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Abstract:

Background: A deep insight into gene expression profiling (GEP) is a key to understanding the background of disease. It can lead to

identification of diagnostic and prognostic factors and then to a selection of the most appropriate therapy. The aim of this study was

to evaluate differences in apoptotic gene expression in chronic lymphocytic leukemia (CLL) cells influenced by fludarabine (FA) or

cladribine (2-CdA).

Methods: GEP was performed in cells obtained from 10 untreated CLL patients and cultured in vitro with FAor 2-CdA. Ninety-three

selected apoptotic genes were analyzed using 384 TaqMan® Low Density Arrays in pooled RNA.

Results: Relevant results were found in a set of 27 genes, however, the most striking differences between FA and 2-CdA were ob-

served in the following 5 genes: BAD, TNFRSF21, DAPK1, CARD 6 and CARD 9.

Conclusion: We have found some differences in apoptotic gene expression between FA and 2-CdA. These findings give prominence

to genes qualifying for further studies currently conducted in our Department.
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Introduction

The initial cause of chronic lymphocytic leukemia

(CLL) remains an open question, but it is currently

well accepted that accumulation of CD5/CD19/CD23

positive cells in bone marrow and peripheral blood

due to inhibition of their apoptosis is a key event of

the disease [4, 6]. Additionally, a recent study sug-

gests that CLL is not solely an accumulation disease

but also a proliferative one [25].

Several chemotherapies have been used for the

treatment of CLL, such as alkylating agents, antracy-

clines, corticosteroids, purine nucleoside analogues

(PNAs) and monoclonal antibodies [23]. Among the

class of PNAs an important role is played by fludara-

bine (FA) and cladribine (2-CdA), which currently are

the most frequently used in CLL therapy. The chemi-

cal structure of both drugs is similar to adenosine.

They require phosphorylation to activate metabolites,

and the induction of apoptosis, as well as cytotoxicity,

depends on their accumulation of their triphosphate

form (PNA-TP). The mechanism of action of both

drugs action is similar, however, minor differences are

observed [36].

It is known that PNA-TP causes DNA strand

breaks and inhibition of DNA repair, leading to an in-

crease of the expression of P53 and other proapop-

totic genes, and thus results in mitochondrial dysfunc-

tion. FA primarily inhibits DNA polymerases and its

active metabolite (FA-TP) is incorporated into an

elongating DNA chain in competition with dATP and

leads to inhibition of DNA repair and accumulation of

DNA breaks. In contrast, 2-CdA-TP mainly inhibits

ribonucleotide reductase (RR) activity. FA-TP and 2-

CdA-TP have also been shown to be incorporated into

RNA and affect its synthesis, although by different

mechanisms [36].

PNAs taken up by leukemic cells cause the cancer

cells to die by two different apoptotic pathways, an in-

trinsic and an extrinsic one [13]. By the intrinsic path-

way, the P53-dependent or P53-independent influ-

ence on mitochondrial membrane should be consid-

ered. 2-CdA-TP, in contrast to FA-TP, can induce

apoptosis also by P53-independent binding with pro-

teins located in the mitochondrial membrane and

probably therefore it exerts action at concentrations

5–10-fold lower than FA [36]. Changes in mitochon-

drial membrane potential lead to a release of either

cytochrome c or apoptosis-inducing factor (AIF). The

binding of cytochrome c to both procaspase-9 and

apoptotic protease activating factor-1 (APAF-1) re-

sults in the formation of apoptosome and sequential

activation of caspase-9 and caspase-3, whereas the ac-

tivation of the intrinsic apoptotic pathway by AIF can

occur in a caspase-independent manner. Both these

pathways lead to DNA condensation and fragmenta-

tion resulting in apoptosis [8]. Nevertheless, the ex-

trinsic apoptotic pathway should also be taken into

consideration [19, 28]. In this mechanism an impor-

tant role is played by the death receptor FAS/CD95

[19, 28].

