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A loss of FAS (CD95) function has been proposed to
constitute an important step in early mucosa-associ-
ated lymphoid tissue (MALT) lymphoma development
and FAS mutations have been recognized in malig-
nant lymphomas, in particular at extranodal sites.
Since primary gastric lymphomas frequently exhibit
resistance to FAS-mediated apoptosis, we investigated
whether FAS is mutated in 18 gastric MALT lympho-
mas and 28 diffuse large B-cell lymphomas (DLBCL).
We detected seven mutations in five lymphomas, one
MALT lymphoma and four DLBCL; two DLBCL had two
mutations. The MALT lymphoma exhibited a point
mutation in the splice donor region of intron 3. Three
DLBCL had missense mutations in exon 2, which en-
codes a signal peptide and a portion of the extracel-
lular FAS ligand-binding domain. One DLBCL carried
a point mutation in the splice donor region of intron
8, which would result in exon skipping. Two DLBCL
harbored a missense mutation in exon 9, which en-
codes the intracellular death domain. The two death
domain mutations inhibited FAS ligand-induced apo-
ptosis in a dominant-negative mode, when tran-
siently expressed in human T47D breast carcinoma
and Jurkat T cells. A signal peptide and an extracellu-
lar domain mutation, however, failed to inhibit apo-
ptosis in these transfection assays. They are likely to
reduce apoptosis in lymphoma cells solely by a loss of
function. In summary, our data show that FAS muta-
tions are rare in primary gastric MALT lymphomas
(5.6%) but occur in a subset of primary gastric DLBCL
(14.3%) and suggest that these mutations contribute
to the pathogenesis of gastric lymphomas by render-
ing lymphocytes resistant to apoptosis. (Am J
Pathol 2004, 164:1081–1089)

Most extranodal lymphomas arise in the gastrointestinal
tract and the stomach is the most frequent site in-
volved.1,2 The great majority of primary gastric lympho-
mas are of B-cell lineage and derive from mucosa-asso-
ciated lymphoid tissue (MALT), which is acquired in the
course of a Helicobacter pylori gastritis.1,2 The prolifera-
tion of gastric MALT lymphoma cells depends on the
presence of T cells specifically activated by H. pylori
antigens. The importance of this stimulation is impres-
sively demonstrated by remission of more than half of the
lymphomas with antibiotic H. pylori eradication therapy.1,2

MALT lymphomas are indolent (low-grade) malignant
lymphomas, but they may undergo transformation to
aggressive (high-grade) diffuse large B-cell lymphoma
(DLBCL).3

A dysregulation of apoptosis seems to be important for
the survival of MALT lymphoma cells. This is illustrated by
the frequent alteration of apoptosis genes. The t(11;
18)(q21;q21) is present in 24% of gastric MALT lympho-
mas.4–6 It involves apoptosis inhibitor-2 (API2) and the
MALT lymphoma-associated translocation (MALT1)
gene.7 API2 is an inhibitor of caspases, proteases that
function as executioners of apoptosis. MALT1 encodes a
paracaspase that activates the transcription factor nu-
clear factor-�B, which confers survival signals.8 Impor-
tantly, MALT lymphomas with a t(11;18)(q21;q21) are
resistant to H. pylori eradication and are associated with
advanced gastric tumors.9 Unexpectedly, the t(11;
18)(q21;q21) is usually not present in gastric DLBCL.4,5

MALT1 expression can also be increased by gene am-
plification or a t(14;18)(q32;q21), which juxtaposes the
gene to the immunoglobulin heavy-chain locus.10,11

The p53 is a nuclear protein that functions as a tran-
scription factor and mediates cell cycle arrest or apopto-
sis in response to cellular stress exerted, eg, by hypoxia
or DNA damage. Loss of function mutations of p53, with
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concomitant mutation in one allele and loss of the other,
have been identified in 7 of 60 (11.7%) cases of gastric
MALT� and DLBCL.12

The t(1;14)(p22;q32) and t(1;2)(p22;p12) are exclusive
to MALT lymphoma but occur rarely.2,13,14 The translo-
cations juxtapose the B-cell lymphoma/leukemia (bcl-10)
gene to an immunoglobulin gene locus and thus dereg-
ulate its expression. Bcl-10 contains a caspase recruiting
domain (CARD), a motif that functions in apoptosis sig-
naling and mediates protein-protein interactions. A trun-
cated bcl-10 mutant isolated from a gastric lymphoma
with t(1;14)(p22;q32) exhibited a loss of the pro-apoptotic
activity of wild-type bcl-10 and acquisition of a transform-
ing potential.15

