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Appendix A. Supplementary data

Supplementary data associated with this article can be
found, in the online version, at http://dx.doi.org/10.1016/j.
jdermsci.2015.10.015.
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Letter to the Editor
Percutaneous exposure to high-dose hapten
induces systemic immunosuppression through
the inhibition of dendritic cell migration
While sensitizationwith the optimal dose of an antigen induces
antigen-specific T-cell responses, the immune response to a
supraoptimal dose of antigen is suppressed [1]. In addition,
high-dose antigen exposure under certain conditions suppresses
subsequent immune response to the antigen [2,3]. The mecha-
nisms underlying high-dose antigen-induced immunosuppression
appear to vary according to the administration route of the high-
dose antigen: intravenous injection of high-dose hapten induces
suppressor cells [2], while oral administration of high-dose hapten
induces anergy or deletion of antigen-specific T cells [3].

Percutaneous sensitization of mice with an optimal dose of
haptens such as dinitrofluorobenzene (DNFB), trinitrochloroben-
zene (TNCB), and oxazolone induces hapten-bearing dendritic
cell (DC) migration from sensitized skin into the draining lymph
node (dLN), leading to the proliferation and differentiation of
the hapten-specific interferon (IFN)-g-producing CD8+ effector T
(Tc1) cells. Re-exposure to the relevant hapten five days after
sensitization elicits allergic contact hypersensitivity (CHS) re-
sponse by antigen-specific Tc1 cells [4]. A previous report has
shown that topical high-dose hapten application induces dysfunc-
tion of DCs at hapten-applied sites, resulting in the impaired
capacity of hapten-applied skin to support subsequent CHS
induction by an optimal sensitizing dose of another hapten [5].
However, it remains unclear whether and how percutaneous
exposure to high-dose antigen inhibits subsequent immune
responses systemically. In this study, we investigated the systemic
effect of high-dose hapten exposure on subsequent sensitization
with an optimal dose of hapten.

