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Mutations in Fas Associated with Human
Lymphoproliferative Syndrome and
Autoimmunity

F. Rieux-Laucat, F. Le Deist, C. Hivroz, I. A. G. Roberts,
K. M. Debatin, A. Fischer, J. P. de Villartay*

Fas (also known as Apo1 and CD95) is a cell surface receptor involved in apoptotic cell
death. Fas expression and function were analyzed in three children (including two siblings)
with a lymphoproliferative syndrome, two of whom also had autoimmune disorders. A
large deletion in the gene encoding Fas and no detectable cell surface expression
characterized the most affected patient. Clinical manifestations in the two related patients
were less severe: Fas-mediated apoptosis was impaired and a deletion within the intra-
cytoplasmic domain was detected. These findings illustrate the crucial regulatory role of
Fas and may provide a molecular basis for some autoimmune diseases in humans.

The life and death of lymphocytes are
tightly controlled by membrane receptors
that activate either proliferative or apop-
totic processes (1). The Fas antigen has
been identified as a key cell surface recep-
tor involved in apoptotic cell death (2).
Fas is a cell surface protein of 48 kD that
plays a major role in induction of apopto-
sis in lymphoid cells. Mutations in the
Fas-encoding gene are responsible for the
lymphoproliferative disorder and associat-
ed lupuslike syndrome in Ipr and Ipre
mice (3). Defects in Fas-induced apoptosis
may lead to incomplete elimination of
peripheral autoreactive cells in these mice
(4).

We studied three patients (two siblings
and an unrelated child) with clinical
and immunological features reminiscent of
those seen in Ilpr mice: a lymphopro-
liferative syndrome, which, in one of the
siblings, was associated with autoimmune
hemolytic anemia, neutropenia, and throm-
bocytopenia (patient 3). A large propor-
tion of peripheral blood (Table 1) and
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splenic T lymphocytes expressed a8 T cell
receptors (TCR) but expressed neither
CD4 nor CD8 molecules. These double-
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negative (DN) T cells, as well as the sin-
gle-positive (SP) T cells showed normal
expression of the TCR-CD3 complex.
Analysis of TCR-V utilization in DN T
cells from patient 3 showed this popula-
tion to be oligoclonal. The expression of
Fas on activated T cells was markedly
reduced in patient 1 but was comparable
in patients 2 and 3 and in healthy con-
trols (Fig. 1A). In contrast, Fas-mediated
apoptosis, determined by means of hypo-
diploid nuclei quantification (5), was defec-
tive in T cells (Fig. 1B) and in Epstein-
Barr virus—transformed B cells from all three
patients: A monoclonal antibody (mAb)
to Fas caused apoptosis in 65% of control
cells but no detectable apoptosis in patient
1 and only 20% apoptosis in cells from
patients 2 and 3. The same results were
achieved with the use of the TUNEL
method (6). Cells from the father but
not the mother of patients 2 and 3 showed
a mild reduction in Fas-mediated apopto-
sis (Fig. 1B), as shown with the use of
both hypodiploid nucleic quantification
and TUNEL methods. Staphylococcal en-
terotoxin B—induced apoptosis in patient
1 and antibody to CD3-induced apoptosis
in patients 2 and 3 were reduced. This
shows that the Fas—Fas ligand interaction
does not operate in these Fas-deficient
cells.

Northern (RNA) blot analysis (Fig.
2B) showed a reduction in the transcript
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Fig. 1. (A) Defective Fas expression on activated T cells. (B) Defective Fas-mediated apoptosis. Shown
is the percentage of hypodiploid nuclei (13) as a function of the concentration of mAb to Apo1 in cells from
patients 1 and 3 (open circles), from fathers (open squares), from mothers (solid squares), and from two
controls (open triangles). The same results were obtained for patients 2 and 3 in three separate experi-
ments. The difference in sensitivity of the Fas-induced apoptosis assay between patients 1 and 3 is
secondary to the use of different batches of mAb to Fas.
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size in patient 1, whereas products from
patients 2 and 3 were of normal size. Fas
complementary DNA (cDNA) was iso-
lated from all patients and sequenced to
determine the molecular basis of these
defects. Seven primers were designed to
amplify the full-length coding region
(Fig. 2A). Direct sequencing of the Fas
polymerase chain reaction (PCR) product
(F3-R3) from patient 1 with the F4 prim-
er revealed a 290-base pair (bp) dele-
tion extending from nucleotides 1110
to 1400 (Fig. 3A). This deletion was re-
sponsible for the smaller transcript detect-
ed by Northern blot and resulted in the
lack of the last 29 amino acids and the
addition of the YKLHQE (7) peptide at
position 291. This mutation extends into
the death domain of the Fas molecule and
is incompatible with apoptotic activity, as
shown with the use of in vitro deletion
mutants at position 296 (Fig. 2C) (8).
Southern (DNA) blot analysis using a 3’
end-specific probe (Fig. 3B) and amplifi-
cation of genomic DNA with the F4 and
R3 primers resulted in single bands in
control DNA. DNA from patient 3
showed a single band with a 290-bp reduc-
tion, and the DNA from both parents had
the two bands, thus indicating their het-
erozygous status for the same mutation.
This deletion results in either an unstable
protein or the retention of the protein
inside the cell because there is no detect-
able cell surface expression.

