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Prognostic Significance of the Cell Cycle Inhibitor p2¥P1 in Chronic
B-Cell Lymphocytic Leukemia

By Radovan Vrhovac, Alain Delmer, Ruoping Tang, Jean-Pierre Marie, Robert Zittoun,
and Florence Ajchenbaum-Cymbalista

B-cell chronic lymphocytic leukemia (B-CLL) is characterized
by the accumulation of resting lymphocytes. The identifica-
tion of p27kPl 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.

© 1998 by The American Society of Hematology.

-CELL CHRONIC LYMPHOCYTIC leukemia (B-CLL), p27KiPL (p27) is mainly involved in growth inhibitory pro-
the most frequent form of leukemia in Western countries, cesses. It is highly expressed when cells are arrested in GO/G1

is a disease with a low proliferative activity characterized by theand its expression declines as cells progress toward S phise.
progressive accumulation of clonal B lymphocytes in earlyIn vitro, the overexpression of p27 has been shown to arrest
phases (G0/G1) of the cell cyclé.The pathogenesis of the cellsin GO/G1, suggesting that this CKI has a pivotal role in cell
disease remains largely unknown, but recent investigationgycle exit4p27 expression is upregulated by cell to cell contact
indicate that defective apoptosis (programmed cell death) maynd growth inhibitory cytokines such as transforming growth
play an important role in clonal expansidiRrevious studies factor{3 (TGF-) or interferon gamma, showing that p27 is an
have suggested that the deregulation of some cell cyclémportant link between extracellular signals and the cell cycle
regulatory genes may contribute to the malignant process ofnachineryt5-18
chronic B-lymphoproliferative disordefs. The key role of p27 in the early phases of the cell cycle led us

In the past few years, major insights have been accomplishegh study its expression in accumulative disorders such as
in the understanding of the complex mechanisms that regulatg-CLL. We have therefore investigated the expression of p27
the eukaryotic cell cyclé® The progression through the differ- protein in B-CLL and other chronic B-cell malignancies and
ent phases of the cell cycle is governed by the cyclin-dependergorrelated its level of expression with clinical data. In addition,
kinase (cdk) complexes consisting of a positive regulatorywe have also studied both the influence of p27 level on the in
cyclin subunit and a catalytic serine/threonine kinase subunitvitro survival of B-CLL cells and the behavior of p27 expres-
Several cyclin-cdk complexes are sequentially required akion after exposure to apoptosis modulating agents.
different checkpoints of the cell cycle. More recently, negative
regulatory elements called cyclin-dependent kinase inhibitors
(CKI) have been identifie8il® CKI may be divided into two
groups that differ in sequence homology and mechanism of Patients. Peripheral blood samples from 88 patients with chronic
action. Members of the KIP/CIP family including p2AL/WAFL B-CLL obtained between 1993 and 1997 were studied. Apart from
p27PL and p5%r2, inhibit all cyclin-dependent kinases by appropriate clinical and cytological features, the diagnosis of B-CLL
direct binding to cdk complexes, while the members of therglied ona chara_cteristic phengtype with CD5 positivity, weak expres-
INK4 family (p1ENK48, p1ENK4A, p1gNKAC, and pl@i4p) sion of surface immunoglobulins, and for the 56 most recent cases,

interact exclusively with cdk4 and cdké by competing with the CD23 positivity and lack gf reac_tlylty with FMC7 antibody, as asse_ssed
. e . . by flow cytometry analysi$? Additional samples from 32 patients with
cyclin for the association with the kinase.

