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The CD8 + granzyme B + T-cell subset in peripheral blood from healthy individuals
contains activated and apoptosis-prone cells
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SUMMARY

Granzyme B (GrB) has been implicated in induction of apoptosis in target cells. The presence of
GrB in peripheral blood CD8 + T cells from healthy individuals was analysed in immunocytochemi-
cal and flow cytometric studies. Furthermore, CD8 + GrB - T cells and CD8+ GrB+ T cells were
compared regarding phenotypical characteristics and susceptibility to both spontaneous and Fas-
mediated apoptosis. GrB was expressed by approximately one-fifth of CD8+ T cells. Compared
with the CD8+ GrB- T-cell subset, the CD8+ GrB+ T-cell subset contained cells that were
relatively more activated and more prone to spontaneous apoptosis. Culturing of cells with
immunoglobulin M (IgM) anti-Fas monoclonal antibody had no additional effect on the number
of CD8 + GrB + T cells undergoing apoptosis. We suggest that the presence of CD8 + GrB + T cells
in peripheral blood from healthy individuals results from immune surveillance or contact with
infectious agents, and that spontaneous apoptosis of these cells might serve as a mechanism for
their eventual clearance.

INTRODUCTION

The granule exocytosis model for lymphocyte-mediated cyto-
toxicity postulates that target cell recognition triggers a
secretory process in which cytoplasmic granules fuse with the
effector cell plasma membrane. The cytoplasmic granules
contain several constituents, including perforn and the serine
proteases granzyme A (GrA) and granzyme B (GrB), which
are released into a synaptosomal-like space between effector
and target cell. Target cell death is a result of perforin-
dependent necrosis and/or perforin/granzyme-mediated
apoptosis."12 In the induction of apoptosis, perforin delivers
the granzymes to the cytosol of the target cell.3 Although the
biological function of GrA is unclear,4 compelling evidence
supports a crucial role for GrB in induction of target cell
apoptosis through activation of the intracellular cascade of
caspases.3'57

There have been conflicting reports concerning the presence
of granzymes in peripheral blood lymphocytes (PBL) from
healthy individuals. Sunder-Plassman et al. reported on the
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presence of GrA protein in natural killer (NK) cells and a
subset of CD8 + T cells using a cytochemical staining method
detecting enzymatic activity of GrA.8 In a flow cytometric
study, Berthou et al. were unable to detect GrB protein in
both NK cells and T cells.9 Using immunocytochemical
methods, Kummer et al. detected GrA and GrB proteins in
NK cells only.'0 Previously, we reported on detection of GrA
and GrB proteins using monoclonal antibodies (mAb) directed
against recombinant human granzymes in immunocytochem-
istry after application of a non-enzymatic antigen retrieval
technique. In addition to the presence of both granzymes in
CD3 - cells, we detected GrA and GrB in 12+1% (mean +
standard error of the mean (SEM)) and 9+1% of CD3+
T cells, respectively." In the present study, a mAb directed
against native human GrB is used to further analyse GrB
expression by T cells from healthy individuals. We hypothes-
ized that GrB is expressed by an activated CD8 + T-cell subset.
Because apoptosis has been suggested as a mechanism for
clearance of activated CD8 + T cells, we additionally analysed
the susceptibility of CD8 + GrB + T cells to both spontaneous
and Fas-mediated apoptosis.

MATERIALS AND METHODS

Production andpurification ofmonoclonal antibody GrB-JJ
The IgGl mAb GrB-l 1 was produced by immunization of
BALB/c mice with native GrB purified from the human NK
cell line YT-INDY.12 After four intraperitoneal injections,
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blood samples were obtained and anti-GrB antibodies (Ab)
were captured with Sepharose-bound goat anti-mouse
immunoglobulins (Central Laboratory of the Netherlands Red
Cross Blood Transfusion Service (CLB), Amsterdam, The
Netherlands) and detected with '25I-labelled GrB. A mouse

containing high titres of anti-GrB Ab was injected intra-
venously with a final dose of GrB and killed. Spleen cells were
fused with mouse myeloma Sp2/0-Agl4 cells.'3 Hybridomas
producing anti-GrB Ab were subcloned and mAb were puri-
fied by affinity chromatography on protein G-Sepharose
(Pharmacia Fine Chemicals, Uppsala, Sweden). The specificity
of mAb GrB-11 was amongst others assessed with enzyme-

