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Abstract

Chronic lymphocytic leukemia (CLL) is the most common form of adult leukemia in the western

world. High levels of Bcl-2 family anti-apoptotic proteins are responsible for apoptotic-resistance.

Besides anti-apoptotic proteins, microenvironment provides substantial surviving signals to CLL

leukemic cells. However, the in-depth-knowledge on the role of individual Bcl-2 family members

in the context of microenvironment is still limited. We performed a comprehensive analysis of

transcripts and proteins of 18 Bcl-2 family members using “apoptosis array micro fluidic card” in

primary cells before and after stromal co-cultures. Our data showed that, 5 of 6 anti-apoptotic

members (excluding Bcl-b), 2 of 3 pro-apoptotic members (excluding Bok) and 6 of 9 BH3-only

members were present at detectable mRNA levels in CLL cells. Importantly, stromal mediated

extended survival of CLL cells was in strong association with elevated global transcription. Upon

co-culturing with stromal cells, there was early response of increase in anti- (2/5) and pro-

apoptotic protein (3/8) transcripts on day 1, while increase in anti-apoptotic proteins were

observed on day 3, with no significant change in pro-apoptotic proteins. Our study revealed a

differential pattern of expression of both transcripts and proteins following stromal co-cultures,

proposing significance of Bcl-2 family members in stromal microenvironment.
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Introduction

Chronic lymphocytic leukemia is the most common form of adult leukemia in the western

world. It is characterized by the uncontrolled accumulation of abnormal lymphocytes that
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fail to undergo apoptosis [1]. The defective apoptosis in CLL is either associated with

genetic defects due to repression of miR-15a and miR-16 or molecular defects that are

associated with high expression of anti-apoptotic proteins of Bcl-2 family proteins [2,3].

Increased levels of Mcl-1, Bcl-2 and Bcl-xL are in particular responsible for sustained

survival of CLL cells by promoting resistance to spontaneous apoptosis or drug-induced

apoptosis [4–6].

A growing body of evidence suggests that the survival of CLL cells is partly mediated by

the interactions between leukemia cells and adjacent stromal cells residing in the lymphatic

tissue or bone marrow microenvironment. CLL B-cells are in constant interaction with

mesenchymal stromal cells or nurse like cells. Furthermore, the surface-receptors on B-cell

such as BCR (B-cell receptor), CXCR4 or others are constantly activated by their respective

ligands (anti IgM or CXCL12) expressed on the stromal cells or nurse like cells that keep

them in attraction to each other in the homeostasis [7,8]. This eventually leads to the

activation of BCR signaling pathway, where a number of downstream kinases are activated

that are essential for survival, homing and retention of CLL cells [9]. Consistent to this

notion, in vitro studies using representative bone marrow stromal cells demonstrated that

CLL cells co-cultured on stromal cells exhibited induction of Mcl-1, an important pro-

survival factor [10]. Similarly, incubation of CLL primary cells with representative lymph

node microenvironment (nurse like cells) demonstrated increase in Bcl-xL and Bfl-1, the

other anti-apoptotic members of the Bcl-2 family proteins [11,12][13].

Collectively, this context-dependent elevation of anti-apoptotic proteins suggests that the

Bcl-2 family proteins per se play a major role in the stromal cell mediated survival

advantage.

Bcl-2 family members of 26 proteins (14 were of human origin) were categorized into three

subfamilies, on the basis of their function and the composition of their Bcl-2 homology (BH)

domains [14]. Anti-apoptotic members that antagonize the apoptosis process include Bcl-2,

Bcl-xL, Bcl-b, Bcl-w, Bfl-1, and Mcl-1. Pro-apoptotic Bcl-2 family members that facilitate

the apoptotic cascade include Bak, Bax, Bok. The third group of the proteins called BH3

only pro-apoptotic proteins include activator BH3 only proteins (Bim, Bid) or sensitizers of

apoptosis that consists of Bad, Bik, Bmf, Hrk, Noxa, Bcl-rambo, and Puma [15].