Malignant lymphomas, including gastric lymphomas,
are frequently resistant to apoptosis induction via the
death receptor FAS (CD95, Apo-1, TNFRSF6).16,17 FAS is
a member of the tumor necrosis factor receptor super-
family that transmits an apoptosis signal on interaction
with FAS ligand (FASL).18–21 FAS is widely expressed,
whereas the expression of FASL in the immune system is
more restricted and largely confined to cytotoxic T lym-
phocytes and natural killer cells.20,21 FAS is important for
lymphocyte homeostasis. It is required for the elimination
of autoreactive B lymphocytes, the clonal selection in
germinal centers and the elimination of excess effector
lymphocytes during immune responses.20–22 Germline
FAS mutations cause an autoimmune lymphoproliferative
syndrome (ALPS) in mice and humans, characterized by
massive lymphadenopathy, splenomegaly, and autoim-
mune manifestations.23–25 A loss of FAS regulatory func-
tion has been proposed to constitute an important step in
early MALT-lymphoma development,17 and somatic FAS
mutations are frequent in some subtypes of malignant
lymphomas, in particular at extranodal sites.17,26–28

Therefore, a potential mechanism that may account for
FASL resistance in gastric lymphomas seems to be mu-
tation of FAS. We have therefore searched for FAS gene
alterations in primary gastric MALT� and DLBCL to clar-
ify whether FAS mutations play a role in reducing apo-
ptosis, thereby providing a survival advantage to lym-
phoma cells.

Materials and Methods

Lymphoma Samples

Forty-six lymphomas were studied. They were classified
as primary gastric lymphoma on histopathology and clin-
ical staging and comprised 18 MALT lymphomas and 28
DLBCL. Staging was done according to Musshoff, mod-
ified by Radaszkiewicz et al.29 28 lymphomas were stage
I (10 MALT and 18 DLBCL), 16 were stage II (7 MALT and
9 DLBCL), and two cases were stage III (1 MALT and 1
DLBCL). Histological diagnoses were established ac-
cording to the World Health Organization classification of
tumors of hematopoetic and lymphoid tissues.30

Polymerase Chain Reaction

Genomic DNA was isolated from paraffin-embedded tis-
sues with QIAamp DNA MINI kit (Qiagen, Hilden, Ger-
many). Only tissue blocks with lymphoma cells compris-
ing at least 70% of the total cellularity were used. FAS
exons 2–9, which encode the entire mature molecule,
and adjacent intron sequences were amplified by poly-
merase chain reaction (PCR) using the “inward” primers
listed in Table 1. For samples that were difficult to amplify,
a nested PCR reaction was used with the “outward” and
“inward” primers listed in Table 1. Exons 2–8 were am-
plified in single PCR reactions, while exon 9 was subdi-
vided into three segments (Table 1). PCR was performed
with either an Omni-Gene (Thermo Hybaid, Needham
Heights, MA) or a Biometra thermocycler (Whatman Bi-
ometra, Göttingen, Germany) in final volumes of 50 �l,
containing 10 mmol/L Tris-HCl (pH 8.3), 50 mmol/L KCl,
1.5 mmol/L MgCl2 (or 2.5 mmol/L, 3.0 mmol/L, 3.5 mmol/L
MgCl2, depending on the primer pair used), 200 �mol/L
of each dNTP, 0.5 �mol/L of each primer, 0.5 �g DNA,
and 2.5 U Taq polymerase AmpliTaq Gold (PerkinElmer,
Foster City, CA). The amplification protocol consisted of
36 cycles with denaturation at 95°C, annealing at 54°C
(exon 6, 7, and 8), 58°C (exon 3, 5, and 9), or 62°C (exon
2 and 4), and elongation at 72°C for 1 minute. An initial
denaturation step at 94°C and a final incubation at 72°C
for 10 minutes each were included.

Single-Strand Conformation Polymorphism
Analysis

PCR products were analyzed by single-strand conforma-
tion polymorphism (SSCP) to screen for mutations in the
FAS gene. Four microliters of a 50 �l PCR reaction were
mixed with 36 �l SSCP solution [10% sodium dodecyl
sulfate (SDS); 0.5 mol/L ethylene diaminetetraacetic acid
(EDTA), pH 8.0; 1 mol/L Tris-HCL, pH 8.0] and then 6 �l
of this mixture were combined with 6 �l denaturation
buffer (95% formamide; 10 mmol/L EDTA, pH 8.0; 0.1%
bromophenol blue; 0.1% xylene cyanol). Afterward, sam-
ples were denatured at 95°C for 10 minutes, chilled
quickly in an ice/100% ethanol bath and loaded on an 8%
or 10% (in case of exon 7) vertical polyacrylamide gel
containing 10% (v/v) glycerol. The gel was run at 6 watts
for 16 hours in 1 � Tris-borate-EDTA buffer (pH 8.0) at
4°C. DNA bands were visualized by silver staining (Silver
Stain Plus; Bio-Rad, Vienna, Austria). The mutation de-
tection rate of the SSCP gels was determined by analyz-
ing PCR products generated with 10 mutated FAS prim-
ers (“mutated primers”, Table 1) and found to be 90%.

DNA Sequencing

DNA samples that exhibited an aberrant band pattern in
at least two SSCP gels, generated with independently
repeated PCR products, were subcloned into a TA-clon-
ing vector (Invitrogen, Groningen, The Netherlands) and
8 to 22 clones per sample were sequenced with the
SequiTherm EXCEL II DNA sequencing kit (Epicenter,
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Madison, WI) on a LI-COR 4000 (MWG-Biotech, Ebers-
berg, Germany) sequencer. Only sequence alterations
that were present in at least three clones were regarded
as a mutation.

