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The regulation of FasL expression during activation-induced cell death (AICD)

THANG NGUYEN & JOHN RUSSELL
Department of Molecular Biology and Pharmacology, Washington University School of Medicine, St Louis, MO, USA

SUMMARY

Activation-induced cell death (AICD), a Fas ligand (FasL)-dependent pathway, is important for
maintaining T-cell homeostasis. Interleukin-2 (IL-2), an enhancer of AICD, can also enhance FasL
expression. However, we show that the level of FasL or FLIP protein did not correlate with the
susceptibility to AICD. Some T cells expressed high levels of FasL yet failed to undergo AICD,
while others expressed little FasL and were sensitive. AICD susceptibility did not correlate with the
kinetics of FasL up-regulation or down-regulation. The down-regulation of FasL can be mediated
by a metalloprotease. However, we describe an alternative mechanism for the loss of FasL by
endocytosis. Endocytosis inhibitors such as cytochalasins, sodium azide, deoxyglucose, or low
temperatures prevented the loss of FasL. KB8301, a metalloprotease inhibitor had no effect on
the loss of FasL or AICD in the T cells. Enhancing FasL expression was not crucial for AICD
and the down-regulation of FasL proceeded via endocytosis.

INTRODUCTION

Activation-induced cell death (AICD) is an apoptotic pathway
involved in the control of T-cell homeostasis.' * The inability
of T cells to undergo AICD can lead to immunopathological
diseases such as lymphadenopathy and a lupus-like syndrome.
T cells can either be sensitive or resistant to AICD, and
interleukin-2 (IL-2) can regulate the susceptibility of T cells to
AICD.*® The IL-2-deficient mice and IL-2-receptor-a-chain
(CD25)-deficient mice develop lymphadenopathy and an
autoimmune disease because of a lack of AICD in vivo.%” In
culture, T cells become susceptible to AICD when maintained
in the presence of IL-2 and are resistant in its absence. The
activation of T cells induces the surface expression of Fas
ligand (FasL) and IL-2 treatment can enhance this expression
in primary T cells.® However, whether the enhancement of
FasL expression directly causes an enhancement of the
susceptibility to AICD is unclear because IL-2 can enhance
AICD in established T-cell lines without significantly changing
FasL expression.

FasL was first described as a cytotoxic protein expressed
on activated T cells. The primary functions attributed to FasL-
mediated cytotoxicity are the ability of T cells to kill target
cells in a calcium-independent manner and the ability of T cells
to kill themselves during AICD. In addition to its presence
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on T cells, FasL is expressed on many other cells from differ-
ent organs, such as the eye, placenta, brain and testis. Expres-
sion of FasL in these organs is suggestive of a mechanism
for immune privilege.”!' FasL can induce immune cells to
undergo apoptosis and, thereby, limit any immune response
in these organs. Likewise, expression of FasL on some
cancerous cells provides a mechanism for evasion from the
immune system. 12 However, other data have demonstrated that
expression of FasL may not always establish an immune-
privileged state or cancer evasiveness.!> !¢

Soluble FasL is generated by the cleavage of membrane-
bound FasL by a zinc-dependent metalloprotease.!” Matrily-
sin, a matrix metalloproteinase, can cleave FasL.'® This process
is analogous to the cleavage of tumour necrosis factor (TNF)
from the cell membrane by a zinc-dependent metalloprotease,
tumour necrosis factor-alpha converting enzyme (TACE).!*-°
While soluble TNF is primarily an inflammatory cytokine, the
role of soluble FasL is less clear. Soluble FasL is functionally
Iytic in some cases and antagonistic to membrane-bound
FasL in other cases depending on the target cell.?! In addition,
soluble FasL can act as a chemotactic factor that recruits
inflammatory cells such as neutrophils and macrophages.?>>*

