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Table 2. Overview of the 22 SNPs of ADAM33 gene on chromgsome 20p13 that were genctyped in our case—control association study

SNP Ne. Variation™ Location SNP name Forward {f} and reverse (r) primers for PCRt Annealing Genotyping
in ref. [14] temp. (*C) methods
o1 — 3989 T/C 5' genomic 5'-CCTCTAAATGCACCAGGCTG-Y {f) 60 Direct sequencing
5-AGTGTGGATGTCAGGTACAG-3 ()
02 —-3982CT §' genomic 5-CCTCTAAATGCACCAGGCTS-3' (f) 60 Direct sequencing
5-AGTGTGGATGTCAGGTACAG-3' (1)
03 -3835CT 5' genomic 5-CCTCTAAATGCACCAGGCTG-3 (f) 60 Direct sequencing
5-AGTGTGGATOTCAGGTACAG-3' ()
04 — 3705 C/A 5' genomic 5-CCTCTAAATGCACCAGGCTG-3' (f) 60 Direct sequencing
5-AGTGTGGATGTCAGGTACAG-3 (1)
05 -85T/C 5' genomic 5'-CCAGGAGACCACGGAAGATC-Y' (f) 60 Direct sequencing
5-AAGCTGGTTGTGAGAGCGAG-3' ()
06 6716 G/C Intron 3 D-1 §-TTTTTCTCCACAACTAAGCCATCACCATG-3 (i) 58 RFLP, EcoT4 |
S'-TTCCTCCCTAAATGCTAATGG-3 ()
07 7441 AIG Exon 6 F1 S-TTCTGATCTGAGCAAGTCACC-3' {f) 60 Direct sequencing
{Thri78Ala) 5 -TTGGAGGGCTATAGATACAGC-3' (r)
08 7575 G/A Infron 6 F+1 5-GGGGAGCCCTCCAAATCAGAAGAGCC-3 (f) 58 RFLP, Msp |
5-AGTGGAAGCTGCTGGGCTT-3 (1)
09 7667 AIG Intren & G-1 5-GCTGTATCTATAGCCCTCCA-3' (f) 58 RFLP, PshB |
5'-&GGGCTTGAGCCCTGACCATTAA-a’ n
10 9073 G/A Intron 11 L-1 5-CAAGGGTGCTCGTGTCCTC-3' {f) €0 Invader assay
5-GCTCAGGCAAAGTGGATTCTC-3 (1)
11 10918 G/C Exon 19 82 5 -GGAACCGCAGGAGTAGGCTC-3' (N 60 Invader assay
(Gly717Gly} 5-GGAAGAATGCCTTCCAGGAG-3' ()
12 11188 AT Infron 19 S+1 5.CTTCCTCAGTGGCCTCCCAGTCAATCG-3 (f) 58 RFLP, Taqg|
5-AGGGTGAGGCAGCCAGCT-3 (1)
13 11434 C/A Intron 19 ST+4 5-TCGCCCTGTTITTTCCCTGG-3 (1) 55 RFLP, EccT4 |
5"-AAGGCCCAGCATTTGGGAACTCCATG-3' {f)
14 12433 T/C Exon 20 Ti 5-TCAAGTTCCTGGAGTGGETG-¥ (f) 60 Invader assay
(Met764Thr) 5-GGTTCTTTGGAAGCTGAGCG-3' (n
15 12462 C/T Excn 20 T2 S-TGGACTCTTATCACGTTGCTC-3' () 60 Direct sequencing
(Pro774Ser) 5'-GGGAAGAAACTTCCAAGCTGC-3' (1)
16 12540 C/T Infron 20 T+1 5'-TCAAGTTCCTGGAGTGGCTG-3' (f) 60 Invader assay
5 -GGTTCTTTGGAAGCTGAGCG-3 ()
17 12601 T/G Intron 20 T+2 5 -TGGGTGAGTGAGGCACCA-3' {f) 58 RFLP, Hha |
S.TTTACTTGTGAATATGGTCAGCAGGCG-3 ()
18 12846 G/A Intren 21 V-3 5 -TGGACTCTTATCACGTTGCTC-3 (f} 60 Direct sequencing
5-GGGAAGAAACTTCCAAGCTGC-3' (1)
19 12954 C/T Intron 21 V-2 5“TGGACTCTTATCACGTTGCTC-3 (f) 60 Direct sequencing
5-GGGAAGAAACTTCCAAGCTGC-3' (1)
20 13236 T/C ¥ UTR v3 5-GCTCCAGAACCTCAGGTGTAGC-3' (1) 60 Invader assay
5'-CTGACAGCCACTCCAGGAAC-3' (n)
21 13506 C/G 3 UTR V4 5-GCTCCAGAACCTCAGGTGTAGC-3 (f) 60 Irvader assay
5-CTGACAGCCACTCCAGGAAC-3' (1}
22 13527 A/G 3 UTR V5 5-GCTCCAGAACCTCAGGTGTAGC-3' (f) 60 Invader assay

5-CTGACAGCCACTCCAGGAAC-3' (1)

*The position of each variation is given in base pairs according to the GenBank accession numbers AF466287 for ADAM33 cDNA, and AP002898 for ADAM33
gene containing clone. Nuclectide numbering starts from the *A’ of the initiation codon. fltalic nucleotide was exchanged to incorporate the polymorphic site, and
undedined sequence was added as an elongation of PCH products.

UTR, untranslated region; ADAM33, a disintegrin and metalloprotease domain 33; SNPs, single-nucleotide polymorphisms.

Using genomic DNA extracted from whole peripheral blood
of study subjects by standard methods, we genotyped all 22
SNPs with one of the following three PCR-based methods:
Invader assay [22, 23], restriction fragment length poly-
morphism (RFLP), or direct sequencing.

Invader assay

To simplify the SNP-typing procedure, a panel of seven SNPs
(see Table 2) was genotyped with multiplex PCR-Invader

assay, as described in detail elsewhere [23]. In brief, we
amplified 5ng of genomic DNA with PCR primers designed
to include one or more SNPs (sequences of the primers are
listed in Table 2). Invader assay was then performed through
use of multiplex PCR products as template. Third Wave
Technologies (Madison, WI, USA) designed probe sets for
each locus. Genotyping was performed on an ABI PRISM
7700 Sequence Detection System and attached analysis
software SDS 2.0 (Applied Biosystems, Foster City, CA,
USA).
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PCR-RFLP

PCR-RFLP analysis was used to genotype six SNPs (see
Table 2). Brefly, genomic DNA was amplified with PCR
primers (for primer sequences see Table 2). PCR fragment
generated was then digested overnight with a site-specific re-
striction endonuclease (see Table 2) according to the manu-
facturer’s recommendation. The digestion products were
visualized on a 4% agarose gel stained with ethidium bromide.

Direct sequencing

Remaining nine SNPs, as shown in Table 2, were subse-
quently determined directly on a capillary-based sequencer,
using BigDye-terminator cycle sequencing according to
standard procedures. In brief, sequencing reaction was ac-
complished with PCR products, BigDye Terminator v.2 (Ap-
plied Biosystems), and one unlabelled primer either reverse
(5-CGAAGTCTCTGAGAAAGGGT-3' for four SNPs of
—3989T/C, —3982C/T, —3835C/T and —3705C/A, and
SATGCCCTCTGCTTTGCCAGC-3 for —85T/C) or for-
ward {(3-TGGGATGAGGTGAGCTCT-3' for 7441A/G,
5. TGGACTCTTATCACGTTGCTC-3' for 12462C(T, and
5'-CCTGAGAACTCTCATGAG-3' for both 12946G/A and
12954C/T). Following refinement of the reaction products by
ethanol, the purified products were sequenced on an ABI
PRISM 3700 DNA Analyzer (Applied Biosystems). Geno-
types were identified by comparing the peak levels of signals
within the expected allele range for all lanes through use of 2
computer programme SEQUENCHER 3.1.1 (Gene Codes
Corporation, Ann Arbor, M1, USA).

Statistics

Statistical analyses were performed using a SPSS 10.0] for
Windows (SPSS Inc., Chicago, IL, USA). The Hardy—
Weinberg equilibrium of genotype distribution for each of
22 SNPs in ADAM33 gene was assessed by y” test. Genotype
and allele frequencies in cases and control subjects were
compared using Pearson’s %2 test. If an expected number was
less than 5, Fisher’s exact test was then used. Odds ratio (OR)
and 95% confidence interval (95% CI) were calculated as
measures of the association of 4DAM33 polymorphisms with
JCPsis. Quantitative traits relating to clinical severity (severe
vs. mild-to-moderate} and nEQS counts (positive vs. nega-
tive) were also analysed with % test. When genotypic
frequencies were compared between different groups, a
2 x 2 table was performed. Association between total serum
12E levels and ADAM33 genotypes was tested with ANOVA, ¢-
test and general liner model (GLM). For these analyses, total
IgE values were logarithm transformed to normalize the
distribution. Non-parametric tests (Kruskal-Wallis test and
Mann-Whitney test) were employed for an association
analysis of ADAM33 genotypes with actual values of specific
IgE to JCP.

Pairwise linkage disequilibrium (LD) and haplotypes for
ADAM33 polymorphisms were evaluated using the pro-
gramme SNPAlyze 3.1 (DYNACOM Co. Ltd, Chiba, Japan),
by the method described elsewhere [24]. Haplotype frequen-
cies were estimated by the expectation-maximization algo-
rithm. Significance levels were corrected for multiple
comparison of the number of correlations by Bonferroni

adjustment. Two-talled P-value of less than 0.05 was
considered statistically significant.

Results

Association of ADAM33 polymorphisms with JCPsis

Overall success rate for the SNP genotyping in the present
study was 99.4%. All 22 SNPs investigated were in Hardy—
Weinberg equilibrium (P>0.05). Therefore, genotyping
errors can most probably be excluded.

