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ing these constructs (including, but not limited to, viral vectors), compositions comprising them and methods of using same for the
treatment and amelioration of conditions associated with excess fat cell mass and obesity are also provided.



10

15

20

25

30

WO 2008/053487 PCT/IL2007/001333

ADIPOCYTE-SPECIFIC CONSTRUCTS AND METHODS FOR INHIBITING
PLATELET-TYPE 12 LIPOXYGENASE EXPRESSION

FIELD OF THE INVENTION

The present invention is directed to constructs, compositions and methods for
modulating expression of platelet-type 12 lipoxygenase (12-LO) in adipose cells, useful for

amelioration of obesity and conditions associated therewith.

BACKGROUND OF THE INVENTION

Obesity has become a global epidemic afflicting both children and adults, and
gradually spreading from the Western countries to the developing nations as well. It is now
widely recognized that obesity is associated with, and is actually a major culprit in
numerous comorbidities such as cardiovascular diseases (CVD), type 2 diabetes,
hypertension, certain cancers, and sleep apnea/sleep-disordered breathing. As recently
acknowledged by a joint American Heart Association and American Diabetes Association
(AHA/ADA) statement, obesity is an independent risk factor for CVD, and CVD risks have
also been documented in obese children. Obesity is associated with an increased risk of
overall morbidity and mortality as well as reduced life expectancy. Indeed, not only obesity
but also overweight are now listed as independent cardiovascular risk factors in the joint

AHA/ADA call for the prevention of cardiovascular disease and diabetes.

This explicit inclusion of obesity in the first line of major risk confronts the health
implications of the most dominant anthropometric change presently afflicting the human
race world round, that of increasing visceral and total body fat mass. While finally
acknowledged, the cardiovascular significance of this shift in body build is most likely still

underestimated, as it apparently now affects even the youngest.

Obesity may comprise a more easily detectable hazard when associated with either
some of its recognized sequels, such as the metabolic form of dyslipidemia (low high
density lipoprotein cholesterol (HDLc), hypertriglyceridemia), diabetes and/or
hypertension, or linked to co-existing risk factors transmitted genetically, independent of

obesity. Such subtle interaction of overweight/obesity with cardiovascular disease may be
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also difficult to demonstrate because cardiovascular risk factors (excluding diabetes) have
declined at all body mass index (BMI) levels but the decline appears to be greater at higher
BMI levels. Additionally, although there is an increasing array of recognized adipocyte-
derived factors that can negatively interact with the vasculature and/or glucose homeostasis,
obesity may affect these factors differentially in a person-, gender-, age-, race- or ethnic-
specific manner, thus potentially obscuring important adipose mass-dependent
relationships. In other words, excess adipose tissue must not only be present, but also

turned on to inflict damage.

With the exception of bariatric surgery, which can be presently offered to a limited
number of subjects only, the lack of any truly effective treatment for obesity highlights the
gravity of current prospects to control the obesity epidemic. Preventive measures have
generally failed; effective public and political strategies to reshape lifestyle by proper
nutrition and exercise so as to counteract the global obesity trends have not yet been
formulated. Finally, the current generation of weight- reducing medications offers limited
benefit, and indeed, despite more than a decade of use has failed to impact the global
obesity challenge. Health service use and medical costs associated with obesity and related

diseases have risen dramatically and are expected to continue to rise.

Hence, novel therapeutic strategies to combat fatness are needed. From a practical
medical perspective, perhaps the most urgent need is to substantially reduce fat in
individuals already afflicted with obesity, recognizing that excess fat, just like

hypercholesterolemia, comprises a substantial health threat.

Aponptosis in fat cells

Increases in adipose tissue mass can result from an increase of the volume of
adipocytes and/or from a rise in adipocyte number due to proliferation and differentiation of
adipocyte precursor cells. These precursor cells, known as "preadipocytes”, extensively

populate adipose tissue (Hauner ef al., 1989).

Although reduction in fat tissue mass generally involves the loss of stored lipids by
lipolytic processes, a reduction of the number of adipocytes may also be seen, especially in
conditions where large amounts of fat are lost (Sjostrom ef al., 1981). Indeed, contrary to
former beliefs that weight loss results only from depletion of adipocyte fat stores and is not
accompanied by change in fat cell number, there is now growing evidence that decreases in

adipose tissue mass in humans could result from a loss of fat cells through programmed cell
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death (Prins et al., 1994; Prins et al., 1997; Prins et al., 1997b; Lloreta et al., 2002; Garg,
2000.). Fat cell apoptosis is now well recognized in patients with tumor cachexia and in
human immunodeficiency virus (HIV) patients during treatment with protease inhibitors.
Patients with acquired forms of lipodystrophy (Lawrence syndrome and Barraquer-Simons
syndrome) show an immunologically mediated loss of fat cells, probably by apoptosis
(Garg, 2000). In rodents, weight loss induced by starvation, streptozotocin-induced
diabetes, or intracerebroventricular administration of leptin, results in apoptosis of fat cells
(Geloen et al., 1989; Qian et al., 1998). In 3T3-L1 cells, apoptosis may be induced by
serum deprivation or exposure to tumor necrosis factor-o. (TNF-a) and HIV protease
inhibitors (Gullicksen et al., 2003; Magun et al., 1998). Collectively these studies reinforce
the emerging concept that adipocyte deletion by apoptosis is a significant contributor to the
regulation of adipose tissue mass and to adipose tissue loss during weight reduction (Prins
et al., 1997, Sorisky et al., 2000; Della-Fera et al., 2001). Further, a number of
experimental ways have been proposed by which adipocyte apoptosis can be induced and
through which it may potentially serve as a homeostatic mechanism to control fat cell

number (Della-Fera et al., 2001; Scislowski ez al., 1999; Margareto et al., 2000).

The current methods of induced apoptosis as a potential means to lower fat mass
have been recently reviewed by Nelson-Dooley et al (Nelson-Dooley et al., 2005). In vivo
adipocyte apoptosis has been successfully applied using leptin, ciliary neurotrophic factor
(CNTF), beta-adrenergic agonists and conjugated linoleic acid (CLA) in rodents. However
leptin treatment has generally failed in obesity other than leptin deficiency induced obesity
due to leptin resistance (Hukshorn et al., 2002) and the overall response to CNTF-analog
has been disappointing in terms of absolute weight loss (Ettinger ef al., 2003) and the use of
beta agonists in humans has been seriously hampered due to side effects (Connacher et al.,
1992). Although adipocyte apoptosis can also be induced in vitro using TNF-o, its use is
limited due to the inherent pro-inflammatory- and pro-atherosclerotic properties of this
cytokine. (-)-Epigallocatechin gallate (EGCG) from Camellia sinensis and ajoene, a garlic
product (Nelson-Dooley et al., 2005) were shown to precipitate apoptosis in vitro, but the

adipocyte selectivity of these agents remains uncertain.

Expression-inhibiting oligonucleic acids

The down regulation of specific gene expression in a cell can be effected by

oligonucleic acids using techniques known as antisense therapy, RNA interference (RNAi),
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and enzymatic nucleic acid molecules.

Antisense therapy refers to the process of inactivating target DNA or mRNA
sequences through the use of complementary DNA or RNA oligonucleic acids, thereby
inhibiting gene transcription or translation. An antisense molecule can be single stranded,

double stranded or triple helix.

RNA interference refers to the process of sequence-specific post-transcriptional
gene silencing in eukaryotic cells mediated by RNA fragments. The process of post-
transcriptional gene silencing is thought to be an evolutionarily conserved defense
mechanism used by cells to prevent the expression of foreign genes and is commonly

shared by diverse organisms.

Other agents capable of down-regulating expression are enzymatic nucleic acid
molecules such as DNAzymes and ribozymes, capable of specifically cleaving an mRNA
transcript of interest. DNAzymes are single-stranded deoxyribonucleotides that can cleave
both single- and double-stranded target sequences. Ribozymes are catalytic ribonucleic acid
molecules that are increasingly being used for the sequence-specific inhibition of gene

expression by the cleavage of mRNAs encoding proteins of interest.

Certain publications, e.g. U.S. Patent No. 6,506,559 and PCT Pub. Nos. WO
01/75164 and WO 02/44321 relate to RNA interfering nucleic acids. International Patent
Publication No. WO 2006/060454 teaches methods of designing small interfering RNAs,
antisense polynucleotides, and other hybridizing nucleotides. US Patent Application
Publication No. 20060217331 discloses chemically modified double stranded nucleic acid
molecules for RNA interference. U.S. Patent No. 6,506,559 discloses a process for
inhibition of gene expression of a target gene in a cell using RNA having a region with
double-stranded structure, wherein the nucleotide sequences of the duplex region of the

RNA and of a portion of the target gene are identical.

The use of gene silencing agents for inducing apoptosis, for example in cancer
therapy, has also been disclosed e.g. by WO 2005/083124, WO 2006/094406 and U.S.
Patent Application Publication No. 2006/178330.

Adipose targeting and adipose-specific gene expression

Administration of various compounds, including gene-silencing agents, to adipose

cells and tissue has been contemplated. For example, WO 2004/029070, WO 03/104495,
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WO 03/104494 and WO 03/104477 to Marcusson et al. disclose methods for blocking

adipocyte differentiation and triglyceride accumulation with inhibitors of DYRKA4,
Interleukin 12 p35, G-alpha-i3 or Transcription factor Dp-1, respectively. These
applications suggest the use of various inhibitors including small molecules, antibodies,
peptides (including dominant negative peptides) and nucleic acid agents, including
ribozymes, inhibitory RNA molecules including siRNA molecules and antisense

oligonucleotides.

It is becoming increasingly recognized that specific subpopulations of human
adipocytes are the major pathogenic problem in human obesity. In essence, such cells are
considered inflammatory and display a unique and specific gene expression profile (Jernas
et al., 2006). For example, while both the Adiponectin and Leptin genes are specifically
expressed in human adipocytes (Jernas et al., 2006; Mason et al., 1998; He et al., 1995),
only the Leptin gene is further over-expressed as the cells become larger inflammatory
adipocytes. It seems that different CCAAT/enhancer binding protein (C/EBP) family
members bind to the adiponectin and leptin promoters in mature adipocytes and in large-
cell adipocytes. It has been suggested, that the presence of an Sp1 binding site' next to the
C/EBP binding site in the leptin promoter induces preferential binding of the stimulatory
C/EBP family member to the site (Mason et al., 1998; Salma et al., 2006). Nucleic acid
constructs that would selectively or preferentially induce gene expression in adipose tissue,
particularly constructs and vectors for inducing cell death preferentially in large-cell
adipocytes, would be beneficial for controlling excess fat mass and pathological conditions

associated therewith.

Platelet-type 12-Lipoxygenase

Lipoxygenases (LOs) are dioxygenase enzymes that incorporate molecular oxygen
into unsaturated fatty acids such as arachidonic acid and linoleic acid. These enzymes are
named according to the carbon position (5, 12, or 15) at which they introduce oxygen.
Arachidonate LOs and their products play an important role in mediating growth factor-
induced tumor cell proliferation and appear to enhance the growth and migration of
vascular smooth muscle cells (VSMCs). Some LO forms are also involved in LDL

oxidation.

To date, several distinct LO genes have been structurally characterized. Three

murine 12-LOs are currently recognized, including platelet 12(S)-LO leukocyte type, and
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an epidermal LO. Another LO, a porcine leukocyte type, has been isolated and cloned from
porcine leukocytes, porcine pituitary cells, and bovine tracheal cells. The human platelet-
type 12-LO has been cloned from human erythroleukemia cells and found primarily in
human platelets, and was also identified in HEL (human erythroleukemia) cells, and
umbilical vein endothelial cells. Platelet-type 12-LO metabolizes arachidonic acid to form
exclusively 12(S)-hydroxyeicosatetraenoic acid (12-(S)HETE). There is also evidence for
the presence of a leukocyte type of 12-LO in human adrenal glomerulosa cells.

Additionally, an epidermal 12(R)- LO has recently been cloned from human skin.

Chemical inhibitors of 12-LO, which are not tissue- or cell type-specific, are known
in the art. For example, U.S. Patent Application Publication No. 2002/0013368 discloses
methods for prevention and/or treatment of diseases in which 5- and 12-LO activity
contributes to the pathological condition, such as cancers and inflammation, by
administration of 12-methyltetradecanoic acids, alone and in conjunction with other
therapeutic compounds. The ‘368 publication does not teach or suggest inhibition of 12-LO

expression or activity in adipocytes.

U.S. Patent No. 5,861,268 discloses a method for inducing selective apoptosis of
tumor cells which comprises contacting the tumor cells and the normal cells used as a
control with an amount of a compound which inhibits 12- LO until apoptosis is induced in
the tumor cells, wherein apoptosis is induced in the tumor cells without inducing apoptosis
in the normal cells, wherein the compound is selected from the group consisting of: (1) a
cyclic hydroxamic acid; (2) an aryl aliphatic aciél; (3) nordihydro-guaiaretic acid, NDGA);
(4) N-benzyl-N-hydroxy-5-phenylpentanamide (BHPP); (5) baicalein; and (6) an antisense
segment of DNA which selectively binds to DNA encoding 12-lipoxygenase. The ‘268
patent does not disclose specific constructs and methods suitable for inducing apoptosis in

adipocytes.

None of the prior art discloses that platelet-type 12-LO may be expressed in human
adipocytes or pre-adipocytes and that it may mediate an anti-apoptotic function in these
cells. Nowhere in the art is it suggested, taught or demonstrated that inhibition of 12-LO
expression or activity may be effectively used to reduce fat cell mass, nor does the art
disclose any constructs, compositions or methods for silencing 12-LO in fat cells in vivo.
There exists an unmet medical need for effective and safe means for amelioration of

conditions associated with excess fat cell mass and obesity.
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SUMMARY OF THE INVENTION

The present invention is directed, in general, to the field of body weight
management. The invention is directed to constructs, vectors, compositions and methods
for modulating platelet-type 12 lipoxygenase (12-LO) in adipose tissue in vivo.
Specifically, the invention provides constructs encoding expression-inhibiting oligonucleic
acids targeted to a platelet-type 12-LO gene or a transcript thereof, which constructs are
capable of specifically inhibiting or silencing platelet-type 12-LO expression in adipocytes
and pre-adipocytes, and in sub-populations thereof. Vectors comprising these constructs,
including, but not limited to, viral vectors, compositions and host cells comprising them are
also provided. The invention further provides methods for the treatment and amelioration of
conditions associated with excess fat cell mass and obesity, utilizing a therapeutic agent
capable of inhibiting or reducing platelet-type 12-LO expression or activity selectively in

fat cells.

The invention is based, in part, on the surprising discovery, that platelet-type 12-LO
is expressed in human and rodent preadipocytes and human adipocytes. Unexpectedly, it is
further demonstrated herein, that reducing platelet-type 12-LO expression in adipocytes
using antisense therapy results in apoptotic cell death that can be prevented, in part, by the
addition of exogenous 12 hydroxyeicosatetraenoic acid (HETE), the enzymatic product of
12-LO.

According to a first aspect of the present invention, there are provided novel nucleic
acid constructs useful for inhibiting or reducing the expression of platelet-type 12-LO in
adipose cells. The novel recombinant constructs of the invention comprise at least one
nucleic acid sequence encoding a platelet-type 12-LO expression-inhibiting oligonucleic
acid, the nucleic acid sequence being operably linked to at least one adipose-specific
transcription regulating sequence. In one preferable embodiment of the present invention,
the encoded platelet-type 12-LO expression-inhibiting oligonucleic acid comprises at least
one nucleic acid sequence substantially complementary to at least a part of the platelet-type

12-LO gene or transcript thereof.

Thus, there is provided in one embodiment a recombinant nucleic acid construct
comprising at least one adipose-specific transcription regulating sequence operably linked
to at least one nucleic acid sequence, wherein the at least one nucleic acid sequence

encodes an oligonucleic acid comprising at least one sequence substantially complementary
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to at least a part of the platelet-type lipoxygenase (platelet-type 12-LO) gene or transcript
thereof, and wherein the oligonucleic acid inhibits or reduces the expression of platelet-type

12-LO.

In various embodiments, said oligonucleic acid is selected from the group consisting
of: an antisense molecule, an RNA interference (RNAi) molecule (e.g. small interfering
RNAs (siRNAs) and hairpin RNAs) and an enzymatic nucleic acid molecule (e.g.
ribozymes and DNAzymes). In a particular embodiment, said encoded oligonucleic acid is

an RNA molecule.

