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Abstract

Lamina propria (LP) T cells respond poorly to a prolifera-
tive stimulus delivered via TCR/CD3 pathway, but retain
considerable ability to respond to a stimulus delivered via
CD2 costimulatory or accessory pathway. In the present
study, we showed first that unstimulated LP T cells, as com-
pared to unstimulated peripheral blood (PB) T cells, exhibit
an increased level of apoptosis which is further increased
following CD2 pathway stimulation, but not following via
TCR/CD3 pathway stimulation. We next showed that IL-2
had a sparing effect on apoptosis of unstimulated LP T cells
in that IL-2 decreased and anti-IL-2 increased apoptosis of
these cells; in contrast, IL-2 had no effect on apoptosis of
CD2-pathway stimulated cells. Finally, we showed that in-
creased apoptosis of LP T cells induced by CD2-pathway
stimulation is inhibited when Fas antigen is blocked by a
nonstimulatory anti-Fas antibody. These studies suggest
that LP T cells are characterized by increased susceptibility
to Fas-mediated apoptosis most due to a downstream
change in the Fas signaling pathway. Given that IFN-vy se-
cretion is significantly increased in LP T cells in which apop-
tosis is inhibited, this feature of LP T cells may represent a
mechanism of regulating detrimental immune responses in
the mucosal environment. (J. Clin. Invest. 1996. 98:2616—
2622.) Key words: apoptosis « T lymphocytes « human e in-
testinal lamina propria « regional immunity

Introduction

Despite the fact that lamina propria (LP)! T cells are in close
proximity to potentially stimulatory mucosal antigens, and ex-
hibit increased expression of surface markers of cell activation
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(1, 2), the lamina propria is a site of controlled chronic inflam-
mation normally (3, 4). One immunologic mechanism that may
at least partially explain this state of affairs involves the possi-
bility that LP T cells are subject to immunologically induced
programmed cell death (apoptosis) and are thus eliminated
before they can mediate a deleterious immune response. Sup-
port for this possibility comes from previous studies in which it
was shown that vigorous stimulation of T cells with superanti-
gens is followed by programmed cell death, which then pre-
vents clonal expansion of potentially disease-producing T and
B cells (5, 6). In addition, the regulation of immune responses
in the lamina propria via apoptosis is supported by the fact that
activated cells are at greater risk for TCR/CD3-induced apop-
tosis (7, 8) and that such apoptosis does not in itself elicit an in-
flammatory response (9).

Recent studies in which the activation and subsequent
function of LP T cells has been characterized in some detail
(10-13) also bear on the issue of LP T cell apoptosis. These
show that LP T cells manifest proliferative hyporesponsiveness
when stimulated via the TCR/CD3 signaling pathway, but rela-
tive normoresponsiveness when stimulated via the CD2 acces-
sory signaling pathway, as compared to peripheral blood (PB)
T cells (10-12). This pattern of hyporesponsiveness is high-
lighted by the fact that in chronic inflammatory bowel disease,
TCR/CD3 pathway unresponsiveness is further increased
whereas CD2 pathway normoresponsiveness is maintained
(14). Inasmuch as T cell unresponsiveness and susceptibility
for apoptosis appears to occur coordinately in some systems
(6), it is reasonable to propose that LP T cells are character-
ized by an increased apoptosis.

In the present study, we investigated apoptosis in the LP T
cell population by measuring apoptosis in unstimulated and
stimulated LP T cells. We demonstrated that unstimulated LP
T cells exhibited an increased level of apoptosis, which is
greatly enhanced by stimulation of cells via the CD2 pathway
but not the TCR/CD3 pathway. Moreover, we showed that the
increased apoptosis of CD2-pathway stimulated LP T cells is
mediated by the Fas signaling pathway.

Methods

Intestinal and peripheral mononuclear cells. Intestinal mononuclear
cells and T cells were extracted from surgical specimens obtained
from 23 surgical patients admitted for bowel resection (to the Univer-
sita degli Studi La Sapienza, Rome), for malignant and nonmalignant
conditions. Among these, 15 had sigmoid carcinoma, 5 had right co-
lon carcinoma, and the remaining 3 patients had diverticular disease.
Mucosal samples were obtained from macroscopically and micro-
scopically unaffected areas.

