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Summary

Background: The inducement of Th1 cell-mediated immune response, possibly
brought about through bacterial stimulation, may serve to control atopic disorders
such as atopic dermatitis (AD). The streptococcal preparation, OK-432, has been
shown a potent Th1 inducer through the action of IL-12. NC/Nga mice under ordinary
conditions have been found to contract dermatitis similar to human AD.
Objective: Examination was made of the therapeutic effects of OK-432 local intra-
and/or subcutaneous injections on AD-like lesions in NC/Nga mice.

Methods: Immunohistochemical staining with IL-4/1L-12p40 and CD80/86 and phos-
phorylated STAT4/p-STAT6 and RT-PCR for IL-4/IL-12p40 and STAT6/STAT4 mRNA was
conducted for the evaluation of OK-432 treatment of spontaneous AD-like lesions in
NC/Nga mice.

Results: At 5 weeks following injection of OK-432, for treating head and back lesions
in NC/Nga mice, 10 of 12 OK-432 treated NC mice were found to have clinically
improved quite considerably. On the head and back skin of OK-432-treated mice, IL-
12p40/CD80 positive cellular infiltration was conspicuous, in contrast to non-treated
mice. |IL-4/CD86 positive cellular infiltrates in OK-432-treated mice had decreased
significantly more than in non-treated mice and IL-4 mRNA expression was virtually
absent in OK-432-treated mice. P-STAT4 positive cells could be seen abundantly
present in OK-432-treated mice, and p-STAT6 positive cells were much fewer than in
non-treated mice.
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Conclusions: OK-432-treatment appears to induce Th1 cellular response and to
down-regulate that of the Th2 pathway in AD-like lesions of NC/Nga mice. The
present results demonstrate bacterial components from such Streptococcus to likely
constitute an effective new therapeutic approach in the treatment of AD.

© 2004 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland

Ltd. All rights reserved.

1. Introduction

Atopic dermatitis (AD) is clinically characterised by
acute and chronic repeated eczematous skin
lesions with history of hereditary atopic diathesis
and frequently high IgE antibody production.
For functionally distinct subsets [1] of CD4 T cells,
Th1 and Th2, Th2 predominance in AD lesions [2]
through Th2-type cell infiltration has been
reported. IL-4 [3] and/or the costimulatory mole-
cule CD86 (B7-2) [4,5] have been shown related to
AD lesions. IL-12 [6] and/or the costimulatory
molecule CD80 (B7-1) [7] may possibly have impor-
tant involvement in the Th1 dominant pathway.
The Th1 pathway subsequent to bacterial and
viral infection may function to alleviate AD [8,9].
Inverse association between response to tuberculin
[10] and atopic disorders has been demonstrated,
indicating tuberculin positive response [11,12]
with Th1 predominance to possibly be a rare atopic
disorder.

The streptococcal preparation, OK-432, a peni-
cillin-inactivated and lyphophilized preparation of
the low-virulence strain, Su Streptococcus pyo-
genes, has been shown to have immunomodulatory
and possibly therapeutic properties [13,14]. This
preparation has also been found a potent inducer
of IL-12 [15]. The immunomodulatory action of
OK-432 [15] was stronger than immunopotentiator
bacillus Calmette-Guerin (BCG). Of nosological
interest is the Th1 pathway by which bacterial or
viral agents may possibly down-regulate Th2 com-
ponents [12] in atopic disorders. Clinical trial results
for allergic rhinitis indicate the possibility of symp-
tom inhibition by the bacterial agent, OK-432 [16],
which accordingly may have potential clinical
application in immunotherapy of atopic disorders.
Actually, OK-432 topical application [17] to human
AD has been shown very effective for treating
this disorder, though considerably more trials
should be conducted for definite confirmation of
efficacy.

