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Abstract

Background—Histone deacetylases (HDACs) influence chromatin organization, representing a
key epigenetic regulatory mechanism in cells. Trichostatin A (TSA), a potent HDAC inhibitor, has
anti-tumor and anti-inflammatory effects. Allergic contact dermatitis (ACD) is a T-cell-mediated
inflammatory reaction in skin and is regulated by epidermal Langerhans cells (LCs).

Objective—The aim of this study was to investigate if TSA treatment prevents 2,4-
dinitrofluorobenzene (DNFB)-induced ACD in mice and regulates epidermal LCs and other
immune cells during ACD development.

Methods—ACD was induced by sensitizing and challenging with DNFB topically. Mice were
treated intraperitoneally with TSA or vehicle DMSO as a control every other day before and
during induction of ACD. The ear swelling response was measured and skin biopsies from
sensitized skin areas were obtained for histology. Epidermal cells, thymus, spleens and skin
draining lymph nodes were collected for immune staining.

© 2012 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights reserved.

"To whom correspondence should be addressed: Henry Ford Immunology Program, Department of Dermatology and Department of
Internal Medicine, Henry Ford Hospital, 1 Ford Place, Detroit, MI, United States. Tel: +1-313-876-1017; Fax: +1-313-876-1016;
gmil@hths.org or Henry Ford Immunology Program, Department of Dermatology and Department of Internal Medicine, Henry Ford
Hospital, 1 Ford Place, Detroit, MI, United States. Tel: +1-313-874-4881; Fax: +1-313-874-4879; Izhoul@hfhs.org.

The authors have no conflict of interest to declare.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Shietal.

Keywords

Page 2

Results—TSA treatment ameliorated skin lesion severity of DNFB-induced ACD. The
percentages of epidermal LCs and splenic DCs as well as LC maturation were significantly
reduced in TSA-treated mice. However, TSA treatment did not significantly affect the
homeostasis of conventional CD4* and CD8* T cells, Foxp3*CD4* regulatory T cells, NKT cells,
and y8 T cells in thymus, spleen and draining lymph nodes (dLNs). Furthermore, there were no
significant differences in IL-4 and IFN-y-producing T cells and NKT cells between TSA- and
DMSO-treated mice.

Conclusion—Our findings suggest that TSA may ameliorate ACD through the regulation of
epidermal LCs and HDACSs could serve as potential therapeutic targets for ACD and other LCs-
related skin diseases.

Trichostatin A; Histone deacetylases; Allergic contact dermatitis; Langerhans cells; NKT cells;
Regulatory T cells

1. Introduction

Allergic contact dermatitis (ACD) is one of the leading causes for occupational diseases and
it has great socio-economic impact [1]. Knowledge of the pathophysiology of ACD is
derived mainly from animal models in which the skin inflammation is induced by painting
haptens on the skin. ACD is a T-cell-mediated skin inflammation caused by skin repeated
exposure to the haptens, such as 2,4-dinitrofluorobenzene (DNFB). The hapten first
penetrates the epidermis and is taken up by skin dendritic cells (DCs), including epidermis-
resident DCs, Langerhans cells (LCs) and dermal DCs, which process the allergen internally
into a complete antigen. Skin DCs then migrate to the drain lymph nodes (dLNs) and present
haptenated peptide to naive antigen-specific T lymphocytes. As a result, antigen-specific
CD4" and CD8™ T cells are primed [2, 3]. Upon challenging the skin with the same hapten,
the haptenated protein is presented by LCs and/or other DCs to recruited hapten-specific T
cells to the skin. An inflammatory response is elicited to the skin and the subsequent
production of inflammatory cytokines and chemokines [4]. Both DCs and T cells play
critical roles in the development of ACD. LCs are members of the heterogenous family of
professional antigen presenting cells (APCs), and specifically express Langerin (CD207), a
C type lectin [5]. LCs form a contiguous network to detect invading pathogens or antigens in
skin, and have classically been thought to play a pivotal role in the initiation and control of
skin immunity and allergy [6]. However, more recent studies suggest LCs may have
immunoregulatory functions as well [7-9].

