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Mutation of CD95 (Fas/Apo-1) Gene in Adult T-Cell Leukemia Cells

By Sadahiro Tamiya, Ken-ichiro Etoh, Hitoshi Suzushima, Kiyoshi Takatsuki, and Masao Matsuoka

CD95 antigen (also known as Fas or Apo-1) and Fas ligand
play key roles in apoptosis of cells of the immune system,
function as effector molecules of cytotoxic T lymphocytes,
and function in the elimination of activated lymphocytes
during the downregulation of the immune response. The
critical roles of the Fas-Fas ligand system in apoptosis
suggest that its inactivation may be involved in malignant
transformation. We analyzed the expression of Fas antigen
on adult T-cell leukemia (ATL) cells by flow cytometry and
found that Fas antigen expression was absent in a case of
ATL and markedly decreased in another case among 47 cases
examined. Apoptosis could not be induced in the Fas-
negative ATL cells by antibody against Fas antigen. Sequenc-
ing of reverse transcription-polymerase chain reaction prod-
ucts of the Fas genes in the Fas negative cells showed two
types of aberrant transcripts: one had a 5-bp deletion and a
1-bp insertion in exon 2, and the other transcript lacked exon

4. These mutations caused the premature termination of
both alleles, resulting in the loss of expression of surface Fas
antigen. These aberrant transcripts were not detected in a
nonleukemic B-cell line from the same patient. An RNase
protection assay of the Fas gene showed mutations in 2
additional cases with Fas-positive ATL cells of 35 cases
examined: 1 case lacked exon 4 and the other was a silent
mutation. In the Fas antigen-negative case, leukemic cells
were resistant to anticancer drugs in vivo, indicating that the
loss of expression of Fas antigen may be associated with a
poor response to anticancer drugs. Indeed, Fas-negative ATL
cells were resistant to adriamycin-induced apoptosis in
vitro, which is consistent with the finding that ATL in this
case was resistant to chemotherapy. These findings indicate
that mutation of the Fas gene may be associated with the
progression of ATL and with resistance to anticancer drugs.
© 1998 by The American Society of Hematology.

DULT T-CELL LEUKEMIA (ATL) is an aggressive  Antigen-stimulated T lymphocytes express Fas ligand as well as
neoplasm of activated T-lymphocytes which was estab-Fas antigen and commit suicide by this mechanism. Thus, the

lished as a distinct clinical entity in 19722 Human  Fas-Fas ligand system also functions as a regulator of antigen-
T-lymphotropic virus type | (HTLV-I) was found to be the stimulated T cells?
causative virus of ATI35 Thereafter, a number of investigators ~ We previously demonstrated that ATL cells in some cases
have studied the clinical, epidemiologic, immunologic, and proliferated in response to stimulation by autologous cell lines,
virologic aspects of ATI&® HTLV-I has a unique genome showing that ATL cells in these cases were derived from
region, the pX region, betweesnv and the 3-long terminal autoreactive T cell® The fact that the Fas-Fas ligand system is
repeat (LTR). The pX region contains at least four open readingrucial in the apoptosis of autoreactive T cells suggests that an
frames and encodes several gene products, Tax, Re¥, g2, impaired Fas-Fas ligand system in ATL cells may be involved in
p13', and p30.%-12 Tax can trans-activate not only the LTR but the leukemogenesis of ATL, leading to leukemic changes of
also cellular genes, such as the interleukin-2 receptor geneutoreactive T cells.
certain oncogenes, and the parathyroid hormone-related protein In this report, we describe defects of Fas genes of ATL cells.
genel316Sych trans-activation of genes by Tax is thought to beln one case, Fas antigens were not detected on ATL cells, and
one of the mechanisms of leukemogenesis by HTLV-I. How-Molecular analysis identified mutations in this case. In other
ever, the presence of tax gene expression is not clearlfaSes, RNase protection assays detected Fas gene mutations on
established in freshly isolated ATL cells; moreover, defectiveSingle alleles in ATL cells. These observations suggest that
viruses, which cannot produce Tax, have been observed in ATimutation of the Fas gene may be associated with the progression
cells, suggesting that the tax gene is necessary for the initia®f ATL-
stages of leukemogenesis, but not essential for the late stage of
qukemlal.TléAs suggesFed by the multistep model of tumorlgen- Patients. Diagnosis was made based on the criteria of Shimoyama
esis!® mutations of various genes are considered to contribute 413 Genomic DNA was extracted from peripheral blood mono-
to leukemogenesis; indeed, mutation or deletion of the p53 and
pl6 genes was detected in an aggressive form of ATL, namely
acute or lymphoma-type ATL, indicating that inactivation of From_The Second Department of Internal Medicine, Kuma_moto
these genes was associated with the progression of d&¥ase. University School of Medicine, Kumamoto, Japan; and the Kitano

. . . ospital, Osaka, Japan.
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apoptosig?#24 Expression of Fas antigen is ubiquitous, but its of Education, Science, Sports and Culture of Japan. M.M. received
ligand, Fas ligand, is expressed in limited cell types, particularlysupport from the Okukubo Memorial Fund for Medical Research at
T lymphocytes and natural Kkiller cells, which can induce Kumamoto University School of Medicine and the Sagawa Foundation
apoptosis of Fas positive cefizMice with Fas (Ipr) and Fas for Cancer Research.
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selection is normal in these mutant mi&&’ Thus. the Fas-Fas The publication cgsts c_>f this article were defrayed in part by page
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ligand system is crucial for the elimination of autoreactive Ttisement"in accordance with 18 U.S.C. section 1734 solely to indicate
lymphocytes in the peripheral tissu@g® Mutation of the Fas s fact.

