
Letter to the Editor

The two CD95 apoptosis signaling pathways may be a way
of cells to respond to different amounts and/or forms of
CD95 ligand produced in different tissues

Dear Editor,

We have recently identified two CD95 (APO-1/Fas) signaling
pathways which are used by different cell types.1 Type I cells
show optimal formation of the CD95 death-inducing signaling
complex (DISC) initiating a direct caspase cascade indepen-
dent of mitochondrial changes during apoptosis. Therefore,
apoptosis signaling in these cells cannot be blocked by anti-
apoptotic Bcl-2 family members. In contrast, in type II cells
DISC formation is strongly reduced. Low amounts of caspase-
8 activated at the DISC are not sufficient to induce a direct
caspase cascade. Thus, type II cells depend on an
amplification step. Upon cleavage of the pro-apoptotic Bcl-2
family member Bid, truncated Bid translocates to the
mitochondria and induces cytochrome c release and loss of
mitochondrial transmembrane potential.2 ± 4 In the cytosol,
cytochrome c binds Apaf-1 and dATP forming the apopto-
some. Subsequently caspase-9 is recruited to the apopto-
some and activated initiating a caspase cascade downstream
of mitochondria.5,6 These studies were performed in cell lines
using the agonistic monoclonal anti-CD95 antibody anti-APO-
1 to induce apoptosis. Further studies using CD95 ligand (L)
or primary human T cells confirmed this model.7 ± 9

Recently Huang et al reported that they do not find
evidence for different pathways in CD95 signaling.10

However, there are a number of problems attached with
some experimental approaches used by these authors and
with the citations and interpretations of the data which we
like to address in the following:

(1) Huang et al10 suggest that membrane bound CD95L
(mCD95L) is the physiologically active form of the
ligand. This may be true for certain tissues but soluble
CD95L (sCD95L) is also cytotoxic on certain cells.
Jurkat T cells cultured as single cells undergo
activation induced cell death, due to autocrine suicide
most likely involving sCD95L.11 In addition a super-
natant of these cells was shown to kill CD95 sensitive
cells, albeit weakly.11 Moreover Huang et al10 used
CD95L overexpressing cell lines as effector cells.
Whether these CD95L transfectants re¯ect the
expression level of mCD95L expressing cells and
mimic CD95L activity in vivo remains to be shown. In
addition, the role of mCD95L vs sCD95L in apoptosis
induction still has to be elucidated in vivo.

(2) Huang et al10 state that trimerization of the CD95L is
not suf®cient to kill cells and that aggregation of
CD95 is required to give it its full cytotoxic activity.
The leucine zipper tagged CD95L (LZ-CD95L) used
in our study speci®cally trimerizes and is highly
active. We have compared the activity of LZ-CD95L

and Flag-tagged and crosslinked CD95L side by side
and found them to be similarly active. Which of
these ligands when injected into a mouse resembles
more the physiological situation? Neither of them.
Our view is that such experiments should not be
done with recombinant human ligand but with
endogenous murine ligand. A system to do that is
available12 and experiments to test the murine
CD95L are under way.

(3) Huang et al10 state that cells from mice de®cient of
either caspase-9 or Apaf-1 are normally sensitive to
CD95 mediated apoptosis. In the original characteriza-
tion of the Apaf-1 knock out mice one group only
tested activated peripheral T cells and thymocytes and
found the CD95 pathway to be independent of the
mitochondrial pathway.13 This is consistent with our
data since we have identi®ed these tissues as type I.
However, another group tested embryonic ®broblasts
and found a 70% reduction of sensitivity to CD95
mediated apoptosis in these cells.14 This report,
therefore, also suggested the presence of two CD95
pathways. The case of the caspase-97/7 mice is
similar to the Apaf-17/7 mice since also in the two
reports characterizing these mice only activated T
cells (splenocytes) and/or thymocytes were tested.15,16

The phenotype of the Apaf-1 and caspase-9 knock out
mice is, therefore, not in contradiction to our proposed
models of two CD95 pathways.

(4) Huang et al10 state that CD95L used in their studies
induces extensive receptor aggregation. However,
they did not provide any data on aggregation of
CD95. We have found that upon stimulation of cell
lines or primary human T cells with the agonistic
monoclonal anti-CD95 antibody, anti-APO-1, CD95
forms trimers and oligomers. Both, trimers and
oligomers, correlate with DISC formation (unpub-
lished data).

(5) Huang et al10 also state that upon stimulation with
crosslinked CD95L they observed no difference in
FADD and caspase-8 recruitment to the plasma
membrane in type I and type II cells. However, their
way of DISC analysis is technically insuf®cient. They
did not purify plasma membranes (at which the DISC
is located) but only a crude membrane fraction.10

Nonspeci®c aggregation of FADD and caspase-8
during the preparation cannot be excluded in this
experimental procedure. We believe that DISC
formation can only convincingly be demonstrated by
immunoprecipitating cell surface death receptors
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stimulated by either agonistic antibodies or, alter-
natively, via the DISC-inducing death ligands as has
been shown for CD95L and TRAIL.7,17,18,19,20