Post-translational modification of histones is an epigenetic regulatory mechanism crucial for
the regulation of gene expression. It is widely accepted that densely packed DNA structure
is related to histone acetylation status. Histone acetylation status is associated with
transcription regulation and controlled by histone acetyltransferases (HATS) and histone
deacetylases (HDACs) [10, 11]. HDACSs are enzymes that remove acetyl groups from
specific lysine residues on histone proteins to regulate chromatin architecture and gene
expression [12]. In general, histone acetylation relaxes chromatin structure and promotes
gene transcription by allowing transcription factors and regulatory proteins access to DNA
[10]. HDAC inhibitors (HDACI) can block HDAC activity and are shown to have anti-
tumor and anti-inflammatory effects in a variety of tumors, autoimmune and inflammatory
diseases [13-15]. However, the molecular mechanisms of its effects on these diseases are
not very clear. Trichostatin A (TSA) is a well-known potent HDAC inhibitor [16], which
has been considered a potential therapeutic agent against inflammatory diseases and
autoimmune diseases [17, 18]. We recently reported that TSA reduced the number of LCs /in
vitro. Moreover, histone deacetylase activity is required for normal LC maturation and
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phagocytosis [19]. In the present study, we investigated the effects of TSA on 2,4-
dinitrofluorobenzene (DNFB)-induced ACD and on the regulation on epidermal LCs and
other immune cells during the induction of ACD in TSA treated mice.

2. Materials and methods

2.1. Mice

C57BL/6 mice were obtained from the Jackson Laboratory. All experiments were performed
with 6 to 8-wk-old mice. Mice were housed in a specific pathogen-free barrier unit.
Handling of mice and experimental procedures were approved by the Institutional Animal
Care and Use Committee (IACUC) of the Henry Ford Health System.

2.2. Hapten sensitization and elicitation of ACD

Mice were sensitized by applying 25ul 0.5% DNFB (Sigma-Aldrich, St. Louis, MO, USA)
(acetone:olive oil=4:1) topically on shaved abdominal skin on day 0. On day 5, sensitized
mice were challenged topically with 10l 0.2% DNFB on the left ear. An identical volume
of acetone/olive oil was painted on the right ear. Ear thicknesses were measured in a blinded
fashion by comparing challenged (left) and unchallenged (right) ears using a thickness
gauge (Digimatic caliper, Mitutoyo, Japan) before and at 24, 48 and 72h after the challenge,
and ear thickness increases were calculated by subtracting pre-challenge (0 h) from post-
challenge measurements (24h, 48h, 72h).

2.3. TSA treatment

TSA (Sigma-Aldrich, St. Louis, MO, USA) was dissolved in 1% dimethyl sulfoxide
(DMSO) and mice were injected intraperitoneally with TSA (1mg/kg) or DMSO only every
other day beginning 2 days before applying 0.5% DNFB. Mice were sacrificed at 72h after
sensitization with TSA treatment (for three doses) or sacrificed at 72h after challenge with
TSA treatment (for five doses).

2.4. Histological analysis

Ear samples were taken from sacrificed mice at 72h after challenge, fixed in 10% formalin,
embedded in paraffin, sectioned at 3um, and stained with hematoxylin and eosin (H &E).

2.5. Preparation of single-cell suspensions of epidermis and antigen-uptake assay

Whole body skin was collected from sacrificed mice at 72h after sensitization and 72h after
challenge, respectively. The skin were floated on PBS/dispase (2.5mg/ml, Gibco® Grand
Island, NY, USA) for 1h in 37°C incubator. Epidermis separated from dermis was digested
with DNase (1mg/ml, Worthington Biochemical, Lankewood, NJ, USA) for 50 minutes in
37°C Shaking Bath. Single-cell suspensions were stained with anti-Langerin(clone
929F3.01), anti-MHC- 11(M5/114.15.2) and anti-CD45.2 (104) antibodies. For the antigen
uptake assay, epidermis cells were incubated at 37°C or 4°C (as control) with FITC-dextran
for 45 minutes and then stained with anti-mouse MHC-I1 and CD45.2 antibodies. For LCs
maturation assay, epidermal single-cell suspensions were cultured in RPMI 1640 medium
for 60 hours, then stained with anti-Langerin, MHC- 11, CD80, CD86 Abs.