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
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inactivated fetal calf serum (FCS), glutamine 2 mmol/L, penicillin 50 CA) and compared it with serial dilutions of our positive control and to
U/mL, and streptomycin 50 pg/mL at 37°C in a 5% £Rumidified representative samples.
atmosphere. Normal T lymphocytes were stimulated with phorbol RNA extraction and Northern blot.RNA was extracted by the
myristate acetate (PMA) 1 ng/mL (Sigma, St Quentin, France) andguanidium thiocyanate-phenol-chloroform method as described by
phytohemagglutinin (PHA) 10 pg/mL (Sigma). B-CLL cells were Chomczynski and Saccki Briefly, 10 ug of total RNA were subjected
cultured for 5 days in medium alone or added with fludarabine (% to 1% 3-N-morpholino propane sulfonic acid (MOPS)/formaldehyde
mol/L) or interleukin-4 (IL-4; 10 ng/mL). agarose gel electrophoresis and blotted onto nitrocellulose membranes.
Protein extracts. Atotal of 1 107 cells were lysed in buffer (Tris  The blots were hybridized overnight witt##-labeled human’£DNA
20 mmol/L pH8, NaCl 150 mmol/L, Triton-X 100 1%, EDTA 5 p27 probe (obtained by reverse transcriptase-polymerase chain reaction
mmol/L, Na orthovanate 1 mmol/L, NaF 10 mmol/L, leupeptin 10 [RT-PCR]). Filters were washed twice in 2X SSC, 0.1% SDS at 50°C
pg/mL, aprotinin 10 pg/mL, phenylmethyl sulfonyl fluoride [PMSF] for 15 minutes and then twice in 0.2X SSC, 0.1% SDS at 50°C for 15
100 pg/mL) for 20 minutes at4°C. Lysates were spun at 12,000 rpm minutes. Autoradiography was performed for 3 days-80°C using
for 15 minutes and supernatant collected. Protein concentration wamtensifying screens.
assessed by the Bio-Rad assay method (Bio-Rad Laboratories, Rich- Cell viability and apoptosis. Percentage of viable B-CLL cells in
mond, CA). Protein extracts were either used immediately for Westerrculture was determined by the trypan blue dye exclusion test. Apoptosis
blotting or frozen at-70°C. of cells in culture, either in medium alone or after exposure to
Western blotting. Atotal of 100 pg of protein extracts was separated fludarabine or IL-4, was assessed by immunocytochemistry using an in
by 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresissjty cell death detection kit (Boehringer Mannheim, Meylan, France).
(SDS-PAGE) and transferred to Immobilon-P membranes (Millipore, Briefly, cells were fixed in 10% neutral buffered formalin for 15 minutes
Bedford, MA). Membranes were blocked for 1 hour in 5% nonfat dry pefore being spun down on slides. Slides were incubated with methanol
milk phosphate-buffered saline (PBS) and incubated with purified rabbityt —20°C for 5 minutes, then with 0.25% Triton-X 100 in TBS at room
anti-p27 antibody at 1 pg/mL (kind gift from G. Ponzio, INSERM temperature for 5 minutes and TUNEL reaction mixture was added
U364, Nice, France). Subsequently, filters were washed twice in Tris 1Qyccording to manufacturer’s instructions. Revelation was made with
mmol/L pH7.5, NaCl 200 mmol/L, and Tween 0.05% and incubated gikaline phosphatase substrate solution (Vector Laboratories, Burlingame,
with an appropriate horseradish peroxidase-linked secondary antibody;A). The percentage of apoptotic cells was determined on 500 cells.
ata 1:10,000 dilution for 1 hour. Membranes were washed three times in - gtatistical methods. Standard regression analyststest, and the
the same rinsing buffer, and detection was performed by enhance{onparametric Mann-Whitney test were used to determine possible
chemoluminescence protocol (ECL, Amersham, Buckinghamshire, UK) correlations between p27 levels and corresponding data. Survival
Control of protein deposition was assessed by subsequent hybridizatio ,ryes were plotted according to the Kaplan-Meier method and
of membranes with an anti-HSP 72/73 antibody at 0.5 pg/mL (Onco-gjterences between curves estimated by means of log-rank test. Length

gene Research Products, Cambridge, MA). of overall survival was measured from the date of sample collection to
Signal quantitation on Western blotsFilms were scanned on a ine date of last follow-up or death.

