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B-cell chronic lymphocytic leukemia (B-CLL) is characterized

by the accumulation of resting lymphocytes. The identifica-

tion of p27kip1, a cyclin-dependent kinase inhibitor that

contributes to cell cycle arrest and represents a link between

extracellular signals and cell cycle, prompted us to study p27

protein in the lymphocytes from 88 patients with B-CLL and

32 patients with other chronic B-lymphoproliferative disor-

ders. The expression of p27 protein was higher in B-CLL

samples with variations among them. In B-CLL, p27 levels

were independent of absolute number of circulating lympho-

cytes, but strongly correlated with both lymphocyte and

total tumor mass (TTM) doubling time. High p27 expression

was associated with a poorer overall prognosis. In vitro,

there was an increased spontaneous survival of B-CLL cells

expressing high p27 levels. Interleukin-4 (IL-4) upregulated

p27 levels in B-CLL cells, while fludarabine decreased p27

levels. Thus, our results indicate that p27 may be a valuable

kinetic marker in B-CLL by providing instantaneous estima-

tion of the disease doubling time. In addition, these results

suggest that there is a link between p27 expression and the

ability of CLL cells to undergo apoptosis.
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B-CELL CHRONIC LYMPHOCYTIC leukemia (B-CLL),
the most frequent form of leukemia in Western countries,

is a disease with a low proliferative activity characterized by the
progressive accumulation of clonal B lymphocytes in early
phases (G0/G1) of the cell cycle.1,2 The pathogenesis of the
disease remains largely unknown, but recent investigations
indicate that defective apoptosis (programmed cell death) may
play an important role in clonal expansion.3 Previous studies
have suggested that the deregulation of some cell cycle
regulatory genes may contribute to the malignant process of
chronic B-lymphoproliferative disorders.4-6

In the past few years, major insights have been accomplished
in the understanding of the complex mechanisms that regulate
the eukaryotic cell cycle.7,8 The progression through the differ-
ent phases of the cell cycle is governed by the cyclin-dependent
kinase (cdk) complexes consisting of a positive regulatory
cyclin subunit and a catalytic serine/threonine kinase subunit.
Several cyclin-cdk complexes are sequentially required at
different checkpoints of the cell cycle. More recently, negative
regulatory elements called cyclin-dependent kinase inhibitors
(CKI) have been identified.9,10 CKI may be divided into two
groups that differ in sequence homology and mechanism of
action. Members of the KIP/CIP family including p21Cip1/WAF1,
p27Kip1, and p57Kip2, inhibit all cyclin-dependent kinases by
direct binding to cdk complexes, while the members of the
INK4 family (p15INK4B, p16INK4A, p18INK4C, and p19INK4D)
interact exclusively with cdk4 and cdk6 by competing with the
cyclin for the association with the kinase.

p27Kip1 (p27) is mainly involved in growth inhibitory pro-
cesses. It is highly expressed when cells are arrested in G0/G1
and its expression declines as cells progress toward S phase.11-13

In vitro, the overexpression of p27 has been shown to arrest
cells in G0/G1, suggesting that this CKI has a pivotal role in cell
cycle exit.14 p27 expression is upregulated by cell to cell contact
and growth inhibitory cytokines such as transforming growth
factor-b (TGF-b) or interferon gamma, showing that p27 is an
important link between extracellular signals and the cell cycle
machinery.15-18

The key role of p27 in the early phases of the cell cycle led us
to study its expression in accumulative disorders such as
B-CLL. We have therefore investigated the expression of p27
protein in B-CLL and other chronic B-cell malignancies and
correlated its level of expression with clinical data. In addition,
we have also studied both the influence of p27 level on the in
vitro survival of B-CLL cells and the behavior of p27 expres-
sion after exposure to apoptosis modulating agents.

MATERIALS AND METHODS

Patients. Peripheral blood samples from 88 patients with chronic
B-CLL obtained between 1993 and 1997 were studied. Apart from
appropriate clinical and cytological features, the diagnosis of B-CLL
relied on a characteristic phenotype with CD5 positivity, weak expres-
sion of surface immunoglobulins, and for the 56 most recent cases,
CD23 positivity and lack of reactivity with FMC7 antibody, as assessed
by flow cytometry analysis.19Additional samples from 32 patients with
other leukemic B-lymphoproliferative disorders (14 lymphoplasma-
cytic lymphomas [LPL], 13 mantle cell lymphomas [MCL], and five
prolymphocytic leukemias [PLL]) were also studied. All of the patients
included in this study were followed in our institution.

