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Abstract

Th17 lymphocytes, beyond their protective role in the clear-
ance of extracellular pathogens, also play a role in the patho-
genesis of several autoimmune and inflammatory diseases,
such as multiple sclerosis, rheumatoid arthritis, inflamma-
tory bowel diseases, psoriasis and contact dermatitis. Never-
theless, they are very rare at inflammatory sites in compari-
son with other T cell subsets. Recently, this rarity has been
explained by the finding that Th17 cells rapidly shift into the
Th1 phenotype in the presence of IL-12 and/or TNF-a as well
as by the fact that they possess self-reqgulatory mechanisms
limiting their own expansion. Th17 lymphocytes that have
shifted towards a Th1 phenotype seem to be particularly ag-
gressive and more pathogenic than the Th17 unshifted cells.
As a consequence, the Th17-derived Th1 cells, named non-
classic Th1 cells, can become a possible target for the thera-
py of some inflammatory disorders. In particular, convincing
evidence has recently been accumulated indicating that this
subset can play a role in Crohn’s disease and juvenile idio-
pathic arthritis. More importantly, it has been shown that
TNF-a inhibitors, which are used for the treatment of such

diseases, appear to be able to inhibit the transition of Th17
lymphocytes to the non-classic Th1 phenotype, and thus
they possibly help to dampen inflammation and arrest dis-
ease progression. Based on this context, the definition of the
soluble factors involved in the shifting from Th17 towards
non-classic Th1 subset as well as the comprehension of their
respective pathogenic role in human inflammatory disor-
ders would be of great help for developing novel therapeu-
tic strategies. ©2014 5. Karger AG, Basel

Functional Classification of T Helper Lymphocytes

Human T helper (Th) lymphocytes, on the basis of
their immunological functions, can be distinguished into
T effector cells, which protect the body from pathogens,
and regulatory T cells, which dampen effector responses
when they become dangerous for the host. Among effec-
tor Th cells, immunologists traditionally distinguished
different subsets based on their ability to defend the body
from distinct classes of pathogens, which in turn depend
upon different profiles of cytokine production as well as
transcription factors and homing receptor expression [1].
Over 20 years ago, two main subsets of CD4 Th lympho-
cytes were identified in both mice and humans, which
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were named Th1 and Th2. Th1 cells express the transcrip-
tion factor T-bet, secrete IFN-y and protect the host from
intracellular infections. Th2 cells express GATA-3, secrete
IL-4, IL-5, IL-9 and IL-13 and are involved in the protec-
tion from helminthes [2, 3]. Recently, other populations
of human Th lymphocytes have been discovered and char-
acterized for both phenotype and function. These include
Th17 cells, which express the transcription factor RORC,
secrete IL-17 and protect the host mainly from extracel-
lular pathogens [4]; Th22 cells, which play a crucial role in
host defense against Gram-negative bacteria [5]; Th9 cells,
which are particularly active in promoting inflammation
[6], and T follicular helper lymphocytes, which are crucial
in helping antibody production [7].

Beyond their protective role, all of these Th cell subsets
can play a pathogenic role in a wide spectrum of human
diseases [8]. This may happen when the immune re-
sponse is directed against innocuous environmental an-
tigens (allergens) or self antigens. Indeed, in atopic sub-
jects, allergen-specific Th2 lymphocytes are able to trig-
ger and maintain the inflammation network, whereas in
organ-specific autoimmune diseases self-reactive T cells
attack different organs and consequently damage the
host. Moreover, an inflammation triggered even by un-
known pathogens, if it is not adequately dampened by the
immune system, can become the main hallmark of the
disease [1]. While, before the discovery of Th17 cells, Th1
lymphocytes were considered to be the main actors of
chronic inflammatory disorders, such as Crohn’s disease
(CD), sarcoidosis and atherosclerosis [9], soon after,
Th17 cells have been regarded as the true pathogenic cells
in many chronic inflammatory disorders, whereas the
pathogenic role of Th1 was underestimated or even con-
sidered as being protective [10]. More recently, the con-
cept that both Th17 and Thl1 cells can play a role in the
pathogenesis of autoimmune and inflammatory disor-
ders has been suggested and supported by the finding that
these two cell subsets can develop from the same precur-
sors and coexist in the same microenvironment [11]. This
hypothesis has been further strengthened by both in vitro
and in vivo observations definitively showing the func-
tional plasticity of Th17 cells [12].

