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born with an immune system that is skewed towards Th2.
It takes infections to skew the immune system to Thl. And
if you don't have infection in infancy, then you may
potentially continue along this Th2 pathway and develop
allergic disease. This is the main concept of hygiene
hypothesis (Fig. 2).

Kondo
Yes. Some reports say that having a pet such as a dog or

cat in the house prevents allergy. What do you think about
this?

Kraft

As for the issue about having dogs and cats, Ownby DR et
al showed that exposure to animal allergens during infancy
reduces subsequent allergic sensitization at age 6 to 7.

Ownby DR et al looked at 835 children in Detroit Michigan
and followed about half of them to age 6 or 7 years. They
evaluated atopy by skin prick test positivity to common
aerial allergens.

Kaminogawa
Very, very interesting.

Kraft
As a result, the skin prick test positivity was lower in
children with 2 or more dogs. However, current asthma was
not affected.

Kondo
This shows only sensitization is decreased.

Kraft

Right. This study only shows the effect on allergic
sensitization? Perzanowski MS et al looked at the
association between pets and the development of allergic
diseases. They found that children exposed to pets during
infancy had lower risk of developing atopic dermatitis and
asthma. We do not know about asthma, but it seems that
exposure to animal allergens from pets is really related to
predicting the development of atopy. One mechanisms may
be through immunological tolerance (condition marked by
the absence of an immune reaction to specific antigens).

IMMUNOLOGICAL/MOLECULAR BIOLOGICAL
VERIFICATION OF HYGIENE HYPOTHESIS

Kondo

Okay, since we are now talking about the mechanisms of
hygiene hypothesis, we should probably move on to the next
topic, molecular biological/molecular genetic data.

The papers we have talked about so far only show a co-
relation between the frequency of allergic disorders and
environmental factors; they do not show a causal relationship

between them. We need to clarify the causal relationship in
future studies. For that, we need molecular biological data
and molecular genetic data. Dr. Kraft, could you tell us
about basic research reports?

Kraft

Well, I can show you a little bit of our work when I
worked at the National Jewish Medical and Research Center
in Denver, Colorado. In this study, which was led by
Professor Richard Martin, the effects of mycoplasma infection
on the development of Th2 inflammation in a mouse model of
asthma was investigated. Airway hyper responsiveness
(BHR), the number of inflaimmatory cells in the lung, and
protein levels of interferon (IFN) -y (Thl cytokine) and
interleukin (IL) -4 (Th2 cytokine) were evaluated.”

In the mice that were infected by Mycoplasma pneumoniae
before ovalbumin (OVA) sensitization, although BHR was
lower than the control group (saline) at 3 days after the
infection, both BHR and lung inflammatory markers
increased after that and IL4 increased on Day 7 and 21. The
IFN-y /IL-4 ratio increased at 3 days after the infection and
decreased on Day 7.

On the other hand, in the mice that were infected by
Mycoplasma after sensitization with OVA, airway
hyperresponsiveness  decreased and  infiltration  of
inflammatory cells to the lung was also mild compared to the
control group. In BALF (bronchoalveolar lavage fluid),
IFN-y significantly increased and IL-4 decreased, suggesting
a Thl response.

What is important is that infection after sensitization
increase BHR and Th2 inflammation, and infection before
sensitization favors Thi inflammatory response.

Gifu University Graduate School of Medicine,
Department of Pediatric Pathology

Professor Naomi Kondo
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The importance of the timing of infection was confirmed
by the animal experiment (Fig. 3, 4).

Kondo

These are very interesting results. It means that in
humans, sensitization to allergens and the state of infection in
the perinatal period, neonatal period, and infancy is
important,

Kaminogawa
Very interesting. I am very interested in the cellular/
molecular differences in the body.

(Asthma Frontier 2 : 21, 2003)

Kraft

There is another important study by Eisenbarth SC and
colleagues published in the Journal of Experimental Medicine
in 2002® They gave LPS to mice. It turned out that the
dose of LPS was important. Low-dose LPS induced a Th2
response and high-dose LPS induced a Thl response. So, it
is not only timing, but also dose that is important (Fig. 5).