Because AICD is a cell-autonomous ]3r0<:ess,24‘25 the
existence of soluble FasL may explain how FasL can engage
the Fas receptor on the same cell surface. We examined
the possibility that IL-2 may regulate the activity of the FasL
metalloprotease and hoped to define a role for soluble FasL
during AICD. We observed that IL-2 enhanced the ability of
T cells to undergo AICD and enhanced the expression of FasL.
However, the level of FasL expression was not a good indic-
ator for the ability of T cells to undergo AICD. Although
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Figure 1. Susceptibility to AICD does not correlate with the level of FasL surface expression. (a) Day-5-activated-2C2 T cells were
maintained with 100 U/ml recombinant human IL-2 or no cytokine for 24 hr. Their susceptibility to AICD was tested by activation
with addition of PMA and ionomycin, or by plating on anti-CD3-antibody-coated plates overnight. Spontaneous death was less than
5% with all cytokine treatments. (b) IL-2-treated 2C2 T cells were activated for 4 hr as described above, harvested, and used to
measure the level of FasL induction by FACS analysis. The thin lines denote the staining of unactivated T cells with primary and
secondary antibodies. Thick lines represent staining of activated T cells with the primary and secondary antibodies. (c) FLIP protein
level was measured in IL-2-deprived or IL-2-treated T cells by Western blot analysis. Actin expression served as a loading control.
Sensitivity to AICD was also measured and showed no correlation to the expression of FLIP.

expression of FasL is required for AICD, its mere expression
does not necessitate T cells to undergo AICD. No evidence of
functional, soluble FasL was detected on our T cells. Therefore,
AICD was probably mediated by membrane-bound FasL
rather than soluble FasL. IL-2 also did not affect the kinetics
of the FasL induction or loss. The loss of membrane-bound
FasL was primarily mediated by endocytosis rather than
proteolytic cleavage as previously described.

MATERIALS AND METHODS

Cell lines

The 3L2.12 hybridoma was a gift from Dr Paul Allen
(Washington University, St Louis, MO). DO10H hybridoma
was a gift from Dr Ken Murphy (Washington University,
St Louis, MO). Reagents were purchased from Sigma
Chemical Co. (St Louis, MO) unless stated otherwise. The
2C2 [T helper type 1 (Thl)] T-cell clone was derived from
C57BL/6 (B6) mice and is specific for pigeon cytochrome C.
B6 mice were purchased from The Jackson Laboratory (Bar
Harbor, ME). The culture conditions for 2C2 have been
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described previously.” The 2C2 T cells were maintained by
weekly stimulation with irradiated B6 splenic cells with 0-5 pum
pigeon cytochrome C and 10 pg/ml recombinant human IL-2.
They were harvested after 5-7 days of activation and main-
tained with 100 U/ml of IL-2 for 1-2 days before use in a
functional assay.

Primary CD4" T cells were obtained by harvesting B6
splenic cells.?® Purified T cells were maintained with 2 png/ml
concanavalin A (Con A) and 50 U/ml of murine 1L-2 (mIL-2)
for 2 days. Live cells were purified with Histopaque 1.119
and replated in medium containing 100 U/ml of mIL-2
and 50 mm o-methylmannoside for an additional 1-2 days
before use.

AICD assay

The 2C2 T cells (1x10°—2x10° cells/well) were added to
a 96-well plate coated with 10 ug/ml of anti-CD3 antibody
(2C11) for 16-24 hr. T-cell hybridomas (1 x 10°—2 x 10° cells/
well) were added to a 96-well plate with or without 50 nm
phorbol 12-myristate 13-acetate (PMA) and 670 nm iono-
mycin. Cell death was measured by trypan-blue exclusion
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Figure 2. Very little FasL is needed to induce AICD. (a) 3L.2.12 T-cell hybridoma underwent AICD when activated (‘Act’) for 24 hr
with 50 nm PMA and 670 nm ionomycin. This death was inhibited by 10 pug/ml of anti-FasL antibody (MFL3) but not by a control
antibody. (b) The expression of FasL on activated 3L2.12 hybridoma or 2C2 T cells was measured by a standard chromium-release
assay as described in the Materials and methods. Less than 10% killing of EL4 was observed; only the data for FasL-mediated killing
of EL4-Fas are shown for simplicity. 2C2 T cells were used as controls for the induction of FasL. (c) The surface expression of FasL on
3L2.12 was measured by FACS analysis. The thin lines represent unactivated cells and thick lines represent activated cells.

assay; each data point was performed in triplicate. The
% specific death was calculated as [(% death with activa-
tion—% death without activation)/(100—% death without
activation)].

