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Reed-Sternberg (RS) cells, the neoplastic elements of
Hodgkin’s lymphoma (HL), usually lack B-cell recep-
tor expression. Normal germinal center B cells, with
lack of or low-affinity B-cell receptor expression, are
eliminated via FAS-induced apoptosis. RS cells ex-
press FAS, but are rescued from apoptosis by a trans-
forming event. It is known that HL-derived cell lines
are resistant to FAS-mediated apoptosis. To investi-
gate potential causes for this resistance, FAS muta-
tions and c-FLIP expression were studied in four HL-
derived cell lines and 20 cases of HL. L1236 was found
to have a splice donor site mutation in intron 7 that
resulted in an aberrantly spliced FAS transcript.
Screening of microdissected RS cells revealed loss of
heterozygosity for a known exon 7 polymorphism in
two of six informative cases indicating loss of one FAS
allele. In one of the two cases with loss of heterozy-
gosity a hemizygous mutation was detected in exon 9.
c-FLIP expression was observed in all HL cell lines
and in RS cells of all HL cases. Our data show that FAS
mutations are rare and suggest that overexpression of
c-FLIP, which was present in all cases, is involved in
the resistance to FAS-mediated apoptosis. (Am J
Pathol 2003, 162:29–35)

A minority of clonal elements, the so-called Reed-
Sternberg (RS) cells, and a majority of reactive cells
characterize Hodgkin’s lymphoma (HL). RS cells gener-
ally harbor a high load of somatic mutations in the vari-
able (V) region of immunoglobulin (Ig) gene, suggesting
germinal center (GC) or post-GC B-cell origin.1,2 These
somatic mutations are often destructive and impede B-
cell receptor (BcR) expression.2 GC B cells will be driven
to apoptosis, unless they are selected through high-affin-
ity binding of antigen to the BcR.3 It is not known which

rescue mechanisms RS cell precursors use to escape
from apoptosis. In a proportion of cases, Epstein-Barr
virus (EBV) may play a role in this rescue.4 However,
EBV-negative cases account for �50% of HL cases in
Western countries5 and this suggests involvement of
other transforming events. Although some regulators of
apoptosis such as TP53,6,7 BCL-28 and indirectly,
I�B�9,10 have been studied, abnormalities in these genes
were only demonstrated in a minority of HL cases.

Another gene that might be involved in the rescue of
RS cell precursors is the FAS gene (CD95, Apo-1, TN-
FRSF6) that codes for a cell surface receptor involved in
death signaling.11 In B cells, FAS is expressed during the
GC phase of development and causes B cells not se-
lected by high-affinity BcR to be eliminated through apo-
ptosis.12,13 Deletions or mutations in the FAS gene ham-
per the selection process and allow undesirable B cells to
survive and proliferate.14 In fact, this scenario can be
observed in lpr (lymphoproliferation) FAS-deficient mice
that present with lymphadenopathy, spleen and liver en-
largement, a propensity to autoimmune phenomena, and
the development of B-cell lymphomas.15 In humans,
germline FAS mutations result in autoimmune lymphopro-
liferative syndrome with variable phenotypes.16 Some of
these autoimmune lymphoproliferative syndrome patients
develop solid tumors and B-cell lymphomas.17 In autoim-
mune lymphoproliferative syndrome patients, the risk to
develop HL is �50-fold higher than in the normal popu-
lation.18 HL-derived cell lines and RS cells from primary
HL cases express FAS protein,19,20 however, HL-derived
cell lines are resistant to FAS ligand-mediated apopto-
sis.21 This indicates a possible role for abnormalities of
the FAS pathway in the escape from apoptosis by RS
cells. In addition to FAS mutations, some downstream
molecules in the FAS-signaling pathway may also ac-
count for the observed resistance to FAS-mediated apo-
ptosis. In normal GC B cells and some B cell lymphomas,
it has been demonstrated that FADD-like interleukin-1�-
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converting enzyme-inhibitory protein (c-FLIP) expression
is an important mechanism to rescue these cells from
apoptosis.22–24

To gain more insight into the potential mechanisms
involved in RS cell resistance to FAS-mediated apopto-
sis, we analyzed FAS gene mutations and c-FLIP expres-
sion in 20 HL samples and four HL-derived cell lines. To
this end, RS cells were isolated by laser microdissection
microscopy from the tissues involved by HL. In addition,
we studied c-FLIP expression in these cases to establish
a possible contribution of c-FLIP to the resistance to
FAS-mediated apoptosis.

