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ABSTRACT
Dysregulation of T cell functions results in the development and
maintenance of autoimmune and systemic inflammatory disorders. In this
context, CD4+ (helper) and CD8+ (cytotoxic) T cell activation leads to
autoantibody production and self-reactive cytotoxicity respectively. IVIg
is commonly used as a second line immunosuppressive therapy in
patients suffering from these disorders. Over the past decades, clinical
observations in IVIg-treated patients revealed significant modulations in
T cell populations and functions (Th1/Th2 ratio, Treg numbers, cytokine
expression, etc.). Similar observations on the immunomodulatory effects
of IVIg on T cell populations (eg. activation and differentiation of various
CD4+ subsets, reduction of CD8+ T cell cytotoxicity) were made using in
vitro assays and animal models, suggesting that these experimental
systems could be useful to decipher the mechanisms by which IVIg
produces therapeutic effects in autoimmune and inflammatory disorders.
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In this chapter, we will review the various effects of IVIg on T cells
both in vitro and in vivo. We will also summarize the mechanisms
proposed to explain these effects and discuss the reasons for the
discrepancies between conclusions drawn from studies published during
the last decades.

INTRODUCTION
IVIg and Autoimmunity
IVIg has been used for several decades to treat an increasing number of
autoimmune and inflammatory disorders. Excellent review articles on the
clinical use of IVIg have been recently published and therefore, this issue will
not be discussed in this chapter [1-7]. We will rather focus on the effects of
IVIg in autoimmune diseases with an emphasis on T cells on the following
sections, using clinical observations obtained from IVIg-treated patients and
experimental data derived from in vitro work or in vivo experimentations
using animal models of disease aimed at understanding the mechanisms of
IVIg action. Indeed, it has been reported more than 30 years ago that modulations in T cell populations and functions were induced in IVIg-treated patients
suffering from autoimmune disorders. For example, Th0 and Th2 antiinflammatory responses have been documented in IVIg-treated patients [8-10].
Other studies have shown that the ratio of CD4+ T cell subpopulations
(Th1/Th2) is decreased following IVIg treatment [11-15], consistent with the
induction of immunosuppressive effects. In addition, these clinical observations have stimulated considerable research efforts to better understand the
mechanisms by which the infusion of high dose IVIg results in modulations in
lymphocyte populations and therapeutic effects in a variety of autoimmune
and inflammatory disorders.

ROLE OF T CELLS IN AUTOIMMUNITY
T cells originate from lymphoid precursors in the bone marrow and
migrate to the thymus where they differentiate. In the thymus, T cells reach a
state in which they co-express the CD4 and CD8 molecules. These double
positive cells are then first subjected to the process of positive selection, where
a low affinity but sustained interaction between TCR and MHC molecules
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results in cell survival. Following positive selection, the expression of one of
the two co-receptors CD4 and CD8 is lost. The negative selection process also
occurs in the thymus, where dendritic cells and macrophages present self
MHC/peptide complexes to CD4+ or CD8+ T cells. This selection process is
essential to remove autoreactive T cells. High affinity interactions with the self
MHC/peptide complexes result in apoptosis. At the end of the positive and
negative selection processes, a repertoire of mature naive T cells competent
against non self-antigens but tolerant to self-antigens is generated [16-19].
Naive T cells require 3 signals for activation which are provided by
antigen presenting cells (APC) in the lymphoid organs [20-24]. The first signal
consists in the recognition of MHC/peptide complexes by the TCR. CD8+ T
cells interact specifically with MHC I/peptide complexes while CD4+ T cells
interact with MHC II/peptide complexes. TCR engagement leads to interleukin
(IL)-2 production, an important survival factor for T cells. However, TCR
engagement is not sufficient for clonal expansion and T cell differentiation. A
second signal is needed and provided following interaction between CD28
expressed on T cells and CD80/CD86 costimulatory molecules expressed on
mature APC with the contribution of interactions between other pairs of
costimulatory molecules. Such costimulatory signaling amplifies IL-2
production and increases the expression of the alpha chain of IL-2 receptor
(CD25). The high affinity binding of IL-2 to its receptor induces T cell proliferation. In the absence of costimulatory signals, T cells cannot be fully
activated and undergo apoptosis or become anergic [25-27]. The third signal
required for T cell activation and differentiation into effector cell is provided
by cytokines secreted by APC which upon binding to receptors on T cells
provide signals critical for the determination of the appropriate type of
immune response [22, 28].
