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Abstract Immunoglobulin E responses to known environsources such as HDM or grass pollens are complex mix-
mental antigens (allergens) may serve as a general moddli@s of proteins. A number of major allergens, to which
investigate germline genetic restriction of the immunigE responses are consistently found, have been identified
response. We have previously shown genetic linkage mm each allergen source. In the case of HDM, the two
tween IgE responses to major allergens and the T-celbst important allergens ater p | (254000M;) andDer
receptor TCR A/D locus, but not toTCR-B implying p Il (141000My), each of which seems to have four major
that elements iNTCR A/D restrict the ability to react to B-cell epitopes (Chapman et al. 1987; Lind et al. 1988).
specific antigens. We now show, in two sets of subjecPeptide mapping ober p Il has shown that T-cell clones
from the same population, a strong allelic associatidrom different individuals may also react to common T-cell
between avA8.1 polymorphism YA8.1*2 and reactivity epitopes (O’Hehir et al. 1993).
to Der pIl, a major antigenic component of the house dust TheHLA and T-cell receptorCR) genes are candidates
mite Dermatophagoides pteronyssinuéssociation was for germline influences on specific allergen responses. The
also seen betweerDer p Il IgE titres and HLA- association oHLA haplotypes and ragweed allergy was the
DRB1*1501alleles. Reactivity toDer p Il was confined first human Ir (immune response) gene to be recognized
to subjects who were positive fovA8.1*2 and HLA- (Levine et al. 1972), antiLA-DR restriction of IgE reac-
DRB1*1501 demonstrating germlinelLA-DR and TCR-A tions to allergen is well documented (Marsh et al. 1981;
interaction in restricting the response to exogenous antigéfoung et al. 1994). However, thdLA genes on their own
do not account for the differences in an individual’s IgE
reactions to allergen (Young et al. 1994). Th€R reper-
toire is not random, and is influenced by germline (geno-
Introduction mic) polymorphism (Gulwani-Akolkar et al. 1991; Lover-
idge et al. 1991; Moss et al. 1993). We therefore examined
Atopy (familial asthma, rhinitis, and eczema) is charactethie TCRloci for genomic restriction of IgE responses.
ized by immunoglobulin E (IgE) responses to soluble We have previously established linkage of specific IgE
antigens known as allergens. The development of diseagsponses to thECR-A/Dlocus on chromosome 14 (but not
in atopic individuals depends on the type of allergens to TCR-B in two sets of subjects (Moffatt et al. 1994). The
which they react (Cookson et al. 1991; Sears et al. 1989 CR-A/D region is complex (Arden et al. 1995), and
Atopic asthma, which now affects one child in seven in theontains many elements which might influence specific
United Kingdom (Strachan et al. 1994), is strongly influantigen recognition. Localization of these elements depends
enced by house dust mite (HDM) allergy (Cookson et a&in associations between specific alleles and IgE responses.
1991, Peat et al. 1987; Sears et al. 1989), whereas grédés have not found associations with IgE responses and
pollen sensitization carries much less risk of asthma. It dleles of theTCR-Amicrosatellites FCA.TA1 and D14S50
therefore of clinical interest to investigate the genetidoffatt et al. 1994). However, it has been previously
control of the specific IgE response. Inhaled allergetemonstrated tha?¥A8 may be in excess in T-cell clones
reacting to HDM (Wedderburn et al. 1993), and so we have
now investigated a bi-allelic polymorphism WA8.1(Cor-
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Table 1 Association between IgE titres to house dust mite antigensv&@i1 polymorphism

Panel A subjects

Der pl n Mean (SE) t P

1 316 1.133 (0.092) -1.91 0.057
VA8.1allele

2 490 1.367 (0.081)
Der pll n Mean (SE) t P

1 316 0.620 (0.056) -2.78 0.006
VA8.1allele

2 490 0.833 (0.052)
Panel B subjects
Der pli n Mean (SE) t P

1 337 0.374 (0.044) -2.17 0.030
VA8.lallele

2 493 0.507 (0.042)
Combined subjects
Der pll n Mean (SE) t P

1 653 0.493 (0.036) -3.57 0.000
VA8.lallele

2 983 0.669 (0.034)

Statistical analysis of allergen responses is demandingyifle number was decreased to 14. PCR products were run on 10%
loci with many alleles, such as théLA-DR system, are to polyacrylamide gels (19:1 polyacrylamide: bis-acrylamide, 10% glyc-