Lamina propria mononuclear cells (LPMC) were isolated from
freshly resected mucosa using a previously described DDT-EDTA-
collagenase method (15). In brief, strips of mucosa (6-8 g total weight)



were washed in HBBS free of calcium and magnesium (HBSS-CMF;
Hyclone, Europe LTD, Cramlington, UK). They were then washed in
HBSS-CMF containing 1 mmol/liter DTT (Sigma Chemical Co., St.
Louis, MO) and antibiotics (penicillin, 100 U/ml; streptomycin, 100
wg/ml; gentamicin, 50 pg/ml; and fungizone, 25 pg/ml) for 15 min at
room temperature. After three washings in HBSS-CMF, the mucosal
strips were chopped into pieces (approximately 3 X 3 mm) and incu-
bated four to five times in HBSS-CMF containing 0.75 mmol/liter
EDTA, 10 mmol/liter HEPES buffer, and antibiotics for 45 min at
37°Cin a humid 5% CO, atmosphere to remove epithelial cells. After
two washes, the pieces were incubated for 10-13 h at 37°C in a humid
5% CO, atmosphere in complete medium (RPMI 1640 plus 10 mM
HEPES buffer, 2 mM l-glutamine, 10% heat-inactivated FCS (Hy-
clone), and antibiotics) containing 25 U/ml collagenase V (Sigma
Chemical Co.). After incubation, the supernatant was collected and
washed twice in HBSS-CMF, and LPMC were isolated on a Percoll
(Sigma Chemical Co.) gradient.

Autologous peripheral blood mononuclear cells (PBMC) were
isolated from venous heparinized blood obtained from individuals
immediately before surgery. Mononuclear cells were separated from
other cellular elements by layering on a Ficoll-Paque density gradi-
ent. Purified T cells were obtained from PBMC and LPMC by immu-
nomagnetic negative selection using immunomagnetic beads coated
with anti-CD14 and anti-CD20 mouse anti-human mAb (Dynal,
Oslo, Norway). The resultant (unbound) T cell population contained
greater than 95% CD3+ cells as assessed by flow cytometric analysis.
PB T cells were further depleted of CD45RA+ cells using immuno-
magnetic beads coated with goat anti-mouse IgG after incubation of
cells with anti-CD45RA mouse anti-human mAb (Clone 2H4,
Coulter Immunology, Hialeah, FL).

Proliferation assays. To measure proliferation, PBMC or LPMC
(5 X 10* cells) were cultured in 0.2 ml of complete medium with dif-
ferent stimuli (see below) in flat-bottomed, 96-well microtiter plates
(Falcon Labware, Becton Dickinson & Co., Lincoln Park, NJ). Cul-
tures were incubated at 37°C in a humidified incubator containing 5%
CO, for 72 h; 15 h before terminating the culture, 1 mCi of [*H]thymi-
dine (DuPont-NEN, Boston, MA) was added to each microwell. Cells
were harvested and counted in a liquid scintillation counter.

Cell cultures. Cells (1 X 10°) were resuspended in 1 ml of com-
plete medium and cultured for variable lengths of time in 24-well
plates (Falcon Labware) in a humidified incubator containing 5%
CO,. Cells were cultured either in the absence of any stimulus or in
the presence of plate-bound anti-CD3 mAb (OKT3) or soluble anti-
CD2 mAbD (T11, and T113). The anti-CD3 was obtained as murine as-
cites produced by the hybridoma cell line OKT3 (American Type
Culture Collection, Rockville, MD) and was affinity-purified using
protein G columns (Pierce, Rockford, IL). The anti-CD2 Ab pair
(T11, and T11;) were provided by Dr. Ellis Reinherz (Dana Farber
Cancer Institute, Boston, MA). Anti-CD3 mAb was used under
crosslinking conditions, i.e., culturing cells in wells precoated with Ab
(anti-CD3 at 10 pg/ml in carbonate buffer). Anti-CD2 Ab pair (T11,
and T113) were used in soluble form at 1:1000 final dilution.

