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r I Yhe molecular bases underlying
the differentiation and expan-
sion of distinct T cell subsets by

TLRs are gradually being revealed. In

this issue, McAleer and Vella report that

immunization of antigen together with
the TLR4 agonists LPS promotes the
generation of Th17 cells in the small
intestinal LP [1]. Intriguingly, this study
suggests that although IL-23 is necessary

for Th17 differentiation, it is plays a

lesser role in LPS-induced Th17 expan-

sion in the LP. In this editorial, we sum-
marize recent findings regarding the
role for TLRs in Th17 generation and
maintenance.

Th17 cells are a distinct lineage of T
cells programmed by the transcription
factors ROR«a, RORYT, and Stat3. For
initial differentiation of these cells from
naive T cells to occur, TGF-8 and IL-6
are required; these factors in turn in-
duce IL-21, which serves as an auto-
crine/paracrine factor in Th17 prolifer-
ation [2] (Fig. 1). TGF-B and IL-6 also
function to induce the expression of
IL-23R, which makes the T cells respon-
sive to IL-23 [2]. The Th17 cells also
express IL-1R and can be expanded by
IL-1 [3]. Fully differentiated Th17 cells
grown in the presence of these proin-
flammatory cytokines express the effec-
tor molecules 1L-17, IL-17F, IL-21, and
IL-22. Although the role of Th17 cells
in autoimmunity is well documented,
there is growing evidence that the Th17
lineage and other IL-17-producing cells

Abbreviations: DC=dendritic cell, LP=lamina
propria, PAMP=pathogen-associated molecular
pattern, RORa/y=retinoic acid receptor-related
orphan receptor a/y, TRIF=Tol/IL-1R domain-
containing adaptor-inducing IFN-8
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are critical for host defense against bac-
terial, fungal, and viral infections at mu-
cosal surfaces [4].

TLRs are among the fundamental
proteins that sense infectious organisms
by recognizing highly conserved PAMPs
derived from all known infectious
agents. Expressed primarily on innate
immune cells, such as DCs and macro-
phages, each TLR can recognize one or
more PAMPs and can form homo- or
heterodimers to detect a broader array
of microbes. The TLR4 ligand LPS has
been shown to induce I1-17 in vitro [5]
(Fig. 1). and to promote the production
of IL-23 subsequently by macrophages
or DCs in the lungs after infection with
gram-negative bacteria Klebsiella pneumo-
nia [5] (Fig. 1). Khader et al. [4] have
shown that IL-17 and IL-22 are neces-
sary for optimal host defense against
several extracellular pathogens, includ-
ing K. pneumoniae, Candida albicans, and
Streptococcus pnewmoniae and moreover,
that Th17 cells can be elicited in vivo
after vaccination with several adjuvants,
including Freund’s-based antigen solu-
tions, cholera toxin, and the TLR4 li-
gand monophosphoryl lipid A/trehalose
dicorynomycolate emulsions [4]. Taken
together, these findings suggest that cer-
tain TLR agonists, such as LPS, can be a
useful adjuvant for inducing Th17 re-
sponses in vivo.

In this issue, McAleer and Vella report
that TLR4 activation augments the num-
ber of Th17 cells in the LP by expanding
out pre-existing Th17 cells [1]. Several
aspects of these studies warrant further
comment. First, although the identity of
the TLR4-responding target cell was not
fully defined, McAleer et al. demonstrated
a critical role for I1-23-producing hemato-

poietic cells, such as DCs. This finding
supports previous observations that DCs
express IL-23 following their uptake of
Gram-negative commensal bacteria, fur-
ther suggesting that TLR4-activated DCs
in the LP play an important role in the
LPS-mediated expansion of Th17 cells [4,
5]. TLR4 activation on DCs can also in-
duce the production of various proinflam-
matory cytokines, such as IL-6 and TNF-q,
which are critical for Th17 differentiation
and expansion, additionally implicating
DCs as mediators in TLR4-induced Th17
expansion.

A second important aspect of these
studies concerns the signal pathway (in
DGs) for the observed TLR4-promoted
Th17 expansion. Unlike any other
known TLR, TLR4 can activate two dis-
tinct signaling pathways by transducing
signals via two different adopter pro-
teins. One pathway transduces signals
via MyD88. An alternate channel uses
another adopter molecule, known as
the TRIF [6]. In their recent studies,
McAleer et al. observed significant in-
creases in IL-1, IL-6, and IL-23 serum
levels—factors that have been shown to
depend on MyD88 signals [6]. However,
in contrast to the pro-Th17 cytokine
milieu induced by MyD88-dependent
signals, TRIF-mediated signals have
been shown to negatively impact Th17
cell generation by inducing type I IFNs
(IFN-o and IFN-B), which tend to pro-
mote IL-27 production. These data sug-
gest that LPS promoted Th17 expansion
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Figure 1. Schematic diagram to show proposed relationships among TLR agonists, DCs, and
Th17 cells in the lamina propria. TLR agonists, such as LPS, derived from pathogens, activate
DCs in the small intestinal LP to secrete IL-23 and TGF-B, promoting Th17 differentiation.
TGF-B in LP further promotes the development of forkhead box p3+ T regulatory (Treg) and
Th17 cells. In addition to IL-23 and TGF-8 production, LPS supports Th17 expansion, in part,
by inducing IL-1 and IL-6 production. It is unknown if Thl cells that traffic to LP produce
IL-17 in the presence of IL-23 and TGF-B (dashed arrows). Furthermore, a role of TLR-MyD88

signals within Th17 cells remains unclear.

in the LP by activating the MyD88 path-
way in DCs.