Even though the machinery responsible to establish T cell tolerance to
self-antigens is highly efficient, tolerance can be broken. Several contributing
factors have been identified and include genetic predispositions, microbial
infections or other environmental factors [29-34]. Cytotoxic T lymphocyteassociated antigen 4 (CTLA-4) [35], lymphoid protein tyrosine phosphate nonreceptor type 22 (PTPN22) [36], T cell immunoglobulin and mucin-domain
containing (TIM) family [37], autoimmune regulator gene (AIRE) [38] are
examples of genes that can contribute to the development of autoimmunity.
Some MHC alleles can induce over-expression of self-peptides and increase
the likelihood of developing autoimmune diseases [39, 40]. Ineffective
presentation of self-antigens in the thymus can also lead to autoimmunity by
allowing survival of autoreactive T cells.

110

Lauriane Padet and Renée Bazin

Microbial infections can trigger autoimmunity by creating a strong proinflammatory environment that can trigger nonspecific polyclonal activation of
autoreactive T cells [31]. In addition, pathogens can induce autoreactive T cell
activation by molecular mimicry or by causing damage to cells or tissues,
leading to enhanced presentation of self-antigens. Finally, other environmental
factors such as diet, drugs and pollution have been proposed as contributors to
the development of autoimmunity [41-43]. In addition to activated autoreactive T cells, pathogenic autoantibodies are major contributors to the development of autoimmune disorders such as immune thrombocytopenia, type I
diabetes, rheumatoid arthritis and multiple sclerosis [44-47]. In fact, the
production of such antibodies by autoreactive B cells is highly dependent on
autoreactive CD4+ helper T cells. Cytotoxic auto-reactive CD8+ T cells also
play a predominant role in several autoimmune disorders such as type I
diabetes [48], multiple sclerosis [49, 50], chronic inflammatory demyelinating
polyneuropathy [51], stiff-person syndrome [52] and polymyositis [53] by
mediating organ or tissue destruction. Autoreactive CD8+ T cells may also
participate in the etiology of immune thrombocyto-penia [54]. Clearly, the
different T cell subpopulations play a central role in the development of
autoimmunity. Therefore, the clinical responses observed in many patients
suffering from autoimmune disorders following IVIg administration have
rapidly translated into the identification of T cells as potential direct or indirect
targets of IVIg, given their major role in the pathophysiology of these diseases.

IS THE EFFECT OF IVIG ON T CELLS DIRECT OR
INDIRECT?: THE SEARCH FOR AN ANSWER
A number of studies aimed at elucidating the mechanisms by which IVIg
can affect T cell functions have been reported in the literature.
These studies were done either in ex vivo experimental systems or using
animal models of disease. A summary of these investigations is presented in
the following paragraphs.

Studies on Mitogen-Activated T Cells
In the 90s, several research groups have focused on the effect of IVIg on
the functions of activated T cells using mitogen stimulation to mimic T cell
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activity during autoimmune disease. Phorbol esters such as phorbol myristate
acetate (PMA) and phorbol dibutyrate (PDB) in combination with calcium
ionophores (ionomycin) bypass surface TCR engagement and cross-linking
requirements to directly activate intracellular signaling pathways leading to T
cell activation [55, 56].
Using this experimental approach, opposing conclusions have been
reached by different research groups. Some studies showed that IVIg
decreased T cell activation upon peripheral blood mononuclear cell (PBMC)
stimulation with PMA/ionomycin. More precisely, IVIg reduced the secretion
of cytokines such as IL-2, IFN-γ, TNF-β and others, as well as T cell proliferation as evaluated by [3H]thymidine incorporation [57, 58].