densitometer and signals quantitated using the Bioprofil software
(Vilber Lourmat, Marne la Valle, France). For each sample, the p27
value was expressed as the ratio of the signal obtained to that of a RESULTS

positive control. The latter originated from a B-CLL patient whose Expression of p27 brotein in normal lvmohocvtes and tumor
lymphoid cells expressed high level of p27 protein. The cell lysates of P P<f P ymphocy

this control were obtained from one sampling and contained enougﬁ:eIIS from B-CLL and other chronic B-cell disorders\We first

proteins to be loaded on each gel. To make sure the Western blot ass&@Mined p27 protein expression in normal resting B and T
and signal quantitation were accurate throughout the range of proteifyMphocytes from peripheral blood of healthy donors and found
found in the samples, we generated a standard curve by serial dilution §#27 to be consistently highly expressed. When T lymphocytes
recombinant p27 protein (Santa Cruz Biotechnology Inc, Santa Cruzyere exposed to mitogens (PMA and PHA), p27 expression

Fig 1. Western blot analysis A
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 (Bo), normal resting T 27 KDa - . . e

lymphocytes (Ty), PMA + PHA-

stimulated T lymphocytes after

12 (Typ) and 72 (T,,) hours of

culture. (B) A membrane contain-

ing protein extracts from periph- B

eral blood lymphocytes of the C 1 2 3 4q 5 6 7 8
B-CLL patient serving as positive

control (C), and peripheral blood

lymphocytes of five B-CLL pa- HSP 7273 - e e S SRS N ORI ST AN ———
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 pg of total "
protein. Blots were exposed to
anti-p27 antibody and anti-Hsp 27 KDa - - - ‘

72/73 as protein deposit control.

BO T0 T 12 T72
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decreased within 12 hours of culture (Fig 1), a time pointexpression and both the absolute number of circulating lympho-
corresponding to mid G2 cytes or the TTM score. In contrast, p27 expression was
All B-CLL patients whose tumor cells were analyzed in this strongly correlated to the lymphocyte DT and the TTM DT in
study had more than % 10%L circulating lymphocytes at the the 57 patients for whom the follow-up without treatment was
time of collection. There were 33 female and 55 male patientssufficient for these parameters to be calculated. Lymphoid cells
and their mean age was 65.5 years (range, 35.7 to 84.5). Blooflom patients with a short lymphocyte DT=(12 months)
samples were collected at the time of diagnosis in 21 patientgxhibited higher p27 expression than those from patients with a
and later in the course of the disease in 67 patients, amontpnger lymphocyte DT (0.66= .52v 0.35= 0.33,P = .005).
whom 39 had received prior treatment and 28 patients had noSimilar results were observed in patients with a relatively short
p27 protein was expressed in all the 88 B-CLL samplesTTM DT (= 24 months) when compared with those with a more
examined. However, the level of expression was variableprolonged TTM DT. p27 expression was also sequentially
among samples, with a ratio to control (as defined in theanalyzed during the course of the disease in 10 patients. The
Materials and Methods section) ranging from 0.1 to 2.3 (meaninterval between two p27 determinations ranged from 3 to 48
0.51= 0.42) (Fig 1). Overall, the expression of p27 in samplesmonths. In the three patients with unquestionable disease
from other chronic B-cell malignancies was significantly lower progression, there was a significant increase of p27 expression,
than the one observed in B-CLL: PLL 0.370.42; LPL0.27=  whereas p27 remained roughly at the same level in five
0.38; MCL 0.12+ 0.21 (Fig 2). untreated patients with stable disease, whatever the blood
Expression of p27 mRNAThirteen representative B-CLL  [ymphocyte count was (from 32 up to 2481C%/L). In the two
samples expressing various p27 protein levels and normabatients under cytostatic treatment, only a slight decrease of p27
resting T lymphocytes were examined by Northern blot. In all of expression was observed (data not shown). To analyze the
these cases, only the expected 2.5-kb normal transcript wagrognostic significance of p27 expression on survival, CLL
detected (data not shown). p27 mRNA expression was roughlyatients were stratified into low and high p27 expressors (ratio
identical in all samples and there was no correlation between thgy control=< 0.31, n= 34 and ratio to contrab 0.31, n= 51,
intensity of mRNA signal and protein expression. respectively). Mean time elapsed from diagnosis to sample
Correlation between p27 protein expression and clinical datacojlection did not differ significantly between the two groups
in B-CLL. p27 levels in samples collected at diagnosis did Not(low p27, 48.5 months: 55.2; high p27, 53.8¢ 60.2). Mean
differ significantly from p27 levels in samples taken later during gpservation period from sample collection was 14.1 months
the course of the disease (mean, 0:40.42v 0.52* 0.43).  (range, 0.6 to 48.5). The overall survival from the date of
There was no significant difference of p27 expression as We'bampling was shorter in patients with a high p27 expression
between samples from untreated and from previously treate%edian survival, 24.4 months) than in patients with a low p27
patients (mean, 0.46 0.38v 0.57 = 0.47). No statistically expression (median not reached & .016) (Fig 3). The
significant correlation was found between the level of p27 ., mper of patient samples tested was not sufficient to allow
comparison through multivariate analysis of the independency
25 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%)= .02). A contribu-
2 - tive blood karyotype was available in 40 patients, and p27
expression was not correlated with the presence or the absence
of cytogenetic abnormalities (mean, 0.58.34v 0.55=+ 0.61).
In vitro viability of B-CLL cells and p27 expressionLym-
. phoid cells from 31 B-CLL patients were cultured in medium
p27 " alone, and cell viability was assessed at 24 hours, 48 hours, 72
value "n hours, and 5 days. Cells expressing a high level of p27 survived
n - longer in culture (70%t+ 21.2% viable cells at day 5) than cells
. with a low p27 expression (458 17 viable cells at day F; =
" .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
: I apoptosis modulating agents.
LPL MCL PLL In all samples, decreased viability as measured by trypan blue
n =14 n=13 n=5 dye exclusion test was closely related to increased apoptosis as
) ] o ] assessed by TUNEL assay. For each experiment, control value
Fig 2. Levels of p27 protein expression in different chronic B-lym-—\ oo ot of cells after 5 days of culture in medium alone. As
phoproliferative disorders. Mean levels of p27 in B-CLL are higher . . .
than in other lymphoproliferative disorders, reaching statistical signifi- expected, cell V|ab|“ty was increased in the presence of IL-4
cance (Kruskal and Wallis, P < .001). compared with control and less apoptotic cells (1898% in

