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Flavopiridol Induces Apoptosis in Chronic Lymphocytic Leukemia
Cells Via Activation of Caspase-3 Without Evidence of bcl-2
Modulation or Dependence on Functional p53

By John C. Byrd, Charlotte Shinn, Jamie K. Waselenko, Ephraim J. Fuchs, Teresa A. Lehman, Phuong L. Nguyen,
lan W. Flinn, Louis F. Diehl, Edward Sausville, and Michael R. Grever

Flavopiridol has been reported to induce apoptosis in lym-
phoid cell lines via downregulation of bcl-2. The in vitro
activity of flavopiridol against human chronic lymphocytic
leukemia (CLL) cells and potential mechanisms of action for
inducing cytotoxicity were studied. The in vitro viability of
mononuclear cells from CLL patients (n = 11) was reduced by
50% at 4 hours, 24 hours, and 4 days at a flavopiridol
concentration of 1.15 pmol/L (95% confidence interval
[Cl] £0.31), 0.18 pmol/L (95% CI +£0.04), and 0.16 pmol/L
(95% CI £0.04), respectively. Loss of viability in human CLL
cells correlated with early induction of apoptosis. Exposure
of CLL cells to 0.18 pwmol/L of flavopiridol resulted in both
decreased expression of p53 protein and cleavage of the
caspase-3 zymogen 32-kD protein with the appearance of its
20-kD subunit. Contrasting observations of others in tumor

late with changes in bcl-2 protein expression alterations. We
evaluated flavopiridol’s dependence on intact p53 by expos-
ing splenocytes from wild-type (p53*/+) and p53 null (p53~/-)
mice that demonstrated no preferential cytotoxicity as com-
pared with a marked differential with F-ara-a and radiation.
Incubation of CLL cells with antiapoptotic cytokine interleu-
kin-4 (IL-4) did not alter the LCsq of flavopiridol, as compared
with a marked elevation noted with F-ara-a in the majority of
patients tested. These data demonstrate that flavopiridol
has significant in vitro activity against human CLL cells
through activation of caspase-3, which appears to occur
independently of bcl-2 modulation, the presence of IL-4, or
p53 status. Such findings strongly support the early introduc-
tion of flavopiridol into clinical trials for patients with B-CLL.
© 1998 by The American Society of Hematology.

cell lines, flavopiridol cytotoxicity in CLL cells did not corre-

-CELL CHRONIC lymphocytic leukemia (CLL) is the cytotoxicity and abrogate the resistance induced by intrinsic
most common leukemia in the Western hemisphere, withCLL drug-resistance factors will be necessary if further ad-
approximately 10,000 new cases diagnosed each'ygelative  vances in the therapy of this disease are to be realized.
to other forms of leukemia, the overall prognosis of CLL is  Several biologic factors, including abnormal p53 function,
good, with even the most advanced stage patients having averexpression of bcl-2, and incubation of tumor cells with
median survival of 3 yearsHowever, unlike most of the other interleukin-4 (IL-4), have been associated with either in vitro or
forms of acute and chronic leukemia, substantial therapeutiin vivo drug resistance in CLE22 Of these, the most exten-
progress has not been made over the past 40 years in eithsively studied, uniformly predictive factor for poor response to
prolonging survival or introducing curative therapy. The addi- therapy and inferior survival in CLL patients is aberrant p53
tion of fludarabine as initial therapy for symptomatic CLL function, as characterized by point mutations or chromosome
patients has led to a higher rate of complete responses {27%17p13 deletiond’ Indeed, virtually no responses to either
3%) and duration of progression-free survival (887 months)  alkylator or purine analog therapy have been documented in
as compared with previously used alkylator-based therdpiesmultiple single institution case series for those CLL patients
Although attaining a complete clinical response after therapy iswith abnormal p53 functiof” Introduction of a therapeutic
the initial step toward improving survival in CLL, the majority agent that has the ability to overcome the drug resistance
of patients either do not attain complete remission or fail toassociated with p53 mutation in CLL would potentially be a
respond to fludarabine. Furthermore, all patients with CLL major advance for the treatment of the disease. We describe here
treated with fludarabine eventually relapse, making its role as @hat flavopiridol, a novel synthetic flavone currently entering
single agent purely palliative. Therefore, identifying new agentsphase Il trials, demonstrates marked in vitro cytotoxicity toward
with novel mechanisms of action that complement fludarabine’shuman CLL cells and may circumvent either IL-4—induced
resistance or that incurred by a p53 mutation.

From the Division of Hematology-Oncology, Walter Reed Army MATERIALS AND METHODS
Medical Center, Washington, DC; the Department of Medicine, Uni-
formed Services University of Health Sciences, Bethesda, MD; th
Division of Hematologic Malignancies, Johns Hopkins Oncology Written, informed consent was obtained to procure cells from patients
Center, Baltimore, MD; Biotechnologies, Ltd, Laurel, MD; the Depart- with previously diagnosed B-CLL as defined by the modified NCI
ment of Laboratory Medicine and Pathology, University of Minnesota, criterial® and normal healthy volunteers. Clinical data provided in Table
Minneapolis, MN; and the Developmental Therapeutics Program,2 includes modified Rai stage, previous treatment, and fludarabine
National Cancer Institute, Bethesda, MD. response status at the time of cell acquisition. Criteria for being
Submitted September 18, 1997; accepted July 7, 1998. considered fludarabine refractory included lack of partial or complete
Address reprint requests to John C. Byrd, MD, Hematology- response to treatment with this agent or relapse within 6 months of last
Oncology Service, ward 78, Walter Reed Army Medical Center,fludarabine treatment. Response was judged according to the modified
Washington, DC 20307. NCI criterial® Mononuclear cells were isolated from the peripheral
The publication costs of this article were defrayed in part by page blood using density gradient centrifugation (Ficoll-Paque Plus; Pharma-
charge payment. This article must therefore be hereby matkerder- cia Biotech, Piscataway, NJ). Cells were immediately cultured (10
tisement”in accordance with 18 U.S.C. section 1734 solely to indicate cells/mL) in RPMI 1640 supplemented with 10% fetal bovine serum
this fact. (FBS), 100 U/mL penicillin-G, 100 pg/mL streptomycin, and 2 mmol/L
© 1998 by The American Society of Hematology. L-glutamine (Life Technologies, Grand Island, NY) and incubated at
0006-4971/98/9210-0037$3.00/0 37°Cin a 5% CQincubator.

fatients, Cell Separation, and Culture Conditions
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Treatment of Mice and Harvested Cells minutes in a light-protected area. Cells were subsequently washed twice

Homozygous typed p53-deficient mice (C57BL/GJ-Trpsi: with rinsing_bl_]ffer,_ re;uspe_nded in 0.25 mL of PI/RNAse solution (100
p53~/~; The Jackson Laboratory, Bar Harbor, ME) and wild-type }rlice ug/mL propidium iodine [Sigma] and 7.5 g/mL RNAse-DNAse free

(C57BL/6NCR; p53/*; Frederick Cancer Research and Development [Boehringer Mannheim] in PBS), and incubated for 30 minutes.

