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ABSTRACT

Autoimmune lymphoproliferative syndrome (ALPS) is charindicating that the disease-causiRgSmutation in this family is
acterized by autoimmune features and lymphoproliferations aadtosomal recessivéPediatr Res47: 336—343, 2000)
is generally caused by defective Fas-mediated apoptosis. This
report describes a child with clinical features of ALPS without
detectable Fas expression on freshly isolated blood leukocytes. Abbreviations
Detection ofFAStranscripts via real-time quantitative PCR mad@LPS, autoimmune lymphoproliferative syndrome
a severe transcriptional defect unlikely. Sequencing ofRA& TCR, T cell receptor
gene revealed a 20-nucleotide duplication in the last exon affe®tB, peripheral blood
ing the cytoplasmic signaling domain. The patient was homoz}NC, mononuclear cells
gous for this mutation, whereas the consanguineous parents a@RB, TCRB gene
the siblings were heterozygous. The patient reported here iR&-PCR, reverse transcriptase PCR
human homologue of the Fas-null mouse, inasmuch as sR®-PCR, real-time quantitative PCR
carries an autosomal homozygous mutation infA&gene and GAPDH, glyceraldehyde-3-phosphate dehydrogenase
she shows the severe and accelerated ALPS phenotype. The cycle number in which the fluorescent signal exceeds the
heterozygous family members did not have the ALPS phenotyghreshold value

ALPS is characterized by lymphadenopathy, splenomegasymilar phenotype, there are differences in severity and the time
accumulation of nonmalignant CDEZD8 TCRaB " T cells, of development of the symptoms (6).
and several autoimmune features, such as autoantibody proBoth FasL and Fas are transmembrane proteins, which
duction and autoimmune hemolytic anemia (1). It is caused bglong to the tumor necrosis factor and tumor necrosis factor
a defect in apoptosis mediated by Fas (also designated CD®&eptor family, respectively (7, 8). Fas is expressed as a trimer
Apol, or Aptl). ALPS features are highly comparable to then peripheral activated lymphocytes and also in tissues such as
phenotype of mice withpr or gld mutations, which carry an |iver, lung, heart, and ovary. The intracellular part of the Fas
autosomal recessive mutations in fil@Sgene or in the gene protein contains a death domain, which is essential for the
encoding Fas ligand5ASL) respectively, causing autoimmu-indyction of apoptosis on interaction of Fas and FasL trimers
nity, Iyrrjphoprollferatlons and accumulation  of9) Fas-mediated apoptosis is needed for the elimination of
CD4°CD8 TCRap™ T cells (2—4). There are three mousg, ioreactive T lymphocytes that escaped thymic selection, but
strains carrying differenFAS mutationsi.e. the Ipr, thelpr®®  gooms not to be involved in negative selection of immature

and the Fas-null strains (2, 5). Although these mice have gyq i the thymus (10-12). The Fas-FasL interaction also
appears to be important in B cell homeostasis and is involved

in the control of immune responses (13, 14). A soluble form of
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blocking membrane bound Fagh vitro (15). The humarrAS b &:’ = =
gene consists of 9 exons and is located on chromosomef - )&,
(16-18). - e :
The patients with ALPS that have been described thus fig “®: % ¢
show largely comparable clinical features, with variation ir ¥ =, 3
severity (1, 19-24). We herein present a new patient in whos ‘
Fas protein expression studies were followed by extensit L '. o9
molecular analysis of thEASgene of the patient as well as her # § . <b

~

parents and siblings. The unique genotype and phenotype” = ™
this patient are discussed in the context of previously describr ﬂh“"‘
patients with ALPS and the different mouse strains with dis -‘.‘- J
ES od

.