20z aunr GO uo 3senb Aq Jpd'y691/250G+91L/¥691/21/1L6/3Pd-8jo1e/poo]djeusuoledlqndyse//:diy woly papeojumoq



PROGNOSTIC VALUE OF p27 IN B-CLL 4697

100
o 80 - low p27 (n=34)
o
s J R s
u
R 60 -
v i
1 .
high p27 (n=51)
A 40
L
20
p= 0.016
Fig 3. Kaplan-Meier curve for survival from the 0 r T r T r T ' T r T
time of sampling according to p27 expression. High 0 10 20 30 40 50
levels of p27 are associated with a shorter survival
(Log rank test). months

medium+ IL-4 v 29% = 8% in medium alone) were observed tional kinetic studies are irrelevant in B-CLL, for they mostly
at day 5. On the contrary, in all cases, cells exposed in vitro taassess S and G2 M phases. They do not provide appropriate
fludarabine exhibited less viability and more apoptosis (83% information on the early phases of the cell cycle, while even in
13%) . We studied p27 protein expression after 5 days of in vitroclinically aggressive disease, there is only a small percentage of
culture with and without modulating agents. When expressed asells out of GO/G1. These findings highlight the need for these
the ratio of p27 level after exposure to IL-4 to p27 level in early phases to be investigated in B-CLL. In the past few years,
medium alone € control) at day 5, p27 expression was stable different cyclin-dependent kinase inhibitors have been identi-
or increased in 12 of 14 caseB & .004) (Fig 5). In 12 of 14  fied and their role in the regulation of the cell cycle machinery is
cases, p27 levels were significantly lower after exposure tacurrently being elucidate#:26p27 plays a key role in maintain-
fludarabine ranging from 1% to 80% of p27 expression ining cells arrested in a quiescent st&té8As we confirmed here
medium aloneR = .0001). in T lymphocytes from healthy donors, p27 protein is highly
expressed in normal GO/G1 cells. Its level falls down rapidly
DISCUSSION after mitogenic stimulation and remains low thereafter in
B-CLL results from the progressive accumulation of primar- actively proliferating cell$?
ily noncycling CD5 clonal B lymphocytes with abnormally We investigated p27 protein expression in the peripheral
prolonged survival. Because of this distinctive feature, convenblood lymphoid cells from 88 patients with B-CLL and 32
patients with other leukemic chronic B-cell lymphoproliferative

