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The K562 chronic myeloid leukemia cell line undergoes apoptosis
in response to interferon-a
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Background and Objective. The K562 cell line, derived
from a chronic myeloid leukemia (CML) patient and
expressing B3A2 bcr-abl hybrid gene, is known to be
particularly resistant to apoptotic death. IFN-a treat-
ment of CML patients impairs malignant cell clone,
apparently protecting from progression to terminal
blast crisis. The mechanisms underlying this kind of
cell deletion are analyzed here by multiple technical
approachs. 

Design and Methods. K562 cells, variably treated
with IFN-a, were examined by agarose gel DNA elec-
trophoresis, light and electron microscopy. The pres-
ence of bcr-abl rearrangement was revealed by RT-
PCR.

Results. At 4 day treatment both DNA ladder and
apoptotic nuclear changes were identified, consis-
tently in the presence of bcr-abl expression.

Interpretation and Conclusions. Even cells express-
ing bcr-abl, such as K562, can be triggered to apop-
tosis. Therefore, this genetic condition, commonly
preventing PCD, does not prevent IFN-a-mediated
apoptosis. PCD seems thus to be the mechanism
underlying IFN-a-treated K562 cell deletion and it
could be the basis of malignant clone reduction in
IFN-a treated CML patients.  
©1998, Ferrata Storti Foundation

Key words: K562, CML, IFN-a, bcr-abl, apoptosis

fragmentation.3 PCD has been shown to be regulat-
ed by several genes, particularly p53, c-myc,4,5 bcl-2,
bad, bak,6 and bcr-abl. The bcr-abl hybrid gene results
from a reciprocal translocation between chromo-
some 9 and 22 where, the abl proto-oncogene, usu-
ally localized on chromosome 9, is transferred and
fused to the breakpoint cluster region (bcr) of chro-
mosome 22.7,8 Two chimeric mRNA transcripts are
derived from the fusion of either bcr exon 2 or 3 to
abl exon 2 to give B2A2 and B3A2 bcr-abl junctions,
respectively. As a result of this mechanism, the BCR-
ABL (p210) fusion protein exhibits increased ABL
tyrosine-kinase activity and triggers the development
of leukemia.9

K562 is an erythroblastic cell line expressing the
typical hallmark of CML, the Philadelphia (Ph) chro-
mosome, and the B3A2 bcr-abl.10 Consequently, it
has been extensively studied in order to investigate
CML and metabolic pathways underlying its thera-
py. Moreover, the K562 cell line has been the object
of experiments concerning its resistance to apopto-
sis-inducing drugs.11

IFN-a is a biologically active molecule, extensively
used in vitro, in order to study its effects on normal
and leukemic cells.12 It has been also widely used in
vivo, to achieve remission in CML early chronic phase,
where it induces a significant reduction of the malig-
nant cell clone, with an apparent protection from
progression to terminal blast crisis.13,14 The mecha-
nisms responsible for IFN-a effectiveness remain
poorly understood. It has been proposed that IFN-
a might interfere with the normal production of
cytokines, stimulating  IL-10 and, at the same time,
inhibiting IL-1 and IL-8, as shown by Aman et al.15

IFN-a effect on K562 cells was thus studied to clar-
ify the involvement of the bcr-abl hybrid gene. Apop-
tosis was investigated by molecular and morpholog-
ic approaches in ten closely comparable experi-
ments. Light microscopy was utilized to identify good
experimental conditions, in terms of IFN-a optimal
concentration and incubation time. The ultrastruc-
tural analysis was performed to describe details of
K562 apoptosis. Finally, the presence of bcr-abl
rearrangement was revealed by reverse transcriptase
polymerase chain reaction.