Loss of Heterozygosity Analysis

To determine whether a loss of the normal CD 95 allele
had occurred in lymphomas with a CD 95 mutation two
known polymorphisms at position �670 in the enhancer
region (primers “�734 GC” and “�623” listed in Table 1)
and position 416 (codon 58) in exon 3 were used.31,32

The SSCP band patterns of lymphomas were compared
to control tissues not involved by lymphoma, obtained

either from the same patient or unrelated individuals. A
reduction in intensity of a SSCP band in a lymphoma
sample as compared to controls was regarded as indic-
ative of an allele loss.

Site-Directed Mutagenesis and Cloning
Procedures

The five mutations identified in three gastric DLBCL
(cases 1, 2, and 3 in Table 2) were introduced in FAS
expression vectors by site-directed mutagenesis to as-
sess their biological activity in transfection assays. A FAS
wild-type cDNA cloned in pBluescript II KS (pBS-

Table 1. PCR Primers Used for Amplification of Exons 2–9 and the Enhancer Region of FAS

Inward primer Outward primer

Exon-Primer*
2-F GTGGGTTACACTGGTTTACACGTTGC GATACTGCCAATTTTGG
2-FM GTGGGTTACACTCGTTTACACGTTGC
2-R CATGATTACTATGTGCTACTCCTAACTG GTCATGATTACTATGTGCT
3-F TCCTGTTCAAACACTTGCTCC TATACTTCCCACCCTGTT
3-FM TCCTGTTCAGACACTTGCTCC
3-R GTTCTACATGAAATTCCAAGATTGG GTAGGCCCCAATTTCAAA
4-F AGCCGCGATAACTAATAGTTTCC CCTGCCCACCATTTTCATA
4-FM AGCCGCGATAACTGATAGTTTCC
4-R TCTCAGTCAGTGTTACTTCCCTAGG TTGGAGGCAAAGCAGGA
5-F TTGCCAGAGATGCAAAGATG TGAAGGAATACGTTTGC
5-FM TTGCCAGAGCTGCAAAGATG
5-R GGGGGAAAGGAGAATATAACC CTTCACATCTTTCCATG
6-F TTCATATAAAATGTCCAATGTTCC AACCAATCACTCTTGATT
6-FM TTCATATAATATGTCCAATGTTCC
6-R CTGCAGTTTGAACAAAGCAA CTTCCCCCAAGTTATTTC
7-F TCTCACATGCATTCTACAAGGC TGTTCTCACATGCATTC
7-FM TCTCACATGCAGTCTACAAGGC
7-R TTCTTTTCAAGGAAAGCTGATACC GGAAGTAACAAAAAGCCA
8-F TATTTTTATTTGTCTTTCTCTGCTTCC GGAAAAATTAGAAGTTCAC
8-FM TATTTTTATTTGTCTGTCTCTGCTTCC
8-R TTGGCCTATTACTCTAAAGGATGC TTTACTCTGAAATTGGC
9-1F* CATTTAGAAAAACAAATTTTCAGAC CATGGTTTTCACTAATGGG
9-1FM CATTTAGAAAAACAGATTTTCAGAC
9-1R GGACATTGTCATTCTTGATCTC TGCCAATTACGAAGCAGT
9-2F CAAGTTAAAGGCTTTGTTCG ATTGCTGGAGTCATGACA
9-2FM CAAGTTAATGGCTTTGTTCG
9-2R CTGCAAGAGTACAAAGATTGG CCTTGAGGATGATAGTCTG
9-3F GCGTATGACACATTGATTAAAGATC TGGCATCAACTTCATGGA
9-3R CAGAACTGAATTTGTTGTTTTTCAC CCCAGTAAAAAACCAAGCA
9-3RM CAGAACTTGAATTTGCTGTTTTTCAC

Enhancer Region Primer
�734GC TCCCTTTTCAGAGCCCTATGG
�623 GACTTGCGGGGCATTTGAC

*The first numeral denotes the exon number, a second numeral overlapping primer pairs within an exon.
F, forward primer; R, reverse primer; FM, forward mutated; RM, reverse mutated. Mutated nucleotides are written in bold letters and are underlined.

Table 2. FAS Mutations Identified in Five Primary Gastric Lymphomas

Case no. Histology Stage Nucleotide change Localization Codon* Predicted effect

1 DLBCL El2 GAT3AAT Exon 9 244 Asp3Asn
2 DLBCL Ell1 ACA3ATA Exon 2 27 Thr3lle

CAA3TAA Exon 9 260 Gln3STOP
3 DLBCL El2 TCT3TTT Exon 2 �3, signal peptide Ser3Phe

TCC3CCC Exon 2 16 Ser3Pro
4 DLBCL El2 IVS � 2 T3A Intron 8 - Splice defect
5 MALT El1 IVS � 17 G3A Intron 3 - Splice defect?

