rashes. To
better understand the mechanisms behind this photosensitivity, Shipman et al. examined patient skin samples and
mouse models of lupus. They saw that, in healthy mice and human skin exposed to ultraviolet radiation,
Langerhans cells protected keratinocytes from apoptosis through a mechanism involving the metalloproteinase
ADAM17 and EGFR ligands. In the lupus mice and patient samples, the Langerhans cells were unable to do this.
Stimulating EGFR in the skin may bring relief to photosensitive lupus patients.
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Shipman et al. A protective Langerhans cell-keratinocyte axis that is dysfunctional in
photosensitivity

SUPPLEMENTARY MATERIALS AND METHODS

Mice

Mice from 6-12 weeks old were used unless otherwise stated and were sex and aged-
matched. Both male and female mice were used for experiments, except for B6.Slelyaa mice,
in which only males were used because the model is dependent in part on the autoimmune
accelerator locus on the Y chromosome (40). C57BL/6J, Langerin-DTA, Ragl™, Balb/c, MRL-
MpJ, MRL-Fas™, and B6.Slelyaa mice were originally from Jackson Laboratory (JAX) and
bred at our facility. CCR2-GFP and CCR2-DTR mice (25) were bred at our facility. Ragl™ mice
were intercrossed with Langerin-DTA mice to generate Ragl™ Langerin-DTA mice.
ADAM17"1 mice (32) were intercrossed with Langerin-Cre*” mice (33, 34) (National Cancer
Institute (NCI)), and Langerin-Cre=**"YFP mice (34) to generate LC-Ad17 and Langerin-
Cre=R""ADAM17""* mice, respectively. The WT mice used in experiments involving LC-Ad17
mice were Langerin-Cre”” ADAM17"°™ ittermate controls. All animal procedures were
performed in accordance with the regulations of the Institutional Animal Use and Care

Committee at the Hospital for Special Surgery and Weill Cornell Medicine.

Human research participants

For immunofluorescence analysis, non-sun-exposed nonlesional skin from the buttocks of
healthy controls and SLE patients was used. With the exception of one healthy control, all skin
samples were from samples examined in (53). Controls were between the ages of 28-65 and
67% were female. The SLE patients met American College of Rheumatology criteria for SLE,

were between the ages of 19-62 years old, and 79% were female. All SLE patients were



currently receiving treatment at the time of the biopsy (53). These samples were collected and
used in accordance with the Institutional Review Board at the NYU School of Medicine (IRB#

S14-00487).

For human LC and epidermal CD45+ non-LC cell isolation, human skin samples were
collected from eleven human patients undergoing elective reconstructive surgery at the
Division of Plastic and Reconstructive Surgery at the Memorial Sloan Kettering Cancer Center
(MSKCC). Ten of the eleven patients were female and the patients were between the ages of
41-69 at the time of surgery. All tissue collection and research use adhered to protocols
approved by the Institutional Review and Privacy Board at the Memorial Sloan Kettering

Cancer Center, and all participants signed written informed consents (IRB# 06-107).

Mouse treatments

For indicated 24 hour experiments, HB-EGF (2ug; R&D Systems) dissolved in dimethyl
sulfoxide (DMSO) was applied to each ear 15 minutes prior to UVR exposure. For long-term
lesion development experiments, mice were shaved in a small area on the lower back. At 24
hours, HB-EGF was applied on the ears as above and on the shaved back area (8ug) for
three consecutive days. Mice received their first dose of UVR on the last day of HB-EGF

treatment.

Flow cytometry, cell sorting, and quantification
For staining of murine whole skin, single cell suspensions of skin were generated as previously
described (14). Briefly, ear skin was excised, finely minced, digested in collagenase type Il

(616 U/mL; Worthington Biochemical Corporation), dispase (2.42 U/mL; Life Technologies),



and DNAsel (80 ug/mL; Sigma-Aldrich), incubated at 37°C while shaking at 100 rpm, triturated
with glass pipettes, and filtered. For murine epidermal cell staining or sorting, ear and trunk
skin was incubated in dispase at 37°C for 45 minutes. The epidermis was then scraped off and
finely minced before digestion in collagenase type Il.

For flow cytometry analysis, the following gating strategies were used after excluding debris
and non-single cells: LCs: Lineage(CD3, B220, NK, Ly6G)-, CD45+ CD11b+ CD24+, CD11c+,
MHCII+; monocytes: Lineage-, CD45+, CD11b+, CD24-, Ly6C+, MHCII-; monocyte-derived
DCs: Lineage- CD45+ CD11b+ CD24- Ly6C""°, MHCII+; CD11b+ DCs: Lineage- CD45+
CD24- CD11b+ Ly6C- CD64- CD11c+ MHCII+; CD11b- DCs: Lineage- CD45+ CD11b- CD24+
CD11c+ MHCII+; macrophages: Lineage- CD45+ CD11b+ CD24- CD64+; neutrophils:
Lineage+ CD11b+ Ly6C™ side scatter (SSC)™; T cells: epidermal CD45+, CD11b-, CD3+;
keratinocytes: epidermal CD45-, CD31-, EpCAM+ or total skin CD45-, CD31-, CD49f+, Scal+,
EpCAM+; skin plasma cells: CD45+, B220"°, CD3-, intracellular IgG™; lymph node germinal
center B cells: CD3-, B220+, PNA+; lymph node plasma cells: CD3-, B220 > CD138+. LCs,
monocytes, monocyte-derived DCs, CD11b+ DCs, CD11b- DCs, and macrophages were
gated according to Tamoutounour et al. (24). Primary and secondary antibodies are described
in Table S1 and Table S2.

For flow cytometry analysis, cells were analyzed using a FACSCanto (BD Biosciences) and
FlowJo Software (Tree Star). Cells were sorted using a BD Influx.

To measure phosphoEGFR by flow cytometry, cells were serum- or EGF-starved,
pretreated with 2 mM NaVOg;for 15 minutes, fixed with 4% paraformaldehyde for 15 minutes at
room temperature, and then permeabilized with ice-cold methanol (90%) for 30 minutes on ice.
The cells were then stained with anti-phosphoEGFR Tyr1068 (Cell Signaling) followed by anti-

rabbit Alexa647 (Jackson Immunoresearch).