Apoptosis, also named programmed cell death
(PCD), is a form of cell deletion aimed at the
control of cell differentiation and prolifera-

tion, thus regulating organogenesis and adult tissue
turnover.1 Morphologically, apoptosis is character-
ized by chromatin margination around the nuclear
membrane, followed by its condensation in cup-
shaped dense masses.2 Micronuclei formation and
appearance of apoptotic bodies represent the final
stage of the process. These aspects are usually asso-
ciated with internucleosomal and/or genomic DNA
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Materials and Methods 

Cell line
Human leukemia cell line K562 was cultured in

RPMI 1640 (Seromed, Biochrom KG, Berlin, D) sup-
plemented with 10% heat-inactivated fetal calf serum,
2 mM glutamine, 20 mM Hepes (pH 7.5) and antibi-
otics (penicillin-streptomycin 100U/100 µg/mL) and
maintained in 5% CO2 atmosphere at 37°C. Cell via-
bility was assessed by the trypan blue exclusion test.  

IFN-a treatment
K562 cells, at a final concentration of 0.53106/mL,

were treated with 200, 400 and 1000 IU/mL of IFN-
a-2a (Hoffmann-La Roche, Basal, CH) and analyzed
after 2, 3, 4 and 5 days of incubation. Untreated con-
trol cells were examined at corresponding times.

Gel electrophoresis analysis
Three per 106 cells were lysed in a buffer contain-

ing SDS 1%, RNAse 200 µg/mL, proteinase k 100
µg/mL (all obtained from Sigma, Poole, Dorset, UK)
and incubated overnight at 37°C. Nucleic acids were
extracted following standard procedures.16 Two µg
DNA/lane were loaded on 1.8% agarose (BIO-RAD,
Hercules, CA) gel in tris-borate/EDTA 1X buffer,
stained by ethidium bromide (0.5 µg/mL) and visu-
alized on an ultraviolet (UV) transilluminator (BIO-
RAD).

Light and electron microscopy 
Cell pellets were fixed in 2.5% glutaraldehyde in 0.1

M phosphate buffer (pH 7.3). They were then post-
fixed in 1% OsO4 in phosphate buffer, ethanol dehy-
drated and embedded in araldite as described else-
where.2 Semi-thin sections were stained with a 1:1
mixture of 1% methylene blue and 1% toluidine blue
in distilled water. For ultrastructural analysis formvar-
carbon coated grids were used as thin section sup-
ports. Thin sections, stained with uranyl acetate and
lead citrate, were examined with a Philips CM10 elec-
tron microscope at 80 KV.

Reverse transcriptase-polymerase chain reac-
tion (RT-PCR)

Apoptotic cells were isolated by means of a Percoll
gradient, according to Cotter et al.17

Total RNA was isolated from 23106 cells using
RNAzol™ B (Biotecx, Houston, TX, USA) following
the manufacturer’s instructions. Reverse transcription
was carried out as previously described18 using 3 bcr
primer (see below). Five µL aliquots of the transcrip-
tion mixture were used for the amplification reaction,
performed by using two oligonucleotide primers
designed according to the published bcr-abl sequence:
5 bcr (5'-GTTTCAGAAGCTTCTCCCTG-3') and 3 bcr
(5'-CCATTT TTGGTTTGGGCTTCACACCATTCC-3').
The PCR consisted of a 50 µL final volume using, per

reaction, 13 Taq buffer (Promega, Madison, WI), 1.5
mM of MgCl2, 0.1 mM of each dNTP, 0.25 µM of
each primer (5 bcr, 3 bcr) and 1 U of Taq polymerase
(Promega). The amplification was carried out on an
automated DNA thermal cycler for 45 cycles follow-
ing an initial denaturation of 1 minute at 94°C. Each
cycle consisted of 35 seconds at 94°C, 30 seconds at
60°C, and 30 seconds at 72°C. The PCR samples
were analyzed by electrophoresis on a 2% agarose
(BIO-RAD) gel containing tris-borate-EDTA buffer
and ethidium bromide (0.5 µg/mL) and were pho-
tographed on an UV transilluminator.19

Results

IFN-a treatment 
As shown in Figure 1,  K562 cells were initially treat-

ed with different concentrations of IFN-a2a, in order
to find the dose best able to induce apoptosis. Apop-
totic cell percentage was evaluated by  light micro-
scopy (see below). Our results suggested that at 200-

Apoptotic action of interferon-a

Figure 1. Effect of various doses of IFN-a on the K562 ery-
throleukemia cell line. K562 cells (0.53106/mL) were treat-
ed with 200, 400 and 1000 IU/mL for 5 days. The optimal
concentration is 200 IU/mL.