. : . . . rol, 0.5 x TBE) for 22 h at 4°C, and visualized by silver staining.
be studied. Multiple regressions, which can disentangle t ﬁown controls were included on each gel. Since the nucleotide

effects of interacting variables, and which reduce multiptange results in the introduction of ahva Il restriction  site,
comparisons to a single test of significance, have been ugedotyping of Panel B subjects was by restriction digestion of the
successfully in the past to elucidatt A associations with Intronic PCR product. Following Intronic amplification, |8 of PCR

. oduct was digested with 5 units éva ll (New England Biolabs,
allergens (Farewell and Dahlberg 1984; Young et al. 199&éverly, MA) at 37°C for 1 h. Resultant products were analyzed on

and were used in the present study. 2% agarose gels/A8.1allele 1 was identified by a single 264 base pair
(bp) band and allele 2 by 122 and 142 bp bands.
To ensure conformity of results for the two methods of typing for
VA8.1, 30 subjects genotyped by single structured conformational
j polymorphism (SSCP) were also typed by thea |l restriction digest
Materials and methods protocol. Eight of these subjects were also sequenced. Sequenced
controls of each genotype were included in each set of digests
Four-hundred-and-ten subjects from 88 nuclear families (Panel pgrformed.
were sub-selected from an Australian general population sample of HLA-DRB1* typing was by sequence-specific oligonucleotide
1020 subjects in 230 families who have been extensively studied fgpbing with digoxigenin-ddUTP (Boehringer Mannheim UK,
asthma and atopy (Hill et al. 1995; Moffatt et al. 1994). The mean agewes, East Sussex) labeled probes (Wordsworth et al. 1990).
of the subjects was 24.2 yrs (SD 14.4), and 52% were male. AHLA-DR types determined includetiLA-DRB1*01-*16 Subtypes
additional 426 subjects from the same population sample (Hill et &ere recognized fotHLA-DRB1*02 (HLA-DRB1*1501, and HLA-
1995) were also studied (Panel B). Their mean age was 27.6 yrs (8BB1*1502,*1601 and *1602), for HLA-DRB1*05 (HLA-DRB1*11
14.3) and 52% were male. Sera were tested for elevation of IgE titresaed HLA-DRB1*13, and for HLA-DRB1*06 (HLA-DRB1*13 and
the major allergen®er p | and Der p Il (from the house dust mite HLA-DRB1*14.
D. pteronyssinusby chemiluminescence assay using monoclonal anti- Genotypes folA8.1andHLA-DRB1were checked independently
IgE (ALK Laboratories, Hgrsholm, Denmark). Results were convertdty two individuals who were blind to the phenotype. Failed amplifica-
to RAST classes. tions were repeated twice. In Panel A, amplificationvé8.1failed in
Typing of the VA8.1segment polymorphism for Panel A subject®ne subject and amplification of HLA-DRBL1 failed in two subjects.
was by electrophoresis of specific polymerase chain reaction (PABjth amplifications failed in six subjects. In Panel #A8.1did not
products on 10% acrylamide gels as described previously, withagplify in eight subjectsiHLA-DRB1did not amplify in two subjects,
number of modifications (Coftie et al. 1993). For the Leader PCR,and neither locus amplified in three subjects. Overall, only five of the
200 ng of genomic DNA was used as template with 9\ of each failed amplifications had positive serology fBer p | or Il.
primer, 200uM of each dNTP, 10 mM Tris-HCI (pH 8.8 at Z&), The results were analyzed by SPSS Version 4.1 for VAX/VMS.
50 mM KCI, 1% Triton X-100 and 1.5 mM MgGland 0.75 units of Associations of IgE titres t@er p | and Der p Il with VA8.1alleles
Tag DNA polymerase in a final reaction volume of 2. Amplifica- were tested by t-tests. Similar results were found with non-parametric
tion conditions were 95C for 5 min followed by 30 cycles of 95C Mann-Whitney tests. Exact Odds Ratios were calculated from con-
for 1 min, 55°C for 45 s and 72C for 1 min. For the Intronic PCR, tingency tables by the STATXACT program (Cytel Corp, Cambridge,
1 pl of a 1/100 dilution of the Leader PCR product was used agA). The effect of familial correlation on the results was examined by
template with substitution of the Vprimer for the leader primer in the use of the ASSOC routine of the SAGE program (Release 22,
PCR. Intronic PCR conditions were the same as for the Leader PdRepartment of Epidemiology and Biostatistics, Case Western Reserve
except that the anneal temperature was increased € Shd the University, Cleveland).
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Table 2 Interaction betweeCR-VA8.1 HLA-DRBZ, and IgE titres toDer pll. Multiple regression analysis

