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ABSTRACT

Effects of Thymic Stromal Lymphopoietin on Invariant Natural

Killer T Cell in Atopic Dermatitis

Wen Hao Wu

Department of Medical Science
The Graduate School, Yonsei University

(Directed by Professor Kwang Hoon Lee)

Thymic stromal lymphopoietin (TSLP) is one of the most important
cytokines regarded as trigger of atopic dermatitis (AD). TSLP expression is
highly increased in the epidermis of AD patients. The increased expression of
TSLP is specific in AD. Although many studies showed the effect of TSLP on
dendritic cells (DC) activation, no reports have shown the effect on human
invariant natural killer T (iNKT) cells. iNKT cells are one of the potent
immune modulators acting through massive production of various cytokines
including interlukin-4 (IL-4) and interferon-y (IFN-y).

The aim of this study is to investigate the difference between the population

of iNKT cells in peripheral blood mononuclear cells (PBMCs) of normal



controls (NC) and of AD patients, to confirm the expression of TSLP in the
lesional skin of AD patients and clarify the effect of TSLP on iNKT cells and
the association of activated iNKT cells in the pathogenesis of AD.

In the flow cytometic analysis, the population of iNKT cells in PBMCs was
highly increased in AD patients. However, there’s no correlation between
iNKT cell population and severity of AD, also between iNKT cell population
and IgE level in AD patients. And the population of iINKT cells in PBMCs
was not affected by TSLP-treated DC. The cultured keratinocytes expressed
TSLP, however IL-4, tumor necrosis factor o (TNFa), transforming growth
factor-p (TGF-B), keratinocyte growth factor (KGF) did not change TSLP
expression on both western blot and RT-PCR. In the immunohistochemistry,
high expression of TSLP was observed in the epidermis of the lesional skin of
AD patients. iNKT cells expressed high level of TSLP receptor and TSLP-
treated PBMCs influenced on the IL-4 secreting iNKT cells. The expression
of IL-4 was increased when they were treated with TSLP. TSLP not only
activated DC but also activated iNKT cells to express TH2 cytokine such as
IL-4. On the contrast, IFN-y, TH1 cytokine did not show significant changes
by the treatment of TSLP. These results correspond to the findings that AD
patients have an increased number of cells expressing IL-4 and 1L-13, but not

IFN-y.



In conclusion, expression of TSLP in AD might activate iNKT cells to
secrete TH2 cytokine IL-4 and thus activated iNKT cells might be involved in

TH2 immune responses of AD.

Key words: atopic dermatitis, thymic stromal lymphopoietin, invariant
natural killer T cell
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I. INTRODUCTION

Atopic dermatitis (AD) is a chronic relapsing inflammatory skin disease*?.
Complex interactions among genetic, environmental, skin barrier,
pharmacologic, and immunologic factors contribute to the pathogenesis of
AD*®. The key role of immune effector T cells in AD is supported by the
observation that primary T-cell immunodeficiency disorders frequently show
increased serum IgE levels and eczematous skin lesions, which clear after
successful bone marrow transplantation®™°. The important role of TH1 and
TH2 cytokines in the skin inflammatory response has been demonstrated in
experimental models of allergen-induced skin inflammation using targeted

deletions or over-expression of these cytokines™'2. In this regard, transgenic



mice genetically engineered to over-express interleukin-4 (IL-4) in their skin
have inflammatory pruritic skin lesions similar to those seen in patients with
AD, suggesting that local skin expression of TH2 cytokines plays a critical
role in AD™™,

TH1 and TH2 cytokines contribute to the development of skin
inflammation in AD***’. As compared with the skin of normal controls, even
unaffected skin of AD patients has an increased number of cells expressing
IL-4 and interleukin 13 (IL-13), but not interferon- y (IFN-y). In addition,
IFN-y and IL-4 themselves are involved in the differentiation of TH1 and TH2
cells, respectively, and these two subsets of helper T cells cross-regulate each
other™. Fine-tuning of the TH1/TH2 balance is important to avoid immune
dysfunction and AD relapse.

Invariant natural killer T cells (iNKT cells) constitute an unique and
evolutionally conserved subpopulation of T lymphocytes that express both T
cell receptor (TCR) and NK receptors such as Val4-Jal8 segments in mice

and Va24-Jal8 segments in humans'®?

. INKT cells recognize glycolipid
antigens presented by nonpolymorphic major histocompatibility complex
(MHC) class I-like protein, CD1d*. Human Va24+ iNKT cells have been

shown to produce large amounts of IFN-y and IL-4 that lead to downstream

activation of dendritic cells (DC), NK cells, B cells, and conventional T cells.