IFN-a (200 IU/mL)

IFN-a (400 IU/mL)

IFN-a (1000 IU/mL)

apoptotic necrotic normal
cells cells cells

apoptotic necrotic normal
cells cells cells

apoptotic necrotic normal
cells cells cells
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400 IU/mL of IFN-a treatment the cells mainly under-
went PCD, with a higher percentage of apoptotic
cells and a lower amount of necrosis at 200 IU/mL.
In contrast, at 1000 IU/mL no apoptosis was evident
but a high number of necrotic cells appeared. 

Simultaneously, the optimal exposure time to
induce apoptosis was analyzed by evaluation of the
ladder appearance, and light microscopy. Figure 2
indicates that PCD was maximal at 4 days of incu-
bation. Therefore, 200 IU/mL and 4 days of incuba-
tion were chosen as the experimental conditions for
the subsequent investigation.

Gel electrophoresis analysis
Figure 3 shows  the gel electrophoresis analysis

obtained from samples treated from 1 to 4 days. The
DNA ladder is clearly evident at 4 days of treatment
(lane H), while it does not appear in lanes E, F and
G (1, 2 and 3 days of incubation, respectively) or in
control conditions.

Light and electron microscopy findings
The light microscopy analysis provides clear evi-

dence of apoptosis in the treated samples. 
Figure 4a,b,c of semi-thin sections show several

K562 cells presenting typical apoptotic features, con-
sisting of characteristic chromatin condensation
close to the nuclear envelope, associated with micro-
nuclei formation and cytoplasmic vacuolization. Fig-
ure 4d illustrates the control, non-apoptotic, cell
morphology. 

The ultrastructural analysis (Figure 5) also shows
evidence of major nuclear modifications. The char-
acteristic chromatin margination (Figure 5a) appears,
forming cap-shaped compact structures towards the
nuclear periphery. An initial cytoplasm hydration,
probably preceding a final secondary necrosis, is
shown in Figure 5b. Progressively electron dense
micronuclei (Figure 5c) can also be detected. These
are mostly  surrounded by a defined double mem-
brane, externally covered with ribosomes.

In addition, peculiar changes can occasionally be
seen in nucleolar organization of non-apoptotic cells.
In fact, the dense filamentous component appears
scattered throughout the nucleoplasm, although the
chromatin is distributed normally (Figure 5d).20

RT-PCR analysis
As expected, a 468 bp PCR product, corresponding

to the B3A2 transcript, characteristic of the K562 CML
cell line,21 was found by RT-PCR analysis (Figure 6).
No significant differences in the presence and level of
B3A2 transcript were noticed between K562 cells left
untreated or treated for 3-4 days with IFN-a.

Discussion
Previous studies have shown that the K562 ery-

throleukemia cell line, derived from a CML patient and

expressing the bcr-abl hybrid gene, is particulary resis-
tant to apoptosis induced via a number of chemical
and biological agents.11 Differently, numerous cell
types which do not express bcr-abl, are easily and mas-
sively triggered to apoptosis.1 In order to increase the
K562 sensitivity to apoptosis, McGahon et al.22 inves-
tigated the effects of antisense oligonucleotide treat-
ment corresponding to the translation start of the bcr-
abl gene and suggested that antisense pretreatment
could improve the cellular response to apoptosis-
inducing agents. These data indicate that the bcr-abl

Figure 2. Effect of IFN-a on K562 cells. At different times
of incubation different percentages of apoptotic cells are
present, the highest value being on the 4th day.
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Figure 3. Agarose gel electrophoresis of DNA extracted from
K562 cells. Lane A-D: DNA from K562 control cells at 1, 2,
3, 4 days, respectively. 
Lane E-H: K562 cells 1, 2, 3 and 4 days, respectively, after
IFN-a treatment.
Lane I: molecular weight marker from 1.0 Kb to 150 base
pairs (PCR-marker).
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hybrid gene could function as a suppressor of the
apoptotic process, as does bcl- 2.23