Clinical charts of all patients were reviewed and the following data
recorded: white blood cell (WBC) and lymphocyte counts, clinical stage
according to Binet classification,20 as well as total tumor mass (TTM)
score.21 Both lymphocyte and TTM doubling time (DT) (defined as the
time needed to reach twice the value of initial observation) were
calculated for the untreated patients.

Cell isolation and culture. Peripheral blood from patients with
leukemic chronic B-cell malignancies was obtained after informed
consent. Blood mononuclear cells were isolated by Ficoll-Hypaque
density gradient and monocytes removed by plastic adherence. B and T
lymphocytes from normal healthy donors were separated by sheep
erythrocyte rosetting.

For some experiments, freshly isolated cells were cultured at a final
concentration of 23 106/mL in RPMI 1640 containing 10% heat-
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inactivated fetal calf serum (FCS), glutamine 2 mmol/L, penicillin 50
U/mL, and streptomycin 50 µg/mL at 37°C in a 5% CO2 humidified
atmosphere. Normal T lymphocytes were stimulated with phorbol
myristate acetate (PMA) 1 ng/mL (Sigma, St Quentin, France) and
phytohemagglutinin (PHA) 10 µg/mL (Sigma). B-CLL cells were
cultured for 5 days in medium alone or added with fludarabine (53 10-6

mol/L) or interleukin-4 (IL-4; 10 ng/mL).
Protein extracts. A total of 1 3 107 cells were lysed in buffer (Tris

20 mmol/L pH8, NaCl 150 mmol/L, Triton-X 100 1%, EDTA 5
mmol/L, Na orthovanate 1 mmol/L, NaF 10 mmol/L, leupeptin 10
µg/mL, aprotinin 10 µg/mL, phenylmethyl sulfonyl fluoride [PMSF]
100 µg/mL) for 20 minutes at14°C. Lysates were spun at 12,000 rpm
for 15 minutes and supernatant collected. Protein concentration was
assessed by the Bio-Rad assay method (Bio-Rad Laboratories, Rich-
mond, CA). Protein extracts were either used immediately for Western
blotting or frozen at270°C.

Western blotting. A total of 100 µg of protein extracts was separated
by 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to Immobilon-P membranes (Millipore,
Bedford, MA). Membranes were blocked for 1 hour in 5% nonfat dry
milk phosphate-buffered saline (PBS) and incubated with purified rabbit
anti-p27 antibody at 1 µg/mL (kind gift from G. Ponzio, INSERM
U364, Nice, France). Subsequently, filters were washed twice in Tris 10
mmol/L pH7.5, NaCl 200 mmol/L, and Tween 0.05% and incubated
with an appropriate horseradish peroxidase-linked secondary antibody
at a 1:10,000 dilution for 1 hour. Membranes were washed three times in
the same rinsing buffer, and detection was performed by enhanced
chemoluminescence protocol (ECL,Amersham, Buckinghamshire, UK).
Control of protein deposition was assessed by subsequent hybridization
of membranes with an anti-HSP 72/73 antibody at 0.5 µg/mL (Onco-
gene Research Products, Cambridge, MA).

Signal quantitation on Western blots. Films were scanned on a
densitometer and signals quantitated using the Bioprofil software
(Vilber Lourmat, Marne la Valle´e, France). For each sample, the p27
value was expressed as the ratio of the signal obtained to that of a
positive control. The latter originated from a B-CLL patient whose
lymphoid cells expressed high level of p27 protein. The cell lysates of
this control were obtained from one sampling and contained enough
proteins to be loaded on each gel. To make sure the Western blot assay
and signal quantitation were accurate throughout the range of protein
found in the samples, we generated a standard curve by serial dilution of
recombinant p27 protein (Santa Cruz Biotechnology Inc, Santa Cruz,

CA) and compared it with serial dilutions of our positive control and to
representative samples.