Flow cytometry

Anti-FasL antibody (MFL3-biotin) and anti-CD8-fluorescein
isothiocyanate (FITC) antibody were purchased from
Pharmingen (San Diego, CA). Secondary reagent, R-phyco-
erythrin-labelled streptavidin, was purchased from Southern
Biotechnology Associates, Inc. (Birmingham, AL) and used
at a 1:300 dilution. Cells, 1x 10°, were stained with 100 ul
of primary antibody for 20 min at 4°, washed twice with
phosphate-buffered saline (PBS), stained with 100 ul of sec-
ondary antibody for 20 min, washed twice and fixed with
0-66% paraformaldehyde in a 150-mm NaCl solution, pH 7.
Analyses were performed on a fluorescence-activated cell sorter
(FACScan) with vLysis software (Becton Dickinson, Mountain
View, CA).

Chromium release assay

EL4 or EL4 transfected with Fas (EL4-Fas) were used as target
cells to assess the FasL-dependent lytic potential of activated
T cells. Target cells were labelled with 250 nCi/ml of Na3!CrO,

for 1 hr at 37°, washed twice with PBS, and plated at 1 x 10*
cells/well in a 96-well, round-bottom plate. Effector T cells
(1x10° cells/well) were added in triplicate reactions to the
target cells for 4-6 hr. °'Cr released in the supernatant
was measured and the results were expressed as % specific
bystander lysis, calculated as [100 x (%o lysiSexp — %0 lysiScontror)/
(100 —% lySiScontrol)]'

TNF enzyme-linked immunosorbent assay (ELISA)
RAW264.7 were kindly provided by Dr Robert Schreiber
(Washington University, St Louis, MO). RAW cells were
plated at 2x10° cells/well in 24-well plates and activated
with 10 ug/ml lipopolysaccharide (LPS) and 10 U/ml
interferon-y. The supernatant was harvested at the indicated
time. Soluble TNF production was measured by a standard
ELISA assay for TNF.?

Western blot analysis

Cytokine-treated T cells were harvested, washed and resus-
pended in 100 ul extraction buffer [1 x PBS, 0-5 mwm ethylene-
diaminetetraacetic acid (EDTA), 0-5mm dithiothreitol,
50 mm NaCl, 0-5% Triton X-100, 1 mg/ml Leupeptin, 1 mg/
ml Aprotinin, 0-5 mm phenylmethylsulphonyl fluoride, 1 nm
Okadaic acid, 30 mm B glycerol phosphate, 0-1 mm sodium
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Figure 3. Kinetics of FasL induction. (a). Day-5-activated-2C2 T cells
were harvested and cultured with or without 100 U/ml human IL-2 for
24 hr in the presence of 10% S4B6-culture supernatant. The T cells were
activated on an anti-CD3-antibody-coated plate for the indicated time
before being harvested and used to measure the expression of FasL by
FACS analysis. The mean fluorescence channel was used to calculate
the percentage of maximal expression. (b) IL-2-treated 2C2 T cells were
activated on an anti-CD3-coated plate for the indicated time before
being harvested, washed, and replated in medium with 10 pg/ml anti-
FasL-blocking antibody (MFL3). AICD was assessed 24 hr later.
Spontaneous death was 15% and maximal death was 64%.

vanadate, 0-1% sodium dodecyl sulphate (SDS)]. After
extraction and measuring the concentration of proteins, equal
amounts (6-8 ng) of cellular protein extracts were fraction-
ated by denaturing SDS-polyacrylamide gel electrophoresis
(SDS-PAGE), then electro-transferred to polyvinyldifluoride
membrane (Tropix, Bedford, MA). Actin proteins were
detected by using an anti-mouse actin antibody (Calbiochem,
Cambridge, MA). Flice-inhibitory protein (FLIP) protein was
detected with a rabbit anti-human FLIP antibody.*®

RESULTS

Susceptibility to AICD does not correlate with the
level of FasL surface expression

Pretreatment with IL-2 is required for T cells to become
sensitive to AICD, while lack of IL-2 pretreatment causes