In one particular embodiment, the encoded expression-inhibiting oligonucleic acid
is an antisense molecule comprising a sequence substantially complementary to at least one
target sequence of a platelet-type 12-LO transcript. In various embodiments, the antisense
molecule is selected from the group consisting of @) DNA antisense molecules, b) RNA
antisense molecules, ¢) triplex forming molecules, and d) analogs of a) or b) or ¢), wherein
the oligonucleic acid comprises a sequence substantially complementary to at least a part of
a platelet-type 12-LO transcript. In a particular embodiment, said encoded oligonucleic acid
is an antisense molecule. In another particular embodiment, said encoded oligonucleic acid

is an RNA antisense molecule.

In another embodiment, the encoded antisense molecule is substantially
complementary to a platelet-type 12-LO transcript. In another embodiment, the encoded
antisense molecule comprises at least one sequence fully complementary to a target
sequence of about 20 to about 30 nucleotides of a platelet-type 12-LO transcript.
Preferably, the antisense molecule comprises at least a first sequence fully complementary
to a first target sequence of about 20 to about 30 nucleotides of the platelet-type 12-LO
transcript, and at least a second sequence fully complementary to a second target sequence

of about 20 to about 30 nucleotides of said platelet-type 12-LO transcript.

For example, in certain other particular embodiments, said encoded oligonucleic
acid has a nucleic acid sequence as set forth in any one of SEQ ID NOS: 1, 2, and 3, as
detailed below. In yet another particular embodiment, said encoded oligonucleic acid is an
RNA antisense molecule consisting of a nucleic acid sequence as set forth in any one of
SEQ ID NOS: 1, 2, and 3. In other particular embodiments, said encoded oligonucleic acid
comprises analogs and fragments of the nucleic acid sequences denoted by SEQ ID NOS:

1-3, said analogs and fragments comprising at least one sequence fully complementary to a
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target sequence of about 20 to about 30 nucleotides of the platelet-type 12-LO transcript.

According to various embodiments, the adipose-specific transcription regulating
sequence may be any regulatory sequence (e.g. promoters and enhancers) that induces or
enhances expression selectively (or, in other embodiments, preferentially) in adipose cells.
In certain particular embodiments, the transcription regulating sequence is adipocyte-
specific. In other particular embodiments, said transcription regulating sequence is pre-
adipocyte-specific. In alternate particular embodiments, the transcription regulating
sequence induces expression in both adipocytes and pre-adipocytes. For example, without
limitation, the constructs and vectors of the invention may contain human adiponectin
promoter sequences, human adiponectin enhancer sequences, human leptin promoter

sequences, human leptin enhancer sequences and combinations thereof.

In one currently preferred particular embodiment, the transcription regulating
sequence is a human adiponectin transcription regulating sequence. In another particular
embodiment, the transcription regulating sequence is human adiponectin promoter and
enhancer. For example, in another particular embodiment a suitable transcription regulating
sequence comprises a nucleic acid sequence corresponding to the minimum human

adiponectin promoter and enhancer, as set forth in SEQ ID NO: 4 hereinbelow.

In another currently preferred particular embodiment, the transcription regulating
sequence is a human leptin transcription regulating sequence. In another particular
embodiment, the transcription regulating sequence is human leptin promoter and enhancer.
For example, in another particular embodiment a suitable transcription regulating sequence
comprises a nucleic acid sequence corresponding to the minimum 138 bp human leptin

promoter and enhancer, as set forth in SEQ ID NO: 7 hereinbelow.

Tn certain other preferable embodiments, the present invention provides nucleic acid
constructs that are particularly suitable for mediating gene expression preferentially in
large-cell adipocytes, an adipocyte sub-population implicated in obesity and associated
pathologies (Jernas et al., 2006). Certain novel recombinant transcription-regulating

sequences useful for such targeted expression are further disclosed, as detailed herein.

Thus, in another embodiment, the nucleic acid sequence encoding the platelet-type
12-LO expression-inhibiting oligonucleic acid is operably linked to at least one
transcription regulating sequence that induces or enhances gene expression in large-cell

adipocytes. Preferably, said transcription regulating sequence does not substantially induce
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or enhance gene expression in other cell types. In other embodiments, said transcription
regulating sequence induces or enhances gene expression to a greater extent in large-cell

adipocytes compared to other cell types.

In a particular embodiment, said nucleic acid sequence is operably linked to a
plurality of adipose-specific transcription regulating sequences. The plurality of adipose-
specific transcription regulating sequences may contain different transcription regulating
sequences or may contain multiple copies of the same transcription regulating sequence, for
example two or more copies of a particular enhancer sequence in tandem. By means of a
non-limitative example, each transcription-regulating sequence may be selected from
human adiponectin promoter sequences, human adiponectin enhancer sequences, human

leptin promoter sequences, human leptin enhancer sequences and combinations thereof.

In various embodiments, the at least one transcription regulating sequence may be a
complete native regulatory sequence of a gene, e.g. a naturally occurring promoter or
enhancer, or may be a sequence derived therefrom, e.g. a portion of the native regulatory
sequence, a chimeric construction of the native regulatory sequence, a combinatorial
construction of one or more native regulatory sequences, or a variant of the native
regulatory sequence obtained by, for example, deletion, addition or replacement of at least
one nucleotide, retaining the ability to induce gene expression in adipose tissue, or, in
particular embodiments, to induce gene expression preferentially in large (inflammatory)
adipocytes. For example, the derived sequence may contain one or more CCAAT/enhancer
binding protein (C/EBP) binding sites and/or Spl binding sites, e.g. adiponectin or leptin
C/EBP and/or Spl binding sites. In a particular embodiment, said derived transcription
regulating sequence contains at least one C/EBP binding site and at least one Spl binding

site.

In one particular embodiment, the adipose-specific transcription regulating
sequences is a recombinant adipose-specific transcription regulating sequence. An
exemplary transcription regulating sequence provided by the present invention is a
recombinant chimeric promoter and enhancer sequence having a nucleic acid sequence as
set forth in SEQ ID NO: 8, as detailed hereinbelow. The chimeric promoter and enhancer
sequence contains an adiponectin promoter/enhancer sequence linked to a leptin enhancer
region (see Figure 19). In one embodiment, said chimeric promoter and enhancer sequence

induces gene expression preferentially in large cell adipocytes. In other embodiments, the

10
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invention provides vectors, constructs and host cells comprising the recombinant chimeric
promoter and enhancer sequence and methods of using same for directing adipose-specific

gene expression, particularly in large cell adipocytes.

Another exemplary transcription regulating sequence provided by the present
invention is a recombinant promoter and enhancer sequence having a nucleic acid sequence
as set forth in SEQ ID NO: 9, as detailed hereinbelow. The recombinant promoter and
enhancer sequence contains a leptin promoter/enhancer sequence linked to an additional
leptin enhancer region (see Figures 18 and 26). In one embodiment, said recombinant
promoter and enhancer sequence induces gene expression preferentially in large cell
adipocytes. In other embodiments, the invention provides vectors, constructs and host cells
comprising the recombinant chimeric promoter and enhancer sequence and methods of
using same for directing adipose-specific gene expression, particularly in large cell

adipocytes.

In another aspect, there are provided vectors comprising the nucleic acid constructs
of the invention, including, but not limited to, plasmid vectors, cosmid vectors and viral-
based vectors. Thus, in one embodiment, the invention provides a vector comprising a
recombinant nucleic acid construct comprising at least one adipose-specific transcription
regulating sequence operably linked to at least one nucleic acid sequence, wherein the at
Jeast one nucleic acid sequence encodes an oligonucleic acid comprising at least one
sequence substantially complementary to at least a part of the platelet-type lipoxygenase
(platelet-type 12-LO) gene or transcript thereof, and wherein the oligonucleic acid inhibits
or reduces the expression of platelet-type 12-LO. In certain embodiments, the vector is a
mammalian expression vector capable of expressing the oligonucleic acids of the invention
in 2 mammalian host cell. Depending on the nature of the oligonucleic acid to be expressed,
in various particular embodiments said mammalian expression vector is a single stranded
RNA expression vector, a double stranded RNA expression vector, or a DNA expression

vector. In a particular embodiment, the vector is a RNA expression vector.

In one particular embodiment, the vector is a viral-based vector, including, but not
limited to, lentiviral, herpes and adenoviral systems e.g. gutless adenovirus- or gutless
adeno-associated virus (AAV) or retroviral moieties already in use for human gene therapy.
Tn another particular embodiment, the viral vector is a modified gutless AAV shuttle vector

comprising a construct of the invention, e.g. Stratagene’s (San Diego, Ca, USA) “AAV

11
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Helper-Free System”. An exemplary viral vector of the invention is pAAVAdi-12LO-A
(see figure 17); exemplary plasmid vectors of the invention are pUCAdi-h12LoA-pA (see
Figures 16 and 18), pLepEnhAdipPr12LoA (Figure 21) pLeppl2LoA (Figure 24) and
pLepLepP12LoA (Figure 27). In yet another particular embodiment, the vector is a
retroviral vector, e.g. vectors based on the Molony Murine Leukemia Virus (MoMLV),

which have been well characterized and used safely in humans.

In another aspect, the invention provides host cells comprising the vectors of the

invention.

In another aspect, the invention provides a pharmaceutical composition comprising
a construct or vector of the invention and a pharmaceutically acceptable carrier, excipient
or diluent. Thus, in another embodiment, there is provided a pharmaceutical composition
comprising a recombinant nucleic acid construct comprising at least one adipose-specific
transcription regulating sequence operably linked to at least one nucleic acid sequence,
wherein the at least one nucleic acid sequence encodes an oligonucleic acid comprising at
least one sequence substantially complementary to at least a part of the platelet-type
lipoxygenase (platelet-type 12-LO) gene or transcript thereof, and wherein the oligonucleic

acid inhibits or reduces the expression of platelet-type 12-LO, or a vector comprising same.

In a particular embodiment, the carrier is a liposome. In another particular
embodiment, the carrier is a recombinant virus particle. The constructs, vectors and
compositions of the invention are useful for reducing obesity and ameliorating or
preventing conditions associated therewith, as detailed herein. Preferably, the compositions

and methods disclosed herein are suitable for the treatment of humans.

In another aspect, the invention provides a method for reducing obesity in a subject
in need thereof, comprising administering to the subject an effective amount of a
therapeutic agent that reduces platelet-type 12-LO expression or activity selectively in fat
cells. In a preferred embodiment, the therapeutic agent comprises a construct of the
invention, as detailed herein. Thus, in another embodiment, there is provided a method for
reducing obesity in a subject in need thereof, comprising administering to the subject an
effective amount of a recombinant nucleic acid construct comprising at least one adipose-
specific transcription regulating sequence operably linked to at least one nucleic acid
sequence, wherein the at least one nucleic acid sequence encodes an oligonucleic acid

comprising at least one sequence substantially complementary to at least a part of the
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platelet-type lipoxygenase (platelet-type 12-LO) gene or transcript thereof, and wherein the
oligonucleic acid inhibits or reduces the expression of platelet-type 12-LO, or a vector

comprising same.

In another aspect, the invention provides a method for preventing or ameliorating an
obesity-associated condition or a symptom associated therewith in a subject in need thereof,
comprising administering to the subject an effective amount of a therapeutic agent which
reduces platelet-type 12-LO expression or activity selectively in fat cells. In a preferred
embodiment, the therapeutic agent comprises a construct of the invention, as detailed
herein. Thus, in another embodiment, there is provided a method for preventing or
ameliorating an obesity-associated condition or a symptom associated therewith in a subject
in need thereof, comprising administering to the subject an effective amount of a
recombinant nucleic acid construct comprising at least one adipose-specific transcription
regulating sequence operably linked to at least one nucleic acid sequence, wherein the at
least one nucleic acid sequence encodes an oligonucleic acid comprising at least one
sequence substantially complementary to at least a part of the platelet-type lipoxygenase
(platelet-type 12-LO) gene or transcript thereof, and wherein the oligonucleic acid inhibits
or reduces the expression of platelet-type 12-LO, or a vector comprising same. In various
particular embodiments, the condition includes, but is not limited to, cardiovascular
diseases, type 2 diabetes, hypertension, cancer (e.g. adrenal, pancreatic, prostrate and

gastric cancer), osteoarthritis and stroke.

In another aspect, the invention provides a method for reducing fat cell mass in a
subject in need thereof, comprising administering to the subject an effective amount of a
therapeutic agent that reduces platelet-type 12-LO expression or activity selectively in fat
cells. In a preferred embodiment, the therapeutic agent comprises a construct of the
invention, as detailed herein. Thus, in another embodiment, there is provided a method for
reducing fat cell mass in a subject in need thereof, comprising administering to the subject
an effective amount of a recombinant nucleic acid construct comprising at least one
adipose-specific transcription regulating sequence operably linked to at least one nucleic
acid sequence, wherein the at least one nucleic acid sequence encodes an oligonucleic acid
comprising at least one sequence substantially complementary to at least a part of the
platelet-type lipoxygenase (platelet-type 12-LO) gene or transcript thereof, and wherein the

oligonucleic acid inhibits or reduces the expression of platelet-type 12-LO, or a vector
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comprising same.

Without wishing to be bound by any theory or mechanism of action, the constructs
and vectors of the invention are capable of inducing apoptosis in the target fat cells. In
some embodiments, therapeutic reduction of fat cell mass according to the invention is
advantageously associated with fat cell apoptosis. Unlike necrosis, which results in fat
tissue inflammation and macrophage infiltration, apoptosis is typically unaccompanied by a

local inflammatory response, which is a likely independent health hazard.

According to certain embodiments of the present invention, expression of the
oligonucleic acids of the invention in the target cell is regulated such that the incidence of
apoptosis in fat cells is increased, thereby achieving a partial reduction in fat cell mass. In
certain embodiments, such partial increase in apoptotic cell death in the targeted fat tissue
allows reduction in fat mass without local inflammation and in the absence of massive
systemic release of potentially deleterious fatty acids. In another particular embodiment, the
constructs of the invention enhance apoptosis selectively or preferentially in large cell

adipocytes.

Thus, in another aspect, the invention provides a method for inducing apoptosis
specifically in a cell selected from the group consisting of adipocytes and pre-adipocytes
comprising contacting the cell with a therapeutic agent, which reduces platelet-type 12-LO
expression or activity. In another embodiment the therapeutic agent is administered to a
subject in need thereof in the form of a pharmaceutical composition such that said agent
does not substantially induce apoptosis in non-adipose cells. Ina preferred embodiment, the
therapeutic agent comprises a construct of the invention, as detailed herein. Thus, in
another embodiment, there is provided a method for inducing apoptosis specifically in a
cell selected from the group consisting of adipocytes and pre-adipocytes, comprising
contacting the cell with an effective amount of a recombinant nucleic acid construct
comprising at least one adipose-specific transcription regulating sequence operably linked
to at least one nucleic acid sequence, wherein the at least one nucleic acid sequence
encodes an oligonucleic acid comprising at least one sequence substantially complementary
to at least a part of the platelet-type lipoxygenase (platelet-type 12-LO) gene or transcript
thereof, and wherein the oligonucleic acid inhibits or reduces the expression of platelet-type

12-L.0O, or a vector comprising same.

In another aspect, the invention provides a method for inhibiting or reducing the

14



10

15

20

25

30

WO 2008/053487 PCT/IL2007/001333
expression of platelet-type 12-LO in a cell selected from adipocytes and pre-adipocytes,
comprising contacting the cell with a therapeutic agent, which reduces platelet-type 12-LO
expression or activity. In another embodiment the therapeutic agent is administered to a
subject in need thereof in the form of a pharmaceutical composition such that said
compound does not substantially inhibit the expression of platelet-type 12-LO in non-
adipocyte cells. In a preferred embodiment, the therapeutic agent comprises a construct of
the invention, as detailed herein. Thus, in another embodiment, there is provided a method
for inhibiting or reducing the expression of platelet-type 12-LO in a cell selected from
adipocytes and pre-adipocytes, comprising contacting the cell with an effective amount of a
recombinant nucleic acid construct comprising at least one adipose-specific transcription
regulating sequence operably linked to at least one nucleic acid sequence, wherein the at
least one nucleic acid sequence encodes an oligonucleic acid comprising at least one
sequence substantially complementary to at least a part of the platelet-type lipoxygenase
(platelet-type 12-LO) gene or transcript thereof, and wherein the oligonucleic acid inhibits

or reduces the expression of platelet-type 12-LO, or a vector comprising same.

