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CD95 (APO-1/Fas) Mutations in Childhood T-Lineage Acute
Lymphoblastic Leukemia

By Christian Beltinger, Elke Kurz, Thomas Bohler, Martin Schrappe,
Wolf-Dieter Ludwig, and Klaus-Michael Debatin

CD95 (APO-1/Fas)-mediated apoptosis is pivotal in normal
lymphocyte homeostasis and mutations of CD95 cause a
benign autoimmune lymphoproliferation syndrome (ALPS)
in humans and mice. However, tumors only rarely develop in
these patients, and no CD95 mutations have yet been
directly implicated in tumorigenesis. We therefore examined
81 de novo childhood T-lineage acute lymphoblastic leuke-
mias (T-ALL) including 54 steroid-poor responders, 10 re-
lapsed T-ALL, and 10 leukemic T-cell lines, for the presence of
CD95 mutations using single-strand confirmation polymor-
phism and sequence analysis. In leukemic blasts and normal
T cells of one patient, a heterozygous mutation in exon 3 of

CD95 causing a 68Pro — 68Leu change associated with
decreased CD95-mediated apoptosis was found. In leukemic
blasts and normal T cells of a second patient, a homozygous
mutation in the promoter of CD95 causing disruption of a
consensus sequence for AP-2 binding without decreasing
constitutive CD95 expression was detected. No large intra-
genic alterations of CD95 were found, no homozygous loss
was detected in the cell lines, and no CD95 mutations were
detected in the relapses. The data presented here show that
CD95 mutations occur in some T-ALL and may be of biologi-
cal importance.

© 1998 by The American Society of Hematology.

PO-1 (CD95/FAS)-MEDIATED apoptosis is a major mech- associated hepatocellular carcinoma, multiple neoplasia, and
anism of growth control, at least in lymphoid cells and osteosarcom#:?* A CD95 germline mutation, causing an
perhaps in other cells. CD95 is expressed in many normal an@poptosis defect and associated with ALPS and Hodgkin's
malignant human celsjncluding T-cell leukemiads CD95  disease, has been described in 1 farfly.
expression has been associated with a better prognosis in B-cell In addition to its role in negative physiological growth
lymphomas and with responsiveness to chemotherapy in acutéontrol, considerablt_a eyidence from dif_ferent Iaboratori_es sug-
myeloid leukemid,whereas most primary T-cell leukemias are 9€Sts that apoptosis induced by anticancer drugs involves

i i -32
constitutively resistant against CD95-induced apoptbfs. activation of the CD95 systefi,* whereas others found
The role of the CD95 system in tumorigenesis in animal chemotherapy-induced apoptosis to be CD95-indeperident.
models is complex. Production of CD95 ligand in tissue Because the incidence of CD95 mutations in malignancies

. . o . has not been investigated yet with sensitive methods, the
compartments inducing apoptosis in T celisay explain the - . .
. . . . . . relevance of CD95 mutations for tumorigenesis and tumor
existence of immunologically privileged sites like the central

. progression is unknown. We therefore investigated childhood
nervous system (CNS), long known as a sanctuary site for aC”t‘?-Iineage ALLs (T-ALL) for CD95 mutations. We show in this

lymphoblastic leukemia (ALL). A similar effect is exerted by onq that CDO5 is mutated in some T-ALL. These mutations,

CDY5 ligand producing tumor cells like melanoftiepatocel-  \yhich differ from those causing ALPS, may be of biological
lular carcinoma colon carcinoma?*3and lung carcinom&,  gjgnificance.

which may explain the phenomenon of tumors as immunologi-
cally privileged tissues. Interestingly, CD95-deficidpt/lpr MATERIALS AND METHODS

mice do not develop malignancy unless they exhibit a concomi- patients and case reports.Samples from 81 randomly chosen
tant T-cell defect, which favors the development of B-cell children with de novo T-ALL were investigated. In addition 10 children
lymphomas, suggesting a tumor suppressor function of G®95. with relapsed T-ALL were examined, in 5 of which the initial disease
In a similar way/pr/lpr mice show accelerated development of was investigated as well. From 60 children entered on the German
T-cell ymphomas only in the presence of additional OncogeniCALL'BFM 9_0 trial34 completg clinical data were available (Table 1).
events such as overexpression aLY.C.16 Immunologic marker analysis was performed at the central reference

Progression of tumors may be facilitated by production of
soluble (s) CD_95 in the .tumor via qlternativg splicing. SCDgS From the Sektion Faatologie/Onkologie, Universita-Kinderklinik
secreted by this mechanism neutralizes Fas ligand, thus causirgd Abteilung Molekulare Onkologie, Deutsches Krebsforschungszen-
resistance against CD95-mediated apoptdsisCD95 was trum (German Cancer Research Center), Heidelberg, Germany; the
detected in a human T-cell leukemia cell Rhand found to be  Abteilung Paliatrische Hanatologie und Onkologie, Medizinische
increased in the serum of patients with lymphoid but notHochschule Hannover, Germany; and the AbteilungHématologie,
myeloid malignancie&®2° Onkologie, und Tumorimmunologie, RobertsBle-Klinik, Humboldt

