
[CANCER RESEARCH 58. 2680-2687, June 15. 1998]

Antiapoptotic Effect of Ectopie TAL1/SCL Expression in a Human Leukemic
T-Cell Line1

Muriel Bernard, Eric Delabesse, Sophie Novault, Olivier Hermine, and Elizabeth A. Macintyre2

Centre National de la Recherche Scientifique URAI46I Â¡M.B., E. D., O. H.. E. A. M.I and Department ttf Hemawlogv Â¡E.D.. O. H., E. A. M.], Hospital Necker-Enfanls Malades,

75743 Paris Cedex 15. and Institut Gustave Riaissy. INSERM U362. 94805 Villejuif [S. N.J. France

ABSTRACT

Aberrant expression of TALI occurs frequently in human T-cell acute
lymphohlastic leukemia. The effect of TALI expression in the T-cell

lymphoid precursor, however, remains unclear. In the current study, we
have developed I \l I stable transfectants in a human immature T-cell

lymphoid cell line. Whereas no effect on proliferation, cell culture density,
or cell cycle was detected, the transfectants were more resistant than the
parental cell line to apoptosis induced by chemotherapeutic agents includ
ing etoposide, daunoruhicin, doxorubicin, cytosine arabinoside, metho-
trexate and vincristine and also to apoptosis induced by Fas/CD95 cross-

linking. This effect was independent of the cytostatic effects of the drugs.
The basic domain-deleted transfectants did not demonstrate altered sen

sitivity, suggesting that DNA binding was necessary for resistance to
apoptosis. The ability to alter the response to a wide range of cell death-

inducing stimuli suggests that TALI acts at a late stage of the apoptotic
cascade. These data therefore provide direct evidence of an antiapoptotic
effect of ectopie TALI expression in response to cytotoxic agents, thus
providing insight into its oncogenic function in T-cell acute lymphoblastic

leukemia and a novel experimental model to further investigate the un
derlying mechanisms. These data also have potential practical significance
for cytotoxic therapy of this disorder.

INTRODUCTION

ALLs3 of both T-cell and B-cell lineage are treated by multiagent

chemotherapy using drugs of different classes and modes of action to
maximize leukemic toxicity while minimizing resistance and undesir
able side effects. Several untitumor agents have been shown to induce
in vitro and in vivo apoptosis in susceptible cells (1). The fact that
drugs with different targets induce what seems to be a final common
pathway to cell death and that certain tumor cells are refractory to
drug therapy suggests that cytotoxicity is determined by the ability of
the cell to initiate its own death in response to drug-induced pertur

bations (1, 2). The expression of certain intrinsic determinants of cell
survival/death, such as c-Myc, the Bcl-2 family members, and p53,

has been shown to determine the apoptotic potential of a given drug
(3). Expression of these proteins by malignant cells is frequently
deregulated as a result of genetic abnormalities. Such alterations may
therefore initiate or modulate the survival/death processes and may
thus be involved, in addition to tumor development/progression, in
determining chemosensitivity.

Genetic alterations leading to the aberrant expression of TALI
(SCL), including chromosomal translocation, site-specific interstitial
deletion (SIL-SCL/Tal'1}, or unidentified alterations of the TALI gene,

are one of the most common tumor-specific abnormalities in T-ALLs
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(4). The high incidence of TALI deregulation argues for its probable
importance in the development of these leukemias, but the mechanism
whereby it may do so remains poorly understood. Overexpression of
TALI within the T-cell lineage leads to tumor formation in only a
proportion of mice, depending on the context (5-7). Concomitant
overexpression of LMOI or LMO2, two genes translocated in T-ALL
that interact with TALI, enhances the development of T-cell malig

nancies in transgenic mice (4, 8, 9). supporting the hypothesis that
additional factors are necessary for the oncogenic potential of TALI
in the T-cell lymphoid lineage.

The TALI gene encodes a lineage-specific b-HLH transcription

factor that binds to specific E box DNA motifs on heterodimerization
with ubiquitous b-HLH proteins, including the products of the E2A

gene (10). The basic domain is necessary for DNA binding, whereas
the helix-loop-helix domain mediates heterodimerization. Formation

of E2A/TAL1 heterodimers could alter the regulation of E2A target
genes and potentially initiate leukemogenesis, as suggested by the
T-cell tumors that develop in mice homozygous for an E2A null
mutation (11). The TALI protein is normally expressed in hemato-

poietic stem cells, early myeloid precursors, erythroid cells,
megakaryocytes, mast cells, basophils, and endothelial cells but not in
T-cell lymphoid cells (12, 13). The TALI protein acts as a positive

regulator of erythroid differentiation (14) and is essential for the
development of primitive hematopoiesis and the generation of all
adult hematopoietic lineages, including T-cell lymphocytes (15, 16).

