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ABSTRACT

PD-L2 is a ligand for the immune checkpoint receptD-1, however, its regulatory function
is unclear. We previously reported that silencih@D86 in cutaneous dendritic cells (DCs)
by topical siRNA application inhibits the elicitati of contact hypersensitivity (CHS). Here
we investigated the effects of topical PD-L2 siR&plication on allergic skin disease.
PD-L2 was induced in DCs concurrently with the alean of MHC class 1l and CD86
expression. Topical PD-L2 siRNA application inhdaltelicitation of CHS by suppressing
early proinflammatory cytokine expression and ntigraof hapten-carrying DCs into lymph
nodes. Local injection of neutralizing anti-PD-LAmcomparably inhibited CHS. PD-L2
SiRNA treatment inhibited the CHS in PD-1/PD-L1 ttaiknockout mice and in the
sensitized T-cell-transferred skin. These resuiggyest that the effects of PD-L2 silencing are
independent of PD-1 but dependent on local mema®ll§. Most of the inhibitory effects of
PD-L2 and CD86 silencing on CHS were comparablePiL2 siRNA treatment did not
inhibit atopic disease-like manifestations and Tégponses in NC/Nga mice. Our results
suggest that PD-L2 in cutaneous DCs acts as avadstor rather than a regulator. Local
PD-L2 silencing by topical sSiRNA application repeass a therapeutic approach for contact

allergy.



INTRODUCTION
Dendritic cells (DCs) link innate and adaptive immiy (Steinman and Banchereau, 2007,
Steinman and Hemmi, 2006). Production of proinflaatory cytokines and subsequent
recruitment of innate lymphocytes greatly influeice maturation of DCs, and induce an
adaptive immune response mediated by effector equdatory T cells and antibodies. The
expression of diverse co-signaling molecules isioed in DCs following activation; these
modulate the quality and quantity of the immungoese. CD86 on DCs is a potent
costimulator that interacts with CD28 on T celltizit active T-cell responses (Azuma et al.,
1993, Inaba et al., 1994). Blockade of CD86-mediatestimulation inhibits the activation of
T cells. PD-L1 (B7-H1/CD274) (Dong et al., 1999¢&man et al., 2000) and PD-L2
(B7-DC/CD273) (Latchman et al., 2001, Tseng et2dlQ1) are ligands for the coinhibitory
receptor PD-1, which is induced in primed T cé€llse PD-1:PD-L1 axis plays a crucial role
in maintaining self-tolerance and preventing tisdamages due to an excessive immune
response, but the contribution of PD-L2 to PD-1-ratedl immune regulation is unclear
(Chen, 2004, Francisco et al., 2010). Unlike PDh#&, expression of which under
inflammatory conditions is inducible in non-hemaiagtic tissue cells as well as activated
immune cells, PD-L2 expression is induced in myk@Cs and macrophages by certain
stimuli together with CD86 (Ritprajak and Azuma180Tseng et al., 2001, Tsushima et al.,
2003, Yamazaki et al., 2002). The powerful costatardy ability of CD86 obscures the real
function of PD-L2 in activated DCs.

In previous studies that have used neutralizing ;yARD-L2 was not found to
contribute to PD-1-mediated immune regulation. Bgtcast, PD-L1 is predominantly

responsible for the PD-1-mediated regulation inimeumodels of contact hypersensitivity



(CHS) (Tsushima et al., 2003), autoimmune nonodedwetes (Fife et al., 2006),
fetomaternal and transplantation tolerance (Guletra., 2005) (Aramaki et al., 2004), and
immune privilege of corneal allograft (Hori et #0Q06). Subsequent to the initial report
(Tseng et al., 2001), several studies have sugtjiesi@osing costimulatory roles of PD-L2:
elevation of T-cell activation by elderly PD-LB cells and inhibition of CHS by a higher
affinity anti-PD-L2 mAb (Ritprajak et al., 2012, ifohara et al., 2012). Recently, PD-L2 has
been shown to bind another partner, repulsive guelanolecule b (RGMb), which is a
co-receptor for bone morphogenic proteins (BMP&)ckBade of the RGMb:PD-L2
interaction impairs the development of respiratotgrance independently of PD-1 (Xiao et
al., 2014). However, a more recent report suggestaabtimulatory role for RGMb:PD-L2
interaction in the Th1 response, with reciprocéhihition of the Th2 response (Nie et al.,
2017).