In certain preferable but optional embodiments, the construct of the invention is
administered to the subject in the form of a vector, which expresses the desired oligonucleic
acid (e.g. a platelet-type 12-LO expression-inhibiting oligonucleic acid) in an adipose target
cell. In a particular embodiment, said vector induces expression of said oligonucleic acid in
large cell adipocytes. In various other embodiments, said construct or vector is
administered to the subject in the form of a pharmaceutical composition further comprising
a pharmaceutically acceptable carrier, excipient or diluent. In another particular
embodiment, said constructs or vectors are delivered in the form of liposomes or virus

particles.

In various particular embodiments, the compositions of the invention are
administered locally to specific fat depots (e.g., local delivery to subcutaneous depots;
mesenteric intraarterial delivery to visceral fat) or systemically, depending on the chosen fat
pool. In various other particular embodiment, the pharmaceutical compositions of this
invention may be administered by a manner selected from: 1) systemically, e.g. through
intravenous, intra-arterial or subcutaneous injection or inhalation or any mucosal or other
spray; 2) locally, e.g. through direct intra- or peri-tissue delivery through injections,
ointment or any other form of disposal; and 3) to specific fat depots e.g. the visceral fat

depot through intra-arterial injection (e.g., injection to the mesenteric artery/arterial tree). In
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other particular embodiments, administration may be repeated as necessary until desirable

results are obtained.

Other objects, features and advantages of the present invention will become clear

from the following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 demonstrates that platelet-type 12-Lipoxygenase RNA is expressed in
human and murine fat tissue. Total RNA prepared from the murine 3T3-L1 preadipocyte
cell line (Figure 1A) and primary human preadipocytes and adipocytes (Figure 1B) were
prepared and subjected to PCR using primers for the appropriate species 12-lipoxygenase

(mouse or human).

Figure 2 illustrates control and 12Lo plasmid maps for constitutively expressed
murine and human antisense knockout studies. Figure 2A illustrates pcDNAh60012LOA;
Figure 2B illustrates pcDNA3.1+; Figure 2C illustrates pCMV5 mp12LO(Pstl)-A; and
Figure 2D illustrates pPCMVCAT.

Figure 3 shows transient 12-Lo antisense knockout of 3T3-L1 cells, wherein trypan
blue exclusion was used as a measure of cell death 48 hours after transfection with the
Fugene 6 reagent. The vector PCMVCAT was used as the negative control, while the two
12Lo antisense knockout vectors pCMVmp and pCMV600a effectively induced significant
cell death in preadipocytes (n>8 ANOVA, p<0.0001; ***= post hoc difference to control
of p<0.001).

Figure 4 shows Anexin V and PI stained transiently transfected 3T3-L1 cells; 24
hour post transfection images using Fugene 6. The vector pCMVCAT was used as the
negative control, while the two 12Lo antisense knockout vectors were pCMVmp and
pCMV600a. “No filter” shows the total field of cells; “green filter” shows both apoptopic
and necrotic cells; and “red filter” shows only necrotic cells. White arrows indicate

apoptotic cells.

Figure 5 shows Anexin V and PI stained transiently transfected 3T3-L1 cells; 48
hour post transfection images using Fugene 6. The vector pCMVCAT was used as the

negative control, while the two 12Lo antisense knockout vectors were pCMVmp and
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pCMV600a. “No filter” shows the total field of cells; “green filter” shows both apoptopic
and necrotic cells; and “red filter” shows only necrotic cells. White arrows indicate

apoptotic cells.

Figure 6 summarizes data for Anexin V and PI stained transiently transfected 37T3-
L1 cells. Antisense knockout of 12Lo significantly increased the amount of apoptosis
associated phosphotidylserine “flip flop” at the plasma membrane (n>8 Nonparametric
ANOVA, *=p<0.005).

Figure 7 depicts basal 12Lo RNA expression of 12Lo stable antisense knockout
populations versus controls. Data is presented after normalization of 12Lo to B-actin RNA

levels.

Figure 8 presents basal cell death of 12Lo stable antisense knockout populations
versus controls. Cell death was measured by trypan blue staining of 3T3-L1 cells.
Antisense Knockout of 12Lo showed significantly more cell death for both antisense
knockout plasmids compared to a pCMVCAT transfected control population (n=6
ANOVA, p<0.05). Post hoc comparisons using the Student Neuman Keuls Protocol showed
*=p<0.05; **=p<0.01; ***=p<0.001, compared to the parallel day control population.

Figure 9 presents basal cell death of 12Lo stable antisense knockout populations
versus controls 5 weeks post transfection. Antisense knockout of 12Lo in 3T3-L1 cells
shows much lower cell concentrations than for the control population. Images are at an

x100 magnification.

Figure 10 shows basal cell death (A) and DNA fragmentation (B) of 12Lo stable
antisense knockout populations versus controls 5 weeks post transfection in parallel
cultures. Basal cell death was measured by trypan blue staining of 3T3-L1 cells. DNA
fragmentation was measured using the Roche Cell Death ELISA kit *=p<0.05;

##x=p<(),001 as Student Neuman Keuls post hoc values.

Figure 11 demonstrates basal cell death of 12Lo stable antisense knockout of

individual clones versus control clone with and without added 12-HETE.

Figure 12 demonstrates cell death of 12Lo stable antisense knockout clones
(pCMV600a) versus control ((CMVCAT) with and without added 12-HETE. Clones were
derived using a dilution cloning protocol in the presence of (+) or absence of (-) 12-HETE.

Resultant clones cell death were then compared to each other and themselves in the
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presence of (/) of absence of (XX) 12-HETE (0=3; ANOVA p<0.001; post hoc *=p<0.05).

Figure 13 demonstrates DNA Fragmentation (Roche Cell Death ELISA kit) of
12Lo stable antisense knockout clones (pCMV600a) versus control (pCMVCAT) with and
without added 12-HETE. Data is presented showing antisense knockout values normalized
to pCMVCAT transfected clone cells. A value of 1 on this graph indicates no DNA
fragmentation. Differences here were significant as ANOVA p<0.0001 and Neuman Keuls
post hoc showed *** = p<0.001.

Figure 14 demonstrates Caspase 3 activation in 12Lo stable antisense knockout
clones (pCMV600a) versus controls: Western Analysis. The lettering above the western
image represent different clones: L1 = untransfected parent line (3T3-L1); CAT =
pCMVCAT clone 1; 1, 10 & 11 represent pCMV600a antisense knockout clones.

Figure 15 demonstrates involvement of necrosis in the 12Lo antisense knockout
3T3-L1 stable cell lines. Necrosis here was measured by the release of lactate
dehydrogenase (LDH) from cells into cell supernatant by the end of the experiment. The
positive control was triton X100 (1/5000) addition to control cells for the duration of the
experiment. There was no difference between antisense knockout clones and control cells
LDH levels, which indicates that 12Lo antisense knockout in 3T3-L1 cells induced cell

death is not necrotic in nature.

Figure 16 demonstrates construction of Adiponectin Driven h12Lipoxygenase
knockout plasmid Vector.

Figure 17 demonstrates construction of Adiponectin Driven hl2Lipoxygenase
knockout plasmid GutLess AAV Shuttle Vector.

Figure 18 presents schematic representations of adipocyte-specific promoter and
enhancer sequences: Figure 18A illustrates human adiponectin promoter/enhancer; Figure
18B illustrates human leptin promoter/enhancer; Figure 18C illustrates the recombinant
human leptin promoter/double leptin enhancer. Restriction sites (HindIII, Hgal, BamHI,
Nhel, Dpnl and Xbal) and binding sites of transcription factors (c/EBP, Spl, SREBP) are

indicated. Arrowheads indicate transcription initiation sites.

Figure 19 illustrates construction of Leptin/Adiponectin Promoter/Enhancer driven

vector.

Figure 20 illustrates construction of Leptin/Adiponectin Promoter/Enhancer driven
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Human CAT Expression Vector.

Figure 21 illustrates construction of Leptin/Adiponectin Promoter/Enhancer driven

Human 12-Lipoxygenase knockout vector.
Figure 22 illustrates construction of Leptin Promoter/Enhancer Vector.

Figure 23 illustrates construction of the Leptin Promoter/Enhancer driven human
CAT Expression Vector.

Figure 24 illustrates construction of the Leptin Promoter/Enhancer driven Human

12-Lipoxygenase knockout vector.

Figure 25 illustrates construction of the Double Enhancer, Single Leptin Promoter

Vector.

Figure 26 illustrates construction of the Double Enhancer, Single Leptin Promoter
driven CAT Expression Vector.

Figure 27 illustrates construction of the Double Enhancer, Single Leptin Promoter

driven Human 12-Lipoxygenase knockout Vector.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to constructs, compositions and methods for
modulating platelet-type 12 lipoxygenase (12-LO) in adipose tissue in vivo. Specifically,
the invention provides expression-inhibiting oligonucleic acids including antisense and
RNA interfering (RNAi) molecules targeted to a platelet-type 12-LO gene or a transcript
thereof and therapeutic compositions comprising same, which are capable of specifically
inhibiting or silencing platelet-type 12-LO expression in adipocytes and pre-adipocytes.
Constructs comprising these compounds, vectors comprising them and methods of using
same for the treatment and amelioration of conditions associated with excess fat cell mass

and obesity are also provided.

According to one aspect, the present invention provides a nucleic acid construct for
inhibiting or reducing the expression of platelet-type 12-LO specifically in an adipose cell,
the construct comprising at least one nucleic acid sequence encoding a platelet-type 12-LO

expression-inhibiting oligonucleic acid, wherein the nucleic acid sequence is operably
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linked to at least one adipose-specific transcription regulating sequence.
Expression-inhibiting oligonucleic acids

The present invention provides in one aspect a nucleic acid construct comprising at
least one adipose-specific transcription regulating sequence operably linked to at least one
nucleic acid sequence, wherein the nucleic acid sequence encodes an oligonucleic acid that
inhibits or reduces the expression of platelet-type 12-lipoxigenase (12-LO) when expressed

in a mammalian target cell.

In one embodiment, the oligonucleic acid comprises at least one nucleic acid
sequence substantially complementary to at least a part of the platelet-type 12-LO gene or

transcript thereof.

In another embodiment, said oligonucleic acid is selected from the group consisting
of: an antisense molecule, a RNA interference (RNAi) molecule and an enzymatic nucleic

acid molecule.

The terms “oligonucleotide” and “oligonucleic acid” are used interchangeably and
refer to an oligomer or polymer of ribonucleic acid (ribo-oligonucleotide or ribo-
oligonucleoside) or deoxyribonucleic acid. These terms include nucleic acid strands
composed of naturally occurring nucleobases, sugars and covalent intersugar linkages as
well as oligonucleotides having non-naturally occurring portions which function similarly.
Such modified or substituted oligonucleotides may be preferred over native forms because
of the valuable characteristics including, for example, increased stability in the presence of

plasma nucleases and enhanced cellular uptake.

The terms “expression-inhibiting oligonucleic acid”, “expression-inhibiting
oligonucleotide” or “oligonucleic acid that inhibits or reduces expression” as used herein,
denote an oligonucleic acid capable of specifically reducing the expression of the gene
products, i.e. the level of mRNA encoding the protein and/or the level of the protein, below
the level that is observed in the absence of the oligonucleic acid. In certain embodiments,
expression inhibition may be determined by measuring the activity of the protein, e.g., in
the case of platelet-type 12-LO, by measuring the level of its enzymatic product 12-HETE.
In some embodiments gene expression is down-regulated by at least 25%, preferably at
least 50%, at least 70%, 80% or at least 90%. In certain other embodiments, partial down-
regulation is preferred. Examples for expression-inhibiting (down-regulating or silencing)

oligonucleic acids are antisense molecules, RNA interfering molecules (RNAi), and
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enzymatic nucleic acid molecules, as detailed herein.

Depending on the nature of the inhibitory oligonucleic acid, the length of the
molecule may vary between short oligonucleic acids of about 20 nucleic acid residues or
base pairs to longer polynucleic acids as long as thousands of nucleic acid residues, as
detailed further below. Typically, the expression-inhibiting oligonucleic acid comprises at
least one nucleic acid sequence substantially complementary to one region of the target

gene or transcript thereof.

“Complementarity” refers to the ability of a nucleic acid to form hydrogen bond(s)
with another nucleic acid sequence. A percent complementarity indicates the percentage of
contiguous residues in a nucleic acid molecule, which can form hydrogen bonds (e.g.,
Watson-Crick base pairing) with a second nucleic acid sequence. “Fully complementary”
means that all the contiguous residues of a nucleic acid sequence will hydrogen bond with
the same number of contiguous residues in a second nucleic acid sequence. The term
“substantially” complementary as used herein refers to a molecule in which about 80% of
the contiguous residues of a nucleic acid sequence will hydrogen bond with the same
number of contiguous residues in a second nucleic acid sequence. In some embodiments
substantially complementary refers to 85%, 90%, 95% of the contiguous residues of a
nucleic acid sequence hydrogen bonding with the same number of contiguous residues in a

second nucleic acid sequence.

In certain embodiments, the present invention utilizes an “antisense knockout
expression” approach, in which a suitable expression-inhibiting oligonucleic acid, as
detailed herein, is expressed in the target cell from a recombinant construct encoding the
expression-inhibiting oligonucleic acid under an adipose-specific transcription regulating

sequence.
Antisense

The present invention provides in another embodiment a nucleic acid construct
comprising at least one adipose-specific transcription regulating sequence operably linked
to at least one nucleic acid sequence, wherein the nucleic acid sequence encodes an
antisense molecule that inhibits or reduces the expression of platelet-type 12-LO. More
particularly, the construct expresses the antisense molecule specifically in adipose target
cells wherein said expression is effective to enhance the incidence of cell death in the

adipose target cells.
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Antisense oligonucleotides are nucleic acids that are complementary (or antisense)
to the coding strand (sense strand) of the mRNA encoding a particular protein (also known
as the negative strand). Although antisense oligonucleic acids are typically RNA based,
they can also be DNA based. Additionally, antisense oligonucleotides are often modified to
increase their stability. These modifications are known in the art and include, but are not
limited to modifying the backbone of the oligonucleotide, modifying the sugar moieties, or
modifying the base. Also inclusive in these modifications are various DNA-RNA hybrids

or constructs commonly referred to as "gapped" oligonucleotides.

Without being bound by theory, the binding of these antisense molecules to the
mRNA is believed to induce stretches of double stranded RNA that trigger degradation of
the messages by endogenous RNAses. Alternatively, ribosomes, which are in the process of
making the protein from the RNA, are blocked from progressing as they cannot move along
the regions of double stranded RNA that are formed. Additionally, sometimes the
oligonucleotides are specifically designed to bind near the promoter of the message, and
under these circumstances, the antisense oligonucleotides may additionally interfere with

translation of the message.

Regardless of the specific mechanism by which antisense oligonucleotides function,
their administration to a cell or tissue allows the degradation of the mRNA encoding a
specific protein or prevention of its translation. Accordingly, antisense molecules decrease

the expression and/or activity of a particular protein.

To design an antisense oligonucleic acid that specifically binds to and mediates the
degradation of a particular protein, it is important that the sequence recognized by the
oligonucleic acid is unique or substantially unique to that particular protein. For example,
sequences that are frequently repeated across protein may not be an ideal choice for the
design of an oligonucleic acid that specifically recognizes and degrades a particular
message. One skilled in the art can design an oligonucleic acid, and compare the sequence
of that oligonucleic acid to nucleic acid sequences that are deposited in publicly available
databases to confirm that the sequence is specific or substantially specific for a particular

protein.

In another example, it may be desirable to design an antisense molecule that binds
to and mediates the degradation of more than one message. In one example, the messages

may encode natural allelic variants of platelet-type 12-LO that are expressed in adipose
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cells.

Methods of producing antisense oligonucleotides may be found for example, in US
Patent Nos. 7,022,832; 6,972,171; 6,277,981 and US Patent Application Publication No.
20050261485.

Thus, in particular embodiments, the antisense molecule may be selected from the
group consisting of : a) a DNA antisense molecule; b) a RNA antisense molecule; c) a
triplex forming molecule (see below); and d) analogs of a) or b) or ¢), wherein the
oligonucleic acid comprises a sequence substantially complementary to at least a part of a
platelet-type 12-LO transcript. In a further particular embodiment, the antisense molecule is

an RNA antisense molecule.

