
INTRODUCTION

Systemic lupus erythematosus (SLE) is an autoimmune disease of
unknown aetiology [1–3]. The disease is characterized by a large
number of immunological abnormalities, which appear to result
from defects in T cells, B cells and monocytes [4,5]. T cells are
considered to be central in the pathogenesis of SLE because 
dysfunction of regulatory T cells may be responsible for altered
immune responses and overproduction of pathogenic autoanti-
bodies [6]. Abnormalities of peripheral blood T cells from SLE
patients include T lymphocytopenia, low proliferative responses
to lectin, anti-CD3 and anti-CD2 stimulation [7,8] and decreased
production of Th-1 type cytokine such as IL-2 [9–11]. Although
the co-stimulatory pathway is up-regulated, the TCR-CD3
pathway appears to be down-regulated [12,13]. The precise mol-
ecular mechanisms underlying these defects of the TCR-CD3
pathway in SLE T cells have now been unveiled. SLE T cells can
regain a normal level of proliferation when stimulated with
phorbol ester [14], a direct activator of PKC (protein kinase C),

suggesting that defects may reside in the proximal signal trans-
duction molecules located upstream from PKC [15,16]. Deficient
type I kinase A isozyme activity [17], defective cAMP-dependent
phosphorylation [18] and decreased CD45 protein tyrosine phos-
phatase (PTPase) activity have been reported in SLE T cells [19].
However, it remains to be determined whether the TCR/CD3
complex itself could be responsible for the altered function of
SLE T cells. Stimulation of T cells via TCR leads to a cascade of
well-regulated intracellular events [20,21]. In particular, tyrosine
phosphorylation is the earliest signalling event preceding phos-
phatidylinositide turnover, increases in cytoplasmic free calcium
and late activation events [20,22,23]. It was shown that ligation of
the TCR/CD3 complex results in aberrant tyrosine phosphoryla-
tion of mutiple substrates in SLE T cells [24–26]. Recently, we
found defective tyrosine phosphorylation and expression of the
TCR z chain in two SLE patients, both of whom had an aberrant
form, lacking exon 7 [25]. The TCR z chain has a crucial role in
signal transduction through the TCR/CD3 complex [27–29], and
in efficient transport of the assembled TCR complexes to the cell
surface [30]. Herein, we studied extensively the expression of 
the TCR z chain in a variety of rheumatic diseases, and charac-
terized the features associated with defective expression of the
TCR z chain.
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SUMMARY

We have reported that tyrosine phosphorylation and expression of the T cell receptor zeta chain (TCR
z ) was decreased in two systemic lupus erythematosus (SLE) patients with an abnormal TCR z lacking
exon-7. To examine further the TCR z defect and any possible relationship with specific clinical fea-
tures, we studied the expression of TCR z in peripheral blood T cells from 44 patients with SLE, 53
with other rheumatic diseases (30 rheumatoid arthritis (RA), 11 systemic sclerosis (SSc) and 12 primary
Sjögren’s syndrome(SjS)) and 39 healthy individuals. Flow cytometric analysis demonstrated a signifi-
cant decrease in the expression of TCR z in SLE (P < 0·001), but not in the other rheumatic diseases.
Immunoprecipitation experiments confirmed that the expression of TCR z in SLE T cells was decreased
dramatically (normal: 111·4 ± 22·6%, SLE: 51·6 ± 37·4%, P < 0·0001). The decrease in TCR z did not
correlate with disease activity, or with the dose of prednisolone (PSL). There were, however, three SLE
patients in whom the level of TCR z expression normalized after treatment, suggesting that mecha-
nisms responsible for the TCR z defect appear to be heterogeneous. These results confirm the defec-
tive expression and altered tyrosine phosphorylation of TCR z in a large proportion of SLE patients,
suggesting that it may play an important role in T cell dysfunction in SLE.
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MATERIALS AND METHODS

