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Review Article
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Abstract: An overview of the current literature is showing that autoantibodies (AutoAbs) against cytokines are pro-
duced in several pathological conditions, including autoimmune diseases, but can also be detected in healthy indi-
viduals. In autoimmune diseases, these AutoAbs may also be prognostic markers, either negative (such as AutoAbs
to I8 and IL-1a in rheumatoid arthritis) or positive (such as AutoAbs to IL-6 in systemic sclerosis and those to os-
teopontin in rheumatoid arthritis). They may have neutralizing activity and influence the course of the physiological
and pathological immune responses. High levels of AutoAbs against cytokines may even lead to immunodeficiency,
such as those to IL-17 in autoimmune polyendocrine syndrome type | or those to IFN-y in mycobacterial infections.
Their role in human therapy may be exploited not only through passive immunization but also through vaccination,
which may improve the costs for long lasting treatments of autoimmune diseases. Detection and quantification of
these AutoAbs can be profoundly influenced by the technique used and standardization of these methods is needed

to increase the value of their analysis.
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Introduction

Autoimmunity raises from failure of the immune
self-tolerance and may involve both T and B
cells [1]. In most autoimmune diseases, T cells
play a pivotal role in both dysregulation and
autoimmune aggression, but autoantibodies
(AutoAbs) are also widely produced. These
autoAbs play a key pathogenic role in diseases
such as Graves disease, autoimmune hemocy-
topenias, and systemic lupus erythemathosus
(SLE), but are also present in other diseases,
where they may play a minor pathogenic role,
but can be used as valuable diagnostic mark-
ers [2-4]. In addition to T cells and AutoAbs,
also cytokines play a key role in development of
the (auto)immune response and proinflamma-
tory cytokines are deeply involved in the auto-
immune damage. Interestingly, it has been
noted that an anti-cytokine antibody response
is spontaneously produced by healthy subjects
and seems to be a physiologic mechanism to
control the immune response. This modulating
effect seems to be time-limited since the levels
of these AutoAbs increase in response to cyto-

kine levels exceeding a threshold and, then,
decrease after few weeks. This phenomenon is
present also in several pathological conditions,
including autoimmunity and some data suggest
that endogenous anti-cytokine antibodies may
be used as prognostic markers monitoring the
disease [5-7]. In this context, cytokines are piv-
otal therapeutic targets of antagonistic drugs
blocking their pathogenic effects in the dis-
ease; in this line, passive immunization with
monoclonal antibodies (mAbs) against TNF-o
[8], IL-1 [9], and IL-6 [10] are effective in rheu-
matoid arthritis (RA). However, most autoim-
mune diseases require long term treatment,
which substantially raises the cost of therapies
that are already expensive in terms of drug syn-
thesis, development and implementation. An
alternative approach is given by active immuni-
zation protocols aimed to support and enhance
the endogenous production of anti-cytokine
AutoAbs which would stably counteract the
pathological effects of the cytokine. It has been
shown that production of these AutoAbs can be
effectively induced or boosted by active immu-
nization with recombinant cytokines using
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Figure 1. Number of publications focused on AutoAbs against cy-
tokines between 1975 and 2011 (http://www.ncbi.nlm.nih.gov/

pubmed/).

either the protein or the naked DNA. The
increasing interest on this topic is demonstrat-
ed by the growing literature published in the
last 10 years (Figure 1) that this review will
summarize and discuss.

Natural AutoAbs against cytokines in human
autoimmune diseases

AutoAbs against cytokines have been described
in various autoimmune diseases, such as RA,
systemic sclerosis (SSc), multiple sclerosis
(MS), SLE, autoimmune polyendocrine syn-
drome type | (APS-1), but their frequency and
role has been extensively debated. The Table 1
reports the frequency of AutoAbs against cyto-
kines in various autoimmune diseases com-
pared to healthy controls, as detected by differ-
ent authors. Since their analysis used several
different techniques, it cannot be ruled out
whether the wide differences between the
studies are ascribable to the different popula-
tion analyzed or to the technique used to detect
the AutoAbs (see the methods section).