© 2001 Blackwell Science Ltd, Immunology, 103, 426-434

resistance. 1L-2 significantly enhances the expression of FasL
in primary T cells,® and a higher level of FasL expression
correlates with the ability of Th1 T cells, but not Th2 T cells, to
undergo AICD.?® Therefore, we examined the effects of IL-2
on the expression of FasL and AICD in our T cells. We found
no correlation between the level of FasL expression and the
degree of cell death. Figure 1 shows that T cells deprived of
IL-2 are resistant to AICD even though they can be induced to
express FasL. Pretreatment with IL-2 sensitized the same
T cells to AICD when activated with an anti-CD3 antibody but
not with PMA and ionomycin. FACS analysis of the
expression of FasL after anti-CD3 stimulation showed that
T cells treated with IL-2 expressed 15 times the level of FasL
as T cells deprived of IL-2 (Fig. 1b). However, activating
IL-2-treated T cells with PMA and ionomycin also induced a
maximal level of FasL expression but failed to induce AICD.
Thus the mere expression of FasL was not sufficient to induce
T cells to undergo AICD; therefore, susceptibility to AICD
must be regulated by other factors besides the level of FasL
expression. Fas expression was equivalent in both IL-2-treated
and untreated T cells (data not shown).

1L-2 has been shown to induce the loss of FLIP, a cellular
inhibitor of the Fas signalling pathway, in primary T cells.®
However, pretreating 2C2 T cells with IL-2 did not result in a
loss of FLIP expression (Fig. 1c). Densitometric scan of the
Western blots showed that the average ratios of FLIP to actin
of four independent experiments were 1-57 and 1-58 for
IL-2-deprived and IL-2-treated T cells, respectively. Activation
of the T cells also did not affect the expression of FLIP as
suggested by others (data not shown).*

The hybridoma, 3L.2.12, underwent FasL-mediated AICD
while expressing a low level of FasL. 31.2.12 expressed enough
FasL to undergo AICD but did not express enough FasL to be
measured by FACS analysis (Fig. 2c). Death of 31L2.12 was
dependent on the expression of FasL because an anti-mouse
FasL antibody (MFL3), but not a control antibody, inhibited
AICD (Fig. 2a). Using a functional assay, we observed a small
amount of FasL expression on activated 3L.2.12 cells (Fig. 2b).
This observation was also made in other non-transformed T cell
lines. Our Th2 T-cell clones also underwent AICD without
detectable FasL (data not shown). Therefore, very little
expression of FasL is required to induce Fas-mediated death
of some T cells.

The Kkinetics of FasL induction

We tested the possible correlation between the effect of IL-2 on
AICD and the kinetics of FasL induction. Expression of FasL.
may be required during a crucial period after activation in
order for T cells to commit to AICD. The lack of IL-2 possibly
delayed the expression of FasL so that it was not expressed
during this crucial period.

Figure 3(a) shows that T cells expressed FasL as early as
30 min after activation. Expression of FasL reached a maximal
level by 1-5-2 hr after activation with an anti-CD3 antibody.
Maximal expression of FasL was achieved with PMA and
ionomycin within 30 min of activation (data not shown). In
some human cells, the induction of FasL on the cell surface is
derived from preformed FasL contained in intracellular
vesicles.*'"* Induction of FasL in our cells was not from
preformed FasL because induction was inhibited by emetine,
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Figure 4. 1L-2 does not affect the kinetics of FasL down-regulation. 2C2 T cells that were treated or untreated with IL-2 were
activated for 4 hr on plate-bound anti-CD3 antibody. The cells were harvested, washed, and replated in medium alone. At the
indicated times, the cells were harvested and FasL expression was measured by FACS analysis. (a) The percentage of T cells expressing
FasL decreased with time after removal from the activation stimulus. (b) The level of FasL expression also decreased with time after
removal from the activation stimulus. Specific mean-fluorescence intensity (MFI) designates the difference between MFI from
activated versus unactivated T cells. (c) The loss of FasL correlates with the loss of Fas-dependent lytic potential. T cells were activated
as above and removed from the activating agent at the indicated time. T cells were then incubated with >'Cr-labelled-target cells
expressing Fas. The ability of T cells to lyse Fas-expressing target cells was measured in a 4-hr lytic assay. The spontaneous release
for T=0, T=2, T=4, and no activation was 20%, 30%, 38% and 20%, respectively.

a protein synthesis inhibitor (data not shown). No major dif-
ference occurred in the kinetics of FasL induction between
IL-2-treated T cells or untreated T cells. Therefore, the increase
in susceptibility to AICD cannot be correlated with the kinetics
of FasL induction.