Through this property, iINKT cells have been shown to promote the
polarization of conventional CD4" T cells into TH1 and TH2 cells and to
regulate different types of immune responses®*?’. Several in vivo models
demonstrated that, upon intentional or natural activation, iNKT cells are
extremely flexible in nature and can either suppress or enhance immune-
mediated diseases, including inflammation, cancer, and autoimmune diseases.
Thus, Va24" iNKT cells potentially influence the determination of the
TH1/TH2 profile and therefore could affect the atopic state? .

Human thymic stromal lymphopoietin (TSLP) is a novel IL-7-like cytokine
produced by human epithelial, stromal and mast cells****. The TSLP receptor
is a heterodimer that consists of the IL-7 receptor a chain (IL-7R) and a
common v-like receptor chain called TSLP receptor (TSLPR)***, TSLPR is a
member of the hematopoietin receptor family and is required for signaling by
TSLP®. Human TSLP potently activated human CD1lc+ DC, which
subsequently primed naive T helper cells to produce high concentrations of
IL-13, IL-5 and TNFo and moderate amounts of IL-4 and down-regulate IL-
10 and IFN-y**. Human TSLP activates DC, but does not appear to have any
direct biological effects on B cells, T cells, neutrophils or mast cells. This is

accordance with the expression of TSLPR mRNA in CD11c¢* DC, but not in

other cell types. It has been reported that TSLP is highly expressed in the



lesional keratinocytes of AD but not in the non-lesional keratinocytes of AD
or other diseases involving skin inflammation. Thus, TSLP represents a key
epithelial cell or keratinocyte-derived cytokine that directly triggers DC-

%38 Though many studies have been

mediated allergic inflammation
performed to clarify the effect of TSLP on DCs, it is not clear whether TSLP
can activate iINKT cells and affect in the pathogenesis of AD.

The aim of this study is to investigate the difference between the population
of iINKT cells in peripheral blood mononuclear cells (PBMCs) of normal
controls (NC) and to AD patients, to confirm the expression of TSLP in the

lesional skin of AD patients and clarify the effect of TSLP on iNKT cells and

the association of activated iNKT cells in the pathogenesis of AD.



I1. Materials and Methods

1. Patients

Blood samples and skin tissues were obtained with informed consent from
sixteen AD patients according to the criteria of Hanifin and Rajka®. Thirteen
non-atopic healthy donors and three psoriasis patients were also included as
NC and patient control. The AD patients have not received any systemic
treatment except for topical steroid for at least four weeks before collection of
blood sample. Severity of AD patients was evaluated by Eczema Area and
Severity Index (EASI) score®. The institutional review board approved this
study.
2. Sorting of human iNKT cell

1) Immunofluorescence and cell sorting: Isolated PBMCs were stained
with 10 ug/ml mouse anti-human Va24 monoclonal antibody (Abcam plc.,
Cambridge, UK) for 30 minutes. FITC-conjugated anti-mouse 1gG secondary
antibody was added after washing and cells were incubated for 30 minutes at
4 °C. Cells were sorted by epic altra cell sorter (Beckman Coulter Inc.,
Fullerton, CA, USA) and then sorted cells were cultured in 10% RPMI 1640

(Gibco laboratories, Grand Island, NY, USA).



2) Magnetic cell sorting (MACS): Total human PBMCs were stained with
10 ug/ml mouse anti-human Va24 monoclonal antibody (Abcam) for 30
minutes. After washing, cells were passed through LS column. Cell
suspension was centrifuged at 300xg for 10 minutes. Cells were resuspended
in 80 ul of EDTA/BSA/PBS MACS buffer. Anti-mouse 1gG beads were added
to 10’ cells and cells were incubated for 15 minutes at 4 °C. LS column was
placed in the magnetic field of a suitable MACS separator and rinsed once
with 3 ml buffer. Cells were resuspended up to 500 ul of buffer and applied
onto the column. Column was washed with 3 ml buffer for 3 times and the
cells which passed through were removed. Column was separated from
magnetic field and 5 ml buffer was pipetted onto the column. The flushed out
fraction with the magnetically labeled cells were collected and cultured in
10% RPMI 1640 (Gibco).

