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Abstract
B chronic lymphocytic leukemia (B-CLL) cells exist in patients as slowly accumulating resting as well as proliferating B cells. In
this study, we examined whether Rapamycin and Curcumin, two naturally occurring compounds shown to have apoptotic
effects, could selectively induce apoptosis in resting B-CLL cells. Mononuclear cells isolated from patients with B-CLL were
treated with these agents and analysed by AnnexinV/propidium iodide binding, caspase activity, and changes in bcl-2/Bax ratio.
Rapamycin and curcumin significantly induced apoptosis in resting B-CLL cells obtained from patients with CLL. Furthermore,
rapamycin and curcumin increased caspase 9, 3 and 7 activity, decreased anti-apoptotic bcl-2 levels, and increased the pro-
apoptotic protein Bax. These data suggest rapamycin and curcumin may be an effective treatment for B-CLL and are of high
clinical significance considering the growing population of patients and lack of efficient treatment for this malignant disease.
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Introduction

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

progressive form of leukemia characterised by an in-

creased number of circulatory lymphocytes. Repre-

senting 25% of all cases, B-CLL is the most common

type of leukemia, and mainly occurs in people over

60 years of age. B-CLL is largely incurable, with

treatment emphasis on maintaining an acceptable

state of health and inducing remission when possible.

Patients in the initial stages of the disease are

generally not treated and only undergo regular

check-ups to assess disease progression. For patients

with advanced or progressive stages of the disease,

treatment is aimed at either controlling the symp-

toms or prolonging survival [1].

B-CLL has long been considered a disease in

which B-CLL cells accumulate due to a presumed

defect in their apoptotic mechanism. Previous

morphologic observations suggested that B-CLL

cells are resting cells with rarely detected cell cycle

activity in the blood. Recent data, however, suggest

that B-CLL cells are born and proliferate at different

rates that vary from patient to patient, and propose a

link between cell proliferation and clinical out-

come [2].

Several agents are currently under study as

alternative or additive treatments in chemo-

therapies for different malignancies, including

B-CLL [3]. In this study, we examined two such

agents:

(I) Rapamycin, also known as Sirolimus, is an

inhibitor of the TORC1 complex of mTOR.

TORC1 itself is a downstream target for AKT,

and this signaling system is activated in num-

erous tumors. Activation of TORC1 induces gene
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transcription that leads to cell growth. Under

physiological conditions, this signaling is crucial

for cell survival and development. Tumoral pro-

cesses however, utilise this signaling cascade toward

uncontrollable proliferation. Rapamycin was shown

to suppress cell proliferation and initiate apoptotic

events in many tumors, however the effect of

Rapamycin on B-CLL cells has not yet been fully

elucidated.

(II) Curcumin, a natural component of the

rhizome of Curcuma longa (turmeric), has emerged

as one of the most powerful chemopreventive and

anticancer agents [4,5]. Recent studies, predomi-

nantly using actively dividing cell lines, have

suggested that this compound could be used as a

chemopreventative or therapeutic agent for epithe-

lial tumors. Moreover, Curcumin has been reported

to inhibit the NIK/IKK complex, downregulate

NFkB, and inhibit the IKB kinase, thus suppressing

proliferation and inducing apoptosis [6]. Such an

activity would also be expected to induce apoptosis

in B-cell malignancies. Indeed, a single study

recently suggested that Curcumin might augment

the efficacy of established or experimental

therapies for B-CLL [3]. However, the apoptotic

effects of curcumin in B-CLL have not been fully

investigated.

Because all current therapies have failed to

prevent relapse and eventual death of patients

with B-CLL, new agents are constantly being

sought to help prolong the lifespan of patients

with B-CLL. We hypothesised that rapamycin and

curcumin could induce apoptosis in resting B-CLL

cells. Here, we show that rapamycin and curcumin

induce apoptosis in resting B-CLL cells via a

mechanism including caspase activation and bcl-2

downregulation.

Methods

Chemicals

Rapamycin (Rapamune, Sirolimus) was purchased

from Wyeth-Ayrest (Philadelphia, PA). Curcumin

was purchased from Sigma-Aldrich (St Louis, MO).

