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Human IgG subclass responses and subclass restriction to
Schistosoma mansoni egg antigens
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SUMMARY

In areas endemic for schistosomiasis, there is great heterogeneity in antibody isotype responses to
parasite antigens amongst infected individuals. At the population level, the isotype composition of
antibody responses undergoes dynamic changes which are associated with the age of infected
individuals. Here we examine the IgG subclass responses to Schistosoma mansoni eggs (soluble egg
antigens; SEA) of infected individuals by immunoblot and ELISA. By controlled treatment of
SEA-coated ELISA plates and immunoblot nitrocellular strips with sodium periodate, in order to
oxidize terminal carbohydrate residues selectively, we were able to relate individuals subjects’
isotype responses to the different antigens that they responded to, and to the presence of putative
carbohydrate and peptide epitopes on those antigens. IgG2 responses were restricted strictly to
sodium periodate-sensitive carbohydrate epitopes and antigens of relatively high molecular
weight. These antigens were not usually recognized by other isotypes and, therefore, they were only
recognized by individuals who had high levels of IgG2. IgG1 and IgG3 responses were directed
against both carbohydrate and peptide epitopes, whereas IgG4 responses were restricted to
periodate-resistant epitopes. This suggests that the fall in IgG2 responses, and reciprocal rise in
IgG4 antibodies, seen in young children as their intensities of schistosome infection increase, is not
the result of isotype switching, and that, if these two subclasses are involved in blocking immunity

to schistosomiasis, they are operating independently.

INTRODUCTION

Schistosomiasis is a parasitic helminth infection that affects an
estimated 200 million people in tropical regions. Infections are
chronic in nature, with adult worms living for several years in
the host’s blood stream. In areas of Kenya endemic for
Schistosoma mansoni, it has been found that older individuals in
the population are apparently ‘immune’ to reinfection after
treatment, while younger individuals are highly ‘susceptible’ to
reinfection. Susceptibility to reinfection does not appear to be
due to a general failure to respond against the schistosome, as
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all infected individuals are found to be hyper-responsive to
parasite antigens.! However, the isotype composition of
antibody responses against the parasite does vary greatly
between infected individuals. As different human antibody
isotypes differ in their biological properties,? including their
ability to mediate or block killing of schistosomes via a variety
of immune effector mechanisms,>> this heterogeneity in
isotype response may influence the outcome of infections in
different individuals. Indeed, it has been shown that high levels
of human IgG2 directed against the parasite egg are associated
with subsequent high intensities of reinfection after treatment,’
whereas high levels of IgE directed against various stages of the
parasite life cycle have been significantly correlated with low
intensities of reinfection.®~®

Statistical comparisons of anti-schistosome isotype
responses in human populations have suggested that IgG4
recognizes a group of epitopes that are distinct from those
recognized by other human IgG subclasses.”!® Cross-sectional
surveys of human populations suffering endemic schistosomia-
sis have shown that there are dynamic changes in the isotype
composition of the antibody response to schistosomes with the
age of infected patients. Comparisons of the IgG isotype
responses in ELISA to carbohydrate antigens and partially
deglycosylated glycoproteins have found that the IgG2
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anti-carbohydrate responses decline with age, whereas IgG4
levels correlate more closely with the age-related rise and fall in
intensity of infection seen in endemic populations.’ Some
responses, such as IgE, increase steadily with age, so that high
levels of IgE are generally found in older individuals within the
population.®’

Studies of the physicochemical nature of target antigens and
the antibodies they elicit in other systems have revealed a
restriction in the ability of immunoglobulin subclasses to be
induced by certain antigens. Thus, human antibody responses
to streptococcal group A carbohydrates are predominantly
restricted to the IgG2 subclass, whilst IgG4 antibodies appear
only to be able to recognize the protein antigens streptolysin O
and deoxyribonuclease B from the same bacterium.'! Similar
subclass restrictions have been noted in helminthic infections
other than schistosomiasis. For example, it has been shown
using sera from patients infected with filarial worms that the
chronic antigenic stimulation cannot overcome the restriction
which prevents humans from making IgG4 antibodies to
carbohydrate antigens.'?