Center, Frederick, MD) were obtained. Cells from both spleens andSam_pIes_were analyzed on a FACSc_an (Becton Dickinson, San Jqse,
. CA\) illuminated at 488 nm and measuring green fluorescence (detecting

cultured (5% 10F cells/mL) in RPMI 1640 supplemented with 10% *ITC levels) at 530 nm using an exponential scale. Red fluorescence

FBS, 100 U/mL penicillin-G, 100 pg/mL streptomycin, and 2 mmol/L (measuring Pl content of the cells) was measu_red on a linear _sc_ale at
L-glljtamine (Life Technolog;ies) and incubated at 37:’C in a 5% CO gregterthan 600 nm. All samples were analyzed in duplicate or triplicate
incubator. Flavopiridol (NSC649890) and F-ara-a (DevelopmentalfaShlon'

. - . Annexin/Pl. After incubation with 0.18 pmol/L of flavopiridol or
Therapeutics Program, Division of Cancer Treatment, National Cancer . .
; . . medium for 4 or 24 hours, & 10° cells were washed with PBS and then
Institute) and recombinant IL-4 (Promega Corp, Madison, WI) were

. oo . h . resuspended in binding buffer (10 mmol/L HEPES/NaOH, pH 7.4, 150
obtained for in vitro studies described later in the text. mmol/L NaCl 5 mmol/L KCl, 1 mmol/L MgC}, 1.8 mmol/L. CaG))
Viability Assavs cpntaining 2 pL of Annexin V-FITC stoc!( (BioWhittaker, Inc,_ Walkers-

t[)_/ Y _ _ ville, MD) and 10 pL of 20 pg/mL PI (Sigma). After incubation for 10
Viability assays of isolated mononuclear cells from CLL patients minutes at room temperature in a light-protected area, the specimens

were performed using the MTT assay. CellsX110° per well) in a  were quantified by flow cytometry on a FACScan (Becton Dickinson).
volume of 100 pL were placed in a 96-well flat-bottom plate and the test
drug (100 pL per well at % final concentration) or medium alone was Protein Extraction and Western Blot Analysis

added tq the plates. AII' human expgrimeqts were performed in The bcl-2, bax, p53, p27, and CPP32 protein expressions were
quadruplicate. Cells were |ncuba_ted for fixed times (4 _hours, 24 h_oursanalyzed by Western blot after incubation in either medium or two
and 96 hours). After the incubation, 50 pL of MTT (Sigma Chemical ., contrations of flavopiridol (0.18 and 0.33 pmoliL) for 1, 4, and 24
Co, St Louis, MO) at a concentration of 2 mg/mL was added to eaChhours. Whole-cell lysates were prepared by pelleting 125108

well. Cells were incubated for 24 hours and centrifuged ag3005 PBS-washed mononuclear cells in a microcentrifuge, aspirating the

minutes, and 150 pL of supernatant was removed. A total of 200 pL Ofsupernatant, and adding 0.5 mL of cold lysis buffer, as described
protamine sulfate (Sigma) in phosphate-buffered saline (PBS) at 2321

‘ - reviously!* This cell suspension was incubated at 4°C for 40 minutes
mg/mL was added to each well. Centrifugation was repeated, followed;, constant agitation and then centrifuged for 15 minutes at 14,000

by the replacement of 200 “L_Of protamine sulfate. Plates Wererpm at 4°C. The supernatant was recovered, alliquoted, and frozen at
centrifuged and 200 pL of protamine sulfate was removed. Plates were g0

th_en allowed to _airdry. The pr_ecipitated MTT formazan was sglubilized Protéin was quantified in each supernatant by the BCA method
with 150 pL of_dlmethyl sulfoxide (DMSO) Wlt_h constant ag|tat|onf0r'4 Pierce, Rockford, IL). A varied amount (2 to 100 pg) of each sample
hours. After this procedure, the optical density at 540 nm was obtaineq ¢ \iseq for each protein studied based on varied expression of protein
using an An_thos Reader 2001 (Ant_ho_s_Labtec Inc, Frederick, MD) W'thin human CLL cells. Once identified, a single loading concentration was
a Biolise-Windows program. Cell viability was expressed as the ratio of .. for each protein examined. Samples were diluted with Tris-