Patients and blood donors
Forty-four unrelated Japanese patients (mean age ± s.d.:
34 ± 11 years, range 19–59 years, all female) who met the revised
ACR classification criteria for SLE [31] were included. Disease
activity was evaluated at blood sampling according to SLE disease
activity index (SLEDAI) [32]. The SLEDAI of patients included
in this study ranged from 0 to 18 with a mean of 53. The disease
in patients with a SLEDAI score of 10 or more was defined to be
active, and inactive in patients with a score of less than 10 [19].
An additional sample of 53 patients (44 females, nine males) with
other rheumatic diseases and 39 healthy volunteers (29 females,
10 males) was also studied as controls. Of the 53 patients, 30 had
rheumatoid arthritis (RA), 11 systemic sclerosis (SSc) and 12
primary Sjögren’s syndrome (SjS). The age ranges were similar to
those of the SLE group. Informed consent was obtained from all
patients. The presence or absence of clinical characteristics
throughout the disease course of the patients was judged by three
expert physicians at Saitama Medical School through review of
the clinical charts. The laboratory tests, the dose of prednisolone
and the SLEDAI were those at the time of the blood sampling.

Five of the SLE patients were being treated with non-
steroidal anti-inflammatory drugs. All others, except for four
active SLE patients with no prednisolone (PSL) treatment, were
receiving low to intermediate doses of PSL (5–15 mg/day). Twelve
of 53 patients with other rheumatic diseases were taking low doses
of PSL (5–12·5 mg/day). In those SLE patients from whom blood
samples were taken more than once, data from the first success-
ful experiment were used for statistical analysis.

Cells and antibodies 
Peripheral blood lymphocytes (PBL) were isolated by the Ficoll-
Hypaque gradient centrifugation method and enriched in T 
cells as described previously [33]. Murine monoclonal antibodies
(MoAb) to CD3 (UCTH-1: IgG1), CD4 (T4: IgG1), CD8a (T8:
IgG1), TCR z (TIA-2: IgG1) [25], CD45RA (2H4: IgG1) and
CD45RO (UCHL1: IgG2a) (from Coulter Immunology, Hialeah,
FL, USA), TCR a/b (WT31: IgG1), TCR g/d (Anti-TCR-g/d:
IgG1) and CD45 (Anti-Hle-1: IgG1) (from Becton Dickinson,
San Jose, CA, USA) were used. The F(ab¢)2 fragment of goat 
antimouse antibody for cross-linking of CD3 and CD4 was
obtained from Biosource Internationals Inc. (Camarilo, CA,
USA). Antiphosphotyrosine MoAb labelled with horseradish
peroxidase (RC20H) was purchased from Transduction Labora-
tories (Lexington, KY, USA).

Cell activation and tyrosine phosphorylation experiments
Freshly isolated T cells were incubated with anti-CD3 and anti-
CD4 MoAb at 15 mg/ml for 30 min on ice, followed by cross-
linking with goat antimouse antibody at a 1 : 100 dilution at 37°C
for 1 min [33]. The cells were treated with a lysis buffer composed
of 1% NP-40, 0·15 M NaCl, 10 mM EDTA, 1 mM PMSF, 10 mM

Tris-HCl and 1 mM Na3Vo4 [33]. The lysate was subjected to SDS-
polyacrylamine gel electrophoresis (PAGE), transferred to a
PVDF membrane and immunoblotted using antiphosphotyrosine
MoAb (RC20H) or anti-TCR z MoAb as described below.

Flow cytometric analysis
PBL were stained with FITC- or PE-labelled MoAbs for 30 min
on ice, followed by extensive washing. Immunofluorescent 

analysis was performed on a FACScan flow cytometer (Becton
Dickinson Immunocytometry System, San Jose, CA, USA) [34].
For staining of TCR z, PBL were permeabilized by digitonin to
detect the intracellular epitope by MoAb [35]. After fixing in
0·5% formaldehyde overnight on ice, the cells were incubated
with 10 mg/ml digitonin (Sigma Chemical Co.) for 5 min on ice.
Efficiency of permeabilization was confirmed by trypan blue
exclusion (consistently >95%). Cells were stained with 3 ml of
FITC-labelled anti-TCR z antibody (TIA-2) with or without anti-
CD4-PE, or anti-CD8-PE for 30 min, followed by FACScan analy-
sis using consort-30 software. Individual histograms were derived
from the analyses of 5000 cells.

