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Summary

Background Severe asthma is a frequent cause of hospital
admission, especially among children. The main environmental
triggers of airway inflammation in asthma are viruses and
aeroallergens. These agents elicit reciprocal immune
responses, characterised by production of T helper 1 and
T helper 2 cytokines, respectively. There is no genetic
explanation for how hyper-responsiveness to these disparate
environmental stimuli develops among individuals with asthma.
Our aim was to assess relation between an IL12B promoter
polymorphism and asthma.

Methods We did a cohort study in which we initially genotyped
411 6-year olds for the IL12B promoter polymorphism. We then
assessed the relation between this polymorphism and asthma
severity. A further 85 asthmatic children in an additional
sample of 433 children from the same cohort were then
assessed to confirm these findings. We also examined in-vitro
interleukin-12 responses in a subgroup of individuals.

Findings Heterozygosity for the IL12B promoter polymorphism
was observed in 76% (16) of atopic and non-atopic individuals
with severe asthma in the initial sample. By comparison,
heterozygotes comprised only 31% (17) of the moderate
asthma group, and 48% (20) of individuals with mild asthma
were heterozygous, as were unaffected controls. These
findings were confirmed in the second sample (overall
p<0-0001). Our data suggest that [L12B promoter
heterozygosity contributes to asthma severity rather than
susceptibility per se. The severity-predisposing genotype was
associated with reduced interleukin 12 p40 gene transcription
and decreased interleukin 12 p70 secretion.

Interpretation Interleukin 12 plays a key part in antagonism of
T helper 2 differentiation, and in induction of antiviral host
defense. Genetically determined attenuation of interleukin-12
response capacity would, therefore, provide a plausible
common immunological pathway to disease severity for the two
major forms of asthma.
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Introduction

Asthma is a complex disease associated with inflammation
of the airways.' Several distinct asthma phenotypes exist, in
particular atopic asthma driven by allergen-induced
inflammation and non-atopic (intrinsic) asthma in which
the key inducing stimuli are viruses.”” Results of studies of
cellular mechanisms of atopic asthma over the past decade
have implicated the local expression of T HELPER 2 (Th2)-
mediated immunity in disease pathogenesis. This process is
characterised by secretion of interleukin 4 and interleukin 5
by T lymphocytes; these cells, together with eosinophils, are
present in the cellular infiltrate of airway tissues."** Markers
of Th2-associated inflammation have also been detected in
airways of intrinsic asthmatics, despite the absence of
evidence of any involvement of IgE in this form of the
disease.**

Findings of genetic studies show that asthma is a complex
heritable disorder with many factors that contribute to
susceptibility. Linkage has been consistently reported
between asthma and atopy phenotypes, and genetic markers
on chromosome 5q31-33,"* including the region containing
IL12B.° Several candidate genes in this region have been
proposed to contribute to susceptibility to asthma or atopy,
or both, but no genetic mechanism has been advanced that
would account for progression from mild to severe forms of
atopic and non-atopic asthma. The IL12B gene encodes the
p40 subunit of INTERLEUKIN 12, a proinflammatory cytokine
that is a major regulator of T HELPER 1 (Thl) and Th2
responses.’” We have previously identified polymorphisms
in this gene' and have shown that these are in linkage
disequilibrium with type 1 diabetes in Australian and British
families.'? IL12B is also a possible candidate for involvement
in asthma susceptibility; interleukin 12 has an important
immunoregulatory function, since it promotes Thl differ-
entiation and maintains the competence of interferon-y
transcriptional machinery within Thl effector cells,'*"” and
is thus likely to play a key part in infectious and allergic
disease. Our aim was, therefore, to investigate associations
between IL12B polymorphisms and development of
asthma, in both atopic and non-atopic individuals.

Methods

Participants

Participants were part of an ongoing study on a large
community-based birth cohort (n=2168)."* The cohort was
recruited antenatally, and was not selected on any
respiratory or atopic criteria. The ethnic mix of the cohort is
broadly representative of the population living in Perth,
Western Australia.