Among typed 22 SNPs of ADAM33 gene, six of them had
significant associations with JCPsis (Table 3). The statistical
P-values were 0.0002-0.022 (OR =4.81 — 1.66) for absolute
allele frequencies. These SNPs were 7575G/A (SNP F+1 in
ref. [14]) in intron 6, 9073G/A (SNP L-1) in intron 11,
10918G/C (SNP S2, Gly717Gly) in exon 19, 12433T/C (SNP

' T1, Met764Thr) and 12462C/T (SNP T2, Pro7743er) in exon

20 and 12540C/T (SNP T+1) in intron 20. Furthermore, a
comparison of allelic frequencies in these SNPs indicated that
the frequencies of common alleles (7575G, 9073G, 10918G,
12433T, 12462C and 12540C) were significantly higher for the
JCPsis-affected individuals than for the healthy control
subjects (P <0.05).

As shown in Table 3, we also evaluated the frequencies of
diploid genotypes in cases and controls, and observed that
five of the SNPs (9073G/A, 10918G/C, 12433T/C, 12462C/T
and 12540C/T) were significantly associated with JCPsis
(P = 0.00004-0.004, OR = 6.71-2.39).

No significant association was detected (P>0.05) in the
analyses for other vanants — a coding SNP (7441A/G,
Thr178Ala), seven intronic SNPs (6716G/C, 7667A/G,
11188A/T, 11434C/A, 12601T/G, 12946G/A and 12954C/T),
five 5' genomic SNPs ( — 3989T/C, —3982C/T, — 3835C/T,
—3705C/A and — 85T/Cjand three 3'UTR SNPs (13236T/C,
13506C/G and 13527A/G). -

In addition, to clarify whether sensitization to HDM would
affect the association between ADAM33 polymorphisms and
JCPsis, we analysed genotype and allele frequencies for each
of the 22 SNPs in patients with or without positive allergen-
specific IgE against HDM, and did not identify any
significant correlation (P> 0.05). Namely, association of the
ADAM33 gene with JCPsis was independent of allergic
sensitization to HDM in our study population.

Intragenic LD and haplotype frequencies in ADAM33 gene

To investigate the pattern of LD in the ADAM33 locus,
pairwise LD was measured by LD'| and #* among the 22 SNPs
genotyped. These 22 SNPs were located in one extended
block of LD and some were in tight LD {Fig. 1). However we
found that six of the SNPs had significant associations with
JCPsis, when pairwise LD was examined between these six
SNPs, most of the SNPs were in LD with each other (Table 4).
We further analysed the haplotype structure using four
SNPs (7575G/A [SNP F+1], 9073G/A [SNP L — 1], 10518G/C
[SNP S2] and 12340C(T [SNP T+1)) and identified six
common haplotypes covering more than 98% of the
population in both case and control groups (Table 5).
Estimated frequencies of the four-locus haplotypes were
compared between cases and control subjects, and found the
most common haplotype was 7575G, 9073G, 10918G and
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Table 3. Association between ADAM33 polymomhisms and Japanesa cedar potlinosis

Genotype frequency Allele frequency

SNP* Location m Genotype Pvaluet OR (95% CIY Allele P-value§ OR (95% CI"

7575 G/A Intron 6 GG GA Al A

F+1 Cases a5 0516 0.432 0.053 0.072 1.70 (0.95-3.05) 0.268 0.022 1.66 (1.07-2.58)
Controls a1 0.385 0.473 0.143 0.379

9073 G/A Intron 11 GG GA AA A

L1 Cases 94 0.947 0.043 0.011 0.00004 6.71 (2.45~18.37) 0.032 0.0002 4,81 (1.93-11.98)
Controls a5 0.726 0.274 0.000 0.137

10918 G/C Exon 19 GG GC cC [o]

s2 Cases 94 0.691 0.266 0.043 0.004 2.39(1.324.33) 0.176 0.006 1.96 (1.21-3.20)
Controls a5 0.484 0.442 0.074 0.295

12433 T/C Exon 20 TT TC cc c

T Cases 95 0.905 0.084 0.011 0.0003 4.20 {1.86-9.47) 0.053 0.001 3.24 (1.53-6.86)
Controls 95 0.695 0.305 0.000 0.153

12462 C/T Exon 20 CC CT TT T

T2 Cases 95 0.895 0.095 0.011 0.00007 4.52 (2.08-9.87) 0.058 0.0003 3.55 (1.74-7.24)
Controls 95 0.653 0.337 0.011 0.179

12540 CT Intron 2¢ CcC CT T T

T+1 Cases 95 0.905 0.084 0.01 0.0005 3.99 (1.77-9.03) 0.053 0.002 3.11 (1.47-6.60)
Controls 95 0.705 0.295 0.000 0.147

*SNP with P-value for genotype or allele frequencies between groups less than 0.05 listed. SNP name in rel. [14] indicated in bold. tNumber of valid subjects who
were successfully genotyped for each of SNP, {Analysis performed by a 2 x 2 table for each SNP using major homozygotes vs. others in cases and controls.
SAnalysis performed by a 2 x 2 table for the number of each allele in cases and controls. ¥ Reference group (controls) designated with an OR of 1.00,

5SNP, single-nuclectide polymorphism; ADAM33, a disintegrin and metalloprotease domain 33; Cl, confidence interval; QR, odds ratio.
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Fig. 1. Pairwise linkage disequilibrium in a disintegrin and metalloproteass domain 33 (ADAM33), as measured by £’-value (left panel) and 2 (right panel)
between all pairs of single-nucleotide polymarphisms (SNPs} examined. The physical locations of 22 SNPs refer to the SNP number (from 01 ta 22) shown in

Tabla 2.

12540C (GGGC haplotype) in both groups. This haplotype
was more frequently observed in patients than in healthy
controls {68.9% vs. 57.8%, P=0.027, OR = 1.62; see Table
5), however, when Bonferroni’s correction was applied to the
result we found no significant difference between the groups
(P =0.188). In contrast, a tight association with JCPsis was

observed with AACT haplotype (P =0.0013, OR =4.19; see
Table 5), and the association was also statistically significant
after correcting for multiple testing (P = 0.009). In the control
subjects, this haplotype had a frequency of 11.8%, whereas
the frequency in the JCPsis-affected individuals was substan-
tially lower, 3.1%.
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Table 4. Pairwise linkage disequilibrium coefficients between the six SNPs of ADAM332 gene

SNP* 7575 G/A, F+1 9073 G/A, L1 10918 G/C, 52 12433 T/C, T4 12462 C/T, T2 12540 C/T, T+1
7575 G/A, F+1 - 0.126 0.348 0.083 0.102 0.078

9073 G/A, L1 0.812 - 0.300 0.804 0.684 0.828

10918 G/C, 52 0.743 1.000 - 0.345 0.256 0.334

12433 T/C, 1 0.589 1.000 0.961 - 0.851 0.972

12462 C/T, T2 0.602 1.000 0763 1.000 - 0.827

12540 C/T, T+1 0.579 1.000 0.960 1.000 1.000 -

*The disease-associated polymorphisms in this study are shown. SNP name in ref. [14] indicated in bald.

D'-value (abs} is listed in lower left triangle, and r? in upper right.

SNP, single-nucleotide polymorphism; ADAM33, a disintegrin and metalloprotease domain 33,

Table 5. ADAM33 haplotype profiles in cur study population

SNP positiont Haplotype frequency

Haplotype* 7575, F+1 9073, L1 10918, §2 12540, T+1 ' Cases {n=94) Controls (n=91) P-value t OR [95% CI§
Haplotype 1 G G G 0.689 0.578 0.027 1.62 {1.06-2.48)
Haplotype 2 A G G c 0.130 0.1 0.985 1.01 (0.55-1.84)
Hagplotype 3 A G c c 0.110 0.130 0.554 1.21 {0.64-2.26)
Haplotype 4 A A c T 0.031 0.118 0.0013 4.19 {1.64-10.74)
Haplotype 5 G G c o] oms 0.013 0.698 1.40 (0.26-7.61)
Haplotype 6 G G c T 0.016 0.011 0.687 1.45 (0.24-8.79)
Others 0.006 ¢.019 0.272 3.03 (0.38-24.28)

*Haplotype structure using four SNPs anatysed. 1SNP name in ref, [14] indicated in bold. fAnalysis using a 2 x 2 fable for each haplotype vs. all others combined

in cases and controls. § Reference group designated with an OR of 1.00.

SNP, single-nuclectide polymorphism; ADAM33, a disintegrin and metalloproteass domain 33; OR, odds ratio; Cl, confidence interval.

Association of ADAM33 polymorphisms with cedar
pollinosis-related phenotypes

Of the 22 SNPs examined, five of them showed statistically
significant associations with cedar pollinosis closely related
phenotypes including disease severity, nEOS counts and
specific IgE to JCP (summarized in Table 6); however, no
SNP was associated with two of these three phenotypes.

Ninety-five affected individuals were further stratified into
two subgroups: those with mild-to-moderate JCPsis (n = 27)
and those with severe JCPsis (n = 68). As shown in Table 6,
the difference between two subgroups was significant in the
analyses for genotype distribution of two intronic SNPs
(P =0.027, both). These two SNPs were 12946G/A (SNP V-
1) and 12954C/T (SNP V-2) in intron 21, which were in
complete LD with each other (see Fig. 1). A trend was
observed for an association between the allele frequencies and
severe JCPsis relative to mild-to-moderate JCPsis, but not at
a statistically significant level {47.1% vs. 31.5%, P = 0.050).
Analysis of other polymorphisms in ADAM33 did not
identify any significant correlation between clinical severity
of JCPsis and genotype distribution, as well as allele
frequencies (P> 0.05).

No significant difference was detected in total serum IgE
levels (log TU/mL) between the genotypes for each of the 22
SNPs (using codominant, dominant and recessive models),
either in patients with JCPsis or in healthy control subjects
(P>0.05). Moreover, we examined the genetic association
between ADAM33 polymorphisms and total IgE levels using
a whole study population, while incorporating disease status
(case or control) as a covariate in 2 GLM analysis, and found
no evidence of significant association as well (P> 0.05).