3. Analysis of iINKT cell population in NC and AD patients

1) Flow cytometric analysis: Whole blood was obtained from NC and AD
patients. PBMCs were isolated by Ficoll-Hypaque density gradient
centrifugation. The isolated PBMCs were stained by mouse anti-human Va24
antibody (Abcam) for 1 hour at 4°C and incubated with anti-mouse 1gG
secondary antibody (Abcam) for 1 hour at 4°C. The stained PBMCs were

analyzed by FACSCalibur (Becton Dickinson Mountain View, CA USA). the



percentage of Va24-positive cells in 1 x 10° cells were regarded as the
population of INKT cells in PBMCs

2) Culture of human DC: The culture media contain RPMI 1640 (Gibco),
2 uM L-glutamine (Gibo), 100 IU/ml penicillin (Gibo), 100 pg/ml
streptomycin (Gibo), and 10% fetal bovine serum (Hyclone, Logan, UT,
USA). Monocytes from study participants were isolated from PBMCs via the
cell attachment method. PBMCs were attached to six-well plates for 40
minutes. The supernatant and the floating cells were discarded, and the
attached cells were used for culture. Monocytes were plated in six-well plates
at a final concentration of 3x10° cells in 3 ml of culture medium. DC were
generated by culturing monocytes for six days in medium supplemented with
500 U/ml GM-CSF and 1000 U/ml IL-4 at days 0, 2, 4, 6. One third of the
medium was removed, and an equivalent volume of fresh medium was added
with the cytokines.

3) iNKT cell population in PBMCs co-cultured with TSLP-treated and
TSLP-untreated DC: For activation of DC, cells were treated with 10 ng/ml
TSLP (R&D Systems. Minneapolis, MN, USA) for 24 hours at the last day of
culture. TSLP-treated and TSLP-untreated DCs were co-cultured with PBMCs
for 24 hours. The population of Voa24-positive cell was analyzed by flow

cytometry as mentioned above.
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4. Analysis of TSLP expression in the keratinocytes and on the skin
of NC and lesional skin of AD patients

1) Culture of keratinocytes and cytokine treatment: The primary
cultured human keratinocytes were purchased from Cambrex (Cambrex,
Walkersville, MA, USA). Cells were cultured with KGM-2 (Cambrex) at
37°C in CO, incubator. The keratinocytes were divided into six well plate and
800 U/ml IL-4, 25 ng/ml KGF, 10 ng/ml TGF-B, 20 ng/ml TNFa was added
into each well and cultured for 16 hours.

2) RT-PCR analysis for TSLP mRNA expression in cultured
keratinocytes: To identify whether TSLP expressed in keratinocytes treated
with several kinds of cytokine. Total RNA was isolated with TRIzol reagent
(Invitrogen, Carlsbad, CA, USA). cDNA synthesis and gene amplifications
were performed as described by the PCR kit protocol (Qiagen, Valencia, CA,
USA). The mixture was incubated at 95°C for 15 minutes before the first
cycle and extended at 72°C for 10 minutes after all cycles were completed.
PCR products were visualized on 2% agarose gels containing 5 pg/ml
ethidiumbromide.

3) Western blot analysis for TSLP expression of cultured keratinocytes:
To investigate the expression of TSLP in cultured keratinocytes, western blot

analysis was performed. The cultured keratinocytes were homogenized with a

11



pro-prep lysis buffer (Intron, Seoul, Korea), and the concentration of cellular
protein was determined using a Bio-Rad assay reagent (Bio-Rad, Hercules,
CA, USA). Equal concentrations of cellular protein mixed with a 5 x sample
buffer were heated at 100°C for 5 minutes and separated on 10% SDS-
polyacrylamide gels. After electrophoresis, the proteins were transferred onto
PVDF membranes with Tris buffer (0.025 M Tris-HCI, 0.192 M glycine, and
20% MeOH). The membrane was blocked for 1 hour at room temperature
with 5% skim milk in TBS-Tween 20. Membranes were incubated overnight
at 4°C with specific antibodies, and then incubated with horseradish
peroxidase-conjugated anti-mouse antibody for 1 hour at room temperature.
The membranes were then incubated with an enhanced chemiluminescence
system detection kit (Amersham Life Science, Arlington Height, IL, USA).

4) Immunohistochemical staining for TSLP expression in the lesional
skin of AD patients: To demonstrate the expression of TSLP in the lesional
skin of AD patients, immunohistochemical staining was performed. The
frozen sectioned skin of NCs, psoriasis and AD patients were fixed in acetone
for 10 minutes. The sections were incubated for 10 minutes in 10% normal
goat serum to block non-specific binding. After blocking the sections were
incubated in mouse monoclonal TSLP antibody (Abcam) for 1 hour at room

temperature. Biotinylated anti-mouse antibody (Zymed co, Carlsbad, CA,

12



USA) for TSLP was then used to detect the primary antibodies, and the
sections were incubated in peroxidase-conjugated streptavidin (Zymed) for 30
minutes at room temperature. Peroxidase activation was visualized with DAB
solution.
5. Immunohistochemical staining for the expression of TSLP and
Va24 in the lesional skin of AD patients