\ . > o -

tinct FASgene mutations. LX) w ~
¢ "o *

* D #

METHODS ® o

Clinical report. The patient is a girl from consanguineous
parents. She has three healthy siblings, but two other siblin 7" "~ .. 27 7=
died at the ages of 1.5 and 2 y. Immediately after the girl' - - *= <=
birth, petechiae, generalized edema, and hepatosplenomec, .=
were noticed. During the first month of life, autoantibodie:-
against red blood cells and platelets were demonstrated. A Ii\%g‘,_
biopsy showed extensive extramedullary hematopoiesis. &7~
PB-MNC, a high percentage (15%) of CD@D8 TCRaB" T
cells was observed. Hypergammaglobulinemia (1gG, 13.8 g/
IgM, 0.85 g/L; IgA, 2.48 g/L) remained persistent for severa
years. At the age of 8 mo, she had massive generaliz
adenopathy of the cervical, mesenterial, and para-aortal lym,
nodes and chronic pulmonary disease not responding to bre™:
chodilation and not associated with detection of pathogens.;‘.f:"

Flow cytometric immunophenotyping of PB-MNC and’
lymph node biopsy specimens indicated that 30% and 70% ‘of

. — + . Figure 1. Histomorphology of the skin and lymph node biopsies, showing the
cells, reSpeCtlvely’ were CDLD8 TCRaf™ T cells. Figure lymphoproliferationsA, Lymph node showing infiltration with T lymphoblasts

1A shows the T lymphoblast infiltration in the lymph nOde(arrow) (hematoxylin and eosinx1000). B, Infiltration of the skin with T
Lymphoproliferative responses to the mitogens PHA, Condymphoblastic lymphoma (hematoxylin and eosi200).

PWM, ProtA, and SAC, and the GOKT3) antibody indi

cated no functional T and B cell impairment. Analysis of a

lymph node biopsy was suggestivEaT cell non-Hodgkin’s disease required continuous oxygen administration. The pare-
lymphoma, butTCRB analysis did not show monoclonal orsis of the right arm and diaphragm persisted, whereas the
oligoclonal rearrangements. Skin biopsy specimens taken dawtaneous symptoms had a chronically intermittent course. She
ing relapse showed IgM and complement depositions in tfieally died at the age of 8 y as a result of pulmonary failure.
dermis consistent with lupus-like disease. At the same time,Blood samples and DNA and RNA extractioB samples
rheumatoid factors (IgM and IgA) as well as autoantibodidsom the patient, her parents, and three healthy siblings, as well
against nuclear antigens, smooth muscle, striated muscle, asdfrom healthy control subjects were obtained. MNC were
neutrophil cytoplasmic antigens were demonstrated in seruisolated from PB by Ficoll density centrifugation (Ficoll-
Subsequently, the girl remained in a stable condition withoBtaque; density, 1.077 g/mL; Pharmacia, Uppsala, Sweden).
hemolytic anemia, and her pulmonary function improved graédter Ficoll density centrifugation, both MNC and granulocyte
ually. At the age of 4-5 y, she had maculopapular to nodulactions were used for DNA extraction with the phenol-
skin abnormalities on the face and on both arms and legéloroform method and for RNA extraction using the method
Clinically this skin disease resembled mycosis fungoides. Skaecording to Chomczynski and Sacchi (25).

biopsies showed the histopathologic aspects of malignant cuimmunophenotyping. Double and triple flow cytometric
taneous T cell lymphoma (FigB). Approximately 30% of T immunophenotyping was performed to study Fas (CD95) ex-
cells in the dermal infiltrates were CD8D4"CD8 . DNA pression on granulocytes, monocytes, and COB3™,
analysis showed bialleliECRBgene rearrangements in one oCD8"CD3", CD45RO CD3", and CD45RACD3" T lym-

the biopsy specimens, but not in others, making mycogitocyte subpopulations. For this purpose, /00 of whole
fungoides less likely. A bone marrow biopsy did not reveddlood or MNC was incubated with 5QL of various combi-
abnormal T cells. Immunophenotyping of PB-MNC yieldedations of FITC, phycoerythrin, and phycoerythrin-cyanin-5
normal results. The girl was diagnosed with ALPS and duringpnjugated with CD95 (UB-2 and CH11; Immunotech, Mar-
the following years she became increasingly ill. Her lungeille, France), CD95 (DX-2; PharMingen, San Diego, CA),
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CD95 (7C11; Beckman Coulter, Fullerton, CA), CD3 (HIT3a)heteroduplex analysis to detect potential differences between
CD4 (Leu-3a), CD8 (Leu-2a), CD45RO (UCHL1; Bectorthe exons of the two alleles. After denaturation (5 min at 94°C)
Dickinson, San Jose, CA), and CD45RA (2H4; Coulter Clonand renaturation (1 h at 4°C), the resulting duplexes (hetero-
Hialeah, FL) antibodies for 10 min at room temperature. Aftemd/or homoduplexes) were separated in nondenaturing 6%
incubation, the cells were washed, and, in the case of whagelyacrylamide gels (27).
blood, the erythrocytes were lysed with lysing solution (Becton Southern blot analysisGenomic DNA samples of 2(.g
Dickinson). Appropriate isotype controls were performed iwere digested withEcdRl, BanHl, Hindlll, or Sad. The
every test. restriction fragments were separated in 0.7% agarose gels,