*Numbering of codons is according to Itoh et al.34

DLBCL, diffuse large B-cell lymphoma; MALT, mucosa-associated lymphoid tissue lymphoma; IVS, intervening sequence.
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APO14.2; kindly provided by Peter H. Krammer, German
Cancer Research Center, Heidelberg) served as tem-
plate. Mutations were generated with the QuikChange kit
(Stratagene, La Jolla, CA), following the instructions of
the manufacturer. Case 2 and 3 (Table 2) carried two
mutations each, which were generated consecutively by
first introducing one mutation and than repeating the
mutagenesis protocol to insert the second mutation. The
PCR parameters for site-directed mutagenesis consisted
of an initial denaturation at 95°C for 30 seconds, followed
by 12 cycles each of denaturation at 95°C for 30 sec-
onds, annealing at 55°C for 1 minute and elongation at
68°C for 11 minutes. The oligonucleotide primers used to
construct the mutants were the following (positions of the
mutated nucleotides are in bold and underlined): CD 95
mutant 1 (case 1 in Table 2), 5�-forward-GGTGTCAATG-
AAGCCAAAATAAATGAGATCAAGAATGAC-3�;5�-reverse-
GTCATTCTTGATCTCATTTATTTTGGCTTCATTGACACC-3�;
CD 95 mutant 2 (case 2 in Table 2), 5�-forward-
CAGCAGAACAGAAAGTTTAACTGCTTCGTAATTGG-3�;
5�reverse–CCAATTACGAAGCAGTTAAACTTTCTGT-
TCTGCTG-3�. 5�-forward-GAGGAAGACTGTTAGTAT-
AGTTGAGAC TCAGAACTTGG-3�; 5�-reverse-CCAAGT-
TCTGAGTCTCAACTATAGTAACAGTCTTCCTC-3�; CD
95 mutant 3 (case 3 in Table 2), 5�-forward-CCTCTGGT-
TCTTACGTTTGTTGCTAGATTATCG-3; 5�-reverse-
CGATAATCTAGCAACAAACGTAAGAACCAGAGG-3�
and 5�-forward-AAGTGACTGACATCA ACCCCAAGG-
GATTGGAATTG-3�; 5�-reverse-CAATTCCAATCCCTT-
GGGGTTGATGTCAGTCACTT-3�. The generation of the
desired mutations was confirmed by DNA sequencing and
the mutated FAS cDNAs (mutants 1, 2, and 3) as well as the
wild-type sequence were released from pBluescript II KS
with the restriction enzyme NotI and ligated into the NotI site
of the mammalian expression vector pcDNA3.1/V5-HIS-C
(Invitrogen). This vector contains a human cytomegalovirus
immediate-early promoter and a C-terminal tag encoding
the V5 epitope, which allows verification of expression of a
cloned gene with an anti-V5 tag antibody. The integrity of
the FAS cDNAs and the proper reading frames were con-
firmed by DNA sequencing of wild-type and mutated FAS
expression vectors in forward and reverse orientation with
the BigDye terminator cycle sequencing kit (Applied Bio-
systems, Warrington, UK) on an ABI Prism 310 DNA se-
quencer (Applied Biosystems).

Cell Culture

The human breast cancer cell line T47D (ATCC, Manas-
sas, VA) and the human T-cell leukemia cell line Jurkat (a
gift of M. Eisenbauer, Institute of Tumorbiology-Cancer
Research, Vienna) were used to assay the biological
activities of the mutant CD 95 constructs 1, 2, and 3.
Jurkat cells were grown in Roswell Park Memorial Institute
medium (RPMI �1640; GIBCO, Paisley, UK) and T47D
cells in Dulbecco’s modified Eagle’s medium (DMEM;
GIBCO). Both culture media contained 10% fetal calf
serum (FCS; GIBCO), 1% penicillin-streptomycin (GIBCO)
and 1% GlutamaxR (GIBCO). Cells were incubated at 37°C
in a humidified atmosphere containing 5% CO2.

Transient Transfection of T47D Cells

T47D cells were plated into 100-mm dishes and grown
overnight to 40% to 50% confluence, when cells were
co-transfected with a FAS expression vector (FAS wild-
type or mutant 1, 2, or 3) and a luciferase expression
vector (pGL3; Promega, Mannheim, Germany) using Li-
pofectAMINE reagent (Invitrogen). The following amount
of expression vector was applied per culture dish: 8 �g
FAS wild-type and 2 �g pGL3, or 8 �g mutant CD 95
construct 1, 2, or 3 and 2 �g pGL3 or 8 �g pCDNA3.1/
V5-HIS-C and 2 �g pGL3. 10 �g of DNA (1 �g/�l distilled
water) and 30 �l LipofectAMINE were each transferred
into 800 �l DMEM and then both solutions were com-
bined. LipofectAMINE-DNA complexes were allowed to
form for 30 minutes and were then applied to T47D, which
had been rinsed once with DMEM, without FCS and
phenol red. Cells were incubated for 2 hours in a humid-
ified incubator at 37°C and then the LipofectAMINE-DNA
complexes were removed and DMEM supplemented with
10% FCS/1% GlutamaxR was added. On the next day
cells were split into 12-well dishes at 20% to 30% conflu-
ence, supplied with fresh culture medium and on the
following day (48 hours after transfection) exposed to 30
ng/ml human soluble FASL (sFASL; Alexis Biochemicals,
Montreal, Canada). Control cells were cultured without
the addition of sFASL.