Curcumin stock solution was kept as 27 mM in

DMSO (7208C). Annexin-V/propidium iodide (PI)

apoptosis detection kit was purchased from MBL

(Naka-ku Nagoya, Japan). Antibodies against bcl-2,

Bax, b-actin and a-tubulin were purchased from

Santa Cruz (Santa Cruz, CA). Antibodies against

CD-5, CD-19, and CD-38 were purchased from IQ

products (Groningen, Netherlands).

Patients

Peripheral blood (PB) was drawn from 12 patients

with flow cytometry-verified B-CLL from the He-

matology Institute at Kaplan Medical Center, Re-

hovot, Israel. The patients were in different RAI

stages (0–IV) according to the RAI staging system,

and with an average of 84% CD19þCD5þ or CD38þ

as verified by flow cytometry (Table I). In-vitro

random checks for purity assessment of CD19þ cells

were performed, and no less than 98% was observed.

The study was approved by the local ethical

committee and conformed to the ethical guidelines

of the 1975 Declaration of Helsinki. Participants gave

informed consent.

Leukemic cell isolation and culture

PB from patients with B-CLL was drawn into

Vacuette EDTA tubes (Greiner Bio-One,

Kremsmunster, Austria). Peripheral blood mono-

nuclear cells (PBMCs) were isolated using gradient

Table I. Patient list.

No. Gender Age Stage WBC K/ul CD5 (%) CD19 (%) CD19þCD5 (%) CD38 (%) Experiment

1 M 54 0 53.8 96 86 86 b

2 F 80 0 29.5 94 91 90 b

3 F 66 0 16.3 93 73 71 b

4 F 58 0 13.3 86 38 28 a,b

5 M 72 0 21.3 96 82 80 a,b

6 M 73 0 51.2 99 96 96 a,b

7 F 86 0 82.2 11 87 2 88 a,b

8 F 82 0-I 86.3 99 97 97 a,b

9 M 70 II-0 47.4 94 84 84 a,b

10 M 85 IIþþ 98.6 99 97 97 a,b

11 M 80 IV 269.6 99 97 97 a,b

12 F 73 IV 196.2 100 98 98 a,b

M, male; F, female; Stage, RAI; WBC, white blood cells; CD, class differentiation.

The B-CLL patients did not receive any chemotherapy at least two 2 months before blood was taken for the indicated experiments. Blood

from different patients was used for different experiments as indicated under the ‘experiment’ tab column.

a, rapamycin; b, curcumin.
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centrifugation in Ficoll-PaqueTM plus solution as

described by the manufacturer (Amersham Bios-

ciences, Uppsala, Sweden). In all experiments,

isolated PBMCs were incubated overnight in

RPMI-1640 medium (Biological Industries, Kibbutz

Beit Haemek, Israel) containing 2 mM glutamine

and 10% heat-inactivated fetal calf serum (Biological

Industries) at 378C in a humidified atmosphere

containing 5% CO2. After 12 h, the cells were

treated as indicated.

Annexin-V/Propidium iodide apoptosis detection assay

PBMCs were washed in cold Phosphate buffer saline

(PBS) and resuspended in 100 mL of Annexin

binding buffer (10 mM HEPES, 140 mM NaCl,

2.5 mM CaCl2, pH 7.4). Five micro litres of

Annexin-V was added 5 min before 2 mL of PI, and

the solution was then incubated for 15 min at room

temperature. Another 300 mL of Annexin binding

buffer was added and cell fluorescence was analysed

by FACStar plus (Becton Dickinson, San Jose, CA)

flow cytometer using Cell Quest software. In the

results, apoptotic cells count as the sum of early plus

late apoptosis cells as examined by the array.

Cell cycle distribution studies

PBMCs were rinsed with PBS (Ca2þ- and Mg2þ-

free) and suspended in the dark for 30 min at 48C in

0.5 mL buffer containing 50 mg/mL PI, 0.1% sodium

citrate, 0.1% Triton-X and 1 mg/mL RNase. DNA

content was measured using a FACStar plus flow

cytometer using Cell Quest software.

Forward scatter/Side scatter analysis

PBMCs were washed in cold PBS, resuspended in

PBS, and then analysed by FACStar plus flow

cytometer using Cell Quest software. Apoptotic cell

death was examined by the morphological attributes:

FSC (forward scatter)/SSC (side scatter) index of

apoptotic-induced changes in cell size and granular-

ity, respectively.