An encoded antisense molecule according to the invention may be as short as about
20 nucleotides in length, however longer sequences are preferred. In one embodiment, the
antisense molecule is at least 25, preferably at least 30, and more preferably at least 100
nucleotides in length. In certain other embodiments, longer sequences of about 1000
nucleotides or more are preferred (e.g. a molecule substantially complementary to a full-
length platelet-type 12-LO transcript). An encoded platelet-type 12-LO antisense molecule
is typically about 100-2500 bases in length.

The sequence of an encoded antisense molecule of the invention is selected such
that it comprises at least one nucleic acid sequence substantially complementary to at least
one target sequence of a platelet-type 12-LO transcript. Preferably, said encoded antisense
molecule comprises at least one sequence that is fully complementary to a target sequence
of about 20 to about 30 nucleotides of a platelet-type 12-LO transcript. More preferably,
said encoded antisense molecule comprises at least two sequences that are fully

complementary to a target sequence of about 20 to about 30 nucleotides of the transcript.

In various embodiments, the encoded antisense molecule comprises at least one
sequence substantially complementary to at least one target sequence of a platelet-type 12-
LO transcript, including platelet-type 12-LO variants expressed in adipose cells (e.g. the

human smooth muscle cell variant).

For example, the following antisense sequences were used in the preparation of the

recombinant constructs of the invention:

A) Human Smooth Muscle Cell variant platelet-type 12-Lipoxygenase cDNA “600”
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sequence (SEQ ID NO: 1; Limor et al., 1999):

CATGAGGAGAAGAGGCTGGACTTTGAATGGACACTGAAGGCAGGGTGAGAAAAAGGCTAGAC
CTCGAAGTGAAATAAGGGCTGGGAGGGCCAAGAATGATGATAGACGGTGAGGGACTGAGGGA
TCAGCTGATGAGTTAAGCCTCAATACCTGTCCTAGGGCTCTGGAGATGGCCCTCAAACGTGT
5 TTACACCCTCCTGAGCTCCTGGAACTGCCTAGAAGACTTTGATCAGATCTTCTGGGGCCAGA
AGAGTGCCCTGGCTGGTCAGTGGTTTCCCCGAGGTCTCCATAATCCCTTAATGGCCCCTCTG
GATGACTCATCACACTCCACAGTCCCCCGTAACTCTTTGCAAGAAAGAGACCTTATCATATC
TGGTCAACTCAGAGAGGCCTTGAGAATGAAAACGCAGAAGCTGGGTTCAGGGAAGGGTTATA
TACCTGAACCCCTGGGGTAGATTTTGGGAGAAGGGATATGCAGGCTGTGGTACATATATCCT
10 CCTTTCACCGCCCACCAAAGAGAAGTTTCGCCAGTGCTGGCAGGATGATGAGTTGTTCAGCT

A;

B) Murine (C57BL6) Platelet-Type 12-lipoxygenase 5°PstI-Pstl fragment “mp12Lo” (SEQ
ID NO: 2; Gene Bank # MMU04334):

CTGCAGTTTGTGAAACTGCACAAACAGCACACAGTTGTGGATGACGCCTGGTTCTGCAACCT

15 CATCACAGTTCAGGGGCCGGGGACAAGTGCAGAGGCCGTGTTTCCCTGCTACCGCTGGGTGC
AGGGAGAGGGAATCCTGAGCCTCCCGGAGGGACAAGCCCGCCTGGCAGGAGACAATGCCTTA
GATGTCTTCCAGAAGTATCGAGAAAAGGAACTGAAGGAAAGACAACAGACCTACTGCTGGGC
CACCTGGAAAGAAGGCTTACCTCAGACAATAGCAGCGGACTGTAAGGATGACCTTCCTCCAA
ATATGAGATTCCATGAGGAGAAGAGACTGGACTTTGAATGGACGTTGAAGGCGGGGGTTCTG

20 GAAATGGGCCTCAAACGTGTTTATACCCTCCTGAGAAGCTGGAACCATCTGGAAGACTTTGA
TCAGATCTTCTGGGGCCAGAAGAGTGCCTTGGCCGAGAAGGTTCACCAGTGTTGGCAGGAAG
ATGAACTCTTTGGCTACCAGTTCCTCAATGGCGCCAACCCCATGCTTTTGAGACGCTCCACC
TCTCTGCCCTCCAGACTGGTACTGCCCTCTGGGATGGAGGAGCTTCAAGCTCAGTTGGAGAA
AGAACTCAAGAATGGATCCCTGTTTGAAGCTGACTTTATCCTGCTGGATGGAATTCCAGCTA

25 ATGTGATCCGAGGAGAACCACAGTACCTGGCTGCCCCTCTTGTCATGCTGAGGATGGACCCC
GGTGGGAAGCTGCTACCCATGGCTATCCAGATTCAGCCCCCTAACCCCAGCTCCCCAGCTCC
AACACTGTTCCTGCCCTCGGATCCTCCACTTGCCTGGCTCTTGGCTAAGATCTGGGTCCGAA
ATTCAGATTTCCAACTGCAG;

C) Human Platelet-Type 12-Lipoxygenase ¢cDNA (SEQ ID NO: 3; Gene Bank #
30 HSLIPXYG, gi:187170):

CGGCTCCCCTCGCCTAAGCTGCTGGGGGCGCCATGGGCCGCTACCGCATCCGCGTGGCCACC
GGGGCCTGGCTCTTCTCCGGGTCGTACAACCGCGTGCAGCTTTGGCTGGTCGGGACGCGCGG
GGAGGCGGAGCTGGAGCTGCAGCTGCGGCCGGCGCGGGGCGAGGAGGAGGAGTTTGATCATG
ACGTTGCAGAGGACTTGGGGCTCCTGCAGTTCGTGAGGCTGCGCAAGCACCACTGGCTGGTG
35 GACGACGCGTGGTTCTGCGACCGCATCACGGTGCAGGGCCCTGGAGCCTGCGCGGAGGTGGC
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CTTCCCGTGCTACCGCTGGGTGCAGGGCGAGGACATCCTGAGCCTGCCCGAGGGCACCGCCC
GCCTGCCAGGAGACAATGCTTTGGACATGTTCCAGAAGCATCGAGAGAAGGAACTGAAAGAC
AGACAGCAGATCTACTGCTGGGCCACCTGGAAGGAAGGGTTACCCCTGACCATCGCTGCAGA
CCGTAAGGATGATCTACCTCCAAATATGAGATTCCATGAGGAGAAGAGGCTGGACTTTGAAT

5 GGACACTGAAGGCAGGGGCTCTGGAGATGGCCCTCAAACGTGTTTACACCCTCCTGAGCTCC
TGGAACTGCCTAGAAGACTTTGATCAGATCTTCTGGGGCCAGAAGAGTGCCCTGGCTGAGAA
GGTTCGCCAGTGCTGGCAGGATGATGAGTTGTTCAGCTACCAGTTCCTCAATGGTGCCAACC
CCATGCTGTTGAGACGCTCGACCTCTCTGCCCTCCAGGCTAGTGCTGCCCTCAGGGATGGAA
GAGCTTCGGGCTCAACTGGAGAAAGAACTTCAGAATGGTTCCCTGTTTGAAGCTGACTTCAT

10 CCTTCTGGATGGAATTCCAGCCAACGTGATCCGAGGAGAGAAGCAATACCTGGCTGCCCCCC
TCGTTATGCTGAAGATGGAGCCCAATGGGAAGCTGCAGCCCATGGTCATCCAGATTCAGCCT
CCCAACCCCAGCTCTCCAACCCCAACACTGTTCCTGCCCTCAGACCCCCCACTTGCCTGGCT
CCTGGCAAAGTCCTGGGTCCGAAATTCAGATTTCCAACTGCACGAGATCCAGTATCACTTGC
TGAACACGCACCTGGTGGCTGAGGTCATCGCTGTCGCCACCATGCGGTGCCTCCCAGGACTG

15 CACCCCATCTTCAAGTTCCTGATCCCCCATATCCGCTACACCCATGGAAATCAACACCCGGG
CCCGGACCCAACTCATCTCAGATGGAGGAATTTTTGATAAGGCAGTGAGCACAGGTGGAGGG
GGCCATGTACAGTTGCTCCGTCGGGCGGCAGCTCAGCTGACCTACTGCTCCCTCTGTCCTCC
TGACGACCTGECTGACCEEEECCTGCTEGGACTCCCAGGTGCTCTCTATGCCCATGATGCTT
TACGGCTCTCECAGATCATTGCCAGGTATGTGGAGGGGATCGTCCACCTCTTCTACCAAAGG

20 GATGACATAGTCAAGGGGGACCCTGAGCTGCAGGCCTGGTGTCGGGAGATCACGGAGGTGGG
COTETECCACGCCCAGGACCGAGGTTTCCCTETCTCCTTCCAGTCCCAGAGTCAACTCTGCC
ATTTCCTCACCATGTGCGTCTTCACGTGCACTGCCCAGCATGCCGCCATCAACCAGGGCCAG
CTGGACTGGTATGCCTGGGTCCCTAATGCTCCATGCACAATGCGGATGCCCCCACCCACCAC
CAAGGAAGATGTGACGATGGCCACAGTGATGGGGTCACTACCTGATGTCCGGCAGGCCTGTC

25 TTCAAATCGCCATCTCATGGCATCTGAGTCGCCGCCAGCCAGACATGGTGCCTCTGGGGCAC
CACAAAGAAAAATATTTCTCAGGCCCCAAGCCCAAAGCTGTGCTARACCAATTCCGAACAGA
TTTGGAAAAGCTGGAAAAGGAGATTACAGCCCGGAATGAGCAACTTGACTGGCCCTATGAAT
ATCTGAAGCCCAGCTGCATAGAGAACAGTGTCACCATCTGAGCCCTAGAGTGACTCTACCTG
CAAGATTTCACATCAGCTTTAGGACTGACATTTCTATCTTGAATTTCATGCTTTCCTAAAGT

30 CTCTGCTGCTAAGGCTCTATTTCCTCCCCCAGTTAAACCCCCTACATTAGTATCCCACTAGC
CCAGGGGAGCAGTAAACTTTCTCTGCAAAGACTAGATCCTTTTTTACGCTTTGCAGACCGCA
TAGTCACTGTCTCAACTACTCAGCTCTCCTGCTGCAGCATGAAGGCAGCCACAGACAACATG
GAAATGAGTGTGACTATGTTCCAATAAAACTTTATGGACAC.

The resulting nucleic acid constructs encoding exemplary antisense molecules
35 according to the invention and preparation thereof are described in Examples 2 and 8-12
and Figures 2, 16-18, 21, 24 and 27.
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In various embodiments, encoded oligonucleic acids of the invention have a nucleic
acid sequence as set forth in any one of SEQ ID NOS: 1, 2, and 3. In a particular
embodiment, the encoded oligonucleic acid is selected from the group of nucleic acid
sequences set forth in any one of SEQ ID NOS: 1-3. In one embodiment, the invention
provides a recombinant nucleic acid construct that expresses in an adipose target cell an
oligonucleic acid as set forth in SEQ ID NO: 1. In another embodiment, the invention
provides a recombinant nucleic acid construct that expresses in an adipose target cell an
oligonucleic acid as set forth in SEQ ID NO: 2. In another embodiment, the invention
provides a recombinant nucleic acid construct that expresses in an adipose target cell an
oligonucleic acid as set forth in SEQ ID NO: 3. Each possibility represents a separate

embodiment of the present invention.

In other embodiments, the encoded oligonucleic acids of the invention contain
analogs, variants and fragments of SEQ ID NOs: 1-3 retaining at least one sequence that is
fully complementary to a target sequence of about 20 to about 30 nucleotides of the
platelet-type 12-LO transcript. For example, in another embodiment the encoded
oligonucleic acid is at least 60% homologous to a sequence selected from the group
consisting of SEQ ID NOs: 1-3. In another embodiment, the encoded oligonucleic acid is at
Jeast 70% homologous to a sequence selected from the group consisting of SEQ ID NOs: 1-
3. In another embodiment, the encoded oligonucleic acid is at least 80% homologous to a
sequence selected from the group consisting of SEQ ID NOs: 1-3. In another embodiment,
the encoded oligonucleic acid is at least 90% homologous to a sequence selected from the
group consisting of SEQ ID NOs: 1-3. In another embodiment, the encoded oligonucleic
acid is at least 92% homologous to a sequence selected from the group consisting of SEQ
ID NOs: 1-3. In another embodiment, the encoded oligonucleic acid is at least 94%
homologous to a sequence selected from the group consisting of SEQ ID NOs: 1-3. In
another embodiment, the encoded oligonucleic acid is at least 95% homologous to a
sequence selected from the group consisting of SEQ ID NOs: 1-3. In another embodiment,
the encoded oligonucleic acid is at least 96% homologous to a sequence selected from the
group consisting of SEQ ID NOs: 1-3. In another embodiment, the encoded oligonucleic
acid is at least 97% homologous to a sequence selected from the group consisting of SEQ
ID NOs: 1-3. In another embodiment, the encoded oligonucleic acid is at least 98%
homologous to a sequence selected from the group consisting of SEQ ID NOs: 1-3. In

another embodiment, the encoded oligonucleic acid is at least 99% homologous to a
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sequence selected from the group consisting of SEQ ID NOs: 1-3. In another embodiment,
the encoded oligonucleic acid is over 99% homologous to a sequence selected from the
group consisting of SEQ ID NOs: 1-3. Each possibility represents a separate embodiment

of the present invention.

Another particular antisense molecules includes oligonucleic acids that bind to
double-stranded or duplex nucleic acids (e.g., in a folded region of the target RNA or in the
target gene), forming a triple helix-containing, or "triplex" nucleic acid. Triple helix
formation results in inhibition of gene expression by, for example, preventing transcription
of the gene, thereby reducing or eliminating its activity in a cell. Without intending to be
bound by any particular mechanism, it is believed that triple helix pairing compromises the
ability of the double helix to open sufficiently for the binding of polymerases, transcription

factors, or regulatory molecules to occur.

Triplex oligo- and polynucleotides are constructed using the base-pairing rules of
triple helix formation (see, e.g., Rigas et al., 1986, Proc. Natl. Acad. Sci. U.S.A. 83:9591)
and the target gene mRNA and/or gene sequence. Typically, the triplex-forming
oligonucleotides of the invention comprise a specific sequence of from about 10 to at least
about 25 nucleotides or longer complementary to a specific sequence in the target RNA or
gene (i.e., large enough to form a stable triple helix, but small enough, depending on the
mode of delivery, to administer in vivo, if desired). For example, oligonucleotides are
designed to bind specifically to the regulatory regions of the target gene (e.g., the 5'-
flanking sequence, promoters, and enhancers) or to the transcription initiation site (e.g.,
between -10 and +10 from the transcription initiation site or translation start site, e.g., at a

methionine residue).

RNA interfering molecules

In a particular embodiment, said oligonucleic acid is selected from small interfering
RNAs (siRNAs) and hairpin RNAs.

The present invention provides other agents that can inhibit or reduce expression of
platelet-type 12-LO. One such agent is RNA interfering molecules (RNAi). Without being
bound by theory, RNAi appears to involve mRNA degradation, however the biochemical

mechanisms are currently an active area of research.

RNAi constructs comprise double stranded RNA that can specifically block

expression of a target gene. "RNA interference” or "RNAI" is a term initially
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applied to a phenomenon observed in plants and worms where double-stranded RNA

(dsRNA) blocks gene expression in a specific and post-transcriptional manner.

The term “RNAi molecule” or “RNAi oligonucleotide” refers to single- or double-
stranded RNA molecules having a total of about 15 to about 100 bases, preferably from
about 30 to about 60 bases and comprises both a sense and antisense sequence. For example
the RNA interference molecule can be a double-stranded polynucleotide molecule
comprising self-complementary sense and antisense regions, wherein the antisense region
comprises complementarity to a target nucleic acid molecule. Alternatively the RNAi
molecule can be a single-stranded hairpin polynucleotide having self-complementary sense
and antisense regions, wherein the antisense region comprises complementarity to a target
nucleic acid molecule or it can be a circular single-stranded polynucleotide having two or
more loop structures and a stem comprising self-complementary sense and antisense
regions, wherein the antisense region comprises complementarity to a target nucleic acid
molecule, and wherein the circular polynucleotide can be processed either in vivo or in vitro

to generate an active molecule capable of mediating RNAI.

