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Relation of P-glycoprotein expression with spontaneous in vitro apoptosis
in B-cell chronic lymphocytic leukemia®
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Prolonged lifespan of monoclonal lymphocytes in B-cell lymphocytic leukemia (B-CLL) arises from their resistance to
programmed cell death. In contrast, when cultured in vitro, B-CLL tumour cells rapidly undergo apoptosis. There is
mounting evidence that P-glycoprotein (P-gp), an adenosine triphosphate-binding cassette (ABC) family transporter,
plays a significant role in the regulation of apoptosis induced by various stimuli. Since P-gp is commonly expressed in B-
CLL cells, we aimed to establish whether its expression level influences resistance to spontaneous apoptosis in B-CLL. For
that purpose, P-gp expression by UIC2 antibody staining and P-gp activity by rhodamine 123 (Rh123) efflux in presence or
absence of P-gp inhibitor verapamil were studied in peripheral blood lymphocytes obtained from 43 previously untreated
B-CLL patients. Simultaneously, the percentage of cells undergoing spontaneous in vitro apoptosis (apoptotic index, AT)
by means of activation of caspases and annexin-V-based assays was evaluated. The AI were higher in B-CLL cells than in
normal peripheral blood mononuclear cells (medians of AT127.7% vs 3.9%, p=0.0001 and 34.7% vs 7.4%, p=0.0038, in 24
and 48-hour culture respectively). The Al were also higher among female patients as compared to male patients (medians:
29.7 vs 19.2 p=0.048). Interestingly, we found moderate inverse correlation between P-gp protein expression and Al after
24-hour culture in analysed B-CLL samples (r= -0.36, p=0.019). Moreover, P-gp positive B-CLL samples expressed
significantly higher AI than P-gp negative samples with an arbitrary cut-off at Kolmogorov-Smirnov statistics D-value
0.2 (medians of Al 18.4% vs 29.7%, p=0.026). Based on these results we suggest that P-gp expression has some protective
effect on B-CLL cell survival in vitro. The difference in the rates of spontaneous apoptosis among male and female patients

may contribute to gender-dependent variations in clinical outcome in B-CLL.
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The longevity of B-cell lymphocytic leukemia (B-CLL)
cells is a result of aberrations in apoptotic cell death path-
ways, which are also a main obstacle to successful cytotoxic
therapy. On the intracellular level this resistance to apop-
tosis is most frequently related to high bcl-2 protein expres-
sion or high bcl-2/bax ratio [16]. However, down-regulation
of Mcl-1, another bcl-2 family member as well as X-linked
inhibitor of apoptosis protein (XIAP) seem also to be an
important factor in drug-induced apoptosis in B-CLL [20].
Moreover, constitutive activation of some signal transduc-
tion pathways e.g. phosphatidylinositol-3 kinase (PI-3K)
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pathway mediates additional survival signals in B-CLL
[29]. Thus, the regulation of B-CLL cells survival is a com-
plex phenomenon with several mechanisms being involved.

Interestingly, in contrast to their survival characteristics
in vivo, B-CLL malignant cells rapidly undergo sponta-
neous apoptosis when cultured. The mechanism of this phe-
nomenon is unclear. Recent report indicates that advanced-
stage B-CLL cells are relatively resistant to spontaneous
apoptosis, whereas high susceptibility to apoptosis is en-
countered in early-stage B-CLL [25]. Consequently, further
studies on the mechanisms regulating spontaneous apopto-
sis in B-CLL could have potential prognostic and clinical
implications.

P-glycoprotein (P-gp), a 170kD product of MDRI gene,
belongs to adenosine triphosphate-binding cassette (ABC)
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family of membrane transporters [1]. Under physiological
conditions P-gp protects the organism against toxic xeno-
biotics, while in tumors P-gp-dependent extrusion of anti-
neoplastic agents is the major cause of the multi-drug
resistance (MDR) phenotype [1]. However, P-gp has been
recently shown to inhibit apoptosis induced by a variety of
factors including: serum deprivation, FasL, tumor necrosis
factor (TNF), ultraviolet and gamma irradiation [19].
SMYTH et al, showed that protection by P-gp is probably
associated with factors involved in caspase-dependent path-
way of apoptosis [34]. Thus, there is strong evidence for the
involvement of P-gp in regulation of apoptosis.

