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HYPOTHESIS

Coprecipitating IgG asymmetric antibodies: a
possible role for Fab glycosylation, and
speculations on their formation and functions in
disease

Ricardo A. Margni
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Microbiologia, Inmunologia y Biotecnologia, Facultad de Farmacia y Bioquimica de la Universidad de
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IgG asymmetric antibodies are synthesized by the same cellular clones as the symmetric ones but appear in
the immune response in different proportions. The evidence suggests that they are caused by asymmetric
glycosylation on some lgG molecules in the Fab region. The cause of this is unknown but it could be
speculated that there are cellular factors that induce glycosyl transferases or cause the molecule to be more
accessible to glycosylation. The production of asymmetric antibodies can be modified by the physical status
(soluble or particulate) of the antigen used as immunogen by the number and frequency of stimulation, and
by physiological factors such as the ones secreted by the placenta and by lymphocytes that express
progesterone receptors in response to hormone. An increase of these antibodies can be beneficial or harmful
to the host, depending on the sitaation in which they act and the character of ‘self’ or ‘non-self’ of the
antigens recognized.
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Introduction

Changes in the quantity and quality of antibodies
occur in the course of an immune response. Quali-

gens are repeatedly injected for a long period of
time. It is well known for more than half a century

tative changes in IgG autibodies are very interest-
ing, especially those observed in chronic microbial
and parasitic infections, or when particulate anti-

Address for correspondence: Professor R. A. Margni, Facuitad
de Farmacia y Bioquimica de la Universidad de Buenos Aires,
Junin 956, 4° piso, 1113-Buenos Aires, Argentina. Fax: (+54)
19625341,

© 1994 Rapid Communicarions of Oxford Lid

that there is an optimal antigen dose (equivalence
point) that precipitates all the antibody from a
fluid {1, 2]). If the antigen is added in small succes-
sive fractions, 10-15% of the total antibodies do
not precipitate; nevertheless, they can be incorpor-
ated into the precipitates that are formed by the
precipitating antibodies. These non-precipitating
antibodies were named ‘coprecipitating antibodies’.
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What are coprecipitating antibodies?

In 1970 we began the analysis of these antibodies
[3]. They were found in all subclasses of IgG in
different animal species [3-11]. They do not form
insoluble complexes with antigen [3], they do not
fix complement [3, 10, 12], they are cytophilic to
macrophages and macrophages were inactive for
in vitro phagocytic activity [12]. When purified
coprecipitating antibody was injected intravenously
into a mouse it did not induce the clearance of a
specific antigen [12].

Precipitating and coprecipitating antibodies in-
teract with the same epitope [5,8, 13]. Since co-
precipitating antibodies can firmly combine with an
antigen, they act in a competitive way when they
are mixed with precipitating antibodies of the same
specificity. In complement fixation, it was demon-
strated that at a 1:5 coprecipitating:precipitating
antibody ratio the effect is significant, and at a 4:5
ratio, complement fixing activity is practically abol-
ished [12, 14]. Competition was also demonstrated
in the clearance of circulating antigen [10, 12, 15].
These results show that the biological activity of a
serum sample depends upon its coprecipitating:
precipitating antibody ratio.

Coprecipitating antibodies do not provoke an
Arthus reaction and in heterologous passive cut-
aneous anaphylaxis (PCA) these antibodies appear
to be less effective than precipitating ones [3]. The
same was observed when the protective activity of
precipitating and coprecipitating antibodies against
toxins and bacteria were analysed [9, 10, 15, 16].

No antigenic differences were detected between
precipitating and coprecipitating antibodies. Anti-
sera prepared by immunization of rats with either
precipitating or coprecipitating antibodies of the
same IgG isotype, and isolated from the same
serum sample, interacted identically with both
precipitating and coprecipitating antibodies in
immunodiffusion tests. Furthermore, these antisera
could be completely absorbed with either precipit-
ating or coprecipitating purified antibodies. In all
the biochemical and immunochemical tests per-
formed [3,4] (electrophoresis, peptide and dia-
gonal mapping (fingerprints), gel filtration, sedi-
mentation molecular weight analysis, etc), precipit-
ating and coprecipitating antibodies had identical
structures [17, 18].

