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. The prevalence of cashew allergy has been rising in industrial countries.1 More critically, accidental contact
with cashew-containing food is frequently associated with highly severe anaphylactic reactions in allergic
individuals.2 These elements highlight the need for a safe treatment able to minimize the impact of this
life-threatening allergy.

In a recent study published in Allergy , our group evaluated the relevance of investigational epicutaneous
immunotherapy (EPIT) to protect against anaphylaxis in a mouse model of cashew allergy.3 We demonstra-
ted that epicutaneous patches containing cashew allergens were able to modulate cashew-specific antibody
responses and decrease cashew-specific Th2 responses in cashew-sensitized animals. More importantly, EPIT
was able to reduce mast cell reactivity and to afford protection against anaphylactic symptoms following oral
challenge, suggesting that EPIT may be a safe and efficacious approach to treat cashew allergy. During this
work, we demonstrated that epicutaneous patches were able to deliver cashew allergen to skin dendritic cells
(DC) using cashew protein extract conjugated to Fluoroprobe-647 (cashew-F647). We showed a significant
increase of cashew-specific epidermal Langerhans cells, cDC1 and cDC2 in the local draining lymph nodes
of mice that received patches containing cashew-F647 for 48 hours.

In the present work, we aimed to better characterize allergen capture at the skin level while evaluating
the capacity of cashew allergen to modulate DC activation in sensitized or näıve animals. To that end,
epicutaneous patches containing cashew-F647 were applied to cashew-sensitized or näıve mice for 6 hours
(antibody titers measured before patch application are depicted on Figure S1 ). Then, skin was homogenized,
and cells were analyzed by flow cytometry (Figure 1 ). Langerhans cells and cDC2 were the two main subsets
of skin DC able to take up cashew allergen, in agreement with previously published data.4 Remarkably, a
significant increase of cashew-positive Langerhans cells, cDC2 and cDC1 was observed in sensitized mice
compared to näıve animals. Note that the difference was more pronounced for Langerhans cells, with a
47% increase of allergen-positive cells among this subset. To further address the activation status of these
cashew-positive DC, the expression of CD86 and PD-L2 was measured in each skin DC subset (Figure 2
). A significant decrease in CD86 expression was measured for cashew-positive Langerhans cells and cDC1
isolated in sensitized mice compared to näıve mice. Conversely, a significant increase of PD-L2 expression
was observed in cashew-positive Langerhans cells and cDC2 isolated in sensitized animals.

Previous data demonstrated that PD-L2 expression by skin DCs, especially Langerhans cells and cDC2, is a
key element leading to the generation of Tregs and to the acquisition of tolerance to topically administered
allergen.4,5 Here, we demonstrated that the expression of PD-L2 and CD86 on skin DC following topical
allergen application depends upon preexisting immunological status. Furthermore, these results support the
fact that a strong Th2 context promotes the generation of tolerogenic skin DC characterized by a decrease
in CD86 expression and an increase of PD-L2 expression, as previously shown by our group using OVA as a
model allergen.6

Further investigations are warranted to decipher the mechanisms by which specific preexisting immunity
impacts the capacity of skin DC to capture topically administered allergens and to modify their activation
status. Our previous results suggest that preexisting IgG could efficiently promote allergen uptake (unpu-
blished data), but the mechanisms leading to the modulation of CD86 and PD-L2 are still unknown.

Overall, these data provide additional insight into the mechanisms of action of EPIT for cashew allergy
treatment. They suggest that the acquisition of tolerance to epicutaneous allergen would be more efficient
in highly sensitized individuals and that the underlying mechanisms are embedded in the skin.
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Legend to the figures

Figure 1: Delivery of cashew allergens by epicutaneous patches leads to enhanced allergen
capture by skin DCs in sensitized mice. Mice orally sensitized to cashew or näıve mice received a patch
loaded with cashew-F647 (in green) or a patch containing excipient as a negative control (in white), for 6
hours. Skin samples were collected, and cells were isolated and labelled for FACS analysis. The percentage
of F647-positive cells was measured among each skin DC subsets, (n = 8 per group). Data are median
and interquartile ranges. P values were determined according to the Mann-Whitney test (**, p<0.01; ***,
p<0.001).

Figure 2: Cashew-positive skin DC isolated in cashew-sensitized mice show an increased ex-
pression of PD-L2 and a concomitant decrease of CD86 expression. Mice were treated as described
in Figure 1 and skin cells were analyzed by FACS. The expression of PD-L2 and CD86 was evaluated in
F647-positive cells by measuring the median of fluorescence intensity of each marker. (n = 8 per group).
Data are median and interquartile ranges. P values were determined according to the Mann-Whitney test
(*, p<0.05; **, p<0.01).

Legend to supplementary figure

Figure S1: Measurement of cashew-specific antibody titers in sensitized animals. Two groups of
mice were orally sensitized to cashew (in green) while two groups were kept näıve as a negative control (in
white). These two groups in each treatment regimen were intended to receive patches containing cashew-F647
or patches containing excipient. Blood samples were collected one week after the end of the sensitization,
before patch application to isolate plasma. Cashew-specific antibody titers were measured from plasma
by indirect ELISA (IgE) or direct ELISA (IgG1 and IgG2a). (n = 8 per group). Data are median and
interquartile ranges. The level of significance measured between sensitized and näıve groups is indicated
above each histogram. P values were determined according to the Mann-Whitney test (**, p<0.01; ***,
p<0.001).

Supplementary methods

Animals and ethics.

BALB/c mice were purchased from Charles River (Lyon, France) and housed under conventional conditions
(DBV Technologies, Montrouge, France, agreement number #A92-049-02). Experiments have been performed
according to the European Community rules of animal care, and with permission of the French government
(authorization #7811).