In some experiments, different cytokines or Ab against cytokines
were added to cultures. Recombinant human IL-2, IL-4, TNF-a and
rabbit anti-human polyclonal Ab against the same cytokines were
obtained from Genzyme Corp. (Boston, MA) and used in culture at
the following concentrations: IL-2, 25 U/ml; IL-4, 25 ng/ml; TNF-a, 5
ng/ml; rabbit anti-human IL-2 polyclonal antibody, 12.5 pg/ml; rabbit
anti-human IL-4 polyclonal neutralizing, 5 pl/ml. Anti-TAC mAb
(gift of Dr. T. Waldmann, National Cancer Institute, Bethesda, MD)
was added at a final concentration of 10 pg/ml to cultures containing
anti-human IL-2 Ab to ensure an efficient blockade of IL-2 utiliza-
tion. IFN-y and rabbit anti-human IFN-y polyclonal Ab were a kind
gift of Dr. M. Capobianchi (Department of Virology, Universita La
Sapienza, Rome) and were used at a final concentration of 200 IU/ml
and 500 Neutralizing Units/ml, respectively. Recombinant human IL-7
was obtained by PeproTech, Inc (Rocky Hill, NJ) and used at final
concentration of 10 ng/ml. Recombinant human IL-15 was obtained

by Genzyme Corp. and used at a final concentration of 50 ng/ml. Cy-
tokine concentrations were chosen to mimic the average amount de-
tectable in the stimulated LP T cell culture as assessed in previous
studies, and anti-cytokine Ab were added at a final concentration
three times higher than the concentration able to neutralize the aver-
age estimated production of each cytokine under stimulation.

In some experiments, T lymphocytes were preincubated for 1 h at
37°C with a blocking anti-Fas IgG mAb (final concentration, 500 ng/ml)
(clone ZB4; Medical and Biological Laboratories Co., Ltd., Nagoya,
Japan) which blocks apoptosis by a second anti-Fas IgM mAb (clone
CH-11; Upstate Biotechnology Inc., Lake Placid, NY). Apoptosis in-
duced by CH-11 anti-Fas mAb (final concentration, 200 ng/ml) was
also evaluated. Phenotypic expression of Fas Ag (CD95) was assessed
either on freshly isolated and cultured LP T cells by flow cytometric
analysis using anti-Fas mAb-PE conjugated (clone UB2; MBL).

Assessment of apoptosis. Apoptosis was measured by flow cy-
tometry as previously described (16). Briefly, at the end of the culture
period, cells were washed twice in PBS and resuspended in hypotonic
fluorochrome solution (propidium iodide 50 pg/ml [Sigma Chemical
Co.] in 0.1% sodium citrate plus 0.1% Triton X-100), kept 4-8 h at
4°C in the dark, and analyzed by FACScan cytofluorimeter. Percent-
age of apoptotic cells was determined by evaluating hypodiploid nu-
clei after proper gating on DNA content according to previous stud-
ies (16, 17).

Apoptosis was also assessed using acridine orange/ethidium bro-
mide fluorescence staining (18), and by direct fluorescence detection
of digoxigenin-labeled genomic DNA. This was accomplished by la-
beling 3’-OH termini of apoptosis-associated DNA strand breaks
with digoxigenin-conjugated dUTP using terminal deoxynucleotidyl
transferase (Apop Tag™; Oncor. Gaithersburg, MD).

IFN-y measurement. The amount of IFN-y production by 0.5-1
X 10° LP T cells after 24 h of culture was measured by ELISA using
commercially available kits (R&D Systems Inc., Minneapolis, MN)
following manufacturer’s instructions.

Results

LP T cells manifest increased apoptosis in the unstimulated state
and when stimulated via the CD?2 signaling pathway. In initial
studies, we determined the susceptibility of PBMC and LPMC
to apoptosis in the unstimulated state and following stimula-
tion via different T cell activation pathways. In these and sub-
sequent studies, apoptosis was assessed by FACScan analysis
of cellular DNA content after staining with propidium iodide
(PT) (see Methods), unless otherwise indicated.