2.6. Immune staining for conventional T cells, NKT and Treg cells

Single-cell suspensions from skin dLNs, spleen and thymus from sacrificed mice at 72h
after challenge with ACD were resuspended with staining buffer (1xPBS, 2% FBS) and then
were stained with anti-CD4 (RM4-5), anti-CD8 (53-6.7), anti-TCR+y6 (GL3), anti-TCR
(H57-597) and a-GalCer/CD1d tetramer (Tetramer Facility, National Institutes of Health).
For intracellular staining with anti- Foxp3(FJK-16s), cells were first stained with anti-CD4,
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then permeabilized and fixed with fixation/permeabilization solution on ice for 40 minutes.
Foxp3 was added for extra 30 minutes staining on ice according to the manufacturer’s
instructions (eBioscience, San Diego, CA, USA). The data were acquired on a FACS Avriall
(BD Bioscience, San Jose, CA, USA) and analyzed using Flowjo software (Tree Star, Inc,
Ashland, OR, USA).

2.7. T cell stimulation and intracellular cytokine staining

Single-cell suspensions (2 x 10%/ml) were cultured in 24 well plate with RPMI 1640
medium supplemented with 10% FBS, 1% glutamine, 1% penicillin/streptomycin, 1%
HEPES, 5.5 pM 2- mercaptoethanol, and stimulated for 5 h (3h for NKT cells intracellular
staining) at 37°C with 50ng/ml of PMA, 1pumol/ml of lonomycin in the presence of 0.67 I/
ml Golgi stop. After incubation, the surface markers were first stained with related
antibodies. After fixation/Permeabilization for 20 min at 4°C, intracellular cytokines were
stained with anti-IFNy (XMG1.2), anti-IL-4 (11B11) and anti-IL-17 (eBio17B7). The data
were acquired on a FACS Ariall (BD Bioscience, San Jose, CA, USA) and analyzed using
Flowjo software (Tree Star, Inc, Ashland, OR, USA). Antibodies were purchased from BD
Biosciences or eBioscience.

2.8. Statistics

3. Results

Data are presented as mean + SD. Statistics analysis was performed with Microsoft Excel
2007 (Microsoft Corporation, NY, USA) and GraphPad Prism software (GraphPad, San
Diego, CA, USA) using a two-tailed Student #test with level of significance: *p<0.05.

3.1. TSA ameliorated DNFB-induced allergic contact dermatitis

TSA has demonstrated potent anti-inflammatory effects in experimental animal models of
inflammatory diseases. We first investigated whether TSA can inhibit DNFB-induced ACD.
The mice were treated with TSA (1mg/kg) or DMSO alone as the control every other day
for 5 times, starting 2 days before DNFB sensitized and ending 1 day after DNFB
challenged. Application of DNFB to ears induced severe inflammation, such as, edema and
epidermal hyperplasia, which were associated with the infiltration of large numbers of
inflammatory cells into skin lesions (Fig. 1A). As expected, the application of acetone/olive
oil only (vehicle) did not induce any obvious inflammation (Fig. 1C). However, TSA
administration inhibited DNFB-induced inflammatory cell infiltration (Fig. 1B) and
significantly reduced ear thickness at 24h, 48h and 72h after DNFB challenge (Fig. 1D).
Hence, TSA treatment ameliorates DNFB-induced ACD.

3.2. TSA treatment reduced the number and maturation of epidermal Langerhans cells, but
did not affect epidermal y® T cells during the ACD development

Previous studies indicated that LCs are involved in ACD [20] and epidermal -y8 T cells also
control cutaneous inflammation [21]. We recently reported that histone deacetylase activity
is required for normal skin Langerhans cell maturation and phagocytosis and that TSA
reduced the number of LCs but did not affect epidermal -y6 T cells in vitro [19]. To test if
LCs and y& T cells were involved in the TSA-mediated amelioration of ACD, we evaluated
the number and function of epidermal LCs and y& T cells after TSA treatment. As shown in
Fig. 2A&B, the percentage of epidermal LCs (LangerinCD45.2 *) was dramatically
reduced after TSA treatment (P < 0.05). The percentage of epidermal & T cells (Langerin™
CD45.2%) was comparable between the TSA-treated group and DMSO-treated control group
(Fig. S1A). Consistent with previous finding of TSA treatment in vitro, the expression levels
of langerin represented by mean fluorescence intensity (MFI) in LCs were significantly
reduced in TSA-treated mice compared to DMSO-treated control mice (Fig. 2C). Due to
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their physical location, LCs acquire and process antigens, and subsequently migrate to skin
dLNs to present both foreign and self-antigens to T lymphocytes, leading to the induction of
immunity or tolerance [22]. To evaluate the role of HDACs in antigen uptake function of
LCs during the induction of ACD, we used dextran-FITC as an antigen to observe the
phagocytic capacity of LCs from mice treated with TSA. As shown in Fig. 2D&E, no
significant difference of LCs’ phagocytic capacity was detected comparing TSA-treated
mice with DMSO-treated control mice (P > 0.05). When LCs are mature, they highly
express some surface proteins necessary for stimulation of T cells, including CD80, CD86,
MHC-11. As shown in Fig. 2F&2G, both the percentages of CD80*Langerin™ and
CD86*Langerin* LCs were significant reduced in TSA-treated mice compared to DMSO-
treated control mice (P<0.05). Furthermore, the percentage of mature MHC-11"dh LCs
decreased, while immature MHC-11'"% |_Cs increased in TSA-treated mice (P<0.05). We
also examined the phenotype of LCs in the sensitization phase after TSA treatment. As
shown in Fig. S2A-F, no significant differences were observed in the number, phagocytic
capacity, and maturation of LCs. Thus, /7 vivo inhibition of HDAC activation reduces the
number and maturation of LCs, which could contribute to TSA-mediated ACD protection.