Nucleofection of Jurkat Cells

Transient co-nucleofection of Jurkat cells with the same
expression vector combinations as described above for
T47D cells was performed with a Nucleofector electropo-
ration device (Amaxa Biosystems, Köln, Germany). For
nucleofection 2 � 106 Jurkat cells were harvested by
centrifugation and the cell pellet was resuspended in 100
�l of Nucleofector Solution (Amaxa Biosystems) and 2 �g
DNA (1 �g pGL3 and 1 �g FAS wild-type or mutant 1, 2,
or 3 or pCDNA3.1/V5-HIS-C expression vector) were
added. Nucleofection was performed with Nucleofector
settings optimized for Jurkat cells (program S-18). On the
next day cells were split into 12-well dishes (2 � 105 cells
per well) with a renewal of culture medium and exposed
to 10 ng/ml sFASL. Control cells were cultured without the
addition of sFASL.

Luciferase Assay

Cell death induction by sFASL in T47D and Jurkat cells,
co-transfected with FAS- (wild-type or mutant 1, 2, or 3)
and luciferase expression vectors, was determined by
using the luciferase activity of cell lysates as a reporter of
cell viability.33 The luciferase activity of transfected cells
was determined after 24 hours of sFASL treatment. Cell
pellets were lysed in reporter lysis buffer (Promega), and
to achieve complete cell lysis, the cell suspensions were
immediately frozen at �80°C and then thawed rapidly.
Subsequently the lysates were centrifuged at 12 000 � g
for 1 minute at room temperature and the supernatant
was assayed for luciferase activity. Therefore, 20 �l of
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supernatant were mixed with 100 �l luciferase assay
reagent (Promega), and the luciferase activity was mea-
sured with a luminometer (Lumat LB 9507; EG&G
Berthold, Bad Wildbad, Germany). The luciferase activity
was recorded as relative light units (RLU). The RLU val-
ues of sFASL-treated samples were expressed as per-
centage of untreated control samples. Experiments were
repeated three times and each experiment was done in
triplicates.

Statistical Analysis

Statistical analysis was performed with two-sided Stu-
dent�s t-test.

RNA Extraction and Reverse Transcriptase-PCR

Total cellular RNA was isolated from transfected T47D
and Jurkat cells using the RNeasy Mini kit (Qiagen) and
treated with deoxyribonuclease I (Invitrogen) to eliminate
residual DNA contamination. First-strand cDNA synthesis
was primed with oligo-dT and catalyzed by Super Script
II Rnase H reverse transcriptase (Invitrogen). A 550-bp
DNA fragment encompassing a FAS cDNA segment and
an adjacent transcribed vector sequence was amplified
by PCR. The two oligonucleotide primers used were ho-
mologous to a sequence in the FAS cDNA (forward 5�-
CCAACCTTAAATCCTGAAAC-3�) and a vector sequence
(reverse 5�-TAGAAGGCACAGTCGAGG-3�). The amplifi-
cation conditions on a Biometra Thermocycler were as
follows: initial denaturation at 95°C for 12 minutes, fol-
lowed by 28 cycles of denaturation at 95°C, annealing at
45°C and extension at 72°C for 1 minute each. Negative
controls for the PCR consisted of omission of the reverse
transcriptase in the 1. strand cDNA reaction or omitting
the addition of DNA. PCR products were analyzed on 2%
Seakem (Cambrex, Apen, Germany) agarose gels and
sequenced.

Western Blot Analysis

To confirm the expression of the transfected CD 95 wild-
type and mutant cDNAs a Western blot analysis was
performed. Transfected cells were lysed in SDS sample
buffer (25 mmol/L Tris, pH 6.8; 3% SDS; 10% glycerol; 36
mmol/L dithiothreitol, 0.925 mmol/L EDTA) with protein-
ase inhibitors [20 �mol/L N-tosyl-L-phenylalanine chlo-
romethyl ketone, 20 �mol/L tosyl-L-lysine chloromethyl
ketone (Boehringer Ingelheim, Ingelheim, Germany) and
10 ng/ml benzamidinchloride (�-Aldrich, Vienna, Aus-
tria)]. The viscous lysates were sonicated and the protein
content was measured with Bradford reagent (Bio-Rad
Laboratories, Vienna, Austria). Equal amounts of total
protein (20 �g/lane) were loaded onto 10% SDS-poly-
acrylamide gel electrophoresis gels. Proteins were elec-
trophoresed with a miniprotean cell (Bio-Rad Laborato-
ries) at 80 V for 2 to 3 hours and blotted onto PVDF
membranes (Hybond P; Amersham, Buckinghamshire,
UK) overnight at 4°C. To confirm equal protein transfer,
membranes were stained with Poinceau S. The incuba-

tion with primary anti-V5 tag antibody (1:500; Invitrogen)
was done overnight at 4°C and was followed by incuba-
tion with the secondary antibody (peroxidase-conjugated
goat anti-mouse IgG; dilution 1:2.000; Calbiochem, La
Jolla, CA) for 1 to 2 hours at room temperature. The ECL
Kit (Amersham) was used for blot development and
chemiluminescence was visualized on Xomat UV films
(Kodak, Vienna, Austria).