Mice sensitized with a high dose (3%) of DNFB showed
significantly attenuated CHS responses after elicitation compared
to mice sensitized with an optimal dose (0.5%) of DNFB (Fig. 1A),
which was consistent with a previous report [1]. In addition, CHS
responses induced by an optimal dose of DNFB were significantly
suppressed in mice pretreated with high-dose DNFB on the
abdominal skin one day before sensitization (Fig. 1B–D). To
confirm that high-dose DNFB pretreatment inhibited subsequent
sensitization with the optimal dose of hapten, CHS transferred via
dLN cells of sensitized mice with or without DNFB pretreatment
was assessed. Mice subjected to adoptive transfer of dLN cells that
had been collected from vehicle-pretreated mice five days after
sensitization exhibited substantial CHS responses after elicitation.
Mice subjected to adoptive transfer of dLN cells that had been
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Fig. 1. Topical high-dose DNFB application systemically inhibited subsequent sensitization with an optimal dose of hapten.
(A) CHS was induced with DNFB as previously described [6] with some modifications. C57BL/6 (B6) mice were sensitized with 25ml of the indicated concentration (v/v) of
DNFB onto shaved abdomen and challenged with 20ml of 0.3% DNFB on each ear 5 days post-sensitization. Ear swelling was measured 24h after challenge. (B–D) High-dose
DNFB pretreatment and CHS induction. (B) Schematic illustration of experimental protocol. B6 mice were sensitized with 20ml of 0.5% DNFB on right ear one day after
pretreatment with 25ml of vehicle or 3% DNFB onto shaved abdomen, followed by a challenge on left ear as described in A. (C) Ear swelling at 24, 48, and 72h post-challenge.
(D) Hematoxylin and eosin staining of ear sections 24h post-challenge (scale bar; 100mm). (E) B6 mice were pretreated and sensitized as described in B. Five days after
sensitization, cervical LN cells were removed and adoptively transferred into naïve recipient mice (from two donors to one recipient). Immediately after the cell transfer, the
earswere challengedwith 0.5% DNFB, and ear swellingwasmeasured 24h later. (F andG) 2.5�105 CD8+ Tcells isolated fromdraining LNs ofmice pretreated and sensitized as
described in Bwere stimulatedwith DNBS (100mg/mL) in the presence of 5.0�105mitomycin C-treated splenocytes for three days. (F) Cell proliferationwas assessed by [3H]
thymidine incorporation during the last 24h. G, The amount of IFN-g in the culture supernatant was measured by ELISA. N.D., not detected. (H) Effect of Foxp3+ regulatory T-
cell depletion on high-dose DNFB-induced suppression of CHS. For selective depletion of Foxp3+ regulatory T cells, Foxp3hCD2/hCD52 mice (kindly provided by Dr. Hori), which
express human CD2/CD52 fusion protein specifically on cell surfaces of Foxp3+ cells [8], were injected intravenously with anti-human CD2 antibody (clone 35.1). Wild-type
(WT) and Foxp3hCD2/hCD52micewerepretreatedwith vehicle (veh) or 3%DNFB (high), sensitized, and challenged as in B. Allmicewere injectedwith anti-human CD2 antibody
(0.1 mg/mouse) one day before challenge. Ear swelling was measured 24h after challenge. Data are shown as the mean� SD values. Statistical analyses were performed by
Student’s t test. At least four mice per group. *p<0.05.
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Fig. 2. Percutaneous high-dose DNFB exposure induced systemic inhibition of DC.
(A and B) CD11c+ DCs were isolated from draining LNs of mice pretreated and sensitized as described in Fig. 1B. (A) CD8+ T cells were purified from cervical LNs of mice
sensitized with 0.5% DNFB on both ears. 1.0�105 CD8+ T cells were cultured with 5.0�104 CD11c+ DCs for 3 days. Cell proliferation was measured by [3H] thymidine
incorporation during the last 24h. (B) CD11c+ DCs were injected intradermally into the right ear pinna of naïve recipients (DCs from one donor into one recipient). Five days
later, the recipients were challenged with 0.3% DNFB on the left ear. Ear swelling was measured 24h post-challenge. (C) DC migration assay using FITC. Mice pretreated with
vehicle or 3%DNFBwerepaintedwith 2% FITC in acetone/dibutylphthalate onto both ears. One or twodays later, draining LN cells were analyzed byflowcytometry. Shown is a
representative plot of B220-CD11c+ cells from draining LNs of FITC-painted mice, in which the framed rectangle indicates FITC-bearing DCs. The number of FITC-bearing DCs
per one draining LNwas evaluated. (D) DCmigration from ear skin explants. Micewere pretreated and sensitized as described in Fig. 1B. 8-mmpunch biopsy specimens were
taken from sensitized ears 24h post-sensitization, split into dorsal and ventral halves, and floated on culture medium for 24h. The number of CD11c+ cells migrated into
culturemediumwas analyzed by flowcytometry. (E)Micewere pretreatedwith vehicle (veh) or 3% DNFB (high) onto shaved abdomen.Micewere sensitizedwith 3% TNCB or
2% FITC one day after the pretreatment, and 5 days later challengedwith 1% TNCB or 1% FITC, respectively. (F) Micewere pretreatedwith vehicle or high-dose (10%) oxazolone
(OXA) onto shaved abdomen.Micewere sensitizedwith 0.5% DNFB one day after the pretreatment, and 5 days later challengedwith 0.3% DNFB. (G)Micewere pretreatedwith
vehicle or 3%DNFB onto shaved abdomen one day or 5 days before sensitizationwith 0.5% DNFB, followed bya challengewith 0.3% DNFB five days post-sensitization. (H)Mice
were treatedwith vehicle or 3%DNFB on shaved abdomen. 24h later, serawere collected from treatedmice and injected intravenously into naïve recipients. Immediately after
the serum transfer, recipient mice were sensitized with 0.5% DNFB and challenged with 0.3% DNFB five days after sensitization. Ear swelling was measured 24h post-
challenge. Data are shown as the mean� SD values. Statistical analyses were performed by Student’s t test. At least four mice per group. *p<0.05.
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collected from high-dose DNFB-pretreated mice exhibited only
minimal CHS responses (Fig. 1E). To assess the differentiation of
antigen-specific Tc1 cells, which are essential for the development
of CHS [4], CD8+ T cells purified from the dLNs of sensitized mice
were stimulated in vitro with dinitrobenzene sulfonic acid (DNBS),
awater-soluble analogue of DNFB. DNBS-induced proliferation and
IFN-g production were markedly lower in CD8+ T cells from high-
dose DNFB-pretreated mice than in those from vehicle-pretreated
mice (Fig. 1F and G). By contrast, IFN-g-producing CD4[40_TD$DIFF]+[45_TD$DIFF] T cell
differentiation was not impaired in high-dose DNFB-pretreated
mice (Fig. S1). These results indicate that pretreatment with high-
dose DNFB inhibited subsequent sensitization with an optimal
dose of DNFB, probably through impairing the differentiation
capacity of antigen-specific Tc1 cells in the dLNs. It is unlikely that
Foxp3+ regulatory T cells (Tregs), which have been reported to
suppress CHS response [7], contribute to the high-dose DNFB-
induced suppression of CHS given that the selective depletion of
Tregs in vivo one day before elicitation of CHS did not abrogate the
suppression (Fig. 1H).