3.3 TSA treatment reduced the frequencies of DCs in spleen, but did not affect the
frequencies of migrated epidermal LCs and dermal langerin* DCs

Previous studies indicated that HDACi blocked GM-CSF-induced DC development from
bone marrow precursors /n vitro [23, 24]. Next, we determined whether TSA administration
could affect the frequency of DCs in different lymphoid organs. As depicted in Fig. 3A &
3B, the frequencies of DCs in spleen was significantly reduced in TSA-treated mice
compared to DMSO-treated control mice (P < 0.05). However, there were no significant
differences on the percentage of CD8*CD4~CD11C*, CD8"CD4~CD11C*, and
CD8~CD4*CD11C* subpopulations of DCs between two groups (Fig. 3C & 3D). The
frequencies of DCs in the lymph nodes and their maturation based on CD80 and CD86
expression were comparable between TSA-treated mice and DMSO-treated control mice
(Fig. S1C). During the ACD induction, skin dendritic cells first uptake the hapten, and then
migrate to dLNs and present haptenated peptide to naive antigen-specific T lymphocytes.
Reduced LCs in epidermis in TSA-treated mice could be caused by enhanced LC migration
to dLNs. We next investigated skin migrated DCs in dLNs. There are at least two different
migrated skin DCs in dLNs, Langerin*CD103"CD8"CD11C™" migrated LCs and
LangerintCD103*CD8~CD11C* migrated dermal DCs, while Langerin*CD8*CD11C* DCs
are LN-resident DCs (Fig. 3E & 3F). We did not find any significant differences in these
subsets of DCs in dLNs (Fig. 3G & 3H) between TSA-treated group and DMSO-treated
control group.

3.4. TSA treatment did not influence conventional T-cell number and function

Given that T cells are the critical cellular immune mediators in ACD [25], to elucidate the
cellular mechanisms by which TSA suppressed ACD response, we tested whether T cell
numbers and function were changed in the different lymphoid organs at 72h after challenge.
As shown in Fig. S3A & B, there was no significant difference in the percentages of CD4*
and CD8* T cells from thymus, spleen and lymph node between TSA-treated mice and
DMSO-treated control mice. The -y6 T cells in TSA-treated mice were comparable to that in
the different lymphoid organs from DMSO-treated control mice (Fig. S1B). DNFB-induced
ACD is controlled by IFN-y, IL-4 and IL-17 produced by Th1, Th2 and Th17 T cells,
respectively [26]. We next investigated whether TSA regulated cytokine production by T
cells. No significant difference was found in the frequencies of IFN-y- and IL-4-producing
CD4" (Fig. S3C & D) or CD8* (Fig. S3E & F) T cells. Furthermore, the frequencies of
IL17*CD4* cells (Fig. S3G & H) in TSA-treated mice were comparable to that in DMSO-

J Dermatol Sci. Author manuscript; available in PMC 2013 November 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Page 6

treated control mice. Thus, TSA under current condition did not affect the number and
function of conventional T cells.

