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Abstract
Three papers in this issue of the European Journal of Immunology describe the use of cytokine
vaccines to prevent autoimmune disease in experimental animals. The vaccines are based on
interleukin 17 (IL-17), a cytokine that has recently been shown to play a central role in
inflammation.
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The T-cell cytokine network: Time for a paradigm change
The pioneering work of Mosmann and Coffman, in the mid-1980s, transformed our
understanding of how T-helper (Th) cells control immunity [1]. They described two subsets
of helper cells that control different arms of the immune system and counter-regulate each
other through cytokine secretion. Th1 cells support cell mediated immunity and are essential
for effective defence against intracellular bacteria and viruses. Th2 cells, on the other hand,
support humoral immunity and are particularly important for dealing with helminth
infections. A similar division of labour was adopted by immunologists to account for the
role of Th1 and Th2 cells in autoimmunity and allergy. T-cell cloning techniques and cell
transfer experiments provided convincing evidence that Th1 cells were responsible for
organ-specific autoimmune diseases [2, 3]. The link between Th1 cells and organ specific
autoimmunity was further supported by evidence that mice lacking the p40 chain of IL-12
were resistant to such diseases [4]. Th2 cells help B cells to secrete IgE antibodies, through
secretion of IL-4, and thus play a central role in allergy. An individual’s susceptibility to
either autoimmune disease or allergy could therefore be explained on the basis of their Th1-
Th2 balance. Further development of the concept led to the idea that it would be possible to
treat autoimmune and allergic diseases by changing the balance between Th1 and Th2 cells
[5]. We now appreciate, however, that the Th1-Th2 paradigm is too simple and a number of
additional CD4 T-cell subsets have been defined. These include a variety of T cells with
regulatory properties (Treg) such as ‘natural’ Foxp3+ Treg, IL-10 secreting Treg (Tr1) and
TGF-β secreting Th3 cells [6].

Questions have been raised about the apparent association between Th1 cells and organ
specific autoimmunity. IFN-γ knockout mice suffer more severe or accelerated disease in
various models of organ specific autoimmunity [7-9]. This suggests that IFN-γ may even
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play a protective role in these models and clearly dissociates Th1 cells from such organ
specific diseases.

Discovery of IL-17-secreting Th cells
Mice lacking the IL-12 p40 subunit are resistant to the induction of organ specific
autoimmune diseases such as EAE [10] and yet such diseases appear to be Th1 cell
independent (see previous section). At first sight this is paradoxical since IL-12 supports the
differentiation of Th1 cells. The p40 subunit is, however, shared with another cytokine,
IL-23. Both cytokines have two subunits with IL-12 being made up of p40 and p35 whereas
IL-23 contains p40 and p19. Mice deficient in the p19 subunit of IL-23 failed to generate a
distinct subset of T-cells that secrete IL-17. Moreover these mice were resistant to EAE and
collagen-induced arthritis [10,11]. It appears, after all, that Th1 cells are not essential for
disease induction in these models but that a distinct IL-17-secreting Th-cell subset (Th17
cells) may fulfil this role.

Differentiation of Th17 cells
Th17 cells differentiate from naive precursors in vitro in the presence of TGF-β and IL-6
[12]. Furthermore, overexpression of TGF-β in vivo results in a significant increase in Th17
cells capable of causing encephalomyelitis [13]. Interestingly, IL-23 appears to be more
important for the expansion and survival of this cell population rather than for their
differentiation from naive precursors. The differentiation of Th17 cells is enhanced in the
presence of IL-1 and TNF-α and recent studies have shown that IL-1 receptor type I
deficient mice have reduced numbers of such cells [14]. In addition, recently published
observations reveal that RORγkt is the transcription factor responsible for directing
differentiation of Th17 cells [15], much as T-bet and GATA-3 are the differentiation factors
for Th1 and Th2 cells [16].

