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Abtract Oligonucleotides (ODNs)  of the PyNTTTTGT class  directly stimulate B lymphocytes and plasma-
cytoid dendritic cells of the immune system of primates. Here we investigated the ability of the

PyNTTTTGT ODN prototype IMT504 to regulate the expression of surface molecules and apoptosis in human
B-chronic lymphocytic leukemia (CLL) cells. The surface molecules CD25, CD40, CD80 and CD86 were up-regu-
lated upon incubation of the B-CLL cells with IMT504. Co-stimulation with IL-2 resulted in further up-regulation.
IMT504-activated B-CLL cells were also good stimulators of T cells in allogeneic mixed lymphocyte reactions and
co-stimulation with IL-2 improved this stimulation capacity. Apoptosis of the B-CLL cells in vitro was also stimu-
lated by incubation with IMT504. In this case, co-stimulation with IL-2 was not significant. Furthermore, B-CLL cells
of all the patients studied developed an immunogenic phenotype and entered stimulated apoptosis upon in vitro
incubation with IMT504 independently of the mutational status of their IgVH genes, becoming a good marker for
tumor progression.

Key words: chronic lymphocytic leukemia, immunostimulatory ODN, immunogenic phenotype, IL-2, VH genes
mutation

Resumen El oligonucleótido IMT504 induce un fenotipo immunogénico y apoptosis en células de leu-
cemia linfocítica crónica. Los oligonucleótidos (ODNs) de tipo PyNTTTTGT estimulan directamente

las células B y las células dendríticas plasmacitoides del sistema inmune de primates. En este trabajo,
investigamos la habilidad del IMT504, prototipo de los ODN tipo PyNTTTTGT, para regular la expresión de
moléculas de superficie y la apoptosis en células B de leucemia linfocítica crónica (LLC). La expresión de las
moléculas de superficie CD25, CD40, CD80 y CD86 fue aumentada al incubar las células B-LLC con IMT504.
La co-estimulación con IL-2 provocó un aumento mayor. Las células B-LLC activadas fueron buenas estimuladoras
de las células T en cultivo mixto de linfocitos alogeneicos y la co-estimulación con IL-2 mejoró esta capacidad.
La apoptosis de las células B-LLC también fue estimulada por incubación con IMT504. En este caso, la co-
estimulación con IL-2 no fue significativa. Más aún, las células B-LLC de todos los pacientes estudiados,
desarrollaron un fenotipo inmunogénico y entraron en apoptosis luego de la incubación in vitro con IMT504,
independientemente del estado mutacional de sus genes IgVH , un indicador del pronóstico de la patología.

Palabras clave: leucemia linfocítica crónica, ODN inmunoestimulante, fenotipo inmunogénico, IL-2, mutación
genes VH
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Chronic lymphocytic leukemia (CLL) is a clonal malig-
nancy that results from expansion of the mature lympho-
cyte compartment. CLL cells are slowly dividing mono-
clonal B cells, generally of the CD5+ B cell lineage, which
express major histocompatibility complex (MHC) class I
and II antigens and surface immunoglobulin (Ig). The clini-

cal course of CLL is heterogeneous, with some patients
progressing rapidly and others exhibiting a more stable
disease that can last for many years. The mutation sta-
tus of the immunoglobulin VH genes expressed in CLL
cells is a powerful prognostic marker and patients with VH

gene mutations have a clearly better prognosis than pa-
tients with unmutated (or quasi unmutated) VH genes1, 2.