NC/Nga (NC) mice were produced in 1957 by
Kondo [18] under ordinary conditions. The NC mice
contracted dermatitis similar to human AD, but in
the absence of any specific pathogens (SPF), no
dermatitis was detected. Mites, Myobia musculi,
inhabit mice as prasites (SLC Inc., Hamamatsu,

Japan) to possibly lead to AD-like lesions. To date,
in most human AD patients, Dermatophagoides
mites [19] have been shown to cause AD. In conven-
tional NC mice, over-production of Th2 cytokines
such as IL-4 and elevated serum IgE antibodies
[18] beyond the age of 8 weeks were evident. Such
mice should thus be useful as an atopic dermatitis
model.

The mechanism for contracting AD lesions and
Th2 polarization in mice remains to be determined.
Study was made here to determine whether the
streptococcal preparation, OK-432, is responsible
for the shifting of Th2 predominance to Th1 pre-
dominance in NC/Nga mice.

2. Materials and methods
2.1. Mice

Male NC/Nga mice 5 weeks of age were purchased
from SLC Japan (Shizuoka, Japan) and maintai-
ned under clean conditions. The animals, housed
individually, were provided standard chow and
mineral water in a conventional room without air
control.

2.2. Reagents

The following chemicals were used: 0.5 KE OK-432,
Picibanil®™, Chugai Pharmaceutical Ltd., Japan, a
lyphophilized preparation of group A Streptococcus,
type 3. Su strain, inactivated with penicillin G. OK-
432 concentration was expressed in Klinische Ein-
heit units (KE, clinical unit) with 1 KE of OK-432
equal to 0.1 mg dried streptococci), rat anti-mouse
CD80 (B7-1) monoclonal antibodies (Serotec Ltd.,
Oxford, UK), rat anti-mouse CD86 (B7-2) monoclonal
antibodies (Serotec Ltd., Oxford, UK), rat anti-
mouse IL-4 monoclonal antibodies (Serotec Ltd.,
Oxford, UK), rat anti-mouse IL-12p40 monoclonal
antibodies (R & D System Inc., USA), and rabbit anti-
phosphorylated STAT4 (Zymed Laboratories Inc.,
USA) and p-STAT6 (Cell Signaling Technology Inc.,
USA), EnVision peroxidase immunostaining kit
(DAKO, Denmark), and mouse IgE ELISA kit (Yamasa
Shouyu Co., Chooshi, Japan).
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2.3. Evaluation of the severity of dermatitis

This evaluation was made essentially according to
the scoring method modified by Hiroi et al. [20] as
follows: no symptoms, 0; mild scratching, 1; mod-
erate scratching and/or mild hair loss, 2; severe
scratching and/or severe hair loss, 3. Only mice with
scores of more than 2 were used in this study.

2.4. Examination procedure

The examination began at 10 weeks of age with the
complete set of mice, when mild hair loss corre-
sponding to a score of more than 2 was noted. Mice
were used in the following numbers: six mice at 5
weeks of age as the negative control (controls) and
six at 10 weeks, four at 13 weeks and six at 15 weeks
of age as non-treated mice and four at 3 weeks of
OK-432 treatment and six at 5 weeks of treatment
for immunohistochemical and RT-PCR study, respec-
tively. A volume of 0.2ml (0.01 KE/mouse) to
0.25 ml (0.0125 KE/mouse) 0.5 KE OK-432, diluted
with 10 ml sterilized saline (optimal dose of OK-432,
0.01 KE as reported by Fujimoto et al. [15] this being
the most effective for activating the Th1 pathway),
were injected intracutaneously and/or subcuta-
neously under diethyl ether anesthesia, at six sites
from the head to back (Fig. 1) every other day for 3
or 5 weeks. At 5, 10, 13 and 15 weeks, the animals
were sacrificed. Skin specimens were obtained from
the heads and backs of the animals, and for cases of
OK-432 treatment, obtained at just 48 h following
final injections, frozen immediately at —20 °C in
tissue compound Tissue-Tek® (Miles Inc., USA) and
stored at —80 °C.

