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Abstract Increase in the number of patients with atopic dermatitis (AD) has been

recently reported. T helper (Th) cells that infiltrate AD skin lesions are Th2-type

dominant; reduced exposure to environmental Thl-cytokine-inducing microbes is

believed to contribute to the increased number of AD patients. Regulatory type

immune responses have been also associated with the occurrence of AD. It has been

reported that Ag85B purified from Mycobacteria is a potent inducer of Thl-type

immune response in mice as well as in humans. In this study, we have examined the

effect of plasmid DNA encoding Ag85B derived from Mycobacterium kansasii on AD

skin lesions induced by Oxazolone(?) application. Th2-eytokine mediated mouse AD

model with immediate type response followed by a late phase reaction was developed

by repeated applications of low-dose oxazolone to sensitized mice. Mice were

immunized with plasmid DNA enocoding cDNA of Ag85B before OX sensitization

or during repeated elicitation phase. Both therapies were associated with significant

suppression of immediate type response, clinical appearance, dermal cell infiltration,

reduced IL-4 production and augmented IFN-y mRNA expression compared to

placebo-treated mice. Additionally, increased number of Foxp3* regulatory T cells

were observed in the cervical lymph nodes in Ag85B treated mice. The results of this

study suggest that Ag85B DNA vaccine is a potential therapy for Th2 type dermatitis.
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Introduction

It is known that acute phase skin lesion in atopic dermatitis (AD) is associated

with enhanced secretion of T helper (Th) 2-Vpe cytokines [8]. Increased incidence of

atopic disorders has been reported in industriaLized countries; according to the hygiene

hypothesis, the increase in the incidence of patients may be explained by a better

lifestyle and less exposure to environmental microbes [5, 7, 28]. Environmental

microbes such as Mycobacteria or certain virus may promote Thl -type immune

response and thus reducing atopy-associated Th}-type reaction. For instance, the

study carried out in Japanese Bacillus Calmette-Gi)erin (BCG)-vaccinated school

children showed that responders to tuberculin had a lower prevalence of atopic disease

compared totuberculin non-responders t28]. BCG-treated mice showed suppression of

experimental allergic responses [12]. More recentlS it has been shown that microbial

stimulation can induce regulatory T (Treg) cells with the abilrty to suppress both

Thl-type and Th2+ype inflammation t351. In the experimental model of pulmonary

inflammation, Mycobacterium vaccae reduces allergic pulmonary inflammation

significantly by increasing the number of Treg cells that secretes IL-10 and TGF- Bl37l.

These observations indicate that shift f,rom Th2 to Thl type immune response by

Mycobacteria may be used for the prevention and treatment of atopic disorders.

The specific antigens eliciting Thl-fype immune responses in Mycobacteria have not

been elucidated so far; arecent study suggested that one of the specific proteins for Thl

development is antigen 85B (Ag85B) t311. Ag85B is a 30k-Da major protein secreted

from all mycobacterium species and that belongs to the Ag85 family[4]. The Ag85B

can induce a strong Thl-type immune response in mice as well as in humans [31], and

DNA vaccines encoding Ag85B have been reported to protect animals from

tuberculosis infection by inducing Thl response 134, 36]. We have previously

reported enhancement of anti-tumor specific CTL response using Ag85B-transfected

tumor cells, and by inducing Thl+ype immune responses as a vaccine adjuvant 122,

301.

The purpose of the present study was to evaluate the therapeutic efficacy of Ag85B

derived from Mycobacterium kansasii in acute phase dermatitis. Repeated

applications of hapten such as oxazolone (OX) on BALB/c mice causes delayed type

hypersensitivity in the beginning that changes to an immediate-type response in the late

phases with elevated IgE production, and deviation of Thcell responses. The skin
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lesions that appear in late phases are compatible with the clinical findings as well as

cytokine profile observed inAD [19,20]. In allAg85B-treatedAD mice, the immediate

type reaction is effectively suppressed and IL-4 is significantly reduced. The results of

this study provide evidence for the potential usefulness of Ag85B as a novel approach

for the treatment of Th2 type-mediated dermatitis such as AD.

Materials and lnethods

Animals

6‐weck…old BALB/c male mice were pl lrchased from Ja7pan SLC Co。(ShiZuoka,Japan)

and used atthe age of 7、veeks.Aninlal care was done according to ethical guidelines,

and approved by the lnstitutional Board Comllittee for Anirnal Care and lUse of Mic

University.

