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Nasal natural killer (NK)/T-cell lymphoma (NL) fre-
quently co-expresses Fas (Apo-1/CD95) and Fas ligand
(FasL), but the tumor cells seldom undergo apoptosis.
To determine the reason for failure of apoptosis, we
examined Fas mRNA expression in 23 NL cases by
reverse transcriptase-polymerase chain reaction and
sequenced the entire coding region of the Fas gene in
15 of these cases for which the full-length Fas cDNA
could be amplified. The reverse transcriptase-poly-
merase chain reaction analysis revealed that all of the
23 cases expressed Fas mRNA and the sequencing
results showed that in addition to the commonly ex-
pressed wild-type Fas mRNA and four alternative
splice variants detected in 7 cases, mutant Fas tran-
scripts were present in 9 of the 15 (60%) cases se-
quenced. With confirmation of some Fas mutations at
the gene level, 12 deletions in nine cases and one
insertion in one case were eventually identified. To
rule out any potential polymerase chain reaction ar-
tifacts, the same protocol was used to examine 10
reactive tonsils as a control. No aberrant transcripts
associated with deletions were detected in these ton-
sils except for three alternative splice variants. All of
the deletion variants detected in NL contained N-ter-
minal preligand assembly domain but not C-terminal
death domain and/or transmembrane domain. Co-
detection of the wild-type allele and the mutated Fas
alleles without the death domain suggested that a
dominant-negative mechanism could block the apo-
ptosis signaling. Moreover, loss of the transmem-
brane domain could protect the tumor cells from apo-
ptosis by producing a soluble form of the Fas
receptor. The actuarial 3-year survivals leveled off at
15% for patients carrying the Fas mutations and/or
splice variants in the lesions and 49% for those car-
rying the wild type only, but the difference did not
reach statistical significance on the univariate analy-
sis (P � 0.396). Taken together, the findings in this
study suggest that frequent Fas gene mutations in NL
can result in resistance to apoptosis and may contrib-

ute to the pathogenesis of NL by adding to the tumor
immune privilege. (Am J Pathol 2002, 161:2123–2131)

Cell death by apoptosis is mediated via the coordinated
interactions of many different gene products. Mutations in
some of them, acting at different levels in the apoptotic
cascade, have been identified as causes or contributing
pathogenetic factors for many human diseases.1 Fas
(Apo-1/CD95) is an apoptosis-signaling cell surface re-
ceptor belonging to the tumor necrosis factor receptor
superfamily2 and was recently defined as a tumor sup-
pressor gene.3 Fas, together with its ligand (FasL), is a
key element in maintaining the homeostasis of lympho-
cytes and many other types of cells. Autoimmune lym-
phoproliferative syndrome type 1a (ALPS-1a) provides
the best model for the study of the human Fas gene
mutations in vivo, because failure of immune clearance of
autoimmune lymphocytes in individuals with ALPS-1a is
consistently associated with inherited Fas gene de-
fects.4–10 In contrast, less frequent somatic mutations of
the Fas gene have been described in some subtypes of
lymphoid malignancies, such as B-cell lymphoma,11–13

adult T-cell leukemia,14,15 and Hodgkin’s disease,16

whereas no somatic mutations of Fas gene were found in
any of the 35 cases of peripheral T-cell lymphoma (un-
specified) examined in a recent study.11

In Hong Kong Chinese, nasal natural killer (NK)/T-cell
lymphoma (NL) represents the second most frequent
group of extra-nodal lymphomas17 and consists of tu-
mors of either NK-cell or T-cell lineage, with most being
NK-cell and a smaller number being true T-cell lympho-
mas.18–20 NL is closely associated with Epstein-Barr vi-
rus (EBV) infection,21–23 and the tumor cells are able to
provide target epitopes for cytotoxic T lymphocytes.24 In
vivo, however, the tumor cells seem to escape immune
recognition. We have previously identified several mech-
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anisms acquired by NL tumor cells to escape immune
surveillance, including down-regulation of the immuno-
genic EBV nuclear antigens by alternative promoter us-
age,25 preferential selection of the deletion genotype of
latent membrane protein 1,26 and expression of the im-
mune suppressive human interleukin-10 (hIL-10).24 It has
been recently reported that NL cells frequently co-ex-
press Fas and FasL, but seldom undergo apoptosis,27

suggesting that there may be defects in the Fas-triggered
programmed cell death pathway.

