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Activation-induced cell death (AICD) plays
an important role in peripheral T-cell toler-
ance. AICD in CD4 T helper (Th) cells,
including Th1 and Th2 effectors, has been
extensively studied. Recently, interleukin-
17-producing CD4+ T cells (Th17 cells)
have been identified as a unique Th sub-
set, but their susceptibility to AICD and

the underlying molecular mechanisms
have not been defined. In this study, we
found that Th17 cells were significantly
less susceptible to AICD than Th1 cells,
and Th17 cell resistance to AICD is due to
the high levels of c-Fas—associated death
domain-like interleukin-1-converting en-
zyme inhibitory protein preventing Fas-

mediated apoptosis. The resistance of
Th17 cells to AICD reveals a novel mecha-
nism to explain the high pathogenicity
of Th17 cells in autoimmune diseases,
and may also provide a rationale to gen-
erate tumor-specific Th17 cells for adop-
tive immunotherapy. (Blood. 2009;114:
1026-1028)

Introduction

Whether T cells live or die greatly affects the adaptive immune
response. To maintain homeostasis after clonal expansion, activated
T cells must be removed to avoid provoking autoimmune diseases.!
Apoptotic death of T cells in response to a repeated or excessive T-cell
receptor (TCR) triggering is referred to as activation-induced cell death
(AICD).>? Extensive studies have been done to understand the kinetics
and mechanisms of AICD in T helper (Th)1 and Th2 subsets.*> Th1, but
not Th2, effectors undergo rapid Fas/Fas ligand (FasL)-mediated
apoptosis,® whereas granzyme B is necessary for AICD of Th2 cells.”
Recently, interleukin-17 (IL-17)—producing CD4" T cells (Th17 cells)
were identified as a unique Th subset.®® The biologic relevance of the
Th17 subset’s response to AICD is underscored by the ability of Th17
cells to influence disease outcome.'®!" Preferential activation of the
Th17 response is central to the pathogenesis of many autoimmune
diseases.!> However, the susceptibility of Th17 cells and the underlying
molecular mechanisms of AICD in Thl7 effectors have not been
defined. In this study, we found that Th17 effectors were significantly
less susceptible to AICD upon TCR restimulation than Th1 effectors.
Furthermore, the high level of c-Fas—associated death domain-like
IL-1—converting enzyme inhibitory protein (c-FLIP) expression renders
Th17 cell resistance to AICD by preventing Fas-mediated apoptosis.

Methods

The use of mice in this study was approved by the Institutional Animal Care
and Use Committee of Moffitt Cancer Center and University of South
Florida. Complete materials and methods are available in the supplemental
material (available on the Blood website; see the Supplemental Materials
link at the top of the online article).

Results and discussion

To compare susceptibility of Thl and Th17 cells in ACID, we
generated highly enriched Th1 and Th17 cells in vitro (Figure 1A).
After restimulation with anti-CD3 monoclonal antibody (mAb),
Thl cells underwent apoptosis in a dose-dependent manner, but
Th17 cells underwent significantly less apoptosis than Th1 cells at
each of the concentrations tested (P < .01; Figure 1B). Time
kinetic experiments confirmed that Th17 cells were significantly
less susceptible to AICD than the Th1 controls after TCR restimula-
tion for 1 to 4 days (Figure S1). Because in vitro—polarized Th17
cells were not absolutely pure, the relative resistance to AICD
could be resulted from the unpolarized cells (ie, 20%-40%) in the
Th17 population (Figure 1A). To address this possibility, we used a
Th17 reporter mouse with a red fluorescent protein (RFP) sequence
inserted into the IL-17F gene,'? and generated Th1 and Th17 cells
from il-17f/rfp knockin mice. We found that RFP* cells polarized
under Th17 culture conditions underwent significantly less apopto-
sis than RFP~ cells polarized under Thl culture conditions
(supplemental Figure 2). Different sensitivity of Thl and Th17
cells to AICD could be due to different TCR expression on their
surface, but it was not the case because both subsets expressed
comparable levels of TCR and CD3 before AICD analysis (supple-
mental Figure 3). Altogether, we conclude that Th17 cells are
largely resistant to AICD upon TCR restimulation.