Sensitization and challenge of anilnals

OX was purchased from Sigma(St.Louis,MO),and diSsolved in acetone/ol市 e oil(4:1)。

As showllin Fig。1,Inice were initially sensitized by pasting 20 μ l of O.5%OX solution

to their left e鉗7 days pri6i to the irst challenge(da/y‐7)ald then 20 μ l of O.5%OX

solutiOn was repeatedly applied on the left ear 3 times per wcek from day O,  The car

swelling response was expressed as the difference between before and 30■ lin after

application.The Ag85B expression vector pcDNA‐Ag85B of』 ィンθθbαθた′′νzん ακ∫α∫ノJ

open reading fralne lacking a signal sequencc has been constructed into Kpnl― Apa I

sites Of pcDNA3。l as described pre宙ously[22].PlaSmid DNAs were purifled using the

Plasmid Mcga Kit(Qiagen,Chatsworth,CA).The Cmpty plasmid pcDNA3.l was used

as a cOntrol.Plasmid DNAs were diluted with sterilized physiological salinc。 100 μ g/

mouse Of plasmid DNA was ittected intrtteritoneally on day¨14,-7 to evaluate

prophylactic effects,or on d町14 and 21 for the assessment oftherapeutic effects.

Hist010gical analysis

Skin specilnens Obtalned 30 111inutes aRer the flnal challenge were flxed in 10 0/0

buffered neutral fOrmaldehyde and embedded in parafflno Sections preptted of 7μm

thickness were stained with hem江oxylin ttld eosin(H&E),or truidine bluc.

―-35 -―



ImILU血Ohistochellllistry

The left ear was sacriflced on day 35,and was embedded in Tissuc―
Tck OCT compound

(MileS,Elkhart,USA),froZen in liquid nittogen,and cut with a cryoSttt into 7 μ
 m―thick

sections.The tissue preparations were then incubated with prilnattr antibodies speciflc

for Foxp3(eBloSCience,San Diego)OVernight,followed by the addhional incubation

w i t h  A l e x a  F l u o r  6 3 3  o o珂u g a t e d  s e c o n d a r y  a n t i b O d i e s ( M 0 1 C C u l a r  P r o b e s , E u g e n e , O R ,

USA)for 30 minutes at room temperatureo Sections were examined LInder Fluoview

FV1000 1aser scaming confocal microscopy(01ympus,Tokyo,Japanb.The numbers of

Foxp3+ cells were counted in high power flelds; flve randornly chosen flelds were

evalutted.

Analysis of cytokine mRNA cxpression in mousc ears

At 6 hours after the flnal challenge,the left ear skin was sa/mpledo The specillrlen was

homogenized and mRNA was extracted using lsogen(Nippon Gene,Tokyo,Japanh

according to the rnanufacture's instruction;one inilllliter of hOmogenate was vigorously

mixed with 200 μ 1 0f chlorofol「n,and then centrifuged at 15000 r.p.IIl.for 15 Π
lin at

4℃ 。Aqucous phase was separated and m破 ed with O.5 ml of 2‐propanol(NЖ
ald

Tesque,Kyoto9 Japan3 to preCipitate RNAo A■ er centrifugation,the precipitate was

washed with l ml of 75%ethanol NaCald Tesquc)狙d dried up.INA was suspended

in 50 μ L of RNase― free water, the concentration was calCulated based on the

absorbttlce at 260 nm9雛ld the quality was conflrmed by electrophoresis.cDNA was

synthesized from 10 μ g of mRNA using archive k量 (ABI,Foster City,CA)according

to the rnanuicturer's protocol。

Cytokinc IIIRNA expression in skin

Rcal time quantitative RT…PCR was performed to measure transCriptional activity in the

skin lesions. A25 μ l reaction nlixture containing l μ g tOta1 0f CDNA, 900 rlluol of

each prilner, and 250 mol of TaqMan prObe were Ⅱ liXed with 12.5 μ
l of TaqMan

Master Mix(ABI,Foster City,CA).Theお 110Wing prlrners and probes were used for

the PCR reactions: mOusc IL… 4; forward: 5'‐ACAGGAGAAGGGACGCCAT‐
3',

reverse: 5'―GAAGCCCTACAGACGAGCTCA… 3', probe:

forward:

reverse:
5'―TCCTCACAGCAACGAAGAACACCACA‐ 3'―TAMRA, IFN‐  γ  ;

5'―TCAAGTGGCATAGATGTGGAAGAA-3',



5'‐TGGCTCTGCAGGATTTTCAFG… 3', probe:

5'…TCACCATCCTTTTGCCAGTTCCTCCAG‐ 3'…TAMRA,   IL-10;   forward:

5' G̈GTTGCCAAGCCTTATCGGA,  reverse:  5'‐ ACCTGCTCCACTGCCTTGCT,

prObe: 5'―TGAGGCGCTGTCGTCATCGATTTCTCCC―
TAⅣ IRA,TGF‐ β;for vヽttd:

5'―TGACGTCACTGGAGTTGTACGG,

5'―GGTTCATGTCATGGATGGTGC,

5'―TTCAGCGCTCACTCCTCTTGTGACAG― TAMRA,

5'―AGAGGGAAATCGTGCGTGAC… 3',

5'―CAATAGTGATGACCTGGCCGT-3',

reverse:

probe:

g -actin; forward:
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reverse:

probe:

5'-CACTGCCGCATCCTCTTCCTCCC-3'-TAMRA 1251. PCR was performed under

the following conditions: 95"C for 10 min, then 40 cycles of 95oC for 15 s, 60.C for 1

min were carried out, Fluorescence data were collected during each annealing-extension

step and analyzed by using ABI Prism SDS software version 1.9.1. All samples were

normalized for to the B -actin mRNA content.

Measurement of serum IgE

Blood was collected under anesthesia 6 hours after the last challenge. Serum IgE levels

were determined by a sandwich enzyme-linked immunosorbent assay (BD PharMingen,

California, USA) according to the manufacturer's instructions. Optical density of each

well was determined by using a microplate reader (Multiscan IX) (Thermo Electron,

Yokohama, Japan). Standard curve was prepared using mouse anti-TNP IgE standard

(BD PharMingeo, California, USA) diluted with PBS containing 10% FCS.

Statistical analysis

Differences in ear swelling and serum IgE, levels were analyzedby the Kruskal-Wallis

test. P < 0.05 was taken as sienificant.

Results

Effect ofAgS5B on skin inflammation

We first examined whether Ag85B could modulate ear-swelling reaction in a mouse

model of OX-induced atopic dermatitis. Repeated applications of OX cause

Th2-mediated immediate type response. F,ar swelling was measured with thickness

gauge calipers before and 30 minutes after OX challenge on the pinna of the ear on day

32. In both prophylactic and therapeutic models, the administration of Ag85B



「

Ｆ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ

signif,rcantly suppressed swelling compared to placebo-treated controls (Fig. 2a). The

OX-challenged placebo-treated mice showed severe skin inflammation, however

administration of Ag85B DNAreduced atopic inflammatory reactions (Fig.2b).

Histological analysis

Histological examination in OX-challenged mice showed epidermal hyperplasia and

strong intra-epidermal and intra-dermal inflammatory cell infiltration including

mononuclear cells, neutrophils, and granular cells (Fig 3a). Both prophylactic and

therapeutic administration of Ag85B DNA clearly reduced inflammatory cell infiltration

and epidermal thickness.. Skin sections stained with truidin blue showed decreased mast

cell infiltration in Ag85B-treated mice (Fig.3b).

Ag85B treatment shifted the Thl/Th? balance towards Thl

IFN- v and IL-12 shift the Thl/Th2baIance toward Thl condition; while IL-4 and IL-5

are key cytokines in Th2 response I24, 291. To clarify the type of immune response in

skin lesions after treatment with Ag85B, we analyzed the mRNA expression levels of

IL-4 and IFN-by real time quantitative reverse transcription-polymerase chain reaction

(RT-PCR). The results were normalized to the B -actin mRNA content. As shown in

Fig 4, the expression of IL-4 mRNA was reduced in Ag85B-treated mice in both

prophylactic and therapeutic models. On the contrary, the expression of IFN- y was

enhanced in Ag85B-treated mice. These results suggest that the application of Ag85B

shifts the immune response towards Thl-predominace.

Total serum IgE levels

AD is characterrzed by elevated IgE levels. Repeated applications of OX cause a

gradual elevation of antigen-specific IgE level. We analyzed the degrees of IgE levels in

sera collected from experimental mice. Administration of Ag85B significantly

reduced the serum levels of IgE (Fig 5).