Detection of active caspase levels

Levels of active caspases 3, 7 and 9 were performed

using Fluorescein Caspase Activity Kit (FLICA)

(Alexis Biochemicals, San Diego, CA). This kit

detects levels of active caspase in living cells utilising

unique (carboxyfluorescein) chemistry; the fluoro-

chrome caspase inhibitor binds covalently to the

active site of the caspase enzyme. In brief, FLICA

solution (306) was added to 300 mL (16 106/mL)

cell suspension and incubated for 1 h at 378C. The

samples were washed with wash buffer and the

suspended cells were analysed by flow cytometry

(FL-1 channel) using an argon ion laser at 488 nm.

Western blot analysis

Protein samples were subjected to 10% sodium

dodecyl sulfate-polyacrylamide gel electrophoresis

using Tris-glycine running buffer. Gels were then

electroblotted using semi-dry transfer apparatus

(Bio-Rad) in transfer buffer containing 0.025 mol/L

Tris base, 0.15 mol/L glycine, and 10% (v/v)

methanol for 1.5 h at 15 V onto a nitrocellulose

membrane (Bio-Rad). The membranes were then

incubated in blocking buffer (5% non-fat milk in

20 mmol/L Tris-HCL, pH 7.5, 137 mmol/L NaCl,

0.2% Tween-20) for 1 h at 238C. The membrane

was incubated overnight at 48C with a primary

antibody. After washing three times (5 min per

wash) with Tris-buffered saline-T (20 mmol/L Tris-

HCL, pH 7.5, 137 mmol/L NaCl, 0.2% Tween-20),

the membrane was incubated with a horseradish

peroxidase-conjugated secondary antibody. After

washing five times (5 min per wash) with Tris-

buffered saline-T, the membrane was incubated with

chemoluminescent substrate, enhanced chemilumi-

nescence (Pierce Endogen, Rockford, IL) for 5 min,

and chemoluminescent signals were visualised by

exposing the membrane to X-ray film (Kodak X-ray

film; InterScience, Mississauga, ON, Canada).

Densitometry was performed using National In-

stitute of Health (NIH) ImageJ software and repre-

sents percent of control.

Statistical analysis

The results were analysed using a paired one-tailed

independent Student’s t-test, ANOVA repeated

measures, or Pearson correlation, as indicated for

every experiment. Results represent mean+SEM.

Statistical significance was defined as p� 0.05.

Results

Rapamycin induces apoptosis in resting B cell chronic

lymphocytic leukemia cells

The ability of Rapamycin to induce apoptosis of

primary resting cultured B-CLL cells was tested

using the Annexin-V/PI assay. Control cells in all

experiments were in G1 phase of the cell cycle, as

shown in Figure 1(A**). As early as Day 1,

rapamycin (5 ng/mL and 50 ng/mL (5.47 and

54.7 nM) elevated apoptosis levels in B-CLL cells,

however this increase was not significant (data not

shown). Rapamycin (5 and 50 ng/mL), significantly

Rapamycin & curcumin induce BCLL apoptosis 627
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elevated apoptosis above control levels by Day 3

(32.16+ 5.7% and 36.91+ 6.2%, (n¼ 9), respec-

tively; control 22.75+ 4.4, n¼ 9; p5 0.001)

[Figure 1(A)]. However, compared to the PBMCs

of healthy donors, there was no significant change in

apoptosis induced by Rapamycin after 3 days of

treatment [Figure 1(D)]. Rapamycin (5 and 50 ng/

mL), significantly elevated apoptosis levels on Day 7

(40.33+ 8.1% and 62.55+ 10.9%, (n¼ 8), respec-

tively; control 20.47+ 4.9, (n¼ 8); p5 0.001)

[Figure 1(A)]. Further, while PBMCs of healthy

donors did not progress in apoptosis after 7 days,

there was a significant progression in the PBMCs of

patients with CLL [Figures 1(A) and 1(D)].