Panel A subjects

Variable B (Standard error) t P

VAS8.1 0.352 (0.118) 2.98 0.0030
HLA-DRB1*1501 0.235 (0.080) 2.92 0.0035
Constant —0.027 (0.202) -0.13 0.89

Not significant: HLA-DRB1 *01*03 *04 *07 *11

Panel B subjects

Variable B (Standard error) t P
HLA-DRB1*1501 0.256 (0.088) 291 0.0038
VA8.1 0.164 (0.064) 2.56 0.0106
Constant —0.107 (0.160) -0.67 0.50

Not significant: HLA-DRB1 *01 *03 *04 *07 *11

Combined subjects

Variable B (Standard error) t P
HLA-DRB1*1501 0.286 (0.073) 3.90 0.0001
VA8.1 0.201 (0.052) 3.90 0.0001
Constant —0.052 (0.130) -0.41 0.68

Not significant:HLA-DRB1 *01 *03 *04 *07 *11

Multiple forward stepwise regressions were carried out (SPSS 4tifres were categorized into positivee2 RAST classes) and
i oo o e | e e dop v negative_responses<(2 RAST classes). In theiLA:
six Iﬁost commorHLA-DRB1types:*01, *15, *03, *04, 07, and*11 DRB1*150Inegative subjects, the association between
(absent = 1, present = 2). Backward stepwise regressions gave the se P Il and VA8.1*2was marginal (odds ratio 1.32, 95%
results. confidence interval (Cl) 0.99-1.78,= 0.053), whereas in
the HLA-DRB1*150%positive subjects the association was
highly significant (OR 2.80, 95%Cl 1.55—5.085= 0.0006),
confirming the presence of tiBCR-A/HLA-DRinteraction.
Results As part of wider investigations into the genetics of

asthma, we recruited and studied families rather than

In the Panel A subjects, allele 2 of tv&8.1polymorphism individuals. While association between phenotypes and
(VA8.1*2 showed a significant association with higher Igilleles may be tested in families, familial aggregation of
titres toDer p Il [( P = 0.006) (Table 1)]: a weak associatiorthe trait under study means that individuals in a family may
was seen tdDer p | (P = 0.057). The association withnot be fully independent (George and Elston 1987). We
VA8.1*2 was confirmed in the Panel B subjectsherefore examined the results with the ASSOC program,
[(P = 0.03)(Table 1)], and was highly significant in thewhich includes familial correlation in tests of association
pooled subjects § = 0.000)(Table 1)]. The IgE titres werebetween quantitative traits and genotypes (Elston et al.
approximately 25% higher in subjects wiNA8.1*2 in 1994; George and Elston 1987). Using this program, the
both groups and in the combined data. x2 for the association betwedder p Il titres andVA8.1and

In order to account for possible interacting effects withlLA-DRB1*1501genotypes in the combined subjects was
HLA-DRBJ] multiple regression analysis was carried out.64 with 1df @ = 0.0057), indicating that the positive
with IgE titre to Der p Il as the dependent variable, andesults of the study were not due to chance aggregation of
VA8.1and the six most commohLA-DR types as inde- familial effects.
pendent variables. The results showed thALA-
DRB1*1501was positively associated with IgE titres to
Der pll in Panel A and Panel B subjects, and in the pooled
data (Table 2). In the pooled data, the mézar p Il IgE  Discussion
titre whenVA8.1*2andHLA-DRB1*1501were together in
the same subject was 1.14 0.14 RAST classes, comparedrhe findings of this study are indirectly supported by other
with 0.56 £ 0.025 when neither allele was present. ThigvestigationsVA8has been found to be dominant in T-cell
level of enhanced IgE response is likely to be of clinicallones reacting with HDM (Wedderburn et al. 1993).
significance. Polymorphisms inTCR-VBsegments are associated with

To test further for interaction betweeHLA-DR and differential levels of usage of the segments in the peripheral
VAB8.1the combined subjects were partitioned inibA- repertoire (Vissinga et al. 1994), and it is possible that the
DRB1*150%positive and -negative groups, and ber pll  VA8.1polymorphism modifies the expression or affinity of
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this segment. An effect dfiLA genotype on the peripheralCline, M.G. and Burrows B. B. Distribution of allergy in a population
VBr rtoire is r niz Akolkar et al. 1 nd it has sample residing in Tucson, Arizon&horax 44:425-432, 1989
beenepseu 0 eeStZde;?Egt theé(i\(re Oert?)iree ?S ir%?u‘?’e)hgeg b aCSookson, W.0.C.M., De Klerk, N.H., Ryan, G.R., James, A.L., and