We assessed the atopic status of all children at age 6 years
and ascertained whether or not they had asthma. Atopy was
defined as production of a skin prick test wheal 2 mm or
greater in diameter to at least one of a panel of the four most
common inhalant allergens prevalent in Western Australia
(house dust mite, cat, grass, and mould). We chose these
allergens because they are known to detect 85% or more of
atopic children in this geographical area. As an additional
back-up, we assessed serum samples from all individuals
with the Phadiatop atopy screening test (PPharmacia,
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GLOSSARY

HARDY-WEINBERG EQUILIBRIUM

A proportionality between the frequencies of heterozygotes and
homozygotes for a genetic variant in the population determined by
Mendel’s laws of inheritance.

HETEROSIS

A condition in which a heterozygote is different from each of the
homozygote classes, usually by displaying increased fitness; also
referred to as hybrid vigour or overdominance.

INTERLEUKIN 12

The whole interleukin 12 molecule is 70 kDa in weight, and is made up
of two chains, the larger (interleukin 12 p40) being 40 kDa in size. The
IL12B gene encodes interleukin 12 p40.

T HELPER 1 (TH1) AND T HELPER 2 (TH2) CELLS

CD4+ T lymphocytes distinguished by patterns of cytokine production—
Th1 produce interleukin 2 and interferon-y, and Th2 produce interleukins
4,5, and 13.

Uppsala, Sweden), which detects IgE antibodies against a
broad panel of inhalant and dietary antigens. The results
obtained with this procedure correlated strongly with those
obtained via the skin prick test (p<0-0001 by x> analysis).
Current asthma was defined as presence of all three of:
episodes of wheeze, occurring within the past 12 months;
an asthma diagnosis by a medical practitioner; and current
use of asthma medications."” Asthma severity was classified
on the basis of each of: frequency of episodes of wheeze
(mild=1-2, moderate=3-12, severe=>12 per year),
frequency of nocturnal wakening due to asthma (0, <1, =1
per week), and severe asthma-limiting speech (0, 0, =1 per
year) in the past 12 months. We used clinical criteria
derived from consensus statements developed by the
Australasian Paediatric Respiratory Group and Thoracic
Society of Australia and New Zealand to ascertain severity
of asthma.'®"”

DNA samples were available for 844 children enrolled,
and selection of samples was simply on the basis of
availability at time of study. In the overall cohort,
40% (867) of children were atopic and 18% (390) had
current asthma," and in the sub-sample used here for
genetic analysis 43% (363) were atopic and 24% (203)
were currently asthmatic. We did the study in two stages,
comprising an initial group of 411 children stratified by
atopy, with a follow-up group (the 433 remaining children)
being subsequently analysed to validate the findings
obtained with the first group. In initial analyses, we
compared all asthmatics (including atopic and non-atopic
individuals) with the controls even though, in all, there
were three disease classes: unaffected control, atopic
asthmatic, and non-atopic asthmatic individuals. We also
identified a fourth class of children, who had atopy but not
asthma; these children did not show a significant difference
in allele frequency by comparison with the control groups,
and were not considered further in this study. The study
was approved by the institutional human ethics committee,
and parents provided written informed consent.

Protocol

We extracted DNA from Buffy-coat lymphocytes, and
identified IL12B polymorphisms as previously described.'"'?
The IL12B promoter polymorphism arose as a result of a
microinsertion event at a point 3 kb upstream of the
transcriptional start site. We amplified DNA samples with
two primers: 5° TCAGACACATTAACCTTGCA 3’ and
5" ACCTGCCAATGACCACATTA 3’, one of which was
radiolabelled with **ATP. We did PCR reactions with
50 ng DNA, 25 ng each primer, 200 nmol/L. deoxyribo-
nucleoside triphosphate, 2 mmol magnesium chloride, and
0-3 U Taq polymerase (Gibco BRL; Life technologies,
Gaithersburg, MD, USA). DNA was denatured at 95°C for
3 min, then PCR was done for 35 cycles of 95°C 20 s, 55°C
20 s, 72°C 30 s, with a final 2 min extension. We detected
alleles after separation on polyacrylamide gels. We
designated the 4 bp larger—ie, insertion—allele as allele
number 1, and the smaller product allele number 2.
Significance of genotypic differences between groups was
assessed by Fisher’s exact test.