Materials and Methods

Tissues and Cell Lines

The HL-derived cell lines, L428 (EBV-negative),25 L591
(EBV-positive),25 and L1236 (EBV-negative)26 were
made available by Professor V. Diehl et al (Department of
Internal Medicine, University of Cologne, Cologne, Ger-
many) and the DEV cell line (EBV-negative), originally
published as derived from a case of nodular scleroses
(NS) HL, but this case was subsequently retyped as
nodular lymphocyte predominance Hodgkin’s lymphoma
(NLPHL), was established in our own laboratory.27 Fro-
zen tissue from 20 HL cases (16 cHL and 4 NLPHL) were
retrieved from the tissue bank of the Department of Pa-
thology, University Medical Center Groningen, and clas-
sified according to the World Health Organization classi-
fication.28 Fifteen cases (numbers 3, 4, 12, 13, 15, 18, 23,
31, 34, 40, 44, 48, 51, 53, and 57) were previously stud-
ied for TP53 mutations and IgH rearrangements.7 Expres-
sion analysis for c-FLIP was performed in paraffin-em-
bedded tissues from 19 of 20 HL cases studied for FAS
mutations. For case 69, no paraffin-embedded tissue was
available.

Immunohistochemistry and EBV-Encoded Small
RNA (EBER) in Situ Hybridization

For c-FLIP immunohistochemical analysis, a polyclonal
rabbit anti-human antiserum directed against C-terminal
FLIPL (Sigma-Aldrich Chemie Gmbh, Munich, Germany),
dilution 1:100, was applied on paraffin sections after they
were subjected to heat-induced antigen retrieval in 50
mmol/L of Tris and 2 mmol/L of ethylenediaminetetraace-
tic acid, pH 9.0, buffer. After appropriate washing steps,
peroxidase-labeled goat anti-rabbit antibodies followed
by peroxidase-labeled rabbit anti-goat antibodies
(DAKO, Copenhagen, Denmark) were applied and the
peroxidase enzyme was stained with diaminobenzidine
and H2O2 to visualize the c-FLIPL protein-positive cells.
Positive and negative controls were used to validate the
assay. High expression of c-FLIPL in the dark zone of
GCs and in vessel walls was used as positive controls.
HL cases were semiquantitatively scored as: �, �25% of
c-FLIPL-positive RS cells; ��, 25 to 75% positive RS
cells; and ���, �75% of the RS cells c-FLIPL-positive.
CD30 and CD20 immunostaining of RS cells and EBER in

situ hybridization procedures were performed as de-
scribed elsewhere.7

Enrichment of RS Cells with Microdissection

Microdissection and DNA isolation procedures were per-
formed as described previously.7 Briefly, selection of RS
cells was based on morphological and immunopheno-
typical criteria, ie, CD30- or CD20-immunolabeled RS
cells were isolated, respectively, for cHL and NLPHL
samples. From each case single RS cells were microdis-
sected and 30 cells were pooled per tube containing 30
�l of polymerase chain reaction (PCR) buffer (Amersham
Pharmacia Biosciences, Roosendaal, The Netherlands).
For each patient a total of 10 to 15 tubes were collected,
depending on the amount of RS cells present in the tissue
sections. Several tubes containing �100 reactive cells
were collected in 30 �l of PCR buffer and analyzed for
every case as normal controls. For each PCR a single
tube containing either 30 RS cells or 100 reactive cells
were used. Control tubes, containing only 30 �l of PCR
buffer, were included throughout the microdissection,
DNA isolation, and PCR procedure as negative controls.