absorp_t!on between dr_ugged cells/control sample. . buffered saline to a volume of 25 pL and then added to 25 pLof 2
Viability assays Qn isolated cells from the _p53 and p53'* mice Laemmli's Sample Buffer, as previously descridé@The samples were
were performed using t_he trypan blue exclusion assay. Al experimentyy ey for 4 minutes. Rainbow-colored protein molecular weight
were p_erf_o'rmed in duplicate. Cells were counted with a he_mocytometeF,narkers (Amersham Life Science, Arlington Heights, IL) and samples
and viability was expressed as the percentage of alive equal tQere (0aded onto 10% to 14% polyacrylamide gels and electrophoresed.
alive/(alive + dead)x 100. The relative effects of flavopiridol and The proteins were transferred to a 0.45-pum nitrocellulose membrane
F-ara-a exposure after 24 hours of exposure were expressed as 1€:peicher and Schueel, Keene, NH) using an electroblot apparatus
viability with drug/viability in medium. (Hoefer, San Francisco, CA). The transfer buffer consisted of 0.1 mol/L
Tris-HCI, pH 8.8, 0.192 mol/L glycine, and 10% methanol.
After transfer of the proteins, the nitrocellulose membranes were
After 4 and 24 hours of incubation with 0.18 umol/L flavopiridol in blocked for 1 hour in TBS-T (Tris-buffered saline-0.05% Tween; JT
supplemented RPMI and 10% FBS, apoptosis studies were performeBaker, Phillipsburg, NJ) containing 5% skim milk for 24 hours. The
using the following techniques. membranes were incubated with either 1 pg/mL of monoclonal mouse
TdT/PI. Cells (5% 10°) were added to cold 1% buffered formalde- antihuman bcl-2 antibody clone 124 (Dako, Carpinteria, CA), 1 ug/mL
hyde (10% Formadehyde [methanol free, ultrapure grade; Polysciencesf polyclonal goat antihuman CPP32 p20 (N-19) antibody (Santa Cruz
Inc, Warrington, PA], prepared in Dulbecco’s phosphate-buffered salineBiotechnology, Santa Cruz, CA), 2 ug/mL polyclonal rabbit antihuman
without CaC} and MgC}, [PBS]) for 15 minutes on ice. Cells were then bax (Santa Cruz Biotechnology), 1 pg/mL polyclonal rabbit antihuman
washed with PBS and resuspended in 70% methanol and stored @27 (Oncogene Research Products, Cambridge, MA), or 0.1 pg/mL of
—20°C. To complete the assay, cells were washed with PBS, resusnonoclonal p53 (Ab6; Oncogene Research Products) diluted in TBS-T
pended in 50 pL of Cacodylate/biotin dUTP reaction buffer (0.2 mol/L with 5% skim milk for 24 hours at 4°C or for 1 hour at room temperature
potassium cacodylate, 25 mmol/L Tris-HCI [pH 6.6], 2.5 mmol/L cobalt with constant agitation. After washing 4 times with TBS-T, the blots
chloride [CoC}], 0.25 mg/mL BSA, 10 U of TdT, and 0.5 nmol were incubated with horseradish peroxidase-conjugated antimouse IgG
biotinylated deoxyuridine triphosphate) with a TdT-negative control for (H and L chains; Pierce), horseradish peroxidase-conjugated antigoat
each sample (all supplies from Boehringer Mannheim, Mannheim,|gG (Santa Cruz Biotechnology), or horseradish peroxidase-conjugated
Germany) and incubated for 60 minutes at 37°C. Cells were therantirabbit IgG (Caltag Laboratories, Burlingame, CA) diluted 1:5,000
washed twice with 2 mL of rinsing buffer (0.1% Triton X-100 and 5 with 5% skim milk in PBS for 1 hour at room temperature with constant
mg/mL bovine serum albumin [BSA] in PBS), resuspended in 100 pL of agitation. The blots were washed 4 times with TBS-Tween and shown
fluorescein isothiocyanate (FITC)-Avidin solutionX4saline sodium  with chemiluminescent substrate (Pierce Super-Signal chemilumines-
citrate buffer; 0.1% Triton X-100; 5% nonfat dry milk, and 2.5 pg/mL of cent; Pierce) for 1.5 minutes. Autoradiography was performed with
fluoresceinated avidin [Boehringer Mannheim]), and incubated for 30x-ray film (Kodak, Rochester, NY). Gel-loading equivalence was

Apoptosis Assays
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Table 1. Viability of CLL Samples Exposed to Flavopiridol Expressed demonstration of the lack of product in the p53 knock out mouse and (2)
as Percentage of Viability Versus Control = Standard Deviation by amplification of a neo/p53 exon 7 hybrid product in the p53
ah 1d 1d 2d knock-out mouse and the lack of hybrid product in the p53 wild-type
Exposure Exposure Exposure Exposure mouse. The amplification methods used have been previously de-
Then Washed and Then Then Washed and Then scribed6
Favopiridol and Viab"i:y AViab“"yj and Viab”ilty AViab“"y1 PCRs were performed with 100 ng of genomic p53 wild-type and p53

knock-out DNA using 20 pmol of each primer in a 50 uL reaction with
1X Expand buffer (Boehringer Mannheim) containing 1.5 mmol/L
0.01 pmol/L 95.7 +11.1 100.64 +6.5 102.14 =139 110.95 + 19.0 Mgch’ 375 umol/L of each dNTP, and 2.5 U DNA Taq p0|ymerase
0.033pumol/L 76.87 =382 9197 £82 10548 =256 57.55=*58.7 (Qiagen, Valencia, CA). The PCR program consisted of 35 cycles at
0lpmollL  80.41+397 7299+279 7821+255 53.91=288 94°C for 1 minute, 65°C for 1 minute, and 72°C for 1 minute.
033pumollL 6991 +343 2592111 1547+61  530+288 Murine-specific p53 exon 6 forward primers (Vy&nd exon 7 reverse
lumolll  3243+226 2411+135 1291+x43 81965 primers (W3') were used to demonstrate the presence of an uninter-
33pmolL  1310+118 2562116 11.46=*46 572+90 rupted p53 gene in the p53 wild-type mifeThe knock-out mice
Opmolll 974126 2427=+127 835+44  691+73 produced no p53 PCR fragment with this primer pair. Verification of the
33umolll  9.22+110 2806+137 1031+78  683+864 knock-out genotype was accomplished by PCR amplification of a
100 pmol/L 941 +111 2364+135 6.15*34 458 + 6.71 hybrid neo/p53 product using forward neo primers (Vé&nd p53 exon
7 reverse primers (W3 Wild-type control mice lacked the inserted neo
gene and therefore did not produce the hybrid neo/p53 PCR fragment.
confirmed either by reprobing with 1 ug/mL polyclonal goat antihuman These primer sequences have been previously deséfibed.
actin (I-19; Santa Cruz Biotechnology) or by exposing the nitrocellu-
lose gel to Fast Green Stain to show total protein banding patternFluorescent In Situ Hybridization for 17p13 Deletions
Protein bands were quantified by computer densitometry.

Concentration at4d atld at4d at4d

From peripheral blood that had been collected in EDTA collection
tubes, smears were prepared from the patient 28a described in Table 2
and Fig 3 and air-dried at ambient temperatures for 1 to 7 days. Before

The genotypes of the mice were verified (1) by lification of the p53 hypridization, the slides were denatured in 70% formamire®CC
exon 6/intron 6/exon 7 fragment in the p53 wild-type mouse andg.3 mol/L sodium chloride in 0.03 mol/L citric acid, pH 7.0) at 743C
1°C for 5 minutes, followed by serial dehydration in ethanol. The slides
were then drained and maintained on a 45°C to 50°C slide warmer for
approximately 2 minutes during the time of probe denaturation. One

Polymerase Chain Reaction (PCR) of Murine Splenocytes

Table 2. Clinical Characteristics of B-Cell CLL Patients

D No. Diagnosis F’:’;?g‘:;;‘i TF;;Z‘t’:gsit F}';;‘f’f‘;;’:gle F'Laé’:)p(:ig)‘" microliter of the probe LS| p53 (17p13.1), labeled with Spectrum
Orange (Wsis, Downers Grove, IL), was mixed with 2 L purifiegDH

la CLL IR None NA 0.18 and 7 pL of Wsis’ LS| Hybridization Buffer. The probe mixture was
2a CLL IR None NA 0.20 next denatured in a 74°€ 1°C water bath for 5 minutes. The denatured
3a CLL IR None NA 0.09 probe mixture was applied to the denatured specimen targbd QL
5a CLL IR None NA 0.16
6a CLL IR None NA 0.20 10 -
7a CLL HR C + P, Flu, CHOP Yes 0.20
8a CLL HR  C+P9AC NA 0.24 p=0.16
9a CLL HR  C+ P, Flu, DHAP Yes 0.20