For isolation of murine epidermal cells for cultures and gPCR, epidermal single cell
suspensions from ear and back skin were flow sorted for CD45+CD11b+ EpCAM+ CD3- LCs,
CD45+CD3+CD11b- T cells, and CD45-, CD31-, EpCAM+ keratinocytes. Purity of sorted cells
was >95%.

For human LC and CD45+ non-LC isolations, fresh skin samples were obtained from
patients undergoing elective reconstructive surgery as described above. Skin samples were
cut into small pieces and incubated for 30 min at 37°C and 5% CO in prewarmed DMEM/F-12
(Stem Cell Technologies) with dispase Il (1 IU/ml; Roche Diagnostics) to facilitate separation of
the epidermis from the dermis. The epidermis was gently peeled away from the dermis and
placed in RPMI 1640 supplemented with 10 mM HEPES, 1% penicillin/streptomycin (Media
Lab, MSKCC), 50 mM L-glutamine (Cellgro), 50 uM B-mercaptoethanol (Gibco, Life
Technologies), and 10% heat-inactivated pooled healthy human serum (Atlanta Biologicals).
The epidermal sheets were then finely minced and digested with collagenase as described for
mouse epidermis. LCs (CD45+ CD1la+ HLADR+), non-LC CD45+ cells (CD45+ CD1a-
HLADR-), T cells (CD45+ CD1a- HLADR- CD3+), and keratinocytes (CD45- CD1l1a- CD3-
EpCAM+) were sorted and sorted cells had a purity = 95%.

Human epidermal cells used for flow cytometric analysis of ADAM17 were incubated with
human TruStain FcX Fc receptor blocking solution (BioLegend), the cells were then stained
with anti-human ADAM17 (Abcam) or human IgG1 isotype control (Adipogen), followed by
anti-human IgG biotin (Jackson Immunoresearch) and streptavidin Alexa 488 (Thermo Fisher
Scientific- Invitrogen). After excluding debris, dead cells, and non-single cells the following
gating strategies were used to examine ADAM17 expression: LCs: CD45+ CDla+ HLADR+
CD3-, T cells: CD45+ CD3+ CD1l1a- HLADR- and keratinocytes: CD45- CDla- HLADR-

EpCAM+.



Cells were counted using a Z1 Coulter Counter (Beckman Coulter). To calculate absolute
cell numbers, the percentage of the total of a particular population was multiplied by the total
cell count from the Coulter Counter. For figures showing normalized values, the control sample
was set to 1, and the experimental samples were normalized relative to the control for that
experiment. For experiments that contained more than one control sample, the mean was
obtained for the control samples, and the individual control and experimental samples were

calculated relative to this mean.

Histology, immunofluorescence staining, and quantifications

For immunofluorescence staining of murine skin, frozen unfixed mouse skin was sectioned,
fixed with cold acetone for 10 minutes, and stained as indicated (15). Epidermal activated
caspase-3+ cells per high powered field (40x magnification) were quantified by a blinded
observer using ImageJ software (NIH) and classified as activated caspase-3+ keratinocytes
(Langerin- and CD3-), LCs (Langerin+), or T cells (CD3+).

Formalin-fixed paraffin embedded murine skin was stained with hematoxylin and eosin, and
epidermal thickness was measured by a blinded observer using ImageJ software.

For immunofluorescence staining of cell culture experiments, polystyrene chamberslides
(Lab-Tek) with cultured keratinocytes were washed with PBS, fixed with 4% paraformaldehyde
for 20 minutes, permeabilized and blocked with Triton-X (0.2%) and BSA (1%), and stained as
indicated. Activated caspase-3+ and total DAPI+ cells were quantified with ImageJ software by
a blinded observer and the percent of activated caspase-3+ Langerin- cells (keratinocytes) and
activated caspase-3+ Langerin+ cells (LCs) was calculated.

For immunofluorescence staining of human skin, formalin-fixed paraffin-embedded tissue

sections were rehydrated and underwent antigen retrieval at 60°C in 10 mM citrate buffer, pH



6.0 for 20 hours followed by enzymatic retrieval with Carezyme lll: Pronase Kit (Biocare
Medical) for 15 minutes. Sections were then stained as indicated. The fluorescence intensity of
phosphoEGFR and total EGFR was measured using ImageJ software and the fluorescence
intensity of the isotype control was subtracted. The ratio of phosphoEGFR:total EGFR was
then calculated and normalized to the ratio for the healthy control samples that were stained at
the same time as the SLE samples. Langerin+ cells in the epidermis were counted by a
blinded observer using ImageJ software and normalized to the length of the tissue.

All antibodies and staining reagents are described in Table S1 and Table S2. Histology was
imaged using either a Nikon Eclipse E600 with a Q-Imaging Retiga Exi camera or a Nikon
Eclipse NI-E Fluorescence Upright microscope coupled to a Zyla sCMOS camera (Andor

Technology).

Western blots

Western blots were performed essentially as described (23). Ears were harvested and the
epidermis was isolated by incubating skin in distilled water at 60 °C for 20 seconds and then in
ice cold PBS for 20 seconds before the epidermis was gently scraped off. Epidermal sheets
were then lysed on ice with a Polytron PT 10-35 tissue homogenizer in lysis buffer (50 mM
Tris-HCI pH 7.7, 1% Triton-X, 150 mM NaCl, 1 mM EDTA, 10 mM NaF, 5 mM j3-
glycerophosphate, 2 mM NaVO3; 1 mM 1,10-ortho-phenanthroline (Sigma-Aldrich), and
protease inhibitor cocktail set Il (EMD Millipore)). Samples (10-15 pg protein) were separated
on a 10% SDS-polyacrylamide gel, transferred to nitrocellulose paper, and Western blots were
then stained as indicated. Antibody staining was detected using ECL Plus Western blotting
substrate (Thermo Fisher Scientific). Blots were first stained for phosphoEGFR, stripped with 1

M Tris pH 6.75, B-mercaptoethanol, and SDS at room temperature followed by incubation at 60



°C, and then reprobed for total EGFR. All antibodies used for Western blots are described in
Table S1 and Table S2. Western blots were quantified with ImageJ software and the ratio of

phosphoEGFR: total EGFR was determined and normalized to the ratio of the control samples.