Next, to examine the possibility that the impaired differentia-
tion of antigen-specific Tc1 cells in high-dose DNFB-pretreated
micemight be due to dysregulation of antigen-presenting cells, we
assessed the T-cell stimulatory capacity of the CD11c+ DC
population in the dLNs of sensitized mice with or without high-
dose DNFB pretreatment. CD11c+ DCs purified from the dLNs of
sensitized mice with high-dose DNFB pretreatment showed
significantly attenuated capacity to stimulate CD8+ T cells from
DNFB-sensitized mice in vitro (Fig. 2A) and to induce sensitization
to DNFB in vivo (Fig. 2B). In vivo DC migration assay using the
fluorescent hapten fluorescein isothiocyanate (FITC) revealed that
the expected increase in the number of FITC+ DCs in the dLNs after
sensitization with FITC was significantly reduced by high-dose
DNFB pretreatment (Fig. 2C), indicating that the pretreatment
inhibited themigration of antigen-bearing DCs from the sensitized
skin to the dLNs. An inhibitory effect of high-dose DNFB
pretreatment on cutaneous DC migration was further supported
by the finding that, in skin explant culture experiments, the
emigration of CD11c+ DCs from the sensitized ear skin into the
culture medium was significantly impaired when the sensitized
skin was taken from mice pretreated with high-dose DNFB
(Fig. 2D). Immunosuppression by high-dose DNFB pretreatment
was antigen-nonspecific since CHS responses to TNCB and FITC
were also suppressed by pretreatment with high-dose DNFB
(Fig. 2E), which was consistent with the aforementioned finding
that high-dose DNFB pretreatment inhibited the migration of
antigen-bearing cutaneous DCs following sensitization with an
irrelevant hapten, FITC (Fig. 2C). In addition, high-dose (10%)
oxazolone pretreatment suppressed CHS response to DNFB
(Fig. 2F). High-dose DNFB-induced suppression of CHS was not
observed when mice were pretreated with high-dose DNFB five
days before sensitization (Fig. 2G). CHS responses in mice injected
with sera collected from high-dose DNFB-treated mice were
significantly attenuated compared to those in mice injected with
control sera (Fig. 2H), indicating that this suppression was
mediated at least in part by some soluble molecules in the serum.
Among the immunomodulatory soluble molecules, interleukin
(IL)-10 is well known to suppress DC migration and CHS [9,10].
However, suppression of CHS by high-dose DNFB pretreatment
was observed even in IL-10-deficient mice (data not shown),
indicating that IL-10 was dispensable for this suppression.
Other candidate molecules that may be responsible for this
suppression include transforming growth factor beta, prostaglan-
din E2, vascular endothelial growth factor, and high mobility
group box 1.

Taken together, our findings demonstrate that topical applica-
tion of high-dose hapten systemically suppresses immune reaction
to subsequent percutaneous antigen exposure. In addition,
underlying mechanisms of the suppression likely include the
inhibition of cutaneous DC migration and soluble factors
transiently released in the serum shortly after the application of
high-dose hapten to the skin.
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Letter to the Editor
Genetic analyses of oculocutaneous albinism
types 2 and 4 with eight novel mutations
Oculocutaneous albinism (OCA), inherited as an autosomal-
recessive trait, is characterized by reduction or absence of melanin
in the skin, hair, and eyes. OCA patients show symptoms such as
reduced skin and hair pigmentation and consequent photosensi-
tivity, high risk of skin cancer, and reduced visual acuity and
nystagmus [1]. OCA is broadly classified into two groups: non-
syndromic and syndromic, based on the presence of other
symptoms such as bleeding diathesis, immunodeficiency, or
neurological dysfunction [2]. OCA type 2 (OCA2, Online Mendelian
Inheritance in Man [OMIM] #203200) caused by mutations in P
(OCA2) [3] is the most common type of OCA worldwide
(accounting for approximately 50% of all patients with OCA);
however, the frequency among Japanese OCA patients is less than
10% [1]. On the other hand, OCA type 4 (OCA4, OMIM #611409)
caused by mutations in SLC45A2 [4] is rare worldwide, while in
Japanese OCA patients, the frequency of OCA type 4 is approxi-
mately 30% [5]. Both, OCA2 and SLC45A2 proteins contain
12 putative transmembrane domains and are thought to function
as transporters. Most pathological missense substitutions for
albinism are located within or in close proximity to these domains
[1], indicating that they play a critical role in overall protein
function. These two subtypes show high clinical heterogeneity,
frommild to severe hypopigmentation and a genotype-phenotype
relationship has been previously reported. For example, p.A481T
mutation in OCA2, located distal to the transmembrane domain, is
reportedly associated with the mild phenotype. This pathogenic
variant, which has 70% melanogenesis activity, has been found in
not only OCA2 patients but also in approximately 12% of normally
pigmented Japanese [1]. Recent investigations on OCA2 in the
Japanese population have also shown that p.A481T and p.H615R
substitutions significantly contribute to skin color and are
associated with risk of skin cancer [6,7]. Meanwhile, Shimanuki
et al. [8] indicated that some OCA2 variations including p.A481T,
may have developed via diversifying selection.