The apoptotic effect conferred by Rapamycin on

B-CLL cells was correlated with morphology

changes in both cell granularity (side-scattering;

SSC) and size (forward-scattering; FSC) as mea-

sured by FACS analysis. Consistent with classic plots

of apoptosis in cultured primary lymphocytes, the

Figure 1. Rapamycin induces apoptosis of B-CLL cells. B-CLL cells were treated with rapamycin (5 or 50 ng/mL) for either 3 or 7 days.

Cells were then examined for: (A) Early plus late apoptosis rates using the Annexin-V/PI assay (n¼9 or 8 for Days 3 or 7, respectively). (**)

Cell cycle analysis assay. (B) Changes in their morphological attributes (FSC, forward scattering – for size, and SSC, side-scattering – for

granularity) using FACS analysis (n¼ 9 or 8 for Days 3 or 7, respectively). (I) control cells; (II) rapamycin-treated cells. (C) B-CLL cells

were treated as described above for 7 days, and the amount of either active caspases 9 (n¼ 5) (I), or 3þ 7 (n¼5 or 7 for rapamycin 5 or

50 ng/mL, respectively). (II) Protease levels using a fluorescent caspase activity kit. III: On Day 3, the cells were also analysed for the protein

levels of bcl-2 and Bax using western-blot analysis. These results were analysed using ImageJ software and quantitative densitometry

described as percentage of control. (D) PBMCs derived from healthy donors were treated as described above for either 3 or 7 days. Cells

were then examined for early plus late apoptosis rates using the Annexin-V/PI assay (n¼2 or 3 as indicated in the figure). The experiments

indicated in Figures (A) and (B) were statistically analysed using ANOVA repeated measures, while caspase-3þ7 assay [Figure 1(CII)] was

analysed using one-way ANOVA (*p5 0.001; #p5 0.05).
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cells shift toward lower FSC and higher SSC

parameters [7] [Figures 1(BI) (control cells) vs.

1(BII) (Rapamycin-treated cells)]. Apoptotic cells

(exhibiting low FSC/high SSC) shown in Figure 1(B)

were also stained with Annexin-V/PI. This method

was significantly correlated to the Annexin-V/PI

method on Day 3 (Pearson correlation p5 0.001;

r¼ 0.928; N¼ 8), and Day 7 (Pearson correlation

p5 0.0001; r¼ 0.993; n¼ 7), and was also correlated

to caspase-9 levels (Pearson correlation p5 0.05;

r¼ 0.984; n¼ 4) and caspases 3 and 7 levels (Pearson

correlation p5 0.001; 0.999; n¼ 4). After 3 and 7

days of treatment, Rapamycin (5 and 50 ng/mL)

significantly elevated apoptosis above basal levels

(control day 3 – 21.61+ 3.8% (n¼ 9); control Day 7

– 21.19+ 4% (n¼ 8); rapamycin Day 3 –

31.08+ 5% and 39.2+ 6.3%, respectively,

p5 0.001; Day 7 – 40.64+ 8.4% and 64.84+
11.4%, respectively, p5 0.001) [Figure 1(B)].

Rapamycin-induced B-CLL cell apoptosis was

correlated with elevated levels of the active form of

caspase-9. After 7 days, Rapamycin (5 ng/mL and

50 ng/mL) significantly elevated active caspase-9

levels (32.76+ 11.8% and 56.01+ 17.1%, respec-

tively) above control cells (18.21+ 8.7%, n¼ 5,

p5 0.05) [Figure 1(CI)]. Because caspase-9 acts as

an initiator caspase that activates effector caspases,

we next determined whether rapamycin also in-

creased activation of caspases 3 and 7. Rapamycin (5

and 50 ng/mL) significantly elevated levels of cas-

pases 3 and 7 (28.41+ 10.3%, n¼ 5 and

54.86+ 12.7%, n¼ 7, respectively; control

17.72+ 5%, n¼ 7, p5 0.05) [Figure 1(CII)]. This

indicates that rapamycin-induced apoptosis acts

through the intrinsic caspase activation cascade.

To confirm the induction of the intrinsic caspase

activation pathway, we next examined Bax and bcl-2

protein levels. The intrinsic caspase activation path-

way is mediated through an increase in the levels of

Bax protein and a concomitant decrease in bcl-2

levels. Western-blot analysis revealed that both 5 and

50 ng/mL Rapamycin increased Bax and decreased

bcl-2 protein levels, resulting in a decreased bcl-2/

Bax ratio in rapamycin-treated cells (un-

treated¼ 1.17; 5 ng/mL¼ 0.83; 50 ng/mL¼ 0.22)

[Figure 1(CIII)]. These ratios were obtained by

dividing the arbitrary units of bcl-2 by Bax, with no

reference to actin or tubulin.