Immunoprecipitation and immunoblotting
Immunoprecipitation was performed with the indicated MoAb
(TIA-2, 5 ml) adsorbed to 20 ml of protein G-sepharose (Pharma-
cia Biotech, Sweden) overnight at 4°C [25]. Immunoprecipitated
proteins were separated by 15% SDS-PAGE and transferred to a
PVDF membrane (Millipore, Bedford, MA, USA). To verify 
the equal protein levels in each lane, the PVDF membranes were
stained with Ponceau S (Sigma Chemical Co.) before blocking.
After destaining, the membranes were soaked with blocking
agents (Blockace, Dainippon Pharmaceuticals, Tokyo, Japan) for
1 h at room temperature, following which the membranes were
immunoblotted using mouse anti-z MoAb (TIA-2) at 1 : 1500,
washed and incubated with antimouse Ig conjugated with HRP
(Amersham, Buckinghamshire, UK) at 1 : 1000 for 60 min at 37°C.
Finally, proteins were detected using chemiluminescence enhanc-
ing reagents (Amersham, Buckinghamshire, UK) and visualized
on ECL X-ray films. Quantities of TCR z protein were deter-
mined by measuring the density of the z bands on X-ray films with
a Scan jet II scanner (Hewlett Packard) and NIH image software
(version 1·56). The density of bands was expressed as a percent-
age of the standard normal control, TT. All the blotting experi-
ments were performed in duplicate and the results were expressed
as mean percentages of the normal control, TT. The two methods
for detecting the TCR z expression such as FACS analysis and
immunoblotting were compared in the same blood samples,
showing that the correlation coefficient for these two methods
was 0·884 (P < 0·0001).

Statistical analysis
Statistical significance was analysed using Statview software
(version 4·5; Abacus, CA, USA). The two-sample t-test (two-
tailed), or non-parametric analysis with Fisher’s method as a post-
hoc test, was used for the equality of means of the flow cytometry,
immunoblotting analysis and relationship between the TCR z
defect and individual clinical features. Logistic-regression analy-
sis was used to assess the relation of the SLEDAI score or the
PSL dose to the amount of TCR z expressed. A level of P < 0·05
was considered to be statistically significant.

RESULTS

Decreased TCR-initiated tyrosine phosphorylation in
peripheral blood T cells from SLE patients
As shown in the typical experiment (Fig. 1a), tyrosine phos-
phorylation of multiple substrates migrating at 18–23 kDa, 
35 kDa, 60 kDa, 70 kDa and 115 kDa was observed in a healthy
control following anti-CD3+ anti-CD4 stimulation, consistent with
our previous reports [24]. In contrast, stimulation of SLE T cells
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resulted in dramatically reduced tyrosine phosphorylation in 
the representative SLE patient (lane 4). Among the major 
tyrosine phosphorylated substrates, an 18–23 kDa band decreased 
consistently in SLE and it was proved to be a tyrosine-
phosphorylated TCR z chain (tyr-P*-TCR z ) by immuno-
precipitation with anti-TCR z MoAb (Fig. 1b). The protein 
level of the TCR z chain was decreased to 12·6% of the normal
control (Fig. 1c). This observation was confirmed by more than 
10 successful experiments using SLE T cells. On the other hand,
the tyrosine phosphorylation of TCR z in patients with other
rheumatic diseases was comparable to that in healthy individuals
(data not shown).

Diminished expression of T cell receptor and its component on
peripheral blood lymphocytes
The TCR z chain is an important subunit of signalling molecules
in the TCR-CD3 complex [36]. To elucidate the mechanism 
of defects in tyrosinephosphoration of the TCR z chain, we
attempted to analyse the expression of TCR a/b, CD3e, CD4,
CD8 and TCR z on PBL using flow cytometry. As shown in
Table 1, the mean fluorescence intensity (MFI) of TCR a/b, and
TCR z was decreased significantly in SLE PBL compared with
that of healthy individuals and patients with other rheumatic dis-
eases (TCRa/b: SLE versus normal; P < 0·0001, SLE versus RA;
P < 0·0004 and TCR z: SLE versus normal; P < 0·0001, SLE versus
RA; P < 0·0001, SLE versus SSc; P < 0·0276, SLE versus SjS; 
P < 0·0084). However, it should be noted that the trend toward 
a decrease was similarly observed, but not statistically significant,
in the other rheumatic diseases, raising the possibility that the
decrease of expression in SLE is a relative, but not an absolute
difference among systemic rheumatic diseases. Double staining