Interestingly, P-gp expression was associated with resis-
tance to in vitro spontaneous apoptosis in acute myeloid
leukemia (AML) [26]. P-gp is a well established negative
prognostic factor in AML and recently the same correlation
was shown for the rate of spontaneous apoptosis associated
with high bcl-2/bax ratio in this malignancy [11]. Several
studies proved that majority of B-CLL clones intrinsically
express relatively high levels of P-gp [9, 13,32, 35,36]. How-
ever, to our best knowledge, this has not been investigated
in the context of spontaneous apoptosis yet.

Therefore, the aim of this study was to reveal whether
there is a relationship between expression and activity of P-
gp and incidence of spontaneous apoptosis in B-CLL. For
that purpose these parameters were measured in parallel in
circulating lymphocytes obtained from a population of un-
treated B-CLL patients.

Material and methods

Cell lines. The human colon carcinoma SW 620 and its
multidrug-resistant derivative SW 620/Adr300 cell lines
[23], kindly provided by Dr R.W. Robey and Dr S.E. Bates,
Developmental Therapeutics Dept., National Cancer Insti-
tute, National Institute of Health, Bethesda, MD, USA,
were used as reference for testing P-gp expression and ac-
tivity. Both cell lines were maintained in RPMI 1640 med-
ium supplemented with 10% heat-inactivated fetal calf
serum (FCS) with addition of streptomycin at 50 pl/ml and
penicillin at 50 TU/ml (Life Technologies) at 37 °C, in an
atmosphere of 5% CO,. The media of SW 620/Adr300 cell
line was supplemented with 300 nM of Adriamycin (Sigma).
Cells were grown without Adriamycin for four weeks prior
to analysis.

Human subjects. The study was performed on peripheral
blood samples obtained from 43 patients with B-CLL (24
males and 19 females) with median age of 68 years (range
40-81). The diagnosis was established according to standard
morphologic and immunophenotypic criteria. Clinical sta-
ging was performed according to Rai and Binet classifica-
tions. Exclusively patients, who have never received any
cytotoxic treatment for B-CLL were enrolled to the study.

Table 1. Clinical characteristics of 43 B-CLL patients included in the study

Parameter

Median (range)

Age (years)
Sex
male
female
White cell count (G/1)
Erythrocytes (T/1)

Hemoglobin (g/dl)

Platelets (G/1)
Clinical stage according to Rai

68.0 (40.0-81.0)
24

19

47.6 (16.8-190.0)
42 (2.6-5.2)
12.7 (6.6-16.6)

163.0 (36.0-268.0)

0 17
I 12
11 5
111 5
v 4
Clinical stage according to Binet
A 25
B 9
C 9
Status of disease
stable 34
progressive 9

Duration of follow-up (months) 20.5 (3.0-196.0)

In nine patients the disease was defined as stable, whereas
34 had progressive B-CLL (including lymphocytosis dou-
bling time <one year, massive splenomegaly, bulky adeno-
pathy, recurrent disease-related infections, weight loss
>10% in a six month period, temperature 38 °C related to
disease, extreme fatigue, III and IV Rai stage). The in-
formed consent according to institutional guidelines was
obtained from every patient. Detailed clinical characteris-
tics of patients included in the study is presented in Table 1.
Additionally, peripheral blood samples were taken from six
volunteers (five females, one male) with median age of 35
(range 23-50) as normal controls.

Isolation and culture of peripheral blood mononuclear
cells. Peripheral blood mononuclear cells (PBMC) were iso-
lated from fresh EDTA-whole peripheral blood samples of
patients and controls by Ficoll gradient density separation
and washed twice in phosphate-buffered saline (PBS).
After isolation, PBMC from 10 (23% ) B-CLL patients were
verified by dual-color flow cytometry and found to contain
89.1+8.8% (mean+SD) CD5+/CD19+ cells. Freshly iso-
lated PBMC were transferred to RPMI 1640 medium sup-
plemented with 10% FCS with addition of streptomycin at
50 ul/ml and penicillin at 50 IU/ml (Life Technologies). The
cells were incubated in wells, each sample in total volume of
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300 ul, in concentration 1x10° cells per ml. The cultures were
maintained up to 48 hours in a 5% CO,, fully humidified
atmosphere, at 37 °C.