Sequencing of ‘clones derived from
PCR reactions (F2-R2) revealed a 2-bp
deletion at nucleotide 1005 in clones
from patients 2 and 3 and in their mother
but not in clones from their father
(Fig. 3C). The frame shift caused by
this 2-bp deletion generates a premature
stop codon at amino acid 263 in the
cytoplasmic domain, which is preceded
by an unrelated nine—amino acid peptide.
Protein immunoblot analysis revealed
two forms of the Fas protein in the pa-
tients and in their mother, one being 5
kD smaller than the other as would be
predicted from the maternally derived
mutation. This mutation is not compatible
with apoptotic activity, as demonstrated
with in vitro Fas mutants (Fig. 2C) (8).
Clones corresponding to the wild-type Fas
transcript inherited from the father were
also found. Although we could not find
any defect in the sequence of the Fas
gene from the father, the clinical expres-
sion as well as the profoundly reduced
Fas-mediated apoptosis found in patients
2 and 3 could not be accounted for only
by the maternally inherited mutation,
because this defect has no phenotypic
expression in the mother. Moreover, Fas-
induced apoptosis of the father's T cells
was moderately reduced. This suggests
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that an unknown subclinical defect affect-
ing the Fas-mediated apoptosis path-
way but not directly related to the Fas
gene itself was inherited from the father.
In the context of a Fas mutation, this
defect has clinical manifestations. Digenic
autosomal recessive disorders have already

been described in humans; for example,
in Badet-Biedl syndrome, a recessive form
of retinal dystrophy (9). Each mutation
at the heterozygous level does not pro-
duce any obvious phenotype, whereas
heterozygocity at both loci results in the
disease.

A FAS cDNA
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Fig. 2. Structure of Fas cDNA and Northern blot analysis. (A) Structure of the Fas cDNA and location of
the primers used for PCR amplification (74). F1: 5’-TCTTTCACT TCGGAGGATTGCT-3'; F2: 5'-TGC-
CAAGAAGGGAAGGAGTA-3'; F3: 5'-AGAAAGCACAGAAAGGAAAACC-3'; F4: 5'-CTAAGTCAAGT-
TAAAGGC-3'; R1: 5-ACTTTCTGTTCTGCTGTGTCTT-3'; R2: 5’-ACAGCCAGCTATTAAGAATC-3';
R3: 5'-TACTCTCCTGCTCAAAATGCTT-3'. UT, untranslated region; EC, extracellular; TM, trans-
membrane; and IC, intracytoplasmic. (B) Northern blot analysis of Fas on polyadenylated RNA (4 .g)
from patient 1 and the control. (C) Summary of human mutations in the Fas gene and their effects on
Fas-mediated apoptosis. In patients, 1, 2, and 3, the shaded and solid rectangles at the COOH-
terminus of the protein represent the small peptide added because of the frame shift in the gene
encoding Fas.

Table 1. Analysis of the patients’ phenotypes. A 10-month-old girl (patient 1) born to parents who
were second cousins had hydrops foetalis without evidence of infection or malformation. Hepato- and
splenomegaly were noted at birth. Marked lymphocytosis up to 90 X 102 per microliter was detected
at 5 months of age with lung infiltrates and enlarged intra-abdominal lymph nodes. Two siblings (a
12-year-old girl and a 9-year-old boy; patients 2 and 3, respectively) born to unrelated healthy parents
developed splenomegaly associated with lymph node enlargement, hepatomegaly, and failure to
thrive. Polyclonal hypergammaglobulinemia A and G was detected in all patients and was associated
with a monoclonal immunoglobulin Gl in patient 1. Autoimmune thrombocytopenia was also noticed
in this patient. In patient 2, splenomegaly was diagnosed at 5 years of age, and splenectomy was
carried out when she was 12 because of hypersplenism with anemia, thrombocytopenia, and mild
neutropenia. Splenomegaly was detected in patient 3 at birth; hemolytic anemia and autoimmune
thrombocytopenia (autoantibody to glycoprotein Ib) that occurred at 8 years of age were treated with
steroids, azathioprine, and cyclophosphamide, and by splenectomy.