Curcumin induces apoptosis in B cell chronic

lymphocytic leukemia cells

The ability of Curcumin to induce apoptosis of

primary cultured B-CLL cells was tested using the

Annexin-V/PI assay. 10 mM Curcumin was used in

all experiments. Curcumin significantly elevated

apoptosis levels on Days 3 and 7 above basal levels

(Day 3- control 25+ 3.54, n¼ 12; curcumin

54.01+ 10.35%, n¼ 12, p5 0.002; Day 7 – control

20.47+ 4.91, n¼ 8; curcumin 45.84+ 12.44%,

n¼ 8, p5 0.02) [Figure 2(A)]. PBMCs from healthy

donors did not exhibit a notable elevation in

apoptosis after 3 or 7 days [Figure 2(D)].

Similar to rapamycin-treated cells, Annexin-V/PI

positive cells following curcumin administration were

also correlated with lower FSC and higher SSC, as

shown in Figure 2(B). Curcumin significantly

elevated apoptosis levels on Days 3 and 7 (Day 3 –

control 24.42+ 3.67, n¼ 11; curcumin

52.16+ 11.13%, n¼ 11, p5 0.005; Day 7 –

21.19+ 4.8, n¼ 8; curcumin 47.73+ 12.8%, n¼ 8,

p5 0.02).

Curcumin-induced B-CLL apoptosis was also

correlated with elevated levels of the active form of

caspase-9. After 7 days of treatment, curcumin

significantly elevated active caspase-9

(30.95+ 12.74%), in contrast to control cells

(18.21+ 8.7%, n¼ 5, p5 0.04) [Figure 2(CI)].

Levels of activated caspases 3 and 7 were also

significantly elevated following curcumin adminis-

tration [control 18.6+ 5.15%, curcumin 37.7+
12.25%, n¼ 7, p5 0.05; Figure 2(CII)], indicating

that curcumin induces apoptosis in B-CLL cells

through the intrinsic caspase activation cascade.

Curcumin treatment induced a mild increase in

Bax protein levels and decrease in bcl-2 levels,

resulting in a lowered bcl-2/Bax ratio (control 0.93,

curcumin 0.73) These changes, however, were less

notable than those achieved with Rapamycin

[Figure 2(CIII)].

Discussion

In the present study, we examined the effect of

Rapamycin and Curcumin on non-stimulated B-

CLL cells extracted from patients. For this purpose,

we used blood from 12 patients at different stages of

RAI (0–IV). The current paradigm on B-CLL cells

suggests the existence of two subsets of cells: (I) a

non-dividing circulating subset of cells; and (II) bone

marrow cells that possess an active cell cycle [8].

Consistent with other reports, the majority of B-CLL

cells extracted from patients were arrested in the G1

phase of their cell cycle. Decker et al. found that

Rapamycin (50 ng/mL) induced apoptosis of B-CLL

cells stimulated with IL-2 and CpG oligodeoxynu-

cleotides (cells with an active cell cycle), but not of

non-stimulated B-CLL cells (non-dividing cells) [8].

No study has yet shown an apoptotic effect of

Rapamycin on resting B-CLL cells. In contrast to

the findings of Decker et al., we did observe a

significant apoptotic effect of Rapamycin on

Rapamycin & curcumin induce BCLL apoptosis 629
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non-stimulated B-CLL cells. We found that 3-day

incubation with 5 ng/mL Rapamycin was the mini-

mum requirement to induce apoptosis of resting B-

CLL cells, but 7 days of treatment were needed to

produce significant apoptosis levels when compared

to normal PBMCs. Previous studies failed to observe

this effect, possibly because they did not use the same

conditions. In CLL cells, after 3 days of Rapamycin

treatment, the elevation of apoptosis was not higher

than in the PBMCs of healthy donors. However, in

CLL cells, there was a significant progression in the

apoptosis levels during the time, while in the PBMCs

derived from healthy donors, almost no progression

could be seen. Thus, after 7 days of treatment, there

was a significant difference between the PBMCs of

healthy donors and patients with CLL. Seven days of

treatment should be the ideal time for Rapamycin

usage.