Human Th17 Cells: Markers and Development

In the last years, several phenotypic and functional fea-
tures of human Th17 lymphocytes have been reported
allowing a better ex vivo and in vitro identification of this
cell subset. Th17 cells express the transcription factor
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RORC [13], the IL-23 receptor, the chemokine receptor
CCR6 [12, 14] and the lectin receptor CD161 [15]. The
origin of Th17 lymphocytes has been a matter of intense
debate in the last years [4]. Some years ago, we found that
the simultaneous presence of IL-1p and IL-23 was re-
quired to induce the development of Th17 lymphocytes
from a small subset of CD161+CD4+ T cell precursors
detectable in both human umbilical cord blood and thy-
mus [15]. Regarding the controversial role of TGF-f sig-
naling for the development of human Th17 lymphocytes,
it has recently been reported that it does not have a direct
effect, but it can play an indirect permissive role by sup-
pressing Th1 cell differentiation. Indeed, umbilical cord
blood naive CD161+CD4+ T cells, which contain the pre-
cursors of human Th17 cells, differentiated into IL-17A-
producing cells only in response to IL-1 plus IL-23, and
even in the absence of TGF-P. TGF-3 was able to increase
the relative proportions of CD161+ T cells differentiating
into Th17 cells in response to IL-1P plus IL-23, whereas
under the same conditions it inhibited both T-bet expres-
sion and Th1 development [16]. All of these data are in
keeping with the observation that patients with muta-
tions in TGFB1, TGFBR1 and TGFBR2 (Camurati-Engel-
mann disease and Marfan-like syndromes) did not ex-
hibit any difference in the numbers of IL-17A-producing
T cells compared with healthy controls, whereas patients
with STAT3 mutations have impaired Th17 cell develop-
ment [17]. The dispensability of TGF-p1 from Th17 cell
development has also been confirmed in mice by the ob-
servation that RORyt-expressing CD4+ lamina propria T
cells were found in mice lacking the TGF-J receptor sub-
unit I in their T cells, whereas the numbers of Foxp3+
CD4+ regulatory T cells were dramatically reduced [18].

Protective Role of Th17 Lymphocytes

Th17 lymphocytes play an important role in defending
the body from infectious agents, particularly extracellular
bacteria and fungi, due to their ability to produce several
cytokines, such as IL-21, IL-22, IL-26, TNF-a, GM-CSF
and, obviously, IL-17 [8]. The IL-17 molecule is com-
posed of two monomers linked by intramolecular disul-
fide bonds on cysteine residues to form a homodimer.
IL-17 is the founding member of the IL-17 family com-
prising six members, from IL-17A to IL-17F. The main
IL-17 family members are IL-17A and IL-17F, which are
predominantly produced by Th17 cells, and both bind
and act through the IL-17 receptor (IL-17R), which is
composed of chains A (IL-17RA) and C (IL-17RC). IL-
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17A and IL-17F monomers can form homodimers and
heterodimers, and both are able to bind to IL-17R. This
interaction induces the activation of the adaptor protein
ACT1, NF-xB and TNF receptor-associated factor 6,
which leads to an increased transcription of the genes en-
coding IL-6 and IL-8 [19]. Th17 lymphocytes are indeed
able to recruit neutrophil granulocytes to the inflamma-
tory sites through the induction of IL-8 and also to acti-
vate them mainly through the induction of colony-stim-
ulating factors, which are produced by tissue-resident
cells [20]. It has also been reported that activated Th17
cells can directly chemoattract neutrophils via the re-
lease of IL-8, thus reinforcing the biological cross-talk be-
tween neutrophils and Th17 cells [21]. Moreover, Th17
lymphocytes also stimulate the production of mucins
MUCS5AC and MUCS by primary human bronchial epi-
thelial cells in vitro [22], and the expression of human
B-defensin-2 [23] and CCL20 by lung epithelial cells [24],
thus helping to defend the body from invading patho-
gens.