We have shown that silencing of CD86 in cutaneoGs Dy topical application of
CD86 small interfering RNA (siRNA) efficiently inbits hapten-induced CHS and
mite-induced atopic dermatitis (AD) in NC/Nga m{@gezuma et al., 2010, Ritprajak et al.,
2008). Silencing of CD86 in resident DCs decresises\umber of additionally
recruiting-dermal DCs and the migration of antig@g)-captured DCs to regional lymph
nodes (rLNs) in CHS, as well as Th2-mediated altergsponses in NC/Nga mice. In this
study, we investigated the role of PD-L2 in skin®D&hd the therapeutic potential of PD-L2

siRNA in two models of allergic skin disease.



RESULTS

PD-L 2 isinduced in activated DCs concomitantly with upregulation of MHC class11 and
CD86 expression

To confirm the concomitant induction of PD-L2 anD&5 expression, we examined their
expression in bone marrow-derived DCs (BMDCs). Cla8é PD-L2 were co-expressed in
around one-third of immature BMDCs; moreover, theipression levels were further
increased by lipopolysaccharide (LPS) stimulatigigre 1a). FITC is a hapten-Ag that
enables tracing of Ag-carrying DCs from the skirthte rLNs. Based on expression levels of
CD11c and MHC class Il (MHCII), resident and migrgtDCs in the rLNs have been
divided (Henri et al., 2010). CDIY¥MHCII™ resident DCs (Fr-1) barely contained FITC
cells, whereas CD1TE"MHCII™ migratory DCs (Fr-2) contained roughly 30% of FITC
cells (Figure 1b). Fr-1 cells expressed CD86, lotitRD-L2. FITC Ag-carrying Fr-3 DCs
within Fr-2 cells especially expressed high levelboth CD86 and PD-L2. These results
indicate that PD-L2 is induced in activated DCsamnitantly with upregulation of MHC

class Il and CD86.

Topical PD-L 2 siRNA application silences skin PD-L 2 and inhibits CHS

To investigate the role of PD-L2 in cutaneous D@is examined the effects of topical PD-L2
siRNA and CD86 siRNA application on DNFB-induced &Hear swelling (Figure 2a) and
histological inflammation and edema (Figure 2b)eveearly inhibited by either of CD86 or
PD-L2 siRNA application. Interestingly, the magui¢uof the inhibition by both siRNAs were

comparable.



To verify specific target silencing by siRNA pamgi, we examined the mRNA levels
of CD86 and PD-L2 in the local ear tissue. The lelmngle dramatically increased the mRNA
levels of CD86 and PD-L2 compared to those of $izesi but unchallenged ear skin, and the
increased mMRNA levels were significantly inhibiteglapplication of the corresponding
SiRNA (Figure 2c). Unlike CD86, a substantial PD-&xpression was not observed in
unchallenged ear skin by immunohistochemistry (Ifgure 2d). DNFB-challenge induced
PD-L2 expression in the epidermis and PD-L2 siRMatment reduced its expression. CD86
signals within the epidermis and dermis were ineedaby challenge and the increased
expression was markedly inhibited by CD86 siRNAtneent. To confirm PD-L2 expression
in epidermal Langerhans cells (LCs), we obtainedegmal cell suspensions and performed
intracellular staining of PD-L2 by flow cytometfyecause cell surface PD-L2 expression was
modulated by enzymatic digestion. Although CD32B11¢ LCs from unchallenged ear skin
did not express PD-L2, LCs from the DNFB-challenged control ILTS-treated skin
expressed intracellular PD-L2 and this was inhiblig PD-L2 siRNA treatment (Figure 2e).
The changes of PD-L2 expression were correlateld MHC class Il expression. The signal
intensity and the number of positive cells for Midi@ss Il in the epidermis and the dermis by
IHC were clearly decreased by the CD86 siRNA appibm and less inhibitory effects were
seen by the PD-L2 siRNA treatment (Figure 2f). mR&sression levels of four
inflammatory cytokines, IL-@, IL-13, TNF-a, and CCL3 (MIP-&) were increased by the
challenge as compared to those of sensitized laltallenged ear skin, and their expression
was significantly inhibited by treatment with eitle# the siRNAs (Figure 2c). These results

demonstrated that topical PD-L2 siRNA applicati@cr@ased the induced PD-L2 expression



in LCs and proinflammatory cytokine expressionhia skin, and inhibits elicitation of CHS.