Epidermal permeability measurement

Toluidine blue dye penetrance was measured essentially as described (23). Dehydrated and
rehydrated ear skin was incubated for 2 min in 0.1% toluidine blue dye (Sigma-Aldrich) before
destaining and toluidine blue dye extraction with a solution of 2.5% H,SO,, 2.5% H,0, and
95% methanol. Colorimetric values were measured at 620 nm and the total amount of toluidine
blue dye was calculated using the volume of extraction solution, which was constant among

the conditions.

In vitro experiments

Mouse keratinocyte-LC co-cultures:

Primary mouse keratinocyte cultures were prepared from mouse tail skin as described (23).
The isolated epidermal cells were plated in 8-well chamberslides (Lab-Tek) coated with 7
ng/uL collagen | (BD Biosciences) at 2-4 x 10 cells per well in serum-free keratinocyte growth
media 2 (KGM2) (PromoCell). 3-4 days later, keratinocytes were at 90% confluency and sorted
LCs were added at a density of 20,000-25,000 LCs per well. The co-cultures rested overnight
and were then exposed to UVR and analyzed 24 hours later. Unless indicated, co-cultures
were exposed to UVR in approximately 200 pL of minimally colored culture media containing

3.3 mM phenol red and without a plastic covering.



Keratinocyte EGFR knockdown co-cultures:

Primary mouse keratinocytes were cultured as described above and, at 40-50% confluency,
were treated with control siRNA or two different EGFR siRNAs (SIRNA #1 or #2) (Accell sSiRNA
from Dharmacon, GE Lifesciences) according to the manufacturer’s protocol. Target
sequences of the siRNAs were: siRNA #1- 5-GAUUGGUGCUGUGCGAUUC-3’ and siRNA
#2- 5-GCAUAGGCAUUGGUGAAUU-3'. The media was changed to normal keratinocyte
growth media on day 4, and the co-culture experiments were subsequently conducted as
described in Materials and Methods in the main text. Separate wells on the same
chamberslides were collected on day 5 (the day of UVR exposure) to check efficiency of EGFR

knockdown by flow cytometry.

Keratinocyte PD168393 treatment co-cultures:

Primary mouse keratinocytes were treated with 2 uM PD168393 (Cayman Chemicals), an
irreversible EGFR inhibitor, for 30 minutes. The PD168393 was washed off with PBS and fresh
keratinocyte growth media was supplied with or without LCs and the co-culture experiments
were subsequently conducted. Keratinocytes from separate wells were collected at the time of
co-culture and treated with EGF (200 ng/mL) to validate the efficiency of EGFR inhibition by

measuring phosphoEGFR by flow cytometry.

Human keratinocyte-LC co-cultures:

Primary human keratinocytes (Lonza) were prepared according to the manufacturer’s protocol
and plated on collagen-coated chamberslides at 1-2 days before use. Human LCs and non-LC
CD45+ cells were sorted from epidermis and added to 50-90% confluent keratinocyte cultures

at 16,000-20,000 cells per chamberslide well. The co-cultures were rested overnight, exposed



to UVR, and examined 24 hours after UVR. Some wells of keratinocytes were treated with
recombinant human HB-EGF (R&D Systems) at indicated concentrations, rested overnight,
and then exposed to UVR. For anti-ADAM17 blocking experiments, LCs were pretreated with
200 nM of anti-human ADAM17 blocking antibody (Abcam) or human IgG1 isotype control
antibody (Adipogen) for 30 minutes before they were added with the antibodies to the
keratinocytes. Anti-ADAM17 blocking antibody and 1gG1 isotype control antibody was also

included in keratinocyte cultures without LCs as additional controls.

Ex vivo ADAM17 activity assay by TNFR1 cleavage

Sorted mouse LCs were plated in a 96-well plate at 20,000-25,000 cells/well in RPMI 1640
supplemented with L-glutamine, penicillin/streptomycin, and HEPES buffer. The cells were
treated with phorbol 12-myristate 13-acetate (PMA) (Sigma-Aldrich) at 25 ng/mL or UVR (500
J/m?) and analyzed 45 minutes later. The cells were then stained with DAPI to exclude dead
cells and for cell-surface TNFR1 (BioLegend). ADAML17 activity is expressed as the percent
change in TNFR1 mean fluorescence intensity (MFI) relative to that of untreated LCs. Sorted
human LCs (3,000-5,000 cells/well) were plated and treated with anti-ADAM17 blocking
antibody or human IgG1 isotype control antibody for 30 minutes prior to UVR exposure and
analysis of TNFR1 MFI. For collection of conditioned supernatant from sorted human LCs to
add to A431 cells, 1,500 LCs were treated with IgG control or anti-ADAM17 blocking antibody
for 30 minutes, washed, and then transferred into new media prior to UVR treatment to prevent

carryover of blocking antibodies into the conditioned supernatant.

EGFR ligand release assay with A431 indicator cells



A431 human squamous carcinoma cells (ATCC) were cultured according to the manufacturer’'s
protocol in 96 well plates. At about 80% confluency, the A431 cells were serum-starved
overnight then pretreated with 2 mM NaVO3;for 15 minutes at 37° C, and were then treated
with conditioned supernatants from various cells for 10 minutes. The A431 cells were then
collected and phosphoEGFR expression was measured by flow cytometry. All experiments

were conducted with A431 cells in passage 2.

Lesion quantification

The remaining hair on the back skin of the mice was removed using Nair and photographs
were taken. The total back area and lesional area (skin affected by erythema, scaliness,
crustiness, or epidermal erosion) was measured by a blinded observer using ImageJ software

and skin lesions were quantified as percent of back area.