% viable disorders. p27 protein was expressed in all cases, but its level
cells , appeared significantly higher in B-CLL than in other B-cell
100 4 7/ malignancies, namely MCL and PLL. There was no correlation
90 between p27 mRNA and protein levels, and this is consistent
| high p27 with previous reports in other models showing that p27
80 1 regulation is posttranscription#t3°
70 | /_\% The clinical course of B-CLL is highly variable and reliable
! individual prognostic tools are still limite#:32 Although they
60 have a powerful overall significance, the currently used staging
50 systems do not allow prognostic discrimination within each
: group. Both the lymphocyte ¥ and the TTM DP! were
40 4 shown to provide useful prognostic information in B-CLL.
30 | p=0.02 They do reflect the kinetics of the disease, but they require
0 Vi several months of follow-up to be calculated. We found that the
0 24 48 72 120 level of p27 protein expression was variable among B-CLL
hours of culture patients and correlated strongly with both the lymphocyte DT

) i I ) and the TTM DT. Patients with high p27 lymphocyte levels had
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 shorter Iymphocyte and TTM DT, as well as poorer clinical
to 5 days in RPMI+ 10% FCS. Viability was assessed by trypan blue ~ Outcome and survival. It should be noted that there were
exclusion. For each time point, the percentage of viable cells was significantly more patients with advanced Binet's stage C
calculated. Data are presented as means = standard deviation disease among the high p27 expressors. The levels of p27 were
comparing 19 samples of high and 12 samples of low p27 expressing 1\t |inrad to parameters, which are not related to the kinetic
cells. When cultured in vitro, B-CLL cells expressing higher p27 levels L .
had sustained viability as compared with cells expressing low p27 characteristics of the disease, such as the absolute lymphocyte

levels. count or the time elapsed since the diagnosis. They were not
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p27

% of controﬂ

100

Fig 5. Evolution of p27 expression in B-CLL cells
after 5 days of culture in the presence of IL-4 (10
0 2l ng/mL) or fludarabine (5 x 10®¢ mol/L). For each

l HIE patient, results are expressed as the ratio of p27
IL-4 expression at day 5 of culture in medium + IL-4 or
medium + fludarabine to p27 expression at day 5 in
#13 414 medium alone (control value = 100%).

Patient

significantly different either in patients who received prior recently reported by Agular-Santelises etahat B-CLL cells
therapy and in those who did not. Therefore, the determinatiorof patients with progressive disease have a longer spontaneous
of p27 protein level could provide instantaneous informationsurvival in vitro than those of patients with stable disease. The
about the likelihood of a disease that might progress within abcl2 family of apoptosis regulatory proteins have been largely
few months. The sequential analysis that we performed on l@nvestigated in B-CLL, but the results of these studies are
patients showed that the lymphocyte p27 levels remained stableontroversiaP25> Some of them suggested that bcl2 protein
in patients who had stable disease and increased in those wHevels are not related to the extent of in vitro apoptosis or to
experienced disease progression. For example, we observedchnical behavior. Bax, a bcl2 homologue known to promote cell
dramatic increase (by 600%) of p27 protein level in one patientdeath, is downregulated in B-CLL cells, as compared with
with nodal progression, but no significant modification of blood normal B-cells and has been found to be lower in patients with
lymphocyte count. However, additional studies on a largerprogressive diseasé.However, some investigators proposed
number of patients are warranted to confirm the prognostidhat high bcl2/bax ratio correlates with resistance to cytostatic
value of p27 protein lymphocyte level. agents rather than being indicative of advanced dis€&8g/e