. . . . . Universitéa Berlin, Germany.
Mutations in CD95 with defective CD95-mediated T-cell Submitted September 11, 1997; accepted January 7, 1998

apoptosis have been described in patients with autoimmune sypported by grants from the Deutsche Forschungsgemeinschaft
lymphoproliferative syndrome (ALPS}:2> Their phenotype (DFG)and the Tumorzentrum Heidelberg/Mannheim, Germany.
with massive benign lymphadenopathy, autoimmunity, and Address correspondence to Klaus-Michael Debatin, MD, Univéssita
increased number of CDED4CD8 lymphocytes is similarto ~ Kinderklinik Ulm, Prittwitzstrasse 43, 89075 Ulm, Germany.
thelpr syndrome described in mié&&Most of the mutations, of The publication cgsts c_>f this article were defrayed in part by page
which the majority were point mutations in the death domain charge payment. This article must therefore be hereby maeer-

. ! 'tisement”in accordance with 18 U.S.C. section 1734 solely to indicate
were heterozygous, showed a dominant negative phenotype, @fis fact.
required additional genetic or Other factors to result in ALPS Of © 1998 by The American Society of Hemato|ogy_

note, only 3 patients developed malignancies: hepatitis- 0006-4971/98/9110-0021$3.00/0
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Table 1. Characteristics of the Patients With Complete Clinical Data 15 but the deletion was undetectable in her bone marrow at day 33.
Number of patients with complete clinical data 60 Fourteen months.after initial diagnosis she dgveloped T-ALL, vyh_qse
Age (yr) immunophenotypic and molecular features differed from her initial

Range 1.0-17.0 disease. Immunological markers had changed to a mature T-cell

Median 8.7 phenotype. The blasts now expressed T@Rand B proteins as

Sex determined by flow cytometry. NALL-1 deletion was found. Despite
Male 48 intensive chemotherapy, she did not achieve remission and died of
Female 12 sepsis. There was no familiy history of malignant disease. The parents

Counts at diagnosis were not consanguinous.

WBC (1,000/pL) Patient cells and cell lines. Leukemic blasts were obtained by
Median 2227 Ficoll-Hypopaque separation of blood or bone marrow at the time of
Range 1.4-855.0 diagnosis. Mycoplasma-free T-cell lines Jurkat 16, Molt 4, CEM,

Peripheral blasts (1,000/uL) CEMPOXOR (3 doxorubicine-resistant CEM derivative cross-resistant to
Median 181.4 APO-1) and CEMP9R (an APO-1-resistant CEM derivative cross-
Range 0.04-698.4 resistant to doxorubicinéy,HPB, HUT 78, Walser, SKW 3, and H9 are

HB (g/dL) routinely maintained in our laboratory and were kept in continuous
Median 105 suspension culture as previously descriffed.

Range 5.6-15.6 DNA and RNA isolation. Genomic DNA and total RNA were

Platelets (1,000/uL) extracted using Quiagen Genomic-tips and RNEasy kit, respectively,
Median 82.8 according to the manufacturer’s directions (Quiagen, Hilden, Ger-
Range 14.0-258.0 many). DNA from 50 unrelated donors without hematologic orimmuno-

Steroid response logic disease was provided by Dr Bartram (Heidelberg, Germany).
Good* 6 Long-distance polymerase chain reaction (PCR) and restriction
Poort 54 enzyme digestion.CD95 was amplified by long-distance PCR using

In remission on day 33 genomic DNA from patient cells. Two overlapping primer pairs were