However, we found that the genotype distributions for
11188A/T (SNP S+1) in intron 19 and 12601T/G (SNP T+2)
in intron 20 were associated with the actual levels of allergen-
specific IgE to JCP in sera from patients with JCPsis, but the
significance was marginal (P = 0.027 and 0.045, respectively;
see Table 6). No significant effects were demonstrated
from analysis to determine the associations between any
other SNPs of ADAM33 and specific IgE values for JCP
(P>0.05).

We next investigated the impact of ADAM33 variants on
eosinophil counts in nasal secretion from JCPsis-affected
individuals. A 5’ genomic polymorphism in ADAM33,
— 3989T/C, showed a significant difference in either genotype
or allele frequencies between nEOS-positive and -negative
subjects (see Table 6). Using the TT homozygotes as a
reference, we observed a significant association between
nEQS counts (positive vs. negative) and genotype frequencies
(P = 0.015). Comparison of allele frequencies showed that the
Callele frequency was significantly higher in the subjects with
positive nEOS than in those with nepative nEOQS (60.4% vs.
38.5%, P =0.036). No significant association was obtained in
the analyses regarding whether other polymorphisms of
ADAM33 were related to nEQS counts (P> 0.05).

Discussion

ADAM33, which maps to human chromosome 20pl3 and
consists of 22 exons [25), was recently identified to be a novel
asthma susceptibility gene [14]. To our knowledge, this study
represents the first evaluation of the 4DAM33 gene as a
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Table 6. Association between ADAM33 polymorphisms and cedar pollinosis related phenotypes

Clinical severity

Nasal eosinophila

SNP* Location Severe vs. mild-to-moderate nEQS positive vs. negative Speciic IgE levels against Japanese cedar pellen
—3989 T/C 5' genomic P=0.0151; F=0.036}

11188 AT, S+1 Intron 19 P=0.027§

12601 T/G, T+2 Intron 20 P=0.0455; P=0.0487

12946 G/A, V-3 Intron 21 P=0.027¢

12954 C/T, V-2 Intron 21 P=0.027t

*SNP with Pvalue less than 0.05 listed. SNP name in ref. [14] indicated in bold. tAnalysis for genotype frequencies by a 2 x 2 table using major homozygotes vs.
others. 1Analysis for allele frequencies by a 2 x 2 table. §Comparison made by a Kruskal-Wallis test using codeminant model. € Comparison made by a Mann—

Whitney test using major homozygotes vs. others.

nEOS positive, eosinophit counts in nasal secration ranging from 1+ to 3+. nEOS negative, none of ecsinophils counted in nasal secretion. ADAM33, a disintegrin

and metalloprotease domain 33; SNP, single-nucleotide polymormphism.

susceptibility locus for nasal allergy. Using a case-control
study, we have typed a total of 22 SNPs in ADAM33 among a
Japanese population living in the same area by using PCR-
based molecular methods, and evaluated the genetic variants
for evidence of association to JCPsis and related traits. The
results showed that three intronic and three coding SNPs at
the ADAM33 locus were significantly associated with JCPsis
(P= 0.0002—0.022, OR = 4.81 — 1.66 for allele frequencies).
These SNPs were 7575G/A (SNP F+1) in intron 6, 9073G/
(SNP L — 1) in intron 11, 10918G/C (SNP 52, Gly717Gly) in
exon 19 encoding the transmembrane domain, 12433T/C
(SNP T1, Met764Thr) and 12462C/T (SNP T2, Pro774Ser) in
exon 20 encoding the cytoplasmic domain and 12540C/T
{SNP T+1) in intron 20. Unexpectedly, we found significantly
increased frequencies of the common alleles (7575G, 9073G,
10918G, 12433T, 12462C and 12540C) in patients with JCPsis
compared with healthy control subjects.

Six of these JCPsis-associated SNPs (F+1, L—-1, 82, TI,
T2 and T+1) have been previously reported to be associated
with asthma and BHR in Caucasian populations from the
UK (SNPs F+1 and 82) or the US (SNPs L-1, T1, T2 and
T+1), but not significant in both samples combined [14].
Associations with asthma were then replicated in the African
American (SNP §2), US white (SNPs T1 and T2) and US
Hispanic (SNPs S2 and T2) populations [15}, and in a
German family-based study sample (SNP F+1) [16]; how-
ever, no SNP was consistently associated across ethnically
diverse groups. Additionally, we found no association
between JCPsis and each of the two SNPs (11434C/A [SNP
ST+4] in intron 19 and 13506C/G [SNP V4] in 3'UTR),
which was described to be implicated in asthma susceptibility
among the UK population and combined UK and US
samples [14], the Dutch population {(SNP V4 only) [15] and
the German families (SNP ST+4 only) [16]. There were
pronounced differences in allele frequencies for SNPs 82,
ST+4, T1, T2 and V4 (which were tested in ethnically diverse
groups) between our population and others [14-16). The
variability of genetic background (including LD pattern) and
environmental exposure among the populations may account
for the observed differences [26]. There is of course also the
possibility that different SNPs of the ADAM33 gene
contribute to asthma or rhinitis susceptibility in specific
ethnic populations.

Subsequent assessment of the pattern of LD between all
pairs of SNPs showed that most of the disease-associated
polymorphisms in this study were in LD with each other. We

further analysed the 4DAM33 haplotype structure and fre-
quencies using four SNPs (7575G/A [SNP F+1], 9073G/A
[SNP L-1}, 10918G/C [SNP S2] and 12540C/T [SNP T+1]),
and identified a haplotype (AACT haplotype) that accounted
for JCPsis susceptibility risk. Because this haplotype is more
frequently present in the healthy controls, it could be
interpreted as a protective or resistant allele.

In addition to targeting disease status, as stated above, we
observed weak correlations between five of non-coding SNPs
in the ADAM33 gene and JCPsis-related traits that included
clinical severity, nasal eosinophila, and specific IgE levels;
however, no SNP was associated with two or more
phenotypes. These five SNPs were — 3989T/C in 5’ genomic
region, 11188 A/T (SNP S+1) in intron 19, 12601 T/G (SNP
T+2} in intron 20 and 12946 G/A (SNP V-3) and 12954 C/T
(SNP V-2) in intron 21. None of the SNPs was overlapped
with those found to be associated with susceptibility to
JCPsis. Interestingly, five of these SNPs had not been
identified as the risk for asthma and BHR in the original
report of Van Eerdewegh et al. [14]. It is likely that different
SNPs of ADAM33 may be important in specific phenotypes.

In the present study, we found no evidence for association
of SNPs in ADAM33 with total serum IgE levels. Lack of
association of ADAM33 polymorphisms with total IgE was
also reported in the Latino populations [17] but contradicted
by the data in others [15, 16], suggesting an existence of race
and ethnic difference.

One of the main finding from Van Eerdewegh et al. [14];
original analysis showed that the linkage of ADAM33 gene to
asthma was strongly correlated with BHR. This raises the
possibility that asymptomatic BHR might be influencing the
results of our study, because there is evidence that a
proportion of subjects with pollinosis, even in the absence
of asthma, also exhibit non-specific BHR during and out of
the pollen seasons [27, 28]). However, some characteristics of
aeroallergens, such as inhaled particles’ size and allergenic
properties, are likely to determine or influence the degree of
BHR aud the level of bronchial airways inflammation in
subjects with AR [28, 29]. One carefully conducted study in
Japanese young adult population revealed negative BHR
(based on PC,y values to methacholine) in non-asthmatic
subjects with JCPsis [29]. Furthermore, among these subjects
the airway inflammation markers {percentages of eosinophils,
and levels of ECP and TNF-a) in induced sputum were below
detection limits [29], indicating less inflammatory process in
the lower airways in non-asthmatics with JCPsis. It therefore

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 34:1192-1201



ADAM33 gene in rhinitis 1199

seems less likely that the finding of our study concerning the
association of ADAM33 with JCPsis is attributable to the
impact of BHR, although we did not test it in our subjects. In
fact, recent study by Werner et al. [16] has shown that BHR
was even absent in many asthmatics, and demonstrated that
the ADAM33 gene was associated with asthma susceptibility
in the absence of BHR.

Taken together, despite the relatively stnall sample size in
this study, our findings provided evidence for the ADAM33
gene as an important determinant of JCPsis susceptibility,
and the 3’ portion of the gene that encodes the transmem-
brane and cytoplasmic domains may be the key region.
However, without further functional analysis it is difficult to
ascribe primacy to any individual SNP, since the extent of LD
exists in this region [14].

ADAM33 is a newly discovered member of the ADAM

protein family of zinc-dependent metalloproteinase super-

family and contains multiple domains including signal
sequence, pro-domain, followed by catalytic, disintegrin,
cysteine-rich, epidermal growth factor (EGF)-like, transmem-
brane and cytoplasmic domains [25). ADAMs were originally
identified as membrane-anchored proteins on the cell surface
that mediate adhesion and proteolysis, and play pivotal roles
in cell-to-cell interactions, cell signalling and the remodelling
of extracellular matrix components [30]. The potential
importance of ADAM33 in asthma pathogenesis is supported
by the cellular-expression profile of 4DAM33 mRNA [14,
31], as well as protein [32], in human bronchial smooth
muscle cells and lung fibroblasts. ADA4M33 polymorphisms
may thus accelerate the proliferation of smooth muscle cells,
fibroblasts and myofibroblasts and subsequent structural
changes leading to airway remodelling in the asthmatic lung
[14). Also, ADAM?33 might affect asthma through playing a
role in the alteration of growth factor expression, the
regulation of ¢ytokine shedding or a shift toward an immune
response mediated by Th2 cells [33], although its function is at
present unknown. This raises an intriguing question regarding
similar potential mechanisms being implicated in nasal
allergy, because the upper and lower airways show similar
epithelial features and inflammatory reactions to irritants and
allergens [10, 11].