In order to determine if the TSLP and Va24 were expressed concurrently in
the same skin of AD patients, double staining was performed in NC and AD
skin. The sections were fixed in acetone for 10 minutes. The fixed sections
were incubated in mouse monoclonal Va24 antibody (Abcam) at room
temperature for 30 minutes. Biotinylated anti-mouse antibody (Zymed) were
then used to detect the primary antibodies, and the sections were incubated in
alkaline phosphatase-conjugate (Zymed) for 30 minutes at room temperature.
Alkaline phosphatase activation was visualized with substrate-chromogen
mixture solution. The sections were incubated in double staining enhancer
reagent (Zymed) at room temperature for 30 minutes and then were incubated
in mouse monoclonal TSLP antibody (R&D Systems) at room temperature for
30 minutes. Biotinylated anti-mouse antibody for TSLP were then used to
detect the primary antibodies, and the sections were incubated in peroxidase-

conjugated streptavidin for 30 minutes at room temperature. Peroxidase

13



activation was visualized with DAB solution. As negative controls, the
primary antibodies were substituted with PBS.
6. RT-PCR analysis for TSLPR mRNA levels

To identify whether TSLP can act on iNKT cells, RT-PCR for TSLPR
MRNA expression was performed. Total RNA was isolated with TRIzol
reagent (Invitrogen). cDNA synthesis and gene amplifications were performed
as described by the PCR kit protocol (Qiagen). The mixture was incubated at
95°C for 15 minutes before the first cycle and extended at 72°C for 10 minutes
after all cycles were completed. PCR products were visualized on 2% agarose
gels containing 5 ug/ml ethidiumbromide. Primer sequences for IL-7R and

TSLPR together with annealing temperatures were listed in Table 1.

Table 1. Oligonucleotide primers used for gene expression analysis by RT-

PCR
Target gene Nucleotide Annealing
sequence temp (°C)
IL-7R Sense actacaaacagcacgetgec 55
Anti-sense ttcctgecttectcactect
TSLPR Sense ctgacctgtectacggggat 54
Anti-sense cctggaagttecettggtat

14



7. Flow cytometric analysis of cytokine production after treatment
of TSLP

1) Cytokine production in PBMCs after treatment of TSLP to PBMCs:
Isolated PBMCs were incubated with TSLP for 24 hours. Cells were fixed
with fix/perm solution (BD bioscience, San Jose, CA, USA) for 20 minutes
and washed with perm/wash solution (BD bioscience). PBMCs were stained
with anti-human Vo024 antibody (Abcam) for 30 minutes at 4°C and stained
with anti-human IL-4/1FN-y antibodies (BD bioscience) for 30 minutes at 4°C
then analyzed by flow cytometric analysis.

2) Cytokine production in iNKT cells after treatment of TSLP to iINKT
cells: iNKT cells were sorted by epic altra cell sorter (Beckman Coulter). The
sorted iNKT cells were incubated with TSLP for 24 hours. Cells were stained
with PE-conjugated anti-human IL-4 and IFN-y antibodies (BD bioscience)
and analyzed by flow cytometric analysis as mentioned above.

8. Statistical analysis

Intensity of TSLP and Va24 immunohistochemical staining and the
significance of population of iNKT cells in PBMCs of NC and AD were
analyzed by using the Mann-Whitney U test and independent two samples t-
test. The correlation of iINKT cell population with EASI score and serum IgE

level was analyzed by using the correlation analysis.
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I11. RESULTS

1. iINKT cell population in PBMCs of AD patients

The population of iINKT cells in PBMCs of AD patients and NC was
evaluated by flow cytometric analysis. The proportion of Va24-positive cells
was measured by the WINMDI program. Flow cytometric analysis showed
that the population of iNKT cells in PBMCs of NC was 1.05%, and 2.3% in
an AD patient (Fig. 1). The population of iNKT cell in PBMCs of AD patient
was higher than in NC. Because of the limitation to gain the enough volume
of blood sample from each patient with AD, 10 ml of blood sample was
obtained from each patient and NC. Thirteen NC and sixteen AD patients
were selected to measure the population of iINKT cells in PBMCs. As shown
in Fig. 2, the population of iNKT cells in PBMCs of NC and AD patients was
0.6 =0.3% and 1.7 =0.4%, respectively. The number of iNKT cells in PBMCs
of AD patients was statistically increased than those in PBMCs of NC

(p<0.001).
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Fig. 1. Flow cytometric analysis of iNKT cell population in NC and in an AD
patient. The population of iINKT cells in PBMCs of an AD patient was much higher
compared with those in PBMCs of non-atopic NC.
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Fig. 2. INKT cell population in PBMCs from NC and AD patients. PBMCs from
13 non-atopic NCs and 16 AD patients were analyzed by flow cytometry. The
percentage of Va24-positive iNKT cells in AD patients (1.7 +0.4%) was higher than
in non-atopic NCs (0.6 ==0.3%) (p<0.001).