Function of Th17 cells
IL-17 was originally described as a pro-inflammatory cytokine produced by activated CD4
cells [17]. It induces secretion of inflammatory mediators including IL-8, TNF, GM-CSF
and CXCL1 from stromal endothelial cells and monocytes and hence promotes the
mobilization of neutrophils (Fig. 1). Th17 cells are important for controlling the early
response to injury and infection by recruiting neutrophils and thus limiting tissue necrosis
and sepsis [4]. One can speculate that Th17 cells contribute to early, inflammatory responses
while Th1 cells may have a more significant role in subsequent chronic inflammatory
processes. With this in mind, it may be possible to rationalise previously conflicting data on
the role of Th1 cells in autoimmune diseases such as EAE and collagen-induced arthritis.
Both disease models are induced by injection of autoantigens in potent adjuvants such as
complete Freund’s adjuvant (CFA). The immediate response to such potent inflammatory
stimuli may well require Th17 cells, hence the need for IL-23, IL-1 and IL-6 in order to
instigate such diseases. This does not exclude, however, a later role for Th1 cells, especially
in the chronic phase of disease. This would explain why Th17 cells appear essential for
autoimmune disease induction while polarized Th1 cell lines and clones can cause EAE
following cell transfer. Nevertheless, the fact that Th17 cells play such an important role in
the initiation of disease introduces IL-17 as a valid target for immune intervention.

IL-17 as a vaccine for autoimmune diseases
Mice deficient in IL-17 are resistant to the induction of experimental autoimmune diseases
such as collagen-induced arthritis [18]. Furthermore, treatment of mice with a neutralizing
anti-IL-17 antibody suppresses autoimmune inflammation in the EAE model [11]. Three
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papers [19-21] in this issue of the European Journal of Immunology extend these previous
findings and describe the use of IL-17 itself as a vaccine against autoimmunity. Sonderegger
et al. [19] studied the role of IL-17 in experimental autoimmune myocarditis. This disease
can be induced by injection of a peptide from cardiac myosin emulsified in CFA in Balb/c
mice. Similar to previous studies in the EAE and collagen-induced arthritis models, the
IL-12 p35 deficient mice developed myocarditis as severely as wild type mice whereas p40
deficient mice failed to show signs of disease. The role of IL-23 in experimental myocarditis
was confirmed when it was shown that injection of anti-p19 antibody reduced the severity of
disease. These results clearly add myocarditis to the list of autoimmune diseases, induced by
injection of autoantigen in CFA, in which IL-17 plays a pivotal role. The next step was to
test whether vaccination against IL-17 would interfere with disease induction. IL-17 was
chemically coupled to virus-like particles (VLP) and injected without adjuvant three times
over 28 days. Mice vaccinated with the VLP-IL-17 complex suffered significantly less heart
inflammation than suitable controls. This correlated with a significant reduction in anti-
myosin antibody titres in vaccinated mice. In a second paper, Röhn et al. [20] use the same
VLP-IL-17 construct in models of arthritis and multiple sclerosis. Immunisation with VLP-
IL-17 vaccine led to a lower incidence of disease and reduced severity in both collagen-
induced arthritis and EAE. Finally, Uyttenhove and Van Snick [21] describe the use of
IL-17 chemically coupled to ovalbumin as a vaccine for prevention of EAE. As in the two
previous studies [20, 21], IL-17A was used for preparation of the vaccine. The antibodies
induced by vaccination were specific for IL-17A and failed to bind any other isoform
(IL-17B-F). Furthermore, a monoclonal antibody raised from a vaccinated mouse shared the
same specificity. This study measured the stability of the antibody response induced by the
vaccine and noted that the high levels of antibody declined slowly with a half-life of
approximately five months. These results demonstrate that anti-cytokine vaccination can
elicit long-term inhibition of IL-17 function.

Role of IL-17 in human pathology
As mentioned above, IL-17 plays an important role in neutrophil migration and
inflammation and its involvement in experimental autoimmunity is indisputable. Two
questions arise: does IL-17 play an equally important role in human disease and, secondly,
will it be safe to target this cytokine for immunotherapy of human disease. Increased levels
of IL-17 have been found in association with a range of human pathologies. The number of
IL-17 mRNA expressing mononuclear cells was shown to increase in both blood and the
cerebrospinal fluid in multiple sclerosis and this correlated with clinical disease [22].
Synovial fluids from patients with rheumatoid arthritis, but not with osteoarthritis, contain
high levels of both IL-15 and IL-17 [23]. Importantly, IL-17 has been shown to contribute to
osteoclastic bone resorption in rheumatoid arthritis patients [24]. IL-17 expression was also
detectable in CD3+ T cells or CD68+ monocytes/macrophages in the inflamed mucosa of
active ulcerative colitis and Crohn’s disease patients [25]. The average number of IL-17+

cells was significantly increased in both patient groups during active disease. Taken together
these results show that IL-17 plays an important role in human inflammatory conditions and
therefore this cytokine serves as a valid target for immune intervention.