We showed that unstimulated LPMC manifested a greater
percentage of apoptotic cells when compared to PBMC; thus
as shown in Fig. 1, the percentage of apoptotic cells in culture
after 18 h was two- to threefold greater in LPMC cultures than
PBMC cultures (P < 0.001 by the unpaired Student’s ¢ test).
These differences in the percentage of apoptotic cells are not
the result of the LPMC isolation procedure, as similar treat-
ments do not induce apoptosis of PBMC (data not shown).
This difference also extended to stimulated cell populations.
As also shown in Fig. 1, while TCR/CD3 pathway-stimulated
LPMC and PBMC (cells stimulated with anti-CD3 mAb; see
Methods) manifested the same percentage of apoptotic cells
after 18 h culture as their unstimulated counterparts, CD2
pathway-stimulated LPMC (stimulated with a pair of anti-CD2
antibodies, see Methods) contained a significantly greater frac-
tion of cells in apoptosis than unstimulated LPMC (P < 0.01),
whereas CD2 pathway-stimulated PBMC did not contain a sig-
nificantly higher fraction of cells in apoptosis than unstimu-
lated PBMC. Finally, because up to 90% of LP T cells are
CD45R0+ (19) we determined apoptosis in purified PB
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Figure 1. Relative proportion of apoptotic LPMC and PBMC after
18 h of culture with different stimuli. Relative proportion of apoptotic
cells was quantitated by propidium iodide staining of nuclei followed
by FACS analysis. Values represent mean=*1 SD from five different
experiments (*P < 0.001 unstimulated LPMC vs. unstimulated
PBMC by unpaired Student’s ¢ test. **P < 0.01 CD2 pathway-stimu-
lated LPMC vs. unstimulated LPMC by paired Student’s ¢ test) &,
LPMC; [0, PBMC. Values in columns represent the mean of the abso-
lute numbers of apoptotic cells per culture (obtained by multiplying
the cell yield from the culture by the percentage of apoptotic cells as
determined by PI staining).

CD45R0+ T cells so as to compare apoptosis in phenotypi-
cally equivalent cell populations. We found that apoptosis in
CD2 pathway-stimulated CD45R0+ PB T cells was similar to
that of whole PBMC and far lower than that of LPMC; thus,
the difference in apoptosis between LPMC and PBMC was not
due to a difference in CD45R0 positivity. These differences
were observable also when the absolute numbers of apoptotic
cells per culture were evaluated (Fig. 1).

The differences between LPMC and PBMC apoptosis
could not be attributed to differences in the proliferative re-
sponse of these T cell populations. Thus, as shown previously
as well as in Fig. 2 of the present study, cells in PBMC popula-
tions mount considerably greater proliferative responses than
cells in LPMC populations, both after TCR/CD3 and CD2
pathway stimulation. However, the level of apoptosis did cor-
relate with proliferation within the LPMC population, because
TCR/CD3 pathway stimulation in this and previous studies in-
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Figure 2. Proliferation of PBMC and LPMC after 72 h of culture with
different stimuli. Values represent mean=1 SD from three different
experiments. Z, LPMC; [0, PBMC.

2618  Boirivant et al.

Table I. Relative Proportion of Apoptotic LP T Cells After 24 h
of Culture with Different Stimuli

Acridine orange/

PI TUNEL ethidium bromide
Unstimulated 22+4 26+3 9+£5
CD3 pathway-stimluated 25+6 28+2 10+6
CD2 pathway-stimulated 48+8 41+£3 29+4

Apoptosis was quantitated by propidium iodide (PI) staining, followed
by FACS analysis, by TUNEL technique and by acridine orange/ethid-
ium bromide fluorescence staining. Values represent mean*1 SD from
three different experiments.

duced far less proliferation than did CD2 pathway stimulation.
Results similar to those above were obtained in studies using
purified LP T cells. Moreover, similar results were obtained
when apoptotic cells were identified in the same experiments
using PI uptake, Tunel technique and acridine orange/ethid-
ium bromide uptake (Table I).