The protective role of Th17 lymphocytes is confirmed
by the finding that in autosomal dominant hyper-IgE
syndrome (Job’s syndrome), IL-17 production and Th17
differentiation are impaired due to mutations in the gene
encoding STAT3 [25]. This results in recurrent and often
severe pulmonary infections, pneumatoceles, eczema,
staphylococcal abscesses and mucocutaneous candidia-
sis. These data are consistent with the crucial role for
STATS3 signaling in the generation of Th17 cells and fur-
ther strengthen the key role of this subset in the clearance
of fungal and extracellular bacterial infections [25]. Also,
the autosomal recessive hyper-IgE syndrome caused by
mutations in DOCKS is characterized by candidiasis de-
rived by defects in Th17 cell differentiation. Moreover,
heterozygous mutations in STAT1 have been found to be
involved in chronic mucocutaneous candidiasis. These
patients revealed defects in the Candida-stimulated pro-
duction of IFN-y, IL-17 and IL-22, probably due to the
defective functioning of IL-12 and IL-23 signaling path-
ways [26].

Th17 Cells in the Pathogenesis of Chronic
Inflammatory Diseases

Beyond their protective role in the clearance of extra-
cellular pathogens, Th17 lymphocytes have been de-
scribed to play a role in the pathogenesis of several auto-
immune and inflammatory diseases, such as multiple
sclerosis, rheumatoid arthritis and inflammatory bowel
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disease, but also in psoriasis and contact dermatitis [27].
Nevertheless, Th17 cells are very difficult to detect in the
inflamed tissue of patients suffering from these diseases,
and this may be explained at least by two reasons: their
limited expansion in response to T cell receptor trigger-
ing and their tendency to shift to a Th1 phenotype in the
presence of IL-12 [8]. The limited proliferative capacity
of Th17 lymphocytes is due to the high expression of the
IL-4-induced gene 1, which impairs their expansion in
response to T cell receptor triggering [28], and to Tob1, a
member of the Tob/BTG anti-proliferative protein fam-
ily, which prevents cell cycle progression [29].

The second important reason explaining the rarity of
Th17 cells at inflammatory sites is their high plasticity,
which allows these cells to produce IFN-y and then rap-
idly shift to the Th1 phenotype [30]. Some years ago, ex-
amination of the cytokine profile of T cells derived from
the inflamed mucosa of CD patients disclosed mainly Th1
cells, a few Th17 cells and appreciable levels of cells pro-
ducing both IL-17 and IFN-y, which we named Th17/Th1
cells [12]. In the same study, we also showed that cultur-
ing Th17 cell clones in vitro in the presence of IL-12 in-
duced them to produce IFN-y and also to shift towards
the Th1 phenotype [12]. Recent evidence indicates that
the acquisition of the IFN-y-producing potential by Th17
lymphocytes as well as the finding of a simultaneous pro-
duction of IL-17 and IFN-y is a common occurrence,
particularly in inflammatory conditions [1]. How often
such a degree of plasticity can be expected in the course
of physiologic responses to pathogens and its importance
in protective immunity remain to be elucidated. How-
ever, it has been reported that human Th17 cells may ex-
hibit a different cytokine profile according to their anti-
gen specificity. Candida albicans-specific Th17 cells are
able to produce IL-17 and IFN-y, but not IL-10, whereas
Staphylococcus aureus-specific Th17 cells produce IL-17
and are able to produce IL-10 upon restimulation. Impor-
tantly, IL-1p was reported to be indispensable for the in-
duction of IL-17/IFN-y double-producing cells and for
the inhibition of the IL-10-producing capacity of differ-
entiating Th17 cells [31].

Th17-derived Th1, named non-classic Th1, can be eas-
ily distinguished from classic Thl cells on the basis of
CD161 expression as well as the consistent expression of
RORGC, IL-17 receptor E, CCR6 and IL-4-induced gene 1
[32], which are all virtually absent in classic Th1 cells. In-
deed, it has been found that Th17 cells can induce type 1
insulin-dependent diabetes mellitus efficiently in lym-
phopenic recipient mice only after their shift to Th1 cells
[33]. Moreover, in a model of insulin-dependent diabetes
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Fig. 1. Th17 lymphocyte transition to the non-classic Th1 pheno-
type in inflammatory conditions. CD161+ Th17 lymphocytes pos-
sess an intrinsic plasticity that allows them to shift towards the Th1
phenotype in the presence of the inflammatory cytokines IL-12
and/or TNF-a. The Th17-derived non-classic Thl cells maintain
the expression of the surface marker CD161 and seem to be par-
ticularly aggressive and more pathogenic than the unshifted cells.

mellitus induced by the transfer of highly purified Th17
cells from BDC2.5NOD mice in NOD/SCID recipient
mice, the onset of the disease was prevented by the treat-
ment with an anti-IFN-y neutralizing antibody, but not
by the treatment with an anti-IL-17A neutralizing anti-
body [34]. More importantly, it appears quite clear that
both Th17 and Th1 cells can be involved in the pathogen-
esis of human autoimmune and inflammatory disorders,
too. Indeed, treatment with ustekinumab, a monoclonal
antibody that binds the shared p40 subunit of human IL-
12 and IL-23, thus blocking both the Th1 and Th17 path-
way, resulted in an improvement of symptoms in moder-
ate-to-severe psoriasis and in psoriatic arthritis [35, 36].
Moreover, it has recently been suggested that the shifting
of Th17 towards the Th1 subset in human chronic inflam-
matory disease may be associated with disease progres-
sion [37-39] (fig. 1).