17



2. Correlation of iNKT cell population and EASI score/serum IgE
level in AD patients

To clarify whether the severity of AD patients and IgE secretion can relate
with iNKT cell population, the correlation between the population of Va24-
positive cells and ESAI score or serum IgE level was examined by correlation
analysis. Correlation coefficient r’ value between EASI score and iNKT cell
population was 0.1582, and r* value between IgE level and iNKT cell
population was 0.0489. There was no correlation between iNKT cell

population and EASI score (Fig. 3A, p>0.05) or serum IgE level (Fig. 3B,

p>0.05).
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Fig. 3. Correlation of iNKT cell population and EASI score/serum IgE level.

There was no significant correlation between the iNKT cell population and EASI
score (A, r’=0.1582, p>0.05) or serum IgE level (B, r’=0.0489, p>0.05).

3. Effect of TSLP-treated DC on the population of iINKT cells in PBMCs

TSLP-activated DC from NC was co-cultured with PBMCs for 24 hours to

clarify whether TSLP has an effect on iNKT cell population in PBMCs

through DC activation. There was no significant difference in iNKT cell

population between PBMCs co-cultured with TSLP-treated DC and PBMCs

co-cultured with TSLP-untreated DC (Fig. 4).
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Fig. 4. Va24-positive cell population in PBMC co-cultured with TSLP-activated
DC. At day 6, immature DCs were incubated with 10 ng/ml TSLP for 24 hours. The
PBMCs of NCs were divided into four groups. The TSLP-treated DCs and untreated
DCs were co-cultured with each part of PBMCs for 24 hours. There were no
significant differences in the iINKT cell percentage in four groups. Isotype control (A),
PBMCs (B), PBMCs co-cultured with TSLP-untreated DCs (C), PBMCs co-cultured

with TSLP-treated DCs (D).
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4. TSLP expression in cultured human keratinocytes

To investigate TSLP expression in cytokine-treated and cytokine-untreated
groups of cultured human keratinocytes, Western blot and RT-PCR of TSLP
were performed. As shown in Fig. 5, cultured keratinocytes expressed TSLP;
however IL-4, TNFa, transforming growth factor-3, and keratinocyte growth

factor treatment did not change TSLP expression on both western blot and RT-

PCR.

Medium IL-4 TNFa TGF-p KGF

TSLP

Western blot = 20 kda

TSLP

Fig. 5. Expression of TSLP protein and mRNA in cultured human keratinocytes.
After treatment of 800 U/ml IL-4, 20 ng/ml TNF-co, 10 ng/ml TGF-B and 25 ng/ml
KGF respectively, human keratinocytes were incubated for 16 hours. TSLP protein
level was detected by western blot analysis; TSLP mRNA level was detected by RT-
PCR analysis. Cytokine treatment did not change TSLP expression.
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5. TSLP expression in the lesional skin of AD patients

To demonstrate the specificity of TSLP expression in the lesional skin of
AD patients, skin biopsy samples from NC, patients with psoriasis and
patients with AD were immunchistochemically stained with TSLP antibody.
As shown in Fig. 6, non-atopic NC skin and psoriasis patient’s skin expressed
low quantitative TSLP (Fig. 6B, 6C) in both epidermis and dermis compared
to isotype control (Fig. 6A); in contrast, TSLP was highly expressed in AD
skin, mainly in epidermis (Fig. 6D). The skins from ten NC, three psoriasis
patients and ten AD patients were stained to evaluate TSLP expression. The
semiquantitative  analysis  focused on the intensity of the
immunohistochemical reaction for TSLP. Color intensity was scored as 0
(negative), 1 (weak), 2 (moderate) and 3 (strong) and the percentage of
stained field in visual field was scored as 0 (0%), 1 (0~40%), 2 (40~80%), 3
(>80%)*". The color intensity score and occupied field score (from 0 to 6)
were added to be final staining intensity and independently evaluated by two
investigators*.. As listed in Table 2, TSLP staining intensity in the epidermis
of NC, psoriasis and AD skins were 1.4210.58, 1.87 =0.31 and 4.3510.43
respectively. TSLP expression was higher in patients with AD than in NC and

patients with psoriasis mainly in epidermis (p<0.001).
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Fig. 6. Expression of TSLP in the skin of an AD patient. TSLP was mainly
expressed in epidermis of AD skin. TSLP expression was detected in the epidermis of
AD patient; non-atopic NC skin did not show TSLP expression. Negative staining
with isotype control (A), a sample from one non-atopic NC (B), a lesion from one

psoriasis patient (C), and a lesion from one AD patient (D).