Ag85B treatment induces regulatory T cells

TGF-13 and IL-10 are important regulatory cytokines produced by Treg [11]. To

investigate the mechanisms of the therapeutic effectiveness of Ag85B, we examined the

―-38 -―
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mRNA levels of TGF‐ β and IL-10。 As sho、、m in Fig。 6a,TGF‐ β and IL‐ 10 were

signiicantly increased in Ag85B… treated mice in both prophylactic and therapeutic

modelso And then, we next looked at the induction of Treg in the iniamed skin`

Naturally occurring CD4+cD25+Treg ttc characterized by the ettpression ofFoxp3[10,

27]。Skin Sections were stained with anti‐Foxp3 mAb,and examined with a■uorescent

rrlicroscope.As shown in Fig。 6b,Foxp3+cells were incrcased in the Ag85B― treated

mlce.
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Discussion

Humtt inlnune systenl responds to exogenous FrliCroorganislmLS fOr Self―protection.

These responses lead to Thl and/or Th2 type cytokine secretion depending on the

nature of stimuli.Atopic dermatitis is a chronic dermatitis characterized by a T虚‐type

imune responses that causes elevation of lgE.  On the other hand, some bacterial

infections including mycobacterim species elicits strong Thl― type responses。

Inducers of Thl type immШ■e response may be used as immllllo―mOdulator having

therapeutic effects against allergic disease elicited by Th2-type ilIInune responses.

Mycobacteria may affect ttopic disorders by correction of the immune response from

Th2 to Thl.Erb KJ θ ′α′reported that ηιθbαθた′J傷“bθνお(BCG)suppresses drway

cosinophilia and associated local IL-5 production by inducing Thl…lnediated response

[9].Furthermore,recent studies suggested that mycobacteria induce not only Th cells

providing Thl type immme responses but also Treg cells.In ttL animal model of

allergy, the il■田nunomodulatory elccts of M、  ッαθθαθ WaS fOund to be mediated by

allergen―speciflc regulatory T lymphocytes[37],and Oral administration ofル∠ッαθθαθ

inhibited pulmonary allergic iniammation by induction ofIL…10[14].

Alive lB(〕G vaccination has been used for prevention of tuberculosis.   The use of

mycobacterilln for ilnmunomodulation requires repeated exposures to the ilnmune

systelmo However,repeated alive BCG vaccination is contrdndictted.For hum狙

thera/peutic applicttion,it needs inttadermal or intramuscular itteCtiOn for vaccination.

Unfortunately,cutaneous vaccination wlth rnycobacterillln species commonly produces

granulomatous formation leading to recalcitrant ulcerso We need to develop Thl type

immunomodulating system that induces no grttulomatous reaction, if specics of

mycobacteria[re tried to use for human.The Ag85B protein is a lnain component ofthe

cell wall of mycobacteria such as M′ 夕bθκ"′θsJs ακJ M ttκ ∫″Jj[4];thiS Ag85B is

kno、、m as a strong Thl inducer′ 4 νJ′“ [17,18].Experiments using plasmid DNA

encoding Ag85B has been previously r,pOrtedi  This Ag85B is able to protect against

Z′ "b`κz′θ∫お even in Balb/c mice[33].Intraperitoneal administration of Ag85B

E)NA inhibits granulomatous changes or adhesive reaction of intraperitoneal organs in

miCC(data not sho、 、強)。 As a preliminary study9 Ag85B DNA was intradermally

itteCted in the skin of mice skin.No ulcerat市e changes were obseⅣed in vaccintted

areas ofthe skin(data not shoⅥ狙).

一-40 -―
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In our present study,we evaluated the efflcacy of DNA encoding Ag85B for inducing

Thl and Treg― type immme response in OX‐ induced acute phase dermatitis.Repeated

applications of OX in mice cars cttsed Th2-type dominant dermatitis,which mimic

most Of the characteristic features of AD[16,19,21,32]。 We irSt ilⅣ estigated

whether the application ofAg85B corrects the ilrmune response from a type Th2 one to

a type Thl responsc. Our results showed that Ag85B successfully ameliorates

Th2-cytokine donlinant imediate type reaction in the skin lesions in both prophylactic

and therapeutic models of the discase.  In Ag85B― treated AD skin lesion, the car

swelling  was  signiflcantly  reduced  compared  to  placebo‐ treated  anilnals.

Adllllinistration of Ag85B DNA suppressed histological abnorllllalities caused by atopic

inflamlnations such as iniaglnatory cell inflltration,cpiderinal hvperplasia and severe

edema.  The presence of mast cells in the skin lesion is closely associated with

Th2‐type derlnatitis; the nlllrlber of inast cells was increased in OX‐treated control

anilnals as expected; however, the nmber of mast cells was decreased in

Ag85B― treated lnice compared with controlso  Enhancement of the expression of IFN…

γ mRNA was signiflcantin Ag85B‐treated AD mice compared with plЖebo―treated

anilnals. The exprcssion of IL-4 mRNA were suppressed in Ag85B― treated nlice

comptted to plЖ ebo―treated controls(Fig.4).In addition,serwn lgE levels were

signiflcantly suppressed in Ag851〕treated Ⅱlice compared with placcbo‐treated nlice。

These flnding delrlonstrttes that attninistr江lon of Ag85B DNA signiflcantly inihibited

the development of Th2… cytokine dolrlinant skin atopic iniallmnation by inducing

Thl‐type inlnune response.