The direct effect of aberrant TALI expression in the T-cell lineage,

however, remains unclear. A mutant TALI protein, exhibiting loss of
heterodimerizing capacity with the b-HLH E2A proteins, induced
premature apoptosis on medium depletion in the Jurkat T-cell leuke

mic cell line (17). Condorelli et al. (18) showed a proliferative and
antiapoptotic effect of ectopie TALI expression in myeloid precur
sors. In the current study, we investigated whether the ectopie expres
sion of TALI in a human T-cell line could change the effect of several
antitumor agents and of Fas/CD95 cross-linking. We have developed
stable transfectants in a human T-cell leukemic cell line and demon
strated that wild-type TALI expression can protect leukemic cells

from apoptosis triggered by several drugs commonly used in the
treatment of T-ALL.

MATERIALS AND METHODS

Cell Culture. MKB1 is a human leukemic T-cell line derived from a case
of T-ALL (19) that does not demonstrate apparent TALI gene rearrangement
or expression.4 Cells were grown in RPMI Glutamax containing 10% heat-

inactivated PCS (Life Technologies, Inc., Cergy Pontoise, France). For cell
proliferation analysis, cells were diluted at 2 x IO5 cells/ml in medium

containing variable concentrations of FCS. Viable and dead cells were counted
by trypan blue exclusion. For long-term proliferation analyses, cells were
resuspended at their initial density when their number exceeded 5 X 10s

cells/ml.
Development of TALI and TALlbb Stable Transfectants. The TALI

fragments were isolated by EcoRl digestion from the 2736 SCL/TAL1 vector
containing a 1.1-kb TALI cDNA insert that allows the expression of a full-

4 E. Macintyre. unpublished observations.
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length 37-42-kDa wild-type TALI protein or from the 2751 vector containing
a TALI mutant with deletion of the basic DNA-binding element corresponding
to amino acids 188-199. Both vectors were kindly provided by P. D. Aplan

and I. Kirsch (NIH. Bethesda, MD: Ref. 14). The TALI fragments were ligated
to a EcoRl-Notl linker, digested by Noll, and ligated into the pOPI3 or

pOPRSVI expression vectors, which contain the Rous sarcoma virus long
terminal repeat promoter and a neomycin resistance gene (Stratagene, La Jolla.
CA). In an attempt to develop inducible TALI expression. MKB1 was initially
transfected with the eukaryotic Lac repressor-expressing vector p3'SS

(LacSwitch system: Stratagene). Hygromicin selection led to the isolation of

the M8 subclone, into which 10 fig of the wild type, TALI, and basic domain
mutant TALI Ab expression vectors were electroporated at 250 V and 1500 Â¿Â¿F
(Easyject Plus; Eurogentec, Seraing. Belgium), followed 48 h later by 1 mg/ml
Geneticin (Life Technologies, Inc.) selection for 15 days. Subcloning was then
performed in round-bottomed 96-microwell plates at 0.3 cell/well, with 1

mg/ml Geneticin. TALI expression was, however, found to be independent of
the lac repressor. The clones obtained therefore represented stable rather than
inducible TALI transfectants, and, to exclude any differences due to the
presence of the p3'SS vector, all functional studies were compared with the M8

subclone. No differences were observed between the parental MKBI and M8
lines (see "Results"). TALI and TALI Ab protein expression by the clones was

assessed by Western blot analysis and immunocytochemical staining as de
scribed below, and the clones expressing the highest level of the appropriate
protein were used for functional studies.

Western Blot Analysis. Five million cells were lysed in 100 ^1 of sample
buffer containing 0.125 mM Tris-HCI (pH 6.8), 4% SDS, 20% glycerol. and
10% ÃŸ-2-mercaptoethanol. Total protein corresponding to IO6 cells from each

fraction (20 /Â¿Iof the initial lysate) was then separated by 7.5% SDS-PAGE gel
in a Tris-glycine-SDS buffer (25 mM Tris, 192 min glycine, and 0.1% SDS).

After electrophoresis. proteins were electroblotted onto nitrocellulose filters
(100 V; 90 min at 4Â°C).The blot was then blocked in 5% nonfat dry milk in

PBS plus 0.1% Tween 20 at room temperature and incubated overnight with
the BTL73 monoclonal anti-TALl antibody diluted in blocking solution.
Bands corresponding to the 42-44-kDa TALI protein initiated at methionine

1 were visualized with the enhanced chemiluminescence detection system
according to the manufacturer's instructions (Amersham. Les Ulis. France).

BTL73 was kindly provided by K. Pulford (LRF. John Radcliffe Hospital.
Oxford, United Kingdom; Ref. 13). The minor 39-41-kDa and 22-24-kDa

TALI products initiated at methionine 26 and 176, respectively, were not
detected.

