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Abstract
Parasite immunologists had known for some time that IgE-mediated hypersensi-
tivity reactions are rare in patients with chronic helminth infections, even though
basophils and mast cells in these patients are sensitized with antiparasite IgE and
exposed, often continuously, to parasite antigens. The inhibition of allergic reac-
tivity in chronic helminth infections is mainly due to IgG4 ‘blocking antibodies’
in the serum of the infected individual. IgG4 do not fix complement and bind
weakly to Fcγ receptors. Thus, antigen binding by IgG4, unlike IgE, is likely to
have no or minimally harmful consequences. The discovery that, similar to IgE,
expression of IgG4 is IL-4-dependent and is an intermediate step in sequential
switching from IgM to IgE makes it imperative to understand how the two iso-
types are coregulated and whether the two responses can be uncoupled, selec-
tively boosting IgG4 over IgE. The ultimate goal is to apply to allergy the lesson
we learnt from helminth infections.
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As a basic immunologist strongly interested in IgE regu-
lation, I have to confess that for a long time I paid very little
attention to other immunoglobulin isotypes and to the con-
ditions that lead to their production in vivo or in vitro. The
discovery that isotype switching is directed by cytokines
[reviewed in ref. 2, 3], and that interleukin-4 (IL-4) is spe-
cially responsible for the induction of switching to IgE
[4–7] spurred a vast effort in many laboratories to try and
understand the cellular and molecular mechanisms under-
lying the effects of this cytokine. Not surprisingly, this task
kept everybody busy for a long time, and we aren’t through
yet.

In looking systematically at the effects of IL-4 on human
B cells, it had been pointed out very early on that this cyto-

kine seemed to induce not only IgE, but also IgG4 [8]. Later
on, a rather sophisticated analysis showed that simultaneous
production of IgM, IgG4 and IgE in various combinations
could be easily detected in B cell clones stimulated by IL-4
and activated CD4+ T cell clones. This observation was
taken to suggest (quite correctly, as it was soon to be proved)
that ‘during clonal expansion switching might occur in suc-
cessive steps from IgM to IgG4 and IgE’ [9]. However, for a
while, despite these sparkles of interest, IgG4 remained the
underdog among human immunoglobulin subclasses. After
all, why bother about an isotype that normally represents
only 4% of total IgG [10]?

Actually, there were at least two cases in which IgG4
were thought to be major players in immune reactions. Para-

‘Learning how to duplicate in atopic individuals IgG4 responses that parallel the specif-
icities of their pathogenic IgE responses (as occurs naturally in clinically asymptomatic pa-
tients with chronic helminth infection) may well be essential for improving the success of al-
lergy control strategies’ [1].
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site immunologists had known for some time that IgE-me-
diated hypersensitivity reactions rarely occur in patients
with chronic helminth infections, even though basophils
and mast cells in these patients are sensitized with antipara-
site IgE and are exposed, often continously, to parasite anti-
gens. The inhibition of allergic reactivity in chronic hel-
minth infections was known to be due to ‘blocking antibod-
ies’ in the serum of the infected individual. After a long and
difficult search, the blocking activity was found predom-
inantly in the IgG4 subclass [1]. IgG4 are unsually predom-
inant among specific antifilarial antibodies, representing
50–95% of the total IgG response [11]. Indeed, depletion of
IgG4 by adsorption on anti-IgG4 affinity columns specifi-
cally removed the blocking activity from the sera of micro-
filaremic patients. Furthermore, IgG4-blocking antibodies
inhibited the binding of specific IgE to Schistosoma man-
soni by 95% [12]. It was soon clear that the blocking
activity resulted from a direct competition for allergen bind-
ing between IgG4 in the serum and IgG bound to high-affin-
ity Fcε receptors on cells [13]. IgG4 do not fix complement
and bind weakly to Fcγ receptors [10, 14]. Thus, antigen
binding by IgG4, unlike IgE, is likely to have no or minimal
harmful consequences.

Allergists, on the other hand, had evidence that patients
receiving immunotherapy for insect venom and house dust
mite hypersensitivity developed IgG4-blocking antibodies
[reviewed in ref. 15]. However, a thorough understanding of
the role of IgG4 in immunity was still prevented by serious
methodological problems (IgG4-specific monoclonal anti-
bodies became available only the mid-eighties) [16] and
perhaps even more, by the somewhat magic nature of the
IgE/IgG4 relationship.