A similar study performed on purified T cells activated with PMA/
ionomycin rather than PBMC also described the IVIg-mediated inhibition of
IL-2 secretion, suggesting that IVIg exerts its anti-inflammatory effect by
acting directly on T cells [59]. This inhibitory effect was not the consequence
of cell death or repression of IL-2 mRNA expression [57, 59]. Therefore, a
post-transcriptional regulation of IL-2 by IVIg was proposed to explain the
inhibition of IL-2 secretion but the precise mechanisms by which IVIg
affected T cell activation remained unclear [59].
Interestingly, another group reached an opposing conclusion following the
demonstration of the absence of inhibitory effect of IVIg on T cells after
PBMC or purified T cell stimulation with PDB/ionomycin [60].
The reason for this discrepancy is unclear since phorbol esters such as
PMA and PDB produce similar effects on T cells. Another study provided new
insights into the inhibitory mechanisms of IVIg by showing that IVIg inhibited
T cell activation by PMA/ionomycin, but only when PBMC and not purified T
cells were used [58].
These latter results suggested that accessory cells (B cells, monocytes)
from PBMC were required for IVIg to exert its anti-inflammatory effect on T
cells and support an indirect rather than direct effect of IVIg on T cells. It has
also been suggested that IVIg modulated T cell functions by inducing soluble
anti-inflammatory factors such as IL-1RA [61]. IL-1RA competes with IL-1
for the binding to the IL-1 receptor and thus deprives T cells of important
activation signals [62].
In summary, although interesting data have emerged from studies using T
cells activated with phorbol esters and ionomycin, the results obtained by
various groups of investigators did not permit to clarify the exact mechanism
by which IVIg affects T cell populations in IVIg-treated patients.
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Studies on Lectin-Activated T Cells
Lectins such as phytohemagglutinin (PHA), concanavalin A (ConA) and
pokeweed mitogen (PWM) have also been used to study the effect of IVIg on
T cell functions [63-72]. Lectins are sugar-binding proteins able to bind cell
surface carbohydrates on T cells, leading to their aggregation and subsequent
activation [73]. Several studies showed that IVIg inhibited T cell proliferation,
CD25 expression and IFN-γ secretion upon PBMC stimulation with PHA [64,
70, 72]. Similar results were obtained with purified T cells or T cell lines
stimulated with PHA, suggesting that IVIg directly affected the functions of
activated T cells [59, 69]. The inhibitory effect of IVIg on T cell was reported
to be partially due to apoptosis induction [70], in contradiction with the results
obtained with T cells activated with phorbol esters/ionomycin discussed
above, in which T cell viability was not affected by IVIg [57, 59].
Overall, studies with T cells activated with phorbol esters/ionomycin and
lectins did not permit to reach a consensus as to whether IVIg effects are a
consequence of a direct or indirect action on these cells.
Recent data from our laboratory permitted to revisit the different
conclusions from previous works using mitogen-activated T cells. Indeed, we
showed that the putative inhibitory effect of IVIg on activated T cell functions
was in fact the consequence of lectin neutralization by IVIg [74]. Lectins such
as PHA are able to bind to immunoglobulins through the recognition of
biantennary oligosaccharides found on the Fab region of some IgG [75-77].
Therefore, the experimental design used in the study of the effects of IVIg
on lectin-stimulated T cells should have taken into account the possibility of
mitogen neutralization, especially when IVIg is present at the same time as the
lectin, which was the case in most of the above-mentioned studies. In our
studies, we depleted IVIg preparations of PHA-reactive IgG and showed the
absence of inhibitory effect of these depleted IVIg preparations when added
together with PHA to T cell cultures. These results clearly demonstrated that
the previously reported inhibitory effect of IVIg on lectin-activated T cells was
the consequence of lectin neutralization rather than a direct effect of IVIg on T
cells.