CDB86 siRNA treatment showed additional effectstmmdermal DCs.

PD-L 2 SsIRNA treatment inhibits migration of DCstorLNs

Next, we assessed the DC and T-cell status inLiNe.r=ITC-challenge of the ear skin
markedly increased the total cell numbers at 24sand its increment was impaired by
PD-L2 siRNA treatment. The percentages of FIRg-carrying DCs in CD11¢"MHCII™
migratory DCs (Fr-2) were significantly inhibiteg¢ both siRNA treatments (Figure 3a).
Although CD86 siRNA treatment slightly down-regeldtCD86 expression on FITC
migratory DCs, PD-L2 siRNA treatment did not clganhibit their PD-L2 expression
(Figure 3b). These results indicate that the migmnadf Ag-carrying skin DCs to the rLNs is
inhibited by both siRNAs, but the activation stat$Cs that reached the rLNs was not
clearly affected, suggesting that CD86 or PD-L2siked skin DCs unable to move from the
skin. Hapten challenge rapidly induces effectoell-generation in rLNs, thus, we examined
an earlier T-cell status at 12 hours after chakeimga DNFB-induced CHS model. The
challenge-induced increment in the total numberetis was significantly inhibited by
treatment with either of the siRNAs (Figure 3c)thdlugh the ratios of CDJ cells, CD8 T
cells, Foxp3conventional CDAT cells (Tcon), and Foxp3egulatory T cells were
comparable among the three groups (data not shdf)y expression by CD8I and CD4
Tcon cells was significantly inhibited by PD-L2 §IR treatment (Figure 3c). These results
indicate that topical PD-L2 siRNA treatment impditbe migration of skin DCs to rLNs,

which suppresses generation of effector T cells.



Requirementsin the effects of PD-L 2 silencing.
To investigate whether the inhibitory effects of-BDSiRNA treatment is dependent on cell
surface PD-L2, we locally administrated neutraligamti-CD86 or anti-PD-L2 mAb to the
ear skin. Consistent to the effects by siRNA treatts, ear swelling was significantly
inhibited by local mAb administration (Figure. 4@his suggests the involvement of CD86
and PD-L2 in the local cell-cell interactions. Bgproduction of cytokines (IFN-and IL-17)
from resident memory T cells ;) that interact with skin DCs is critical for anmfptation of
CHS elicitation (Gaide et al., 2015, Honda et2013, Jiang et al., 2012, Schmidt et al.,
2017). The secreted cytokines further augmentnmil@tory cytokines by keratinocytes
(KCs) and innate immune cells (Enk and Katz, 199& first compared IL-d and IL-13
expression in ear tissues at 6 hours after DNFBestge between wild type and
recombination activating gene 2 (Rag2) KO mice ilagk and B cells. The elevation of
IL-1a and IL-18 expression by DNFB painting was not seen in Rag2niice (Figure 4b).
To assess the involvement of sensitized memonyl§ icethe local response,
DNFB-sensitized T cells were directly transferredhte ear skin, followed by siRNA
treatment and DNFB challenge. Topical applicatibaither of the siRNAs inhibited ear
swelling (Figure 4c). To negate the contributiorentiogenous host T cells, we performed
similar experiments using Rag2 KO ear skin. SexwitiT cell transfer into the Rag2 KO ears
induced a rapid and peak ear swelling during &4tbh@urs and PD-L2 siRNA treatment
significantly inhibit the swelling (Figure 4d), sgesting the involvement of local memory T
cells in the inhibitory effect of PD-L2 siRNA.

To evaluate the involvement of PD-1 in the effedt®D-L2 silencing, we applied

the PD-L2 siRNA tad279"cd274" double-knockout (PD-1/PD-L1 DKO) mice. We used
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DKO mice to avoid the alteration of PD-L2 contritout by Th1/Th17/Th2 skewing (Liang et
al., 2006) (Loke and Allison, 2003), autoimmuni@k@zaki and Wang, 2005), and
PD-L1:CD80-mediated regulation (Butte et al., 200i&t were observed in PD-1- or PD-L1
KO mice. The induction of PD-L2 expression in tlae gkin showed similar magnitude in
wild-type and DKO mice (Figure 4e). Ear swellingsagenerated more rapidly in the
PD-1/PD-L1 DKO and was sustained until 96 hoursl, tapical PD-L2 siRNA treatment
inhibited ear swelling and the inflammatory respo(fsigure 4f and 4g). These results
suggest that PD-1 is not involved in the effect®DtL2 silencing.

