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TNF Receptor 2-Deficient CD8 T Cells Are Resistant to
Fas/Fas Ligand-Induced Cell Death1

Hung-Sia Teh,2 Andrew Seebaran, and Soo-Jeet Teh

Apoptotic cell death plays a fundamental role in the maintenance of tissue homeostasis in complex biological systems. It is also a
major mechanism for keeping immune reactions in check. Members of the TNF family of receptors and cytokines are implicated
in the regulation of apoptotic signals that shape the immune system. In this study, we have examined the role of three members
of the TNFR family, Fas (CD95), TNFR1 (p55), and TNFR2 (p75), in inducing cell death in Con A-activated CD4 and CD8 T cells.
It was found that Con A-activated p552/2 CD4 or CD8 T cells were highly resistant to TNF-induced cell death. By contrast,
although activated p752/2 CD4 or CD8 T cells were killed by TNF, they were more resistant to TNF-induced killing when
compared with p751/1 cells, particularly at higher concentrations of TNF. We also determined whether activated p552/2 and
p752/2 T cells differ in their sensitivity to cell death induced by TCR cross-linking. We found that activated p552/2 CD4 or CD8
T cells were equally susceptible to TCR-induced cell death. More interestingly, the loss of the p75 receptor conferred resistance
to TCR-induced death in activated CD8, but not CD4 T cells. This resistance to TCR-induced death in activated p752/2 CD8 T
cells correlated with the resistance of these cells to Fas/Fas ligand-induced cell death.The Journal of Immunology,2000, 165:
4814–4821.

Fas (CD95) and its ligand (FasL)3 are members of the
TNFR and TNF families, respectively (1, 2). This recep-
tor-ligand pair plays an important role in the homeostasis

of the peripheral immune system (3). FasL is expressed predom-
inantly on activated lymphocytes and is able to induce pro-
grammed cell death on virtually all Fas-expressing cells, if they are
receptive to its signal (3, 4). The importance of this interaction for
the maintenance of lymphocyte homeostasis is demonstrated in the
generalized lymphoproliferative disorder associated with natural
loss-of-function mutations of Fas (lpr) and its ligand (gld) (2, 5).
Mice homozygous forlpr or gld develop remarkably similar pro-
gressive nonmalignant lymphoproliferative diseases characterized
by splenomegaly, severe lymphadenopathy, hypergammaglobu-
linemia, circulating autoantibodies, and premature death.

TNF, the prototype member of this family, is also potentially
important in the induction of programmed cell death (1). This cy-
tokine is a product of many cell types, but particularly of leuko-
cytes, and is an important mediator in the early stages of the in-
flammatory response (1). Experiments with gene knockout mice
have also shown that the two TNFRs, TNFR1 (p55) (6) and
TNFR2 (p75) (7), participate in the induction of apoptosis and
subsequent deletion of Ag-specific mature T cells. However,
p552/2 and p752/2 mice are normal with respect to size and the

composition of their lymphocyte compartments (8, 9). Both Fas
and TNFR1 contain conserved death domains in their cytoplasmic
tails, which mediate defined protein-protein interactions (10, 11),
allowing the recruitment of other death domain-containing pro-
teins such as Fas-associated death domain protein (FADD)
(MORT1), TNFR-associated death domain protein, or receptor in-
teracting protein (RIP) (12–17). The association of FADD to Fas
or TNFR1 results in the recruitment of Fas-associated death do-
main-like IL-1-converting enzyme/MORT1-associated CED-3 ho-
mologue (caspase 8), the activation of which in turn leads to cell
death (18, 19). In contrast to Fas or TNFR1, the cytoplasmic tail of
TNFR2 does not contain a death domain and does not interact with
death domain-containing proteins such as FADD, RIP, or TNFR-
associated death domain protein. However, several studies have
shown that TNFR2 can also transduce TNF-dependent apoptotic
signals (7, 20). More recently, it was shown that cell death medi-
ated by TNFR2 is dependent on the presence of RIP, a protein
Ser/Thr kinase previously shown to be required for NF-kB acti-
vation by TNFR1 (21). These studies suggest that other signaling
molecules mediate the induction of cell death by this receptor. The
cytoplasmic tail of TNFR2 has been shown to interact with signal
transduction molecules known as TNFR-associated factor (TRAF)
proteins, particularly TRAF1 and TRAF2 (22). In some cases, the
TRAF proteins have been shown to mediate various biological
effects exerted by their cognate receptors. For example, TRAF2
was shown to mediate NF-kB activation (23–25).