To explore the mechanisms responsible for unequal susceptibility of
Th17 and Th1 cells to AICD, we examined caspase activation upon
TCR restimulation and found that dramatic activation of caspases was
seen in Thl cells, but not in Th17 cells (supplemental Figure 4).
Furthermore, we found that Th1, but not Th17 cells up-regulated FasL
expression after TCR restimulation (supplemental Figure 4), suggesting
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Figure 1. Th17 cells are more resistant to AICD than Th1 cells A
in vitro and in vivo. (A) Th1 and Th17 cells were generated from
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ovalbumin-specific TCR-transgenic T cells in vitro, as described
in “Methods.” Expression levels of intracellular interferon-y and
IL-17 on live CD4" cells are shown for Th1 and Th17 cells 4 days.
IL-4% cells were < 1% in either subset (data not shown).
(B) Polarized Th1 and Th17 cells were restimulated in the 3
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that the failure of FasL up-regulation by Th17 cells could account for
Th17 cell resistance to AICD. We next asked whether Th17 cells are
susceptible to be killed by other FasL-expressing cells. In the mixed
culture of Th1 and Th17 cells, the majority of Thl cells (71% * 4%)
underwent apoptosis in vitro (Figure 1C), whereas only 24% plus or
minus 5% of the Th17 cells underwent apoptosis after TCR restimula-
tion (Figure 1C), indicating that FasL-expressing Th1 cells did not kill
bystander Fas-expressing Th17 cells in vitro. We extended the study in
vivo by adaptively transferring Th1 and Th17 cells generated from B6
mice into lethally irradiated BALB/c mice. Thl and Th17 cells were
mixed at 1:1 before injection; the ratio of viable Thl versus Th17
became 0.13:1 in the recipient spleen 4 days after cell transfer. Con-
sistent with this proportion, the absolute numbers of viable cells
(annexin V~/DAPI™ [4,6 diamidino-2-phenylindole]) per spleen were
1.71 plus or minus 0.55 X 10° for Th17 cells and 0.14 plus or minus
0.05 X 10 for Thl cells, which was significantly different (P = .001).
These results indicate that Th17 cells expanded more extensively and/or
died less than Th1 cells during the 4-day alloantigen stimulation in vivo.
Both possibilities were further supported by more extensive 5-(and
6-)carboxyfluorescein diacetate succinimidyl ester dilution and signifi-
cantly lower levels of apoptosis of Th17 cells than of Th1 cells (Figure
1D). In conclusion, Th17 cells are resistant to AICD relative to Th1 cells,
and the impaired Fas signaling most likely accounts for the resistance of
Th17 cells.

Because c-FLIP'+16 and Bel-x; 18 are well-known antiapoptotic
molecules that protect T cells from death, a possible mechanism for
Th17 cell resistance could be overexpression of c-FLIP and/or Bcl-x;.
To test this hypothesis, we detected the protein expression of c-FLIP and
Bcl-x; in Thl and Th17 cells. As shown in Figure 2A, expression levels

of c-FLIP were markedly higher in Th17 than in Thl cells before and
after stimulation. The reason for the unusually high levels of c-FLIP in
Th17 cells is not clear, but it may be related to polarization in these cells
by IL-6 that activates Th17-specific transcription factor (signal trans-
ducer and activator of transcription 3).!%%0 The expression levels of
Bcl-x; had a similar trend, but the differences were not as much as those
for c-FLIP between these 2 subsets (Figure 2A). To further test whether
high levels of c-FLIP and Bcl-x; expression may account for the
resistance to AICD in Th17 cells, we knocked down c-FLIP or Bcl-x; in
Th17 cells with small interfering RNAs (siRNAs) and then tested the
cell’s susceptibility to AICD (Figure 2B). Once c-FLIP was knocked
down, Th17 cells were readily susceptible to AICD. On the other hand,
Th17 cells increased base level of apoptosis (without anti-CD3) after
knocking down Bcl-xy , but not c-FLIP, suggesting that Bcl-x; played an
important role in passive cell death (ie, cytokine withdrew-induced
apoptosis; Figure 2C top and middle panels). These results indicate that
the high level of c-FLIP, but not Bcl-x, , is responsible for the resistance
of Th17 cells to AICD. If knocking down c-FLIP reverses the resistance
of Th17 cells, it is conceivable that knocking down c-FLIP could restore
both FasL expression and Fas signaling. In fact, upon anti-CD3
stimulation, Th17 cells expressed significantly higher FasL after transfec-
tion with c-FLIP siRNA (P = .01), but not with Bcl-x; siRNA (P = .14)
in comparison with control siRNA (supplemental Figure 5). Further-
more, once the FasL/Fas interaction was blocked by neutralizing
anti-FasL. mAb, the level of apoptosis was reduced in Th17 cells
knocked down for c-FLIP siRNA at a level comparable with that shown
in control Th17 cells and in the Th17 cells knocked down for Bcl-x;,
(Figure 2C). In conclusion, abnormal up-regulation of c-FLIP renders
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(B) Expression levels of c-FLIP., Bcl-x., and B-actin in Th17 cells
shown after control, c-FLIP, or Bcl-x. siRNA transfection. (C) AICD
of Th17 cells after knocking down c-FLIP or Bcl-x.. Polarized
Th17 cells transfected with control, c-FLIP—specific, or Bcl-x.—
specific siRNA for 48 hours were recultured with medium, anti-
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Th17 cells resistant to AICD by limiting FasL expression and inhibiting
Fas signaling.

The resistance of Th17 cells to AICD may be relevant for
various physiologic and pathologic situations, including Th17-
mediated autoimmune diseases'®!! and graft-versus-host disease."
On the other hand, the survival advantage of Th17 cells may also
provide the rationale for cancer immunotherapy through adoptive
cell transfer of tumor-specific Th17 cells. This concept is supported
by a recent report that Th17 cells specific for melanoma-associated
antigen were superior to their Th1 counterparts.?! All together, our
finding that Th17 cells are resistant to AICD underlines the
challenges in targeting pathogenic Th17 effectors in autoimmune
diseases and transplantation, and provides the rationale to use this
cell population in cancer immunotherapy.
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