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Abstract

The innate immune components that modulate allergic contact hypersensitivity (CHS) responses
are poorly defined. Using human skin from contact dermatitis patients and a mouse model of CHS,
we find that hapten allergens disrupt the Arginasel (Argl) and inducible nitric oxide synthase
(iNOS or Nos2) dynamic in monocytes/macrophages, which renders those cells ineffectual in
suppressing skin inflammation. Mice lacking Argl in macrophages develop increased CHS
characterized by elevated ear thickening, monocytes/macrophage-dominated dermal inflammation,
and increased iNOS and IL-6 expression compared to control mice. Treatment of Argaflox/flox.
LysMCre*/~ mice with a selective NOS inhibitor or knockout of iNOS significantly ameliorated
CHS. Our findings suggest a critical role for Argl in monocytes/macrophages in suppressing CHS
through dampening Nos2 expression. These results may support that increasing Argl may be a
potential therapeutic avenue in treating allergic contact dermatitis.
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Introduction

Allergic contact dermatitis (ACD) is one of the leading causes of occupational skin disease
(1-4) The sensitization phase of ACD is facilitated by early activation of the innate immune
system to prime T cells (5-9). Ag-specific effector T cells then migrate into the skin, where
they persist for a long time, and then are called tissue-resident T cells (Trm). When re-
challenging the skin with the same allergen (elicitation phase), early activation of innate
immune cells and Ag-specific Tgry mediate tissue damage causing by inflammation, edema,
and skin swelling (10). Notably, the relevance of innate immune cells including
macrophages (M®) and monocytes (mono) in CHS elicitation has been now recognized (11,
12), yet the underlying functional mechanisms remain unknown. We here identified that
cutaneous mono/M® from ACD patients express high levels of inducible nitric oxide
synthase (iNOS or Nos2) and Arginasel(Argl). While previous studies have utilized iNOS
and Argl simply as markers for M1 (killer phenotype classically-activated M®) and M2
(regulatory phenotype, alternatively activated M®), respectively, we here demonstrate novel
functional roles for these L-arginine-metabolizing enzymes in CHS. iNOS was found critical
for CHS. /n vitro stimulation of M® with an allergen increases Nos2and decreases Argl
expression, while dexamethasone restores this response to baseline levels. Significantly
elevated iNOS and 1L-6 levels in mono/M® from Arg1flox/flox. | ysMCre*/~ was associated
with increased inflammation /7 vivo. Increased CHS in Argflox/flox: | ysMCre*/~ was
normalized to WT levels by treatment with a selective iNOS inhibitor. Together, these
studies demonstrate that Argl in mono/M® resolves CHS responses by tempering iINOS-
mediated inflammation.

Materials and Methods

Human tissue from ACD patients

Mice

All human tissues were collected at the Department of Dermatology, Mount Sinai
University, New York, NY and written informed consent was received prior to obtaining skin
biopsies from patients undergoing patch testing and showing a positive reaction to nickel
(n=2), fragrance (n=1), and Balsam of Peru (n=1). Biopsies from the positive patch test area
and from non-lesional skin from the same patients were obtained. In addition, skin samples
from healthy donors undergoing plastic surgery (n=2) were collected at the Department of
Dermatology, Duke University, Durham, NC and were used as an additional control or were
used for FACS-sorting (see below).

Female C57BL6/J (2-5 months of age, Jackson laboratory, ME, USA), Arg1flox/flox
Arg1flox/flox: TieaCre (Jackson laboratory, ME, USA), and Arg1flox/flox: | ysMCre*/~ mice
and iNOS™~ mice (13) were used in our studies. Mice were maintained under a specific
pathogen-free condition and were sustained under regulated conditions with food and water
ad libitum in the pathogenic-free facility at Duke University. All mice were in the same hair
cycle while /n vivo experiments were performed. Mice were single-housed during the time
of the CHS studies. The protocol was approved by the Institutional of Duke University
Animal Care and Use Committee under protocol A175-14-07.
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Allergic and irritant contact dermatitis mouse models

