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S

ystemic lupus erythematosus (SLE)3 T cells are characterized by abnormal TCR-mediated signaling responses that
include a lowered excitation threshold and heightened intracellular calcium responses (1– 4). Compared with normal T
cells, human SLE T cells have decreased levels of CD3, the function of which is conducted by an FcR ␥-chain that is up-regulated
in SLE T cells and functionally associates with the TCR (1–3, 5).
This rewiring of the TCR has been proposed to be responsible for
the aberrant TCR/CD3-mediated signaling in SLE T cells (6). Several mechanisms have been shown to contribute to reduced CD3
expression in SLE, including defects in CD3 mRNA transcription
(7), production of alternatively spliced forms of CD3 mRNA (8),
and increased lysosomal degradation (2). However, whether additional mechanisms also contribute to this pathology remains
unclear.
Recently, it has emerged that apoptotic caspases, such as
caspase-3, are involved in several nonapoptotic cellular processes,
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lective substrate cleavage mediated by caspases is believed to be
responsible for these events (reviewed in Refs. 13 and 15). CD3
bears several caspase-cleaving sites in its cytoplasmic domain
(16). Caspase-3 has been shown to cleave in vitro translated CD3
as well as intracellular CD3 in Jurkat cells (16, 17) and has been
shown to be associated with low levels of CD3 in chronic diseases, such as gastric cancer (18). Recently, it was proposed that
caspase-3 may be involved in CD3 digestion in several diseases
(19). In light of these observations and considering that caspase-3
activity might be high in SLE T cells because of their increased
susceptibility to spontaneous apoptosis (20), we hypothesized that
caspase-3 might be involved in cleaving CD3 in SLE T cells. In
this study we tested this hypothesis by determining the levels of
expression and activity of caspase-3 in SLE T cells and exploring
the direct effect of inhibition of caspase-3 activity on CD3 expression. We report that SLE T cells display higher levels and
activity of caspase-3 than normal T cells. Moreover, reversal of
heightened caspase-3 activity increased the amounts of CD3 protein and dampened the abnormal TCR-induced calcium responses
in SLE T cells.

Materials and Methods
Patient samples and T cell isolation
Twenty-nine SLE patients (27 women and two men) with an SLE disease
activity index (SLEDAI) ranging from 0 to 16, 26 healthy volunteers (age,
19 –71 years), and six Sjogren’s syndrome patients were included in this
study. The SLEDAI scores were calculated as originally described (21).
The study protocol and isolation of T cells have been described previously
(22). The study protocol was approved by the health use committees of
Walter Reed Army Institute of Research, Walter Reed Army Medical Center, and University of Maryland. Written informed consent was obtained
from all participating patients and volunteers.

Caspase-3 expression, activity, and intracellular ATP
measurement
After specific treatment, cells (5 ⫻ 106) in Na⫹ Hanks’ solution containing
1 mM DTT, 1 mM PMSF, 5 mM EDTA, 1 mM NaOV4, 1 mM sodium
fluoride, 10 g/ml aprotinin, and 10 g/ml leupeptin were sonicated, and
0022-1767/05/$02.00
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T cells isolated from patients with systemic lupus erythematosus (SLE) express low levels of CD3-chain, a critical molecule
involved in TCR-mediated signaling, but the involved mechanisms are not fully understood. In this study we examined caspase-3
as a candidate for cleaving CD3 in SLE T cells. We demonstrate that SLE T cells display increased expression and activity of
caspase-3. Treatment of SLE T cells with the caspase-3 inhibitor Z-Asp-Glu-Val-Asp-FMK reduced proteolysis of CD3 and
enhanced its expression. In addition, Z-Asp-Glu-Val-Asp-FMK treatment increased the association of CD3 with lipid rafts and
simultaneously reversed the abnormal lipid raft preclustering, heightened TCR-induced calcium responses, and reduced the
expression of FcR␥-chain exclusively in SLE T cells. We conclude that caspase-3 inhibitors can normalize SLE T cell function by
limiting the excessive digestion of CD3-chain and suggest that such molecules can be considered in the treatment of this
disease. The Journal of Immunology, 2005, 175: 3417–3423.
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the lysates were assayed for cellular caspase-3 expression, activity, and
ATP content. Caspase-3 expression and activity were measured using a
commercial assay kit (BIOMOL). The data are presented in picomoles of
pNitroaniline (pNA) minute per microgram of protein. Cellular ATP levels
were determined using the ATP Bioluminescence Assay kit HS II (Roche).
Luminescence was measured with a TD-20/20 luminometer (Turner Designs). Data were normalized to total protein, and the cellular ATP level
was expressed as picomoles per microgram of protein.