Despite the notion that Bcl-2 family proteins are the central regulators of apoptosis in

general and stromal-mediated survival in particular, the depth-in-knowledge of

understanding the role of individual Bcl-2 family members in context of microenvironment

and associated sustained survival is still limited. To address this question, using a real-time

PCR mRNA array analysis, we investigated the impact of bone marrow stromal

microenvironment on the gene transcripts of Bcl-2 family pro- and anti-apoptotic proteins

that are involved in apoptotic pathway in CLL cells. Using CLL primary cells and the

mRNA array analysis, we screened the transcripts and protein levels of 18 Bcl-2 family

proteins before and after co-culturing on stromal cells. Our data show that CLL cells were

significantly rescued from spontaneous apoptosis and showed a concomitant significant

increase in the global RNA synthesis in the continuous support of stroma. Importantly, the

percent survival and rate of RNA synthesis for the same patient samples demonstrated a
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linear correlation. Investigations on individual transcripts and proteins of Bcl-2 family

members showed a differential pattern of expressions after incubation with stromal cells.

Collectively, our data provide a comprehensive profiling of Bcl-2 family members at

transcript and protein levels and the impact of bone-marrow stromal microenvironment on

their expressions in CLL.

Patients and methods

Patient Samples

The present study was carried out using leukemic lymphocytes isolated from peripheral

blood samples obtained from patients with CLL. All patients signed written informed

consent forms in accordance with the Declaration of Helsinki, and the laboratory protocol

was approved by the institutional review board at the University of Texas MD Anderson

Cancer Center.

Isolation of lymphocytes

Whole blood was collected in heparinized tubes, diluted 1:3 with cold PBS (0.135 M NaCl,

2.7 mM KCl, 1.5 mM KH2PO4, 8 mM Na2HPO4 [pH 7.4]), and layered onto Ficoll-

Hypaque (specific gravity, 1.086; Life Technologies, Grand Island, NY). The blood was

then centrifuged at 433g for 20 min, and mononuclear cells were removed from the

interphase. Cells were washed twice with cold PBS and resuspended in 10 mL RPMI 1640,

supplemented with 10% Fetal Bovine Serum (FBS) and fresh cells were used for all

experiments. A Coulter channelyzer (Coulter Electronics, Hialeah, FL) was used to

determine cell numberand the mean cell volume.

To determine purity of the B-cell population, we measured % lymphocytes in all 12 samples

obtained for mRNA array analysis. The % lymphocytes in these 12 samples ranged between

85–96% (median 92%). Additionally, lymphocytes were stained with CD19 antibody (a B

cell marker) to determine % B-lymphocytes, in each sample by FACScalibur. On-an-

average, % B-lymphocytes was high (median 89%; range, 82–94%) in these samples.

Preparation of CLL-BMSC co-cultures

Isolated lymphocytes were either cultured in suspension (1 × 107 cells/mL) or co-cultured

on confluent layers of human BMSC (NKTert; RIKEN cell bank, Tsukuba, Japan) at a ratio

of 100 CLL cells to 1 BMSC. NKTert cell line was authenticated by STR DNA

fingerprinting using the AmpFlSTR Identifiler kit (Applied Biosystems). To perform co-

culture experiments, we maintained continuous cultures of stromal cells and plated them at a

concentration of 5 × 104 cells/well 24 hr prior to adding CLL cells at a concentration of 1 ×

107 per well. At the end of incubation, CLL cells from suspension culture or the free-

floating CLL cells from co-cultures were carefully removed, leaving the adherent stromal

layer undisturbed, and used to assess different molecular end points.

Cell viability

Determination of CLL cell viability was carried out by two standard methods. Annexin V

binding, was carried out with a Detection Kit I (PharMingen, San Diego, CA) according to
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the manufacturer’s instructions. Briefly, cells were washed with PBS and resuspended in

200 μL of 1X annexin binding buffer obtained fromBD Biosciences, at a concentration of 1

× 106 cells/mL. Annexin V–FITC (5 μL) was added and the cells were incubated in the dark

for 15 min at room temperature. To the labeled cells was then added 10 μL propidium iodide

(50 μg/mL);they were analyzed immediately with a FACScaliburcytometer (Becton-

Dickinson). Data from at least 10,000 events per sample were recorded and processed using

Cell Quest software (Becton-Dickinson). An alternative assay was based on the analysis of

mitochondrial transmembrane potential by 3,3-dihexyloxocarbocyanine iodine (DiOC6) and

cell membrane permeability to propidium iodide [10]. Briefly, a 200-μL cell suspension was

collected at the indicated time points and transferred to FACS tubes containing 200 μL of 60

nM DiOC6 (Molecular Probes, Eugene, OR) and 10 μg/mL propidium iodide (Molecular

Probes) in RPMI with 0.5% BSA. Cells were then incubated at 37°C for 15 min and

analyzed within 30 min using a FACScalibur (Becton Dickinson). Fluorescence was

recorded at 525 nm (FL-1) for DiOC6 and at 600 nm (FL-3) for PI.