Kaminogawa

What is the mechanism behind it? Why does low-dose LPS
induce the Thl reaction and high dose LPS induce the Th2
reaction?
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Kraft

Eisenbarth SC and colleagues speculated that it worked
somehow through a new pathway. Although they haven't
worked out all the pathways of the mechanism yet, it is
important enough to shed light on the concept that it's more
of a dose as well as timing.

Kaminogawa
Do you already have evidence or literature on this
mechanism?

Kraft

No, this is Eisenbarth's paper. The TLR4-deficient mice
didn't manifest this response. The TLR4 receptor was
critical for this whole process and it worked through an
MyD88-independent pathway. So, that is also new
information.

Kondo

Thank you. Many scientists are interested in the balance
of Thl/Th2, and we also investigated the factors that affect
this balance. Let me introduce some here.

First, we investigated the roles of IL-10 in allergy. IL-10
was identified by Mosman et al. in 1989 as a factor that
suppresses the production of cytokines in Thl cells. Further
studies revealed that it is also produced by various other cell
types and has various effects. However, at that time, the
involvement of the cytokine network in allergy had not been
sufficiently investigated.

So, we investigated these points. IL-10 dose dependently
suppressed the production of Thl cytokines such as IL-12
and IFN-y that were strongly expressed in the peripheral
blood mononuclear cell fraction iz vitro (Fig. 6). In contrast,
in the T-cell clones, IL-10 dose dependently suppressed the
production of Th2 cytokines (IL-4). These results show that
IL-10 suppresses the production of Thl cytokines (IL-12 and
IFN-y) strongly expressed in witro, while it also suppresses
Th2 cytokines. Therefore, IL-10 probably regulates the
balance of Thl and Th2.

We also investigated the production of these cytokines in
the control group and the allergy group. In the allergy
group, the production, of IL-10 was significantly reduced.
Furthermore, in a comparison of children younger than 2
years old and children older than 2 years, although it was not
statistically significant, the production of IL-10 was lower in
children with allergy younger than 2 years old.

Kraft

I believe that IL-10 is a critical mediator in this Th1/Th2
balance, and its roll begins early in life more studies
evaluating the genetics of regulating IL-10 function should be
performed.

PREVENTIVE THERAPY AND ITS DEVELOPMENT
BASED ON HYGIENE HYPOTHESIS
-POTENTIAL OF PROBIOTICS-

Kondo

Okay, as the next topic, I would like to discuss how we can
make use of hygiene hypothesis in the treatment/prevention
of allergy.

In the discussion we have had so far, it has been suggested
that allergy can be prevented by enhancing the Thl immune
response and suppressing the excessive Th2 immune
response. In fact, studies that apply these hypotheses to
treatment have already been undertaken. One of them is the
application of “probiotics.” Professor Kaminogawa is a
specialist in this field. Professor Kaminogawa, could you
briefly tell us about “probiotics?”

Kaminogawa

Bacterial infections enhance the Thl response and
suppress allergy that is affected by the Th2 response; this is
the concept of hygiene hypothesis, And for example,
bifidobacteria and lactobacilli that inhabit the intestine have
the ability to induce non-allergy-type lymphocytes, namely
Thl. Indeed, these bacteria are fewer in children with
allergy and abundant in control children without allergy,
suggesting that they also suppress allergy in wvivo. The
concept of the application of “probiotics” is to use these
bifidobacteria and lactobacilli to prevent allergy.

Kondo
Then “probiotics” means bacteria.

Nihon University College of Bioresource
Science Department of Food Science and Technology

Professor Shuichi Kaminogawa
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Kaminogawa

It means the so-called “goodies.” The microflora in the
colon (Fig. 7) play an important role in both human health
and diseases. For example, Ps. aeruginosa, Proteus, and
Staphylococci are pathogenic bacteria that have harmful
effects and Lactobacilli, Eubacteria, and Bifidobacteria
enhance human health. In particular, bacteria that live as
symbionts to humans play a role in the maintenance of the
homeostasis of the immune system. An immune system that
is protected by enterobacteria can destroy pathogenic
bacteria through IgA.

The word “probiotics” originates from a Greek word that
means “beneficial for life,” and it is the antonym of
“antibiotics” (harmful to life). Both probiotics and antibiotics
protect the host from diseases but the former is symbiotic
and the latter is antibiotic (Fig. 8).