Cell culture, flow cytometry, and confocal microscopy

Lipid raft isolation and Western blotting
Normal or SLE T cells (10 ⫻ 106) were treated with caspase-3 inhibitors
as described above, and lipid raft fractions were isolated as described previously (22). Proteins from raft fractions were concentrated using a standard TCA precipitation protocol, then suspended in denaturing sample
buffer (24). After resolution on a 4 –12% bis-Tris NuPage gel (Invitrogen
Life Technologies), proteins were transferred onto polyvinylidene difluoride membranes, then incubated with specific Abs against CD3 (clone
6B10.2) and linker for activation of T cells (Santa Cruz Biotechnology).
HRP-coupled Abs (Santa Cruz Biotechnology) were used as secondary
Abs, and detection was performed with ECL (Amersham Biosciences).

Intracellular Ca2⫹ concentration ([Ca2⫹]i) response analysis
These assays were performed as described previously (22). Five million
cells were washed with RPMI 1640 and incubated with 1 g/ml indo AM
(Molecular Probes) for 30 min at 37°C, washed with RPMI 1640, and kept
on ice. Cells were analyzed using an EPICS Altra (Coulter) flow cytometer
equipped with a high power dual wavelength (365 and 488 nm argon laser).
Samples were run, and at 30 s, either OKT3 (10 g/ml) or the isotype
control mIgG2a was added, followed by goat anti-mouse cross-linker at 1
min, and the ratio of the fluorescence that is directly proportional to free
cytosolic Ca2⫹, was recorded for a period of 400 s as described previously
(1, 25). In some cases, 0.5 g/ml ionomycin (Sigma-Aldrich) was used to
stimulate cells.

Results
CD3 undergoes a higher degree of proteolysis in SLE than
normal T cells
We first determined whether CD3 underwent more extensive proteolysis in SLE T cells compared with normal T cells. We treated
normal and SLE T cells with 10 g/ml CHX and explored whether
blocking protein translation would result in greater decreases in
CD3 expression in SLE T cells. Western blot analysis of lysates
derived from cells rested for 3 and 6 h after CHX treatment revealed that in SLE T cells, a profound reduction in CD3 expression occurred at both 3 and 6 h of culture (Fig. 1A, top panel).
However, a concomitant reduction in the expression of CD3 levels was not observed in normal T cells even up to 6 h of culture
(Fig. 1A). Because T cells from a minority of SLE patients demonstrate normal amounts of CD3 expression, it was important to
assess whether the observed decrease in the expression of CD3
after treatment with CHX could be found in this subset of patients

FIGURE 1. CD3 undergoes excessive proteolysis in SLE T cells. Normal and SLE T cells (A) and Sjogren T cells (B) 5 ⫻ 106/sample were
treated with 10 g/ml CHX for 10 min at 37°C, washed, and cultured in
plain RPMI 1640 medium supplemented with 10% FBS at 37°C for 0, 3,
or 6 h as indicated. Whole cell lysates from each group were loaded (10
g/lane) and resolved on 4 –12% bis-Tris NuPage gels under reducing (A,
top panel, and B) or nonreducing (A, bottom panel) conditions, blotted onto
polyvinylidene difluoride membranes, and probed with anti-actin (1/1000),
anti-CD3 (1/1000), and anti-TCR-␤ (1/1000). SLE, n ⫽ 5; normal, n ⫽ 5;
Sjogren’s, n ⫽ 2. SS, Sjogren’s T cells.