Table 2. Mean expression of TSLP in the skin of NC,
psoriasis patients and AD patients

Staining intensity

Groups Epidermis Dermis
Normal subjects (n=10) 1.42+0.58 1.06+0.33
Psoriasis patients (n=3) 1.8710.31 0.6810.83
Atopic dermatitis patients 435%0.43 2.1610.71
(n=10)

P value <0.001 <0.001

Skin biopsy samples from ten NC, three psoriasis and AD patients were
stained to evaluate TSLP expression. The intensity of the TSLP staining
were independently evaluated by two investigators from low (0) to high
(6) grade. *P<0.001

6. Expression of TSLP and Va24 in the lesional skin of AD patients
To clarify whether both TSLP and Va24-positive iNKT cells present in the
lesional skin of AD patients, immunohistochemical staining with TSLP and
Va24 antibody was performed. The peroxidase-conjugated secondary
antibody was used to detect TSLP (red) and alkaline phosphatase-conjugated
secondary antibody was used to detect Va24 (blue). TSLP was highly

expressed in the epidermis (Fig. 7A, 7D) and Va24 was highly expressed in
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the dermis vessel of lesional skin of AD patients compared with NC skin (Fig.
7B, 7E). The double staining showed TSLP and Va24 expressed in the NC
and AD skin concurrently. TSLP staining intensity was evaluated as
mentioned above. The number of Va24 positive cells in high power field
(x200) was scored as the intensity of the Va24 stainings. 0 (negative) 1 ( 10
cells), 2 (20 cells), 3 (30 cells), 4 (40 cells), 5 (50 cells), 6 (more than 50
cells)*”. The staining intensity was independently evaluated by two
investigators. As shown in Table 3, TSLP staining intensity in epidermis was
1.7210.28 and 3.350.39 in NC and AD patients; V.24 staining intensity
was 0.76+0.33 and 3.060.56 in NCs and AD patients’ dermis. Both TSLP
expression and Va24-positive cells were increased in AD skins than in NC

skins (p<0.001).

TSLP Vo24 Double staining
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Fig. 7. Expression of TSLP and Va24 in AD lesional skin. TSLP was mainly
expressed in epidermis and Va24 was expressed in dermis of skin biopsy samples
from NC and AD patients. Both TSLP and V24 were highly expressed in AD skin.

AD skin showed more intense expression of Va.24 than NC skin.

Table 3. Mean expression of TSLP and Va24 in double staining
in the skin of NC and AD patients

Staining intensity

Groups TSLP V24
Normal subjects (n=5) 1.72£0.28 0.76 £0.33
Atopic dermatitis patients 3.3510.39 3.06£0.56
(n=5)

P value <0.001 <0.001

Skin biopsy samples from five NCs and five AD patients were double stained
with anti-human TSLP antibody and anti-human Va24 antibody to evaluate
TSLP and Va24 expression. The intensity of the TSLP and Va24 staining were
independently evaluated by two investigators from low (0) to high (6) grade.

*P<0.001

7. Expression of TSLPR and IL-7R on the surface of iNKT cells
1) TSLPR protein expression in iNKT cells: As mentioned previously,

TSLP can only act on cells that express TSLPRs. TSLPR expression was
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measured by flow cytometric analysis to clarify whether TSLP has an effect
on iNKT cells. As shown in Fig. 8, the TSLPR was highly expressed on the

surface of Va24-positive cells.
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Fig. 8. Flow cytometric analysis of TSLPR expression in iNKT cells of healthy
controls. PBMCs were stained by two-color fluorescences (Va24-FITC/TSLPR-PE)
and the cells were analyzed by flow cytometry. TSLPR was highly expressed on the

surface of Va24-positive cells.

2) TSLPR and IL-7R mRNA expression in iNKT cells: The Va24" cells
were isolated from PBMCs by the MACS system and the TSLPR mRNA and
IL-7R mRNA level were analyzed by RT-PCR analysis. As shown in Fig. 9,

both Vo24-positive and Vo24-negative cells expressed TSLPR and IL-7R.
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However, TSLPR was highly expressed in Va24-positive cells and IL-7R was

highly expressed in Va24-negative cells (Fig. 9).

Va2d(+)  Va2d()

TSLPR

IL-7R

B-actin

Fig. 9. RT-PCR analysis of TSLPR and IL-7R mRNA in Va24-positive cells and
Voa24-negative cells of NCs. mRNA of TSLPR and IL-7R was detected in both
Voa24-positive and Va24-negative cells. TSLPR was highly expressed in Voa24-

positive cells and IL-7R was highly expressed in Va24-negative cells.