Even after 24 hr (data not shown), expression of FasL
continued as long as the T cells were activated by an anti-CD3
antibody. Because expression of FasL was maintained by the
activated T cells, we wanted to determine the period during
which FasL expression was crucial. To determine the minimum
amount of time required before T cells irreversibly committed
to AICD, T cells were activated on an anti-CD3-antibody-
coated plate for a given time, harvested, washed and replated
in medium containing an anti-FasL antibody (MFL3) to
block subsequent Fas signalling. The percentage of cell death
after 24 hr of total incubation was measured by trypan-blue
exclusion. The data show that AICD induction was inhib-
ited with an anti-FasL antibody even after 4 hr of activation
although maximal FasL expression occurred by 2 hr of activ-
ation (Fig. 3b). T cells did not become irreversibly committed

to AICD until FasL was expressed on the cell surface for
several hours.

The kinetics of FasL loss is unaffected by IL-2

After we established the crucial time for FasL expression to be
4-6 hr after activation, we asked whether 1L-2 could affect
the down-regulation of FasL during this period. T cells were
activated for 4 hr on anti-CD3-antibody-coated plates, har-
vested, washed twice with medium, and replated in medium
without any activation stimulus. The expression of FasL was
measured at various times after replating the T cells. Upon
removal of the T cells from activation, the percentage of FasL-
expressing cells (Fig. 4a), as well as the absolute level of FasL
(Fig. 4b), decreased with time.

The reduction in the expression of FasL was not observed
until 1 hr after removal from activation. This is attributed to
a residual activation signal and continued export of FasL.
Notably, the loss of FasL expression was only observed
once the activation stimulus had been removed. After 2 hr of

© 2001 Blackwell Science Ltd, Immunology, 103, 426-434
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Figure 5. Inhibitors of endocytosis block the loss of FasL. (a) 2C2
T cells were harvested and assayed for the loss of FasL as described
in Fig. 4 except protease inhibitors or endocytosis inhibitors were
added to the media after replating the cells. EGTA and EDTA were
used at 5 um. Cytochalasin D was used at 12-5 pg/ml, and dimethyl-
sulphoxide (DMSO) was used as a solvent control for cytochalasin D
at 0-25%. Sodium azide (0-1% NaN3) and 10 mm deoxyglucose were
used to inhibit the energy requirement of endocytosis. KB8301, a
metalloprotease-specific inhibitor, was used at 10 um. A 16°-water bath
was used to maintain the T cells at the lower temperature. The level of
FasL expression after 4 hr of activation was used as the maximal level
of FasL expression. The level of FasL expression after 5 hr of resting
was used as a measure for the loss of FasL. (¢) Primary T cells were
obtained as described in the Materials and methods and assayed for
FasL down-regulation as described above. Inhibitors were used at the
same concentration as above. Cytochalasin B was used at 5 um. CD4
T cells were distinguished from CD8 T cells in the FACS analysis by
an anti-CD8-FITC antibody.

resting, the level of FasL expression dropped by half and was
undetectable by 5 hr (Fig. 4b). Treatment of T cells with IL-2
did not affect the kinetics of FasL down-regulation. The
decrease in the expression of FasL correlated with the
decreased lytic potential as measured by a functional assay
(Fig. 4c). The kinetics of FasL down-regulation is in agree-
ment with a previous report in which the half-life of FasL
down-regulation was observed to be 90 min.*> However, the
previous report used a functional assay to measure the level
of FasL on a population level, as was performed in Fig. 4(c).
This method of quantification is less accurate and cannot
distinguish between the percentage of cells expressing FasL

© 2001 Blackwell Science Ltd, Immunology, 103, 426-434

and the level of FasL expression on individual cells as we have
done by using FACS analysis (Fig. 4a,b).