MRNA guantification

Cells were sorted directly into RLT lysis buffer (Qiagen) with B-mercaptoethanol (Bio-Rad) and
stored at -80°C until RNA extraction with Qiagen RNeasy Mini Kit. cDNA was generated using
iScript cDNA synthesis kit (Bio-Rad) and real-time PCR was performed using iQ SYBR Green
Supermix kit (Bio-Rad) on a Bio-Rad MyiQ thermal cycler or Maxima SYBR Green/ROX qPCR
Master Mix (Thermo Fisher Scientific) on a StepOne Plus Real-Time PCR system (Applied
Biosystems). gPCR gene expression was quantified relative to Gapdh. Primer sequences used

were:

Mouse (5’-3’):



Epgn forward: TGGGGGTTCTGATAGCAGTC, Epgn reverse: GGATCACCTCTGCTTCTTCG,
Egf forward: CCTGGGAATGTGATTGCTTT, Egf reverse: CCTGGGAATTTGCAAACAGT,
Hbegf forward: CCACCTCACTCCCTTTGTGT, Hbegf reverse: AAAGCTCCCTGCTCTTCCTC,
Tgfa forward: AAGGCATCTTGGGACAACAC, Tgfa reverse: GCAGGCAGCTTTATCACACA,
Btc forward: GGGTGTTTCCCTGCTCTGTA, Btc reverse: TGGATGAGTCCTCAGGTTCC,
Areg forward: CATTATGCAGCTGCTTTGGA, Areg reverse: TTTCGCTTATGGTGGAAACC,
Ereg forward: CGCTGCTTTGTCTAGGTTCC, Ereg reverse: GGGATCGTCTTCCATCTGAA,
Adam17 forward: GATGCTGAAGATGACACTGTG, Adam17 reverse:
GAGTTGTCAGTGTCAACGC, Gapdh forward: ATGTGTCCGTCGTGGATCTGA, Gapdh

reverse: TTGAAGTCGCAGGAGACAACCT.

Human (5’-3’):

Epgn forward: ATGACAGCACTGACCGAAGAG, Epgn reverse:
AACTGTCCAGTTACCTTGCTG, Egf forward: TCTCAACCCCTTGTACTTTGG, Egf reverse:
CAAGTCATCCTCCCATCACCA, Hbegf forward: TTGTGCTCAAGGAATCGGCT, Hbegf
reverse: CAACTGGGGACGAAGGAGTC, Tgfa forward: TCGTGAGCCCTCGGTAAGTA, Tgfa
reverse: GACTGGTCCCCCTTTCATGG, Btc forward: AAAGCGGAAAGGCCACTTCT, Btc
reverse: AGCCTTCATCACAGACACAGG, Areg forward: TGTCGCTCTTGATATCGGC, Areg
reverse: ATGGTTCACGCTTCCCAGAG, Ereg forward: TACTGCAGGTGTGAAGTGGG, Ereg
reverse: GTGGAACCGACGACTGTGAT, Adam17 forward: TGATGAGCCAGCCAGGAGAT,
Adaml7 reverse: TATCAAGTCTTGTGGGGACAGC, Gapdh forward:

CGACAGTCAGCCGCATCTT, Gapdh reverse: ATCCGTTGACTCCGACCTTC.

Skin histopathology scoring



A blinded expert dermatopathologist scored H&E stained sections based on dermal

inflammation (0-3).
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Fig. S1. Additional features of LC-mediated protection from UVR-induced keratinocyte

apoptosis and skin injury. (A) Representative image of mouse epidermal whole mount



stained with anti-Langerin (pink) and DAPI (blue) (n= 3 mice). (B) Representative image of
human skin stained with anti-Langerin (green) and DAPI (blue) (n= 3 healthy control human
patients). Dashed line indicates epidermal-dermal junction. (A,B) Scale bar: 50 ym. (C-E) WT
and Langerin-DTA mice were treated with UVR and ears examined at 24 hours as in Fig. 1A-
C. (C) LC numbers as assessed by flow cytometry (n= 3-6 mice). (D) Activated caspase-3+
Langerin+ LC numbers in tissue sections (n= 3-9 mice). (E) Activated caspase-3+ CD3+ T cell
numbers (n= 3-4 mice). (F) Activated caspase-3+ keratinocyte numbers at indicated time after
UVR exposure (n= 1-4 mice). (G) Absolute numbers of monocyte-derived DCs, CD11b+ DCs,
CD11b- DCs, macrophages, and neutrophils at 24 hours after UVR exposure (n= 3-7 mice).
(H) UVA/UVB measurements of UVR source without and with Mylar filter (n= 3). Each symbol
represents the value measured during independent experiments. (1,J) WT and Langerin-DTA
mice were treated with UVR or UVR+Mylar filter and examined with non-exposed controls at
24 hours (n= 3-6 mice). (I) Activated caspase-3+ keratinocyte numbers. (J) Absolute monocyte
numbers. (K) Magnified images of back skin from UVR-exposed WT and Langerin-DTA mice
described in Fig. 1G,H (n= 3-5 mice). (C-G,I-K) Each symbol represents 1 mouse. Data from 3
(A,B,E,H-K), 5 (C), 9 (D), 2 (F), and 7 (G) independent experiments. Bars represent means
and error bars depict standard deviations. *p<0.05, **p<0.01, **p<0.001 using two-tailed

unpaired Student’s t-test. T-test was performed after one-way ANOVA for (C-G, I, J).
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Fig. S2. The role of accumulated monocytes and monocyte-derived DCs in UVR-induced
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indicated time points along with a B6 staining control (n= 3 mice). (A) Flow cytometry gating
strategy for CCR2+ populations in the skin using the scheme of Tamoutounour et. al (24).
Lineage= B220, CD3, Ly6G, and pan-NK CD49b (B) Percentage of CCR2+ cells in the skin
that are monocytes, monocyte-derived DCs, and CD11b+ DCs. (C) Representative histograms
of CCR2-GFP expression in LCs as assessed by flow cytometry (n= 3 mice). (D-G) WT and
CCR2-DTR mice were injected with PBS or 250 ng DT at d-1 and dO of UVR exposure and
examined 24 hours later with non-exposed control mice (n= 3 mice) (E), or injected with PBS
or DT at d-1, dO, and d3 of UVR exposure and examined 5 days later with non-exposed control
mice (n= 3-4 mice) (D,F,G). (D) Monocyte, monocyte-derived DC, and CD11b+ DC depletion
at 5 days after UVR exposure. (E) Activated caspase-3+ keratinocyte numbers. (F) Epidermal
thickness. (G) Epidermal permeability. Left: Representative images of toluidine blue
penetrance. Right: Quantification. (B,D-G) Each symbol represents 1 mouse. Data from 2 (A-
C,E) and 3 (D,F,G) independent experiments. Bars represent means and error bars depict
standard deviations. n.s.= not significant p>0.05,**p<0.01, ***p<0.001 using two-tailed

unpaired Student’s t-test after one-way ANOVA.