Immunocytochemical Staining. The cells were smeared onto glass slides
by cytospin centrifugation and stained with monoclonal anti-TALl antibody
BTL73 by a two-step technique using peroxidase-conjugated goat antimouse
immunoglobulin. as described previously (13).5

Apoptosis Analysis. To induce apoptosis. cells were cultured at 2 x IO5

cells/ml in complete medium supplemented with 20 /xg/ml etoposide; 1 fig/ml
doxorubicin, daunorubicin (Adriamycin), or methotrexate; 0.01 /Â¿g/mlvincris-
tine; 10 /xg/ml cytosine arabinoside (Cytarabin); 1 X 10~6 M dexamethasone:

or 200 ng/ml CHI 1 human anti-Fas monoclonal antibody (Immunotech, Mar
seille, France) for 8-48 h. The concentration and culture times inducing

maximal apoptosis were assessed using the parental M8 clone for each agent.
Apoptosis was evaluated by staining with either PI (Sigma) or 7AAD (Sigma)
as described previously (20, 21 ). After apoptosis induction, cells were washed
twice in cold PBS and incubed at 4Â°Cin the dark in either 0.1 % sodium citrate,

0.1% Triton X-100. and 50 fig/ml PI overnight or in PBS containing 20 ng/ml

7AAD for 20 min. Twenty thousand cells were analyzed with a FACScalibur
cytometer (Becton Dickinson, San Jose. CA) at the low sample flow rate
setting with UV laser excitation at 488 nm and a cell throughput rate of 200
cells/s. Cell debris was excluded electronically. Fluorescence data were dis
played on a four-decade log scale. The percentage of specific cell death was
calculated as 100 x [experimental PI uptake (%) - spontaneous PI uptake of
cells in medium (%)]/[ 100% - spontaneous PI uptake (%)] and was calculated

similarly for 7AAD.
Cell Cycle Analysis. Cells from proliferation or apoptosis experiments

were washed once in PBS, resuspended in a solution containing 10 /ig/ml PI,

0.1% Triton X-100. 2 mM MgCI,, 0.1 M NaCI, 10 mM PIPES buffer (pH 6.8),
and 20 units/ml DNase-free RNase A and incubated for 30 min at 37Â°C(22).

The PI content of the cells was measured using the cell cycle system of the
FACScalibur cytometer. as described above, and the percentage of cells in the
different phases of the cell cycle was determined with Cell Quest software
(Becton Dickinson Immunocytometry Systems. San Jose, CA).

All apoptosis, cell proliferation, and cell cycle analyses were performed at
least three times, and the statistical significance of all data was established by
Student's / test.
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Fig. 1. A, Western blot analysis of TALI protein expression in M8 cells transduced
with TALI (Lanes 4-8) or TALlAb mutant (Lanes Â¡ÃŒ-15).Nuclear extracts from K562

(Lanes 3 and 10) and CEM (Lane 2) cell lines were used as strong and weak positive
controls, respectively, and nuclear extract from M8 was used as a negative control (Lane
/). Filters were probed with BTL73 monoclonal antibody directed against a carboxyl-
terminal epitope of TALI. Molecular weight markers are indicated. The 42-44-kDa
doublet corresponds lo the phosphorylated and unphosphoryluted forms of the full-length
protein. B, immunoperoxidase staining of TALI protein. Indirect immunoperoxidase
staining was performed with BTL73 on the M8 negative control (/) and on the MTA1./11
(2) and MTALA/15 (3) clones. Stippled nuclear staining for TALI and TALlAb is
demonstrated.

2681

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/58/12/2680/2861746/cr0580122680.pdf by guest on 19 M

ay 2023



ANTIAPOPTOTIC EFFECT OF ECTOP1C TALI EXPRESSION

RESULTS

TALI Stable Transfectants. To investigate the effects of aberrant
TALI expression in a T-cell lymphoid, we developed stable transfec-
tants expressing the wild-type TALI protein or the basic domain

deletion variant TAL l Ab in the MKB1 malignant T lymphoid cell line
(19). This cell line was chosen on the basis of the absence of TALI
rearrangement or expression, its immature phenotype (surface mark
ers CDS", CD4+, CDS', CD7~, CDS", CD13", CD15+, CD19~,
CD20+, CD34~, CD56~, CD571ow, CDw65~, DR+, TCRaÃŸ", and
TCRyS"), but its engagement in the TCRaÃŸlineage, as evidenced by

full-length TCRa mRNA transcripts and biallelic deletion of the TCRÃ´

locus (data not shown). It also displays relatively slow growth char
acteristics, with an approximate doubling time of 35 h. After trans-

fection of M8, an MKB1 subclone, with pOPI3 and pOPRSVI ex
pression vectors containing the sequences coding for TALI or
TALI Ab, six clones from the pOPRSVI constructs were obtained: one
expressing the full-length protein MTAL/10 and five expressing the

basic domain deletion variant MTALA/1, MTALA/7, MTALA/13,
MTALA/15. and MTALA/19. Four clones expressing the full-length

protein MTAL/1, MTAL/6. MTAL/8, and MTAL/11 were obtained
with the pOPI3 vector. All clones expressed TALI or TALlkb mRNA
transcripts, as evaluated by reverse transcription-PCR and Northern

blotting (data not shown). TALI and TALI Ab protein expression by
the clones was assessed by Western blot analysis (Fig. 1A) and
immunocytochemical staining (Fig. IÃŸ).The expected reduction in
the size of the TALI&h mRNA transcript and protein confirmed the
presence of the deletion (Fig. \A, compared Lanes 77-75 and Lane