In the current study, we investigated the expression
and the somatic mutations of the Fas gene in NL biopsy
samples to clarify whether Fas mutations play a role in
limiting apoptosis, thereby providing the tumor with im-
mune escape.

Materials and Methods

Case Description

Total RNA samples extracted from NL tumor biopsy
specimens of 23 Chinese patients used in this study have
been described previously.25 The lymphomas were diag-
nosed according to the World Health Organization clas-
sification of lymphoid malignancies.28 RNA extracted
from 10 reactive tonsils was analyzed as a control. These
tonsils were obtained from Chinese patients who under-
went tonsillectomy for enlarged tonsils at the Queen Mary
Hospital, Hong Kong.

Reverse Transcriptase-Polymerase Chain
Reaction (RT-PCR) and Detection of Mutations

RT-PCR was performed on RNA extracted from 23 NL
tumors and 10 reactive tonsils in a thermocycler (PTC-
200; MJ Research, Waltham, MA) using the strategy as
described,7 with the GeneAmp RNA PCR kit (Perkin-
Elmer-Cetus, Norwalk, CT) and three pairs of primers,
forward primer 1 (F1) (5�-TCTTTCACTTCGGAGGATT-
GCT-3�)/reverse primer 1 (R1) (5�-GAACTTTCTGTTCT-
GCTGTGTCTTG-3�), F2 (5�-TGCCAAGAAGGGAAG-
GAGTA-3�)/R2 (5�-ACCAAGCAGTATTTACAGCCAG-3�)
and F3 (5�-CCAAGACACAGCAGAACAGAAAG-3�)/R3
(5�-CACCAAGGCAAAAATGGAGAG-3�), to amplify the
entire coding region corresponding to the Fas mRNA
sequences nucleotides 165 to 1020, nucleotides 447 to
1287, and nucleotides 995 to 1972 (GenBank accession
no. M67454), respectively (Figure 1a). For enrichment of
the specific PCR products for Fas mRNA, nested PCR
was performed on the diluted first-round PCR products
using primers FI (5�-GGAGGATTGCTCAACAACCAT-
3�)/RI (5�-CATTGTCATTCTTGATCTCATCTATTT-3�) for
F1/R1 and FII (5�-GGAAGGAGTACACAGACAAAG-3�)/
RII (5�-ACAGCCAGCTATTAAGAATC-3�) for F2/R2,
which will give 818-bp and 817-bp PCR products, re-
spectively. To verify the quality of RNA samples used in
this study, a pair of primers (5�-ACCAGGGCTGCTTTTA-
ACTCT-3� and 5�-GGGTCTCTCTCTTCCTCTTGTG-3�)
were used in the RT-PCR to amplify a 1005-bp cDNA
fragment of glyceraldehyde-3-phosphate dehydroge-

nase as the template quality control. Total RNA from the
phytohemagglutinin-activated Jurkat cell line served as
the positive control and distilled water served as the
negative control.

RT-PCR products were analyzed in a 2% agarose gel,
followed by purification of the DNA fragments from gel
slices using the QIAEX II gel extraction kit (Qiagen
GmbH, Hilden, Germany). The purified nested PCR prod-
ucts of unexpected sizes were directly sequenced from
both directions using the DYEnamic ET terminator cycle
sequencing kit (Amersham Pharmacia Biotech, Piscat-
away, NJ) by the ABI PRISM 377 DNA Sequencer (Ap-
plied Biosystems, Foster City, CA). The first-round nor-
mal-sized PCR products of F1/R1 and F2/R2 were directly
sequenced from both directions; they were also cloned
into the pGEM-T Easy vector (Promega, Madison, WI)
and at least 10 clones for each PCR fragment were
sequenced. To rule out PCR artifacts, RT-PCR analysis
was repeated using the Expand High Fidelity PCR Sys-
tem (Boehringer Mannheim, Mannheim, Germany), and
the PCR products were sequenced again as described
above. When the same mutation was found in both se-
quence analyses, the data were regarded as confirmed.