10a  CLL HR  C+ P, Cyt, Flu Yes 0.09 p=0.70

12a CLL IR None NA 0.02

15a  CLL R C+P NA 0.03 . p=0.82

16a  CLL IR None NA 0.06 2 17

17a  CLL HR  C+ P 9AC NA 0.18 5

23a CLL HR None NA 0.077 E

24a CLL IR None NA 0.11 §‘

26a CLL IR None NA 0.21 u_“_’

27a CLL IR None NA 0.09 o

28a  CLL LR None NA 0.22 <:3 01 -

29a CLL IR None NA 0.08

30a CLL IR None NA 0.08

3la CLL IR None NA 0.07

32a CLL HR C+P NA 0.03

33a CLL IR None NA 0.03
1b CLL HR C + P, Flu, 9AC Yes 0.19
2b CLL HR C+P NA 0.24 0.01
3 CLL HR  Flu+Cy No 0.04 4 24 96
4b CLL HR C + P, Fku, 2CDA Yes 0.21 Time of Drug Exposure (Hours)

Abbreviations: LR, low risk; IR, intermediate risk; HR, high risk; C,

. . ) . Fig 1. The in vitro cytotoxicity achieved after exposure of CLL cells
chlorambucil; P, prednisone; Flu, fludarabine; 2CDA, cladribine; Cy,

to flavopiridol for different times. () Human CLL cells (n = 11

cyclophosphamide; 9AC-9, aminocamptothecin; CHOP, cyclophospha- patients); () normal mononuclear cells (n = 9 patients). Cytotoxicity
mide, prednisone, vincristine, doxorubicin; DHAP, dexamethasone, is expressed as the LCs, (drug concentration required to reduce

cytarabine, cisplatin; NA, not applicable. viability by 50%).
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Fig 2. Detection of apoptosis in CLL cells (patient UPN9a) as detected by DNA strand breaks by in situ terminal deoxynucleotidyl
transferase/Propidium iodine assay (TdT/PI or tunnel) after continuous exposure to medium ([A] 4 hours and [C] 24 hours) or 0.18 pmol/L
flavopiridol ([B] 4 hours and [D] 24 hours). Increasing uptake of biotinylated dUTP and avidin FITC as depicted in (B) and (D) correlates with the
number of DNA fragments per cell. Cell cycle analysis is achieved by the intercalation of propidium iodine into cellular DNA.

probe mixture for a 22 mnx 22 mm target area). A glass coverslip was deviation of the percentage of cells with 1 hybridization signz8 D)
applied to the target area and sealed with rubber cement. Hybridizatiowas 10.3% {20.3%). Patient 28a had 35% of cells showing 1
was performed in a humidified chamber at 37°C for 14 to 18 hours.hybridization signal and 65% demonstrating 2 hybridization signals.
Posthybridization washes consisted of a 2-minute wash inS&<C/

0.3% NP-40 at 74°Ct 1°C followed by 1 minute in & SSC/0.1%  Statistics

NP-40 (Sigma) at room temperature. The slides were then air-dried in ) . . ,
the dark, counter-stained with Wsis’ DAPI in Antifade, cover-slipped, Groups of F’ata were compa_red using paired qr nonpaired Student's
and examined with a Zeiss Standard Fluorescent Microscope (OIympuEt?StS (two-gded) as _approprlate. Nonparametn_c Qata were analyzed
Optical Co, Tokyo, Japan) equipped with epifiuorescence optics and'sing the Wilcoxan signed-rank test. JMP Statistics software (SAS

dual bandpass for DAPI/Spectrum Orange. One hundred to 200 ceIIénStit“te' Trumbull, CT) or Quatropro software (Novell Inc, Orem, UT)

were counted, and the percentages of 0, 1, or 2 signals were determinef2S used to perform these analyses.

A diagnosis of monoallelic deletion of p53 was established when the

percentage of cells with 1 signal exceeded the controls’ mean by greater RESULTS

than 3 standard deviations. The same procedure outlined above W3Sjavopiridol Is Cytotoxic Toward CLL Cells With an Optimal
applied to 16 blood smears that had been obtained from patients WhExposure Period of 24 Hours

had undergone bone marrow biopsy for staging of breast cancer and

who had no evidence of metastatic breast cancer or other malignancy in Peripheral mononuclear cells from 11 consecutive patients
the blood or bone marrow. For these 16 cases, the mean and standandth CLL studied in the laboratory (UPN 1a, 2a, 3a, 5a, 6a, 7a,
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Fig 3. Detection of apoptosis in CLL cells (patient UPN28a) as detected by annexin-V/PI assay after continuous exposure to medium ([A] 4
hours and [C] 24 hours) or 0.18 pmol/L flavopiridol ([B] 4 hours and [D] 24 hours). Phosphatidyl serine is restricted to the internal cell membrane
but is externalized early during the process of apoptosis. Cellular uptake of propidium iodine indicates a disrupted cellular membrane generally
observed during late apoptosis or with cell necrosis. Increased annexin binding to exposed phosphatidyl serine in quadrant 3 of (B) and (D) as
compared with (A) and (C) is supportive of flavopiridol inducing cytotoxicity at least in part through the pathway of apoptosis in human CLL cells.