The age-dependent changes in isotype response to schisto-
somes seen in human populations, and the isotype hetero-
geneity seen between individuals, are of potential importance in
schistosomiasis in terms of immunity and immunopathology.
In addition, these responses in chronically infected human
populations present an opportunity to study the relationship
between individual diversity in isotype responses, the different
antigens recognized and the physicochemical nature of the
epitopes these antigens contain. Here we describe the variation
between individuals S. mansoni-infected subjects in the overall
IgG subclass responses to antigens from the parasite egg,
and the patterns of antigens recognized by different subclasses.
We also compare the influence of carbohydrate and non-
carbohydrate epitopes on the IgG subclass composition of anti-
egg responses and the antigens responded to by individual
subjects.

MATERIALS AND METHODS

Human sera

Sera were collected from 94 S. mansoni-infected subjects, from
5 to 67 years of age, living in the Machakos District of Kenya.
Active infections were confirmed by Kato examination for the
presence of parasite eggs in the stools of each individual.
Normal human sera were from European donors with no
history of schistosomiasis.

Parasite antigen

A Puerto Rican isolate of S. mansoni was maintained in
Biomphalaria glabrata snails and TO strain mice (Tuck Ltd,
Battleridge, UK). Schistosoma mansoni eggs were collected
from the livers and intestines of mice. Soluble egg antigen
(SEA) refers to the supernatant fluid obtained from eggs that
had be;:n homogenized in phosphate-buffered saline (PBS),
pH7-2.

IgG subclass responses to S. mansoni SEA in ELISA

The ELISA methods used were essentially those described
elsewhere.'>!* Microtitre plates were coated overnight at room
temperature with 0-08 ug SEA/well. Plates were then washed

in 0-5% Tween-20 in PBS. For total specific IgG antibodies,
IgG1 and IgG4 assays, sera were tested at 1:200; for 1gG3
and IgG2 assays sera were at 1:100. Plates were washed
after 6 hr incubation in test serum and then mouse anti-human
isotype-specific monoclonal antibody (mAb) was added and
the plates incubated overnight at room temperature. Mouse
mAb anti-human IgG subclasses were the same as used
previously.” Rabbit anti-human IgG conjugated with horse-
radish (Dako Ltd, High Wycombe, UK) was used to determine
total IgG responses. Anti-human IgG subclass antibodies were
added at dilutions previously determined to give maximal
binding. Biotinylated rabbit anti-mouse IgG antibody (Amer-
sham International, Aylesbury, UK), followed by biotin—
streptavidin—horseradish peroxidase (Amersham) was used to
detect the murine antibodies. Plates were developed using
orthophenylene diamine. The optical density of each well was
determined at a wavelength of 490 nm.

The subclass distribution of IgG-binding carbohydrate and
non-carbohydrate SEA epitopes was determined by oxidizing
the antigen with sodium periodate.!> After overnight coating
of ELISA plates with SEA, half of the wells were treated with
0-0lmM sodium periodate in 0-1M sodium acetate. The
remainder of the wells was incubated with sodium acetate
alone. Plates were incubated overnight, in the dark at 4°,
washed and sera added. On each plate serum from an
individual was added to corresponding wells on both the
periodate-treated and untreated halves. Plates were probed as
before for the presence of IgGl, 1gG2, IgG3 or IgG4. Each
plate also contained wells to which the biotinylated lectins
concanavalin A, peanut agglutinin, soya bean agglutinin and
wheat germ agglutinin were added to determine the extent of
periodate oxidation of terminal glycosyl residues. In each case,
binding of soya bean agglutinin and wheat germ agglutinin to
SEA was reduced by 80-95% after sodium periodate
treatment, the binding of concanavalin A was reduced by
between 20 and 60%, whilst peanut agglutinin binding was
reduced by 5-20%. Each antibody assay was carried out on
duplicate or triplicate plates.