We alsO exarnined the potentid ofAg85B to induce Treg cell responses.TGF… β

and IL-10 have been described as critical regulatory cytokines produced by Treg[11].

Hc江 _killed九イッαθεαθ induces regulatory T cells that secretc IL…10 and TGF… β [37].ユイ

ツαὲαθ alSO induces a population of CDll十  cellS characterized by an increased

expressiOn Of regulatory cytokines including IL… 10 and TGF… β[1]・ Treg cells tte

developed mainly in the presence of IL-10 and TGF‐β[13]。More recently,Inouc θ′

α′repOrted that tOpical appliCation of CpG―C)ligodcoxynucleotides induces Foxp+Treg

in skin lesiOns of AD model mice in associttion with elevation of TGF― β[15].

DepletiOn Of cD4+cD25+Treg from the peripheral blood of healthy individuals

enhances pr01iferttiOn of Th2 in response to various allergens 16, 23]. The

mechanislns Of the suppressive activity of Treg depend on  cell‐to‐cell contact,and
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there is e宙dence for the involvement ofIL‐10 and TGF― β[2,3,26].In thiS Studtt we

have sho、、咀elevated expression of TGF―β ttd IL‐10 in Ag85B…廿cated micc(Fig.6o,

and Foxp3+Treg was increased in the Ag85B― treated skin(Fig.6b)。 We aSSurne that

the therapeutics cap潰)ility of Ag85B is related to the induction of Foxp3+Treg and

Thl‐type ilnmme response.

In briet in thiS Study wc have showll the usefulness of plasmid DNA of Ag85B for

the anelioration of Th1/Th2 il■balance and for the generation of Treg cells. The

observations suggest that Ag85B may be useful for the prevention and treatment of

atopic disorders.
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Figllre legends

Fig.1.Model of chronic contact hypersensitivity,and trcatment with Ag85B DNA,

Fig。2(→ .OX‐induced ear swelling.The car swelling reSpOnse was expressed as the

difference between ear thickness before and 30 Πlin a■er each application on day 32.

The colllllllns and error bars represent mean tt SEM*P<0.05。Swelling was suppressed

signiicttltly in Ag85B‐trcated mice compared with those in placebo‐treated mice.(b)

Clinical features of ear skin on day 35.The OX‐challenged nlice showed severe skin

eruption,however attninistration of the Ag85B DNA in both prophylactic and

therapeutic models clearly reduced atopic idagllrlatory reactions in OX…sensitized

mlce.

Fig。3.Histopathological features of skin lesions. Skin was taken on day 35,paraffln

embedded sections were stained with hematoxylin&eosin(→ ,truidine bluc(b).

OX―challenged mice showed epidermal hyperplasia along wlth strong intra― dermal

inflammatory cell inflltration; whereas Ag85B DNA signiflcantly reduced the

infla田田natOry changes.

Fig。4.mRNA cxpression in the car on day 35。 In order to clttify the expression of

cytokinc lnRNA,quantitative PCR ttras performed by using speciflc prilners and probes

for IL‐4 and IFN‐ γ.The expression of IL… 4-A was reduced in Ag85B‐ treated

nlice cOmpιred with placebo‐treated nlice. On the other hand, 1田LRNA cxpression of

IFN‐γ was signiflcantly increased in Ag85B Inice.

Fig.5.Sertt lgE concentrations.Serum lgE levels were rneasured on day35 in control,

Ag85B DNA IP(_14,-7),or Ag85B DNA IP(14,21)mice.The colwttns and error bars

represent ⅡLean tt SEM.*P<0.05。 Administration ofAg85B reduced lgE level.

Fig。6(→ mRNA expression in the car on day 35。Quantitative PCR was performed by

uslng specinc primers and probes for IL-10 md TGF―β.Both TGF―β and IL‐10 were

mcreased in the Ag85Btttreated mice.(b)Foxp3+cells were clearly observed with

ConfOcal microscOpy.(C)The nUInber of Foxp3+cellS per HPF was counted in flve
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Figure 6.
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