In this study, we have used Con A-activated CD4 and CD8 T
cells from lpr/lpr, TNFR12/2, or TNFR22/2 mice to determine
the relative contribution of the TNF and Fas signaling pathways in
inducing cell death in these cells. Our findings are consistent with
the hypothesis that TNFR2 plays distinct regulatory roles in cell
death induced by TNF or FasL in activated CD4 and CD8 T cells.

Materials and Methods
Mice

Breeders for C57BL/6 (B6), B6-p552/2, B6-p752/2, and B6-lpr/lprmice
were obtained from The Jackson Laboratory (Bar Harbor, ME). These mice
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were bred at the Animal Unit in our department. Mice of 6–8 wk of age
were used for the experiments described.

Abs and flow cytometry

Abs and their specificities were as follows: Jo2, Fas (CD95) (PharMingen,
San Diego, CA); K10, Fas ligand (PharMingen); 53.67, CD8a (American
Type Culture Collection (ATCC), Manassas, VA); 53.58, CD8b (ATCC);
GK1.5, CD4 (ATCC); 145-2C11, CD3e (ATCC); 55R-593, p55 (Gen-
zyme, Cambridge, MA); TR75-32, p75 (Genzyme). A FACScan equipped
with the LYSYS II software (Becton Dickinson) was used to acquire and
analyze the data. For three-color analysis, a total of 25,000 events was
acquired.

Cell cultures

CD41CD82 (CD4) and CD42CD81 (CD8) T cells were isolated from the
lymph nodes of the indicated mouse lines by incubating the cells with
biotinylated anti-CD4 or anti-CD8b mAb, respectively, followed by pos-
itive selection using a MACS MS1 Separation Column and MiniMACS
magnet following the procedure provided by the manufacturer (Miltenyi
Biotech, Auburn, CA). The purified CD4 or CD8 lymph node cells were of
.95% purity, and 53 105/ml of purified cells were cultured with 2.5
mg/ml of Con A and 20 U/ml of IL-2 for 48 h. All cells were cultured in
Iscove’s DMEM (Life Technologies, Burlington, Ontario, Canada) supple-
mented with 10% (v/v) FBS and antibiotics (I-medium). The cultures were
then split 1 in 2 in I-medium containing 20 U/ml of IL-2 and cultured for
an additional 24 h. After this culture period, the cells were assessed for the
expression of cell surface markers or in TCR-induced cell death assays, as
indicated. For assessment of TCR-induced cell death, day 3 activated cells
(1 3 105) were plated onto flat-bottom microtiter wells that had been pre-
coated with 1mg/ml of 2C11 mAb in 0.20 ml of I-medium containing 20
U/ml of IL-2. After an incubation period of 16 h, the cells were collected
from individual wells and assessed for cell death. This was done by incu-
bating the cells with 7-amino actinomycin D (7-AAD; Calbiochem, La
Jolla, CA), as previously described (26, 27). The cells were then fixed with
paraformaldehyde and analyzed by FACS. Cells staining 7-AAD2 were
considered nonapoptotic and viable. The percentage of specific kill was
determined as 1003 (1 2 (% of viable cells cultured with 2C11)/(% of
viable cells that were cultured without 2C11)).