Identification of antigens recognized by human anti-SEA IgG
isotypes by immunoblotting

The antigens recognized by anti-SEA IgG subclasses in sera
from infected individuals were identified by immunoblotting.’
SEA was separated under reducing conditions by SDS-PAGE
on a 8-20% polyacrylamide gel and transferred to nitro-
cellulose paper (NCP). The NCP was then cut into strips,
which were probed overnight with infection sera, and then
incubated with anti-isotype-specific antibodies. Infection sera,
mouse anti-IgG subclass-specific antibodies and peroxidase-
conjugated rabbit anti-mouse IgG serum were used at the same
dilutions as in ELISA. The substrate used was 3,3'-diamino-
benzidine tetrahydrochloride. When assaying for antibodies
recognizing periodate-resistant epitopes, the SEA-coated NCP
was washed and cut lengthways into two pieces; both halves
were incubated overnight in the dark at 4°, one in 0-1 M sodium
acetate containing 0-01 M sodium periodate, the other in 0-1 M
sodium acetate alone. Each sheet was washed extensively and
cut into strips, which were probed overnight with infection sera.
The same sera were used with periodate-treated and untreated
strips, which were then probed for the different human IgG
subclasses.
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Figure 1. Distribution of IgG1 (1), IgG2 (2), IgG3 (3) and IgG4 (4)
antibody subclasses in the total anti-SEA IgG response (G) of 12
individuals, labelled A-L. Each bar represents the mean optical density
at 490 nm from duplicate or triplicate ELISA wells.

RESULTS

Distribution of IgG anti-SEA subclass responses in sera from
infected individuals

The contribution of each IgG subclass to the overall anti-SEA
response varied considerably between individuals. To illustrate
this we selected individuals with high levels of anti-SEA IgG in
ELISA and determined their subclass responses (Fig. 1).
Whereas some sera showed generally elevated OD values for
all isotypes tested (see particularly individual F), in others, such
as A, B, D and H, two subclasses in the total anti-SEA IgG
response produced particularly high OD values. In two
individuals (J and L), the overall IgG anti-SEA response
appeared to be almost exclusively IgG4, whilst in others (A, E
and G) this isotype was virtually undetectable. The total IgG
response of an individual to SEA may be composed of any
combination of the four IgG subclasses. ‘

Diversity of antigens recognized by IgG subclasses

To determine whether differences in the subclass response
measured by ELISA were reflected by differences in the
recognition of individual antigens, we examined the anti-SEA
subclass response patients by immunoblot. This showed that
the total IgG response was, in the number and variety of
antigens recognized, the ‘sum’ of the individual subclass
responses (Fig. 2), with all antigens recognized by the separate
subclasses contributing to the total anti-IgG response. The
pattern of antigen recognition was found to vary from subclass
to subclass and from individual to individual. In serum B
(Fig. 2), for example, the higher molecular weight antigens that
were recognized in IgG2 did not bind antibodies of the other
subclasses, nor IgG?2 in five other sera. In some individuals a
group of antigens was recognized by two or more subclasses,
whereas in others only a single isotype recognized similarly
sized antigens.

Figure 2. Immunoblot of antigens recognized by IgG antibody subclasses in SEA in sera from six infected patients (A—F). Each set of
five strips was probed with murine antibodies to total specific IgG, IgG1, IgG2, IgG3 and IgG4, as shown. Molecular weight markers
(x 1000) are indicated. The corresponding IgG subclass responses seen in ELISA are illustrated below each immunoblot.
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Figure 3. Response of IgG subclass antibodies to both intact and periodate-oxidized SEA (i.e. SEA in which only peptide antigens were
accessible) in sera from nine individuals, labelled A-I. The dotted bars show antibodies binding to intact SEA, with the hatched bars
showing antibodies binding to periodate-treated SEA. Each bar represents the mean optical density at 490 nm of duplicate or triplicate

ELISA wells.