3.5. TSA treatment did not alter Foxp3* regulatory T cells and iNKT cells

Foxp3* regulatory T cells (Tregs) suppress ACD development [26]. We next sought to
determine whether Tregs participated in TSA suppression of ACD. Analysis of CD4" T cells
from spleen and dLNs showed the equal frequencies of Foxp3™* cells in TSA-treated and
DMSO-treated control mice (Fig. 4A & B). Previous studies showed that deletion of NKT
cells prevented ACD while NKT cell activation enhanced ACD progression, suggesting a
role of iINKT cells in ACD pathogenesis [21, 27]. We further assessed the role of TSA
treatment in NKT cells. The percentages of NKT cells were stained with anti-TCRp and a-
GalCer-loaded CD1d tetramer in the spleen and lymph node (Fig 4C). There was no
significant difference in the percentage and absolute number of NKT cells between the two
groups (Fig. 4D). We further examined the function of NKT cells. No significant difference
was identified in IL-4 and IFN-y-producing ANKT cells in spleens (Fig. 4E & F) and dLNs
(Fig. SG & H) between the two groups. Thus, TSA under the current condition did not affect
the number of Foxp3* regulatory T cells and NKT cells, as well as NKT cell function.

4. Discussion

Posttranslational modifications of histones in chromatin are emerging as an important
mechanism in the regulation of gene expression. Histone acetylation plays key roles in
modulating chromatin structure and function. Recent studies indicate that HDACs play a key
role in regulating immune cell development and functions and the alterations in HADC
expression and function are related to a number of immune-mediated inflammatory diseases,
such as rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), and colitis [13, 28,
29]. HDACI could serve as novel drugs for a wide spectrum of inflammatory conditions;
however, its anti-inflammatory mechanisms remain elusive. A previous /n vitro study from
our group demonstrated that histone deacetylase activity is required for skin LCs maturation
and phagocytosis and that TSA reduced the number of LCs by enhanced LC apoptosis [30].
In the present study, we found that TSA treatment ameliorated skin lesion severity of
DNFB-induced ACD. In consistence with our previous studies /n vitro, TSA treatment in
vivo significantly reduced the frequency and maturation of epidermal LCs and their
expression of langerin. Interestingly, TSA treatment did not significantly affect the
homeostasis of conventional CD4* and CD8* T cells, Foxp3*CD4* regulatory T cells, NKT
cells, and -y8 T cells in different lymphoid organs. Furthermore, there were no significant
differences in the IL-4- and IFN-y-producing T cells andNKT cells between TSA treated
mice and controls.

Epidermal LCs have been considered for decades as the prominent DC population,
maintaining skin immunity. Previous observations suggested a role for LCs in ACD
sensitization. In the last few years, the role of LCs in the development of ACD has been
revisited using genetically engineered mutant mice, in which skin LCs were deleted.
However, experiments using different LC-deleted models yielded conflicting results as to
the role of LCs in ACD. One group reported that inducible ablation of LCs led to diminished
ear swelling, suggesting that LCs can activate effector cells to mediate the inflammatory
reaction [20, 31]. On the other hand, constitutive or acute depletion of LCs resulted in an
enhanced ACD, supporting a regulatory role of LCs in ACD [32, 33]. These inconsistent
observations may rely mostly on differences into the genetic constructions for the generation
of mutant mice, the haptens and the technical procedures used, and the fact that Langerin is
definitely not a specific marker for LCs. Indeed, various DC subsets express Langerin, and
notably a particular dermal DC (dDC) subset. To further address this controversy, Zahner
recently generated new Langerin-Cre knockin mice, which can delete a gene in both LC and
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other Langerin+ tissue DC [34]. In agreement with the requirement of TGF-p for LC
development, deletion of TGF-PR1 allele mediated by this Langerin-Cre resulted in
permanent LC deficiency, whereas dermal Langerin+ DC was unaffected. In the absence of
LC, induction of ACD in these Langerin+ DC-specific TGF-BR1-deficient mice elicited
decreased ear swelling. This study provided strong evidence against a regulatory function of
LC in ACD, suggesting epidermal LCs are required for ACD development. Thus, TSA-
mediated epidermal LC reduction may contribute to ameliorated skin lesion severity of
DNFB-induced ACD. It would be of interest to test in the future whether TSA also can
regulate dDCs, which may work with LCs together involved in TSA-ameliorated ACD.