Viewing the airways as a whole, from the nostrils to the
alveoli, anatomic differences exist between the two ends of the
respiratory tract, plentiful smooth muscle in the lower
airways, but venous sinusoids and prominent glands in the
nasal airways. Some studies show less tissue remodelling in
the upper airways than in the lower airways of allergic
individuals [34, 35. However, allergic nasal mucosa also
displays a variety of characteristic histopathological features
including thickening and hyperplasia with polypoid degen-
eration of the epithelium, infiltration with eosinophilic,
mononuclear and lymphoid cells; cedema and proliferation
of the fibrous tissue with dilatation as well as thickening and
compression of blood vessels in the lamina propria [36]. This
points towards a potential underlying role for epithelium
damage in contributing to nasal airways inflammation and
remodelling responses by virtue of interaction of nasal
mucosa with inhaled allergen in AR [37-39]. Interestingly, it
is quite likely that the nasal mucosa has enhanced mechan-
isms for epithelial regeneration and repair through EGF
receptor (EGFR) and its ligands, such as EGF, heparin-

binding EGF-like growth factor (HB-EGF) and TGF-u
[40, 41].

Also, it is plausible that the epithelnm damage and
remodelling processes in AR might link to an imbalance
between matrix metalloproteinases (MMPs) and their in-
hibitors, the specific tissne inhibitors of metalloproteinases
(TIMPs) [42]. Several studies have shown that MMPs, espe-
cially MMP-9, may contribute to the pathogenesis of asthma
via their influence on the function and migration of inflam-
matory cells, as well as matrix deposition and degradation
[43]. In contrast, there are few data available on the role of
MMPs in AR [42, 44] and other upper airway diseases
characterized by chronic inflammation and tissue remodel-
ling, such as nasal polyposis [45]. These limited studies have,
however, shown the presence of MMPs and consequently the
potential for epithelial damage and remodelling in the nasal
airways. On the other hand, evidence reveals that TIMPs, a
group of endogenous inhibitors of MMPs and ADAMs [44],
are present in large amounts in the nasal mucosa and that
they might suppress MMP-mediated damage in AR [42],
suggesting the potential influence of MMP-TIMP interac-
tions on the development of nasal allergy.

A recent study has demonstrated proteolytic activity of
human ADAM33 catalytic protein, and found that the
activity could be inhibited by TIMPs [47]. Importantly,
ADAM33 belongs to a subfamily [25] where members are
shown to be catalytically active. For example, ADAMI2
sheds HB-EGF [48]; ADAMI9 participates in the proteolytic
processing of membrane-anchored neuregulin-fi1, a member
of the EGFR family [49]); ADAMS and ADAMI135 catalyse
ectodomain shedding of CD23, the low affinity IgE receptor
[50]. It has been speculated that alteration in ADAM33
activity might underlic abnormalities in the regulation
function for shedding of growth factors, cytokines and their
receptors [33]. This raises the possibility that polymorphic
variation in ADAM33 might contribute to AR through
influencing the course of epithelium inflammation, damage,
repair and consequent tissue remodelling in the nasal airways.

In summary, we conclude that polymorphisms in the
ADAM33 gene are associated with susceptibility to AR due
to JCP, but the functional relationship still needs clarification.
Our case—control study has shown that some of the associated
SNPs were splice variants located in non-coding sequences of
introns, while, there were other disease-related SNPs that cause
amino acid changes in the coding sequence; this highlights the
potential for alterations in gene function and ADAM33
activity. Thus, further genetic and functional studies are
needed to elucidate the role of ADAM33 polymorphisms in
the molecular mechanisms underlying JCPsis and nasal
allergy. |
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Allergic Symptoms and Microflora in Schoolchildren

SANAE FUKUDA, Ph.D., HIROKI ISHIKAWA, Ph.D., YASUHIRO KOGA, M.D., Ph.D,,
YUJT AIBA, KAZUKO NAKASHIMA, M.M.5¢., LEI CHENG, M.D,, AND

TARO SHIRAKAWA, M.D,, Ph.D.

We studied 867 junior high school children and admin-
istered a questionnaire documenting allergic symptoms
and environmental variables, and measured Immuno-
globulin E serum levels and the immunoglobulin G titers
of serum antibody to microflora. A total of 716 subjects
were ultimately used for statistics; those with at least two
of the following allergic symptoms: asthma, rhinitis,
eczema, or food allergy, showed significantly higher IgG
titers to Bacfroides vulgatus than other groups. This
finding suggests that a species of the Bacteroides genus
of the intestinal microflora tends to affect the gut issues,
but further studies are needed to clarify this. © Society
for Adolescent Medicine, 2004
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The prevalence of allergic diseases has been increas-
ing in developed countries. However, many studies
have demonstrated that the prevalence of these dis-
eases is lower in the formerly socialist countries of
Central and Eastern Europe than in Western Euro-
pean counties [1]. One factor associated with the rise
of allergic diseases may be the decline of many
infectious diseases in developed countries as the
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result of improved living standards and vaccinations
[2]. In modern societies, it has been noted that
allergies may be “mapped” according to gradients
dictated by hygiene and by the individual degree of
genetic predisposition to allergy [3]. These concepts
are known as the “Hygiene hypothesis” [3-5]. It has
been suggested that a reduced microbial stimulation
during infancy and early childhood would result in
slower postnatal maturation of the immune system
and development of an optimal balance between
Thl- and Th2-like immunities [6].

To clarify what and when bacterial species of
commensal intestinal microbes are recognized as
antigens that induce serum antibody responses in
allergy patients, we studied the serum antibody
responses to microflora in atopic school-aged chil-
dren.

Methods

From a population of approximately 1000 12-13-
year-old schoolchildren attending the 18 junior high
schools in the country in 1995, we did a retrospective
study of records of tuberculin responses in 867
children. They had been immunized with bacillus
Calmette-Guerin (BCG) at 6 and 12 years of age and
they showed negative tuberculin responses.
Shirakawa et al showed the strong inverse associa-
tion between delayed hypersensitivity to tuberculin
and atopy [7]. The Institutional Review Board of
RIKEN approved this study and 787 of all recruited
subjects gave informed consent. We administered a
questionnaire documenting atopic symptoms; the

© Society for Adolescent Medicine, 2004
Published by Elsevier Inc, 360 Park Avenue South, New York, NY 10010
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Table 1. The Relationship Between Allergy Symptoms and IgG Titers of Serum Antibody Microflora in School

Children (Mean * SE}

Microflora Nonallergy One allergy symptom 2 or more allergy symptoms

or IgE {n = 433} (n = 200) (n=83) F ?
E. coli 3.04 2001 3.07 £ 0.02 3.04 = 0.03 0.62 - .54
B. vulgatus 294 =001 291 £ 0.01 297 £ 0.02 3.00 05
E. faecalis 299 £ 0.01 2.99 = 0.02 3.03x 003 11 33
B. longum 3.02 £ 0.01 3.01£0.02 3.06 = 0.02 1.38 25
IgE 2.19 +0.03 2.25 £ 0.04 241 £ 0.08 423 02

All were analyzed by one-way analysis of variance. Each gut flora or IgE values were converted to log,, because they didn't show
normal distribution. SE = means standard error; E. coli = Escherichia coli; B. vulgatus = Bacteroides vulgatus; E. faecalis = Enterococcus faecalis;

B. longum = Bfidobacterium longum; IgE = Immunoglobulin E.

questions were: “Do you have asthma?,” “Do you -

have rhinitis?,” “Do you have eczema?,” “Do you
have food allergy?” Also included were environmen-
tal variables, family allergy history, tuberculin re-
sponse, etc., and we also measured immunoglobulin
E (IgE) serum levels (measured by Mitsubishi BCL,
Inc., Kyoto, Japan) and the immunoglobulin G (IgG)
titers of serum antibody to Escherichia coli (E. coli),
Bacteroides vulgatus (B. vulgatus), Enterococcus faecalis
(E. faecalis), and Bifidobacterium longun (B. longun).
This assay was described in detail in a previous
article [8). The titers of IgG class antibodies reacting
with bacteria in serum were measured by enzyme-
linked immunosorbent assay, and the absorbance
was read at 495 nm using a plate reader.

We avoided subjects who did not complete ques-
tions about atopic symptoms and whose serum sam-
ple could not be measured for technical reasons.
Ultimately we used 716 subjects for statistics. The
values of the IgG titers of serum antibody to micro-
flora and the level of IgE were converted to logy,.
Differences in IgG titers to E. coli, B. vulgatus, E.
faecalis, and B. longun between nonallergic schoolchil-
dren with no allergic symptoms, and symptomatic
schoolchildren with more than one allergic symptom
among asthma, rhinitis, eczema, and food allergy,
were analyzed by two-tailed Student’s {-test. We also
tested the relation in IgG titers by each symptom;
asthma, rhinitis, eczema, and food allergy by two-
tailed Student’s #-test. Then we divided subjects into
three groups; “nonallergy,” who have no allergy
symptoms; “one allergy,” who have one allergic
symptom among asthma, rhinitis, eczema, and food
allergy; and “two or more allergy,” who have at least
two allergic symptoms among asthma, rhinitis, ec--
zema, and food allergy. We examined the differences
in IgG titers to E. coli, B. vulgatus, E. faecalis, and B.
longun among the three groups by one-way analysis
of variance. The statistical analysis for this study was
done using SPSS 10.0] for Win.

Results

IgG titers to E. coli, B. vulgatus, E. faecalis, and B.
longun showed no significant difference between
nonallergic schoolchildren (n = 433) with no allergic
symptoms, and symptomatic schoolchildren (n =
283) who have more than one allergic symptom
among asthma, rhinitis, eczema, and food allergy.
We also tested the relation by each symptomy;
asthma, rhinitis, eczema, and food allergy; there
were, however, no differences between nonallergic
children and children with one or more allergic
symptoms. The subjects were divided into three
groups; “nonallergy” (n = 433), who have no allergy
symptoms; “one allergy” (n = 200), who have one
allergic symptom among asthma, rhinitis, eczema,
and food allergy; and “two or more allergy” (n = 83)
who have at least two allergic symptoms among
asthma, rhinitis, eczema, and food allergy. In the
“two or more allergy” group, IgG titers to B. vuigatus
were significantly higher than in the other two
groups (Table 1) (F = 3.00 df = 2, p = .05). IgG titers
to E. coli, B. vulgatus, and E. faecalis showed no
significant difference among three groups. Also in
the “two or more allergy” group, subjects showed
the highest mean IgE levels (2.41 + 0.08 vs. 219 =
0.03,225 £ 0.04; F = 423 df = 2, p = .02) among .
three groups (Table 1).