Fig. 1. Tyrosine phosphorylation of TCR z on peripheral blood T cells
from a SLE patient. T cells from a healthy individual and a SLE patient
were stimulated by anti-CD3 and anti-CD4 MoAbs (lane 2, 4) or not (lane
1, 3) for 30 min before cross-linking. Total lysates (a) or anti-TCR z
immunoprecipitates (b and c) equivalent to 5 ¥ 106 cells per lane were sep-
arated by 15% SDS-PAGE, transferred to membrane, and blotted by
antiphosphotyrosine antibody labelled with HRP (a and b) or anti-TCR z
(c). tyr-P* TCR z: phosphotyrosinated TCR z chain, LC: light chain of
immunoglobulin.

Table 1. Surface expression of TCR–CD3 complex and co-receptors on peripheral blood T cells 

% expression/Mean fluorescence intensity (log scale)
No. of

Subjects patients TCRz TCRa/b CD3 CD4 CD8

Normal 39 81 ± 8 71 ± 7 74 ± 6 44 ± 7 30 ± 8
(161 ± 42) (104 ± 26) (376 ± 61) (345 ± 321) (1565 ± 401)

SLE 44 81 ± 12 75 ± 12 78 ± 12 40 ± 11 38 ± 14**
(107 ± 41)* (87 ± 22)*** (355 ± 60)* (367 ± 306) (1716 ± 533)

RA 30 74 ± 9 67 ± 13* 69 ± 14** 48 ± 12 23 ± 7*
(147 ± 28) (107 ± 32) (377 ± 68) (237 ± 59)* (1435 ± 478)

SSc 11 71 ± 10 70 ± 12 74 ± 10 43 ± 11 29 ± 7
(133 ± 19) (102 ± 21) (368 ± 50) (213 ± 26) (1642 ± 503)

SjS 12 73 ± 10 70 ± 11 73 ± 11 44 ± 9 29 ± 9
(137 ± 16) (107 ± 23) (374 ± 77) (419 ± 121) (1966 ± 493)

Results were expressed as mean ± s.d. Paracenthesis indicates mean fluorescence intensity on log
scale. ***P < 0·001, **P < 0·01, *P < 0·05.

Fig. 2. Expression of TCR z on the subsets of T cells from a healthy individual and a patient with SLE. Double staining with TIA-2-PE
and T4-FITC or T8-FITC (upper pannels), and CD45RA-FITC or CD45RO-FITC (lower pannels) was carried out, and analysed on a 
flow cytometer. Mean fluorescence intensity of TCR z in the indicated double positive subsets was shown at the right upper corner of each
histogram.
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with anti-TCR z and various anti-T cell subset MoAbs was carried
out to determine whether the decreased expression of TCR z is
observed preferentially in a particular subset of T cells. As shown
in a typical experiment (Fig. 2), the mean fluorescent intensity
(MFI) of TCR z in both CD4+ and CD8+ subsets as well as
CD45RA+ and CD45RO+ subsets demonstrated a remarkable
decrease in SLE to a similar degree in all subsets. It should be
noted that the TCR z MFI in CD45RO was consistently lower
than that of CD45RA in the normal control. Repeated experi-
ments confirmed this observation in all 14 healthy controls.
Although a proportion of the CD4+ CD45RA+ subset was
reduced, in association with an increase of CD4+ CD45RO+ in
SLE T cells [13], the above results indicate that the TCR z defect
was not merely secondary to a shift in the T cell subsets.