Global RNA synthesis

Primary CLL cells in suspension or BMSC co-culture were used to measure global RNA

synthesis by [3H]uridine incorporation assay. Prior to removal of the aliquot, 10 μCi/mL

[3H]uridine was added to these cultures and the incubation was continued for an additional

30 min. The labeled cells were then extracted using perchloric acid and the pellets were

incubated overnight with KOH at 37°C to dissolve RNA or protein. The radioactivity was

measured by scintillation counting. [3H]uridine (specific activity, 41.2 Ci/mmol) were

purchased from Moravek Biochemicals (Brea, CA).

Microarray analysis

In order to evaluate changes in individual transcripts of Bcl-2 family proteins in presence of

bone marrow stromal microenvironment, we used ‘human apoptotic array micro fluidic

card- Applied Biosystems’ (4378701) for Real-time PCR. Briefly, CLL lymphocytes co-

cultured with or without stromal cells were collected and processed for RNA extraction

(Qiagen RNeasy Mini Kit, 74106). 2 μg of total RNA was converted to cDNA using High

Capacity RNA-to-cDNA kit (Applied Biosystems, 4387406). 100 ng of cDNA was

introduced each lane micro fluidic array card along with PCR master mixture (Applied

Biosystems, 4304437). The array card was sealed and PCR reactions were completed using

7900HT sequence detection system (Applied Biosystems). The data was analyzed using

software RQ Manager and Data Assist. All mRNA expressions were normalized to three

control genes β-actin, GAPDH and 18S. This apoptosis array micro fluidic card contains 93

mRNA targets including 18 mRNA targets of Bcl-2 family. However, the data obtained for

transcripts of Bcl-2 family members are presented in this manuscript (Table 1 lists name of

these genes and respective proteins).

Immunoblot analysis

CLL cell pellets were washed with PBS and lysed on ice for 20 min in lysis buffer

containing 25 mM HEPES (pH 7.5), 300 mM NaCl, 1.5 mM MgCl2, 0.5% sodium

deoxycholate, 20 mM glycerophosphate, 1% Triton X-100, 0.1% sodium dodecyl sulfate,

0.2 mM EDTA (pH 8), 0.5 mM dithiothreitol, 1 mM sodium orthovanadate (pH 10), one
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mini complete protease inhibitor (Roche) tablet per 10 mL of buffer. Cells were centrifuged

at 14,000g for 10 min at 4°C, and the supernatant was removed and the protein content

determined using a DC protein assay kit (Bio-Rad Laboratories). Aliquots (35–45 μg) of

total cell protein were boiled with Laemmli sample buffer, loaded onto 4% to 12% SDS-

PAGE gels, and transferred to nitrocellulose membranes (GE Osmonics Labstore).

Membranes were blocked for 1 hr in PBS–Tween-20 containing 5% nonfat dried milk and

then incubated with primary antibodies for 2 hr at room temperature for rabbit polyclonal

antibody to Bcl2-A1 (Epitomics, CA, 1639-1), Bcl-xL (Santa Cruz, SC634), Bad (Cell

Signaling, MA, 9292), Puma (Cell Signaling, MA, 4976), Noxa (Santa Cruz, CA, SC30209),

Bim (Santa Cruz, CA, SC11425), Mcl-1 (Santa Cruz, CA, SC819) and mouse monoclonal

antibody to Bcl-w (Millipore, MA, AB1723), Bax (Santa Cruz, CA, SC20067), Bik (Santa

Cruz, CA, SC365625), Bcl-2 (Santa Cruz, CA), and Gapdh (Sigma, St. Louis, MO). After

washing with PBS–Tween-20, membranes were incubated with infrared-labeled secondary

antibodies (LI-COR Inc) for 1 hr, scanned, and visualized using LI-COR Odyssey Infrared

Imager.

Statistical analysis

Linear correlations were derived using the GraphPad Prism5 software (GraphPad Software,

Inc. San Diego, CA). r One sample t test and paired student t-tests (two tailed) were

performed for statistical analyses and were mentioned at respective figure legends.