Expression and activity of P-glycoprotein. According to
standard recommendations for evaluating of P-gp status we
used two-parameter technique measuring protein expres-
sion by specific monoclonal antibody staining and P-gp ac-
tivity as ability to efflux fluorescent compound [2]. P-gp
expression and activity was assessed on freshly isolated
PBMC by means of flow cytometry. The concentration of
isolated cells was set to 2x10° cells/ml in RPMI 1640 med-
ium.

For measurement of P-gp expression cells were incu-
bated at room temperature for 15 minutes, in separate
tubes, with phycoerythritin (PE)-conjugated UIC2 mono-
clonal antibody (Immunotech), directed against extracellu-
lar epitope of P-gp, at concentration of 2 ug/ml or with
isotype control PE-conjugated IgG2a monoclonal antibody
(Dako) at concentration of 2 ug/ml. Results were detected
as differences in mean fluorescence intensity (MFI) be-
tween UIC2 and IgG2a-labeled samples.

The evaluation of P-gp activity was based on fluorescent
P-gp substrate rhodamine 123 (Rh123) (Sigma) efflux in
presence or absence of a P-gp inhibitor verapamil (Sigma).
Two separate tubes were used for each experiment; one
containing Rh123 at concentration of 200 ng/ml and another
one containing mixture of Rh123 at concentration of 200 ng/
ml and verapamil at concentration of 10 M. Initially, cells
were loaded with Rh123 for 30 minutes, at 37 °C in atmo-
sphere of 5% CO,. Subsequently, samples were washed
twice in RPMI and left to efflux for 60 minutes at 37 °C at
5% COy; to the sample previously containing verapamil,
this inhibitor was added at the same concentration. Results
were calculated as a difference in MFI of Rh123 between
sample incubated with and without verapamil.

The results for P-gp expression and activity were ex-
pressed as D-values derived from Kolmogorov-Smirnov
(K-S) statistics. When MFI of examined sample was lower
than that of appropriate control, i.e. sample with IgG2a or
Rh-123 without verapamil (for measurements of expression
or activity, respectively) D-value was evaluated as 0. Since
the threshold of P-gp positivity is controversial we prefer-
ably analyzed the P-gp expression and activity as continu-
ous variables. However, in some analysis, an arbitrary cut-
off level was set at D0.2.

Evaluation of apoptosis. Apoptosis of cultured B-CLL cells
and control cells was measured at two time-points: after 24
and after 48 hours of incubation using two sensitive flow cyto-
metric assays. The percentage of positive cells in each of those
methods was denominated as apoptotic index (AI).

FAM-VAD-FMK (FLICA) binding assay: The FLICA
assay is based on detection of binding of the fluorochrome-
labeled inhibitors of caspases [33]. In this study we used the
pan-caspase FAM-VAD-FMK inhibitor (FLICA-VAD),

obtained from Immunochemistry Technologies, Blooming-
ton, MN, USA. This reagent is commercially available as
a CaspaTag™ Fluorescein Caspase Activity kit. Staining
was performed as described before [33]. Data were col-
lected by flow cytometry.

Phosphatidylserine exposure and cell membrane perme-
ability: The annexin-V/propidium iodide (PI) assay was
used as a marker of cell viability and apoptosis. The method
has been described earlier in detail [21]. In brief, the cells
after incubation were washed twice with cold PBS. Than 100
ul of binding buffer, containing 2 ul FITC conjugated an-
nexin V and 10 ug/ml PI were added and the sample was
incubated in dark for 15 minutes. The cellular fluorescence
was measured by flow cytometry.

Flow cytometric data collection and analysis. All analyses
were carried out using a FacsCalibur flow cytometer (Bec-
ton Dickinson) equipped in 488 nm argon laser and stan-
dard set of emission filters and fluorescence detectors. At
least 10 000 events per sample were collected in each mea-
surement. Data were analyzed using CellQuestPro (Becton
Dickinson) computer software.

Statistical analysis. Statistical analysis was performed
using STATISTICA version 5.1 (StatSoft, Inc.) statistical
software package. In order to test correlations between
variables Spearman’s correlation coefficient was calculated.
To evaluate differences among subgroups non-parametric
Man-Whitney U-test and ANOVA Kruskall-Wallis test
were applied. All p-values are two sided and p<0.05 was
considered significant.