10; data not shown). Immunocytochemical analysis of TALI proteins
with BTL73, a specific monoclonal antibody directed against a TALI
carboxyl-terminal epitope, demonstrated stippled nuclear staining for
both the full-length and basic domain-deleted form (Fig. IÃŸ),as

described previously in the Raji cell line (23). The MTAL/1,

MTAL/6, and MTAL/11 clones and the MTALA/15 and MTALA/19
clones displayed the highest TALI and TALI Ab protein expression,
respectively, by immunocytochemical and Western blotting analyses
(Fig. 1A, Lanes 4, 7, 8, 77, and 12; data not shown) and were therefore
selected for the functional studies. MTAL/11 showed a very high
protein expression level, whereas MTAL/1, MTAL/6, MTALA/15,
and MTALA/19 showed similar levels (Fig. 1, A and B).

Immunophenotypic analysis revealed no differences in the markers
tested (CDla, CD2, CD3, CD4, CDS, CD7, CD8, CD34, TCRaÃŸ,and
TCR-yS) between the TALI and TALI Ab clones and their parental

M8 and MKB1 cell lines (data not shown). All clones demonstrated
the same level of 7~C7?atranscripts by Northern blotting (data not

shown). Therefore, TALI or TALlkb expression does not alter the
stage of maturation arrest in this immature TCRaÃŸlineage malignant
cell line.

TALI Does Not Affect Cell Proliferation or Survival under
Optimal or Suboptimal Culture Conditions. To investigate
whether ectopie TALI expression could interfere with T lymphoid cell
proliferation and survival, we cultured cells of the M8, MTAL, and
MTAL1A clones for 12 days in medium containing 10 or 1% PCS,
with replacement of the culture medium every 2 or 3 days (Fig. 2,
A-D). Reduction of the PCS concentration induced a minimal reduc

tion in the proliferation rate and in the proportion of viable cells (Fig.
2, C and D). No significant differences in proliferation rate (Fig. 2, A
and C) or viability (Fig. 2, ÃŸand D) were found between the clones,
although MTAL/1 showed a slightly lower early growth rate in the
presence of 1% PCS (Fig. 1C). At day 12, apoptotic cells represented
less than 10% of total cells with 10% PCS and 20% of total cells with
1% PCS, again with no differences in the different clones (data not
shown). The same experiments were repeated without culture medium
renewal. Minimal differences in the cellular density attained by the
clones at the moment they began to die were observed (data not
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Fig. 2. Growth analysis of M8 cells and subclones expressing TALI or TALI Ab. Cells were cultured in medium containing 10 (A and ÃŸ)or 1% (C and D) PCS and were counted
hy trypan blue exclusion daily for 12 days. Similar results were obtained in three independent experiments. Evolution of the number (A and O or percentage (B and D} of viable cells
is shown. No differences were demonstrated between the clones. â€¢.M8; D. MTAL/1: O, MTAL/6; A, MTAL/11; A. MTALA/15; â€¢MTALA/19.

2682

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/58/12/2680/2861746/cr0580122680.pdf by guest on 19 M

ay 2023



ANTIAPOPTOTIC EFFECT OF ECTOPIC TALI EXPRESSION

shown), but again, these differences did not correlate with TALI or
TALI Ab protein expression, suggesting that aberrant TALI expres
sion does not change the susceptibility to serum deprivation or me
dium depletion. In keeping with these results, the cell cycle distribu
tion and DNA synthesis of the different clones as assessed by PI
staining (see below) and [3H]thymidine incorporation, respectively,

were similar under optimal culture conditions (data not shown).
Therefore, constitutive TALI expression has no effect on MKB1 cell
proliferation or cell cycle distribution under these conditions.

TALI Stable Transfectants Are More Resistant to Etoposide-

induced Apoptosis. To investigate whether MKB1, M8, and the
TALI and TALlAb-expressing clones exhibited different sensitivities

to apoptotic stimuli, the selected clones were cultured in the presence
of 20 jag/ml etoposide, a topoisomerase II inhibitor, for 20 h (Fig. 3).
Apoptosis was first assessed by determination of DNA fragmentation,
i.e., uptake of the DNA intercalating dye PI after hypotonie lysis, and
flow cytometric analysis (Fig. 3A; Ref. 20). Spontaneous PI uptake
was 4-10%. Specific cell death (see "Materials and Methods" for

calculation) was approximately 30% for the M8 clone and the parental
MKB1 cell line (36 Â±9 and 30 Â±8%, respectively; n a 5; Fig. 3A).
The MTAL/1, MTAL/6, and MTAL/11 clones all exhibited a signif
icantly decreased percentage of specific cell death (3 Â±2, 10 Â±6, and
14 Â±7% and P < 0.01, 0.001, and 0.03, respectively; n > 5; Fig. 3A).
In contrast, the basic domain-deleted MTALA/15 and MTALA/19
clones were slightly (but not significantly) more sensitive to etopo-