Lysis of Fas-expressing T cells by FasL1 fibroblasts

The 3T3 fibroblasts that have been mock transfected (3T3-PSRg) or Fas
ligand transfected (FasL-3T3) were kindly provided by Dr. Nick Crispe
(Yale University, New Haven, CT). Expression of FasL by the 3T3-PSRg
and the FasL-3T3 cell lines was determined by FACS analysis. For assess-
ment of Fas/FasL-mediated killing, day 3 CD4 or CD8 Con A blasts from
various mouse lines were51Cr labeled. A total of 13 104 51Cr-labeled cells
was plated onto wells containing either 33 104, l 3 104, or 3 3 103

3T3-PSRg or FasL-3T3 cells and incubated for 6 h at 37°C. Spontaneous
release was determined by incubating51Cr-labeled Con A blasts for the
same time period in the absence of fibroblasts. Percentage of specific kill
was determined as 1003 ((counts released with fibroblasts2 spontaneous
release)/(maximum release2 spontaneous release)). Maximum release
was determined by freezing and thawing the51Cr-labeled Con A blasts
three times and determining the radioactivity released into the culture
supernatant.

Results
Activated p752/2 CD8 T cells are resistant to TCR-induced cell
death

Cross-linking of the TCR on activated T cells leads to programmed
cell death. This form of programmed cell death is referred to as
propiocidal apoptosis and is dependent on culturing the activated T
cells in IL-2 (28, 29). Propiocidal apoptosis is dependent at least in
part on the expression of Fas on the activated T cells (30). To
determine whether p55 and p75 play any role in propiocidal apo-
ptosis, we activated purified CD4 and CD8 lymph node T cells
from B6, B6-lpr/lpr, B6-p552/2, and B6-p752/2 mice with Con A
and IL-2. Propiocidal apoptosis was induced by TCR cross-link-
ing. The 7-AAD assay (seeMaterials and Methods) was used for
distinguishing live from dead cells. The results in Fig. 1A indicate
that Con A-activated CD4 T cells from B6 and B6-p752/2 mice
were highly susceptible to propiocidal apoptosis. As expected, ac-
tivated CD4 T cells from B6-lpr/lprmice were relatively resistant

to propiocidal apoptosis (Fig. 1A). Activated CD8 T cells from B6
and B6-lpr/lpr mice were similar to CD4 T cells in their suscep-
tibility and resistance to propiocidal apoptosis, respectively (Fig.
1B). Unexpectedly, activated CD8 T cells from B6-p752/2 mice
were highly resistant to propiocidal apoptosis (Fig. 1B). These re-
sults are also expressed as percentage of specific kill (Fig. 1C)
because this form of data presentation offers a more quantitative

FIGURE 1. CD8 Con A blasts from p752/2 mice are resistant to TCR-
induced cell death. Day 3 Con A blasts from the indicated mouse line were
incubated with and without immobilized 2C11 mAb and IL-2 for 16 h at
37°C. IL-2 was included in these cultures to prevent cell death as a result
of IL-2 deprivation. After this incubation period, the cells from individual
cultures were collected and stained with 7-AAD and analyzed by FACS.
Dot plots of 7-AAD fluorescence vs forward scatter (FSC) for CD4 (A) and
CD8 (B) Con A blasts after the 16-h incubation period are indicated. The
numbers inA andB indicate the percentage of viable cells after the 16-h
incubation period. Percentage of specific kill (C) is calculated as described
in Materials and Methods. The error bars are SDs of triplicate cultures.
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way for comparing results between the various groups. We also
found that similar to cells from B6 mice, activated CD4 and CD8
T cells from B6-p552/2 mice were also highly susceptible to pro-
piocidal apoptosis (Fig. 1C). Therefore, only the p752/2, and not
the p552/2 mutation confers resistance of activated CD8 T cells to
propiocidal apoptosis.

Because TCR-induced cell death is mediated in large part by
Fas/FasL interactions, we determined whether the resistance of
activated p752/2 CD8 T cells to TCR-induced cell death could be
due to alteration in Fas expression by these cells. The results in
Fig. 2 indicate that Fas expression in Con A-activated CD4 and
CD8 T cells is not affected by the p752/2 mutation. Similarly, the
expression of p75 in Con A-activated CD4 and CD8 T cells is not
affected by thelpr mutation. The fluorescence data also indicate
that CD4 and CD8 Con A blasts from B6-lpr/lprand B6-p752/2

mice did not express detectable level of Fas and p75, respectively.

