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SUMMARY

ABA-1 is an approximately 14,000 molecular weight (MW) allergen which is among the most
abundant proteins synthesized by the nematode parasite Ascaris. IgG and IgE responses to it are
major histocompatibility complex (MHC)-restricted in rodents and have only been found to occur in
rats of the RTIu haplotype and mice of the H-2s haplotype. Humans infected with the parasite vary
substantially in their immune response to the allergen, but the genetic basis for this is unknown. H-2
recombinant mice were used to identify the region within the MHC controlling antibody responses to
the allergen. IgG antibody to immunoaffinity purified ABA-I was assayed by radio-immunoassay
and IgE by passive cutaneous anaphylaxis. This showed that the restriction element is the I-A
molecule and that there was some evidence for I-E modulation of the level of response.

It has previously been established that the antibody repertoire to
the antigens of the parasitic nematode Ascaris is under the
control of the major histocompatibility complex (MHC) in
infected rodents."2 This effect was particularly clear for re-
sponses to a major allergen of the parasite which only elicits a
response in H-2s mice and RTl u rats, of the haplotypes tested so
far.2'3 This allergen (ABA- 1) has been variously sized at between
10,000 and 14,000 MW, is probably equivalent to Allergen A of
the parasite4 and can be purified to homogeneity either by
immunoaffinity chromatography or by HPLC.3'5

Humans infected with Ascaris lumbricoides vary substan-
tially from individual to individual in their IgG antibody
responsiveness to this protein6'7 and our unpublished results
have shown that this also extends to the specificity of their IgE
antibody responses. We predict that the MHC is in control of
this specificity in humans and are currently attempting to
confirm this using sera from HLA-typed individuals living in an
endemic area for the infection.

In order to identify the region of the MHC involved in
recognition of the ABA-l allergen in mice, the antigen recogni-
tion profiles of H-2 recombinant strains (see Table 1 for the
haplotypes used) were characterized. The mice were infected
with the parasite on three occasions and serum was sampled 14
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days after a tertiary exposure, as previously described.' Their
antigen recognition profiles were characterized by protein A-
based immunoprecipitation assay of radio-iodinated parasite
antigen followed by gradient SDS-PAGE analysis of the
immunoprecipitates. The target antigens used were either
excretory-secretory materials (ES) from the lung stage of the
parasite, which-clicits pulmonary hypersensitivity in humans,"
or the pseudocoelomic fluid of adult worms (ABF). Figure I
shows a typical result using the first of these, and illustrates that
only those strains which carried I-As responded to the 14,000
(MW) molecule. This component is the ABA-I allergen and is
known to be common to ABF and in vitro-released ES
materials. 12-14

In order to confirm this apparent class II region control of
reactivity to ABA-1, the immunoprecipitations were repeated
using the immunoaffinity-purified protein and the radioactivity
precipitated by test sera was measured (Table 2). The strains
which were recorded as responders by this assay were the same
as those whose sera precipitated the Mr 14,000 MW from the
heterogeneous mixture illustrated in Fig. 1. This immunopreci-
pitation assay would have detected antibody of only those
subclasses of IgG which bind protein A. The profiles did not
differ, however, when the assay was adapted to account for
other isotypes.2'7

To establish whether this pattern of reactivity also applied to
the IgE antibody response, the sera were further tested in a
passive cutaneous anaphylaxis assay (PCA) in rats.2 The results
of this are also presented in Table 2, and show that the strains
which produced IgE antibody were concordant with those
which produced an IgG response as detected by immunoprecipi-
tation. Although not detailed in Table 2, SJL (H-2S) mice
produced an IgE titre similar to the B1O.S strain. SJL mice are
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Table 1. MHC haplotypes of the inbred and H-2 recombinant strains
used