Figure 1. Schematic representation of the normal and the defective Fas
genes in NL. a: Structure of the Fas cDNA is illustrated, consisting of nine
coding exons and the flanking untranslated regions (UTR). The locations of
the primers used in the study for RT-PCR are marked in the figure. The
structure of Fas protein is illustrated, which is composed of the PLAD, the
transmembrane domain (TM), and the death domain (DD). b: A variety of
Fas mRNA sequences detected in NL are summarized at the left, including
variants of alternative splicing, deletion, and insertion, which are represented
respectively by dashed line, continuous line, and arrow labeled with the
number of position involved. Each variant is coded in the form of case
no.-sequence no. The regions affected by frame-shift effects are drawn in
shaded boxes, and the predicted positions of stop codons are marked with
asterisks. Fas domains affected by these nucleotide alterations are summa-
rized at the right. �, retained; �, partially retained; and �, lost.
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Confirmation of Mutations at the DNA Level

In the NL cases with apparent alternative splicing (se-
quences represented by dashed lines in Figure 1),
genomic DNA was analyzed to detect any potential Fas
gene mutations at the gene level mimicking alternative
splicing by deletions of exons or aberrant splicing be-
cause of mutations at the splice sites. The genomic se-
quences covering exons 3, 4, 6, and 7 were examined by
PCR using the Expand Long Template PCR system
(Boehringer Mannheim) and primers Fa (5�-CAGAAAT-
CAATAAAATTCTCTTCATG-3�)/Ra (5�-GGGAAAGGAG-
GATATAACCG-3�), Fb (5�-GGAATCATCAAGGAATGCA-
CACTCACC-3�)/Rb (5�-GAGCAAGACTCCATCTCAAA-
CAAAATGAAA-3�) and Fc (5�-ATAATATGCCAATGTTC-
CAACC-3�)/Rc (5�-TTTACTCTGAAATTGGCCTATTAC-
3�), which will give PCR products corresponding to the
Fas DNA sequences from EMBL DNA database29 (nucle-
otide 189, entry no. X82280; nucleotide 391, entry no.
X82283; nucleotide 305, entry no. X82283; nucleotide

292, entry no. X82284; nucleotide 482, entry no. X82283;
nucleotide 266, entry no. X82285, respectively). The PCR
products were analyzed by electrophoresis in a 1% aga-
rose gel to detect the abnormal-sized fragments with
deletions of exons. Purified PCR products were directly
sequenced from both directions; they were also cloned
into the pGEM-T Easy vector (Promega) and at least 10
clones for each PCR fragment were sequenced for de-
tection of exon deletions or mutations at the splice sites
within exon/intron boundaries.

To confirm the Fas gene deletion in variant 9-2 (25-bp
deletion within exon 3), the sequence encompassing the
deleted region was amplified by PCR on the genomic
DNA from case 9 using primers Fd (5�-TGCCAAGAAGG-
GAAGGAGTA-3�)/Rd (5�-TGCATTTTAAGACTCTTAC-
CATGTC-3�) (nucleotides 281 to 381, EMBL DNA data-
base entry no. X82281). The PCR products were
examined in an 8% polyacrylamide gel electrophoresis
and the purified DNA fragments were analyzed by direct

Figure 2. Somatic mutations of the Fas mRNA in NL. a: Various RT-PCR products of unexpected sizes were detected by electrophoresis (open arrowheads),
suggestive of Fas deletion or splicing. M, molecular marker of 100-bp ladder; number, case number; �, negative control of PCR using distilled water; �, positive
control of PCR using cDNA from phytohemagglutinin-activated Jurkat cell line. b: Sequence analysis shows several distinct mutant forms of deletions in case 10
(three deletion variants) and cases 15 and 17 (two deletion variants each), in addition to the normal transcripts and alternative splice variants. The sequences of
the left and the right break points of a deletion combined with an insertion of a 205-bp Fas fragment in 15-2 are presented.
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sequencing. Moreover, different cycle numbers of PCR
were performed to get a better evaluation of the ratio
between the wild-type (101 bp) and the deletion (76 bp)
alleles at the DNA level. For confirmation of 1-bp insertion
at nucleotide 1095 in exon 9 sequence of a cDNA variant
in case 21, the DNA from the same case was examined
by PCR using primers Fe (5�-CAATGTCCAAGACACAG-
CAGAACAGAAAGT-3�)/Re (5�-CCAAGCAGTATTTACAG-
CCAGCTATTAAGAATCT-3�) (nucleotides 989 to 1286,
GenBank accession no. M67454). The PCR products
were cloned into pGEM-T Easy vector (Promega) and 90
clones were sequenced.