2.5. Immunohistochemical staining

This process was conducted according to the poly-
mer-complex method (peroxidase labelled polymer
conjugated to anti-rabitt and mouse immunoglobu-
lins) of the EnVision system (DAKO, Denmark) for IL-
4/1L-12p40, CD80/86 and p-STAT4/p-STAT6. For the

negative control, no polymer second antibodies
were used.

Briefly, 7 pm-thick cryostat sections from skin
specimens were placed on resin coated glass and
fixed in cold acetone for 5 min. The primary anti-
bodies, IL-4, IL-12p40, CD80, CD86, p-STAT4 and p-
STAT6, diluted with Tris buffered saline (TBS, pH 7.6)
to a final concentration of 25x, were incubated with
EnVision polymer secondary antibody reagent for 1 h
at room temperature. The sections were pre-blocked
intracellular peroxidase containing blocking agent
that was 0.03% H,0, for 5 min. The sections were
incubated with the primary and secondary antibody
complex for 1 h at room temperature. After being
washed with TBS, all tissue samples were incubated
with a chromogenic substance, diaminobenzidine
(DAB). Chromogenic reaction was terminated with
water followed by heamatoxylin counter staining.

2.6. Positive cell number

Positive cells for IL-4/CD86 and IL-12p40/CD80 anti-
bodies were counted with a grid in the eyepiece of a
microscope, at a magnification of 100x in the upper
dermis just beneath the dermo-epidermal junction.
Counting was done in two fields for each specimen,
using an eyepiece grid (one field = 1.1926 mm?) and
the result as shown in Fig. 7 expressed as average
number of positive cells per specimen.

2.7. Statistical analysis

The Student’s t-test was carried out for this purpose
with P < 0.05 taken as significant.

2.8. RT-PCR for TARC, IL-4/IL-12p40 and
STAT4/STAT6

2.8.1. mRNA extraction

Total RNA from 50 to 100 mg weight of whole skin
samples from head and back of the animals was
extracted with manufacteral procedure protochol
using Fast RNA kit Green (BIO 101 Inc., USA). RNA
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concentration was measured and expressed as
pg/ pl using spectrometer ND-1000 (NanoDrop Tech-
nologies Inc., USA).

2.8.2. RT-PCR and primers

Reverse transcription (RT) was carried out with 2 pg
of total RNA using oligo primer and a ready to go
RT-PCR Beads kit (Amersham Inc., UK). To amplify
specific cDNA, the following primers were used
for the PCR reactions: mouse IL-4 (371 bp, ref.
NM021283, Maxim Technology Inc., USA), 5-CACT-
GACGGCACAGAGCTATTGATG, 3'-TCATGGTGCAG-
CTTTCGATGAATC, mouse IL-12p40 (412 bp, ref.
NMLO008352), 5'-TTCAATCAGGGCTTCGTAGG, 3'-TAG-
ACAAGCACACTGCCGTC, mouse STAT4 (354 bp, ref.
NB43780), 5'-CCTGGGTGGACCAATCTGAA, 3'-CTCG-
CAGGATCGTCAGCGAA, mouse STAT6 (1300 bp,
ref. XM012540), 5-TCACTGGGGGACCGGATCCGG-
GATCTT, 3’-GCGCTCAGCTCGGGCCTACACGCATTA,
mouse TARC (600 bp, [21]), 5'-AACTTCACCAGTAC-
TAGGACA, 3'-GGTTCGCCTGTAGTGCATAA, mouse
GAPDH (320 bp, ref. XM284785), 5-GCCAAGGT-
CATCCATGACAACTTTGG, 3'-GCCTGCTTCACCACCTT-
GATGTC. Amplification was conducted for 35 cycles
at 94 °C for 1 min (for STAT6, pre-85 °C denatura-
tion) at 55 °C for 1 min and 72 °C for 1 min in all
PCR reactions, except for the 40-cycle PCR reaction
for TARC and IL-4. PCR amplified fragments were
fractionated on 1.5% agarose gel.

