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Abstract

Based on the findings of common project 29 years ago, the Scandinavian J. of Immunology accepted and published our paper
entitled by “FcyR-Dependent Regulation of the Biosynthesis of Complement C3 by Murine Macrophages: the Modulatory
Effect of IL-6” (Bajtay et al. in SJI 35:195-201, 1992). In this report we attempt to review the previous results and evaluate
them with our current concepts on the interaction between the actors of adaptive and innate immunity. Let us first to sum-
marize the basic results and consequences from the paper from 1992. Abstract from 1991-1992: The effect of murine IgG
isotypes (myeloma proteins) on the gene expression and secretion of the third component of complement (C3) has been
studied using the in monocytoid cell line P388D1 and oil-elicited mouse peritoneal macrophages. It is demonstrated that
the binding of 1gG2a and 1gG2b but not IgGl and IgG3 isotypes augments the biosynthesis of C3 both in the presence and in
the absence of the phorbol myristate acetate in the case of both cell types. The multifunctional cytokine inlerleukin-6 (IL-6)
alone reveals no effect on the gene expression of C3, but facilitates the effectiveness of mouse IgG2a and IgG2b. Confirm-
ing the role of FcgRIl, a strong up-regulation of gene expression and secretion of C3 was found when macrophages were
co-cultured with the F(ab’)2 fragment of the FcyRII-specific monoclonal antibody 2.4 G2.
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Introduction from 2020

The bilateral interaction of innate and adaptive immunity is
well documented in the last almost 30 years. In recent dec-
ades, a number of conceptual novelty have been elucidated
and immunologists have recognized essential details in their
assertion in immunity. Moreover the explosive development
of molecular genetics and network sciences further clarified
deep mechanisms of immunity both in health and disease.
(Sjoholm et al 2006; Markiewski et al 2008; Holers 2014;
Koenderman 2019).

Let us mention shortly just some of them.

Relatively new knowledge includes the recognition and
categorization of innate lymphoid cell ILCs. A very signifi-
cant paradigm shift, the description of receptors with limited
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specificity (e.g. Toll-like receptors) on the surface of many
cells of innate immunity (e.g. dendritic cells). These recep-
tors recognize patterns such as pathogen- and danger-asso-
ciated molecular patterns (PAMP and DAMP, respectively).
The role of recognition prevails in antigen presentation,
through intracellular signals is inavitable in the expression
of histocompatibility antigens and costimulatory molecules,
thus supporting the principal acivity of dendritic cells.

We learned many facts about regulatory T (Treg) and
B (Breg) cells both at cell biological and molecular levels
(Nimmerjahn and Ravetch 2008).

In the last decade we are facing with the evidences of
microbiota/microbiome, a symbiotic microbial kingdom
coexisting (and co-evolving) with many if not all eukariota
organisms. Our view on basic axes of immune regulation
(e.g. Th1-Th2 regulations) completed with the recognition
of Th17-Treg balancies, as well.

Obviously, the recently uncovered elements of comple-
ment activation plays essential role in multiple events of
immune regulation. Our earlier data suggested that the input
through FcyR on murine myelod cells has a certain regula-
tory role in de novo C3 production.
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In this article, based on previous (1991-1992) findings
we try to ask new questions in the light of our recent (2020)
views and concepts in immunology.

The question and results from 1991-1992

Using selected murine myeloma proteins in vitro how the
FcyR- mediated regulation affects the C3 biosynthesis by
mouse peritoneal macrophages and a mouse monocyte-
macrophage cell line? What is the possible role of IL-6
in this process?

We do not go into methodological details, in 1991-1992
we used the appropriate immunological and molecular
biology methods.

The results were shortly as listed below:

1. Both mouse IgG2a and IgG2b upregulated the gene
expression and biosynthesis of C3 in murine mac-
rophages and an immortalized macrophage cell line.
Other isotypes (IgG1 and IgG3) failed to influence sig-
nificantly the C3 production.

2. Phorbol esther (even if alone was inhibitory) further
enhanced the effect of [gG2a and IgG2b on the C3 pro-
duction.

3. Interleukin-6 elevated the effect of IgG2a and IgG2b on
the C3 secretion at post-transcriptional level, but alone
did not resulted any enhancement.