Next, we examined the duration of the siRNA-indutgdbition. After the siRNA
treatment at the first challenge (day 5), we deld¢bcondary challenge at day 31 or 77.
Although rapid and severe ear swelling were indunethe second challenge, the ear
swelling was persistently inhibited in the CD86 &d-L2 siRNA-treated groups (Figure 4h).
This suggests that both siRNA treatments influercgmnsion and activation of memory T

cells.

Topical PD-L 2 sSIRNA application isineffective for AD-prone NC/Nga mice

Repeated mite allergen application induces AD-ikim lesions in NC/Nga mice. We
previously reported amelioration of AD by CD86 siRBpplication in this model (Ritprajak
et al., 2008). In contrast to the marked inhibiteffgcts of the CD86 siRNA on skin
manifestations, the PD-L2 siRNA did not ameliorthie skin lesions (Figure 5a and 5b).
Allergen-specific production of IL-4 and IL-5 by NK_cells at 4 weeks after treatment was
significantly inhibited by the CD86, but not the R, siRNA (Figure 5c). The serum titers

of IgE andDermataphagoides farina (Df)-specific IgG1 in the control mice were sigoéntly

10



increased by allergen boosting and control ointragplication. The IgE titer was not
affected by either of the siRNAs, while the Df-siiedgG1 titer was reduced by the CD86
siRNA (Figure 5d). These results demonstrate sik&ncing of PD-L2, but not of CD86, is
unable to improve clinical manifestations of AD @ondnhibit the Th2-mediated cellular and

humoral responses.
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DISCUSSION
We demonstrate induction of PD-L2 in activated [@Gscurrently with the elevation of MHC
class Il and CD86 expression. Silencing of PD-Ladpical SiIRNA application reduced the
induction of PD-L2 in LCs, and inhibited elicitatigghase of CHS by suppressing the
production of proinflammatory cytokines and migoatiof hapten-carrying skin DCs into the
rLNs. These results are similar to our previoudifigs on the effects of topical CD86 siRNA
application. Our results suggest that PD-L2 indume@pidermal LCs acts as a costimulator
in CHS. However, PD-L2 siRNA treatment did not aimr@te AD-like manifestations and
pathogenic Th2-mediated responses in NC/Nga migeré&ults show the differential
contribution of PD-L2-expressing local DCs betwearine models of CHS and AD.
Topical PD-L2 siRNA application resulted in targgtecific silencing and marked
inhibition of the pro-inflammatory cytokines in ei@sues at an early time point. How does
the silencing of PD-L2 in local DCs induce sucheanly inhibition? Hapten painting induces
IL-13 from LCs, and IL-&x and TNFe from KCs at very early time points (Enk and Katz,
1992). Secretion of these proinflammatory cytokifiesn LCs and KCs plays a crucial role
in triggering CHS. Without challenge, consideratenbers of memory T cells are recruited
to the skin for scan Ags and hapten challenge hapiduces cluster formations of DCs and
skin Trm (Egawa et al., 2011, Egawa and Kabashima, 2011sp#eulate that early
interaction with PD-L2-inducing LCs and epidermagident memory T cells &) may
amplify local production of inflammatory responsg&in CD8 Tgry interacting with local
DCs greatly contribute to the elicitation phas€éfS (Gaide et al., 2015, Honda et al., 2013,
Jiang et al., 2012, Schmidt et al., 2017). FFARd IL-17A produced by CD8lry induce

IL-13 by KCs (Schmidt et al., 2017). Consistent inhdsitby local PD-L2 silencing in the
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T-cell transferred Rag2 KO ears and at secondaalerige further support the involvement
of local memory T cells. Our results of similar iipitory effects by local anti-PD-L2 mAb
treatment (Figure 4a) and the PD-L2 silencing-irLinhibitory effects in PD-1/PD-L1
DKO mice (Figure 4f) suggests that cell surfacel2Ds involved but PD-1 is not involved
in the immunoenhancing effects. PD-L2 induced adesmal LCs seems to act as a
costimulatory ligand. The counter-receptor involwethe PD-L2-mediated costimulation
remains to be identified. RGMb is a candidate fig teceptor as its engagement with
recombinant mutant PD-L2 (which is unable to bimdPD-1) costimulates the Th1l response,
resulting in inhibition of Th2-mediated asthma (Néteal., 2017).