For the allergic contact hypersensitivity model, mice were sensitized via topical application
of 0.5% (v/v) DNFB (Sigma-Aldrich, St. Louis, MO) in 4:1 acetone/olive oil on their shaved
back (50pl) and were challenged 4-5 days later with 0.25% DNFB or vehicle control (5ul on
the dorsal and 5ul on the ventral side of the ear). For the irritant contact dermatitis model,
2% (v/v) croton oil (Sigma-Aldrich, St. Louis, MO) in 4:1 acetone/olive oil or vehicle
control was used. Ear thickness was measured using an engineer’s micrometer (Mitutoyo,
Tokyo, Japan). For depletion of macrophages, a single dose of 100ul clophosome was
injected intraperitoneally (i.p.) and a single dose of 20uL clophosome (FormuMax
Scientific, Inc. Palo Alto, CA) was injected intradermal (i.d.) into mice 24 hrs prior to the
sensitization or the elicitation phase of CHS. Injections of the same amount of empty
liposomes (FormuMax Scientific, Inc. Palo Alto, CA) into mice served as control. The
efficiency of clopohosomes to deplete macrophages was confirmed by flow cytometry
analysis (data not shown). In some studies, a selective iNOS inhibitor, N6-(1-iminoethyl)-L-
lysine, dihydrochloride (14) (L-NIL; Cayman Chemical Company, Ann Arbor, MI) was
injected ip.6 mg/kg for the first dose and then 3 mg/kg twice daily or PBS were injected into
animals during the time of the experiment.

Flow cytometry and FACS

Abs and appropriate 1gG controls were conjugated to FITC, AF488, PE, PerCPCy5.5,
PeCy7, AmCyan, Brilliant Violet 421, Pacific Blue, efluor 450, allophycocyanin (APC),
APCVIOT770, APC-Cy7. Abs against CD3, CD11b, CD161, B220, and Gr-1 were purchased
from Tonbo Biosciences, San Diego, CA. Ab against F4/80 was purchased from AbD
Serotec, Raleigh, NC. Abs to CD45, CD163, CD64, Ly6G and CD14 were purchased from
Biolegend San Diego, CA. Ab to CD1a was purchased from eBioscience, Inc. San Diego,
CA. Abs to IL-6 was purchased from Miltenyi Biotec Inc.San Diego, CA. Abs to Argl was
purchased from R&D Systems, Inc., Minneapolis, MN. Cells were acquired with DiVa 5.0
software on a digital LSRII and analyzed with FlowJo software (Tree Star).

For experiments using fresh human skin obtained from plastic surgery procedures, epidermis
and dermis was separated after incubation with Dispase (2.4 Units/ml, Thermo Fisher
Scientific, Waltham, MA) for overnight at 4 °C degrees. Epidermis was peeled off the
dermis using tweezers and epidermis was incubated for 20 minutes in Dispase for 20
minutes at 37 °C degrees. Dermal components were further manually disrupted using
scissors and were processed using Dispase Il and Collagenase type 11 2mg/ml, Thermo
Fisher Scietific, Waltham, MA) at a 1:1 ratio for 2 hours at 37 °C degrees with intermittent
rigorous shaking for dermal single cell isolation.

Human skin cells were purified by FACS-sorting: Langerhans cell cells were sorted from
epidermal cell suspensions (15) being CD45"CD3~CD1a*, M® were
CD45*CD3"CD14*CD163M, CD14* dermal dendritic cells (dDC, that are now recognized
being transcriptionally closer to M®, 23) were CD45*CD3~CD163"CD14*, CDl1a*dDC
were CD45*CD3~CD1a*. For experiments using mouse skin, whole skin was digested with
0.3% trypsin/0.1% glucose, 14.8 mM NaCl, 5.3 mM KCL (GNK) with 0.1% DNase at 4 °C
overnight. M® from mouse skin were purified by FACS-sorting and were
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CD45*CD37F4/80*CD11B*GR1". The purity of sorted cell populations was between 91—
99%.

Quantitative RT-qPCR

Total RNA was isolated from cells and tissue using TRIzol (Thermo Fisher Scientific,
Waltham, MA). RNA was reverse transcribed using the iScript cDNA synthesis kit (Bio-
Rad, Hercules, CA), and resulting cDNA were amplified using Fast Start Universal SYBR
Green Master Mix (Roche, Basel, Switzerland). PCR was performed with primers as shown
in the supplementary table.