As used herein, the term "RNAi" is a generic term used throughout the specification
to include small interfering RNAs (siRNAs), hairpin RNAs, and other RNA species that
can be cleaved in vivo to form siRNAs. RNAI constructs herein also include expression
vectors (also referred to as RNAI expression vectors) capable of giving rise to transcripts
which form dsRNAs or hairpin RNAs in cells, and/or transcripts that can produce siRNAs

in vivo.

In certain embodiments, the subject RNAi constructs are "small interfering RNAs"
or "siRNAs". These nucleic acids are around 19-30 nucleotides in length, and even more
preferably 21-23 nucleotides in length, e.g., corresponding in length to the fragments
generated by nuclease "dicing" of longer double-stranded RNAs.

Small Inhibitory RNAs (siRNA) have been emerging as a viable alternative to
antisense oligonucleotides since lower concentrations are required to achieve levels of
suppression that are equivalent or superior to 'those achieved with antisense
oligonucleotides. Long double-stranded RNAs have been used to silence the expression of
specific genes in a variety of organisms such as plants, nematodes, and fruit flies. An
RNase-III family enzyme called Dicer processes these long double stranded RNAs into 21-

23 nucleotide small interfering RNAs which are then incorporated into an RNA-induced
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silencing complex (RISC). Unwinding of the siRNA activates RISC and allows the single-
stranded siRNA to guide the complex to the endogenous mRNA by base pairing.
Recognition of the endogenous mRNA by RISC results in its cleavage and consequently
makes it unavailable for translation. In certain embodiments of the present invention,
introduction of long double stranded RNA into mammalian cells results in a potent antiviral

response that can be bypassed by use of siRNAs.

The siRNAs are understood to recruit nuclease complexes and guide the complexes
to the target mRNA by pairing to the specific sequences. As a result, the target mRNA is

degraded by the nucleases in the protein complex.

The encoded siRNA molecules of the invention comprise sense and antisense
strands having nucleic acid sequence complementarity, wherein each strand is typically

about 18-30 nucleotides in length.

In some embodiments, the sense and antisense strands of the present siRNA can
comprise two complementary, single-stranded RNA molecules or can comprise a single
molecule in which two complementary portions are base-paired and are covalently linked
by a single-stranded "hairpin" area. Without wishing to be bound by any theory, it is
believed that the hairpin area of the latter type of siRNA molecule is cleaved intracellularly
by the "Dicer" protein (or its equivalent) to form a siRNA of two individual base-paired
RNA molecules.

Preferably, one or both strands of the siRNA of the invention can also comprise a 3'
overhang. As used herein, a "3' overhang" refers to at least one unpaired nucleotide
extending from the 3'-end of an RNA strand. Thus in one embodiment, the siRNA of the
invention comprises at least one 3' overhang of from 1 to about 6 nucleotides in length,
preferably from 1 to about 5 nucleotides in length, more preferably from 1 to about 4
nucleotides in length, and particularly preferably from about 2 to about 4 nucleotides in

length.

In the embodiment in which both strands of the siRNA molecule comprise a 3'
overhang, the length of the overhangs can be the same or different for each strand. In a
most preferred embodiment, the 3' overhang is present on both strands of the siRNA, and is
2 nucleotides in length. For example, each strand of the siRNA of the invention can

comprise 3' overhangs of dithymidylic acid ("TT") or diuridylic acid ("UU").

For example, without limitation, synthesis of RNAi molecules suitable for

29



10

15

20

25

30

WO 2008/053487 PCT/IL2007/001333
use with the present invention can be effected as follows. First, the 12-LO nucleic acid
sequence target is optionally scanned downstream for AA dinucleotide sequences.
Occurrence of each AA and the 3’ adjacent 19 nucleotides is recorded as potential siRNA

target sites.

Second, potential target sites are compared to an appropriate genomic database
(e.g., human, mouse, rat etc.) using any sequence alignment software, such as the BLAST

software available from the NCBI server (www.ncbi.nlm.nih.gov/BLAST/). Putative target

sites that exhibit significant homology to other coding sequences are filtered out.

Qualifying target sequences are selected as template for siRNA synthesis. Preferred
sequences are those including low G/C content as these have proven to be more effective in
mediating gene silencing as compared to those with G/C content higher than 55 %. Several
target sites are preferably selected along the length of the target gene for evaluation. For
better evaluation of the selected siRNAs, a negative control is preferably used in
conjunction. Negative control siRNA preferably include the same nucleotide composition
as the siRNAs but lack significant homology to the genome. Thus, a scrambled nucleotide
sequence of the siRNA is preferably used, provided it does not display any significant
homology to any other gene. An encoded siRNA agent of the present invention are of at
least 10, at least 15, at least 17 or at least 19 bases specifically hybridizable with a platelet-
type 12-LO mRNA.

The phrase “specifically hybridizable” as used herein indicates a sufficient degree
of complementarity such that stable and specific binding occurs between the target and the
oligonucleotide. A nucleic acid sequence specifically hybridizable with a platelet-type 12-
LO mRNA has a preference for hybridizing (in cells, under physiological conditions) with
a platelet-type 12-LO mRNA as opposed to a non-related RNA molecule (e.g. GAPDH).
Preferably, said sequence has at least a 5-fold preference for hybridizing with a 12-LO
mRNA as opposed to a non-related RNA molecule. Thus, a siRNA specifically
hybridizable with a platelet-type 12-LO mRNA has sufficient complementarity to an RNA
product of a platelet-type 12-LO gene for the siRNA molecule to direct cleavage of said
RNA via RNA interference.

Guidelines for the selection of highly effective siRNA sequences for mammalian
RNA may be found, inter alia, in US Patent Application Publication No. 20060078902,

RNAi molecules and methods for producing RNAi oligonucleotides can be found for
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example in US Patent Application Publication Nos. 20050100907, 20020137210 and the

like.

Enzymatic nucleic acid sequences

The terms "enzymatic nucleic acid molecule" or “enzymatic oligonucleic acid”
refers to a nucleic acid molecule which has complementarity in a substrate binding region
to a specified gene target, and also has an enzymatic activity which is active to specifically
cleave target RNA, thereby silencing the target gene. The complementary regions allow
sufficient hybridization of the enzymatic nucleic acid molecule to the target RNA and
subsequent cleavage. The term enzymatic nucleic acid is used interchangeably with for
example, ribozymes, catalytic RNA, enzymatic RNA, catalytic DNA, aptazyme or aptamer-
binding ribozyme, catalytic oligonucleotide, nucleozyme, DNAzyme, RNAenzyme.

The possibility of designing ribozymes to cleave any specific target RNA has
rendered them valuable tools in both basic research and therapeutic applications. In
therapeutics, ribozymes have been exploited to target viral RNAs in infectious diseases,
dominant oncogenes in cancers, and specific somatic mutations in genetic disorders
Ribozymes and ribozyme analogs are described, for example, in US Patent Nos. 5,436,330;
5,545,729 and 5,631,115.

While ribozymes that cleave mRNA at site-specific recognition sequences can be
used to destroy particular mRNAs, other ribozymes include hammerhead ribozymes.
Hammerhead ribozymes cleave mRNAs at locations dictated by flanking regions that form
complementary base pairs with the target mRNA. The sole requirement is that the target
mRNA have the following sequence of two bases: 5-UG-3'. The construction and
production of hammerhead ribozymes is well known in the art, see for example WO
2004/041197.

Ribozymes also include RNA endoribonucleases (hereinafter "Cech-type
ribozymes") such as the one which occurs naturally in 25 Tetrahymena thermophila (known
as the IVS, or L-19 IVS RNA) and which has been extensively described by Thomas Cech
and collaborators (see e.g. published International patent application No. W088/043 00).

The Cech-type ribozymes have an eight base pair active site that hybridizes to a
target RNA sequence "hereafter cleavage of the target RNA takes place. The invention

encompasses those Cech-type ribozymes that target eight base- pair active site sequences.
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Because ribozymes, unlike antisense molecules, are catalytic, a lower intracellular

concentration is required for efficiency.

Another agent capable of silencing a target gene is a DNAzyme molecule, which is
capable of specifically cleaving an mRNA transcript or a DNA sequence of a target gene.
DNAzymes are single-stranded polynucleotides that are capable of cleaving both single-
and double-stranded target sequences. Examples of construction and amplification of
synthetic, engineered DNAzymes recognizing single- and double-stranded target cleavage
sites are disclosed in US Patent No. 6,326,174.

There are currently two basic types of DNA enzymes, and both of these were
identified by Santoro and Joyce (see, for example, US Patent No. 6110462). The 10-23
DNA enzyme comprises a loop structure that connects two arms. The two arms provide
specificity by recognizing the particular target nucleic acid sequence while the loop

structure: provides catalytic function under physiological conditions.

Briefly, to design an ideal DNA enzyme that specifically recognizes and cleaves a
target nucleic acid, one of skill in the art must first identify the unique target sequence. This
can be done using the same approach as outlined for antisense oligonucleotides. Preferably,
the unique or substantially sequence is a G/C rich of approximately 18 to 22 nucleotides.
High G/C content helps insure a stronger interaction between the DNA enzyme and the

target sequence.

When synthesizing the DNA enzyme, the specific antisense recognition sequence
that will target the enzyme to the message is divided so that it comprises the two arms of

the DNA enzyme, and the DNA enzyme loop is placed between the two specific arms.
Constructs, promoters and vectors

The term “construct” as used herein includes a nucleic acid sequence encoding an
expression-inhibiting oligonucleic acid according to the present invention, the nucleic acid
sequence operably linked to a promoter and optionally other transcription regulation

sequences.

The constructs of the present invention may be produced using standard
recombinant and synthetic methods well known in the art. An isolated nucleic acid
sequence can be obtained from its natural source, either as an entire (i.e., complete) gene or

a portion thereof. A nucleic acid molecule can also be produced using recombinant DNA
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technology (e.g., polymerase chain reaction (PCR) amplification, cloning) or chemical
synthesis (see e.g. Sambrook et al., 1989). Nucleic acid sequences include natural nucleic
acid sequences and homologs thereof, including, but not limited to, natural allelic variants
and modified nucleic acid sequences in which nucleotides have been inserted, deleted,
substituted, and/or inverted in such a manner that such modifications do not substantially
interfere with the nucleic acid molecule’s ability to encode a functional polypeptide or

peptide of the invention.

A nucleic acid molecule homolog can be produced using a number of methods
Kknown to those skilled in the art (see, for example, Sambrook et al., 1989). For example,
nucleic acid molecules can be modified using a variety of techniques including, but not
limited to, classic mutagenesis techniques and recombinant DNA techniques, such as site-
directed mutagenesis, chemical treatment of a nucleic acid molecule to induce mutations,
restriction enzyme cleavage of a nucleic acid fragment, ligation of nucleic acid fragments,
polymerase chain reaction (PCR) amplification and/or mutagenesis of selected regions of a
nucleic acid sequence, synthesis of oligonucleotide mixtures and ligation of mixture groups
to “build” a mixture of nucleic acid molecules and combinations thereof. For example,
nucleic acid molecule homologs can be selected from a mixture of modified nucleic acids
by screening for the function of the oligonucleic acid encoded by the nucleic acid with

respect to fat cell viability, for example by the methods described herein.

The phrase “operably linked” refers to linking a nucleic acid sequence to a
transcription control sequence in a manner such that the molecule is able to be expressed
when transfected (i.e., transformed, transduced, infected or transfected) into a host cell.
Transcription control sequences are sequences, which control the initiation, elongation, and
termination of transcription. Particularly important transcription control sequences are those
which control transcription initiation, such as promoter, enhancer, operator and repressor
sequences. Suitable transcription control sequences include any transcription control
sequence that can function in at least one of the recombinant cells of the present invention.
A variety of such transcription control sequences are known to those skilled in the art.
Exemplary suitable transcription control sequences include those that function in animal,
bacteria, helminth, yeast and insect cells. In certain preferable embodiments, transcription
control sequences include mammalian transcription control sequences, preferably human

regulatory sequences.
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The term "promoter" as used herein includes, but is not limited to, a region starting
just downstream of the transcription initiation point (+1) and including a region located 20-
30 base pairs upstream thereto, which includes a TATA box or a TATA box-like region
(e.g. Spl boxes instead of; or in addition to, the TATA box) responsible for directing RNA
polymerase to start transcription at a correct position. In addition to this region, a promoter
may include regions that are required for proteins other than RNA polymerase (e.g. C/EBP,
Spl) to associate with for adjusting expression, and thus may, in some embodiments,
include hundreds of base pairs upstream to the transcription initiation point. The promoter

also includes the start-site of transcription.

In another aspect, the present invention provides a recombinant nucleic acid
construct for inhibiting or reducing the expression of platelet-type 12-LO specifically in an
adipose cell, the construct comprising at least one nucleic acid sequence encoding a
platelet-type 12-LO expression-inhibiting oligonucleic acid, wherein the nucleic acid

sequence is operably linked to an adipose-specific transcription regulating sequence.

According to various embodiments, the adipose-specific transcription regulating
sequence may be any regulatory sequence (e.g. promoters and enhancers) that induces or
enhances expression selectively (or, in other embodiments, preferentially) in adipose cells.
As used herein, an adipose-specific transcription regulating sequence relates to both
adipocyte-specific promoters and enhancers and pre-adipocyte-specific promoters and
enhancers, as well as transcription regulating sequences which induce expression in both

adipocytes and pre-adipocytes.

Suitable transcription regulating sequences include, but are not limited to, those
regulating the expression of genes such as aP2, lipin, perilipin, S3-12, leptin, adiponectin
and others, which are either exclusively expressed in fat cells or whose knockout models

show dominant fat tissue phenotypic changes, with little changes in other tissue types.

In a particular embodiment, said transcription regulating sequence induces or
enhances gene expression in large-cell adipocytes. Enlarged adipocytes are associated with
insulin resistance and are an independent predictor of type 2 diabetes. Large cell adipocyte
populations typically contain cells of 100.1£3.94 pym in diameter, while small cell
adipocyte populations typically contain cells of 57.6+3.54 ym in diameter (Jernas et al.,
2006).

In various particular embodiments, the construct contains at least one transcription
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regulating sequence selected from: human adiponectin promoter, human adiponectin
enhancer, human leptin promoter, human leptin enhancer and combinations thereof. Each

possibility represents a separate embodiment of the present invention.

In a currently preferred embodiment, the transcription regulating sequence is human
adiponectin promoter/enhancer. In one particular embodiment, the transcription regulating
sequence has a nucleic acid sequence corresponding to the minimum human adiponectin
promoter/enhancer, as set forth in SEQ ID NO: 4 presented hereinbelow:

AAGCTTTAAGAATTCAGGGCCTTTTTAACTTGCCAAGCCCCACACCACTCCAGGAACTTCCC
CACACCCCAGTTCTCAGAATTCATGTGCAAGGTCTTTCCTAAATCCAGGGTCCAGGTCAGAG
AGTGGAGCATGTGCTCTATTTCTTACCTGATTGCAGACCCCTCTGACAGTCCTCCCTTCTGA
AGCACTCACTGTCTGAACGTACACAGTCTCAGACTTAATCATGCACAGTGAGCARGACTGTG
GTGTGATAATTGECGTCCCTGACTTATTAGGGCAAATCTATGGGAGGGGGAGACCTCCTGGA
CCACTGAGCAATTAATTCATTTACATTAGGAAGTTTCTCCGTCAGATGCAGGAAAAAAATCT
TGTTTTCCTGCTETGEGTTTTGACTTTTGCCCCATCTTCTGTTGCTGTTGTAGGAGGCAARAT
AACGETCAAGGCCTEGAAACACAAGTGCTTTGACTGAAGCTCCACTTGGCTTCCGAAGCCCA
AGCTGGETTGTACCAGGTTCCCTAGGETGCAGGCTGTCGGGCAACTGCCAGGGACATGTGCCT
GCCCACCEGCCTCTGGCCCTCACTGAGTTGGCCAATGGGAAATGACAATTGTGAGGTGGGGA
CTGCCTGCCCCCATGAGTACCAGGCTGTTGAGGCTGGGCCATCTCCTCCTCACTTCCATTCT
GACTGCAGTCTGTGGTTCTGATTCCATACCAGAGGATCC.

In another currently preferred embodiment, the transcription regulating sequence is
human leptin promoter/enhancer. In one particular embodiment, the transcription regulating
sequence has a nucleic acid sequence corresponding to the minimum 138 bp human leptin
promoter/enhancer, as set forth in SEQ ID NO: 7 presented hereinbelow:

GCTAGCAGCCGCCCGECACGTCGCTACCCTGAGGGGCGEGEGCGECAGCTGGCGCTAGARAATG

CGCCEGRECCTECACEECACTTGCGCAAGTTGTGATCGGGCCGCTATAAGAGGGGCGGGCAG
GCATGGAGCCCCGTA.