Immunostaining of Fas and FasL

Only 16 of 23 cases had paraffin blocks available for the
immunohistochemical detection of Fas and FasL pro-
teins. The primary antibodies were rabbit polyclonal FAS
(C-20) (1:100; Santa Cruz Biotechnology, Santa Cruz,
CA) and rabbit polyclonal FAS-L (N-20) (1:100; Santa
Cruz Biotechnology). The EnVision staining system
(DAKO, Carpinteria, CA) was used in the subsequent
steps for the visualization of the antigens.

Statistical Analysis

The significance of Fas mutations on the overall survival
rates was estimated using the standard Kaplan-Meier
survival analysis.

Results

Expression of the human Fas gene was examined in RNA
samples from 23 cases of NL by RT-PCR using three
pairs of primers: F1/R1, F2/R2, and F3/R3 (Figure 1a).
The F3/R3 fragment, which is at the 3� end of Fas mRNA,
could be easily amplified in all of the cases (data not
shown), demonstrating consistent Fas mRNA expression
in NL; whereas the RT-PCR products of F1/R1 and F2/R2,
which in combination cover the entire coding region,
could be detected in only 15 of 23 cases, possibly be-

cause of partial degradation of RNA in some samples.
Some abnormal-sized fragments were clearly observed
among the first-round PCR products in many cases (data
not shown); nevertheless, a nested PCR was performed
to rule out the nonspecific PCR products for Fas mRNA.
Besides the expected bands of normal size, various
small-sized fragments ranging from 200 bp to 800 bp
could be easily observed during electrophoresis in most
cases, raising the possibility that partial Fas gene dele-
tion or alternative pre-mRNA splicing might have oc-
curred in these cases of NL (Figure 2a). Sequencing of
the RT-PCR products of the entire coding region of the
Fas gene and further confirmation of some mutations at
the DNA level identified four alternative splice variants in
seven cases, 12 deletions in nine cases and one insertion
in one case (Figure 1b). Several mutant alleles with dif-
ferent deletions were also detected in single tumor spec-
imens from cases 10, 15, and 17 (Figures 1b and 2b).

PCR artifacts caused by nucleotide mismatching were
ruled out by the repetition of RT-PCR. To exclude any rare
deletion artifact during PCR, the identical protocol for the
NL analysis was used in parallel to examine 10 cases of
reactive tonsils by RT-PCR as an additional control. As
shown in Figure 3, no aberrant transcripts associated
with deletions were detected in these unselected cases
of tonsils, except for three alternative splice variants in
which the whole exons 3 � 4 (571 bp), exons 3 � 4 � 6
(508 bp), and exons 3 � 4 � 6 � 7 � 8 (400 bp) were
skipped, respectively, confirming the reliability of our
results.

In the NL cases with alternative splice variants (se-
quences represented by dashed lines in Figure 1), PCR
amplification and sequencing of the chromosomal DNA
covering the skipped exons were performed to rule out
potential Fas gene mutations mimicking alternative splic-
ing by deletions of exons or aberrant splicing because of
mutations at the splice sites. The PCR results on chromo-
somal DNA showed that no aberrant fragments associ-
ated with deletions were detectable; moreover, no muta-
tions were found by sequencing the splice sites at exon/
intron boundaries in these cases (data not shown).
Therefore, these aberrant-sized transcripts with skipped
exons should be regarded as alternative splice variants.

Further confirmation of Fas gene mutations was per-
formed at the chromosomal DNA level in cases in which
small sequence changes were detected at the mRNA
level. In case 9, an aberrant transcript with a 25-bp
deletion in the exon 3 sequence was detected (variant
9-2 in Figure 1b). As shown in Figure 4, PCR on the
genomic DNA of the sequence encompassing the de-
leted region of 9-2 confirmed the presence of this short
deletion at the DNA level, and also showed that the ratio
of the wild-type versus the mutant allele in case 9 was
�2.5:1. We next examined a 1-bp insertion at nucleotide
1095 in the exon 9 sequence of a transcript from case 21
(variant not included in Figure 1b). Insertion of one aden-
osine at nucleotide 1095 of Fas cDNA from case 21 could
not be detected in the chromosomal DNA from the same
case, even though 90 clones of the amplified fragment
encompassing nucleotide 1095 were sequenced from
both directions.