 CLL cells have many genetic features that distinguish
them from normal B cells. These genetic differences may
result in the expression of tumor antigens that if recog-
nized by the immune system should result in a cytotoxic
T-cell antitumoral answer. However, although B-CLL pa-
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tients have normal functional T cells3, B-CLL cells are not
recognized by the immune system. This seems to be re-
lated to the fact that they lack several co-stimulatory
molecules necessary for an efficient T-cell activation4, 5.
In agreement with this, it has been reported that immu-
nogenicity of B-CLL cells can be enhanced by up regula-
tion of costimulatory molecules via the CD40-CD40 ligand
(L) pathway6,7. In regard to this, encouraging results have
been reported in a phase I clinical trial based on the infu-
sion of autologous leukemia cells transduced with a viral
vector for expression of CD40-L8. An immunocompetent
phenotype could also be induce in B-CLL cells by incu-
bation either with immunostimulatory CpG oligonucle-
otides (CpG-ODNs)9, 10 or with CpG-ODNs plus interleukin
2 (IL-2)11. These oligonucleotides can directly activate B
cells and plasmacytoid dendritic cells12-16 and are potent
adjuvants, promoting cellular and humoral immune re-
sponses specific for a variety of antigens17-24. CpG-ODNs
have also been proved to be effective in animal models
of cancer and allergy25-28 and several clinical trials using
CpG ODNs are currently in progress29. Recently, a new
class of potent immunostimulatory ODNs with similar prop-
erties, the PyNTTTTGT ODNs, has been described30.
These ODNs are mainly active in humans and other pri-
mates and their prototype is the so-called IMT504. Con-
sidering the above-mentioned information, we investi-
gated whether an immunogenic phenotype could  be in-
duced in B-CLL cells by incubation with this novel ODN
IMT504 either alone or in combination with IL-2 and
whether the induction depend upon the prognosis of the
CLL evaluated by the mutation status of the VH genes of
each patient. Furthermore, we evaluated the ability of the
ODN-IMT504 to modify the apoptosis of the CLL cells
in vitro.

Materials and Methods

Patients

The study comprised blood samples from 20 patients with B-
CLL diagnosed according to established morphologic and
immunophenotypical criteria31, 32. Samples were obtained after
informed consent. The age of patients ranged from 48 to 77
(median, 63). The sex ratio (male to female) was 1.5. Half of
the patients had undergone chemotherapy before the study.
Staging information was as follows: eight were Rai stage 0, four
stage 1, five stage 2, one stage 3 and two stage 4. Leukocyte
counts ranged from 10,000 to 105,000 (median 48,900).

Oligodeoxynucleotides (ODNs)

Desalted phosphorothioate (S) ODNs were purchased from
Oligos ETC (Bethel, Maine). ODNs were suspended in
depyrogenated water and kept at -20 °C until used. The follow-
ing phosphorothioate ODNs were used: IMT 504 (TCAT-
CATTTTGTCATTTTGTCATT) as immunostimulatory ODN
and IMT022 (TGCTGCAAAAGAGCAAAAGAGCAA) as a
negative control. ODNs were used at a final concentration of
1.5 µg/ml.

Interleukin 2

Human recombinant IL-2 was kindly provided by Laboratorio
Pablo Cassará (Buenos Aires, Argentina). IL-2 was used at a
final concentration of 400 IU/ml.

Peripheral Blood Mononuclear Cells (PBMC)

Blood samples were obtained by venipuncture from CLL pa-
tients of the hematological division of the CEMIC (Centro
Médico de Investigaciones Clínicas, Buenos Aires, Argentina)
using heparin as anticoagulant. PBMC were isolated by Ficoll-
Hypaque (Sigma Diagnostics Inc., St. Louis, MO) density gra-
dient centrifugation. Briefly, blood samples diluted 1:2 in
RPMI-1640 medium (PAA laboratories GmbH, Linz, Austria)
supplemented with 2.0 mM L-glutamine and 50.0 µg/ml gen-
tamicin and 20 mM HEPES, were centrifuged at 1000 × g for
40 min at 20 °C. PBMC were isolated, washed and suspended
in medium supplemented with 10% fetal calf serum.

Purification of cells

B-lymphocytes and T-lymphocytes were purified from PBMC
using magnetic cell separation systems (MACS) (Miltenyi
Biotec, Germany). B cells were positively isolated using mi-
cro beads conjugated to antibodies against human CD19. T
cells were positively isolated using micro beads conjugated
to antibodies against human CD4. Cell purity was more than
96% according to flow cytometric assays.