Results

Expression and activity of P-glycoprotein. Initially, the
reference cell lines were analyzed in respect of P-gp expres-
sion and activity. In four independent experiments P-gp
expression given as K-S statistics D-values for UIC2 vs.
IgG2a isotype-matched control staining was 0.51 +0.16 for
SW 620 cells as compared to 0.92 +0.1 for SW 620/Adr300
cells. Consistently with this up-regulation of P-gp protein
expression in drug-selected cell line, P-gp activity analyzed
as verapamil-modulated Rh123 efflux was D=0.98 +0.01 in
SW 620/Adr300 cell line and only D=0.27 +£0.11 in SW 620
cells.

Subsequently, the PBMC samples from 43 B-CLL pa-
tients were evaluated. P-gp expression varied importantly
among patients with median at D=0.165 (range 0.08-0.85).
There were 18 (42% ) P-gp expressing patients with cut-off
value set at D=0.2. No correlations were found between P-
gp expression and laboratory or clinical parameters in ana-
lyzed B-CLL population (data not shown).

Distinct variations were observed among B-CLL samples
analyzed for P-gp activity. D-value ranged from 0 to 0.67
with median at 0.15. When cut-off value was set at D=0.2
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Figure 1. Comparison of rates of spontaneous apoptosis expressed as apop-

totic index between cultured in vitro peripheral blood mononuclear cells
isolated from B-CLL patients and healthy control subjects.
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Figure 2. Difference in the rate of in vitro spontaneous apoptosis between
male and female B-CLL patients.
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Figure 3. Relation of spontaneous apoptosis level and protein expression of
P-glycoprotein in 24-hour in vitro culture of peripheral blood mononuclear
cells isolated from 43 B-CLL patients.

there were 18 (41%) P-gp-positive samples. Interestingly,
P-gp protein expression did not correlate significantly with
P-gp activity (p>0.05). A weak correlation between total
white cell blood count and P-gp activity was observed
(r=0.30, p=0.049). No other correlations were found be-
tween P-gp activity and basic hematological data, or with
clinical parameters of the patients.

Evaluation of spontaneous apoptosis. The spontaneous in
vitro apoptosis was measured by FLICA assay in all 43 pa-
tients after 24 hours of culture and in 14 of these patients
also at second time-point after 48 hours of culture. Simulta-
neously, in 20 patients spontaneous apoptosis was assessed
by annexin-V/ PI assay. PBMN cells isolated from six con-
trols were evaluated at 24- and 48-hour culture by both
methods. As was previously described [37], the results of
these two techniques showed significant correlation
(r=0.84, p=0.0001). Therefore, statistical analysis was per-
formed based on the frequency of FLICA positive cells.

Among analyzed B-CLL samples the Al varied dis-
tinctly. Median Al was 27.7% (range 2.9-72.8) and 34.7%
(range 11.8-69.6) after 24 and 48 hours of incubation, re-
spectively. The medians of Al detected in normal PBMN
cells were 3.9% (range 1.6-7.4) in 24-hour culture and 7.4
(range 1.8-29.3) in 48-hour culture. The AI at both time
points were significantly higher in B-CLL than in normal
subjects, p=0.0001 and p=0.0038 in 24 and 48-hour culture,
respectively (Fig. 1). Interestingly apoptosis after 24 hour
culture was more prominent among female B-CLL patients
than in males (Fig. 2). Median AI among female patients
(n=19) was 29.7, while only 19.2 among male patients
(n=24), p=0.048. This finding could not be attributed to
distribution of patients with early or advanced B-CLL clin-
ical stage, which was comparable in both gender groups
(data not shown). No other significant associations were
shown between Al and clinical or laboratory patient char-
acteristics.

P-gp status and spontaneous apoptosis. Moderate,
although significant inverse correlation was found between
percentage of apoptotic cells and the P-gp expression after
24-hour culture (r=-0.36, p=0.019) (Fig. 3). Moreover,
when the cut-off was set at D=0.2, Al in P-gp positive
B-CLL samples (median 18.4%) was significantly higher
than in P-gp negative samples (median 29.7%) in 24 hour
culture, p=0.026. No significant associations were found for
P-gp expression and Al of 48-hour culture or when P-gp
activity data was analyzed.