In Fuller's definition, probiotics means “live bacterial
additives that bring beneficial effects to animals by
improving the balance of intestinal flora” But now the

(Asthma Frontier 2 : 21, 2003)

definition of probiotics has been widened to “live bacteria
that bring beneficial effects to the consumer when sufficient
amounts are ingested or topically applied.”

Probiotics used in Japan include lactobacilli and
bifidobacteria. These probiotics are believed to prevent
infection by pathogenic bacteria, improve the immune
system, and prevent cancer.

Kondo
I see. What kind of evidence do we have? Is there
epidemidlogical data?

Kaminogawa

There is an interesting study that compared children in
Sweden where the prevalence of asthma is high and in
Estonia where the prevalence of asthma is low. This study
was conducted by Bjorksten B and colleagues®. In this
study, the numbers of bifidobacteria and lactobacilli were
lower in children with allergy (Fig. 9, 10).
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Kondo
Dr. Kraft, do you know about probiotics?

Kraft

Yes, I do. Although this field is still in its infancy, many
American scientists, including me, are very interested in this
area. ] have seen a study that showed that alimentary
therapy using probiotics changes the flora in the human
intestine. A small study in asthma suggested a favorable
effect of probiotics in asthma. Large-scale studies may be
conducted on asthma as well in the near future. It would be
very interesting.

Kondo

The concept that “probiotics” can prevent allergy is also
important for understanding the hygiene hypothesis. What
studies have been conducted on allergic diseases?

(Roberfroid, et al : 1995)

Kaminogawa

First, in 1998, we showed that lactobacilli suppressed
serum IgE/IgG and systemic anaphylactic symptoms using a
food allergy mouse model (Fig. 11)”.

Then, in 2002, a Finnish group led by Kalliomaki M
showed that giving lactobacilli to pregnant or lactating
mothers and infants (up to 6 months old) reduced eczema
symptoms in the first 2 years of life (Fig. 12)%.

Kraft
What mechanism do you think,
phenomena?

are behind these

Kaminogawa

This is just a hypothesis, but I think it is through the
lipoteichoic acid and peptide glycan that exist in the cell
walls of gram-positive bacteria such as lactobacilli and
bifidobacteria. I think that when these bacteria meet
immune cells, first these materials transmit the signal
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through TLR2 on antigen-presenting cells, resulting in
induction of Thl cells and suppression of allergic reactions.
(Fig. 13).
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That is a very interesting study. It is also reasonable to
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consider that, as a mechanism of allergy suppression using
probiotics, exposure to these stimuli and stimuli from their
components in the perinatal/neonatal period induces the
development of regulatory T-cells, leading to better control of
the balance between Thl and Th2.

Dr. Kraft, what do you think about the roles of these
bacteria?

Kraft

I can comment from a different perspective regarding
bacteria and asthma.

In a symposium that I participated in recently, I had the
opportunity to discuss the relationship between mycoplasma
and asthma. We have conducted a retrospective review of
patients who tested positive for mycoplasma in their airways
by PCR. We found that their symptoms tended to be
exacerbated more frequently. They also had more mast cells
in the airway.

I think this might be a bit counterintuitive because
frequent antibiotic use may actually contribute to the
development of atopy in the young. With regard to
mycoplasma, we may see a day when we actually treat this
organism using an antibiotic. We have performed a clinical
trial and found improvement in asthma with antibiotics in
those patients who demonstrated mycoplasma in their
airways.

Kaminogawa

I agree with you. But I think that you said that low-dose
LPS might induce Th2. That means that low-dose LPS
increases allergy in patients.
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Kraft

Indeed. I am also thinking about some of the paradoxes
that we see with the hygiene hypothesis in established
asthma, LPS or endotoxin can make asthma worse.

For example, asthma patients with allergy in inner cities
have exposure not only to allergens, but also to a lot of
endotoxin. Yet they don't seem to be deriving much benefit
from the endotoxin exposure. Many factors other than
allergens and endotoxins are also involved which may
confound this observation.

So, although we have more definitive information in terms
of the development of asthma, we need to elucidate the
paradoxes of the hygiene hypothesis in established asthma in
future studies.

Kaminogawa

I think that the hygiene hypothesis remains an important
issue. If it had not been for the hygiene hypothesis, the idea
of applying probiotics for treatment would never have come
along.