RNA extraction and Northern blot.RNA was extracted by the
guanidium thiocyanate-phenol-chloroform method as described by
Chomczynski and Sacchi.22 Briefly, 10 µg of total RNA were subjected
to 1% 3-N-morpholino propane sulfonic acid (MOPS)/formaldehyde
agarose gel electrophoresis and blotted onto nitrocellulose membranes.
The blots were hybridized overnight with a32P-labeled human 58 cDNA
p27 probe (obtained by reverse transcriptase-polymerase chain reaction
[RT-PCR]). Filters were washed twice in 2X SSC, 0.1% SDS at 50°C
for 15 minutes and then twice in 0.2X SSC, 0.1% SDS at 50°C for 15
minutes. Autoradiography was performed for 3 days at280°C using
intensifying screens.

Cell viability and apoptosis. Percentage of viable B-CLL cells in
culture was determined by the trypan blue dye exclusion test. Apoptosis
of cells in culture, either in medium alone or after exposure to
fludarabine or IL-4, was assessed by immunocytochemistry using an in
situ cell death detection kit (Boehringer Mannheim, Meylan, France).
Briefly, cells were fixed in 10% neutral buffered formalin for 15 minutes
before being spun down on slides. Slides were incubated with methanol
at 220°C for 5 minutes, then with 0.25% Triton-X 100 in TBS at room
temperature for 5 minutes and TUNEL reaction mixture was added
according to manufacturer’s instructions. Revelation was made with
alkaline phosphatase substrate solution (Vector Laboratories, Burlingame,
CA). The percentage of apoptotic cells was determined on 500 cells.

Statistical methods. Standard regression analysis,t-test, and the
nonparametric Mann-Whitney test were used to determine possible
correlations between p27 levels and corresponding data. Survival
curves were plotted according to the Kaplan-Meier method and
differences between curves estimated by means of log-rank test. Length
of overall survival was measured from the date of sample collection to
the date of last follow-up or death.

RESULTS

Expression of p27 protein in normal lymphocytes and tumor
cells from B-CLL and other chronic B-cell disorders.We first
examined p27 protein expression in normal resting B and T
lymphocytes from peripheral blood of healthy donors and found
p27 to be consistently highly expressed. When T lymphocytes
were exposed to mitogens (PMA and PHA), p27 expression

Fig 1. Western blot analysis

of p27 protein expression in nor-

mal lymphocytes and lympho-

proliferative disorders. (A) A

membrane containing protein ex-

tracts from normal resting B lym-

phocytes (B0), normal resting T

lymphocytes (T0), PMA 1 PHA-

stimulated T lymphocytes after

12 (T12) and 72 (T72) hours of

culture. (B) A membrane contain-

ing protein extracts from periph-

eral blood lymphocytes of the

B-CLL patient serving as positive

control (C), and peripheral blood

lymphocytes of five B-CLL pa-

tients (no. 1 through 5), a patient

with MCL (no. 6), and two LPL

patients (no. 7 and 8). Each lane

was loaded with 100 mg of total

protein. Blots were exposed to

anti-p27 antibody and anti-HSP

72/73 as protein deposit control.
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decreased within 12 hours of culture (Fig 1), a time point
corresponding to mid G1.23

All B-CLL patients whose tumor cells were analyzed in this
study had more than 43 109/L circulating lymphocytes at the
time of collection. There were 33 female and 55 male patients,
and their mean age was 65.5 years (range, 35.7 to 84.5). Blood
samples were collected at the time of diagnosis in 21 patients
and later in the course of the disease in 67 patients, among
whom 39 had received prior treatment and 28 patients had not.
p27 protein was expressed in all the 88 B-CLL samples
examined. However, the level of expression was variable
among samples, with a ratio to control (as defined in the
Materials and Methods section) ranging from 0.1 to 2.3 (mean,
0.516 0.42) (Fig 1). Overall, the expression of p27 in samples
from other chronic B-cell malignancies was significantly lower
than the one observed in B-CLL: PLL 0.376 0.42; LPL 0.276
0.38; MCL 0.126 0.21 (Fig 2).