100
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H % live

Fig. 3. Induction of apoptosis by etoposide. Cells of MKB 1. the parental M8 subclone,
and MTAL and MTALA clones were cultured in the presence of 20 /xg/ml etoposide for
20 h, when the proportion of apoptotic cells was detected by single-step methods of DNA
strand break labeling with PI (A) or 7AAD (B) staining for DNA content. A, PI staining.
Percentage of specific cell death (see "Materials and Methods" for calculation). Mean

values and SD of five experiments are shown. Only clones MTAL/1. MTAL/6, and
MTAL/11 displayed significantly different specific cell death compared to the M8
parental clone. B, a representative experiment of the distribution of dead, apoptotic, and
live subpopulations as determined with 7AAD staining. The MTAL clones, but not the
MTALA clones, showed fewer apoptotic cells as compared with the parental M8 cell line.
Similar results were found in at least three independent experiments.

side-induced apoptosis than the parental M8 clone was (42 Â±13 and
45 Â±14%, respectively; n > 5; Fig. 3A).

This result was confirmed with another technique of apoptosis
detection. Staining unfixed cells with 7AAD allows discrimination of
viable cells from apoptotic cells and from dead cells (late apoptotic or
necrotic; Ref. 21). Similar 7AAD profiles were obtained with all
clones under optimal cell culture conditions in the absence of apop
tosis inducers (87-95% live cells, 2-8% early apoptotic cells, and
3-7% dead cells; data not shown). As shown in Fig. 3B, when cells

were cultivated with etoposide for 20 h before 7AAD staining, the
percentage of dead cells increased slightly (from 7 to 16%) and to the
same extent in all clones. The apoptotic cells represented 50-59% of
the MTALA and parental M8 clones but only 7-17% of the MTAL
clones (Fig. 3ÃŸ).In conclusion, constitutive expression of the wild-
type TALI protein, but not that of a basic domain-deleted variant, led
to the decreased sensitivity of MKB1 cells to etoposide-induced

apoptosis, as assessed by two independent techniques.
Apoptosis Induced by Different Chemotherapeutic Agents.

Having demonstrated that TALI expression in an immature T-cell

leukemic cell line modified the apoptotic response to etoposide, a
Chemotherapeutic agent frequently used in the treatment of T-ALL,

we undertook to determine whether this was also true for other
cytotoxic drugs with different cell cycle phase specificities. Apoptosis
was therefore induced in the different clones with optimal doses and
culture times (as determined for M8) of the following drugs: vincris-
tine, a microtubule inhibitor; daunorubicin (Adriamycin) and doxoru-
bicin, two topoisomerase II-DNA cleavable complexes stabilizers;

methotrexate and cytosine arabinoside (Cytarabin), both inhibitors of
deoxynucleotide synthesis; and the corticosteroid dexamethasone. As
shown in Fig. 4, incubation with all agents other than dexamethasone
induced greater than 20% apoptosis in M8. Forty-eight h of culture

were necessary to see a clear apoptotic effect for daunorubicin,
doxorubicin, cytosine arabinoside, and methotrexate at the doses used,
whereas 24 h were sufficient for vincristine, although apoptosis was
more marked at 48 h. As for etoposide, a clear decrease in sensitivity
to cytosine arabinoside-, methotrexate-, and vincristine-induced

apoptosis (at least a 60% reduction) was found with the three MTAL
clones but not with the two MTALA clones when compared with the
parental M8 clone (Fig. 4). Similar but less marked differences were
observed with daunorubicin and doxorubicin (more than 40% reduc
tion). Because dexamethasone did not induce significant apoptosis in
M8 (Fig. 4), it was not possible to determine whether TALI had any
effect on corticosteroid-induced apoptosis in this line.

Cytostatic Effects of Chemotherapeutic Agents. We then as
sessed whether ectopie TALI expression could lead to a change in cell
cycle phase distribution in clones cultured with medium alone or with
the above-mentioned Chemotherapeutic agents. Fig. 5 shows the cell

cycle phase distribution of the M8, MTAL/6, and MTAL/15 clones
after a 24-h treatment period. Etoposide treatment of M8 led to a slight

increase in the G, and S phases, compatible with blockade and
apoptosis within the S phase (Fig. 5, first column, I). Culture with
daunorubicin led to a marked augmentation of cells in the S and G2-M

phases, as did doxorubicin, but to a lesser extent. This is likely to be
due a decrease in the rate of cell progression through S phase and/or
G2 (24). Incubation with cytosine arabinoside and methotrexate,
known to be associated with early S-phase arrest, led to dramatic
increases of cells in G0-G,, and vincristine treatment, known to induce
M-phase arrest (25), showed a marked increase in the proportion of
cells in G7-M phase. Dexamethasone is known to block cells in G,