Immunofluorescence

Sections of frozen specimens (either human or mouse) were incubated overnight at 4°C with
primary antibodies (anti-human/mouse iNOS (Thermo Fisher Scientific, Waltham, MA);
Mouse IgG1 Isotype Control (MOPC-21), (Tonbo Biosciences, San Diego, CA); Anti-
Human CD14 (61D3) and Anti-human CD3 (Tonbo Biosciences, San Diego, CA), anti-
mouse F4/80 (BioRad, Raleigh, NC), mouse 1gG1, rat IgG2b (Biolegend San Diego, CA),
anti-human Argl and Goat IgG Control (Santa Cruz Biotechnology, Inc. Dallas, Texas)
followed by reaction with Cy3, Cy5, or FITC-conjugated secondary antibodies (Thermo
Fisher Scientific, Waltham, MA). Nuclei were counterstained with Hoechst 33342, washed
in PBS, and mounted with Antifade Mounting Media (Thermo Fisher Scientific, Waltham,
MA).

Generation of bone marrow-derived dendritic cells (BMDC) and bone marrow-derived
macrophages (BMDM)

BM cells were stimulated with GM-CSF (5 ng/ml, Tonbo Biosciences, San Diego, CA) for 6
days to induce BMDC (12). On day 6, non-adherent cells were collected for gene analysis.
BMDM were generated with M® colony-stimulating factor (10 ng/ml, Sigma-Aldrich, St.
Louis, MO). For generation of M2, BMDM were treated with IL-4 (10 ng/ml, Tonbo
Biosciences, San Diego, CA ) and IL-13 (10 ng/ml, Tonbo Biosciences, San Diego, CA) for
additional 3 days (16, 17). DNBS (0.05%, Sigma-Aldrich, St. Louis, MO) and 1uM
dexamethasone (Sigma-Aldrich, St. Louis, MO) were used to stimulate cells for 16 hrs as
outlined in figure legends and in text.

Mouse microarray expression data

The microarray data GSE49358 from study (18) was retrieved and downloaded from the
Gene Expression Omnibus (19). Robust Multiarray Average (RMA) normalization was
applied to the data to eliminate systematic differences across the array using the affy (20)
Bioconductor (21) package in the R statistical programming environment (http://www.r-
project.org).

Statistical Analysis

For comparisons between multiple groups, the overall differences were analyzed by ANOVA
with Bonferroni’s multiple comparison tests. For comparisons between two groups, two-
tailed student’s T-tests were used.
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Results

Identification of iNOS- and Argl-expressing CD14* dermal cells in human allergic contact
dermatitis (ACD)

Under steady state conditions, healthy human skin expresses both Argl and iNOS in
epidermal keratinocytes and endothelial cells (22) as well as in immune cells, including
Langerhans, dermal DC and M® (23) (Suppl. Fig. 1a and ). Following environmental
insults or allergen expsoure of the barrier tissues like the skin, CD14" monocytes infiltrate
from the blood to the skin, of which some but not all cells, become sessile and differentiate
into M®, or undergo cell death. Notably, ACD skin lesions from positive patch-tested
patients (nickel, fragrance, and Balsam of Peru; BOP) presented a significantly higher
number of dermal CD14"* cells compared to healthy control or non-Isional skin (Fig 1).
Within ACD lesions, iNOS and Argl predominantly co-localized in the dermis in CD14*
cells, typically within the recenlty described dermal T cell clusters (Fig. 1a—b). These
clusters have been recently reported to play an integral role in CHS responses (11). Our
results suggested to us that infiltrating monocytes and macrophages expressing iNOS and
Argl are present in active human ACD lesions and may be invloved in skin inflammation.