In various embodiments, the at least one transcription regulating sequence may be a
naturally occurring transcription regulating sequence, €.g. a naturally occurring promoter or
enhancer, or may be a sequence derived therefrom. The term “derived” refers to the fact
that a transcriptional regulatory sequence (for example, a promoter or enhancer) can be the
complete native regulatory sequence of the gene, a portion of the native regulatory
sequence, a chimeric construction of the native regulatory sequence, a combinatorial
construction of one or more native regulatory sequences, or a variant of the native

regulatory sequence obtained by, for example, deletion, addition or replacement of at least
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one nucleotide. A variant regulatory sequence can comprise modified nucleotides. The
derived sequence preferably demonstrates properties of control/regulation (e.g., increase) of

the expression of coding sequences operably linked thereto.

In another embodiment, the construct contains a plurality of adipose-specific
transcription regulating sequences (e.g. a plurality of enhancer elements) operably linked to
the nucleic acid sequence encoding the platelet-type 12-LO expression-inhibiting

oligonucleic acid.

In another embodiment, the construct contains at least one sequence selected from a
C/EBP binding site and an Spl binding site operably linked to the nucleic acid sequence
encoding the platelet-type 12-LO expression-inhibiting oligonucleic acid. Without wishing
to be bound by any theory or mechanism of action, an Spl site adjacent to both gene
promoter/enhancer C/EBP sites allows increased and more specific knockdown of Human
platelet-type 12-LO in the large-cell adipocytes mediated by the stimulatory C/EBP

transcription factor.

In another embodiment, the transcription regulating sequence is a novel
recombinant chimeric promoter/enhancer having a nucleic acid sequence as set forth in

SEQ ID NO: 8 (see also Figure 19), as follows:

GCTAGCAGCCGCCCGGCACGTCGCTACCCTGAGGGGCGGGGCGGGAGCTGGCGCTAGAAATG
CGCCGGGGCCTGCGGGGCAGTTGCGCAAGTTGTGATCGGGATCCACTAGTCCAGTGTGGTGG
AATTCTGCAGATATCCAGCACAGTGGCGGCCGCTCGAGTCTAGAAAGCTTTAAGAATTCAGG
GCCTTTTTAACTTGCCAAGCCCCACACCACTCCAGGAACTTCCCCACACCCCAGTTCTCAGA
ATTCATGTGCAAGGTCTTTCCTAAATCCAGGGTCCAGGTCAGAGAGTGGAGGATGTGCTCTA
TTTCTTACCTGATTGCAGACCCCTCTGACAGTGCTCCCTTCTGAAGCACTCACTGTCTGAAC
GTACACAGTCTCAGACTTAATCATGCACAGTGAGCAAGACTGTGGTGTGATAATTGGCGTCC
CTGACTTATTAGGGCAAATCTATGGGAGGGGGAGACCTCCTGGACCACTGAGCAATTAATTC
ATTTACATTAGGAAGTTTCTCCGTCAGATGCAGGAAAAAAATCTTGTTTTCCTGCTGTGGTT
TTGATTTTGCCCCATCTTCTGTTGCTGTTGTAGGAGGCAAAATAAGGGTCAAGGCCTGGAAA
CACAAGTGCTTTGACTGAAGCTCCACTTGGCTTCCGAAGCCCAAGCTGGGTTGTACCAGGTT
CCCTAGGGTGCAGGCTGTGGGCAACTGCCAGGGACATGTGCCTGCCCACCGGCCTCTGGCCC
TCACTGAGTTGGCCAATGGGAAATGACAATTGTGAGGTGGGGACTGCCTGCCCCCGTGAGTA
CCAGGCTGTTGAGGCTGGGCCACCTCCTCCTCACTTCCATTCTGACTGCAGTCTGTGGTTCT
GATTCCATACCAGAGG

In another embodiment, the transcription regulating sequence is a mnovel
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recombinant promoter/enhancer having a nucleic acid sequence as set forth in SEQ ID NO:

9 (see also Figures 18 and 25), as follows:

GCTAGCAGCCGCC CGGCACGTCECTACCCTGAGGEGCEGEGGCCGGAGCTGGCGCTAGAAATG
CGCCGGGGCCTGCGGGGCAGTTGCGCAAGTTGTGATCGGGATCCACTAGTCCAGTGTGGTGG
AATTCTGCAGATATCCAGCACAGTGGCGGCCGCTCGAGTCTAGAGCTAGCAGCCGCCCGGCA
CGT CGOTACCCTGAGEEGCEEGECGGGAGCTEGECECTAGAAATGCGCCGGEGCCTGCGGGGC
AGTTGCECAAGTTETGATCGCGGCCGCTATAAGAGGGGCGGECAGGCATGGAGCCCCGTAGGA
TCC

For example, in other embodiments the transcription regulating sequence is at least
60%, at least 70%, at least 80%, at least 90%, at least 92%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98% or at least 99% homologous to a sequence selected
from the group consisting of SEQ ID NOs: 4, and 7-9, retaining the ability to facilitate gene
expression specifically or preferentially in an adipose cell. Each possibility represents a

separate embodiment of the present invention.

In another embodiment, there are provided vectors comprising the constructs of the
invention. The invention thus provides a vector comprising a recombinant nucleic acid
construct for inhibiting or reducing the expression of platelet-type 12-LO specifically in an
adipose cell, the construct comprising at least one nucleic acid sequence encoding a
platelet-type 12-LO expression-inhibiting oligonucleic acid, wherein the nucleic acid
sequence is operably linked to at least one adipose-specific transcription regulating

sequence.

In some embodiments, such vectors may be used for delivering and expressing the
desired oligonucleic acid in the target cell, and/or for replicating the constructs of the
invention in vitro. In certain embodiments, vectors can be plasmid, viral, or others known
in the art, used for replication and expression in mammalian cells. Any type of plasmid,
cosmid, YAC or viral vector can be used to prepare the recombinant DNA construct that
can be introduced directly into the tissue site. Alternatively, viral vectors can be used which
selectively infect the desired tissue, advantageous also for administration by another route

(e.g., systematically).

The type of vector is selected according to the desired modulating oligonucleic acid
to be produced — e.g. for producing single-stranded or double-stranded RNA or DNA.

Suitable vectors for producing various expression-regulating oligonucleic acids are known
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in the art. For example, RNAi expression vectors (also referred to as a dsRNA-encoding
plasmid) are replicable nucleic acid constructs used to express (transcribe) RNA which
produces siRNA moieties in the cell in which the construct is expressed. Such vectors
include a transcriptional unit comprising an assembly of (1) genetic element(s) having a
regulatory role in gene expression, for example, promoters, operators, or enhancers,
operatively linked to (2) a "coding" sequence which is transcribed to produce a double-
stranded RNA (two RNA moieties that anneal in the cell to form an siRNA, or a single
hairpin RNA which can be processed to an siRNA), and (3) appropriate transcription

initiation and termination sequences.

In other embodiments, the invention contemplates host cells comprising these
vectors. Various suitable prokaryotic and eukaryotic host cells with suitable expression
vectors are known in the art, including, but not limited to animal cells (including

mammalian cells, e.g. human cells), bacterial cells, plant cells, yeast cells and insect cells.

In another embodiment, the invention provides vectors which selectively express
the desired oligonucleic acids in fat cells. For example, viral-based vectors may be used to
construct such suitable vectors for in vivo expression. In certain embodiments, suitable
viral-based vectors are those which are 1) safe for human use; 2) easy to use; 3) constructed
to express the desired inhibitor in human fat tissue; 4) not able to reproduce (replicate) in
the subject; 5) constructed to expresses the transgene strongly initially; and 6) having a
controlled life cycle in the subject. Suitable viral systems which can be used for
constructing the viral-based adipose-specific vectors of the invention are known in the art,
e.g. Gutless or mutant adeno-associated virus (AAV), adenovirus, retrovirus or lentivirus

vectors. In a particular embodiment, the vector is an AAV-based vector.

An exemplary viral vector for adipose-specific platelet-type 12-LO antisense
knockout is pAAVAdi-12LO-A (see Figure 17 and Example 9); exemplary plasmid vectors
for adipose-specific platelet-type 12-LO antisense knockout are pUCAdi-h12LoA-pA (see
Figures 16 and 18 and Example 3), pLepEnhAdipPr12LoA (Figure 21) pLeppl2LoA
(Figure 24) and pLepLepP12LoA (Figure 27). In yet another particular embodiment, the
vector is a retroviral vector, e.g. vectors based on the Molony Murine Leukemia Virus

(MoMLYV), which have been well characterized and used safely in humans.
Pharmaceutical compositions

In another aspect, the present invention provides pharmaceutical compositions
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comprising the constructs of the invention. Thus, the invention provides a pharmaceutical
composition comprising a recombinant nucleic acid construct comprising at least one
adipose-specific transcription regulating sequence operably linked to at least one nucleic
acid sequence, wherein the at least one nucleic acid sequence encodes an oligonucleic acid
comprising at least one sequence substantially complementary to at least a part of the
platelet-type lipoxygenase (platelet-type 12-LO) gene or transcript thereof, and wherein the
oligonucleic acid inhibits or reduces the expression of platelet-type 12-LO, and a

pharmaceutically acceptable carrier, excipient and/or diluent.

As used herein, a “pharmaceutical composition” refers to a preparation of one or
more of the active ingredients described herein, e.g. a construct encoding an antisense
molecule, an RNAi molecule or an enzymatic nucleic acid, with other components such as
physiologically suitable carriers and excipients. The purpose of a pharmaceutical

composition is to facilitate administration of a compound to a subject.

Hereinafter, the phrases "therapeutically acceptable carrier” and "pharmaceutically
acceptable carrier", which may be used interchangeably, refer to a carrier or a diluent that
does not cause significant irritation to an organism and does not abrogate the biological

activity and properties of the administered compound.

Herein, the term "excipient" refers to an inert substance added to a pharmaceutical
composition to further facilitate administration of an active ingredient. Examples, without
limitation, of excipients include calcium carbonate, calcium phosphate, various sugars and

types of starch, cellulose derivatives, gelatin, vegetable oils, and polyethylene glycols.

In another embodiment of the present invention, a therapeutic composition further
comprises a pharmaceutically acceptable carrier. As used herein, a “carrier” refers to any
substance suitable as a vehicle for delivering a nucleic acid molecule of the present
invention to a suitable in vivo or in vitro site. As such, carriers can act as a pharmaceutically
acceptable excipient of a therapeutic composition containing a nucleic acid molecule of the
present invention. Preferred carriers are capable of maintaining a nucleic acid molecule of
the present invention in a form that, upon arrival of the nucleic acid molecule to a cell, the
nucleic acid molecule is capable of entering the cell and being expressed by the cell.
Carriers of the present invention include: (1) excipients or formularies that transport, but do
not specifically target a nucleic acid molecule to a cell (referred to herein as non-targeting

carriers); and (2) excipients or formularies that deliver a nucleic acid molecule to a specific
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site in a subject or a specific cell (i.e., targeting carriers). Examples of non-targeting
carriers include, but are not limited to water, phosphate buffered saline, Ringer’s solution,
dextrose solution, serum-containing solutions, Hank’s solution, other aqueous
physiologically balanced solutions, oils, esters and glycols. Aqueous carriers can contain
suitable auxiliary substances required to approximate the physiological conditions of the

recipient, for example, by enhancing chemical stability and isotonicity.

Suitable auxiliary substances include, for example, sodium acetate, sodium chloride,
sodium lactate, potassium chloride, calcium chloride, and other substances used to produce
phosphate buffer, Tris buffer, and bicarbonate buffer. Auxiliary substances can also include
preservatives, such as thimerosal, m- and o-cresol, formalin and benzol alcohol. Preferred
auxiliary substances for aerosol delivery include surfactant substances non-toxic to a
subject, for example, esters or partial esters of fatty acids containing from about six to
about twenty-two carbon atoms. Examples of esters include, caproic, octanoic, lauric,
palmitic, stearic, linoleic, linolenic, olesteric, and oleic acids. Other carriers can include
metal particles (e.g., gold particles) for use with, for example, a biolistic gun through the
skin. Therapeutic compositions of the present invention can be sterilized by conventional

methods.

Targeting carriers are herein referred to as “delivery vehicles”. Delivery vehicles of
the present invention are capable of delivering a therapeutic composition of the present
invention to a target site in a subject. A “target site” refers to a site ina subject to which one
desires to deliver a therapeutic composition. Examples of delivery vehicles include, but are
not limited to, artificial and natural lipid-containing delivery vehicles. Natural lipid-
containing delivery vehicles include cells and cellular membranes. Artificial lipid-
containing delivery vehicles include liposomes and micelles. A delivery vehicle of the
present invention can be modified to target to a particular site in a subject, thereby targeting
and making use of a nucleic acid molecule of the present invention at that site. Suitable
modifications include manipulating the chemical formula of the lipid portion of the delivery
vehicle and/or introducing into the vehicle a compound capable of specifically targeting a
delivery vehicle to a preferred site, for example, a preferred cell type. Specifically targeting
refers to causing a delivery vehicle to bind to a particular cell by the interaction of the
compound in the vehicle to a molecule on the surface of the cell. Suitable targeting
compounds include ligands capable of selectively (i.e., specifically) binding another

molecule at a particular site. Examples of such ligands include antibodies, antigens,
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receptors and receptor ligands. For example, an antibody specific for an antigen found on
the surface of a target cell can be introduced to the outer surface of a liposome delivery
vehicle so as to target the delivery vehicle to the target cell. Manipulating the chemical
formula of the lipid portion of the delivery vehicle can modulate the extracellular or
intracellular targeting of the delivery vehicle. For example, a chemical can be added to the
lipid formula of a liposome that alters the charge of the lipid bilayer of the liposome so that

the liposome fuses with particular cells having particular charge characteristics.

In certain particular embodiments, a preferred delivery vehicle of the present
invention is a liposome. A liposome is capable of remaining stable in a subject for a
sufficient amount of time to deliver a nucleic acid molecule of the present invention to a
preferred site in the subject. A liposome of the present invention is preferably stable in the
subject into which it has been administered for at least about 30 minutes, more preferably

for at least about 1 hour and even more preferably for at least about 24 hours.

A liposome of the present invention comprises a lipid composition that is capable of
targeting a nucleic acid molecule of the present invention to a particular, or selected, site in
a subject. Preferably, the lipid composition of the liposome is capable of targeting to

adipose tissue.

Suitable liposomes for use with the present invention include any liposome.
Preferred liposomes of the present invention include those liposomes standardly used in, for
example, gene delivery methods known to those of skill in the art. In certain embodiments,
more preferred liposomes comprise liposomes having a polycationic lipid composition

and/or liposomes having a cholesterol backbone conjugated to polyethylene glycol.

Another preferred delivery vehicle comprises a recombinant virus particle. A
recombinant virus particle of the present invention includes a therapeutic composition of
the present invention, in which the recombinant molecules contained in the composition are
packaged in a viral coat that allows entrance of DNA into a cell so that the DNA is
expressed in the cell. A number of recombinant virus particles can be used, including, but
not limited to, those based on adenoviruses, adeno-associated viruses (AAV),

herpesviruses, lentivirus and retroviruses (e.g. MoMLYV).
Therapeutic use
In another aspect, the invention is directed to the use of a construct of the invention

for the preparation of a medicament. The present invention provides methods of
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treating a disease or condition associated with excess adipose tissue and use of a construct
comprising at least one nucleic acid sequence encoding a platelet-type 12-LO expression-
inhibiting oligonucleic acid, wherein the nucleic acid sequence is operably linked to an
adipose-specific transcription regulating sequence, to prepare a medicament useful in the

treatment of those diseases or conditions.

Accordingly, in one embodiment the invention relates to methods of treating,
preventing, reducing or ameliorating obesity in a subject, the methods comprising
administering to the subject an effective amount of an agent that reduces platelet-type 12-

LO expression or activity in adipose cells.

In another embodiment, the invention provides methods for treating, preventing or
ameliorating an obesity-associated condition or a symptom associated therewith in a subject
in need thereof, comprising administering to the subject an effective amount of a
therapeutic agent that reduces platelet-type 12-LO expression or activity selectively in

adipose cells.