(1), but no clear effect on the cell cycle was shown here, in keeping
with the absence of induced cell death (data not shown). These
cytostatic effects of anticancer drugs were less dramatic but detectable
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60 -I

Fig. 4. Induction of apoptosis by chemolherapeutic agents. Cells of
the parental M8 subclone and MTAL and MTALA clones were cultured
in Ihe presence of drugs for 24 or 48 h, and the proportion of apoptotic
cells was detected by PI staining for DNA content. Mean values and SD
of specific cell death obtained from at least three independent experi
ments are shown. Drug treatments were as follows: I ^eg/nil daunoru-

bicin (ADR1 for 48 h; l /ig/ml doxorubicin (DNR) for 48 h; 10 fig/ml
cytosine arabinoside (Ara-Ci for 48 h; I jj.g/ml methotrexate (MTX) for
48 h: 1CT'' Mdexamethasone (DEX) for 48 h; and 0.01 fig/ml vincristine

(VCR) for 24 and 48 h. Clones MTAL/1, MTAL/6, and MTAL/11
always displayed decreased specific celt death compared with the M8
parental clone, except for dexamethasone, which did not induce apop
tosis. D, M8; n, MTAL/1; Ãœ.MTAL/6: â€¢MTAL/11; m, MTALA/15:
^, MTALA/19.
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after only 8 h of treatment, whereas no significant apoptosis was
found at this stage, as assessed with PI staining (data not shown).

Neither TALI nor TALI Ab expression changed the effect of the
drugs on cell cycle distribution, as shown here for the MTAL/6 and
MTAL/15 clones (Fig. 5). Similar results were found with the other
MTAL and MTALA clones (data not shown). Hence, TALI did not
interfere with the cytostatic effects of the antineoplastic drugs.

In conclusion, ectopie expression of TALI in the M8 human leu-
kemic T-cell line leads to a resistance to apoptosis induced by the
majority of chemotherapeutic agents used in the treatment of T-ALL.

This resistance is: (a) dependent on the presence of the basic domain
of TALI and therefore on the capacity of the TALI protein to bind
DNA; and (b) independent of the cell cycle specificity of the drug
used.

Fas Cross-linking-induced Apoptosis. The MKB1, M8, MTAL,

and MTALA clones expressed the Fas antigen at similar levels, as
assessed by immunocytochemical analysis (data not shown). The
clones were therefore cultured for 30 h in the presence of 200
ng/ml human anti-Fas monoclonal antibody CHI 1, which is known
to induce apoptosis in Fas-expressing cell lines (26). M8 cells were

much less sensitive to CH11 than were the Jurkat cells used as
positive controls (1 and 51% of specific cell death, respectively,
with only 5 ng/ml CHI 1 for 30 h; data not shown). Prior activation
of M8 cells with phorbol 12-myristate 13-acetate and calcium

ionophore did not significantly enhance the sensitivity to CHI 1. As
shown in Fig. 6, the M8 clone, its parental MKB1 cell line, and the
two MTALA clones exhibited similar sensitivities to Fas cross-

linking induced by CH11, with approximately 20% cell death as
assessed by PI staining. In contrast, the MTAL/6 and MTAL/11
clones and especially the MTAL/1 clone were much less sensitive
to anti-Fas-induced apoptosis (8 Â±2, 7 Â±2, and 3 Â± 1% of
specific cell death, respectively; n = 4; Fig. 6). In conclusion, as
with chemotherapy-induced apoptosis, constitutive expression of
the wild-type TALI protein in the M8 cell line has an antiapoptotic
effect that is dependent on the presence of the DNA-binding basic

domain, although the reduction seems less marked because of the
weak sensitivity of this cell line to Fas-triggered apoptosis com

pared to apoptosis induced by etoposide.

DISCUSSION

In this report, we demonstrate that although the aberrant expression
of TALI in a human leukemic T lymphoid cell line did not interfere
with proliferation or cell death induced by a depletion of medium or
serum nutrients, it induced a DNA-binding-dependent decreased sen
sitivity to etoposide-, daunorubicin-, doxorubicin-, cytosine arabino
side-, methotrexate-, vincristine-, and Fas cross-linking-triggered ap

optosis, compatible with an effect on a final common pathway of
programmed cell death. This was not associated with detectable
differences in cell cycle phase distribution between the TALI/
TALlAb-expressing clones and parental clones, suggesting a disso

ciation between apoptotic potential and cytostatic effect.
Phenotype of TALI Transfectants. Although the M8 and MKB1

lines demonstrated few T lineage-restricted surface antigens, the tran
scription of full-length TCRa transcripts demonstrated their lineage of

origin. The MTAL and MTALA transfectants had the same phenotype
as their parental cell line for all markers tested. In keeping with this,
TALI deregulation in T-ALLs and cell lines is not associated with a
specific phenotype (27) other than expression of TALLA-1 (28),

which was not tested in this study, and a TCRaÃŸlineage origin (29,
30). The latter correlates most closely with TCR8 gene deletion, which
occurs during TCRa gene rearrangement. It was therefore possible
that TAL! expression could influence TCRa/8 transcriptional regula
tion, but this was not found by Northern blot analysis. In keeping with
this, overexpression of TALI in /MC-positive, recombinase-compe-
tent preT murine cell line 2017 (31) did not change the germ-line
status of the TCRa/8 genes,4 nor did the TALI protein transact!vate
the TCRa enhancer in a TCRaÃŸ+ human cell line.ft Furthermore,

TALI transgenic mice do not demonstrate immunophenotypic differ
ences in T lymphoid development (5, 6).