Studies on CD3/CD28-Activated T Cells
In addition to studies in which T cells were activated with mitogens or
lectins, a number of studies have been performed with T cells stimulated with
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monoclonal anti-CD3 antibodies to induce T cell activation in a more physiologically relevant manner [78]. In these studies, anti-CD3 addition to PBMC
cultures resulted in T cell proliferation. However, in the presence of IVIg, the
functions of anti-CD3 activated T cells were reported to be significantly
decreased [57, 58, 60]. Interestingly, it was shown that anti-CD3 activated T
cells were affected by IVIg when accessory cells were present in the cultures.
In contrast, addition of IVIg to purified T cells in the presence of anti-CD3 did
not prevent T cell activation [58], suggesting that accessory cells (B cells
and/or monocytes) were required for the inhibitory effect of IVIg. In fact, T
cells need costimulatory signals provided by accessory cells (e.g., CD80) for
optimal activation with anti-CD3 antibodies [79-82]. Binding of human IgG to
FcγR was shown to reduce the expression of CD80 on monocytes [83],
suggesting that IVIg inhibited the anti-CD3-mediated T cell activation by
decreasing costimulatory signals delivered by accessory cells to T cells [58].
In the light of the above observations on the role of accessory cells, the
conclusions derived from studies reporting inhibitory effects of IVIg on
activated purified T cells [59, 60] should be revisited. In fact, several studies
showed that highly purified T cells cannot be fully activated with PMA/
ionomycin or anti-CD3 in the absence of accessory cells [79, 84].
Therefore, one might consider that the above-mentioned studies with
purified T cells were in fact done in the presence of a small amount of
accessory cells, allowing T cell activation in the control conditions and IVIgmediated inhibition in the experimental conditions. In fact, the early methods
used to purify T cells included E-rosetting and nylon wool columns which do
not yield a degree of purity as high as the more recent methods using positive
selection with magnetic beads. Nevertheless, highly purified T cells can be
activated in the absence of accessory cells using a combination of anti-CD3
and anti-CD28 [85]. Using this strategy, a group of investigators reported a
partial but significant inhibition of highly purified T cell proliferation in the
presence of IVIg [67], once again raising the possibility of a direct effect of
IVIg on T cells. However, this possibility has been challenged recently in a
study from our laboratory showing that IVIg can neutralize CD3/CD28 T cell
expander beads, which are microbeads coated with anti-CD3 and anti-CD28
antibodies that are known to be very potent T cell activators. In fact, IVIg
interfered with the binding of anti-CD3/CD28-coated microbeads to the T
cells, thereby preventing activation [86]. Control experiments showed that
prior incubation of purified T cells with IVIg did not affect the ability of CD3/
CD28 beads to activate T cells and that IVIg did not affect the functions of T
cells pre-activated with anti-CD3/CD28 beads [86].
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In summary, the results derived from all the aforementioned in vitro
studies must be interpreted with caution. A lesson can be learned from all
these studies: experimental systems should be tightly controlled to rule out
bystander effects or other possible interferences before making definitive
conclusions on the mechanisms of action of IVIg on T cells.

Studies on CD4+ T Cell Subpopulations
The Th1/Th2 Subsets
CD4+ T cells can differentiate into various subpopulations of effector
cells including T-helper 1 (Th1) and Th2 designed to eliminate different types
of pathogens. Th1 and Th2 responses are elicited by professional APC and are
characterized by their cytokine secretion profile [87-89]. The hallmark of a
Th1 response is the production of interferon-gamma (IFN-γ) which activates
the bactericidal activity of macrophages and induces the production of
opsonizing and complement-fixing antibodies by B cells. The Th1 response is
therefore important for the induction of cell-mediated immunity and plays a
crucial role in the defence against intracellular pathogens [90]. On the other
hand, the Th2 response is characterized by the secretion of IL-4, IL-5 and IL13 and induces the production of neutralizing non-cytolytic antibodies by B
cells, leading to humoral immunity. Th2 responses play a critical role in the
defence against extracellular bacteria, parasites including helminths and toxins
[91].