Discussion

B-CLL cells are resistant to apoptosis in vivo, but under-
gorapid spontaneous apoptosis in vitro. Here we found, that
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rate of in vitro spontaneous apoptosis was significantly high-
er in B-CLL lymphocytes as compared to normal PBMN
cells (medians of AI 27.7% vs. 3.9%, p=0.0001 and 34.7%
vs. 7.4%, p=0.0038, in 24 and 48-hour culture respectively).
Theoretically, this high susceptibility to spontaneous apop-
tosis of cultured B-CLL cells may be a consequence of de-
ficiency in culture of either an established or yet undefined
survival factor. Several cytokines were shown to promote
cultured B-CLL cells survival e.g. interleukin (IL)-2, IL-4,
IL-13 [10, 17, 20]. Moreover, the interactions of malignant
cells with different subset of leukocytes including recently
described blood-derived nurse-like cells as well as with stro-
mal cells were proposed to enhance their resistance to apop-
tosis [6, 22]. Furthermore, homotypic interactions in B-CLL
clone seem to be also of importance [28].

In this study, we aimed to explore another potential me-
chanism that may be associated with resistance to apoptosis
of B-CLL cells, that is expression of P-gp. We found that P-
gp was expressed in 42% of the tested subjects and verapa-
mil modulated efflux was present in 41% patients, that is in
accordance with proportions found by others (40-100%)
(10-14). However, the necessity of using arbitrary cut-offs
to distinguish P-gp positive samples as well as differences in
applied methods limit the value of such comparisons [2]. In
our study P-gp protein expression did not correlate with the
results of the functional test. The presence of such discor-
dance was previously reported in AML [24]. This could be
partially explained by relatively high expression in B-CLL
of other ABC transporters with verapamil-modulated affi-
nity to Rh123 e.g. multidrug resistance associated protein-1
(MRP1) [5], and according to our observations also breast
cancer resistance protein (ABCG2) [18].

The most interesting finding of this study was significant
inverse correlation between P-gp expression and the fre-
quency of apoptotic B-CLL cells (r=-0.36, p=0.019). More-
over, B-CLL cells expressing P-gp were more resistant to
apoptosis as compared to P-gp negative cells with the arbi-
trary chosen cut-off value. As far as we know, this is the first
report suggesting that P-gp expression on B-CLL malignant
cells may contribute to phenomenon of their longevity.
PALLIS et al found negative correlation of P-gp expression
and decreased spontaneous apoptosis of de novo AML
samples [27]. In another study, GOLLAPUD et al reported
that blocking P-gp activity by anti-P-gp antibody induced
apoptosis of activated peripheral blood lymphocytes [15].
Our observation is indirectly supported by the fact that ver-
apamil increases in vitro toxicity of non-MDR drugs and
cause clinical response in B-CLL [3, 38]. Since this activity
of verapamil is most probably due not only to P-gp inhibi-
tion, we currently study the in vitro effect of blocking P-gp
by specific monoclonal antibody on spontaneous apoptosis
in B-CLL.

The mechanism by which P-gp can protect B-CLL cells

from caspase-dependent death is unclear. RUEFFLI et al
have shown that although all caspases are present in P-gp
expressing cells, the activation of caspase-8, but not forma-
tion of death inducing signal complex (DISC), was inhibited
by P-gp [31]. PALLIS et al reported that P-gp augmented cell
survival in P-gp positive AML samples by modulation of
sphingomyelin-ceramide pathway [27]. Also alkalinization
of intracellular environment by P-gp can lead to non-effi-
cient caspase activation. Additionally, some cytokines in-
cluding IL-2 or IL-4 that can act in autocrine/paracrine
manner in B-CLL tumor were suggested to be transported
by P-gp [12]. In this study we observed that apoptosis rates
correlated negatively with P-gp expression, but not with P-
gp activity. These data suggest that efflux-independent me-
chanism may promote B-CLL cell survival by P-gp. One of
possible mechanisms would be a co-expression of P-gp with
some anti-apoptotic molecules. Association of P-gp with
bel-2 was previously described in B-CLL patients [4].