Time course of CD2 pathway-induced apoptosis of LP T
cells. The above results could reflect differences in the time
course of apoptosis rather than the overall level of apoptosis
obtained under the various culture conditions. We therefore
performed time course studies to determine if differences were
observed over a full stimulation cycle. As shown in Fig. 3, only
a low percentage of T cells were apoptotic upon initial isola-
tion (< 5%), but this increased rapidly in both unstimulated
and in CD2 pathway-stimulated cells. The percentage of apop-
totic cells peaked at 24-48 h and plateau at 72 h. At all time
points, the percentage of cells exhibiting apoptosis was greater
in CD2 pathway-stimulated cell cultures than in unstimulated
cells. These results indicate that differences in the apoptotic
potential of LP T cells were not merely due to a different time
course of apoptosis.

Apoptotic cells ( %)

hours

Figure 3. Percentage of apoptotic LP T cells at different time points
after anti-CD3 or CD2 stimulation. Relative proportion of apoptotic
cells were quantitated by propidium iodine staining of nuclei fol-
lowed by FACS analysis. Values represent mean*1 SD from three
different experiments. (*P < 0.01 CD2 pathway-stimulated T cells vs.
unstimulated T cells). B, CD2 pathway-stimulated T cells; A, CD3
pathway-stimulated T cells; @, unstimulated T cells.



Table I1. Effect of Different Cytokines or Anti-cytokine Antibodies on LP T Cell Apoptosis*

% Apoptotic cells

% Apoptotic cells

Unstimulated 313
Unstimulated + IL-2 20+3%
Unstimulated + IL-4 29+2
Unstimulated + IFN-y 30=*2
Unstimulated + TNF-« 40+6
Unstimulated + anti-IL-2 55+5%
Unstimulated + anti-1L-2 37+6
Unstimulated + anti—-IFN-y 43+7
Unstimulated + anti-TNF-«a 28+3

CD2 pathway-stimulated 445
anti-CD2 + IL-2 46+6
anti-CD2 + IL-4 45+3
anti-CD2 + IFN-y 45+3
anti-CD2 + TNF-a 46+6
anti-CD2 + anti-IL-2 47+2
anti-CD2 + anti-IL-4 45+4
anti-CD2 + anti-IFN-y 43+2
anti-CD2 + anti-TNF-a 462

*LP T cells were cultured for 48 h in the presence or absence of anti-CD2 mAb. Data represent mean+1 SD of three different experiments. P =
0.002 Unstimulated + IL-2 vs. Unstimulated. *P = 0.01 Unstimulated + anti-IL-2 vs. Unstimulated.

CD2 pathway-induced apoptosis of LP T cells cultured in
the presence of lymphokines and cytokines. The tendency of
LP T cells to undergo apoptosis could conceivably be influ-
enced by various lymphokines and cytokines that have previ-
ously been shown to affect apoptosis; accordingly, we mea-
sured LP T cell apoptosis in cells cultured in the presence of
various lymphokines and cytokines or their respective antibod-
ies. As shown in Table I, culture of unstimulated LP T cells in
the presence of various regulatory lymphokines or antibodies
to these lymphokines showed that IL-2 had a sparing effect on
apoptosis, i.e., there was less apoptosis in the presence of IL-2
(P = 0.002 by the paired Student’s ¢ test) and more apoptosis
in the presence of anti-IL-2 compared with baseline (P = 0.01
by the paired Student’s ¢ test). IL 15 seems to induce similar
changes in unstimulated but not in CD2-pathway stimulated
LP T cells (unstim+IL-15: 27+5; anti-CD2 stimulated+IL-15:
47+8). In contrast, culture of unstimulated LP T cells in the
presence of IL-4 or IFN-y had no effect on apoptosis. Finally,
culture of cells in the presence of the inflammatory cytokine
TNF-a marginally enhanced apoptosis in unstimulated cells
and had no effect on apoptosis of stimulated cells. It should be
noted, however, that anti-TNF-« did not inhibit apoptosis of
either the unstimulated or stimulated cell population. Re-
cently, it has been demonstrated that IL-7 is produced by intes-
tinal epithelial cells (20). IL-7 has been shown to inhibit apop-
tosis in IL-2 deprived T cell clones (21). We found in two out
of three experiments, a decrease in the percentage of apoptosis
adding IL-7 to unstimulated cells. IL-7 did not affect the CD2-
pathway stimulated LP T cell apoptosis (unstim+IL-7: 29+5;
antiCD2 stimulated+1L-7: 45.5+7).