In various particular embodiments, the condition includes, but is not limited to,
cardiovascular diseases, type 2 diabetes, hypertension, cancer (e.g. adrenal, pancreatic,

prostrate and gastric cancer), osteoarthritis and stroke.

In another embodiment, the invention provides a method for reducing fat cell mass
in a subject in need thereof, comprising administering to the subject an effective amount of
a therapeutic agent that reduces platelet-type 12-LO expression or activity selectively in fat

cells.

In another embodiment, the invention provides a method for inducing apoptosis
specifically in a cell selected from the group consisting of adipocytes and pre-adipocytes
comprising contacting the cell with a therapeutic agent which reduces platelet-type 12-LO
expression or activity. In another embodiment the therapeutic agent is administering to a
subject in need thereof in the form of a pharmaceutical composition such that said agent

does not substantially induce apoptosis in non-adipose cells.

In another aspect, the invention provides a method for inhibiting or reducing the
expression of platelet-type 12-LO in a cell selected from adipocytes and pre-adipocytes,
comprising contacting the cell with a therapeutic agent which reduces platelet-type 12-LO
expression or activity. In another embodiment the therapeutic agent is administering to a

subject in need thereof in the form of a pharmaceutical composition such that said
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compound does not substantially inhibit the expression of platelet-type 12-LO in non-
adipocyte cells.

Agents which reduce platelet-type 12-LO expression or activity include, in some
embodiments, antisense molecules, RNA interference (RNAi) molecules and enzymatic
nucleic acid molecules directed to platelet-type 12-LO, as detailed herein, and nucleic acid
constructs encoding same. Preferably, the agent is a recombinant nucleic acid construct
comprising at least one adipose-specific transcription regulating sequence operably linked
to at least one nucleic acid sequence, wherein the at least one nucleic acid sequence
encodes an oligonucleic acid comprising at least one sequence substantially complementary
to at least a part of the platelet-type lipoxygenase (platelet-type 12-LO) gene or transcript
thereof, and wherein the oligonucleic acid inhibits or reduces the expression of platelet-type
12-LO.

In another embodiment, said oligonucleic acid is selected from the group consisting
of: an antisense molecule, a RNA interference (RNAi) molecule and an enzymatic nucleic
acid molecule. In a particular embodiment, said oligonucleic acid is selected from small
interfering RNAs (siRNAs) and hairpin RNAs. In another particular embodiment, the
antisense molecule is selected from the group consisting of: a DNA antisense molecule; a
RNA antisense molecule; a triplex forming molecule; and analogs of a) or b) or ¢); wherein
the oligonucleic acid comprises a sequence substantially complementary to at least a part of
a platelet-type 12-LO transcript. In yet another particular embodiment, the antisense

molecule is an RNA antisense molecule.

In another embodiment, the oligonucleic acid comprises at least one sequence fully
complementary to a target sequence of about 20 to about 30 nucleotides of a platelet-type
12-LO transcript. In yet another embodiment, said oligonucleic acid comprises at least a
first sequence fully complementary to a first target sequence of about 20 to about 30
nucleotides of the platelet-type 12-LO transcript, and at least a second sequence fully
complementary to a second target sequence of about 20 to about 30 nucleotides of said

platelet-type 12-LO transcript .

In a particular embodiment, said oligonucleic acid has a nucleic acid sequence as set
forth in any one of SEQ ID NOS: 1, 2, and 3, and analogs and fragments thereof
comprising at least one sequence fully complementary to a target sequence of about 20 to

about 30 nucleotides of the platelet-type 12-LO transcript .
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Optionally, the adipose-specific transcription regulating sequence may be selected
from the group consisting of: adipocyte-specific promoters and enhancers; pre-adipocyte-
specific promoters and enhancers; and transcription regulating sequences which induce
expression in both adipocytes and pre-adipocytes. In another embodiment, said
transcription regulating sequence induces or enhances gene expression in large-cell

adipocytes.

In a particular embodiment, the construct contains at least one transcription
regulating sequence selected from: human adiponectin promoter, human adiponectin

enhancer, human leptin promoter, human leptin enhancer and combinations thereof.

For example, the transcription regulating sequence may have a nucleic acid

sequence as set forth in any one of SEQ ID NOS: 4 and 7.

In another embodiment, the construct contains a plurality of adipose-specific
transcription regulating sequences, e.g. it may contain at least one sequence selected from a
C/EBP binding site and an Sp1 binding site. Optionally and preferably, the construct may

contain at least one C/EBP binding site and at least one Sp1 binding site.

In another particular embodiment, the construct may contain one or more
recombinant or synthetic transcription regulating sequences, €.g. those indicated by any one
of SEQ ID NOS: 8 and 9.

In another embodiment, the construct is administered to the subject in the form of a
vector which expresses a platelet-type 12-LO expression-inhibiting oligonucleic acid in an
adipose target cell. In another embodiment, said vector expresses said oligonucleic acid in

large cell adipocytes.

In another embodiment, the construct is administered to the subject in the form of a
pharmaceutical composition further comprising a pharmaceutically acceptable carrier,

excipient or diluent.

In order to treat a subject with a disease, a pharmaceutical composition of the
present invention is administered to the subject in an effective manner such that the
composition is capable of treating that subject from disease. According to the present
invention, treatment of a disease refers to alleviating a disease and/or associated symptoms
and/or preventing the development of a secondary disease resulting from the occurrence of

a primary disease. An effective administration protocol (i.e., administering a
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pharmaceutical composition in an effective manner) comprises suitable dose parameters
and modes of administration that result in treatment of a disease. Effective dose parameters
and modes of administration can be determined using methods standard in the art for a
particular disease. Such methods include, for example, determination of survival rates, side

effects (i.e., toxicity) and progression or regression of disease.

In accordance with the present invention, a suitable single dose size is a dose that is
capable of treating a subject with disease when administered one or more times over a
suitable time period. For example, a suitable single dose size may induce a reduction in
excess fat cell mass in a subject in need thereof. Doses of a pharmaceutical composition of
the present invention suitable for use with direct inj ection techniques can be used by one of
skill in the art to determine appropriate single dose sizes for systemic administration based
on the size of a subject. For example, in some embodiments a suitable dose range of an
AAV-based vector comprising a construct of the invention is about 108-10°, preferably 10%-
10° CFU/human patient administered systemically, or about 10°-107 CFU/human patient

administered locally, e.g. by injection.

In various particular embodiments, the compositions of the invention are
administered locally to specific fat depots (e.g., local delivery to subcutaneous depots;
mesenteric intraarterial delivery to visceral fat) or systemically, depending on the chosen fat
pool. In various other particular embodiments, the pharmaceutical compositions of this
invention may be administered by a manner selected from: 1) systemically, e.g. through
intravenous, intra-arterial or subcutaneous injection, oral administration or inhalation or any
mucosal or other spray; 2) locally, e.g. through direct intra- or peri-tissue delivery through
injections, ointment or any other form of disposal; and 3) to specific fat depots e.g. the
visceral fat depot through intra-arterial injection (e.g., injection to the mesenteric
artery/arterial tree). In other particular embodiments, administration may be repeated as

necessary until desirable results are obtained.

For example, overweight or obese human subjects may receive a construct of the
invention systemically through intravenous, intramuscular or subcutaneous injections,
inhalations or the oral route. Additionally, for obese or viscerally obese individuals,
formerly obese/overweight subjects experiencing rapid re-accumulation of fat tissue or
weight gain, and type 2 diabetic patients with significant adiposity, regional administration

may also be beneficial. Such administration can be achieved through local inoculation of

45



10

15

20

25

30

WO 2008/053487 PCT/IL2007/001333
regional fat depots (subcutaneous at the abdominal girth, subscapular, gluteal etc.) through
the skin, during surgery directly to exposed fat depots, via laparoscopic techniques to
selected fat depots, or through intra-arterial injection using standard catheterization
methodology. Suitable administration regimes may readily be determined by the skilled

artisan.

In another embodiment, the invention provides a recombinant nucleic acid construct
comprising at least one adipose-specific transcription regulating sequence operably linked
to at least one nucleic acid sequence, wherein the at least one nucleic acid sequence
encodes an oligonucleic acid comprising at least one sequence substantially complementary
to at least a part of the platelet-type lipoxygenase (platelet-type 12-LO) gene or transcript
thereof, and wherein the oligonucleic acid inhibits or reduces the expression of platelet-type
12-LO, for reducing obesity in a subject in need thereof, for preventing or ameliorating an
obesity-associated condition or a symptom associated therewith, for reducing fat cell mass,
for inducing apoptosis specifically in a cell selected from the group consisting of
adipocytes and pre-adipocytes and/or for inhibiting or reducing the expression of platelet-

type 12-LO in a cell selected from adipocytes and pre-adipocytes, as detailed herein.

The following examples are presented in order to more fully illustrate some
embodiments of the invention. They should, in no way be construed, however, as limiting

the broad scope of the invention.

EXAMPLES

In the following Examples, the term “12-LO” refers to platelet-type 12-
lipoxygenase. The terms “12-HETE” and “12-HETES” are used interchangeably
throughout the Examples and Figures.

Materials and Methods

Tissue Culture:

The 3T3-L1 murine preadipocyte cell line was grown in 20% FBS in DMEM with
2omM Glutamine, penicillin (100U/ml), streptomycin (0.1mg/ml) and Amphotericin B
(25ug/ml). These cells are grown at 37°C and 5.5% CO, in a water-jacketed incubator.
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Cells were routinely passage upon reaching 80% confluence.

Human preadipocytes were derived from human subcutaneous fat, which was
harvested from operations for other purposes, such as gastric bypass. Two grams of fat
tissue was harvested for each preparation, which was then disrupted by collagenase (B3mg
collagenase/ml Hanks medium {Hanks Buffer, 1.5% BSA, 5mM Glucose, penicillin
(100U/ml), streptomycin (0.1mg/ml) and Amphotericin B (25ug/ml)}) 60 minutes with
gentle shaking 70rpm at 37°C. Following the collagenase treatment, the cells were washed
a number of times in PBS and plated in cell medium {DMEM/F12 HEME (1:1), 10% FBS,
2mM Glutamine, penicillin (100U/ml), streptomycin (0.lmg/ml) and Amphotericin B
(25pg/ml)}, which was replaced every 3 days (Prins et al., 1997b).

RNA Preparation:

Total RNA from human subcutaneous fat or preadipocyte cultures were extracted
with a mono-phasic solution of phenol and guanidine isothiocyanate (TRIZOL Reagent,

Gibco, USA), according to manufacturer’s instructions.

Oligonucleotide primers and probe for Polymerase Chain Reaction (PCR)

All oligonucleotides were synthesized by Sigma and were purified by HPLC. The
sequences of nucleotides, conditions for hybridization and elongation were as published
(Limor et al., 2001). The primer sequences are as follows: 5° Primer -
GATGATCTACCTCCAAATATG (SEQ ID NO: 10); 3’ Primer — CTGGCCCCAGARAGATCTG
(SEQ ID NO: 11).

PCR amplified cDNAs were analyzed on 2% E-gels (Invitrogen, Paisley, UK) and
photographed using the FUJI BIS202D CCD camera system (Fuji, Japan).

Plasmid DNA Preparation and Transfection into Eukaryotic Cells

Plasmids were introduced into E. coli (DH5a) using standard protocols (Limor ef
al., 1999, Sambrook ef al., 1989). Plasmids were purified using the Roche Plasmid Maxi
Kit (Roche; Mannheim, Germany). DNA concentrations were determined using standard

optical density measurements at 260nm.

Transient calcium phosphate transfections were carried as described (Weisinger et
al., 1988). Various other protocols were tested on the different preadipocyte cultures
including FuGene 6 (Roche; Mannheim, Germany), Lipofectamine 2000 (InVitrogen,
Paisley, UK), DOTAP (Biontex, Frankfurt Germany), Metafectene (Biontex, Frankfurt,

47



10

15

20

25

30

WO 2008/053487 PCT/IL2007/001333
Germany), Genefect (MoleculA, Sterling, VA, USA) and Magnetofectin (Chemicell

GmbH, Berlin, Germany). All reagents were optimized using the manufacturer’s

instructions, optimized conditions are mentioned for each experiment.

For the production of stable transfectants, the day after transfection 650ug/ml of
G418 (Sigma, St Louis Mo, USA) was added to the cultures for a period of 3 weeks, upon
when these levels were gradually reduced over the following week. 600pg/ml is enough
G418 to kill 100% 3T3-L1 cells over 2 weeks. Thus the levels used clearly distinguish
between cells that incorporated G418 resistance (within the expression plasmid used) into
their genomes and cells lacking this marker. A few passages after G418 release stable

populations should recover and fill the plate.

To prepare individual clones of cells, 1 ml aliquots (10-20 or as needed) from a full
plate of the stable population in question were put in one short row of 24 well plates. Then
each aliquot was serially diluted 1/10 (100ul cells + 900ul complete medium) 6 times each
along the plate. As most cells reach 10° to 10° cells/ml, then 6 1/10 dilutions should result
in the most dilute regrown well to be a result of 1-3 individual cells. Performance of this

protocol twice on the most dilute regrown well should result in purified clones.

Chloramphenicol Acetyl CoA (CAT) Assay

Forty-eight hours after transfection, cells were washed with PBS, scrapped into
1ml/100mm plate of 40mM Tris-HCI (7.4), ImM EDTA and 150mM NaCl. Cells were
then gently microfuged, 1,000 x g for 1 minute, the supernated replaced with 50pl of
250mM Tris-HC] (7.8) and resuspended by vortex. This suspension then underwent 3
cycles of freeze (-80°C, 5 minutes)-thawing (37°C, 5 minutes)-vortex, followed by
microcentrifugation (5 minutes, 12,000 x g). The supernatant after this spin was then

transferred to a fresh tube and used for further CAT analysis (Weisinger ef al., 1988).

Twenty microliters of CAT extract was mixed with 70pl of 1 M Tris-HCI (7.8),
39ul water and 1pl of [**C]-Chloramphenicol (0.1uCi) and incubated for 5 minutes at 37°C.
Then 20pul of 4mM acetyl CoA is mixed to each sample and the incubation is allowed to
proceed for another hour. The incubation was ended by adding 1ml of ethyl acetate, vortex
mixing the mix for 30 seconds and microcentrifugation for 30 seconds (12,000 x g). The
supernatant was then transferred to a fresh tube and dried in a vacuum dryer for 60 minutes.
The dry powder was then taken up into 20 pl of ethyl acetate and then spotted onto a plastic
backed silica gel TLC plate (Merck). The dry plate was then vertically resolved for 90
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minutes in 95 % chloroform: 5% methanol (v:v) in a pre-equilibrated chamber. The plate
was then removed and air-dried and exposed to Kodak XAR 8x10cm X-ray film
(Weisinger ef al., 1988).

Evaluation of Cell Death

Trypan Blue: Initially, in all cell cultures and treatments the amount of trypan blue
exclusion was used as an evaluation of cell viability. Cells were counted with and without

addition of a 1:1 (v:v) of cell volume to 0.4% trypan blue. Blue cells were counted as dead.

Lactate Dehydrogenase Release (LDH): Necrotic cells release their cytoplasmic
contents into the surrounding medium. In recent years the measurement of one such stable
enzyme, LDH, has become a standard laboratory marker of necrosis (Goeptar et al., 1994;
Moran et al., 1996). Cell cultures and treatments tested for LDH release had their
supernatants collected, centrifuged (1,100 x g, 5 minutes; to remove particulate debris) and
supernatants tested automatically in a centralized facility (in-house) by method of Moran
and Schnellmann (Moran et al., 1996), 1996. In each study a positive control for LDH
release was a 1/5000 dilution of triton X100 directly into the cell culture, for the period of

the bioassay. Negative control was medium without cells.

DNA Fragmentation (ELISA method): Apoptopic cells show hallmark random
DNA fragmentation between nucleosomes. The “Cell Death Detection ELISA” format by
Roche (Mannheim, Germany) was used in the following examples. Culture treatments and
controls were performed for the tested period and after counting the cells and washing them
twice with PBS, 250,000 cells/aliquot were prepared and stored dry at —180°C until assay.
Multiple replicates were usually prepared for assay together on the same day in the same
kit. Assay was carried out exactly as described by the manufacturer on 250,000

cells/aliquot.