Discussion

The children with two or more of the allergic symp-
toms showed higher IgG titers to B. vulgatus than the
groups of nonallergic or one-allergic-symptom
schoolchildren. This finding suggests that a species
of the Bacteroides genus of the intestinal microfiora
might be an organism that affects the gut issues and
thus, induces inflammation accompanied by an ele-
vation of serum antibodies to this bacterium [8],
although the exact mechanism of this remains un-
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clear. Some studies reported that there was a differ-
ence in the composition of intestinal microflora be-
tween allergic and nonallergic infants. They compared
1-year-old infants living in two countries with a low
(Estonia) and a high (Sweden) prevalence of atopy, and
found that Lactobacilli and Eubacteria were more fre-
quently found in the intestinal microflora of Estonian
infants, whereas Clostridia was more prevalent in
Swedish infants [9]; 2-year-old allergic children were
colonized less often by Lactobacilli, and harbored
higher counts of aerobic bacteria (coliforms, Staphy-
lococeus aureus) than nonallergic children [10]. These
subjects were, however, all infants, and the number
of samples was small. Kirjavainen et al recently
showed that, in 4.2-10.5-year-old children, serum
total IgE concentration correlated with bacteroides in
heightened risk of subjects with atopic disorders, and
those subjects also showed a greater number of
lactobacilli/enterococal than those in the low-risk
group [11]. Our data is partly consistent with this.

This is the first study to clarify the relationship
between atopic symptoms and bacterial species of
predominant commensal intestinal microflora in a
large group of junior high school children. Further
studies are needed to clarify when bacterial species
of commensal microbes in the gut are recognized as
the antigens that induce serum antibody responses in
allergic subjects.
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Pathological Role of Large Intestinal IL-12p40 for the
Induction of Th2-Type Allergic Diarrhea
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IL-12 consists of two disulfide-linked subunits, p40
and p35, that form functionally active heterodimers
for the induction of Thl cells. In contrast to IL-12
heterodimers, p40 monomers and homodimers pos-
sess inhibitory effects on Thl cells leading to the
creation of a Th2 environment. Although it has been
shown that IL-12p40 acts as antagonist of IL-12p70
in vitro, no evidence is currently available whether
IL-12p40 is functional # vivo. We now report that IL-
12p40 plays an important pathological role in an
intestinal allergic discase, A high expression of IL-
12p40 protein was demonstrated in epithelial cells,
dendritic cells, and macrophages in large but not
small intestine of allergic diarrhea-induced mice. In-
terestingly, neutralization with anti-IL-12p40 mAbs
reduced the incidence and delayed the onset of dis-
ease development. Lower levels of ovalbumin (OVA)-
specific IgE Abs in serum were detected in anti-IL-
12p40 mAb-treated mice than in control Ab-treated
mice. The secretion of Th2 cytokines and eotaxin by
the mononuclear cells isolated from the large intes-
tine of anti-IL-12p40 mAb-treated mice was signifi-
cantly decreased. Finally, the removal of the IL-12p40
gene resulted in complete inhibition of disease devel-
opment. These results show that over-expression of
IL-12p40 is an important contributing factor for the
generation of the dominant Th2-typc environment in
the large intestine of mice with allergic diarrhea,
(Am ] Patbol 2004, 164:1327-1335)

In general, intestinal allergic reactions are provoked by
the activation of allergen-specific Th2-type cells, exces-
sive eosinophil and mast cell recruitment, and IgE Ab
production.’? We previously reported that systematically

primed BALB/c mice developed severe diarrhea after
repeated oral challenge with ovalbumin {OVA)." Diar-
rhea-induced mice revealed a Th2-type allergic response
characterized by high levels of Ag-specific IgE Abs in
serum, increased numbers of 19G1, IgA and IgE Abs in
the large intestine, and high numbers of mast cells and
eosinophils in the large intestine. Furthermore, large in-
testinal CD4* T cells isolated from mice with allergic
diarrhea secreted 1L-4, IL-5, and IL-13, but not [FN-y. On
the other hand, a murine model of eosinophilic gastroin-
testinal hypersensitivity induced by challenge with oral
allergen, in the form of enteric-coated beads, resulted in
marked allergen-induced IL-4 and IL-5 producticn and
ecsinophil accumulation in the small intestine. Although
several interesting intestinal allergic models were re-
cently reported,??® the exact underlying molecular and
cellular mechanisms remain to be elucidated.

In allergic asthma, allergen-specific T cells have been
shown to also acquire the Th2 phenotype and to avoid
from the Thi-type pathway.*® A recent study has dem-
onstrated that Th1/Th2 imbalance induced allergic dis-
ease at the level of transcription factors. Interestingly, a
high expression of GATA-3 and/or a lack of T-bet signal-
ing markedly influenced the development of allergic asth-
ma.®” In addition, the expression of not only Th2-type
cytokine but also Thi-type cytokine (ie, IFN-y or 1L-12}
played a critical role in murine dermatitis and asthma
models ®° It has also been demanstrated that natural
killer (NK) cells, like Th2 cells, play an important role in
the development of allergen-induced asthma.?

It has been suggesled that antigen-presenting cells
{APCs) play a crucial role in the skewing of Th1 and Th2
differentiation.'®1" IL-12 is a heterodimeric cytokine com-
posed of p40 and p35 which strongly promotes the dif-
ferentiation of naive CD4* T cells to the Th1 phenotype
and suppresses the synthesis of Th2-type cylokines.'?
IL-12 is produced primarily by APCs and the production
is regulated by IL-10 and IFN-y."3'* In additicn, biclog-
ical effects of IL-12 are counter-balanced by IL-12p40
itself, which binds to the receptor complex without induc-
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ing intraceliular signals.'S Thus, murine IL-12p40 inhibits
IL-12-mediated responses by means of the competitive
binding to IL-12 receptor with an affinity similar to that of
L-12p70."%*7 Further, IL-12p40 can behave as an IL-
12p70 antagonist in vive, delaying the allograft rejection
of cardiac myoblast.” IL-12p40 transgenic mice also
shov:rgd increased susceptibility to the malaria infec-
tion.

With regard to allergic responses, a potential contribu-
tion of IL-12 has been suggested for the development of
allergic asthma.®2® Mixed Th1- and Th2-associated cy-
tokines, including IFN-y, IL-2, IL-5, GM-CSF, and IL-12,
were secreted by smooth muscle cells located in the
sensitized airways of atopic asthma-induced mice.® A
previous study demonstrated that IL-12p40 mRNA ex-
pression was detected in the lung tissue of mice with
asthma.?" However, the role of IL-12 in intestinal allergic
disease has not yet been carefully examined. To investigate
the potential roles of IL-12 in intestinal hypersensitivity, we
have assessed the expression pattern of IL-12p40Q or
IL-12p35 in the intestinal tract of diarrhea-induced mice
and examined the therapeutic effects of modulating IL-12
involvement in allergic diarrhea.

Materials and Methods
Mice

BALB/c mice were purchased from Japan Clea Company
{Tokyo, Japan). Breeding pairs of IL-12p40-deficient [IL-
12p40 knockout {KC)] mice were purchased from The
Jackson Laboratories (Bar Harbor, ME), and colonies
were established and maintained in the experimental
animal facility at the University of Tokyo and the Univer-
sity of Alabama at Birmingham. All mice were 6 to 7
weeks of age at the beginning of individual experiments.

Antibodies

Recombinant murine IL-12 p40 and p70 were obtained
from BD PharMingen (San Diego, CA). Biotin-anti-CD11b
(M1/70, rat IgG2b) and biotin-anti-CD11¢ (HL3, hamster
lgG) were alse purchased from BD PharMingen. Biotin-
SP-conjugated, affinity-purified anti-rat IgG (H+L) mouse
F(ab"), and anti-hamster IgG(H+L) goat F{ab’), were
obtained from Jackson ImmunoResearch Laboratories,
Inc. (West Grove, PA). Anti-IL-12p40 (C17.8.20, rat
IgG2a) was a generous gift from Dr. G. Trinchieri, Wistar
Institute, Philadelphia, PA®? and was purified from ascites
on a protein G column (Pharmacia Biotech, Uppsala,
Sweden). Puritied rat IgG was purchased from Sigma
Chemical, Inc. (St. Louis, MO).

Induction of Aflergic Diarrhea

For the induction of allergic diarrhea, our well-established
protocol was used as described previously.’ Briefly, on
the first day of the experiment (day 0), mice were primed
by subcutaneous (SC) injection of 1 mg of OVA in Com-
plete Freund Adjuvant (CFA} (Difco Laboratories, Detroit,

MI}. One week after the systemic priming (day 7), mice
were repeatedly challenged with 50 mg of QVA by oral
administration (PQO) three times per week for several
weeks. These mice were sacrificed and analyzed within
1 and 2 hours after a total of 10 times of oral administra-
tion with OVA. In a timed kinetics study, mice were sac-
rificed at indicated intervals, ie, 0, 30 minutes, 1 hour, and
2 hours following the last oral administration of OVA. As
controls, mice were repeatedly given oral OVA in phos-
phate-buffered saline (PBS) without systemic priming or
were injected SC with 1 mg OVA in CFA without repeated
oral challenge.