To quantitate the density of Fas expression in terms wansferred to Nytran-13N nylon membranes (Scheichler and
numbers of molecules of equivalent soluble fluorochrome, tisehuell, Dassel, Germany), and hybridized with exon 1, exon
fluorescence intensity was calibrated using Quantum FITX and exon 9 probes (28). The probes were generated by PCR
premixed microbead standards (Flow Cytometry Standaadhplification of the exons using MNC DNA from a healthy
Corp., San Juan, PR). individual and radioactively labeled withaf*’P]dATP and

To investigate Fas expression on stimulated T lymphocytga;>?P]dCTP using the random primer labeling method.
PB-MNC were cultured (0.5¢ 10° cells/mL) in RPMI 1640  Sequence analysisThe products of both RT-PCR and
medium with Glutamax-l, supplemented with 100 U/mL pergenomic PCR amplification were sequenced with the T7 Se-
icillin, 100 wg/mL streptomycin, and 10% FCS in the presenaguence Kit (Pharmacia) usirfgS radiolabeling after cloning in
of PHA (0.2pg/mL). The cells were maintainedrf@ d at37°C pMosBlue (Amersham Int., Amersham, UK), and the frag-
in a humidified atmosphere of 5% G air. Fas expression ments were run in a denaturing 8% polyacrylamide sequence
was evaluated daily with triple immunostainings as describgel. Exons were also analyzed by cycle sequencing on the ABI

above. 373 fluorescent sequencer (PE Biosystems).
RT-PCR and RQ-PCRcDNA was prepared from mRNA
using AMV reverse transcriptase (Promega, Madison, WI). RESULTS

RT-PCR was performed with different combinations of the
cDNA primers EU, ED, CU and CD (see Fig. 4) to amplify Fas protein expressionln contrast to healthy children and
parts of the coding region (EU: CTGGGAATTCCTACCTCT-adults, the granulocytes, monocytes, and CD45RDIlym-
GGTTCTTACGTCTG, ED: CATGAATTCATCAAGGAAT- phocytes of the patient did not express detectable levels of Fas
GCACACTCACC, CU: TGAGAAGCTTGGTTTTCCTT- protein (Fig. ). The absence of Fas expression on MNC of
TCTGTG, CD: CTAGACCAAGCTTGGATTTCATTTC). the patient was confirmed with three different CD95 antibodies
RT-PCR conditions were 1 min at 94°C, 1 min at 60°C, and @ata not shown). Two family members showed intermediate
min at 72°C for 35 cycles. The PCR products were separateéds protein expression (FigBR, but they did not show any of
on a 6% polyacrylamide gel. the clinical features. Furthermore, PB-MNC were stimulated
For the quantification oFAS mRNA, we performed RQ- vitro with PHA to induce Fas protein expression on activated
PCR with ABI Prism 7700 Sequence Detection (PE Biosysnd proliferating T lymphocytes. As expected, witl# d of
tems, Foster City, CA) (26). TwBASprimers and &agvian culture, virtually all MNC of healthy control subjects ex-
probe were designed with the ABI Prism Primer Express (REessed Fas (FigA3. Maximum levels of Fas density per cell
Biosystems) (FASTM5 TCCTCAAGGACATTACTAGT- were reached after 4 to 5 d of culture (Fidg3)3In contrast,
GACTCAG, FASTM3: ATCTTTTCAAACACTAATTG- only a small fraction of the patient's MNC (10-20%) ex-
CATATACTCAG, FAS TagVlan probe labeled with FAM pressed Fas at low density levels, which were 5 to 6-fold lower
reporter dye: GAAATCCAAAGCTTGGTCTAGAGT- than in healthy control subjects (Fig. 3).
GAAAAACAAC). During the PCR theTagMan probe first ~ RT-PCR analysis oFAS mRNA. The observation th&AS
hybridizes to the DNA target, followed by primer annealingRT-PCR products could be generated with the four primers
The emission of the reporter dye of tfi@gVian probe is EU, ED, CU, and CD (Fig. A) indicated thaFASMRNA was
guenched until the probe is cleaved by the exonuclease actiaypressed in leukocytes from the patient. cDNA amplification
of theTagpolymerase, generating a fluorescent reporter signaiith the ED and CD primers, which are located in the extra-
The RQ-PCR conditions were 2 min at 50°C for the Ameellular and cytoplasmic regions, respectively, should generate
pErase UraciN-glycosylase step, 10 min at 95°C to activatéwo products: one including and one excluding the transmem-
AmpliTag Gold, followed by 50 cycles of 15 s at 95°C and brane region (Fig. 4). Both in the healthy control subjects and
min at 60°C.TagVlan GAPDH control reagents (PE Biosys-n the patient, two PCR products were obtained, indicating that
tems) were used to quantify the amount of cDNA in thboth splice variants were present. However, the two products
reaction. of the patient were found to be larger compared with those of
PCR of genomic DNA and heteroduplex analysi§or healthy control subjects (Fig.B}. This suggested that there
amplification of genomic DNA, nine primer sets were designaday be a defect in the cytoplasmic region.
to amplify each of the nine exons. All primers were positioned Quantification of FAS mRNA by RQ-PCRRQ-PCR was
in the introns, at least 25 base pairs upstream or downstreanswlisequently performed to determine whether the amount of
the splice sites of the involved exons. The conditions for PGRASMRNA in MNC of the patient was comparable to that of
analysis of genomic DNA were essentially the same as for thealthy control subjects. In RQ-PCR, theg {8 a measure of
RT-PCR method. PCR products were further analyzed llye amount of template present in the sample. A GAPDH
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Figure 2. Fas (CD95) expression on freshly obtained blood leukocytes of tt 5000
patient and a healthy control subjed, Dot plots show CD95 (UB-2)