We had the opportunity to examine seven Japanese patients
with non-consanguineous parents, who were clinically diagnosed
with OCA. Informed consent and blood samples were obtained
following protocols approved by the Ethics Committee of Yamagata
University, Faculty of Medicine. Samples were screened for TYR
(OCA1), P (OCA2), TYRP1 (OCA3), SLC45A2(OCA4), and HPS1(HPS1)
mutations using single-strand conformation polymorphism/het-
eroduplex and direct sequencing techniques as previously
described [5]. This analysis allowed us to genetically diagnose
the subtypes of OCA and resulted in the detection of eight novel
mutations (Table 1). These mutations included two splice-site
mutations, IVS13+1(c.1364 +1)G>A and IVS19+1(c.2079 +1)G>A
in OCA2 (GenBank Accession number: NM_000275.2); five
missense mutations, (c.125T>C, p.M42T; c.149C> T, p.A50V;
c.157G>C, p.A53P; c.170C >T, p.T57I; and c.217G>T, p.V73L); and
one nonsensemutation, c.1030C> T, p.Q344X in SLC45A2 (GenBank
Accession number: NM_016180.3). The newly identifiedmutations
were not found in 100 unrelated, normally pigmented Japanese
adults and were not identified in the 1000 Genomes Project and
single nucleotide polymorphism (dbSNP, Build 142) databases. We
confirmed that all the amino acids altered by these missense
mutations were conserved among species including chimpanzee,
monkey, cow, mouse, chicken, zebrafish, and frog. In addition, the
novel missense mutations in SLC45A2, all of [54_TD$DIFF]which were located
within the transmembrane domain, were analyzed by nine
different algorithms used to evaluate the functional impact of a
variation: SIFT, PolyPhen2 based on HumanDiv and HumanVar
models, LRT, Mutation Taster, Mutation Assessor, FATHMM,
MetaSVM and MetaLR scores provided by dbNSFP 2.3 [9]. At least
seven of the nine algorithms predicted these variations to be
“damaging” or “probably damaging” (9/9: p.A50V, p.A53P, p.T57I;
8/9: p.M42T; 7/9: p.V73L). These findings indicated that the
mutations are likely not polymorphisms and are probably
pathological. Patients carrying these mutations (patients 3–
6 showed compound heterozygous missense mutations) revealed
some phenotype heterogeneity, indicating that aberrant proteins
induced by missense substitutions resulted in variable loss of
functional activity.

In addition, in the two cases with splice-sitemutations in OCA2,
we investigated effects of nucleotide changes at the splice site on
the pre-mRNA splice pattern, using reverse-transcriptase poly-
merase chain reaction (RT-PCR) with RNA extracted from
peripheral blood as previously described [10]. The primers used
for RT-PCR were EX11cf (50 CATGTGGTGGAGTGGATTGA 30) and
EX15cr (50 AGTGAATCCGGCAAAGTCC 30) for samples from patient
1, and EX18cf (50 CAAATGCCTGACAGTGTTGG 30) and EX21cr (50

GGTAGCAGTGAACGGGATGT 30) for samples from patient 2. DNA
sequencing of the RT-PCR product of the samples obtained from
patient 1 revealed a 92-nucleotide addition within exon 13
(Fig. 1a), predicted to cause a frameshift that encoded a truncated
peptidewith an additional 43-amino-acid peptide (p.R455fsX499).
In patient 2, a skipping of exon19 was confirmed (Fig. 1b). This
skipping is predicted to result in a frameshift and a truncated
proteinwith an additional 45-amino-acid peptide (p.G651fsX697).
Interestingly, one allele from patient 1 with relatively mild
phenotype contained two missense substitutions (p.R10W and
p.A481T) inherited from her mother, while another allele
contained a splicing mutation that would result in a frameshift
and a truncated protein, indicating the former allele retained some
functional melanogenesis activity despite the combination of two
pathological substitutions.
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