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DIAGNOSIS AND TREATMENT OF CHRONIC LYMPHOCYTIC
LEUKEMIA (CLL)

FIELD OF THE INVENTION
[0001]

The present invention relates to methods for diagnosis and treatment of

chronic lymphocytic leukemia (CLL). More particularly, the present invention relates
to isoforms of cyclic nucleotide phosphodiesterase (PDE) in relation to CLL, and
method of use thereof, for diagnosis and treatment of CLL.
BACKGROUND OF THE INVENTION
[Θ002J

Chronic lymphocytic leukemia (CLL), a cancer of the white blood cells

and bone marrow, is characterized by uncontrolled proliferation and/or reduced cell

death (apoptosis)

of blood cells, specifically the B lymphocytes, and is the most

widespread form of adult leukemia. Many cases of CLL are detected by routine blood
tests in persons with no symptoms, however, patients may have enlarged lymph nodes,
enlarged liver and spleen, fatigue, bone pain, excessive sweating, loss of appetite,
weight loss, flank pain, and generalized itching. Abnormal bruising, which is a more
well known symptom of CLL, often does not appear until late in the illness. CLL
affects the B lymphocytes (antibody producing cells) and causes suppression of the
immune system, failure of the bone marrow, and infiltration of malignant cells into
organs. Although CLL starts in the bone marrow, it can spread to the blood, lymph
nodes, spleen, liver, central nervous system (CNS), and other organs.

It does not

usually form a solid mass or tumor.
[0003]

The hallmark of CLL is sustained, absolute lymphocytosis (>

10,000/µL) and increased lymphocytes (> 30%) in the bone marrow. At diagnosis,

uncommonly, there may be moderate anemia and thrombocytopenia because of bone
marrow infiltration, splenomegaly, or immunohemolytic anemia and thrombocytopenia.
Some patients will have hypogammaglobulinemia, and occasionally a monoclonal

serum immunoglobulin spike of the same type may be found on the leukemic cell
surface.
[0004]

In an asymptomatic patient, CLL may be diagnosed from abnormal

blood counts. Otherwise, CLL should be suspected in a patient with insidious onset of
1
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the nonspecific features mentioned above who has generalized lympha<leπυpalhy. CLL
is diagnosed by an increase in lymphocytosis and/or bone marrow infiltration coupled

with the characteristic features of morphology and ϊ mmunophenotype, which confirm
the characteristic clonal population.

Reactive lymphocytosis associated with viral

infections can be differentiated by the clinical picture and the presence of atypical
lymphocytes o

blood smear.

Confusion with other diseases may be avoided by

determination of cell surface markers. For instance, CLL lymphocytes coexpress the
B-cell antigens CDl 9 and CD20 along with the T-cell antigen. CLL B cells express
relatively low levels of surface-membrane immunoglobulin (compared with normal
peripheral blood B cells) and a single light chain (kappa or lambda). The cells in B-cell
CLL also co-express B-cell markers, such as CD5, CD9, and CD23 (1).
[0005]

Clinical staging is primarily based on hematologic changes or extent of

disease, and is useful for prognosis and treatment. Accepted treatment regimens for
patients with CLL consist of administration of a variety of therapeutic anti-CLL agents,
including nucleoside analogs or alkylating agents, and current trials are investigating
the benefits of combinations of these agents with monoclonal antibodies. However,
therapeutic options for patients with CLL are limited, and in most cases, are ineffective
or have a limited period of effectiveness. Relapse of the disease often occurs and these
patients acquire resistance, not only to the drug used for patient treatment, but to other
drugs as well.
[0006]

The therapeutic approaches for CLL aim to induce or increase apoptos ϊ s

of malignant B-cclls.

The second messenger cΛM P can promote apoptosis via

activation of protein kinase A (PKA) in malignant B- and T-cells; pharmacological
agents that increase cAMP levels thus have the potential to treat CLL (2-4). The
intracellular concentration of cAMP and PKA activity are lower in lymphocytes of
CLL patients than in those of normal subjects, suggesting a disease -related defect in
this pathway (5, 6).
[0007]

The cellular level of cAMP is governed by the balance between its

formation by adenylyl cyclases (ACs) and degradation

by cyclic nucleotide

phosphodiesterases (PDEs). Eleven families of PDEs that hydrolyze cAMP and cGMP
have been characterized and are comprised of a number of isoforms and splice variants
(7). For instance, PDE4, 7, and 8 isoforms are specific for cΛ MP; PDE5, 6, and 9

isoforms are specific for cGMP;
specificity.

1, 3, 10, and 11 isoforms have dual

and PDEl

Members of the same PDE family show 65% or greater amino acid

sequence identity, whereas between families the amino acid identity drops to 40% or
lower (23, 49-50).
structure,

tissue

Different PDEs can be distinguished from each other by their
expression,

localization,

substrate

specificity,

regulation,

and

sensitivity to PDE inhibitors (23, 50).
fOOlO]

PDEs have unique regulatory

characteristics,

cellular

distribution,

subcellular localization and sensitivities to inhibitors that make them attractive drug
targets for specific diseases.

Previous studies have shown that the nonselective PDE

inhibitor theophylline increases intracellular cAMP and induces apoptosis in peripheral
blood mononuclear cells (PBMC) o f CLL patients without affecting normal B-cells and
down -regulates expression of the anti-apoptotic protein Bcl-2 in CLL-PBMC (8, 9).
Addition of theophylline to chlorambucil (an alkylating agent commonly used to treat
CLL) can increase the response rate and progression-free survival of CLL patients (10,
11). Because theophylline inhibits many PDEs and has a narrow therapeutic index,

treatment of CLL might be aided by the identification of a PDE isoform that could be
targeted for its pro-apoptotic effect in this disease.
[0011]

PBMC isolated from CLL patients expresses numerous PDEs, including

PDH4 isoforms that are constitutively expressed. PDE4-specific inhibitors can induce

apoptosis of CLL-PBMC and to augment killing of such cells by glucocorticoids, a
clinical therapy in CLL (3, 4, 13). Akin to theophylline, PDE4 inhibitors can decrease
the expression of anti-apoptotic proteins (e.g., Bcl-2) and enhance expression of the
pro-apoptotic protein Bax in CLL-PBMC (14).

Such results suggest that PDE4

inhibitors are a potential therapy for CLL but other PDE isoforms may be a more
unique targets for this disease.
[0012]

PDE7 is also found to play a role in the activation and/or proliferation of

T cells (27), and isυform PDE7A has been cloned and detected in lymphoid cells (B
and T lymphocytes) from patients with CLL (22-23). PDE7A further has two isoforms

generated by alternate splicing: PDE7A1 restricted mainly to T cells and the brain, and
PDE7A2 for which mRNA is expressed in a number of cell types including muscle
cells. The isoforms have different sequences at the amino termini, and it is thought that
this portion of each molecule is likely to be important for cellular localization of the

enzyme.

However, the catalytic domain of each PDE7A enzyme is identical (51).

Isoform PDE7B has also been cloned (23, 28, 52) showing approximately 70%
homology to PUB7A in the catalytic domain (52). Expression of PDE7B was detected
in multiple tissues, including brain, heart, pancreas, tiver, and skeletal muscle, but not
in lymphoid cells.
[0013]

CLL is a heterogeneous disorder whose course in individual patients is

quite variable (33, 34). Methods used to assess prognosis in CLL do not consistently
identity stable vs. progressive forms of the disease therefore new prognostic markers
could prove useful (35, 36). WBC lymphocyte doubling time (<12 months indicating
poor prognosis), and factors that include serum constituents (e.g., thymidine kinase,
LDH, soluble CD23, β2-microglobulin), and features of CLL cells (e.g., p53-rrmtations,
CD38 expression, somatic mutations in TgVH, and ZAP-70 expression) have been
studied as predictors of outcome in CLL-patients (34, 37, 38-44).

Unfortunately

methods for measuring all such factors are not standardized and arc not available in
every clinical laboratory (45).
[0014]

Therefore, there is a need to discover new diagnostic methods by

identifying new biomarker and/or prognostic factors associated with CLL, and
therapies for CLL in order to make significant progress in improving overall patient
condition and survival in this disease. Given the fact that previous studies have not
comprehensively compared the expression of PDE ϊ soforms in CLL patients, it would
be important and valuable to examine the expression or enzyme activities of PDE
isoforms, in particular isoforms that hydrolyze cAMP, in CLL-PBMC, and further, to
investigate if their inhibition would promote apoptosis in these cells. Thus, selective
PDE isoforms may serve as novel biomarkers for CLL and even provide new
therapeutic targets, inhibition of which would have greater efficacy to specifically kill
malignant B-cells and further treating and/or curing CLL.
SUMMARY OF THE INVENTION
[0015]

The present invention provides a diagnostic method for chronic

lymphocytic leukemia (CLL). Such method comprises the steps of: (a) determining in
a sample from a patient an expression level of an isoform of phosphodiesterase (PDE)
associated with CLL, (b) comparing the patient's expression level to the expression

level of the ϊ soform of PDE associated with CLL in a normal subject, and (c)

diagnosing said patient as at risk for CLL when the patient's expression level is
significantly increased or decreased compared to said normal subject's expression
level.