Yes 42 constructed according to the published sequence of €85

No 6 CD95LoFlank, 3-ATTAGATGCTCAGAGTGTGTGCACAAGGC-

NA 12 TGG-3 with CD95LolInt2A, B-ACATACCTGGAGGACAGGAGTT-

GATGTCAGTC-3, spanning the 5flanking region to intron 2 and
. o ) CD95LoInt2B; B-CTGAGATCCAAACTGCTATACAAGTGAC-
tPeripheral blasts on day 8 of steroid induction >1000/pL. CTGC-3 with CD95LOEX9, 3-GGCTGTGCTCATTGACATGG-
Abbreviation: NA, not applicable. GAGAAAGTCATG-3', spanning intron 2 with the untranslated region
of exon 9. Primers CD95LoFlank and CD95LolInt2A were used with the
laboratory of the ALL-BFM trials (Robert-Rssle-Klinik, Humboldt Expand Long Template PCR System (Boehringer Mannheim, Mann-
Universitd, Berlin, Germany). Cell surface and intracytoplasmic (cy)/ heim, Germany). Two hundred fifty ng of DNA were amplified
intranuclear antigens were detected by standard direct or indirecaccording to the manufacturer’s directions using buffer #3 and 0.75 pL
immunofluorescence assays as previously desct&tmmunopheno-  of enzyme mix. Primers CD95LoInt2B and CD95L0Ex9 were used
typic subgroups of T-ALL were defined as follows: pro—T-ALL: with the Advantage-GC Genomic PCR kit (Clontech, Heidelberg,
cyCD3+, CD7+; pre-T-ALL: cyCD3+, CD7+, CD2+ and/or CD5+ Germany) according to the manufacturer’s directions, with a final
and/or CD8r; cortical T-ALL: cy or membrane CD3, CD7+, GC-Melt concentration of 1 mol/L. PCR conditions for both primer
CD1at; and mature T-ALL: membrane CB3 CD1a-3" Because more  pairs were as follows: denaturing for 2 minutes at 94°C; 10 cycles of
samples were available from children with initially high leukocyte 94°C for 10 seconds, 65°C for 30 seconds, and 68°C for 12 minutes;
counts the selection was biased towards high-risk patients, whicHollowed by 26 cycles of 94°C for 10 seconds, 65°C for 30 seconds, and
included a high number of steroid-poor respondérs. 68°C for 12 minutes, with an increment of 20 seconds per cycle; and
Patient 7 was a boy found to be microcephalic and micrognathic infinished by a final extension at 68°C for 7 minutes. PCR was performed
infancy who at the age of 4 years developed a pharyngeal epithelialvith PTC 200 thermocyclers (MJ Research, Watertown, MA). PCR
carcinoma for which he was treated with radiation therapy, methotrexproducts were digested witBanH! and Hindlll (Promega, Madison,
ate, and a single dose of cyclophosphamide. At the age of 14 years, h#&/l), separated on 0.7% agarose gels, stained with ethidium bromide,
presented with lymphadenopathy, marked hepatosplenomegaly, a whitend visualized under ultraviolet light.
blood cell count (WBC) of 98200/uL with 84% lymphoid blasts, = PCR and single-strand conformation polymorphism analysis (SSCP).
hemoglobin 4.5 g/dL, platelet count of 127000/uL, and CNS diseaseThe CD95 gene consists of nine exdh&enomic DNA from patients
Immunophenotyping showed an early T-ALL. No cytogenetic and and cell lines was amplified with primer pairs covering and flanking the
molecular tests were performed. He responded poorly to steroiccoding region (Table 2). For positive SSCP controls, mutant PCR
induction and died of pneumonia after 11 months of palliative therapy.products were made by substituting a single base within one primer of
The maternal grandfather had died of Hodgkin’s disease. each primer pair, creating either an inversion or a transversion.
Patient 14, a girl, has previously been partially descrifefihe Amplification was done with 100 ng human DNA; 300 nmol/L of each
presented at the age of 18 months with massive hepatosplenomegalypaimer; 50 umol/L each of dCTP, dGTP, and dTTP; 40umol/L dATP;
WBC of 743000/pL with 94% lymphoid blasts, hemoglobin 7.6 g/dL, 1uCi [a-33P] dATP; 25 or 75 mmol/L KCI; 1.5 or 3.5 mmol/L Mggl10
platelet count of 52000/uL, and CNS disease. The immunophenotypenmol/L Tris, pH 8.3, 8.8, or 9.2; and 1.2 U Taq DNA polymerase (MBI
showed a T-cell ALL with an intermediate thymocyte phenotype. Fermentas, St Leon-Rot, Germany). The samples were denatured at
Karyotype was 45, XX,—11, —14, and a marker chromosome, most 95°C for 3 minutes; amplified for 15 cycles, with each cycle consisting
likely derll. The T-cell receptor (TCR) showed a germline configura- of 45 seconds at 95°C and 1 minute at 70°C, with a decrease of 0.7°C
tion of theB-gene by Southern blot analysis. Molecular analysis showedper cycle; followed by 25 cycles, with each cycle consisting of 45
a heterozygous deletion of th._L-1 gene, eliminating exon & She seconds at 95°C, 30 seconds at 50°C or 55°C, and 1 minute at 72°;
responded poorly to steroids, blasts persisted in her bone marrow at defgllowed by 5 minutes at 72°C. Two pL of amplified DNA was diluted

*Peripheral blasts on day 8 of steroid induction <1000/pL.
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Table 2. Primers Used in the PCR-SSCP Assay of CD95 Sequence analysis.Cycle sequencing was performed with the fmol
Size of PCR DNA cycle sequencing _syste_m (Promega, Madison, WI) according to
Primer Sequence Product (nt) the manufacturer’s specifications.
1aF 5 GACAGGAATGCCCATTIGTGS! 207 Dinucleotide repeat analysis.Two polymorphic dinucleotide re-

peats flanking the CD95 gene, AFM 205xe3 and AFMb362yg5, were
chosen from the Genome Data Base and primers synthesized according
to the sequences provided. PCR was performed as described for
SSCP-PCR except that one primer was endlabeled witfP using
polynucleotide kinase. Amplimers were separated using a 8% denatur-
ing polyacrylamide gel run with 60 W. Gels were dried and autoradiog-
raphy performed.