Unlike the CD86 siRNA treatment, the PD-L2 siRNAatment did not inhibit AD,
which is considered a Th2-mediated disease. AlthdZig86 is induced on both epidermal
LCs and dermal DCs, we only observed substantiiession of PD-L2 in LCs. The
induction of AD in this model requires repeated &gplication and Th2-mediated humoral
responses. Contribution of PD-L2-expressing LCs difigr in this model. In addition, the
Th2 response is often inhibited by the action M-§ror NKT-mediated response (Akbari et
al., 2010, Matsumoto et al., 2004, van der Wedle2013). Further studies are required to
clarify the reason.

In summary, silencing of PD-L2 by a topical siRN#ibited the elicitation phase of
CHS independently of PD-1; in addition, inductidrtite expression of PD-L2 in the skin
promoted the skin inflammatory response. Therefors| silencing of PD-L2 by topical

SsiRNA application may have therapeutic potentialdontact allergy.
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MATERIALSAND METHODS

Mice

Female 6-week-old BALB/c and NC/Nga mice were pasgd from Japan SLC (Hamamatsu,
Japan). PD-1/PD-L1 DKO and Rag2 KO mice on the BALIBackground were generated as
described previously (Kang et al., 2016). All m@eept for NC/Nga mice were maintained
under specific-pathogen-free conditions and NC/Mgze were maintained under the
conventional conditions. All experimental proceduvneere reviewed and approved by the
Animal Care and Use Committee of Tokyo Medical Bxahtal University (0160309A,

0170344A, A2018-262C).

Preparation of PD-L 2 and CD86 siRNA ocintments

siRNA oligonucleotides for mouse PD-L2 were desthard synthesized by Qiagen
(Valencia, CA), and the most efficient was seledigado-transfection of the PD-L2
expression vector (p)CAG/PD-L2) (Ritprajak et aD12) and the respective PD-L2 siRNA
duplex into 293T cells as described previouslydRijak et al., 2008). The sequences of the
SiRNA duplexes for CD86 and PD-L2 are shown in $eipentary Table. The CD86 and
PD-L2 siRNA duplexes were obtained from JBioS (Asdkaitama, Japan). lonic liquid
transdermal system (ILTS) by MEDRx (Kagawa, Jafi&fva et al., 2016) was performed to
increase skin permeability to oligonucleotideseBy ionic liquid-siRNA formulations were
prepared by mixing a prepared ionic liquid and legdrbon gel and used as the siRNA/ILTS

ointment for topical application.

Induction of CHS and treatment with SRNAs or mAbs
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CHS to DNFB (Sigma-Aldrich) or FITC was induceddescribed previously (Azuma et al.,
2010, Nuriya et al., 2001, Ritprajak et al., 20@jefly, 20 ul of 0.5% DNFB were applied
to the shaved abdominal skin on days 0 and 1 fwsiseation, and 1@l of 0.2% DNFB was
applied to the ear skin on day 5 for challenge.FH®C-induced CHS, 400l of 0.5% FITC
dissolved in a 1:1 vol/vol mixture of acetone: digphthalate were applied on day O for
sensitization, followed by challenge with gDof 0.5% FITC on day 5. For siRNA treatment,
control ILTS without siRNA, PD-L2 siRNA/ILTS, or SiIRNA/ILTS ointment (250 pmol
siRNA duplex/3.3 mg ointment/ear) that containedants of the siRNA duplexes identical
to those in a prior study (Ritprajak et al., 2008 applied to the ear skin one hour before
challenge. Ear thickness was measured before ahé atdicated time points after the
challenge. For re-challenge experiments, after siRatment at the first challenge, the
secondary challenge was performed on day 31 dfai7mAb administration, either rat IgG,
anti-CD86 (PO3), or anti-PD-L2 (MIH37) mAb (3®/20ul/ear) was administrated into the
ear skin one hour before challenge.

For local T-cell transfer experiments, rLN cellsreveollected from DNFB-sensitized
mice on day 5 and T cells were isolated by negatglection using magnetic beads as
described previously (Ritprajak et al., 2010). A$®purity of CD3 cells was confirmed by
flow cytometry. Isolated LN T cells (1 x 90were subcutaneously administrated into the ear
skin of intact mice one hour before, and then tneaits with ILTS ointment and DNFB

challenge were performed as described above.