Cells Patient 1 Patient 2 Patient 3 Control
Cell counts (cells per microliter)
Neutrophils 1,200 to 11,000 1,000 to 3,000 100 to 3,000 2,000 to 8,000
Platelets 17,000 to 190,000 60,000 to 110,000 5,000 to 100,000 150,000 to 400,000
Lymphocytes 35,000 9,300 2,800 1,500 to 4,000
Lymphocyte phenotype (%)
CD3 86 86 91 7010 90
CD4 11 9 12 3510 65
CD8 16 44 49 15t035
CD16 5 5 5 1t0 10
CD19 4 6 2 1t0 10
Phenotype of CD3* lymphocytes (%)

CD2 99 100 99 98to 100
CD4-CD8~ 70 41 38 Oto3
TCR v/3 4 17 21 1to 10
TCR o/B 96 83 79 90 to 99
Human lymphocyte 78 46 23 Oto 10

antigen class Il to
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There is an apparent gradation in the
severity of the disease according to the
extent to which apoptosis is affected. Pa-
tient 1, for whom no Fas expression was
detectable, was the most affected with
clinical symptoms that were present at
birth. Fas expression was normal in pa-
tients 2 and 3, although the maternally
inherited mutated allele that leads to the
disruption of the Fas death domain cannot
give rise to a functional protein (8). This
mutation, together with the defect inher-
ited from the father, leads to a profound,
though less severe, defect in Fas-mediated
apoptosis.

In humans, Fas is constitutively ex-
pressed in large amounts on CD4 and CD8
double-positive (DP) thymocytes and on
peripheral T and B cells after activation
(10). Consequently, lymphoproliferation as
well as oligoclonality of SP and DN T cells
may result from a defect in either central or
peripheral Fas-dependent selection mecha-
nisms. The accumulation of DN T cells may
therefore be a consequence of an abnormal
differentiation pathway or down-modula-
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tion of CD4 or CD8 molecules in the pe-
riphery as observed in Ipr mice (11) . Our
study defines a syndrome in humans that
phenotypically and molecularly resembles
the lpr syndrome in mice. Patient 1 had
very limited autoimmune manifestation
of the syndrome in spite of the lack of
Fas expression. This seems to argue against
a major role for Fas in central negative
selection but for a role in controlling
peripheral lymphoid responses. The genet-
ic dependency for autoimmune manifes-
tation has also been noted in the mu-
rine lpr mutation. Although the MRL/lpr
and MRL/gld mice develop both a lympho-
proliferative syndrome and autoimmune
manifestations (lupuslike syndrome and ne-
phritis), these Fas—FasL mutations in organ-
isms with different genetic backgrounds
only result in lymphadenopathy and spleno-
megaly (12). Future studies in patients with
a similar syndrome will provide new in-
sights into the role of Fas in lymphoid de-
velopment and the effect of multigene al-
lele expression in the onset of autoimmune
diseases such as diabetes in nod mice or

(A 290 bp)

AAAAAAGCCAATCTTTGTACTTTGT “ACAAACTTCATCAAGAGTAAA

Fas WT KANLCTLAEKIQTIILKDITSDSENSNFRNEIQSLV
Fas P1 KANLCTLYKLHQE

kb
-_—2 64

- 1.60

3 b = =
= =
e (42 bp)
- E v
— b T i) 5 CAAGA (CA)CAGCAGAAC 3
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!= Fas P2,P3,M QDSRTESSTAS
&

P2 Cc

Fig. 3. The Fas molecular defect. (A) Direct sequencing of the PCR product (F1-R3) from patient 1 (P1)
with the use of F4 primer (74). WT, wild type. The arrow indicates the breakpoint of the 290-bp deletion.
The 290-bp deletion leads to the elimination of the last 29 amino acids and their replacement by an
unrelated six-amino acid peptide (in bold). (B) Southern blot analysis on genomic DNA from patient 1 (P1),
her parents (F and M), and a control (C) with the use of a probe specific to Fas exon 9. (C) Sequence
analysis of PCR clones:(F1-R2) from patient 2 (P2), and control (C), showing the maternally inherited 2-bp
CA deletion that leads to the termination of the normal protein sequence at position 253 and the addition
of an unrelated nine— amino acid peptide (in bold). WT, wild type; P2, patient 2; P3, patient 3; and M,

mother.
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diabetes (and possibly systemic lupus and
thumatoid arthritis) in humans.
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