Three subsets of langerin-expressing DCs are now distinguished in the dLNs of the mouse
[8]. LCs that have migrated from the epidermis are characterized by langerin*, CD103™,
MHC-11*, CD40", CD86*, CCR7*, and the absence of CD8 [35]. Migrated dermal langerin*
DCs express CD103 but largely lack EpCAM, and they are found in the CD11C*/CD8"~
fraction of DCs [36]. A resident langerin* DCs can be distinguished from migratory
langerin® cells by their expression of CD8 [37]. The percentage of LangerintCD103"CD8"
migrated epidermal LCs and LangerintCD103*CD8™ migrated dermal DCs are comparable
between TSA-treated group and DMSO-treated control group, suggesting that the defective
epidermal LCs in TSA-treated mice may not be caused by enhanced LC migration to dLNs
and could be related to TSA-mediated defective LC survival and maturation. This is further
supported by our previous /n vitro study [19]. In addition, the frequency of DC in spleen was
decreased in TSA-treated group compared to that in DMSO-treated control group, which is
consistent with previous /n vitro study that TSA treatment reduced the number of bone
marrow-derived DCs [24]. The reduced DCs in spleen from TSA-treated mice may also
contribute to the suppression of ACD, which is needed to be further investigated.

ACD was reported to be mediated by T cells during skin inflammation. To elucidate the
potential role of TSA on T cells during ACD development, we first assessed that the
homeostasis of CD4" and CD8™ T cells from thymus, spleen, and lymph node, and did not
find any significant differences in their distributions between TSA-treated mice and DMSO-
treated control mice. We further investigated whether TSA regulates cytokine production by
T cells, and there was no significant differences observed in IFN-y- and IL-4- producing
CD4* or CD8* T cells. Thus, our data suggest that TSA treatment under the current protocol
may not alter the homeostasis and function of CD4* and CD8* T cells during reduction of
ACD.

MNKT cells are restricted to the non-classical MHC-I-like molecule CD1d and preferentially
use an invariant TCR consisting predominantly of the Va14-Ja18/Vp8 pair in mice [38].
Recent studies indicated NKT cells are involved in ACD induction [39, 40], and activated
NKT cells increase DCs migration and enhance CD8* T cell responses in the skin [41]. To
elucidate if TSA inhibits ACD through blocking NKT cells, we examined the frequency
and function of NKT cells in the different lymphoid organs in TSA-treated and DMSO-
treated control mice. We did not find any significant differences in the number and function
of NKT cells between the two groups. Thus, NKT cells may not be involved in TSA-
mediated prevention of ACD. The y8 T cells have a dual function in the pathophysiology of
ACD. 6 T cells are able to inhibit contact sensitivity effector T cells /n vivo [42], while
they are also involved in initiation and effector phase of DNFB induced ACD collaborated
with NKT cells and assist T cells in the adoptive transfer of ACD [21, 43]. In the present
study, we also investigated the frequencies of y& T cells in the epidermis, skin dLNs, spleen
and thymus after TSA treatment, but we did not find any difference between TSA-treated
group and DMSO-treated control group. Thus, TSA suppresses ACD response through a y&
T cells- independent mechanism.
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Foxp3*CD4*Tregs modulate the immune response to maintain homeostasis and play a
pivotal role in the regulation of ACD development. Recently, several groups reported TSA
may affect Tregs, but the experiments yielded conflicting results. Early studies indicated that
TSA up-regulated Foxp3 expression and increase the generation of Tregs /in vivo [44, 45].
More recently, Liu reported that TSA significantly impaired the expression of Foxp3 and
reduced the number of Tregs /n vivo [46]. In the present study, we found the percentages of
Foxp3*CD4" Tregs was not significantly changed in TSA-treated mice compared to DMSO-
treated control mice during ACD induction under our current treatment protocol. TSA has
potent effects against cell proliferation and inflammation in a time- and dose-dependent
manner [16, 24]. The different outcome after TSA treatment could be related to mouse
strains, the doses and duration of TSA treatment. Thus, it is not surprised in our treatment
protocol TSA treatment did not affect Treg and other T cells. However, our results challenge
that the effects of TSA on ACD are mediated by an increase in the number of regulatory T
cells. Further study to determine whether TSA regulates the immunosuppressive function of
Treg cells, which may potentially contribute to the reduced ACD, is needed.