In one preferred embodiment, the isoform of PDE associated with CLL is

phosphodiesterase 7B (PDE7B). In another preferred embodiment, the isoform of PDE
associated with CLL is phosphodiesterase 3B (PDE3B).

Other PDE isoforms

associated with CLL can also be included in the present invention.

In yet another

preferred embodiment, the sample from a patient used for the diagnosis of CLL
comprises lymphocytes that include, but are not limited to peripheral blood
mononuclear cells (PBMCs) or B cells.
[Θ016]

The present invention provides that both PDE7B mRNA and protein

expression levels in CLL patients are significantly increased as compared to those in
normal subjects.

In one preferred embodiment, the present invention provides that

PDE7B mRNA and protein expression levels in CLL patients are about 5-70 fold
increased, and 5-90 fold increased, respectively, as compared to those in normal
subjects.
[0017]

The present invention also provides that both PP1 3

mRNA and

protein expression levels in CLL patients are significantly decreased as compared to
those in normal subjects. In one preferred embodiment, the present invention provides
that PDE3B mRNA expression levels in CLL patients are about 20-fold decreased
compared to those in normal subjects.
[0018J

The diagnostic method of the present invention further comprises a step

of determining a ratio of PDE7B to PDE3B mRNA expression levels. In one preferred
embodiment, the present invention provides that the ratio of PDE7B to PDE3B mRNA
expression levels in CLL patients is significantly increased as compared to thai in
normal subjects. In yet another preferred embodiment, the present invention provides
that the ratio of PDE7B/PDE3B mRNA expression levels in CLL patients is about 101000-fold increased compared to that in normal subjects.

In yet another preferred

embodiment, the present invention provides that the ratio of PDE7B/PDE3B mRNA
expression levels in normal subjects is less than 0.3, whereas the ratio of
PDE7B/PDE3B mRNA expression levels in CLL patients is greater than 3.

[0019]

The present invention further provides a kit for a diagnosis of CLL. The

kit comprises biomarker detecting reagents for determining a differential expression
level of isoforms of PDE and instructions for their use in diagnosing CLL. In certain
preferred embodiments, the isoforms of PDE include, but are not limited to

PDE7B

and PDE3B. In other preferred embodiments, the kit comprises biomarker detecting

reagents suitable for determining both mRNA and/or protein expression levels of PDE
jsoforms, including, but not limited to, PDE7B and/or PDE3B. In yet other preferred

embodiments, the kit of the present invention comprises means for calculating the ratio
of PDE7B to PDE3B mRNA expression levels. In yet another preferred embodiments,
the instructions in the kit of the present invention indicate that the ratio of
PDE7B/PDE3B mRNA expression levels in normal subjects is less than 0.3, whereas

the ratio of PDE7B/PDE3B mRNA expression levels in CLL patients ϊ s greater than 3.
[0020]

The present invention further provides a method of a treatment

comprising administering to a patient in need thereof a biologically effective amount of
one or more therapeutic agents capable of directly or indirectly modulating expression

or activity levels of one or more PDE isoforms associated with CLL.

Such PDE

isoforms associated with CLL include but are not limited to PDE7B and/or PDE3B. In
one preferred embodiment, the PDE isoform is PDE7B.

In yet another preferred

embodiment, the PDE isofoπn is PDE3B. In further certain preferred embodiments,
the present invention provides that the therapeutic agents are capable of directly or
indirectly inhibiting PDE7B mRNA and/or protein expressions or enzyme activity in
CLL lymphocytes.

In yet other preferred embodiments, the therapeutic agents

comprises oligonucleotides, antisense oligonucleotides, polynucleotides, therapeutic
DNA, ribozymes, dsRNAs, siRNA, RNAi, or gene therapy vectors that are capable of
inhibiting PDE7B mRNA and/or protein expressions in CLL lymphocytes. In yet other
preferred embodiments, the therapeutic agents comprises PDE7, preferably PDE7B,
inhibitors, antagonists, antibodies or other immunologically active molecules that

immunoreaet with these enzymes, resulting in apoptosis of CLL lymphocytes. In yet
another preferred embodiment, the therapeutic agent is selective PDE7, preferably
PDE7B, inhibitors. In yet other certain preferred embodiments the therapeutic agents

can be any drugs, compounds, small molecules, proteins, antibodies, nucleotides, and
the like, that are capable of reversing the ratio of PDE7B/PDE3B expression levels in

CLL lymphocytes that include, but are not limited to PBMCs or B cells. Furthermore,

the present

invention provides a pharmaceutical

composition

for treating CLL

comprising the therapeutic agents of the present invention, as described above.
BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

Fig. 1 illustrates that mRNA expression of multiple phosphodiesterase

(PDE) isotbrms are altered with chronic lymphocytic leukemia (CLL) - Fig. IA
illustrates representative RT-PCR of PDE isoforms expressed in Human reference RNA
(upper panel) and normaI-PBMC(lower panel). Fig. IB shows QPCR analysis of the
expression of PDE isoforms in PBMC from 7 normal subjects and 7 CLL patients.
Data are expressed as Ct values normalized with 28S rRNA (mean+/-SE).

Each

patient's sample was repeated 4 times. *, PO.05; **, PO.01; ***P<G.G00I, significant
higher or lower of Ct value in CLL patients vs. normal subjects.
[0022]

Fig. 2 shows that the mRNA expression of PDE7B is increased and

PDK3B is decreased in CLL-PBMC as compared to normal-PBMC.

PDE7B and

PDE3B mRNA expression were assayed by QPCR. Fig. 2A shows PDE7B mRNA
expression: the left panel shows each patient's PDE7B expression as fold-change
relative to the mean value in normal subjects, indicating the increase in expression in
CLL patients ranged from 1.9 to 95.69; the right panel shows mean +/-SE data for
normal subjects and CLL patients. **, P<0.0001 compared with normal subjects. The
fold-increase for patient # 294 was 254 and was not included in this figure. Fig. 2B
shows PDIJ3F Ϊ mRNA expression: the left panel shows each patient's PDE3B rnRNA
expression as fold-change relative to the mean value in normal subjects and ranged
from 0.003 to 0.197; the right panel shows mean +/-SE data for normal subjects and
CLL patients. ** p<0.0001 compared with normal subjects.

Cells from each CLL

patient and normal subject was analyzed 3-4 separate times.
[0 Θ23]

Fig. 3 illustrates that the mRNA ratio of PDE7B/3B in PBMC from CLL

patients is increased compared to normal subjects and to both normal B- and non-B
cells. QPCR was used to determine the mRNA expression of PDE7B and PDE3B and
the ratio of the two values in CLL patients (n=29), compared Lυ normal subjects (n=16),
B-cells isolated from normal PBMC (obtained by CD 19 positive selection, n=10), and
non-B cells from normal PBMC (cells remaining after CD 19 positive selection). Upper
panel: the mRNA ratio PDE7B/3B in normal subjects ranged from 0.01 to 0.27; Middle

panel: the mRNA ratio PDE7B/3B ranged from 3.1 to 304.8 in CLL patients (analysis
did not include the patient whose ratio was 1018); Lower panel: data show mean+/-SE
For the mRNA ratio of PDE7B/3B of CLL, normal PBMC, non-B cells and B-cells. **,

CLL- vs normal-PBMC, normal non B-cells and normal B-cells. pO.OOL
[0024]

Fig. 4 shows that the mRNA ratio of PDE7B/3B significantly correlates

with WBC, percentage lymphocytes and CD38 but does not correlate with other
prognostic factors for CLL. The Spearman test was used to analyze the relationship
between the ratio of PDE7B/3B and other FACS and clinical data. All data available
for the subjects was used to assess the correlation with PDE7B/3B and yielded the
following p values: Fig. 4A: ZAP-70 (n=27, P=O. 14); Fig. 4B: IgVH (n=21, P=0.018);
Fig. 4C: CD3S (n=18, P=O.0O76); Fig. 4D: WBC (n=19, P=0.0005); and Fig. 4E:

percentage lymphocyte (n=3 9, P=0.027).
[0025]

Fig. 5 illustrates that PDE7B protein expression and the contribution of

PDE7 to total cAMP-PDE activity are increased in CLL-PBMC compared to normalTBMC. Fig. 5A shows a representative blot of PDE7B and β-actin in 2 normal subjects
and 5 CLL patients. Fig. 5B represents density analysis of PDE7B protein expression
in CLL PBMC (n=10) and normal PBMC (n=3, 2 other normal subjects had PDE7B

protein expression levels below the levels of detection) normalized to β-actin. Fig. 5C
shows the contribution of PDE7 to total cAMP-PDE activity as defined using BRL50481, a PDE 7-specif ϊ c inhibitor. * P<0.05; ***, PO.0001

compared to normal-

PBMC
[0026]

Fig. 6 shows that the PDE7 inhibitor BRL-50481 dose-dependently

induces apoptosis in CLL-PBMC, but not in normal-PBMC, Apoptosis was assessed in
PBMC from 6 normal subjects (Fig. 6A) and CLL patients (Fig. 6B) by staining with
Annexin V and analyzed by flow cytometry after 72 hrs incubation υf vehicle alone
(Control), or the PDE7 inhibitor BRL-50481 at l OµM (BRL 10), 30 µM (BRL30) and
lOO µM

(BRLlOO). Because of differences in "basal apoptosis" o f the vehicle alone

(control) in different individuals (Fig. 6A and 6B), results were analyzed as %
apoptotic cells relative to control for each concentration of BRL-50481 (Fig. 6C). Each
data poinl represents mean+/-SE of 6 normal subjects and 10 B-CLL patients. *
P<0.05, **P<0.01 compared to vehicle.