Another finding of this study is the gender difference in
the rate of spontaneous apoptosis among the B-CLL pa-
tients. The PBMC samples from female B-CLL patients
showed decreased resistance to spontaneous in vitro apop-
tosis when compared with male patients (median AI129.7 vs.
19.2, p=0.048). It was reported that women with B-CLL
have more benign course of the disease than males [7]. OLI-
VIEIRA and co-workers have shown that resistance to spon-
taneous apoptosis increases with the progression of the
disease [25]. STEINER et al found lower P-gp activity in
female B-CLL patients and proposed this as explanation
for better prognosis in women [35]. Here, we found that
low P-gp protein expression is linked with higher rates of
B-CLL cells undergoing apoptosis in vitro. Taking these
data together, lower P-gp activity and higher susceptibility
to spontaneous apoptosis can be related with better clinical
outcome in female B-CLL patients. However, further re-
search to verify this hypothesis is necessary.

In conclusion, we found negative correlation between P-
gp expression and the rate of spontaneous apoptosis in B-
CLL. We suggest that relatively high intrinsic expression of
P-gp in B-CLL can be additional mechanism, in which B-
CLL become resistant to apoptosis. Thus, the therapeutical
strategies targeting P-gp may be justified, even though
drugs typically used in B-CLL i.e. chlorambucil or purine
analogs are not transported by P-gp. New types of antic-
ancer agents combining cytotoxicity with internal activity
of P-gp inhibitors (e.g. selective protein kinase C inhibitor
PKC 412), or overcoming P-gp-mediated resistance by act-
ing in caspase-independent manner, may provide an inter-
esting alternative for treatment of B-CLL [14, 30]. The
difference in the rates of spontaneous apoptosis among
male and female patients, which was also detected in this
study, may be related to gender-dependent variations in the
prognosis of B-CLL.



186

JAMROZIAK, SMOLEWSKI, CEBULA, SZMIGIELSKA-KAPLON et al.

References

(1]

2]

3]

[4]

(5]

[6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

AMBDUKAR SV, DEY S, HRYCYNA CA, RAMACHANDRA M,
PASTANI, GOTTESMAN MM. Biochemical, cellular, and phar-
macological aspects of the multidrug transporter. Annu Rev
Pharmacol Toxicol 1999; 39: 361-398.

BECK WT, GROGAN TM, WILIAM CL, CORDON-CARDO C,
PARHAM DM, KUTTESH JF et al. Methods to detect P-glyco-
protein-associated multidrug resistance in patients’ tumors:
consensus recommendations. Cancer Res 1996; 56: 3100—
3120.

BERREBI A, SHTALRID M, KLEPFISH A, BASSOUS L, KUSHNIR
M, SHULMAN L et al. Verapamil inhibits B-cell proliferation
and tumor necrosis factor release and induces clinical re-
sponse in B-cell chronic lymphocytic leukemia. Leukemia
1994; 8: 2214-2216.

BOSANQUET AG, BELL PB, BURLTON AR, AMOS TA. Correla-
tion of bcl-2 with P-glycoprotein expression in chronic lym-
phocytic leukemia and other haematological neoplasms but
of neither marker with ex vivo chemosensitivity or patient
survival. Leuk Lymphoma 1996; 24: 141-147.

BURGER H,NOOTER K, SONNEVELD P, VAN WINGERDENKE,
ZAMAN GJ, STOTER G. High expression of the multidrug
resistance-associated protein (MRP) in chronic and prolym-
phocytic leukaemia. Br J Haematol 1994; 88: 348-356.
BURGER JA, TSUKADA N, BURGER M, ZVAIFLER NJ,
DELL’AQUILA M, KIPPS TJ. Blood-derived nurse-like cells
protect chronic lymphocytic leukemia B cells from sponta-
neous apoptosis through stromal cell-derived factor-1.
Blood 2000; 96: 2655-2663.

CATOVSKY D, FOOKS J, RICHARDS S. Prognostic factors in
chronic lymphocytic leukaemia: the importance of age, sex
and response to treatment in survival. A report from the
MRC CLL 1 trial of MRC Working Party on Leukaemia
in Adults. Br J Haematol 1989; 72: 141-149.