8. Effects of TSLP on IL-4-secreting iNKT cells population in PBMCs

PBMCs of NCs were incubated with 10 ng/ml TSLP for 24 hours. The cells
were stained by Va24 antibody and incubated with PE-conjugated anti-human

IL-4 antibody or PE-conjugated anti-human IFN-y antibody for 30 minutes.
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The percentage of IFN-y—secreting iNKT cells in PBMC which was incubated
with TSLP showed little increase than in PBMC which was cultured in media
only. However, the percentage of IL-4-secreting iNKT cells was increased
significantly after TSLP treatment (Fig. 10) than those of the percentage of

IFN-y—secreting iNKT cells in TSLP-treated PBMCs.
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Fig. 10. Double-staining flow cytometirc analysis for Va24 and IFN-y or IL-4 in
PBMCs of NCs treated with TSLP. Double-staining flow cytometric analysis was
performed to analyze the effect of TSLP on the population of iINKT cells in PBMCs.
IFN-y expressing iNKT cells not show remarkable change (A), but IL-4—expressing
iNKT cells increased remarkably (B) after 10 ng/ml of TSLP treatment .
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9. Effects of TSLP on IL-4 and IFN-y expression in iNKT cells

After INKT cells of NC were incubated with 10 ng/ml of TSLP for 24

hours, the expression of IL-4 in iINKT cells was increased (Fig. 11A), but

IFN-y expression was not affected by TSLP treatment (Fig. 11B).
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Fig. 11. Flow cytometirc analysis of 1L-4 expression in iINKT cells of NC. To study

the effect of TSLP on iNKT cells, iNKT cells were treated with 10 ng/ml of TSLP for

24 hours. IL-4 expression increased in the TSLP-treated iNKT cells (A), but IFN-y

expression was not affected by TSLP treatment (B).



IV. DISCUSSION

AD is developed by a complex interaction of various susceptibility genes,
host environments, infectious agents, defects in skin barrier function, and
immunologic responses’®. Activation of T lymphocytes, DCs, macrophages,
keratinocytes, mast cells, and eosinophils are characteristic of AD skin
inflammatory responses®. As the biphasic TH1/TH2 switch in immune
responses is important for the development of AD*, it is necessary to control
the TH1/TH2 balance for the treatment of AD. Recently, it has been reported
that TSLP and iNKT cells are involved in asthma***. The aims of this study
were to investigate the effect of TSLP on iNKT cells in healthy donors and
AD patients, and to clarify whether TSLP and iNKT cells are involved in type
2 immune responses.

During the last decade, significant amount of data about the suppressive
effects of regulatory T cells in models of autoimmunity, allergy,
transplantation tolerance, tumor tolerance, and chronic infections have been
suggested*. Regulatory T cells include naturally occurring CD4+CD25+
Tregs, TR1, TH3 and iNKT cells*. Although iNKT cells in these subsets
are minor population cells, activated NKT cells produce large amounts of
TH1-type and/or TH2-type cytokines, especially IFN-y and IL-4 that lead to

downstream activation of DCs, NK cells, B cells, and conventional T cells*.
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iNKT cells, which develop in the thymus, can induce both type 1 and type 2

immunity®%,

They are absent from nude mice, do not develop in
thymectomized mice, and first appear in the thymus slightly later than
conventional T cells.

The present data showed that the population of iNKT cells was increased in
the PBMC of AD patients. The average iNKT cell population in 16 AD
patients was 1.7 % in total PBMCs and 0.6 % in healthy donors. Because of
iNKT cell is a minor population cell in PBMCs, to visualize the spot in flow
cytometric analysis 1x10° PBMCs were counted in one case. Then the
population of iINKT cell in NC was higer than the mean population showed in
Fig. 2. Although iNKT cell is a minor population cell in PBMCs, the
population was increased significantly in AD patients. Because of the efficacy
of iNKT cells, this result may be due to the iNKT cells expressing IL-4 and
IFN-y. This data does not indicate whether the effect of iINKT cells was
positive or negative in type 2 immunity.

IgE levels are often raised in atopic disease, such as AD and asthma®.
When assessing children or adults for the presence of atopic disease a raised
level of IgE aids the diagnosis, although a normal IgE level does not exclude

atopy™. The serum IgE was secreted by B cells and controlled by TH cells,

especially affected by IL-4 secreting TH2 cells®. Inasmuch as iNKT cell not
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only has immune suppressing functions, but also has immune accelerating
functions, it’s been hypothesized the increased population of iNKT cell may
have relation with IgE level and the severity of AD. However, in the present
study, there’s no correlation between iNKT cell population with severity of
AD and IgE level. According to EASI score was not related with iNKT cell
population, the iINKT cells may not be a direct factor for the development of
skin lesion of AD. There were several probabilities for this result. Firstly, the
minority of iINKT cells in PBMCs and IL-4 secretion from iNKT cells may
not enough to affect the B cells. Secondary, the number of cases included in
this result was not enough to examine the correlation between the iINKT
population with severity of AD and IgE level. More results are needed to
evaluate the effect of INKT cells in AD.