Strain Haplotype K Ap A, Ep E2 S D L

BlO.BR k k k k k k k k k
BlO.D2 d d d d d d d d d
SJL s s s s (s s) s s s

BlO.S s s s s (s s) s s s

A.TH t2 s s s (s s) s d d

BIO.S(9R) t4 s s s s/k k d d d

BlO.HTT t3 s s s s/k k k d d

A.TL ti s k k k k k d d

Brackets represent inability to express the H-2E heterodimer
because of the defective Es chain gene. The BlO.S(9R) strain will express
the I-E molecule because the Elf gene product is expressed normally and
assembles with the EeSlk chain on the cell surface;8 the same will
presumably also apply to the BlO.HTT strain. Taken from the listings in
refs 9 and 10.
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Figure 1. Strain differences in immune recognition of the ABA- I

molecule. Mice of the indicated strains were infected with 2000 eggs of

Ascaris suum on three occasions 28 days apart and blood was sampled

14 days after the final infection. Pools of serum to which all members of

groups of at least three animals contributed equally, were used in protein

A-based immunoprecipitation of '251-labelled ES material from lung

stage larvae of Ascaris suum. Protein A-bound (IgG) immune complexes

were analysed on 5-25% gradient SDS-PAGE, the gels were fixed, dried

and autoradiographed. The ABA-I molecule has a relative MW of

14,000 under the SDS-PAGE conditions used. MW marker proteins

(Pharmacia 17-0446-01) whose relative molecular masses are as indi-

cated (M); R, antigen preparation used in the assay; N, immunoprecipi-

tation profile of serum from normal uninfected mice.

known to have unusual IgE responses and we have previously
found it difficult to detect IgE antibody to Ascaris infection in

this strain.2

The above findings argue that responses to the allergen are

under I-A control, for the following reasons. First, the D and L

regions can be eliminated from involvement because the A.TH

strain responded yet does not bear s alleles at these loci. The

same argument applies for the E and S regions because the

Table 2. I-A control of IgG and IgE responses to the ABA- I allergen of
Ascaris

% "II-ABA I
Strain/serum H-2 haplotype precipitated PCA titre

Normal mouse serum 0 9 0
BIO.BR k 12 0
BlO.D2 d 1-0 0
B1O.S s 10-8 256
A.TH t2 24-8 256
BlO.S(9R) t4 4-3 128
BIO.HTT t3 3-9 64
A.TL ti 0-7 0

The ABA-1 allergen was purified by immunoaffinity chromato-
graphy as described previously2'3 and used in both the radio-immuno-
precipitation and passive cutaneous anaphylaxis (PCA] assays. For the
former, 2 ,g protein were labelled with 3-7 mBq 1251 and used as target
antigen for IgG antibody in a protein A based immunoprecipitation
assay.'2 The results are expressed as the radioactivity precipitated as a
percentage of the trichloro-acetic acid precipitable activity, and are the
means from duplicate assay tubes. For IgE antibody, a PCA assay was
carried out in inbred WLEP (Wistar) rats which were given 50pg ABA-I
protein as challenge antigen and the results are expressed as the last
doubling serum dilution to show a reaction. Each test serum was assayed
in duplicate rats and the results were identical between duplicates.

BlO.S(9R) and B10.HTT strains responded while bearing k or d
alleles in these regions. The first of these two strains is known to
express the I-E molecule because the E"k gene product will
substitute for that of the defective Es gene in the assembly and
cell-surface expression of the heterodimer.8 This is also likely to
apply to the BlO.HTT strain. The response to ABA-1 cannot,
however, be I-E-restricted because mice of the H-2s haplotype
always respond to the allergen despite being defective in the
expression of the H-2E heterodimer.8"5 Finally, when an s allele
is only present at the K locus, no response occurs to ABA-1. By
this process of elimination, therefore, the I-A region is impli-
cated in the control of the response.