as well. As shown in Fig. 1A, bottom panel, SLE T cells containing
normal amounts of CD3 also demonstrated higher degrees of
CD3 proteolysis than normal T cells, suggesting that basal levels
of CD3 do not affect the increased rate of CD3 proteolysis in
SLE T cells. T cells from patients with Sjogren’s syndrome, however, did not display enhanced kinetics of CD3 degradation after
treatment with CHX (Fig. 1B). However, the levels of TCR-␤ or
␤-actin expression did not vary significantly among normal, SLE,
and Sjogren’s T cells (Fig. 1), suggesting that heightened proteolytic digestion of CD3 is a unique feature of SLE T cells.
Caspase-3 activity is increased in SLE T cells
We hypothesized a possible contribution of caspase-3 in mediating
cleavage of CD3 in SLE T cells. Accordingly, we first compared
the basal protein levels and activity of caspase-3 between normal
and SLE T cells. We observed that SLE T cells expressed 1.69fold higher (normal, n ⫽ 17; SLE, n ⫽ 17; p ⫽ 0.0467) amounts
of caspase-3 protein than normal T cells (Fig. 2A). The levels of
caspase-3 activity were also significantly higher in SLE than in
normal T cells (2.87-fold higher; normal, n ⫽ 17; SLE, n ⫽ 17;
p ⫽ 0.0107; Fig. 2B). We also observed that increased caspase-3
activity levels in SLE T cells did not significantly correlate with
SLE disease activity (r ⫽ ⫺0.52; p ⫽ 0.101) or treatment status.
Sjogren’s T cells, used as a disease control in these experiments,
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Treatment of cells with cycloheximide (CHX) has been described previously (23). Briefly, cells (5 ⫻ 106) were treated with 10 g/ml CHX for 10
min at 37°C, washed, and cultured in plain RPMI 1640 medium supplemented with 10% FBS at 37°C for 0, 3, 4, or 6 h as indicated. For caspase-3
inhibition experiments, cells were cultured in the presence of equal volumes of 50 M Z-Asp-Glu-Val-Asp-FMK (DEVD; Calbiochem) or
DMSO vehicle (Sigma-Aldrich) for 8 h as described previously (16). In
some experiments the pan-caspase inhibitor Z-Val-Ala-Asp-FMK (VAD;
Calbiochem) was used instead of DEVD. CD3 staining was performed
with anti-CD3 (Santa Cruz Biotechnology), followed by secondary donkey anti-mouse FITC as described previously (22), and was analyzed by
FACS. For confocal microscopy, 0.5 ⫻ 106 cells were adhered on polylysine-coated glass slides for 1 h at room temperature and immediately fixed
with 4% paraformaldehyde solution. For intracellular staining, cells were
permeabilized with a buffer containing 0.05% (w/v) saponin in RPMI 1640
medium. Cells were stained with FITC-conjugated cholera toxin-B (CT-B;
Sigma-Aldrich) for 30 min. Cells were washed, air-dried, and mounted
using Gel/Mount (Biomeda), and coverslips were applied. Samples were
analyzed with a laser scanning confocal fluorescence microscope (1X70;
Olympus) with Lasersharp-2000 software (Bio-Rad).
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demonstrated caspase-3 levels and activity similar to those observed in normal T cells (Fig. 2, A and B), suggesting that the
increased expression and activity of caspase-3 may not be common
to other rheumatic autoimmune diseases.
It has been reported previously that proteolytic fragments derived from caspase-3-mediated cleavage are cleared up by the proteasome complex, a process that consumes intracellular ATP (26).
Thus, if caspase-3 is actively involved in cleavage of proteins in
SLE, intracellular ATP stores would be expected to be decreased
in SLE T cells. Indeed, PBL from SLE patients have been previously shown to contain lower amounts of ATP than those from
normal individuals (27). In this study we specifically tested
whether T cells from SLE patients would display lower amounts of
ATP content than normal T cells. We observed a statistically significant reduction in the intracellular ATP content in SLE T cells
compared with normal cells (Fig. 2C, left panel; normal, n ⫽ 15;
SLE, n ⫽ 16; p ⫽ 0.0068). This decrease in intracellular ATP also
correlated with high levels of caspase-3 activity ( p ⫽ 0.0105; r ⫽
⫺0.73; Fig. 2C, right panel). Predictably and consistent with their
normal amounts of expression and activity of caspase-3, Sjogren’s
T cells demonstrated intracellular ATP stores comparable to those
of normal T cells (Fig. 2C). Taken together, these data demonstrate
that caspase-3 activity is increased in SLE T cells and suggest that
caspase-3-mediated proteolysis of intracellular proteins could be
enhanced in SLE T cells.
Role of caspase-3 in cleaving CD3 in SLE T cells
Next, we explored the role of caspase-3 in mediating CD3 cleavage by inhibiting caspase-3 activity in SLE T cells. To inhibit
caspase-3 activity, we cultured cells in the presence of various
concentrations (25–150 M) of the caspase-3 inhibitor DEVD for
8 h and observed profound inhibition of caspase-3 activity with 50
M and higher concentrations of DEVD, consistent with previous
reports (Fig. 3A) (16), without inducing alterations in the basal
expression of caspase-3 (data not shown). Using a trypan blue
exclusion method, we determined that concentrations ⬎100 M
were toxic to T cells (data not shown). Thus, we chose a nontoxic
concentration of 50 M DEVD for additional experiments. We