Reverse transcriptase (RT)-PCRCD95 cDNA synthesis was per-
formed as previously describé®¥A 311 bp fragment of CD95 cDNA
was amplified using primers 'STCAAGGAATGCACACTCAC-

1-1FM 5'-GACAGGAGTGCCCATTTGTG-3'

1-1R 5'-ACCTGTGTGTCACTCTTGCG-3'

1-2F 5'-GCTTTTCGTGAGCTCGTCTC-3' 206
1-2FM 5'-GCTTTTCGTTAGCTCGTCTC-3’

1-2FMA  5'-GCTTTTCGTAAGCTCGTCTC-3'

1-2R 5'-CGTACTGAGCGGGTCCAC-3’

1-3F 5'-TGGACCCGCTCAGTACG-3’ 135
1-3FM 5'-TGGACCCGCACAGTACG-3'

1-3R 5'-GGACTAAGACGGGGTAAG-3'

iiM 2gggggﬁg/’:ggﬁ;ﬂ:ﬁ/ﬁgg@g: 216 CAGC-3 and 5-GGCTTCATTGACACCATTCTTTCG-3. To control
2R 5/ CATGATTACTATGTGCTACTCCTAACTG-3' for RNA |ntegr|t3_/_and to guan_tltate, a 600-bp fragment of GAPDH
, cDNA was amplified. Radioactive touchdown PCR was performed as
3-F 5'-TCCTGTTCAAACACTTGCTCC-3' 230 ) .
described above, with 50 mmol/L KCI, 1.5 mmol/L Mg£10 mmol/L
M 5'-TCCTGTTCAGACACTTGCTCC 3 Tris pH 8.3, an annealing temperature of 55°C, and 26 final cycles
3-R 5'-GTTCTACATGAAATTCCAAGATTGG-3’ pH 9.9, reaiing P . ) ycles.
Amplification was within the exponential range (data not shown). PCR
3RM - S-GTTCTACATGAAATTCTAAGATTGG-3! roducts were separated on a 4% polyacrylamide gel. Films were
4-F 5'-AGCCGCGATAACTAATAGTTTCC-3' 230 P °p a 4% polyacty get.
ey 5/ AGCCGCGATAACTGATAGTTTCC.3" exposed to the dried gels overnight.
= CD95 expression on ALL-blastsCryopreserved ALL-blasts were
4-R 5-TCTCAGTCAGTGTTACTTCCCTAGG-3' . .
, , resuspended in RPMI 1640 supplemented with 10% fetal calf serum
4-RM 5'-TCTCAGTCAGTGTAACTTCCCTAGG-3 - ; .
= (FCS), penicillin/streptomycin, L-glutamine, and HEPES buffer at a
>F 5/ TTGCCAGAGATGCAAAGATG-3' 213 concentration of X 1P cells/mL. Immunophenotyping was performed
5-FM 5'-TTGCCAGAGCTGCAAAGATG-3' I ; ) P yping p
= with biotinylated anti~APO-1 (IgG3) monoclonal antibody (MoAb) and
>R 5'-GEGCCAAAGGAGAATATAACC 3 streptavidin-phycoerythrin, in conjunction with CD7 fluorescein isothio-
&F 5,'TTCATAT TeTCeC TGTTCC'?’, 123 cyanate (FITC) and CD3 PerCP mouse MoAb (Becton Dickinson,
6-FM 5'-TTCATATAATATGTCCAATGTTCC-3 Heidelberg, Germany
6-R 5'-CTGCAGTTTGAACAAAGCAA-3’ > ' "
7 5/ TCTCACATGCATTCTACAAGGC.3' 182 Separation of T-ALL blasts from T lymphocyte€D77CD3 T-ALL

blasts were separated from CD3 cells by negative selection using an
anti-CD3 mouse MoAb (OKT3) and goat-antimouse antibody-coated
magnetic beads (Dynabeads M-450; Dynal, Hamburg, Germany) as
described?

Apoptosis assay. Apoptosis of cryopreserved leukemic blasts from
six patients and the Jurkat 16 cell line was measured by assessment of
plasma membrane integrity as determined by uptake of the DNA
intercalating dye propidium iodide (PI; 2.5 pg/uL final concentration)
analyzed by flow cytometry. Percentage of specific cell death following
incubation with anti-CD95 MoAb (anti-APO-1 IgG3, 10 pg/mL) and
Protein A (5 ng/ml; Pharmacia, Uppsala, Sweden) was calculated as
follows: 100 X (experimental Pl uptake [% of cells}yspontanous PI
uptake of cells in medium (% of cells) divided through (100%
spontaneous PI uptake [% of cells]). A minimum of 10,000 events were
analyzed in each experiment.

7-FM 5'-TCTCACATGCAGTCTACAAGGC-3’

7-FMA  5'-TCTCACATGCACTCTACAAGGC-3'

7-R 5 - TTCTTTTCAAGGAAAGCTGATACC-3'

8-F 5'-TATTTTTATTTGTCTTTCTCTGCTTCC-3’ 125
8-FM 5'-TATTTTTATTTGTCTGTCTCTGCTTCC-3’

8-FMA  5'-TATTTTTATTTGTCTCTCTCTGCTTCC-3'

8-R 5 - TTGGCCTATTACTCTAAAGGATGC-3'

9-1F 5'-CATTTAGAAAAACAAATTTTCAGAC-3' 175
9-1FM 5'-CATTTAGAAAAACAGATTTTCAGAC-3’