Results

CLL cells co-cultured on stromal cells demonstrate time-dependent sustainability

Primary B leukemic lymphocytes obtained from patients with CLL were co-cultured on

NKtert stromal cell line (a representative human bone marrow stromal line) for different

time periods and the viability of CLL lymphocytes were measured by Annexin V/PI staining

(Fig. 1A–I). At the end of 12 hr incubation, there was no significant protection observed

with respect to time matched controls (n=4; p=0.222; data not shown). After 24 hr, CLL

cells co-cultured on stromal cells demonstrated significant viability compared to time

matched controls (Fig. 1A; n=25; p=0.0004). Extended incubations on stroma further

increased the viability of CLL cells significantly that include day 2 (Fig. 1B; n=10;

p=0.0107), day 3 (Fig. 1C; n=15; p<0.0001), day 4 (Fig. 1D; n=6; p=0.0246), day 5 (Fig.

1E; n=10; p=0.0038), and day 6 (Fig. 1F; n=9; p=0.0232). Taken together, though there was

heterogeneity among patient samples regarding percent surviving cells and the cyto-

protection rendered by stroma, overall, there was significant protection of apoptosis in

presence of stromal cells (Fig. 1G). To further confirm these results, DiOC6 staining method

was used to measure the viable cells. DiOC6 staining data also showed similar trend of

protection of CLL lymphocytes when co-cultured on stroma cells (Figure 1H). Plotting

values obtained from both methods for same patients’ samples provided a significant linear

correlation (P<0.0001; Pearson r = 0.94; Figure 1I).
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CLL cells co-cultured on stromal cells demonstrate time-dependent increase in rate of
global RNA synthesis

Given that CLL cells are replicationally quiescent but active in transcription, we next

investigated the effect of NKtert cells on global RNA synthesis (includes mRNA, tRNA, and

rRNA synthesis) in CLL lymphocytes at increasing time periods using uridine incorporation

assay (12 hr, day 1 and day 3; Figure 2A–C). Consistent with viability data, our data showed

no significant increase in global RNA synthesis at 12 hr (Figure 2A). However, there was a

significant increase observed after 24 hr (1.7±0.5 fold; n=13, p=0.0019; Figure 2B), which

was persistent until day 3 (2.5± 1.0 fold; n=8, p=0.029; Figure 2C). The mean of uridine

incorporation (dpm/cell) at day 1 and day 3 were consistently high when cells were co-

cultured on NKtert cells (Figure 2D). Furthermore, uridine incorporation, a measurement of

total RNA synthesis, was strongly (P<0.0001) and linearly associated (r=0.73) with viability

of CLL cells measured in 23 samples (Figure 2E).

Effect of bone marrow stromal cells on the modulation of mRNA expression of Bcl-2 family
members

Our uridine incorporation assay showed increase in overall global RNA synthesis of CLL

lymphocytes. In order to investigate which specific mRNA of Bcl-2 family members is

increased in our co-culturing model system, we used Real-Time PCR apoptotic array

(microfluidic card from Applied Biosystems) to determine the individual transcripts of anti-

and pro-apoptotic Bcl-2 family members (given in Figure 3A) at different time periods (12

hr, day 1 and day 3; Figure 3B–F and 4A–H). We analyzed total of 18 gene transcripts of

Bcl-2 family members. This array card contains six anti-apoptotic members, three pro-

apoptotic multi-domain members, nine BH3- only pro-apoptotic members of the Bcl-2

family (Table 1). Of these 18 Bcl-2 family members, majority (13 of them) were expressed

endogenously in CLL lymphocytes. However, transcript levels of anti-apoptotic gene -

BCL2L10 (BCL-B) and four pro-apoptotic gene - BCL2L13 (BCL-RAMBO), BCL2L14,

BOK, and HRK, were below the limit of detection in most of the samples analyzed (data not

shown).

In short term co-cultures on stroma (12 hr), CLL lymphocytes demonstrated modest increase

in transcripts of anti-apoptotic members to a median of 1–1.25 fold (n=4) in MCL-1 (Figure

3B), BCL2A1 (Figure 3C), BCL2L1 (BCL-XL) (Figure 3D), BCL-2 (Figure 3E), and BCL2L2

(BCL-W) (Figure 3F). By day 1, this increase was significant in all the transcripts of anti-

apoptotic members ranging between 1.3 to 2.1 fold (Figure 3B-F). Interestingly, the

maximum increase in mRNA level was observed with BCL-XL (n=12, p=0.0179; Figure 3D)

while minimum or no change was observed with BCL-W (Figure 3F). Of note, by day 3, the

levels of all anti-apoptotic transcripts were returned to the basal levels (Figure 3B–F).