For the last few years, microarray technology is

one of the most innovative tools used to study gene

expression. It provides a lot of information in a very

short time. A deep insight into the gene expression

profile (GEP) of apoptosis is a key to understanding

the background of CLL, the mechanism of changing

gene expression and how this expression is connected

with apoptotic pathways. The information obtained

with the microarray method can lead to identification

of diagnostic and prognostic factors and then to a se-

lection of the most appropriate therapy.

There are only a few reports indicating apoptotic

gene expression modifications in CLL cells obtained

from patients treated with PNAs [24, 32, 38]. There

are also a few in vitro studies focused mainly on the

set of genes affected by FA or 2-CdA [12, 17, 30, 33,

40]. There is an absence of data comparing the effects

of the above-mentioned PNAs on gene expression in-

volved in apoptosis. As it is known, however, that

they do act in quite different ways, the undertaking of

this study was entirely justified.

The aim of this study was to evaluate differences in

apoptotic gene expression in CLL cells influenced by

FA and 2-CdA in in vitro cultures by means of the mi-

croarray method.

Materials and Methods

Patients

Fresh peripheral blood samples were collected from

10 untreated CLL patients who were diagnosed and

followed at the Hematology Department, Medical

University, £ódŸ, Poland. The CLL diagnosis was

based on IWCLL criteria [14]. The Ethics Committee
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of the Medical University of Lodz, Poland approved

the study (RNN/196/07/KE). Informed consent was

obtained from all patients involved in the study.

Therapeutics

2-CdA (Biodribine Bioton, Poland) and FA (Fludara,

Genzyme, Germany) are commercially available. 2-

CdA was available as 1 mg/ml vials and Fludara was

available as a powder containing 50 mg of fludarabine

monophosphate, which corresponds to 39.5 mg FA.

The following final concentration of the drugs was

used: 2-CdA – 50 nM and FA – 1.6 µM. The drug con-

centrations were chosen based on prior studies [20, 21].

Isolation of mononuclear cells and CLL cell

cultures in vitro

Peripheral blood mononuclear cells (PBMNCs) were

separated from EDTA blood by layering on the Histo-

paque 1077 (Sigma-Aldrich, St. Louis, MO, USA)

and centrifuging on a density gradient. An enriched

buffy coat of MNCs was isolated and washed twice in

RPMI-1640 medium (Invitrogen, Scotland). After-

wards MNCs at a concentration of 1 × 106 cells/ml

were suspended in the above-mentioned medium sup-

plemented with 10% (v/v) fetal bovine serum (FBS,

Invitrogen, Scotland), and antibiotics (100 U/ml peni-

cillin, 100 mg/ml streptomycin) (Invitrogen, Scotland)

and cultured for up to 48 h in an atmosphere of 5%

CO2, at a temperature of 37°C, and in full humidity

(98%) [20, 21]. The cultures without drugs were used

as control. Mean B-cell CD19+ purity in the cultures

was ³ 95% as measured by flow cytometry (FC).

RNA extraction and cDNA synthesis

Total RNA was extracted from cells using RiboPure

Blood Kit (Ambion, USA) according to the manufac-

turer’s instructions. RNA was quantified by reading

the absorbance at A260/A280 (PicoDrop, Qiagen Inc.,

Valencia CA, USA). RNA from 10 CLL patients was

pooled.

Pooling is considered as an appropriate tool to re-

duce subject-to-subject biological variability and pro-

vides reliable results that reflect gene expression in

individual donors [18, 29]. Each pool was prepared

with the same amount of RNA from individual MNC

cultures. We used the RNA pools to analyze gene ex-

pression profiles through microarray technology.

Complementary DNA (cDNA) was synthesised

from total RNA using High Capacity cDNA Reverse

Transcription Kit (Applied Biosystems, USA) by

priming with random hexamers.

cDNA expression microarray

The 384 TaqMan® Low Density Array Human Apop-

tosis Panel (Applied Biosystems, USA) containing

primers without cDNA and other necessary reagents

for PCR analysis of 96 gene transcripts (93 examined,

3 controls) was used. A listing of all genes tested, in-

cluding controls, is available on their Internet web-

site: appliedbiosystems.com. Microarray analysis was

performed using 0.5 µg of RNA transcribed to cDNA.

