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Introduction

There is recent interest in the measurement of total se-
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Abstract

The serum levels of the four subclasses of IgG to three different antigens — oval-
bumin (OVA), pneumococcal polysaccharide (PNC), and avidin — were deter-
mined by enzyme-linked immunosorbent assay in three age groups of healthy
children: 1.2-2.5 years (group A, n=20), 6-7 years (group B, n=21) and 15-17
years (group C, n = 20). The anti-OVA response in all groups was dominated by
IgGl, I1gG2, and IgG4 antibodies which generally increased in levels from group
A to group B, but then declined significantly in group C. In all age groups, the
IgG2 and IgG4 as well as the 1gG1 and IgG3 responses were correlated; an asso-
ciation was also observed between IgG1 and IgG2 in groups B and C, but not in
group A. The anti-PNC response was restricted to the IgG2 and IgG4 subclasses;
correlation between these subclasses was seen only in group B children. The
more predominant IgG2 antibodies increased dramatically in concentration from
group A to group B, and then less remarkably in group C. Occurrence of the IgG1
anti-PNC antibodies was different which resembled the anti-OVA response. Re-
sponses to avidin, a protein derived from the same source as OVA, were different
from the anti-OVA responses. These were low and confined to the [gG1 and IgG2
subclasses only and mainly to the younger children. A small group (n = 8) of 6- to
7-year-old atopic children who had a history of asthma or eczema appeared to
have responses similar to their healthy counterparts.

.....................

implicating the important protective role of these subclass-
es, especially IgG2 [3]. The role of IgG4 antibodies is least
understood, but these proteins seem essential to health [4]

rum levels of the four subclasses of IgG in human beings
because perturbations of these levels can have serious clin-
ical implications [1]. The importance of such analyses is
seen in patients who had normal total IgG levels, but lacked
antibodies of one or more of the IgG subclasses [2, 3]. These
patients suffered from various kinds of recurrent infections,

and appear to be associated with allergy [5].

Useful information has been obtained from measuring
the IgG subclass levels to various antigens. The antigens
most commonly used are of two types: those derived from
infectious agents — e.g., pneumococcal polysaccharide
(PNC) and hepatitis B antigen —and the dietary proteins e.g.
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ovalbumin (OVA) and lactoglobulin. Interestingly, different
antigens appeared to stimulate different subclasses of anti-
bodies. Thus, the antibodies formed against PNC in normal
adults were almost exclusively of the IgG2 subclass [6],
whereas anti-OVA antibodies belonged mostly to the IgG4,
1gGl, and IgG2 subclasses [7]. In contrast, the antibodies
induced by rubella virus in infected patients were mostly
IgG3 [8], while the response of infants vaccinated with hep-
atitis B antigen was predominantly IgG1 and IgG4 [9].

We have carried out similar IgG subclass determinations
in healthy children using three types of antigen. Three wide-
ly separated age groups were used to gain an insight into the
development of these antibodies. Unlike previous studies
which examined the responses to OVA and PNC in separate
individuals, we studied these responses in the same subjects
to see the relationship between the responses. Avidin was
included, since this heat-labile protein, which is derived
from the same source as OVA (egg albumin), had not been
studied previously and could, moreover, provide an interest-
ing comparison with OVA. Also included in the present
study was a small group of children who had a history of
asthma or eczema to see whether their antibody profiles
were different from those of age-matched normal children.

Materials and Methods

Subjects

The children participating in this study were from the same cohort
described previousty [10, 11], recruited from child health clinics, kin-
dergartens, and schools. A standard questionnaire was used to screen
these children for histories of allergies and infections. The healthy
children were randomly selected from three age groups: 1.5-2.5 years
(group A, n=20), 6-7 years (group B, n=21), and 15-17 years (group
C, n=20). Eight children, 5-7 years of age, who had a history of ec-
zema (i.e., having erythematous and scaly skin lesions with or without
lichenification) or asthma (with reversible airway obstruction) were
also included in the study (group D). These children had elevated IgE
levels: 977+169 (SE)IU/ml (range 47-3,426); all except 1>>100 IU/
ml.

Antigens

OVA and avidin were purchased from Sigma Chemical (St. Louis,
Mo., USA), and PNC was prepared from cell lysates of Streptococcus
pneumoniae type 3 (ATCC strain) as described previously [12].

Immunochemicals

Monoclonal antibodies specific for the four subclasses of human
IgG were obtained from Sigma: anti-1gG1 (clone HP-6001), anti-IgG2
(clone HP-6014), anti-IgG3 (clone HP-6050), and anti-IgG4 (clone
HP-6025). Peroxidase-labeled goat antimouse IgG (whole molecule)
antibody was also obtained from Sigma.