Treatment of Mice with Anti-IL-12p40

In vivo Ab treatment was performed as described previ-
ously.2® Anti-IL-12p40 (C17.8.20, rat IgG2a) was a gen-
erous gift from Dr. G. Trinchieri, Schering-Flough Re-
search Institute, Dardilly, France.?® BALB/¢ mice were
infraperitoneally administered with 0.5 mg to 2.0 mg of
purified anti-IL-12p40 (C17.8) or control rat 1gG (Sigma
Chemicals, Inc.) per week for the duration of the experi-
ment. Ab treatment was started 1 week before or at the
time systemic priming with OVA in CFA. Among different
concentrations tested, the protecol of 1 mg/mouse of per
week was the mest optimal condition. Further, when the
mAb treatment schedule was compared between the
start at 1 week before or at the same time as OVA sys-
temic priming, an identical effect was noted in this study.
Thus, the mAb anti-1L-12 (1 mg/mouse) was started on 1
week before the OVA systemic priming.

ELISA for OVA-Specific IgE Abs in Serum

To assess OVA-specific IgE Ab teve!s in serum, a sand-
wich ELISA system was adopted.! End-point titers of
CVA-specific IgE Abs were expressed as the reciprocal
log, of the last dilution that showed a level of 0.1 higher
absorbance than that of sera of non-immune mice as
background.

Isolation of Mononuclear Cells and Cytokine-
Specific ELISA Assay

To isotate mononuclear cells from small and large intes-
tines, we used a enzymatic dissociation method.??
Briefly, mononuclear cells were dissociated by collage-
nase from small and large intestines after the removal of
Peyer's patches and were then subjected to a discontin-
uous Percoll gradient.?* Mononuclear cells from small
and large intestines were then co-cultured in the pres-
ence of 1 mg OVA. After 3 days of culture, the superna-
tant was collected and assayed for eytokines by using an
ELISA Kit specific for IL-4 (Endogen, Woburn, MA), IL-5
{Amersham Pharmacia Biotech, Piscataway, NJ}, IL-13
{R&D Systems, Minneapolis, MN) and eotaxin (Techne
Corporation, Minneapaolis, MN).
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Table 1. Primers and Probes Used for Qualitative and Quantitative RT-PCR

Conventional PCR*

GTT GGA TAC AGG CCA GAC TTT GTT G
GAG GGT AGG CTG GCC TAT AGG CT
ATG GCC ATG TGG GAG CTG GAG

TTT GGT GCT TCA CAC TTC AGG

ACC CAG T7G GCC AGG GTC

CAA GGC ACA GGG TCATCATC

Real-time PCR'

HPRT primer F
R
IL-12p40 primer F
R
1L-12p35 primer F
R
HFRT primer F
R
probe FITC
LCRed640
IL-12p40 primer F
R
probe FITC
LCRed640
IL-12p35 primer F
R
probe FTC
LCRed640

AAC TTT GCT TIC CCT GGT

AGT CAA GGG CAT ATC CAACA

CAG TAC AGC CCC AAA ATG GTT AAG GTTGC
AGC TTG CTG GTG AAA AGG ACG TCT CG
AGA GGA GGG GTG TAA CCA G

GGG AAC ACATGC CCACTT G

ACC GAA GTC CAA TGC AAA GGC GG
AAT GTC TGC GTG CAA GCT CAG G

CCT GTG CCT TGG TAG CATCT

AGA CTG CAT CAG CTC ATC G

ACC AGA CAG AGT TCC AGG CCA TCA
TGA TGG CCT GGA ACT CTG TCT GGT

*, Primers were designed based on the published sequence. '3

T, Primers and probes were designed and produced by Nihon Gene Research Laboratories (Sendai, Japan).

Immunoprecipitation and Western Blot Analyses

For the detection of different forms of IL-12, intestinal
tissue extracts were prepared as previously described
with minor modifications.®® Small and large intestines
were removed, minced in cold PBS with protease in-
hibitor, homogenized, and incubated to allow cytokine
release from the tissue. After centrifugation intestinal
lissue extracts were subjected to the measurement of
protein concentration and then pre-cleared with pro-
tein G Sepharose beads (Pharmacia Biotech, Uppsala,
Sweden), subsequently incubated with anti-IL-12p40,
mixed with protein G Sepharose beads. The beads were
washed, subjected to SDS-PAGE under non-reducing
condition. After electrophoresis, proteins were trans-
ferred to a polyvinylidene difluoride microporous mems-
brane (PVYDF Immobilon; Millipore, Bedford, MA) and the
membrane was reacted with biotinylated anti-IL-12
(C17.8) followed by incubation with biotin-streptavidin
complex (ABC-AP Kit; Vector Laberatories, Inc.). Visual-
ization of the signa! was performed by NBT/BCIP Sub-
strate Kit (BioRad, Hercules, CA).

Analysis for IL-12 mRNA Accumulation

The expression of [L-12p40 or p35 in small and large
intestines of mice was examined using conventional RT-
PCR as previously described'® and quantitative real-time
PCR method using a Lightcycler (Roche Diagnostics,
GmbH Mannheim, Germany), with some modifica-
tions.?”#¢ The sequences of primers and probes for real-
time PCR were designed by Nihon Gene Research Lab-
oratories (Sendai, Japan) (Table 1). Total RNA was
extracted by using TRIzol reagent {Invitrogen Life Tech-
nologies, Carlsbad, CA) and 2 png of extracted RNA was
subjected to RT reaction using Superscript Il Reverse
Transcriptase {Life Technologies).” Hypoxanthine phos-

phoribosyl transferase {(HPRT) cDNA was used 1o stan-
dardize the total RNA content. The ¢DNA from each
experimental sample was then subjected to the Lightey-
cler FastStart DNA Master Hybridization Probes Kit
(Roche Diagnostics). The external standards of HPRT,
IL-12p40, and IL-12p35 DNA prepared by PCR between
20 pgto 0.02 fentograms were used for the quantification
of specific cONA in each sample. The ratio of the p40 and
p35 increase in experimental mice was calculated and
compared with non-treated mice as follows; the ratio =
{p40 or p35 mRNA amounts from experimental mice/
HPRT mRNA amounts from experimental mice)/(p40 or
p35 mRNA amounts from nan-treated mice/HPRT mRNA
amounts from non-treated mice).

Immunohistochemical Analysis

Following extensive washing, small and large intestines
were fixed in 4% paraformaldehyde-PBS and treated with
sucrose-gradient, frozen in OCT-embedding medium as
previously described with minor modifications.?® For IL-
12p40 immunostaining, cryosections were subjected to
antigen retrieval using 10 mmol/L citric buffer pH 6.0 for
5 minutes at 98°C. Slides were then blocked with normal
mouse IgG and incubated with rat anti-IL-12p40 or con-
trol rat IgG for 16 hours at 4°C. The section were then
treated with bictinylated goat anti-rat IgG F(ab"), (Jack-
son ImmunoResearch Laboratories, Inc.), ABC-AP Kit,
and red chromogen (Vector Red; Vector Laboratories,
Inc.). For IL-12p35 immunostaining, we used goat anti-
IL-12p35 (Santa Cruz, Inc., Santa Cruz, CA) or contrel
goat IgG. The sections were then treated with biotinylated
decnkey anti-goat IgG F(ab'), and ABC-AP Kit. In the case
of surface marker staining, serial sections were incu-
bated with anti-CD11b {(M1/70, BD PharMingen) or anti-
CD11c (HL3, BD PharMingen), biotinylated second anti-
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Figure 1. Selective production of 11-12p40 by the lacge intestine of diarthea-induced mice. In A, large intestinal tissues from diarrhea-induced mice were
immunostained with anti-IL-12p40 mAb, anti-1L-12p35 mAb, or control 1gG. Control non-disease mice section gave no signal above background (data not shown).
In B-1, IL-12p40-specific mRNA was expressed selectively in the large intestine of mice with allergic diarrhiea. 1n B-2. quantitive real-time PCR analysis of IL-12p40-
and p35-specific mRNA expression was performed. The ratio was obtained as the level of IL-12p40 or p33 expression in non-treated mice as # scale of one. The
detaited informarion for the expression of this ratio is described in the Materials and Methods section. In C-E, 1L-12p4¢ was detected in M@ and DC and epithelial
cells in the kage intestine. The serial sections of the large intestine from diarthea-induced mice were stained with anti-IL-12p40 mab and anti-CD11b mAb (C), with
anti-TL-12p40 mAb and ant-CD11¢ mAb (D), The arrows point o double-pasitive cells, Large intestinal epithelial cells were stuined with anti-IL-12pH0 mab (E).

body and ABC-AP. The caolor reagtion was developed
using Vector Red Substrate Kit 1.

Statistical Analysis

Statistical analyses were performed by the two sample
non-parametric Welch test with a significance level of
0.01 (*) for body weight and Ig levels, respectively.
Mouse disease rates were determined using the Wil-
coxon rank-sum test with a significance level of 0.01 (**).
Values for cytokine-synthesis in the samples between
anti-IL-12 p40-treated and control antibody-treated mice
were analyzed by using Student's f-test at P values of
<0.01(*").

Results

Detection of IL-12p40 Protein in the Large
Intestine of Allergic Diarrhea Mice

To examine whether IL-12p40 was expressed in the large
intestine of OVA-induced diarthea mice, we analyzed
IL-12 expression using a variety of available detection
methods. First, we performed immunchistochemical anal-
ysis to directly demonstrate the enhanced 1L-12p40 ex-
pression in the large intestine of mice with allergic diar-
rhea. As shown in Figure 1A, IL-12p40, but not IL-12p35,
was expressed in the large intestine of diarrhea-induced
mice. To further confirm enhanced expression of IL-

12p40 in the large intestine of mice with diarrhea, we next
performed IL-12-specific RT-PCR analysis. interestingly,
IL-12p40 mRNA was only detected in the large intestine
of diarrhea-induced mice, not in contrel mice without the
disease [eg, SC only cr per cral challenge {PQ) orly;
Figure 1Bl In contrast, IL-12p35 mRNA expression was
detected in both groups of mice (Figure 1B-1). When

~ IL-12-specific mRNA quantitative real-time PCR analysis

was performed, high levels of IL-12p40-specific mRNA
were noted in the large intestine of OVA-induced allergic
diarrhea mice (Figure 1B-2). In contrast, the level of p35
did not vary among the four different groups including
experimental diseased (SC/PO) and control non-dis-
eased mice (non-treated, SC only, and PO only). Taken
together, these results clearly indicate that IL-12p40, but
not p35, was selectively enhanced at the levels of both
mRNA and protein in the large intestine of allergic diar-
rhea mice.

