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Abstract

1,2

In previous studies we reported immune regulation of
colitis, transplanted tissue, and breast cancer in mice could be
achieved by modifying immune networks using combinations
of immune Ig and anti-idiotypic Ig. We have explored features
of this regulation as it relates to altered allergic responses to
ovalbumin, exploring attenuation of allergic reactivity in
animals receiving combinations of either mouse or
heterologous (human) Igs. Our data show a long-lasting
suppression of allergic reactivity in mice (>14 weeks post
cessation of treatment with Igs). This was seen both in mice
receiving treatment from the time of allergen administration
(suppression of induction of allergy), as well as in mice
already sensitized to allergens before treatment began
(suppression of pre-existing symptoms). In either case,
attenuation of symptoms was abolished by infusion of T
deleting antibodies during the time of Ig administration.
Further confirming an importance for induction of (CD4+)
Tregs in suppression of allergic responses, we showed that
after enrichment, these cells derived from pre-immunized
mice treated with combinations of Igs suppressed OVAinduced Th2 responses in cells from fresh populations of
immunized animals in vitro. We hypothesize that this
treatment regimen opens up new avenues of approach to the
treatment of chronic allergic disease in man and in other
animals.
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1. Introduction:
Allergic and atopic disorders are a
significant global problem. Allergen specific
immunity results in priming of IL-4, IL-5
and IL-13 cytokine producing Th2 type cells
which augment IgE production by B cells
along with eosinophil activation and
recruitment and bronchial hyperreactivity
[1-3]. Th17 cells and their cytokines, and
Tregs, further regulate the allergic response
[4-6].
While non allergen specific therapies
are commonly used for treatment, including
liberal use of anti-histamines, steroids and
other anti-inflammatory reagents directed at
the
leukotriene
cascade,
specific
subcutaneous Immunotherapy (SCIT: often
referred to as desensitization therapy, [7,8])
is a more intriguing focused treatment with
recognized efficacy and safety [9-11]. A
limitation to SCIT, or more recent
sublingual immunotherapy (SLIT) is that the
allergen used must be carefully identified
and purified for use in treatment. Moreover
the mechanisms of action of allergen
specific
immunotherapy
remain
illunderstood, though it is thought that Treg
development and suppression of production
of Th2 type cytokines is critical [12,13],
with newer therapies aimed at targeting
Tregs directly [14]. A further issue with
SLIT/SCIT is the concern that treatment
must be given seasonally and or
continuously to maintain efficacy [15].
Against this background we became
interested in whether the application of
immune network theory, as initially
proposed by Jerne [16] might assist
development of alternative strategies to
regulate allergic responses. There is a broad
literature concerning the importance of such
networks in diverse fields, including the
regulation of immune memory and more
recently, as a novel strategy for development
of anti-HIV immunity [17-22]. We recently

reported on the use of a combined injection
of polyclonal anti-idiotype antibodies, along
with polyclonal immune antibodies, as a
treatment
which
augmented
immunoregulation in rodents in a number of
models, including an inflammatory colitis
model and metastatic breast cancer model; a
transplant model; and a rodent allergy model
induced in response to ovalbumin (OVA)
[23]. The regulation seen was independent
of the specific antigens used to prepare the
polyclonal immune Ig. We hypothesized that
in the last model at least, perturbation of
regulatory T cell networks implicated in
control of allergic immunity was an
important mechanism of action [24]. In
addition we predicted, based on shared
germ-line V region genes across vertebrate
species [16] that immunoregulation could be
induced using treatment not just with
immune Ig and anti-idiotype Ig from the
same species (homologous), but across
species (heterologous Ig treatment)-recent
data has been presented supporting this
claim, using human Igs in mice, along with
additional evidence that T cells are
implicated in regulation of suppression of
Th2 activation in naïve mice by homologous
anti-idiotype+immune Ig [25].
In the current study we have
reviewed previous data and addressed
several other important issues. Firstly, we
confirm that attenuation of immunity to
OVA occurs in mice receiving both
homologous (mouse) and heterologous
(human derived) immune Ig and antiidiotype Ig (see also [26-31]). We show that
after cessation of human Ig treatment, the
attenuation of Th2 immunity, defined by IgE
levels and antigen induced IL-4 and IL-13
production persists > 14 weeks. Finally, we
confirm that desensitization in OVAimmune mice can be achieved using human
reagents, and that CD4+ enriched T cells
from these treated animals can suppress
production of Th2 cytokines from a new
population of OVA-immune cells stimulated
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in vitro. Using mAbs known to expand Treg
[24,32,33], we show increased suppression
of Th2 responses in immune mice treated
with combined human Igs after infusion of
these mAbs, with increased regulatory
activity in CD4+ cells isolated from those
same mice.
3. Materials and Methods
3.1Mice
All mouse experiments were conducted after
ethics approval of a local animal care
committee, in compliance with the Canadian
Council on Animal Care (CCAC). Female
BALB/c, C3H and C57BL/6 mice were
purchased from Jax Labs, Bar Harbor
Maine. All mice were housed 5 per cage and
maintained at the Cedarlane animal facility.
Mice were used at 8 weeks of age.