CD2 pathway-induced apoptosis is mediated by Fas signal-
ing. In previous studies, we observed that LP and PB
CD45R0+ T cells coexpress surface Fas to the same extent
(85-90%). These CD45R0+/Fas+ cell populations differed,
however, in that LP CD45R0+/Fas+ cells manifested greatly
increased levels of apoptosis following cross-linking of Fas
with anti-Fas mAb than PB CD45R0+/Fas+ cells (19). Thus,
levels of Fas expression did not account for levels of apoptosis.
In the present study, we extended these findings with studies
designed to determine the role of surface Fas in apoptosis as-
sociated with CD2-pathway cell stimulation. In these studies,
apoptosis mediated via surface Fas was assessed making use of
an IgM anti-Fas mAb (clone CH-11) which induces apoptosis

via Fas antigen as well as an IgG1 anti-Fas mAb (clone ZB4)
which blocks Fas-antigen-mediated apoptosis.

As shown in Fig. 4, IgM anti-Fas (CH-11) mAb augments
apoptosis in unstimulated cells (baseline apoptosis), and this
effect is blocked by the IgG1 anti-Fas mAb (ZB4); IgG1 anti-
Fas does not, however, block baseline apoptosis. These studies
show that unstimulated cells are indeed susceptible to in-
creased apoptosis mediated by Fas signaling; however, they
are indeterminate with regard to whether baseline apoptosis is
Fas-mediated, since the cells may have received a Fas signal in
vivo which cannot be blocked by antibody in vitro. As also
shown in Fig. 4, CD2 pathway-stimulation augments apoptosis
and such enhanced apoptosis is blocked by preincubation of
cells with IgG1 anti-Fas mAb. On the other hand, such en-
hanced apoptosis is not further increased by incubation with
IgM anti-Fas mAb (data not shown). Similar results were ob-
tained when apoptosis was detected by the TUNEL technique
(data not shown). Thus, the augmented apoptosis that follows
CD2 pathway stimulation is mediated by Fas signaling.

aFasZB4---->aCD2

aCD2

aFasZB4---->aFasCH:11

aFasCH:11

aFaszB4 |

UNSTIM

0 s 10 15 20 2 30 35 40

Apoptotic cells (%)
Figure 4. Effect of Fas blockade on CD2-mediated apoptosis. Assess-
ment of apoptosis by acridine orange/ethidium bromide fluorescence

staining after 24 h of culture. Values represent mean*1 SD from two
different experiments.
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Figure 5. Effect of apoptosis blockade on CD2-induced LP T cell
proliferation. Blockade of apoptosis was accomplished by using a
IgG1 anti-Fas mAb (ZB4) as in Fig. 4. Three different experiments
are represented. [, aFasZB4 - Unstim/unstim; Z, aFasZB4 -
aCD2/aCD2.

Functional consequence of CD2 pathway apoptosis. In a final
series of studies we tested the proposition that the inhibition of
apoptosis in CD2-pathway stimulated LP T cells should lead to
improved cell survival and thus increased cytokine production
capacity. Accordingly, we stimulated LP T cells via the CD2-
pathway in the absence and in the presence of IgG1l (ZB4)
anti-Fas mAb (to inhibit CD2 pathway-induced apoptosis) and
then tested proliferation by thymidine incorporation and/or
the culture supernatants for the presence of IFN~y. As shown
in Fig. 5, LP T cells preincubated with ZB4 anti-Fas mAb and
stimulated by CD2 pathway showed an increased proliferation
when compared to the CD2 pathway stimulated cells. More-
over, significantly more IFN-y was produced by cell cultures in
which apoptosis was inhibited (Table III). These studies thus
show that apoptosis has a downregulatory effect on T cell pro-
liferation and lymphokine production.

