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SEROLOGIC ASPECTS OF IgG4 ANTIBODIES

II. 1IgG4 Antibodies Form Small, Nonprecipitating Immune Complexes Due to
Functional Monovalency”

JARING S. van pER ZEE, PETER vaN SWIETEN, ano ROBERT C. AALBERSE?

From the Central Laboratory of the Netherlands Red Cross Blood Transfusion Service, and the Laboratory for Experimental
and Clinical Immunology, University of Amsterdam, Amsterdam, The Netherlands

Human IgG4 antibodies directed against phospho-
lipase A, the Pl antigen from Dermatophagoides
pteronyssinus extracts, and cat albumin were found
unable to cross-link antigen. Previously, it was dem-
onstrated that IgG4 antibodies, in contrast to IgG1
antibodies, did not cross-link Sepharose-bound an-
tigen and antigen added in solution. To eliminate
the possibility that this phenomenon was caused by
preferential binding of both IgG4 Fab fragments to
the solid-phase-bound antigen, cross-linking of an-
tigen was studied in a fluid-phase system. In this
test, incapability of IgG4 antibodies to bridge two
antigens was also found. As a result of such a phe-
nomenon, it is expected that immune complexes
formed by IgG4 antibodies will be considerably
smaller than complexes formed by IgGl. This was
confirmed by analysis of the molecular size profiles
of IgG1- and IgG4-containing immune complexes in
sucrose-density gradients. Moreover, IgG1l was able
to precipitate antigen in a radioimmunoprecipita-
tion test, whereas precipitation was not demonstra-
ble by the same amount of 1IgG4 antibodies. Even
3% polyethylene glycol 8000 did not precipitate the
small IgG4-containing immune complexes effi-
ciently.

The antibodies studied were of a high-affinity
type, and there was no significant difference in as-
sociation constants between IgGl and IgG4 anti-
bodies. Therefore, we were not able to confirm ob-
servations reported in the literature that the 1gG4
subclass is associated with a low-affinity antibody
response; probably, the affinity of the IgG4 anti-
bodies was underestimated by other investigators
because of the polyethylene glycol precipitation
technique used to separate antibody-bound and free
antigen.

Our findings stress the point that IgG4 antibodies
take a special place in the immune response upon
chronic exposure to antigen.
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In a previous study, it was shown that after prolonged
antigenic stimulation with bee venom the IgG response
against phospholipase A (PLA;® a major component of
bee venom) became dominated by IgG4 antibodies (1).
IgG4-restricted responses are also reported in the litera-
ture in chronic parasitic infections like schistosomiasis
(2) and filariasis (3).

Frequently, the IgG response in patients undergoing
hyposensitization therapy with grass-pollen or house-
dust mite becomes dominated by antibodies of the IgG4
isotype (4, 5). These “blocking antibodies,” a term used to
designate nonanaphylactic antibodies that compete with
anaphylactic antibodies for antigen, do not precipitate
antigen well, in contrast to most other human IgG anti-
bodies (6—-8). We made a similar observation in the PLA
antigen system: precipitation of antigen by IgGl anti-
bodies was clearly demonstrable, but no precipitation
was detectable with the same amount of IgG4 antibodies.
Moreover, precipitation that occurred with IgG1l anti-
bodies was even significantly inhibited when IgG4 anti-
bodies were added. Parallel to this phenomenon, there
was also inhibition of C1 activation by the IgG4 anti-
bodies (9).

A clue to the cause of this absence of precipitation of
the IgG4 isotype was the observation that IgG4 anti-
bodies, in contrast to IgGl antibodies, were unable to
cross-link immunosorbent-bound PLA and radiolabeled
PLA in a two-site radioimmunoassay (RIA) (1). This phe-
nomenon, indicative for functionai monovalency of 1gG4
antibodies, was confirmed with the same procedure in
the grass-pollen and the house-dust mite (Dermatopha-
goides pteronyssinus) antigen systems. In this test sys-
tem, however, it could not be excluded that lack of reac-
tion of IgG4 antibodies was in fact due to a tendency to
cross-link two solid-phase-coupled antigens.