Prepared cDNA samples were subjected to real-time

PCR in duplicate in the TaqMan® 7900HT Sequence

Detection System (Applied Biosystems).

Statistical analysis

The relative expression of each gene was quantified

by the comparative cycle threshold (Ct) method

(ddCt; DDCt), using 18S as an endogenous control,

and untreated samples as a calibrator. The fold

change, defined as the differential gene expression af-

ter treatment to gene expression before treatment, was

evaluated for each gene. For a significant fold change,

a value of 2 or greater than 2 was chosen.

Gene expression between two groups (2-CdA vs.

FA) was compared in two different analyses.

Analysis 1

The groups were compared by means of the measure

ddCt = dCt_drug1 – dCt_drug2

where, dCt – the value of the difference in expression

between reference gene and examined one, dCt_drug1

– the dCt values for a gene of interest for the group

cultured with 2-CdA, dCt_drug2 – the dCt values for

a gene of interest for the group cultured with FA, ddCt

– the value of the difference in expression of a gene

between two examined drugs.

Analysis 2

For each group the values of dCt1 and dCt2 were

marked as dCt1_drug1, dCt2_drug1 and dCt1_drug2,

dCt2_drug2 – each of them corresponds with

the result of a repeated experiment for a given drug.
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Tab. 1. Alterations in selected gene expression observed in CLL cells cultured with 2-CdA or FA illustrated as fold change in reference to
the control samples (without drugs)

Gene symbol and description Fold change in gene expression
after incubation with 2-CdA

Fold change in gene expression
after incubation with FA

Proapoptotic BCL-2 family genes

BAK1 (BCL2-antagonist/killer1; BAK1) ß 15.2 ß 20.0

BAX (BCL2-associated X protein, isoform delta) ß 19.9 ß 26.4

BAD (BCL2-associated agonist of cell death) Ý 1.9 ß 2.3

BNIP3L (BCL2/adenovirus E1B 19kDa interacting protein 3 ligand) ß10.5 ß 15.0

Antiapoptotic genes

NFKB2 (nuclear factor of kappa light chain gene enhancer in B-cells 2) ß10.9 ß 14.7

IKBKE (inhibitor of kappa light chain gene enhancer in B-cells) ß 4.2 ß 6.4

BIRC5 (Baculoviral IAP repeat-containing 5) ß 4.9 ß 11.5

BCL2A1 (BCL2-related protein A1) ß 4.7 ß 12.1

BCL2L10 (BCL2 like isoform 10) ß 10.8 ß 4.7

BCL2 Binding Component

BBC3 (BCL2 binding component 3; PUMA; p53 up-regulated modulator of
apoptosis)

ß 21.5 ß 38.7

BID (BH3 interacting domain death agonist; p53 modulator of apoptosis) ß 3.7 ß 5.5