Anti-cytokine AutoAbs seem to be more fre-
quently directed against proinflammatory cyto-
kines, such as IL-1a [11], TNF-a [12], IL-6 [13],
IL-8 [14] and GM-CSF [15], whereas those
against anti-inflammatory cytokines, such as
IL-10 [16] and TGF-B [17] have been rarely
reported. Unfortunately, most reports do not
provide data about the functional effects of
these AutoAbs, which would be helpful to define
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their role in the disease and the
possibility to exploit them in thera-
py. However, these AutoAbs have
been suggested to have a protec-
tive role in some diseases and may
be used as prognostic markers. For
instance, high levels of anti-IL-1x
AutoAbs correlated with a mild dis-
ease course in patients with RA [7]
and high levels of those against
IFN-y were associated with recov-
ery in Guillain-Barré syndrome [18].

Four pro-inflammatory cytokines
have been shown to play a key role
in joint aggression in RA, i.e. TNF-«
[19], I-1a, IL-1B [19-21], and IL-6
[22] and the imbalance in the net-
work of these cytokines have been
suggested to play an orchestral
role in the RA’s initiation and pro-
gression [23]. Suzuki et al [24]and Maniwa et al
[25] reported increased levels of AutoAbs
against IL-1a (but not IL-1B) in the sera of RA
patients and showed that they were higher in
those with nondestructive arthritis than in
those with destructive arthritis. These data
have been partly debated by other authors who
detected these antibodies with similar frequen-
cies in RA patients and healthy controls [26,
27]. Nevertheless, they suggested that these
AutoAbs may be used as a positive prognostic
marker if detected early in RA [26, 27], since
several indices of disease activity and severity
were significantly lower in the patients with high
levels of anti-IL-1a AutoAbs than in those with
low levels of these autoAbs. In line with the
clinical data, these AutoAbs displayed neutral-
izing activity on IL1-a function in vitro by inhibit-
ing proliferation of thymocytes [28] and IL-6
secretion of synoviocytes induced by IL-1¢, and
blocked binding of IL-1a to its receptor [29].
Anti-IL-1a0 AutoAbs have been also detected in
patients with SSc, an autoimmune disease
characterized by dermal and visceral fibrosis
and vasculopathy [30, 31]. These AutoAbs have
been ascribed to the high amount of IL-1a
secreted in the skin [24]. Intriguingly, high titers
of anti-IL-1a AutoAbs have been also detected
in two other dermal diseases, i.e. psoriasis and
pemphigus, which suggests their involvement
in regulation of cutaneous inflammation [32].
Moreover, SSc patients also display AutoAbs
against IL-6 and these have been mainly asso-
ciated with the cutaneous form of the disease
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Table 1. Summary of AutoAbs frequencies reported in human autoimmune diseases and healthy con-
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trols
Anti-cytokine Disease(s) Frequencies in patients vs healthy Prognostic References
Antibody controls value
16,6% vs 5,6% YES [24]
RA 36% vs 38% [91]
18,9% vs 9,7% YES [26]
Il 42,9% vs 15% [26]
RA/ ILD 56,2% vs 15% [25]
SLE 4,7% vs 5,6% [24]
SSc 6,3% vs 5,6% [24]
IL-6 SSc 17,3% vs 1,9% YES [33]
OPN TiDM 7,8% vs 3,9 % [47]
RA 15% vs 0% YES [48]
GM-CSF FS 12,4% vs 0% [36]
FS 3,2% vs 0% [92]
MS 2,3% vs 0% [36]
IL-12 RA/SLE 17,6% vs 0% [93]
IL-3 FS 3,1% vs 1,3% [94]
IFN-B MS 4% vs 0% [93]
RA/SLE 5,9% vs 0% [93]
IFN-w MS 4% vs 0% [93]
RA/SLE 5,9% vs 0% [93]
IFN-o RA/SLE 29,4% vs 1,4% [93]
IL-17A APS-| 66,7% vs 0% [6]
IL-17F APS-| 93,9% vs 0% [6]
IL-22 APS-| 90,9% vs 0% [6]
TNF-a RA 61% vs 80% (8%)" [12]
SLE - YES [17]