Therefore, in the present study, functional valency of
IgG4 antibodies directed against PLA, P1 (the major aller-
gen from D. pteronyssinus), and cat albumin was eval-
uated by investigating their ability to cross-link trinitro-
phenyl (TNP) and !'*I-labeled antigen in a fluid-phase
system. Reduction by dithioerythritol (DTE) and pepsin
digestion of the antibodies was applied to study the effect
of artificially enhanced segmental flexibility on the abil-
ity to cross-link antigen (10, 11). The molecular size
distribution of the immune complexes formed by IgG1
and lIgG4 antibodies directed to cat albumin antigen was

2 Abbreviations used in this paper: DTE, dithioerythritol, PLA, phos-
pholipase A: RIP, radioimmunoprecipitation.
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evaluated in sucrose-density gradients.

It was reported recently that the IgG4 subclass is as-
sociated with a low-affinity antibody response (12). How-
ever, in that study affinity calculations were based on
results obtained after separation of antibody-bound an-
tigen and free antigen by polyethylene glycol (PEG) pre-
cipitation. As PEG favors precipitation of larger mole-
cules (13), differences in the size of IgGl- and 1gG4-
containing immune complexes might have influenced the
affinity determinations. We compared affinity values of
the IgGl and 1gG4 antibodies in the PLA and the cat
albumin antigen system obtained after separation of an-
tibody-bound antigen from free antigen by i) absorption
to Sepharose-bound protein A; ii) precipitation by am-
monium sulfate, and iii) precipitation by PEG 8000.

MATERIALS AND METHODS

Sera. Sera with IgG antibodies to PLA were obtained from asymp-
tomatic bee keepers. Serum Elv, however, was obtained from a
healthy person who was accidentally stung. Sera with IgG antibodies
to allergens from cultures of D. pteronyssinus were selected from
sera submitted for a routine serologic follow-up of hyposensitization
treatment. Sera with IgG antibodies to cat albumin were obtained
from allergic patients who received hyposensitization therapy with
cat dander extracts. Serum SA was an exception: this cat-allergic
patient did not receive hyposensitization. Fresh normal human se-
rum was obtained from a healthy laboratory worker and contained
no detectable antibodies against PLA, cat albumin, or P1 (major
allergen of D. pteronyssinus). Blood was allowed to clot for 1 hr at
37°C, and serum was stored at —70°C. Hyperimmune antibodies
against PLA, cat albumin, and P! were raised in rabbits by immu-
nization with antigen in complete Freund's adjuvant and booster
injections in incomplete Freund's adjuvant. The rabbit antisera
against PLA and cat albumin were allotted 1000 and 10,000 U.
respectively. Antibody units of the human sera were read from a
standard curve of the rabbit antiserum in the antigen-binding test
with protein A-Sepharose.

Antigens. PLA was purchased from Sigma Chemical Co. (St. Louis.
MO). Cat albumin was purified from cat serum by ion-exchange
chromatography on DEAE-Sephacel and gel filtration on G-75 Seph-
adex (Pharmacia Fine Chemicals, Uppsala, Sweden). Dried D. pter-
onyssinus cultures were obtained from Commonwealth Serum Lab-
oratories (Melbourne, Australia) and extracted for 12 hr in phos-
phate-buffered saline (PBS) at 4°C (2% w/v extract). The allergen P1
(14) was purified from the D. pteronyssinus extract by affinity
chromatography. using immunosorbent-bound murine monoclonal
anti-P1; the antigen was eluted with a buffer containing 50% (v/v)
ethylene glycol and 5 mM glycine at pH 11.0.