3. Results
3.1. Evaluation

OK-432 treatment was concluded to remarkably
suppress the development of skin lesions (Fig. 2)
in 10 of 12 OK-432-treated mice, none of which
developed lesions of grade more than 2. In contrast,
all non-treated mice had score of 3 at 15 weeks (Fig.
2). Serum IgE in non-treated NC/Nga mice at 15
weeks exceeded 10 x 10 ng/ml and in mice treated
for 5 weeks, slightly decreased (8 x 10*ng/ml)
though not significantly. Five-week-old mice sam-
ples and negative controls showed no cellular stain-
ing by any antibody used. In compounded specimens
of skin from some non-treated mice, a few mites
could be detected.

3.2. Histology of the skin

The skin of 5 weeks NC control mice was thin with
only one to a few layer epidermal cells present
(Fig. 3a). In non-treated NC mice 15 weeks of age
(Fig. 3b), extensive acanthosis was evident with
strong cellular infiltrates in the dermis. Histological

Fig. 2 Clinical features. Remarkable improvement in
nearly intact head and back hair with OK-432 treatment
at 5 weeks (at 15 weeks age) compared with non-treated
NC mice (at 15 weeks age), with severe hair loss and
impaired body growth.

examination of OK-432 5-week-treated mice (15
weeks of age) (Fig. 3c) showed reduced mild acntho-
sis with three to five layers of epidermal cells with
mild dermal infiltrates.

3.3. TARC mRNA expression for clinical
evaluation (Fig. 4)

All the non-treated NC mice samples (six cases
represented) expressed TARC mRNA from their
whole skin. But, except only one mouse, that clini-
cally showing no improvement, five in six OK-432
treated mice expressed no TARC mRNA (data shown
those of five mice including one non-improved
mouse) (Fig. 4).

3.4. Results for non-treated NC/Nga mice

3.4.1. CD86/IL-4

Extensive CD86 positive cellular infiltrates were
particularly evident in non-treated mice at 15
weeks, at which time, CD86 positive cells were 92
+ 12 (mean =+ S.D.)/field (Fig. 7).

In non-treated mice at 10 weeks, IL-4 positive
cellular infiltrates were abundant, as also noted at
13 and 15 weeks. At 15 weeks (Fig. 5a), the number
of IL-4 positive cells of non-treated mice was 58 +
13 (mean =+ S.D.)/field (Fig. 7).

3.4.2. CD80/IL-12p40
CD80 positive cell number in non-treated mice at
10, 13 and 15 weeks (34 + 12 (mean =+ S.D.)/field)
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Fig. 3 Histology of skin. (a) Non-affected NC mice at 5 weeks of age showing thin epidermis and no cellular infiltration.
(b) Non-treated NC mouse skin at 15 weeks of age showing extensive acanthosis with cellular infiltrates but (c) OK-432
treated skin with reduced acanthosis even with the presence of dermal infiltrates.

was basically the same (Fig. 7). No CD80-positivity in
the epidermis could be found in any sample.

A small number of IL-12p40 positive cells were
noted to infiltrate the upper dermis of 10-week-old
mice. At 13 weeks, the number of IL-12p40 positive
cells was the same as at 10 weeks. IL-12p40 positive
cell number (Fig. 6a) in 15-week-controls showed no
change (14 + 4 (mean + S.D.)/field) (Fig. 7).

3.5. Results for OK-432-treated NC/Nga
mice

3.5.1. CD86/IL-4

The value 28 + 7 (mean + S.D.)/field of CD86
positive cells at 5-week-treatment was consider-
ably less than that for non-treated mice (P < 0.05)
(Fig. 7).

In OK-432-treated mice for 3 and 5 weeks (24 + 9
(mean =+ S.D.)/field), IL-4 positive cellular infil-
trates (Fig. 5b) decreased significantly (P < 0.05),
compared to non-treated mice (Fig. 7).