TNF Receptor Family

TNFRSF1A (Tumor necrosis factor receptor superfamily, member 1A) ß 6.5 ß 9.7

TNFRSF21 (Tumor necrosis factor receptor superfamily, member 21) Ý 0.4 ß 3.3

FAS (TNF receptor superfamily, member 6; TNFRSF6) ß 26.3 ß 59.0

FASLG (FAS ligand) ß 2.8 ß 3.8

LTB (lymphotoxin beta; TNF superfamily member 3; TNFSF3) ß 2.3 ß 4.1

LTA (lymphotoxin alpha; TNF superfamily member 1; TNFSF1) ß 5.7 ß 9.5

Death Domain Family

DAPK1 (Death associated protein kinase 1) Ý 0.8 ß 4.7

TNFRSF10B (Tumor necrosis factor receptor superfamily, member 10B) ß 13.7 ß 17.8

Caspase and CARD Family

CASP1 (Apoptosis-related cysteine peptidase; IL-1 convertase) ß 8.9 ß 13.5

CASP6 (Caspase 6, apoptosis-related cysteine peptidase) ß 5.5 ß 3.8

CASP10 (Caspase 10, apoptosis-related cysteine peptidase) ß 3.1 ß 4.8

CARD4 (Caspase recruitment domain family member 4) ß 5.2 ß 9.1

CARD6 (Caspase recruitment domain family member 6) ß 4.5 Ý 0.9

CARD9 (Caspase recruitment domain family member 9) ß 2.4 Ý 1.6

ICEBERG (CARD18; caspase recruitment domain family member 18) ß 17.1 ß 8.7

NALP1 (CARD7; NLR family, pyrin domain containing 1) ß 2.3 ß 4.5

Gene expression: up- Ý and downregulation ß



Groups drug_1 and drug_2 are compared by means of

the measure called signal-to-noise (sig_to_noise) de-

fined as:

sig_to_noise = (mean value_dCt_drug1 – mean

value_dCt_drug2)/(delta_dCt_drug1 + delta_dCt_drug2)

where, mean value_dCt_drug1 = (dCt1_drug1 +

dCt2_drug1)/2, delta_dCt_drug1 = ½dCt1_drug1 –

dCt2_drug1 ½
The value dCt1_drug1 is obtained by subtracting

the value of calibrator Ct18S from the value Ct1 for

a given gene.

Results

In MNC cells obtained from CLL patients and incu-

bated with FA or 2-CdA, we identified differentially-

expressed genes in reference to the control samples.

Among the 93 genes studied, the greatest differences

were observed in 27 genes. A few of them were up-

regulated: BAD, TNFRSF21, DAPK1 – in the 2-CdA

cultured group and CARD6 and CARD9 in the FA cul-

tured group (Table 1).

In our data 4 genes (BAK1, BAX, FAS, and BBC3)

were noticed with a 20-fold or more decrease in gene

expression in reference to the control samples. Inter-

estingly, in the case of the above-mentioned genes,

great differences were found in fold change values be-

tween FA and 2-CdA (Tab. 1). Two of them: BAX and

BBC3 were considerably less expressed when MNCs

were incubated with FA. No significant differences

were noticed in the caspase family, except CASP1,

which had a different expression in both groups.

Moreover, we identified interesting alterations in

two genes in the tumor necrosis factor (TNF) ligand

family, namely FAS and LTA (Tab. 1). Conversely, no

alteration was observed in the remaining members of

this family. FAS expression was decreased to a lesser

degree after incubation with 2-CdA in comparison

with FA (about a twofold difference).

The most notable differences in gene expression

between 2-CdA and FA groups are illustrated in

Table 2. Most of these genes also showed meaningful

differences with regards to the control. Gene

TNFRSF21 mostly differs between the two groups on

the basis of Analysis 1. However, this result should be

approached with caution, because the value for this

gene in the signal-to-noise analysis (Analysis 2) is

rather low (0.326), which indicates that the expression

readings were not consistent. In contrast, in case of

genes such as CARD4, NALP1, DAPK1, CARD6, FAS

and BNIP3L, the expression of which also notably dif-

fers between the 2-CdA and FA groups, their values in

416 Pharmacological Reports, 2012, 64, 412�420

Tab. 2. Most differentially expressed genes (27) between groups of
cells cultured with 2-CdA or FA. The ddCt measure denotes differ-
ence in expression. Signal to noise indicates inaccuracy of gene ex-
pression measurement (small value of this measure indicates high
noise as compared to measured expression)

Gene symbol dCt_drug1
(2-CdA)

dCt_drug2
(FA)

ddCt
(absolute

value)

Signal_to_noise
(absolute

value)