Bcl-2 pro-apoptotic multi domain members BAK and BAX had insignificant decrease in their

transcript levels during short term co-cultures (median 0.68 and 0.82 fold respectively; 12

hr), and thereafter remained similar on day 1 and 3 (Figure 4A and B). As mentioned above,

the third member of this group, BOK was below the limit of detection. Given the opposing

functions of anti- and pro-apoptotic proteins, one would expect a differential pattern of

expression between these two sets of proteins. To our surprise, in context to stromal
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microenvironment, pro-apoptotic BH3 only members indeed followed the similar pattern of

mRNA increase as of anti-apoptotic proteins (Figure 4C–H), at day 1 for PUMA (n=12,

p=0.0487; Figure 4C), NOXA (n=12, p=0.0505; Figure 4D), BIM (n=12, p=0.0054; Figure

4H) and BAD (n=12, p=0.0394; Figure 4F) but returned to the basal levels observed in

suspension cells on day 3 (median ~1 fold). Pro-apoptotic BH3 only members - BID and

BIK mRNA remained unchanged (Figure 4E and G).

Effect of bone marrow stromal cells on the modulation of protein levels of Bcl-2 family
members

Given that Bcl-2 family transcripts exhibited variability in CLL cells co-cultured on stroma,

we next investigated the protein levels of Bcl-2 family members. Figure 5A represents one

representative patient data of immunoblot for anti-apoptotic proteins. Overall, anti-apoptotic

proteins Bcl-2, Bfl-1, Bcl-xL, Mcl-1, Bcl-w showed either stable expression or increased

expression in CLL cells when co-cultured on NKtert stromal cells on day 1 and day 3

(Figure 5B–F; n=5). Of note, CLL lymphocytes from all patient samples displayed

sustainability in support of stromal cells. Bcl-2, Mcl-1, Bcl-xL, and Bcl-w protein levels

increased on day 3 except Bfl-1. However, cells from patient #31 did not demonstrate

increase in survival when co-cultured on NKtert cells. Corresponding to this observation,

CLL lymphocytes from this patient showed decrease in almost all anti-apoptotic proteins on

day 1 (data not shown).

With regard to pro-apoptotic proteins, one representative patient data for pro-apoptotic multi

domain protein Bax is provided in Figure 6A. Consistent with the transcript data, additional

samples evaluated for Bax expression showed no change in protein levels at day 1 and day 3

(Figure 6B; n=8). Bak expression was not measured in these experiments. Figure 6C

represents one representative patient data for BH3-only pro-apoptotic proteins. Additional

samples evaluated for these proteins demonstrated that Bid remained unchanged (Figure 6D;

n=4), while Bik decreased on day 1 (n=4, P=0.043; Figure 6E). Bad increased on day 1 (3/4

patients) but remained unchanged on day 3 (Figure 6F). Short and long isoforms of Bim, and

Noxa displayed no change (Figure 6G–I) while Puma slightly decreased (n=4, p=0.072) on

day 1; but the levels were regained on day 3 (Figure 6J).

Discussion

CLL is inherently characterized by the defective cellular apoptotic machinery. Bcl-2 family

anti-apoptotic proteins, which are the major road blocks of apoptotic pathway, are expressed

high in B-CLL malignant cells compared to normal B-mature lymphocytes [3,16,17]. Of 6

members of anti-apoptotic proteins, Bcl-2 is required for maintenance of peripheral

lymphocyte populations in adulthood [18] and Bcl-xL is required for survival of immature

thymocytes [19]. Anti-apoptotic Mcl-1 is needed for survival of hematopoietic stem cells, as

well as for development of mature lymphocytes. [20,21]. In corollary to this transgenic mice

overexpressing Mcl-1 develops B-cell lymphomas [22]. mRNA levels of anti-apoptotic

proteins significantly correlated with measure of cell death as knocking down Bfl-1 with

siRNA promoted apoptosis [23]. Another member, Bcl-w, is not associated with

hematopoetic cells rather is present in sperm cells. [24]. Together, these reports provide
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individual expression of Bcl-2 family anti-apoptotic proteins and their important role in

resistance to apoptosis of CLL cells [25,26]. Consistent to these reports, our comprehensive

evaluation of Bcl-2 family anti-apoptotic proteins in CLL primary cells demonstrated

presence of 5 of 6 anti-apoptotic members at mRNA (Table 1 and Figure 3) and protein

levels (Figure 5–6). While Bfl-1 was not affected Bcl-xL, Mcl-1 and Bcl-w protein levels

were significantly induced with stromal cell incubations.