Amplification of the FAS Gene and IgH Gene
Rearrangements

External primer sets were developed based on the FAS
genomic and coding sequence published in the Gen-
Bank (accession numbers X63717, X81340, X81341, and
X81342). Internal primer sequences used for the sepa-
rate amplification of exons 1 to 9 of the FAS were derived
from published data29 (Table 1). For HL-derived cell
lines, 150 ng of DNA was amplified, using only the inter-
nal primer set. For the amplification of DNA from micro-
dissected cells a nested PCR was performed using one
tube containing 30 single RS cells. The first amplification
was performed in 50 �l containing 0.2 mmol/L dNTP, 1 U
Taq-polymerase (Amersham Pharmacia Biotech), the re-
action buffer provided by the manufacturer and 150 ng of
each PCR primer. The PCR program consisted of 33
cycles (30 seconds at 94°C, 45 seconds at 55°C, and 60
seconds at 72°C). The first denaturation step lasted for 5
minutes and the final elongation step lasted for 7 minutes
(GeneAmp 9700; Perkin Elmer Applied Biosystems, Fos-
ter City, CA). The second amplification was performed
with 2 �l of first-round amplification PCR product. The
PCR conditions were the same as described above, ex-
cept that the internal primers29 with the GC clamps were
used and that the number of cycles was decreased to 30.
An aliquot of 10 �l was analyzed on a 2% agarose gel.
Based on the fact that �80% of FAS mutations occur in
exons 7 to 9, all cHL cases were screened for these
exons. All FAS exons were studied in the HL-derived cell
lines. In the NLPHL cases, only exon 9 was analyzed
because of sample limitations. All analyses were per-
formed in duplicate or triplicate using a new tube con-
taining a total of 30 microdissected RS cells or 100 infil-
trating cells. IgH gene analyses to evaluate sample
enrichment and clonality of the pooled RS cells of 15 of
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these 20 cases were published previously.7 The five ad-
ditional samples included in this study were analyzed by
the same procedures.

Denaturing Gradient Gel Electrophoresis
(DGGE)

DGGE analysis was performed in an Ingeny PhorU-1 PCR
apparatus (Ingeny, Goes, The Netherlands). The homo/
heteroduplex PCR products were analyzed in a 9% poly-
acrylamide (acrylamide-bisacrylamide, 37.5:1) gel con-
taining a 20 to 60% urea-formamide denaturing gradient
(100% UF � 7 mol/L urea per 40% deionized formamide)
parallel to the direction of electrophoresis. Electrophore-
sis was performed at 110 V and 59°C for 15 hours.
Aberrant homoduplex bands were excised, eluted in TE
(Tris ethylenediaminetetraacetic acid), and reamplified in
a volume of 100 �l using PCR conditions as described
above. For confirmation of the mutation, both strands were
sequenced and compared to the germline sequence, as
published in the GenBank. Duplex formation of FAS PCR
products, purification, and sequencing of PCR products
were performed as described previously.30

Reverse Transcriptase (RT)-PCR for c-FLIP
and FAS

For the HL-derived cell lines, total RNA was isolated,
purified from contaminating DNA, and converted into
cDNA as described previously.31 Both long (FLIPL) and
short (FLIPS) splice forms of FLIP were amplified using
the following primers: FLIPL (forward, 5�-gaacatccaca-
gaatagacc-3�; reverse, 5�-gtatctctcttcaggtatgc-3�) and
FLIPS (forward, 5�-gaacatccacagaatagacc-3�; reverse,
5�-tttcagatcaggacaatggg-3�). PCR was performed on 1
�l of the cDNA synthesis reaction mix (originating from
�100 ng of total RNA), using 1 U of Taq-polymerase
(Amersham Pharmacia Biotech) and the reaction buffer
provided by the manufacturer. The PCR program con-
sisted of 30 cycles (30 seconds at 94°C, 45 seconds at
54°C, 30 seconds at 72°C). The first denaturation step
lasted for 5 minutes and the final extension step lasted for
7 minutes. PCR products were analyzed on 2% agarose

gels containing ethidium-bromide. For c-FLIPL, a PCR
product of 262 bp was yielded whereas for c-FLIPS a
product of 172 bp was obtained. A nested primer set
used for FAS RT-PCR analyses was selected from the
published sequence data (total coding region: forward,
5�-gaacacaccctgaggccag-3�; reverse, 5�-ccaagcagtatt-
tacagccagc-3�; exons 6 to 8: forward, 5�-gtgcaaagag-
gaaggatcca-3�; reverse, 5�-(40gc)-gatatatttactcaagt-
caa3�) resulting in a 1215-bp and a 248-bp PCR
fragment, respectively. PCR was performed as described
above (30 cycles: 30 seconds at 94°C, 45 seconds at
60°C, and 90 seconds at 72°C for total coding region and
30 seconds at 94°C, 45 seconds at 50°C, and 30 sec-
onds at 72°C for exons 6 to 8).