Generation of activated DCsin vitro and in vivo
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BMDCs were generated from the bone marrow celBAIEB/c mice cultured with GM-CSF
as described previously (Ritprajak et al., 2008)induce maturation, DCs were stimulated
with LPS fromSalmonella enterica (10 ng/ml, Sigma-Aldrich) for 24 hours. To quantif
Ag-bearing DCs in the rLNs, 3@ of 0.5% FITC solution were applied to the eamnski
(Chalermsarp and Azuma, 2009), and cervical LNswetlected after 24 hours. LN cells

were isolated as described previously (ChalermaadpAzuma, 2009).

mADbs and flow cytometry

mADbs against the following Ags were used: CD11ci84 CD11b (M1/70), PD-L2 (TY-25),
MHC class Il (M5/114), CD86 (PO3), CD3 (17A2), C[RM4-5), CD8 (53-6.72), CD45
(30-F11), CD45R (B220, RA3-6B2), CD326 (EpCAM, G8Boxp3 (FIK-165,), and IFN-
(XMG1.2). All mAbs were obtained from eBioscien&a( Diego, CA) or BD-Biosciences
(San Diego, CA). Samples were preincubated with@bDtL6/32 (2.4G2) mAb to block KR
and subsequently subjected to multicolor stainiihgetl surface and intracellular molecules.
Stained cells were analyzed using a FACSVerse (BBdBnce) and FlowJo software (Tree

Star, Ashland, OR).

I mmunohistochemistry

Cryostat sections of ear tissues were subjectet&to or enzymatic IHC as described
previously (Chalermsarp and Azuma, 2009, Ritprajia&l., 2008). The sections were first
incubated with mAbs against PD-L2 (TY-25), CD86 @ or control rat IgG, and
subsequently with a biotinylated anti-rat IgG (\@dtab., Burlingame, CA). For MHC class

Il staining, a biotinylated anti-MHC class Il (M3/4) mAb was used. Antibody binding was
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detected using avidin—biotin—peroxidase complexesygVectastain; Vector Lab.), visualized
with the substrate diaminobenzidine, and counterstawith hematoxylin. Quantitative
analyses for MHC class Il expression was performddur continuous high-power fields
(x200) that contained approximately 1.2 mm of egithm. The number of positive cells was

counted and verified by two independent investigato

Preparation of epidermal cell suspensions

Epidermal sheets were separated from the derngisiattubation with Dispase Il (1 U/ml,
Sigma-Aldrich) and trypsin (0.05%) in PBS for 30mait 37C, and epidermal cell
suspensions were obtained by digestion with cotlage type | and DNase I. Isolated cells

were subjected to cell surface and intracellulalticalor staining for flow cytometry.

Quantitativereal-time PCR

Total RNA was extracted from ear tissues using BSpin RNA Il (Macherey-Nagel, Duren,
Germany). cDNA was synthesized using PrimeScripiRiBter Mix (Takara Bio, Kusatsu,
Japan) and real-time PCR was performed using #eC8tePlus™ Real-Time PCR System
(Applied Biosystems, Foster City, CA) and SYBR Pipeix Taq Il (Takara Bio). The

primers sequences used are shown in Supplemerdgbhky. Data are presented as the ratios to

glyceraldehyde-3-phosphate dehydrogenase (GAPDH).

Induction of AD and sSIRNA treatment
AD-like lesions were induced in NC/Nga mice by rafeel mite antigen application as

described previously (Ritprajak et al., 2008), witthor modifications. Mice were treated
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with 150l of 4% sodium dodecyl sulfate on the ear and tia/ed upper back skin to

disrupt skin barrier function (Nakagawa et al., PODne hour later, 2g mite extract
(Dermataphagoides farina, [Df], LSL, Tokyo, Japan) was topically appliedttee above areas
three times per week. The skin scores of the eatdhee upper back were separately
monitored, and siRNA treatment was started wherstloee of one site became greater than 5.
Mice were randomly divided into three groups areldiergen-applied areas were treated
with the control/ILTS, PD-L2 siRNA/ILTS, or CD86RNA/ILTS ointment (500 pmol siRNA
duplex/6.6.mg of 0.05% ointment) daily for 4 weeldite allergen application was continued
even after the start of treatment. Skin scores weatuated as described previously (Azuma

et al., 2010, Ritprajak et al., 2008).