Fig. S3
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Fig. S3. Additional features of LC-mediated protection of keratinocytes in vitro. (A)
Murine keratinocyte cultures without and with LCs were exposed to UVR (as in Fig. 2D,E) and
activated caspase-3+ cells that were Langerin+ (LCs) were quantified (n= 3 mice). (B) LC-
mediated protection of keratinocytes in the absence of phenol red. Murine keratinocyte
cultures without and with LCs were exposed to UVR in phenol red-containing media (used for
most experiments) or phenol red-free keratinocyte growth media and activated caspase-3+
keratinocyte numbers were quantified (n= 3 mice). Results are from 3 (A) and 2 (B)
independent experiments, with each symbol representing a biological replicate. Each biological
replicate value is the mean obtained from 2-6 replicate wells. n.s.= not significant p>0.05,

*p<0.05, **p<0.01, **p<0.001 using two-tailed unpaired Student’s t-test after one-way ANOVA.
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Fig. S4. Mice treated with EGFR inhibitor resemble Langerin-DTA mice and timing of
epidermal EGFR activation after UVR exposure. (A, E-H) Mice were treated topically with

4mM EGFR inhibitor-PD168393 or vehicle prior to UVR exposure and examined at indicated



time points. (A) Representative Western blot of epidermal EGFR phosphorylation at 1 hour
after UVR (n= 3 mice). (B) Positive control for EGFR phosphorylation, showing effects of
intradermally injected recombinant EGF (5ug) at 5 minutes (n= 2 mice). (C) Flow cytometry
gating strategy for total EGFR (tEGFR)+ cells in the epidermis. (D) Percent of tEGFR+ cells in
each epidermal cell population examined (n= 4 mice). (E) Activated caspase-3+ keratinocyte
numbers (n= 2-3 mice). (F) Absolute (left) and normalized (right) monocyte numbers (n= 2-3
mice) (G) Epidermal thickness (n= 3-5 mice). (H) Epidermal permeability. Representative
images of toluidine blue-treated ears (left) and quantification (right) (n= 3-5 mice). (I) Left:
Representative Western blot at the indicated time points after UVR exposure. Right:
phosphoEGFR:total EGFR relative density ratio (n= 7-8 mice). (D-1) Each symbol represents 1
mouse. Data from 3 (A,E,F), 1 (B,D), 2 (G,H), and 4 (1) independent experiments. Bars
represent means and error bars depict standard deviations. *p<0.05, **p<0.01, ***p<0.001
using two-tailed unpaired Student’s t-test. T-test was performed after one-way ANOVA for (D-

H).



Fig. S5
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Fig. S5. Effect of human LCs on human keratinocytes without UVR and further
characterization of in vitro LC-keratinocyte EGFR signaling (A) Effect of human LCs on
human keratinocytes without UVR. Primary human keratinocytes were co-cultured with or
without human LCs and activated caspase-3+ keratinocytes were enumerated 24 hours later
(n=3 human LC donors). (B) Validation of sSiRNA-mediated EGFR knockdown in primary
murine keratinocytes. Keratinocytes were treated with control or EGFR-targeted siRNAs (#1
and #2) and EGFR expression was measured 5 days later (on the day of UVR exposure as in
Fig. 3F) by flow cytometry. Representative histogram of EGFR expression in keratinocytes. (n=

4 mice). (C) Validation of pharmacological EGFR inhibition in primary murine keratinocytes.



EGF-starved primary murine keratinocytes were pre-treated with vehicle or 2 yM PD168393 for
30 minutes, then treated with EGF (200 ng/mL) for 10 minutes, and phosphoEGFR was then
measured by flow cytometry. Representative histogram of phosphoEGFR expression in
keratinocytes (n= 3 mice). (D) Validation of pharmacological EGFR inhibition in LCs. LCs were
sorted from WT mice, serum-starved, pre-treated with vehicle, 2 yM PD168393, or an alternate
EGFR inhibitor, CL-387,785 (1 uM) for 30 minutes, then treated with EGF (200 ng/mL) for 10
minutes, and phosphoEGFR measured by flow cytometry. Representative histogram of
phosphoEGFR expression in LCs (n= 3 mice). (E) Effect of LC EGFR inhibition on LC-
mediated protection of keratinocytes. Murine keratinocyte cultures without and with the
indicated pre-treated LCs were exposed to UVR and activated caspase-3+ keratinocytes were
enumerated 24 hours later (n= 3 mice). Results are from 4 (B), 2 (C,E), and 3 (A,D)
independent experiments. (A,D) Each symbol represents a biological replicate and each
biological replicate value is the mean obtained from 2-3 replicate wells. Bars represent means
and error bars depict standard deviations. n.s.= not significant p>0.05, **p<0.01 using two-

tailed unpaired Student’s t-test after one-way ANOVA.
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Fig. S6. Characterization of mouse and human ADAM17 expression, LC-Ad17 mice, and
Langerin-Cre mice (A) Adam17 expression in epidermal cell subsets sorted from non-
exposed WT mice or from mice at 24 hours after UVR exposure, normalized to control LC
expression (n= 3-4 mice). (B) Adam17 mRNA expression in sorted LCs, T cells, and
keratinocytes from healthy human skin, normalized to LC expression (n= 3 human donors). (C)
ADAML17 cell surface protein expression on human LCs, T cells, and keratinocytes as

assessed by flow cytometry (n= 3 human donors). Top: Representative histograms. Bottom:



Quantification of relative ADAML17 protein levels. MFI of ADAM17 stain was first divided by
MFI of isotype control to quantify fold-over-isotype for each cell type and the fold-over-isotype
for each cell type was then expressed relative to that of LC ADAM17. (D) Adam17 expression
in epidermal cell subsets sorted from WT and LC-Ad17 mice at homeostasis normalized to WT
LC expression (n= 3 mice). (E) Langerin-Cre”” and Langerin-Cre*" mice were exposed to UVR
and activated caspase-3+ keratinocytes quantified (n= 2-3 mice). (F) Activated caspase-3+ LC
numbers in WT and LC-Ad17 mice (n= 3-5 mice). Data are from same mice as in Fig. 5A. (G)
Absolute (left) and normalized (right) monocyte-derived DC numbers in WT and LC-Ad17 mice
(n=4-7 mice). (A-G) Each symbol represents 1 mouse or 1 human donor. Data from 4 (A), 3
(B-F), or 5 (G) independent experiments. Bars represent means and error bars depict standard
deviations. n.s.= not significant p>0.05, *p<0.05, **p<0.01, ***p<0.001 using two-tailed

unpaired Student’s t-test after one-way ANOVA.
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Fig. S7. Effects of inducible ADAM17 deletion in LCs. (A-E) Langerin-Cre-ER”
ADAM17"%1¢ and Langerin-Cre-ER""ADAM17"/"* mice containing a Rosa26.STOP".YFP
Cre reporter allele were generated and treated topically with vehicle (n= 3 mice) (B,C) or 1
ng/mL 4-hydroxytamoxifen (n= 4 mice) (A,D,E). Six days later, they were either examined (A)
or exposed to UVR and analyzed at 24 hours (B-E). (A) Cre expression in LCs. Shown is
representative histogram of YFP levels in LCs and keratinocytes. (B,D) Activated caspase-3+
keratinocyte numbers. (C,E) Absolute (left) and normalized (right) monocyte numbers. (B-E)
Each symbol represents 1 mouse. Data from 2 (A,D,E) and 1 (B,C) independent experiments.
Bars represent means and error bars depict standard deviations. n.s.= not significant p>0.05,

*p<0.05, **p<0.01, **p<0.001 using two-tailed unpaired Student’s t-test after one-way ANOVA.
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Fig. S8. Validation of EGFR ligand release assay and characterization of keratinocyte
EGFR ligand release. (A) A431 indicator cells were serum-starved overnight then pre-treated
for 15 minutes with vehicle, the irreversible EGFR inhibitors PD168393 (2 uM), or CL-387,785

(1 uM). The cells were then treated with EGF (100 ng/mL) for 10 minutes and phosphoEGFR



was measured by flow cytometry (n= 2 separate cell passages). (B) Schematic diagram of
EGFR ligand release assay using A431 indicator cells. Cells (sorted murine LCs, sorted
human LCs, or primary murine keratinocytes) were treated or not with UVR and the
conditioned supernatant was collected and added to serum-starved A431 cells for 10 minutes.
The A431 cells were then collected and phosphoEGFR was measured by flow cytometry as an
indicator of the level of EGFR ligand in the conditioned supernatant. (C) Characterization of
murine primary keratinocyte EGFR ligand release. Confluent primary murine keratinocytes
were exposed to UVR and the supernatant of these cells and non-exposed control
keratinocytes was collected 45 minutes later and added to A431 cells as described in Fig. S7B.
Left: Representative histogram of phosphoEGFR expression in the A431 cells. Right:
Quantification of A431 cell phosphoEGFR expression normalized to the expression with
control keratinocyte supernatants (n= 3 mice). Results are from 2 (A,C) independent
experiments. (C) Each symbol represents a biological replicate. Bars represent means and
error bars depict standard deviations. ***p<0.001, *p<0.05 using two-tailed unpaired Student’s

t-test after one-way ANOVA.
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Fig. S9. Photosensitive MRL-Fas'™ mice have more skin plasma cells and reduced LC

EGFR ligand expression, LC ADAML17 activity, and LC EGFR ligand release. (A,B) MRL-



Fas"™ and non-lupus MRL-MpJ or Balb/c mice were exposed to UVR as indicated and skin
from these and non-exposed control mice were examined 24 hours after the final exposure (n=
4 mice). (A) Skin plasma cells (CD45+, B220"°, CD3-, intracellular IgG") after 6 days of UVR
exposure. (B) Mice were exposed to a single UVR dose and LCs were sorted from these and
control mice 24 hours later. LC expression of EGFR ligands normalized to that of control
Balb/c mice. (C) MRL-Fas"™ LC ADAM17 activity. LCs sorted from MRL-Fas" mice were
treated with PMA or UVR and the percent change in TNFR1 MFI relative to that of untreated
LCs was measured 45 minutes later by flow cytometry (n= 6 mice). Dashed lines indicate the
relative change in TNFR1 MFI observed in WT mice treated with PMA (green) or UVR (blue)
as in Fig. 5A. (D) Conditioned supernatants from untreated and UVR-exposed MRL-Fas™ LCs
were added to A431 EGFR indicator cells and phosphoEGFR in the A431 cells was measured
10 minutes later by flow cytometry (n= 3 mice). Dashed line indicates the relative change in
phosphoEGFR MFI observed with UVR-exposed WT LC supernatants as in Fig. 5C. (A,B)
Each symbol represents 1 mouse. (C,D) Each symbol represents a biological replicate, which
is the average of 1-4 replicate wells. Data from 3 (A,D), 2 (B), and 6 (C) independent
experiments. Bars represent means and error bars depict standard deviations. n.s.= not
significant p>0.05, *p<0.05, **p<0.01, **p<0.001 using two-tailed unpaired Student’s t-test

after one-way ANOVA.
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Fig. S10. B6.Slelyaa mice exhibit photosensitivity and characterization of EGFR ligand

expression by their LCs. (A) Popliteal lymph node cellularity at 3 months of age (n= 7 mice).