Inasmuch as the induction of IL-12p40 selectively oc-
curred in the large intestine of OVA-induced allergic di-
arrhea mice, it was important to dstermine which call
types produced IL-12p40 in the large intestine. lmmuno-
histochemical analysis demonstrated that IL-12p40-pro-
ducing cells were co-stained with anti-CD11b mAb [ie,
macrophages (M@)]. Further, CD11c™ cells [ie, dendritic
cells {DC)] were also positively stained for IL-12p40 (Fig-
ure 1, C and D). Further, some epithelial cells were also
positive for IL.-12p40 expression (Figure 1E). Taken to-
gether, these findings show that large intestinal macro-
phages, dendritic cells, and epithelial cells are respensi-
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Figure 2.Induction of IL-12p40 lomodimer in the large bur not small
intestine of diarrhea-induced mice. Large and small intestinal tissue exiracts
were subjected 1o immunoprecipraton and Western blotting analysis using
anti-IL-12p40 (C17.8) mab under non-recucing conditions (A). The captions
abave the figure indicate the experimental mouse group receiving different
it viro ucatments. Thus, the samples were obmained from 5C/PO mice
treated with C17.8 or control antibodies, Further, the samples were isolated
from mice treated with PO only, $C only, or non-treated mice. The arrow
points to 1L-12p40 homodimur expression in the large intestine of diarrhea-
induced mice. The data represent four independent experiments. In B, at the
indicated times after oral administration of OVA, large infestinal tissue ex-
tracts isoluted from diarrhea-induced mice were assayed for 11-12p40 by the
same method as in A In C, the large intestinal tissue extracts of diarhea-
induced mice were subjected (o Western blotting with anti-IL-12p35 Ab as
well as anti-IL-12p40. 1L-12p70 protein was used as a positive control for the
IL-12p335 detection system. As negative control, immunoprecipitation was
perfurmed without the tissue spoecimens (AD only). The dat represent three
different experiments.

ble for the production of IL-12p40 at the disease site of
OVA-induced allergic diarrhea.

The Western blotting method was adopted for the ex-
amination of [L-12 p40 expression in the small and large
intestinal tissue extracts from OVA-induced allergic diar-
rhea mice within 1 to 2 hours after the last ora!l challenge.
In the large intestine of diarrhea-induced mice, the 80kD
form of IL-12 predominated clearly demonstrating the
presence of IL-12p40 homodimer but not 70kD 1L-12
heterodimer, in contrast to the environment observed in
the large intestine of control mice or the small intestine of
mice withjwithout diarrhea (Figure 2A). The muitiple
bands of p40 and p80 are the result of glycosylation
heteragenity.”® We thus analyzed three bands of p40 and
three bands of p80 as specific bands. In the case of
spleen, IL-12p40 was detected in contro!, healthy mice.
The levels of IL-12p40 did not change after development
of allergic diarrhea (data not shown). To examine the
kinetics of the response, we next assessed the time
course of IL-12p40 expression in the large intestine of the
diarrhea-induced mice. The expression of IL-12p40 or
p80 in the large intestine peaked between 1 and 2 hours
after the last oral challenge, at the same time that severe
symptoms of OVA-induced allergic diarrhea were ob-
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Figure 3. Inhihition of allergic diarrhea disease by the reatment with anti-
IL-12p40 mAb. In A, anti-TL-12p40 mADb (C17.8) treament (thin dashed
line) delayed the development of allergic diarthea when compared with the
rat IgG-treated group (solid line). Statistical differences were determined by
Wilcoxon rank-sum test and are indicated by **, P < 0.01. Mice with 5C only
were used as controls (thick dashed line). In 8, left, body weight was
recovered in allergic diarrhea mice treated with ant-FL-12p 10 mab (CI7.8).
In B, right, OVa-specific IgE Abs were reduced in the serum of allergic
diarrhea mice teated wath ant-TL-12p40 mab (C17.8). The data are ex-
pressed as the mean of = SE and are representative of five independent
experiments. Statistical differences between anti-IL-12p40 mab and control
ral IpG-treated mice are indicated as **, P < 0.01.

served (Figure 2B). These data suggest that there is an
intimate relationship between the development of diar-
rhea and the expression of |L-12p40in the large intestine.

To further confirm the expression of IL-12p80 or p40
instead of the p70 form, the protein extracts from the
large intestine of the diarrhea-induced mice were immu-
noprecipitated with anti-IL-12p40 mAb and then Western
blotting was performed using anti-IL-12p35 mAb. No mo-
lecular bands corresponding to IL-12p70 proteins were
detected in the large intestine of diarrhea-induced mice,
while predominant IL-12p40 protein was detected (Figure
2C). The large molecular weight band above the p70 and
p80 bands was non-specific and was caused by the
nature of antibody used in the immunoprecipitation, since
the large molecular weight band was also seen following
immunoprecipitation in the absence of tissue specimens
{Ab only in Figure 2C). These results indicate that the
secretion of IL-12p40, but not IL-12p70, in the large in-
testine is ¢ritically impertant in the development of OVA-
induced allergic diarrhea.

Anti-IL-12p40 Treatment Reduced the
Symptoms of Allergic Diarrhea

Inasmuch as the preferential localization of IL-12p40 was
observed in mice with allergic diarrhea, we next per-
formed a reutralization experiment using anti-IL-12p40
mAb {C17.8). We observed a significant delay in the
onset of diarrhea and reduced the frequency of diarrhea
to 40% by treatment with anti-IL-12p40 mAb (Figure 3A).
Cbvious body weight loss was seen in controt Ig-treated

_93_



1332 Hino et al
AJP April 2004. Vol, 164 No. 4

{pgimi}
-4 30

A IL-13

100
o] I f i
C17.8  SConly ContAb €178  SConly
IL-5 (pg/m) « FEotaxin
1200
1000 ] BRANS
» \}-?

N

0 ContAb ~ CI7.8  SComly

C17.8 SConly

Flgure 4. fn rivo teatment with anti-IL-12p40 (C17.8) reduced the predom-
inant antigen-specific Th2 type responses by large intestinal menonuclear
cells isclated from diarrhea-indiced mice. The mononuciear cells isolated
from the large intestine (1.3 X 10% cells/well) were cultured with OVA (1
mg/m!) for 3 days. Culture supernatants were harvested and then assayed for
L4, IL-13, TL-5, and eotaxin by ELISA assay. Thuese data are expressed as the
mean * SE and are representative of three independent experiinents, The
statistical differences between ant-IL-12p40 mAb and control antibody
treated mice are indicated as *, P < .01,

diarrhea mice, while treatment with anti-IL-12p40 mAb
resulted in partial recovery from body weight loss (Figure
3B, left). In addition, high levels of OVA-specific IgE Abs
were detected in the serum of diarrhea-induced mice
treated with control Ab, whereas the mice treated with
anti-IL-12p40 mAb showed low levels of OVA-specific
IgE Abs {Figure 3B, right). These results indicate that
treatment with anti-IL-12p40 mAb alters the environment
from a disease-inducing one 1o one fastening recovery in
OVA-induced allergic diarrhea.

Suppression of Intestinal Th2-Type Cytokine by
Anti-IL-12p40 Treatment

To confirm decreased Th2-type responses in the large
intestine after anti-lL-12p40 mAb treatment, we next ex-
amined antigen-induced cytokine producticn by the large
intestinal mononuclear cells. Interestingly, the anti-Il.-
12p40 treatment resulted in decreased levels of OVA-
induced Th2 cytokine synthesis including those of 1L-4,
IL-5, and IL-13 (Figure 4). Production levels of the Th2
cytokines were comparable to those of control mice with-
cut allergic diarrhea (SC only). In contrast to the alter-
ations observed in OVA-induced Th2 cytokine synthesis,
there was ne difference in the level of IFN-y production
between the mice treated with anti-1L.-12p40 mAb and
control IgG (data not shown). We further confirmed that
IL-4 producing cells were CD4* Th2 cells by intrace!lular
staining (data not shown).

Finally, the level of eotaxin, a well-known chemokine for
eosinophil recruitment in allergic disease,*® was also ex-
amined, since our previous study demenstrated that the
frequency of eosinophils was increased in the large in-
testine of allergic diarrhea mice.” Likewise, the lavel of
eotaxin could also be presumed to be increased in the
large intestine of allergic diarrhea mice (Figure 4). Inter-
estingly however, the level of eotaxin synthesis was sig-
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Figure 5. Suppression of allergic diarrhea development in IL-12p40 KO
mice. In A, the incidence of allergic dizrrhea was reduced inthe IL-12p40 KO
mice when compared with wild-type mice immunized subcuanesusly and
then given OVA repeatedly by the osal route (SC/POY. In B, the large
inmestinal LP mononuctear cells from 1L-12p40 KO mice did not produce iL-4.
Mononuclear cells isolated from the large intestine were restimulated with
VA for the assessment of 1L synthesis as described in Figure 4A. The data
are expressed as the mean * SE and represent three different experiments.

nificantly decreased by the treatment with anti-I1L-12p40
mAb (Figure 4). These results indicate that anti-1L-12p40
mAb inhibited the immuncpatholoagical Th2 cytokine en-
vironment of the large intestine in allergic diarrhea mice.
Thus, an interesting scenario could be the presence of
high levels of IL-12p40 monomer andfor homodimers
instead of IL-12p70 in the disease site of OVA-induced
allergic diarrhea mice. Therefore, treatment with anti-IL-
12p40 mAb might result in the inhibition of Th2-type
responses in the [arge intestine of allergic disease mice.