Activated p752/2 CD8 T cells are resistant to FasL-induced cell
death

Propiocidal apoptosis is also dependent on the induction of FasL in
activated T cells as a result of TCR cross-linking (31–35). There-
fore, one potential explanation for the resistance of activated
p752/2 CD8 T cells to propiocidal apoptosis is that these cells do
not up-regulate FasL upon TCR cross-linking. To determine
whether activated p752/2 CD8 T cells can up-regulate FasL as a
result of TCR cross-linking, Con A-activated CD8 T cells from
B6, B6-lpr/lpr, and B6-p752/2 mice were stimulated with an anti-
CD3e mAb for 6 h, and the induction of FasL expression on these
cells was quantitated by flow cytometry. The 6-h incubation time
is insufficient for most cells to undergo propiocidal apoptosis and
offers a suitable time point for assessment of FasL expression. The
results in Fig. 3 indicate that p752/2 CD8 T cells were able to
up-regulate FasL at least as efficiently as B6 CD8 T cells after TCR
stimulation. Thus, the resistance of p752/2 CD8 T cells to pro-
piocidal apoptosis is not due to the inability of these cells to up-
regulate FasL after TCR stimulation. We also noted that B6-lpr/lpr
CD8 T cells were the most efficient in expressing FasL after TCR
stimulation, an observation previously reported by other investi-
gators (36).

The observation that FasL induction is not defective in p752/2

CD8 T cells raises the possibility that these cells are resistant to

cell death mediated by Fas/FasL interactions. To test this possi-
bility, we determined the extent of lysis that was caused by incu-
bating activated T cells with a FasL-expressing fibroblast cell line
in a51Cr release assay. The level of FasL expression in the parental
fibroblast cell line and the FasL transfectant is shown in Fig. 4A.
It is clear from this figure that FasL expression is only detectable
in the transfectant cell line. The data in Fig. 4B showed that CD4
Con A blasts from B6 and B6-p752/2 mice were equally suscep-
tible to killing by the FasL1 cell line. As expected, CD4 blasts
from B6-lpr/lpr mice were resistant to killing by the FasL1 cell
line. By contrast, CD8 blasts from B6-p752/2 mice were much
more resistant than CD8 blasts from B6 mice to killing by the
FasL1 cell line (Fig. 4C). This result suggests that the resistance of
CD8 blasts from B6-p752/2 mice to propiocidal apoptosis is most
likely due to the resistance of this cell population to Fas/FasL-
mediated killing.

Activated p752/2 CD4 and CD8 T cells are more resistant to
killing by TNF

Previous studies have suggested that TCR-induced apoptosis in
activated T cells is mediated in part by TNF and killing by TNF is
mediated by the p75 receptor (7). The availability of B6-p552/2

and B6-p752/2 mice allows us to determine more directly whether
TNF-induced killing of CD4 and CD8 Con A blasts is mediated by
either the p55 and/or p75 receptor. The sensitivity of CD4 and
CD8 Con A blasts to killing by TNF was determined by culturing
these blasts with various concentrations of TNF in the presence or
absence of a low concentration (1mg/ml) of the protein synthesis
inhibitor, cycloheximide. Previous studies have shown that the ad-
dition of cycloheximide is necessary for the apoptotic effects of
TNF (37, 38). We also found that between 0.1 and 10 ng/ml, TNF
by itself does not induce apoptosis in either CD4 or CD8 blasts
from these three lines of mice (data not shown). In the presence of
cycloheximide, CD4 or CD8 Con A blasts from B6 mice were
highly sensitive to killing by TNF (Fig. 5). At the concentrations
tested, CD4 or CD8 blasts from p552/2 mice were completely
resistant to killing by TNF plus cycloheximide (Fig. 5). Although
CD4 or CD8 blasts from p752/2 mice were susceptible to killing
by TNF plus cycloheximide, the dose-response curve to TNF dif-
fers from that observed for the corresponding blasts from B6 mice.
At the lowest concentration of TNF (0.1 ng/ml), there was no