Enzyme-Linked Immunosorbent Assay

The method used was essentially as described [12]. Briefly, Immu-
non 2 microplates (Dynatech, Alexandria, Va., USA) were coated with
antigen (1-5 pg/ml). Serial twofold dilutions (starting at 1:250) of the
test serum were incubated with the antigen for 1 h at 37°C. Following
extensive washing, the subclass-specific monoclonal antibody
(1:1,000 dilution) was added and allowed to react for 1 h at 37°C. The
plate was washed, and peroxidase-labeled goat antimouse IgG (whole
molecule) antibody was added. After incubation for 1 h at 37°C and
subsequent washing, the assay was developed using o-phenylene dia-
mine (30 min, 37°C) and the results read using an MR 710 reader
(Dynatech). The results were expressed as the absorbance (OD
490 nm) of the serum diluted at 1:1,000 (for IgGl, IgG2, and IgG4 ac-
tivities to OVA) or at 1:250 (for all other activities). The reason for
using the greater dilution in some cases is because saturation binding
was observed at higher concentrations. The readings were corrected
against a standard made up of pooled normal sera, and a buffer control
(in triplicates) was also used on every plate. Nonresponders were con-
sidered those with absorbance values < mean of buffer control +2 SD
(0.05 in most cases).

Statistical Analysis

Comparison of data between paired groups for difference or asso-
ciation was performed by the Wilcoxon rank test or regression analysis
using the Stat-Works program (version 1:1; Cricket Software, 1985). In
these analyses, all nonresponders were regarded as having 0.0 ab-
sorbance units.

Results

Sera of individuals of the four groups of subjects
(Groups A-D, see Materials and Methods) were assayed for
IgG subclass antibodies to OVA, avidin and PNC. The re-
sults are shown in figures 1 and 2. The antibody responses
are expressed as absorbance units determined from 1:250 or
1:1,000 serum dilutions. The higher dilution was used for
the IgGl, 1gG2, and IgG4 responses to OVA, since higher
activities were seen in these as compared with the other re-
sponses (see Materials and Methods). Total IgG antibodies
to the three antigens were not determined.

Antibodies to OVA

In general, high levels of anti-OVA antibodies were
found in the IgGl, IgG2, and IgG4 subclasses in all age
groups. Significantly lower levels of IgG3 antibodies were
present. For all subclasses, the best response was seen in the
group B children.

IgGl antibodies were present in 90% of the group A chil-
dren at high levels (median 0.74 units). These were found in
all children in group B at levels (0.79 units) not significantly
different from those in group A. However, these levels drop-
ped significantly in the oldest age group (group C, 0.09
units), and fewer of these subjects (70%) responded.
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Fig. 1. Igl and IgG2 antibody levels (absorbance units) to OVA, avidin, and PNC in individual subjects. A, B, and
C=15- to 2.5-year-old, 6- to 7-year-old, and 15- to 17-year-old healthy children, respectively; D =6- to 7-year-old
children with asthma or eczema. ND = not done. Some individuals are indexed, shown by a common symbol used
throughout the panels for each group (including those in figure 2). Bars denote the median in each group and the
numerical values in brackets the responders (%). Other numerical values denote the test of significance analysis between
groups: 0=p>0.05; 1=0.01<p=0.05;2=0.005<p=0.01; 3 =p=0.005.

Low levels (0.12 units) of IgG2 antibodies were found in
group A children only 65% of whom responded. Group B
children, on the other hand, developed high concentrations
of these antibodies (0.97 units), significantly different from
those in the younger children, and all subjects responded. A
significant decrease in antibody levels (0.26 units) was seen
in the older children (group C, 80% responders). The atopic
children (group D) had slightly lower levels (0.79 units) of
antibodies as compared with their healthy counterparts
(group B), but the difference was not significant.

Although the IgG3 levels were relatively low in all age
groups, the distribution of these antibodies was similar to
that of IgG1. Thus, the response increased marginally from
group A (0.08 units, 75% responders) to group B (0.15 units,

100% responders), but decreased significantly in group C
(0.05 units, 60% responders).

The occurence of IgG4 antibodies was similar to that of
IgG2. Thus, low levels (0.05 units) were found in 55% of
group A children, but these increased dramatically in group
B (1.68 units; 100% responders), followed, however, by a
significant decrease in the oldest children (group C; 0.38
units, 85% responders). As with IgG2, the 1gG4 levels (1.47
units) found in the atopic children (group D) seemed de-
pressed, but the difference was not significant as compared
with those in normal age-matched children (group B).