Precipitating and coprecipitating antibodies have
two paratopes. Nevertheless, coprecipitating anti-
body behaves in an univalent manner. This was
further demonstrated when equilibrium experi-
ments (equilibrium dialysis, quenching of fluores-

60 Glycosylation & Disease Vol 1 No 1

cence and radiobinding studies) were performed
with monovalent haptens [5, 8]. It was shown that
coprecipitating antibody, or its F(ab’)2 fragment,
had one paratope of high affinity, with a K,
similar to that of the precipitating antibody, and a
paratope with an affinity for the hapten about 100
times lower than the other combining site. When
coprecipitating antibody interacted with a big
ligand (antigen), equilibrium experiments showed
that only one paratope recognised the antigen [13].
These results explain why this antibody is unable
to form large antigen-antibody complexes and has
unique biological behaviour.

Evidence for involvement of carbohydrate

We have demonstrated that the inability of the
non-precipitating antibodies to precipitate antigen
is a consequence of steric hindrance created in one
of the combining sites by a carbohydrate moiety
attached to the Fd fragment of the Fab region.
This is of low affinity [19]. A mannose rich oligo-
saccharide is the predominant sugar that creates
the functional asymmetry. In view of this we have
proposed that these antibodies should be called
‘IgG asymmetric antibodies’ [13].

Oligosaccharide residues were detected on the L
chain only on monoclonal IgG antibody [20] but
not on polyclonal antibodies [19,21]. The failure
to detect glycosylated L chains on polyclonal anti-
bodies could be explained by the dilution of a few
glycosylated L chains in the pool of non-glycosyl-
ated L chains.

After enzymatic treatment with endo-f-N-
acetylglucosaminidase H, an enzyme that removes
oligosaccharide attached to the Asn residue of the
protein, an asymmetric antibody and its F(ab')2
fragment behaved the same as a precipitating anti-
body [20]. These results indicate that the carbo-
hydrate moiety participates in the generation of
the functional univalence.

As the F(ab)2 fragments of asymmetric anti-
bodies bind to concanavalin A [19], these frag-
ments can be purified from IgG asymmetric
molecules by affinity chromatography with Con
A-Sepharose. It was demonstrated that 10-15%
of IgG molecules of non-immune sera of man are
asymmetrically glycosylated (21]. Hybridomas syn-
thesize both symmetric and asymmetric molecules
in different proportions depending on the clone
[20].

The physicochemical, immunochemical and bio-



logical properties of IgG asymmetric antibodies
have been reviewed by Margni and Binaghi [17].

Table 1 summarizes immunochemical and bio-
logical properties of symmetric and asymmetric
antibodies.

What are the functions of asymmetric
antibodies?

Considering the antigen blocking capacity of IgG
asymmetric antibodies and their particular bio-
logical behaviour, the existence of these antibodies
may be beneficial or harmful to the host, depend-
ing on the character of ‘self’ or ‘non-self’ antigens
involved, and the particular situation in which they
act. In chronic microbial and parasitic infections,
an increase of IgG asymmetric antibodies was
detected [14,22-26]. Possibly they could act by
providing an escape mechanism for the invader,
and potentiating the chronicity of the process. In
rabbits and sheep, fortnightly injected with particu-
lar antigens for 1 year, the proportion of IgG
asymmetric antibodies detected was 30-70%,
whilst with soluble antigens, this was only 10-15%
[7,27]. This could explain the increase in these
antibodies in chronic infections, where particulate
antigens (bacteria or parasite) stimulate repeatedly
for a long period of time.