Antibody binding in immunoblots generally conformed
with the patterns of subclass distribution observed in ELISA.
For example, in sera A, C and F (Fig. 2) the highest OD values
in ELISA and the strongest antibody reactions in immunoblot
were found with subclasses IgG1 and IgG4, whilst individual B
showed a general elevation of all four anti-SEA IgG subclasses
by ELISA, which was mirrored by reactivity in immunoblot.
The only anomaly seen in this respect was with serum D which,
despite having less IgG4 immunoblot activity than the other
sera, was still clearly IgG4-reactive with several antigens whilst
having very low IgG4 activity in ELISA.

IgG subclass responses to peptide and carbohydrate
epitopes in SEA

A number of sera was selected, based on results in ELISA, to
show the change in binding of each antibody subclass resulting
from sodium periodate oxidation of SEA. These sera varied
from showing little diminution in total IgG binding following
treatment to almost complete ablation. Figure 3 shows that the
affect of total IgG antibody binding of periodate treatment of
SEA could be accounted for by the subclass distribution and
the ability of the individual subclasses to bind to oxidized
antigen. In serum G, for example, for which the total level of
IgG binding was largely unaffected by treatment of SEA with

periodate, the IgG4 assay gave a high OD value, with this
isotype binding to the intact and oxidized antigens at similar
high levels. In other sera in which IgG4 antibodies appeared to
be elevated, the binding of this subclass was also unaffected by
periodate treatment of SEA.

In sera where there was a marked reduction in binding of
IgG antibodies to periodate-treated SEA (see individual C),
high OD values were produced by the assays for IgG2 and
IgG3, and both of these isotypes were found to bind at reduced
levels, if at all, to the oxidized antigen. The presence of
carbohydrate-binding subclasses did not necessarily result in an
obvious reduction in total IgG antibody binding following
periodate treatment of SEA; in sera A and B, for example, there
was no reduction in total IgG antibody binding to the treated
SEA, despite both these sera having substantial antibody
reactivity that was specific for the intact antigen. Generally,
however, the overall binding of IgG to periodate-oxidized SEA
was dependent on the effect of periodate treatment on the
binding of individual IgG subclasses and the contribution of
each subclass to the total IgG response to intact SEA.

The profile of antigens recognized by each subclass in
immunoblots, with and without sodium periodate treatment, is
shown in Fig. 4. IgG4 antibodies (Fig. 4d) mainly bound to
similar numbers and sizes of antigens in the intact or oxidized
SEA (particularly evident in lanes E, H and I). However, in at



Human antibody responses to S. mansoni egg antigens 655

,—Periodate—treated—]
ABCDEFGHIJKLABCDEFGHI JKL

.

(@) IgG1

r— Periodate-treated —
ABCDEFGHIJKLABCDEFGHI JKL

(c) 1gG3

|—Periodate—treated—]
ABCDEFGHIJ KLABCDEFGHI JKL

(b) 1gG2
,—Periodate—treated —]

ABCDEFGHIJKLABCDEFGHIJKL

e

(d) 1gG4

Figure 4. Inmunoblots showing the binding of IgG antibody subclasses to carbohydrate (periodate-sensitive) and peptide (periodate-
insensitive) epitopes on SEA antigens in sera from 11 individuals infected with S. mansoni (lanes B-L). Serum used in lane A was from
an uninfected European. In each panel, one half of the immunoblotted SEA, as indicated in the figure, was treated with sodium
periodate prior to addition of sera. Molecular weights ( x 1000) are indicated.