FINALLY
-FUTURE ISSUES OF HYGIENE HYPOTHESIS AND
MESSAGES FOR READERS-

Kondo

We have talked about evidence that supports the hygiene
hypothesis, then treatment that utilizes the hygiene
hypothesis where we found paradoxes of the hygiene
hypothesis. It is really like coming full circle. Finally, I would
appreciate it if each of you could make a comment on today’s
topics as a message for the readers.

Kaminogawa

I understand that the hygiene hypothesis is still just a
hypothesis. For example, for a long time, the relationship
between environmental bacteria and the immune system was
not very clear. But recently, it was shown that these two
strongly interact. Therefore, it is feasible to think that the
immunological balance of the body is established by various
bacterial infections. And we now know that the interaction
is established between the TLR of the immune cells and cell
constituents. When the interaction loses its balance, we get
various diseases. It is probably during the long history of
evolution that this interaction became essential,

Kraft

There was a time when infectious diseases were the major
cause of death throughout the world. This is not longer true
thanks to improvement in hygiene status and the use of
antibiotics. However, now we are faced with more allergic
disease because of the hygenie conditions. I think we have
much to learn about the interaction between early infection,
the development of the immune system and the presentation
of allergic disease.

Kondo

It seems that we still have a lot to learn about hygiene
hypothesis. Applications of hygiene hypothesis to treatment
such as the aforementioned probiotics, CpG DNA therapy,
and desensitization therapy are being vigorously studied. I
am very interested in seeing the results of these studies.

As hygiene hypothesis diffuses, some people start to
believe that a dirty environment and moving to a rural area
may be good for the prevention of allergic diseases such as
asthma. I would like to finish my talk by emphasizing that
including today's comments, what hygiene hypothesis
suggests is the importance of going back to the origin of the
human species and living in a good natural global
environment, rather than returning to a dirty environment.

Today, I think that we covered a wide variety of aspects of
hygiene hypothesis, history, pros and cons, and application to
the latest treatment. Dr. Kraft, Professor Kaminogawa,
thank you very much.

Kraft - Kaminogawa
Thank you very much.
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IL-12B Promoter Polymorphism
Associated with Asthma and IL-12B
Transcriptional Activity
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Naomi Kondo!

ABSTRACT

Background: The interleukin-12B gene (/L-72B) encodes the p40 chain of interleukin-12 (IL-12), which pro-
motes cell-mediated Th1 responses and the production of interferon-gamma (IFN-y) that downregulates IgE
production. Chromosome 5q31-q33 near the /L-712B locus is significantly linked to asthma, as determined by a
genome-wide search in the Japanese population.

Methods: We sequenced exons 1-8 including parts of the introns and promoter region of /L-12B in asthmatic
patients and healthy controls. We examined plasma IL-12 concentrations, IL-12 production by Derf1-stimulated
peripheral blood mononuclear cells (PBMCs) and the /L-12B transcriptional activity.

Results: /L-12B promoter polymorphism existed as ~2703CTCTAA/GC and ~2493T/C alleles, which were linked
to each other. Homozygosity for haplotype 1 ( 2703CTCTAA /-2403T) was associated with asthma susceptibility
in Japanese children (P < 0.001). Both plasma IL-12 concentrations and IL-12 production by Derf1-stimulated
PBMCs in the subjects with homozygotes for haplotype 1 were lower than those with homozygotes for haplo-
type 2 ( —2703GC /-2403C) (P < 0.001). The transcriptional activity of the construct with haplotype 1 was lower
than that of the construct with haplotype 2, and the /L-72B transcriptional activity was influenced by the -2403T/
C allele rather than by the 2703CTCTAA/GC allele.

Conclusions: Homozygosity for haplotype 1, which is associated with reduced /L-72B transcriptional activity

and reduced IL-12 production, is a predisposing factor for asthma susceptibility in Japanese children.