In summary, we demonstrate here that TSA treatment results in attenuation of ACD. The
reduction of number and maturation of epidermal LCs and the decreased splenic DCs could
contribute to the potential mechanisms involved in TSA-mediated ACD protection. Our
studies highly suggest the possibility of targeting HDACs as new therapeutic treatment for
ACD and LCs-related skin diseases.
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Fig. 1. TSA treatment ameliorated DNFB-induced aller gic contact der matitis

Histopathology (H&E staining) of ear lesions 72h after challenge in TSA treated or DMSO
treated mice. A, DNFB(+): DNFB-induced ACD treated with DMSO (1%). B, DNFB(+)
+TSA: DNFB-induced ACD treated with TSA (1mg/kg). C, DNFB(-): Vehicle alone
controls: acetone:olive applied on the right ear. D, Specific ear swelling is shown in
different time point during DNFB-induced ACD. They are representative of three
experiments with 5 mice per group. Mean+SD values of five mice are shown. *p<0.05, **
p<0.01.
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Fig. 2. TSA treatment reduced the number and maturation of epidermal LCsduring ACD
development

Epidermal cells were isolated from the skin of ACD mice (TSA-treated mice and DMSO-
treated control mice). (A) Representative FACS dot plots for LCs identified as Langerin®
CD45.2*. (B) A significant difference was observed in the frequencies of LCs. P<0.05. (C)
The expression levels of langerin represented by mean fluorescence intensity (MFI) in LCs
were significantly reduced in TSA-treated mice compared to DMSO-treated control mice,
P<0.05. (D&E) LCs from TSA-treated mice were able to phagocyte Dextran-FITC as
efficiently as LCs from DMSO-treated mice. Numbers in histogram indicate geometric
mean fluorescence of test samples. 4°C indicated that cells were incubated with Dextran-
FITC at 4°C, as negative control. (F&G) Epidermal cell suspensions were cultured in RPMI
1640 medium for 60 hours, and the percentages of CD80*Langerin* and CD86*Langerin*
L Cs were significant reduced in TSA-treated mice. The percentage of mature MHC-{Nigh
LCs was decreased, while immature MHC-11'" LCs were increased in TSA-treated mice,
P<0.05. Representative results of three independent experiments are shown. Data are
presented as mean + SD (N=5/group).
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Fig. 3. TSA treatment reduced the frequencies of DCsin spleen during the ACD development,
but did not affect the frequencies of migrated epidermal LC and langerin* dermal DCsin dLNs
(A) Representative FACS dot plots for CD11C* cells in spleen and dLNs from ACD mice
treated with TSA or DMSO as controls. (B) Summary of data for the frequencies of
CD11C* cells in spleen and dLNs in the two groups, *p<0.05. (C) Representative FACS dot
plots for subpopulations of CD11C*DCs based on CD4 and CD8 expression. (D) Summary
of data for the frequencies of CD8*CD4"CD11C*, CD8~CD4 CD11C*, and
CD8-CD4*CD11C* cells in spleen and dLNs. (E) Representative FACS dot plots for skin
immigrant DCs in dLNs. The migrated epidermal LCs
(CD11C*langerin*CD103"CD8 DCs), migrated dermal langerin* DCs
(CD11C"langerin*CD103*CD8"), and LN-resident langerin* DCs (CD11C*langerint*CD8™)
were analyzed on gated Langerin*CD11c* DCs in dLN. (F) Summary of data for the
frequencies of CD11C*langerintCD8~CD103~, CD11C* langerin*t CD8~ CD103*, and
CD11C* langerin* CD8* cells in dLNs. Representative results of three independent
experiments are shown. Data are presented as mean + SD (N=5/group).
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Fig. 4. TSA treatment did not affect the frequencies of Tregsand iNKT cells, aswell asthe
function of INKT cells

(A) Foxp3 expression was detected by intracellular staining. Treg cells were identified as
CD4* Foxp3* cells. (B) Summary plots showing the frequency of CD4* Foxp3™ T cells
from spleen and lymph node, £>0.05. (C, D) The frequency and absolute number of NKT
cells were shown as a-GalCer-loaded CD1d-tetramer* TCRB™ lymphocytes gated on B220~
cells from spleen and lymph node, p>0.05. (E-H) The production of IL-4 and IFN-y by
MNKT cells in spleen (E&F) and lymph node (G&H) was analyzed with intracellular
cytokine staining after PMA/ionomycin stimulation for 3h /in vitro. Representative results of
three independent experiments are shown. Data are presented as mean + SD. (N=5, P>0.05).
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