Extraction of cashew allergens for sensitization.
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. Proteins were extracted from acetone-defatted cashew flour (Stallergenes Greer) by overnight stirring in
PBS 1X, at 4°C. The solution was centrifuged for 30 min at 3000 x g to eliminate insoluble components.
Supernatant was frozen at -80°C and lyophilized (Lyofal). Nitrogen inertization was performed. Solutions
for sensitization and oral challenge were obtained by adding the required volume of PBS 1X into vials. The
final protein concentration was controlled using the Bradford assay.

Sensitization of mice.

Mice received 1 mg of cashew protein extract supplemented with 10 μg of Cholera Toxin (List Biological
Laboratories) per intragastric route, at a rate of one intragastric administration per week for 6 consecutive
weeks.

Preparation of cashew patches and application to mice.

Epicutaneous patches were loaded with 50 μg of cashew protein extract conjugated to Fluoroprobe-647
(Interchim), prepared in phosphate buffer 0.1 M, or 50 μl of phosphate buffer 0.1 M alone (excipient patches).
Patches were dried at 30°C in a ventilated oven and stored at 4°C. Before patch application, mice were
anaesthetized with ketamine and xylazine (50 and 10 mg/kg, respectively) and hair on the back was removed
using electric clippers and depilatory cream (Reckitt Benckiser). Patches were applied the following day and
secured using an Urgoderm® bandage (Urgo Laboratories). Patches were maintained for 6 hours based on
optimal timepoints previously defined.

Collection of plasma.

Blood samples were collected by submandibular puncture into microtubes containing EDTA (Greiner Bio-
One) and centrifugated at 3000 x g for 10 minutes to collect plasma. Plasma samples were stored at -20°C.

Measurement of antibody titers.

IgG1 and IgG2a titers were measured by direct ELISA: 96-well plates were coated overnight at 4°C with
cashew protein extract (5 μg/mL, protein equivalent) or with anti-IgG1 or anti-IgG2a (5 or 1 μg/mL, re-
spectively) for binding of standards. Plates were washed in PBS 1X-Tween® 0.05% and blocked for 1 hour
at room temperature (RT) with phosphate 0.1 M pH 7.4-NaCl 0.15 M-BSA 0.1%-sodium azide 0.01% (EIA
buffer). Plates were then incubated overnight at 4°C with mouse plasma (in duplicates) or serially diluted
standards (Rabbit F(ab’)2 anti-mouse IgG1 or Human anti-mouse IgG2a, Bio-Rad), and then 1 hour at 37°C
with relevant secondary antibodies conjugated to alkaline phosphatase (AP) (Bio-Rad). Finally, plates were
incubated for 30 minutes at RT with AP substrate (p-Nitrophenyl Phosphate, pNPP) and optical densities
(O.D.) at 405 nm were recorded. Antibody concentrations were calculated with Boltzmann sigmoidal equa-
tion using O.D. obtained from standards (GraphPad Prism®), and after subtracting O.D. obtained from
non-specific points. IgE titers were measured by indirect ELISA to avoid competition with IgG1 binding:
96-well plates were coated with 2 μg/mL of rat anti-mouse IgE (Bio-Rad) and incubated overnight at 4°C.
Plates were washed in PBS 1X-Tween® 0.05% and blocked 1 hour at RT with EIA buffer. Following washing,
plates were incubated overnight at 4°C with mouse plasma (in duplicates) or serially diluted standard (mouse
IgE, Bio-Rad), and then 1 hour at RT with biotinylated cashew proteins for plasma samples or biotin anti-
mouse IgE (1:2000, Biolegend) for standard. Plates were finally incubated 1 hour at RT with AP-conjugated
streptavidine (1:5000, Jackson Immuno Research Lab), and then 15 minutes at RT with pNPP. O.D. were
recorded and antibody concentrations were measured as described above.

Collection of skin samples for Flow Cytometric analysis (FACS).

A skin sample corresponding to the patch application area was harvested using an 8-mm disposal biopsy
punch (KAI medical) and transferred into 1 mL of Liberase TM (Roche) prepared in basic medium (RPMI +
PS + 55 μM BME + 20 mM HEPES), then incubated for 2 hours at 37°C. The enzymatic reaction was then
stopped with 75 μL of EDTA (100 mM). Cells were homogenized using the Medimachine tissue homogenizer
(BD Bioscience) for 8 min.

Flow Cytometry analysis.
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. Cell suspensions were incubated for 15 min at 4°C with Fc Block (BD Biosciences) and then stained for 30
min at 4°C with the following fluorochrome-conjugated antibodies: anti-XCR1-APC-Vio770 (clone: REA707,
Miltenyi Biotec), anti-MHC-II-VioBlue (clone: REA813, Miltenyi Biotec), anti-CD11b-PerCP-Vio700 (clone:
REA592, Miltenyi Biotec), anti-EpCAM-PE-Vio770 (clone: caa7-9G8, Miltenyi Biotec), anti-CD86-FITC
(clone: PO3.3, Miltenyi Biotec) and anti-PD-L2-PE (clone: MIH37, Miltenyi Biotec). Cells were acquired on
a MACSquant 16 flow cytometer (Miltenyi Biotec) and data were analyzed using FlowJo software using the
gating strategy previously described.7 F647 fluorescence was measured using the R1 channel.

Statistical data analysis.

Data are presented as median with interquartile ranges. The non-parametric Mann-Whitney test was used
to compare unpaired values (GraphPad Prism®). Values of p<0.05 were considered significant. The level
of significance is indicated with asterisks: *, p<0.05; **, p<0.01; ***, p<0.001; ****, p<0.0001 and n.s.,
non-significant.
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