Abbreviations: RA, Rheumatoid Arthritis; SLE, Systemic lupus erythematosus; SSc, Systemic sclerosis; TLIDM, type 1 diabetes
mellitus; FS, Felty’s syndrome; MS, Multiple Sclerosis; APS-I, Autoimmune polyendocrine syndrome type I; ILD, interstitial lung
disease; RD, rheumatic diseases. 'The authors confirmed a strong reaction in 8% of controls only.

compared to the visceral one, which suggests
that they may influence the clinical outcome
[33]. AutoAbs against IL-1a [24] have been
described also in patients with SLE, a systemic
autoimmune disease due to deposition of
immune complexes in several tissues, includ-
ing skin, kidney, and joints [34], but no clinical
correlations were found in this disease [5].
Moreover, SLE patients also displayed AutoAbs
against TNF-a, and their levels were lower in
the patients with active disease compared to
those with inactive disease, which suggests
that their presence marks exacerbations of the
autoimmune aggression [17]. The same group
also found high serum levels of anti-TGF-B
AutoAbs and suggested that these may contrib-
ute to dysregulate the immune homeostasis
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[17]. Finally, anti-GM-CSF AutoAbs have been
detected in SLE patients with neutropenia and
their levels inversely correlated with the neutro-
phil counts, which suggested that they might
inhibit the hemopoietic function of this cytokine
[35].

AutoAbs against proinflammatory cytokines are
also found in MS, an autoimmune disease
affecting the central nervous system (CNS) in
young adults. MS patients may display high
plasma levels of AutoAbs against TNF-a and
IFN-y, and low levels of AutoAbs against IL-4,
and IL-10 [1, 16] but their biological role is not
clarified yet. By contrast, anti-GM-CSF autoAbs
have been rarely detected in MS patients [36],
but a vaccine developed to neutralize this cyto-
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kine showed promising results in the treatment
of experimental autoimmune encephalomyeli-
tis (EAE) [37], the animal model for MS; this
result might be related to inhibition of the
GM-CSF effect on glial cells and the function of
other cytokines in CNS [38].

Beside these “classical” cytokines, new fron-
tiers have been opened by the demonstration
of the pathogenic role of other anti-cytokine
AutoAbs, such as those against Osteopontin
(OPN), IL-17, and IL-8, in autoimmunity.

OPN is a pleiotropic cytokine secreted by acti-
vated macrophages, leukocytes, and activated
T lymphocytes and is present in the extracellu-
lar fluids, at the sites of inflammation, and in
the extracellular matrix of mineralized tissues
[39, 40]. High OPN serum levels have been
reported in patients with various autoimmune
diseases, such as autoimmune lymphoprolifer-
ative syndrome (ALPS), MS, SLE [41-44]; in RA
[45] and juvenile idiopathic arthritis [46], they
may play a role in supporting inflammation and
bone erosion [47]. Moreover, AutoAbs against
OPN have been reported in RA patients and
their level inversely correlated with markers of
disease activity, such as serum levels of rheu-
matoid factor and C-reactive protein, and the
erythrocyte sedimentation rate [48].
Intriguingly, passive immunization with antibod-
ies against a cryptic epitope of the N-terminal
portion of OPN exerted beneficial effects in
mouse and primate models of RA [49]. Presence
of anti-OPN AutoAbs is not exclusive of RA since
it has been detected also in patients with type
1 diabetes [47] and mice with EAE. Steinman et
al [50] showed that EAE induction triggered
production of anti-OPN AutoAbs and remission
occurred when their titers peaked. Moreover,
they showed that mouse immunization with a
plasmid encoding for OPN boosted production
of these AutoAbs and ameliorated the chronic
course of EAE when administered before EAE
induction. In line with these data, we recently
detected high levels of anti-OPN AutoAbs in
patients with MS, but clinical correlations are
not available yet (unpublished data).