This was of mouse [23] or human origin (the
latter 75microgram of human IMIG or
10microgram human anti-Tet Ig (both from
GRIFOLS, Canada [25]). All mice received
a boost of OVA in alum 7 days following

3.2Induction of IgE after Ovalbumin (OVA)
Immunization
BALB/c mice were immunized to
produce IgE against OVA in a protocol
described elsewhere [23,25] and in Figure 1.
Animals received 10g OVA emulsified in
alum in 0.2ml PBS at days 0, day 14, 28 and
42 with exposure from day 7 to egg white
solution (EWS) in their drinking water. The
treatment protocol to attenuate development
of a Th2-type (IgE/IL-4/IL-13 dominated
allergic
response)
involved
weekly
intramuscular (im) injections, beginning at
day 7 post first OVA immunization, of 75g
of pooled polyclonal anti-idiotype Ig and
10g of pooled polyclonal immune Ig
(Figure 1).

treatment with sacrifice 10d after the final
immunization for analysis of serum OVAspecific IgE/IgG and production of OVAinduced IL-2/IL-4/IL-13 over 72hr in culture
from stimulated splenocytes. When pre-
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immune mice were treated to suppress Th2
immunity, a group of mice were immunized
with OVA-Alum as above (days 0,14,28,42,
with EWS from d7), rested for 4 weeks, and

then began 5 serial injections with combined
anti-idiotype and immune Igs from day 70 as
shown in Figure 2.

Mice received further boosts with OVA in
Alum on days 72 and 104, with sacrifice on
day 114 to measure serum IgG/IgE and
OVA-stimulated cytokines in vitro.

dishes with 2g/ml anti-CD28 and 10ng/ml
TGF[32], harvested and washed x3, and
added to OVA-stimulated splenocytes
prepared from a pool of 3 OVA-immune
mice. 72hr culture supernatants were
assayed for IL-2 and IL-4 (Figures 2&6).

In studies examining possible
mechanism(s) responsible for inhibition of
Th2 immunity inn pre-immunized mice
resulting from the Ig treatments described,
mice also received infusions of either
control rat monoclonal Ig or a mAb to
TNFSFR25, known to expand Tregs
implicated in regulation of immunity
[24,32,33]-see Figures 2&5. Putative Tregs
were subsequently harvested from pooled (6
donors/group) splenocytes of all treated
mice and enriched for CD4+ cells on MACS
columns (Miltenyi Biotech). Enriched cells
were stimulated for 48hr on anti-CD3-coated

3.3Measurement of serum IgE and serum
IgG to OVA, and of antigen (or mitogen)induced cytokine production by splenocytes
in ELISA
Blood was obtained from mice by
tail vein sampling (Figure 4) or at sacrifice
by cardiac puncture, along with spleen.
5x106 spleen cells from individual animals
were cultured in alpha MEM with 10% fetal
calf serum (F10)for 72hr with 0.1g/ml
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OVA and culture supernatants assayed by
commercial ELISA kits for IL-2, IL-4 and
IL-13 (BioLegend, CA, USA) production..
OVA-specific IgE or IgG was
measured in all serum samples by ELISA
using plates coated with 100ng/well of OVA
and developed with HRP-anti-mouse IgE or
HRP anti-IgG (ThermoFisher), followed by
appropriate substrate.
3.4Statistics
All experiments were performed at
least twice, with a minimum of 16 mice in
all groups. For studies with multiple groups,
a multivariate analysis of variance
(MANOVA) test was first applied to assess
for any significant differences between
groups, and subsequently, paired t-tests used