linked immunosorbent assay (ELISA). Purified human serine
proteases GrA,14 GrB, neutrophil elastase (Elastin Products,
Pacific, MO), trypsin (Sigma, St. Louis, MO,) and chymotryp-
sin (Sigma) were coated onto wells of ELISA plates at a

concentration of 2 gg/ml and incubated subsequently
with biotinylated mAb GrB-11. Plates were developed and
binding was expressed as absorption at 450 nm. In
immunocytochemistry, mAb GrB- 1 was used at a final con-

centration of 2-5 gg/ml. Phycoerythrin (PE)-labelled mAb
GrB-11 was used for flow cytometric analysis at a final
concentration of 1-5 gg/ml.

Primary antibodies
Fluorescein isothiocyanate (FITC)-labelled primary mAb were

directed against CD3 (Becton Dickinson (BD), San Jose, CA,
CD4 (BD), CD8 (BD), CD16 (CLB), CDl9 (BD), CD28
(CLB), CD45RA (BD), CD621 (BD), CD69 (BD), HLA-DR
(BD), T-cell receptor (TCR)-y6-l (BD) and Bc1-2 (Dako,
Glostrup, Denmark). R-phycoerythrin-cyanine 5 (RPE-Cy5)-
labelled primary mAb were directed against CD3
(Immunotech, Marseille, France) and CD8 (Dako).
Unlabelled primary mAb used were IgM anti-Fas mAb
(CH-1 1; Immunotech). IgGI mAb directed against plant aller-
gens (CLB), FITC- and PE-labelled IgGI mAb and FITC-
labelled IgG2a mAb directed against keyhole limpet haemo-
cyanin (BD), RPE-Cy5-labelled IgGl mAb directed against a

non-biological hapten (Immunotech) and purified myeloma
IgM (ICN, Costa Mesa, CA) were used as isotype control.

Immunocytochemistry
Peripheral blood mononuclear cells (PBMC) were isolated by
Ficoll-Paque density gradient centrifugation of heparinized
blood from 10 healthy individuals selected among the labora-
tory technicians of our Clinical and Laboratory Immunology
Unit and the nursing staff of our Renal Transplant Unit (six
males, four females; median age 29 years, range 26-41 years).
All selected individuals had stated that they were in good
health and without use of any drug medication. PBMC were

concentrated on slides by cytocentrifugation. Slides were dried
to air, fixed in 4% (v/v) buffered formalin and stained with
mAb GrB-1 1 using the streptavidin-biotin horseradish peroxi-
dase complex technique.

Flow cytometric analysis
Three-colour flow cytometry was employed for phenotypical
analysis of GrB expressing cells. PBMC were washed and
incubated first with Ab directed against surface markers or

appropriate isotype control Ab. Cells that had been incubated
with unlabelled IgM anti-Fas mAb or irrelevant IgM Ab were

subsequently incubated with FITC-labelled goat anti-mouse
F(ab')2 fragments (CLB), 10% (v/v) normal mouse serum and
RPE-Cy5-labelled CD8 mAb. Subsequently, all cells were fixed
with buffered formaldehyde acetone (BFA), as described pre-

viously.'5 After fixation, cells were washed in saponin detergent
composed of phosphate-buffered saline (PBS) supplemented
with 0 5% (w/v) bovine serum albumin, 0 01% (w/v) sodium
azide, 0-1% (w/v) saponin and 50 mmol/l D-glucose.
Subsequently, cells were incubated with mAb directed against
intracellular markers or appropriate isotype control mAb.
Data acquisition was performed on a fluorescence-activated
cell sorter (BD) and a number of 2-5 x 104 events were

analysed. PBL were gated by forward and side scatter
parameters.

Cell culture
Cells from six healthy individuals were additionally cultured
with either irrelevant IgM Ab or IgM anti-Fas mAb. Culture
with irrelevant IgM Ab allowed for detection of spontaneous
apoptosis and served as isotype control of culture with IgM
anti-Fas mAb. PBMC were first depleted from monocytes
through adherence to plastic to prevent clearance of apoptotic
cells by phagocytosis. Non-adherent PBL were suspended at
106 cells/ml in RPMI-1640 supplemented with 5% fetal calf
serum, 20 mmol/l PIPES, 0-02 mmol/l 2-mercaptoethanol,
2 mmol/l L-glutamine plus antibiotics and cultured for 48 hr
in a 12-well culture plate in the presence of either irrelevant
IgM Ab or IgM anti-Fas mAb (final concentration 1 jig/ml).
Binding of IgM anti-Fas mAb was evaluated after culture by
incubation with FITC-labelled goat anti-mouse F(ab')2 frag-
ments and subsequent flow cytometric analysis. In a different
context, but parallel to the experiments described in this
report, we used irrelevant IgM Ab and IgM anti-Fas mAb in
a 9-hr culture to induce apoptosis in isolated peripheral blood
granulocytes from 6 healthy individuals.