Mixed lymphocyte reaction

Purified B-CLL cells were plated at 37 °C in a 5% CO2 humidi-
fied atmosphere for 48 h a) either with or without ODN, b) ei-
ther with or without IL-2 or c) with both ODN and IL-2. After
this, the cells were washed twice, incubated for 30 min with
50 µg/ml mitomycin C (Sigma Chemical Co., St. Louis, MO)
and washed four times with 11 ml of RMPI-1640. 1×105 of these
mitomycin-inactivated B-CLL cells were co-cultured in 96-well
microtiter plates with 5×104 purified T cells per well (stimula-
tor/responder ratio 2:1) and incubated for five days. For the last
16 hours of culture, the mix was pulsed with 1 µCi of 3H-Thy-
midine (Amersham Biosciences, Specific activity 22.0 Ci/mmol).
Cells were harvested onto glass-fiber filters and 3H thymidine
incorporation measured by scintillation counting. Standard de-
viations of quadruplicate wells were less than 10%.

Flow cytometry

Staining of surface antigens was performed as described33.
Anti CD19 (Clone LT19), CD5(Clone CD5-5D7), CD20 (Clone
2H7), CD25 (Clone MEM-181), CD40 (clone LOB 7/6), CD80
(Clon MEM-233) and CD86 (Clone BU63 antibodies were
purchased from Serotec (Raleigh, NC, USA). Flow cytometric
data of 10,000 cells/sample were acquired on a FACScan
(Becton Dickinson Immunocytometry Systems, San Jose, CA).
Data were analyzed using the computer program Win MDI 2.8,
Interface Flow Cytometry Application (Joseph Trotter Copy-
right 1993-1998).

Apoptosis

Apoptosis was evaluated using an Annexin V combined with
Propidium Iodide (PI) staining kit (Serotec, Oxford, UK) fol-
lowing manufacturer’s guidelines. Briefly, 2×105 B-CLL cells
were washed with cold PBS and suspended in 195 µl of
annexin-binding buffer plus 5 µl of FITC-labeled annexin V.
After 15 min incubation at room temperature in the dark, cells
were washed with cold PBS and suspended in 190 µl of bind-
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ing buffer plus 10 µl of PI. The stained cells were immedi-
ately analyzed by flow cytometry.

Preparation of RNA and cDNA synthesis

Total RNA was isolated from PBMC using TRIZOL Reagent®

(InvitrogenTM life technologies, Carlsbad, CA 92008 USA) accord-
ing to the manufacturer’s instructions. One or two µg of RNA
were reverse-transcribed to cDNA using 200U of SuperscriptTM

II RNAase H-Reverse Transcriptase (Invitro-genTM life technolo-
gies), 40U of RNaseOUT Recombinant Ribonuclease Inhibitor
(InvitrogenTM life technologies) and 1 µl of oligo dT12-18 primer
(500µg/ml) (InvitrogenTM life technologies) in a total volume of
20 µl. Reactions were carried out at 42 °C for 50 min and heated
at 70 °C for 15 min to stop the reactions.

PCR conditions for VH family assignment

In order to determine the VH gene family used by each B-CLL
cells, 1-2 µl of cDNA were amplified using a mixture of sense
primers specific for each of the leader sequences of the VH fami-
lies: VH1 CTCACCATGGACTGGACCTGGAG; VH2 ATG-
GACATACTTTGTTCCACGCTC; VH3 CATGGAGTTTGGGC-
TGAGCTGG; VH4 ACATGAAACAYCTGTGGTTCTTCC; VH5
ATGGGGTCAACCGCCATCCTCCG; VH6 ATGTCTGTCTCC-
TTCCTCATCTTC and an appropriate antisense CH primer: IgM:
CAGGAGAAAGTGATGGAGTCG; IgG: GGGGAAGT-AGTC-
CTTGACCAG; IgA: GAGGCTCAGCGGGAAGACCTT. Reac-
tions were carried out in 50 µl using 25 pmol of each primer.

Cycling was performed with a Mastercycler 5333
(Eppendorf AG, Hamburg) as follows: denaturation at 94 °C
for 45 s; annealing at 55 °C for 30 s; and extension at 72 °C
for 45 s. After 35 cycles, extension was continued for an
additional 10 min-period.