expressionvs side scatter §SG of the leukocytes. In the healthy control 0-
subject, Fas expression is found on granulocytes, monocytes, and a part of
lymphocytes. Detailed immunophenotyping revealed that natural killer cells . .
and B lymphocytes do not express detectable levels of Fas, whereas CD45R¢gUre 3. Fas (CD95) expression on cultured MNC from the patient and
T lymphocytes are Fas-positive. This is in contrast to the patient, who did fia!thy control subjectsd, PHA-stimulated MNC cultures of healthy age-
show detectable Fas levels on any leukocyte sutBeEas expression on matcheq qnd adult control subjech resulte_d in Fas expression on virtually all
CD3" T lymphocytes of healthy control subjects, family members, and t{4NC within 2 d. These MNC mainly consisted of CD45ROD3" T lym-
patient. Healthy control subjects show strong positivity on a subset of thePROCYteS, as was the case in the patient's culture. However, only a minor
lymphocytes, whereas other T cells are weakly positive. The T lymphocytes'giction of the patient's cells expressed F&. The density of the Fas
the parents show intermediate Fas expression, whereas the majority of tHe<pression (number of molecules of equivalent soluble fluorochréfisF
lymphocytes in the siblings are weakly Fas-positive, with comparable intens\f?'“es) in the patient was essentially lower than in the healthy control subjects.
as a T cell subset in healthy control subjects. The patient's T lymphocytes are

negative for Fas expression. The low number of events in the patient is cau
by lymphopenia.