gene in humans also causes an increase in double-negative Te 1998 by The American Society of Hematology.

lymphocytes and autoimmune diseases, as observed irfhfice.  0006-4971/98/9110-0015$3.00/0

MATERIALS AND METHODS
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nuclear cells (PBMCs) or lymph node cells, and monoclonal integration RNase protection assaysThis assay was performed using the
of HTLV-I provirus was identified by Southern blot analysis using an MisMatch Detect Il kit (Ambion Inc, Austin, TX) according to the
HTLV-l probe. To establish Epstein-Barr virus (EBV)-transformed manufacturer’s protocol. In the second round of PCR, the primers were
B-cell lines, PBMCs were cultured in the presence of B95-8 supernatantlesigned to incorporate T7 and SP6 phage promoters into the products:
as a source of EBV. 5’-TAATACGACTCACTATAGGATTGCTCAACAAC-3' and B-ATT-
Case history. A 78-year-old man (case no. 2) visited the clinic with  TAGGTGACACTATAGGAGGCAGAATCATG-3. Using 1 uL of the
the complaint of palpitation; at that time, an increased number offirst-round PCR product as the template, we performed the second
atypical lymphocytes was detected. He was then referred to ouround of PCR under the same conditions as the first round. Sense and
hospital. His white blood cell count (WBC) was 11x4109/L, with 80% antisense RNA probes were made from the second-round PCR products
atypical lymphocytes. Morphologic characteristics and positivity of by in vitro transcription. Briefly, 1 L of the second-round PCR product
antibody against HTLV-l suggested the diagnosis of ATL, and theWwas diluted with transcription buffer containing 0.25 mmol/L of each
monoclonal integration of HTLV-I provirus was detected in PBMCs by NTP and 10 U of T7 or SP6 RNA polymerase and the reaction mixture
Southern blot analysis. The diagnosis of chronic ATL was establishedWas incubated at 37°C for 1 hour. An equal volume of hybridization
Thereafter, he attended the outpatient department of our hospital fopuffer was added to each reaction. SP6 transcripts from ATL cells were
regular checkups. Three months later, laboratory tests showed a wa@dded to T7 transcripts from normal PBMCs, and T7 transcripts from
of 21.8X 10°/L and a lactic dehydrogenase (LDH) level of 790 UL, so ATL cells were added to SP6 transcripts f_rom normal PBMCS. To make
VP-16 (50 mg/d) was administrated orally, but it had little effect on the e no-mismatch control duplex, we mixed T7 transcripts and SP6
number of ATL cells. The patient then stopped attending the hospitalranscripts from normal PBMCs. All reactions were heated at 95°C for 3
After 8 months, he was admitted to our hospital because of high fevefMinutes gnd cooled to room temperature. The hybridized mixtures were
with chills. Physical examination found systemic lymphadenopathy andtreated with RNase A, and RNase cleavage products were then analyzed
hepatosplenomegaly. His WBC was 734 10°/L (atypical lympho- ona2.5% _agarose gel. ) )
cytes, 73%). These data showed that he had an acute crisis of ATL. The Subcloning and sgquenqngWe cloned the first-round PCR prod-
oral administration of VP-16 was restarted, but the WBC did not _UCtS of the samples in Wh'Ch RNase cle_avag_e products were detected
change, and the serum calcium level increased to 12.5 mg/mL'n.to the pCR2.1 vector using the TA. cloning kit (Invitrogen Corp, san
Therefore, 640 mg of cyclophosphamide, 50 mg of adriamycin, 1.5 ngleg_o, C.A)' All sequencing experiments were performe_d W'Fh an
of vincristine, and 125 mg of prednisone were administrated. HoweverAppIIEd. Blgsystems 37?? DNA seqL_Jencer (Perk!n Elmer/Applied Biosys-
. ) . ) tems Division, Foster City, CA) using dye terminators.

his WBC did not decrease much (634 1CP/L, with 87% atypical Detection of apoptosis. Apoptosis was assessed by determination
lymphocytes). Herpes simplex virus infection occurred, and acyclovir . : e

L of plasma membrane integrity (uptake of propidium iodide [PI]). Cells
was administered as a treatment. Two months after the chemotherap

the WBC i d 10 955 1091 with 74% atvpical | h Were plated at X 10°9/mL in 12-well plates with 2 mL of RPMI1640
€ Increased 10 2o. Wi 0 ayplcg ymp ocytes, media supplemented with 10% FCS and incubated with or without
and the LDH level was 944 U/L. Then, 0.9 mg/d of vincristine, 14 mg/d

. . . . adriamycin at a concentration of 4 umol/L. Cells were collected 2 and 6
of adriamycin, and 50 mg of VP-16 were continuously infused for 5y, 5 |ater and washed twice with cold PBS/5 mmoliL EDTA. Cells
days, but again had little effect. Despite combination therapy withyere fixed with ethanol and stained with PI as descri§&pontaneous
interferone: and azidothymidine, the number of ATL cells increased. p, uptake in the control culture was about 10% to 30% among ATL
Seven months after the patient's admission, systemic varicella-zostefg|is, The percentage of specific cell death was calculated as described
virus infection and multiple organ failure occurred. Despite salvagegsewherg 100 X (Experimental Pl Uptake [%} Spontaneous PI
chemotherapy, he deteriorated and died. Uptake in Medium [%])/(100%- Spontaneous Pl Uptake [%]).