As opposed to Bcl-2 family anti-apoptotic proteins, pro-apoptotic proteins Bax and Bak

promote apoptosis through the release of cytochrome c from mitochondria in cancer cells

[27–29]. Bax is required for the programmed cell death of mature lymphocytes [30]. Pro-

apoptotic Bak helps to govern the homeostasis of B-cell populations in vivo and bak−/−

platelets have extended half-life [31]. Our evaluation using apoptotic microarray

demonstrated endogenous presence of Bax and Bak, (but not Bok) in CLL cells (Figure 4),

and compared to control cells, mRNA and protein levels did not change when CLL cells

were cocultured on stroma.

The third group of Bcl-2 family proteins is BH3 only proteins, which either activate or

sensitize leukemic cells to apoptosis depending on their structural and functional homology.

Bid regulates turnover of some populations of myeloid cells [32]; Bim is required for

programmed cell death of memory B cells and plasma cells (or their progenitors) [33–36];

and Bad has tumor suppressor role in mature B cells [37]. In our evaluations, six of nine

BH3 only proteins, were present at mRNA level in CLL cells (Table 1 and Figure 4) and six

were expressed at protein level (Figure 6).

While the circulating lymphocytes are in constant uphold by intrinsic Bcl-2 family proteins,

lymphocytes that are homing in bone marrow or lymph nodes are essentially retained by

signals from extrinsic microenvironment that promote survival advantage to spontaneous

and drug-induced apoptosis [38]. Consistent with this, our data showed an increase in BFL-1

mRNA in cells co-cultured on stroma. Reports reveal that co-culturing CLL cells on stroma

decreased the apoptotic priming in a leukemic cell, evidencing the significance of Bcl-2

family anti-apoptotic proteins in context to tumor microenvironment[39]. Mcl-1 is induced

in cells in contact with follicular dendritic cell line, while Bcl-xL was induced in cells co-

cultured with CD-40 ligand (CD-154)-expressing fibroblast cell line [12,40]. Bone biopsy

derived marrow stromal elements facilitated angiogenic switch by increasing Mcl-1 and

Bcl-2 in CLL [41]. Importantly, several chemotherapeutics that induce apoptosis in CLL

suspension cells, partially fail to promote apoptosis in cells co-cultured with stroma [42].

This suggests that the high levels of anti-apoptotic proteins induced in association with

microenvironment could possibly be responsible for the apoptosis resistance. On the basis of

this notion, several inhibitors of Bcl-2 family anti-apoptotic proteins or Bcl-2 antagonists

were synthesized and introduced for treatment of CLL. These therapies (gossypol, AT-101,

ABT-737) that target specifically Bcl-2 family pro-survival proteins have demonstrated to

bypass survival advantage and induce apoptosis in CLL cells [6].

While these studies reveal the significance of one or more anti-apoptotic members in

diversified microenvironments, a complete representation of Bcl-2 family members in

context to microenvironment has never been established. In this effort, for the first time,
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using microarray technique, we screened the molecular profile of mRNA and protein

expression of all Bcl-2 family members in the context of bone marrow microenvironment.

Using CLL primary cells and Nktert stromal cells (a representative stromal cell line of bone

marrow stromal microenvironment), we compared total of 18 genes at mRNA and protein

levels before and after co-culturing with stromal cells. Overall, our study demonstrated a

significant increase in global RNA synthesis in cells co-cultured on stroma (Figure 2). In

addition, our data showed an increase in the mRNA levels of all Bcl-2 family anti-apoptotic

proteins in CLL cells co-cultured on stroma (Figure 3). This goes in-line with the

observations reported by Buggins et al, who demonstrated that CLL cells receive specific

survival signals in presence of endothelial cells that is mediated through the activation of

NF-κB and the induction of downstream target genes [43]. Pro-apoptotic proteins Bik

(P=0.047) and Puma (P=0.072) decreased slightly at 24 hrs while Mcl-1 increased. In

contrary, no changes in Bax transcript or protein levels were observed (Figure 4 and 6)

suggesting that rather than total protein levels, functional modifications such as

oligomerization of Bax protein may be significant in promoting apoptosis [44]. Of note, the

presence of single nucleotide polymorphism in promoter region of Bax gene together with

lower Bax protein expression projected overall shorter survival in CLL [45]. Collectively,

our data show that down-regulation of pro-apoptotic proteins at early time points and up-

regulation of anti-apoptotic proteins at later time points may partly impart to the survival

advantage to CLL cells.