TSLP can act on DC to induce diverse immune reactions. When DC is
treated with TSLP, DCs express several kinds of chemokines such as thymus
and activation-regulated chemokine (TARC) and monocyte derived
chemokine (MDC) that consequently induce TH2 immune response®
However, in the present result, TSLP-treated DC had no effect on iNKT cell
population. This data suggest that there may exist other factors to cause the
increase of iINKT cell population.

In this study, the TSLP mRNA and protein were detected in cultured human
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keratinocytes. IL-4 and TNFa. are important cytokines to induce TH2 immune
reaction and inflammation and KGF can induce TSLP expression from
thymocyte. However, all these cytokines failed to regulate the TSLP secretion
from cultured human Kkeratinocytes. The result of immunohistological study
showed in Fig. 6, expression of TSLP was not only detected in the epidermis
of lesional skin of AD but also in the dermis. However, the squamous layers
of the epidermis were mainly stained with TSLP. Soumelis and Liu®® reported
that TSLP expression was not detected in the epidermis or dermis of the NC
skin and non-lesional skin of AD patients. In this study, there was an obvious
tendency for TSLP expression in NC and psoriasis cases. Both epidermis and
dermis expressed TSLP, although the expression intensity was lower than in
AD cases. The result was conflicted with other reports. Also discrepancy
between TSLP expression of in vitro cultured keratinocytes and those of in
vivo skin need to further research.

TSLP acts on cells, which express TSLPR. The TSLPR complex consists of
a TSLP binding chain and the IL-7R chain®’. Epithelial cells appear to be the
major producer of TSLP in both mice and human beings. Extensive analyses
of TSLPR mRNA in highly purified primary cells, including all human
immune cell types and cell lines, showed that cultured myeloid DC and

plasmacytoid DC expess TSLPR, and cultured mast cells also have the
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potential to express TSLPR*® It has been reported that TSLPR is expressed
on mouse iNKT cells, but there’s no report about expression of TSLPR on
human iNKT cells. The results in Fig. 8 and Fig. 9 showed that TSLPR was
expressed on Va24+ iNKT cells. This result suggests that TSLP may directly
act on iNKT cells and TSLP may have an effect on iNKT cells in AD.

In double staining for TSLP and Va.24 expression. The results showed that
although no double stained spots were detected in the skin of AD patients,
high expression of TSLP mainly in the epidermis and iNKT cells mainly in
the dermis was observed in the skin of AD patients concurrently and the
intensity of Va24 staining in AD was also higher than in NC. This result was
consistent with flow cytometric analysis of iINKT cell population in PBMCs
of AD patients and immunohistochemical staining of TSLP in the lesional
skin of AD patients.

In the present study, TSLP-treated PBMCs showed higher population of IL-
4 secreting iINKT cells comparing with TSLP-untreated PBMCs. Furthermore,
TSLP-treated iNKT cells showed high expression of IL-4, but IFN-y
expression was not significantly changed by TSLP treatment. This data
suggests that TSLP can activate iNKT cells directly to produce 1L-4, resulting
in a TH2 immunologic effect.

In fact, activated iNKT cells are one of the potent immune modulators
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acting through massive production of various cytokines including IL-4 and
IFN-y. They are also the major source of cytokines among TCR-nearing cells
after stimulation with anti-CD3 antibody in vivo. And iNKT cells are like a
double-edged sword as they can enhance or suppress a disease course

t°. This indicates that an increased

depending on the immune condition of hos
population of iNKT cells might have an effect on the pathogenesis of AD. In
addition, TSLP could activate not only DC but also iNKT cells to express type
2 cytokines such as IL-4 and IL-13. In contrast, the type 1 cytokine IFN-y did
not show any significant changes. These findings correspond to findings in
AD which showed high expression of 1L-4 and IL-13, but not IFN-y.
However, further research will be needed to clarify the signaling of TSLP

on iNKT cell activation and the discovery of TSLP antagonist may be helpful

for AD therapy.
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V. CONCLUSION

This study showed iNKT cells expressed TSLPR and TSLP directly
activated iNKT cells to secrete IL-4 not via dendritic cells and the population
of INKT cells in PBMCs was increased in AD patients.

In conclusion, expression of TSLP in AD might activate iNKT cells to
secrete TH2 cytokine IL-4 and thus activated iNKT cells might be involved in

TH2 immune responses of AD.
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