IFN-a is a biologically active molecule produced by
leukocytes in response to viral infections24 and a num-
ber of other stimuli.25 It is currently widely used in
therapeutic protocols. In approximately 30% of CML
patients, IFN-a induces a significant reduction of the
malignant Ph-positive cell clone, which apparently
prevents the progression to terminal blast crisis.12,13

The real mechanism of the IFN-a effect is not yet
known, although several studies suggest a role in the

Figure 4a,b,c,d (left). Semi-thin sections of 4 day IFN-a
treated K562 cells (a,b,c) and controls (d).
Patterns of chromatin margination and micronuclei (E)
appear (a). Late apoptotic stages, with vacuolized apop-
totic bodies (E), are also present (b,c). A well-preserved,
non-apoptotic morphology appears in control untreated cells
(d). a, 3800; b, 31000; c, 3800; d, 31000.

Figure 5a,b,c,d (above). Electron microscopy of IFN-a-treat-
ed cells. a: apoptotic cells showing areas of compact and
diffuse chromatin; b: initial necrotic features in a late apop-
totic cell; c: three progressively condensing micronuclei,
surrounded by double membranes, are visible. Nucleolar
components (✽), scattered throughout the cytoplasm, also
appear; d: nucleolar segregation, as well as disgregation of
nucleolar components, are evident in a non-apoptotic cell.
a, 319,000;  b, 317,000;  c, 320,000; d, 320,000.

a

a

b

c

d

b

c d
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regulation of cytokine production, possibly through
the control of cell proliferation. It has been reported
that IFN-a treatment might correct defective adher-
ence of CML-derived hematopoietic progenitors to
bone marrow stromal cells following an inappropriate
expression of cytokines such as IL-1, G-CSF and
TNF.26,27 This phenomenon might contribute to the
unbalanced expansion of the malignant clone, which
can probably be interrupted by the action of IFN-a on
cytokine cascade regulation.28

Aman et al.15 investigated the effect of IFN-a on the
expression of IL-10 mRNA and protein synthesis in
human monocytes and CD4+ T cells. In purified
monocytes, IFN-a treatment induced an overexpres-
sion of IL-10 after prolonged incubation periods and
a similar effect was observed in CD4+ T cells activat-
ed with CD3 and CD28 monoclonal antibodies. This
would explain the anti-inflammatory effect of IFN-a. 

Previous studies reported that IFN-a inhibits the
proliferation of progenitor cells, such as myeloid, ery-
throid and megakaryocytic cells differently, according
to their sensitivity.29 In the attempt to clarify the
mechanism related to this inhibition, Tarumi et al.30

studied the consequence of IFN-a treatment on high-
ly purified human peripheral blood erythroid burst-

forming units (BFU-E) and provided evidence that
the inhibitory effect of IFN-a on erythroid progenitors
was related to  apoptosis.

Despite these preliminary data, little is known
about the IFNs’ (a,b,g) role in apoptosis, and the
influence of IFNs on apoptosis seems to depend on
cell lineage and maturation level.

Milner et al.31 reported that IFN-a triggered a bcl-
2 independent protective response and prevented
apoptosis of freshly isolated cells from patients with
Burkitt’s lymphoma. Holder et al.32 stressed that IFN-
a provided a weak survival signal for human germi-
nal center B cells. Calotta et al.33 reported that IFN-g
interferes with apoptosis of mature circulating poly-
morphonuclear cells; this differs from biological evi-
dence that IFN-g inhibits non-erythroid progenitors.
In the framework of these considerations, we decid-
ed to investigate IFN-a action on the K562 cell line.

Typical apoptotic patterns appeared in IFN-a treat-
ed K562 cells after 4 days of incubation. 