3.5.2. CD80/IL-12p40

From 3-week (38 &+ 7 (mean =+ S.D.)/field) to
5-week OK-432 treatment (46 + 8 (mean + S.D.)/
field), CD80 positive cellular infiltrates increased,
but the extent was essentially the same as in the
non-treated group (P > 0.05) (Fig. 7).

In OK-432 5-week-treated mice, many IL-12p40
positive cells (Fig. 6b) (43 + 9 (mean =+ S.D.)/field)
were present (Fig. 7), and their number increased
(P < 0.05), beyond that in non-treated mice.

3.5.3. p-STAT6/p-STAT4 immunohistochemical
staining

In 15-week non-treated mice, extensive p-STAT6
positive cell infiltration into lesional upper dermis
was apparent (Fig. 8a). In non-treated mice at 15
weeks, p-STAT4 positive cells were seen infre-
quently or were absent (Fig. 8c).

At the sites of skin lesions in OK-432 treated mice,
p-STAT6 positive cell infiltration (Fig. 8b) was slight.
OK-432-treated mice showed many p-STAT4 positive
cells (Fig. 8d).

TARC e
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Fig. 4 Th2 chemokine TARC mRNA evaluation. All non-treated NC mice (represented six mice data) express in positively
TARC mRNA in whole skin but all OK-432-treated mice, except one without improvement, and non-affected (5 weeks of
age) mice, no TARC mRNA expression present by RT-PCR methods.
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Fig. 5 Immunohistochemical staining of IL-4. (a) Exten-
sive IL-4 positive cells in 15-week non-treated mice (ori-
ginal magnification, 100x). (b) Reduced number of IL-4

positive cells in OK-432 5-week-treated mice (original
magnification, 100x).

3.6. RT-PCR analysis

3.6.1. IL-4/IL-12p40 mRNA (Fig. 9)

IL-4 mRNA expression in whole skin may be very
slight, and thus, would not differ significantly in any
of the three groups. In all OK-432-treated mice, IL-4
MRNA expression was virtually absent. IL-12p40
mRNA expression was essentially the same for the
control, non-treated and OK-432-treated mice
groups. though expression in two OK-432 treated
mice could weakly detected (Fig. 9).

3.6.2. STAT6/STAT4 mRNA expression (Fig. 10)
STAT4 mRNA expression in OK-432-treated mice was
somewhat greater compared to non-treated mice,
but that of STAT6 mRNA in OK-432-treated mice had
been reduced considerably compared to those of
non-treated. STAT6 mRNA is shown by the present
results to be expressed in control mice, though
STAT6 expresses are present in normal tissue and
cells [22]. The reason for this may be clarified
through additional study (Fig. 10).

Fig. 6 Immunohistochemical staining of IL-12p40. (a)
Moderate infiltration of IL-12p40 positive cells in 15-week
non-treated mice (original magnification, 100x). (b) Many
IL-12p40 positive cells in OK-432 5-week-treated mice
(original magnification, 100x).

4. Discussion

It is clearly evident from the present study that at 5
weeks following injection of the bacterial agent,
OK-432, head and back skin lesions clinically
improved quite remarkably in 10 of 12 OK-432 trea-
ted NC/Nga mice. Serum Th2 chemokine TARC has
been taken as indicator of the clinical severity of AD
patients [23] and high expression of TARC in basal
epithelium of NC mice [24] with skin lesions is
consistent with the findings of the present study
in which TARC mRNA expression from whole skin
from the head and back decreased in the improved
AD-like lesions of OK-432 treated mice. Immunohis-
tochemical staining results indicated cellular infil-
trates at OK-432 treated sites to undergo a shift
from Th2 predominance with abundant IL-4/CD86 to
Th1 predominance with abundant IL-12p40/CD80,
compared to non-treated NC/Nga mice. In NC/Nga
mice, systemic deficient Th1 response to bacterial
stimulation has recently been shown to lead to
Th2-dominance with excessive production of IgE
and AD-like dermatitis [25]. Th2 response is required
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Fig. 7 Change in numbers of cells positive to CD80/CD86 and IL-4/1L-12p40 antibodies during course of OK-432

treatment and non-treated NC/Nga mice.