Apoptosis measurement
Flow cytometric analysis of annexin V binding to phosphatid-
ylserine, exposed on the outer surface of apoptotic cells, was

used for quantitative measurement of apoptosis.'16"7 Cultured
PBL were incubated with RPE-Cy5-labelled CD8 mAb,
washed in HEPES buffer, incubated for 5 min with FITC-
labelled annexin V (final concentration 2-5 ,ug/ml) and washed
again in HEPES buffer. Loss of bound annexin V during
successive permeabilization and incubation with PE-labelled
GrB-l mAb was prevented by fixation of cells with BFA.
Cells washed with HEPES buffer lacking Ca21 ions served as

negative control. The ability of intact cells to exclude propid-
ium iodide allows for identification of cells with an intact
plasma membrane.'7 Therefore, PBL were also stained with
FITC-labelled annexin V and successively incubated for 1 min
with propidium iodide (final concentration 50 jg/ml; Sigma),
while omitting any successive fixation and permeabilization
procedures. Similar methods were used for quantitative
measurement of apoptosis in cultured granulocytes.

Statistical analysis
Data are presented as mean + SEM. Significance was assessed
using the Wilcoxon test for matched pairs and the Spearman
rank correlation coefficient. A P-value <0 05 was considered
significant.
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RESULTS

Characterization of monoclonal antibody GrB-11

Specificity ofmAb GrB-I 1 was shown in immunoprecipitation
studies, which showed that this mAb recognized a

3200000 MW antigen in lysates of lymphokine-activated
killer cells. In radioimmunoassay procedures similar to the
assay used for initial screening, mAb GrB- 1 did not bind
'251-labelled GrA (less than 3% binding of input), whereas it
did bind 125I-labelled GrB (over 50% binding of input).
Furthermore, in an ELISA in which wells were coated with
various serine proteases, biotinylated mAb GrB-l 1 only bound
to GrB.

Immunocytochemistry

A strong granular staining pattern was detected in up to 20%
of PBMC after staining with mAb GrB-l (Fig. la and b).
Cells displaying this staining pattern were detected in PBMC
from all tested healthy individuals.

Flow cytometric analysis

The use of PE-labelled mAb GrB-l 1 in combination with the
saponin-permeabilization method allowed for a clear distinc-
tion between GrB+ and GrB- PBL (Fig. lc and d). Table 1

shows that expression of GrB was detected in the majority of
CD3- CD16' NK cells and TCR-y6+ T cells. In CD8'
T cells, expression was detected in approximately one-fifth of
cells. The CD8 + T cell subset within PBL was identified by its
bright CD8 staining and consisted for 99 0+0 3% of CD3+
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Figure 1. Expression of GrB in peripheral blood from healthy individ-
uals. (a) Immunocytochemical staining showing PBMC displaying a

strong granular staining pattern with mAb GrB-l 1. Arrows indicate
GrB+ cells. (b) Staining was not observed with isotype control
IgGl mAb (magnification (a) and (b): x 560). (c) Flow cytometric
detection of GrB + PBL using PE-labelled mAb GrB-l 1. (d) Labelling
was not observed with PE-labelled isotype control IgGl mAb. Data
are representative for 10 healthy individuals.
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Table 1. GrB expression in PBL and PBL subsets

Percentage GrB expressing
Subset cells in subset*

Peripheral blood lymphocytes 13-8 + 1-7
CDY CDl6+ NK cells 61-3+4-4
CD3 + T cells 10-8+1-9
CD4 + T cells 1 9+0-6
CD8+ Tcells 21-7+2-9
TCR-y8 + T cells 57 8 +6-8

*Data represent mean+SEM from 10 healthy individuals.

T cells and for 10 +0i5% of TCR-'y6 + T cells. Expression in
CD4+ T cells was limited to a small percentage of cells.