Recently, the Th1/Th2 paradigm of the T helper
response has been challenged by identification
of another T helper cell type (Th17), which may
play a role in several autoimmune diseases [51]
by secreting cytokines such as IL-17A, IL-A7F,
IL-21, and IL-22 [51]. Autoimmune polyendo-
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crine syndrome type | (APS-I), also known as
autoimmune polyendocrinopathy-candidiasis-
ectodermal dystrophy (APECED), is a rare inher-
ited autoimmune disease due to mutations of
the gene of AIRE, involved in thymocyte selec-
tion [52, 53]. High levels of antoantibodies
against IL-17A, IL-A7F, and IL-22 have been
detected in APS-I patients displaying chronic
mucocutaneous candidiasis [6] which suggests
that they may inhibit the Th17 cell capacity to
counteract this infection. Presence of anti-IL-17
AutoAbs in APS-I has been confirmed using a
robust high-throughput radioligand binding
assay (RLBA) that has been compared to the
ELISA assay [54]. These findings support the
hypothesis that anti-cytokine AutoAbs might
favor candida infection by causing a partial
immune deficiency. This is also supported by
other reports describing development of myco-
bacterial or lysterial infections in patients with
various autoimmune diseases (RA, Chron’s dis-
eases, psoriasis) treated with anti-TNF-a anti-
bodies [55].

IL-8 is involved in chemotactic recruitment of
inflammatory cells and is secreted by several
cell types including synoviocytes participating
in the destructive process of the joint synovial
[56]. In RA, AutoAbs against IL-8 correlate with
several inflammatory parameters, such as
serum levels of C-reactive protein and immune
complexes, and have been suggested to be a
useful marker of disease severity in the patients
with extra-articular manifestations [14].

Methods to detect AutoAbs against cytokines

Different reports display substantial discrepan-
cies about the presence and the levels of
AutoAbs against cytokines in both patients and
healthy controls. It is difficult to rule out wheth-
er these differences are due to heterogeneity
of the analyzed subjects or to the method used
to detect the autoAbs. Two main methods have
been used by most authors, i.e. ELISA and
Western Blot (WB). Both of them use, as bait,
recombinant cytokines that are either immobi-
lized to plastic wells (ELISA) or separated by
size on a nitrocellulose filter (WB). The bait cyto-
Kines are bound by the AutoAbs present in the
proband’s serum and are then detected by
horseradish peroxidase- or alkaline phospha-
tase-conjugated secondary antibodies. Anti-
human IgG polyclonal antibodies are generally
used to detect the memory response and avoid
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the aspecific binding of low affinity IgM AutoAbs
[57]. The set up of a reliable immunological test
for the AutoAbs should take into consideration,
and possibly avoid, a number of technical bias
that could be introduced. A first problem arises
from the formulation of the bait recombinant
cytokines used for the test. These are often
provided in solution with bovine serum albumin
(BSA), used as a stabilizer. BSA, indeed, may
cause aspecific signals because of the frequent
reactivity of serum Ig with this “dietary” anti-
gen. Sjowall et al [58] revised their previous
results concerning levels of anti-TNF-a AutoAbs
in RA patients by demonstrating that anti-BSA
antibodies were responsible for several false
positives [58].

A second problem concerns the features of the
epitope(s) recognized by the AutoAbs, since
conformational epitopes, such as those report-
ed for OPN in RA patients [48], may be lost in
the assay. For instance, WB is inadequate to
detect conformational epitopes since the bait
cytokine is denatured in the SDS/PAGE run.
Although ELISA may detect conformational epi-
topes, some of them may be lost as well due to
distortions of the three-dimensional structure
following the absorption of the bait cytokine to
the plastic well. Moreover, the recombinant
cytokine may lack epitopes displayed by the
wild-type proteins, such as the glycosilated epi-
topes which are absent in the recombinant
cytokines produced in procariotic cells. Finally,
detection of the AutoAbs can be difficult in the
serum because of the formation of immuno-
complexes between the AutoAbs and the
endogenous cytokines [59].