The similar patterns of responses seen among the IgG
subclasses suggest that some of these responses could be
correlated with one another. Indeed, a positive correlation
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Fig. 2. IgG3 and IgG4 antibody levels in the individuals described in figure 1.

was seen between [gG2 and IgG4 in all age groups (group
A:1=047,p=10.04; group B: r=0.70, p = 0.0004; group C:
r=0.81, p=0.0001; group D: r=0.85, p=10.007) and be-
tween IgG1 and IgG3 (group A: r=0.63, p = 0.003; group B:
r=0.51,p=10.002; group C: r = 0.68, p = 0.001). In addition,
an association was found between IgGl and IgG2 (r=0.75,
p=0.0002) as well as between IgGl and IgG4 (r=0.80,
p=10.0001) in group C. Group A is different in that these
associations were not seen. In group B, while IgGl and
IgG2 (r=048, p=10.03) or IgG3 (r=0.51, p=0.02) were
correlated, the IgG1 and IgG4 responses (r=0.17, p=0.47)
were not.

Antibodies to Avidin

The responses to avidin differed from those seen with
OVA: (1) the responses were significantly lower, and (2),
these were confined mainly to the IgG1 and IgG2 subclass-
es, with IgG4 notably absent. However, the occurrence of

the IgG1 antibodies — the major subclass for this antigen —
was similar to that of the IgGl anti-OVA antibodies. Thus,
similar levels of antibodies were found in group A (0.19
units, 75% responders) and group B (0.16 units, 85% re-
sponders), while markedly lower responses were seen in the
oldest children (group C, 0.03 units, 50% responders). Low
levels (0.07-0.13 units) of IgG2 antibodies were found in
60—-75% of the children throughout the ages.

The IgGl and IgG2 responses were correlated for both
group A (r=0.66, p=0.002) and group B (r=0.89,
p =0.0001).

Antibodies to PNC

The responses to PNC resembled the antiavidin re-
sponses in that these were restricted to the IgGl and IgG2
subclasses. These responses, however, differed in other
ways: (1), anti-PNC responses were found predominantly in
IgG2 (rather than IgGl), and (2), the distribution of these
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(IgG2) antibodies among the different age groups was dif-
ferent. Thus, the youngest children (group A) developed ve-
ry little of these antibodies (0.14 units, 95% responders), but
the concentration of these increased dramatically in the 6- to
7-year-old children (group B; 0.50 units, 100% responders).
Still higher levels (0.85 units) were found in the oldest age
group (group C, all responders), although the difference
from those of group B was not significant. The small group
of atopic children examined (group D) showed higher levels
(0.93 units) than their healthy counterparts (group B), but
the difference was not significant.

The IgG1 response was slightly different from that of
[gG2, resembling, in fact, the IgG2 anti-OVA response.
Thus, the youngest children (group A) had very low activ-
ities (0.07 units, 70% responders), but these increased sig-
nificantly in the older children (group B; 0.37 units, 95%
responders). However, these then decreased significantly
(0.19 units, 90% responders) in the next age group (group
Q).

The difference in occurrence between the I[gG1 and IgG2
antibodies is reflected by the lack of correlation between
these activities in group A (r=0.41, p=0.07) and group C
(r=0.27, p=0.25) children. Correlation was, however, seen
in group B (r=0.60, p = 0.005).

Antibodies to Both OVA and Avidin

The high IgGl responders to avidin in group A also pro-
duced good IgGl responses to OVA (r=0.53, p=0.02).
However, there was no such association in group B children
(r=028,p=0.21).

Antibodies to Both OVA and PNC

A cursory investigation of the antibody activities to OVA
and PNC from the same individual in atopic children (group
D) revealed an interesting finding. The better [gG2 respon-
ders to OVA, who also showed high IgG4 responses to this
antigen, produced little IgG2 antibodies to PNC. Converse-
ly, the better responders to PNC made only modest amounts
of anti-OVA antibodies. Regression analysis, however, re-
vealed no inverse correlation between the anti-PNC re-
sponses and the 1gG2 (r=0.59, p=0.13) or IgG4 (r = 0.46,
p = 0.25) anti-OVA responses.

In age-matched normal children (group B), many of the
good IgG2 responders to PNC also showed excellent IgG2
and IgG4 anti-OVA responses. As a group, however, there
was no correlation between the anti-PNC responses and the
IgG2 (r=0.20, p=0.38) or IgG4 (r=0.03, p=0.90) anti-
OVA responses.

Discussion

Consistent with a previous study in adults [7], the anti-
OVA response in all our study populations was found large-
ly in the IgGl, IgG2, and IgG4 subclasses. The IgG3 levels
were relatively low; although this could be due to the poor
activity of the reagent (isotype specific) antibody used,
Husby et al. [7] also found an absence of IgG3 antibodies in
their subjects. It should be noted, nevertheless, that anti-
body subclass quantitation, in general, depends very much
on affinity and specificity of the reagent antibody used; the
anti-IgG2 monoclonal antibody (HP6014), for example, is
known to be biased somehow in its reactivity by the type of
light chain present in the target protein.