Expression of Fas antigen.Expression of Fas antigen was studied  gq; detection of fragmentation of DNA, cells were plated a5
by flow cytometry. Tumor cells and neutrophils of ATL patients were 15/mL in 12-well plates with 2 mL of culture media and incubated with
incubated at 4°C for 30 minutes with mouse anti-Fas antibody (clonegy without anti-Fas antibody (clone CH11, 100 ng/mL final concentra-
ZB4, 10 pg/mL final concentration; MBL Hiteclone, Nagoya, Japan) or tion; MBL Hiteclone) at 37°C for 2, 6, or 24 hours. Cells were then
control mouse IgG (10 pg/mL final concentration; DAKO, Carpinteria, collected and washed with PBS and lysed in 100 pL of cell lysing buffer
CA). This step was followed by two washes with phosphate-buffered(10 mmol/L Tris-HCI, pH 7.4, 10 mmol/L EDTA, 0.5% Triton X-100).
saline (PBS)-fetal calf serum (FCS)-azide and incubation at 4°C for 30after incubation at 4°C for 10 minutes, samples were centrifuged at
minutes with fluorescein isothiocyanate (FITC)-conjugated goat anti-13,000 rpm for 15 minutes. Supernatant fluid was transferred to a fresh
mouse 1gG (1:200 final dilution; Cosmo Co Ltd, Tokyo, Japan). After tube, mixed with 2 pL of 10 mg/mL RNase A, and incubated at 37°C for
two washes, cells were analyzed with a FACScan flow cytometerl hour. To precipitate fragmented DNA, we mixed each sample with 20
(Becton Dickinson Immunocytometry Systems, Mountain View, CA). pL of 5 mol/L NaCl and 120 uL of isopropanol and centrifuged it at
The resulting histograms correspond to cell number (y-axis) versusl3,000 rpm. DNA pellets were dissolved in TE buffer and electropho-
fluorescence intensity (x-axis) plotted on a logarithmic scale. resed on a 2% agarose gel.

cDNA synthesis and polymerase chain reaction (PCRptal RNA
was prepared from PBMCs and tumor cells from 36 ATL patients using RESULTS
Trizol reagent (GIBCO BRL, Paisley, UK), and cDNAs were made Expression of Fas antigen on ATL cellsWe analyzed
from 5 pg of total RNAs using the Superscript Preamplification SysteMexpression of Fas/APO-1 (CD95) antigens on fresh ATL cells
(GIBCO BRL) according to the manufacturer’'s protocol. Oligo dT by flow cytometry using an anti-Fas monoclonal antibody
primgrs were used to prime first-strand synthesis‘forall the rgactio.ns. "(clone ZB4). In this study, cases in whom the percentage of
the first round of PCR, 2 pL of the reverse transcriptase reaction mIXturefeukemic cells was greater than 90% were used for analysis.

was diluted with 50 pL of PCR buffer containing 0.2 mmol/L each of . . g
dNTP, 1.5 mmoliL MgGJ, 1.25 U of Tag DNA polymerase (GIBCO Most ATL cells expressed Fas antigens on their surfaces (Fig 1,

BRL), and 20 pmol each of the sense primer BCGGAGTTGGG-  CaSe no. 1) as reported previou¥lifhe fluorescence intensity
GAAGCT-3) and the antisense primer’(6GGTACTTAGCATGC-  Of Fas antigens was higher on ATL cells than on neutrophils in
CAC-3). PCR was performed in a Robo Cycler (Stratagene, La Jolla,the same patients. _ _ _
CA\) for 30 cycles under the following conditions: 30 seconds at 94°C, Among 47 cases examined, Fas antigen was not detected in 1
30 seconds at 57°C, and 1 minute at 72°C. case. In contrast to ATL cells, the neutrophils of this patient
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expressed normal levels of Fas antigen on their surfaces 1007
indicating that the defect in expression of Fas antigen was
specific to leukemic cells (Fig 1, case no. 2). The clinical
findings and history of this case were summarized in the s -5
Materials and Methods. The ATL cells stored in liquid nitrogen E
when the patient was first diagnosed as having chronic ATL &
were examined by flow cytometry. Fas antigen on ATL cells was =
already negative at this chronic phase. Anticancer drugs haé’
little effect on the number of ATL cells in this case. —
In another case, the expression of Fas antigen on ATL cells @
which were derived from a tumor in the breast, was markedly 3 25+
decreased when compared with that on neutrophils (Fig 1, casa=
no. 3). )
Apoptosis of Fas-negative ATL cellsApoptosis of ATL
cells was reported to be induced by the addition of anti-Fas ¥