PLA, cat albumin, and P1 were radiolabeled with '*I as described
(1). TNP haptenization of the antigens was performed with trinitro-
benzene sulfonic acid (TNBS; Sigmaj} in 0.2 M borate buffer, pH 9.0,
for 3 hr at room temperature; the reaction was stopped by the
addition of crystalline glycine and the mixture was dialyzed against
PBS. Typically, in a solution of 0.5 mg/ml antigen, optimal hapten-
ization was achieved with 0.05 to 1 mg/ml TNBS.

Anti-TNP beads. Polystyrene beads. purchased from Spherotech
Kugeln (Fulda, F.R.G.), were washed with water before use. Affinity-
purified sheep anti-TNP antibodies (0.04 mg/ml in 0.1 M NaHCO,,
pH 9.0) were added to 1000 beads. Coating was continued for 2 days
under rotation. Then the beads were washed with saline containing
0.2% Tween-20 (Baker, Deventer, The Netherlands) and finally with
water and were dried by lyophilization.

Anti-IgG reagents. Sepharose-coupled protein A was obtained
from Pharmacia. The anti-IgG4 reagent was described earlier (1).
Anti-IgG4 Sepharose was prepared by coupling 1 mg purified anti-
bodies to 100 mg CNBr-activated Sepharose (Pharmacia). RIA buffer
consisted of 0.15 M PBS with 0.3 mg/ml bovine serum albumin
(BSA; Poviet, Amsterdam, The Netherlands), 10 mM EDTA, 5 mM
NaNj;, and 0.1% Tween-20 at pH 7.4.

Reduction of antibodies. For the reduction of antibodies, DTE
(Merck, Darmstadt, F.R.G.) was used. Serum was incubated for 1 hr
at 25°C in the presence of DTE concentrations ranging from 1.6 to
25 mM. The reaction was stopped by the addition of N-ethyl maleim-
ide (BDH Chemicals Ltd., Poole, U.K.) to a final concentration of 50
mM. After 30 min at 4°C, the solution was dialyzed against PBS.
Reduction of antibodies in serum was monitored by measuring de-
crease in the titer of isoagglutinins.
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Pepsindigestion of antibodies. The method described by Wernick
et al. (15) was applied for the preparation of F(ab’), fragments of
antibodies in serum. One volume of serum was mixed with 2 vol of
a pepsin (Cooper Biomedical, Malvern, PA) solution in acetate buffer
0.1 M, pH 4.0, and the mixture was incubated for 24 hr at 37°C. The
final concentrations pepsin ranged from 0.066 to 6.6 mg/ml. Pepsin
digestion showed a concentration-dependent decrease in the antigen
binding to protein A-Sepharose of both IgG1 and IgG4. In this way,
splitting of the protein A-binding Fc¢ portion and the antigen-binding
F(ab’), portion was monitored.

Total antigen-binding capacity. The total antigen-binding capac-
ity was measured with a modified Farr assay: 100 ul serum or serum
dilution, 100 gl radiolabeled antigen, and 300 ul RIA buffer were
incubated for 1 hr at 37°C. Then, 5 ml cold 50% saturated ammo-
nium sulfate (1.96 M) were added. The precipitate was allowed to
form at 4°C for 30 min. After centrifugation for 15 min at 2500 X G
in a refrigerated centrifuge (4°C), radioactivity was counted in 2.5
ml of the supernatant, and the percentage of radioactivity in the
precipitate was calculated. Serum dilutions were made in normal
human serum.

Isotype-specific antigen-binding capacity. Antigen-binding ca-
pacity in the protein A-binding isotypes and in the 1gG4 subclass
was measured with a Sepharose-binding assay as described (1).
Briefly, a 50-ul sample was added to 0.5 ml of 1 mg/ml protein A-
Sepharose or anti-lgG4-Sepharose followed by 50 pl radiolabeled
antigen. After overnight incubation on a vertical rotator, the suspen-
sion was washed and the Sepharose-bound radioactivity was mea-
sured.