Early studies have associated the development of autoimmunity with a
shift towards Th1 responses while a shift towards Th2 responses was believed
to alleviate the disease [92, 93]. More recently this Th1/Th2 paradigm has
been revisited since Th2 responses have also been implicated in autoimmune
diseases, highlighting the complexity of immune response in autoimmunity
[94].
Still, the Th1/Th2 concept continues to be accepted as part of the complex
interactions observed during the development of autoimmune diseases.
Therefore, restoration of the Th1/Th2 balance has been proposed as a therapeutic approach for the treatment of autoimmune disorders [95, 96].
Interestingly, several clinical studies have shown that IVIg modulated the
Th1/Th2 ratio in favour of Th2 responses [8-10].
In autoimmune disorders, CD4+ T cells are activated following presentation of autoantigens by APC. Therefore, to study the mechanisms by which
IVIg affects the CD4+ T cell response in a context relevant to autoimmunity,
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we first used a mouse model of immunization using ovalbumin (OVA) as an
antigen and evaluated the impact of IVIg infusion during the immunization
period on the generation of OVA-specific T cells [97]. Using this strategy, we
showed that IVIg significantly reduced the number of OVA-specific T cells
produced in response of OVA immunization. We also showed that the in vivo
activation of OVA-specific CD4+ T cells from transgenic mice expressing a
rearranged TCR transgene specific for the I-Ad–OVA323–339 complex [98] was
reduced in the presence of IVIg. These results thus confirmed the effect of
IVIg on antigen-specific CD4+ T cells, but did not permit to determine
whether the effect of IVIg on these cells was direct or indirect. To address
more directly this question, we used an in vitro OVA presentation assay and
demonstrated that the presence of IVIg during the incubation of APC with
OVA greatly affected the ability of APC to activate OVA-specific CD4+ T
cells. In contrast, OVA-loaded APC were able to efficiently activate OVAspecific CD4+ T cells in the presence or absence of IVIg. These results thus
suggested that the inhibitory effect of IVIg was dependent on APC and not
directly on the CD4+ T cells. Two mechanisms possibly involved in the
inhibitory effect of IVIg on antigen presentation by APC were proposed. First,
IVIg can compete with immune complexes of antigen for binding to FcγR,
therefore reducing antigen internalization inside the APC. Second, IVIg can
compete intracellularly with the internalized antigen for loading on MHC II
molecules, thereby decreasing the amount of MHC II-peptide complexes
presented on the surface of APC [99].
In summary, the above studies have revealed that IVIg does not directly
affect the functions of CD4+ T cells but acts mainly by decreasing the ability
of APC to present antigens in an MHC II-restricted manner. In the context of
an autoimmune disease, this effect of IVIg could result in a reduced
presentation of self-antigens to autoreactive CD4+ T cells and could thus
contribute to the restore the Th1/Th2 ratio in IVIg-treated patients.

The Th17 Subset
Besides the classical Th1 and Th2 subsets, naive CD4+ T cells can also
differentiate into other subsets of effector cells such as Th9, Th17 and Th22
[100]. The Th17 subset recently attracted much interest owing to its
involvement in the development of autoimmune and inflammatory disorders
[101, 102]. Th17 cells are characterized by the secretion of IL-17A, IL-17F,
IL-21 and IL-22 and by the expression of transcription factors distinct from
Th1 and Th2. These pro-inflammatory cells play a major role in the immune
response against extracellular bacteria and fungi [103-105].
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In addition, memory Th17 cells are drivers of chronic inflammation and
this property has been strongly associated with many human autoimmune and
chronic inﬂammatory disorders, including psoriasis, Crohn‘s disease, rheumatoid arthritis, multiple sclerosis and uveitis [106-110].
The involvement of Th17 cells in autoimmune disorders has prompted an
analysis of this cell population in IVIg-treated patients suffering from inflammatory myopathies. An imbalance ratio of Th1/Th17 was observed in these
patients before IVIg treatment. In IVIg responders, the ratio of Th1/Th17 cells
was lower than that observed in non-responders, suggesting a role for the Th17
mediated pathway in the anti-inflammatory response of IVIg [111]. The effect
of IVIg on Th17 cells was also recently studied using a mouse model of EAE,
an experimental model of multiple sclerosis [112].