FIGURE 2. Fas (CD95) and TNFR2 (p75) expres-
sion on Con A blasts. Purified CD4 or CD8 T cells
from the indicated mouse line were activated with
Con A and IL-2 for 3 days. The level of Fas expres-
sion on these cells was determined by staining with
biotinylated anti-Fas (Jo2) mAb, followed by strepta-
vidin-Tricolor. The level of p75 expression was de-
termined by staining the cells with unlabeled anti-p75
mAb, followed by anti-mouse Ig FITC. The solid
lines indicate the base level of Fas or p75 expression
obtained by staining of the indicated cells with either
streptavidin-Tricolor (for Fas expression) or by anti-
mouse Ig FITC (for p75 expression).
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difference in susceptibility to killing between CD4 and CD8 blasts
from B6 or B6-p752/2 mice. However, at higher concentrations of
TNF (1 and 10 ng/ml), CD4 and CD8 blasts from p752/2 mice
were more resistant than those from B6 mice to killing by TNF
plus cycloheximide. These results indicate that expression of the
p75 receptor is insufficient for TNF-mediated apoptosis in both
CD4 and CD8 blasts. Furthermore, the absence of the p75 receptor
in these blasts renders them less susceptible to killing at high con-
centrations of TNF.

The p75 receptor is required for the optimal activation of CD4
and CD8 T cells

The results in Fig. 5 suggest that the p75 receptor is incapable of
transducing TNF-mediated death signals in CD4 and CD8 Con A
blasts. Other studies have suggested that the p75 receptor is re-
quired for optimal proliferation of thymocytes and cytotoxic CD8
T cells (39). To further define the function of the p75 receptor in
CD4 and CD8 T cells, we determined whether the p75 receptor is
required for the optimal proliferative response of CD4 and CD8 T
cells in response to TCR stimulation. This was done by purifying
CD4 and CD8 T cells from the lymph nodes of B6 and B6-p752/2

mice and activating them with an anti-TCR mAb plus IL-2 and
measuring their proliferative response 2 days later. The data in Fig.
6 indicate that the proliferative responses of purified CD4 and CD8
T cells from B6-p752/2 mice in response to anti-TCR stimulation
were about 2-fold less than that observed for corresponding cells
from B6 mice. By contrast, the proliferative responses of CD4 and
CD8 T cells from B6-p552/2 mice in response to stimulation by
anti-TCR mAb1 IL-2 were similar to that of CD4 or CD8 T cells
from B6 mice (data not shown). Thus, the p75, but not the p55,
receptor is required for optimal proliferative responses of anti-
TCR-stimulated CD4 and CD8 T cells.

Cell recovery from cell cultures at various times after TCR stim-
ulation is affected by both the rate of cell proliferation and cell
death. Because we have observed that activated CD8 T cells from
B6-p752/2 mice were more resistant to TCR-induced cell death,
the expectation is that even though anti-TCR-stimulated p752/2

CD8 T cells proliferated less optimally than B6 CD8 T cells, the
higher resistance of activated p752/2 CD8 T cells to TCR-induced
cell death will confer a survival benefit, which may be reflected by
higher cell recoveries at later time points of the culture. To test this
possibility, we stimulated unpurified spleen cells from B6 and B6-
p752/2 mice, which contained a mixture of CD4 and CD8 T cells,