504

o
@
=7

3937

antibody. We analyzed whether apoptosis could be induced i —0

Fas-negative and Fas-positive ATL cells by anti-Fas antibody

and adriamycin using the uptake of propidium iodide. As shown T T T T T T T

in Fig 2, apoptosis was strongly induced in Fas-positive ATL

Oh 2h 6 h

cells by anti-Fas antibody. Most cells underwent apoptosis Time
within 2 hours. On the other hand, the antibody could notinduce ) - _ )
apoptosis in Fas-negative ATL cells, confirming that Fas antigen Fi9 2. Apoptosis of Fas-positive and Fas-negative ATL cells in-

was not expressed on these ATL cells and that signaling via F

ATL cells. Neutrophils

Case 1

Case 2

Case 3

Fluorescence intensity

Fig 1. Expression of Fas antigens on ATL cells and neutrophils
from patients with ATL. Heparinized blood was incubated with
monoclonal antibody ZB4 (against Fas antigen) or control mouse 1gG.
Expression of Fas antigen on ATL cells and neutrophils was examined
simultaneously by flow cytometry. Shadowed peaks represent Fas
antigen and open peaks represent control mouse Ig. Case no. 1,
Fas-positive ATL cells; case no. 2, Fas-negative ATL cells; case no. 3,
ATL cells with decreased expression of Fas antigen.

uced by monoclonal antibody against Fas antigen and adriamycin.

a1-sas—positive (@, A) and Fas-negative (O, A) ATL cells were cultured

with antibody against Fas antigen (CH11; A, A) or adriamycin (4
pmol/L; @, O). Apoptosis was detected by uptake of propidium
iodide at 0, 2, and 6 hours after incubation. Specific cell death was
calculated as described in the Materials and Methods.

antigen was not functional in these cells. Adriamycin can also
induce apoptosis of various cells, and the Fas-negative pheno-
type has been reported to be associated with drug resistance in
vitro.3” Therefore, we analyzed apoptosis of Fas-positive and
Fas-negative ATL cells induced by adriamycin. In Fas-positive
ATL cells, apoptosis could be induced by adriamycin (4
pmol/L) within 6 hours; however, it had no effect on Fas-
negative ATL cells. Thus, Fas-negative ATL cells were resistant
to not only Fas-mediated apoptosis, but also adriamycin-
induced apoptosis. To confirm that apoptosis had occurred, we
also studied DNA ladder formation in these cells (data not
shown).

Because viable cells were not available, apoptosis induced by
antibody or adriamycin could not be analyzed in the ATL cells
of case no. 3, which showed decreased expression of Fas
antigen.

Analysis of Fas genes in Fas-negative ATL cell§he
complete defect in Fas antigen expression in case no. 2
prompted us to examine Fas gene transcripts. Reverse transcrip-
tion-PCR (RT-PCR) detected transcripts of the Fas gene in case
no. 2. The RT-PCR products of the whole Fas gene from case
no. 2 were subcloned into plasmid DNA and a total of 11 clones
were sequenced. The entire sequence of the Fas transcript was
determined for each of the clones. As shown in Fig 3A, exon 4
was missing in 5 clones, resulting in premature termination. To
clarify whether any mutations in the splicing junctions existed
to generate aberrant transcript, we determined the genomic
sequences and found no mutation around the splicing signals
(data not shown). In the remaining 6 clones of case no. 2, a 5-bp
deletion (AAGTG) and a 1-bp insertion (T) were found at exon
2 (Fig 3B), which again caused premature termination. These
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Fig 3. Sequences of Fas gene cDNA clones derived from Fas-negative ATL cells. Sequences of Fas gene cDNA from Fas-negative ATL cells
were determined as described in the Materials and Methods. In the clones sequenced, four clones lacked exon 4 (A). The other five clones showed
a 5-bp deletion and a 1-bp insertion in exon 2 (B). Both mutations caused premature termination of Fas gene translation.

mu.

abnormalities caused the complete defect in expression of Faancodes the soluble form of the Fas antigen. In case no. 2, four
antigens on ATL cells of case no. 2. On the other hand, thesadditional bands could be detected (lane 4), which were derived
mutations were not present in an EBV-transformed B-cell linefrom two mutations as described above. Of 34 cases, mutations
that was established from this case, as determined both bgould be detected in two cases in addition to case no. 2 (Fig 4,
sequencing and by RNase protection assay (described belowlpnes 2 and 3). Sequencing experiments showed aberrant
This clearly showed that the mutations causing a defect in Fatranscripts, which lacked exon 4, in 1 case (case no. 4; lane 2),
antigen expression were specific to ATL cells.

In case no. 3, semiquantitative RT-PCR (30 cycles of 1
amplification) showed a decreased level of Fas gene transcripts,

2 3

suggesting that decreased transcription was the cause of d
creased expression of Fas antigens on the surface (data n =
shown). Southern blot analysis using a Fas gene probe showe
no difference between the genomic DNA of ATL cells and that -
of neutrophils from the same patient (data not shown), demon -
strating that there was no rearrangement to interrupt the gene. - - .

Detection of Fas gene mutations by RNase protection assay - - —
The mutation of both Fas gene alleles identified in case no. :
suggested that mutation of a single allele might be frequent ir -
ATL cells. Therefore, we analyzed RNA samples from 34 cases
of Fas-positive ATL using an RNase protection assay. Because

this assay can detect mutations even in genes that are more than;; 4 rnase protection assay of Fas gene transcripts. The reac-
1 kb in length, whole Fas genes can be analyzed with this assayion mixtures were digested with ribonuclease and electrophoresed
The typical pattern obtained in an RNase protection assay i$ a 2.5% agarose gel. In normal PBMCs, the intact and spliced Fas
shown in Fig 4. In normal PBMCs, three different bands wered¢ene transcripts (small arrowheads) were detected (lane 1). In cases

X - P 0. 4 and 5 (lanes 2 and 3, respectively), additional bands (big
observed (Flg 4, lane l)’ one of which represents the intact Faa%rrowheads) could be found. In the Fas-negative ATL case, multiple

gene transcript and.tWO Of which qurespond to the spliced formyands were identified (lane 4, case no. 2), two of which corresponded
of the Fas gene identified previoudfy.This spliced form  tobandsin case no. 4.