Discussion

In the present study we demonstrated that unstimulated LP T
cells manifest an increased susceptibility to apoptosis in com-
parison with PB T cells. In addition, whereas this increased
baseline level of apoptosis is not further increased when the
cells are cultured with a TCR/CD3 pathway stimulant, anti-
CD3, it is increased when the cells are cultured with a CD2
pathway stimulant, an anti-CD2 antibody pair. This pattern of
apoptosis is not strictly related to proliferation: PB T cells
mount more vigorous proliferative responses than LP T cells
yet manifest a far lower level of apoptosis and TCR/CD3 path-
way stimulation does not augment the level of apoptosis al-

Table I11. Effect of Apoptosis Blockade on CD2-induced LP T
Cell IFN-vy Production

Experiment. . . 1 2 3 4 5 6

Unstim 2 51 10 8 11 21
aFasZB4 - Unstim 10 34 2 8 6 65
aCD2 286 138 125 1058 46 170

aFasZB4 - aCD2 498 276 170 1528 184 201

Values are expressed as pg/ml. P < 0.05 by paired Student’s 7 test:
aFasZB4 - aCD2 vs. aCD2.
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though it induces some proliferation. Nevertheless, there is
some correlation with proliferation in that CD2 pathway stim-
ulation induces more LP T cell proliferation than does TCR/
CD3 pathway stimulation and this increased proliferation is in
rough proportion to the increased level of apoptosis. We con-
clude that one or more apoptotic mechanisms are more acti-
vated in unstimulated LP T cells and that these mechanisms
are further activated by CD2 pathway stimulation. Since LP
T cells show an increased capacity to secrete cytokines as com-
pared to PB T cells—especially when triggered via the CD2
stimulation pathway (12, 13)—the increased apoptotic cell
death that follows CD2 pathway stimulation would be pre-
dicted to be an important mechanism of downregulating LP
T cell cytokine production that might otherwise induce inflam-
mation in the lamina propria; this indeed proved to be true in
that LP T cell in cultures in which apoptosis was inhibited pro-
duced significantly increased amount of IFN-y.

Insight into the origin of increased apoptosis in LP T cells
comes from previous studies of the functional state of such
cells with respect to cell activation and cytokine secretion. We
and others have shown that LP T cells are relatively unrespon-
sive to stimulation via the TCR/CD3 signaling pathway but re-
tain considerable capacity to proliferate in response to stimula-
tion via the CD2 signaling pathway (10-12). In addition,
despite the fact that LP T cells have increased expression of
IL-2R, they do not proliferate when cultured in IL-2 (12). One
can therefore suggest that LP T cells are T cells that have been
rendered partially anergic, if one defines the latter via TCR/
CD3 unresponsiveness. Evidence in favor of this view is the
fact that culture of LP T cells in the absence of stimulants and
in the presence of IL-2 brings about a substantial return of re-
sponsiveness (12), just as culture in IL-2 reverses anergy in
murine T cell clones (22). In addition, Boussiotis et al. have
shown in recent studies that human peripheral T cells inten-
tionally rendered anergic and then cultured in IL-2 become
much like LP T cells, in that they respond to TCR/CD3 stimu-
lation only if costimulated via CD2. These investigators have
also shown that whereas fully anergic T cells do not express a
signaling CD2 epitope upon stimulation, anergic cells cultured
in IL-2 do express this epitope upon stimulation, accounting
for the recovered CD2-mediated proliferative capacity (23).

Previous studies have shown that while anergic T cells re-
cover responsiveness when cultured under certain conditions,
they may also undergo apoptosis under other conditions. This
is shown most clearly in recent studies in which it was shown
that superantigen immunization of mice is marked by cell pro-
liferation followed by an anergic state and cell deletion (apop-
tosis) (5, 6). Thus, while the mechanisms relating anergy to apop-
tosis is unknown, it is clear that anergic T cells are more
susceptible to apoptotic cell death. These considerations lead
to the view that the tendency of LP T cells to undergo apopto-
sis is related to their partially anergic state. In support of this
concept is the observation that IL-2, a lymphokine that we
have shown previously tends to return unstimulated LP T cells
to a more responsive state, also decreases apoptosis in such
T cells. Of interest, IL-2 did not affect apoptosis in CD2 path-
way stimulated cells. This is consistent with prior observations
showing that IL-2 does not reverse unresponsiveness in LP
T cells under conditions of stimulation (12). Finally, it should
be noted that this effect of IL-2 is somewhat at odds with re-
cent data showing that restimulated T cells, exposed to high
amount of IL-2 undergo increased apoptosis (24). This para-



dox, however, is resolved by the likelihood that the effect of
IL-2 on apoptosis depends greatly on the preexisting state of
cell activation. Thus, in nonanergic, fully responsive T cells, re-
activation in the presence of IL-2 may lead to apoptosis,
whereas in partially anergic, relative unresponsive cells (cells
already prone to apoptosis) the presence of IL-2 may lead to
reduced anergy and thus reduced apoptosis.