9a, 10a, 1b, 2b, 3b, and 4b; see Table 2 for clinical data) wereefractory CLL. The average concentration of flavopiridol
exposed to either medium or varying (0.01, 0.033, 0.1, 0.33, 1required to produce 50% cytotoxicity (& was 1.15 pmol/L
3.3, 10, 33, and 100 pmol/L) concentrations of flavopiridol. (range, 0.52 to 1.93 pmol/L; 95% confidence interval [CI]
Cells were incubated either in drug or medium as follows: 4 +0.31 umol/L) after 4 hours of exposure to this agent followed
hours and then developed; 4 hours and then washed of drug army incubation in fresh medium until 4 days. After 24 hours of
developed after in vitro incubation in fresh medium for 4 days; exposure to flavopiridol with immediate addition of MTT or
24 hours and then developed; 24 hours and then washed of drugcubation in fresh medium until 4 days, the d@ecreased to
and developed after in vitro incubation in fresh medium for 4 0.18 umol/L (range, 0.09 to 0.33 pmol/L; 95% Gi0.04
days; and developed after 4 days of continuous exposure to themol/L) and 0.19 umol/L (range, 0.1 to 0.26 pmol/L; 95%
agent. No loss of viability was noted immediately after 4 hoursCl +£0.04 pmol/L), respectively. After continuous 96-hour
of flavopiridol exposure (data not shown). The viability of CLL exposure to flavopiridol, the L{g declined to 0.16 pmol/L
cells at each other time point and concentration are depicted ifrange, 0.04 to 0.24 umol/L; 95% G10.05 umol/L). Compar-
Table 1. All of the patients with CLL demonstrated in vitro ing these time points, the lggwas significantly lower for both
response to flavopiridol, including 5 patients with fludarabine-the 24-hour (P= .02) and the 96-hour (B .02) flavopiridol
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Fig 5. (A) The in vitro effect of IL-4 incubation on in vitro drug
resistance to F-ara-a in human CLL cells. The cells were obtained from
CLL patients after obtaining informed consent, isolated, and cultured
at 1 x 10%/mL in medium (control) and varying concentrations of
F-ara-A (0.01 to 100 pmol/L) in the absence (M) or presence () of IL-4
(10 ng/mL). After 4 days of incubation, the viability was assessed
using the MTT test and is expressed for each patient as the LCs, (drug
concentration required to reduce viability by 50%). (B) The in vitro
effect of IL-4 incubation on in vitro drug resistance to flavopiridol in
human CLL cells. The cells were obtained from CLL patients after
obtaining informed consent, isolated, and cultured at 1 x 105/mL in
medium (control) and varying concentrations of flavopiridol (0.01 to
100 pmol/L) in the absence (M) or presence (N) of IL-4 (10 ng/mL).
After 4 days of incubation, the viability was assessed using the MTT
test and is expressed for each patient as the LCs, (drug concentration
required to reduce viability by 50%).

Fig 4. (A) Expression of bcl-2 protein in human CLL cells at 4 and 24
hours after incubation with medium or 0.18 wmol/L of flavopiridol. The
cells were obtained from CLL patients after obtaining informed consent,
isolated, and cultured at 5 x 10%/mL in medium or flavopiridol (0.18
pmol/L). Cell lysates were prepared and protein concentration was
quantified using the BCA method (Pierce). Two micrograms of protein/
lane from the CLL cell lysates was loaded onto a 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gel and electropho-
resed. Bcl-2 protein was detected using an anti-bcl-2 monoclonal anti-
body (Dako). Lane equivalent loading was certified by assessment with
Fast Green Staining (not shown). (B) Expression of p27 protein in human
CLL cells at 4 and 24 hours after incubation with medium or 0.18 and 0.33
pmol/L of flavopiridol. The cells were obtained from CLL patients after
obtaining informed consent, isolated, and cultured at 5 x 106/mL in
medium or flavopiridol (0.18 or 0.33 pmol/L). Cell lysates were prepared
and protein concentration was quantified using the BCA method (Pierce).
Five micrograms of protein/lane from the CLL cell lysates was loaded on a
10% SDS-PAGE gel and electrophoresed. The p27 protein was detected
using an anti-p27 polyclonal antibody (Oncogene). Lane equivalent load-
ing was certified by assessment with Fast Green Staining (not shown).
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Fig6. (A)Expression of p53 protein in human CLL cells at 1, 4, and 24 hours after incubation with medium or 0.18 wmol/L of flavopiridol. The
cells were obtained from CLL patients after obtaining informed consent, isolated, and cultured at 5 x 10%/mL in medium or 0.18 pmol/L of
flavopiridol. Cell lysates were prepared and protein concentration was quantified using the BCA method (Pierce). Twenty-five micrograms of
protein/lane from the CLL cell lysates was loaded onto a 10% SDS-PAGE gel and electrophoresed. The p53 protein (identified by an arrow) was
detected using an anti-p53 monoclonal antibody (Oncogene). (B) To assess for equal lane loading, gel 6A was reprobed with antiactin polyclonal
antibody (Santa Cruz), as depicted. Equal lane loading was also confirmed using Fast Green Staining (not shown).

exposures as compared with the 4-hour incubation. Thg LC umol/L), suggesting that in vitro sensitivity to flavopiridol is not
was not significantly different (P= .57) between CLL cells altered by prior treatment and more advanced disease.
exposed to flavopiridol for 24 versus 96 hours. Therefore, these

data support a 24-hour treatment administration schedule fo

phase Il studies of flavopiridol in patients with B-CLL. Ir:IavopmdoI Is Also Cytotoxic Toward Normal

Mononuclear Cells

Flavopiridol Is Equivalently Cytotoxic to Untreated and To assess the tumor selectivity of flavopiridol against CLL
Previously Treated B-CLL cells, we exposed mononuclear cell isolates from 9 healthy
Because in vitro drug resistance is more frequently observedolunteers to varying (0.01, 0.033, 0.1, 0.33, 1, 3.3, 10, 33, and
in previously treated patients, we next assessed if the degree 00 umol/L) concentrations of flavopiridol. Cells were incu-
flavopiridol cytotoxicity varied by pretreatment status. A cohort bated under identical conditions to those of CLL cells, as
of 27 patients with either untreated (1 16) or previously — described previously. No cytotoxicity was observed immedi-
treated (n= 11) CLL were identified from our institutions. The ately after 4 hours of incubation. The Egafter 4 hours of agent
clinical history of these patients at the time of phlebotomy is exposure followed by incubation in fresh medium until 4 days
described in Table 2. Of the previously treated CLL patients, 5was 1.21 umol/L (range, 0.60 to 1.90 umol/L; 95% €0.61
had fludarabine refractory disease. Mononuclear cells isolateggmol/L) for normal cells. After 24 hours of exposure followed
from these patients were exposed to varying (0.01, 0.033, 0.1y incubation for 96 hours or a continuous 96-hour exposure to
0.33, 1, 3.3, 10, 33, and 100 pmol/L) concentrations offlavopiridol, the LG, declined to 0.24 pmol/L (range, 0.15 to
flavopiridol for 4 days. Patients with untreated B-CLL had a 0.27 umol/L; 95% CI=0.03 pmol/L) and 0.18 umol/L (range,
mean LG of 0.12 (range, 0.02 to 0.22 pmol/L; 95% €10.03 0.02 to 0.21 pmol/L; 95% C1-0.05 pumol/L), respectively. As
umol/L) after 4 days of exposure to flavopiridol. A cohort of shown in Fig 1, the L& was not significantly different (P=
previously treated B-CLL had a similar mean 4g®f 0.15 .57) between the mononuclear cells obtained either from
pmol/L (range, 0.03 to 0.24 pmol/L; 95% Gt0.05 umol/L)  volunteers or patients with CLL exposed to flavopiridol for 24
after 4 days of exposure to flavopiridol that was not significantlyversus 96 hours, respectively. In fact, comparison of the
different (P = .77) from the untreated patients. Even for the 6 therapeutic index between B-CLL cells and normal mono-
patients who were clinically fludarabine refractory, thesb C nuclear cells demonstrated no significant difference at 4 (P
was 0.17 pmol/L (range, 0.09 to 0.21 pmol/L; 95% €0.05 .16), 24 P = .70), and 96 R = .82) hours, respectively.
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Fig7. PCR-based verification of murine splenocyte genotypes. Samples in lanes 2, 3, and 4 used the p53 exon 5 (W5') and exon 7 (W3') primers
to assay for the presence of wild-type p53 PCR product. Samples in lanes 5, 6, and 7 used neo primers (M5’) and the p53 exon 7 reverse primers
(W3’) to assay for a hybrid neo/p53 product expected in the p53 null mice. Murine wild-type DNA was used as PCR template in lanes 2 and 5,
murine p53 null DNA was used in lanes 3 and 6, and no DNA templates were used in lanes 4 and 7 (negative controls). The expected p53 product