DETAILED DESCRIPTION OF THE INVENTION
[0027]

The present invention may be understood more readily by reference to

the following detailed description of the preferred embodiments of the invention and
the Examples included herein.

However before the present peptides, compounds,

compositions, and methods are disclosed and described, it is to be understood that this
invention is not limited to specific nucleic acids, specific peptides or proteins, specific
cell types, specific Host cells, specific conditions, or specific methods, etc., as such
may, of course, vary, and the numerous modifications and variations therein will be
apparent to those skilled in the art. It is also

to

be understood that the terminology used

herein is for the purpose of describing specific embodiments only and is not intended to
be limiting. It is also to be understood that as used in the specification and in the
claims, "a" or an can mean one or more, depending upon the context in which it is
used. Thus, for example, reference to "a cell" can mean that at least one cell can be

utilized.
[0028]

The present invention provides a diagnostic method for chronic

lymphocytic leukemia (CLL). Such method comprises the steps of (a) determining in a
sample from a patient an expression level of an isoform of phosphodiesterase (PDE)
associated with CLL, (b) comparing the patient's expression level to the expression
level of the isoform of PDE associated with CLL in a normal subject, and (c)
diagnosing said patient as at risk for CLL when the patient's expression level is
significantly increased or decreased compared to said normal subject's expression
level. As used herein, the term "isoform" (also known as an isozyme if the protein is
an enzyme) refers to proteins and/or enzymes with same or similar function but which
differ in amino acid and/or nucleotide sequences.

Isoforms exist by multiple

mechanisms, such as different gene loci, multiple alleles (also called allelomorphs,
allelozymes, or allozymes), different subunit interaction, different splice forms, or
different

post-translational

modification,

and

can

usually

be

separated

by

electrophoresis or some other separation technique known in the art.
[0029]

As used herein the term "phosphodiesterase (PDE)" includes cyclic

nucleotide phosphodiesterases

(PDEs) that hydrolyze cAMP and cGMP.

Eleven

families of PDEs (PDEl-I l ) are now known including, but not limited to their
isoforms, homologs and splice variations, now known, or later described, In addition,

as used herein, the term "isoform of PDE" includes now known, or later described,
enzymes that contain one or more PDE core domains including any functional
dornains/motifs and having cAMP and/or cGMP hydrolysis activities, with or without
one or more mutations, deletions or insertions. As used herein, the term "associated
with CLL" means that expression levels of an isoform of PDE in a subject at risk for
CLL is significantly and/or substantially different from that in a normal subject. As

used herein, the term "significantly and/or substantially different" means statistically
different, wherein the difference is subject to any statistic analysis with a P value of less
than 0.05, preferably less than 0.01, more preferably less than 0.001.
[0030]

In one preferred embodiment, the isoform of PDE is PDE7B. In another

preferred embodiment, the isofυrm of PDE is PDE3B.

As used herein, the term

PDE7B and/or PDE3B refers to PDE7B or PDE3B proteins, their isoforms or
homologs having at least 60% homologous, preferably 75% homologous, more
preferably 85%, 90% 95%, 96%, 97%, 98%, 99% or more homologous, to a wild type
PDE7B or PDE3B protein core domains.

As used herein, the PDE7B or PDE3B

protein core domains comprise biologically active portions of the proteins. As used
herein, the "biologically active portions" of PDE7B or PDE3B proteins include one or
more fragments of the proteins comprising amino acid sequences sufficiently
homologous to, or derived from, the amino acid sequence of the proteins, which include
fewer amino acids than the full length protein, and exhibit at least one activity of the
full-length proteins. Typically a biologically active portion comprises a domain or
motif with at least one activity of the protein. A biologically active portion of a protein
can be a polypeptide which is, for example, 10, 25, 50, 100, 200 or more amino acids in
length. In one embodiment, a biologically active portion of these proteins can be used
as a target for developing agents which modulate activities of these proteins.
[0031]

Moreover, the PDE7B and/or PDE3B used herein include PDE proteins

and/or enzymes encoded by polynucleotides that hybridize to the polynucleotide
encoding these proteins under stringent conditions. As used herein, "hybridization"
includes a reaction in which one or more polynucleotides react to form a complex that
is stabilized via hydrogen bonding between the bases of the nucleotide residues. The

hydrogen bonding may occur by Watson-Crick base pairing, Hoogsteln binding, or in
any other sequence-specific manner. The complex may comprise two strands forming a

duplex structure, three or more strands forming a multi-stranded complex, a single selfhybridizing strand, or any combination of these. A hybridization reaction may
constitute a step in a more extensive process, such as the initiation of a PCR reaction, or
the enzymatic cleavage of a polynucleotide by a ribozyme.
[0032]

conditions.

Hybridization reactions can be performed under different stringent
The present invention includes polynucleotides capable of hybridizing

under reduced stringency conditions, more preferably stringent conditions, and most
preferably highly stringent conditions, to polynucleotides encoding PDE7B and/or
PDE3B protein described herein. As used herein, the term "stringent conditions" refers
to hybridization overnight at 60 0C in I OX Denhart's solution, 6X SSC, 0.5% SDS, and
100 µg/ml denatured salmon sperm DNA. Blots are washed sequentially at 62°C for 30

minutes each time in 3X SSC/0.1% SDS, followed by I X SSC/0.1% RDS, and finally
0.1X SSC/0.1% SDS. As also used herein, in a preferred embodiment, the phrase
"stringent conditions" refers to hybridization in a 6X SSC solution at 65°C. In another
embodiment, "highly stringent conditions" refers to hybridization overnight at 65°C in
1OX Denhart's solution, 6X SSC, 0.5% SDS and 100 µ g/ml denatured salmon sperm

DNA. Blots are washed sequentially at 65°C for 30 minutes each time in 3X SSC/0.1%
SDS, followed by IX SSC/0.1% SDS, and finally 0.1X SSC/0.1% SDS. Methods for

nucleic acid hybridizations are described in Meinkoth and Wahl, 1984, Anal. Biochera,
138:267-284; Current Protocols in Molecular Biology, Chapter 2, Ausubel et ah, eds.,
Greene Publishing and Wiley-Interscience, New York, 1995; and Tijssen, 1993,
Laboratory Techniques in Biochemistry and Molecular Biology: Hybridization with
Nucleic Acid Probes, Part I, Chapter 2, Elsevier, New York, 1993.
[0033]

Furthermore, the PDE7B and/or PDE3B proteins used herein can also be

chimeric protein or fusion protein. As used herein, a "chimeric protein" or "fusion
protein" comprises a first polypeptide operatively linked to a second polypeptide.
Chimeric proteins may optionally comprise a third, fourth or fifth or other polypeptide
operatively linked to a first or second polypeptide. Chimeric proteins may comprise
two or more different polypeptides. Chimeric proteins may comprise multiple copies
of the same polypeptide. Chimeric proteins may also comprise one or more mutations
in one or more of the polypeptides. Methods for making chimeric proteins are well

known in the art.

[0034]

As used herein, the term "expression level" refers to a amount of a

gene and/or protein that is expressed in a cell. As used herein, a "gene" includes a

polynucleotide containing at least one open reading frame that is capable of encoding a
particular polypeptide or protein after being transcribed and translated. Any of the
polynucleotide sequences described herein may also be used to identify larger
fragments or full-length coding sequences of the gene with which they are associated.
Methods of isolating larger fragment sequences are known to those of skill in the art.
[0035]

As used herein, the terms "polynucleotide," "'nucleic acid/nucleotide"

and "oligonucleotide" are used interchangeably, and include polymeric forms of

nucleotides of any length, either deoxyribonucleotides or ribonucleotides, or analogs
thereof. Polynucleotides may have any three-dimensional structure, and may perform
any function, known or unknown.

The following are non-limiting examples of

polynucleotides: a gene or gene fragment, exons, introns. messenger RNA (mRNA),
transfer KNA ribosomal RNA, ribozymes, DNA, cDNA, genomic DNA, recombinant
polynucleotides, branched polynucleotides, plasmids, vectors, isolated DNA of any
sequence, isolated RNA of any sequence, nucleic acid probes, and primers.
Polynucleotides may be naturally-occurring, synthetic, recombinant or any combination
thereof.
[0036]

As used herein, a "naturally-occurring"

polynucleotide molecule

includes, for example, an RNA (mRNA) or DNA molecule having a nucleotide

sequence that occurs in nature (e.g., encodes a natural protein).

As used herein,

"recombinant" refers to a polynucleotide synthesized or otherwise manipulated in vitro
(e.g., "recombinant polynucleotide"), to methods of using recombinant polynucleotides

to produce gene products in cells or other biological systems, or to a polypeptide
("recombinant protein") encoded by a recombinant polynucleotide.