6 7

2 3 4 5
days of culturing in the presence of PHA

Eﬁ%pared with heteroduplexes in gel electrophoresis. Using
this assay for PCR products derived from exons 1 to 8, only
homoduplexes and no heteroduplexes were found in the pa-
housekeeping gene control reaction was performed to checktient, her family members, and healthy control subjects. More-
the amount of cDNA in the reaction mixture, which was foundver, in these exons, no size differences were found between
to be equal (similar € values) in the patient and the twopatient, siblings, and control subjects (data not shown). How-
healthy control subjects (Fig.Ay. Figure B shows that the ever, the homoduplexes of the PCR products of exon 9 of the
amount ofFASmMRNA in the patient equals the amount presemiatient and control subjects showed a difference in size similar
in the healthy control subjects, as evidenced from the similer that seen with the ED and CD primers in the RT-PCR
C; values. analysis (Fig. 6,A and B), suggesting that the patient was
Heteroduplex PCR analysis and sequencingfeAS exons. homozygous for a larger exon 9 product. Hemizygosity of the
All FAS exons were amplified using intron primers, and thEAS gene in the patient was excluded, because Southern blot
resulting PCR products were subjected to heteroduplex anadyalysis showed equal band intensities in the patient and
sis to find possible allelic differences. Heteroduplex analysis@sntrol subjects, suggesting the presence of B alleles
based on denaturation and renaturation of the PCR produegtighout major deletions or rearrangements (data not shown). In
leading to the formation of one homoduplex in a homozygouise family members, we identified two homoduplexes, repre-
situation and two homoduplexes as well as two heteroduplexsenting the allele with the normal and the one with the larger
in a heterozygous situation. Homo- and heteroduplexes candx®n 9 product, as well as two heteroduplexes, representing
separated by PAGE on the basis of the differences in conferess-annealed single-strand fragments of the two alleles (Fig.
mation. Heteroduplexes are more retarded in a polyacrylami@i). These findings were further supported by the presence of
gel because of mismatches or bulging loops. At low renatuwo single-strand bands in the lanes of samples from the patient
ation temperatures<(20°C) some single-strand PCR productand control subject, which represent the coding and noncoding
will remain that have a different (generally lower) mobilityfragments of the homozygous alleles. In the lanes of samples
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Figure 5. RQ-PCR analysis oFAS mRNA. A, Control GAPDH cDNA
amplification plot of GAPDH RQ-PCR of cDNA of patient and healthy control
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Figure 4. RT-PCR analysis oFAS mRNA. A, Schematic diagram dfAS . . . .
MRNA encoding the extracellular, transmembrafiéd), and cytoplasmic €Nts and siblings of the patient did not show these autoimmune

domain. Four primers for RT-PCR are indicated as well as the size of the tf@atures and lymphoproliferations.

ED-CD RT-PCR products, including and excluding the transmembrane do-|mmunophenotyping demonstrated that leukocytes of the

main.B, PAGE analysis of the ED-CD RT-PCR products of the patient and tient did not show detectable levels of Fas protein, whereas

healthy control subject. The two products of the patient are larger in compay- . .

ison to those of the healthy control subject. the expression on Ie_ukocy_tes of the family memb_ers was
intermediateln vitro stimulation of PB-MNC resulted in low

: . levels of Fas expression on only a minor fraction of the
from the family members, three single-stranded bands were . . : ;
liferating T cells. This suggests that Fas protein can poten-

: . . r
observed,_representlng the coding a_nd noncoding fragment 'gly be expressed, but only with strong stimifi vitro.
the two different alleles, two of which probably comigrate . .
(Fig. 68) olecular_analy3|s was performed to determine the genotype
o of the patient. RT-PCR data showed that both E#S and

Sequ_encmg_oiFAS exon 9 revealed a dupllcatlo_n of 20FASATM splice variants were present, although they were
nucleotides (Fig. 6). In the cDNA, the same mutation was : . : .
enlarged in the region encoding the cytoplasmic part of the

found. This duplication causes a frameshift resulting in an _, ° o N
extended predicted protein (Figoh The six C-terminal amino protein. Quantitative mRNA analysis with RQ-PCR showed

acids (Glu-lle-GIn-Ser-Leu-Val) are replaced by 37 amingmt the same amount BASMRNA was pre_sent n th_e patient
. : : o compared with the healthy control subjects. This made a
acids. The second and third amino acids in the altered read