In this model, the pathogenesis was improved by IVIg treatment and this
effect was associated with a decreased number of Th17 cells in the draining
lymph nodes and spleen. Based on their results in the mouse model of EAE,
the authors proposed that the anti-inflammatory activity of IVIg could be
mediated either by a direct interaction of IVIg with T cells or by modulating
the functions of APCs. The same group of investigators also studied the effects
of IVIg on Th17 cells in vitro, starting with CD4+ T cells stimulated with
monoclonal anti-CD3 and anti-CD28 antibodies in the presence of selected
cytokines [113]. They showed that IVIg prevented the differentiation of CD4+
T cells into Th17 cells [114] and proposed that this effect was related to the
inhibition of phosphorylation of the signal transducer and activator of
transcription 3 (Stat3), a transcription factor that plays a central role in the
differentiation and stabilization of the Th17 lineage [115, 116]. It has been
shown that CD3 ligation by monoclonal antibodies induces tyrosine and serine
phosphorylation of Stat3 in human CD4+ T cells [117]. Considering that antiCD3/CD28 stimulation was used to trigger the activation of CD4+ T cells
prior to their differentiation into Th17 cells, a possible interference between
IVIg and antibodies used for activation cannot be excluded to in part explain
the inhibitory effect of IVIg on the differentiation of CD4+ T cells, as
previously discussed [74, 86].
Therefore, the elucidation of a direct or indirect effect of IVIg on Th17
cells will require further investigation in clinical studies with IVIg-treated
patients, in animal models of diseases with a known Th17 component and also
using in vitro systems with well-controlled experimental conditions.
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Regulatory T Cells
Regulatory T cells (Tregs) have been originally described by Shimon
Sakaguchi [118, 119] and were later characterized as CD4+ CD25high Foxp3+
T cells [120]. Most Tregs are formed during T cell maturation in the thymus,
where some T cells specific for self-antigens are not eliminated through the
process of negative selection but instead differentiate into natural Foxp3+
Tregs. These cells were initially named natural Tregs or nTregs and represent
about 5 % of the total CD4+ T cells in circulation [121]. Recently, a panel of
experts recommended that Tregs originating from the thymus should be named
thymus-derived Tregs (tTregs) instead of nTregs [122].
tTregs are indispensable for the maintenance of homeostasis and peripheral tolerance and for the prevention of autoimmunity [123, 124]. In addition to
tTregs, other Tregs have been described and arise from naive autoreactive T
cells in the periphery under certain environmental conditions such as the
composition of the cytokine milieu, the concentration of antigen and the nature
of the antigen-presenting cells [125, 126]. The newly proposed nomenclature
for these cells is peripherally-derived Treg (pTreg) instead of the previously
used terms such as induced Tregs (iTregs) or adaptive Tregs (aTregs), and the
word iTregs should now refer to in vitro-induced Tregs (iTregs) [122]. The
importance of CD4+ CD25high Foxp3+ Tregs in the control of autoimmunity
has been revealed following the identification of loss-of-function mutations in
the Foxp3 gene leading to the immunodysregulation polyendocrinopathy
enteropathy X-linked (IPEX) syndrome [127-129].
Foxp3 is considered to be the master regulator of the Treg lineage. In the
IPEX syndrome, the lack of Tregs is associated with a lethal auto-aggressive
lymphoproliferation, highlighting the prime importance of Tregs for the
prevention of autoimmunity.
Since that discovery, the development of a number of autoimmune
diseases such as ITP [130, 131], SLE [132], Kawasaki disease [133], GuillainBarré syndrome [134], type I diabetes [135, 136], multiple sclerosis [137, 138]
has been associated with anomalies in Treg numbers or immunosuppressive
functions.
Several clinical studies on IVIg-treated patients suffering from autoimmune disorders have revealed modulations in Treg populations.