9-1R 5'-GGACATTGTCATTCTTGATCTC-3'

9-2F 5'-CAAGTTAAAGGCTTTGTTCG-3’ 193
9-2FM 5'-CAAGTTAATGGCTTTGTTCG-3'

9-2R 5'-CTGCAAGAGTACAAAGATTGG-3'

9-3F 5'-GCGTATGACACATTGATTAAAGATC-3’ 168
9-3R 5'-CAGAACTGAATTTGTTGTTTTTCAC-3’

9-3RM  5'-CAGAACTTGAATTTGCTGTTTTTCAC-3’

RESULTS
The first numeral denotes the exon number (primers 1-1F to 1-3R
include primers covering the promoter), a second numeral one of the Lack of large insertions or deletions of the CD95 gene in
overlapping primer pairs within an exon. pediatric T-cell leukemia. To look for larger intragenic alter-
Abbreviations: F, forward primer; R, reverse primer; M, mutant ations, the complete CD95 gene, successfully amplified in 65
primer; MA, additional mutant primer. Mutant bases are underlined. patient leukemias by overlapping long-distance PCR, was

subjected to restriction endonuclease analysis. Double-diges-
with 8 pL of 95% formamide, 10 mmol/L NaOH, 0.25% bromophenol tion with BanH!l and Hindlll did not show alterations on
blue, and 0.25% xylene cyanole; denatured for 5 minutes at 95°C; an@thidium bromide—stained agarose gels (data not shown).
flash cooled on ice. Seven pL of the denatured sample were loaded on a Apnormal SSCP patterns are found in some pediatric T-cell
gel either with or without 5% glycerol. The gels consisted of 8.5 leukemias. To estimate the sensitivity of the SSCP assay, the
MDE gel solution (AT Biochem, Malvern, PA) and 0X%6 TBE (1X= - . - .
0.09 mollL Tris, 0.09 boric acid, 0.002 mollL EDTA, pH 8.0), POSitivé controls made for each primer pair by using a
Electrophoresis conditions were 6 to 8 W for 15 to 17 hours at 25°C.smg|e-base mismatched primer were subjected to SSCP. The
Gels were dried and autoradiography was performed7@°C. Mutant SSCP assay detected 15 of 18 (83%) of .the mut{int PCR
bands were cut from the dried gel, the DNA eluated into water Products (data not shown). To search for point mutations and

overnight, and reamplified and sequenced using the same primersmall deletions or insertions, PCR-SSCP analysis was per-
applied for initial amplification. formed on the complete coding region and tHgBmoter of
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the CD95 gene in the patient samples and leukemic cell linesseveral healthy controls, suggesting a polymorphism. SSCP
Abnormal SSCP patterns were found in exon 3, (Fig 1A). Theanalysis of the 3promoter showed abnormal bands in 1 patient
pattern seen in patient 7 was unique for this patient, because {(patient 14) not seen in the 50 normal controls (Fig 1B). All
was not detected in 100 chromosomes of normal probands. Ather exons were normal in all patient samples and cell lines
second pattern (patient 64) was found in 6 of 81 patients and irstudied.

A

C 764 N
[

Fig 1. Abnormal SSCP patterns are found in some pediatric T-cell leukemias. PCR-SSCP analysis of exon 3 (A) and the proximal promoter (B)
of CD95. C, normal human genomic DNA amplified using a mutant primer with a single base mismatch (positive control); 7,14,64, patient
leukemias; N, peripheral blood from healthy controls. Abnormal migrating bands are seen in the positive controls, the leukemias and in one
healthy control (*).
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A heterozygous germline mutation in exon 3 of CD95 causing Table 3. Decreased Sensitivity of T-All Blasts of Patient 7

a 68Pro— 68Leu change is associated with decreased CD95- Towards Anti-CD95 Induced Apoptosis Compared
mediated apoptosis.In patient 7, a C— T transition was With Jurkat Cells Without CD95 Mutations
found at position 251 of the cDNA causing a Pro68Leu68 Patient/ Spontaneous Specific
substitution (the locations of cDNA and protein are given in Cell Line Apoposis (%) Apoptosis (%)
respect to the ATG start codon and the start of the mature 7 10 3
protein, respectively, according to Itoh et®l(Fig 2A). To Jurkat 16 75