KEY WORDS

asthma, IgE, interferon-gamma, interleukin-12B promoter polymorphism

INTRODUCTION

Interleukin-12 (IL-12) is a heterodimeric molecule
that is composed of two disulfide-linked subunits, p35
and p40. It is produced by macrophages, B cells and
other antigen-presenting cells (APCs),12 and plays
important roles in interferon-gamma (IFN-y) produc-
tion by T cells and natural killer (NK) cells.
Genome-wide linkage screens, in which the ge-
netic factors of the diseases can be identified, have
been performed for asthma and recognized many re-
gions linked to asthma.3 Asthma is associated with
Th2 cytokines, such as IL-4, IL-5, IL-9, I1-13, which
are mapped to chromosome 5q31-q33. Polymor-
phisms of the IL-4 receptor o chain and I1-13 are as-

sociated with asthma.46 Yokouchi et al. have re-
ported significant evidence for linkage of asthma to 5
q31-33 near the /L-12B locus but not the 11-4 and IL-
13 loci in the Japanese population.” Therefore, I1-12
B is one of the candidate genes for asthma. Several
polymorphisms have been identified in IL-12B,89 in-
cluding a single-nucleotide polymorphism in the 3’
untranslated region, which has been associated with
the susceptibility to type 1 diabetes and atopic derma-
titis10.11 but not to asthma and allergic rhinitis in the
Japanese population.!? Recently, it has been reported
that the polymorphism exists in the IL-12B promoter
region.13.14

In this study, we sequenced exons 1-8 including
parts of the introns and region 3 kb upstream from
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Table 1 Sequence of oligonucleotides for PCR.

Primer Sequence Primer Sequence position
18 5-GAGAAGCATTCAGAAGCTCT-3 1A 5-GTCCCACTTCACAATCCAGA-3’ promoter
25 5-GTTTGTCAGCAGACCTTCCT-8 2A 5'-GGAACAGGGCTCTGAATTGT-3' promoter
38 5-GACAAGTGATTTCACTGCGG-3 3A 5'-GGGCTAGTCCTATATGAAAG-3' promoter
48 5-GGTATCCAGCTCTCTAACTC-3' 4A 5-GACTTTGCCTTTTAGCCTTC-3 promoter
58 5-GCAATCTGCTTTGTCCACTT-3' 5A 5-GCTAAGAGGTATGCAAAGGT-3’ promoter
6S 5-GCAGGTACATGTTCCTGTTC-3' 6A 5-GGTTCTTCCCAAGTCAGAGA-3’ promoter
7S 5-GCCAAGATGGGTGGTAAATA-3' 7A 5-GAGGAGGGAACATAGACATC-3' promoter
88 5-GCATCTCCATCTCCTTCCTT-3' 8A 5-GCACACTAACGGTTTCTACA-3 exon1
98 5'-GGCTTAAAGGGGCCAAGT-3’ 9A 5-AGGGAGCACTATCCCTCAGC-3' intron1-1

10S 5-ATGTTATCTCATTGCCTTTC-8' 10A 5-AAGTGGTTCTGAAACCACTG-3' intron1-2

118 5-GTATCAGATGGCTTGCCTTA-3 11A 5'-GTGCATGGTTGCCCATTTCA-8 exon2

12S 5'-GGGAAGACTAAGCTCTACTG-3' 12A 5'-CAACGAACCAAGACTGTCAT-3' intron2

138 5-GTCTTGTGCTGTTTGCAGTT-3' 13A 5'-GCATCTCCAAACTCTTTGAC-3' exon3-1

148 5'-GTGACACCCCTGAAGAAGAT-3' 14A 5-GAGGCTAAGCATTCAGACTG-3’ exon3d-2

158 5-GATAGTGTATCACTCTGCAC-3' 15A 5'-GCTGAGAAACCAGAGCAGTT-3 exon4

16S 5-TACTTCTGCTGACACCACTA-3’ 16A 5-GAACTAGGATCAAATTGTATAC-3 intron4-1

17S 5-.GGTTACATAATCATATGTA-3' 17A 5-GTTAGGATTTCAGGTGTGAG-8’ intron4-2
18S 5-TCCAGAGACATGTAAGTGC-3’ 18A 5-GAGATGATGCTTGTCAACCA-3 exonb