TNFRSF21 24.23 21.99 2.24 0.33

DAPK1 21.48 19.72 1.76 1.62

CARD6 22.46 24.04 1.58 1.38

BCL2A1 17.48 16.53 0.95 0.61

BIRC5 19.20 18.36 0.84 0.52

BCL2L10 18.94 19.77 0.83 0.48

FAS 17.35 16.54 0.81 1.08

NALP1 19.50 18.82 0.68 1.73

ICEBERG 17.72 18.39 0.67 0.43

LTB 17.16 16.55 0.61 0.94

BBC3 15.30 14.71 0.59 0.77

CARD4 19.40 18.85 0.55 2.16

LTA 18.08 17.57 0.51 0.50

CASP10 18.75 18.32 0.43 0.39

CASP1 16.61 16.20 0.41 0.56

IKBKE 17.70 17.29 0.41 0.39

TNFRSF1A 16.26 15.86 0.40 0.33

CARD9 18.96 19.36 0.40 0.27

BID 16.82 16.43 0.39 0.76

CASP6 18.54 18.90 0.36 0.43

BNIP3L 13.55 13.20 0.35 1.63

FASLG 20.99 20.68 0.31 0.14

NFKB2 14.27 13.97 0.30 0.36

BAX 11.53 11.25 0.28 0.68

BAK1 12.23 11.95 0.28 0.35

TNFRSF10B 14.96 14.70 0.26 0.31

BAD 19.66 19.52 0.14 0.15

dCt – a value of the difference in expression between reference gene
and examined one, dCt_drug1 – a value of dCt for a gene of interest
for the group cultured with 2-CdA, dCt_drug2 – a value of dCt for
a gene of interest for the group cultured with FA, ddCt – a value of
the difference in expression of a gene between two examined drugs



signal-to-noise analysis were above 1 (Tab. 2). This

means that the difference between the groups is

greater than the inconsistency of reading. The greater

the signal-to-noise analysis value, the lower the possi-

bility of reading mistake.

Discussion

Recently, a lot of new agents active in the treatment of

CLL patients have been synthesized and introduced

into preclinical and clinical studies. Among them, FA

and 2-CdA play an important role in inducing clinical

response. Although the effects of FA on CLL cells

have been well studied in vitro, the molecular conse-

quences of PNA treatment have not been fully investi-

gated [3, 13, 31]. There is an absence of data concern-

ing the changes in gene expression profile after in vi-

tro PNA administration. This work represents, to the

best of our knowledge, the first evidence about

changes in gene expression profiling in CLL cells in-

cubated with FA or 2-CdA. The method used was the

microarray method because it has proved to be a pow-

erful tool that allows us to study a large number of

genes and to analyze global apoptosis pathways rather

than single targets.

It is known that the balance between the BCL-2

family antiapoptotic proteins and proapoptotic pro-

teins (BAX, BAK, and the BH3-only genes PUMA,

BAD, BID and BIK), controls the outcome of the mi-

tochondrial apoptotic pathways [1]. The high ratio be-

tween antiapoptotic and proapoptotic proteins expres-

sion indicates a degree of apoptosis inhibition and

correlates with disease progression, poor survival and

the failure to achieve complete response to PNA ther-

apy [37]. It is possible that similar to proteins playing

a role in apoptosis, relevant genes are also involved in

this process. In our study, in case of both the PNAs,

a decrease in the expression of the apoptosis inhibi-

tors genes belonging to the IAP (BIRC5) and BCL-2

families was observed. Such decrease favors the en-

hancement of the mitochondrial apoptotic pathway.

Our results demonstrate that both FA and 2-CdA in-

duce a decrease in the expression of the two BCL-2

family genes (BCL2A1, BCL2L10). However, the ex-

pression of BCL2A1 is lower after the incubation with

FA as opposed to 2-CdA. A different situation is ob-

served concerning BCL2L10. This may be connected

with the above-mentioned small differences in the

mechanism of apoptotic action of both drugs and it

needs further study.