In the last years, studying juvenile idiopathic arthritis
(JIA), the most common form of persistent arthritis in
children, we found that CD4+CD161+ T helper lym-
phocytes are significantly enriched in the synovial fluid
(SF) in comparison with peripheral blood (PB) [39]. The
proportions of CD4+CD161+ T cells, in particular of the
Th17/Th1 subset, in SF correlated positively with pa-
rameters of disease activity, such as erythrocyte sedi-
mentation rate and serum levels of C-reactive protein,
suggesting that these cells play a major role in the in-

174 Int Arch Allergy Immunol 2014;164:171-177

DOI: 10.1159/000363502

flammatory processes of JIA. Based on these findings,
we hypothesized that a Th17-to-Thl shift occurred in
vivo in the SF of JIA children. Accordingly, we found
that IL-12, which is abundant in the SF of JIA patients,
induces a shift from Th17 cells towards the Th1 pheno-
type, thus also explaining the high frequency of non-
classic Th1 cells in the inflammatory environment. The
results of this study strongly support the concept that
CD161+ lymphocytes possess a functional plasticity that
allows them to shift to a Th17/Th1 phenotype, and even
to the non-classic Thl, in the presence of IL-12, and
probably other still unidentified cytokines present in the
inflammatory microenvironment might also be in-
volved [39]. Recently, indeed, we identified TNF-a as
another soluble factor, which is particularly abundant in
the inflammatory microenvironment, that can drive the
shifting from Th17 lymphocytes towards the non-classic
Th1 phenotype [40]. Th17 lymphocytes themselves pro-
duce TNEF-a, which thus drives their transition to the
Th1 phenotype by either an autocrine or a paracrine
mechanism [40].

Is It Possible to Interfere with the Shifting from Th17
Lymphocytes towards the Th17/Th1 Phenotype?
A Lesson from Biologics

T-cell differentiation was once considered linear and
irreversible, but there is now increasing evidence to sug-
gest that differentiated CD4+ T cell populations can alter
the range of their cytokine production [40]. Under basal
conditions, phenotype stability is ensured by the expres-
sion of genes turned on by transcription factors, but also
by the repression of genes conferring alternative fates.
Also, epigenetic modifications and micro-RNA expres-
sion contribute to this stability [41]. However, this com-
mitment is not irreversible and, as a consequence, T cells
may change their cytokine production profile when ex-
posed to certain microenvironments. Indeed, Th17 lym-
phocytes represent a paradigmatic example of flexible cy-
tokine production, since it has been clearly shown that
they can shift to Th1 in the presence of IL-12 or TNF-a
[12, 40], and to Th2 in the presence of IL-4 [42]. More-
over, both Th17/Th1 and Th17/Th2 lymphocytes seem to
have a more aggressive and pathogenic phenotype than
conventional Th17, Th2 or Th1 phenotypes [39, 43, 44].

In particular, we have recently suggested that interfer-
ing with the acquisition of IFN-y-producing potential by
human Th17 cells in some human inflammatory disor-
ders, such as CD and JIA, may have beneficial effects on
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Fig. 2. The role of TNF-a in the orchestra-
tion of joint inflammation. TNF-a in JIA
activates monocytes, B cells and synovial
fibroblasts and stimulates neovasculariza-
tion and the formation of the pannus,
which contains osteoclasts that contribute
to cartilage and bone destruction. TNF-a
can also act on T lymphocytes by driving
the shift from Thl7 to non-classic Thl
cells.
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their treatment [40, 45]. In patients with fistulizing CD,
we found higher frequencies of CD161+ Th lymphocytes
in the fistula than in PB. Local administration of adalim-
umab, a neutralizing anti-TNF-a monoclonal antibody,
is associated with fistula resolution in the majority of pa-
tients as well as the disappearance of infiltrating T lym-
phocytes, in particular those expressing CD161, which
are able to produce IFN-y. The finding that the resolution
of the fistula is associated with a reduced frequency of
non-classic Th1 and Th17/Thl cells allows us to hypoth-
esize that IFN-y-producing cells may be pathogenic cells.
Moreover, we speculated that the efficacy of TNF-a in-
hibitors in the treatment of complex fistulizing CD may
be due, at least in part, to their ability to interfere with the
Th17 polarization towards the Th1 phenotype.