with anti-TCR mAb plus IL-2 and determined the number of CD4
and CD8 T cells recovered at various times after culture initiation.
The data in Fig. 7 show that fairly similar number of CD8 T cells
were recovered from anti-TCR-stimulated during the first 3 days of
culture. However, on day 4, significantly more number of CD8 T
cells were recovered from cultures of p752/2 cells relative to B6
cultures. By contrast, fewer CD4 T cells were recovered from
p752/2 cultures relative to B6 cultures, and this lower recovery
was evident by day 3 after TCR stimulation. The increase in yield
of p752/2 CD8 cells after 4 days of culture was also reflected in
the CD8/CD4 ratios of the cultured cells. Before culture, the CD8/
CD4 ratios of spleen cells from B6 and p752/2 mice were 0.58 and
0.50, respectively. After 4 days of culture, the CD8/CD4 ratio was
2.3 for B6 and 4.1 for p752/2 spleen cells. These observations are
consistent with our conclusions that the absence of the p75 recep-
tor confers a survival advantage for CD8, but not CD4, T cells with
regard to TCR-induced cell death.

Discussion
The role of TNFR1 (p55) and TNFR2 (p75) in TNF-induced
killing of activated CD4 and CD8 T cells

In the presence of low concentrations of cycloheximide, activated
CD4 and CD8 T cells are killed by TNF (Fig. 5). Under our assay
conditions, TNF-mediated killing of these cells is dependent on
two factors: 1) the presence of the p55 receptor, and 2) the inclu-
sion of cycloheximide in the killing assay. Zheng et al. (7) have
previously reported that the killing of activated CD8 T cells by
TNF is mediated by the p75 receptor. The authors’ conclusion was
based in part on the failure to detect expression of the p55 receptor
on activated CD4 and CD8 T cells. We have also been unable to
detect expression of the p55 receptor on activated CD4 and CD8 T
cells by FACS analysis (data not shown). However, the abrogation
of killing by TNF plus cycloheximide in activated p552/2 CD4 or
CD8 T cells (Fig. 5) indicates that p55 is essential for this process.
Therefore, p55 must be expressed on these cells at a level that is
below detection by FACS analysis. Our data also indicate that TNF
is unable to induce killing of either activated CD4 or CD8 T cells
via the p75 receptor because activated p552/2 CD4 or CD8 T cells
express the same level of p75 as activated cells from B6 mice (data
not shown) and these cells are resistant to killing by TNF plus
cycloheximide (Fig. 5). Speiser et al. (6) have also shown that the
p55 receptor is required for the deletion of activated CD8 cytotoxic

FIGURE 3. Normal induction of FasL in TCR-
stimulated p752/2 CD8 T cells. Day 3 CD8 Con A
blasts from the indicated mouse line were stimulated
with immobilized 2C11 mAb and IL-2 for 6 h at 37°C.
The cells were then recovered and stained with bio-
tinylated anti-FasL mAb, followed by streptavidin-
Tricolor. The numbers indicate percentages of cells in
the quadrant.
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T cells in vivo. We found that the role of p75 is to augment TNF-
induced, p55-mediated killing at high concentrations of TNF (Fig.
5). The augmentation of TNF-induced, TNFR1-mediated cell
death by TNFR2 has also been observed by Weiss et al. (37).
Previous studies have shown that TNFR1 can mediate both apo-
ptotic and antiapoptotic signals (15, 40). Weiss et al. (37) proposed
that the augmentation of TNF/TNFR1-mediated cell death by
TNFR2 may be due to the sequestration of antiapoptotic proteins

by the p75 receptor complex. p75 may also augment TNF/TNFR1-
mediated killing of CD4 and CD8 T cells by a similar mechanism.

The role of p75 in TCR- and Fas-mediated killing of activated
CD4 and CD8 T cells

We found that TCR-mediated killing of activated CD8, but not
CD4, T cells is drastically reduced in the absence of the p75 re-
ceptor (Fig. 1). Zheng et al. (7) proposed that there are two effector
mechanisms associated with cell death induced by cross-linking
the TCR on activated T cells. The first is the induction of FasL in
activated T cells as a result of TCR cross-linking, and this can lead
to activation of the Fas death pathway as a result of Fas-FasL
interaction. The second mechanism is that TCR stimulation of ac-
tivated T cells leads to the production of TNF, which initiates the
TNF-dependent death pathway. Zheng et al. (7) proposed that the
Fas/FasL-mediated pathway is sufficient for TCR-induced killing
of activated CD4 T cells. They also proposed that Fas/FasL-me-
diated killing of activated CD8 T cells is a minor pathway, and the
major pathway for TCR-induced cell death of activated CD8 T
cells is mediated by a p75-dependent TNF pathway. Our data are
inconsistent with these conclusions for the following reasons: 1)