(B) Activated caspase-3+ keratinocyte numbers in 6 week old B6.Slelyaa mice or age-
matched B6 mice (n= 2-3 mice). (C,D) 8-12 month old B6.Slelyaa mice and age-matched B6
mice were exposed to UVR for 6 days starting at day O (dO) and ears harvested 24 hours after
the final exposure (n= 3 mice). (C) Images of representative ears at the indicated time points of
UVR exposure. White arrows indicate visible lesions. (D) Normalized number of plasma cells in
the skin as measured by flow cytometry. (E,F) 8-12 month old B6.Slelyaa mice or age-
matched B6 mice were examined at homeostasis. (E) Percent of LCs in skin as measured by
flow cytometry (n= 4 mice). (F) B6.Slelyaa LC expression of EGFR ligands. LCs were sorted
from homeostatic B6 and B6.Slelyaa mice and mRNA expression was normalized to that of
B6 mice (=5 mice). n.d.= not detectable. (A,B,D-F) Each symbol represents 1 mouse. Data
from 7 (A), 3 (B), 2 (C,D), 4 (E), and 5 (F) independent experiments. Bars represent means;
error bars depict standard deviations. n.s.= not significant p>0.05, *p<0.05, ***p<0.001 using

two-tailed unpaired Student’s t-test. T-test was performed after one-way ANOVA for (B).
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Fig. S11. EGFR ligand application reduces the severity of UVR-induced skin lesions and
lymph node B cell responses in SLE model mice. (A-C) Mice were treated with HB-EGF as

in Fig. 8A-E (n= 4 mice). (A) Magnified images of back lesions as shown in Fig. 8C. Boxes



outline lesional areas. (B) Representative H&E images of ear skin. Neutrophil-dominant
infiltrate (dashed box); ulceration (*). Scale bar: 50 ym. (C,D) Germinal center B cell (C) and
plasma cell (D) numbers in skin draining lymph nodes (auricular and inguinal) normalized to
mice treated with UVR+vehicle. (C,D) Each symbol represents either inguinal or auricular
lymph nodes from multiple mice. Data from 3 (A,B) and 2 (C,D) independent experiments.
Bars represent means. Error bars depict standard deviations. *p<0.05 and **p<0.01 using two-

tailed unpaired Student’s t-test.



Fig. S12
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Fig S12. Model of protective LC-keratinocyte axis and dysfunction of this axis in lupus
photosensitivity. In normal skin, LCs express ADAM17 and EGFR ligands. UVR stimulates
LC ADAM17 activity and LCs provide activated EGFR ligands and limit the extent of
keratinocyte apoptosis and skin injury. In the absence of LCs or with ADAM17 deletion in LCs,
UVR-induced keratinocyte apoptosis and skin injury are increased. In lupus erythematosus,
LCs are less able to provide activated EGFR ligands to keratinocytes, because of reduced
ADAM17, reduced EGFR ligand expression, and/or reduced LCs, leading to photosensitivity.

The provision of EGFR ligands could be a useful therapeutic approach for photosensitivity.



Fig. S13. Uncropped Western blot images. Uncropped Western blot from Fig. 3A (A), Fig.
3B (B), Fig. 4D (C), Fig. 7B (D), and Fig. 7F (E). Western blots were stained with anti-
phosphoEGFR (175 kDa) and anti-hsp90 (90 kDa), then stripped and stained with anti-total
EGFR (175 kDa). Red boxes indicate the portion of the blots that are included in the main

figure and arrows indicate non-specific bands.



Antibody (Clone) Supplier Catzlog Lot # dufsoer Validation

Armenian hamster anti-mouse CD3 biotin . FC,I By
(145-2C11) BioLegend | 100304 | B216147 = manufacturer

rat anti-mouse Ly6G biotin (1A8) BioLegend | 127604 | B218529 | FC By
manufacturer

rat anti-mouse B220 biotin (RA3-6B2) BioLegend | 103204 | B191786 | FC By
manufacturer

. . eBioscience 13- By
rat anti-mouse CD49b biotin (DX5) s 5971-81 4295252 FC manufacturer

rat anti-mouse CD45 AlexaFlour700 (30- BioLegend | 103128 | B211311 | FC By
F11) manufacturer

rat anti-mouse CD45 PerCPCy5.5 (30- BioLegend | 103132 | B218549 | FC By
F11) manufacturer

Armenian hamster CD11c APCCy7 (N418) | BioLegend | 117324 | B237079 | FC By
manufacturer

mouse anti-mouse lab PE (AF6-120.1) BioLegend | 116408 | B177711 | FC By
manufacturer

mouse anti-mouse lab FITC (AF6-120.1) | BDBIOSCIeN | seaees | 62004 | FC By
ces manufacturer

rat anti-mouse CD24 PerCPCy5.5 BioLegend | 101824 | B195555 | FC By
manufacturer

rat anti-mouse CD11b Brillant Violet 570 . By
(M1/70) BioLegend | 101233 | B236974 | FC manufacturer

rat anti-mouse CD11b PE (M1/70) BioLegend | 101208 | B228654 | FC By
manufacturer

rat anti-mouse CD11b FITC (M1/70) BioLegend | 101206 | B192968 | FC By
manufacturer

rat anti-mouse CD3 APCCy7 (145-2C11) BioLegend | 100330 | B190252 | FC By
manufacturer

rat anti-mouse CD3 FITC (145-2C11) BDBlosclen | goq065 | 5166876 | FC By
ces manufacturer

rat anti-mouse Ly6C PECy7 (HK1.4) BioLegend | 128018 | B242951 | FC By
manufacturer

rat anti-mouse Ly6C FITC (HK1.4) BioLegend | 128006 | B180475 | FC By
manufacturer

mouse anti-mouse CD64 APC (X54-5/7.1) | BioLegend | 139306 | B207411 | FC By
manufacturer

mouse anti-mouse CD64 PE (X54-5/7.1) BioLegend | 139304 | B171679 | FC By
manufacturer