IL-12p40-Deficient Mice Do Not Develop
Allergic Diarrhea

To directly confirm the pathclogical role of IL-12p4Qin the
development of allergic diarrhea, 1L-12p40 knockout
(KO) mice were used. [L-12p40 KO mice did not develop
the allergic diarrhea completely (Figure 5A). OVA-in-
duced IL-4 production by large intestinal LP mononuclear
cells was not detected in IL-12p40 mice (Figure 5B). The
levels of other Th2-type cytokines (IL-5 and 1L-10) were
also reduced in IL-12p40 KO mice (data not shown).
Taken together, these results clearly show that IL-12p40
plays an important role in the development of this large
intestinal allergic disease.

Discussion

Our present findings provide new, strong evidence for an
immunogpathological role for locally produced IL-12p40 in
the development of OVA-induced allergic diarrhea. Here
we demonstrate the high expression of IL-12p40, without
IL-12p35, in the large intestine but not in the small intes-
tine of mice with allergic diarrhea. These IL-12p40 were
locally produced by large intestinal M@, DC, and epithe-
lial cells. Based on our knowledge, this is the first dem-
onstration of the presence of IL-12p40 in the selected
part of the intestinal tract (eg, large intestine) in mice with
allergic diarrhea. Although IL-12 is thought to drive the
Thi-dominant environment,®' our present findings pro-
vide additional supportive evidence that IL-12p40 con-
tributes to the generation of a Th2-dominant environ-



ment.''¥ It should be noted that our results directly
demonstrate the in vivo immunopathological contribution
of locally produced mucosal IL-12p40 to the develop-
ment of OVA-induced diarrhea. Thus, the anti-IL-12p40
treatment reduced the incidence of OVA-induced allergic
diarrhea. An attractive explanation would be that large
intestinal M@s and DCs as well as epithelial cells contrib-
ute to the development of pathological Th2-dominant
responses by the production of IL-12p40Q in OVA-induced
allergic diarrhea. Thus, the administration of anti-IL-
12p40 resulted in the inhibition of the locally produced,
mucosal |L-12p40-created, pathological Th2 condition,
leading to the reduction of disease development.

Qur present and previous results clearly show that
targe intestinal antigen-specific Th cells produce high
levels of Th2 cytokine in OVA-induced allergic diarrhea.”
The presence of monarmeric or dimeric forms of IL-12p40,
behaving as an antagonist to 1L-12p70, is an additiona!
contributing factor for the creation of a dominant patho-
logical Th2 environment. Thus, the severe symptoms of
allergic diarrhea were reduced by treatment with anti-IL-
12p40 mAb, since the production of Th2 cylokines was
significantly decreased in the large intesting. Overall,
IL-12p40-supparted, Th2-type cytokine synthesis plays a
critical and pathalogical role in the induction of allergic
reactions in large intestinal tissues. Although we da not
have any specific explanation for the generation of IL-
12p40 at the disease site, one possibility could be anti-
gen overload in the intestinal tract. Our previous study
demonstrated that oral administration of high doses of
OVA induced Th2-mediated allergic diarrhea in system-
atically pre-sensitized BALB/c mice." In contrast, low
doses of oral OVA failed to induce allergic diarrhea. it
was also shown that high doses of OVA peptide in-
creased the numbers of naive CD4* T cells with Th2-like
phenctype, which in turn produced dramatically targe
amounts of I1L-4.32 Therefore, high doses of oral antigen
may create an immunclogical environment favoring Th2
cell development. To support this view, it has also been
shewn that high doses of oral antigen preferentially inhibit
IFN-y-producing Thi-type cells." Further, the dose of
antigen can determine whether Th1- or Th2-type cells are
generated by antigen-presenting cells including DC.%*
Taken together, these findings allow us to postulate that
an overload of oral antigen may direct mucosal antigen-
presenting cells, including DC and M@, and epithelial
cells, to produce monomeric or dimeric forms of IL-12p40
instead of IL-12p70.

IL-12 has been considered as an inhibitory factor for
allergic responses induced by preferential Th2-cytokine
production. Indeed, endogenous rlL-12 decreased IgE
levels and Th2 cytokine production induced by allergic
reaction.®* In contrast, [L-12 has also been shown to be
involved in the pathological phase of mucosa-associated
allergic diseases of the respiratory tract. In the murine
asthma medel, IL-12 contributed to the recruitment of
eosinophils into the respiratory tract via the induction of
VCAM-1 on local vascular epithelial cells.®® Thus, the
deletion of the IL-12 gene (p40) resulted in a substantiat
reduction in the airway recruitment of eosinophils and in
the expression of VCAM-1 when compared with wild-type
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mice exhibiting an asthma-like reaction induced by sys-
temic sensitization followed by nasal OVA.®® In addition,
selective overexpression of IL-12p40 was noted in airway
epithelial cells and bronchoalveolar lavage fluids of pa-
tients with asthma.?® Cur present findings also demon-
strate that the locally produced p4G form of IL-12 was
associated with the development of OVA-induced aller-
gic diarrhea. Thus, IL-12p40 was preferentially ex-
pressed only in the [arge intestine of allergic diarrhea
mice. In addition to these results generated through the
characterization of an asthma model, our present finding
suggests a critical role for [L-12, especially that of p40-
associated molecules, for the development of allergic
diseases including asthma and food allergy.

The treatment with anti-IL-12p40 mAbs effectively re-
duced the incidence as well as the severity of allergic
diarrhea, an effect most likely due to an alteration in the
dominant immunopathological Th2-type response to a
Thi-type environment. To suppeort this view, locally over-
expressed IL-12p40 may compete with the well-known
Th1 promoter I1L-12p70 and IL-23 (p40/p19).32° To this
end, it has been shown that endogenous [L-12p40 can
overcome the Th1-promoting activity of IL-12p70 and/cr
[L-23."® In this regard, our recent and separate study
showed that |L-23p19-specific mRNA expressicn was not
detected in either diseased or healthy BALB/c mouse
groups (data not shown). The results suggest that 1L-23
dose not play an important role in the development of our
diarrhea model, Therefore, treatment with anti-IL-12p40
antibody likely eliminated the antagonistic effect of IL-
12p40 at the local site, perhaps leading to the creation of
an IL-12p70 environment for the initiation of down-regu-
lation of Th2 responses. An alternative explanation would
be that anti-IL-12p40 mAb used in this experiment may
possess a higher affinity for the monomeric or dimeric
form of IL-12 than for the IL-12p70 heterodimer. Although
our emphasis has been on the inhibitory effects of anti-
IL-12p40 mAb for the prevention of allergic diarrhea, one
must accept the fact that complete prevention of disease
development was never achieved through use of mAbs.
A possible explanation for this finding could be that anti-
IL-12p40 mAb inhibited Th1 induction of IL-12p70 in ad-
dition to 1L-12p40. Thus, this alteration of a Th2 dominant
environment and shift to one of a Thi-type may partially
occur in the large intestine of mice with allergic diarrhea.
To suppert this possibility, the mAb used in these exper-
iments has been shown to neutratize IL-12p70 in addition
to IL-12p40."> ' In addition, the experiments using IL-
12p40 KO mice suggest that the absence of I1L-12p40
results in a complete failure to develop allergic diarrhea.
It clearly shows that IL-12p40 play a critical role in the
development of this disease. However, one alternative
and simple expectation would be that an 1L-12p40 defi-
ciency may lead to the creation of Th2 environment due
to the lack of Th1 inducing 1L-12p70. Thus, it may lead to
the more susceptible condition for the development of
Th2-mediated diarrhea. Although we do not have any
specific data to negate the latter possibility, one possible
explanation would be that the deficiency of IL-12p70
formation in IL-12p40 KO mice lead to the lack of ability to
active antigen presenting cells. IL-12p70 deficiency may
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result in the absence of induction antigen-specific T cell
response including the pathological Th2-type cells. It has
been shown that IL-12 or IL-12-induced IFNvy can directly
activate antigen presenting cells.*® To address the issue,
a series of interesting experiment would be the adaptive
transfer of large intestinal M@, DC, and epithelial cells
into 1L-12p40 and/or p35 KO mice. These experiments
are, of course, planned for our future study.

Recently, it has been suggested that IL-12 is also one
of the key cytokines for the regulation of the intestinal
immune response.*’ Mouse IL-12p40 is produced as
monomer and homodimer five {0 ninety times as fre-
quently as IL-12p70 in vivo and in vitro,*>*? implying the
existence of additional immunological roles for IL-12p40.
An interesting possibility would be that excess produc-
tion of the monomeric and/or the homodimeric form of
IL-12p40 could be a key contributing factor to the main-
tenance of immunological homeostasis at the mucosal
compartment. Interestingly, our present findings demon-
strate that over-expression of IL-12p40 occurred enly in
the large but not the small intestine following oral expo-
sure to high doses of protein antigen. At the present time,
we cannot offer any specific explanation for this distinct
localization of 1L-12p40. However, an interesting possi-
bility would be that the expressicn of negative regulators
for 1L-12, including sCD40L and IL-10R,**3 could differ
between the small and large intestine. To support this
possibility, epithelial cells have been shown to express
CD40 and IL-10R.3*** Since the large intestinal tract is
continuously exposed to overloaded microflera, the level
of ce-stimulatory molecule expression such as CD40 by
large intestinal epithelial cells could be lower to avoid
unnecessary inflammatory responses. Thus, the large in-
testinal tract may form an immunological environment
favoring the generation of IL-12p4Q. This interesting pos-
sibility is currently being tested in our laboratory.

In summary, our results demonstrated that locally pro-
duced IL-12p40 contribute to the Th2 cell generation of
pathological polarization in the large intestine of OVA-
induced allergic diarrhea. This study provides the first
evidence for the association of over-expressed IL-12p40
from intestinal epithelial cells, DC and M@, in the devel-
opment of allergic: diarrhea. Thus, the application of anti-
IL-12p40 mAb resulted in the reduction of disease inci-
dence and severity. Further, the disease development
was completely eliminated in the deletion of IL-12p40
gene. Taken together, our studies provide an oppartunity
to consider that anti-IL-12p40 mAbs may be an alterna-
tive therapeutical regimen for the control of allergic intes-
tinal disease.
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