Many of the self antigens generally associated
with cells could act as particular immunogens. As
a consequence, a great part of the ‘non-immune’
IgG asymmetric molecules of the host could be
‘self specific’ acting as autoprotective and regul-
ating antibodies [28]. This is in line with the
suggestion of Cohen and Cooke [29] that ‘natural

IgG asymmetric antibodies

antibodies’ could act by blocking self or self-
mimicking epitopes and so prevent the initiation of
a damaging autoimmune response. These univalent
asymmetric antibodies would be ideal for an effect-
ive idiotype—anti-idiotype network proposed by
Jerne [30]. As they could not cause aggregates
which could trigger immune effector mechanisms,
they would provide optimal interactions between
idiotypes and paratopes [28].

In previous studies, we demonstrated that during
pregnancy there is a considerable increase in total
IgG asymmetric molecules (specific plus non-
specific), reaching 25-30% in sera and 35-60%
when they were eluted from placenta with 4 M
KCl [31]. Antipaternal antigen activity, measured
by IF and complement fixation using paternal
lymphocytes as the target, is lower for IgG asym-
metric molecules isolated from serum than from
placenta. The concentration of antipaternal anti-
bodies eluted from placenta was about three times
higher in the asymmetric IgG fraction than in the
symmetric one. Taking this fact into account, and
the antigen blocking effect of asymmetric anti-
bodies, this suggests that these antibodies particip-
ate in fetal protection.

Preferential synthesis of asymmetric antibodies
in female Fischer rats immunized with Buffalo
male rat particulate antigens (spleen cells} was
demonstrated. When the Fischer rats were immun-
ized before mating with the Buffalo rats, fetus and
placenta weights, and offspring survival, were
greater than in the control group, suggesting a
beneficial effect of the antibodies in pregnancy
[32]. This is in agreement with the results obtained
when women who have recurrent spontaneous
abortions are immunized with paternal cells, and

Table 1. Immunochemical and biological properties of symmetric and asymmetric antibodies

Property Symmetric Asymmetric
Molecular weight 150-160 kDa 150-160 kDa
Immunoglobulin class IeG IgG

Affinity

Glycosylation of one Fab

Precipitating activity

Complement fixing capacity

Neutralizing activity

Clearance of antigen from the blood

Binding to Con A

Proportion in animals repeatedly injected with:
soluble antigen
particulate antigen

Presence in chronic bacterial and parasitic infections

two paratopes of high affinity

one paratope of high affinity;
one paratope of low affinity

no yes
+ —_
+ —
high low
+ —
- +
85-90% 10-15%
30-70% 70-30%

low proportion high proportion
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no abortions [33] and larger children are observed
[34].

Non-precipitating blocking antibodies have been
demonstrated in tumours [35]. They can enhance
or facilitate tumour growth [36]. IgG asymmetric
antibodies may also be operating in allergy as they
are implicated in the clinical improvement follow-
ing specific antiallergen therapy. There is strong
evidence that specific IgG blocking antibody is
protective in allergy, and that the efficacy of
immunotherapy is dependent on changing the bal-
ance between harmful IgE antibodies and protec-
tive blocking IgG antibodies [37]. Better results
were obtained when polyethylene glycol-modified
allergens were used instead of soluble allergens
when given in repetitive injections [38]. This is in
agreement with the preferential synthesis of IgG
asymmetric blocking antibodies by rabbits and rats
when polymerized-soluble antigen (bovine serum
albumin) or particulate antigens (lymphocytes) are
used as immunogens [27, 32].

The synthesis of suppressor factors of the cellu-
lar immune response by the placenta have been
described [39]. Recently, we have demonstrated
that when the supernatant of placental cultures is
added to a hybridoma, it is able to increase the
asymmetric:symmetric ratio of IgG molecules syn-
thesized [40]. The same change was observed in
virgin rats immunized with ovalbumin and intra-
peritoneally injected with the supernatant of pla-
cental cultures. In this case, a high increase of IgG
asymmetric anti-ovalbumin molecules was detected
(Gentile and Margni, submitted).