We obtained peripheral blood mononuclear cells
(PBMC) from all children in the study and stored them
under liquid nitrogen until use. We selected PBMC by
genotype and tested them for production of interleukin 12.
The samples were cultured in aliquots of 10° cells in
round-bottomed tissue-culture tubes in 1-0 mL. RPMI
1640 medium (Gibco; Grand Island, NY, USA)
supplemented with 10% fetal calf serum, and test cultures
were stimulated with 10 ng/mL interferon-y for 3 h before
addition of 10 ng/mL lipopolysaccharide (LPS). This
method provides maximum stimulation for production of
interleukin 12. We harvested the cultures at 24 h, and
collected cells and supernatants. We measured interleukin
12 p70 concentrations in culture supernatants, using an
in-house time-resolved fluorescence immunoassay with
antibodies and standards from Pharmingen (Torrey Pines,
San Diego, CA, USA). There were no differences in
production of interleukin 12, according to disease status of
the donor (not shown).

To quantify IL12B gene expression, we extracted RNA
from stimulated PBMC and reverse-transcribed for
Tagman analysis with the ABI PRISM 7700 sequence
detection system (Applied Biosystems, Foster City, CA,
USA), using predeveloped reagents (Applied Biosystems,
Scoresby, Australia) for IL12B target (interleukin 12 p40
mRNA) and the endogenous control 18S ribosomal RNA.
We expressed transcription concentrations as Tagman
units relative to internal 18S rRNA.

Role of the funding source

The sponsors of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report, or in the decision to submit the

paper.

Results
Table 1 shows the genotypes of the 411 children initially
assessed for presence of IL12B polymorphisms. Although

Asthma severity Controls

Mild Moderate Severe Total Non-atopic Atopic Total

(n=42) (n=55) (n=21) (n=118) (n=124) (n=169) (n=293)
Genotype of IL12B promoter
1-1 10 (24%) 20 (36%) 2 (10%) 32 (27%) 26 (21%) 43 (25%) 69 (24%)
1.2 20 (48%) 17 (31%) 16 (76%) 53 (45%) 67 (54%) 81 (48%) 148 (51%)
2:2 12 (29%) 18 (33%) 3 (14%) 33 (28%) 31 (25%) 45 (27%) 76 (26%)

Data are number (%).
Table 1: IL12B promoter genotype and asthma severity
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there was no significant relation between individual IL12B
polymorphisms and asthma susceptibility per se—
ie, considering the asthmatic individuals as a group—there
was a differential distribution of ILI12B promoter alleles
within the asthma group ranked by severity of disease
(table 1). We noted no differences between the groups
with respect to expression of the ILi2B 3'UTR
polymorphism previously described (data not shown).
The expected ratio of 1 to 2 to 1 of ILI2B promoter
genotypes was noted in both the control groups—
ie, atopic and non-atopic individuals without asthma—and
in the group with mild asthma. By contrast, comparison of
the most severely affected individuals with all others—
ie, those with mild or moderate asthma—showed a
significant difference between groups, with a clear trend
toward heterozygosity in the most severely affected group
(table 2; analysis 1, p=0-0015).

To confirm this finding, we randomly selected a second
group of 433 children from the cohort and analysed their
IL12B genotypes. The second group included 85
asthmatic children, including 18 severely affected
individuals. Again, there was an excess of IL12B promoter
heterozygotes in the severely asthmatic children (table 2).
The overall p value for combined data was less than
0-0001. When we considered all study groups, only the
moderate and severe asthma cases showed significant
departure from HARDY-WEINBERG EQUILIBRIUM (p=<0-0001
and p=0-0003, respectively). Among all asthmatic
children, the relative risk for ILI2B promoter
heterozygotes developing severe asthma was 4:6
(95% CI 2-1-11-1). We conclude that IL12B promoter
heterozygosity was  strongly associated with a
predisposition to severe asthmatic responses.

Furthermore, the distribution of genotypes in the group
with moderate asthma was also distorted (table 2). It is
noteworthy that, in addition to the strong trend towards
heterozygosity in the most severely affected group, there
was a tendency to a ratio of 1 to 1 to 1 genotypes in
patients with moderate asthma. This ratio was probably
due to the association of heterozygotes with more severe
asthma, since combining the moderate and severe groups
returns the expected ratio of 1 to 2 to 1 seen in the general
population. This explanation accounts for the apparent
lack of association between ILI2B genotypes and
susceptibility for asthma per se. The implication of this
result is that the IL12B genotypes are not associated with a
raised risk of children becoming asthmatic, but in those
who progressed beyond mild asthma, heterozygosity at the
IL12B promoter was associated with significant risk for
further progression to the most severe form of disease.

