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Last decade has seen quick de-
velopments in the understanding of
a new type of T lymphocytes, Th17
cells. This information is benefiting
the understanding and treatment of
a variety of inflammatory diseases,
as suggested by a recent paper in
Immunity.

After activation by antigen-present-
ing cells (APC), naive, antigen-specific
CD4" T cells differentiate into effector
T cells. More than two decades ago,
Coffman and Mosman first discovered
the heterogeneity of effector T cells,
which were then named as Th1 or Th2
cells. Thl and Th2 cells are differen-
tially induced and regulate immunity
against intracellular and extracellular
pathogens, respectively, as well as im-
munopathologies such as autoimmunity
and allergy. The Th1/Th2 dichotomy
has dominated the field of immune
regulation until five years ago when
IL-17-expressing T cells were proposed
to be a third lineage of helper T cells.

Th17 cell differentiation can be in-
duced by the combination of TGF and
IL-6 [1]. Inhibition of TGF signaling in
vivo was shown to substantially reduce
Th17 cell generation in experimental
autoimmune encephalomyelitis (EAE)
model. In support of a critical role of
TGFp signaling in T cells, deficiency in
TGFp signaling or Smad2, a transcrip-
tion factor downstream of TGFf signal-
ing also inhibited Th17 cell generation.

It has been recently debated whether
TGEp is absolutely required for Th17
cell generation. It was first shown that
murine naive T cells can be induced into
Th17 cells by use of IL-1, IL-6 and IL-
23 in the absence of exogenous TGFf.
Interestingly, Th17 cells generated un-

der this condition highly expressed IL-
22, compared with Th17 cells induced
by TGFp and IL-6. However, anti-TGFf
antibody inhibited this differentiation,
suggesting that endogenous TGF[} was
necessary [2]. Subsequently, the induc-
tion of Th17 cells by use of the same
cytokines was also reported by another
group, but it was TGFp independent.
Moreover, Th17 cells generated in this
manner produced IFNy and expressed
transcription factor T-bet as well as
CXCR3, all Thl products. And these
Th17 cells were found more potent in
induction of EAE than those induced
in the presence of TGFp and IL-6 [2].
A third group found that IL-23 sig-
naling significantly upregulates the ex-
pression of TGFB3 in T cells [2]. TGFf3
in the presence of IL-6 induced the
“pathogenic” Th17 signatures. TGFf33
is regarded as a weaker cytokine than
TGFp1. Perhaps at the same concen-
tration that TGFB1 can induce Foxp3
expression, TGF[33 is unable. It remains
to be tested whether high dose of TGF[33
can induce regulatory phenotypes in
Th17 cells. Nonetheless, this study
suggests that TGFB1 and TGFB3 work
in concert or in sequence to promote
Th17 cell differentiation. This idea has
not been genetically tested yet in vivo.
These latest work add a layer of
complexity to the Th17 cell biology. It
can be postulated that Th17 cells come
in different flavors. In TGFp-rich envi-
ronment, e.g., gut [2], Th17 cells may
be less pathogenic or even regulatory
like, whereas during extensive inflam-
mation under the influence of pro-
inflammatory cytokines, they may be
more pathogenic, producing cytokines
such as [FNy, GM-CSF and IL-22. What

intrinsic mechanisms that differentially
target different sets of genes in these two
types of Th17 cell differentiation are
unknown. Whether these subtypes of
Th17 cells are stable and can be inter-
switched also needs to be addressed in
the future studies.

Since its discovery, Th17 cell gen-
eration and function has been linked
with many environmental conditions.
For example, earlier work showed an
import role of Ahr, a receptor for envi-
ronmental toxins, in Th17 generation
[1]. On the other hand, retinoic acid
(RA) and vitamin D inhibit Th17 cell
differentiation [2].

Th17 cells are frequently found in
the mucosal tissues. Elegant work from
Littman and his colleagues first dem-
onstrated the importance of intestinal
microbiota, in particular segmented
filamentous bacteria in the generation
of mucosal Th17 cells in mouse [2].
Subsequently, it was reported that the
presence of these Thl7-inducing bac-
teria determines the pathogenesis of
a rheumatoid arthritis disease mouse
model [2]. With exponentially increas-
ing literature on microbiota in human
health and diseases, the influence of mi-
crobiota on human Th17 cell generation
and function will arise in the horizon
and may suggest an unconventional way
of treating human diseases via modulat-
ing their micriobiome.

Sodium chloride salt has been as-
sociated with human cardiovascular
diseases. Lately, high salt uptake was
shown to promote autoimmunity by
increasing Th17 cell generation [2].
Mechanistically, it was shown that ex-
pression of salt-sensing kinase SGK1
can be induced by IL-23 [2]. Loss of
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SGKI1 resulted in protection to EAE
model. This pathway may thus be tar-
geted in human diseases.

STAT3 has been reported to be a
crucial component of IL-6-mediated
Th17-cell regulation [1]. Importantly,
STAT3 deficiency greatly decreased the
expression of RORyt and RORa, which
are now known to be Th17-cell lineage-
specific transcription factors [1]. These
results indicate an essential function of
STATS3 in the global regulation of Th17-
cell gene expression programs, possibly
through the induction of lineage-specific
transcription factors. Consistently, in
human hyper-IgE patients with STAT3
mutation, Th17 differentiation was
found to be defective [3].