determine zygosity and germline involvement of the mutation,
the patient's mature T lymphocytes were immunomagnetically
purified from the T-ALL blasts based on CD3 expression. With of the CD95 promoter and destroying an AP-2—-binding consen-
this separation method we routinely obtain greater than 95%sus sequence (location of promoter nucleotides relative to the
purity of both cell populations of interest. Sequencing of exon 3ATG start codon according to Behrmann et'a(Fig 3A). To
amplificates of both cell populations showed the mutation to bedetermine zygosity and germline involvement of the mutation,
heterozygous and to involve the patient’s germline (Fig 2A). Tothe patient’s mature T lymphocytes were immunomagnetically
assess whether CD95 expression was altered in this patient jpurified from the leukemic blasts. Sequencing of appropriate
addition to the presence of the missense mutation, CD95 mRNAromoter amplificates of both cell populations showed the
of the blasts was determined by RT-PCR. The blasts stronglynutation to be homozygous and to involve the patient’s
expressed CD95 compared with a different cryopreservedjermline (Fig 3A). To define the pattern of inheritance of the
patient leukemia and Jurkat cells not harboring CD95 mutationsnutation, the appropriate promoter region was sequenced in the
(Fig 2B). To determine whether this mutation affected CD95-parents. As shown in Fig 3B, the father was homozygous for the
mediated apoptosis, specific apoptosis was measured by flomutation and the mother homozygous for the wild type. To rule
cytometry after incubation of blasts with anti—APO-1 and found out paternal disomy, two polymorphic markers flanking the
to be markedly decreased (Table 3). CD95 gene, AFM205xe3 and AFMb362yg5, were analyzed.
A homozygous germline mutation in the promoter of CD95The patient showed both paternal and maternal alleles, thus
causes disruption of an AP-2 binding consensus sequence, butling out paternal disomy (data not shown). To assesss whether
does not decrease constitutive CD95 expressighdeletion/  this promoter mutation affected expression, CD95 was assayed
insertion was found in patient 14, involving #8350 to nt—347 on immunomagnetically separated leukemic blasts and mature

A PATIENT 7

PBMC BLASTS T CELLS WILD TYPE
GATC GATC GATC GATC

PRO

LEU
C>T~= 68

i lololelpls!

7 39 Jié6
css
carpr [

Fig 2. Mutation analysis of patient 7. (A) Heterozygous germline mutation in exon 3 of CD95 causing a 68Pro — 68Leu change. Genomic DNA
of PBMC was subjected to PCR using primers flanking exon 3 of CD95, amplificates were subjected to SSCP analysis, abnormal migrating bands
were cut-out from the gel, reamplified, and sequenced. T-ALL blasts and mature T lymphocytes were immunomagnetically purified, exon 3 of
CD95 amplified by PCR and sequenced. Nucleotide sequence is compared to wild type. Protein is numbered in respect to the start of the mature
protein (according to Itoh et al*6). (B) CD95 mRNA is strongly expressed compared with cryopreserved blasts from a different patient and thawed
Jurkat cells. mRNA was determined by RT-PCR and compared with GAPDH.
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A PATIENT 14