DNA fragmentation was indeed demonstrated by
the appearance of a ladder, after agarose gel elec-
trophoresis, and characteristic apoptotic nuclear fea-
tures were apparent by light and electron microscopy
analysis. It could be argued that the presence of the
DNA ladder pattern in K562 cells has been frequent-
ly reported to be hardly identifiable or completely
absent.22 This would suggest a lack or a decrease of
endonuclease activity in these cells. In our case this
hallmark of the apoptotic process was present, even
if not consistently, indicating that a certain hetero-
geneity of the endonuclease production level could be
found inside the same K562 population and that the
experimental results could vary depending on the cell
cycle phase. However, it is becoming increasingly
clear that some cell types can show morphologic fea-
tures typical of apoptosis even in the absence of inter-
nucleosomal DNA breakage.34-36 Moreover, the char-
acteristic apoptotic features were shown by optical
and electron microscopy. Progressive chromatin mar-
gination into cap-shaped dense masses was present,
followed by the formation of membrane bound
micronuclei. Cytosol underwent an evident conden-
sation correlated to diffuse vacuolization, as fre-
quently occurs in apoptotic cells. Secondary necrosis
phenomena also appeared, characterized by progres-
sive water influx causing nuclear and cytoplasmic
swelling.1,2

Further studies are necessary to investigate the
nucleolar changes, even if these can be considered
the expression of altered protein synthesis activity,
evidently present also in non-apoptotic cells.

A relevant point of this study is the demonstration
of the presence of equal amounts of bcr-abl tran-
scripts in IFN-a incubated and untreated K562 cells.
The presence of bcr-abl in cells undergoing apopto-
sis is intriguing and suggests that IFN-a induces
apoptosis in K562 cells without interfering with the
activity of the bcr-abl gene product.37-39

Figure 6. Amplification of bcr-abl mRNA by RT-PCR. 
Lane A, F: size marker (xX174/Hae III). 
Lane B: K562 control cells: bcr-abl B3A2 amplification.
Lane C, D: K562 treated cells at 3 and 4 days, respective-
ly: bcr-abl amplification.
Lane E: negative control.



Taken together, our data indicate that even cell lines
expressing bcr-abl, such as K562 cells, can be triggered
to apoptosis, and that bcr-abl expression, commonly
considered a  condition preventing PCD appearance,
similarly to bcl-2, does not prevent IFN-a-mediated
apoptosis. Moreover, PCD seems to be the mecha-
nism underlying K562 cell deletion after IFN-a treat-
ment and this could represent the basis of malignant
clone reduction in IFN treated CML patients.40

Contributions and Acknowledgments
The authors are indebted to Dr. L. Guidi for help in elec-

tron microscopy and to Mr. A. Valmori and F. Marchegiani
for skilful photographic work. They also particularly thank
Dr. G. Zauli (Institute of Human Anatomy, University of
Ferrara) for critical review of the manuscript. 

Funding
This paper was supported by MURST 60% Urbino Uni-

versity and CNR grant #950238104.

Disclosures
Conflict of interest: none.
Redundant publications: no subtantial overlapping with

previous papers.

Manuscript processing
Manuscript received March 13, 1998; accepted August 7,

1998.

References

1. Falcieri E, Gobbi P, Cataldi A, Zamai L, Faenza I, Vitale
M. Nuclear pores in the apoptotic cell. Histochem J
1994; 26:754-63.

2. Falcieri E, Zamai L, Santi S, et al. The behaviour of
nuclear domains in the course of apoptosis. Histo-
chemistry 1994; 102:221-31.

3. Kroemer G, Petit P, Zanzami N, Vayssir JL, Mignotte
B. The biochemistry of programmed cell death. FASEB
J 1995; 9:1277-87.

4. Shi Y, Glynn J, Guilbert L, Cotter T, Bissonnette R,
Green DR. Role for c-myc in activation-induced apop-
totic cell death in T cell hybridomas. Science 1992;
257:212-4.

5. Clarke AR, Purdie CA, Harrison DJ, et al. Thymocyte
apoptosis induced by P53-dependent and indepen-
dent pathways. Nature1993; 362:849-52.