"Recombinant"

aiso encompasses the ligation of nucleic acids having various coding regions or

domains or promoter sequences from different sources into an expression cassette or
vector for expression of, e.g., inducible or constitutive expression of a fusion protein
comprising a translocation domain of the invention and a nucleic acid sequence
amplified using a primer of the invention.
[0037]

A polynucleotide

may comprise

methylated nucleotides and nucleotide analogs.

modified nucleotides,

such as

If present, modifications to the

nucleotide structure may be imparted before or after assembly of the polymer. The
sequence of nucleotides may be interrupted by non-nucleotide components.

A

polynucleotide may be further modified after polymerization, such as by conjugation
with a labeling component. The term also includes both double- and single-stranded
molecules. Unless otherwise specified or required, any embodiment of this invention
that is a polynucleotide encompasses both the double-stranded form and each of two
complementary single-stranded forms known or predicted to make up the doublestranded form. The "polynucleotide sequence" is the alphabetical representation of a
polynucleotide molecule. A polynucleotide is composed of a specific sequence of four
nucleotide bases: adenine (A); cytosine (C); guanine (G); thymine (T): and uracil (U) in
place of guanine when the polynucleotide is RNA. This alphabetical representation can
be inputted into databases in a computer and used for bioinformatics applications such
as, for example, functional genomics and homology searching.
[0038]

As used herein, the term '"protein" or "polypeptide' is interchangeable,

and includes a compound of two or more subunit amino acids, amino acid analogs or
pcptidomimetics.

The subunits may be linked by peptide bonds. In another

embodiment, the subunit may be linked by other bonds, e.g., ester, ether, etc, As used
herein, the term "amino acid" includes either natural and/or unnatural or synthetic
amino acids, including both the D or L optical isomers, and amino acid analogs and
peptidomimetics. A peptide of three or more amino acids is commonly referred to as
an oligopeptide. Peptide chains of gieater than thiee or more amino acids are referred
to as a polypeptide or a protein.
[0039]

The present invention provides a diagnostic method for CLL or other

hematological disorders or malignancies by comparing expression levels of TDE
isoforms in subjects at risk for such disorders vs. norma! subjects. In certain preferred
embodiments of the present invention, both PDE7B mRNA and protein expression
levels in lymphocytes from a subject at risk for CLL are compared to a baseline level of
PDE7B mRNA and protein expression levels in normal lymphocytes, wherein an
elevated level of PDE7B mRNA and/or protein expression levels in relation to the
baseline level of PDE7B mRNA and/or protein expression levels indicates an
association with CLL in that subject. In yet other preferred embodiments of the present
invention, both PDE3B mRNA and protein expression levels in lymphocytes from a

subject at risk for CLL are compared to a baseline level of PDE3B mRNA and protein
expression levels in normal lymphocytes, wherein a decreased level of PE>E3B mRNA
and/or protein expression levels in relation to the baseline level of PDE3B mRNA
and/or protein expression levels indicates an association with CLL in the subject. The
diagnostic method of the present invention is performed using any tissue containing
lymphocytes, including but not limited to spleen, lymph nodes, bone marrow, lymph, a
whole blood sample from the subject or a whole blood sample that has been treated and
processed to isolate the peripheral blood mononuclear cells (''PBMC"), B-cells, T-cells,
or other lymph cells.
[0040]

The present invention provides that both PDE7B mRNA and protein

expression levels in CLL patients are significantly increased compared to those in
normal subjects.

In one preferred embodiment, the PDE7B mRNA expression level in

CLL patients is about 5-70 fold increased compared to that in normal subjects.
Preferably, PDE7B mRNA expression level is 5-, 10-, 20-, 30-, 40-, 50-, 60-, and 70fold higher than that in normal subjects.

In yet another preferred embodiment, the

PDE 7B protein expression level in CLL patients is about 5-90 fold increased compared
to that in normal subjects. Preferably, PDE7B protein expression level is 5-, 10-, 1520-, 30-, 40-, 50-, 60-, 70-, 80, and 90-fold higher than that in normal subjects.
[0041]

Contrary, in yet another preferred embodiment, both PDE3B mRNA and

protein expression levels in CLL patients are significantly decreased compared to those
in normal subjects. In one preferred embodiment, the PDE3B mRNA expression levels

in CLL patients are 0.003-0.137, about 20-fold lower than those in normal subjects.
[0042}

The diagnostic method of the present invention further comprising a step

of determining

a ratio of PDE7B/PDE3B

mRNA expression

levels, which is

significantly increased in CLL patients compared to that in normal subjects.

In one

preferred embodiment, the present invention provides that the average PDE7B/PDE3B
raRNA ratio is about 1000-fold higher in CLL patients than that in normal subjects.
Preferably, the PDE7B/PDE3B mRNA ratio is about 3-, 10-, 30-, 100-, 200-, 300-, 400, 500-, 600-, 700-, 800-, 900- and 1000-fold higher in CLL patients than that in normal
subjects. Accordingly, the present invention provides a method for diagnosis of CLL
by measuring the PDE7B/3B mRNA ratio, which is over 3 to diagnose CLL, and under
0.3 for normal.

[0043]

The present invention further provides a kit for a diagnosis of CLL

comprising biomarker detecting reagents for determining expression levels of isoforms
of PDEs. and instructions for their use in diagnosing CLL. As used herein, the term
"biomarker" refers to an indicator and/or prognostic factor of biologic or pathologic
processes or pharmacologic responses to a therapeutic intervention. As used herein, the
term "prognostic factor" refers to any molecules and/or substances contributing to a
predicted and/or expected course of CLL including various developments, changes and
outcomes of the disease,

As used herein, the term "detecting reagents" refer to any

substances, chemicals, solutions used in chemical reactions and processes that are
capable of detecting, measuring, and examining PDEs and their isoforms of interest, In
certain preferred embodiments, the isoforms of PDEs include, but are not limited to,
PDE7B and PDE3B. In other preferred embodiments, the biomarker detecting reagents
used herein comprise chemicals, substances, and solutions that are suitable for

determining either mRNA or protein, or both expression levels of PDEs and their
isoforms- including, but not limited to, PDE7B and/or PDE3B.
[0044J

One of the detecting reagents may include immunologically active

molecules comprising an antibody molecule or a fragment thereof that specifically
binds to PDEs and their isoforms or an antigen for PDEs and their isoforms. The term
"antibody" as used herein encompasses monoclonal antibodies (including full length
monoclonal antibodies), polyclonal antibodies, multispecific antibodies (e.g., bispecific
antibodies), and antibody fragments so long as they exhibit the desired biological
activity of binding to PDEs and their isoforms of interest.

The term 'antibody

fragments" comprise a portion of a full length antibody, generally the antigen binding
or variable region thereof. Examples of antibody fragments include Fab, Fab', F(ab') 2
and Fv fragments.
[0045]

The term "monoclonal antibody" as used herein refers to an antibody

obtained from a population of substantially homogeneous antibodies, i.e., the individual
antibodies comprising the population are identical except for possible naturally
occurring mutations that may be present in minor amounts. Monoclonal antibodies are
highly specific, being directed against a single antigenic site. Furthermore, in contrast
to conventional (polyclonal) antibody preparations which typically include different

antibodies directed against different determinants (epitopes), each monoclonal antibody

is directed against a single determinant on the antigen. The "monoclonal antibodies"
may also be isolated from phage antibody libraries using the techniques known in the
art.
[0046]

The monoclonal antibodies herein include "chimeric" antibodies

(immunoglobulins) in which a portion of the heavy and/or light chain is identical with
or homologous to corresponding sequences in antibodies derived from a particular
species of belonging to a particular antibody class or subclass, while the remainder of
the chain(s) is identical with or homologous to corresponding sequences in antibodies
derived from another species or belonging to another antibody class or subclass, as well
as fragments of such antibodies, so long as they exhibit the desired biological activity.
[0047]

The term "single-chain Fv" or "sFv" antibody fragments comprise the

VH and VL domains of antibody, wherein these domains are present in a single
polypeptide chain.

Generally, the Fv polypeptide further comprises a polypeptide

linker between the VH and VL domains which enables the sFv to form the desired
structure for antigen binding.
[0048]

An "isolated" antibody is one that has been identified and separated

and/or recovered from a component of its natural environment.

Contaminant

components of its natural environment are materials that would interfere with
diagnostic or therapeutic uses for the antibody, and may include enzymes, hormones,
and other proteinaceous or nonproteinaceous solutes. In preferred embodiments, the
antibody will be purified (1) to greater than 95% by weight of antibody as determined
by the Lowry method, and most preferably more than 99% by weight, (2) to a degree
sufficient to obtain at least 15 residues of N~terminal or internal amino acid sequence
by use of a spinning cup sequenator, or (3) to homogeneity by SDS-polyacrylamide gel
electrophoresis under reducing or nonreducing conditions using Coomassie blue or,
preferably, silver stain. Isolated antibody includes the antibody in situ within
recombinant cells since at least one component of the antibody's natural environment
will not be present. Ordinarily, however, isolated antibody will be prepared by at least
one purification step.
[0049]

In order to avoid potential imm nogen ϊ city of the monoclonal antibodies

in human, the monoclonal antibodies that have the desired function are preferably

humanized. "Humanized" forms of non-human (e.g., murine) antibodies are chimeric
antibodies that contain minimal sequence derived from non-human immunoglobulin.
For the most part, humanized antibodies are human immunoglobulins (recipient
antibody) in which hypervariable region residues of the recipient are replaced by
hypervariable region residues from a non-human species (donor antibody) such as
mouse, rat, rabbit or nonhuman primate having the desired specificity, affinity, and
capacity.