Expression of p27 mRNA.Thirteen representative B-CLL
samples expressing various p27 protein levels and normal
resting T lymphocytes were examined by Northern blot. In all of
these cases, only the expected 2.5-kb normal transcript was
detected (data not shown). p27 mRNA expression was roughly
identical in all samples and there was no correlation between the
intensity of mRNA signal and protein expression.

Correlation between p27 protein expression and clinical data
in B-CLL. p27 levels in samples collected at diagnosis did not
differ significantly from p27 levels in samples taken later during
the course of the disease (mean, 0.476 0.42 v 0.52 6 0.43).
There was no significant difference of p27 expression as well
between samples from untreated and from previously treated
patients (mean, 0.466 0.38 v 0.57 6 0.47). No statistically
significant correlation was found between the level of p27

expression and both the absolute number of circulating lympho-
cytes or the TTM score. In contrast, p27 expression was
strongly correlated to the lymphocyte DT and the TTM DT in
the 57 patients for whom the follow-up without treatment was
sufficient for these parameters to be calculated. Lymphoid cells
from patients with a short lymphocyte DT (# 12 months)
exhibited higher p27 expression than those from patients with a
longer lymphocyte DT (0.666 .52 v 0.356 0.33,P 5 .005).
Similar results were observed in patients with a relatively short
TTM DT (# 24 months) when compared with those with a more
prolonged TTM DT. p27 expression was also sequentially
analyzed during the course of the disease in 10 patients. The
interval between two p27 determinations ranged from 3 to 48
months. In the three patients with unquestionable disease
progression, there was a significant increase of p27 expression,
whereas p27 remained roughly at the same level in five
untreated patients with stable disease, whatever the blood
lymphocyte count was (from 32 up to 2483 109/L). In the two
patients under cytostatic treatment, only a slight decrease of p27
expression was observed (data not shown). To analyze the
prognostic significance of p27 expression on survival, CLL
patients were stratified into low and high p27 expressors (ratio
to control# 0.31, n5 34 and ratio to control. 0.31, n5 51,
respectively). Mean time elapsed from diagnosis to sample
collection did not differ significantly between the two groups
(low p27, 48.5 months6 55.2; high p27, 53.86 60.2). Mean
observation period from sample collection was 14.1 months
(range, 0.6 to 48.5). The overall survival from the date of
sampling was shorter in patients with a high p27 expression
(median survival, 24.4 months) than in patients with a low p27
expression (median not reached) (P 5 .016) (Fig 3). The
number of patient samples tested was not sufficient to allow
comparison through multivariate analysis of the independency
of p27 expression level from other prognostic factors. It is
noteworthy that there were more patients with advanced Binet’s
stage C disease among the high p27 expressors (37%) than
among the low p27 expressors (14.7%) (P 5 .02). A contribu-
tive blood karyotype was available in 40 patients, and p27
expression was not correlated with the presence or the absence
of cytogenetic abnormalities (mean, 0.586 0.34v 0.556 0.61).

In vitro viability of B-CLL cells and p27 expression.Lym-
phoid cells from 31 B-CLL patients were cultured in medium
alone, and cell viability was assessed at 24 hours, 48 hours, 72
hours, and 5 days. Cells expressing a high level of p27 survived
longer in culture (70%6 21.2% viable cells at day 5) than cells
with a low p27 expression (45.86 17 viable cells at day 5,P 5
.02) (Fig 4). Because B-CLL cells in culture die spontaneously
by apoptosis, these data show that high p27 expression is
correlated with a decreased rate of apoptosis in vitro.

Effects of fludarabine and IL-4 exposure on p27 expression.
We assessed the variations of p27 protein expression in 14
B-CLL samples after a 5-day in vitro culture in the presence of
apoptosis modulating agents.