rat anti-mouse CD31 PerCPCy5.5 (390) BioLegend | 102420 | B219868 | FC By
manufacturer

rat anti-mouse EpCAM PECy7 (G8.8) BioLegend | 118216 | B176413 | FC By
manufacturer

rat anti-mouse EpCAM APC (G8.8) BioLegend | 118214 | B173069 | FC By
manufacturer

rat anti-mouse Sca-1 APCCy7 (D7) BioLegend | 108126 | B214144 | FC By

manufacturer




By

rat anti-mouse CD49f biotin (GoH3) BioLegend | 313604 | B226568 | FC
manufacturer
Armenian hamster anti-mouse CD103 PE BioLegend | 121406 | B184715 | FC By
(2E7) manufacturer
Armenian hamster anti-mouse CD103 . By
APC (2E7) BioLegend | 121413 | B222546 | FC manufacturer
Armenian hamster TNFR1/p55 APC (55R- BioLegend | 113005 | B240777 | FC By
286) manufacturer
rat anti-mouse IgG1 FITC (A85-1) BDBIosclen | 553443 | 92066 | FC By
ces manufacturer
rat anti-mouse IgG2a/2b FITC (R240) BDBIosclen | g5a399 | 4150540 | FC By
ces manufacturer
rat anti-mouse 1gG3 FITC (R40-82) BDBlosclen | 550403 | 7027876 | EC By
ces manufacturer
rat anti-mouse CD138 APC (281-2) BioLegend | 142505 | B237677 | FC By
manufacturer
peanut agglutinin (PNA) biotin Vector Labs | B-1075 X1221 FC By
manufacturer
mouse anti-human CD1a AlexaFlour 647 BioLegend 30016 | B236344 | EC By
(H1149) manufacturer
mouse anti-human HLA-DR (L243) BioLegend | 307606 | B183424 | FC By
manufacturer
mouse anti-human CD45 PerCPCy5.5 eBioscience 45- By
(H130) S 0459-71 E029129 | FC manufacturer
Santa Cruz sc- By
goat anti-mouse,human Langerin (E-17) Bloteé:)r/molo 22620 D2216 IF manufacturer
rabbit anti-mouse,human active caspase-3 R&D CF23415 By
AF835 IF
(polyclonal) Systems 101 manufacturer
rabbit anti-human phospho-EGFR Tyr1068 BioCare API300 013117 r= By
(EP774Y) Med. AA manufacturer
mouse anti-human EGFR (H11) BloCare | ACIO6S | 460517 | IF By
Med. A manufacturer
By
rabbit anti-mouse phospho-EGFR Tyr1068 Cell 3777S 13 FC, | manufacturer
(D7A5) Signaling wB and Fig.
S4A,B
: R&D HX0021 | FC, By
goat anti-mouse total EGFR (polyclonal) Systems AF1280 6012 WB | manufacturer
. . Cell By
rabbit anti-mouse hsp90 (polyclonal) Signaling 4874S 3 wWB manufacturer
goat IgG polyclonal isotype control R&D AB-108- | ES41150 | FC,| By
Systems C 41 F manufacturer
rat IgG2a isotype control (R35-95) BDBIosclen | 553925 | 4324804 | FC By
ces manufacturer
rabbit monoclonal 1gG isotype control Cell By
(DALE) Signaling 3900S 25 IF manufacturer
mouse IgG isotype control (#11711) R&D MABO002 | 1X12070 IF By




Systems 41 manufacturer
human monoclonal anti-human IgG1 GR3192 | FB, By
ADAM17 (D1(A12)) Abcam | 215268 | “gg5 1 | £C | manufacturer

AG-35B-

monoclonal human IgG1 isotype control Adipogen 0006- A267415 | FB, By

04 FC | manufacturer
C100

mouse anti-human CD3 PECy7 (UCHT1) BioLegend | 300419 | B208514 | FC By
manufacturer

mouse anti-human HLA-DR APC-Cy7 BioLegend | 307617 | B246747 | FC By
(L243) manufacturer

mouse anti-human EpCAM APC (9C4) BioLegend | 324207 | B155666 | FC By
manufacturer

mouse anti-human CD1a PE (BL6) Beckman | [M1942 11 FC By

Coulter U manufacturer

Table S1. List of primary antibodies. FC= Flow Cytometry, IF= Immunofluorescence, WB=

Western Blot, FB= Functional Blocking




Catalog

Antibodies (Clone) Supplier Number Lot Number Application
donkey anti-goat Alexa Jackson 705-545- 128611 EC
Fluor 488 (polyclonal) Immunoresearch 003
donkey anti-rabbit Alexa Jackson 711-606-

Fluor 647 (polyclonal) Immunoresearch 152 125599 FC
ThermoFisher
Streptavidin Pacific Blue Scientific S11222 1870540 FC
(Invitrogen)
ThermoFisher
Streptavidin APC Scientific S868 1124091 FC
(Invitrogen)
- ThermoFisher
Streptavidin Alexa Flour Scientific $11223 1851449 FC, IF
488 :
(Invitrogen)
d_on_key anti-mouse 1gG Jackson 715-066- 124850 IE
biotin Immunoresearch 151
d_on_key anti-human IgG Jackson 709-066- 135590 EC
biotin Immunoresearch 098
donkey anti-rabbit Jackson 711-295- 130068
: IF
rhodamine Immunoresearch 152
donkey anti-goat Alexa Jackson 705-605-
Flour 647 Immunoresearch 147 124186 IF
donkey anti-rabbit HRP Jackson 711-035- 128838 WB
Immunoresearch 152
. Jackson 705-035-
donkey anti-goat HRP Immunoresearch 003 130633 wB
Human TruStain FcX (Fc
Receptor Blocking BioLegend 422301 B247180 FC
Solution)
ThermoFisher
DAPI Scientific D1306 1023584 FC,IF

(Invitrogen)

Table S2: Secondary antibodies and other staining reagents. FC= Flow Cytometry, IF=

Immunofluorescence, WB= Western Blot
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