In some instances, Fv framework region (FR) residues of the human

immunoglobulin are replaced by corresponding non-human residues.

Furthermore,

humanized antibodies may comprise residues that are not found in the recipient
antibody or in the donor antibody.

These modifications are made to further refine

antibody performance. In general, the humanized antibody will comprise substantially
all of at least one, and typically two, variable domains, in which all or substantially all

of the hypervariable loops correspond to those of a non-human immunoglobulin and all
or substantially all of the FR regions are those of a human immunoglobulin sequence.
The humanized antibody optionally also will comprise at least a portion of an
immunoglobulin constant region (Fc), typically that of a human immunoglobulin.
Antibodies capable of immunoreacting to particular PDEs and their isoforms are made
using conventional methods known in the art.
10050]

Other molecules which selectively bind to PDEs and their isoforms of

interest or their gene products (e.g. mRNAs) known to those skilled in the art, or
discovered in the future are contemplated within the scope of the present invention.
Such molecules include primers and/or probes comprising desired DNA, RNA, and/or
DNA/RNA hybrid sequences. As used herein, the term "primer" refers to a segment of
DNA or RNA that is complementary to a given DNA or RNA sequences (e.g.
sequences of a particular PDE or its isoform) and that is needed to initiate replication
by DNA polymerase, and a term "probe" refers to a substance, such as DNA, that is
radioactively labeled or otherwise marked and used to detect or identify another
substance in a sample.

As used herein, the term "primer" and "probe" are used

interchangeably, and typically comprise a substantially isolated oligonucleotide
typically comprising a region of nucleotide sequence that hybridizes under stringent
conditions to at least about 12, preferably about 25, more preferably about 40, 50, or 75
consecutive nucleotides of a sense and/or an antisense strands of a nucleotide sequence
of PDEs and their isoforms of interest; or naturally occurring mutants thereof. As used

herein, primers based on the nucleotide sequence of PDEs and their isofbrms of interest
can be used in PCR reactions to clone homologs of these PDEs and their isoforms.
Probes based on the nucleotide sequences of these PDEs and their isoforms can be used
to detect transcripts or genomic sequences encoding the same or substantially identical
polypeptides or proteins. In preferred embodiments, the probe further comprises a label
group attached thereto, e.g. the label group can be a radioisotope, a fluorescent
compound, an enzyme or an enzyme co-factor. Such probes can be used as a part of a
genomic marker te t kit for identifying cells which express or over-express these PDEs
and/or their isoforms, such as by measuring a level of encoding nucleic acid, in a
sample of cells, e.g., detecting mRNA levels or determining whether a genomic gene
has been mutated or deleted.
[0051]

In certain preferred embodiments, the biomarkers and/or prognostic

factors for diagnosing and monitoring CLL comprise PDE7B PDE3B, and ratio of
PDE7B/3B.

In yet certain preferred embodiments, the kit of the present invention

comprise any detecting reagents that are capable to detect mRNA, protein, or both,
expression levels of PDE7B and/or PDE3B. In yet another preferred embodiment, the
kit of the present invention comprise means for calculating the expression ratio of two
or more PDE isoforms, preferably, the expression ratio of PDE7B to PDE3B. The kit
of the present invention further comprises an instruction for use in diagnosing and
monitoring CLL. In one preferred embodiment, the instruction in the kit provides that
an elevated PDE7B mRIMA and/or protein expression levels, or a decreased PDF3B
mRNA and/or protein expression levels indicates an association with CLL.

In yet

another preferred embodiment, the instruction in the kit provides that an elevated
PDE7B/PDE3B mRNA ratio also indicates an association with CLL. Moreover, the
instruction in the kit also provides that normal cells have the PDE7B/3B mRNA ratio
under 0.3, while CLL cells have the PDE7B/3B mRNA ratio above 3.
[0052]

Furthermore, the present invention provides a method for treating CLL

by administering to a CLL patient a biologically effective amount of one or more
therapeutic agents capable o f directly or indirectly modulating expression or activity
level of one or more PDEs and/or their isoforms associated with CLL. As used herein,
the term "biologically effective amount 1" or "therapeutically

effective amount" of

therapeutic agent is intended to mean a nontoxic but sufficient amount of such

therapeutic agents to provide the desired therapeutic effect.

The amount that is

effective will vary from subject to subject, depending on the age and general condition
of the individual, the particular active agent or agents, and the like. Thus, it is not
always possible to specify an exact effective amount.

However, an appropriate

effective amount in any individual case may be determined by one of ordinary skill in
the art using routine experimentation.
[0053]

As used herein, the term "modulating" refers to up-regulation, induction,

stimulation, potentiation, and/or relief of inhibition, as well as inhibition, attenuation
and/or down-regulation or suppression. Inhibitors or antagonists are compounds that,
e.g., bind to, partially or totally block stimulation, decrease, prevent, delay activation,
inactivate, desensitize, or down regulate genes or proteins of PDEs and/or isofo π ns,
e.g., PDE7B

Activators or agonists are compounds that, e.g., bind to, stimulate,

increase, open, activate, facilitate, enhance activation, sensitize, or up regulate gene or
proteins of PDEs and/or isoforms, e.g., PDE3B.
[0054]

As used herein, the term "therapeutic agents" may refer to any

oligonucleotides (antisense oligonucleotide agents), polynucleotides (e.g. therapeutic
DNA), ribozymes, dsRN Λ s, siRNA, RNAi, and/or gene therapy vectors.

The term

"antisense oligonucleotide agent" refers to short synthetic segments of DNA or RNA,
usually referred to as oligonucleotides, which are designed to be complementary to a
sequence of a specific mRJNA to inhibit the translation of the targeted mRNA by
binding to a unique sequence segment on the mRNA. Antisense oligonucleotides are
often developed and used in the antisense technology. The term "antisense technology"
refers to a drug-discovery and development technique that involves design and use of
synthetic oligonucleotides complementary to a target mRNA to inhibit production of
specific disease-causing proteins. Antisense technology permits design of drugs, called
antisense oligonucleotides,

which intervene at the genetic level and inhibit the

production of disease-associated proteins.

Antisense oligonucleotide agents are

developed based on genetic information,
[0055]

As an alternative to antisense oligonucleotide agents, ribozymes or

double stranded RNA (dsRNA), RNA interference (RNAi), and/or small interfering
RNA (siRNA), can also be used as therapeutic agents for regulation of gene expression
in cells, As used herein, the term "ribozyme" refers to a catalytic RNA-based enzyme

with ribonuclease activity that is capable of cleaving a single-stranded nucleic acid

such as an mRNA, to which it has a complementary region. Ribozymes can be used to
catalytically cleave target mRNA transcripts to thereby inhibit translation of target
mRNA. The term "dsRNA," as used herein, refers to RNA hybrids comprising two
strands of RNA. The dsRNAs can be linear or circular in structure. The dsRNA may
comprise ribonucleotides, ribonucleotide analogs, such as 2'-O-methyI ribosyl residues,
or combinations thereof.

The term "RNAi" refers to RNA interference or post-

transcriptional gene silencing (PTGS). The term "siRNA" refers to small dsRNA
molecules (e.g., 21-23 nucleotides) that are the mediators of the RNAi effects. RNAi is
induced by the introduction of long dsRNA (up to 1-2 kb) produced by in vitro

transcription, and has been successfully used to reduce gene expression in variety of
organisms. In mammalian cells, RNAi uses siRNA (e.g. 22 nucleotides long) to bind to
the RNA-induced silencing complex (RISC), which then binds to any matching mRNA

sequence to degrade target mRNA, thus, silences the gene.
[0056]

As used herein, the therapeutic agents may also include any

vectors/virus used for gene therapy. The term "gene therapy" refers to a technique for
correcting defective genes or inhibiting or enhancing genes responsible for disease
development. Such techniques may include inserting a normal gene into a nonspecific
location within the genome to replace a nonfunctional gene: swapping an abnormal

gene for a normal gene through homologous recombinants, repairing an abnormal gene
to resume its normal function through selective reverse mutation; and altering or

regulating gene expression and/or functions of a particular gene. As used herein, a term
"vector/virus" refers to a carrier molecule that carries and delivers the "normal"
therapeutic gene to the patient's target cells. Because viruses have evolved a way of
encapsulating and delivering their genes to human cells in a pathogenic manner, most
common vectors for gene therapy are viruses that have been genetically altered to carry
the normal human DNA. As used herein, the viruses/vectors for gene therapy include
retroviruses, adenoviruses, adeno-associated viruses, and herpes simplex viruses. The

term "retrovirus" refers to a class of viruses that can create double-stranded DNA
copies of their RNA genomes, which can be further integrated into the chromosomes of
host cells, for example, Human immunodeficiency virus (HIV) is

retrovirus. The

term "adenovirus" refers to a class of viruses with double-stranded DNA genomes that
cause respiratory, intestinal, and eye infections in humans, for instance, the virus that

cause the common cold is an adenovirus. The term "ade πo-associated vims" refers to a
class of small, single-stranded DNA viruses that can insert their genetic material at a
specific site on chromosome 19. The term "herpes simplex viruses" refers to a class of
double-stranded DNA viruses that infect a particular cell type, neurons. Herpes simplex
virus type 1 is a common human pathogen that causes cold sores,
[0057]

In certain preferred embodiments, the present invention provides a

method of treating CLL using protein inhibitors, lϊ gands, and/or antagonists and their
pharmaceutical compositions that directly or indirectly inhibit PDE7B mRNA and
protein expressions or enzyme activity in CLL lymphocytes.