PBMC BLASTS T CELLS WILD TYPE
GATC GATC GATC GATC
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-

sk T ’
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T-ALL blasts

160
L

120
|
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T

mature T cells

Counts

80

Y T

2 10 10

10
CD95 APC

Fig 3. Mutation analysis of patient 14. (A) Homozygous germline mutation in the promoter of CD95 causing disruption of a consensus
sequence for AP-2 binding. Genomic DNA of PBMC was amplified by PCR using primers 1-1F/1-1R (covering nt —408 to nt —202 of the CD95
promoter; nucleotides numbered relative to the ATG start codon according to Behrmann et al*t). The amplificate was subjected to SSCP analysis,
abnormal migrating bands were cut-out from the gel, reamplified, and sequenced. T-ALL blasts and mature T lymphocytes were immunomag-
netically purified, PCR-amplified as above, and sequenced. Nucleotide sequence is compared to wild type. Bases involved in the mutation are
highlighted by asterisks. (B) The mutation is inherited from the father. Genomic DNA of PBMC from the mother (M), the father (F), and the patient
(P) were amplified as under (A). The mutation is inherited from the homozygous father, whereas the mother has wild-type alleles only. (C) The
mutation in the CD95 promoter does not decrease constitutive CD95 expression. CD95 expression on cryopreserved PBMC was determined by
three-color immunofluorescence analysis as described in Materials and Methods. For electronic gating T-ALL blasts were identified by
forward/side scatter characteristics of viable lymphocytes and surface expression of CD7 but not CD3. Mature T cells were CD3+ and CD7+.
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T cells of the patient from the time of initial presentation. CD95 tions (as long as their size does not prevent amplification),
was expressed (Fig 3C) and was not decreased compared witithough rearrangements such as translocations would not be
patients’ leukemias not harboring this or other CD95 mutationsamplified. Homozygous loss of CD95 could have been masked
(Table 4). by contamination of the leukemic samples with normal cells.
No homozygous loss of CD95 in T-ALL cell linedo This, however, is unlikely, because no homozygous loss was
homozygous loss of CD95 was present in the cell lines becauseetected in the homogenous cell lines. Because we have
the gene could be amplified in all cell lines examined (data notexamined only the '3 promoter and did not examine the
shown). majority of cases for CD95 expression, we cannot rule out a
No CD95 mutations in relapsed T-ALLTo determine if  higher incidence of CD95 alterations outside the coding dnd 3
CD95 mutations are acquired during disease evolution, relapsegromoter region. However, most T-ALL have been shown to
T-ALL were investigated. No mutations were found by SSCP inexpress CD95.
the 10 relapses studied (data not shown). In T-ALL with CD95 mutations, these mutations might
A known polymorphism is detected with the expected frecontribute to leukemogenesis and chemoresistance. In patient 7,
quency. Sequence analysis of the abnormal SSCP bandshe heterozygous alteration of CD95 was not detected in 100
detected as the same pattern in exon 3 in 6 patients and 1 healtii$iromosomes of normal probands, making a polymorphism
control showed the presence of a polymorphism already deunlikely. This mutation without loss of expression was associ-
scribed” 222A— G (data not shown; numbering of cDNAIn ated with apoptosis resistance. Interestingly, this mutation is
respect to the ATG start codon, according to Itoh €)al located adjacent to a stretch of DNA that encodes for amino acid
residues important for ligand binding to CD%5lt remains to
be proven whether this mutation decreases ligand binding,
We hypothesized that CD95 (APO-1/Fas) mutations mayinterferes with receptor signaling or is silent. Whether the
occur in childhood T-lineage leukemia based on several lines oflevelopment of two unrelated malignancies at young age, one
evidence. First, CD95 is of major importance for controlling of which very rare at this age, is related to the germline mutation
T-cell homeostasis. Second, the existence of benign lymphopraof this dysmorphic patient with a family history of Hodgkin’s
liferative syndromes shows that dysfunction of CD95 causeslisease, has to be investigated.
accumulation of T lymphocytes. Third, most primary T-lineage In patient 14, a homozygous alteration was found in the
leukemias are resistant to CD95-mediated apoptosis. Fourtfhromoter. This alteration was not found in 50 normal individu-
evidence is emerging that lymphoid malignancies may beals suggesting a bona fide mutation rather than a polymorphism.
associated with CD95 mutatiof%Finally, the CD95 system The mutation’s unusual feature of involving the germline in a
mediates cytotoxicity of important drugs used in the therapy ofhomozygous fashion prompted us to investigate the parents.
ALL and drug resistance is common in T-Al#-32 Surprisingly, the mutation was inherited from the homozygous
We found mutations in 2 of 81 patients. It is unlikely that father. We ruled out uniparental (paternal) disomy although a
many mutations have been missed because our PCR-SSGhhall partial paternal disomy might escape detection if the
assay has a sensitivity of at least 83% for detecting poinidistance of the flanking polymorphic markers is large enough.
mutations, as estimated by the detection of positive controlsilternatively, the maternal allele might have been lost by
created by single-base mismatched primers. This sensitivity ignicrodeletion during early zygote development. This mutation
comparable with most published SSCP assays. Neverthelesgestroys a consensus sequence for binding the transcription
detection of primer mutations are not necessarily predictive offactor AP-2 without affecting constitutive CD95 expression. In
the detectability of mutations elsewhere within the amplicon.T cells, AP-2 has been shown to influence the expression of the
Therefore, as in all SSCP assays, some mutations might hau@mor necrosis factax (TNF-a)) gené®5land might play a role
been missed. The long PCR/restriction enzyme assay will detegh the constitutive expression of the IL3 gefdrug treatment
most gross intragenic alterations of CD95 such as largeof leukemic cells increases CD95 expression and susceptibility
deletions (unless they involve a primer binding site) or inser-to CD95-mediated apoptosi&28Leukemia cells cross-resistant
to APO-1 and cytotoxic drugs show diminished upregulation of

DISCUSSION

Table 4. CD95 Expression on Leukemic Blasts CD95 that contributes to drug resistance in these é&#4t has
of Randomly Selected Patients to be shown whether the chemoresistant blasts of this patient
patient CDO5 Blasts (%) show diminished CD95 upregulation and, if so, whether the

destruction of the AP-2 binding site contributes to this regula-

ii jg tion defect. The similarity between this patient with two T-ALL
o8 05 in rapid succession, a CD95 germline mutation with possible
33 82 attenuation of CD95 upregulation, @l.L-1 gene deletion at

34 64 initial presentation, and the lymphoma-bearipgipr mouse

35 95 overexpressing IMYC' is intriguing and warrants further
36 95 study to show a permissive effect of this CD95 mutation on
37 94 leukemogenesis.

41 96 It is surprising that both mutations identifed in this study
33 3‘71 were present in the germline, as germline mutations in other