Sequencing of PCR products

PCR products were sequenced after purification with  the
GFXTM PCR DNA and Gel Band Purification Kit (Amersham
Biosciences, Piscataway NJ 08855 USA), using the
CEQTMDTCS-Quick Start Kit (Beckman Coulter, USA) and an
automated sequencer (CEQ 2000, Beckman Coulter). At least
3 replicates were run for each PCR product.

Analyses of VH, D, and JH sequences

Sequences were compared with those in the V BASE se-
quence directory34 using the Vector NTI 6 software (Invitrogen,
California). In those instances where a deviation of more than
1% from the germline sequence was found, the algorithm of
Chang and Casali35 was used to determine whether antigen
selection of the replacement (R) mutations had occurred. The
expected number of R mutations in CDR was calculated using
the formula R= n × CDR Rf × CDRrel, where n is the total num-
ber of observed mutations, Rf is the replacement frequency in-
herent to the CDR, and CDRrel is the relative size of the seg-
ment. A binomial probability (p) model was used to evaluate
whether the excess of R mutations in CDR was due to chance35.

Results

Stimulation of the expression of the IL-2 receptor
(CD25) on B-CLL cells in response to IMT504

It has been reported that ODNs of the class CpG are able
to induce the expression of IL-2 receptor on B-CLL cells12.

Therefore it was of interest to evaluate if ODNs of the
new class PyNTTTTGT were also able to induce this same
receptor. Purified B-CLL cells and normal peripheral blood
B cells derived from healthy donors were incubated with
the immunostimulatory ODN PyNTTTTGT prototype
IMT504 or the negative control ODN IMT02230. After a
48 h incubation period, CD25 expression was evaluated
by FACS analysis (Fig. 1). As can be observed, IMT504
was able to up regulate the expression CD25 on B-CLL
cells (Fig. 1B). However, stimulation of normal cells was
very poor or null (Fig. 1A).

Regulation of the expression of CD25, CD40, CD80
and CD86 on B-CLL cells by IMT504 alone or in
combination with IL-2

B-CLL cells are usually poor antigen-presenting cells
because they have low levels of co-stimulatory molecules
necessary for T-cell activation4, 5. On the other hand, as
shown above, incubation with IMT504 increases the
amount of the IL-2 receptor. Thus, it was important to
investigate if incubation of the B-CLL cells with IMT504
resulted in induction of co-stimulatory molecules and if
there was any cooperation between IMT504 and IL-2 in
the induction of CD25 and co-stimulatory molecules.  Fig.
2 shows a typical result of a FACS analysis after
incubation of the B-CLL cells with IMT504 or the negative
control ODN IMT022.

As can be observed, IMT504 was able to up regulate
the expression of all these surface molecules. In con-
trast, the ODN control IMT022 was inactive. Furthermore,
synergy with IL-2 was observed in all cases. Results were
qualitatively similar for B-CLL cells extracted from each
of the 20 patients analyzed. However, stimulation by
IMT504 or IMT504+IL-2 was highly variable with fluores-
cence indexes  fluctuating between 4 and 20 for CD25, 3
and 20 for CD40, 1.4 and 3 for CD80 and 1.5 and 4 for
CD86. Differences in the fluorescence index between B-
CLL cells incubated either with or without IMT504 were
always statistically significant for CD25 and CD40.
However, these differences were not statistically sig-
nificant for the CD80 and CD86 surface molecules in
about 30% of the samples. These results indicate that
B-CLL cells can acquire a potentially immunogenic phe-
notype by incubation with IMT 504 or even better with
IMT504+IL-2.

On the other hand, it was observed that expression of
CD20, a surface antigen expressed primarily on B cells,
was either not modified or slightly diminished on B-CLL
cells upon incubation with ODN IMT504  or ODN 2006
(an ODN widely used as human CpG type B prototype)29

(not shown). This is in contrast with a previous report in-
dicating that CD20 is up regulated in B-CLL in response
to the CpG ODN 200610.