Classical endocytosis inhibitors prevent the loss of FasL

Loss of FasL from the cell surface can be mediated by a zinc-
dependent metalloprotease.'” We employed an established
protocol for studying the proteolysis of FasL by using EDTA
to chelate zinc, thus, inhibiting FasL metalloprotease. Ethylene-
glycoltetraacetic acid (EGTA) served as a negative control
because it does not chelate zinc. Unexpectedly, we found that
both EDTA and EGTA inhibited the loss of FasL (Fig. 5a).
EGTA blocked the loss of FasL in both IL-2 treated and
untreated T cells (data not shown). We also tested whether
a known inhibitor of the TNF and FasL metalloproteases,
KB8301, would inhibit the loss of FasL expression.34
Contrary to published reports, KB8301 did not inhibit the
loss of FasL (Fig.5), although KB8301 was effective in
blocking the cleavage of TNF (Fig. 6b).

Although the effect of EGTA on the loss of FasL was
unexpected, chelation of calcium can inhibit endocytosis.* We
tested whether endocytosis rather than proteolytic cleavage
might account for the loss of FasL from the cell surface.
Further examination showed that classic inhibitors of endo-
cytosis blocked the loss of FasL (Fig. 5). Cytochalasin D and
cytochalasin B, which inhibit actin depolymerization and
vesicle redistribution, completely inhibited the loss of FasL.
The loss of FasL was also energy dependent because low tem-
peratures, sodium azide, or deoxyglucose inhibited the loss
of FasL. Down-regulation of FasL by endocytosis was not a
unique feature of our T-cell clone. The endocytosis of FasL
was also observed in primary T cells (Fig. 5b). The inhibi-
tor of endocytosis sometimes enhanced the expression of
FasL, possibly because of the continued export of FasL to the
cell surface after cessation of the activation signal. Our
data demonstrate that the loss of FasL was primarily
dependent on an endocytic pathway rather than a proteolytic
pathway.

FasL metalloprotease inhibitor, KB8301,
does not inhibit AICD

The data in Fig. 2 support prior observations that AICD is
mediated via a cell-autonomous pathway, whereby one T cell
kills itself by using the Fas and FasL proteins expressed on its
cell surface.** These T cells do not express enough FasL to
kill each other in trans; therefore, AICD must occur in cis.
How Fas and FasL engage each other on the same cell
membrane is not clear. One can imagine a form of membrane
invagination that allows Fas and FasL to engage each other in
the proper orientation. Conversely, membrane-bound FasL
may be cleaved to generate a soluble and labile FasL that can
mediate AICD in a cell-autonomous manner. Figure 2 shows
that we were not always able to quantify the level of FasL that
was capable of inducing AICD. Given that very little FasL
is needed to induce AICD, a small amount of soluble FasL
might have induced AICD but was undetectable by FACS
analysis. Therefore, we used a potent metalloprotease inhib-
itor, KB8301, to attempt to inhibit AICD to test this theory.
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Figure 6. KB8301 has no effect on FasL expression or FasL-dependent AICD. (a) DO10 T-cell hybridoma (DO10H) underwent
AICD when activated for 24 hr with 50 nm PMA and 670 nm ionomycin. This death was inhibited by 10 pg/ml of anti-FasL antibody
(MFL3) but not by a control antibody. AICD was not inhibited by the zinc-metalloprotease inhibitor, 10 um KB8301, or by 0-1%
dimethylsulphoxide (DMSO) solvent control. (b) KB8301 was functional and inhibited the TNF metalloprotease. KB8301 (10 um) or
DMSO (0-1%) was used to inhibit the cleavage of TNF from the cell surface as described in the Materials and methods. (c) The
expression of FasL on DO10H was measured by FACS analysis. PMA/ionomycin induction of FasL was not affected by KB8301.

KB8301 inhibits both FasL and TNF cleavage.** KB8301
effectively inhibited TNF cleavage but had no effect on the
expression of FasL (Fig. 6b,c). KB8301 also had no effect on
the ability of T cells to undergo AICD (Fig. 6a). We also found
no evidence that our T cells produced soluble FasL in
a functional assay.*® Other T cells, such as 3L.2.12 hybridoma,
primary T cells, and the established T cell line 2C2, show
similar results (data not shown). Therefore, membrane-bound

FasL was probably the mediator of AICD rather than soluble
FasL.