M easurement of serum antibodies and Th2-cytokine production

Sera were collected before and 4 weeks after tiegattrand the total IgE and Df-specific

lgG1 (Df-lgG1) levels were measured by ELISA ascdégd previously (Azuma et al., 2010,
Ritprajak et al., 2008). For assessment of Df-IgGé titer of the pooled standard serum was
defined as 1,000 units and the levels in individisahples are expressed as unit values. To
measure Df-specific cytokine production, cervichl tells at 4 weeks after treatment were
cultured in the presence or absence of Df antig@mug/ml) for 4 days, and the IL-4 and IL-5

levels in the supernatants were measured usingA&LIS

Statistics
Statistical analyses were performed by Mann—-Whitdegst using the Prism 6 software

(Graphpad). A value gf < 0.05 was considered to indicate significance.
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FIGURE LEGENDS

Figure 1. PD-L2 and CD86 are co-expressed in activated DCs.

(a) Immature and mature BMDCs were stained with flubrome-conjugated anti-CD11c,
anti-PD-L2, and anti-CD86 mADbs. An electronic gats placed on CD11dymphocytes,
and the expressions of PD-L2 and CD86 are shdwrRégional LN cells 24 hours after
FITC application to the ear skin were stained Miiiorochrome-conjugated anti-CD86,
anti-PD-L2, anti-CD11c, anti-CD45R, and anti-MH@ss I (MHCII) mAbs or appropriate
control Abs. Gating strategies were shown in tffiet\eo panels. An electronic gate was
placed on either CD1TMHCII™ (Fr-1), CD11E™MHCII™ (Fr-2) in CD45Ralive cells, or
FITC" cells within Fr-2 (Fr-3), and then expression&fC and MHCII are displayed as
dotted plots. The region gate was placed on FIdé&lls. Values are the percentages of FITC
cells. The lower three panels show expression d&&hd PD-L2 in each fraction. Markers
were positioned to include >98% of cells stainethwbntrol Igs in the lower left quadrant.

Representative profiles from three mice are shown.

Figure 2. Topical application of PD-L2 SsIRNA inhibits CHS responses.

CHS against DNFB was induced as described in thiaddis. One hour before challenge,
control/ILTS, CD86 siRNA/ILTS, or PD-L2 siRNA/ILT8intment was applied topically to
the right and left earsa) The ear thickness was evaluated before and 24mB72 hours
after challenge. The values shown are the meathie&ness changes + SD (n = 6). Data are
from two independent experimentg < 0.05vs. the control/ILTS group.b) H&E-stained

sections of ear tissues at 48 h after challengade®ar = 5Qm. (c, d, f) Sensitized but



unchallenged-, or sensitized and challenged-esudssat 6 hours were subjected to
quantitative real-time PCR (c) and IHC (d and fytted lines in ¢, mean relative expressions
from the sensitized but unchallenged ear tissuasieg are means = SD (n = 8-12) from 2-3
independent experiments ¥ 0.05. Expressions of CD86 and PD-L2 (d), and MH&Ss I

(f) are shown. Scale bar =5®. The numbers of MHC class iells within the epidermis

and the dermis in four high power field (hpf) weminted in f. Values are means + SD

(n = 6) of two independent experimentp.<0.05. €) Epidermal cell suspensions from the
ear skins were stained with fluorochrome-conjugateatCD45, anti-CD11c, anti-CD326,
and anti-MHCII mAbs, or appropriate control Abs. Alectronic gate was placed on
CD11¢CD326 in CD45 leukocytes, and then expressions of MHCII and PDate

displayed as dotted plots. Markers were positidoadclude >98% of cells stained with
control Igs in the lower left quadrant. The valaes the mean fluorescence intensity. Data are

representative from two independent experiments.

Figure 3. Topical PD-L 2 SIRNA treatment inhibits migration of DCs and activation of
regional LN T cells.