for the production of antibodies that react various
antigens such as mites and pollen. Th1 response is
essential for host defense against bacterial [12]
and/or viral infection [26]. Although Th1 and Th2
immune response are considered to crossregulate
each other, the results of this study indicate the
down-regulation of Th2 components through
induced Th1 response to Th1-inducer OK-432 appli-
cation to possibly be one means for the control of
atopic disorders.

The costimulatory molecule, CD86 (B7-2), pre-
sent in activated T/B cells, resting monocytes and
Langerhans cells [27], is expressed in AD lesional
skin [4]. This molecule may thus bear some signifi-
cant relation to AD lesions [4,5] CD86 over-expres-
sion may augment antigen content in the skin with
consequently excessive cutaneous DTH (delayed
type hypersensitivity) [28] through CD4 T-lympho-
cyte activation. During OK-432 treatment, consider-
able reduction in CD86 positive cellular infiltration
compared to non-treated mice was noted, suggest-
ing that initial activation of the Th2 inflammatory
pathway through the CD86 molecule may be possibly
inhibited by OK-432 application. CD80-positive cel-

lular infiltrates in non-treated and OK-432-treated
mice, in contrast to CD86, showed no distinct dif-
ferences during the course of application. The pre-
sent results and recent observations would suggest
CD86 and CD80 to have overlapping functions [7] and
the amplified expression of IL-12 in dermal cellular
infiltrates to possibly be mediated through decrease
in CD86-positive cellular infiltration.

IL-12 production, which has a central role in
promoting Th1 response, was the result of cell
activation stimulated by agents such as bacteria
or bacterial products [15]. BCG has been shown to
induce Th1 polarized response regulated by IL-12
and IFN-vy production and OK-432, a potent multi-
cytokine inducer, has been found a specifically
strong inducer of IL-12 [15]. This, in turn, may
augment the innate immune response of Th1 by
stimulating IL-12. Atopic patients may be incapable
of sufficient IL-12 production, this possibly resulting
in enhanced chronic allergic inflammation. The
importance of IL-12 in regulating allergic immune
response is substantiated by considerable data
obtained with animal models for studying allergic
airway inflammation [29] and results from studies on
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Fig. 8 p-STAT6/p-STAT4 immunohistochemical staining. (a) Extensive p-STAT6 positive cellular infiltrates particularly
evident in non-treated mice at 15 weeks. (b) In OK-432-treated NC mice, p-STAT6 positive cellular infiltrates have
decreased significantly, compared to non-treated mice (original magnification, 100x). (c) p-STAT4 positive cells (arrows)
were few in non-treated mice but (d) extensive p-STAT4 positive cellular infiltrates particularly evident in Ok-432-treated

mice at 5 weeks treatment (original magnification, 200x).

varicella zoster virus infections [26] in human AD
indicate Th1 cytokine IL-12 to be capable of pre-
venting antigen-induced hyper-response and Th2
cytokine expression. The Th2 cytokines, IL-4 and
IL-5, are responsible for IgE antibody production and
IL-4 may be required for IgE synthesis [30]. IL-12

suppresses the synthesis of IgE from lymphocytes
stimulated by IL-4 in humans [31]. The inducement
of IL-12 positive cellular infiltration subsequent to
OK-432 administration as well as reduction in IL-4
positive cell infiltration may serve to very effec-
tively reduce AD lesions by lessening the polariza-

IL-4 e

IL-12p40 WD SR e SN T . A

GAPDH -“---‘--‘---‘
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Controls