Diminished expression of the TCR z chain by immunoblotting
In addition to flow cytometric anaysis, we determined the expres-
sion of the TCR z chain by immunoprecipitation analysis. For 
this purpose, we used immunoprecipitates with anti-TCR z
MoAb, from whole cell lysates, prepared with 1% NP-40, which
disrupts plasma membranes, followed by immunoblotting with
the same MoAb. The amounts of the TCR z chain were quanti-
fied by densitometric analysis. The results were expressed as a
mean of the duplicate samples. When the density of the TCR z

chain from a healthy control TT was set as 100% in all experi-
ments, the mean of the range of TCR z expressions in 39 healthy
individuals was 111·4 ± 22·6%. As shown in Fig. 3a, the expres-
sion level was reduced to various degrees in SLE. In particular,
TCR z was extremely down-regulated in two SLE patients (SLE
1 and SLE 8). The experiment shown is representative of 17 suc-
cessful experiments, involving 44 SLE patients. Overall, there
were heterogeneous decreases in the amount of TCR z expres-
sion in SLE T cells, ranging from 1·5 to 132·0% (mean ± s.d.:
51·6 ± 37·4%, n = 44), i.e. expression was significantly lower than
in healthy controls (P < 0·0001), RA (P < 0·0001), SSc (P < 0·0001)
and SjS (P < 0·0001). On the other hand, no significant difference
in TCR z expression was found between the healthy controls and
the patients with RA (106·3 ± 30·2%, n = 30), SSc (99·6.6 ± 23·0,
n = 11) or SjS (108·7 ± 21·3%, n = 12), suggesting that the defec-
tive z chain expression on peripheral blood T cells is quantita-
tively marked in SLE (Fig. 3b).

Association of TCR z defects with specific clinical
manifestations of SLE
To explore the possible relationships between defective TCR z
expression and clinical manifestations or laboratory findings in
SLE, statistical analyses were performed. First, we compared the
amounts of TCR z chains in T cells from SLE patients with or
without various parameters. As shown in Table 2, in those patients
whose medical records indicated butterfly rash, a past history of
vasculitis and positive antiphospholipid antibodies, the amount of
TCR z was significantly lower than in patients without these find-
ings (P < 0·05). On the other hand, the expression of TCR z in
patients with primary antiphospholipid syndrome was compara-
ble to that in normal controls (data not shown). Next, we per-
formed a logistic regression analysis to ascertain the possible
relationships between TCR z expression and the SLEDAI score
or the PSL dose. Neither the SLEDAI nor the PSL dose was cor-
related with the level of TCR z expression (Fig. 4a,b). It should
be noted that the higher the SLEDAI, the lower the TCR z

Table 2. Expression of TCR zeta and clinical features in SLE

% expression of TCR z

Clinical features (+) (–) P-value

Butterfly rash 32·7 ± 28·7 71·4 ± 14·9 0·005*
Discoid rash 25·1 ± 1·7 46·1 ± 32·2 0·550
Photosensitivity 49·0 ± 25·8 39·3 ± 34·4 0·283
Oral ulcers 33·1 ± 35·6 47·1 ± 29·3 0·485
Polyarthritis 46·1 ± 31·4 25·0 ± 22·6 0·356
Serositis 29·6 ± 25·6 48·5 ± 31·8 0·280
CNS 36·7 43·6 ± 31·6 0·203
Renal 37·9 ± 32·2 46·3 ± 30·9 0·833
Vasculitis 27·4 ± 26·0 50·7 ± 30·9 0·553
Anti-dsDNA 36·2 ± 32·5 51·7 ± 28·1 0·100
Anti-RNP 41·7 ± 30·4 44·3 ± 32·4 0·100
Anti-Sm 34·7 ± 39·4 45·2 ± 29·7 0·853
Anti-SS-A 45·7 ± 31·6 41·3 ± 31·5 0·747
Antiphospholipid 16·5 ± 17·8 53·3 ± 28·9 0·009*

Results were expressed as mean ± s.d. Expression of TCRz was deter-
mined by densitometric analysis on the TCR z bands, and compared
between those with or without the clinical feature. *P < 0·05.
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Fig. 3. (a) Immunoprecipitation analysis for TCR z chain from healthy
individuals and the SLE patients. Cell lysates were immunoprecipated by
anti-TCR z chain MoAb (TIA-2), separated by 15% SDS-PAGE and
transferred to PVDF membrane. Immunoblotting was performed with
TIA-2 followed by antimouse IgG labelled with HRP and then subjected
to chemiluminescence imaging. (b) Expression of the TCR z chain from
patients with SLE and other rheumatic diseases. Density of the band of
TCR z is quantified by the densitometric scanning, and analysed by NIH
image software. Dotted area indicated the mean ± s.d. of normal controls.
It was significantly lower in SLE than in normal controls (P < 0·001), while
no significant differences were found among the other rheumatic diseases.
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density tended to be. In addition, nine of 13 active patients
demonstrated relatively low TCR z expression. Nevertheless, no
significant difference was found in the total amount of TCR z
between the active (SLEDAI ≥ 10) and inactive patients
(SLEDAI < 10) (33·9 ± 35·1 versus 56·1 ± 37·1, P > 0·05).