In general, the anti-OVA antibodies increased in concen-
tration from infants (1.5-2.5 years, group A) to the older
children (67 years, group B), but these decreased signif-
icantly in the oldest individuals (1517 years, group C). This
differs from the Japanese children studied by Okahata et al.
[13] in whom anti-OVA antibodies (IgGl, IgG4, total IgG,
and IgA) were found to peak in levels at an earlier age (1
year). The reason for the discrepancy is not clear, but may be
analogous to our earlier finding that the total [gG1 and IgG2
levels in our children matured at later ages than in Cauca-
sian children [11].

Unlike previous studies, we followed the different IgG
subclass activities for each antigen in each individual. By so
doing, we found that group C individuals were unique in
that all four subclass antibodies to OVA appeared to be coor-
dinately expressed, i.e., the good responders for IgG1 also
produced high levels of IgG2, IgG3, and IgG4. In contrast,
group A children were different in that the IgG1 and IgG2 or
IgG4 responses were not correlated. However, in these chil-
dren, as well as in children of other age groups, there was a
good association between IgG1 and IgG3 and between IgG2
and IgG4 responses. The latter was also observed in atopic
children.

The IgGl-IgG3 and IgG2-1gG4 linkages break down,
however, in the anti-PNC and antiavidin responses. Here,
IgGl and IgG2 antibodies were found almost exclusively in
the absence of the other subclasses. A similar isotypic re-
striction was observed previously in the anti-PNC response
[61.

We found a progressive acquisition of 1gG2 anti-PNC
antibodies in our children as they grew, similar to the devel-
opment of total IgG antibodies to this antigen observed pre-
viously [14]. IgG1 anti-PNC antibodies, on the other hand,
followed a different pattern of distribution among the age
groups, similar to that of the anti-OVA response. Thus, the
level of antibodies dropped significantly in the oldest age
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group from the group before. This unusual bias towards
IgG2 production with increasing age is interesting both tele-
ologically and from the point of view of gene regulation.
The lack of correlation between the IgGl and IgG2 re-
sponses in group C differentiates these children from those
in group B and also the anti-PNC response from the anti-
OVA response in group C children.

The results obtained with avidin were unexpected. Since
it is a protein like OVA and comes from the same source
[15], it would be expected to behave like OVA. Instead, it
resembles PNC more with regard to isotypic restriction.
This suggests that the carbohydrate moiety attached to the
polypeptide chains of the molecule [16] is immunodomi-
nant or more resistant to degradation than the protein com-
ponents, Indeed, the generally poor response seen with avi-
din in our subjects most probably results from the extensive
degradation or heat denaturation of the molecule. Alterna-
tively, antigenic fragments of avidin which are orally ab-
sorbed could be neutralized (bound) by biotin present in the
body. Another possibility is that biotin present in the test
serum blocks the reagent avidin used in the immunoassay.
This, however, is unlikely, since no biotin was detected in
our samples (data not shown).

Avidin, while resembling PNC in isotypic restriction, be-
have more like OVA in the distribution of responses generat-
ed. Indeed, the good antiavidin responders seen in group A
were also good responders to OVA. Avidin is thus a very
unique immunogen.

The decline in antibody response to both OVA and avidin
towards adulthood is presumably the result of oral tolerance
being developed against these antigens — their constant ab-
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sorption from the oral tract [17]. In contrast, acquisition of
anti-PNC antibodies in our children is probably the result of
repeated exposure to S. pneumoniae through natural infec-
tion (rather than from vaccination). It should be noted, how-
ever, that a dominant epitope in PNC is phosphorylcholine
[12], and antibodies to this can be induced by other phos-
phorylcholine-bearing organisms.

A small group of atopic children were included in the
study to see whether they had abnormal antibody responses
to OVA and PNC which are thymus dependent and thymus-
independent antigens, respectively [12]. Previous studies
revealed an impairment of cell-mediated function [18] and
an elevation of IgG4 antibodies to OVA and other thymus-
dependent antigens [13, 19] in atopic individuals. We did not
find an elevated IgG4 anti-OVA response in our atopic chil-
dren but, on the contrary, the levels of these antibodies as
well as those of the IgG2 subclass were marginally de-
pressed. This discrepancy from previous findings may stem
from the fact that the children participating in our study
were older. These children, on the other hand, appeared to
have elevated levels of IgG2 anti-PNC antibodies and an in-
verse correlation between the anti-PNC and anti-OVA re-
sponses. However, these unusual observations are not sub-
stantiated at the moment, and larger groups of subjects
would be required ot verify these.
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