to compare individual groups with the
documented control.
4. Results
4.1 Combined mouse (human) immune Ig
and anti-idiotype Ig, attenuate OVA-induced
Th2 immunity
Data in Figure 3 confirms previous
reports that BALB/c mice receiving a
mixture of antibodies designed to stimulate
idiotype: anti-idiotypic interactions [23,25]
as in Figure 1 show attenuation of an OVA
Th2-allergic type response, as assayed by
suppression of serum IgE levels or antigeninduced IL-4/IL-13 production in vitro, with
preservation of serum IgG levels and IL-2
production [25].
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Our initial studies had used (as in the upper
panels A of Figure 3) homologous mouse
Igs (23,25) but we have subsequently
shown, as is evident also in the lower panels
B of this Figure, that human IMIG and antiTet Ig produce an equivalent attenuation of
IgE and IL-4/IL-13 production to that seen
with the murine counterparts [25]. This is
consistent with the hypothesis that the
immunoregulation seen occurs through
perturbation of a T (and B) cell immune
idiotypic network in the host animals, whose
V-region domains are shared across
vertebrate species [16]. We recently found
also that human immune Ig (anti-Tet) and
human anti-idiotype Ig, IMIG, also produce
desensitization of skin allergic responses (to
peanut butter) in dogs [34]. It is important to
note that serum from mice receiving human
Ig as in Figure 1produced no detectable anti-

human Ig reactivity as reported elsewhere
[25], as expected given the low doses of
human Ig given, and the absence of adjuvant
used.
4.2 Attenuation of IgE production, and of
OVA induce IL-4 release, persists >14
weeks post Ig treatment with anti-idiotype
and immune Ig:
To assess the persistence of the
suppression of IgE and IL-4 production in
animals receiving the 5-week Ig treatment
with IMIG and anti-Tet Ig given in Figures
1&3, the same groups of mice received the
boost with OVA in alum on d42, as shown
in Figure1, with only a test blood sample
obtained from the tail (50l) 10d later (d52).
OVA-specific IgE and IgG were measured
by ELISA (see figures in parentheses above
histograms in panels A/B of Figure 4).
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Animals remained exposed to EWS
in the drinking water for a further 10 weeks
(to d122), but without further Ig treatments.
They then received a final boost of OVA in
alum (with sacrifice and harvest of
splenocytes and serum 10d later on d132,
with serum OVA-specific IgE and IgG
measured (Figure 4A/B) along with OVAinduced IL-4, IL-13 and IL-2 from
splenocytes stimulated for 72hrs in vitro
(Figure 4C/D/E).
These data confirm that from an
earlier study performed in mice receiving
homologous (mouse) Igs [25]. The
attenuation of OVA-specific IgE, but not
IgG, already evident immediately after
completion of combined Ig treatment (seen
numbers in parentheses above histograms in
Figures 4A/B) persisted in the absence of
further Ig treatments when animals were
reimmunized and re-tested some 14 weeks
post the last Ig injection (panels 4A/B). The
same conclusion was reached following
analysis of OVA-induced IL-4 and IL-13
production in vitro (compare panels 4C/D
with data in the lower panels of Figure3),
with again no attenuation of IL-2 production
following Ig treatment (Figure 4E).

4.3 Importance of CD4+ Tregs in
desensitization of OVA-immune animals by
combined treatment with human anti-Tet IG
and IMIG:
In a previous study we reported that
the attenuation of Th2 immunity seen in
mice receiving combinations of immune Ig
and anti-idiotype Ig was abolished by
infusion of anti-CD4+ and anti-CD8+
antibodies into treated mice [25]. In naïve
mice receiving combinations of mouse
immune Ig and anti-idiotype Ig, further
evidence implicating an important role for
Tregs in suppression of immunity was
obtained with the observation that
suppression was enhanced if mice received,
in concert with the combined mouse Ig
treatment,
infusions
of
monoclonal
antibodies to TNFSFR25 [25]. Such
treatment has been shown elsewhere to
expand populations of CD4+ human and
murine Tregs [25,32,33]. We have expanded
upon these data by characterizing CD4+ cells
isolated by MACS columns from, in this
case, pre-immunized mice treated in vivo
with human IMIG and anti-TetIg along with
anti-TNFSFR25 antibody. We explored the
ability of these enriched CD4+ cells obtained
from mice with/without treatment with antiTNFSFR25, to suppress IL-4 production in
vitro from a separate preparation of OVAimmune splenocytes. The protocol used for
this study is shown in Figure 2, with
subsequent data presented in Figures 5&6.
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Data in Figure 5 confirm that the
combined treatment with anti-TetIg and
IMIG did indeed suppress mouse Th2
responses in pre-immunized mice as defined
by attenuation of OVA-IgE serum antibody
(Fig5A), or OVA-induced IL-4 in vitro (Fig
5C)-compare C2 with C1 in both panels. No
suppression of OVA-IgG or OVA-induced
IL-2 responses was seen (Figures 5B/D).
Importantly, additional infusion of a high
binding anti-TNFSFR25mAb (7C3), but not
saline (C2) or a non-binding antiTNFSFR25 mAb (2D6), further augmented
the suppression of Th2 immunity seen (** in
panels of Figure 5A/C vs * in the same
panels).