Asthma severity p

Mild or moderate Severe

Genotype IL12B promoter

Analysis 1
Homozygous 60 5 0-0015
Heterozygous 37 16

Analysis 2
Homozygous 35 2 0-0013
Heterozygous 32 16

Analysis 3
Homozygous 54 7 <0-0001
Heterozygous 30 32

Analysis 1=the most severly affected individuals from table 1 compared with all
other patients with asthma with Fisher’s exact test. Analysis 2=data from
second, independent, group of 433 children. p value calculated with Fisher's
exact test. Analysis 3=comparison of all 39 patients with severe asthma with
individuals with moderate asthma from each of the two groups.

Table 2: Effect of IL12B promoter heterozygosity on asthma
severity

IL12B promoter Asthma status

enotype
g yp Non-atopic Atopic
Asthma severity
Mild Heterozygous 19 20
Homozygous 15 26
Moderate Heterozygous 13 17
Homozygous 21 36
Severe Heterozygous 12 20
Homozygous 2 5

Table 3: IL12B genotype and asthma severity by atopic status

(An alternative view is that IL12B promoter homozygosity
maintained asthma at moderate levels.)

The affected children included both atopic and non-
atopic individuals, allowing us the opportunity to assess
whether IL12B alleles were associated with either of these
major asthma subtypes. Comparison of IL12B genotypes
for all disease severity states indicated no significant
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production of interleukin 12 p40 mRNA by LPS-stimulated
PBMC

A: Interleukin 12 p70—pooled results from three separate experiments
are shown for 19 cell cultures of PBMC from IL12B promoter
heterozygotes, 14 promoter allele 1 homozygotes, and 17 promoter
allele 2 heterozygotes. B: Results derived from nine IL12B heterozygotes
and five samples each of the 1.1 and 2.2 genotypes. The top, bottom,
and middle lines of each box correspond to the 75th percentile,

25th percentile, and median, respectively. Bars extend to the top

90th percentile and to the 10th percentile of each group.
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difference between non-atopic and atopic children with
asthma (table 3) and, furthermore, we noted no
significant  association between ILI2B promoter
heterozygosity and any of the indices of atopy (data not
shown). We did note significant differences between
severe asthmatics and individuals with mild or moderate
asthma, irrespective of whether they had non-atopic
(p=0-007) or atopic (p=0-0001) asthma. Thus, ILI2B
promoter genotypes were associated with asthma
severity irrespective of disease cause, but not with atopy
per se.

An obvious question raised by our results is whether the
promoter polymorphism is associated with variations in
gene expression. We and others have previously shown
that the ILI2B 3'UTR polymorphism affected gene
expression,'>'® but have not tested directly the promoter
polymorphism. Accordingly, we cultured PBMCs from a
subset of children under optimum conditions for
stimulation of production of interleukin 12, which was
measured as both interleukin 12 p70 in culture
supernatants and ILI2B transcript concentrations in
extracts from cell pellets. The figure shows data
comparing mean interleukin 12 p70 production in
cultures from 19 IL12B promoter heterozygotes and from
31 IL12B promoter homozygotes (comprising 14 ILI12B
promoter 1-1 and 17 ILI12B promoter 2-2 individuals).
There was no difference between the 1-1 and 2-2
homozygotes, but individuals with each of these genotypes
produced significantly more interleukin 12 p70 than did
heterozygotes (figure, A; p=0-01). Similarly, we noted
differences at the RNA level by Tagman analysis:
heterozygotes produced significantly less ILI2B
transcripts than did homozygotes (figure, B; p=0-008).
The within-group variability evident in the figure is
attributable to the effects of other polymorphisms,
including the 3'UTR polymorphism, which we previously
showed had an effect on IL12B expression.' It should be
noted that the reduced IL12B expression was also
observed in cultures derived from individuals without
asthma (mean homozygotes [n=22] 1358 [SEM 266];
heterozygotes [n=9] 685 [164]; p=0-02).