This (in hindsight) deplorable state of affairs came
abruptly to an end with the cloning and sequencing of the
switch fragments amplified from sIgE-negative B cells
stimulated to switch to IgE by a combination of hydrocorti-
sone and IL-4 [17]. Most switch fragments contained se-
quences derived from the switch (S)µ region directly joined
to Sε sequences and were therefore the product of direct
switching from µ to ε. Several clones, however, contained
insertions between the Sµ and Sε sequences. A close exam-
ination of these insertions revealed that they originated
from the Sγ4 region, the sequence of which had just been
reported [18]. The presence of those Sγ4-derived fragments
inserted between Sµ- and Sε-derived sequences couldn’t but
mean that those composite switch regions were the results of
sequential switching from IgM to IgG4 to IgE. This interpreta-
tion was soon confirmed by data obtained through a specular
approach, i.e., by sequencing switch circles excised from
B cells that had undergone isotype switching to IgE [19].

With the demonstration that human B lymphocytes
switch sequentially from IgM to IgG4 to IgE, most (but by
no means all) loose ends were finally tied up. It was almost a
truth of reason that IgG4 and IgE could compete for the al-
lergen if and only if the two antibody isotypes had a parallel
specificity of antigen recognition [13]. The model of se-
quential switching within one and the same B cell clone
now provided a molecular mechanism for this old puzzle.
Some believer in IgG4 has gone as far as proposing that a
specific function of serum IgG4 may be to control antigen
recognition by IgE, and consequently, to regulate anaphy-
lactic reactions and IgE-mediated immunity [1]. Even if this
is not a case of adaptation but rather an ‘exaptive’ function à
la Steven Jay Gould [20], the fact is that the clinical findings
in human filariasis – and in particular, the absence of symp-
toms in microfilaremic patients with high levels of antifil-
arial IgE and IgG4 [1, 21] – lend support to the potential
importance of IgG4 as an antiallergic device.

All this begs the question, how are IgG4 and IgE coreg-
ulated, and are there limits to this coregulation? In other
words, is it possible to uncouple the two responses in such a
way IgG4 is selectively boosted at the expense of IgE?
While this question remains as yet unanswered, we are get-
ting somewhat closer to a more articulate view of this issue.

Much (albeit not as much as we would like) is known
about the molecular mechanisms of IgE regulation [re-
viewed in ref.3]. By contrast, IgG4 was a black hole: partly
– as discussed above – because of a lack of motivation, part-
ly because of technical problems deriving from the high de-
gree of homology between IgG subclasses and their genes.
The major stumbling block was the lack of information
about the crucial level at which the isotype specificity of
switching is determined, i.e., the series of events that culmi-
nate in immunoglobulin germline transcription. The ex-
pression of germline transcripts reflects the cytokine-de-
pendent activation of transcription from an IH region locat-
ed upstream of the switch region subsequently targeted by
recombination [22, 23]. The germline transcripts proceed
from the IH region through the switch region itself and then
all the way through the immunoglobulin constant heavy
chain (CH) gene expressed as a result of switching. The
germline transcripts produced after splicing contain the IH

region directly joined to the CH transcript. It is by now gen-
erally accepted that germline transcripts per se and/or the
mechanism of germline transcription are required to in-
crease the accessibility of a specific switch region (the one
through which transcription is activated by the cytokine),
that thus becomes the preferred target for the recombination
machinery. Even though chromatin accessibility remains a
model that still awaits direct confirmation [24], it is strong-
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ly supported by an overwhelming amount of data from dif-
ferent experimental systems, first and foremost mice in
which genes that are essential for germline transcription
have been delected by homologous recombination
[25–31].

The regulation of ε-germline transcription in human B
lymphocytes has been worked out in some detail. In a nut-
shell, we know where Iε and its promoter are [32, 33], we
understand (although not completely) some of the crucial
signals (IL-4, CD40 crosslinking) required to activate ε-
transcription [34], and we have identified a number of tran-
scription factors (Stat6, NK-κB and BSAP) that bind the
promoter and get it to fire. Stat6 seems to be essential for be
IL-4 response [35], whereas NF-κB [36] and BSAP [37]
mediate both the IL-4- and the CD40-delivered signals. We
also know that the effect of IL-4 and CD40 crosslinking on
the ε-promoter is peculiar in that IL-4 by itself induces a
relatively modest activation and CD40 crosslinking almost
none, but these two signals synergize quite impressively
[37]. The molecular basis of this synergism is not under-
stood, but it may have a lot to do with the stepwise build-up
of a transcription-activating complex that requires a strict
cooperation between independently regulated transcription
factors.