Non-treated NC
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Fig. 9 mRNA expression for IL-4/1L-12p40. Expression of IL-4 mRNA in whole skin detected in all non-treated NC mice, so
very slight that expression in the three groups, and that in OK-432-treated mice could not be detected. Expression of IL-
12p40 basically the same for control, non-treated and OK-432-treated groups. Even that in OK-432-treated mice was

weak in some cases.
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Fig. 10 mRNA expression for STAT6/STAT4. Strong STAT6 mRNA expression in all non-treated NC mice but in OK-432-
treated NC mice, expression was reduced. STAT4 mRNA in OK-432-treated mice can be seen greater than in non-treated

mice.

tion of Th response toward Th2-dominance. IL-4 is
promoted mostly by the costimulatory molecule
[32], CD86, while CD80 serves only slightly to do
so. IL-4 mRNA expression in all OK-432 treated mice,
even with very little IL-4 mRNA expression, could
not be detected in whole skin by RT-PCR, suggesting
OK-432 application to possibly reduce Th2 regula-
tory response through IL-4 via STAT6 pathways.
Signal transducer and activator of transcription
(STAT) 4 is a key molecule in intracellular signal
transduction activated by IL-12 stimulation
[33,34]. The low response of NC/Nga mouse [35]
to IL-12 as a result of reduced phosphorylation of
STAT4 may lead to defective IFN-y production and
may be one cause for high IgE production. Results
with STAT4-deficient mice [36] demonstrate STAT4
essential for mediating response to IL-12 in lympho-
cytes and regulating the differentiation of Th1 and
Th2 cells. STAT6 [33] regulates response to allergic
stimuli in the development of Th2 cells. STAT6
activation must be tyrosine-phosphorylated by
JAK kinase, followed by nuclear translocation.
Down-stream signaling pathways from the IL-4R
complex with IL-13R include activation of STAT6
signaling pathways. IL-4R and STAT6 positive cells
are considerably fewer in non-atopic than atopic
subjects [37]. Immunohistochemical staining in
this study indicated cellular infiltration with IL-4
and p-STAT6 expression to be significantly less in
OK-432-treated mice and IL-12p40 and p-STAT4
positive cellular infiltrates in OK-432-treated mice,
to be remarkably more than in non-treated mice.
Results obtained by p-STAT6/p-STAT4 immunohis-
tochemistry and mRNA expression, indicate OK-432
application to possibly induce inhibition of Th2
response and cause a shift to Th1 predominance.
The inducement of IL-12p40 positive cellular infil-
trates and enhanced expression of STAT4 mRNA
were evident, but IL-12p40 mRNA expression from
whole skin of OK-432 treated mice was essentially

the same or less than for the controls and non-
treated groups. IL-12p40 mRNA expression is con-
siderable in keratinocytes [38], where IL-12p40
proteins may not be detectable in the epidermis
by immunohistochemistry and this may possibly
explain the above.

Streptococcal preparation OK-432 is shown by the
present study to bring about abundant IL-12p40/
CD80 as well as Th1 predominance in NC/Nga mice
skin lesions. OK-432 would appear from the present
results effective for treating AD. More effective
therapy for up-regulating Th1 response through
IL-12 production in atopic disorders should be estab-
lished.

Antimicrobe peptides play key roles in the innate
immune system and provide the first line of defense
against microbe invasion of the skin. Cytokine pro-
duction occurs early through innate immune
response towards infected microbes such Strepto-
coccus. Okamoto et al. [39] showed lipoteichoic acid
(LTA) to be a major component of OK-432. LTA and/
or DNA from Streptococcus microbes may induce
innate immunity and recently, lipoteichoic acid
(LTA), products of Streptococcus have been shown
to possibly induce activation of the toll-like recep-
tor 4/MD-2 innate pathway [40], which in turn,
activates Th1 type immunoregulatory response.
Reduction in Th2 response in AD lesions through
innate immunoregulatory pathways induced by
bacterial agents such as OK-432 should be studied
in detail and the results used to established safer
and more effective methods for the treatment
of AD.
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