The results of the Sepharose-binding assays were related to the
binding of a standard serial dilution of the relevant rabbit antiserum
to pratein A-Sepharose and expressed in arbitrary antibody units.
The difference between antigen binding onto protein A-Sepharose
and anti-lgG4-Sepharose is indicated to be caused by IgGl anti-
bodies. Strictly speaking, this difference represents non-IgG4, pro-
tein A-binding activity.

Radiotmmunoprecipitation (RIP). Typically, RIP was performed
by incubation of 0.1 ml serum and 0.1 ml of twofold dilutions of a
mixture containing radiolabeled antigen and cold antigen in a ratio
of 1:10. Final volume was made up to 0.5 ml with RIA buffer. After
incubation for 72 hr at 4°C, 1 ml RIA buffer was added and the
tubes were centrifuged for 20 min at 2500 X G in a refrigerated
centrifuge (4°C). The precipitate was washed twice with cold buffer
and then the radioactivity in the precipitate was measured. In the
PLA antigen system. sera with antibodies were heat inactivated (30
min, 56°C) and mixed with an equal volume (50 gl of fresh normal
serum to rule out differences in Clq concentrations between sera
tested.

Two-site assays. The direct immunosorbent-bound two-site as-
say was described in a previous paper (1). This test detects whether
antibodies are able to cross-link immunosorbent-bound antigen and
radiolabeled antigen that is added in solution.

A variant of this test is the indirect tluid-phase two-site assay.
Cross-linking was allowed to occur in a solution containing radiola-
beled antigen and TNP-haptenized antigen in a ratio of 1 to 100.
Then, TNP antigen, whether free or in immune-complex form, was
insolubilized by anti-TNP-coated polystyrene beads. After a wash
procedure, solid-phase-bound radioactivity was measured as an in-
dicator for cross-linking that occurred in solution.

The appropriate degree of TNP haptenization was assessed be-
forehand for each antigen. Diluted serum sample, '?°[ antigen, and
TNP antigen were incubated for 2 hr at 20°C. Then, an anti-TNP-
coated bead was added and incubation continued overnight under
slow horizontal rotation. Subsequently. the beads were washed with
PBS and 0.01% Tween-20. and the radioactivity bound was mea-
sured. Serum controls without detectable antibodies showed less
than 1% binding.

Determination of antibody affinity. Antibody affinity in unfrac-
tionated serum was measured with the method described by Steward
and Petty (16). In this technique, antibody-bound antigen and free
antigen are separated by precipitation with 50% saturated (1.96 M)
ammonium sulfate. In addition, affinity values were calculated after
separation of antibody-bound antigen from free antigen by absorp-
tion to protein A-Sepharose. Precipitation of complexes with 3% PEG
8000 (m.w. 8000, formerly called PEG 6000; Sigma) was performed
as described by Devey et al. (12).

Molecular weight determination. First, a RIP test was performed
with 100-u! samples of heat-inactivated serum SA (>95% IgG1 anti-
cat albumin) and BL (>95% IgG4 anti-cat albumin) as described
above. However, no fresh human serum was added to eliminate the
influence of Clq binding on the immune complex size. Molecular
size distribution of the immune complexes that were retained in the
supernatants of the RIP was determined by zonal centrifugation of
isokinetic sucrose-density gradients. The sucrose gradients (5 to
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25%) were prepared according to Aarden et al. (17). RIP supernatant
(450 ul} was layered on gradients of 12 ml. The gradients were
centrifuged in a Beckman SW-41 rotor at 35,000 rpm for 16 hr at
4°C. Fractions of 0.5 ml were collected. Albumin, IgG, Clq, and IgM
were used as a marker. They were measured by turbidimetric im-
munoassay (18) or Mancini technique.

RESULTS

Antigen-binding assays. The IgG1:1gG4 antibody ra-
tios were calculated from the results of the antigen-
binding assays with protein A-Sepharose and anti-IgG4-
Sepharose (Table I). There was a close correlation be-
tween the results of the Farr assay for total antigen-
binding capacity and binding onto protein A-Sepharose
with the sera that were studied in the cat albumin and
PLA antigen systems. Therefore, a significant contribu-
tion of isotypes other than IgG1, IgG2, or IgG4 to the total
antigen-binding capacity was unlikely. This was con-
firmed by the results of antigen-binding tests with Seph-
arose-coupled monoclonal anti-IgA and anti-IgM. Anti-
bodies in the IgA and IgM isotypes contributed less than
5% to the total antigen-binding capacity of serum SA and
serum Elv.