For example, increased numbers of circulating Tregs have been reported
in Kawasaki disease [133, 139], Guillain-Barré syndrome [134], eosinophilic
granulomatosis [140] and autoimmune rheumatic disease [141] following IVIg
infusion. The effect of IVIg on Tregs has also been studied in animal models
of disease.
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In the EAE mouse model, repeated injections of IVIg were shown to
prevent the development of the disease. The protection was associated with
increased numbers of tTregs in the blood, lymph nodes and spleen [142]. A
further demonstration of the role of Tregs for the effects of IVIg in this model
was the failure of IVIg to protect against EAE in mice that were depleted of
Tregs. The effect of IVIg was also studied in a mouse model of herpes simplex
virus-induced encephalitis, in which a single dose of IVIg was sufficient to
increase the number of Tregs in peripheral lymphoid organs and protect mice
against HSV infection.
The underlying mechanism for this effect was the induction by IVIg of a
subset of IL-10-producing FoxP3- ICOS+ CD4+ T cells [143]. Another study
revealed that IVIg ameliorated the OVA-induced airway hyperresponsiveness
in mice by increasing pTreg numbers by a factor of 4 to 6 times [144].
In this latter model, the induction of OVA-specific pTregs was mediated
by tolerogenic APC generated after IVIg exposure. This observation supports
an indirect rather than direct effect of IVIg on this Treg population, in contrast
with the observation done using the EAE model, in which a direct effect of
IVIg on tTreg proliferation was reported [142].
In vitro studies have permitted to show a direct effect of IVIg on purified
CD4+ tTregs from healthy individuals, leading to their activation and
increased expression of CD69, CD38, HLA-DR, IL-10, TGF-β and FoxP3
[145, 146].
On the other hand, the generation of pTregs from naive T cells in the
periphery seems to be rather an indirect consequence of the effect of IVIg on
APC, leading to the generation of tolerogenic dendritic cells (DC) [144, 147,
148].
Recently, De Groot et al. described the occurrence of short sequences of
amino acid (Tregitopes) present within the structure of the IgG molecule able
to induce the expansion of CD4+ Tregs [149]. The corresponding peptides
(also termed Tregitopes) were synthesized and shown to induce tTreg and
pTreg (adaptive or antigen-specific Treg) activation and expansion following
binding to MHC II molecules of APC, both in vitro and in vivo [149-151].
Since IVIg has been shown to be internalized inside APC [99, 152, 153], it can
be speculated that Tregitopes derived from internalized IVIg are loaded onto
MHC II molecules and presented by APC in IVIg-treated patients, therefore
providing an additional explanation for the expansion and stimulation of Tregs
following IVIg therapy [154, 155].
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Studies on CD8+ T Cells
Many subpopulations of cytotoxic CD8+ T cells have been defined based
on their cytokine secretion profile. Type 1 CD8+ T cells (Tc1) secrete IFN-γ,
whereas Tc2 secrete IL-4 and IL-5. Tc17 secrete IL-17 whereas CD8+ Tregs
act through the secretion of both TGF-β and IL-10 [156, 157]. Altogether,
CD8+ T cells play a major role in immunity against viruses and cancer. These
cells acquire their cytotoxic function upon recognition by their TCR of MHC
I-peptide complexes expressed on target cells. Cytotoxic CD8+ T cells rapidly
destroy target cells following release of lytic granules (perforin, granzyme) or
by expressing factors capable of signaling through death receptors expressed
on the surface of target cells (FAS pathway) [158-160]. However,
dysregulation in CD8+ T cells tolerance to self-antigens directly contributes to
the initiation, progression and regulation of several autoimmune diseases such
as type I diabetes, multiple sclerosis and others [161].