Since normal PBMCs contain mostly T-lympho-

cytes, and PBMCs derived from patients with CLL

contain mostly B-lymphocytes, we cannot directly

compare these two cell populations. Thus, normal

PBMCs obtained from healthy donors were used as

toxicity control, in order to rule out toxicity of

curcumin and rapamycin in non-malignant cells.

Our data indicate that Rapamycin induces activa-

tion of caspases 9, 3 and 7, which implies an intrinsic

apoptotic mechanism [9]. To further emphasise the

apoptosis involved in this treatment, we attempted to

determine whether Rapamycin altered the expression

of the anti-apoptotic protein bcl-2 and the pro-

apoptotic protein Bax [10]. We found that

Figure 2. Curcumin induces apoptosis of B-CLL cells. B-CLL cells were treated with Curcumin (10 mM) for either 3 or 7 days. Cells were

then examined for: (A) Early plus late apoptosis rates using the Annexin-V/PI assay (n¼ 12 or 8 for Days 3 or 7, respectively). (B) Changes in

their morphological attributes (FSC, forward scattering – for size, and SSC, side-scattering – for granularity) using FACS analysis (n¼ 11 or

8 for Days 3 or 7, respectively). (C) B-CLL cells were treated as described above for 7 days, and the amount of either active caspases 9 (n¼5)

(I), or 3þ 7 (n¼ 7) (II), protease levels using a fluorescent caspase activity kit. (III) On Day 3, the cells were also analysed for the protein

levels of bcl-2 and Bax using western-blot analysis. These results were analysed using ImageJ software and quantitative densitometry

described as percentage of control. (D) PBMCs derived from healthy donors were treated as described above for either 3 or 7 days. Cells

were then examined for early plus late apoptosis rates using the Annexin-V/PI assay (n¼ 2). The experiments indicated in Figures (A), (B),

(CI) and (CII) were statistically analysed using Student’s t-test analysis (*p5 0.005; **p5 0.05).
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Rapamycin decreased the bcl-2 levels and increased

Bax levels, as shown in Figure 1(C). Consequently,

the bcl-2/Bax ratio was reduced dose dependently in

treated cells. These results show transition from a

clearly anti-apoptotic to a pro-apoptotic signal (1.17

in control cells, 0.83 in 5 ng/mL Rapamycin, and

0.22 in 50 ng/mL Rapamycin), as shown in Figure

1(C). Interestingly, in addition to Bax increase, we

show that Rapamycin induced a decrease in tubulin

expression. Since Rapamycin is capable of inducing

apoptosis of both resting and proliferative B-CLL

cells, it is plausible that it might affect the majority of

the tumoral B-CLL cell population.

Rapamycin and its two analogues, Temsirolimus

(Torisel) and Everolimus (RAD-001), exhibited

antitumor activity in in-vitro and in-vivo models

and are currently under clinical trials for prostate and

bladder cancer. Phase II and III trials have already

established the clinical efficacy of Temsirolimus in

renal cancer [11]. Temsirolimus, when administered

weekly in doses of 25 mg (i.v.) to patients with

advanced renal cell carcinoma and poor prognostic

features, exhibited related adverse events that were

primarily metabolic and easily controlled medically.

These effects did not negatively impact patient

quality of life [12]. A phase II pilot trial of

Everolimus administered orally in doses of 5 mg/

day in patients with advanced B-CLL, showed some

degree of activity. However, the trial was stopped

because of toxicity concerns [13]. Decker et al.

suggest focusing on different treatment schedules,

adequate anti-infectious prophylaxis, or combina-

tions of cytotoxic drugs, for further investigations.

Curcumin was recently suggested to augment the

efficacy of established or experimental therapies for

B-CLL [3]. Our results with Curcumin treatment of

B-CLL cells are consistent with those of Everett et al.