Results

FAS Gene Mutation Analysis

Five (10.9%) out of 46 gastric lymphomas analyzed har-
bored mutations in the FAS gene. In two of the lympho-
mas two different mutations were co-existent (Table 2,
Figure 1). Only one (5.6%) of the 18 MALT lymphomas
carried a FAS mutation, whereas 4 (14.3%) of 28 DLBCL
were mutated. All mutations were point mutations. Three
missense mutations affected exon 2. One of them was
located in the amino-terminal signal peptide, two local-
ized to the extracellular domain, which interacts with
FASL and is important for the formation of functional FAS
trimers.20,21 Two mutations were identified in exon 9 and
affected the intracellular death domain, an 80 amino acid
motif that is essential for apoptosis signaling.34 One of
the death domain mutations (case 1 in Table 2) altered
codon 244, a residue that is highly conserved and known
to have a profound influence on protein structure and
function.35 The second death domain mutation intro-
duced a stop codon at position 260, which would result in
a protein truncated within the death domain. Two muta-
tions were located in the splice donor region of intron 3 at
position � 17 and intron 8 at the invariable position � 2.

All four DLBCL with a FAS mutation were without a
histologically detectable low-grade component. It is thus
unclear whether they represent transformed MALT lym-
phomas or have arisen de novo. The mutated lymphomas
were either stage EI (4 cases) or EII (1 case; Table 2).

In three of the five lymphomas (cases 1, 2, and 4; Table
2) with FAS mutations corresponding normal tissue was
available for analysis. In all three cases the mutation was

Figure 1. Scheme of the human FAS gene locus, illustrating nature and
location of seven mutations identified in five primary gastric lymphomas (1
MALT lymphoma and 4 DLBCL). *, MALT lymphoma.
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absent in normal tissue (data not shown), indicating that
the mutations had arisen somatically.

We further investigated whether the normal FAS allele
was retained in the lymphomas by exploiting two biallelic
polymorphisms located in the promoter region and in
exon 3 of the FAS gene.31,32 All but one (Case 5, Table 2)
of the lymphomas were heterozygous in one or both of
these loci but they exhibited no difference in SSCP band
patterns in comparison to heterozygous control tissue
(data not shown). This result indicates that the wild-type
allele was retained in these lymphomas.

Functional Analysis of Mutated FAS

To assess the impact of the identified mutations on the
function of FAS, the five mutations detected in three
DLBCL, which were all located in coding exons (cases 1,
2, and 3; Table 2), were introduced in mammalian FAS
expression vectors by site-directed mutagenesis and
transfected in T47D breast carcinoma and Jurkat T-cells.
Both cell lines express endogenous FAS constitutively
and undergo apoptosis in response to FASL.

The cells were transfected with either wild-type FAS,
mutant FAS or pCDNA3.1/V5-HIS-C vector, together with
the luciferase expression vector pGL3. Forty-eight (T47D)
or 24 (Jurkat) hours after transfection, aliquots of trans-
fected cells were incubated with human sFASL for 24
hours, and then assayed for luciferase activity. The mean
values and standard deviations of three such assays,
each performed in triplicate, are shown in Figure 2. The
mutations identified in cases 1 and 2 (Table 2), which
were located in exon 2 and 9, strongly inhibited FAS-
mediated cell death in both cell lines (Figure 2A). The
mutation in exon 9 of lymphoma case 2 (Table 2) inhibited
sFASL-triggered cell death also without the additional
mutation in exon 2. Furthermore, the exon 2 mutation did
not enhance the apoptosis inhibitory potential of the exon
9 mutation in transient transfection assays (data not
shown).

In summary, these transfection results suggest that the
FAS mutants of cases 1 and 2 (Table 2) act as dominant-
negative molecules, as they have lost their apoptosis
inducing activity and interfere with the function of the
normal, wild-type FAS. The mutations in case 3 (Table 2),
which both affect exon 2 and localize to the signal pep-
tide and the extracellular domain of FAS, did not inhibit
sFASL-stimulated cell death (Figure 2A). Instead, the
mutant seemed even to enhance cell death similar to
transfected wild-type FAS (Figure 2A).