Lymphocytes in pregnancy may express specific
progesterone binding sites. When pulsed with the
hormone these lymphocytes produce a factor with
immunological actions which include inhibition of
natural killer mediated lysis, increase of cells with
suppressor phenotype, and inhibition of prolifera-
tion in the mixed lymphocyte reaction [41,42].
This factor has been shown to function in a similar
way to the placental factors indicated above, i.e.
increasing the proportion of IgG asymmetric
molecules (manuscript in preparation).

Speculations

Possible mechanisms for the induction of
asymmetric glycosylation

Immunoglobulin molecules result from the associ-
ation of two half molecules each composed of one
heavy (H) chain and one light (L) chain (H2L2).
H1L1 and H2L1 have also been detected in the
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cytoplasm. Analysis of N-linked oligosaccharides
from serum IgG has shown that 2.8 N-linked
oligosaccharides are attached to each IgG
molecule, 0.8 of which, on average, are located in
the Fab fragment [43]. It has been proposed that
the frequency and location of the glycosylation
sequon Asn-X-Ser/Thr is responsible for this extra
glycosylation [44]. In mouse, it has been demon-
strated that Vy genes contain glycosylation seq-
uomns, suggesting their participation in the gener-
ation of Fab glycosylation [45]. In Fab fragments
of IgG monoclonal antibodies we have shown
oligosaccharides with monosialylation and high-
mannose structures [46].

Further structural studies of the sugar chains of
serum IgG [47] have revealed that these compo-
nents give rise to extremely high microheterogene-
ity. Despite this microheterogeneity, the molar
ratio for each of these oligosaccharides in IgG
from the sera of healthy individuals is quite con-
stant [48]. These results suggested that B cells are
equipped with particular sets and ratios of glyco-
syltransferases [49]. Nevertheless, under certain
circumstances post-translational modification of a
peptide by N-glycosylation could lead to an in-
crease of a particular glycoform. Glycoforms from
the same cell arise from the modification of a
single polypeptide by the action of glycosyl trans-
ferase and glycosidases [50].

The above mechanisms possibly participate in
the asymmetric glycosylation of IgG molecules, but
what determines the modification? Taking into
account the differences observed when soluble or
particulate antigens are successively injected for a
long period of time, it is possible that different
presenting cells participate in antigen capture.
Thus cells could synthesize different factors (cyto-
kines) that act to inhibit or stimulate the activity of
glycosyl transferases, and these change glycosyl-
ation and produce different glycoforms. If soluble
and particular antigens are recognised by the same
cell, then their capture by endocytosis (soluble
antigen) or phagocytosis (particulate antigen) may
activate different internal systems which induce
modifications in the normal pattern of glycosyl-
ation. Of some relevance may be the reported
post-translational modification of the activity of
B-1,4-galactosyltransferase by  phosphorylation
mediated by a p58 protein kinase [51].

Changes in glycosylation could also occur
through variations in the H chain peptide folding
which cause the exposure of new glycosylation
sequons. It is interesting to note that our results
show variations in the proportion of symmetric and



asymmetric IgG antibodies synthesized by hybrido-
mas when 107> M cysteine or 107> M 2-mercapto-
ethanol are incorporated into the culture medium.
This could be due to variations in the H chain
folding caused by competition between cysteine or
2-mercaptoethanol sulphydryl group and the H
chain sulphydryl groups for the enzyme involved in
the intrachain disulphide bridges.

Another possibility is that the antibody present-
ing cell reacts in a different way when it recognises
a particulate antigen, inducing the B lymphocyte
to synthesize a cytosolic chaperone component.
There is some evidence suggesting that the folding
of newly-transiated precursor proteins in the cyto-
sol are prevented by the presence of amino-
terminal presequences [52,53]. This may enable
precursor unfolded or incompletely folded H chain
polypeptide to interact with cytosolic chaperone
components, such as the ct-hsp 70 family. This
interaction could delay precursors destined for
transport to the membrane. Because of this they
could encounter glycosyltransferases, in a loosely-
folded conformation, facilitating glycosylation of
normally non-functional sequons [54-56].