least one case (lane F), and perhaps two (lane B), there was a
reduction in the intensity of IgG4 binding, and possibly in the
numbers of antigens recognized. A clear illustration of the
inability of IgG2 antibodies to bind to periodate-insensitive
(non-carbohydrate) antigens is seen in Fig. 4b, in which
antibodies bound to the intact SEA in lanes C, H and L but
completely failed to recognize periodate-treated antigens. In
Fig. 4c, IgG3 anti-SEA antibodies showed similar reductions of
binding (lanes D and G) following periodate treatment of SEA.
Unlike IgG2, however, IgG3 antibodies in some sera did bind
to the oxidized antigen (lanes C and H). Interestingly, whereas
antibody binding to the treated antigen was reduced in lane C,
in lane H there was no overall reduction, antibody binding to a
70000 MW antigen possibly even increasing following perioda-
tion of SEA. There were also examples of IgG1 (Fig. 4a) failing

to bind to periodate-treated SEA (lane L), or showing similar
patterns and intensity of antigen recognition of intact and
oxidized SEA (lanes B, G and K), or increased reactivity, if not
number of antigens recognized, after periodation of SEA (lanes
H and I).

Restriction in IgG antibody subclass responses to peptide and
carbohydrate antigens

By comparing the IgG subclass responses to intact and oxidized
SEA for a large number of individuals, it was possible to view
the general restriction of some IgG subclass responses to either
carbohydrate or peptide (oxidized) antigens (Fig. 5). It was
evident from this that both IgG4 and IgG2 antibodies were
restricted in their ability to respond to either carbohydrate or
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Figure 5. Alteration in levels of antibody binding of anti-SEA IgG subclasses in a cohort of infected individuals following destruction
of carbohydrate residues by periodate oxidation. Each line represents the change in mean optical densities in ELISA at 490 nm of
individual serum samples added to intact SEA (left-hand side of graphs) and periodate-treated SEA (right-hand side). Optical densities

were mean values obtained from duplicate or triplicate wells.

peptide antigens. Thus in most sera, IgG4 antibodies were
found to bind at similar or higher levels to the periodate-treated
SEA as to the intact antigen. In contrast, IgG2 antibodies did
bind to the intact SEA, but not to the oxidized antigen. Neither
IgG3 nor IgG1 had such absolute restrictions to their binding.
Although sera with high levels of IgG3 binding often appeared
to recognize carbohydrate epitopes, exhibiting marked reduc-
tions of binding following periodate treatment, there was also a
considerable number of sera in which IgG3 antibodies
continued to bind at moderate levels after periodation. The
IgG1 response to SEA appeared to be fairly evenly distributed
between sera in which these antibodies were predominantly
recognizing carbohydrate or peptide epitopes.

DISCUSSION

IgG subclasses vary in their ability to mediate immune effector
mechanisms directed against schistosomes.*> The overall
immune status of an infected individual, therefore, may
depend upon the distribution of anti-schistosome subclasses.
We investigated the variation between individuals in IgG
subclass responses, examining the relationship between
quantitative measurements of anti-SEA IgG and the qualita-
tive responses, including the numbers and diversity of antigens
recognized and the physicochemical properties of target
epitopes for each subclass. Infected individuals exhibited
considerable diversity in IgG subclass responses, not just in
the presence or absence of a particular isotype, but also in the
number and variety of antigens recognized.

Secondary antibody responses are characterized by affinity
maturation and isotype switching. There is increasing evidence
that isotype switching is controlled strictly by a number of
cytokines. In mice IgGl, IgA and IgE production are
controlled by interleukin-4 (IL-4), IgG2a by interferon-y
(IFN-y) and IgG2b by tumour necrosis factor-g (TNF-f).'>~
18 Secretion of the thymus-independent antibody IgG3 may be
under the control of cytokines (principally IFN-y).' In
humans, IgE and IgG4 antibodies appear to be potentiated
by IL-4 and IL-13;?>?' modulation of other immunoglobulin
classes and subclasses is not yet clear, but is probably similarly

controlled. By analogy with the murine system it might be
predicted that production of IgG2 antibodies, which are elicited
by thymus-independent antigens,!""?? is directed by IFN-y
secreted by non-T-cell sources. Cytokines are not, however, the
sole initiators of immunoglobulin subclass switching, having to
act in concert with a B-cell activator, an antigen receptor cross-
linker or an activated T cell before switching can occur.?***