The expression of the transfected wild-type and mutant
FAS cDNAs was verified by reverse transcriptase (RT)-
PCR and Western blotting (Figure 2). RT-PCR analysis
resulted in an amplification product of the expected size
and thus confirmed the presence of mRNA transcribed
from the expression vectors (Figure 2B). The FAS protein
translated from the expression vector encoded mRNA
was identified on Western blots by an antibody directed
against a V5 epitope tag that was cloned in frame 3� to
the FAS cDNAs. A FAS protein of the expected molecular
weight could be demonstrated in protein extracts of wild-

type or mutant 1 and mutant 3 (cases 1 and 3 in Table 2)
transfected cells (Figure 2C). The mutant 2 (case 2 in Table
2) harbored a stop codon mutation in the intracellular death
domain, located 5� to the V5-tag. Thus verification of the
protein expression of this construct was not amenable to
Western blotting and, as anticipated, no band correspond-
ing to FAS protein was detected (Figure 2C).

FAS Polymorphisms

SSCP analysis detected known single-nucleotide poly-
morphisms in exon 3 and 7,32 which do not lead to an
amino acid substitution, and in intron 8, with an insertion
of 7 nucleotides (forward - 5�-CTATTTT-3�; nucleotides
186–192, corresponding to the numbering of GenBank/
EMBL FAS gene sequence accession number X82286).

Figure 2. Biological activity of CD 95 mutants isolated from three cases of
gastric DLBCL (cases 1, 2, and 3 in Table 2). A: T47D breast carcinoma and
Jurkat T cells were cotransfected with either FAS wild-type, FAS mutant 1, 2,
or 3 (corresponding to cases 1, 2, and 3 in Table 2), or vector control,
together with the luciferase reporter vector, pGL3. After transfection cells
were cultured with or without sFASL (T47D 30 ng/ml; Jurkat cells 10 ng/ml)
for 24 hours. Luciferase expression was assayed thereafter, and percent
viability was calculated by the following formula: (luciferase activity with
sFASL/luciferase activity without sFASL) � 100. The data shown are the mean
results (� SEM) of three independent experiments, each performed in
triplicate. The P values for the differences between FAS wild-type and mutant
1, 2, and 3 transfected cells in comparison to vector-only transfectants were:
T47D cells; wild-type, P � 0.08, mutant 1, P � 0.0004, mutant 2, P � 0.00004,
mutant 3, P � 0.6. Jurkat cells: wild-type, P � 0.0008, mutant 1, P � 0.00001,
mutant 2, P � 0.00001, mutant 3, P � 0.0005 (Student’s t-test). B: Detection
of transfected FAS wild-type and mutant 1, 2, and 3 mRNA expression by
RT-PCR. RT� � 1. strand cDNA reaction with reverse transcriptase; RT� �
negative control without reverse transcriptase in 1. strand cDNA reaction;
water control � negative control without addition of cDNA reaction product
to the PCR. C: Detection of transfected FAS wild-type and mutant 1, 2, and 3
protein by Western blotting with an antibody against a V5 sequence tag
located at the 3� end of the transfected genes. In the lane “mut 2” no protein
band was detected, because this mutant harbors a stop codon in the intra-
cellular death domain, located 5� to the V5 sequence tag, which is therefore
not expressed.
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This insertion is absent in two other FAS genomic DNA
sequences deposited in GenBank/EMBL (accession
numbers X81342 and Z66557).

Discussion

Malignant lymphomas, including gastric lymphomas, are
frequently resistant to apoptosis induction via FAS.16,17

Furthermore, mutations of FAS are often present in extra-
gastric MALT- and DLBCL.17,26–28 These findings
prompted us to search for FAS gene mutations in primary
gastric MALT- and DLBCL and we identified seven mu-
tations in five gastric lymphomas (1 MALT lymphoma and
4 DLBCL; two DLBCL had two mutations) by SSCP anal-
ysis. The sensitivity of the SSCP method was 90%. There-
fore, statistically we should not have missed more than
one mutation, if any at all.

Two mutations involved the intracellular death domain,
which is essential for apoptosis signaling.34 Mutations in
this domain are associated with the most severe pheno-
type and increased risk for the development of malignant
lymphomas in patients with ALPS Ia.33 Codon 244, which
was mutated in one of the DLBCL studied, has been
shown previously to have a profound effect on the death
domain.35 Substitution of the wild-type aspartic acid with
alanine greatly reduced self-association of the death do-
main and binding to the downstream signaling partner
FADD in vitro. The second death domain mutation intro-
duced a stop codon that would result in a truncated FAS
protein. Both death domain mutations were introduced in
FAS-sensitive T47D and Jurkat cells in transient transfec-
tion assays to assess their biological activity. They
strongly inhibited the induction of cell death by sFASL,
thus demonstrating the functional significance of the mu-
tations. The mutants acted in a dominant-negative mode,
because T47D and Jurkat cells also express endogenous
wild-type FAS. A dominant-negative mechanism is likely
to act also in vivo because the lymphomas were heterozy-
gous for the FAS mutations.