99 . . p . y Musk, A.W. Relative risks of bronchial hyper-responsiveness
exposure to particular antigen (Gulwani-Akolkar et al. associated with skin-prick test responses to common antigens in
1995). young adultsClin Exp Allergy 21 473-479, 1991

In the B6 mouse, germline variation in particul‘ﬁ@R_ Corndis, F., Pile, K., Loveridge, J., Moss, P., Harding, R., Julier, C.,

S nd Bell, J. Systematic study of humaf8 T cell receptor V
VA segments has been shown to have a major influence OrT:egments shows allelic variations resulting in a large number of

MHC restriction (Sim_Et al. _1996)1 consistent _With Our  gistinct T cell receptor haplotypeBur J Immunol 231277 —1283,
finding of HLA/TCRA interaction in human subjects. In 1993
the mouse, selection of CD4 or CD8 T-cell subsets wéston, R.C., George, V.T., and Sorant, A.J.M. Trait-Marker association

determined by complimentarity-determining region 1 Program. Part of the SAGE documentation. Department of Epide-
o - ) miology and Biostatistics, Case Western Reserve University,

(CDR1) or CDR2 preferential interaction with class | and cjeyeland. 1994

class Il MHC molecules. The humarA8.1polymorphism Farewell, V.T. and Dahlberg, S. Some statistical methodology for the

alters a framework residue, with an unknown effect on the analysis of HLA dataBiometrics 40:547—-560, 1984

VA8.1CDRs (Corriés et al. 1993). More detailed geneticGeorge, V.T. and Elston, R.C. Testing the association between poly-
and functional studies are therefore necessary to determin prlpz'clgn;rkz%i i%dsguam'tat"’e traits in pedigrégenet Epide-
101 4: - ,

V_Vhether theVAS-_l PO|ym_0rphi5m it$e|f or an element inGulwani-Akolkar, B. Posnett, D.N., Janson, C.H., Grunewald, J.,
linkage disequilibrium is responsible for our observed Wigzell, H., Akolkar, P., Gregersen, P.K., and Silver, J. T cell
results. receptor V-segment frequencies in peripheral blood T cells corre-

: . late with human leukocyte antigen type. Exp Med 174:
In summary, our study shows that a germline element in 1139-1146, 1991

the TCR-VAregion interacts with a particul&tLA-DRtype Gywani-Akolkar, B., Shi, B., Akolkar, P.N., Ito, K., Bias, W.B., and
to modify the response to foreign antigen. Genetic linkage Silver, J. Do HLA genes play a prominent role in determining T cell
of antigen responses is not seen to i@RBlocus (Moffatt g%tfgptfgss\f 12%95ment usage in humans? Immunol 154:
et al. 1994), so that restriction of response may be g U'="3 Fu SN Lo g A Ryan, G.. Hopkin, M., le Soeu,
particular feature oT CRA/D The results have implications P., Musk, AW., and Cookson. W.0.C.M. &RI-B polymorphism
for understanding the genetics of susceptibility to infectious and risk of atopy in a general population samBe.Med J 311:
and autoimmune diseases. In contrast, however, to auto-776—779, 1995

immune diseases, which are rare, and in which the offed-dplfordl-Strevens.IVE \I(V""”eln' F:., Wong, %'. and dMSS”frlfda’ J-l.Ser”m
ing antigens are often unknown or poorly defined, atopy, f‘;}%J;"Ong?Sglz_UQZElggiS in Canadian adulisAllergy Clin
defined by positive skin tests to common allergens, affeqtsvine, B.B., Stember, R.H., and Fontino, M. Ragweed hayfever:
between one-third and one-half of many Western popula- genetic control and linkage to HL-A haplotypeScience 178:

tions (Cline and Burrows 1989; Holford-Strevens et al. 1201-1203, 1972

. ; ind, P., Hansen, O.C., and Horn, N. The binding of mouse hybridoma
1984;. Peat et al. 1987), and many major allergens é"jgand human IgE antibodies to the major faecal allerdar,p |, of

well characterized at the DNA and protein level. Specific Dermataphagoides pteronyssinu Immunol 140: 42564262,

allergy may therefore serve as a model system for under-1988

standing the immunogenetics of the humoral responseltyeridge, J.A., Rosenberg, W.M.C., Kirkwood, T.B.L., and Bell, J.I.

specific antigen. The genetic contribution to human T-cell receptor repertoire.
Immunology 74246-250, 1991
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