Table 2 depicts the expression of activation and differen-
tiation markers and apoptosis-related proteins in the
CD8 + GrB+ and CD8 + GrB - T-cell subsets. Analysis of
CD28 expression revealed that the majority of CD8 + GrB +
T cells lacked expression of this molecule. In contrast, only a
minor proportion of cells in the CD8 + GrB - T-cell subset
lacked expression of CD28. We noted that the percentage of
GrB + cells in the CD8+ T-cell subset approximated the
percentage of CD28- cells (21 7+2-9% and 23-8+2-8%,
respectively). Further examination of this observation revealed
a strong positive correlation between the two parameters (R=
0 90, P<0001; Fig. 2). The percentage of cells expressing the
activation marker histocompatibility leucocyte antigen
(HLA-DR) was higher in the CD8 + GrB + T-cell subset than
in the CD8 + GrB - T-cell subset. Expression of the very early
activation marker CD69 was also higher in the CD8+ GrB+
T-cell subset, although expression of this marker could be
considered minimal in both the CD8 + GrB + and the
CD8+ GrB- T-cell subsets. Cells expressing CD45RA and
cells expressing CD62L were preferentially found in the
CD8+GrB - T cell subset. Analysis of expression of apoptosis-
related proteins revealed expression of Fas by a high pro-
portion of cells in the CD8 + GrB+ T-cell subset (Fig. 3a). In
addition, a lower mean fluorescence intensity for Bc1-2 was
observed in CD8 + GrB + T cells, indicating reduced expression
as compared to CD8 + GrB - T cells (Fig. 3b).

Table 2. Expression of activation and differentiation markers and of
apoptosis related proteins in the CD8+ GrB+ T-cell subset as com-

pared to the CD8+ GrB- T-cell subset

Marker CD8+ GrB+ T cells*t CD8+ GrB- T cells P-value

CD28- 704+3-5% 10-2+1-4% 0005
HLA-DR+ 365 +6-2% 7-4 + 1-4% 0 005
CD69+ 4-6+0-6% 2-0+0-4% 0 01
CD45RA+ 41-1+4-6% 64 0+4 5% 0 01
CD62L+ 44 8+557% 80 5+223% 0 005
Fas+ 73-6+4-6% 26 8+5 3% 0 01
Bcl-2 72-1+4-5 870+45 001

*Data represent mean+SEM from 10 healthy individuals.
tExpression is presented as percentage of cells expressing a marker

of interest in the CD8+ GrB+ and CD8+ GrB- T cell subsets. Bcl-2
expression is presented as mean fluorescence intensity.
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Figure 2. Flow cytometric analysis of expression of GrB and CD28 in the CD8+ T-cell subset from healthy individuals. (a)

Representative flow cytometric profile of expression of GrB and CD28 in the CD8+ T-cell subset. (b) Correlation between the

percentages of GrB+ and CD28 - cells in the CD8+ T-cell subset from 10 healthy individuals.
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Figure 3. Flow cytometric analysis of expression of GrB, Fas and BcI-2 in the CD8+ T-cell subset from healthy individuals. (a)
Representative flow cytometric profile of expression of GrB and Fas in the CD8 + T-cell subset. (b) Representative flow cytometric
profile of expression of GrB and BcI-2 in the CD8 + T-cell subset.

Apoptosis induction

Results of the apoptosis induction experiments are summarized
in Table 3. PBL were cultured for 48 hr with irrelevant IgM
Ab or IgM anti-Fas mAb and washed twice. Viability of
recovered cells as assessed by trypan blue exclusion was in all
cases higher than 95%. Cell loss after culture with irrelevant
IgM Ab was higher among CD8+ GrB+ T cells as compared
to CD8 + GrB - T cells. Binding of annexin V was analysed in
cells with forward and side scatter parameters characteristic
of viable lymphocytes. The percentage annexin V binding cells
was higher in the CD8+ GrB+ T-cell subset as compared to
the CD8+ GrB- T-cell subset. Annexin V binding PBL had
not lost the capacity to exclude propidium iodide, ruling out
the possibility that these cells were necrotic. Culturing of PBL
with IgM anti-Fas mAb had no additional effect on any of
the measured parameters. After culture, binding of IgM anti-
Fas mAb was detected preferentially in the CD8 + GrB + T-cell
subset (63-0 + 6 5% of CD8 + GrB + T cells versus 18 0+ 6A4%
of CD8+ GrB- Tcells P=001). The lack of induction of
apoptosis in PBL by IgM anti-Fas mAb was not caused by
the use of an inappropriate mAb, because Fas-mediated