Figure 3. RT-PCR analysis of the Fas mRNA in tonsillar controls. The
identical protocol used for analysis of the NL tumors was applied on 10 cases
of reactive tonsils (C1 to C10). No aberrant transcripts associated with
deletion were detected except for three alternative splice variants as indi-
cated by open arrowheads (571 bp, 508 bp, and 400 bp). �, negative
control using distilled water; M, molecular marker of 100-bp ladder.
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Immunostaining of Fas and FasL was performed on the
paraffin sections of 16 cases. Fas and FasL proteins were
expressed in the lymphoma cells and in the surrounding
reactive lymphoid cells. Fifteen (94%) cases showed
positive staining for Fas and 11 (69%) cases were posi-
tive for FasL (Figure 5).

Clinical and prognostic data of the NL patients in-
cluded in the study are presented in Table 1 and the
patients were divided into two groups with respect to
whether they are carrying Fas gene mutations and/or
alternative splice variants in the lesions or carrying the
wild-type Fas only. There were two NL patients who are
still alive with relatively long overall survival in each
group; by contrast, most others died of the disease in a
very short period. Disseminated NL was incompatible
with prolonged survival, and it was only found in patients
with Fas mutations. However, the number of cases was
too small to give statistical significance (P � 0.52, chi-
square test). The actuarial 3-year survivals leveled off at
15% for patients carrying the Fas mutations and/or splice
variants in the lesions and 49% for those carrying the wild
type only, but the difference did not reach statistical
significance on the univariate analysis (P � 0.396) (Fig-
ure 6).

Discussion

Until now, most of the studies on the detection of somatic
mutations of the Fas gene in human cancers have re-
ported that point mutations occur in the death domain of
the Fas gene and that these mutations occur at relatively
low frequencies.11,12,16,30–36 Insertions or deletions of
short sequences in the Fas gene have been reported only
occasionally.13–15 The frequency of Fas mutations de-
tected in NL in the present study is significantly higher
than that reported in any other lymphoid neoplasm. Fur-
thermore, most of the mutations contain deletions of very
large DNA fragments in the coding region, which have
not been described in any other malignancy. These re-
sults in NL are also in contrast to the findings in peripheral
T-cell lymphomas (unspecified) where no mutations of
Fas were found in any of 35 cases studied.11

Among the deletion variants detected in NL, eight break
points (9-2, 10-1, 10-2, 11-1, 17-2, 18-1, 19-1, and 15-2)
were localized within a 23-bp region at nucleotides 496 to
518, identifying this location as a potential hotspot region of
break points for Fas gene deletion in NL (Figure 1b).

As illustrated in Figure 2, in many of the cases, various
small-sized PCR products were detected along with the
normal-sized fragments. This observation suggests that
the mutant Fas alleles were co-amplified with the wild-
type allele and that a dominant-negative mechanism
might be operative in NL, which could block the apopto-
sis signaling. However, it is also possible that the normal
transcripts were derived from normal tissues because
many nontumor cells with wild-type alleles might be
present in the cellular extractions from the tumor biopsy
samples. Sequence analysis showed several distinct mu-
tant forms of deletions in case 10 (three deletion variants)
and cases 15 and 17 (two deletion variants each), in
addition to the normal transcripts and alternative splice
variants (Figures 1b and 2b). The deleted regions overlap
with each other, so the deletions cannot co-exist in a
single mRNA from one allele, suggesting subclonal gen-
eration of Fas mutations at least in case 10. In cases 15
and 17, it is also feasible that the two deletion variants

Figure 4. Examination of chromosomal DNA for confirmation of the 25-bp
deletion in the exon 3 sequence of case 9 (variant 9-2). Different cycle
numbers of PCR were performed to obtain the semiquantitative measure of
DNA ratio between the wild type (101 bp) and the deletion (76 bp) in the
sample. �, negative control using distilled water; M, pBSK/MspI.

Figure 5. Expression of Fas and FasL proteins in NL. The positive immunostaining of Fas (a) and FasL (b) was detected in case 17. Immunoperoxidase staining,
original magnifications, �200.
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were derived from two mutated alleles within the same
lymphoma clones and the normal transcripts might come
from the nonneoplastic population. Single cell studies in
the future can be useful in addressing the above issues.
Taken together, the detection of several different deletion
variants in the same tumor specimen from these cases
points to a process in which somatic mutations in the Fas
gene accumulate during tumor progression and sug-

gests that the Fas gene mutation is a late event in the
progression of NL.