Another factor to be considered is duration of co-cultures. Studies showed that the longer

incubation time (up to 7 days) virtually increased the expressions of Bcl-2, Bcl-xL and

Mcl-1 in CLL [43]. However, longer incubations may possibly modulate the biology of CLL

cells, where other factors such as nurse-like cells might intervene and contribute to the

apoptosis resistance. For this reason we chose shorter incubation times (maximum of day 3)

to assess the effects of mimicking the bone marrow microenvironment. During 24 hr

incubations, our data showed moderate to significant increase in almost all transcripts of

both anti- and pro-apoptotic members of Bcl-2 family, but not all of them showed similar

trend of increase in protein expressions (Figure 3–6). Additionally, there was an early

response in pro-apoptotic proteins either decreased (2/8) or stably expressed (5/8) and late

response in anti-apoptotic proteins (4/5 increased) in co-cultured cells.

The balance of pro- and anti-apoptotic proteins’ expression decides the fate of CLL cells. In

the current investigation, we quantitated changes in mRNA and protein level of Bcl-2 family

proteins, but did not evaluate mechanism of these changes. Changes at transcript and protein

levels, reflect the impact on gene transcription and protein translation; however,

posttranslational modifications may partly be responsible for turnover of proteins (reviewed

in [46]). These modifications need to be evaluated to identify comprehensive mechanism of

modulation of proteins.

In summary, our study demonstrates a variable pattern in all members of Bcl-2 family

proteins in CLL lymphocytes co-cultured with stroma, proposing a substantial evidence for

the significance of Bcl-2 family members in apoptosis resistance with respect to bone

microenvironment. Further investigations using diverse microenvironments may provide the

prospect of developing therapeutic strategies aimed at inducing apoptosis in CLL cells.
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Figure 1. CLL cells co-cultured on stromal cells demonstrate time-dependent sustainability (A-I)
CLL lymphocytes were incubated with NKTert stromal cell line at different time periods (1–

6 days) and the viability of cells was measured by Annexin V/PI staining (A–F). Mean %

survival of CLL lymphocytes was compared between suspension cultures and stroma co-

cultures using Annexin V staining method (G) and DiOC6 staining method (H). The ‘d’

denotes ‘day’. Values obtained from two standard methods for same patient samples were

correlated (Annexin V and DiOC6) to obtain a linear correlation (I). Paired student t-tests

(two tailed) statistical analysis was performed (*P<0.05, **P<0.01, ***P<0.001,

****P<0.0001).
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Figure 2. CLL cells co-cultured on stromal cells demonstrate time-dependent increase in rate of
global RNA synthesis (A–D)
CLL lymphocytes were incubated with NKTert stromal cell line for different time periods

[12 hr (A), day 1 (B) and day 3 (C)] and the global RNA synthesis was measured by uridine

incorporation assay. Values obtained from viability assays and uridine incorporation assays

for same patient samples was correlated to obtain a linear correlation (D; n=23; r=0.73).

Paired student t-tests (two tailed) analysis was performed for statistical significance

(*P<0.05, **P<0.01, ***P<0.001, ****P<0.0001).
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Figure 3. Comparison of mRNA expression of Bcl-2 family anti-apoptotic members in CLL cells
between suspension cultures and stroma co-cultures (B–F)
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CLL lymphocytes were incubated with NKTert stromal cell line at different time periods (12

hr, day 1, and day 3) and the individual transcript levels of Bcl-2 family proteins were

determined using ‘human apoptotic array micro fluidic card’ (Applied Biosystems,

4378701) for Real-time PCR. A schematic illustration of different Bcl-2 family members is

provided (A). mRNA expressions of a spectrum of anti-apoptotic Bcl-2 family proteins (B–