198 5'-GCATCTCTCAGATCCTGCAA-3 19A 5'-GCACCTGAATCACTTCTTAC-3' exonb

20S 5-GCTAGAAAGATGAAAGCTGG-3’ 20A 5-GTTTCTGATTCTGGCAACTG-3' exon7

218 5-TAGCTCATCTTGGAGCGAAT-3' 21A 5-GCTTGCCAGAGGCTTTICTTG-3’ intron7

228 5-GCAAGCTTGCAGGACTCAGA-3' 22A 5-GATGGATCAGGTCATAAGAG-3’ exon8-1

238 5'-GCCAGGATGTATGGAATGTT-3' 23A 5-GACAGGGTCTCATTCTGTCA-3 exons-2

248 5'-GCCTAGGTGACAGAATGAGA-3' 24A 5'-GCAAGCAGAGTACTCAAATC-3' exon8-3

the transcriptional start site of IL-12B in 30 patients.
Furthermore, we investigated IL-12B promoter poly-
morphism in 111 asthmatic patients and 78 controls,
and examined the relationship between IL-12B poly-
morphism and asthma prevalence, IL-12 production
and [1-12B transcriptional activity. We showed that
IL-12 B promoter polymorphism is associated with
asthma and influences IL-12 production and IL-12B
transcriptional activity.

METHODS
PATIENTS AND CONTROL SUBJECTS

One hundred and eleven asthmatic patients and 78
controls were enrolled in this study. Asthma was di-
agnosed on the basis of the American Thoracic Soci-
ety guidelines. All the asthmatic patients showed total
IgE levels above 200 IU/mL or specific sensitization
to major allergens such as house dust and mite. The
mean age + SD of the asthmatic patients was 5.6 + 2.9
years, and their mean IgE + SD level was 906.8 =
1347.4 TU/mL. All the controls had a negative history
of atopic diseases. Their plasma IgE levels were
lower than 150 IU/mlL and their specific IgE levels
were negative. The mean age + SD of the controls
was 4.7 = 3.4 years, and their mean IgE = SD level
was 52.3 + 52.4 IU/mL. Informed consent was ob-
tained from all the subjects or their parents.
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DETECTION OF IL-12B POLYMORPHISM

Genome DNA was extracted from neutrophils with a
Sepa-gene kit (Sanko Junyaku, Tokyo, Japan). Exons
1-8 including parts of the introns and region 3 kb up-
stream from the transcriptional start site of IL-12B
were amplified and sequenced using an ABI 3100
DNA sequencer (Applied Biosystems, CA, USA). We
also sequenced previously identified polymorphisms
in the introns.? The conditions for the PCR were 94
T for 1 minute, 60T for 1 minute, and 72C for 1
minute. The primers used are shown in Table 1.

CELL PREPARATION :
Peripheral blood mononuclear cells (PBMCs) were
separated from the heparinized blood of the subjects
by gradient centrifugation in Ficoll-Paque (Pharma-
cia, Uppsala, Sweden). PBMCs were suspended at a
density of 1 x 106/mL in RPMI 1640 medium supple-
mented with 10% heat-inactivated fetal calf serum
(FCS), 2 mmol/L L-glutamine, 100 U/mL penicillin
and 100 ug/mL streptomycin.

CELL CULTURE

PBMCs (1 x 108/mL) were cultured in the presence
or absence of 5 [U/mL recombinant human IL-12 (R
&D Systems, Inc, Wiesbaden, Germany) or 5 pg/mL-
Derfl (Asahi, Tokyo, Japan) for 24 hours in a final
volume of 1 mL in a round-bottom tube (Falcon 2059,
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Becton Deckinson Labware, Franklin Lakes, NJ,
USA) at 37C in a humidified atmosphere containing
5% CQ2.15

ASSAYS FOR CYTOKINES

Plasma samples isolated from heparinized blood and
the supernatants of the cell culture were stored at
-30TC until assay. IL-12 concentrations in the plasma
and the supernatants of the Derfl-stimulated cell cul-
ture were measured with a human IL-12+p40 ELISA
kit (Bio Source International, CA, USA) ; the mini-
mum detection limit was 7.81 pg/mL. This ELISA kit
recognized both natural and recombinant human IL-
12, as well as the free p40 subunit. IFN-y concentra-
tions in the supernatants of the I1-12-stimulated cell
culture were measured with a human IFN-y ELISA kit
(Ohtsuka, Tokyo, Japan) ; the minimum detection
limit was 15.6 pg/mL..16

lgE ASSAY

Plasma IgE levels were determined by chemilumines-
cent enzyme immunoassay. Specific IgE antibodies
for house dust, mite, cedar pollen, cow's milk, and
hen’s egg were measured by using a Uni-Cap assay
kit (Pharmacia, Uppsala, Sweden). A specific IgE
level above 3.5 IU/mL was considered positive.