The role of p27 in inhibiting proliferation is quite clearly show here that cells expressing p27 at low levels died signifi-
established. The consequences of p27 inactivation have beerantly more rapidly in culture than cells expressing p27 at high
studied in knock-out mice, which develop normally except for alevels. These data support high p27 protein level as a possible
significant increase in both the size of organs and the number gbrotection of B-CLL cells against apoptosis.
cells per organ, suggesting that p27 is necessary for physiologic Several recent publications have shown that IL-4 promotes in
growth controB4-36 On infection of human breast cancer cells vitro survival of B-CLL cells by preventing spontaneous
with an adenoviral vector containing p27, a high level of p27 apoptosis, but without inducing proliferatiéh9-62 Accord-
expression was observed, and this resulted in a marked decreaisgly, we observed less apoptotic cells in the samples cultured
in the proportion of cells in S-phasép27 gene alterations have in the presence of IL-4 than in controls. In most of these cases,
been investigated in various human tumors, and unlike the27 level was higher after a 5-day exposure to IL-4, showing
INK4 family of kinase inhibitors, were found to be very that prevention of apoptosis by IL-4 is associated with the
uncommor?8-40 Nevertheless, several groups have recentlyincrease or at least the maintenance of p27 level. This is in
demonstrated an inverse correlation between the level of p2@greement with recent reports in other models pointing out p27
protein expression and proliferative index, such as the stainings one of the possible mediators of the action of ..
with Ki67 antibody in human tumor8:44In breast or colorectal Conversely, we found that in vitro restoration of apoptosis after
carcinomas, p27 expression was significantly lower in thefludarabin&>66 exposure was associated in most cases with a
tumor samples from patients with an aggressive disease andraarked decrease of p27 expression. This suggests that the
short survival>48Low p27 expression appeared therefore as andecrease of p27 level is mandatory for apoptosis to occur and
adverse prognostic parameter, which is in striking contrast tgrovides additional evidence that p27 might play a role in the
our findings in B-CLL. However, all of the malignancies in apoptotic pathway.
which p27 has been studied so far may be viewed as prolifera- Several investigators have studied the effects of transforming
tive diseases, while B-CLL is an accumulative one in which growth factor (TGF)B on B-CLL cells, and most of them have
progression does not result from excessive proliferation, bufound aberrant defective apoptotic responses to this growth
from defective apoptosis. This led us to consider that high p27nhibitory factors”-¢8Because p27 expression is upregulated by
expression might contribute in this setting to inhibition of TGF{ in normal cells, we are currently investigating the links
apoptosis. between TGR3, p27, and apoptosis in B-CLL.

Contrary to what is thought to occur in vivo, cultured B-CLL  In this study, we have shown that p27 protein is variably
cells rapidly die from apoptosis in vitr§:*©¢ We found, as expressed in B-CLL cells and its level is correlated with the
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kinetic features of the disease. Contrary to other humarHoulihan A, Que TH, Catovsky D: The immunological profile of B-cell
malignancies, high p27 level is associated with a poorerdisorders and proposal of a scoring system for the diagnosis of CLL.
outcome in B-CLL. Our in vitro results suggest that p27 level Leukemia 8:1640, 1994

might reflect the ability of CLL cells to undergo apoptosis. _20- Binet JL, Auquier A, Dighiero G, Chastang C, Piguet H,
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- . . . Tchernia G, Jacquillat C, Boivin P, Lesty C, Duault MT, Monconduit M,
tain p27 as a possible component of the apoptotic pathway in, ’ : e :
this di elabbes S, Gremy F: A new prognostic classification of chronic
IS disease. lymphocytic leukemia derived from a multivariate survival analysis.
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