Such PDE7B selective

inhibitors, ligands, antagonists comprise any polypeptides, proteins, synthesic, non¬
toxic, bioactive molecules, and/or immunologically active molecules that are capable of
directly or indirectly inhibiting lymphocyte proliferation or promoting cell death by
binding to PDE7B gene and/or protein and inhibiting the cAMP catabolism resulting in
elevation of intracellular cAMP levels, and apoptosis of CLL lymphocytes.
[0058]

In yet other certain preferred embodiments, the present invention

provides a method of treating CLL using any drugs, compounds, small molecules,
proteins, antibodies, nucleotides, and pharmaceutical compositions thereof, that are
capable of reversing PDE7B/PDE3B mRNA ratio in CLL lymphocytes,

As used

herein, the term "pharmaceutical composition" contemplates compositions comprising

one or more therapeutic agents as described above, and one or more pharmaceutically
acceptable carriers or vehicles. As used herein the term "pharmaceutically acceptable
carriers or vehicles" comprises any acceptable materials, and/or any one or more
additives known in the art. As used herein, the term "carriers" or "vehicle" refer t o
carrier materials suitable for drug administration through various conventional
administration routes known in the art. Carriers and vehicles useful herein include any
such materials known in the art, which are nontoxic and do not interact with other

components of the composition in a deleterious manner.
[0059]

The present invention also contemplates any conventional methods for

formulation of pharmaceutical compositions as described above.

Various additives,

known to those skilled in the art, may be included in the formulations. For example,
solvents, including relatively small amounts of alcohol, may be used to solubilize
certain drug substances.

Other optional additives include opacifiers, antioxidants,

fragrance, colorant, gelling agents, thickening agents, stabilizers, surfactants and the
like. Other agents may also be added, such as antimicrobial agents, to prevent spoilage
upon storage, i.e., to inhibit growth of microbes such as yeasts and molds. Suitable
antimicrobial agents are typically selected from the group consisting of the methyl and
propyl esters of p-hydroxybenzoic acid (i.e., methyl and propyl paraben), sodium
benzoate, sorbic acid, imjdurea, and combinations thereof.
[0060]

Throughout lhis application, various publications are referenced.

The

disclosures of all of these publications and those references cited within those
publications in their entireties arc hereby incorporated by reference into this application
in order to more fully describe the state of the art to which this invention pertains.
[0061]

Several examples are presented below. It should also be understood that

the foregoing relates to preferred embodiments of the present invention and that
numerous changes may be made therein without departing from the scope of the
invention. The invention is further illustrated by the following examples, which are not
to be construed in any way as imposing limitations upon the scope thereof. On the

contrary, it is to be clearly understood that resort may be had to various other
embodiments,

modifications,

and equivalents

(.hereof, which,

after reading the

description herein, may suggest themselves to those skilled in the art without departing
from the spirit of the present invention and/or the scope of the appended claims.

EXAMPLES
Material and Methods

[0062]

Unless otherwise noted, all chemicals were purchased from Sigma-

Aldrich. Cell culture reagents were obtained from Gibco (Gibco BRL, Grand Island,
NY).
[0063]

PBMC isolation : Peripheral blood samples were collected from healthy

blood donors (normal subjects) and CLL patients following informed consent, in
agreement with institutional guidelines. The diagnosis of CLL was made by peripheral
blood morphology and immunophenotyping.

The patients' median age was 6 1 yr

(range, 44-75 yr) with a median WBC of 142 x \

cells/ml (range, 15 to 460 x 106

cells/ml). No patients had received cytoreductivc chemotherapy. PBMC were isolated
by density-gradient

centrifugation using Ficoll-Paque

(Amersham

Biosciences),

washed, and suspended in fetal-calf serum containing 10% DMSO before storing in
liquid N2 for subsequent use.
[0064]

B cell isolation from normal subjects : B-ceils were isolated from normal

PBMC using magnetic beads coupled to CDl 9+ monoclonal antibodies (Dynal
Biotech) and routinely resulted in >90% CD19+ cells, as assessed by flow cytometry.
[0065]

Clinical Database : Clinical data including age, WBC lymphocyte count,

IgVH, and expression levels of ZAP-70, CD38 were collected with
information

Management

System, a 128-bit encrypted

Lhe

use of the CRC

password-secured

Web

application. All activities regarding the use of patient data and samples followed or
exceeded the guidelines set forth in the Health Insurance Portability and Accountability
Act (15).
10066]

Reverse transcriptase PCR (RT-PCR) and Real-time PCR CQPCR) :

Total RNA was isolated from PBMC of CLL patients (n=24) and healthy donors
(n=16) by use of Versagene RNA Cell Kit (Gentra, VWR)

following the

manufacturer's instructions. Superscript III First Strand Synthesis System (Invitrogen)
was used to synthesize cDNA. Both PCR (MJ Research PTC-100 using Platinum Taq
DNA polymerase) and Real-time PCR (MJ Research Opticon 2 using Eurogentec
QPCR Mastermix Plus SYBR Green Kit) were performed using 2 to 8ng RN Λ/reaction

and 10OnM bense/antisense

primers;

two primer

sets were designed

for each PDE

isoform.

[0067]

One primer set has been previously published and the other set are

available upon request (16). All primers were validated using human reference total
RNA (Stratagene).

Thermal cycling conditions were a s follows: initial incubation of 10

min at 95 0 C followed by 40 cycles of 15s at 95 0 C, 30s at 56 0 C, and 30s at 72 0 C . All
cDNA samplesfwefe ran in duplicate.
threshold (Ct) method.

Samples were compared using the relative cycle

The lower the Ct the greater the mRNA expression.

Fold

induction or repression was measured relative to the average in 16 normal subjects and
calculated after normalizing t o 28s rRNA.

[0068]

Western blot analysis : Western blot was performed on -5-10 x 10 6

cells/sample.

Lysates were prepared using 50 mM Tris-HCl, 150 niM NaCI, 1% TMP40,

0.5% sodium deoxycholate,
electrophoresis,

and 0.1% SDS and protease inhibitors, separated by gel

immunoblotted

manufacturer's

using

the

NuPage

gel

system

following

the

instructions (Invitrogen), and visualized by horseradish peroxidase and

enhanced chemi luminescence

(ECL Western blotting detection reagent; Amersham).

Antibodies used were directed against PDE7B (Fabgennix) and

-actin (Abeam) as a

loading control.

[0069]

PDE activity assay : PDE activity was determined using 1 µM cyclic

nucleotide as substrate via a two-step radioassay method adapted from a published
procedure (17). In brief, substrate and protein were incubated over a period of time that
PDE activity was linear, after which samples were boiled for 2 min.
calculated relative to the protein concentration.

Results are

In order to identify the contribution of

PDE7 to total PDE activity, the assay was preformed in the presence of the specific
PDE7 inhibitor

BRL-50481

[3-(N, N -dimethylsu lfonamido)-4 m ethy -n itroben ene,

TOCRIS).

[0070]

Apoptosis : PBMC ( 1 million cells/ml) from B-CLL patients or normal

subjects were cultured in RPMI media supplemented with 10% FBS 5 L-glutamine and
penicillin/streptomycin

at 37°C in 5% CO2 and treated with either vehicle or the PDE7

inhibitor BRL-50481

for 72 h . Apoptosis was assessed by flow cytometry as the

percentage of cells stained with Annexin V and Propidium Iodide (PI) and analyzed by

FΛ CScan using CELLQuest software (Becton-Dickinson Immunocytometry System)
(18).
Statistical Analyses : All determinations were performed in duplicate or

[0071]

triplicate, and each experiment was repealed at least three times. Values are expressed
as mean ± S.E. To determine statistical significance one-way ANOVA was performed
followed by Bonferroni's post-hoc test. Comparison between two groups was based on
an unpaired Students' t-tesL A probability value of p <0.05 was considered to be
statistically significant.