BAD expression is directly affected by PkB/Akt

(protein kinase B/Akt). The expression of PkB/Akt is

activated during differentiation and prevents induc-

tion of apoptosis, thereby enhancing cell survival. The

kinases of the Akt family are considered to be major

promoters of cell survival [9]. Our results show that

FA inhibits BAD expression as opposed to 2-CdA,

which potentiates the expression of the above-men-

tioned gene. On the basis of these findings, it can be

assumed that 2-CdA triggers the apoptotic cascade

much faster than FA. To confirm this assumption, Akt

family genes expression is to be measured.

In B lymphocytes, nuclear factor-kB (NFKB) is

a key regulator of differentiation and cell-specific

gene expression [26]. We investigated meaningful

changes in expression of NFKB2, whereas Zent et al.

[41] focused on changes in expression of NFKB1.

Cellular stress triggers NFKB to manipulate other

antiapoptotic genes [7]. Several genes have been re-

ported to be candidates for conveying NFKB inhibi-

tion of apoptosis, such as TRAF1, TRAF2, c-IAP1, c-

IAP2, XIAP, BCL-xL and BCL2A1 [26]. Munzert et al.

[27] observed strong constitutive NFKB/REL binding

activity in CLL cells, which may contribute to resis-

tance against cytotoxic drugs. In our study, we ob-

served considerable changes in antiapoptotic genes

such as BIRC5, NFKB2, IKBKE and BCL2L10 in the

two examined groups. It is worth noting, that there are

no previous reports indicating an influence of the

drugs studied by us on the expression of the above-

mentioned genes.

Interactions of several upstream components of the

NFKB signalling pathway that play a role in the acti-

vation of genes involved in immunity, inflammation

and apoptosis are mediated by caspase-activating re-

cruitment domain (CARD). CARD are members of

the Ced-family and they are known to be key media-

tors of apoptosis by influencing caspases that play the

main role in the execution-phase of apoptosis [39].

CARD family genes are still not well recognized in

CLL. It has been reported that CARD7 (NALP1) en-

codes protein, which interacts strongly with CASP2

and weakly with CASP9, whereas the CARD of

CASP1 also mediates its interaction with the

dominant-negative CARD-only proteins ICEBERG

and pseudo-ICE, which block CASP1 activation [11,

16, 39]. There is absence of data concerning CARD6
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and CARD9 expression in CLL. In our study, the ex-

pression of CARD6 and CARD9 slightly differs in

both examined groups. FA increased the expression of

both genes, which might suggest that FA mostly trig-

gers apoptosis in the intrinsic pathway to caspase acti-

vation. There is an absence of data concerning

CARD6 and CARD9 expression in CLL.

and CARD9 expression in CLL. In our study, the ex-

pression of CARD6 and CARD9 slightly differs in

both examined groups. FA increased the expression of

both genes, which might suggest that FA mostly trig-

gers apoptosis in the intrinsic pathway to caspase acti-

vation. There is an absence of data concerning

CARD6 and CARD9 expression in CLL.

DNA damage and an increase in P53 expression

play a pivotal role in apoptosis induction in response

to conventional chemotherapy, because deletion of

P53 identifies CLL patients with resistance to treat-

ment. It has been proved previously that many FA sig-

nature genes were known P53 target genes and genes

involved in DNA repair. Rosenwald et al. [38] ob-

served that FA induced the expression of a character-

istic set of genes that overlaps with P53-responsive

genes. Previous in vitro studies demonstrating the ef-

fect of PNAs on CLL cells have led to varying con-

clusions concerning the role of P53 in the apoptotic

response to PNA. Gartenhaus et al. [12] showed that

in CLL cells incubated in vitro with 2-CdA, apoptosis

was preceded by induction of P53 and its downstream

target P21. Likewise, another study by Johnston et al.