first tracked CD3 expression in SLE T cells pretreated with CHX
and cultured for 4 h in the presence or the absence of DEVD. We
observed that DEVD, but not the DMSO vehicle, prevented extensive proteolysis of CD3 in SLE T cells (Fig. 3B), thus demonstrating a role for caspase-3 in cleaving CD3 in SLE. As expected, treatment of either SLE or normal T cells with DEVD
resulted in no significant alterations to the expression of TCR-␤ or
␤-actin. Flow cytometric analysis of cells treated with either
DEVD or DMSO revealed that although inhibition of caspase-3
activity resulted in minimal alterations in the expression of CD3
in normal T cells, SLE T cells consistently demonstrated a 37.7%
increase ( p ⫽ 0.005) in CD3 protein levels (Fig. 3C). These findings were observed in SLE patients with either reduced or normal
basal amounts of CD3 (Fig. 3C; SLE-1 and SLE-2, respectively)
and were independent of the disease activity and treatment status
of the patients. Sjogren’s T cells did not demonstrate appreciable
differences in the expression of CD3 after treatment with DMSO
or DEVD (Fig. 3C). We also noted that the DEVD-mediated increase in protein expression was limited to the CD3 -chain in SLE
T cells, because the expression of CD3⑀ and TCR-␤ remained
unaltered in normal, SLE, and Sjogren’s T cells after DEVD treatment (Fig. 3D and data not shown). Moreover, real-time quantitative PCR analysis of CD3 mRNA expression revealed no differences in mRNA production between SLE and normal T cells
after DEVD treatment (data not shown), thus demonstrating that
the DEVD treatment-mediated increase in CD3 expression is a
post-transcriptional event. This finding is consistent with our claim
that reversal of caspase-3-mediated proteolysis is responsible for
replenishing CD3 in DEVD-treated SLE T cells.
Inhibition of caspase-3 activity alters lipid raft dynamics in SLE
T cells
CD3 has been shown to associate with lipid rafts in both normal
and SLE T cells (22, 28, 29). In this study we asked whether the
DEVD-mediated increase in CD3 protein is reflected in the lipid
raft compartment of SLE T cells. Western blot analysis of CD3
revealed that treatment with DEVD exclusively enhanced the
amount of CD3 associated with lipid rafts in SLE T cells (Fig.
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FIGURE 2. SLE T cells demonstrate increased
caspase-3 expression and activity compared with normal T cells. Cells (5 ⫻ 106) in PBS buffer containing
1 mM DTT, 1 mM PMSF, 5 mM EDTA, 1 mM
NaOV4, 1 mM sodium fluoride, 10 g/ml aprotinin,
and 10 g/ml leupeptin were sonicated, and the lysates
were assayed for cellular caspase-3 expression (A) and
activity (B) using a commercial assay kit. The data are
presented in picomoles of pNA per minute per microgram of protein and represent values from 17 normal,
17 SLE, and four Sjogren’s patient samples. C, Intracellular ATP content was estimated in both normal and
SLE T cells using the ATP Bioluminescence Assay Kit
HS II. Luminescence was measured with a TD-20/20
luminometer. Data were normalized to total protein,
and the cellular ATP level was expressed as picomoles
per microgram of protein. A correlation curve of
caspase-3 activity vs intracellular ATP content is
shown in the right panel. SS, Sjogren’s T cells.
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4A). We had previously reported that a majority of SLE T cells
(⬎50%) demonstrate preclustering of membrane rafts, as detected
by visualization of CT-B binding to the lipid raft marker, GM1
(22, 30). Moreover, replenishment of CD3 into SLE T cells induced dissolution of these preformed lipid raft clusters (25). In this
study we explored whether restoration of CD3 in SLE T cells by
DEVD would likewise alter the lipid raft distribution pattern. We
observed that although treatment of SLE T cells with DMSO did
not affect the preclustered morphology of lipid raft distribution,
treatment with DEVD dramatically decreased the number of cells
(16 –28%) that displayed a preclustered raft phenotype, unlike normal T cells, which consistently maintained a homogenous membrane raft distribution (Fig. 4B, top and bottom panels). The pattern of lipid raft distribution in Sjogren’s T cells remained
unaltered after treatment with either DMSO or DEVD and appeared similar to that observed in normal T cells (Fig. 4B, top and
bottom panels). Taken together, these results demonstrate that
DEVD treatment of SLE T cells enhances the CD3 content of
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FIGURE 3. Involvement of caspase-3 in cleaving CD3 in SLE T
cells. A, SLE T cells were cultured
for 8 h at 37°C in the presence of
various concentrations of DEVD as
indicated. Cells were sonicated, and
the lysates were assayed for cellular
caspase-3 activity. ⴱ, p ⬍ 0.05. B,
Cells were pretreated with 10 g/ml
CHX for 10 min at 37°C, washed,
and subsequently treated with either
50 M DEVD or equal volumes of
DMSO for the indicated time periods at 37°C. Cells were lysed, 10 g
of protein/lane was loaded and run
on a 4 –12% bis-Tris NuPage gel under reducing conditions, and the blot
was probed with anti-actin, antiCD3, and anti-TCR-␤. C, Normal,
SLE, or Sjogren T cells were cultured in RPMI 1640 medium (supplemented with 10% FBS) with
DEVD or DMSO for 8 h. Cells were
harvested, fixed with 0.75% paraformaldehyde, and stained after permeabilization with 0.05% (w/v) saponin, anti-CD3 (1/1000), or isotype
control mouse IgG, followed by
FITC-conjugated anti-mouse IgG,
and staining was detected by FACS.
A representative experiment is
shown. Cumulative data are shown
in the right panel (normal, n ⫽ 5;
SLE, n ⫽ 14; Sjogren’s, n ⫽ 3).
Values on the y-axis represent ratios
of the MFI of CD3 staining of
DMSO- and DEVD-treated cells
within each group. D, Normal, SLE,
or Sjogren T cells treated with
DMSO or DEVD were stained for
surfaceexpressionofCD3⑀ usingantiCD3⑀-FITC (clone UCHTI; n ⫽ 3
for each group). SS, Sjogren’s T
cells.