The relationship between the ratio of PDE7B/3B and other

CLL prognostic factors was analyzed using a one-tailed Spearman test.
Example 1
PDE isoforms expression profile in PBMCs from CLL patients and normal subjects
The mRNA expression of PDE isoforms were examined by RT-PCR and

[0072]

QPCR. Two sets of primers specific for 18 PDE isoforms and 28S rRNA (yielding
either 100-200 bp or 300-400 bp PCR products) were validated against humai QPCR
reference total RNA (Figure IA shows a representative gel using the shorter set of
primers). Using these primers, it was found that PBMC from normal subjects and CLL
patients express mRNA for multiple PDE isoforms; PDElA, IB, 1C, 2A 3A, 3B, 4A,
4B, 4C, 4D, IA, 7B, SA, 8B, and 9A (Figure 1A-1B); mRNAs for PDElOA and
PDEIlA

in normal- or CLL-PBTvlC were not detected in PBMCs from both normal

subjects and CLL patients (Figure IA).
[0073]

PBMCs from 7 CLL patients and 7 normal subjects were also tested

using QPCR to determined if CLL was associated with altered PDE isoform
expression. Although Ct can be influenced by primer efficiency, one can extrapolate
quantitative

information from Ct values for the PDE isoforms with low Ct

corresponding to a high expression of a particular isoform. As shown in Fig. IB, the
principal PDEs expressed in normal- and CLL-PBMCs are PDE4B and PDE7A.
QPCR revealed that CLL-PBMCs have increased expression of only PDE7B rnRNA
but show decreased mRNA expression of multiple PDEs: 2A, 3B, 4D, 5A, 8B and 9A.
Because PDE3B was the only one that was consistently detectable and significantly
decreased in PBMCs from CLL patient studied, further studies focused on the PDE7B
and PDE3B isoforms.

Example 2
Increased PDE7B mRNA and proLein expressions and PDE7 activity with CLL
The mRNA expression of PDE7B in further 22 CLL-PBMC (total n=29)

[0074]

and 9 normai-PBMC (total n=l 6) was assessed using QPCR. It was found that PDE7B
mRNA was increased from 2.9 to 95.7-fold (mean, 28.2613.65, Fig. 2A) in CLLrelative to normal-PBMC.

In addition to the increase in PDE mRNA expression,

PDE7B protein expression was increased in CLL-PBMC compared to normal-PBMC
(Fig. 5A shows a representative immunoblot). Densitometric analysis revealed ~20fold increase in PDE7B protein expression in CLL (Fig. 5B: CLL, n-10, normal n=3,
samples from 2 other normal subjects had PDE7B protein expression levels below the
levels of detection). In addition, using the only commercially available specific PDE7
inhibitor,

BRL-50481

[3-(N, N-dimethylsulfonamido)-4~methy!-nitrobenzcne],

an

increased contribution of PDE7 to total cAMP-PDE activity in CLL- versus normalPBMC was found (Fig. 5C).
[0075]

Therefore, these data show that human PBMC express mRNA for many

PDE isoforms, several of which are decreased with CLL (PDE2A, 3B, 4D 5A SB and
9A) but mRNA expression of only PDE7B is increased. In addition, PDE7B protein
expression and PDB7 enzymatic activity are increased in PBMC from patients with
CLL. PDE7, which consists of PDE7A and PDE7B, is a high-affinity cAMP-PDE (Km
for cAMP is <0.2 uM) with no measurable cGMP hydrolytic activity (21-23). Previous
studies have shown that PDE7A is highly expressed in both human proinflammatory
and immune cells, including CLL-PBMC, and is essential for the activation and
proliferation of T-cells (24-28). These studies disclosed herein confirmed that PDE7A
expression is high in both normal- and CLL-PBMC.
[0076]

For the first time, the data presented herein show PDE7B mRNA and

protein expression in these cells and that PDE7B expression although relatively low in
normal-PBMC is prominently and consistently increased in CLL-PBMC. These data
further implicate the increase in PDF-7B expression in the increased PDE7 activity that
occurs in CLL (Fig. 5C). Little is known regarding the biological role or regulation of
PDE7B, other than presence of a putative phosphorylation site for PKA in its Nterminus (23).

Nevertheless, based on the data presented herein, one may suggest that

PDE7B regulates a pool of cAMP that is essential for cAMP-promoted apoptosis in
CLL-PBMC.
Example 3
Decreased PDE3B mRNA expression with CLL
{0077]

The mRNA expression of PDE3B in the same 22 CLL-PBMC (total

n=29) and 9 normal-PBMC (total n ~ I6) was also assessed using QPCR. A prominent
decrease in the mRNA expression of PDE3B in CLL- relative to normal-PBMC was
found (0.003 to 0.1 97-fold, 0.049±0.009, Fig. 2B, relative to levels in normals).
PDE3B, the dominant PDE3 in lymphocytes, hydrolyzes cAMP; the cAMP hydrolytic
activity of PDE3 is inhibited by cGMP, thereby integrating response to the two cyclic
nucleotide (29).

Consistent with the data shown herein that PDE3B expression is

decreased in CLL, the PDE3 inhibitor, cilostamide, does not induce apoptosis in CLLPBMC, implying that this

D

is not a useful therapeutic target in this disease (13).

Further investigation of the transcriptional control of PDE3B may provide mechanistic
insights regarding its decreased expression in CLL.
10078J

Activation of cAMP-rcsponsc clement-binding (CREB) proteins appears

to be essential for the induction of PDE3B mRNA (30). One may suggest that the
reduced cAMP and PKA activity observed in CLL (4, 5) resulting, at least in part, from
the increase in PDE7B, contribute to lower PKA-mediated phosphorylation of CREB,
thereby blunting CREB-mediated PDE3B transcription. Moon et al. have demonstrated
that addition of a PDE4 inhibitor increases cAMP and PDE3B levels in CLL-PBMC
(13). PDE3B is transcriptionally regulated by hormones, the peroxisome proliferativeactivaled receptor y (PPARγ) and tumor necrosis factor- α (TNF-ct) (31, 32) but whether
such factors modulate PDE3B expression in CLL is not known.
Example 4
Increased mRNA expression ratio of PDE7B to PDE3B with CLL and its correlation
with certain prognostic factors in CLL
[0079]

Because all patients had both higher expression levels of PDE7B and

lower levels of PDE3B (Fig. 2), the ratio of the mRNA expression of PDE7B to

PDE3B was calculated in order

ascertain if this ratio might provide a PDE

Lo

"signature" that could serve as a biomarker for this disease. The data presented herein
show that all CLL patients had a PUE7B mRNA to PDE3B mRNA ratio >3.0
(64.73±14.28, mean J- SE n=29) while all normal subjects had a ratio < 0.3
(0.056±0.015, mean ± SE, n=16) (Figs. 3A-C). On average, patients with CLL thus
have > 1000-fold higher ratio of PDE7B mRNA/3B mRNA compared to this ratio in
normal PBMC (Fig. 3C).

[0080]

Because PBMC in these CLL patients are comprised of >90% B cells,

mRNA expression of PDE7B and PDE3B in normal B cells (obtained from PBMC of
normal subjects by CDl 9+ selection, yielding > 90% B cells) and non-B cells (PBMC
remaining after CDl 9+ selection) was also calculated and compared. Purified B cells
yielded a PDE7B mRNA/PDE3B mRNA ratio of 3.83±1.11 (mean ± SE5 n=10)
(Fig.3C). a result implying that the increase PDE7B/3B mRNA ratio in PBMC-CLL
partially relates to the enrichment of B-cells in CLL.

However, the much higher

PDE7B/PDE3B mRNA ratio with CLL suggests that other factors associated with the
disease alter the expression of these two PDE isoforms. Overall, the results indicate
that the mRNA ratio of PDE7B/3B in PBMC clearly discriminates CLL patients from
normal subjects.

|0 ϋ8i]

Unmutated immunoglobulin variable heavy chain gene (IgVH), genomic

aberrations (e.g., !7q and 1Iq deletions), age, WBC, lactate dehydrogenase (LDH) and
more recently ZAP-70 and CD38 have all been identified as independent prognostic
factors in CLL (19, 20). Using the one-tailed Spearman test, the relationship between
the mRNA ratio of PDE7B to PDE3B and several other disease markers in CLL were
assessed: ZAP-70, IgVH mutation, WBC, percentage lymphocytes, and expression ot
CD38 expression level (Figs. 4A-C).

The PDE7B/3B mRNA ratio did not show

significant correlation with ZAP-70 (N=27, Spearman r=0.23, p=0.134) and IgVH
(N=21, Spearman 1=0.23, p=0.1 ό but did correlate with WBC (N= 19, Spearman r=0.69,
p=0.0005) percentage lymphocytes (N=I 9, Spearman r=0.449,p=0.027), and CD38
expression level (N=I 8, Spearman r
[0082]

.56, p=0.076).

Therefore the altered expression of PDE7B and PDE3B not only may

provide insight into events that occur with CLL but the ratio of PDE7B/3B mRNA may
also be a biomarker for the disease. The increased ratio of PDE7B/3B provided herein
28
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clearly separates CLL patients from normal subjects and suggests that this ratio

identifies patients with this disease; further evaluation is required to confirm if the
PDE7B/3B ratio can help predict disease progression, response to treatment and
prognostic information independent of other markers of CLL. Nevertheless, the studies
provided herein clearly indicate that PDE7B/PDE3B mRNA appears to be a biomarker
for CLL that is, is simple to obtain, requiring oniy use of QPCR with PDE7B and
PDE3B primers.