from wild-type DNA is present in lane 2, and the expected neo/p53 hybrid product from p53 null DNA is present in lane 6. Lanes 1 and 8 are 100-bp
ladders.

Flavopiridol Induces Apoptosis in CLL Cells the tunnel assay outlined above (data not shown). These data

In an attempt to characterize if the cytotoxicity induced by support_ t_he observgtion of others that flavopiridol is indu_cing
flavopiridol was due to apoptosis, mononuclear cells from CLL CYtotoxicity at least in part through the pathway of apoptosis.
patients (n= 7) were incubated for either 4 or 24 hours in

medium or 0.18 umol/L of flavopiridol. Unlike fludarabine, Flavopiridol Cytotoxicity Does Not Correlate With Changes in
which induces apoptosis only after 1 day of exposure (data nopcl-2 or bax Protein Expression

shown), flavopiridol produced apoptosis as early as 4 hours o - . . .
postincubation. Indeed, the mean spontaneous apoptosis rate i[ITO determine if flavopiridol was inducing early apoptosis
medium incubated CLL cells at 4 hours was 12.8% (range, 4.4%;-|ther_ throug_h decreased expression of bcl-2 or |ncrease_d bax
to 17.7%; 95% CI-3.6%), which increased significantl & prptem, we incubated m_qnonuclear cglls fro_m CLL patients
.01) to 25.0% (range, 11.8% to 37%; 95% €B.5%) with with 0.18 pmol/L fIavop|r|QOI or medium with subseq_uent
flavopiridol exposure. At 24 hours, the mean spontaneou&SSessment of bcl-2 protein (r 7) or bax (n= 3) protein
apoptosis rate in medium was 20% (range, 10.2% to 34.1%8XPression at 4 and 24 hours. Figure 4A depicts bcl-2 expres-
95% Cls +7.8%) that increased significantly (B .02) to ~ Sion in 3 patient samples at the 0.18 umol/L flavopiridol
73.4% (range, 60.7% to 87.4%; 95% €11.0%). Arepresenta- concentration, demonstrating minimal change in bcl-2 protein
tive tunnel assay of CLL cells (patient UPN 9a) incubated in €xpression as compared with medium. Quantification of protein
medium or 0.18 pmol/L of flavopiridol assessing apoptosisbanding by densitometry in these seven experiments demon-
concurrently with cycle status is shown in Fig 2. Noteworthy is strated similar or slightly increased expression of bcl-2 expres-
the fact that flavopiridol appears to be inducing apoptosisin G Sion with 0.18 pmol/L of flavopiridol as compared with medium
arrested cells. Because necrotic cells sometimes show uptake 8f 4 and 24 hours, respectively. Mononuclear cells from 2
TdT, a separate assessment of apoptosis was performed usiagditional CLL patients were incubated with a higher concentra-
annexin-V and propidium iodine. Figure 3 demonstrates ation of flavopiridol (0.33 pmol/L), which induced a high rate of
representative annexin-V/P| assay with CLL cells (patient UPNapoptosis (85% and 88%) as measured by the TdT/PI at 1 day,
28a) incubated in medium or 0.18 umol/L of flavopiridol for 4 but similarly failed to demonstrate a change in bcl-2 protein
and 24 hours. This demonstrates a definitive population of cell&€xpression. The protein expression of bax was also not altered
with the altered annexin-V phospholipid observed with apopto-with 0.18 pmol/L flavopiridol incubation as compared with
sis, but lacking Pl staining. Similar apoptosis was observed withmedium-matched control (data not shown). These data suggest
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100 — increased the L& of F-ara-a in 5 of 6 CLL cell samples tested
from a mean of 11.6 umol/L (range, 2.2 to 29.6 umol/L; 95% CI
90 — +9.4 umol/L) to 29.3 pmol/L (range, 2.89 to 74.0 umol/L; 95%
Cl =24.6 pymol/L). The magnitude of this change was not
80 equivalent between patients, with only 3 having significant
increases over the respective controls. In contrast, as shown in
70 — Fig 5B for the same 6 CLL patients, the Lfof cells exposed in
. medium and flavopiridol was 0.23 pmol/L (range, 0.2 to 0.3
= 60 pmol/L; 95% CI1+0.03 pmol/L) versus 0.24 umol/L (range, 0.2
@ l to 0.28 pmol/L; 95% CI+0.02 pmol/L) for medium and IL-4
2 50 and flavopiridol. These data suggest that IL-4 incubation does
§ not increase the in vitro drug resistance to human CLL cells
g“_: 40 exposed to flavopiridol.
30 Flavopiridol Causes a Decrease in p53 Protein Expression
The normal CLL cellular response to DNA damage induced
20 by alkylator and/or purine analog exposure is an increase of p53
protein expression. To determine if flavopiridol was inducing
10 apoptosis via a similar pathway, we incubated mononuclear
CLL cells from 5 patients with 0.18 pmol/L of flavopiridol or
0 - — medium with subsequent assessment of p53 protein expression

at1, 4, and 24 hours. Figure 6A depicts a representative Western
blot demonstrating a decrease in p53 protein expression with
flavopiridol exposure at 4 and 24 hours as compared with
Fig 8. The viability of splenocytes from (OJ) wild-type (p53+/*) and mediu_m-only _Contro_l samples. Fig_ure 6B _depiCts a re_probing
() null (p53~/-) murine splenocytes after 24 hours of incubation with experiment with actin, demonstrating equivalent protein load-
varying concentrations of flavopiridol. Error bars indicate 95% Cls. ing among each of the samples. Fast Green Staining demon-