lipid rafts and raise the possibility of resultant alterations in lipid
raft-mediated signaling.
Inhibition of caspase-3 activity reverses TCR-induced calcium
responses
TCR-mediated calcium responses are heightened in SLE T cells
(1). Because lipid rafts actively serve as platforms for orchestrating
TCR-induced intracellular calcium responses (28, 31), we analyzed the effect of DEVD-mediated replenishment of CD3 on the
TCR-mediated calcium response in SLE T cells. We observed that
previous treatment of cells with DEVD resulted in a statistically
significant ( p ⫽ 0.027) decrease in the anti-CD3-induced calcium
responses in SLE, but not normal T cells (Fig. 5A). However,
previous treatment of SLE T cells with DEVD failed to lower
calcium responses elicited by the TCR-bypassing reagent, ionomycin (Fig. 5B), suggesting that the observed differences in antiCD3-mediated calcium responses after treatment of SLE T cells
with DEVD are directed through the TCR. These observations

The Journal of Immunology

suggest that restoration of CD3 expression by DEVD dampens
the abnormally heightened TCR-mediated calcium responses in
SLE T cells.
Previously, we had reported that reintroduction of CD3-chain
into SLE T cells results in down-regulation of FcR␥-chain expression and thus offered a possible explanation for the reduced TCRinduced calcium responses in CD3-transfected cells (25). In this
study we explored whether the DEVD-mediated increase in the
expression of CD3 resulted in concomitant down-regulation of
FcR␥, by treating normal and SLE T cells with either DMSO or
DEVD. We observed that treatment with DMSO did not result in
discernable alterations in the expression of CD3 or FcR␥,