FIGURE 4. CD8, but not CD4, Con A blasts from p752/2 mice are
resistant to Fas/FasL-mediated killing. Day 3 CD4 or CD8 Con A blasts
from the indicated mouse line were51Cr labeled and incubated either with
FasL2 (3T3-PSRg) or FasL1 (FasL-3T3) fibroblasts.A, The level of FasL
expression on these cell lines was determined by staining the cells with a
biotinylated anti-FasL mAb, followed by streptavidin-Tricolor. Only FasL-
3T3 fibroblasts express detectable level of FasL.B, The ratios of fibroblasts
to CD4 Con A blasts are as indicated. IL-2 was included in the assay
medium to prevent cell death resulting from IL-2 deprivation. After a 6-h
incubation period, the amount of51Cr release into the culture supernatant
was determined. The percentage of specific lysis values are the mean of
duplicate cultures.C, Similar to B, except CD8 Con A blasts from the
indicated mouse lines were substituted for CD4 Con A blasts.

FIGURE 5. TNF-induced cell death in activated CD4 or CD8 cells is
dependent on p55 expression and is regulated by p75. Day 3 CD4 or CD8
Con A blasts from the indicated mouse line were cultured with the indi-
cated concentration of TNF, 20 U/ml of IL-2, and 1mg/ml of cyclohexi-
mide for 16 h at 37°C. Percentage of specific kill is calculated as described
in Materials and Methods. The error bars denote SDs of triplicate cultures.
In the absence of cycloheximide, little or no TNF-induced killing can be
detected (data not shown).
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Activated CD8 T cells lacking the p55 receptor are not killed by
TNF plus cycloheximide (Fig. 5); this observation suggests that
TNF-induced cell death in activated CD8 T cells operates through
the p55 receptor. 2) Activated B6 CD8 T cells, which express Fas,
can be killed very efficiently by FasL1 fibroblasts (Fig. 4). This
observation indicates that the Fas/FasL-mediated death pathway is
not defective in activated CD8 T cells. 3) Activated p552/2 CD8
T cells, which express the same level of the p75 receptor as acti-
vated B6 CD8 T cells, are not killed by TNF plus cycloheximide
(Fig. 5), suggesting that TNF-dependent death signals are not
transmitted through the p75 receptor.

Instead of mediating TNF-induced cell death, we found that the
p75 receptor is required for efficient Fas/FasL-mediated killing of
activated CD8 T cells (Fig. 4). Together with the finding that the
p75 receptor augments TNF/p55-mediated killing, our data are
more consistent with the following alternative explanations for the
resistance of activated p752/2 CD8 T cells to TCR-induced cell
death: 1) activated p752/2 CD8 T cells are highly resistant to
Fas/FasL-mediated killing, and 2) the reduced sensitivity of these
cells to TNF/p55-mediated killing.

What are the potential explanations for the relative resistance of
activated p752/2 CD8 T cells to Fas/FasL-mediated death path-
way? Previous studies have shown that Fas-mediated killing as a
result of TCR stimulation is dependent on the induction of FasL
expression after TCR stimulation (31–33). However, we found that
FasL induction is not defective in TCR-stimulated p752/2 CD8 T
cells (Fig. 3). Mature T cells have been shown to express high
levels of Fas-associated death domain-like IL-1-converting en-
zyme-inhibitory proteins (FLIPs) that block death receptor-in-