The specificity and sensitivity of the test could
also be limited by the presence of heterophilic
antibodies. These are multispecific antibodies
of the early immune response or interfering
antibodies of unknown origin [60]. These anti-
bodies can bind Fc fragments of the human
antibodies used in the immunoassay, giving
false positive signals. To reduce this interfer-
ence, their removal by PEG precipitation or heat
treatment has been suggested by DeFroge et al
[61].

To overcome some of the technical issues
described above, innovative approaches have
been recently developed such as those involv-
ing the conjugation of the bait cytokines with
fluorescently labeled microsphere [62] or radio
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iodine [63]. The particle-based multiplex assays
have the advantages to detect the AutoAbs
using small volumes of serum and to target
multiple AutoAbs simultaneously in the same
sample, by using microspheres conjugated with
different fluorochromes and, then, detected by
dedicated instruments or flow cytometry.
Moreover, binding to the microspheres seems
to have less distortion effects on the bait cyto-
kine, than binding to a microtiter well. This
method was successful for detection of
AutoAbs in celiac disease, hypothyroidism or
anti-phospholipid syndrome [64]. In Radio
Immuno Assay (RIA) the soluble cytokine is
radiolabeled [63] and allows to discriminate the
saturable from the non-saturable binding
because of the addition of a molar excess of
the unlabeled cytokine which inhibits binding of
the tracer [65-68]. Indeed, this method has
been used to confirm the presence of anti-1L-17,
-IL-22, and -IFN-a-B-y AutoAbs in APS-I| patients
[54, 69].

Vaccination against cytokines: the therapeutic
use of auto-antibodies

Current treatments of autoimmune diseases
are based on administration of aspecific immu-
nosuppressive reagents; they display a wide
suppressive activity on multiple effector mech-
anisms of the immune response including
those that may be minimally involved in the dis-
ease and should be preserved to counteract
infections [70]. As an alternative to this
approach, many efforts showed that passive
immunotherapy using anti-cytokine mAbs may
be a valuable therapeutic tool focusing the
immunosuppression toward the effector mech-
anisms that are directly involved in the disease
pathogenesis (reviewed in [71]).

In humans, the first effective anti-cytokine drug
has been an anti-TNF-a (human/murine) chime-
ric mAb (Infliximab) initially used in RA, Crohn’s
disease, ulcerative colitis, psoriasis, and anky-
losing spondylitis [72]. Then, this approach has
been extended to other anti-TNF-a reagents
and a fully human antibody (Golimumab) has
been recently approved by FDA for treatment of
acute arthritis [73]. Moreover, use of anti-TNF-a
[8] antibodies has been flanked by use of anti-
IL-1 [9] and anti-IL-6 [10] mAb in RA. Recently, a
phase Il trial reported the efficacy of a fully
human antibody against IL-17A (AIN457) on
psoriasis, RA, and uveitis [74]. Furthermore, a
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study evaluating the safety, tolerability, and effi-
cacy of AIN4A57 in patients with relapsing-remit-
ting MS is in progress to date (www.clinicaltri-
als.gov, Novartis).

The main side effects exerted by anti-cytokine
passive immunization have been increased
susceptibility to infections, risk of anaphylactic
reactions, and decrease of the therapeutic effi-
cacy due to production of anti-drug antagonis-
tic antibodies [71]. A further severe problem is
the high cost of this therapy that dramatically
increased the cost per patient of these
diseases.

Part of these problems might be overcome by
moving to active immunization against cyto-
kines, that is a novel promising approach for
autoimmune disease treatment (reviewed in
[75]). This strategy is aimed to transiently
induce or increase the levels of neutralizing
AutoAbs against a pathogenic cytokine in order
to antagonize the cytokine harmful effects. To
break the tolerance, the self-protein is often
coupled to an antigenic carrier producing a het-
ero-complex (cytokine plus carrier protein) able
to induce a carrier-specific T helper response
that efficiently helps the autoreactive anti- cyto-
kine B cell response. Carriers used to this aim
have been synthetic virus like particles (VLPs)
[76], keyhole limpet hemocyanin (KLH) [77],
and ovalbumin (OVA) [78].

