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A role for the Fas antigen in lupus?

Although the immunopathogenesis of systemic lupus
erythematosus remains poorly understood, the discovery in
1992 that underexpression of the apoptosis-encoding gene
Fas accelerates autoimmune disease in the murine MRL/
lpr model of lupus,' has taken the lupus community by
storm. Numerous groups are currently examining the role
of Fas in murine autoimmune disease. In addition, the
recent observation that human patients with lupus may
have elevated levels of a soluble Fas receptor,2 which could
block Fas-mediated apoptosis ofautoreactive lymphocytes,
has further heightened the interest in the Fas molecule.
The Fas protein denotes the CD95 receptor and is a

45-48 kD type 1 membrane protein with sequence
similarity to other members of a putative family of cell
surface membrane receptors, including nerve growth fac-
tor receptor, CD40, and tumour necrosis factor receptor 1
(TNFRI)." 3 Nucleotide analysis of the cDNA encoding
Fas and Apo-l has shown that the Fas and Apo-1 genes are
identical. The cytoplasmic domain of Fas, presumably
essential for signal transduction, is most similar to CD40
and TNFR1.' The Fas antigen is expressed on several
lymphoma lines, EBV-transformed B lymphoblasts,
activated B and T cells,35-7 CD4+ CD8+ thymocytes,7
but not on resting or activated lymphocytes derived from
MRL/lpr-lpr mice.7
A role for Fas in systemic lupus erythematosus

pathogenesis is cogently demonstrated in the MRL/lpr-lpr
model, a murine model of the human disease.8 In MRL/lpr
mice, the presence of the Fas mutation (represented by the
homozygous recessive 'lpr gene') results in an accelerated
autoimmune syndrome characterised by high level IgG and
autoantibody production, including high titers of anti-
DNA antibodies.8 MRL/lpr mice also develop arthritis,
vasculitis, diseases of the central nervous system, skin
disease, and an immune-complex mediated
glomerulonephritis.9 With some notable exceptions,
namely the presence of massive lymphadenopathy and
expansion of a double negative T cell population (CD4-
CD8 -), the diversity of organ involvement and the
immunopathologic characteristics in MRL/lpr mice
resembles human lupus.9 The lpr mutation represents Fas
underexpression,' and essentially results from the integra-
tion of a 5.7 kb retroviral ETn retrotransposon sequence
into the second intron ofthe Fas gene. Incorporation ofthis
retrotransposon leads to defective transcription of the Fas
gene and consequently to low-level expression of the Fas

Characteristics ofMRL/lpr-lpr mice

lpr mutation/Fas underexpression:
* polyclonal hypergammaglobulinemia
* high titers autoantibodies, including anti-DNA
* nephritis
* arthritis
* vasculitis
* CNS abnormalities
* skin lesions
* massive lymphadenopathy

Box 1

gene product.'0"' Recent studies have demonstrated that
the Fas protein is expressed at high levels on CD4 + CD8 +
thymocytes and activated mature lymphocytes in normal
mice.7 In contrast, there is markedly defective expression of
Fas by thymocytes and peripheral T cells derived from
MRL/lpr mice which seems to protect these cells from
apoptosis,'2"3 and in so doing, has a profound effect on
T-cell development.3"4 It is the protection of potentially
autoreactive T cells from the apoptotic process that has
been hypothesized to be the connection between autoim-
munity and apoptosis.'5 Indeed, the importance of the lpr
mutation (Fas underexpression) in autoimmune
pathogenesis has been underscored by a recent study
demonstrating that the early correction of the lpr defect in
T cells in transgenic MRL/lpr-lpr mice ameliorates both
glomerulonephritis and lymphadenopathy as well as reduc-
ing autoantibody levels.'6

Until recently, the revelance of Fas to the
aetiopathogenesis of the autoimmune syndrome in human
lupus was unclear. However, recent data from Cheng and
co-workers has generated potentially important insights
into the role of Fas in autoimmune pathogenesis in human
lupus.2 These investigators have recently reported that
60% of patients with lupus express an abnormal Fas
transcript which codes for a soluble form of the Fas

'2protein. This soluble Fas receptor protein appears to
protect lymphocytes from apoptosis. Furthermore, the
soluble form of Fas seems to be present at increased
concentration in approximately 60% of patients with
lupus. Cheng and co-workers have also demonstrated that
the injection of a murine homologue to the human soluble
Fas molecule results in abnormalities in both lymphocyte
number and phenotype in normal laboratory mice.2 Thus,
Cheng and colleagues observed an increase in both double
negative CD4- CD8 - and single positive CD4 + or
CD8 + T cells, as well as a two to three-fold increase in
both splenic T and B lymphocytes. Remarkably, the direct
consequence of lymphocyte proliferation and phenotypic
alterations was a four-fold increase in the response of
syngenetic mixed cell culture proliferation by thymocytes
and spleen cells from Fas-treated mice, compared to those
from control-treated mice - a response suggestive of
increased responsiveness to self-antigens.
Although the presence of increased Fas protein levels

among patients with human lupus, as well as the induction
ofautoimmunity in eight-week-old CD1 mice, suggests that

Apoptosis

* physiologic programmed cell death
* characterised by specific morphologic changes

(condensation ofnuclear heterochromatin, cytoplasmic
shrinkage, cell shrinkage with retention oforganelles, cell
membrane integrity is maintained for a prolonged period)

* active form of cell death (activate endonucleases,
macromolecular synthesis, etc)

* efficient removal of cells by phagocytosis

Box 2
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Fas antigen

* member of family which includes: nerve growth factor,
TNF, CD27, CD30, CD40

* expressed on activated B and T cells, CD4+ CD8 +
thymocytes, but not on MRL/lpr-lpr resting or activated
lymphocytes

* 'Ipr' mutation represents Fas underexpression because a
retroviral gene fragment incorporates into Fas gene and
interferes with transcription

* Fas underexpression may protect autoreactive T cells from
apoptosis

Box 3

the Fas molecule may play a critical role in the autoimmune
syndrome in both lpr mice and human subjects with lupus,
a recent study indicates that Fas expression may be normal
in lupus patients.'7 These investigators observed
significantly higher levels of Fas expression on freshly
isolated peripheral B cells and both CD4 + and CD8 + T
lymphocytes from lupus patients compared with normal
controls. Moreover, no abnormalities in Fas regulation or
in Fas-mediated apoptosis was detected in lupus B or T

lymphocytes compared to normal controls. Finally, no
significant correlation between the percentage of cells
expressing Fas and a clinical index ofdisease activity (lupus
disease activity index, erythrocycte sedimentation rate,
antinuclear antibodies, and anti-DNA antibody levels)
could be discerned.

In conclusion, the elucidation of the underlying
mechanisms leading to autoimmunity in lupus remains an
elusive goal. Nonetheless, recent studies focusing on the
Fas molecule have uncovered a critical role for the
apoptosis-encoding Fas gene in mediating the autoimmune
process. The intriguing possibility that the presence of a
soluble form of Fas in the serum of lupus patients may
protect autoreactive cells from apoptosis and thereby lead
to autoimmunity provides an exciting connection between
human lupus and a murine MRL/lpr model of the disease.
With the emerging role of apoptosis in autoimmunity,
another step appears to have been taken in unravelling the
mystery of autoimmune pathogenesis in lupus.
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