By contrast, γ4 germline transcription was the dark side
of the street. Approaches to detect these transcripts had
been described by a number of groups [38, 39], but were
invariably and understandably troubled by the homology
between the loci for the four IgG subclasses. The most re-
cent effort [40], predicted on the structure of γ1- and γ3-
germline transcripts [41] and on the putative position of a
shared splice donor site upstream of the switch γ4-region
[42], seemed to come quite close to success. Indeed, the
product amplified by the reverse transcriptase polymerase
chain reaction (RT-PCR) had the expected size and was di-
gested by the expected restriction enzymes [40]. Regretta-
bly, however, not even this approach was validated beyond
reasonable doubt.

Like our predecessors, we used RT-PCR to amplify the
putative γ4-germline transcripts, but unlike them, we
cloned and sequenced the products we got. Finally, satisfied
that what we had amplified was indeed a γ4 germline tran-
script (because it contained part of Iγ4 correctly spliced to
Cγ4 and all the diagnostic nucleotides were where they
should be), we determined the 5 boundaries of Iγ4 using
primer extension analysis. With Iγ4 finally identified and
localized 0.6-kb upstream of the γ4-switch region, we then
tentatively identified the γ4-germline promoter in a 1.5-kb
region upstream of Iγ4. We are now in the process of identi-
fying the transcription factors that bind to it. We are also

developing a subclass-specific assay to quantitate γ4-germ-
line transcripts by competitive RT-PCR [A. Agresti, C. Di
Bartolo and D.Vercelli, in preparation].

Although our work is still in its infancy, one important
qualitative difference between the γ4 and ε-germline pro-
moters has already emerged. Indeed, whereas synergism is
the name of the game in ε-germline transcription upon stim-
ulation by IL-4 and CD40 crosslinking [37], the same sig-
nals seem to elicit only an additive response from the γ4
promoter, and never as brisk. It remains to be seen whether
this is truly the best the γ4-promoter can do. Perhaps, we are
still missing some elements and/or signals that could lead to
a more efficient activation.

In conclusion, as we understand more and more about
IgG4 regulation, our hope – our holy Graal – is to find out
that the lesson we learnt from helminth infections can be
applied to allergy [1]. Perhaps we will discover that the
B cell has at some point a choice between the two IL-4-de-
pendent isotypes, IgE and IgG4. Perhaps we will identify
factors or signaling pathways critical for the one but not the
other. Should this be the case, in the end we may be able to
manipulate IL-4-induced responses in such a way as to
make them less harmful of even harmless. We know that the
scenario we propose may sound somewhat heretic. After
all, how many times have we heard (and said) that IL-4 is the
foe to search and destroy? Nevertheless we think that this
possibility is too intriguing to leave it unexplored. And if
that be madness, we devoutly hope that there is a method in
it.

Acknowledgement

We gratefully acknowledge the support of Telethon – Italy (grant
E.661 to D.V. and E.636 to A.A.).



4 Int Arch Allergy Immunol 1998;116:1–4 Vercelli/De Monte/Monticelli/
Di Bartolo/Agresti

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
References

1 Hussain R, Poindexter RW, Ottesen EA: Con-
trol of allergic reactivity in human filariasis –
Predominant localization of blocking antibody
to the IgG4 subclass. J Immunol 1992;148:
2731–2737.

2 Stavnezer J: Immunoglobulin class switching.
Curr Opin Immunol 1996;8:199–205.

3 Vercelli D (ed): IgE Regulation – Molecular
Mechanisms. Chichester, John Wiley, 1997.

4 Coffman RL, Ohara J, Bond MW, Carty J, Zlot-
nik A, Paul WE: B cell stimulatory factor-1 en-
hances the IgE response of lipopolysaccharide-
activated B cells. J Immunol 1986;136:4538–
4541.

5 Pene J, Rousset F, Briere F, Chretien I, Bon-
nefoy JY, Spits H, Yokota T, Arai N, Arai K,
Banchereau J, de Vries JE: IgE production by
normal human lymphocytes is induced by inter-
leukin 4 and suppressed by interferons γ and α
and prostaglandin E2. Proc Natl Acad Sci USA
1988;85:6880–6884.

6 Del Prete GF, Maggi E, Parronchi P, Chretien I,
Tiri A, Macchia D, Ricci M, Banchereau J, de
Vries JE, Romagnani S: IL-4 is an essential fac-
tor for the IgE synthesis induced in vitro by
human T cell clones and their supernatants:
J Immunol 1988;140:4193–4198.