In all samples, decreased viability as measured by trypan blue
dye exclusion test was closely related to increased apoptosis as
assessed by TUNEL assay. For each experiment, control value
was that of cells after 5 days of culture in medium alone. As
expected, cell viability was increased in the presence of IL-4
compared with control and less apoptotic cells (19%6 3% in

Fig 2. Levels of p27 protein expression in different chronic B-lym-

phoproliferative disorders. Mean levels of p27 in B-CLL are higher

than in other lymphoproliferative disorders, reaching statistical signifi-

cance (Kruskal and Wallis, P F .001).
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medium1 IL-4 v 29%6 8% in medium alone) were observed
at day 5. On the contrary, in all cases, cells exposed in vitro to
fludarabine exhibited less viability and more apoptosis (83%6
13%) . We studied p27 protein expression after 5 days of in vitro
culture with and without modulating agents. When expressed as
the ratio of p27 level after exposure to IL-4 to p27 level in
medium alone (5 control) at day 5, p27 expression was stable
or increased in 12 of 14 cases (P 5 .004) (Fig 5). In 12 of 14
cases, p27 levels were significantly lower after exposure to
fludarabine ranging from 1% to 80% of p27 expression in
medium alone (P 5 .0001).

DISCUSSION

B-CLL results from the progressive accumulation of primar-
ily noncycling CD51 clonal B lymphocytes with abnormally
prolonged survival. Because of this distinctive feature, conven-

tional kinetic studies are irrelevant in B-CLL, for they mostly
assess S and G21 M phases. They do not provide appropriate
information on the early phases of the cell cycle, while even in
clinically aggressive disease, there is only a small percentage of
cells out of G0/G1. These findings highlight the need for these
early phases to be investigated in B-CLL. In the past few years,
different cyclin-dependent kinase inhibitors have been identi-
fied and their role in the regulation of the cell cycle machinery is
currently being elucidated.24-26p27 plays a key role in maintain-
ing cells arrested in a quiescent state.14,18As we confirmed here
in T lymphocytes from healthy donors, p27 protein is highly
expressed in normal G0/G1 cells. Its level falls down rapidly
after mitogenic stimulation and remains low thereafter in
actively proliferating cells.27

We investigated p27 protein expression in the peripheral
blood lymphoid cells from 88 patients with B-CLL and 32
patients with other leukemic chronic B-cell lymphoproliferative
disorders. p27 protein was expressed in all cases, but its level
appeared significantly higher in B-CLL than in other B-cell
malignancies, namely MCL and PLL. There was no correlation
between p27 mRNA and protein levels, and this is consistent
with previous reports in other models showing that p27
regulation is posttranscriptional.28-30

The clinical course of B-CLL is highly variable and reliable
individual prognostic tools are still limited.31,32Although they
have a powerful overall significance, the currently used staging
systems do not allow prognostic discrimination within each
group. Both the lymphocyte DT33 and the TTM DT21 were
shown to provide useful prognostic information in B-CLL.
They do reflect the kinetics of the disease, but they require
several months of follow-up to be calculated. We found that the
level of p27 protein expression was variable among B-CLL
patients and correlated strongly with both the lymphocyte DT
and the TTM DT. Patients with high p27 lymphocyte levels had
shorter lymphocyte and TTM DT, as well as poorer clinical
outcome and survival. It should be noted that there were
significantly more patients with advanced Binet’s stage C
disease among the high p27 expressors. The levels of p27 were
not linked to parameters, which are not related to the kinetic
characteristics of the disease, such as the absolute lymphocyte
count or the time elapsed since the diagnosis. They were not

Fig 3. Kaplan-Meier curve for survival from the

time of sampling according to p27 expression. High

levels of p27 are associated with a shorter survival

(Log rank test).

Fig 4. In vitro viability of B-CLL cells is related to p27 level of

expression. Lymphoid cells from 31 B-CLL patients were cultured up

to 5 days in RPMI1 10% FCS. Viability was assessed by trypan blue

exclusion. For each time point, the percentage of viable cells was

calculated. Data are presented as means 6 standard deviation

comparing 19 samples of high and 12 samples of low p27 expressing

cells. When cultured in vitro, B-CLL cells expressing higher p27 levels

had sustained viability as compared with cells expressing low p27

levels.
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significantly different either in patients who received prior
therapy and in those who did not. Therefore, the determination
of p27 protein level could provide instantaneous information
about the likelihood of a disease that might progress within a
few months. The sequential analysis that we performed on 10
patients showed that the lymphocyte p27 levels remained stable
in patients who had stable disease and increased in those who
experienced disease progression. For example, we observed a
dramatic increase (by 600%) of p27 protein level in one patient
with nodal progression, but no significant modification of blood
lymphocyte count. However, additional studies on a larger
number of patients are warranted to confirm the prognostic
value of p27 protein lymphocyte level.