Radioimmunoprecipitation. Native serum SA with an
IgG1-dominated response against cat albumin (<1% spe-
cific IgG4) precipitated over 80% of the antigen added at
the optimal antigen to antibody ratio. Destruction of Clq
by heat inactivation of the serum caused reduction of
precipitation in the RIP. Nevertheless, 20% of the antigen
that was added still precipitated under these circumstan-
ces, indicating that precipitation of the antigen was not
strictly complement dependent.

Three sera with an IgG4-restricted response against cat
albumin (<5% specific IgG1) precipitated less than 5% of
the antigen added in the RIP. This result was not affected
by heat inactivation of the sera.

In contrast to the cat albumin system, precipitation of
the much smaller PLA (16 kDa) by IgG1 antibodies was
completely Clq dependent; i.e. after heat inactivation,
less than 5% of the antigen was precipitated at the opti-
mal antigen and antibody concentrations. As was the
case with cat albumin, no precipitation was detectable

TABLE 1

IgG subclass distribution and affinities of antibodies directed against
PLA and cat albumin®

Protein Kass

A-binding Isotypes 1gG4® (10 log
(antibody units/ml) liters/mol)
PLA antigen system
Rabbit 1,000 — 9.7
Elv 156 7.0(0.7) 9.4
Bru 32 95.3 (3.6) 9.3
Vi 324 92.8 (2.2) 9.5
Ko 396 93.3 (0.8} 9.7
Cat albumin-
antigen system
Rabbit 10,000 — 9.7
SA 71 <1.0 9.8
BL 147 106 (5.9) 10.0

@ Antibody units in the IgG1, IgG2, and IgG4 isotypes were read from a
standard curve of the relevant rabbit antiserum in the antigen-binding
test onto protein A. The hyperimmune rabbit antisera against PLA and
cat albumin were allotted 1000 and 10,000 U, respectively. The coeffi-
cient of variation of this test was 5%. The contribution of I[gG4 antibodies
was calculated from the results of the antigen-binding test with protein
A-Sepharose and anti-IgG4-Sepharose. Association constants were cal-
culated according to the method of Steward and Petty (16) after separation
of antibody-bound antigen from free antigen by adsorption onto protein
A. The coefficient of variation of the affinity measurements was 1.9%.

¥ Values are percent total antigen-binding capacity in protein A-binding
isotypes: SEM is in parentheses.
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with three sera with an IgG4-restricted response.

It was previously shown in the PLA antigen system (9)
that addition of IgG4 antibodies to the same amount of
IgG1 antibodies caused a 50% reduction in antigen pre-
cipitation and C1 activation of the IgG1 antibodies. This
phenomenon was not found in the cat albumin antigen
system.

Indirect two-site assay. Cross-linking of soluble '29]
antigen and TNP antigen, as detected in the indirect two-
site assay, was clearly demonstrable with rabbit antisera
and human sera with an IgG1 response. Sera with an
IgG4-dominated response showed little activity in this
test system (Fig. 1). Reduction by DTE of the IgG4 anti-
bodies directed to PLA or cat albumin did not enhance
their ability to cross-link antigen. DTE in the concentra-
tions used for reduction had no effect on IgG1, as indi-
cated by the unaltered results of the antigen-binding
assay with protein A-Sepharose and indirect two-site
assay.

Only with the highest concentrations of pepsin that
were tested did we find a decrease in binding in the
indirect two-site assay of IgG1 antibodies. There was no
enhancement of binding with IgG4 in this test, indicating
that the ability to cross-link antigen was not generated
by this treatment (Table II).