o [Po%scriptional defect unlikely. Heteroduplex PCR analysis of
frame are not changed as a result of the duplication. Seque{lc- . .
. - : hé FASgene exons and sequencing analysis showed that the
ing of all other exons revealed no additional mutations. . s .
patient had a homozygous duplication of 20 bp in the death
DISCUSSION dom_aun encoding exon 9._ The patient is most probably no_t
hemizygous for this mutation, because Southern blot analysis
The patient reported here developed the classic featuresobfthe patient did not show any abnormality compared with
ALPS immediately after birth. She showed all phenotypikealthy control subjects and family members. The duplication
characteristics, including cutaneous lupus-like disease at a latgroduces a frameshift resulting in a longer predicted protein,
stage. Moreover, the patient showed histologically malignawhich might be less stable or defective in proper transport to
lymph nodes, although monoclonal or oligoclonal rearrangtie cell surface. Both parents and siblings were heterozygous
ments could not be detected ®CRBgene analysis. Both the for this mutation and did not show typical ALPS features.
early onset and the extensiveness of the ALPS characterisiiterefore, this patient carries a unique homozygous recessive
suggest that the phenotype of the reported patient was vemytation in theFAS gene.
severe compared with other patients with ALPS that haveAll previously described patients with ALPS are phenotyp-
previously been described (Table 1). The consanguineous peally largely comparable as is shown in Table 1. However,
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the involvedFAS mutation is not the single cause of ALPS in
A . oo
i 2 34 5678 O these children. It is likely that another defect, for example
" v G LI affecting FasL or downstream signaling molecules of Fas-
mediated apoptosis, is inherited from the parent without the
- T UTR e o FAS gene defect. Candidates for Fas-mediated signaling de-
9 fects are proteins that associate with the death domain, such as
B C RIP, FADD, and FLICE (30-33). One could speculate that in
this situation, ALPS may result from a digenic defect. In that
G_:Tf_ E_A__T,.C_ case theFAS mutation might be called autosomal recessive,
== ::_:__- although this can formally only be proven in a clinically
== = symptomatic individual showing the homozygoeaS muta-
- -s:'z"mgm tion. It remains unclear whether another defect is also present
— . in heterozygous family members showing only a few clinical
= - .
o= = symptoms of ALPS. So far, symptomatic heterozygous Fas-
contrel patent deficient mice have not been described.
sl A second group of patients with ALPS (patients 11-13 in
b g 2 AMNTTCARACTTCAGHAAT Table 1) is associated with biallelic recessive mutations. In
mcrcAmnmcM these patients, both alleles are affected, whereas heterozygous
family members do not show clinical symptoms. Our patient
D control: --DSENSNFRNEIQSLY (319aa) reported here (patient 11) carries the same mutation on both
patient: -----DSENSNFRNKIQTSEMKSKAWSRVKNNKFSSEYMELVFEKILNSWL (350 a.a.) alleles and is therefore homozygous for this reces§ins

) ) ) ene mutation. Recessive mutations are also found ifpthe
Figure 6. PCR and sequence analysis of th@Sgene.A, Schematic repre- 9 rlp

cg ) . . . .
sentation of the entir€AS gene. The enlarged exon 9 consists of a codin!;Dr , and Fas-null miceLpr mice havmg a transposon in
region ghadedland 3 untranslated regiorl(TR) (blank). Primers 9U and 9D INtron 2 are able to express low levels of norrRAS mRNA,