Table 3. Recovery and annexin V binding of CD8' -, CD8+ GrB+
and CD8+ GrB - T cells after 48 hr of culture in the presence of

irrelevant IgM Ab or IgM anti-Fas mAb

Subset Irrelevant IgM Ab*t IgM anti-Fas mAb

Recovery
CD8 + T cells 70+7% 73+8%
CD8 + GrB + T cells 52+9% 52+7%
CD8 + GrB - T cells 72 + 7%t 76+8%$

Annexin V binding
CD8+ T cells 4-5+0 7% 4-8+0 9%
CD8 +GrB + T cells 13-0+3-3% 11 7+3-1%
CD8 +GrB - T cells 3 8 +05%t 4 0+ I 0%t

*Data represent mean+SEM from six experiments.
tDifferences between cells cultured with irrelevant IgM Ab and

cells cultured with IgM anti-Fas mAb not statistically significant.
tP= 0 03 for CD8 + GrB + T cells versus CD8 + GrB - T cells.
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annexin V binding was detected in approximately one-fifth of
granulocytes cultured for 9 hr with IgM anti-Fas mAb.

DISCUSSION

In the present study, we have used a mAb specific for native
GrB to demonstrate its presence in peripheral blood NK cells
and T cells from healthy individuals. This finding may seem

surprising in view of the reported absence of GrB mRNA in
resting peripheral blood T cells.'8 However, our observation
is consistent with the presence of various other cytotoxic
granule constituents in the absence of specific mRNA. Resting
peripheral blood T cells do not express specific mRNA for
perforin and GrA;`8 however, the presence of perforin and
GrA proteins in peripheral blood T cells has been well
accepted.8'9 The reported similarities in in vitro requirements
for mRNA induction of perforin, GrA and GrB are in support
of co-expression of these cytotoxic granule constituents.18 We
detected GrB protein in a subset of CD8+ T cells prone to
spontaneous apoptosis. Down-regulation of mRNA synthesis
is a characteristic of impending apoptosis."9 Therefore, the
apoptosis-prone nature of CD8+ GrB+ T cells might well
explain the reported absence of GrB mRNA.18

The CD3- CD16' NK-cell subset is the major lymphocyte
subset expressing GrB in peripheral blood. The constitutive
expression of GrB by % 60% ofNK cells corresponds with the
percentage of NK cells with a granular morphology and
confirms previous reports describing the expression of GrB at
the mRNA level as well as the protein level.'1020-22
Phenotypical characterization of GrB+ Tcells revealed GrB
expression by TCR-'y6+ Tcells, CD8+ Tcells and a limited
number of CD4+ T cells. Although GrB transcripts have been
detected in TCR-'y6+ T-cell clones,23 expression of GrB by
TCR-'y6+ Tcells in peripheral blood has not been reported
previously.

The CD8 +GrB + T-cell subset preferentially comprised cells
lacking CD28 expression, a finding consistent with the granular
morphology reported for CD8 + CD28 - T cells.24 The strong
positive correlation between the percentages of GrB+ and
CD28 - cells in the CD8+ T-cell subset indicates that lack of
CD28 expression might serve as a surface characteristic indica-
tive for the number of CD8 + T cells with cytotoxic potential.
This needs further study in pathophysiological conditions such
as viral infections, autoimmune diseases and allograft rejection.
The importance of CD28 lies primarily in the initiation of
CD8 + T-cell responses,25 as CD8 + CD28 + T cells differentiate
into a CD8 + CD28 - phenotype during subsequent repli-
cation.26 Therefore, we hypothesize that recently activated
CD8 + T cells reside in the CD8 + GrB+ CD28 + T-cell subset
and that these cells will down-regulate CD28 expression in the
process of subsequent replication. In view of this hypothesis,
the percentage of GrB+ CD28+ cells in the CD8+ T-cell
subset (6-3 +0-8%) suggests that a small proportion of circulat-
ing CD8+ Tcells from healthy individuals may have been
recently activated, presumably as a result of immune surveil-
lance or contact with infectious agents. This percentage corre-

sponds well with the percentage of GrB+ HLA-DR+ cells in
the CD8+ T-cell subset (7-7+1 5%). CD69 is a very early
activation marker expressed rapidly, but transiently, upon
T-cell activation,27 and its expression level in the CD8 + T-cell

subset (2 4+ 0 3%) suggests an even lower number of circulat-
ing CD8 + T cells in the acute phase of activation.