Example 5
PDE7 inhibition induces apoptosis in PBMC isolated from CLL patients but not from
normal subjects
[0083]

Based on the ability of certain PDE inhibitors to induce apoptosis of

lymphoid cells, and the increased mRNA and protein levels for PDE7B ihat were found
in patients with CLL, the ability to kill CLL-PBMC of a PDE7 inhibitor, BRL-50481,

was assessed. PBMC from CLL patients (n=10) and normal subjects (n=6) were grown
in the absence or presence of BRL-504S1 (lO µM, 30 µM and 100 µM) for 72 h. It was

found that > 30 uM BRL-54081 induced a 20-40% increase in apoptosis in CLL-PBMC
but not in POMC from normal subjects (Fig. 6A-C). Even though individual patients
had different level of basal apoptosis level, BRL-50481 consistently and dosedependently induced apoptosis in CLL-PBMC.
[0084]

Therefore, a specific PDE7 inhibitor was found to dose-dependently

induce apoptosis in CLL- but not normal-PBMC. Based on the cellular localization of
PDE7A, it has been suggested that PDE7 inhibitors may have anti-inflammatory
properties (26).

Previous studies reported that the PDE7 selective inhibitor, BRL-

50481 (30 µM) failed to inhibit IL-5-promoted proliferation of CD8+ T-lyrnphocytes

and has little effect on TNF α release in either monocytes or macrophages (25).
Interestingly, though up-regulation of PDE7 in monocytes increased sensitivity to
BRL-50481 (25), suggesting that a PDE7 inhibitor may be more effective in a setting

such as CLL where PDE7B is increased.
[0085]

Non-specific PDE and PDE4 inhibitors can promote apoptosis of CLL-

PBMC and enhance the effect of cytotoxic agents (3, 8, 46), although PDE4 inhibitors

have dose-limiting cardiovascular, gastrointestinal and central nervous system side
29
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effects (48).

Apoptosis of CLL-PBMC by PDE4 inhibition, via a PKA-dependent

pathway, leads to the upregulation of protein phosphatase 2A, dephosphorylation of
BAD mitochondrial depolarization, cytochrome c release and caspase 9 and 3 cleavage
(47).

Whether such mechanisms contribute to the increase apoptosis produced by

BRL-50481 will require further study.

Although there is -70% identity between

PDE7 Λ and PDE7B they have unique inhibitor profiles, implying that it may be
possible to find competitive inhibitors that have increased specificity for PDE7B and
increased specificity for CLL (23).
[0086]

In summary, the data presented herein provide evidence for altered

expression of numerous PDEs in CLL, highlighting PDE7B as uniquely overexpressed
wilh the PDE7B mRNA/3B mKNA ratio providing a potentially new diagnostic

marker. The ability of a PDE7 inhibitor to promote apoptosis of CLL- but not normaiPBMC suggests that selective inhibitors of PDE7B could provide a novel therapeutic
approach for the treatment of CLL. The future studies on mechanisms that produce
altered PDE7B expression and PDE7 inhibitor-induced apoptosis may reveal additional
information regarding both the pathophysiology and treatment of this disease.
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CLAIMS
What is claimed is:
1.

A diagnostic method for chronic lymphocytic leukemia (CLL) comprising:
(a)

determining in a sample from a patient an expression level of an isoform

of phosphodiesterase (PDE) associated with CLL,
(b)

comparing the patient's expression level to the expression level of the

isoform of PDE associated with CLL in a normal subject, and
(c)

diagnosing said patient as at risk for CLL when the patient's expression

level is significantly increased or decreased compared to said normal subject's
expression level.
2.

The diagnostic method of Claim I 5 wherein said isoform of PDE is

phosphodiesterase 7B (PDE7B), wherein PDE7B expression level in said patient is
significantly increased, as compared to that in said normal subject.
3.

The diagnostic method of Claim 2, wherein said PDE7B expression

level

comprises PDE7B mRNA expression level or PDE7B protein expression level.
4.

The diagnostic method of Claim 3, wherein said PDE7B mRNA expression

level in said patient is about 5~70-fold increased, a s compared t o that in said normal
subject.
5.

The diagnostic method of Claim 3, wherein said PDE7B protein expression

level in said patient is about 5~90-fold increased, as compared to that in said normal
subject.
6.

The

diagnostic

phosphodiesterase

method

of Claim

1,

wherein

said isoform

3B (PDE3B), wherein PDE3B mRNA expression

of PDE

is

level in said

patient is significantly decreased, as compared to that in normal lymphocytes.
7.

The diagnostic method of Claim 6, wherein said PDE3B expression level in said

patient is about 20-fold decreased, as compared to that in normal lymphocytes.
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8.

The diagnostic method of Claim 1 further comprising determining a ratio of

phosphodiesterase 7B (PDE7B) and phosphodiesterase 3B (PDE3B) mRNA expression
levels, wherein said ratio of PDE7B/PDE3B mRNA expression levels in said patient is
significantly increased, as compared to that in said normal subject.
9.

The diagnostic method of Claim 8, wherein an average ratio of PDE7B/PDE3B

mRNA expression levels in said patient is about 1000-fold increased, as compared to
that in said normal subject.
10.

The diagnostic method of Claim I, wherein said sample comprises lymphocytes

comprising peripheral blood mononuclear cells (PBMCs) or B cells.
11.

A kit for a diagnosis of CLL comprising biomarker detecting reagents for

determining a differential expression level of isoforms of PDE, and instructions for
their use in diagnosing CLL.
12.

The kit of Claim 11, wherein said isoform of PDE is PDE7B, and wherein both

PDE7B mRNA and protein expression levels in a sample from a patient as at risk for
CLL is significantly increased compared to that in a normal subject.
13.

The kit of Claim 12, wherein said PDE7B mRNA expression level in said

patient as at risk for CLL is about 5-70 fold increased, as compared to that in a normal
subject.
14.

The kit of Claim 12, wherein said PDE7B protein expression level in said

patient as at risk for CLL is about 5-90 fυld increased, as compared to that in a normal
subject.
15.

The kit of Claim 11, wherein said isoform of PDE is PDE3B, and wherein

PDE3B mRNA expression level in a sample from a patient as at risk for CLL is

significantly decreased compared to that in a normal subject.
16.

The kit of Claim 15, wherein said PDE3B mRNA expression level in said

patient as at risk for CLL is about 20 fold decreased compared to that in a normal
subject.
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17.

The kit of Claim 11, further comprising means for determining a ratio of

PDE7B and PDE3B mRNA expression levels in a patient as at risk for CLL, wherein
said ratio of PDE7B/PDE3B mRNA expression levels in said patient is significantly
increased compared to that in a normal subject.
18,

The kit of Claim 17, wherein an average ratio of PDE7B/PDE3B

mRNA

expression levels in said patients is about 1000-fold increased, as compared to that in
said norma! subjects
19.

A method of a treatment comprising administering to a patient in need thereof a

biologically effective amount of one or more therapeutic agents capable of directly or
indirectly modulating expression or activity levels of one or more isoforms of PDE
associated with CLL.
20.

The method of Claim 19, wherein one of said isoforms of PDE comprises

PDB7B.
2 1.

The method of Claim 20, wherein said therapeutic agents are capable of directly

or indirectly inhibiting PDE7B mRNA expression, PDE7B protein expression or
enzyme activity in CLL lymphocytes.
22.

The method of Claim 2 1, wherein said therapeutic agents comprises

oligonucleotides, antisense oligonucleotides, polynucleotides, therapeutic DNA,
ribozymcs, dsRNAs, s ϊ RNA, RNAi, or gene therapy vectors.
23.

The method of Claim 21, wherein said therapeutic agents comprise .PD1T7B

inhibitors, antagonists, antibodies or other immunologically active molecules that
immunoreact with PDE7B protein, resulting in apoptosis of CLL lymphocytes.
24.

The method of Claim 20, wherein said therapeutic agents are capable of

reversing a ratio of PDE7B/PDE3B mRNA expression levels in CLL lymphocytes.
25.

The method of Claim 24, wherein said CLL lymphocytes comprise peripheral

blood mononuclear cells (PBMCs) or B cells.
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26.

A pharmaceutical composition for treating CLL comprising an effective amount

of one or more therapeutic agents capable of directly or indirectly modulating
expression or activity levels of one or more iso forms of PDE associated with CLL.
27.

The pharmaceutical composition of Claim 26, wherein one of said ϊ soforms of

PDE comprises PDE7B.
28

The. phanmce.utical composition of. Claim. 27, wherein. said therapeutic agents . .

are capable of directly or indirectly inhibiting PDE7B mRNA expression, PDE7B

protein expression, or enzyme activity in CLL lymphocytes.
29.

The pharmaceutical composition of Claim 28, wherein said therapeutic agents

comprises oligonucleotides, antisense oligonucleotides, polynucleotides, therapeutic
DNA, ribozymes, dsRNAs, siRNA. R NA i, or gene therapy vectors.
30.

The pharmaceutical composition of Claim 29, wherein said therapeutic agents

comprise PDE7B inhibitors, antagonists, antibodies or other immunologically active
molecules that immunoreact with PDE7B protein, resulting in apoptosis of CLL
lymphocytes.
31.

The pharmaceutical composition of Claim 26, wherein said therapeutic agents

are capable of reversing a ratio of PDE7B/PDE3B mRNA expression levels in CLI,

lymphocytes.
32.

The pharmaceutical composition of Claim 31, wherein said CLL lymphocytes

comprise peripheral blood mononuclear cells (PBMCs) or B cells.