Discussion

Our results show that heterozygosity for the IL12B
promoter polymorphism is associated with an increased
severity of both atopic and non-atopic asthma in
childhood. Furthermore, our findings indicate a
biologically relevant effect of heterozygosity on reduced
expression of the IL12B gene and reduced production of
the biologically active interleukin 12 p70 protein. We know
of no other example of heterozygote deficiency at the level
of gene expression when each of the homozygotes have the
same amounts of expression. It is possible that an IL12B
variant mediates these effects. However, we believe this
possibility  unlikely, since such a  hypothetical
polymorphism would need to be in linkage equilibrium
with each of the promoter alleles and would thus appear in
promoter homozygotes, which are under-represented
among the severely affected individuals. The IL12B gene
has limited variability," and we have noted no other
polymorphism that could account for the findings
presented here. Furthermore, among other indications of
linkage of asthma to chromosome 5q, Noguchi and
colleagues” reported linkage to the region near IL12B, yet
noted no significant transmission of ILI12B poly-
morphisms, including the 3'UTR allele. Their results were
similar to ours (data not shown). These other
polymorphisms do not seem to be in strong linkage
disequilibrium with the IL12B promoter polymorphism,

emphasising the importance of the promoter genotype
itself, rather than linked polymorphisms, in mediating
asthma severity.

It is biologically plausible that reduced production of
the interleukin 12 p70 protein is associated with more
severe disease in asthmatic individuals. Reduced
production of interleukin 12 could result in attenuation of
Thl function, leading to more intense or more long-term
allergen-specific Th2 responses. Additionally, the
efficiency of Thl responses against respiratory viruses
could be compromised by feedback inhibition from
antagonistic Th2 cytokines. In this respect, researchers
have reported that progression to severe wheeze after
respiratory viral infection in children is associated with
attenuated Th1 function as measured by interleukin 12 or
interferon-y production.** Furthermore, respiratory
infections arise with increased frequency, and tend to be
more severe, in children who subsequently develop asthma
than in those who do not.***” That the Th2 component of
host-antiviral responses in these individuals might be
asthmatogenic per se is also feasible. It is noteworthy that
virus infections, in particular respiratory syncytial virus
infection, represent the most frequent cause of severe
wheeze in preschool children,>**® and that antiviral
responses in these individuals exhibit prominent Th2
features, including eosinophilia®* and IgE antibody
against viral proteins.” Additionally, respiratory viral
infections represent a major cause of severe asthma
exacerbations in atopic asthmatics of all ages,>?
presumably by superimposing a further layer of
inflammation-induced airway pathology over that initiated
by chronic Th2-mediated responses to aeroallergens.

Attenuation of interleukin 12 p70 production in these
individuals could predispose toward development of
hyper-responsiveness of the airways. In murine models of
asthma, administration of exogenous interleukin 12
protects against expression of airway hyper-
responsiveness,”* and depletion of interleukin 12
increases susceptibility to development of airway hyper-
responsiveness.”” The precise mechanism by which
interleukin 12 protects against hyper-responsiveness has
not been established. However, interleukin 13 does play a
central part in development of airway hyper-
responsiveness in mice with asthma, and interleukin-13
responses are counterbalanced by interleukin 12 in these
models.*

In conclusion, our results suggest a potential role for
IL12B gene polymorphisms in asthma pathogenesis in
human beings. Importantly, our data provide a plausible
final common pathway for progression to disease severity
for the two different forms of asthma, which have
traditionally been viewed as related but mechanistically
distinct pathological entities. Three important issues that
arise from these findings need to be addressed in future
research. Our most pronounced finding is that individuals
who are heterozygous for the ILI2B promoter
polymorphism have the greatest risk for progression to
severe asthma. Although there is no known molecular
mechanism to explain this effect, this differential
heterozygous control of gene expression might contribute
to other cases of HETEROSIS—ie, hybrid vigour—and to
balancing of selection of alleles at the population level.
Hence, this finding should be confirmed in other
populations. Second, the effects of the ILI12B promoter
polymorphism described here were associated with
progression to severe asthma but not with mild or
moderate disease, so the key genes that determine asthma
susceptibility per se still remain to be identified. It is
pertinent in this respect to note that polymorphisms in the
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gene that encodes the B2-andrenergic receptor have been
associated with moderate but not mild or severe asthma,”
providing a precedent for a single gene variation promoting
progression along the pathway towards asthma severity, as
well as an explanation for the absence of association in the
mildly affected children in our study. Finally, we focused
exclusively on 6-year-old children. In this context, it is
noteworthy that the interleukin-12 response capacity in
early childhood is much lower than in adults,*®* suggesting
that the relative importance of the IL12B polymorphisms
in asthma pathogenesis could vary with age. We will
examine this hypothesis in subsequent studies.
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