It has been shown that there is considerable variation in the
concentrations of different anti-schistosome IgG subclasses
present in the sera of infected individuals,?>?¢ perhaps
reflecting differences in cytokine expression between indivi-
duals during infection. There may be a polarization of the
immune response in the T-helper type 2 (Th2) direction in
helminth-infected humans.?” This seems to be the case with
schistosome-infected Kenyans, despite continuing low level
expression of IFN-y.28 Cytokines released by either Th1 or Th2
lymphocyte subsets will inhibit the synthesis of cytokines from
the other subset (reviewed in ref. 29), and any resulting
polarization of the immune response in either the Thl or Th2
direction may bias isotype switching towards specific IgG
subclasses.

Whilst cytokines are important in isotype switching, other
factors also affect the isotype response to an antigen. The
ability of an antigen to stimulate a particular antibody response
is to some extent dependent on its physicochemical properties.
In mice polysaccharide antigens predominantly elicit IgG3
responses in the absence of T-cell help.3® Schistosoma mansoni
eggs have been shown to contain thymus-independent (TI) type
II antigens, which induce murine IgG3.3! In humans, the
predominant antibody response to polysaccharides and other
T1 type II antigens is 1gG2,%2 which is almost exclusively
directed against carbohydrate epitopes. It has also been
suggested that IgG1 may exhibit a restrictive carbohydrate-
directed response.*2 In contrast to IgG2 (and perhaps IgG1),
IgG4 exhibits an antigen-restricted response that is directed
against peptide antigens. '

Periodate treatment can be used to identify antibody
responses directed against carbohydrate-containing epitopes
on various glycoconjugates by associating the oxidation of
vicinal hydroxyl groups on sugars to dialdehydes>* with the loss
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of antibody recognition.>*!> The extent of oxidation depends
on the conditions used. Mild oxidation has been used to
identify antibodies directed against epitopes that incorporate
terminal, non-reducing sugars and pyranosidically linked
hexoses within oligosaccharide chains in which carbon 3 is
unsubstituted.>* Caution must be taken as prolonged oxidation
at higher periodate concentrations will destroy amino acids
within polypeptides. In addition, it is possible that oxidation of
sugar moieties will affect antibody recognition of conforma-
tional peptide epitopes, although the immobilization of
antigens on plastic or nitrocellulose prior to periodate
treatment should minimize any such conformational changes.
The oxidation conditions used in the experiments reported here
were established by monitoring the effects of progressive
oxidation of schistosome antigens on the binding of lectins.?
Not all lectin-binding was abolished by the oxidation
conditions used in these experiments, as not all carbohydrate
epitopes are sensitive to periodate cleavage. For example, linear
sugar chains with linkages at carbon 3 should not be sensitive
and it has been shown that epitopes containing partially O-
acetylated sialic acids are periodate resistant.>® However, since
anti-carbohydrate antibodies are usually directed against non-
reducing terminal sugar moieties,>” periodate oxidation
remains a good, simple means to distinguish between the
overall anti-carbohydrate and anti-peptide responses to a crude
antigen extract.

The differential effect of sodium periodate treatment of
SEA on the binding of individual IgG subclasses was shown by
the reduced binding of IgG2 to periodate-treated SEA, which
contrasted with the lack of effect on IgG4 binding. This is
consistent with IgG4 not being elicited in response to
polysaccharides®'>%%32 and IgG2 being principally directed
against polysaccharide antigens.>%?2323% IgG1 and IgG3
bound to carbohydrate or peptide epitopes less consistently,
suggesting that these subclasses may be elicited in response to
either type of epitope. The demonstration that IgG2 and 1gG4
subclasses are directed against different types of epitope on
different groups of antigens suggests that the fall in IgG2
responses, and reciprocal rise in IgG4 antibodies, seen in young
children as their intensities of infection increase’ are not the
result of isotype switching. This also supports the view that if
these two subclasses are involved in blocking immunity to
schistosomiasis, they are operating independently.'°
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