Antibody-affinity determination of IgG1 and IgG4 di-
rected against cat albumin and PLA. Antibody affinities
calculated after separation of antibody-bound antigen
from free antigen with 50% saturated ammonium sulfate
(Farr assay) tended to be lower than the values calculated
after adsorption of antibody-bound antigen to protein A-
Sepharose. This phenomenon was also reported by Stew-
ard and Petty (16) when they compared ammonium sul-
fate precipitation with precipitation by anti-IgG. These
lower affinities might be caused by dissociation due to
high salt conditions in the Farr assay (19). Possibly,
contribution of low-affinity antibodies in the Farr assay
that are not detected in the protein A assay may play an
additional role. It was found with both techniques that
affinities of sera that contained predominantly [gG1 anti-
bodies did not differ from sera that contained predomi-
nantly IgG4 antibodies (Table I). These results applied for
the PLA antigen system as well as for the cat albumin
system. The values indicated that both IgGl and IgG4
antibodies were of a high-affinity type and approximated
affinity of antibodies in the hyperimmune rabbit anti-
sera.

Approximately 70% of the IgG4-containing immune
complexes that were detected with the Farr method were
precipitated by 3% PEG 8000 when antibody was added
in excess. However, this percentage gradually decreased
to less than 1% when the antibody-antigen ratio was
shifted to antigen excess (Fig. 2). PEG and ammonium
sulfate precipitated IgG1-containing immune complexes
to a similar degree at antigen and antibody concentra-
tions around the precipitation optimum. With these IgG1
antibodies, however, there was also a decrease in the
amount of antigen precipitated in the PEG method when
antigen was added in excess. This was not detected under
the same circumstances in the Farr technique. Because
of this incomplete separation of free and antibody-bound
antigen, total antigen-binding capacity and, as a conse-
quence, affinity constants could not be calculated reli-
ably from the PEG data.
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Figure 1. Indirect fluid-phase two-site assay vs protein A binding. Binding of radiolabeled antigen to protein A with 25 ul of a diluted serum is
compared with the binding in the two-site assay caused by 100 ul of the same serum dilution. Twofold dilutions of the rabbit antisera are connected
by solid lines. In the PLA system, twofold dilutions of the three human sera are interconnected by dotted lines. In the other antigen systems, human
sera are tested in one serum dilution. Human sera are indicated by: 0, less than 25% specific IgG4: 1, 25 to 50% specific IgG4: 2, 50 to 756% specific

IgG4: 3. over 75% specific IgG4.

TABLE 11
Pepsin digestion®

Percent Radioactivity Bound

Antigen Antigen

Pepsin Indirect Indirect
(m;)/ml) binding fluid-phase binding fluid-phase
onto protein rwousite onto protein two-site
A-Sepha- A-Sepha-
assay assay
rose rose

Elv Vi
] 71.5 29.3 68.9 4.7
0.066 26.1 36.5 26.3 5.9
0.66 3.2 26.7 4.1 4.2
6.6 2.1 16.7 2.8 3.8

SA BL
4] 47.4 25.0 57.0 5.8
0.066 24.4 24.3 28.7 5.9
0.66 3.3 i8.9 10.0 4.4
6.6 2.1 5.2 5.5 3.1

2 Influence of pepsin digestion of antibodies on i) the antigen-binding
capacity in the protein A-binding isotypes, and i) the ability of the
antibodies to cross-link antigen, as detected in the fluid-phase two-site
assay. There is a progressive reduction in protein A binding when the
concentration pepsin is increased. In this respect. there is no difference
between sera that contain predominantly IgG1 (Elv, SA] or 1gG4 (Vi, BL)
antibodies. Cross-linking of the antigens by IgG1 antibodies is only af-
fected in the highest pepsin concentrations. No enhancement of cross-
inking {s observed with the I[gG4-containing sera.