CHAOUCHIN, WALLON C, GOUJARD C, TERTIAN G, RUDENT
A, CAPUT D et al. Interleukin-13 inhibits interleukin-2-in-
duced proliferation and protects chronic lymphocytic leuke-
mia B cells from in vitro apoptosis. Blood 1996; 1022-1029.
CONSOLI U, SANTONOCITO A, STAGNO F, FIUMARA P, PRIVI-
TERA A et al. Multidrug resistance mechanisms in chronic
lymphocytic leukaemia. Br J Haematol 2002; 116: 774-780.
DANCESCU M, RUBIO-TRUJILLO M, BIRON G, BRON D, DELE-
SPESSE G,SARFATIM. Interleukin 4 protects chronic lympho-
cytic leukemic B cells from death by apoptosis and
upregulates Bcl-2 expression. J Exp Med 1992; 176: 1319-
1326.

DEL POETA G, VENDITTI A, DEL PRINCIPE MI, MAURILLO L,
BUCCISANO F, TAMBURINI A et al. Amount of spontaneous
apoptosis detected by bcl-2/bax ratio predicts outcome in
acute myeloid leukemia (AML). Blood 2003; 101: 2125-
2131.

DRACH J, GSUR A, HAMILTON G, ZHAO S, ANGERLER J et al.
Involvement of P-gp in the transmembrane transport of In-
terleukin-2, IL-4 and interferone gamma in normal human
T-lymphocytes. Blood 1996; 88: 1747-1754.

FRIEDENBERG WR, SPENCER SK, MUSSER C, HOGAN TF,
RODVOLD KA et al. Multi-drug resistance in chronic lym-

[14]

[15]

[16]

[17]

18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

(27]

phocytic leukemia. Leuk Lymphoma 1999; 34: 171-178.
GANESHAGURU K, WICKREMASINGHE RG, JONES DT, GOR-
DONM,HARTSM et al. Actions of the selective protein kinase
C inhibitor PKC412 on B-chronic lymphocytic leukemia
cells in vitro. Haematologica 2002; 87: 167-176.
GOLLAPUD S, GUPTA S. Anti-P-glycoprotein antibody-in-
duced apoptosis of activated peripheral blood lymphocytes:
a possible role of P-glycoprotein in lymphocyte survival. J
Clin Immunol 2001; 21: 420-430.

HANADA M, DELIA D, AIELLO A, STADTMAUER E, REED J.
bcl-2 gene hypomethylation and high-level expression in B-
cell lymphocytic leukemia. Blood 1993; 82: 1820-1828.
HUANG RW, TSUDA H, TAKATSUKI K. Interleukin-2 prevents
programmed cell death in chronic lymphocytic leukemia
cells. Int J Hematol 1993; 58: 83-92.

JAMROZIAK K, SMOLEWSKI P, ROBEY RW, CEBULA B, BAL-
CERCZAK E, MIROWSKI M et al. Expression of ABC family
transporters: breast cancer resistance protein (ABCG2) and
P-glycoprotein in Chronic Lymphocytic Leukemia (CLL).
Proceedings of AACR Annual Meeting 2003: Cancer Res
2003; 44: 136.

JOHNSTONE RW, CRETNEY E,SMYTH MJ. P-glycoprotein pro-
tects leukemia cells against caspase-dependent, but not cas-
pase-independent, cell death. Blood 1999; 93: 1075-1085.
KITADA S, ZAPATA JM, ANDREEFF M, REED JC. Protein ki-
nase inhibitors flavopiridol and 7-hydroxy-staurosporine
down-regulate antiapoptosis proteins in B-cell chronic lym-
phocytic leukemia. Blood 2000; 96: 393-397.

KOOPMAN G, REUTELINGSPERGER CP, KUIJTEN GA, KEEH-
NEN RM, PALS ST, VAN OERS MH. Annexine V for flow cyto-
metric detection of phosphatydylserine expression on B
cells undergoing apoptosis. Blood 1994; 84: 1415-1420.
LAGNEAUXL, DELFORGE A, BRON D, DE BRUYN C, STRYCK-
MANS P. Chronic lymphocytic leukemic B cells but not nor-
mal B cells are rescued from apoptosis by contact with
normal bone marrow stromal cells. Blood 1998; 91: 2387—
2396.

LAI GM, CHEN YN, MICKLEY LA, FOJO AT, BATES SE. P-gly-
coprotein expression and schedule dependence of adriamy-
cin cytotoxicity in human colon carcinoma cell lines. Int J
Cancer 1991; 49: 696-703.