MEDICINA - Volumen 66 - Nº 1, 200612

Fig. 1.– Induction of the IL2 receptor (CD25) on B-CLL cells by IMT504 Purified
B-CLL cells were cultured for 48 h with the immunostimulatory oligonucleotide
IMT504 or the negative control oligonucleotide  IMT022 and then stained with
fluorescent anti-CD19, anti-CD5 and anti-CD25 antibodies. Flow cytometric
results are presented as histograms corresponding to cells in the CD19, CD5
double positive gate for B-CLL cells and in the CD19 positive gate for nor-
mal B-cells.

Fig. 2.– Induction of CD25, CD40, CD80 and CD86 on B-CLL cells by IMT504 or IMT504+IL2. B-CLL cells were cultured for
48 h either with or without IL2, IMT504, IMT504+IL2, IMT022 or IMT022+IL2 and then stained with fluorescence anti-
CD19, anti-CD5 and anti-CD25 (A), anti-CD40 (B), anti-CD80 (C) or anti-CD86 (D). Flow cytometric results are presented
as the mean fluorescence of cells in the CD19, CD5 double positive gate, relative to the mean fluorescence of cells incubated
without ODN (fluorescence index).

CD 80

0

1

2

3

Control IMT 022 IMT 504
ODN (S)

F
L

U
O

R
E

S
C

E
N

C
E

 IN
D

E
X -IL2

+IL2

C

  (*)

 (*)

CD 40

0

5

10

15

20

Control IMT 022 IMT 504
ODN (S)

F
L

U
O

R
E

S
C

E
N

C
E

 IN
D

E
X

-IL2

+IL2

BB
(*)

(*)

CD 86

0

1

2

3

Control IMT 022 IMT 504
ODN (S)

F
L

U
O

R
E

S
C

E
N

C
E

 IN
D

E
X

-IL2

+IL2

D

(*)
(*)

CD 25

0

5

10

15

Control IMT 022 IMT 504
ODN (S)

F
L

U
O

R
E

S
C

E
N

C
E

 IN
D

E
X

-IL2

+IL2

A

(*)



ODN IMT504 INDUCES IMMUNOGENIC PHENOTYPE AND APOPTOSIS IN B-CLL CELLS 13

Activation of allogeneic T cells by B-CLL cells
incubated with IMT504 or IMT504+IL-2

B-CLL cells are poor stimulators of T cells in allogeneic
mixed lymphocyte reactions. However, it has been reported
that if the expression on the surface of the B-CLL cells of
co-stimulatory molecules is up-regulated these cells are
able to induce allogeneic immune recognition11, 12, 36.

The capacity for allogeneic T-cell activation of B-CLL
cells incubated with IMT504, IL-2 or both was evaluated in
mixed lymphocyte reactions. Fig. 3 shows that while no
increase of the proliferation index was observed when B-
CLL cells were incubated with IL-2 alone, incubation with
IMT504 resulted in an enhancing of the proliferation in-
dex. On the other hand, the enhancing effect was signifi-
cantly larger if the B-CLL cells were incubated with
IMT504+IL-2.  Stimulation by incubation with IMT504 or
IMT504+IL-2 was observed in all the three cases studied.
However, the magnitude of the stimulation was highly
variable with stimulation indexes of about 2 to 7 for cells
incubated with IMT504 and of 3 to 12 for cells incubated
with IMT504+IL-2. Variation may be owed to the B-CLL
cells, to the T cells or to both. These results reinforce the
idea that B-CLL cells acquire an immunogenic phenotype
after incubation with IMT504 and that further enhancement
could be achieve by combination of IMT504 and IL-2.