Further functions for asymmetric antibodies

If asymmetric antibodies protect in pregnancy, is it
correct to vaccinate at this time? If IgG asymmetric
antibodies block antigens and cannot trigger the
biological reactions responsible for antigenic dam-
age, is it correct to vaccinate in pregnancy and
induce the transfer of a protective congenital hu-
moral immunity to the fetus? In this period there
is a preferential synthesis of IgG asymmetric anti-
bodies by the mother. Are IgG asymmetric anti-
bodies synthesized at the same proportion during
the whole of the pregnancy?: Studies are in pro-
gress in our laboratory on pregnant rats, rabbits
and mares injected with tetanus toxoid or egg-
albumin. These should indicate variations in the
proportion of serum IgG asymmetric antibodies
against both antigens during pregnancy. Prelimin-
ary results in rats have shown an increase of
asymmetric molecules, especially in the first week
and the beginning of the second week of the
pregnancy.

Could factors that regulate the glycosylation of
asymmetric antibodies be used for the treatment of
recurrent abortions and autoimmune diseases?
What are the factors involved in asymmetric glyco-
sylation in pregnancy? Are they related to other
regulatory factors such as cytokines, cellular

IgG asymmetric antibodies

growth factors or differentiation factors? When
they are identified they may be useful for thera-
peutic use, especially in the prevention and treat-
ment of recurrent spontaneous abortion, where in
many cases, an increase of biologically active pre-
cipitating anti-paternal antibodies has been demon-
strated. Also, they will be useful in autoimmune
diseases, where the preferential synthesis of spe-
cific blocking antibodies could protect self anti-
gens.

Do factors that induce asymmetric antibodies cause
tumour cell proliferation? Mammary carcinoma
have been described that are related to pregnancy.
In this situation is the immune response influenced
by placental factors inducing a predominance of
asymmetric IgG molecules? The presence of these
tumours could be connected with this pheno-
menon. Different mechanisms could stimulate rest-
ing tumour cells, and exposed neoantigens could
induce a humoral immune response with predo-
minance of IgG asymmetric antibodies. These
would be unable to carry out surveillance, but with
blocking activity they would facilitate tumour cell
proliferation. A similar speculation can be made
for factors liberated by lymphocytes from pregnant
women. These express nuclear progesterone recep-
tors, when they interact with the hormone. This
mechanism could be operating in hormone treat-
ments with progesterone and derivatives. The pres-
ence of mammary carcinoma in menopausal wo-
men treated with progesterone has been reported.

Could the beneficial effects of pre-operative blood
transfusions in kidney transplants be due to asym-
metric antibodies? Progesterone receptors are in-
duced in vitro by mitogenic or alloantigenic stimu-
lation of non-pregnancy lymphocytes [57]. In vivo
allogeneic stimulation has similar effects, as shown
by the high numbers of progesterone receptor
positive cells in peripheral blood of liver trans-
planted patients who receive blood transfusion
[58]. If these conditions produce a predominance
of IgG asymmetric blocking antibodies, this could
explain the beneficial effect for kidney transplant-
ation of previously transfusing patients with small
amounts of blood from the donor. This allogeneic
stimulation could induce a beneficial immune res-
ponse against the transplanted kidney antigens.
The specific IgG asymmetric antibodies synthe-
sized could block and protect against the foreign
antigens.
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R. A. Margni

Editors note—Many of the ideas proposed in
this article are very speculative, but it was thought
appropriate to publish it in order to stimulate
further discussion of the subject. It is an inter-
esting role for Fab glycosylation that is proposed
by Professor Margni. The ideas discussed are not
necessarily those held by the Editorial Board or
the reviewers, who felt that the evidence for many
of the deductions made was very limited. It was
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also emphasized by the reviewers that the author’s
case would be substantially improved if more cor-
roborative evidence was available from other
groups. The Editors would welcome any comments
on the subject for publication in future issues of
the journal.
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