The role of p27 in inhibiting proliferation is quite clearly
established. The consequences of p27 inactivation have been
studied in knock-out mice, which develop normally except for a
significant increase in both the size of organs and the number of
cells per organ, suggesting that p27 is necessary for physiologic
growth control.34-36 On infection of human breast cancer cells
with an adenoviral vector containing p27, a high level of p27
expression was observed, and this resulted in a marked decrease
in the proportion of cells in S-phase.37 p27 gene alterations have
been investigated in various human tumors, and unlike the
INK4 family of kinase inhibitors, were found to be very
uncommon.38-40 Nevertheless, several groups have recently
demonstrated an inverse correlation between the level of p27
protein expression and proliferative index, such as the staining
with Ki67 antibody in human tumors.41-44In breast or colorectal
carcinomas, p27 expression was significantly lower in the
tumor samples from patients with an aggressive disease and a
short survival.45-48Low p27 expression appeared therefore as an
adverse prognostic parameter, which is in striking contrast to
our findings in B-CLL. However, all of the malignancies in
which p27 has been studied so far may be viewed as prolifera-
tive diseases, while B-CLL is an accumulative one in which
progression does not result from excessive proliferation, but
from defective apoptosis. This led us to consider that high p27
expression might contribute in this setting to inhibition of
apoptosis.

Contrary to what is thought to occur in vivo, cultured B-CLL
cells rapidly die from apoptosis in vitro.49,50 We found, as

recently reported by Agular-Santelises et al,51 that B-CLL cells
of patients with progressive disease have a longer spontaneous
survival in vitro than those of patients with stable disease. The
bcl2 family of apoptosis regulatory proteins have been largely
investigated in B-CLL, but the results of these studies are
controversial.52-55 Some of them suggested that bcl2 protein
levels are not related to the extent of in vitro apoptosis or to
clinical behavior. Bax, a bcl2 homologue known to promote cell
death, is downregulated in B-CLL cells, as compared with
normal B-cells and has been found to be lower in patients with
progressive disease.56 However, some investigators proposed
that high bcl2/bax ratio correlates with resistance to cytostatic
agents rather than being indicative of advanced disease.57,58We
show here that cells expressing p27 at low levels died signifi-
cantly more rapidly in culture than cells expressing p27 at high
levels. These data support high p27 protein level as a possible
protection of B-CLL cells against apoptosis.

Several recent publications have shown that IL-4 promotes in
vitro survival of B-CLL cells by preventing spontaneous
apoptosis, but without inducing proliferation.54,59-62 Accord-
ingly, we observed less apoptotic cells in the samples cultured
in the presence of IL-4 than in controls. In most of these cases,
p27 level was higher after a 5-day exposure to IL-4, showing
that prevention of apoptosis by IL-4 is associated with the
increase or at least the maintenance of p27 level. This is in
agreement with recent reports in other models pointing out p27
as one of the possible mediators of the action of IL-4.63,64

Conversely, we found that in vitro restoration of apoptosis after
fludarabine65,66 exposure was associated in most cases with a
marked decrease of p27 expression. This suggests that the
decrease of p27 level is mandatory for apoptosis to occur and
provides additional evidence that p27 might play a role in the
apoptotic pathway.

Several investigators have studied the effects of transforming
growth factor (TGF)-b on B-CLL cells, and most of them have
found aberrant defective apoptotic responses to this growth
inhibitory factor.67,68Because p27 expression is upregulated by
TGF-b in normal cells, we are currently investigating the links
between TGF-b, p27, and apoptosis in B-CLL.