production from a separate population of
OVA-immune cells, the data of Figure 6
were obtained. Clearly CD4+ cells from mice
receiving both anti-TetIg and IMIG
suppressed IL-4, but not IL-2 production
from immune cells in vitro. This effect was
most pronounced (2-fold greater inhibition)
using CD4+ cells obtained from mice
receiving in addition 7C3 mAb (** in Figure
6), compared with saline (C2) or 2D6 mAb
(* in Figure 6). These data are consistent
with our findings reported earlier
investigating suppression of Th2 immunity
in naïve mice [25].

When we compared the ability of
MACS-enriched CD4+ cells prepared from
pooled splenocytes of the 6 groups shown in
Figure 5 for their ability to inhibit IL-4

Most
newer
immunotherapies
designed for treatment of allergic diseases
are directed at decreasing both IgE levels,
and production of those cytokines (e.g. IL-4,

5. Discussion:
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IL-5, IL-31) implicated in regulating IgE
producing B cells and other cells
(eosinophils/basophils) associated with
allergic
disease
[35-38].
These
methodologies add to the previously
discussed SCIT (SLIT) therapies which in
general depend upon identification and
purification of unique allergens causing
pathological responses [8-11; 14, 15]. As a
radical alternative to such treatment we have
proposed a novel therapy aimed at
manipulating
self-reactive
immune
regulatory networks through deliberate
perturbation of idiotype: anti-idiotype
interactions [23,25] There is already a body
of literature supporting the rationale for such
therapy, using human IVIG, in a number of
autoimmune scenarios, including allergic
diseases [26-31]-reviewed in [31] .
IVIG has been used in a variety of
clinical conditions, initially primarily related
to immunodeficiency [39], but subsequently
in a number of off-label scenarios where it
has shown proven efficacy [40-46]. The role
of natural antibodies (whose production is
presumed to be driven by self-antigens) in
the IVIG preparations in such protection, has
been recently reviewed [47]. Interestingly,
primary immunodeficiency in adults,
particularly IgG3 subclass deficiency, has a
known correlation with asthma, and recent
data suggests consideration of IVIG
replacement therapy for this group, though
no known mechanism was suggested for the
effects seen [48]. In a recent study which
explored possible mechanism(s) of action of
IVIG in inflammatory demyelinating
polyneuropathy syndromes [49], the
observation that some effects of IVIG were
rapidly reversible led to the suggestion that
there may be a competition between IVIG
and the endogenous autoantibodies which
affect nerve conduction. While not
investigated further in the publication cited
[49], such competition may involve antiidiotypic
[26-31]
neutralization
of
(auto)antibody, as previously suggested, but