These findings by McAleer et al.
also suggest that in the absence of IL-
23, LPS induced specifically the ex-
pansion of pre-committed Th17 cells.
This observation raises a question as
to what factors may have contributed
to Th17 expansion in the absence of
IL-23 (Fig. 1). Current investigations
about IL-6 and IL-183 have established
an important role for them in Th17
development and maintenance. The
studies reported herein reveal that
LPS plus antigen synergistically aug-
mented IL-1a, IL-18, and IL-6 levels in
serum, thus indicating an important
role for these factors in augmenting
Th17 cell numbers. Alternatively, the
increased number of Th17 cells in the
LP might be explained by the prefer-
ential recruitment of CCR6-expressing
Th17 cells to the LP. In support of
this assertion, activation of TLR4 has
been shown to induce the expression
of CCL20 (CCR6 ligand) in the lam-
ina propria of the intestine [7]. The
chemokine expression profile on LPS-

induced LP Th17 cells merits addi-
tional investigation. The elevated
number of Th17 cells could also be
explained by enhanced Th17 cell sur-
vival. For example, LPS has been
shown to induce the production of
specific cytokines, such as GM-CSF,
which may have increased Th17 cell
numbers by augmenting IL-6-depen-
dent Th17 cell survival [4].

The current studies highlight that
LPS administered via i.p. injection pro-
moted Th17 expansion exclusively in
the LP, whereas no changes in the Thl-
to-Th17 ratios were observed in the
spleen. These observations raise the
question as to whether systemic LPS in-
fluenced Th17 cells at other mucosal
sites. Although the current studies did
not investigate Th17 generation in
other tissues, such as the skin, lung, or
genital tract, other studies have empha-
sized that different TLR agonists as well
as the route of administration can posi-
tively or negatively impact Th17 genera-
tion in an organ-specific manner. For
example, oral vaccination or intranasal
immunization with the TLR9 agonists
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(unmethylated microbial DNA) has
been shown to promote preferential
expansion of Th17 cells in the lungs. In
contrast, the TLR3 agonist polyinosinic:
polycytidylic acid inhibits Th17 re-
sponses.

Recent studies by us and other re-
search groups show that CD4 and CD8
T cells express functional TLRs [8-10].
The TLR expression profile varies on
different T cell subsets and depending
on which TLR is activated, results in
distinct responses by each subset. For
example, the ligation of TLR3 or
TLR1/2 on murine CD8 T cells has
been shown to enhance the production
of various effector molecules, including
IFN-v, IL-2, and granzyme B [8]. TLR3,
TLR4, or TLRY engagement, directly on
CD4 Th cells, has also been shown to
enhance T cell responses by modulating
(sustaining) cytokine IL-2R expression
[9], and TLR1/2-stimulated CD8 T cells
have been shown to increase cytolytic
activity [8]. Studies by Tak and col-
leagues [11] and Sobek et al. [12]
found that TLRY or TLR2 agonists in
the synovium of patients with rheuma-
toid arthritis costimulated T cells, result-
ing in enhanced cytolytic function and
IFN-y production. Furthermore, recent
studies by Martin and colleagues [13]
have demonstrated that IL-17-producing
v6 T cells express a functional TLR1/
TLR2 heterodimer and that TLR1/2
engagement enhanced IL-17 produc-
tion. How or whether TLR engagement
directly on Th17 cells influences various
parameters of Th17 cell function (i.e.,
cytokine secretion and cytokine recep-
tor expression) is an issue that remains
to be explored.

Intriguingly, TLRY stimulation, di-
rectly on CD4 Th cells, has been shown
to enhance T cell survival by modulat-
ing the expression levels of antiapop-
totic proteins (i.e., Bcl-2, bclxl, Al).
TLR?2 ligation on IL-17-producing yé6 T
cells has also been shown to promote
their survival and expansion in vitro
[13]. Furthermore, two recent studies
by Fukata et al. [14] and Tomita et al.
[15] have underscored an import role
for MyD88 signals in T cells. Each study
demonstrated that MyD88-deficient
CD4" CD45Rb™e" T cells expressed a
broad array of TLRs, including TLR4,
and were impaired in their ability to

www jleukbio.org



induce chronic colitis in recombination
activating gene 17/~ recipients. Further-
more, LP—derived MyD88™~ CD4 T
cells lowered IL-2 and IL-17 levels signif-
icantly. Similarly, mice receiving
MyD88~/~ CD4 T cells produced less
IL-6 and IL-23 than controls receiving
wild-type cells. Although McAleer et al.
did not address directly a direct role for
TLR-mediated activation of the MyD88
pathway in Th17 cells, the authors did
indicate that their data support the ex-
pansion of Th17 cells via TLR4 activa-
tion on APCs. Nonetheless, emerging
studies suggest an important role for
TLR-MyD88 signals within T cells. The
significance of these signals in Th17
cells is unknown but warrants further
investigation.

In summary, recent progress in the
study of Th17 differentiation and ex-
pansion underscores the pleotropic ef-
fects that TLR agonists exert on adap-
tive immune responses. Gaining a
greater understanding of the interplay
between these signals is critical for de-
signing effective clinical strategies to
enhance host defense against infection
agents and to regulate autoimmune re-
sponses.
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