FIGURE 5. Inhibition of caspase-3 activity reverses heightened TCRinduced calcium responses in SLE T cells. A, [Ca2⫹]i measurement was
performed in normal and SLE T cells pretreated with DMSO or DEVD for
8 h and subsequently loaded with indo AM. Cells were stimulated with
OKT3 (1/100) and goat anti-mouse IgG at 30 and 60 s, respectively, and
[Ca2⫹]i was measured for 400 s with and EPICS Altra flow cytometer. A
representative of five separate experiments is shown. Statistical analysis is
presented in the bottom panel. B, [Ca2⫹]i measurement was also performed
in SLE T cells pretreated with DMSO or DEVD after treatment with 0.5
g/ml ionomycin at 30 s. The mean ratio is the mean fluorescence ratio
corresponding to [Ca2⫹]i.

whereas treatment with DEVD resulted in an increase in the expression of CD3 while simultaneously decreasing the expression
of FcR␥ chain specifically in SLE T cells (Fig. 6). These observations are consistent with our previous findings after transfection
of CD3 into SLE T cells and offer a possible mechanism for the
observed decrease in TCR-induced calcium signaling after treatment with DEVD (25).
Additionally, we observed that treatment of SLE T cells with the
pan-caspase inhibitor VAD induced higher amounts of CD3 expression and caused a greater decrease in the expression of FcR␥ compared with DEVD (Fig. 6). These findings raise the possibility that in
addition to caspase-3, other caspases (for example, caspase-7) might
also be involved in cleaving CD3 in SLE T cells (16).

Discussion
In this study we demonstrate that SLE T cells display high levels
of basal caspase-3 activity compared with normal T cells, and by
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FIGURE 4. Inhibition of caspase-3 activity alters lipid raft dynamics in
SLE T cells. A, Normal and SLE T cells (10 ⫻ 106) were lysed in a lysis buffer
containing 1% Brij 58 after culture for 8 h at 37°C with 50 M DEVD or equal
volumes of DMSO, and raft fractions were extracted by discontinuous sucrose
density gradient ultracentrifugation as described previously (22). Proteins of
each fraction was concentrated by standard TCA precipitation, resolved on
4 –12% bis-Tris NuPage under reducing conditions, and transferred to a polyvinylidene difluoride membrane. The blot was probed with anti-linker for activation of T cells (LAT; 1/1000; Santa Cruz Biotechnology) and anti-CD3
(1/1000) Abs. B, Normal, SLE, or Sjogren’s T cells were left untreated or were
treated with either DMSO or DEVD and subsequently adhered to polylysinecoated slides. Cells were fixed and stained with choleratoxin-B-FITC (green)
and analyzed by a laser scanning confocal microscope. Twenty-five cells were
counted per field, and the percentage of positive cells was calculated. A representative field is shown for each sample. Magnification, ⫻100 (oil objective). The bottom panel represents statistical analysis of the results from two to
five experiments. SS, Sjogren’s T cells. *, P ⬍ 0.05.
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reversing this heightened caspase-3 activity, we demonstrate significant restoration of the amounts of CD3 expression in SLE T
cells. In addition, caspase-3 inhibitor-induced restoration of CD3
corrected the abnormal TCR-mediated calcium signaling in SLE T
cells. These findings were observed in SLE T cells, but not control
T cells. Thus, we conclude that caspase-3-mediated cleavage of
CD3 is an important mechanism contributing to the diminished
expression of CD3 in SLE T cells.
Reduced levels of CD3 have been observed in T cells from a
wide array of chronic diseases, such as chronic infections, autoimmune diseases (including SLE), and cancer (reviewed in Ref. 6).
In SLE T cells, diminished CD3 stems from abnormalities at multiple levels, such as transcription, translation, and protein expression (1–3). Restoration of CD3 -chain levels in SLE T cells by
gene transfer results in normalization of the CD3-mediated signaling responses and increased production of IL-2 (25), testifying to
the importance of CD3 in coordinating TCR signaling. Therefore,
complete understanding of the mechanisms responsible for the decreased expression of the CD3 -chain in SLE T cells may offer
possibilities for therapeutic interventions, more practical than gene
transfer, aimed at the correction of levels of the CD3 -chain and
restoration of normal T cell function in SLE.
Our observations that 1) proteolysis of CD3 occurred more
dramatically in SLE; 2) treatment with DEVD protected significant
amounts of CD3 from cleavage; and 3) DEVD treatment restored
CD3 levels in SLE all strongly suggest a role for caspase-3 in
cleaving CD3 in SLE. Our observation that DEVD failed to alter
CD3 mRNA expression (data not shown) shows that caspase-3
does not enhance transcription of the CD3 -chain and is consistent
with its expected effect at the protein level. Another notable feature
is that the caspase-3-mediated proteolysis described in our study
appears to be specific to CD3, because it spared other members of
the TCR/CD3 complex, such as CD3⑀ and TCR chains (Fig. 3D
and data not shown). This finding is consistent with previous observations that the expressions of CD3⑀ and TCR remain unaltered
in SLE T cells (1, 5).
What is the significance of DEVD-mediated increased association of CD3 with lipid rafts in SLE T cells? In normal T cells,
some amount of CD3 is constitutively associated with lipid rafts,
although in SLE T cells, there is a marked reduction in this fraction
of CD3 (22, 28, 29). This finding might have far-reaching consequences on downstream TCR-mediated signaling. Although
proximal signaling appears to be accelerated, IL-2 production is