The cells were obtained from spleens of typed and PCR confirmed strated similar results (data not shown).
p53+/+ and p53~/~ mice. These cells were cultured at 1 x 10%/mL in

medium (control) and varying concentrations of flavopiridol (0.01 to 1 Flavopiridol Induces ApOptOSiS Independent of p53 Status
pmol/L). After 1 day of incubation, the viability was assessed using

the Trypan blue exclusion test. The observation that p53 protein expression was actually
decreased in response to flavopiridol exposure suggested that
this agent might be operating in a unique, p53-independent
that flavopiridol-induced apoptosis in human CLL cells does notfashion. To test this hypothesis, we explored whether the
occur as a consequence of bcl-2 protein modulation. observed effects of flavopiridol were dependent on intact p53.
Splenocytes from 4 wild-type and 3 typed p53 null type mice
were exposed to varying (0.01, 0.1, 0.33, and 1 pmol/L)
concentrations of flavopiridol. The absolute molecular status of
It has recently been preliminarily identified that the cell cycle the wild-type and p53 null type mice were secondarily con-
inhibitor p27 is variably overexpressed in CLL lymphocytes, is firmed by identifying the presence or absence of the p53 gene
induced by IL-4 incubation, and may have a role in suppressingand neogene as previously descrit¥édand is shown in Fig 7.
apoptosis. Because p27 binds to CDK2 and flavopiridol inhibitsThe cytotoxicity as assayed by trypan blue after 24 hours of
this kinase, we sought to determine if flavopiridol was modulat-incubation at each concentration of flavopiridol is summarized
ing expression of this protein. We incubated mononuclear cell$n Fig 8. Viability of the p53 null (mean, 81%; 95% &4.3%)
from 3 CLL patients in medium or flavopiridol (0.18 or 0.33 and wild-type (mean, 90%; 95% Ct2%) mice splenocytes
umol/L), which induced a high rate of apoptosis as measured bwfter 24 hours of incubation in medium was similar. A notice-
the TdT/PI at 1 day, but failed to demonstrate a change in p2&ble decline in splenocyte viability was noted with incremental
protein expression, as shown in Fig 4B. increases in flavopiridol concentrations without preferential
cytotoxicity to p537/+ as compared with the p53 spleno-
cytes. This nonpreferential toxicity was also observed in the
In vitro incubation of B-CLL cells with IL-4 has been thymocytes (data not shown). In contrast to this, the viability of
demonstrated to induce drug resistance toward chlorambucihe p53/~ splenocytes (89%) was affected minimally by 500
and prednisone. We sought to determine if another agentGy of irradiation as compared with almost complete loss of
currently used in the treatment of CLL (ie, F-ara-a) and viability (22%) in the p53/* splenocytes. Incubation with
flavopiridol were affected by IL-4 incubation. Cells from 6 F-ara-a at varying concentrations yielded a result similar to that
patients with B-CLL were exposed to varying concentrationsobserved after irradiation. After 24 hours of incubation with
(0.01, 0.033, 0.1, 0.33, 1, 3.3, 10, 33, and 100 umol/L) ofF-ara-a, the p53~ splenocytes had a Lgof greater than 100
F-ara-a and flavopiridol with or without 10 ng/mL of IL-4. As umol/L, contrasting with that of p53" cells in which the LG,
demonstrated in Fig 5A, incubation with IL-4 for 4 days was only 3.95 umol/L. The possible clinical relevance of these

0.01 0.1 0.33 1.0
Concentration of Flavopiridol (uM)

Flavopiridol Cytotoxicity Does Not Correlate With Changes in
Expression of p27

IL-4 Induces Resistance to F-ara-A, But Not Flavopiridol
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murine experiments to B-CLL is exemplified by the in vitro fragment at 24 hours of flavopiridol exposure as compared with
response of UPN28a to flavopiridol. This patient had a 17p13medium control is demonstrated in Fig 10B.
deletion, as shown in Fig 9. In vitro drug incubation with
fludarabine and flavopiridol demonstrated a.6f greater than DISCUSSION
100 pumol/L for F-ara-a and 0.22 pmol/L for flavopiridol. Thisis ~ Whereas Senderowicz etlalpreliminarily reported the
further demonstrated by Fig 3 illustrating marked apoptosis inobservation of in vitro apoptosis in a single patient with human
CLL cells from this same patient after 24 hours of 0.18 umol/L B-CLL, this manuscript evaluates the effect of flavopiridol in
of flavopiridol exposure. multiple patients with this disease. Furthermore, we show that
this agent has marked activity against B-cell CLL, irrespective
of previous treatment, purine analog refractoriness, the presence
The protein caspase 3 exists in zymogen form, is overexof a 17p13 deletion, or IL-4 incubation. In a recently completed
pressed in B-CLL, and when cleaved to its 17- to 20-kD andphase | study administering flavopiridol as a 72-hour infusion, a
10-kD fragments cleaves the DNA repair enzyme poly(ADP-median plasma concentration of 0.44 umol/L was attained at the
ribose) polymerase (PARP) that commits the cell to apoptosistecommended phase |l starting dd&eét this concentration,
Because caspase is activated at a point in the apoptotic pathwdaypotension and diarrhea were noted, but not myelosuppres-
distal to p53, we sought to determine if flavopiridol incubation sion. These attainable plasma drug levels and dose-limiting
resulted in cleavage of this protein. We incubated mononucleatoxicities have been noted by a second gr8upphis mean
CLL cells from 3 patients with 0.18 pmol/L of flavopiridol or attainable concentration of flavopiridol represents 2.4 times the
medium with subsequent assessment of caspase 3 protelrfCs, of human B-cell CLL cells in vitro. The apoptosis/
expression and its fragments at 1, 4, and 24 hours. Figure 10A8ytotoxicity observed with flavopiridol in CLL cells was
depicts a representative Western blot demonstrating a decreaséserved early at 4 to 24 hours as compared with fludarabine, in
in the zymogen caspase-3 32-kD protein. Detection of thewhich significant apoptosis/cytotoxicity is not noted before 4
subsequent appearance of the caspase-3 protein cleavage 20-8Bys. In contrast, the maximal flavopiridol drug effect at this