Results

FAS Gene Mutation Analysis

DGGE of exons 7 to 9 revealed the presence of normal
bands for 16 of 20 HL cases and for the L428 cell line.
FAS exon 7 analyses revealed an aberrant banding pat-
tern (heterozygous and homozygous cases) suggesting
a polymorphism. Sequence analysis of normal and aber-
rant bands indicated that this variation represented the
previously reported polymorphism (position 836, ACC, or
ACT).32 A heterozygous pattern was observed in 4 of the
16 cases (cases 13, 15, 40, and 57) and in two of the HL
cell lines (L591 and DEV). A homozygous pattern repre-
senting the ACC allele was present in cases 3, 4, 12, 18,
23, 34, 44, 53, and 68 as well as in the L428 cell line,
whereas a homozygous band representing the ACT allele
was present in cases 31, 48, and 51. In all 12 homozy-
gous cases, reactive cells were also analyzed revealing a
heterozygous pattern indicating loss of heterozygosity
(LOH) in exon 7 for cases 4 and 23 (Figure 1A). In L1236,
a heterozygous aberrant pattern, distinct from the known
polymorphism, was observed for exon 7 (Figure 2A).
Sequencing of the aberrant homoduplex band and com-
parison to the germ line configuration revealed a splice
donor site mutation (CCTgtag3CCTgcag). This mutation
results in a PstI restriction enzyme site (CTGCA!G) that is
not present in the wild-type sequence. Re-amplification of

Table 1. Primer Sequences for the Amplification of the FAS Gene on Genomic DNA Isolated from 30 to 100 Microdissected RS
or Infiltrating Cells

Exon

External primer set Nested primer set29

PCR

(bp)Forward primer 5�—3� Reverse primer 5�—3� Forward primer 5�—3� Reverse primer 5�—3�

1 (40 GC)TCAGTACGGAGTTGGGGAAGC GCCTATCCCCGGGACTAAGAC 136

2 (40 GC)ATCAATAAAATTCTCTTCATG GACTTTCACTGTAATCTCTGG 239

3 AAACACTTGCTCCTTTTTTCC (40 GC)TGAAATTCCAAGATTGGCC 213

4 TCCAAACTGATTTTCTAGGC (40 GC)TCTAGTGTTTTAATCAGAGAAAGAC 162

5 (40 GC)CCAGGCTTTTGAATTTCTCC GGGAAAGGAGGATATAACCG 133

6 TAATATGCCAATGTTCCAACC (40 GC)CCCCAAGTTATTTCAATCTG 173

7 GGCCACTTTTAAGTTTCACTG AGCAAGACTCCATCTCAAAC CATGCATTCTACAAGGCTGAG (40 GC)AGGAAGTAACAAAAAGCCAA 254

8 GCAACTGATTGTACTTCTTTC TCATACGCTTCTTTCTTTCC TCTCTGCTTCCATTTTTTGC (40 GC)TTTACTCTGAAATTGGCCTA 160

9.1 TATTTCTATTTTTCAGATG CAAACACTAATTGCATATACTC (40 GC)TATTTTCTATTTTTCAGATG TCATACGCTTCTTTCTTTCC 253

9.2 TATTTCTATTTTTCAGATG CAAACACTAATTGCATATACTC GTTCAACTGCTTCGTAATTG (40 GC)GAACTGAATTTGTTGTTTT 249

40 GC; GC clamp consisting of 40 nucleotides;29 bp, base pair.
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exon 7 followed by a PstI restriction enzyme digestion
indeed revealed a PstI restriction site, confirming the
mutation (Figure 2B). In fact, L1236 FAS RT-PCR with an
exon 6 and an exon 8 primer resulted in a PCR product
that appeared to be of the expected size. DGGE analysis
of this RT-PCR product revealed, however, a heterozy-
gous pattern (Figure 2C). Sequence analysis of the ab-
normal homoduplex band revealed an insertion of four
bases (gtag) in between exons 7 and 8, resulting in a
premature termination 26 bp downstream of the insertion.
The resulting truncated FAS protein lacks the death do-
main. Analysis of exon 7 in case 34 revealed a heterozy-
gous pattern, different from the pattern observed for the
known polymorphism, which was detected only once in
triplicate experiments (Figure 1A). Exon 9 analysis re-
vealed aberrant patterns in two cases (cases 4 and 18)
(Figure 1B). In case 18, the RS cells had an abnormal
heterozygous pattern in exon 9, which was detected only
once in three different experiments. Case 4 revealed only
a single aberrant band in two independent experiments
with the RS microdissected cells, without identification of
the normal allele. This abnormal pattern was not ob-
served in microdissected non-RS cells, and thus exclu-
sive for RS cells. Sequencing of the abnormal band and
comparison to germ line sequence revealed a causative

mutation in codon 238, GGA3GAA (Gly3Glu). Analysis
of exon 7 for this case, as stated above, revealed LOH.
Combination of exons 7 and 9 results for case 4 indicated
that RS cells had one mutated FAS allele whereas the
other FAS allele was lost.