In this study, we have shown that p27 protein is variably
expressed in B-CLL cells and its level is correlated with the

Fig 5. Evolution of p27 expression in B-CLL cells

after 5 days of culture in the presence of IL-4 (10

ng/mL) or fludarabine (5 3 10-6 mol/L). For each

patient, results are expressed as the ratio of p27

expression at day 5 of culture in medium 1 IL-4 or

medium 1 fludarabine to p27 expression at day 5 in

medium alone (control value 5 100%).
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kinetic features of the disease. Contrary to other human
malignancies, high p27 level is associated with a poorer
outcome in B-CLL. Our in vitro results suggest that p27 level
might reflect the ability of CLL cells to undergo apoptosis.
Additional observations and experiments are required to ascer-
tain p27 as a possible component of the apoptotic pathway in
this disease.
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Cárdon-Cardo C: p27Kip1: Chromosomal mapping to 12p12-12p13.1
and absence of mutations in human tumors. Cancer Res 55:1211, 1995

40. Morosetti R, Kawamata N, Gombart AF, Miller CW, Hatta Y,
Hirama T, Said JW, Tomonaga M, Koeffler HP: Alterations of the
p27KIP1 gene in non-Hodgkin’s lymphomas and adult T-cell leukemia/
lymphoma. Blood 86:1924, 1995

41. Lloyd RV, Jin L, Qian X, Kulig E: Aberrant p27kip1 expression
in endocrine and other tumors. Am J Pathol 150:401, 1997

42. Mori M, Mimori K, Shiraishi T, Tanaka S, Ueo H, Sugimachi K,
Akiyoshi T: p27 expression and gastric carcinoma [letter]. Nat Med
3:593, 1997

43. Spirin KS, Simpson JF, Takeuchi S, Kawamata N, Miller CW,
Koeffler HP: p27/Kip1 mutation found in breast cancer. Cancer Res
56:2400, 1996

44. Sanchez-Beato M, Saez AI, Martinez-Montero JC, Sol Mateo M,
Sanchez-Verde L, Villuendas R, Troncone G, Piris MA: Cyclin-
dependent kinase inhibitor p27KIP1 in lymphoid tissue: p27KIP1
expression is inversely proportional to the proliferative index. Am J
Pathol 151:151, 1997

45. Fredersdorf S, Burns J, Milne AM, Packham G, Fallis L, Gillett
CE, Royds JA, Peston D, Hall PA, Hanby AM, Barnes DM, Shousha S,
O’Hare MJ, Lu X: High level expression of p27(kip1) and cyclin D1 in
some human breast cancer cells: Inverse correlation between the
expression of p27(kip1) and degree of malignancy in human breast and
colorectal cancers. Proc Natl Acad Sci USA 94:6380, 1997

46. Porter PL, Malone KE, Heagerty PJ, Alexander GM, Gatti LA,
Firpo EJ, Daling JR, Roberts JM: Expression of cell-cycle regulators
p27Kip1 and cyclin E, alone and in combination, correlate with survival
in young breast cancer patients. Nat Med 3:222, 1997

47. Tan P, Cady B, Wanner M, Worland P, Cukor B, Magi-Galluzzi
C, Lavin P, Draetta G, Pagano M, Loda M: The cell cycle inhibitor p27
is an independent prognostic marker in small (T1a,b) invasive breast
carcinomas. Cancer Res 57:1259, 1997

48. Loda M, Cukor B, Tam SW, Lavin P, Fiorentino M, Draetta GF,
Jessup JM, Pagano M: Increased proteasome-dependent degradation of
the cyclin-dependent kinase inhibitor p27 in aggressive colorectal
carcinomas. Nat Med 3:231, 1997

49. Collins RJ, Verschuer LA, Harmon BV, Prentice RL, Pope JH,
Kerr JF: Spontaneous programmed death (apoptosis) of B-chronic
lymphocytic leukaemia cells following their culture in vitro. Br J
Haematol 71:343, 1989

50. Begleiter A, Lee K, Israels LG, Mowat MR, Johnston JB:
Chlorambucil induced apoptosis in chronic lymphocytic leukemia
(CLL) and its relationship to clinical efficacy. Leukemia 8:S103, 1994

51. Agular-Santelises M, Rottenberg ME, Lewin N, Mellstedt H,
Jondal M: Bcl-2, Bax and p53 expression in B-CLL in relation to in
vitro survival and clinical progression. Int J Cancer 69:114, 1996

52. Buske C, Gogowski G, Schreiber K, Rave-Frank M, Hiddemann
W, Wormann B: Stimulation of B-chronic lymphocytic leukemia cells

by murine fibroblasts, IL-4, anti-CD40 antibodies, and the soluble
CD40 ligand. Exp Hematol 25:329, 1997