iNOS contributes to CHS-associated inflammation in vivo

Mice with genetic depletion of mono/M® are resistant to CHS (11). However, it is not clear
whether mono/M® impact immune responses in the sensitization and/or in the elicitation
phase of CHS. We found that mono/M® depletion before the elicitation, but not before
sensitization, significantly inhibited CHS (Suppl. Fig. 1b). Because hapten allergens are
reported to modify macrophage immune responses (18, 24), we further investigated whether
mono/M® exposed to hapten allergens alter their levels of Nos2 expression. We performed
in vitro stimulation experiments with 4-dinitrobenzene sulfonic acid sodium salt (DNBS), a
commonly used hapten allergen for in vitro studies (25-27). Following DNBS stimulation,
BMDM (polarized into M2) increased not only Nos2but also //6, a key cytokine mediating
CHS responses (Fig. 2a) (28). Interestingly, FACS-sorted skin mono/M® from mice
challenged with DNFB, but not from un-challenged skin, demonstrated significant
upregulation of Nos2as well (Fig. 2b, ¢). In contrast, ArgZ expression in BMDM was
significantly suppressed at 16 hrs post-DNBS treatment (Fig. 2a). These responses could be
normalized /n vitro by (pre-)treatment of the cells with dexamethasone, a therapeutic
corticosteroid used to suppress CHS responses through targeting mono/M® (12). Our results
demonstrate that the hapten DNBS disrupts the existing balance of Argl and Nos2 levels in
mono/M®. Furthermore, these findings suggest that the therapeutic action of dexamethasone
may function —at least in part- through regulation of Argl and iNOS in agreement with a
previous report (12).

To test the functional role of INOS in CHS, we next utilized mice with a constitutive genetic
deletion in the AMos2 gene and evaluated ear swelling in response to epi-cutaneous DNFB
challenge. Nos2~/~ mice displayed significantly lower CHS responses than their wild-type
(WT) controls (Fig. 2d), suggesting that epicutaneous antigen challenge leads to increased
iNOS levels and that iNOS functionally reinforces CHS.
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Arg1floxiflox: | ysMmCre*/~ mice have increased allergic and irritant contact hypersensitivity

responses

When testing Arg1 levels in FACS-sorted skin mono/M® (CD11b*F4/80*Gr1™) from mice
challenged with DNFB /n vivo, we found surprisingly that in addition to iNOS, Argl was
upregulated at 24 hrs post-elicitation (Fig. 2b,c and Suppl. Fig. 1d). Work from Henri’s
group (18) described that a large number of monocytes infiltrate DNFB-elicitetd skin and
analysis of microarray GSE49358 from this study further illuminates that monocytic cells in
the skin highly upregulate Argl expression following DNFB challenge (Fig. 3a) To better
delineate the function of Argl in mono/M®, we next investigated functional consequences
of Arg1 deletion using Arg1flox/flox. | ysMCret/~ and Arg1foX/flox Tie2Cre*/~ mice.
Efficiency of LyzMCre and Tie2Cre can vary and successful depletion of Argl in both
LysMCre and Tie2Cre strains was verified (Suppl. Fig. 2a, b). Compared to control mice,
Arg1flox/flox: | ysMCre*/~ mice and Arg1f1o¥/floX; Tie2Cre mice develop increased CHS and
ear thickening /n vivo either following a one-time or following multiple applications of the
hapten DNFB to the skin site (Fig. 3c, d and Suppl. Fig. 2¢). Multiple exposures to DNFB
increases generation and lodging of allergen-specific memory T cells into the skin (10) (data
not shown). Both, the one-time sensitization model as well as following multiple exposures
to DNFB, led to an significantly increased CHS response in the Arg1flox/flox. | yspmcCret/=
mice.

We next tested if the absence of Argl in Mono/M® would affect also IL-6 production.
Notably, the total number of myeloid cells and M® expressing I1L-6 were significantly
elevated in Arg1flox/flox: | ysMCre*/~ mice compared to control mice at 12 hrs post-
elicitation (Fig. 3e). Increased ear thickening in Arg1flox/flox. | ysMCre*/~ mice was
associated with marked and significant increases in the total number of F4/80* dermal M®
co-expressing iNOS compared to Arg1flox/flox mice (Fig. 4a, b, c). In addition, BMDM from
Arg1floxiflox- | ysMCre*/~ mice had significantly elevated Aos2 levels upon DNBS
stimulation compared to BMDM from Arg1flox/flox mice (Fig. 4d). Together, these findings
suggested that Argl in myeloid cells controls CHS, possibly via negative regulation of
iNOS.