4

At
T
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exon 1 2 3

A 4 5 6
wild type | | & NNE -II\\\\\\\\\\\\\‘- AAAAAAA
/) crD1 CRD2 cep; [ ™ Death domain

B _ 253 276
WT: Ccaaaagtgttaatgcccaagtga

S KS VNAQV
MT: ccaa t ttaatgcccaagtga

Case 2 S N LM P KStop
wr: |
MT: | [ 2R DN | aaaaaaa
B loss of exon 4 Stop in exon 6
-
Case 4 WL
MT: |
loss of exon 4 Stop in exon 6
295 414
. 8gattggaa tgcacagtc
Case 5 WI: G L E C TV
MT; 88actggaa tgcacggtc
G L E CTYV

Fig 5. Abnormalities of the Fas gene in ATL cells. (A) Structure of the human Fas gene. The three cysteine-rich domains (CRDs), transmembrane
domain (TM), and death domain are shown. (B) Mutations of the Fas genes in cases no. 2, 4, and 5. Detected Fas gene mutations are shown.

as identified in case no. 2, and silent mutations in position 295genes of these cells. Fas gene mutations were also found in
and 414 were found in the other case (case no. 5; lane 3; Fig 5);as-expressing ATL cells. Although only 1 case of 47 in this
one of which has been described previod8ly.is importantto  study showed a complete defect in expression of Fas antigen, 2
note that the results obtained from an RNase protection assagases with defects in Fas antigen expression were reported in 33
could underestimate the frequency of Fas gene mutationsATL cases examined in another studylhis fact indicates that
because the sensitivity of this assay is not 100%. loss of expression is not an accidental event, but occurs at a

In case no. 4, both intact and truncated (without exon 4) Fasignificant (low but consistent) frequency 2% or 6%).
gene transcripts could be detected. It is interesting that case no. Fas and Fas ligand play critical roles in the apoptosis of
4 was again a case of chronic ATL, similar to case no. 2.lymphoid cells. This is important for the negative selection of
Because viable cells were not available in this case, we couldwutoreactive T cells in the periphery and the activation-induced
not study apoptosis in this case. cell death of T lymphocytes. ATL is a malignant proliferation of

To study whether mutation of the Fas gene is specific to ATLperipheral T lymphocytes, cells in which apoptosis, Fas, and Fas
cells in case no. 2, Fas gene transcripts from an EBVHigand play critical roles. Mutation of the Fas gene has a
transformed B-cell line were analyzed using an RNase protecdominant negative effect as reported for a congenital defect of
tion assay. It detected no mutations in Fas gene transcrip&as gene in humans; this suggests that ATL cells with one intact
providing that mutation of the Fas gene was associated wittand one affected Fas allele may have a deregulation of
leukemia. Furthermore, despite extensive analysis of normahpoptosis. Therefore, the inactivation of single Fas alleles in
tissues, we were unable to find aberrantly spliced from FasATL reported here may be associated with the deregulated
transcript (missing exon 4), indicating that this aberrant tran-apoptosis of ATL cells, leading to disease progression. Family
script was pathologically generatéd. members of patients with Fas gene mutations were reported to
have a history of Hodgkin’s disease, which suggests that the Fas
gene may function as a tumor-suppressor géi@ur studies in

In this report, we described defects in expression of FasATL provide further evidence for the Fas gene acting as a
antigen on ATL cells and the underlying mutations in the Fastumor-suppressor gene.

DISCUSSION
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Rearrangement or allelic loss of Fas genes was also reportedecreased expression of Fas antigen was also shown to be
in 5 cases (rearrangement in 2 cases and allelic loss in 3 casesjused by a low level of transcription in case no. 3. Itis possible
of 70 non-Hodgkin’s lymphoma casé&Recently, mutations of  that decreased surface expression of Fas antigen in case no. 3 is
Fas genes were also reported in patients with multiple myalso associated with resistance to apoptosis and anticancer
eloma?3 Although functional analysis of the apoptosis of these drugs.
lymphoma cells and myeloma cells has not been performed, It is interesting that 2 cases (cases no. 2 and 4) with Fas gene
these reports, combined with the present study, indicate that F4gutations were chronic ATL at first. Mutation of Fas genes may
gene abnormalities are consistently detected in lymphoid maligh@ve inhibited apoptosis without promoting the growth of
nancies, suggesting a possible relationship between Fas mutga_ukemlc cells. Mutations of tumor-suppressor genes such as

tions and disease progression. Our study showed the functionglli5 0|: p53 were repﬁjrteq In ,21C'L|jte a;.d Aymzhorpz:ti’ﬁet'ﬁl‘ but
importance of Fas gene mutation in lymphoid malignancy. not chronic or smolcering » Which indicate at those

We previously reported that ATL cells in some cases recog_mutatlons were associated with the progression of ATL. p16 and

. . - 53 suppress the cell cycle, and their inactivation leads to
nized autoantigens presented by autologous T- or B-cell Ilnesp PP y