Extensive overviews of anti-cytokines vaccina-
tion have been published by Ratsimandresy et
al [79], Delavallee et al [80] and Uyttenhove et
al [81]. Dalum et al [82] has been the first to
report successful vaccination against TNF-a in
mice affected with collagen-induced arthritis
(CIA) using a TNF-a protein modified by replace-
ment with OVA sequences. Later on, Uyttenhove
used IL-9 and IL-12 cross-linked to OVA to
induce the respective AutoAbs and evaluate
the role of these cytokines in Leishmania major
infection [83]. The same strategy was effective
in inducing anti-IL-12 AutoAbs which protected
mice against EAE [84]. Moreover, protein vac-
cination against anti-IL-17A conferred protec-
tion against EAE [85]. All data reported to date
are based on results obtained in animal models
and showed that cytokine vaccination can be
effective in controlling several autoimmune dis-
eases and seems to be safe since no severe
side effects, including increased susceptibility
to infections, were reported [81].
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Because of these promising results, new clini-
cal trials have been developed for human ther-
apy using kinoids, which are non toxic immuno-
genic cytokine derivatives inducing high titer of
neutralizing Abs. They are produced as hetero-
complexes of the cytokine coupled, by aldheide
treatment, to a foreign T helper carrier protein
such as KLH or tetanus toxoid, both approved
by FDA for clinical human use [86]. The human
TNF-a coupled to KLH, previously shown to
induce the production of AutoAbs against TNF-a
in TTG mice (transgenic for human TNF-a) with
positive effects on their spontaneous arthritis
[87], is being used in a clinical trial in RA
patients resistant to conventional TNF-ot antag-
onist. Moreover, a clinical trial is evaluating the
safety and immunogenicity of a TNF-a-kinoid in
patients with Crohn’s Disease and an IFN-a-
kinoid in SLE patients. (www.clinical.trials.gov).

DNA vaccination is another approach to induce
AutoAbs against cytokines. DNA-based vac-
cines can activate the immune system using
CpG sequences binding Toll-like receptor 9
(TLR9) as an adjuvant [88]. DNA vaccination
against human TNF-a prevented CIA in mice
[89]. A DNA vaccine encoding for IL-18 con-
ferred protection against the lupus-like autoim-
mune syndrome displayed by MRLIpt/Ipr mice
with decreased lymphoproliferation (a hallmark
of the Ipr disease), IFN-y production, glomerulo-
nephritis, renal damage, and mortality [90].
Data obtained in the animal models suggest
that DNA vaccination is a powerful strategy and
encourages its use in humans. However, DNA
vaccination has potential risks limiting its use
in humans, including development of malig-
nances due to integration of the plasmid DNA,
or autoimmune responses against the tissue
expressing the DNA vaccine, and difficulties in
controlling the expression of the encoded
molecules.

Conclusions

AutoAbs against cytokines are emerging as a
novel tool in the follow up and prognostic evalu-
ation of autoimmune diseases. However, a
standard detection method(s) of these AutoAbs
is required with the aim to avoid discordant
results obtained by different research groups.
Moreover, the anti-cytokine AutoAbs may be
exploited to control the disease activity using
inverse vaccination techniques that may sub-
stitute expensive passive immunization with
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anti-cytokine antibodies. This possibility is sup-
ported by encouraging results obtained in
experimental animal models of autoimmune
diseases. However, the data suggesting that
anti-cytokine AutoAbs may also be involved in
increased susceptibility to infections raise the
problem of safety of these treatments.
Therefore, more work is needed to assess the
kinetic of production of these AutoAbs during
infections and vaccination in order to select
protocols capable to induce a safe transient
and reversible production of these immune
modulators.
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