53. Robertson LE, Plunkett W, McConnell K, Keating MJ, McDon-
nell TJ: Bcl-2 expression in chronic lymphocytic leukemia and its
correlation with the induction of apoptosis and clinical outcome.
Leukemia 10:456, 1996

54. Panayiotidis P, Ganeshaguru K, Jabbar SA, Hoffbrand AV:
Interleukin-4 inhibits apoptotic cell death and loss of the bcl-2 protein in
B-chronic lymphocytic leukaemia cells in vitro. Br J Haematol 85:439,
1993

55. Tangye SG, Raison RL: Human cytokines suppress apoptosis of
leukaemic CD51 B cells and preserve expression of bcl-2. Immunol
Cell Biol 75:127, 1997

56. Gottardi D, Alfarano A, De Leo AM, Stacchini A, Aragno M,
Rigo A, Veneri D, Zanotti R, Pizzolo G, Caligaris-Cappio F: In
leukaemic CD51 B cells the expression of BCL-2 gene family is
shifted toward protection from apoptosis. Br J Haematol 94:612, 1996

57. Pepper C, Bentley P, Hoy T: Regulation of clinical chemoresis-
tance by bcl-2 and bax oncoproteins in B-cell chronic lymphocytic
leukaemia. Br J Haematol 95:513, 1996

58. Thomas A, El Rouby S, Reed JC, Krajewski S, Silber R,
Potmesil M, Newcomb EW: Drug-induced apoptosis in B-cell chronic
lymphocytic leukemia: Relationship between p53 gene mutation and
bcl-2/bax proteins in drug resistance. Oncogene 12:1055, 1996

59. Luo HY, Rubio M, Biron G, Delespesse G, Sarfati M: Antiprolif-
erative effect of interleukin-4 in B chronic lymphocytic leukemia. J
Immunother 10:418, 1991

60. Mainou-Fowler T, Copplestone JA, Prentice AG: Effect of
interleukins on the proliferation and survival of B cell chronic
lymphocytic leukaemia cells. J Clin Pathol 48:482, 1995

61. Mainou-Fowler T, Prentice AG: Modulation of apoptosis with
cytokines in B-cell chronic lymphocytic leukaemia. Leuk Lymphoma
21:369, 1996

62. Frankfurt OS, Byrnes JJ, Villa L: Protection from apoptotic cell
death by interleukin-4 is increased in previously treated chronic
lymphocytic leukemia patients. Leuk Res 21:9, 1997

63. Blanchard DA, Affredou MT, Vazquez A: Modulation of the
p27kip1 cyclin-dependent kinase inhibitor expression during IL-4-
mediated human B cell activation. J Immunol 158:3054, 1997

64. Liu J, Flanagan WM, Drazba JA, Estes ML, Barnett GH, Haqqi
T, Kondo S, Barna BP: The CDK inhibitor, p27Kip1, is required for
IL-4 regulation of astrocyte proliferation. J Immunol 159:812, 1997

65. Stagno F, Impera S, Italia P, Corsaro F, Cacciola E Jr, Guglielmo
P: Vitro drug-induced apoptosis in freshly isolated leukemic cells: A
flow cytometric analysis. Boll Soc Ital Biol Sper 71:99, 1995

66. Zinzani PL, Buzzi M, Farabegoli P, Tosi P, Fortuna A, Visani G,
Martinelli G, Zaccaria A, Tura S: Induction of ‘‘in vitro’’ apoptosis by
fludarabine in freshly isolated B-chronic lymphocytic leukemia cells.
Leuk Lymphoma 13:95, 1994

67. Douglas RS, Capocasale RJ, Lamb RJ, Nowell PC, Moore JS:
Chronic lymphocytic leukemia B cells are resistant to the apoptotic
effects of transforming growth factor-beta. Blood 89:941, 1997

68. Kremer JP, Reisbach G, Nerl C, Dormer P: B-cell chronic
lymphocytic leukaemia cells express and release transforming growth
factor-beta. Br J Haematol 80:480, 1992

4700 VRHOVAC ET AL

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/91/12/4694/1645052/4694.pdf by guest on 05 June 2024