4. A F(ab’) fragment of an FcyRII-specific monoclonal
antibody strongly stimulated the C3 production, as well.

Discussion from 1991-1992

The binding of ligands to macrophage FcyRs generates
transmembrane signals that trigger a wide array of activi-
ties, such as antibody-dependent cellular cytotoxicity,
synthesis of hydrogen peroxide and other active oxygen
intermediates, the release of inflammatory agents and the
secretion of neutral proteases (Mellman 1988, Unkeless
et al 1988). In spite of the ongoing formation of immune
complexes of different composition in vivo, the possible
effect of the occupancy of FcyRs by different IgG isotypes
on C3 production has not been investigated so far (Lam-
bris 1988). In the present study it is demonstrated that
IgG2a and 1gG2b subclasses selectively upregulate gene
expression and secretion of C3 by mouse peritoneal mac-
rophages and P388DI1cells (Hetland 1986; Johnson and
Hetland 1988). Our data show that IgG1 had no enhancing
effect on C3 production, despite the fact that it also binds
to FcyRIl like 1gG2b, using human monocytes. It has been
demonstrated (6) that the two ligands, human IgG1 and
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IgG3 upon binding to the same receptor (FcyRI) with dif-
ferent affinity evokes different conformational changes in
the receptor molecule. As a consequence of this process,
signal transduction and the killing activity of the same cell
is modulated by the isotype of IgG binding to the cell. The
weak enhancing effect of IgG3 on C3 production could
be the consequence ol the weak expression of FcgRIII on
murine macrophages [2].

PMA treatment caused a significant inhibition in the case
of both peritoneal macrophages and P388D1 cells. This find-
ing is in contrast to that of Maison et al (1989) who found
that the human monocytic cell line U937 is able to synthe-
sise C3 after PMA-induced differentiation. This dissimilarity
may be caused by the differential effect of PMA to modulate
C3 gene expression by human and murine cells used in our
studies. The mechanism of the inhibition of C3 production
by murine macrophages is not known, however it seems to
be independent of FcyR occupancy, since it occured in the
control samples, as well.

IL-6 is known to induce the synthesis of acute phase
proteins in hepatocytes and to facilitate the terminal dif-
ferentiation (Falus et al 1990). Alone, IL-6 did not affect
C3 biosynthesis by peritoneal macrophages. However,
when added together with the different IgG isotypes a fur-
ther enhancement of C3 secretion could be observed. C3
gene expression increased only in the case of macrophages
co-cultured with IL-6 and IgG2a or IgG2b. This enhance-
ment could be mediated by newly appearing FcyRs, since
IL-6 is known to induce mRNA synthesis [9]. There is an
unexplaned virtual controversy between the general costimu-
latory effect of IL-6 on the secretion but not on the gene
expression (mRNA) of C3. Similarly it has been described
that in the human hepatoma line HepG2 both IL-6 (and IL-1)
alone enhances C3 production at the transcriptional level.
When IL-6 is added together with IL-1 a striking synergism
between the two cytokines results in augmentation of C3
secretion but not the increase in transcription. Further pulse-
chase experiments are required to clarify the exact level of
the costimulation mediated by signals transduced via FcyR
and IL-6 receptors in mouse peritoneal macrophages. One of
the questions whether do the cells some craosstalk between
FcyR and IL-6 receptors. New studies are required to answer
this question analysing the common and separate signalling
pathways of both receptors.

(Further) Tentative questions and discussion
from 2020

The questions from 1991-1992 might be completed with
recent (2020) approaches, such as:
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(1) Whatis the effect of Ig isotypes on hepatic C3 produc-
tion among in vivo conditions in mice?

(2) Does the genetic background of mice modify the
effect of IgG isopypes on C3 production?

(3) How the differently sized aggregated IgG isotypes act
on the expression of C3 and other complement pro-
teins, including inhibitors of complement activation
pathways?

(4) How the secreted C3 influences the expression of
FcyRII (what is the effect backwards)? Does the
newly sythetized C3 show an autocrine effect on mac-
rophages?

(5) Does the activated C3 bind to complement receptors
(CR1, CR3, CR4 or CRIg) on macrophages?

(6) Does the activated C3 bind to C3b acceptor (cova-
lently) on macrophages?

(7) How the different isotypes influence the C3 produc-
tions in genetically modified (KO) murine strains
lacking FcyRII?

(8) How about local opsonization (described first almost
three decades ago, ( Ezekowitz et al (1983), Eze-
kowitz (2002)). It was shown that the macrophage-
derived, cleaved, third component of complement,
iC3b, assembled on the surface of pathogen in the
close vicinity of macrophage. How does it relate to
the effect of Ig isotypes?

(9) Do we reach similar results using in vitro human sys-
tems (human Ig isotypes, and human myeloid and
hepatic cell lines?

(10) What about the crosstalks between signalling path-
ways of FcyR and IL-6 receptors

Conclusion

Based on the expansion of our knowledge and broadening
of methodological repertoire probably new questions (e.g.
some of those listed above) may provide a deeper under-
standing of interation the complement and FcR related terri-
tories of immunity. Nevertheless, the data described 29 years
ago are since valid.

However, new facts would further enlarge our vision on
the complex interactions within innate immunity.
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