Flavopiridol Exposure Results in Activation of Caspase 3

Fig 9. Fluorescence in situ hybridization detection of the monoallelic deletion of 17p13.1 in patient 28a. Two lymphocytes from this patient’s
blood smear are shown, each with only one detectable signal for 17p13.1. This same pattern was observed in 35% of the blood leukocytes and
constituted the diagnosis of monoallelic deletion of 17p13.1 (original magnification x 1,000).
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low, clinically attainable concentration requires 24 hours of Additionally, a heightened awareness for possible opportunistic
continuous exposure. Incubation with flavopiridol beyond 24 infections should be present in these studies.
hours produced an insignificant change in thesd 6f CLL The mechanism by which flavopiridol produces cytotoxicity
cells. in tumor cell lines or fresh human tumor cells is currently
Our data also demonstrate that flavopiridol has almost arunknown. Initial preliminary investigations of flavopiridol in
identical dose response when comparing the @ human  breast and lung cancer cell lines demonstrated that flavopiridol-
CLL cells and normal mononuclear cells. This finding suggestsnduced cell cycle arrest in both;@nd G. These studies also
that flavopiridol might produce adverse effects on normaldemonstrated that flavopiridol was cytostatic to exponentially
lymphocytes; consequently, studies of lymphocyte subsetgrowing cells with little cytotoxic effect demonstrable in
should be incorporated into planned phase Il studies. Additionstationary nonproliferating celf8.A subsequent study using
ally, our data provide support for inclusion of CLL patients on MCF-7 breast cancer cell lines has demonstrated flavopiridol
phase I/ll studies of flavopiridol and subsequent phase Il studieghibits G, progression by a reduction of activity of CDK2 and
in this disease using a 24-hour continuous infusion scheduleCDK4.18In these studies, @nhibition of cell cycle progression
occurred independent of functional p53 and Rb status. Similar
inhibition of G, progression occurs through flavopiridol-
A inhibition of CDC2 activity with selective loss of phosphotyro-
sine content!-23Two recent reports challenged the notion that

Media 4 hrs flavopiridol is cytostatic to proliferating cells by demonstrating
. overt cytotoxicity with drug incubation in several tumor cell
Flav0.18 uM  * lines independent of growth phase stadt&.Finally, Kénig et

al reported that flavopiridol induced growth inhibition and
apoptosis in CLL cell lines with concomitant downregulation of
bcl-2 protein and mMRNA expression. Because bcl-2 overexpres-
sion inhibits apoptosis, the investigators suggested that modula-

Flav 0.33 pM 1

: g

Media 1 Day & tion of bcl-2 might in part explain how flavopiridol induces
3 cytotoxicity. This observation of bcl-2 protein downregulation
- had previously been observed by Schwartz €tialsolid tumor
av 0.18 uM - . . .
. . cell lines but only in one of the two lymphoid cell lines recently
examined by Parker et &.
Flav 0.33 uM . Our data from human CLL cells demonstrate that flavopiridol
is overtly cytotoxic to cells that are in d3. Others have
B @ ' observed that cytotoxicity both at,G and other cell cycle

positions can occur both through or in the absence of apoptosis
depending upon the specific type of tumor cell [#4€% The
combined results of the tunnel and annexin studies on mono-
nuclear CLL cell isolates suggest that flavopiridol induces

Media 4 Hr

Flav 0.18 uyM Fig 10. (A) Expression of caspase-3 zymogen protein (32 kD) in
human CLL cells at 4 and 24 hours after incubation with medium
alone or 0.18 or 0.33 umol/L of flavopiridol. The cells were obtained
from CLL patients after obtaining informed consent, isolated, and
cultured at 5 x 10%mL in medium or flavopiridol (0.18 or 0.33
prmol/L). Cell lysates were prepared and protein concentration was
quantified using the BCA method (Pierce). Fifteen micrograms of
protein/lane from the CLL cell lysates was loaded onto a 14%
SDS-PAGE gel and electrophoresed. The caspase-3 protein was
detected using an anti-caspase-3 polyclonal antibody (Santa Cruz).
Lane equivalent loading was certified by assessment with Fast Green
Staining (not shown). (B) Expression of caspase-3 zymogen protein
(32 kD; identified by a solid arrow) and cleavage product (20 kD;
identified by an open arrow) in human CLL cells at 4 and 24 hours
after incubation with medium alone or 0.18 or 0.33 mmol/L of
flavopiridol. The cells were obtained from CLL patients after obtain-
ing informed consent, isolated, and cultured at5 x 10%/mL in medium
alone or 0.18 or 0.33 pmol/L of flavopiridol. Cell lysates were
prepared and protein concentration was quantified using the BCA
method (Pierce). Seventy-five micrograms of protein/lane from the
CLL cell lysates was loaded onto a 14% SDS-PAGE gel and electropho-
resed. The caspase-3 protein was detected using an anti-caspase-3
polyclonal antibody (Santa Cruz). Overexposure of the nitrocellulose
E gel was necessary due to the instability of the cleavage product. Lane

equivalent loading was certified by assessment with Fast Green

Staining (not shown).

Flav 0.33 uM

Media 1 Day

Flav 0.18 uM

Flav033 uM &
-
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apoptosis, although the assays used cannot exclude a comppgatient whose CLL cells had a 17p13 deletion. Based on the
nent of direct cell necrosis, as has been observed in certain cetlata presented, we believe that flavopiridol represents an ideal
lines24 Unlike Konig et at® or Schwartz et a7 we were unable  agent for targeted therapy for patients with CLL, including
to demonstrate quantitative decreases of bcl-2 expression aftéinose with p53 mutations.

incubation of human CLL cells with flavopiridol. One reason In summary, we conclude that flavopiridol has marked in
for this discordant result might be that a higher concentration ofvitro activity against human CLL cells at concentrations that are
flavopiridol was used by this group, as compared with the 0.18eadily attainable in the clinic with the optimum time of drug
to 0.33 pmol/L used in this study. However, it is notable that, inexposure of approximately 1 day. Contrary to previous reports,
the absence of alteration of bcl-2 protein expression, prompflavopiridol exposure does not appear to modulate bcl-2 expres-
apoptosis was noted in all of the human CLL cell samplession in human CLL cells but does result in activation of
assessed in our laboratory. Additionally, all of the previouscaspase-3. Unlike other effective agents currently used in the
studies examining bcl-2 expression have included dividing celltreatment of CLL, flavopiridol induces cytotoxicity independent
lines that are not biologically reflective of the,Garrested  of p53 status or IL-4 incubation, making it an ideal agent for
human CLL cells used in this study. Whereas bcl-2 downregulatargeted therapy toward high-risk subsets of patients with this
tion may contribute to the therapeutic efficacy of flavopiridol in disease. These findings justify early introduction of previously
solid and lymphoid cell lines, it does not appear to be necessarifeated patients with CLL into phase | studies of flavopiridol
for induction of apoptosis in human CLL cells. What does Using a 24-hour infusion schedule.

appear to correlate with flavopiridol-induced apoptosis in
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