were used for amplification and subsequent analysis of ex@ Beterodu- implying that they are not completely deficient for Fapred
plex analysis of exon 9_ PCR products of the‘patient, her fam_ily members, giflce express Fas protein on the membrane, although this
five healthy control subjects. The control subjects and the patasiiéne are rotein is not functional because of one amino acid substitu-
homozygous for exon 9 as evidenced from the presence of one homoduplex . . ..
and two single-strand bands. The homoduplex of the patient is larger than ngn Fas-null mice are completely Fas protein deficient _and
homoduplex of the control subjects. The presence of two homoduplexes &Hgplay the same phenotype las mice, but the phenotype is
two heteroduplexes shows that the family members are heterozygous for eraore severe and accelerated in presentation. Fas-null mice also
9.C, Sequgnce analysis pf exon 9 using the 9D pri_mer. 'I_'he duplication of Pyve liver cell hyperplasia, which is not seenlpn and lpr°®
base pairs in the pat|e_nt |§ indicate]. P_re(_jlcted amino acid sequence of themiCe (5). Therefore, it is clear that the type BAS gene
C-terminus of the patient's Fas protein in comparison to the wild-type Fas . . . .
protein sequence. mutation determines the level of (aberrant) protein expression
and thereby influences the severity of the phenotype. The
patient studied in this report (patient 11) carries a homozygous
considerable differences are found in severity, age of onset, andtation affecting the cytoplasmic tail of the protein. This
in the presence or absence of some specific characteristics.mlltation severely affects Fas protein expression. Patient 12
patients showed lymphoproliferations, but the manifestation afso lacks Fas expression because of a homozygous deletion of
the autoimmune features varied. Even siblings or other familye last 290 bp. Both patients had ALPS from birth on and
members carrying the same mutation (patients 1a and b, paewed all characteristic ALPS symptoms. It is therefore
tients 10 a, b, and ¢, and patients 13 a, b, and c) showtedhpting to compare these humaASgene mutations with the
differences in the extent of autoimmune features (19, 21, 2&urine Fas-null mutation, in which deletion of the death
In Ipr and Ipr®® mice, FAS mutations result in lymphoprolif domain also affects Fas protein expression. However, the hep-
erations, whereas autoimmunity in these mice is strongly iatomegaly in our patient was not clearly caused by liver cell
fluenced by the genetic background (29). The collective patigntperplasia, but was probably caused by erythropoiesis and
data suggest that also in man genetic background might infaeme swelling of the hepatocytes. There was no striking dif-
ence the clinical manifestation of autoimmune features.  ference in nuclear sizes in comparison with an age-matched
On the basis of different genotypes, three groups of patietiiteer from a girl who died of sudden infant death syndrome.
with ALPS can be distinguished. The first group includes The patients described by Bettinareli al. (21) (patients
patients with a heterozygoudsAS mutation (patients 1-10 in 13 a, b, and c) also have double mutations, but these concern
Table 1), suggesting a dominant-negative defect in Fadifferent missense point mutations on the two alleles. These
mediated apoptosis. Healthy family members of these patientsitations do not seem to disturb trimerization, but result in the
with ALPS who have a heterozygolsAS mutation showed expression of a Fas trimer on the membrane, which is appar-
defects inin vitro Fas-mediated apoptosis without clearlyently not entirely functional. The slightly reduced Fas expres-
showing the clinical symptoms, although some of the familsion in these patients was explained by reduced density rather
members of patients 3, 4, 6, and 10 in Table 1 did show a fahan by a conformational change. On the basis of severity, age
ALPS symptoms. In case a particular mutation does not causgfeonset, and type of mutation, these patients are phenotypi-
clinical symptoms in the family members, it might well be thatally and genotypically similar tépr® mice.
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Table 1. Clinical characteristics of patients with ALPS and their genotypes

Lymph-  Spleno- Hepato- CD4 /CD8 / Auto- Hemolytic Hypergamma- Age at Zygosity

No. adenopathy megaly megaly TCRaB™ Ab anemia globulinemia  onset of defect Type of mutation Ref.
la + + + + - + 5y het deletion of 2 nt, stop at 19,
position 263 20
b + + + + + + + Birth het identical
2 + + + + - + 6 mo het mutation of G429 (exon 3), 1
loss of function
3 + + + + - + + 1y 6 mo het  duplication of T in 8 splice 1
site of intron 3
4 + + + + + + + 5y het point mutation in death 1
domain
5 + + + + - + 2y het point mutation in 3splice 1
site of exon 6
6 + + + + + + + 2 mo het point mutation in death 1
domain, a.a. replaced by
stop
7 + + + + + + + 4 mo het C966-A substitution, missense 22
mutation
8 + + + + + + + 4 mo het T1123-G substitution, 22
missense mutation
9 + + + + + — + 3y het C413-A substitution, 22
premature stop
10a + + - + - - + 9y het A973-T substitution, a.a. 23
substitution
b + + + + + — + 20 mo het identical
c + + + + + + + 10 mo het identical
11 + + + + + + + Birth hom duplication of 20 nt in exon 9  this
report
12 + + + + + + + Birth hom deletion of 290 nt, lack of the 19,
last 29 a.a. 20
13a + + - + + - + 1 mo het/het  point mutation in extracellular 21
domain
b + + - + + + - ly6mo het/het identical
c + + - + + - - ly het/het identical

Abbreviations: a.a= amino acid; het= heterozygous; hom= homozygous; nt= nucleotide.

In addition, yet a third group of patients with ALPS has beefor preparation of the figures. We also thank Sandra de Bruin-
reported by Snelleet al. (22) and Dianzaneét al. (34). These Versteeg for technical assistance.
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