Targeting IL-17 for immunotherapy
A number of questions arise from the studies conducted to date. IL-17 clearly plays a role in
acute models of autoimmunity, induced by immunisation with autoantigen in CFA.
Furthermore, treatment with IL-17 blocking agents has been shown to reduce symptoms
after onset of disease [26]. As yet, however, there are no reported intervention studies in
chronic-relapsing disease. An obvious concern when targeting any important cytokine is the
effect this might have on immunity to infections and cancers. The IL-23-IL-17 axis plays a
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significant role in host defence. The IL-23-supported IL-17 response is vital for host defence
against lung pathogens such as Klebsiella pneumoniae [26] and Citrobacter rodentium [27].
Moreover, recent data suggests that the mIL-17A/mIL-17AR system is required for normal
fungal-host defence in vivo. Mice deficient for the IL-17A receptor display increased
sensitivity to infection with Candida albicans [28]. It is important to stress, however, that
humans and mice with defects in the IL-12-Th1 axis are more frequently affected by serious
infections than those with genetic defects in IL-23 [29]. As such, it may be safer to target the
IL-23-Th17 rather than the IL-12-Th1 axis in the hope that this would alleviate the
symptoms of organ specific autoimmunity without causing serious infection.

IL-17 family members have displayed both pro- and anti-tumour activities. IL-17 has
tumour-promoting angiogenic properties [30] and both IL-23 and IL-17 are found at higher
levels in certain tumours [27]. Recent work has suggested that IL-12 and IL-23 antagonize
each other in tumour surveillance. Thus, IL-12 promotes tumour infiltration by cytotoxic T
cells whereas IL-23 may decrease infiltration of cytotoxic T cells while promoting
angiogenesis [31] in some cancers. By contrast, IL-17 was shown to enhance the cytotoxic T
cell response to murine haematopoietic tumours [32] and hence to limit their growth in vivo.
It is difficult, therefore, to predict the effect that IL-17 inhibition will have on the
susceptibility of an individual to different types of cancer. This may depend on the
contribution of angiogenesis to progression of the particular tumour, the immunogenicity of
the tumour and the immune status of the host.

A further concern in targeting IL-17 is the role that this molecule appears to play in gut
physiology. IL-17 induces formation of tight junctions in human intestinal epithelial cells, a
process that is likely to have evolved to help maintain gut barrier function in the face of
mucosal immune responses [32]. This could explain why IL-17 is upregulated during
inflammatory bowel disease and why neutralisation of IL-17 aggravates dextran sulphate-
induced colitis in mice [33].

In conclusion, the three papers [19-21] published in this issue of the European Journal of
Immunology support the central role of IL-17 in certain organ specific inflammatory
autoimmune diseases. Furthermore, they demonstrate the ability to vaccinate against the
cytokine and hence generate antibodies that provide long-term inhibition of IL-17 activity in
vivo. Anti-cytokine vaccines will undoubtedly prove to be important tools for studying the
role of specific cytokines in disease. At this stage, however, it is not clear whether long-term
inhibition of IL-17 activity will be safe in man. More extensive human studies are required
to define the precise role of IL-17 in inflammatory autoimmune diseases and asthma. If
IL-17 is shown to play a central role in these diseases then cautious intervention would be
warranted. It will be sensible, however, to intervene first with neutralizing antibodies. This
will reveal whether or not neutralisation of IL-17 will increase the risk of infection and/or
cancer. Only if the use of cytokine neutralising antibodies were to provide significant benefit
over the associated risk of infection, would it be safe to consider the use of anti-IL-17
vaccines.

Abbreviation

VLP virus-like particle
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Figure 1.
Differentiation of Th17 cells is supported by TGF-β, IL-6, TNF and IL-1 while IL-23 is
required for their expansion and survival. Th17 cells secrete IL-17 and their major function
is to enhance neutrophil mobilisation. IL-17 is required for effective immunity against
specific bacterial and fungal infections in mice. Th17 cells contribute to autoimmune disease
in certain models and can either increase or reduce immunity to cancer.
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