(6) Huang et al10 did not detect any protection against
CD95-mediated apoptosis by Bcl-2 or Bcl-xL. How-
ever, they did not perform titrations of the apoptosis
inducing reagents. We observed complete or at least
partial inhibition of CD95-mediated apoptosis in Bcl-2
and Bcl-xL expressing type II cells depending on the
expression levels of Bcl-2 and Bcl-xL.1,7 Resistance
or sensitivity towards CD95-mediated apoptosis in
type II cells, however, almost certainly depends on
the ratio of the amounts of CD95L and the
expression of Bcl-2. Furthermore, as pointed out
above, these experiments should be done in a
model that involves the endogenous murine CD95L.
Nothing is known about the actual amounts of either
sCD95L or mCD95L in different tissues. The role of
CD95 on hepatocytes and the natural source of
CD95L in these tissues is not even known. It is
highly likely that physiological levels of CD95L may
vary in different tissues. It is therefore conceivable
that lower levels of mCD95L or high levels of
sCD95L affect type I and type II cells differently.
The type I type II distinction may be an adaptation of
certain cells to different amounts or forms of CD95L.
In addition, it is completely unknown in which tissues
soluble and membrane bound CD95L is active.
Since in the mouse sCD95L has not been found
whereas in humans AICD of peripheral T cells is
likely mediated by sCD95L the approach used by
Huang et al,10 namely, to inject FLAG tagged soluble
human CD95L into mice is highly questionable and it
is not clear whether this form of the ligand
resembles endogenous murine mCD95L as claimed
by the authors.

(7) Huang et al10 ®nd it remarkable that Bcl-2 transgenic
mice or BID de®cient mice were only partially
protected from CD95 mediated apoptosis when
injected with intermediate doses of anti-CD95 anti-
bodies whereas cells from either FADD or caspase-8
knock out mice were completely resistant. That is not
surprising since FADD and caspase-8 are essential
components of both CD95 pathways whereas blocking
of only the mitochondrial pathway leaves the
mitochondria independent pathway intact. It may be
the relative contribution of both pathways in a given
tissue that determines the sensitivity to CD95
mediated apoptosis. We did not ®nd and never
claimed to have found a complete block of the CD95
pathway in type II cells overexpressing Bcl-2 or Bcl-xL.
At very high concentrations of either anti-CD95 or LZ-
CD95L Bcl-2 overexpressing Jurkat cells are not
protected from death.1,7 However, we ®nd it remark-
able that again the degree of protection by Bcl-2 was
similar when we compared anti-CD95mAbs and
CD95L.

(8) Huang et al10 wrote in their publication in PNAS that
`experiments with primary or cultured lymphoid cells
showed that Bcl-2 or Bcl-xL overexpression had no

impact on cell death induced by anti-CD95 antibodies
even though they ef®ciently inhibited apoptosis
induced by other cytotoxic treatments'. This statement
completely ignores a report by Schneider et al,21 who
found that Bcl-xL protects primary B cells against
CD95 mediated apoptosis. These data were not
generated with an anti-CD95 antibody but with
mCD95L expressing Th1 effector cells19 demonstrat-
ing that Bcl-xL can protect certain cells from CD95
mediated apoptosis also when apoptosis is induced by
the physiological ligand. B cells are, therefore, type II
cells.

(9) Even if the differences between type I and type II
cells could only be detected with an anti-CD95
antibody as compared to the cognate ligand the
antibody would still be a good analytical tool to detect
differences between the two cell types. We have
recently found that CD95 expressed on type I and
type II cells is structurally different (unpublished
observation) and we are currently studying this
phenomenon. By comparing type I and type II cells
Huang et al10 therefore con®rmed our data that CD95
expressed on type I and type II cells is different since
they also found that CD95 on only the type II cells
requires crosslinking of the anti-CD95 antibody to be
fully active. Their ®nding is consistent with our data
(unpublished observation) and con®rm our initial
observation that the receptor expressed on type I
and type II cells is different. However, despite
acknowledging the differences in stimulation of type
I and type II cells Huang et al10 argued that these
differences might solely be due to different expression
levels of CD95 on these two cell types.10 It is correct
that both type II cells Jurkat and CEM express slightly
less CD95 on their surface than the tested type I cells
SKW6.4 and H9. However, we also identi®ed and
characterized a type II cell with higher CD95
expression than any of the type I cells.9 The pre B
cell line BoeR can be sensitized to undergo CD95
mediated apoptosis by treating it with cycloheximide.
However, this treatment does not change expression
of CD95 or its inability to form a DISC. Consistent
with the ®ndings in other type II cells crosslinking of
anti-CD95 mAb with protein A strongly enhances its
cytotoxic activity (unpublished data).

(10) Finally, differences between type I and type II cells
are not even limited to the way CD95 is triggered at
the cell surface. We also found that only our
prototype type II cells are sensitive to induction of
apoptosis by the ceramide analog C2-ceramide
whereas all type II cells were completely resistant.9

Differences between type I and type II cells may
therefore exist on various levels not just at the level
of the CD95 receptor.

Taken together, the differences observed in experiments
by Huang et al10 and our laboratories may be explained by
technical differences in experimentation. In addition,
extensive crosslinking of CD95L, be it physiological or
not, may blur type I and type II differences.
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