LEITH CP, CHEN IM, KOPECKY KJ, APPELBAUM FR, HEAD DR
et al. Correlation of multidrug resistance (MDR1) protein
expression with dye/drug efflux in acute myeloid leukemia
by multiparameter flow cytometry: identification of discor-
dant MDR1-/efflux+ and MDR1+/efflux- cases. Blood 1995;
86: 2329-2324.

OLIVEIRA GB, PEREIRA FG, METZE K, LORAND-METZE.
Spontaneous apoptosis in chronic lymphocytic leukemia
and its relationship to clinical and cell kinetic parameters.
Cytometry 2001; 46: 329-335.

PALLIS M, RUSSELL N. P-glycoprotein expression is asso-
ciated with resistance to spontaneous in vitro apoptosis in
AML. Leukemia 1999; 13: 1468-1469.

PALLIS M, RUSSELL N. P-glycoprotein plays a drug-efflux-
independent role in augmenting cell survival in acute mye-
loblastic leukemia and is associated with modulation of
a sphingomyelin-ceramide apoptotic pathway. Blood 2000;
95:2897-2904.



P-GLYCOPROTEIN EXPRESSION WITH SPONTANEOUS APOPTOSIS

187

28]

[29]

30]

[31]

32]

33]

34]

PETTITT AR, MORAN EC, CAWLEY JC. Homotypic interac-
tions protect chronic lymphocytic cells from spontaneous
death in vitro. Leuk Res 2001; 25: 1003-1012.
RINGSHAUSEN I, SCHNELLER F, BOGNER C,HIPP S, DUYSTER
J et al. Constitutively activated phosphophatidyylinoinosi-
tol-3 kinase (PI-3K) is involved in the defect of apoptosis in
B-CLL.: association with protein kinase C delta. Blood 2002;
100: 3741-3748.

RUEFLI AA, SMYTH MJ, JOHNSTONE RW. HMBA induces
activation of a caspase-independent cell death pathway to
overcome P-glycoprotein-mediated multidrug resistance.
Blood 2000; 95: 2378-2385.

RUEFLI AA, TAINTON KM, DARCY PK, SMYTH MJ, JOHN-
STONE RW. P-glycoprotein inhibits caspase-8 activation but
not formation of the death inducing signal complex (disc)
following Fas ligation. Cell Death Differ 2002; 9: 1266-1272.
SHUSTIK C, GROULX N, GROS P. Analysis of multidrug resis-
tance (MDR-1) gene expression in chronic lymphocytic leu-
kaemia (CLL). Br J Haematol 1991; 79: 50-56.
SMOLEWSKI P, BEDNER E, DU L, HSIEH TC, WU JM et al. De-
tection of caspases activation by fluorochrome-labeled in-
hibitors: multiparameter analysis by laser scanning
cytometry. Cytometry 2001; 44: 73-82.

SMYTH MJ, KRASOVSKIS E,SUTTON VR, JOHNSTONE RW. The

[35]

[36]

[37]

[38]

drug efflux protein, P-glycoprotein, additionally protects
drug-resistant tumor cells from multiple forms of caspase-
dependent apoptosis. Proc Natl Acad Sci USA 1998; 95:
7024-7029.

STEINER H, POLLIACK A, KIMCHI-SARFATY C, LIBSTER D,
FIBACH E, RUND D. Differences in rhodamine-123 efflux in
B-type chronic lymphocytic leukemia suggest possible gen-
der and stage variations in drug-resistance gene activity.
Ann Hematol 1998; 76: 189-194.

SVOBODA-BEUSAN I, KUSECR, BENDELJA K, TUDORIC-GHE-
MO I, JAKSIC B et al. The relevance of multidrug resistance-
associated P-glycoprotein expression in the treatment re-
sponse of B-cell chronic lymphocytic leukemia. Haematolo-
gica 2000; 85: 1261-1267.

SZMIGIELSKA-KAPLON A, SMOLEWSKI P, NAJDER M, ROBAK
T. Evaluation of apoptosis induced in vitro by cladribine (2-
CdA) combined with anthracyclines in lymphocytes from
patients with B-cell chronic lymphocytic leukemia. Ann He-
matol 2002; 81: 508-513.

VILPO J,KOSKI T, VILPO L. Calcium antagonists potentiate P-
glycoprotein-independent anticancer drugs in chronic lym-
phocytic leukemia cells in vitro. Haematologica 2000; 85:
806-813.