Two mutations were located in exon 2, which encodes
part of the extracellular domain of the FAS molecule. They
are likely to decrease the binding to FASL.33 One muta-
tion affected the amino-terminal 16 amino acid signal
peptide, which is cleaved and absent from the mature
FAS.36 This mutation may impair proper cleavage of the
signal peptide or disturb the transfer of FAS to the cell
membrane; however, introduction of two mutations that
were present in one DLBCL and affected the signal pep-
tide and the extracellular domain of FAS, did not inhibit
sFASL stimulated cell death in T47D and Jurkat cells.
This result, however, does not necessarily mean that
these two mutations would not decrease FASL sensitivity
in the lymphoma from which they were isolated. FAS
signaling requires the formation of receptor trimers20,21

and the transfected mutated FAS may have been re-
cruited with the endogenous FAS to form active receptor
trimers, as the mutant molecule possesses an intact
transmembrane and intracellular death domain. In the
gastric lymphoma cells the wild-type and mutated FAS
protein may exist in a stochiometric ratio that differs from

the expression pattern of ectopic FAS analyzed in the
transfection assay and would result in reduced sensitivity
to FASL. This hypothesis is supported by experiments
performed on thymocytes from heterozygous FAS-knock-
out mice, which exhibit a reduced FAS-induced apopto-
sis.37 Furthermore, a loss of function rather than a dom-
inant-negative mode of action has also been concluded
from functional studies with extracellular domain muta-
tions identified in ALPS patients.33

Two mutations were located in introns. They are likely
to affect RNA splicing. One of the mutations altered the
invariable position � 2 of the donor splice site in intron 8.
This mutation was also noted previously in a thyroid
lymphoma and caused skipping of exon 8.27 A lack of
exon 8 in FAS mRNA was associated with recurrent
lymphadenopathy in a kindred with ALPS Ia.38 The
effect of the mutation in the donor splice region of
intron 3 at position � 17, however, is not yet clear.

FAS mutations seem to be rare in gastric MALT lym-
phomas as in our study only one of 18 cases (5.6%) was
mutated. This low incidence is in accordance with a
previous report by Bertoni et al,39 who did not detect any
FAS mutation in 27 marginal zone B-cell lymphomas (18
extranodal, five splenic, and four nodal), including 13
gastric MALT lymphomas. However, Seeberger et al17

reported a FAS mutation in one of two gastric MALT
lymphomas studied. In summary, the incidence of FAS
mutations in gastric MALT lymphomas was 6.1% (2 of 33)
in the three studies. This low incidence contrasts with the
reported high frequency of FAS mutations in extragastric
MALT lymphomas (3 of 3, 3 of 5, 6 of 8).17,26,27 Whether
this discrepancy reflects different pathomechanisms is
unclear. However, extragastric MALT lymphomas, eg, of
the thyroid or salivary glands, are often linked with auto-
immune disease, whereas those developing in the stom-
ach are associated with an infectious microorganism (H.
pylori).

FAS mutations were reported to be frequent in extra-
gastric DLBCL (9 of 43, 21%; 5 of 10, 50%)26,27 with a
remarkable preference for extranodal sites. However, the
incidence of FAS gene alterations in primary gastric DL-
BCL is largely unknown, except that Seeberger et al17

reported on a FAS missense mutation in one of three
gastric DLBCL. However, the functional significance of
this alteration was not determined. In our study six muta-
tions were identified in 4 of 28 primary gastric DLBCL.
The four DLCBL with FAS mutations were lymphomas
without a low-grade component. It is thus unclear
whether they represent transformed MALT lymphomas or
have arisen de novo.

FAS is necessary for the clonal selection of B lympho-
cytes in germinal centers and the elimination of effector
lymphocytes at the end of an immune reaction.20–22 Gas-
tric lymphomas often develop in a background of chronic
inflammation triggered by antigenic stimulation exerted
by H. pylori infection. The acquisition of a FAS mutation
may render gastric mucosal B cells less sensitive to
death signals that regulate the immune response to H.
pylori and thereby escape their elimination. These regu-
latory cell death stimuli may be exerted by T cells that use
FAS ligand as a cytotoxic effector molecule. Alternatively,
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an autocrine FAS/FASL loop, which has been demon-
strated to participate in the elimination of T-cells,40,41

might be operative also in B cells and would be disrupted
by FAS mutation.

It is unclear whether FAS mutations cause a different
response to therapy. The mutated lymphomas in our
study were archival cases that were treated by gastrec-
tomy. At present the use of antibiotics represents the
first-line therapy in gastric MALT lymphomas and more
than half of cases regress with antibiotics alone1; how-
ever, regression after H. pylori eradication is not restricted
to MALT lymphoma and has also been observed in a
limited number of patients with early-stage gastric
DLBCL,42,43 thus demonstrating that even high-grade
lymphomas may still be antigen-dependent. Considering
the role of FAS in the termination of an immune re-
sponse,20,21 it seems possible that FAS mutations may
influence the efficacy of antigen withdrawal with antibiotic
therapy. Furthermore, although a matter of controversy,
FAS may participate in the process of drug-induced cell
death and could thus modulate the sensitivity to chemo-
therapy.44,45 It remains to be determined in further pro-
spective studies whether gastric lymphomas with a FAS
mutation are different in their response to current treat-
ment regimens.
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