CELL LINES AND REAGENTS

Mouse macrophagic cell line RAW264 (RIKEN Cell
Bank, Tsukuba, Japan) was cultured in RPMI 1640
supplemented with 10% FCS, 2 mmol/L L-glutamine,
100 U/ml. penicillin and 100 pg/mL streptomycin.

PLASMIDS FOR LUCIFERASE ASSAY

The -2808/-2303 distal enhancer region of IL-12B
was obtained from genomic DNA by PCR amplifica-
tion with the primers 5’ -ttccggtcgACATGTTGATAA
ACCTCTTCTCC-3" and 5  -ttgecggatcCGTAGCTCA
CAAGGGGACATCAAAGATGAC-3" . The conditions
for the PCR were 94C for 1 minute, 60C for 1 min-
ute, and 72C for 1 minute. Sall and BamHI restric-
tion endonuclease sites embedded in the PCR prim-
ers allowed the release of a 512-bp insert. The ampli-
fied PCR product was subcloned into the luciferase
reporter plasmid PicaGene Promoter Vector 2 (PGV-
P2 ; Toyo Ink Mig. Co., Ltd., Tokyo, Japan). Further-
more, we constructed the mutant vector, which
changed the T allele in the reporter vector with a 1.1
genotype into the C allele (mut-1). Circular DNA,
which was the vector with a 1.1 genotype, was ampli-
fied using the sense primer 5" -GACAAGTGATTTCA
CTGCGGGAAGACAATTCAGAGC-3’ , and the anti-
sense primer 5" -GCTCTGAATTGTCTTCCCGCAGT
GAAATCACTTGTC-3’ with native Pfu DNA polym-
erase (Stratagene, California, USA). These primers
were oligonucleotides with one base mismatch (un-
derline). The conditions for the PCR were 95C for 1
minute, 55C for 1 minute, and 68°C for 10 minutes.
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The DNA sequence of PCR product was confirmed
with an ABI 3100 DNA sequencer. We constructed
another mutant vector, which changed the C allele in
the reporter-vector with a 2.2 genotype into the T al-
lele (mut-2) by the same method. The vector with a
2.2 genotype was amplified using the sense primer
5" -GACAAGTGATTTCACTGTGGGAAGACAATTCA
GAGC-3', and the anti-sense primer 5 -GCTCTGAAT
TGTCTTCCCACAGTGAAATCACTTGTC-3 .

TRANSFECTION

The IL-12 B promoter-reporter construct was trans-
fected in RAW264. The cells were collected, resus-
pended at a concentration of 3 x 106 cells/10 ml in an
80 mm? flask, and incubated for 24 hours at 37C in a
5% COz2 atmosphere. DNA (reporter construct 12 ng,
CMV control vector 3 ng ) was resuspended in 600
pL. of OPTI-MEM (Gibco BRL, Grand Island, NY,
USA) in a 15 mL Falcon tube, to which 15 pL of
lipofectamine 2000 (Gibco BRL, Grand Island, NY,
USA) was added ; the mixture was incubated for 20
minutes at 37°C in a 5% COz2 atmosphere. The cells
were washed once, resuspended in 6 mL of DMEM
(Gibco BRL, Grand Island, NY, USA) with 10% FCS
and 600 uL. of OPTI-MEM including the reporter con-
struct in an 80 mm? flask, and incubated for 24 hours
at 37C in a 5% COz2 atmosphere. The cells were
treated with recombinant murine IFN-y (1,000
U/mL ; Wako Pure Chemical Industries, Ltd.,
Osaka, Japan) and 6 mL of the same medium for the
stopping lipofectamine reaction for 24 hours before
the addition of LPS (1 ug/mL) (Sigma, St. Louis,
USA). After stimulation with LPS for 24 hours, cells
were harvested and lysed by cell lysis buffer.1?” The
lysates were used for luciferase assay with a Pi-
caGene Dual SeaPansy Luminescence kit (Toyo Ink
Mfg. Co., Ltd., Tokyo, Japan).

STATISTICAL ANALYSES

The significant difference between two groups was
analyzed by the Mann-Whitney U test. The significant
differences among three groups were analyzed by the
Bonferroni/Dunn test. The frequency in IL-12B pro-
moter polymorphism between the asthmatic patients
and the controls was compared using the chi-square
test for independence. Hardy-Weinberg equilibrium
was determined by means of chi-square test for inde-
pendence. Statistical significance was assumed for
p-values less than 0.05.