. X ; uncontrolled progression of the cell cycle. On the other hand,
which suggested that ATL cells in these cases were derived frorﬂ]activation of the Fas gene is associated with a defect of
autoreactive T cell$® Apoptosis of autoreactive T cells is

) - " apoptosis. The different clinical subtypes associated with the
mainly controlled by the Fas-Fas ligand system, and itsinactivation of these tumor-suppressor genes may reflect the
deregulation may lead to uncontrolled growth. In the immuneyg|es and functions of these genes: inhibition of apoptosis leads
response, autoreactive T lymphocytes are generated, but thgy |ong survival of affected cells, and inactivation of a cell cycle
are eliminated by clonal deletion. Tax has been shown to |nh|b|tinh|b|tor contributes to uncontrolled pro"feration_
apoptosis™* If HTLV-l infects such autoreactive T lymphocytes,  Aberrant transcripts without exon 2 and 3 and little or no
Tax could inhibit apoptosis, leading to escape from clonalintact IRF-1 mRNA were reported in bone marrow and PBMCs
deletion. Because constitutive expression of Tax is a disadvanfrom patients with myelodysplastic syndrorfeéis in our case,
tage for proliferation of cells due to immune surveillance, no mutations could be found within exons and splicing junc-
mutation of genes associated with apoptosis might be arions of IRF-1 genes. This aberrant IRF-1 transcript generated
alternative mechanism leading to malignant proliferation. Al-an abnormal protein without a transcriptional activation do-
though only 2 of 36 cases had mutations, there might be morgnain. Although the exact mechanism causing this aberrant
abnormalities in other genes associated with apoptosis such &plicing remains to be identified, it is thought to be one
the DR3, 4, or Fas ligand genes. Indeed, Fas ligand geng1echanism to inactivate tumor-suppressor genes. The fact that
transcripts could not be detected in ATL cells and could not beAPerrant transcripts without exon 4 was found in 2 cases in this
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Adriamycin was reported to induce the expression of Fas " . . .
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. . 5 . “3%he disease and drug resistance. Further studies of other genes
ligand system may be associated with drug-induced apogtosis. 9 9

- ) Lo ssociated with apoptosis should clarify the significance of
Impairment of Fas antigen expression in human cancer cel
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lines was reported to be associated with drug resistance Reoplasms
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cer drugs and that to Fas-mediated apoptosis was also re- ACKNOWLEDGMENT

ported?” Thus, it is controversial whether the Fas and Fas ligand

system is directly involved in drug resistance. However, in oury . manuscript.

case no. 2, a loss of expression of Fas antigen was associated

with unusually strong drug resistance in vivo and in vitro, REFERENCES

becaqse ?ntlcancgr d.rUQS ha.d lttle eﬁeqt on_the number.OfATL 1. Takatsuki K, Uchiyama T, Sagawa K, Yodoi J: Adult T cell

cglls in vivo and in V|tro: This obs.ervatlon.ls also conS|sten.t leukemia in Japan, in Seno S, Takaku F, Irino S (eds): Topics in

with reports that drug-resistant cell lines, which were selected inbematology. Proceedings of the 16th International Congress of Hema-

vitro, have reduced expression of Fas antitfeti. Further  tology. Amsterdam, The Netherlands, Excepta Medica, 1977, p 73

studies are needed to clarify the relationship between drug 2. Uchiyama T, Yodoi J, Sagawa K, Takatsuki K, Uchino H: Adult

resistance and the Fas-Fas ligand system. T-cell leukemia: Clinical and hematologic features of 16 cases. Blood
In case no. 3, the expression of Fas antigen was remarkably?:481, 1977 _

decreased. Because viable cells were not available in this casg,s' Poiesz B R F Gazdar AF, Bunn PA, Minna JD, Gallo RC:

. . . . etection and isolation of type C retrovirus particles from fresh and
apopt05|s caused by ant|b_ody aga'”St_ Fas antigen could ngt lOc‘fjltured lymphocytes of a patient with cutaneous T-cell lymphoma.
studied. However, an adriamycin-resistant myeloma cell linepoc Nat Acad Sci USA 77:7415, 1980
showed a similar decrease in expression of Fas antigen, and the4. Hinuma Y, Nagata K, Hanaoka M, Nakai M, Matsumoto T,
reduced expression occurred at the level of transcrigfion. Kinoshita K-I, Shirakawa S, Miyoshi I: Adult T-cell leukemia: Antigen

The authors are grateful to Dr Linda Kingsbury for critical reading of

20z Aen 81 uo 3sanb Aq ypd-Ge6E/88581 1 1L/SEBE/0L/ |L6/4Pd-8]0IE/POO|gARU sUOREdlqNdysE//:diY Wwol) papeojumoq



MUTATION OF CD95 GENE IN ATL CELLS 3941

in an ATL cell line and detection of antibodies to the antigen in humanantibody (anti-Fas) to a cell surface antigen co-downregulated with the
sera. Proc Natl Acad Sci USA 78:6476, 1981 tumor necrosis factor. J Exp Med 169:1747, 1989