[3]. In this regard, we further explored the mechan-

ism behind its apoptotic effect and found it to be

mediated through the intrinsic caspase cascade,

which involves the activation of caspases 9, 3 and 7,

as well as a slight decrease in the bcl-2/Bax ratio in

Curcumin-treated cells [9]. In addition, as can be

seen in the results presented in Figure 2, while

treating B-CLL cells with Curcumin, some patients’

blood samples reacted mildly to the treatment and

showed small changes in the levels of apoptosis, while

other patients strongly responded to the treatment.

In an attempt to classify these subpopulations of

patients, no correlation was found between them and

any of the following parameters: RAI stage, age,

gender, the absolute lymphocyte count, or the

CD19þCD5þ percentage of the patients’ blood

samples. It is very important to investigate, distin-

guish, and classify these two subpopulations to find

a common denominator to improve decisions

concerning the efficacy of clinical treatments in

patients with B-CLL. Consistent with the knowledge

that turmeric has been used for centuries in diet and

in traditional medicine [14], and with another report

that Curcumin does not induce apoptosis in normal

human PBMCs [15], we found that Curcumin

almost did not induce apoptosis in PBMCs of

healthy donors after 3 or 7 days.

The chances for a single agent to effectively

eliminate tumoral cells in vivo while allowing full

recovery of the patients are slim. It is, therefore, a

necessity to treat these cells with multiple drugs

simultaneously to reduce the chances of drug

resistance. However, no significant results were

shown while B-CLL cell were treated with combina-

tion of Rapamycin and Curcumin (data not shown).

Combination of each treatment with well known

cytotoxic chemotherapies may prove beneficial for

these patients. Curcumin has already been found to

augment the efficacy of established or experimental

therapies for B-CLL [3]. However, Gotze et al.

reported on a single patient with relapsed CLL, who

was treated with Everolimus within a phase II clinical

trial that was discontinued after 32 weeks due to

progression. After the treatment was stopped,

fludarabine-based chemotherapy was started. The

patient subsequently developed a rapidly fatal

Epstein-Barr-virus-associated lymphoproliferative

disorder, clonally unrelated to the CLL. Gotze

et al. suggest caution when using new immunosup-

pressive drugs for treatment of CLL, especially in the

context of additional cytotoxic therapy [16].

Several mechanisms have been proposed to ac-

count for the ability of Rapamycin and Curcumin to

induce apoptosis in malignant cell lines in general

and in B-CLL cells in particular. Rapamycin is

known as an mTor inhibitor, while activated mTOR

is phosphorylated on Ser2448 [17]. In preliminary

results, we found decreased levels of pSer2448 mTor

in Curcumin-treated cells (data not shown). These

results imply inhibition of the mTOR pathway, but

further investigation is required.

Despite new treatments, combinations of che-

motherapies, and the introduction of monoclonal

antibodies, there is a high percentage of relapse in

treated patients with B-CLL. Thus, a constant search

for alternative treatments to replace or to be added to

previous non-responsive treatments must be con-

ducted. In this study, we suggest that Rapamycin and

Curcumin could be effective as apoptosis inducers

for resting B-CLL cells.

Acknowledgements

The authos thank Dr. Judith Radnay from the

Hematology Laboratory, Sapir Medical Center,

Rapamycin & curcumin induce BCLL apoptosis 631

L
eu

k 
L

ym
ph

om
a 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

D
ig

es
tiv

e 
D

is
ea

se
s 

B
ra

nc
h 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Meir Hospital, Kfar Sava, Israel, for her wisdom and

advice. They also thank Dr. Rachel S. Levy-

Drummer for the statistical analysis used in this

article, Uriel Karo from the Flow Cytometry Unit,

for his great help and advice in FACS analysis,

Dr. Kathleen Griffioen from the Laboratory of

Neurosciences, National Institute of Aging, National

Institute of Health, for her advice in editing this

article, and Marta Reshef from the Hematology

Institute, Kaplan Medical Center, Rehovot, Israel,

for skillful secretarial assistance. In addition, they

thank the ISEF Foundation for the continuous

support, and especially its president, Nina Weiner.

This work was partly supported by The Dave and

Florence Muskovitz Chair in Cancer Research, The

Frieda Stollman Cancer Memorial Fund and Dr.

Tovi Comet-Walerstein Cancer Research Chair.

This study was part of Rami Hayun’s PhD thesis.