Immunoglobulin Gene Heavy Chain
Rearrangements

The five cases (cases 68 to 72) that were not included in
the previous study were analyzed for IgH rearrangements
to verify the efficiency of RS cell enrichment and to as-
sess the clonality of this population. Four of the five HL
cases demonstrated a single band in agarose gel and a
single fluorescent peak at MEGABACE analysis (data not
shown) indicating proper RS cell enrichment and mono-
clonal population. In case 71, no FRIII PCR product was
obtained in different attempts.

Cellular FLIP (c-FLIP) Expression

cFLIP expression was assessed by RT-PCR in the HL-
derived cell lines resulting in PCR products for both long
(c-FLIPL) and short (c-FLIPS) splicing forms (Figure 3A).
In addition, c-FLIPL protein expression was studied by
immunohistochemistry in the HL-derived cell lines, show-
ing high-expression levels in the cytoplasm of all cells
(Figure 3B). In the tissue sections of the 19 primary cases,
RS cells from cHL as well as NLPHL stained in varying
proportion and intensity for c-FLIPL (Figure 3C and Table 2).

Discussion

RS cells are considered to be derived from GC B cells in
the vast majority of HL cases.1,2 Physiologically, GC B
cells with low-affinity BcR are eliminated via FAS signal-
ing pathway.13,33 Because RS precursor cells are con-

Figure 1. DGGE analyses of the HL samples. A: Exon 7 analysis for cases 4,
23, and 34. For cases 4 and 23 LOH can be observed on comparison of
reactive and RS cells microdissected from HL-involved tissue. The duplicate
analysis of case 4 was analyzed in a separate DGGE analysis (result not
shown). For case 34 an aberrant banding pattern was present in RS cells in
one of a duplicate experiment. B: Exon 9 analysis for cases 4 and 18. For case
18 an aberrant banding pattern was present in RS cells in one of a triplicate
experiment. For case 4 an aberrant homoduplex band was detected without
presence of the wild-type homoduplex band. Shown is the inverted image of
an ethidium bromide-stained DGGE gel.

Figure 2. DGGE analyses of the HL-derived cell line L1236. A: DGGE
analysis of exon 7. A heterozygous banding pattern representing the known
exon 7 polymorphism was detected for L591 and DEV, whereas a homozy-
gous pattern was observed for L428. An aberrant four-banding pattern was
observed for L1236. B: Reamplification and digestion with PstI revealed
presence of an undigested band (255 bp) representing the normal allele and
two smaller fragments (140 and 115 bp) representing the allele carrying the
mutation for L1236. C: DGGE analysis of the exon 6 to 8 RT-PCR product
showing an aberrant four-banded pattern for L1236 and a normal band for
L428. Shown is the inverted image of ethidium bromide-stained agarose or
DGGE gels.
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sidered to be GC B cells without BcR expression2,34 that
have escaped from apoptosis, we decided to study FAS
gene mutations, which may confer apoptosis resistance
to RS cells.

We analyzed 20 primary HL cases and four HL-derived
cell lines for FAS mutations in the hotspot region (exons 7
to 9), where �80% of FAS mutations occurs.29,33 We
detected a heterozygous pattern for the exon 7 polymor-
phism in six HL cases and two HL-derived cell lines,

whereas homozygous patterns were detected for the 10
remaining cases and for two HL cell lines. In these sam-
ples, the frequency of the ACC allele was 0.65 (26 times)
and the frequency of the ACT allele was 0.35 (14 times).
This frequency is in agreement with the normal popula-
tion, in which the frequency of the two alleles is estimated
to be �0.66 and 0.33 for ACC and ACT, respectively.32

LOH of the 10q24 region including the FAS locus was
not previously described in HL, but we demonstrated
LOH in two HL cases (4 and 23). In a recent study, single
RS cells were analyzed for FAS mutations, and both FAS
alleles could be amplified in five informative cases for two
polymorphisms in the 5� untranslated region of FAS35.
This finding excluded LOH in these HL samples. In ad-
dition, no deletions in the FAS gene region have been
described by cytogenetic studies in HL cases and cell
lines.36–38 However, classical cytogenetic, fluorescence
in situ hybridization, and comparative genomic hybridiza-
tion, approaches could easily have missed small deletions
in this region because of sensitivity limitations. Overall the
frequency of LOH at the FAS locus appears to be low in HL.