There appeared, however, to be some evidence of a role for
the I-E molecule in that the BlO.S(9R) and BlO.HTT strains
(both H-2E+) were noticeably poorer responders than were the
BIO.S orA.TH (both H-2E-). It could be argued, therefore, that
the lower responsiveness of these strains was due to I-E-
mediated suppressor activity. The I-E molecule has been
associated in the past with suppression of I-A-restricted T-cell
responses to purified antigens,'6"17 with deletion of substantial
parts of the T-cell repertoire,'8"9 presumably through cross-
tolerance to the I-E molecule, 2' and with enhanced susceptibi-
lity to infection with the nematode Trichinella spiralis22 and to
the protozoan Leishmania donovani.23 In these cases, the I-Ek
molecule was implicated, as it could be in the present study, but
no mechanism has yet been defined for the putative I-E-
mediated effects.

There are, however, other possibilities, including the modu-
latory roles played by cytokines, some of which are encoded by
genes in the vicinity of the S and D regions. Alleles of these
cytokines, or regulatory regions controlling their synthesis and/
or secretion, could influence the level of the I-A-restricted anti-
ABA- I response. Moreover, the genes for complement compo-
nents encoded within the S region are polymorphic24 and might
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vary from haplotype to haplotype in their function as accessor-
ies to the immune response.

The response to ABA-1 is, therefore, under conventional
class II-associated Ir gene control in the context ofinfection and
of all the haplotypes tested so far (H-2 haplotypes a, b, d, f, g, k,
m, q, r, s, and z; ref. 2 and unpublished results) only the I-As
molecule permits responsiveness to the allergen in mice. Res-
ponsiveness in infected humans is similarly rare despite the
relatively large quantities of the protein to which the parasite is
likely to expose its host. This would perhaps not be surprising
were the molecule to be very small, comprising repeated
epitopes or having a homologue in mammalian tissue such that
any non-self epitopes will be limited in number and/or subject to
tolerance along with self-like epitopes on the molecule. It
appears that none of these apply-our knowledge of the N-
terminal amino acid sequence, which is currently about 75%
complete (ref. 3 and unpublished data), has revealed a sequence
with neither repeated motifs nor similarity with any protein
whose sequence is known. The rarity of immune recognition is,
therefore, particularly surprising but it is probably a general
phenomenon in immune responses to the antigens of other
parasitic nematodes.25 These findings have implications, there-
fore, to the immune responses to complex antigens and allergens
of pathogens in general.

ACKNOWLEDGMENTS

This work was supported by the Wellcome Trust through a grant to
M. W. Kennedy. We are also indebted to David McLaughlin, Anne
McIntosh and Fiona McMonagle for technical help and to Peter Rickus
for the photographic work.

REFERENCES

1. KENNEDY M.W., GORDON A.M.S., TOMLINSON L.A. & QURESHi F.
(1987) Genetic (major histocompatibility complex?) control of the
antibody repertoire to the secreted antigens of Ascaris. Parasite
Immunol. 9,269.

2. TOMLINSON L.A., CHRISTIE J.F., FRASER E.M., McLAUGHLIN D.,
McINTosH A.E. & KENNEDY M.W. (1989) MHC restriction of the
antibody repertoire to secretory antigens, and a major allergen, of
the nematode parasite Ascaris. J. Immunol. 143, 2349.

3. CHRISTIE J.F., DUNBAR B., DAVIDSON I. & KENNEDY M.W. (1990)
N-terminal amino acid sequence identity between a major allergen
of Ascaris lumbricoides and Ascaris suum, and MHC-restricted IgE
responses to it. Immunology, 69, 596.

4. AMBLER J., MILLER J.N., JOHNSON P. & ORR T.S.C. (1973)
Characterisation of an allergen extracted from Ascaris suum.
Determination of the molecular weight, isoelectric point, amino
acid and carbohydrate content of the native allergen. Immuno-
chemistry, 10, 815.

5. McGIBBON A.M., CHISTIE J.F., KENNEDY M.W. & LEE T.D.G.
(1990) Identification of the major Ascaris allergen and its purifica-
tion to homogeneity by HPLC. Molec. Biochem. Parasitol. 39, 163.

6. HASWELL-ELKINS M.R., KENNEDY M.W., MAIZELS R.M., ELKINS
D.B. & ANDERSON R.M. (1989) The antibody recognition profiles of
humans naturally infected with Ascaris lumbricoides. Parasite
Immunol. 11, 615.