duced cell death (41). Significantly, T cells down-regulate FLIP
when they are activated in vitro, and this down-regulation corre-
lated with the sensitivity of the activated T cells to Fas/FasL-me-
diated cell death (42–44). Retrovirus-mediated expression of cel-
lular FLIP (c-FLIP) blocks Fas-induced apoptosis of activated T
lymphocytes, but does not affect cell death resulting from cytokine
withdrawal (44). It remains to be determined whether the p75 re-
ceptor complex may recruit and sequester c-FLIP away from the
Fas receptor complex and in this way interferes with Fas/FasL-
mediated killing. The p75 receptor complex can also recruit cel-
lular inhibitors of apoptosis proteins (c-IAPs) (45), which contrib-
ute to antiapoptotic signals (46, 47). Therefore, another potential
mechanism for the regulation of Ag-induced cell death by the p75
receptor is through the sequestration of proteins such as c-IAPs
away from the Fas receptor complex.

It is interesting to note that Fas/FasL-mediated killing of acti-
vated CD4 T cells is not regulated by the p75 receptor. A potential
explanation for the independence on the p75 receptor of activated
CD4 T cells to Fas-mediated killing is that inhibitors of Fas-me-
diated killing such as c-FLIP and/or c-IAPs may be present at
relatively low levels in activated p752/2 CD4 T cells, and the
sequestration of these factors by the p75 receptor complex may not
be required for Fas-mediated killing of activated CD4 T cells. This
possibility is being investigated.

The lpr and gld phenotypes are affected by p552/2 and TNF2/2

mutations

Thelpr phenotype is accelerated in p552/2 lpr/lpr mice (48). More
recently, it was shown that TNF2/2 gld/gldmice have a much less

FIGURE 6. p75 is required for the optimal proliferation of anti-TCR-
stimulated CD4 and CD8 T cells. The indicated number of purified CD4
and CD8 T cells from B6 and B6-p752/2 mice were cultured in wells
coated with 10mg/ml of 2C11 in I-medium containing 20 U/ml of IL-2.
OnemCi of [3H]thymidine was added to each culture during the last 6 h of
a 48-h culture period. The error bars represent the SDs of triplicate
cultures.

FIGURE 7. Higher recovery of anti-TCR-stimulated p752/2 CD8 T
cells after 4 days of culture. Spleen cells (13 105) from B6 and B6-p752/2

mice were cultured in wells coated with 10mg/ml of 2C11 in I-medium
containing 20 U/ml of IL-2. The percentage of CD41CD82 and
CD42CD81 T cells recovered after 2, 3, or 4 days of culture was deter-
mined by FACS analysis. The total number of CD4 or CD8 cells recovered
from each culture at these times was determined and expressed as a per-
centage of the starting population.
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severegld phenotype (49). The lymphoproliferative disorder inlpr
and thegld mice is due to the accumulation of the CD42CD82ab
TCR1 B2201 (double-negative) T cell population in the peripheral
lymphoid organs of these mice (5). It is conceivable that in p552/2

lpr/lpr mice, there is a lack of signaling through p55, but signaling
through the p75 receptor can still occur. We speculate that signal-
ing through the p75 receptor may promote the proliferation of
double-negative cells and exacerbates thelpr phenotype. The re-
quirement for the p75 receptor for optimal proliferative responses
is most likely due to the activation of NF-kB-mediated signaling
pathways (23, 24), which has been shown to antagonize TNF-
mediated apoptosis (50–52). By contrast, in TNF2/2 gld/gldmice,
signaling through the p75 receptor cannot occur and proliferative
signals offered by the p75 receptor are lacking for these cells, and
this may account for the less severegld phenotype.

The studies in thelpr andgld mice and our present work illus-
trate that Fas and TNF signaling pathways are intimately related.
We have demonstrated that signaling through TNFR1 and the Fas
receptor can be regulated by TNFR2 signals. Delineation of the
nature of the cross-talk between distinct receptors of the TNFR
family will undoubtedly lead to novel insights regarding the mul-
tiple functions of these receptors and the molecular basis for the
multifaceted manifestations of the lymphoproliferative and auto-
immune disorders associated with thegld and lpr mutations.
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