One of the 20 cases showed a causative hemizygous
FAS mutation in exon 9, whereas the other FAS allele
based on exon 7 analysis was lost, a combination (mu-
tation and LOH) not described previously. It can be spec-
ulated that LOH alone does not affect the FAS function
and may have anteceded the FAS mutation. In the ma-
jority of the published cases, a heterozygous FAS muta-
tion is sufficient to hamper FAS signaling, probably be-
cause of improper trimerization of FAS molecules.33 It is
not clear whether or which biological advantages LOH
would add to RS cell tumorigenesis. Solid tumors and B

Figure 3. c-FLIP analyses in HL-derived cell lines and cases. A: RT-PCR for
c-FLIP long (30 cycles) and short (35 cycles) splice forms. GAPDH house-
keeping gene (18 cycles) was used as a control for RNA loading and quality.
B: c-FLIP immunohistochemical staining of L428. A cytoplasmic staining can
be observed in all cells. C: c-FLIP immunohistochemistry of a MCHL case. A
cytoplasmic staining is present in the RS cells. Original magnifications, �630
(B and C).

Table 2. Overview of Four HL-Derived Cell Lines and 20 HL Cases Analyzed for FAS and TP53 Mutations and c-FLIP Expression

Case EBV Subtype
TP53

mutation
FAS exon 7

polymorphism FAS mutation
c-FLIPL

expression

3 � MCHL � ACC � �
4 � MCHL � ACC/(ACT)* � (ex 9) �

12 � NSHL � ACC � ��
13 � NSHL � ACC/ACT � ��
15 � NSHL � (ex 8) ACC/ACT � ��
18 � NSHL � ACC (�/�) (ex 9) ��
23 � NSHL � ACC/(ACT)* � ���
31 � NSHL � ACT � �
34 � NSHL � ACC (�/�) (ex 7) �
40 � NSHL � ACC/ACT � ��
44 � NSHL � (ex 6) ACC � �
48 � NSHL � ACT � ���
51 � NSHL � ACT � ��
53 � NSHL � (ex 7) ACC � ��
57 � NSHL � ACC/ACT � �
68 � MCHL n.d. ACC � ��
69 � NLPHL n.d. n.d. � n.d.
70 � NLPHL n.d. n.d. � ��
71 � NLPHL n.d. n.d. � ���
72 � NLPHL n.d. n.d. � ��
L428 � NSHL � ACC � ���
L591 � NSHL � ACC/ACT � ��
L1236 � MCHL � ACC � (ex 7) ���
DEV � NLPHL � ACC/ACT � ��

HL, Hodgkin’s lymphoma; �, positive; �, negative; (�/�), abnormality observed once in triplicate experiments; *, the allele lost in the RS cells is
shown in between brackets; MCHL, mixed cellularity HL; NSHL, nodular sclerosis HL; NLPHL, nodular lymphocyte predominance HL; ex, exon; n.d.,
not done; c-FLIPL expression: � with less than 25% of c-FLIPL-positive RS cells, �� with 25 to 75% positive RS cells, and ��� with more than 75%
of the RS cells were c-FLIPL-positive.