References

1. Brugiatelli M, Bandini G, Barosi G, Lauria F, Liso V,

Marchetti M, et al. Management of chronic lymphocytic

leukemia: practice guidelines from the Italian Society of

Hematology, the Italian Society of Experimental Hematology

and the Italian Group for Bone Marrow Transplantation.

Haematologica 2006;91:1662–1673.

2. Chiorazzi N, Ferrarini M. Evolving view of the in vivo kinetics

of chronic lymphocytic leukemia B cells. Hematology Am Soc

Hematol Educ Program 2006;512:273–278.

3. Everett PC, Meyers JA, Makkinje A, Rabbi M, Lerner A.

Preclinical assessment of curcumin as a potential therapy for

B-CLL. Am J Hematol 2007;82:23–30.

4. Jagetia GC, Aggarwal BB. ‘‘Spicing up’’ of the immune system

by curcumin. J Clin Immunol 2007;27:19–35.

5. Ramalingam S, Belani CP. Recent advances in targeted

therapy for non-small cell lung cancer. Expert Opin Ther

Targets 2007;11:245–257.

6. Singh S, Khar A. Biological effects of curcumin and its role in

cancer chemoprevention and therapy. Anticancer Agents Med

Chem 2006;6:259–270.

7. Swat W, Ignatowicz L, Kisielow P. Detection of apoptosis of

immature CD4þ8þthymocytes by flow cytometry. J Immunol

Methods 1991;137:79–87.

8. Decker T, Hipp S, Ringshausen I, Bogner C, Oelsner M,

Schneller F, et al. Rapamycin-induced G1 arrest in cycling

B-CLL cells is associated with reduced expression of cyclin

D3, cyclin E, cyclin A, and survivin. Blood 2003;101:278–

285.

9. Faried LS, Faried A, Kanuma T, Nakazato T, Tamura T,

Kuwano H, et al. Inhibition of the mammalian target

of rapamycin (mTOR) by rapamycin increases chemosensi-

tivity of CaSki cells to paclitaxel. Eur J Cancer 2006;42:934–

947.

10. Bokelmann I, Mahlknecht U. Valproic acid sensitises chronic

lymphocytic leukemia cells to apoptosis and restores the

balance between pro- and antiapoptotic proteins. Mol Med

2008;14:20–27.

11. Garcia JA, Danielpour D. Mammalian target of

rapamycin inhibition as a therapeutic strategy in the

management of urologic malignancies. Mol Cancer Ther

2008;7:1347–1354.

12. Bellmunt J, Szczylik C, Feingold J, Strahs A, Berkenblit A.

Temsirolimus safety profile and management of toxic effects

in patients with advanced renal cell carcinoma and poor

prognostic features. Ann Oncol 2008;19:1387–1392.

13. Decker T, Sandherr M, Goetze K, Oelsner M, Ringshausen I,

Peschel C. A pilot trial of the mTOR (mammalian target of

rapamycin) inhibitor RAD001 in patients with advanced B-

CLL. Ann Hematol 2009;88:221–227.

14. Binion DG, Otterson MF, Rafiee P. Curcumin inhibits VEGF

mediated angiogenesis in human intestinal microvascular

endothelial cells through COX-2 and MAPK Inhibition. Gut

2008;57:1509–1517.

15. Sun CY, Liu XY, Chen Y, Liu F, Wang Y. Experimental

study on anticancer effect of curcumin on Raji cells in vitro.

Zhongguo Zhong Xi Yi Jie He Za Zhi 2004;24:1003–1006.

16. Gotze KS, Hoffmann D, Schatzl HM, Peschel C, Fend F,

Decker T. Fatal Epstein-Barr virus-associated lymphoproli-

ferative disorder following treatment with a novel mTOR

inhibitor for relapsed chronic lymphocytic leukemia leukemia

cells. Haematologica 2007;92:1282–1283.

17. Ringshausen I, Peschel C, Decker T. Mammalian target of

rapamycin (mTOR) inhibition in chronic lymphocytic B-cell

leukemia: a new therapeutic option. Leuk Lymphoma

2005;46:11–19.

632 R. Hayun et al.

L
eu

k 
L

ym
ph

om
a 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

D
ig

es
tiv

e 
D

is
ea

se
s 

B
ra

nc
h 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