(aand b) Regional LN (rLN) cells from FITC-sensitized aRtI C-challenged mice were
counted and stained with fluorochrome-conjugated@b86, anti-PD-L2, anti-CD11c, and
anti-MHC class Il mAbs. An electronic gate was pld@s described in Figure 1b. The
percentages of CD1TE"MHCI™ (Fr-2) in alive cells and FITCcells (Fr-3) in Fr-2 cells
were determined in a. An electronic gate was place@D11&""MHCII" cells, and then
expression of indicated Ags with FITC are shownlatted plots. Data shown are

representative from each group of three micet(N cells from DNFB-sensitized and



DNFB-challenged mice were analyzed 12 hours aftalenge. Cells were stained with
fluorochrome-conjugated anti-CD3, anti-CD4, anti& @nti-IFNy and anti-Foxp3 mAbs.
Electronic gates were placed on CO®3" (CD8" T) or CD4Foxp3CD3" (CD4" Tcon)
lymphocytes, and then the percentages of yFdklls were determined. Values are means +
SD (n = 3). Data are representative of two indepandxperiments with similar resultspx

0.05. Dotted lines in a and ¢, mean values of émsitized mice before challenge.

Figure 4. Requirementsfor the effects of topical PD-L 2 SSRNA treatment.

(a) Either control rat IgG, anti-CD86 (PO3) mAb, aitiaPD-L2 (MIH37) mAb was
administrated into the ear skin one hour before BMRallenge, and the ear thickness was
evaluated. The values shown are the mean ear #gskthanges + SD (n = 6). Data are from
two independent experiments £ 0.05vs. the control group.b) Ear skins of the indicated
conditions from sensitized-wild type (WT) and RA&® mice were subjected for ILedand
IL-13 mRNA expression by quantitative real-time PCRu¥alare means = SD (n = 4).

*p < 0.05. € and d) DNFB-sensitized T cells were transferred to titadt ears of wild type
(c) and RAG2 KO (d) mice. After one hour, control/s, CD86/ILTS, or PD-L2/ILTS was
applied to the ear skin, and then DNFB was painted.ear thickness changes were
measured. Values are mean ear thickness chandegm83). * < 0.05vs. the control/ILTS
group. € f, and g) WT and PD-1/PD-L1 DKO BALB/c mice were sensitiagidh DNFB,
and control/ILTS or PD-L2/ILTS was topically apmliene hour before challenge.
Control/ILTS treated ear tissues at 6 hours att@tlenge were collected and subjected to
IHC for PD-L2 (e). Scale bar = fth. Ear thickness were measured in f. Values areaea

SD (n = 6) of two independent experimen{s<*0.05. Representative ear skin histology at 48

3



hours after challenge (g). Scale bar %0 (h) The siRNA/ILTS treatments at the first
challenge was performed at day 5. The secondatienlga was performed at day 31 or 77,
and the ear thickness changes were measured. \Aakieseans + SD (n = 3). Data are

representative of two independent experiments siithlar results.

Figure5. PD-L 2 siRNA treatment shows marginal effectsin AD-prone NC/Nga mice.
AD-like legions were induced in NC/Nga mice. Treatrhwas started when the skin score of
the ears or the upper back became greater thai) Me@n skin score £ SD (n = 8) from each
group at the indicated time points) Representative images of two mice from each gedub
weeks after treatment)(IL-4 and IL-5 production by rLN cells stimulatedth Df-Ag
determined by ELISA. Values are means = SD (n 3.4e) Serum titers of total IgE and

Df-specific IgG1. Values are means + SD (n = §).<0.05.
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Supplementary Table

Sequences of siRNAs

SiRNA Sequence
Sense 5-CCUCUGAAGUUCUAAUUAATT-3
Ph-Le Anti-sense | 3'-TCGGAGACUUCAAGAUUAAUU-5
Sense 5-CGUUGUGUGUGUUCUGGAATT-3
cbse Anti-sense | 3-TTGCAACACACACAAGACCUU-5

Primer sequences for quantitative real-time PCR

Gene Sequence
Forward GACCGTTGTGTGTGTTCTGG
Cbse Reverse | GATGAGCAGCATCACAAGGA
Forward CTGCTGCCGATACTGAACCT
PoLe Reverse | CTGCGGTCAAAATCGCACTC
Forward GCCCGTGTTGCTGAAGGAGT
L-a Reverse | TGGATAAGCAGCTGATGTGAAGTA
Forward GTGACGTTCCCATTAGACAGC
16 Reverse | CCCAAGGCCACAGGTATTT
Forward CACCACGCTCTTCTGTCTA
TNF-a Reverse | ATGGGCTCATACCAGGGTT
Forward CCTCTGTCACCTGCTCAACA
ceLs Reverse | GTGAACAACTGGGAGGGAGA
Forward GCATGGCCTTCCGTGTTCCT
GAPDH Reverse | GGTCCTCAGTGTAGCCCAAGATGC