5. Yoshida M, Miyoshi |, Hinuma Y: Isolation and characterization ~ 24. ltoh N, Yonehara S, Ishii A, Yonehara M, Mizushima S,
of retrovirus from cell lines of human adult T-cell leukemia and its Sameshima M, Hase A, Seto Y, Nagata S: The polypeptide encoded by

implication in the disease. Proc Natl Acad Sci USA 79:2031, 1982 the cDNA for human cell surface antigen Fas can mediate apoptosis.
6. Wang-Staal F, Gallo RC: Human T-lymphotropic retroviruses. Cell 66:233, 1991
Nature 317:395, 1985 25. Suda T, Takahashi T, Golstein P, Nagata S: Molecular cloning

7. Waldmann TA, Greene WC, Sarin PS, Saxinger C, Blayney DW,and expression of the Fas ligand: A novel member of the tumor necrosis
Blattner WA, Goldman CK, Bongiovanni K, Sharrow S, Depper JM, factor family. Cell 75:1169, 1993
Leonard W, Uchiyama T, Gallo RC: Functional and phenotypic 26. Watanabe-Fukunaga R, Brannan Cl, Copeland NG, Jenkins NA,
comparison of human T-cell leukemia/lymphoma virus positive adult Nagata S: Lymphoproliferation disorder in mice explained by defects in
T-cell leukemia with human T-cell leukemia/lymphoma virus negative Fas antigen that mediates apoptosis. Nature 356:314, 1992
Sezary leukemia, and their distinction using anti-Tac: Monoclonal 27. Takahashi T, Tanaka M, Brannan CI, Jenkins NA, Copeland NG,
antibody identifying the human receptor for T-cell growth factor. J Clin Suda T, Nagata S: Generalized lymphoproliferative diisease in mice,

Invest 73:1711, 1984 caused by a point mutation in the Fas gene. Cell 76:969, 1994

8. Blattner WA, Gallo RC: Epidemiology of HTLV-l and HTLV-II 28. Nagata S, Golstein P: The Fas death factor. Science 267:1449,
infection, in Takatsuki K (ed): Adult T-Cell Leukemia. Oxford, UK, 1995
Oxford, 1994, p 45 29. Nagata S: Apoptosis by death factor. Cell 88:355, 1997

9. Franchini, G. Molecular mechanisms of human T-cell leukemia/ 30. Fisher GH, Rosenberg FJ, Straus SE, Dale JK, Middelton LA,
lymphotropic virus type | infection. Blood 86:3619, 1995 Lin AY, Strober W, Leonard MJ, Puck JM: Dominant interfering Fas

10. Seiki M, Hikikoshi A, Taniguchi T, Yoshida M: Expression of the 9ene mutations impair apoptosis in a human autoimmune lymphoprolif-
pX gene of HTLV-I: General splicing mechanism in the HTLV family, €rative syndrome. Cell 81:935, 1995
Science 228:1532, 1985 31. Rieux-Laucat F, Le Deist F, Hivroz C, Roberts IA, Debatin KM,

11. Yoshida M, Suzuki T: Regulation of HTLV-I gene expression and Fisher A, de Villarty JP: Mutations in Fas associated with human
its roles in ATL development, in Takatsuki K (ed): Adult T-Cell lymphoproliferative syndrome and autoimmunity. Science 268:1347,
Leukemia. Oxford, UK, Oxford, 1994, p 28 1995 _

12. Franchini G, Mulloy JC, Koralnik 1J, Lo Monico A, Sparkowski ~ 32- Dhein J, Walczak H, Baumler C, Debalin KM, Krammer PH:
JJ, Andresson T, Goldstein DJ, Schlegel R: The human T-cell leukemiafutocrine T-cell suicide mediated by APO-1 (Fas/CD95). Nature

lymphotropic virus type | p12I protein cooperates with the E5 oncopro-373:438' 1995 ) . .
tein of bovine papillomavirus in cell transformation and binds the 33. Matsuoka M, Hattori T, lehlmura Y T_akatsukl K ATL cells_
16-kilodalton subunit of the vacuolar-HATPase. J Virol 67:7701, 1993 recognize self class Il HLA antigens: Implication to leukemogenesis.

13. Sodroski JG, Rosen CA, Haseltine WA: Trans-acting transcrip-l‘e;zeg?g:l%& 1'3'95 d Memb f The Lymoh Studv G )
tional activation of the long terminal repeat of human T lymphotropic - >himoyama V, and viembers ot 1he Lymphoma Study faroup:

viruses in infected cells. Science 225:381, 1984 Diagnostic criteria and classification of clinical subtypes of adult T-cell

14. Fujisawa J, Seiki M, Kiyokawa T, Yoshida M: Functional Ieukemlq—lymp_hom_a. _Br.] _Haematql 79.:428’ 1991 . . .
S ) L 35. Nicoletti I, Migliorati G, Pagliacci MC, Grignani F, Riccardi C:
activation of the long terminal repeat of human T-cell leukemia virus

type | by a trans-acting factor. Proc Natl Acad Sci USA 82:2277, 1985 Ar(;airi;ﬁ“ﬁn% dsildn;plsiair:;th():n;O;Ion\:veisgzgtrthygn?;ﬁiniﬁoﬁftﬂz dzy
15. Inoue J, Seiki M, Taniguchi T, Tsuru S, Yoshida M: Induction of brop 9 Y Y-

. leukin 2 . by 40 ded by h 139:271, 1991
Interleukin 2 receptor gene expression by p40x encoded by human 36. Debatin K-M, Goldman CK, Waldmann TA, Krammer PH:

T-cell leukemia virus type 1. E::_/IBOJE:ZSBS, 1986 hi _Apo-1-induced apoptosis of leukemia cells from patients with adult
16. Watanabe T, Yamaguchi K, Takatsuki K, Osame M, Yoshida M: .| |eukemia. Blood 81:2972, 1993

Constitutive expression of parathyroid hormone-related protein gene in 37. Friesen C. Herr |. Krammer PH. Debatin K-M: Involvement of

human T ceII‘ leukemia virus type 1 (HTLV—l) carriers and adult T cell the CD95 (Apo-1/Fas) receptor/ligand system in drug-induced apopto-

leukemia patients that can be trans-activated by HTLV-1 tax gene. J EXEis in leukemic cells. Nat Med 2:574. 1996

Med 172:759’_1990 ) o ) 38. Cheng J, Zhou T, Changdan L, Shapiro JP, Brauer MJ, Kiefer
17. Sakurai H, Kondo N, Ishiguro N, Mikuni C, lkeda H, Wakisaka ¢ Barr PJ, Mountz JD: Protection from Fas-mediated apoptosis by a

A, Yoshiki T: Molecular analysis of a HTLV-I pX defective human adult  go1uple form of the Fas molecule. Science 263:1759. 1994

T-cell leukemia. Leuk Res 16:941, 1992 o 39. Fiucci G, Ruberti G: Detection of polymorphism the Fas cDNA
18. Tamiya S, Matsuoka M, Etoh K, Watanabe T, Kamihira S, sequence by GC-clamp denaturing gradient gel electrophoresis. Immu-

Yamaguchi K, Takatsuki K: Two types of defective human T- nogenetics 39:437, 1994

lymphotropic virus type | (HTLV-I) provirus in adult T cell leukemia.  40. Cascino |, Fiucci G, Papoff G, Ruberti G: Three functional

Blood 88:3065, 1996 _ _ soluble forms of the human apoptosis-inducing Fas molecule are
19. Knudson AG: Hereditary cancer, oncogenes and antioncogenegroduced by alternative splicing. J Immunol 154:2706, 1995
Cancer Res 45:1437, 1985 41. Kamihira S, Yamada Y, Hiragata Y, Yamaguchi T, Izumukawa K,

20. Sakashita A, Hattori T, Miller CW, Suzushima H, Asou N, Matsuo Y, Sugawara K, Tsuruta K, Atogami S, Tsukasaki K, Maeda T,
Takatsuki K, Koeffler HP: Mutations of the p53 gene in adult T cell Tomonaga M: Serum levels of soluble Fas/Apo-1 receptor in human
leukemia. Blood 79:477, 1992 retroviral infection and associated diseases. Intern Med 36:166, 1997

21. HattaY, Hirama T, Miller CW, Yamada Y, Tomonaga M, Koeffler ~ 42. Xerri L, Carbuccia N, Parc P, Birg F: Search for rearrangements
HP: Holozygous deletions of the p15 (MTS2) and p16 (CDKN2/MTS1) and/or allelic loss of the fas/APO-1 gene in 101 human lymphomas. Am
genes in adult T-cell leukemia. Blood 85:2699, 1995 J Clin Pathol 104:424, 1995

22. Trauth BC, Klas C, Peters AMJ, Matzuku S, Moller P, Falk W,  43. Landowski TH, Qu N, Buyuksal I, Painter JS, Dalton WS:
Debatin KM, Krammer PH: Monoclonal antibody-mediated tumor Mutations in the Fas antigen in patients with mutiple myeloma. Blood
regression by induction of apoptosis. Science 245:301, 1989 90:4266, 1997

23. Yonehara S, Ishii A, Yonehara M: A cell-killing monoclonal 44. Copeland KFT, Haaksma AGM, Goudsmit J, Krammer PH,

20z Aen 81 uo 3sanb Aq ypd-Ge6E/88581 1 1L/SEBE/0L/ |L6/4Pd-8]0IE/POO|gARU sUOREdlqNdysE//:diY Wwol) papeojumoq



3942 TAMIYA ET AL

Heeney JL: Inhibition of apoptosis in T cells expressing human T cell 47. Eischen CM, Kottke TJ, Martins LM, Basi GS, Tung JS,
leukemia virus type | Tax. AIDS Res Hum Retroviruses 10:1259, 1994Earnshaw WC, Leibson PJ, Kaufmann SH: Comaprison of apoptosis in
45. Cai Z, Stancou R, Korner M, Chouaib S: Impairment of wild-type and Fas-resistant cells: Chemotherapy-induced apoptosis is
Fas-antigen expression in adriamycin-resistant but not TNF-resistantot dependent on Fas/Fas ligand interactions. Blood 90:935, 1997
MCF7 tumor cells. Int J Cancer 68:535, 1996 48. Harada H, Kondo T, Ogawa S, Tamura T, Kitagawa M, Tanaka
46. Landowski TH, Gleason-Guzman MC, Dalton WS: Selection for N, Lamphier MS, Hirai H, Taniguchi T: Acceralated exon skipping of
drug resistance results in resistance to Fas-mediated apoptosis. BlodBF-1 mRNA in human myelodysplasia/leukemia; a possible mecha-
89:1854, 1997 nism of tumor suppressor inactivation. Oncogene 9:3313, 1994

20z Aen 81 uo 3sanb Aq ypd-Ge6E/88581 1 1L/SEBE/0L/ |L6/4Pd-8]0IE/POO|gARU sUOREdlqNdysE//:diY Wwol) papeojumoq