TALI Expression Inhibits Apoptosis but Does Not Affect Pro
liferation. Expression of wild-type TALI protein led to resistance to

apoptosis induced by a wide range of cytotoxic agents and by Fas
cross-linking, but not to serum or medium deprivation. Two previous

'' M. Bernard. E. Delabesse, L. Smit, C. Millien. J. L. Strominger, and E. A. Macintyre.

Basic-helix-loop-helix (E2-5, HEB. and TALI) regulation of TCRa/S enhancer function,

submitted for publication.
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MTAU6

Fig. 5. Cell cycle phase distribution of M8
(left column], MTALV6 (middle column), and
MTALA/15 (right column) assessed by PI staining
after 24 h of culture without (first row, medium) or
with chemotherapeutic agents: 20 (J.g/n\] etoposide
(VP16); l Â¿ig/m! daunorubicin (ADR); l Â¿ig/ml
doxorubicin (DNR); 10 /ig/ml cytosine arabinoside
(Ara-O; 1 fig/ml metholrexate (A/TX); and 0.01

/ig/m! vincristine {VCR}. DNA histograms show
the distribution of DNA content for the whole cell
population. Positions of the cell cycle phases are
shown in the first histogram. Different cytostalic
effects of the drugs are shown, with no differences
between the three representative clones. Similar
results were found with the other clones and in at
least three independent experiments.

MTALA/15

MEDIUM

VP16

200 400
KM

ADR

200 400
R.2-A

200 Â«Â¡O
FL2-A

DNR

MTX

200 100
FL2-A

Ara-C

200 100
H.2-A

200 100
R2-A

,.JL200
100FL2-A

VCR

Fluorescence

studies have demonstrated an antiapoptotic effect of TALI under
suboptimal culture conditions. Thymic cells from TALI transgenic
mice showed enhanced survival and a lower number of apoptotic cells
in response to serum and growth factor deprivation (7). Leroy-Viard

et al. (17) identified a subline of the mature T lymphoid Jurkat human
leukemic cell line that expressed a mutant form of the TAL l protein
resulting from a deletion of the 53 carboxyl-terminal residues and the

insertion of four basic residues. When compared to the TAL l -express
ing wild-type cell line, the mutant exhibited premature apoptosis on
medium depletion or serum reduction, but not with etoposide- or
Fas-triggered apoptosis. The different sensitivity to apoptotic inducers

demonstrated here may be explained by the resistance of the MKB1
cell line and its subclones to the absence of survival factors, as
demonstrated with 1% PCS (Fig. 2). Alternatively, the cell death
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pathways induced by physiological stimuli such as nutrient depriva
tion have been suggested to differ from pharmacological cell kill in
important signaling steps and checkpoints (2). A further possible
explanation for the different results obtained with the TALI MKB1
transfectants and the carboxyl-terminal-deleted Jurkat mutant could
be related to their differing DNA-binding capacities. The antiapop-
totic effect of wild-type TALI protein in MK.B 1 was dependent on an

intact basic domain and therefore probably on DNA binding, whereas
despite an intact b-HLH domain, the mutant Jurkat protein showed a
marked decrease in DNA-binding activity, suggesting that the apop-

totic effect resulted from the removal of TALI and/or one of its
partner proteins in an Id-like dominant negative fashion. Whereas the

TALI basic domain was not necessary for inhibition of transactivation
(IO).6 it was essential to enhanced survival of myeloid precursors

(18). Further analysis of these differing apoptotic responses would
require analysis of a carboxyl-deleted TALI mutant in the MKBI M8

subclone and of a mutant lacking the TALI transaclivation domain,
which has been shown to be dispensable for oncogenesis (9).

We did not demonstrate any effect of TALI expression on cell
proliferation. This is in contrast to the antiproliferative effect of
treatment of CEM and RPMI8402. two T-ALL cell lines expressing a
SIL-TALI fusion transcript as a result of a taf1 deletion with anti-

TAL1 oligodexoynucleotides. However, similar treatment of the Jur
kat and Molt4 T-cell lines, which express wild-type TALI by an

unknown mechanism, had no effect on the growth pattern (32). These
differences may be related to the level of TALI expression, which is
higher in Jurkat and Molt4 cells. Ectopie TALI expression in the
HL60 and 32D myeloid cell lines stimulated cell proliferation, par
ticularly under suboplimal culture conditions (18), and inhibition of
TALI activity in the erythroid lineage was associated with a de
pressed growth rate, reduced clonogenicity. and nuclear segmentation
(33, 34). However, the effect of TALI expression on myeloid and
erythroid lineage activity is likely to have different consequences to
its aberrant expression in T cells, because it is normally expressed by
the former.