Data from clinical studies with IVIg-treated patients have shown a
reduction in CD8+ T cell numbers in Crohn‘s disease [162] as well as a
normalization of the CD8+ T cell repertoire in CIDP patients following highdose IVIg infusion [163]. To better understand the effect of IVIg on CD8+ T
cells observed in these clinical studies, we used a mouse model of OVA
immunization similar to that described for the work on CD4+ T cells in Aubin
et al. [164]. IVIg was administered at different intervals during the
immunization of C57/BL6 mice with OVA. In these experiments, the number
of CD8+ OVA-specific T cells was significantly lower in IVIg-treated
animals, as evaluated using SINNFEKL-specific MHC I tetramers, in agreement with the clinical data. To decipher the mechanisms of IVIg effect on the
CD8+ T cell response, an in vitro activation system using antigen crosspresentation was set up, in which APC cross-presented OVA peptides to
OVA-specific CD8+ T cells (OT-I) purified from the spleen of mice
expressing a rearranged TCR transgene specific for the H2-Kb-OVA257–264
complex [165]. This assay permitted to show that IVIg inhibited the activation
of OVA-specific CD8+ T cells when the antigen was added in the form of an
immune complex (OVA-IC) [166]. The mechanism responsible for this
inhibition was similar to that observed for the inhibition of the CD4+ T cell
response, namely a competition between IVIg and OVA-IC for the binding to
FcγR expressed on APC, resulting in a decreased presentation of MHC Ipeptide (SIINFEKL) complexes and consequently, a reduction in OVAspecific CD8+ T cell activation. Interestingly, an additional mechanism was
revealed in experiments done with OVA-preloaded APC incubated with OVA-
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specific CD8+ T cells in the presence or absence of IVIg. In the presence of
IVIg, a significant reduction in OVA-specific CD8+ T cell activation and
proliferation was observed, in contrast to the absence of IVIg effect on CD4+
T cells using a similar experimental approach [99].
Given that the expression of key costimulatory molecules on APC can be
reduced following IVIg treatment [167], we speculate that this reduction may
have a more drastic consequence on CD8+ compared to CD4+ T cell
activation. Alternatively, IVIg may act by preventing the interaction between
costimulatory molecules important for CD8+ but not CD4+ T cell activation.
In parallel, experiments addressing the cytotoxic activity of OVA-specific
CD8+ T cells on target cells were performed both in vivo and in vitro. OVA
immunization of C57/BL6 mice in the presence of IVIg resulted in a decreased
number of perforin- and CD107a (a cell surface marker associated with degranulation)-expressing CD8+ T cells in the spleen [164].
In addition, OVA-specific CD8+ T cells activated following crosspresentation of OVA were less cytotoxic for their target cells (EL-4 decorated
with SIINFEKL peptides) when IVIg was present during the incubation
between activated CD8+ T cells and EL-4 cells.
This latter effect was shown to be related to TCR blockade by IVIg,
thereby reducing the interaction between effector and target cells [164].
Altogether, the results from our studies on CD8+ T cells revealed that the
effect of IVIg on their activation is, at least in part, the consequence of antigen
cross-presentation impairment. As discussed above, interference of IVIg with
the antigen presentation process also prevents CD4+ T cell activation,
supporting the concept of an indirect rather than direct effect of IVIg on T
cells. Yet, our work on CD8+ T cells also revealed a direct effect of IVIg on
CD8+ T cell activation that was not observed on CD4+ T cells. Similarly, we
showed that IVIg directly affects CD8+ T cell cytotoxicity, possibly as a
consequence of TCR blockade. These latter results suggest that direct effects
of IVIg on T cells synergize with the effects on antigen presentation to
produce immunosuppressive effects in treated patients.

CONCLUSION
Altogether, the studies using ex-vivo experimental systems or animal
models of disease suggest that the inhibitory effect of IVIg on T cells is mostly
the indirect consequence of an effect of IVIg on APC (decreased self-antigen
presentation, generation of tolerogenic dendritic cells).
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Nevertheless, several studies showed that IVIg selectively modulates the
functions of T cell subpopulations (inhibition of Th17 differentiation, decrease
cytotoxicity of activated CD8+ T cells, induction of Tregs with strong
immunosuppressive potential). Overall, the studies done during the past
decades on the effects of IVIg on T cells have revealed a diversity of
mechanisms by which immunosuppression can occur. However, much work
remains to be done to fully understand and control the effectiveness of IVIg
therapy in a variety of autoimmune and inflammatory disorders.
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