DISCUSSION

We have studied the regulation of FasL expression during
activation-induced cell death to determine whether changes in
the expression of FasL might account for the differences in the

© 2001 Blackwell Science Ltd, Immunology, 103, 426-434
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sensitivity to AICD. Our data in Figs 1 and 2 show that the
level of FasL expression cannot be used to predict the ability
of T cells to undergo AICD. T cells expressed a high level of
FasL yet failed to undergo Fas-mediated death. Other T cells
expressed little FasL and readily underwent AICD.

Not all T cells that express the Fas receptor were sensitive to
Fas-mediated death; the conversion of a T cell from a resistant
phenotype towards a sensitive phenotype required at least two
factors: IL-2 pretreatment and a proper activation stimulus.
For 2C2 T cells, the proper activation signal required to induce
AICD was observed only with anti-CD3-antibody stimulation
and not with PMA/ionomycin stimulation (Fig. 1). Although
T-cell receptor and co-stimulatory signals enhance the sens-
itivity of T cells to Fas-mediated killing, what is engendered by
the proper activation stimulus is unclear.’’° Two separate
CD3 activation factors are important for T cells to undergo
AICD. One factor is the up-regulation of FasL. The other
factor remains undefined at this point.

The expression of FLIP, an inhibitor of Fas signalling, is
down-regulated by IL-2 in primary T cells.® The ability of IL-2
to down-regulate FLIP is a plausible mechanism for enhancing
the susceptibility to AICD. However, our data suggest that the
mechanism of IL-2 was not solely the result of down-regulating
FLIP expression. First, Fig. 1 shows that IL-2-treated T cells,
which express Fas and FasL, were not sensitive to AICD
when activated with PMA and ionomycin. These same T cells,
expressing the same level of FLIP, were sensitive to AICD
when activated with an anti-CD3 antibody (Fig. 1a). Second,
Western-blot analysis of FLIP expression did not show any
preferential loss caused by IL-2 treatment in 2C2 T cells
(Fig. 1c). FLIP expression also was unchanged after anti-CD3
antibody activation (data not shown). Our data are consistent
with studies of human T cells in which FLIP expression is
similar in AICD-resistant and AICD-sensitive T cells.*’

The observation that FasL expression did not necessitate
the death of T cells may explain why the expression of FasL on
non-lymphoid cells does not necessarily establish an immuno-
logically privileged state.'® Likewise, cancerous cells may not
be able to escape the immune system by merely expressing
FasL.">'® Tronically, expression of FasL on tumour cells may
lead to their demise if the tumour cells produce soluble FasL
because soluble FasL can act as a chemotactic agent.'* The
inflammatory cells that are recruited by soluble FasL can lead
to the destruction of the tumour.

Our data (Fig. 4) are in agreement with the reported
kinetics of FasL down-regulation.®® However, the earlier report
does not address the mechanism of FasL down-regulation.
In certain cell types, FasL can be down-regulated by a zinc-
dependent metalloprotease, but we were unable to reproduce
this effect in our murine T cells. Prior characterization of the
FasL metalloprotease includes human T-cell lines, FasL-
transfected cells, and transformed cell lines.!”***! The loss of
FasL in our T cells was mediated by an endocytic pathway
since classic inhibitors of endocytosis blocked the loss of FasL.
The endocytosis of FasL. was observed in both a T-cell clone
and primary T cells. Of note, the net loss of FasL expression
was only observed once T cells were no longer activated. In our
T cells, the major pathway for reducing the expression of FasL.
proceeded by endocytosis rather than proteolysis.

Loss of FasL by endocytosis may be preferable over that
of proteolytic cleavage because soluble FasL has multiple
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functions that can be potentially harmful. Soluble FasL may
act as a lytic agent and kill Fas-expressing cells non-specifically.
Conversely, soluble FasL may compete with membrane-bound
FasL and inhibit Fas-mediated killing under a different con-
dition.*” Whether soluble FasL acts as an agonist or an ant-
agonist may depend on the concentration of soluble FasL and
the target cell. Soluble FasL acts as a chemotactic molecule that
recruits neutrophils and macrophages. The elicitation of an
inflammatory response may not always be desirable; thus, loss
of FasL by endocytosis could avoid this dilemma.
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