[17] found that FA treatment in vitro up-regulated P53

and its target gene MDM2, and further showed that FA

induced apoptosis in CLL cells with wild-type P53

but not in P53-mutated cells. In contrast, other studies

report that FA induces apoptosis of CLL cells in vitro

in a P53-independent manner [30, 32, 40]. Our find-

ings suggest that there are only small differences be-

tween genes involved in this mechanism, directly

leading to apoptosis in both studied groups. However,

the expression of BBC3 (PUMA) and BID is inhibited

to a lesser degree by 2-CdA than by FA. This can con-

firm the results reported by Robak et al. [35] that 2-

CdA, but not FA, is the most effective drug against

P53-defective cells.

Zent et al. [41] demonstrated that an extrinsic

apoptotic pathway was differentially expressed in

higher levels of TNF receptor pathway genes: LTB,

TRAF5, TNFRSF1B, TNFRSF9, TNFSF7 and LITAF.

As far as the TNF/TNFR family genes are concerned,

we obtained almost twofold differences in LTB and

LTA expression. Additionally, we observed changes in

expression of somewhat different genes such as

TNFRSF1A, TNFRSF21, TNFRSF6 (FAS), TNFSF1

(LTA) and FASLG. There are no previous reports indi-

cating TNFRSF1A, TNFRSF21 expression in leuke-

mic cells in CLL. The higher expression of LTB and

TNFRSF7 in CLL suggests that this is a feature of ma-

ture B cells [41]. In our study, we identified the great-

est differences in FAS in reference to the control group

as well as between the two examined groups. The pro-

tein encoded by the FAS gene plays a central role in

the physiological regulation of apoptosis. Reports

concerning the induction of apoptosis by PNA through

the death receptor FAS/CD95 are controversial. Nomura

et al. [28] showed that apoptosis of leukemic cells in

response to 2-CdA could be mediated through the

FAS/FASL pathway. In contrast, Klopfer et al. [19]

documented that apoptosis induced by 2-CdA or FA is

independent of the CD95/FAS receptor as well as the

direct effect of APAF-1; instead it follows the mito-

chondrial-signalling pathway of cytochrome c and

CASP9 cascade activation.

Members of the TNF receptor family share a charac-

teristic cytoplasmic domain called the “death domain”,

which is pivotal for transducing the death signal from

the cell’s surface to intracellular signalling pathways

[2, 22]. Among genes belonging to Death Domain

Family we investigated two genes expressed at mean-

ingfully higher levels: DAPK1 and TNFRSF10B. In all

CLL cases, the gene encoding DAP kinase 1 (DAPK1)

is identified as a silenced gene and may act as an ini-

tiator of signalling pathways that suppress a malig-

nant phenotype and facilitate triggering of apoptosis

[10]. Raval et al. [34] implicated downregulation of

DAPK1 kinase expression both genetically and epige-

netically in familial and sporadic CLL. Resistance to

chemotherapy has been attributed to deregulated ex-

pression of the apoptosis regulators. The fact that

DAPK1 expression is downregulated in a variety of

different tumors supports the concept that evasion

from death programs is a general feature of cancer

cells [5, 10, 15]. Our results confirm the above-

mentioned theory only after treatment with FA. The

influence of 2-CdA increased the expression of

DAPK1. This was not a significant increase (RQ 0.8)

in reference to the control samples but these changes

were meaningful in reference to the FA group.

In conclusion, we have found some differences in

apoptotic gene expression between FA and 2-CdA;

few of them are most evident. Our studies showed

that the differences were the most striking with such

genes as BAD, TNFRSF21, DAPK1, CARD6 and

CARD9. However, we still do not have enough

knowledge of genetic mechanisms in cells in vitro.

How much time do they need to change their molecu-

lar signature in cultures and what is comes first –

the drug or environmental influence? These questions

418 Pharmacological Reports, 2012, 64, 412�420



remain unanswered. At this stage of our knowledge, it

is probably too far-fetched to make a suggestion that

FA mostly triggers apoptosis in intrinsic pathways to

caspase activation, while 2-CdA induces apoptosis via

death receptor activation (extrinsic pathway) and by

stress-inducing stimuli (intrinsic pathway). To con-

firm this thesis, further experiments by means of

real-time PCR will to be conducted in our Depart-

ment.
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