RESULTS
DETECTION OF IL-12B POLYMORPHISMS

Exons 1-8 including parts of the introns and region 3
kb upstream from the transcriptional start site of IL-
12B were amplified by PCR. Several polymorphisms
have been reported in IL-12B.89 We found three
novel polymorphisms. The T/C allele (NP2) existed
at -2403 from the transcriptional start site of IZ-12B,
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Fig. 1

Genomic organization of human /L-12B. By comparing the complete ge-

nomic sequence with the published cDNA sequence, the position of exons 1-8 and
introns was deduced. Arrows indicate approximate positions of confirmed
polymorphisms. NP2, 15 and 16 are novel polymorphisms (underlines). The other
described NPs have been reported in the previous study. NP = nucleotide polymor-

phism

Table 2 Genotype frequencies of /L-12B promoter poly-
morphism in asthmatic patients and controls.

Gnovpe e A
1.1 15 (17.9%) 34 (30.6%)
1.2 34 (43.6%) 63 (56.8%)
2.2 29 (37.2%) 14 (12.6%)
P-value <0.001

and the T/G (NP15) and C/T (NP16) alleles existed
in introns 4 and 6 (Fig. 1). We investigated the fre-
quency of IL-12B polymorphisms and plasma IL-12
concentrations in 30 subjects. Although the frequen-
cies of all IL-12 B polymorphisms were not signifi-
cantly different between the allergic patients and the
controls, plasma IL-12 concentrations in the subjects
with the homozygotes for the -2703CTCTAA/-2403T al-
lele (haplotype 1) were significantly different from
those in the subjects with homozygotes for the ~2703
GC/-2403C allele (haplotype 2) in NP1 + 2 (data not
shown). Therefore, we investigated that whether
there is an association between NP1 + 2 and asthma,
and whether NP1 + 2 affect IL-12 production.

ASSOCIATION BETWEEN IL-12B PROMOTER
POLYMORPHISM AND ASTHMA

NP1 existed at -2703 from the transcriptional start
site in II-12B. We also identified NP2 at -2403 from
the transcriptional start site, and this polymorphism
was linked to NP1. We designated the homozygotes
for haplotype 1, heterozygotes, and homozygotes for
haplotype 2 as genotypes 1.1, 1.2, and 2.2, respec-
tively. The frequencies of IL-12B promoter polymor-
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phisms in 189 samples are shown in Table 2. Allele
frequency of IL-12B promoter polymorphism did not
deviate from expected Hardy-Weinberg equilibrium (
P> 0.1). The frequency of a 1.1 genotype in the asth-
matic patients was significantly higher than that in.
the controls (P < 0.001).

PLASMA IL-12 CONCENTRATIONS IN THE CON-~
TROLS AND ASTHMATIC PATIENTS

As shown in Figure 2a, plasma IL-12 concentrations...:
in the asthmatic patients were significantly lower than
those in the controls. The mean + SD of plasma I1-12
concentrations in the asthmatic patients and controls™
were 136.8 + 62.0 pg/mL and 232.0 = 84.0 pg/mL
(P <0.001).

ASSOCIATION BETWEEN /L-12B PROMOTER
POLYMORPHISM AND PLASMA IL-12 CONCEN-
TRATIONS

We examined plasma IL-12 concentrations in each
genotype in both the controls and asthmatic patients.
Plasma IL-12 concentrations in the subjects with a 1.1
genotype were 153.1 + 70.0 pg/mL, which were sig-
nificantly lower than those in the subjects with a 2.2
genotype (218.6 = 85.1 pg/mL) (P < 0.001 : Fig. 2b).
Since reduced IL-12 production in the asthmatic pa-
tients might be affected by many factors such as
some genetic effects and environmental factors, we
also examined plasma I1-12 concentrations in each
genotype only in the controls. Plasma I1-12 concen-
trations in the controls with a 1.1 genotype were
205.2 + 63.8 pg/mL, which were significantly lower
than those in the controls with a 2.2 genotype
(255.8 + 70.8 pg/mL) (P<0.05: Fig. 2c).
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