7. KENNEDY M.W., TOMLINSON L.A., FRASER E.M. & CHRISTIE J.F.
(1990) The specificity of the antibody response to internal antigens
of Ascaris: heterogeneity in infected humans, and MHC (H-2)
control of the repertoire in mice. Clin. exp. Immunol. 80, 219.

8. JONES P.P., MURPHY D.B. & McDEViTr H.O. (1981) Variable
synthesis and expression of E, and A, (Ep) Ia polypeptide chains in
mice of different H-2 haplotypes. Immunogenetics, 12, 321.

9. KLEIN J., FIGUEROA F. & DAVID C.S. (1983) H-2 haplotypes, genes
and antigens: second listing. Immunogenetics, 17, 553.

10. KLEIN J. (1986) Natural History of the Major Histocompatibility
Complex. John Wiley & Sons, New York.

11. OGILVIE B.M. & DE SAVIGNY D. (1982) Immune response to
nematodes. In: Immunology of Parasitic Infections (eds S. Cohen
and K. S. Warren), pp. 715-757. Blackwell Scientific Publications,
Oxford.

12. KENNEDY M.W. & QURESHI F. (1986) Stage-specific secreted
antigens of the parasitic larval stages of the nematode Ascaris.
Immunology, 58, 515.

13. KENNEDY M.W., QURESHI F., HASWELL-ELKINS M. & ELKINS D.B.
(1987) Homology and heterology between the secreted antigens of
the parasitic larval stages of Ascaris lumbricoides and Ascaris suum.
Clin. exp. Immunol. 67, 20.

14. KENNEDY M.W., QURESHI F., FRASER E.M., HASWELL-ELKINS M.,
ELKINS D.B. & SMITH H.V. (1989) Antigenic relationships between
the surface-exposed, secreted, and somatic materials of the nema-
tode parasites Ascaris lumbricoides, Ascaris suum, and Toxocara
canis. Clin. exp. Immunol. 75,493.

15. MURPHY D.B., JONES P.P., LOKEN M.R. & McDEVITT H.O. (1980)
Interaction between I region loci influences the expression of a cell
surface Ia antigen. Proc. natl. Acad. Sci. U.S.A. 77, 5404.

16. BAXEVANIS, C.N., NAGY Z.A. & KLEIN J. (1981) A novel type ofT-T
cell interaction removes the requirement for I-B region in the H-2
complex. Proc. natl. Acad. Sci. U.S.A. 78, 3809.

17. OLIVEIRA D.B.G., BLACKWELL N., VIRcHIs A.E. & AXELROD R.A.
(1985) T helper and T suppressor cells are restricted by the A and E
molecules, respectively, in the F antigen system. Immunogenetics,
22, 169.

18. KAPPLER J.W., ROEHM N. & MARRACK P. (1987) T cell tolerance by
clonal elimination in the thymus. Cell, 49, 273.

19. MARRACK P. & KAPPLER J. (1987) The T cell receptor. Science,
238, 1070.

20. MATZINGER P. (1981) A one-receptor view of T-cell behaviour.
Nature, 292, 497.

21. SCHWARTZ R.H. (1985) T-lymphocyte recognition of antigen in
association with gene products of the major histocompatibility
complex. Annu. Rev. Immunol. 3, 237.

22. WASSOM D.L., KRCO C.J. & DAVID C.S. (1987) I-E expression and
susceptibility to parasite infection. Immunol. Today, 8, 39.

23. BLACKWELL J.M. (1985) Genetic control of discrete phases of
complex infections: Leishmania donovani. Leukocyte Biol. 3, 31.

24. RITrNER C. & SCHNEIDER P.M. (1989) Complexity ofMHC class III
genes and complement polymorphism. Immunol. Today, 10, 401.

25. KENNEDY M.W. (1989) Genetic control of the immune repertoire in
nematode infections. Parasitol. Today, 5, 316.