F), were evaluated. Each symbol on the graph represents fold change in mRNA expression

with respect to that after stromal co-incubations, which is normalized to respective mRNA

levels of control samples. One sample t test statistical analysis was performed (*P<0.05,

**P<0.01, ***P<0.001, ****P<0.0001).
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Figure 4. Comparison of mRNA expression of Bcl-2 family pro-apoptotic members in CLL
between suspension cultures and stroma co-cultures (A–H)
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CLL lymphocytes were incubated with NKTert stromal cell line at different time periods (12

hr, day 1, and day 3) and the individual transcript levels of pro-apoptotic Bcl-2 family

proteins were determined using ‘human apoptotic array micro fluidic card’ (Applied

Biosystems, 4378701) for Real-time PCR. mRNA levels of multi-domain pro-apoptotic

Bcl-2 family members (A and B) and mRNA expressions of BH3-only pro-apoptotic

proteins (C–H) were evaluated. Each symbol on the graph represents fold change in mRNA

expression with respect to that after stromal co-incubations, which is normalized to

respective mRNA levels of control samples. One sample t test statistical analysis was

performed (*P<0.05, **P<0.01, ***P<0.001, ****P<0.0001).
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Figure 5. Comparison of protein expression of Bcl-2 family anti-apoptotic members in CLL cells
between suspension cultures and stroma co-cultures (A–F)
CLL lymphocytes were incubated with NKTert stromal cell line at different time periods

(day 1 and day 3) and the individual protein levels of Bcl-2 family anti-apoptotic members

were determined by immunoblotting experiments. One representative patient data for a

panel of anti-apoptotic proteins (A) and quantitative analysis of all the samples evaluated for

anti-apoptotic proteins is provided (B–F). Each symbol on the graph represents fold change

in protein expression with respect to that after stromal co-incubations, which is normalized

to respective protein levels of control samples. One sample t test statistical analysis was

performed.
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Figure 6. Comparison of protein expression of Bcl-2 family pro-apoptotic members in CLL cells
between suspension cultures and stroma (A–J)
CLL lymphocytes were incubated with NKTert stromal cell line at different time periods

(day 1 and day 3) and the individual protein levels of Bcl-2 family pro-apoptotic proteins

were determined by immunoblotting experiments. One representative patient data for

expression of multi-domain pro-apoptotic protein Bax (A) and quantitative analysis of all

the samples evaluated for Bax is provided (B). One representative patient data for a panel of

BH3 only pro-apoptotic proteins (C) and quantitative analysis of all the samples evaluated

for BH3 only pro-apoptotic proteins is provided (D–J). Each symbol on the graph represents

fold change in protein expression with respect to that after stromal co-incubations, which is
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normalized to respective protein levels of control samples. One sample t test statistical

analysis was performed.
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Table 1

Bcl-2 family genes and proteins on human apoptotic array microfluidic card and their detection in CLL

lymphocytes.

Gene name Protein name Function Detected in array*

1 BCL2 Bcl-2 Anti-apoptotic Y

2 BCL2A1 Bfl-1 Anti-apoptotic Y

3 BCL2L1 Bcl-xL Anti-apoptotic Y

4 MCL1 Mcl-1 Anti-apoptotic Y

5 BCL2L10 Bcl-b Anti-apoptotic N

6 BCL2L2 Bcl-w Anti-apoptotic Y

7 BAK1 Bak Pro-apoptotic Multi-Domain Y

8 BAX Bax Pro-apoptotic Multi-Domain Y

9 BOK Bok Pro-apoptotic Multi-Domain N

10 BCL2L11 Bim Pro-apoptotic BH3-only Y

11 BCL2L13 Bcl-rambo Pro-apoptotic BH3-only N

12 BCL2L14 Bcl-g Pro-apoptotic BH3-only N

13 BAD Bad Pro-apoptotic BH3-only Y

14 BBC3 Puma Pro-apoptotic BH3-only Y

15 HRK Hrk Pro-apoptotic BH3-only N

16 PMAIP1 Noxa Pro-apoptotic BH3-only Y

17 BID Bid Pro-apoptotic BH3-only Y

18 BIK Bik Pro-apoptotic BH3-only Y

Bcl-2 family members analyzed through Real-time PCR using microarray fluidic card (Applied Biosystems). (* Y = Detected in all the samples
analyzed (n=12), *N= Not detected in one or more samples analyzed)
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