Next, we utilized an irritant contact dermatitis (ICD) mouse model to study the function of
Argl in M® in a system that largely relies on innate immune cell-mediated inflammation.
Using the ICD model, we find that Arg1flox/flox. | ysMCre*/~ mice treated with the irritant
croton oil exhibited increased ear thickness compared to Arg1floX/flox mice within the first 3
hours (Suppl. Fig. 3). Together, our results from CHS and ICD /n vivo studies demonstrate
that Argl in M®/mono attenuates contact dermatitis in both antigen-dependent and antigen-
independent contexts.

CHS responses in Arg1flox/flox: | ysMCre*/~ mice can be attenuated by iNOS inhibition

Given our findings that iNOS expression is higher in Md/mono from Argaflox/flox
LyzMCre*'~mice, we next tested whether pharmacological inhibition of iNOS could
normalize CHS responses. To examine this, we utilized the iNOS inhibitor L-N6-(1-
Iminoethyl)lysine (L-NIL) and found that treatment with L-NIL during the elicitation phase
significantly attenuates DNFB-induced ear thickening in Arg1flox/flox: | ysMCret/~ mice at

J Immunol. Author manuscript; available in PMC 2018 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Suwanpradid et al. Page 7

48 hrs post-elicitation (Fig. 4d). This result strongly suggested that Argl in Md®/mono
controls CHS by attenuating Nos2-associated inflammation.

Discussion

Our results demonstrate that Argl in M®/mono limits allergic and irritant hypersensitivity
responses in the skin. Argl catalyzes the production of ornithine and urea, whereas iNOS
catalyzes the production of nitric oxide. Both L-arginine metabolizing enzymes are present
in Md/mono and their abundance and activity depends on multiple micro-environmental
influences. Following cutaneous tissue damage, such as an allergic hypersensitivity reaction,
M® consume and digest damaged tissue and allergens aimed at easing inflammation.
Enzyme dysfunctions within M® may impair their ability to perform these important roles
and consequently, inflammation remains unchecked. We here made the novel observation
that hapten allergens disrupt the balance of Argl and Nos2 in M® and that in the absence of
Argl, M® cannot successfully resolve skin inflammation resulting in elevated CHS
responses. Our experiments substantiate that Argl deficiency in M® unleashes an
exaggerated pro-inflammatory response, including upregulation of iNOS and IL-6.

CHS has been characterized as a classical T-cell-mediated immune response. Our findings
and recent studies by the groups of Kabashima and Schutz, respectively, highlight the
relevant and novel roles of M® as important contributors to the effector phase of CHS
responses (11, 12). In human and murine skin, Argl is expressed in multiple cells, including
keratinocytes, fibroblasts, dendritic cells, neutrophils and M® (22, 29-32). Following
hapten exposure, M®/mono abundantly infiltrate both human and mouse skin, manifesting a
possible involvement of M®/mono in allergic contact hypersensitivity responses in both,
humans and mice. Furthermnore, the relevance of Argl and iNOS to human ACD is
supported by the finding that Argl and iNOS are expressed by CD14* dermal cells in human
ACD lesions. CD14* dermal cells comprise a population of transient dermal monocyte-
derived M® with weak T cell-stimulatory activity (23). Mono/ M® have been shown to play
critical roles in many diseases because they can regulate both innate and adaptive immune
responses.