hampered in SLE T cells, demonstrating the ineffectiveness of
TCR signaling in eliciting a meaningful functional response (32).
We had shown previously that although F-actin polymerization is
accelerated in SLE T cells, it is not optimally sustained and undergoes rapid depolymerization compared with normal T cells
(22). Rapid dephosphorylation of Vav was postulated to be a factor
contributing to this phenomenon (22). Previous studies have
shown that actin polymerization events leading to sustained downstream signaling are mediated at least in part by phosphorylation of
Vav associated with CD3 (33). Thus, restoration of optimum
amounts of CD3 by caspase-3 inhibitors can be conceived to normalize at least in part the abnormal kinetics of TCR-induced Factin polymerization and thereby restore sustained downstream
signaling in SLE T cells. Additional studies are necessary to evaluate this possibility.
Another point of note is the reversal of preclustering of lipid
rafts and lowering of abnormally heightened calcium signaling in
SLE T cells, followed by DEVD-induced CD3 replenishment.
These findings mimic our previous observations that transfection
of CD3 into SLE T cells reversed lipid raft preclustering and also
reduced TCR-induced calcium fluxes (25) and emphasize the importance of optimum CD3 expression in T cells for maintaining
normal TCR-mediated responses.
It is not clear what triggers higher basal activity of caspase-3 in
SLE T cells. Whether it is activated as a result of increased susceptibility of SLE T cells to the apoptotic process (20) or is specifically turned on to regulate the expression of multiple intracellular proteins are possibilities that need to be addressed. In addition
to caspase-3, caspase-7 has been implicated in cleavage of CD3
-chain (16). Whether caspase-7 is also involved in CD3 proteolysis in SLE remains unclear. However, our observation that
treatment of SLE T cells with the pan-caspase inhibitor, VAD,
induces greater amounts of CD3 expression compared with the
caspase-3 inhibitor, DEVD, suggests that factors in addition to
caspase-3 might play a role in cleaving CD3, with caspase-7 being one of them. Another important question that remains unanswered
is why up-regulation of FcR␥ occurs in SLE T cells. Our previous
studies have shown that reintroduction of CD3 induced down-regulation of FcR␥ (25). Our present finding that up-regulation of CD3
by inhibition of caspase-3 (and possibly other caspases) resulted in
simultaneous down-regulation of FcR␥ mirrors our previous observations. In other T cell systems, such as in effector CD4 T cells and
tumor infiltration lymphocytes, up-regulation of FcR␥ is associated
with down-regulation of CD3 expression (34, 35). On the basis of
these observations, we propose that the regulation of expression of
CD3 and FcR␥ in T cells is reciprocally linked.
We thus show that along with decreased gene transcription, defective mRNA splicing, and lysosomal degradation, caspase-3-mediated proteolysis of CD3 protein represents an additional distinct
mechanism controlling diminished expression of CD3 in SLE T
cells. The extent to which each of the above mechanisms contributes to decreased CD3 expression in each SLE patient is presumably variable. To summarize, we have provided the first evidence
of caspase-3-mediated cleavage as a mechanism exploited by the
disease process in mediating pathological degradation of CD3 in
SLE T cells. Because replenishment of CD3 levels in SLE T cells
results in restoration of the defective IL-2 production (25), our data
provide sufficient rationale for the use of caspase inhibitors in the
treatment of systemic autoimmune disease (36).
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