Because deletions were originally detected in PCR
products of cDNA, confirmation of some of these muta-
tions in the chromosomal DNA from a few cases can
reassure us of the reliability of the sequence data derived
from RT-PCR. In those cases with small sequence
changes, such as the 25-bp deletion in sequence 9-2 or
the 1-bp insertion at nucleotide 1095 in case 21, wild-
type and mutant alleles from genomic DNA should be
amplified with similar efficiencies. As a result, we can
obtain a semiquantitative measure of allele ratios in the
samples. The PCR analysis on the genomic DNA of the
sequence encompassing the 25-bp deleted region of
case 9 confirmed the presence of this short deletion at
the chromosomal DNA level (Figure 4), and also showed
that the ratio of the wild-type versus the mutant allele in
case 9 was �2.5:1. This result indicates that the short
deletion sequence of 9-2 was present in a significant
proportion of the NL tumor cells in the sample.

The phenomenon of 1-bp insertion at nucleotide 1095
was recently described in Fas cDNA from the thyroid
lymphomas of B cell lineage.13 The same mutation was
also detected at the RNA level in the transcripts from
case 21 in this study, yet this insertion could not be found
at the chromosomal DNA level. Because there is a poly-
(A) run from nucleotides 1089 to 1094 of the Fas mRNA

Table 1. Clinical and Prognostic Features of 15 Cases of NL Carrying the Wild-Type Fas Only or Carrying the Mutated Fas
and/or Alternative Splice Variants in the Lesion

Case no. Age/sex
Biopsy

site Initial stage Treatment Survival
Cause of
death§

Group 1: NL carrying the wild-type Fas only
7 61/M Nasal

cavity
I Chemotherapy 1 month DOD

12 60/F Oropharynx I Chemotherapy 4 months DOD
14 18/F Nasal

cavity
I Chemotherapy �23 years† NA (alive)

23 72/M Nasal
cavity

I Radiotherapy �11 years NA (alive)

Group 2: NL carrying the mutated Fas and/or alternative splice variants
8 55/M Nasal

cavity
I Chemotherapy 2 months DOR

9 32/M Nasopharynx I Chemotherapy 12 months DOR
10 57/M Nasopharynx IV Nil 1 month DOD
11 84/F Nasal

cavity
I Chemotherapy 	1 month DOD

13 73/M Nasal
cavity

I Chemotherapy 21 months DOR

15 34/M Nasal
cavity

I Chemotherapy 8 months DOR

17 32/M Nasal
cavity

IV Chemotherapy 7 months DOD

18 30/F Nasal
cavity

I Chemotherapy 20 months DOR

21 42/M Testis* I Chemotherapy 12 months DOR
16 17/F Nasal

cavity
I Radiotherapy �7.5 years NA (alive)

19 64/F Nasal
cavity

I Chemotherapy �
radiotherapy

�12 years‡ NA (alive)

*Metastatic lesions from the primary nasal site.
†Relapse after 17 years of disease-free survival.
‡Relapse locally after 9 years of disease-free survival.
§DOD, died of disease; DOR, died of relapse; NA, data not available.

Figure 6. Cumulative survival rates of NL patients. Actuarial comparison of
survival between patients carrying the Fas mutations and/or the splice vari-
ants in the lesions and those carrying the wild-type Fas only showed no
statistical significance (P � 0.396).
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sequence, it is likely that the single adenosine insertion at
the poly-(A) run occurs as a posttranscriptional RNA
modification resulting from the nontemplated form of RNA
editing37–40 or it might be simply because of polymerase
slippage during transcription or reverse transcription.

As illustrated in Figure 1, the deletions and the alter-
native splice variants of Fas detected in NL result in loss
of the death domain, which is in the cytoplasmic region of
the Fas receptor and is essential for the apoptosis sig-
naling. The exon 9 sequence, encoding the death do-
main, was deleted partially or completely in the mutant
alleles of six NL cases (10-2, 11-1, 13-1, 15-2, 16-1, and
17-2), causing a shift of the reading frame. In contrast, an
intact exon 9 sequence was preserved in the other dele-
tions and splice variants (8-1, 9-1, 9-2, 10-3, 15-1, 15-3,
15-5, 17-1, and 19-1), but the death domain was likely to
be lost because the frame shift effect causes premature
termination before the death domain. Overall, only three
of the detected variants of deletion and splicing would
generate Fas receptors with intact death domains.