7 Jabara HH, Ackerman SJ, Vercelli D, Yokota T,
Arai K, Abrams J, Dvorak AM, Lavigne MC,
Banchereau J, de Vries JE, Leung DYM, Geha
RS: Induction of interleukin-4 dependent IgE
synthesis and interleukin-5 dependent eosino-
phil differentiation by supernatants of a human
helper T cell clone. J Clin Immunol 1988;8;
437–446.

8 Lundgren M, Persson U, Larsson P, Magnusson
C, Smith CIE, Hammarström L, Severinson E:
Interleukin 4 induces synthesis of IgE and IgG4
in human B cells. Eur J Immunol 1989;19:
1311–1315.

9 Gascan H, Gauchat J-F, Roncarolo MG, Yssel
H, Spits H, de Vries JE: Human B cell clones
can be induced to proliferate and to switch to
IgE and IgG4 synthesis by interleukin 4 and a
signal provided by activated CD4+ T cell
clones. J Exp Med 1991;173:747–750.

10 Aalberse RC, van der Gaag R, van Leeuwen J:
Serologic aspects of IgG4 antibodies. I. Pro-
longed immunization results in an IgG4-restrict-
ed response. J Immunol 1983;130:722–726.

11 Ottesen EA, Skvaril F, Tripathy SR, Poindexter
RW, Hussain R: Prominence of IgG4 in the IgG
antibody response to human filariasis. J Immu-
nol 1985;134:2707–2712.

12 Rihet P, Demeure CE, Dessein AJ, Bourgois A:
Strong serum inhibition of specific IgE correlat-
ed to competing IgG4, revealed by a new metho-
dology in subjects from a S. mansoni endemic
area. Eur J Immunol 1992;22:2063–2070.

13 Hussain R, Ottesen EA: IgE responses in hu-
man filariasis. IV. Parallel antigen recognition
of IgE and IgG4 subclass antibodies. J Immunol
1986;136:1859–1863.

14 van der Zee JS, van Swieten P, Aalberse RC:
Serologic aspects of IgG4 antibodies. II. IgG4

antibodies form small, nonprecipitating im-
mune complexes due to functional monovalen-
cy. J Immunol 1986;137:3566–3571.

15 AAAI Board of Directors: Measurement of spe-
cific and nonspecific IgG4 levels as diagnostic
and prognostic tests for clinical allergy. J Aller-
gy Clin Immunol 1995;95:652–654.

16 Hussain R, Poindexter RW, Ottesen EA, Reimer
CB: Use of monoclonal antibodies to quantify
subclasses of human IgG. II. Enzyme immu-
noassay to define antigen specific (anti-filarial)
IgG subclass antibodies. J Immunol Methods
1986;94:73–80.

17 Jabara HH, Loh R, Ramesh N, Vercelli D, Geha
RS: Sequential switching from µ to ε via γ4 in
human B cells stimulated with IL-4 and hydro-
cortisone. J Immunol 1993;151:4528–4533.

18 Mills FC, Brooker JS, Camerini-Otero RD: Se-
quences of human immunoglobulin switch re-
gions: Implications for recombination and tran-
scription. Nucleic Acids Res 1991;18:7305–7316.

19 Zhang K, Mills FC, Saxon A: Switch circles
from IL-4-directed ε class switching from
human B lymphocytes – Evidence for direct,
sequential and multiple step sequential switch
from µ to ε Ig heavy chain gene. J Immunol
1994;152:3427–3435.

20 Gould SJ, Vrba ES: Exaptation – a missing term in
the science of form. Paleobiology 1982;8:4–15.

21 Kurniawan A, Yazdanbakhsh M, van Ree R,
Aalberse R, Selkirk ME, Partono F, Maizels
RM: Differential expression of IgE and IgG4
specific antibody responses in asymptomatic
and chronic human filariasis. J Immunol 1993;
150:1941–1950.

22 Stavnezer-Nordgren J, Sirlin S: Specificity of
immunoglobulin heavy chain switch correlates
with activity of germline heavy chain genes
prior to switching. EMBO J 1986;5:95–102.

23 Stavnezer J, Radcliffe G, Lin Y-C, Nietupski J,
Berggren L, Sitia R, Severinson E: Immunoglo-
bulin heavy-chain switching may be directed by
prior induction of transcripts from constant-re-
gion genes. Proc Natl Acad Sci USA 1988;85:
7704–7708.