may also involve a more indirect
immunomodulatory
effect
(through
induction of Tregs/Bregs) as we imply in our
studies above. The notion that a key
component of the IVIG preparation may
indeed be the anti-idiotypic moiety [26-31]
was supported by a study by investigators
who used affinity purified anti-idiotype
preparations which they showed were more
efficacious in immunoregulation in various
experimental models of autoimmune disease
[50].
Figures 1&3 confirm that the use of
combine immune Ig and anti-idiotype Ig
(from human IVIG injection) strategy is
effective in suppressing Th2 immunity to
OVA in mice. Moreover, Figure 3 confirms
that
unlike
SCIT/SLIT,
long-term
suppression of immunity persists following
cessation of treatment with Ig therapy (>14
weeks in the mice shown). In more recent
extensions of these earlier studies we
proposed that the mechanism(s) involved in
regulating immunity by this approach
involved generation and expansion of both T
and B cell regulatory cell immune networks
in animals receiving combined immune Ig
and anti-idiotype Ig [20-23, 25]. Given that
vertebrates share common ancestral V
region genes [16], we predicted that both
homologous and heterologous combinations
of immune Ig and anti-idiotype Ig would
produce similar re-setting of immune
networks in appropriately treated animals,
and hence our interest in the use of human
IVIG products (delivered as im injections),
particularly given the evidence that such
products are a rich source of polyclonal antiidiotypic Igs [26-31]. Data in Figure 3 and
elsewhere [25] confirm that attenuation of
Th2 immunity to OVA in BALB/c mice was
indeed seen following treatment with
commercial immune Ig (Anti-Tet) and antiidiotype Ig of human origin (using
commercial IVIG as a source of antiidiotype [25-31].
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Other studies have shown an
attenuation of IgE and IL-4 levels in mice
receiving both immune and anti-idiotype Igs
over a broad dose range, and even following
subcutaneous injection (rather than im as
reported above) at weekly intervals [25]. It
is also important to acknowledge that we
have shown unequivocally elsewhere [25]
and above (Figures 5,6) that attenuation of
Th2 immunity was seen using both a
preventative strategy (injections into naïve
animals newly exposed to allergen
[23,25,50]), and as a therapeutic strategy in
allergen-sensitized individuals, already with
high levels of IgE and IL-4/IL-13 production
capacity (Figures 5&6). Returning to the
mechanism(s) involved in regulation
induced by the combined immune Ig and
anti-idiotype Ig, we reported earlier that
depletion of both CD4+ and CD8+ T cells in
treated mice caused some loss of
immunoregulation [25], consistent with data
elsewhere suggesting a role for T cells in
allergic diseases [12,13, 24]. We have now
added to these data with the studies shown
in Figure 5&6. Using mAbs which expand
TNFRSF25 Tregs [24,32,33], reported by
others to be implicated in T cell regulation
of allergic responses [24]) and using
immune mice treated with combinations of
human anti-Tet Ig and IMIG, we found
increased suppression of Th2 immunity in
TNFSFR25-treated mice (Figure 5) and
increased activity in CD4+ enriched
suppressor T cells from such mice (Figure
6). It is important to note that we have
reported elsewhere that the TNFSFR25 mAb
used in Figure 6 did not in induce Tregs
directly [32].
There are a number of studies from
others which have also addressed the issue
of Treg involvement, including TNFR+
Tregs in regulation of allergic-type
responses following allergen specific
immunotherapy in animals and humans.
Oral administration of nanoparticles
containing a food allergen peptide with a

TLR7 ligand adjuvant led to development
of tolerogenic intestinal DCs which in turn
could promote the differentiation of Tregs,
enabling protection of mice from food
allergic responses [51]. More recently, in a
murine model of allergic rhinitis in response
to prolonged intranasal OVA administration,
both TGF1+B regs and CD4+Tregs were
shown to cooperate in regulating
inflammatory responses in the nasal mucosa
[52]. This in turn is consistent with more
recent data analyzing the role for Bregs and
Tregs in a human allergen immunotherapy
trial [53]. In terms of a role for TNFR+
Tregs in regulation of allergic responses, it
is worthy of note that 4-1BB (CD137), also
a member of the TNFR family, is expressed
on Tregs and enhanced expression has been
shown
during
allergen-specific
immunotherapy in mite-sensitive allergic
rhinitis patients [54]. In addition, there is a
body of data implicating a role for another
TNFR family member, glucocorticoidinduced tumour necrosis factor receptorrelated gene (GITR) known to be expressed
on CD4+CD25+Tregs, and its ligand
(GITRL), in the regulation of atopic
dermatitis [55] and in murine asthma
[56]. More recently other workers have
identified an important role for Tregs in
regulation of food allergies through
attenuation of IL-4 responses (see also
above data) [57].
Although the study by Zissler et al
[53] implicates Bregs in regulation of
allergen-induced immunity, we must
acknowledge that we have not explored the
possibility that cells other than Tregs,
including Bregs, play a role in the regulation
induced by anti-idiotype+ immune Ig
treatment. Bregs are known to cause
immunosuppression
[58-60]
possibly
through increasing the number of Treg
cells[61]. Other studies in allergy
investigating a role for B regs [62,63],
suggest an important role for a Th2 cytokine
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mediated increase in Breg IL-10 production
as an alternative mechanism of action [64].
6. Conclusion:
In summary, we have reviewed above the
evidence that therapy using a combination of
immune Ig and anti-idiotype Ig, of either
homologous or heterologous origin, can
induce long-lasting suppression of Th2
allergic responses in both naïve and presensitized animals. WE have shown that this
suppression occurs independent of any
relation between the immune Igs/antiidiotype Igs and the allergen, obviating any
need
for
biological
characterization
definition of the allergen prior to use. Our
data show that the effect of treatment
persists for prolonged times after completion
of therapy, despite (or perhaps because of)
ongoing exposure to allergen. In previous
reports [25] we have also shown that
immunoregulation occurs following delivery
of Igs by any of multiple routes, intravenous,
intramuscular or subcutaneous. Given that
we have successfully used this same therapy
in both small (mice) and large (dogs [34])
animals, we propose that this treatment
offers now hope for the clinical management
of allergic disease.
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