Another effect of deletion and alternative splice vari-
ants can be loss of the transmembrane domain, which
may result in a soluble form of the Fas receptor. Except
for two variants (9-1 and 16-1), most of the deletions and
the alternative splice variants detected in NL are pre-
dicted to generate a soluble form of Fas. It has been
reported in peripheral lymphocytes that alternative splic-
ing can provide protection from Fas-mediated apoptosis
by generating a soluble form of the Fas receptor.41–43

Similar alternative splicing was also found in the reactive
tonsils in this study. In NL, the same splice variant skip-
ping exons 3 and 4 sequence was detectable as in the
reactive tonsils. The other three splice variants detected
in NL associated with exons 6 and 7 sequence skipping
have been previously described in the peripheral lym-
phocytes.41–43 Thus, the alternative splicing mechanism
on the control of cellular susceptibility to the FasL signal-
ing might be common to both normal lymphocytes and
lymphoma cells. In contrast to the regulatory role of the
soluble forms of Fas receptor by alternative splicing
among the normal lymphocytes, the NL tumor cells are
prone to generate soluble forms of Fas receptor by de-
letion and alternative splicing to limit apoptosis induced
by FasL.

Interestingly, as shown in Figure 1, all of these abnor-
mal Fas proteins derived from deletions and alternative
splicing possess the common characteristic of preserv-
ing the first cysteine-rich domain while losing the death
domain and/or the transmembrane domain. Both effects
may render the tumor cells insensitive to autocrine FasL
that is generated by NL tumor cells on immune at-
tack.27,44,45

Based on an in vitro study,46 the presence of the first
cysteine-rich domain in the mutated Fas protein will
cause dominant-negative interference with wild-type Fas
within a functional receptor trimer. The preligand assem-
bly domain (PLAD), localized within the first extracellular
cysteine-rich domain, is an essential element in the for-
mation of Fas trimer before FasL cross-linking, and dom-
inant-negative interference is observed to be based on
the ligand-independent interaction of mutant and wild-

type Fas receptors at this domain. To cause the interfer-
ence, mutant proteins must physically interact with wild-
type proteins in a functional complex on the cell surface.
Removal of the PLAD from aberrant Fas proteins lacking
the death domain reverses the dominant blockage of
apoptotic signal transduction in vitro. In a large number of
ALPS case reports,4–10 heterozygosity and dominant-
negative interference have been observed in almost any
size of prematurely terminated Fas proteins. A common
characteristic among these mutants is preservation of the
PLAD and absence of the death domain. The deletion
mutants found in the present study on NL are predicted to
generate truncated Fas proteins encoding the first 76 to
177 amino acids, sharing the characteristics of the mu-
tant Fas proteins with dominant-negative interference re-
ported in ALPS.

It has been reported that NL cells co-express Fas and
FasL, whereas the percentage of apoptotic tumor cells is
low.27 O’Connell and colleagues47 have recently sug-
gested that FasL can play a double role of pro- and
anti-inflammatory mediator subject to its context and level
of expression, with the anti-inflammatory role prominent in
numerous studies demonstrating FasL expression in
many types of human cancer. In the context of cancer,
FasL is thought to contribute to tumor immune privilege or
immune escape. Reactive cytotoxic T lymphocytes are
usually observed in the midst of NL tumor cells that are
associated with EBV infection.24 After activation in re-
sponse to the virus antigens, Fas-sensitive EBV-specific
cytotoxic T lymphocytes could be vulnerable to killing by
FasL-expressing NL cells. Therefore, a selection pres-
sure would operate in favor of both FasL expression and
disruption of the Fas-triggered apoptotic pathway among
the tumor cells. Consequently, various Fas mutants would
accumulate in the population of tumor cells.

In this study, we have demonstrated frequent somatic
mutations of the human Fas gene in NK/T-cell lymphoid
malignancies and widespread expression of FasL. All of
the Fas mutants preserved the sequences encoding the
N-terminal PLAD domain but not the C-terminal death
and/or transmembrane domains. Although Fas gene mu-
tations seemed to be associated with more disseminated
disease and inferior survival, the difference did not reach
statistical significance because of the limited number of
cases in this study. We have previously shown that NL
tumors also express hIL-10,24 an inhibitor of T-cell
growth. We propose here that these two mechanisms
might interact in NL to improve tumor immune privilege.
We speculate that with a background of Fas mutation,
hIL-10 and FasL combine to protect NL cells from the
immune destruction by activated EBV-specific cytotoxic
T lymphocytes. Successful immunotherapy against NL
will need to take these defenses into account.
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