Longitudinal analysis for TCR z expression
To examine possible changes in TCR z expression during the
disease course in individual patient, the expression was deter-
mined by immunoprecipitaion at two time points with active and
inactive disease within a 6–12-month period for each of the 13
SLE patients (Fig. 5). Five SLE patients showed a consistent
decrease in TCR z expression, although their active disease was
controlled to be inactive. On the other hand, the decreased level
of TCR z expression at an active stage recovered completely to
the normal level when inactive in three SLE patients, and it was
increased greatly to within the normal range in one patient who
went from active to inactive. There were no significant changes in
the levels of expression in the rest of the patients. In summary,
one-third of the patients exhibited a significant change in TCR z
expression at different levels of disease activity, while two-thirds
of the patients showed a relatively stable expression.

DISCUSSION

In this study, we demonstrated a remarkable decrease in the
expression of the TCR z chain on peripheral blood T cells from
SLE patients. T cells recognize foreign antigens via TCR a/b and
transduce signals through the non-convalently associated CD3 g,
d, e and z chains [37–40]. The level of surface expression of the
TCR-CD3 complex presumably determines the initial step in T
cell activation. We confirmed significantly decreased expression
of TCR a/b, CD3e or TCR z in SLE T cells, which may contribute
to a decrease in tyrosine phosphorylation by CD3 and CD4 liga-
tion in SLE. It has been demonstrated that TCR z has pivotal
roles in assembly [30], processing [30,41] and degradation [42,43]
of other components of the TCR-CD3 complex. In the presence
of the TCR z chain, pentameric TCR a/b-CD3e/d/g can form 
heptameric TCR a/b-CD3e/d, e/g and z/z, and export them 
from the endoplasmic reticulum (ER) to the Golgi apparatus 
[30]. However, in the absence of TCR z, incomplete TCRs are
degraded in lysosomes [42], and other partial receptors and
unassembled subunits other than z, are degraded by ubiquitina-
tion and proteasome-dependent removal from ER membranes
[44]. Thus, decreased expression of TCR a/b and CD3e may 
be secondary to the defective protein expression of TCR z in 
SLE T cells. In addition, it is important to know the downstream
signalling pathways in SLE T cells with defective TCR z expres-
sion. Tyrosine phosphorylation of multiple substrates including
TCR z appeared to be down-regulated. These results may imply
that the ZAP-70 tyrosine kinase, linkers for activation of T cells,
and a number of adaptors may be affected, although ZAP-70
exhibited normal level of tyrosine-phosphorylation in RA 
synovial T cells with decreased TCR z expression [45]. Further
experiments, for example showing the normalization of TCR-
CD3 expression with genetic manipulation of TCR z to normal
level, and concerning the detailed charcterization of the 
downstream signalling molecules are required to draw a defini-
tive conclusion in the future.

TCR z defects were detected in more than half of our SLE
patients, who had a range of different disease activities and
various clinical manifestations. Notably, TCR z defects were
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Fig. 4. Correlation of TCR z expression and SLEDAI (a) or dose of PSL
(mg/day) (b). Logistic regression analysis was performed, showing no sig-
nificant correlation between the amount of TCR z expression and either
SLEDAI or the dose of prednisolone.
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related to the presence of butterfly rash, vasculitis and antiphos-
pholipid antibodies since disease onset (P < 0·01). The butterfly
rash is a clinical hallmark sign of SLE, but vasculitis is a rare and
sometimes fatal manifestation. Since defective expression was not
observed in patients with primary antiphospholipid syndrome, 
the presence of antiphospholipid alone could not lead directly to 
the defective expression of TCR z. In five SLE patients the pro-
found z defects were observed at the active and inactive stages,
suggesting that the defective expression was not greatly affected
by the disease activity in these patients. On the other hand,
decreased TCR z expression during the active stage was restored
to normal in the inactive stage after treatment in three SLE
patients. This observation suggested that the TCR z defect 
could be reversed in vivo in some SLE patients, as in tumour-
infiltrating lymphocytes (TIL) [46,47]. These results imply that
defective expression of TCR z may result from a heterogeneous
mechanism in SLE. One form is relatively stable during the
disease course, while the other is changed by the disease process
or its treatment.