Naive CD8 + T cells display a CD45RA+ CD62L+ pheno-
type, while memory CD8 + T cells are either
CD45RA+ CD62L-, CD45RA -CD62L + or

CD45RA- CD62L-.28 For each individual, we compared the
percentages of CD45RA+ cells and CD62L+ cells in the
CD8 + GrB + T-cell subset. Because naive cells are charac-
terized by expression of both markers, we assumed the lower
of these two percentages as the highest possible percentage of
CD8 + GrB + T cells possessing a naive nature. In this way,
we calculated that at most 34-7 + 3-6% of CD8 + GrB + T cells
display a naive phenotype, consistent with the effector and
memory phenotype expected for the majority of these cells.

Apoptosis of activated CD8 + T cells has been suggested
as a mechanism for clearance of expanded CD8 + T-cell
populations.29'30 Apoptosis susceptibility of lymphocytes acti-
vated in the course of viral infections is determined by the
level of Bcl-2 expression.29'31 We observed decreased expression
of Bcl-2 in the CD8 + GrB + T-cell subset of healthy individuals
as compared to the CD8 + GrB - T-cell subset. Accordingly,
we detected selective cell loss and preferential binding of
annexin V in this subset upon 48 hr of culture with irrelevant
IgM Ab. Such spontaneous apoptosis in culture oflymphocytes
activated in vivo has been well documented in viral infections
and lymphoproliferative disorders.29'3-33 Although a minor
proportion of lymphocytes from healthy individuals has con-

sistently been reported to undergo spontaneous apoptosis in
culture,31.3234 the phenotype of these lymphocytes has not
been characterized. Here, we show that CD8 + T cells from
healthy individuals prone to spontaneous apoptosis in culture
reside preferentially in the CD8 + GrB + T-cell subset. The
expression pattern of activation and differentiation markers
and apoptosis related proteins in this subset strongly resembles
the expression pattern of such proteins by CD8 + T cells prone
to spontaneous apoptosis during viral infections.3' This implies
that increased levels of spontaneous apoptosis in pathophysiol-
ogic conditions may represent a homeostatic response by
expanded CD8 + T-cell populations and do not necessarily
reflect abnormalities that contribute to the pathogenesis of
such conditions.

Fas-Fas ligand interactions account for the molecular
mechanism of activation-induced cell death ofT cells activated
in vitro.35 Fas is expressed on 20-40% of peripheral blood
CD8 + T cells from healthy individuals.3637 Peripheral blood
T cells from healthy individuals still require several days of in
vitro stimulation to become susceptible to Fas-mediated
apoptosis.36 We studied susceptibility to Fas-mediated
apoptosis of CD8 + GrB+ T cells from healthy individuals,
which we consider a T-cell subset activated in vivo. The extent

of Fas expression on these cells is indeed similar to Fas
expression on peripheral blood T cells from healthy individuals
stimulated in vitro for 7 days.36 Yet, culturing of CD8+ GrB +
T cells with IgM anti-Fas mAb had no additional effect on

the number of CD8 + GrB + T cells undergoing apoptosis. This
resistance of CD8 + GrB + T cells from healthy individuals to
Fas-mediated apoptosis seems paradoxical in view of their
increased susceptibility to spontaneous apoptosis. However,
spontaneous apoptosis, which has been attributed to cytokine
deprivation, should be considered a pathway towards T-cell
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apoptosis distinct from Fas-mediated apoptosis and these
pathways have been shown to be differentially regulated.30

In conclusion, we have shown that GrB is expressed in
PBL from healthy individuals by NK cells, TCR-,y6+ T cells,
CD8+ T cells and a limited number of CD4' T cells. The
CD8+ GrB+ T-cell subset contains relatively more activated
cells and cells prone to spontaneous apoptosis than the
CD8+ GrB- T-cell subset. We suggest that the presence of
CD8+ GrB+ T cells in peripheral blood from healthy individ-
uals results from immune surveillance or contact with infec-
tious agents, and that spontaneous apoptosis of these cells
might serve as a mechanism for their eventual clearance.
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