Th-cell lineage commitment is me-
diated by lineage-specific transcription
factors. Similar to T-bet in Th1 cells and
GATA3 in Th2 cells, two RA-related or-
phan receptor were recently discovered
to regulate Th17-cell differentiation.
RORyt has been identified as a candi-
date master regulator that drives Th17-
cell lineage differentiation [1]. RORa is
also reported to be expressed by Th17
cells; RORa expression was induced by
TGFp and IL-6 in a STAT3-dependent
manner [1]. Compound mutations
in both factors completely inhibited
Th17-cell differentiation in vitro and
in vivo and entirely suppressed the
development of EAE [1]. Thus, RORa
and RORyt have similar and redundant
functions.

How RORYy regulates gene expres-
sion is not completely understood. Cio-
fani et al. [4] have recently examined
the genes directly bound by RORYy. In-
terestingly, multiple RORy-binding sites
were identified in the /L-17/IL-17F gene
locus. To test the function of these ele-
ments in the transcriptional regulation,
Wang et al. [5] deleted one cis element,
CNS2 in the IL-17/IL-17F gene locus
and found that RORy-dependent /L-17
transcription was almost completely
suppressed. Moreover, epigenetic acti-
vation of the gene locus was affected,
though how RORY interacts with the

epigenetic machineries remains un-
known at this stage.

Several years ago, it was reported
that Th17 cells generated in vitro can
convert to other types of T cells. Nurie-
va et al. [6] showed that Th17 cells after
one round of differentiation can readily
become Treg, Th1 and Th2 cells in vitro
and convert to Th1 cells in lymphopenic
environments. Th17-to-Th1 conversion
was simultaneously reported by two
groups to be necessary for Th17 cells
to induce type 1 diabetes [2].

Whether Th17 cells are plastic was
analyzed by Stockinger and her col-
leagues using a fate-mapping strategy
[2]. IL-17A-producing Th17 cells are
barely detectable in unmanipulated
mice, according to Stockinger and
colleagues using an IL-17A reporter
system [2]. They generated mice with
Cre under control of IL-17A promoter.
These mice were then crossed with
reporter mice expressing eYFP fol-
lowing Cre upregulation. Any cell ever
expressing IL-17A would be marked as
eYFP positive. When the reporter mice
were challenged with myelin oligoden-
drocyte peptide to induce EAE, Th17
cells were gradually induced and rep-
resented the major 1L-17A-expressing
cell population infiltrating in spinal cord
of diseased mice. The co-existence of
eYFP'IL-17A"CD4" cells together with
eYFPIL-17A" CD4" cells suggests the
plasticity of Th17 cells under autoim-
mune inflammatory conditions. On the
contrary, Th17 cells generated during
acute inflammation against Candida
albicans maintained their signature
cytokine expression, with the major-
ity of which were eYFP'IL-17A" [2].
More recently, the same group [7] also
reported that Th17 cells can convert
to Bcl6® follicular helper T (Tth) cells
in intestinal Peyer’s patches, although
there was hardly any association be-
tween Tth and Th17 cells in the periph-
eral lymphoid organs.

From above, Th17 cells can main-
tain their phenotypes under some
circumstances but are plastic in others.

The extrinsic and intrinsic factors that
determine Th17 cell maintenance and
reprogramming will need to be sought
out, which may have implications in
immune diseases.

Since its discovery, Th17 cells have
been linked with autoimmune diseases;
inhibition of Th17 cell generation or
function is protective in EAE. Lately,
clinical trials with anti-IL-17 antibody
have proven targeting this pathway to
be a novel treatment of human inflam-
matory diseases, including rheumatoid
arthritis, uveitis and psoriasis [8].

Additional diseases may use the
same strategy. For example, Th17 cells
have been functionally linked with
asthma and COPD [9, 10]. In addition,
some cancers, especially colon cancer,
have been shown to depend on Th17
cells or IL-17 [11].

How to target Th17 cells is certainly
a good technical question. One may
consider inhibiting IL-17 function,
especially in diseases that depend on
this cytokine, with the advantage of
neutralizing it derived from cells more
than Th17 cells, ydT cells and innate
lymphocytes, efc. Or to inhibit multiple
effector molecules derived from Th17
cells, RORYy is a desirable target, as
multiple inhibitors of RORY have been
shown to be effective in EAE, including
a recent study published in Immunity
[12]. Development of multiple strate-
gies may give physicians more and
wiser choices in treatment of patients.

Th17 cell is 8 years old! There has
been very rapid understanding on the
regulation of Th17 cell differentiation
and a number of factors have been iden-
tified to be important in this process.
How these factors work individually
and together still require further elucida-
tion. Another important emerging issue
is the plasticity of T cells. Although re-
differentiation of Th17 cells has been
observed in several circumstances, the
physiological relevance and signifi-
cance are still unclear. Nonetheless, our
current understanding on Th17 cells
and future development in the field will
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assist more effective and rational treat-
ment of human diseases, as supported
by the encouraging results from clini-
cal trials of multiple Th17-inhibiting
agents.
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