In our mouse CHS studies, we here show that M® are required at the elicitation, but not at
the sensitization phase of CHS, which is in agreement with a recently published study (11,
12). Using two cre-driver strains for myeloid Argl deletion, LysMCre and Tie2Cre, we
identify exaggerated CHS responses at 24 hrs post-elictation. This supports that mono/
macrophage-specific Argl controls CHS. LysMCre targets mono/ M® and neutrophils,
while Tie2Cre targets endothelial cells, macrophages and additional cells of the
hematopoetic lineage. (33—-35). Since neutrophils are not required to mediate CHS (11), our
studies focused on the Arg1floX/flox. | ysMCre*/= strain. However, we cannot fully exclude
that Argl expression in neutrophils also contributes to the immune responses observed. We
did observe a significant increase in the CHS ear thickening response in Arg1flox/flox.
Tie2Cre mice at the 24 hrs timepoint post-elicitation but not thereafter, which is in contrast
to findings we have in the Arg1flox/flox | yzMCre mice. A potential explination for this is that
Tie2Cre can target endothelial cells. Argl is a well-studied mediator of endothelial cell
inflammation (36-39) and deletion of Argl in endothelial cells targeted via Tie2Cre (35),
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may protect the vascular integrity and therefore reduce further immune cell infiltration into
the injured area. Because CHS causes potent infiltration of immune cells into the hapten-
exposed area, this inflammatory response may be limited by the deletion of Argl driven by
the Tie2 promotor. Future studies could investigate the role of endothelial cells expressing
Argl in the context of CHS.

iNOS and Argl have been identified as markers for M1 and M2, respectively (11, 40-42).
Our study provides novel insight into the functional roles of arginase and iNOS during
cutaneous CHS. We here identified a relevant role for Argl in limiting T cell -mediated and
innate-immune —mediated skin inflammatory responses. Our findings significantly expand
our knowledge gained from previous studies on Argl in infectious model systems, cancer,
and cutaneous wound repair (30, 43) and furthermore highlight not only the intricate
regulation between Argl and iNOS, but also the regulation of these enzymes by the
microenvironment, a notion that has been made previously by Murray and others (44-46)
(47-50). Notably, our work demonstrates that both Argl and iNOS are upregulated during
allergic contact dermatitis responses in humans and mice. Whether Argl and iNOS are
reciprocally regulated in our model system is not known. In addition, alternative
mechanisms of Argl and iNOS regulation, such as substrate competition for L-arginine and
IL-6-regulated Argl and iNOS expression may exist (45, 51) and are an important area of
research. It will be very interesting in the future to investigate in detail the role of IL-6 in
regulating Argl and/or iNOS in our model system /n vivo given previous findings from
elegant studies showing that IL-6 can promote Argl expression via STAT3 (51) and that
IL-6 can induce M2 and a myeloid-derived suppressor cells program (52, 53). However, IL-6
can serve both immune-regulatory and immune-stimulatory roles (28, 52, 54, 55) and
therefore, it will be critical to decipher its precise effects by the use of conditional IL-6
knockout mice and by investigating the timing and source of production and its signaling
pathway and associated immune response downstream, respectively. In our study, we find
that IL-6 as well as iNOS production was induced by haptens /n7 vitro and was significantly
elevated in Arg1flox/flox: | ysMCre*/~ mice compared to control mice following allergen
elicitation, suggesting an additional layer of complexity and possible feed-back loop
between macrophage-derived Argl, iNOS and IL-6 signaling in the skin.

M® mediate and regulate both, innate immune inflammation and adaptive immune
responses. In our current studies, we observed that Argl deficiency in mono/M® increases
skin inflammation in both T cell -mediated CHS and in the ICD model, the latter disease
being solely dependent on innate immune cells.

In summary, we have demonstrated a novel and previously unrecognized role for Argl and
iNOS in CHS immunity. High levels of iNOS are associated with increased DNFB treatment
and CHS-associated inflammation and Arg1l is a negative regulator of M1-mediated CHS.
Modulating iNOS and Argl in M® may therefore be a novel avenue for future therapeutic
targets in ACD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. iINOS and Argl-expressing M® infiltrate ACD lesions
(a) Representative immunohistochemistry analysis depicting CD14 (green), iNOS (purple),

Argl (red), CD3 (white), Hoechst (blue) expression in ACD skin (Nickle, Balsam of Peru;
BOP, and fragrance), non-lesional (NL), and healthy controls. Data are representative of 1-2
patient samples per tested condition with similar results, original magnification x100(left)
and x400 with scale bar 100 um and 50 um, respectively.