Sucrose-density gradients. To compare the molecular
size distribution of the immune complexes formed by
IgG1 and IgG4 antibodies directed against cat albumin,
sucrose-density centrifugation profiles were made. Se-
rum SA, which contained 71 U IgG1 anti-cat albumin

and less than 0.7 U IgG4, and serum BL, containing 147
U IgG4 anti-cat albumin and less than 1.5 U IgG1, were
tested first in the RIP. Subsequently, supernatants ob-
tained in this test were layered on the gradients. With
serum SA, approximately 80% cat albumin was precipi-
tated in the RIP or found in the pellet fraction after
ultracentrifugation. This result was not influenced by
heat inactivation or Clq depletion of the serum. In con-
trast, complexes formed by serum BL were not precipi-
tated in the RIP, and less than 15% sedimented to the
peliet fraction of the gradients (Fig. 3). Nevertheless,
nearly all of the antigen was bound by antibody, as is
indicated by the fact that less than 5% free cat albumin
was detected after ultracentrifugation. These results
demonstrate that IgGl antibodies form considerably
larger immune complexes than IgG4 antibodies. Calcu-
lated from the sedimentation data, the IgG4-containing
immune complexes are made up of two to five IgG4 anti-
body molecules. It was shown in the RIP that the largest
IgG1-containing complexes were formed at a distinct an-
tibody to antigen ratio. Increase in antibody to antigen
ratio resulted in the formation of smaller complexes. The
sucrose-density gradients, however, showed that IgG4
antibodies formed the largest complexes in antibody ex-
cess. These results fit in with a monovalent behavior of
18G4 antibodies.

DISCUSSION

The IgG4 isotype represents approximately 4% of the
total IgG in serum of adults. Nevertheless, in certain
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Figure 3. Sucrose-density gradient ultracentrifugation of IgG1l- and
IgG4-containing immune complexes. Supernatants of the RIP with 100 gl
heat-inactivated SA (>95% IgG1 anti-cat albumin) or 100 ul BL (>95%
IgG4 anti-cat albumin) and various amounts of cat albumin were layered
on the gradients. Fraction 0 is the sum of antigen precipitated in the RIP
and antigen recovered in the pellet fraction of the gradient. (-+-), Free
cat albumin, no serum added; (—), BL. with 600 ng cat albumin: (- - -),
BL with 66 ng cat albumin (antibody excess): (+**}, SA with 200 ng cat
albumin.

instances there is a significant contribution of IgG4 anti-
bodies to the IgG response and IgG4 may even dominate
this response. As was shown earlier, prolonged antigenic
stimulation with PLA, a major component of bee venom,
results in an IgG4-dominated antibody response in bee
keepers (1). Ottesen et al. (3) reported a prominence of
IgG4 antibodies in the antigen-specific IgG response in
patients with filariasis. Iskander et al. (2) described high
IgG4 antibody titers in patients with schistosomiasis.
Adler et al. (20) described high IgG4 anti-thyroglobulin
titers in patients with autoimmune thyroiditis. IgG4 anti-
bodies often constitute a major part of the “blocking
antibody” response in patients who received hyposensi-
tization therapy for allergic disorders (4, 5). All of these
situations where an IgG4-restricted response is found are
characterized by prolonged exposure to high antigen con-
centrations.

Blocking antibodies do not precipitate antigen well (6,
7). and it has even been suggested to make use of this
property for quantification of these antibodies (8). This
fits in with our results showing that IgG4 antibodies form
only small immune complexes that are not precipitated
in standard precipitation techniques. In contrast, cat
albumin (68 kDa) and even the much smaller PLA antigen
(16 kDa), were clearly precipitated by IgG1l antibodies
under the same conditions. In the PLA-antigen system,
immune precipitation and complement activation by IgG1
were even inhibited by the addition of IgG4 antibodies
(9). This phenomenon resembled inhibition of precipita-
tion and complement activation as described for IgA in
humans (21) and for noncomplement-fixing IgG isotypes
in guinea pigs and rabbits (22, 23).