This hypothesis has been indirectly confirmed by our
recent finding indicating that etanercept, a soluble dimer-
ic fusion protein that binds soluble TNF-a, inhibits the
TNF-a-driven shift from Th17 towards the non-classic
Th1 phenotype in JIA [40]. Starting from the observa-
tions that CD4+CD161+ T cells play a crucial role in
JIA pathogenesis, particularly the Th17/Thl and non-
classic Thl subsets [39], we assessed the phenotype of
CD161+CD4+ T lymphocytes in PB from untreated and
etanercept-treated JIA patients and found lower propor-
tions of non-classic Th1 cells and higher proportions of
Th17 cells in the latter [40]. The observation that Th17
proportions decrease under anti-TNF-a therapy has also

Th17 and Th1 Lymphocytes in
Inflammatory Diseases

been reported in rheumatoid arthritis [46]. These data
have been further strengthened by in vitro experiments,
indicating the ability of etanercept to exert a modulatory
activity on the functional phenotype of CD4+ Th subsets
obtained from PB of JIA patients. Etanercept was found
to act only on CD4+CD161+ T lymphocytes, inhibiting
the expansion of Thl cells, and increasing the propor-
tions of both Th17 and Th17/Th1 cell subsets [40]. Ac-
cordingly, we showed that exogenous TNF-a promotes
the shifting of highly purified CD161+ IL-17+ IFN-y-
(Th17) cells from PB of healthy donors towards the Th1
phenotype. Interestingly, etanercept was also able to
block this shifting towards the non-classic Thl pheno-
type not only in the presence of exogenous TNF-a, but
also in its absence. This latter observation strongly sug-
gests that Th17 lymphocytes themselves produce TNF-a,
which can thus drive their transition to the Th1 pheno-
type by either an autocrine or a paracrine mechanism
[40]. TNF-a-blocking agents induce an amelioration of
clinical symptoms, laboratory parameters of inflamma-
tion and radiological progression of disease in both rheu-
matoid arthritis and JIA, but T cells are not generally con-
sidered as an important target of such a treatment. The
rationale for the usage of TNF-a inhibitors in the treat-
ment of JIA mainly consists in the pleiotropic activity of
this cytokine in the inflammatory milieu. Indeed, it has
been known for many years that TNF-a in JIA can acti-
vate monocytes, macrophages and synovial fibroblasts by
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inducing the transcription of genes whose products me-
diate inflammation and tissue degradation, leading to
cartilage and bone destruction. Moreover, TNF-a induc-
es the growth of the synovial membrane with neovascu-
larization and the formation of the pannus, which con-
tains osteoclasts. Also, neutrophils accumulate within the
SF and participate in destructive processes, which are
mainly mediated by a plethora of metalloproteinases
present in the joint and by the activation of osteoclasts
[47]. The novel finding that TNF-a can also act on T lym-
phocytes (by driving the shifting from Th17 to Th1 cells)
may represent an additional indication for the use of
TNF-a inhibitors in JTA and also in those diseases where
such shifting can have a pathogenic role (fig. 2).

Conclusion

Several features of human Th17 cells have emerged in
the last years, particularly those which concern their in-
volvement in human diseases. Human Th17 cells are un-
able to strongly proliferate after T cell receptor triggering
and this can account for their rare occurrence at inflam-
matory sites. This probably represents an important
mechanism for the self-regulation of Th17 cell expansion,
which is certainly devoted to minimize their dangerous
proinflammatory activity. Th17 lymphocytes possess an
intrinsic functional plasticity that allow them to shift to
Th1-like but also Th2-like cells, at the level of inflamed
sites in response to peculiar environmental signals. In in-
flammatory conditions, Th17 lymphocytes that have
shifted towards a Th1 or Th2 phenotype, thus acquiring
the ability to produce IFN-y or IL-4, seem to be particu-
larly aggressive and more pathogenic than the unshifted
cells. For this reason, the possibility to interfere with this
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