Effect of IMT504 on the apoptosis of
the CLL cells in vitro

B-CLL cells have defects in apoptotic pathways and
therefore accumulate in vivo. However, when removed

from the patient and cultured in vitro, these malignant
cells rapidly undergo apoptosis37,38. It has also been
reported that CpG immunostimulatory oligonucleotides
can modify the in vitro apoptosis of the B-CLL cells in an
apparent complex fashion. The apoptosis of B-CLL cells
from patients with high serum thymidine kinase activity is
inhibited, while apoptosis of B-CLL cells from patients
with low thymidine kinase activity is stimulated10. Taking
into account this information we decided to investigate
the effect of IMT504 on the apoptosis of B-CLL cells in
vitro. Fig. 4 resumes the results. Line A shows a typical
result for normal B cells. After 40 h incubation in vitro
more than 60% of the cells remain intact (lower left case),
between 15% and 20% had entered apoptosis (lower right
case) and about the same number of cells had entered
necrosis (upper right case). Incubation of these normal
cells with ODN IMT504 clearly protected them from
necrosis while incubation with the negative control ODN
IMT022 had no effect. Line B shows a typical result
observed in 60% of the B-CLL cells studied (subgroup
1). These cells were more prone to enter necrosis, pre-
sumptively through a rapid passage through the apoptotic
stage. Only between 10% and 40% remained intact after
40 h. incubation in vitro. Incubation of these B-CLL cells
with ODN IMT504 clearly induced apoptosis but protected
them from necrosis. Incubation with the negative control
ODN IMT022 has not effect. Line C shows a typical result
observed in the remaining (40%) of the B-CLL cells stud-
ied (subgroup 2). These cells had a low tendency to en-
ter apoptosis or necrosis in vitro like normal B cells. After
40 h incubation with ODN IMT504 there was a clear
tendency of these B-CLL cells to enter apoptosis but
necrosis augmented or remained unchanged. Incubation
with the negative control ODN IMT022 had no effect. Co-
stimulation with IL-2 was, in all these cases, not effective
(not shown).

Mutational status of the Ig V
H genes of the B-cells

studied

Unmutated Ig VH genes are associated with a more ag-
gressive form of CLL1, 2. Therefore, it was of interest to
evaluate if B-CLL cells of patients with poor prognosis
were able to respond to the ODN IMT504 immunos-
timulation. The mutational status of the Ig VH genes of 12
patients out of the 20 analyzed for induction of co-stimula-
tory molecules in their B-CLL cells was investigated. Table
1 show that seven of these patients had CLL cells with
unmutated Ig VH genes. The average response of these
patients, measured by the mean fluorescence intensity
stimulation index of the CD40 marker was 4.68 (SD: 2.61)
not significantly different, according to the Student test,
from the average response corresponding to the five pa-
tients with mutated Ig VH genes that was 6.92 (SD: 3.89).
Similar results were obtained using the mean fluorescence
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Fig. 3. Activation of allogeneic T cells by B-CLL cells incubated
with IMT504 or IMT504+IL2. B-CLL cells were cultured in
the presence or absence of IL2, IMT504, IMT504+IL2,
IMT022 or IMT022+IL2 for 48 h. After this, B-CLL cells
were washed, inactivated with mitomycin C and co-cultured
with purified allogeneic T cells. After 5 days cells were
pulsed with 3H-Thymidine. Data represent the mean
proliferation index and standard deviation of quadruplicate
assays. Statistical significance was evaluated by Student’s
t test. *, Statistically significant differences (p< 0.05)
compared with controls.
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intensity stimulation index of CD80 and CD86 (not shown).
On the other hand, apoptosis of B-CLL cells of all the
patients here studied was stimulated by incubation with
IMT504 and there was no correlation between the muta-
tion status and the apoptosis subgroup (1 or 2). There-
fore, these results indicate that the biologic effects that
IMT504 has on the B-CLL cells of a given patient, are
independent of the prognostic of this patient as evalu-
ated by the mutational status of the Ig VH genes

Discussion

In this study we investigated the potential of the immu-
nostimulatory PyNTTTTGT prototype ODN IMT504 and
of IMT504+IL-2 to induce co-stimulatory molecules
expression and apoptosis in B-CLL cells. It was also
investigated if the effects attributable to IMT504 were in
some way related to the prognosis of the CLL as predicted
by the mutational status of its Ig VH genes.