Margni et al. (24) investigated nonprecipitating anti-
bodies to TNP haptens in rabbits and concluded that the
absence of precipitation was due to functional monova-
lency of these antibodies. Although both Fab fragments
could bind antigen, they reported a significant difference
in affinity of the two antigen-binding sites in the intact
antibody molecule.

The results of the direct and indirect two-site assays
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with IgG4 antibodies to cat albumin, PLA, and P1 indicate
that the human IgG4 isotype is also unable to cross-link
antigen in these systems and therefore behaves as a
monovalent antibody.

Sera with a predominant IgG4 response against cat
albumin form only small, nonprecipitating immune com-
plexes. In antibody excess, the complexes are of maxi-
mum size: up to four or five antibody molecules were
bound to a single antigen molecule. Comparable amounts
of IgG1 antibodies form much larger complexes, which
precipitate antigen in the RIP and in agar gel double
diffusion. This observation is consistent with the view
that IgG4 antibodies are functionally monovalent and
unable to cross-link antigen.

IgG4 is classically described as a non-complement-fix-
ing antibody (25). The observation made by Isenman et
al. (26) that the Fc fragment of IgG4 was as potent a C1
activator as the Fc fragment of IgG1 is interesting in this
context. Oi et al. (10) and other investigators (27) pointed
out that flexibility of the hinge region of antibodies is
essential for their effector function. Isotypes that acti-
vated complement also showed the highest degree of
segmental flexibility. The F(ab’), fragments of different
isotypes all showed the same maximal segmental flexi-
bility. Furthermore, segmental flexibility of intact im-
munoglobulins was enhanced by reduction with 2 mM
dithiothreitol. Aarden et al. (28) found that DTE reduction
of human IgG antibodies directed against DNA caused a
sixfold increase in antigen binding.

It is tempting to speculate that the inability of IgG4 to
activate complement and the inability to cross-link anti-
gen is the result of rigidity of the hinge region. Attempts
made to enhance mobility of the two Fab regions of the
IgG4 antibody by reduction or pepsin digestion, however,
did not generate the ability to cross-link antigen in the
two-site assays. Pepsin digestion was also reported to be
unsuccessful in abolishing functional monovalency of
nonprecipitating rabbit antibodies (11).

Devey et al. (12) described the IgG4 subclass as asso-
ciated with a low-affinity antibody response against tet-
anus toxoid.

All of the IgG1 and IgG4 antibodies that we studied in
the cat-albumin and PLA-antigen system were of a high-
affinity type, without significant difference in affinity
values between these two subclasses. Likewise, we found
no indications for the existence of affinity differences
between IgG1l and IgG4 antibodies in other antigen sys-
tems (results not shown). Devey et al. (12) applied precip-
itation by 3% PEG 8000 for the separation of antibody-
bound antigen and free antigen in their antibody-affinity
measurements. This procedure may have mimicked a
lower affinity of IgG4 antibodies. PEG is expected to
induce a more efficient precipitation of complexes with
the highest molecular volume (13). Smeenk and Aarden
(19) reported for human antibodies, directed against
DNA, that small complexes were only precipitated by 50%
saturated ammonium sulfate and not by 3.5% PEG 6000.
Indeed, the bulk of the immune complexes in sera with
an IgG4-dominated response against cat albumin (i.e.,
IgG4 over 90% of the total response) were not precipitated
by 3% PEG 8000 in our experiments. The IgG1l-contain-
ing complexes, too, were less efficiently precipitated com-
pared with precipitation by ammonium sulfate. There-
fore, we conclude that the PEG precipitation procedure is
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unsuitable for comparison of affinities of IgG1 and IgG4
antibodies.

One might expect that a shift in the antibody response

after prolonged antigenic exposure to monovalent, non-
complement-activating antibodies is favorable for the
organism. Complement-induced damage and other con-
sequences of precipitating immune complexes could be
avoided. The rarity of immune complex-induced disor-
ders during hyposensitization therapy is possibly a result
of this phenomenon.

10.

11.

12,
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