FAS Mutations in HL 33
AJP January 2003, Vol. 162, No. 1



cell-derived lymphomas may have LOH of the FAS
genomic region.33 Müschen and colleagues39 suggests
that this phenomenon occurs invariably in association
with a mutation in the first eight FAS exons, indicating
that, in these exons, LOH alone is not sufficient for ma-
lignant transformation and progression. Overall, our
study is in line with the findings of Müschen and col-
leagues,35 who also described low frequency of FAS
mutations in the death domain (1 of 10 cHL cases). In this
case a nonclonal FAS mutation was identified in exon 9
(two different mutations in 12 single cells analyzed).
Therefore, FAS mutations play a role in only a minority of
HL cases (2 of 30). In cases 18 and 34, in which abnor-
malities were present only once in triplicate experiments,
our approach does not permit distinction between an
aberration present in a minority of RS cells and an artifact
generated by PCR because of Taq-polymerase errors.
Although we cannot prove the origin of these aberrant
bands we believe that lack of consistency of the results in
these two cases suggests that these findings are most
likely caused by Taq-polymerase errors. Therefore, we
did not proceed to a detailed analysis. We observed a
splice donor site mutation in the L1236 HL cell line on one
allele, and confirmed this by restriction site and RT-PCR
analyses. This mutation leads to a four-base insertion
resulting in a truncated FAS protein that lacks the death
domain. This mutation was also confirmed by Re and
colleagues21 who had previously reported on an exclu-
sive expression of wild-type FAS. Moreover, analysis
of bone marrow cells of the respective patient from whom
the L1236 cell line was established revealed germ line
sequence at the corresponding region (D. Re, A.
Staratschek-Jox, personal communications).

FAS somatic mutations are also present in other lym-
phomas.29 In general, GC and post-GC B-cell-derived
lymphomas have a higher frequency (�20%) than
pre-GC lymphomas (�2.5%).33 Lymphomas with FAS
mutations often have extranodal presentation and are
associated with autoimmune phenomena.29 It was re-
cently demonstrated that normal GC B cells harbor, at a
low frequency, FAS mutations.14 Therefore, the higher
frequency of mutations in antigen-experienced B-cell-
derived lymphomas may merely reflect mutations ac-
quired during GC reaction. FAS mutations have also been
demonstrated in T-cell adult leukemia40,41 and solid tu-
mors,42,43 indicating that mechanisms other than somatic
hypermutations may also be involved in the generation of
FAS mutations in neoplastic cells.

The low frequency of FAS mutations and the fact that
RS cells are resistant to FAS-induced apoptosis, suggest
a role for FAS downstream molecules in conferring FAS
apoptosis resistance. In recent years, up-regulation of
c-FLIP was shown to exert a protective effect from apo-
ptosis in GC B cells and lymphoma cells.22–24 Cellular
FLIP expression impedes recruitment of procaspase-8 to
the death-inducing signaling complex (DISC).44,45 As a
result, cleavage of procaspase-8 is not achieved, and
activation of downstream caspases and apoptosis are
prevented.44,45 A recent study demonstrated c-FLIP ex-
pression in HL-derived cell lines and in primary HL cas-
es.46 Our results are in agreement with these findings,

suggesting that c-Flip overexpression rather than FAS
mutations may confer resistance to FAS-mediated apo-
ptosis in RS cells. C-FLIPL staining scores were not as-
sociated with subtype, EBV status, and presence of mu-
tations in either FAS or TP53 genes (Table 1). The exact
mechanisms of c-FLIP up-regulation in HL are unclear.
High-affinity BcR expression is one of the possible mech-
anisms for c-FLIP up-regulation,22 however BcR is in
general not expressed in HL.2 CD40/CD40L interaction is
a possible mechanism to up-regulate c-FLIP expression,47

however, this up-regulation lasts only for 24 hours, whereas
the RS cells in HL have constant c-FLIP expression.46 More-
over, c-FLIP expression is observed in HL cell lines, a
system in which CD40L is not present. Therefore, other
mechanisms activating the CD40 pathway may be involved
and it will be of interest to determine which regulatory mech-
anisms participate in c-FLIP expression in HL.

TP53 mutations are one of the mechanisms involved in
deregulation of FAS expression.48 Down-regulation of
FAS expression has been described as a mechanism for
malignant progression. Intron 1 of the FAS gene harbors
a p53-responsive element and binding of wild-type p53
protein results in up-regulation of FAS expression.48 In
addition to up-regulation of FAS, wild-type p53 collabo-
rates with transportation of FAS to the cell membrane
where it exerts its functions.49 The low frequency of TP53
mutations6,7 in HL and frequent FAS expression in RS
cells19,20 suggests that FAS down-regulation is not es-
sential for tumor progression in HL.

In conclusion, the results demonstrate that the resis-
tance to FAS-mediated apoptosis as observed in RS cells
is rarely associated with FAS mutations, but may well be
because of c-FLIP overexpression.
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