6. Yang E, Korsmeyer SJ. Molecular thanatopsis: a dis-
course on the bcl-2 family and cell death. Blood 1996;
88:386-401.

7. Rowley JD. A new consistent chromosomal abnor-
mality in chronic myelogenous leukaemia identified
by quinacrine fluorescence and Giemsa staining.
Nature 1973; 243:290-3.

8. Groffen J, Stephenson JR, Heisterkamp N, De Klein A,
Bartram CR, Grosveld G. Philadelphia chromosomal
breakpoints are clustered within a limited region, bcr,
on chromosome 22. Cell 1993; 36:93-9.

9. Ilaria RL, Van Etten RA. The SH2 domain of
P210BCR-ABL is not required for the transformation
of hematopoietic factor-dependent cells. Blood 1995;
86:3897-904.

10. Lozzio CB, Lozzio BB. Human chronic myelogenous
leukemia cell line with positive Philadelphia chromo-
some. Blood 1975; 45:321-34.

11. Martin S, Lennon S, Bonham A, Cotter T. Induction
of apoptosis (programmed cell death) in human
leukemic cells by inhibitors of RNA protein synthesis.
J Immunol 1990; 145:1859-67.

12. Xu B, Grander D, Sangfelt O, Einhorn S. Primary
leukemia cells resistant to a-interferon in vitro are
defective in the activation of the DNA-binding factor
interferon-stimulated gene factor 3. Blood1994; 84:
1942-9.

13. Talpaz M, Kantarijan HM, McCredie KB, Keating MJ,
Gutterman JU. Hematologic remission and cytoge-
netic inprovement in chronic myelogenous leukemia
induced by recombinant interferon-alpha. N Engl J
Med 1986; 314:1065-9.

14. Thaler J, Kuhr T, Gastl G, et al. Recombinant interfer-
on a-2c in Ph-positive chronic myelogenous leukemia:
Results of a multicenter phase II study. Dtsch Med
Wochenschr 1991; 116:721-4.

15. Aman MJ, Tretter T, Bug G, Decker T, Aulitzky WE,
Peschel C. Interferon-a stimulates production of inter-
lukin-10 in activated CD4+ T cells and monocytes.
Blood 1996; 87:4731-6.

16. Boe R, Gjertsen BT, Vintermyr OK, Houge G, Lanotte
M, Doskeland SO. The protein phosphate inhibitor
okadaic acid induces morphological changes typical
of apoptosis in mammaliam cells. Exp Cell Res 1991;
195:237-46.

17. Cotter TG, Martin SJ. Techniques in apoptosis. Port-
land Press 1994. p. 18-20.

18. Kawasaki ES, Clark SS, Coyne MY. Diagnosis of chron-
ic myeloid and acute lymphocytic leukemias by detec-
tion of leukemia-specific mRNA sequences amplified
in vitro. Proc Natl Acad Sci USA 1988; 85:5698-702.

19. Gregorini A, Sahin FI, Lillington DM, et al. Gene
BR140, which is related to AF10 and AF17, maps to
chromosome band 3p25. Gene Chromosome Canc
1996; 17:269-72.

20. Kedinger C, Simard R. The action of a-amanitin on
RNA synthesis in chinese hamster ovary cells. J Cell
Biol 1974; 63:831-42.

21. Tuszynsky A, Dhut S, Young BD, et al. Detection and
significance of bcr-abl mRNA transcripts and fusion
proteins in Philadelphia-positive adult acute lympho-
blastic leukemia. Leukemia 1993; 7:1504-8.

22. McGahon A, Bissonnette R, Schmitt M, Cotter MK,
Green DR, Cotter TG. BCR-ABL maintains resistance
of chronic myelogenous leukemia cells to apoptotic
cell death. Blood 1984; 83:1179-87.

23. Hockenberry D, Nunez G, Milliman C, Schreiber RD,
Korsmeyer SJ. Bcl-2 is an inner mitochondrial mem-
brane protein that blocks programmed cell death.
Nature 1990; 348:334-6.