oncogenes and tumor-suppressor genes are rare in childhood
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ALL. Interestingly, the death domain, which is mutated in mosttive and induced expression of APO-1, a new member of the nerve
cases of ALPS with CD95 mutatios25 is not altered in  growth factor/tumor necrosis factor receptor superfamily, in normal and
T-ALL. neoplastic cells. Lab Invest 69:415, 1993
The two ALL patients with CD95 mutations were both drug  2- Debatin KM, Goldmann CK, Bamford R, Waldmann TA, Kram-
resistant. This might indicate that CD95 mutations are more™e" PH: Monoclonal-antibody-mediated apoptosis in adult T-cell
important for chemoresistance than for leukemogenesis. Aéeukaemla. _Lancet 335:497, 1990
. - 3. Debatin KM, Goldman CK, Waldmann TA, Krammer PH: APO-1—
mentioned, recent evidence suggests that the CD95 system ! ) ) i
di ic d ion: and I . induced apoptosis of leukemia cells from patients with adult T-cell
mediates cytotoxic rug action; and CEM cells cros;-re&stanFeukemia_ Blood 81:2972, 1993
to APO-1 and 7cyt0tOX|C drugs Sh_OW a defect in activation of the 4. Debatin KM, Krammer PH: Resistance to APO-1 (CD95) induced
CD95 systent! However, CD95 in these cells was not mutated apoptosis in T-ALL is determined by a BCL-2 independent anti-
in the present study, indicating that chemoresistance due t@poptotic program. Leukemia 9:815, 1995
alterations in the CD95 system may be determined by mecha- 5. Karawajew L, Wuchter C, Ruppert V, Drexler H, Gruss HJ,
nisms other than CD95 mutations. Our stud opulationDérken B, Ludwig WD: Differential CD95 expression and function in T
y pop
included a high percentage of steroid-poor responders. Steroighd B lineage acute lymphoblastic leukemia cells. Leukemia 11:1245,
sensitivity is mediated by mechanisms other than the CD951997 ‘ ‘ _
system. It is therefore conceivable that, despite the predictive 6 Nguyen PL, Harris NL, Ritz J, Robertson MJ: Expression of
value of the steroid response for therapy failure, alterations if-D95 antigen and Bcl-2 protein n non-Hodgkin's lymphomas and
cytotoxic mechanisms different from the steroid pathway mayH°7d@”|\(/'lf1 sYdés?—ase.SAlr_n J §$h8L148.24:(7,H19h95JS oYW E ,
contribute to therapy failure. Thus, examining more chemoresis- , _ In YA, Lee s, Lee JW, Lhong ST, Hahn Js, o YIV: EXpression
. . . L . of Fas antigen in acute myeloid leukaemia is associated with therapeutic
tant patients might show a higher incidence of CD95 mutations

- ) . . response to chemotherapy. Br J Haematol 93:928, 1996
The low incidence of CD95 mutations in untreated T-ALLIn g Liicking-Famira KM, Daniel PT, Nliter P, Krammer PH, Debatin

this cohort, heavily biased towards high-risk patients, suggestgy: Apo-1 (CD95) mediated apoptosis in human T-ALL engrafted in
that mutations in CD95 do not contribute to leukemogenesis inscip mice. Leukemia 8:1825,1994
most T-ALL. This is in line with the absence of reported 9. Griffith TS, Brunner T, Fletcher SM, Green DR, Ferguson TA: Fas
cytogenetic or molecular genetic aberrations in T ALL involv- ligand-induced apoptosis as a mechanism of immune privilege. Science
ing 10923 where CD95 is locaté8Also, coinheritance of a 270:1189,1995
lymphoid malignancy with a germline CD95 mutation causing 10. Hahne M, Rimoldi D, Schroter M, Romero P, Schreier M, French
impaired apoptosis has been reported in on|y one fam|||y WithLE, Schneider P, Bornand T, Fontana A, Lienard D, Cerottini J, TSChOpp
ALPS and Hodgkin's diseagé Furthermore, in mouse models, J: Melanoma cell expression of Fas(Apo-1/CD95) ligand: Implications
loss of CD95 does not give rise to malignancy unless a seconff" tumor immune escape. Science 274:1363, 1996
insult is provided:>16We found an APO-1-resistant phenotype 11. Strand S, Hofmann WJ, Hug H,"Mer M, Otto G, Strand D,

. . . . . Mariani SM, Stremmel W, Krammer PH, Galle PR: Lymphocyte
without mutations in CD95 and with normal CD95 expression S ) .
. . . S apoptosis induced by CD95 (Apo-1/Fas) ligand-expressing tumor cells
in one leukemia (patient 36).. This finding is supported by the—Amechanism of immune evasion? Nat Med 2:1361, 1996
fgct that most T-ALL are resistant to CD95-mediated apopto- 12. O'Connell J, O'Sullivan GC, Collins JK, Shanahan F: The Fas
sis}® whereas only very few have mutated CD95. Thus, counterattack: Fas-mediated T cell killing by colon cancer cells
apoptosis defects in T-ALL may be caused by molecules othegxpressing Fas ligand. J Exp Med 184:1075, 1996
than CD95. In a limited number of relapses, half of them paired 13. Shiraki K, Tsuji N, Shioda T, Isselbacher KJ, Takahashi H:
with their initial disease, no CD95 mutations were found. This Expression of Fas ligand in liver metastases of human colonic
argues against CD95 mutations being accumulated in late stagesenocarcinomas. Proc Natl Acad Sci USA 94:6420, 1997
of disease evolution. 14. Niehans GA, Brunner T, Frizelle SP, Liston JC, Salerno CT,

In conclusion, CD95 is mutated in some de novo childhoodKnapp DJ, Green DR, Kratzke RA: Human lung carcinomas express
T-ALL and these alterations, which differ markedly from those Fas ligand. Cancer Res 57:1007, 1997
described in ALPS, might be of functional relevance. In mostde_ 15- Peng SL, Robert ME, Hayday AC, Craft J: A tumor-suppressor
novo T-ALL, CD95 alterations do not contribute to leukemogen- function for Fas (CD95) revealed in T Cell-deficient mice. J Exp Med,

: . o : 184:1149, 1996
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