TALI Expression Inhibits Apoptosis Induced by Diverse Stim
uli. The drugs to which TALI-expressing cells displayed increased
resistance (etoposide. daunorubicin, doxorubicin, cytosine arabino-

side, methotrexate, and vincristine) have been reported to induce
apoptosis in neoplastic cells (1, 3, 25), despite their diverse mecha
nisms of action. Whereas apoptosis induced by cytotoxic agents has
been suggested to be mediated via the Fas system (35), others have
identified a Fas-independent pathway (36). Despite these discrepan

cies, both pathways converge on the same effector proteases (36, 37).
Our demonstration that TALI-expressing stable transfectants inhibit
apoptosis to both cytotoxic and Fas cross-linking stimuli suggests that

TALI interferes with a final common cell death pathway that can be
activated by multiple mechanisms.

The TALI antiapoptotic effect was found regardless of the cell
cycle specificity of the chemotherapeutic drug, and TALI expression
did not change the cell cycle distribution for any of the agents tested,
suggesting that TALI does not interfere with cytostatic properties.
Similar results were found with Fas cross-linking (data not shown).

Several studies have suggested that the mechanisms mediating the
cytostatic and cytotoxic effects of antitumor drugs may be different,
depending on the concentrations used. Low concentrations led to a
blockade in cell cycle progression, followed later by DNA digestion
and loss of membrane integrity, whereas higher concentrations rapidly
induced endonucleolytic activity (38, 39). There may be two signal
pathways for apoptosis, one directly associated with drug action, and
a second that requires cell cycle-related events. A reduction of HL60
sensitivity to apoptosis during DMSO-induced differentiation was

found with different antitumor drugs, regardless of their cell cycle

Fig. 6. Induction of apoptosis by Fas cross-linking. MKBI. the parental M8 subclone,
and MTAL and MTALA cells were cultured in the presence of 200 ng/ml monoclonal
anli-Fas CHI 1 lor 30 h. and the proportion of apoptotic cells was delected by PI staining
for DNA content. Mean values and SD of specific cell death obtained from at least three
independent experiments are shown. Only the MTAL/I. MTAL/6. and MTAL/11 clones
displayed significantly different specific cell death compared to M8, i.e.. P < 0.01, O.I.
and 0.05. respectively.

specificity (40). However, the TALI proliferative effect has been
shown to require the integrity of cell cycle checkpoints, particularly
p53, in the host cells ( 18). Proliferation, apoptosis. and cell cycle may
not necessarily be under linked control (2).

The BCL2 oncoprotein and its homologue BCLX, can repress cell
death triggered by a diverse array of stimuli, including cytotoxic
agents, independently of their cell cycle phase specificity (41-43).

These survival proteins act at a common step in the cell death pathway
(44), functioning upstream to and inhibiting the activation of the
1CE/CED3 family of cysteine proteases by apoptotic stimuli, includ
ing antitumor drugs (45, 46). They seem to play a dominant role in the
execution of cell death (47). Given the similar effects of TALI and
BCL2 expression, we assessed BCL2 and BCLX, expression by
Western and immunocytochemistry. but we did not find any differ
ences between the different clones (data not shown). Whether TALI
and BCL2/BCLXL act on common steps and/or molecules in the cell
death pathway merits further analysis.

Clinical Significance of TALI Expression in T-ALL. Several of

the chemotherapeutic apoptosis inducers to which TALI induced
resistance are used in the treatment of T-ALL. It is possible that this
may correlate with clinical chemoresistance in TALI-expressing T-
ALLs. as previously demonstrated for BCL2- and BCLXL-related
tumor resistance (48). TALI gene deregulation occurs in 6-30% of
T-ALLs, more frequently in children (49). The most common mech
anism, taf', is not associated with an adverse prognosis in childhood

ALL (50). However, because TALI protein expression in the absence
of apparent disruption has been identified in 10-50% of T-ALL (51),s

correlation of prognosis with TALI protein expression by the leuke-

mic blasts may be more appropriate. Given that TALI induced resist
ance to all apoptosis-inducing agents tested, the identification of
TALI expression in T-ALL may limit the choice of chemotherapy.

The antiapoptotic effects demonstrated here obviously need to be
confirmed in ex rivo primary leukemic blasts to determine whether
chemoresistance correlates with TALI expression.

In conclusion, here we provide direct evidence of TALI-induced

resistance to apoptosis induced by a variety of cytotoxic agents and
Fas cross-linking in a human leukemic immature T lymphoid cell line.

These data provide insight into the oncogenic function of aberrant
TALI expression in T-ALL. represent a new experimental model to

further investigate the underlying mechanisms, and potentially have
practical significance for cytotoxic therapy of this disorder.
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