It is noteworthy that TCR z-mediated signalling was defective
in synovial, but not peripheral blood T cells from RA patients
[48]. TCR z defects were much more prominent in areas of
marked inflammation, suggesting that the expression is affected
by factors associated with inflammation such as the redox status
[49] and direct contact with activated macrophages [50]. Recent
studies have clearly demonstrated that prolonged exposure to
TNF-a down-regulates TCR z and the subsequent TCR-CD3
complex at the cell surface in mouse T cell hybridoma [51]. Thus,
when mediators of inflammation such as TNF-a or cells involved
in inflammation are corrected by treatment, TCR z defects may
be normalized.

On the other hand, the stable defects observed in some
patients may reflect abnormalities within T cells, independent of
the disease activity. Among five SLE patients with a consistent
decrease in TCR z expression, TCR z mRNA lacking exon 7 was
found in two patients. Previously, we identified abnormal TCR z
mRNAs lacking exon 7 and several base substitutions in SLE
patients [25,52]. To date, we have not been able to identify any
genomic mutations/deletions in either the coding or the splicing
donor and acceptor sites, which could account for the exon 7 skip
in these two SLE patients. As it has been reported that the mRNA
level was decreased in some patients [26], it is tempting to spe-
culate that alteration of the z mRNA sequence would affect the
stability of the transcripts, resulting in the down-regulated protein
expression of the TCR z chain in SLE. It should be noted that
TCR z mRNA was reduced by 30% with prolonged exposure to
TNF-a in mouse T cell hybridoma [51], introducing a possibility
that TCR z mRNA in SLE T cells is affected by TNF-a. In this
respect, the effect of proinflammatory cytokines on the quality
and quantity of TCR z mRNA in SLE T cells remains to be 
clarified in the future.

A question arises as to how TCR z defects lead to auto-
immunity. In TCR z chain knock-out mice, a shift from conven-
tional thymic differentiated T cells to intestinal intraepithelial
lymphocytes (iIEL), which differentiate from the extrathymic
environment, has been reported [41]. In this regard, we have
demonstrated that a novel integrin, aEb7 (CD103), expressed
preferentially on iIEL is up-regulated in activated PBL in SLE
[34]. As it has been suggested that autoreactive T cell clones are
more numerous in iIEL [53], this could account for the auto-
immune features of SLE with z defects, as in z knock-out mice.

However, the fact that the CD8 molecule expressed on SLE
aEb7 + T cells is composed of a/b, but not a/a isoforms [34], a
novel marker for extrathymically developed IEL [53,54], argues
against this possibility.

The alternative hypothesis arises from recent demonstrations
that autoreactive clones are not deleted by negative selection, but
selected positively in thymic differentiation, and expanded in the
periphery in TCR z chain knock-out mice [41,55–57], suggesting
a role of the TCR z chain in negative selection in the thymus. In
mice lacking all zeta family members, in spite of a low number of
peripheral T cells and decreased surface expression of TCR-CD3
complexes, they exhibit a memory phenotype, produce little IL-2
and overproduce interferon g with phorbol ester and ionomycin.
All these features are characteristic of SLE T cells. Although
these mice did not have a lupus phenotype, they appeared to
develop inflammatory bowel disease [57], suggesting that the
TCR z chain functions in preventing autoimmunity. In addition,
it has been proposed that T cell anergy and altered receptor 
signalling in regulatory T cells may lead to autoimmunity by
breaking the peripheral tolerance [58].

In conclusion, detailed characterization of the defective
expression of the TCR z chain may provide a key to understand-
ing the molecular basis of T cell dysfunction in SLE patients.
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