 IMT504 is an ODN containing two immunostimulatory
motifs of the novel PyNTTTTGT class30. ODNs contain-
ing motifs of this class directly stimulate normal B cells

inducing secretion of cytokines (e.g. IL6), immunoglobu-
lins (e.g. IgM) and expression of co-stimulatory molecules
(e.g. CD40). In this study, it was found that IMT504 was
able to induce the expression of CD40, CD80 and CD86
co-stimulatory molecules on the surface of B-CLL cells.
Furthermore, it was found that the combination of IMT504
with IL-2 was more effective than any of these individual
molecules. This is important in order to induce tumor-
reactive T cells that could mediate tumor regression. For
example, stimulation of an immunogenic phenotype, via
interaction of CD40/CD40L, has been used, with promis-
ing results, in clinical trials for therapy of CLL8. At first
glance, it seems that a therapy based on pharmacologi-
cally active molecule such as an ODN would be more
convenient than a therapy that involves gene transfec-
tion in each case. Regarding this, it can be said that our
pre-clinical trials (unpublished data) have demonstrated
that IMT504 is a drug with very low toxicity.

 It was also demonstrated that ODN IMT504 is able to
induce apoptosis of the B-CLL cells in vitro. This is sig-
nificant since, in general, immunoestimulatory ODNs have
a tendency to rescue normal B cells from spontaneous
apoptosis39,40. We observed that ODN IMT504 protected

Fig. 4.– Induction of apoptosis in B-CLL cells incubated with IMT504. B-CLL
cells were incubated in the presence or absence of IMT504 or IMT022
for 40 h. After this, cells were treated with FITC-labeled annexin V and
Propidium Iodine (PI) and analyzed by flow cytometry. The lower left box
represents the non-apoptotic cells, the lower right box the apoptotic ones
and the upper right box the secondary necrotic ones. (A): normal B-cells,
(B): B-CLL cells, subgroup 1, (C): B-CLL cells, subgroup 2.
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normal B cells, from the spontaneous necrosis observed
when these cells were incubated in the absence of the
ODN. However, the number of apoptotic cells was not
significantly modified by this ODN. In contrast, the num-
ber of apoptotic cells was significantly increased by incu-
bation with IMT504 in all the experiments where B-CLL
cells were used instead of normal cells. In many, but not
all, of these experiments protection against necrosis, as
in normal B-cells was also observed. These results sug-
gest that there are at least two different apoptotic path-
ways acting on B-CLL cells during our in vitro assays.
One of them would be responsible for the high spontane-
ous apoptosis commonly observed in these cells in vitro
(a process that results in a rapid passage to the necrotic
stage); and another one induced by IMT504, (a process
that results in the accumulation of more stable apoptotic
cells). Spontaneous apoptosis of B-CLL is not likely to be
an important mechanism operative in vivo. On the con-
trary, it is well known that B-CLL cells are very resistant
to natural apoptosis in vivo Therefore, induction of
apoptosis in B-CLL cells by  IMT504, which may well be
operative in vivo, could be considered another fact pre-
dicting a good performance of this ODN in a potentially
applicable  immunotherapy of B-CLL.

 Recently, it has been demonstrated that the muta-
tional status of the Ig heavy-chain variable-region (IgV

H)
genes in the B-CLL cells is an important prognostic fac-
tor in the disease1,2. Patients with IgVH gene mutations
have a better prognosis than patients with unmutated (or
quasi unmutated) IgVH genes. The study of the mutational
status of the IgVH genes of B-CLL cells of the patients
here studied indicated that about 60% have unmutated
genes and 40% have mutated IgVH ones. However, B-

CLL cells from all these patients develop an immunogenic
phenotype and entered apoptosis upon incubation with
ODN IMT504 in a similar fashion. Therefore, it could be
predicted that an immunotherapy of B-CLL using ODN
IMT504, if successful, may benefit both patients with good
and poor prognosis.

In summary, the present results demonstrate that
IMT504, the prototype of the immunostimulatory ODNs
of the PyNTTTTGT class, is able to induce in B-CLL cells
an immunogenic phenotype and apoptosis independently
of the prognostic of the leukemia resulting of the analysis
of the mutational status of the Ig VH genes. Therefore,
IMT504 alone or in combination with other anti-leukemic
treatment may contribute to the treatment of B-CLL leu-
kemia and clinical trials to investigate this are warranted.
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