Relative to the mechanism of apoptosis in LP T cells, we
showed in a previous study that while unstimulated and com-
parable PB and LP T cell populations (CD45R0+ cells) ex-
pressed equal amount of Fas only the LP T cells are suscepti-
ble to apoptosis via surface Fas cross-linking (19). This
observation indicated that Fas is a necessary but not sufficient
condition to Fas-mediated apoptosis. This observation also
suggested that Fas signaling, triggered in vivo by Fas ligand,
may account for increased apoptosis in LP T cells in parallel
with previous findings in human T cell hybridomas and CD3-
activated human PB T cells (25-28). In the present study we
obtained direct evidence for this possibility by showing that
blocking of the Fas-Fas ligand interaction with an anti-Fas
mADb abolished the increased apoptosis obtained via CD2
pathway stimulation. Fas signaling may also account for the in-
creased apoptosis of unstimulated cells, but the data here do
not address this possibility because the unstimulated cells may
have been stimulated via Fas in vivo and thus could not be
blocked by the IgG1 anti-Fas mAbD in vitro. Further studies on
the effects of infusion of anti-Fas antibody in vivo on LP T cells
will be necessary to further explore this possibility.

The observation that LP T cells exhibit increased Fas-
mediated apoptosis yet display no increase in Fas expression is
entirely compatible with previous studies in which it was
shown that apoptosis following Fas-Fas ligand interaction does
not depend solely on the display of these molecules, but also
on the acquisition of a cellular phenotype that supports a Fas-
mediated apoptosis signal (7, 29, 30). Similarly, they are consis-
tent with the fact that the consequence of Fas signaling is vari-
able, leading to cell activation in some circumstances and cell
death in others (31, 32). We would therefore conclude that Fas
pathway signaling in LP T cells is associated with a yet un-
known downstream change that render LP T cells susceptible
to apoptosis. This view is supported by the recent observation
that Fas signaling in LP T cells activates the acidic sphyngomy-
elinase pathway leading to a ceramide product whereas it does
not in PB T cells (19).

Another apoptosis mechanism that may operate in LP T cells
is that mediated by TNF-a.. The gene encoding the TNF-« re-
ceptor is in the same family as the Fas gene, and both TNF-aR
and the Fas gene have similar death sequences in their intra-
cellular domains (33, 34); moreover, TNF-a can be shown to
mediate apoptosis (35). Addition of TNF-x to resting LP T cells
did enhance apoptosis in these cells, but addition of anti-TNF-«
had no effect. Thus, from the limited data obtained here, it ap-
pears that while LP T cells are susceptible to apoptosis medi-
ated by TNF-q, it is unlikely that TNF-a accounts for apopto-
sis in resting LP T cells. In further studies, we observed that
neither TNF-a nor anti-TNF-a had an effect on the enhanced
apoptosis induced by CD2 pathway stimulation of LP T cells,
suggesting that the TNFa/TNFaR apoptotic pathway is not
involved in the apoptosis of stimulated LP T cells. A similar
observation has been made in relation to the mechanism in-
volved in the apoptosis induced by TCR/CD3 pathway stimu-
lation in peripheral T cells (28).

In conclusion, LP T cells exhibit a higher level of spontane-
ous and anti-CD?2 pathway-induced apoptosis than PB T cells.
This enhanced apoptosis is a feature of a cell population that
displays characteristics of anergic cells and may thus be part of
profile of cell function characteristic of highly stimulated,
highly differentiated effector cells. Finally, the increased apop-
tosis observed in LP T cells appears to involve a change in the
Fas signaling pathway wherein Fas stimulation has a height-
ened capacity to cause apoptosis.
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