(b) Analysis depicting total numbers of dermal CD14*, iNOS*, Argl and co-expression of
CD14 with iINOS and Argl in ACD lesions (Nickel, Balsam of Peru; BOP, and fragrance),
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non-lesional (NL), and healthy samples. Data are expressed as positive cells £ SEM from at
least three seperate microscopic fields, 400x, from 1-2 patients, *p<0.05.
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Figure 2. Hapten allergen induces Nos2
(@) gPCR of Argl, Nos2, and 116 mRNA in M2 M® 16hrs post-stimulation with DNBS and

pre-treatment with 1uM dexamethasone (DEX). Data are summarized as mean + SEM,
*p<0.05 and are representative of 3 independent experiments.

(b) Experimental outline for the analysis in Figures 2¢ and d.

(c) gPCR of Nos2 in CD11b*F4/80*Gr1 sorted cells at 24 hrs after DNFB elicitation. Data
are expressed as mean + SEM, pooled from 4-5 mice, *p<0.05.

(d) C57BL/6J and iINOS™~ mice were sensitized and elicited with DNFB as outlined in 2b.
Ear swelling was calculated as the % increase in ear thickness over vehicle control £SEM
from 18-27 mice, *p<0.05
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Figure 3. Argl deletion in mono/M ® promotes CHS in vivo
(a) Heat map showing various genes which were 2- log fold up or down regulated in murine

monocyte, macrophage and DC populations under steady state or following DNFB
(microarray GSE49358 from Tamoutounour et al., 2013 (18)) Normalized gene expression
was plotted across the samples after z-score normalization. Genes are clustered using a

correlation distance with complete linkage.
(b) A timeline indicates experiment chronology.
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(c) Arg1floxiflox: | ysMCre*/~and Arg1flox/flox yere sensitized and elicited with DNFB. Ear
swelling was measured daily and is depicted as mean increase over vehicle control £+ SEM
from 15-22 mice, *p<0.05

(d) Argaflox/flox. | yspmCre*/~and Arg1flox/flox mice were sensitized for 5 times before re-
elicitation with DNFB on the ear. Ear swelling was measured daily and is depicted as mean
+ SEM from 5 mice, *p<0.05, data were analyzed by two-way ANOVA test followed by
least-significant differences multi-comparison (LSD) test.

(e) Left: Total number of CD45™ cells (white bar) and CD45*CD11b*CD64" (red bar ), and
CD45"CD11b*CD64"( red bar ); Right : Total number of CD45+ cells producing IL-6
(white bar) and CD45*CD11b*CD64" producing IL-6 (red bar) in skin from Arg1flox/flox.
LysMCre*/~and Arg1floX/flox mice at 12 hrs post-DNFB. Data are summarized as mean +
SEM from 3 mice, *p<0.05
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Figure 4. Argl deletion in mono /M® promotes CHSin vivo via increased iNOS
(@) A timeline indicates experiment chronology

(b,c) Representative immunchistochemistry depicting F4/80 (green staining), iNOS (red
staining) Hoechst (blue) and co-localization (merged image) in DNFB-elicited ears from
Argiflox/flox gng Arg1floxiflox: | ysMCre*/~ mice. Data are representative of 3 independent
samples per tested condition; original magnification x400 with scale bar 100um. Analysis
shows total numbers of F4/80* iNOS™ cells per microscopic view and is expressed as mean
+ SEM from at least three views of microscopic fields, *p<0.05.
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(d) gPCR on Nos2in DNBS-treated BMDM from Arg1flox/flox. | ysMCre*/~ mice compared
to Arg1flox/flox ce|ls at 16 hrs after treatment. Data are summarized as mean + SEM, *p<0.05
and representative of 3 independent experiments.

(e) Arg1floxiflox: | ysMCre*/~ and Arg1flox/flox mice were sensitized and elicited with DNFB
and treated with NOS inhibitor (L-NIL, ip. 6 mg/kg for the first dose, then 3 mg/kg twice
daily), or vehicle (PBS). Ear swelling is depicted as mean + SEM from 4-6 mice, *p<0.05
Argaflox/flox. | yspmCre*/=, PBS versus Arg1flox/flox pBS and #p<0.05 Argaflox/flox.
LysMCre*/~, PBS versus Arg1floxflox: | ysMmCret/=, L-NIL
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