24 Snapper CM, Marcu KB, Zelazowski P: The
immunoglobulin class switch: Beyond accessi-
bility. Immunity 1997;6:217–223.

25 Jung S, Rajewsky K, Radbruch A: Shutdown of
class switch recombination by deletion of a
switch region control element. Science 1993;
259:984–987.

26 Zhang J, Bottaro A, Li S, Stewart V, Alt FW:
Targeted mutation in the Iγ2b exon results in a
selective Iγ2b deficiency in mice. EMBO J
1993;12:3529–3537.

27 Xu L, Gorham B, Li SC, Bottaro A, Alt FW:
Replacement of germline ε promoter by gene
targeting alters control of immunoglobulin
heavy chain class switching. J Immunol 1993;
90:3705–3709.

28 Bottaro A, Lansford R, Xu L, Zhang J, Rothman
P, Alt FW: S region transcription per se pro-
motes basal IgE class switch recombination but
additional factors regulate the efficiency of the
process. EMBO J 1994;13:665–674.

29 Cogné M, Lansford R, Bottaro A, Zhang J, Gor-
man J, Young F, Cheng H-L, Alt FW: A class
switch control region at the 3 end of the immu-
noglobulin heavy chain locus. Cell 1994;77:
737–747.

30 Lorenz M, Jung S, Radbruch A: Switch tran-
scripts in immunoglobulin class switching.
Science 1995;267:1825–1828.

31 Harriman GR, Bradley A, Das S, Rogers-Fani P,
Davis AC: IgA class switch in Iα exon-deficient
mice. Role of germline transcription in class
switch recombination. J Clin Invest 1996;97:
477–485.

32 Gauchat J-F, Lebman DA, Coffman RL, Gascan
H, de Vries JE: Structure and expression of
germline ε transcripts in human B cells induced
by interleukin 4 to switch to IgE production.
J Exp Med 1990;172:463–473.

33 Jabara HH, Schneider LC, Shapira SK, Alfieri
C, Moody CT, Kieff E, Geha RS, Vercelli D: In-
duction of germ-line and mature Cε transcripts
in human B cells stimulated with rIL-4 and
EBV. J Immunol 1990;145:3468–3473.

34 Shapira SK, Vercelli D, Jabara HH, Fu SM,
Geha RS: Molecular analysis of the induction
of IgE synthesis in human B cells by IL-4 and
engagement of CD40 antigen. J Exp Med 1992;
175:289–292.

35 Albrecht B, Peiritsch S, Woisetschläger M: A bi-
functional control element in the human IgE
germline promoter involved in repression and
IL-4 activation. Int Immunol 1994;6:1143–1151.

36 Messner B, Stütz AM, Albrecht B, Peiritsch S,
Woisetschläger M: Cooperation of binding sites
for STAT6 and NFκB/rel in the IL-4-induced
up-regulation of the human IgE germline pro-
moter. J Immunol 1997;159:3330–3337.

37 Thienes CP, De Monte L, Monticelli S, Buss-
linger M, Gould HJ, Vercelli D: The transcrip-
tion factor B cell-specific activator protein
(BSAP) enhances both IL-4- and CD40-medi-
ated activation of the human ε germline promo-
ter. J Immunol 1997;158:5874–5882.

38 Kitani A, Strober W: Regulation of Cγ subclass
germ-line transcripts in human peripheral blood
B cells. J Immunol 1993;151:3478–3488.

39 Jumper MD, Splawski JB, Lipski PE, Meek K:
Ligation of CD40 induces sterile transcripts of
multiple Ig H chain isotypes in human B cells.
J Immunol 1994;152:438–445.

40 Fujieda S, Zhang K, Saxon A: IL-4 plus CD40
monoclonal antibody induces human B cells γ
subclass-specific isotype switch: switching to
γ1, γ3, and γ4, but not γ2. J Immunol 1995;155:
2318–2328.

41 Sideras P, Mizuta T-R, Kanamori H, Suzuki N,
Okamoto M, Kuze K, Ohno H, Doi S, Fukuhara
S, Hassan MS, Hammarström L, Smith E, Shi-
mizu A, Honjo T: Production of sterile tran-
scripts of Cγ genes in an IgM-producing human
neoplastic B cell line that to IgG-producing
cells. Int Immunol 1989;1:631–642.

42 Mills FC, Mitchell MP, Harindranath N, Max
EE: Human Ig Sγ regions and their participa-
tion in sequential switching to IgE. J Immunol
1995;155:3021–3036.