24. De Maeyer E, De Maeyer-Guignard J. Interferons and
others regulatory cytokines. Wiley & Sons: New York,
1988.

25. Einhorn S, Strander H. Interferon treatment of human
malignancies. Med Oncol Tumor Pharmacother 1993;
10:25-9.

26. Estrov Z, Kurzrock R, Wetzler M, et al. Suppression of
chronic myelogenous leukemia colony growth by IL-1
receptor: a novel application for inhibitors of IL-1
activity. Blood 1991; 78:1476-8.

27. Herrmann F, Helfrich SG, Lindemann A, Schleierma-
cher E, Huber C, Mertelsmann R. Elevated circulating
levels of tumor necrosis factor predict unresponsive-
ness to treatment with interferon a-2b in chronic myel-
ogenous leukemia. J Clin Oncol 1992; 10:631-5.

28. Schindler R, Ghezzi P, Dinarello CA. IL-1 induces IL-
1. IV. IFN-g suppresses IL-1 but not lipopolysaccha-

979Apoptotic action of interferon-a



980 F. Luchetti et al.

ride-induced transcription of IL-1. J Immunol 1990;
144:2216-22.

29. Despres D, Goldschmitt J, Aulitzky WE, Huber C,
Peschel C. Differential effect of type I interferons on
hematopoietic progenitor cells: failure of interferons
to inhibit IL-3 stimulated normal and CML myeloid
progenitors. Exp Hematol 1995; 23:1431-8.

30. Tarumi T, Sawada K, Sato N, et al. Interferon-a-
induced apoptosis in human erythroid progenitors. Exp
Hematol 1995; 23:1310-8.

31. Milner AE, Johnson GD, Gregory CD. Prevention of
programmed cell death in Burkitt lymphoma cell line
by bcl-2-dependent and -independent  mechanism.
Int J Cancer 1992; 52:636-42.

32. Holder MJ, Knox K, Gordon J. Factor modifying survival
pathways of germinal center B cells. Glucocorticoid
and transforming growth factor-b, but not cyclosporin
A or anti CD19, block surface immunoglobulin-medi-
ated rescue from apoptosis. Eur J Immunol 1992;
22:2725-30.

33. Calotta F, Polentarutti N, Sozzani S, Mantovani A.
Modulation of granulocyte survival and programmed
cell death by cytokines and bacterial products. Blood
1992; 80:2012-7.

34. Falcieri E, Martelli AM, Bareggi R, Cataldi A, Cocco L.
The protein kinase inhibitor staurosporine induces
morphological changes typical of apoptosis in Molt-

4 cells without concomitant DNA fragmentation.
Biochem Biophys Res Comm 1993; 193:19-25.

35. Luchetti F, Mariani AR, Columbaro M, Di Baldassare
A, Cinti C, Falcieri E. Apoptotic cell death depend on
the target enzymatic activity and not on the triggering
agent. Scanning 1998; submitted.

36. Vitale M, Zamai L, Falcieri E, Zauli G, Gobbi P, Santi
S, Cinti C, Weber G. IMP dehydrogenase inhibitor,
tiazofurin, induces apoptosis in K562 human ery-
throleukemia cells. Cytometry 1997; 30:61-6.

37. Andrews DF, Singer JW, Collins SJ. Effect of recombi-
nant a-interferon on the expression of bcr-abl fusion
gene in human chronic myelogenous human leukemia
cell lines. Cancer Res 1987; 47:6629-32.

38. Melo JV, Hochaus A, Yan XH, Goldman JM. Lack of
correlation between ABL-BCR expression and response
to interferon-a in chronic myeloid leukaemia. Br J
Haematol 1996; 92:(Suppl.3)684-6.

39. Selleri C, Sato T, Del Vecchio L, et al. Involvement of
Fas-mediated apoptosis in the inhibitory effects of
interferon-a in chronic myelogenous leukemia. Blood
1997; 89:957-64.

40. Carella AM, Frassoni F, Melo J, et al. New insights in
biology and current therapeutic options for patients
with chronic myelogenous leukemia. Haematologica
1997; 82:478-95.