Propidium Iodide (PI) with Anexin V staining: An early marker for apoptosis is
the “flip flop” of phosphotidylserine on the plasma membrane of the apoptopic cell. Anexin
V binds to phosphotidylserine (PS) in both apoptopic and necrotic cells. PI stains necrotic
cells and hence the combination of the two can distingish apoptopic cells. The Anexin-V-
FLUOS staining Kit (Roche; Mannheim Germany) was used for these studies. The staining
and the reading of slides and cultures were as described by the manufacturer. Transiently
transfected cells were stained 24 or 48 hours after transfection. Percentages of positively

stained cells were then used for comparison.
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Western Blot Analysis — Caspase 3 Expression: Caspase 3 is a member of the
family cysteine proteinases that are important in caspase induced apoptosis (Degterev et al.,
2003). In fact the activation of this effector caspase, caspase 3 from the procaspase form, is
a clear statement of induced apoptosis (Tong et al., 2002). Caspase 3 can be measured in a

number of ways, in the current examples western blot analysis was used.

Following different treatments cell culture protein extracts were prepared as
previously described (Limor ez al., 2001). Fifty pg of proteins were routinely applied to
each lane of 8-12% polyacramide premade Tris-Bis 1mm gels (NuPage, Invitrogen,
Paisley, UK), run in NuPage “SDS-MES” buffer for 45 minutes at 150 V, according to the
manufacturer’s suggestions. One lane in each gel included “Precision Plus prestained
molecular weight markers” (BioRad, Hercules, Ca, USA). Following the completion of the
electrophoresis, the 8x10cm gel underwent western transfer to Proteain nitrocellulose (NC)
(S&S, Germany) in NuPage transfer buffer with 10% methanol (30V, 90 minutes).
Following, western transfer the NC was blocked with 2% BSA in 20mM Tris-HCI (7.6),
137mM NaCl, 3.8ml 1M HCl and 0.1% Tween 20 (TBS-T); rinsed x2 briefly followed a 15
minute wash with TBS-T with gentle aggitation. The blocked blot was then incubated with
the polyclonal rabbit antiActive Caspase 3 antibody (BioVision; Mountain View, Ca, USA;
#3015-100), used at 1pg/ml of 1% BSA in TBS-T, for 60 minutes with gentle agitation.
The NC was then rinsed x2, followed by a 15 minute wash and then 2x 5 minute washes all
with TBS-T. Next the NC was incubated for an hour with 1/5000 dilution of goat
antiRabbit IgG-HRP (ECL, Amersham, Buckinghamshirem UK). Again the blot was
cleaned from nonspecific antibody interaction by 1 brief rinse, 1x 15 minute wash and 4x 5
minute washes all with TBS-T. The NC was then developed with the “ECL Plus” substrate
(ECL, Amersham, Buckinghamshirem UK) for the appropriate time and exposed to Kodak
XAR X-ray film.

Images were digitized with the CCD-camera/computer BIS202D (FUIJL; Fuji, Japan)
and the numbers extracted using the TINA2 software (FUJI; Fuji, Japan).

Statistics

Data is presentated as Mean + SEM. Statistical significance was assumed at p<0.05.
Student t-test or one-way analysis of variance parametric or nonparametric) followed by the

Newman—Keuls or Mann-Whitney post hoc analyses were used, as appropriate.
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Example 1. Presence of “Platelet-type” 12-Lipoxygenase in Fat Cells

To establish whether 12-lipoxygenase is expressed in both the murine preadipocytes
cell line 3T3-L1 cells and in human fat tissue, total RNA from murine 3T3-L1 preadipocyte
cell line (left panel) and primary human preadipocytes and adipocytes (right panel) was
prepared and subjected to PCR using primers for the appropriate species 12-lipoxygenase
(mouse or human). The cDNA products were resolved on 2% E-Gels and a typical example

is seen in Figure 1.

Replicate RNA preparations show that in both human and rodent preadipocytes and
human adipocytes, Platelet-type 12-Lo RNA is expressed. Interestingly it seems that there
may be slightly less expressed in mature human adipocytes than in preadipocytes, but this
should advantageously to be further quantitated with better quantitative methods. The
murine RNA samples clearly show the band for murine platelet-type 12-lipoxygenase, and
the human RNA samples show the band corresponding to the smooth muscle cell variant of

platelet-type 12-Lo (Limor ef al., 2001).

Example 2. Plasmids Constructed for the Constitutively expressed Antisense
knockout of “platelet-type” 12-Lipoxygenase and optimizing the Lipofection Reagent

A series of Calcium Phosphate transfections (Weisinger et al., 1988) were
performed on these cells in culture to determine which constitutive promoter/enhancer unit
would best function (of those tested) in the murine 3T3-L1 preadipocyte and human
primary cultured preadipocytes as well as adipocytes. The following promoter/enhancer
cassettes were tested in the context of the pCATBasic plasmid (Promega, Madison,
Wisconsin, USA): SV40, Raucher Sarcoma virus (RSV), CMV, Human proenkephalin
(ppEnk) and the Herpes Thymidine Kinase promoter/enhancer (Weisinger et al., 1988,
LaGamma ef al., 1993). The CMV promoter/enhancer was the most optimal of these 35
cassettes for fat cell expression. Consequently, two CMV driven 12L0 antisense knockout
plasmids (illustrated in Figure 2) were prepared as detailed below. The controls for the
ﬁfcure studies were either the parent pcDNA3.1(+) (Figure 2B) or pcDNACAT (also known
as pPCMVCAT) (Figure 2D).

pCMV5’mpl2Lo(Pstl)-A (Figure 2C)

The 5° Pst 1 murine platelet-type cDNA 12LO (mp12L0) 887bp fragment, SEQ ID
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NO: 2) was cloned into the Pst 1 site of pUC18 (Gibco BRL Life Technologies; Paisley,
UK). Then the 900 bp Hind III-HincII restriction fragment (with mp12Lo antisense with
respect to the Hind III site) was cloned into the Hind III, EcoRV precut, bacterial alkaline
phosphatase treated pcDNA3.1+ plasmid vector (Invitrogen; Paisley, UK). So the resultant
pCMV5° mpl12LO(Pstl)-A vector expresses the 5’mpl2LO sequence in the antisense
orientation with respect to the CMV promoter/enhancer. See Figure 2B for the pcDNA3.1+
vector map and Figure 2C for the pCMV5’mp12LO(Pstl)-A vector map (designated
therein “CMVmp12(Pst1)A”).

pcDNAh60012LoA (Figure 2A)

The EcoRI 605 bp human platelet form (smooth muscle variant) of 12O ¢cDNA
fragment, previously cloned and described by us (28) was cloned into the EcoRI site of the
pcDNA3.1+ expression vector. So the resultant pcDNAh60012LOA vector expresses the
605bp 12LO sequence in the antisense orientation with respect to the CMV
promoter/enhancer. See Figure 2B for the pcDNA3.1+ vector map and Figure 2A for the
pcDNAh60012LOA plasmid vector map.

Transfection Reagent

To find an appropriate transfection reagent that would allow maximal expression
with minimal method related cell death, 6 reagents were studied (using their manufacturers’
instructions) to measure CAT expression (Weisinger et al., 1988) as well as the percentage
of cells that excluded trypan blue (0.02% v/v). Trypan blue exclusion is a traditional
measure of cell viability. The results of this study are summarized in Table 1. As can be
seen from these data, murine preadipocyte cultures were most effectively transfected using
Fugene 6 (Roche, Mannheim, Germany) with a very high level of CAT expression
(86.71%) as well as no method -related cell death. Human preadipocyte cultures were not
transfectable using this same reagent. Unfortunately, the best results seen for the human
cultures were with Magnetofectin (using a 2:2 lipid:DNA ratio), which only showed
moderate to low expression (11.07%) with very significant method- related cell death
(95%). While changing the ratio to (10.67:2) vastly reduced method associated cell death to
40% of cells, it also reduced CAT expression to 8.55%. (see Table 1). As the antisense
knockout should induce fat cell death, a high background of method related cell death may
indicate that more reagents should be tested and/or a viral based expression system, as

demonstrated in Example 9, should be advantageous.
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Table 1 - Choosing the optimal lipofection reagent for transfection into murine
and human preadipocytes using the constitutively expressing pCMVCAT plasmid
vector. For each transfection protocol the level of cell death was determined by measuring

trypan blue exclusion. Additionally the % of CAT converted was determined as a measure

of transfection efficiency.

Cell Type Method Cell Death (%) % CAT Converted
3T3-L1 Fugene6 (3:3) 0 86.71
Human Fugene6 (3:3) 0 0
Preadipocytes

3T3-L1 Lipofectamine 2000 60 63.37

2.5:1)

Human Lipofectamine 2000 95 0
Preadipocytes (2.5:1)

Human DOTAP (16:2) 5 5.51
Preadipocytes

Human Metafectene 40 8.55
Preadipocytes (10.67:2)

Human Genefect 10 0
Preadipocytes

Human Magnetofectin (2:2) 95 11.07
Preadipocytes

Example 3. Antisense Knockout of 12-lipoxygenase in 3T3-L1 cells: Transient

Transfection

Cell Viability

3T3-L1 cells were subject to Fugene 6 lipofection under optimal conditions with the
two 12-Lo antisense knockout plasmids described in Example 2 and one control
(pcDNA3.1+ or pcDNA3.1CAT) plasmid. Two days after lipofection of the plasmids into
multiple replicates of the cultures trypan blue exclusion (viability) was measured. A typical
expetiment is shown in Figure 3, wherein the pCMV5’mp12Lo(Pst1)-A plasmid is
designated “pCMVmp”, the pcDNA60012LoA plasmid is designated “pCMV600a”, and
the pcDNA3.1CAT plasmid is designated “pCMVCAT”). As transient transfection
introduces the exogenous DNA into only a portion of the cells’ cytoplasm, and as these
plasmids are not autonomously replicating, any effect measured most probably represents a

much larger effect. The results shown in Figure 3 indicate that both 12Lo antisense
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knockout plasmids almost doubled the amount of dead cells 48 hours after transfection. As
can be seen in the figure, these results are very significant (IN>8: ANOVA p<0.0001). On
student Newman Keuls post hoc analysis of these data both antisense plasmids were
significantly different from the control cells (p<0.001). Both antisense knockout plasmids
gave similar results, which may be related to the fact that the human and murine “platelet-

type” 12-Lo sequences are highly conserved.

Anexin V- PI Apoptosis study

Having seen significant cell death over and above the controls, the type of cell death
was investigated. “Flip flop” of Anexin V on the plasma membrane of the cell is an early
marker of apoptosis. A fluorescent kit was used together with propidium iodide (PI) counter
staining to differentiate between apoptotic (seen only with green filter) versus necrotic cells
(Allen et al., 1997). Necrotic cells also stain with PI (seen with red filter) but not apoptotic
cells. Figures 4-6 present examples of these data with transiently transfected cells (as

above).

Figure 4 shows anexin V and PI stained transiently transfected 3T3-L1 cells; 24~
hour post transfection images using Fugene 6. The vector pCMVCAT was used as the
negative control, while the two 12Lo antisense knockout vectors were pCMVmp and
pCMV600a. In Figure 4, images presented are at a x100 magnification. Each field of vision
is shown with 3 filters; no filter, to show the total field of cells; green filter, shows both
apoptopic and necrotic cells; red filter, shows only necrotic cells. So cells that stain with the

green filter and not with the red filter are cells in apoptosis.

Figure 5 shows Anexin V and PI stained transiently transfected 3T3-L1 cells; 48-
hour post transfection images using Fugene 6. The vector pCMVCAT was used as the
negative control, while the two 12Lo antisense knockout vectors were pCMVmp and
pCMV600a. In Figure 5, images presented are at an x100 magnification. Each field of
vision is shown with 3 filters; no filter, to show the total field of cells; green filter, shows
both apoptopic and necrotic cells; red filter, shows only necrotic cells. So cells that stain
with the green filter and not with the red filter are cells in apoptosis. White arrows indicate

apoptotic cells.

Again any significant differences, marginal as they may be, with this transient
antisense knockout of 12-lipoxygenase may indicate that by other more extensive methods

these differences will be much greater. On tabulating the data for all of these transient
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Anexin V studies (see Figure 6), nonparametric ANOVA analysis indicated that with n>8,
p<0.005. On applying Dunn’s posthoc analysis it became clear that 24 hours after plasmid
transfection pCMV600a was already significantly different to the control plasmid
transfected cells (p<0.05). Although the other knockout plasmid was not yet significantly
different to the control cells, at 24 hours, the trend for this difference is already obvious
(see Figure 6). Transient transfections of these non-replicating plasmids reach their peak
effect before the cells restart replicating. Upon replication, plasmid-containing cells are
diluted as each plasmid molecule will go with only one of the dividing cells. Consequently,
it is not surprising that the Anexin V “flip flop” observed in these cells 24 hours after
transient transfection is diminished after 48 hours (Figure 6). In summary, these data
suggest that the cell death noted in 12-Lo antisense knockout 3T3-L1 cells, as detailed

above, may be apoptopic in nature.

Example 4. Antisense Knockout of 12-lipoxygenase in 3T3-L1 cells: Stable

Transfection: Population studies

Optimization

Following the successful identification of 12Lo antisense knockout induced
preadipocyte cell death using transient transfection, the more time consuming undertaking

of preparing stable 12Lo antisense knockout clones became more critical.

The Fugene6 protocol was then used again for preparation of 12Lo antisense
Kknockout and control clones together with the G418 selection marker as G418 resistance
was built in to the pCDNA3.1 plasmid (see Figure 2). It was herein determined that 600
ng/ml G418 killed 100% of 3T3-L1 cells over two weeks. So on transfection of cells and
selection with 650 pg/ml G418 over three weeks only those cells expressing strong
Tetracycline resistance would survive and grow. Following three weeks of selection G418

release was gradual over the next 1-2 weeks.

Stable Population

Figure 7 depicts basal 12Lo RNA expression of 12Lo stable antisense knockout
populations versus controls. Data is presented after normalization of 12Lo to B-actin RNA

levels.

Figure 8 presents basal cell death of 12Lo stable antisense knockout populations

versus controls. Cell death was measured by trypan blue staining of 3T3-L1 cells.
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Antisense Knockout of 12Lo showed significantly more cell death for both antisense

knockout plasmids compared to a pPCMVCAT transfected control population.

As can be seen in Figures 7 and 8, the 12Lo antisense knockout population for
plasmid pCMV600a (triangles) significantly shows halving of the expression of 12Lo RNA
and about double the cell death than control cells, respectively, (n=6, ANOVA p<0.05;
Student Newman Keuls posthoc p<0.001= ***), while the other 12Lo antisense knockout
plasmid population, mpl2Lo (circles; pCMV5°mpl2Lo(Pstl)-A, also designated
“pCMVmp”), exhibits much more cell death than the control cells (squares; “3T3-L1”, also
designated “Con”), but less then the population derived from pCMC600a.

Looking at the photomicrographs in Figure 9, one can see that while control cell

populations readily grow back to confluence, antisense knockout populations do not.

One hallmark of apoptosis is DNA fragmentation. In the current studies the Roche
(Mannheim, Germany) version of this assay was used in the format of an ELISA assay,
which measures released intact DNA/Histone-nucleosomes. The results are presented as
antisense knockout levels normalized to parallel control values. In the experiment shown in
Figure 10, populations of 3T3-L1 cells with either of the two 12Lo antisense knockout
plasmids (“mp” - pCMV5’mpl12Lo(Pst1)-A; “600a” - pcDNAK60012LoA) versus controls
(“Con”) were directly compared: cell death versus relative DNA fragmentation. What can
be learned is that while trypan blue exclusion measured cell death similar to the previous
experiment (compare Figure 8 to Figure 10), only the pCMV600a stably transfected
population showed a significant (p<0.001) near doubling of DNA fragmentation which was
similar to the increase in cell death measured in these cells. This suggests that more than
one mode of cell death may play a role in the antisense knockout of 12-lipoxygenase

induced cell death in adipocytes.

Example 5: Antisense Knockout of 12-lipoxygenase in 3T3-L1 cells: Stable

Transfection: Clonal Studies

Stable populations of 12Lo antisense knockout 3T3-L1 preadipocytes showing a
mean of 40-50% cell death probably represents many clonal variants of the exogenous
DNA inserted into different positions in the genome. Consequently, within the population
exist clones with near 100% cell death as well as other clones very resistant to death, as
well as the spectrum in between. Upon isolation of these various clones one can learn more

about this variation as well as better characterize the mode of cell death. To this end stable
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populations were processed through multiple dilution cloning procedures to isolate

individual clones.

Upon dilution cloning both pCMVmp and pCMV600a cells went into "total" or near
total cell death (Figure 11). 12-HETE is the “norma » product of the reaction of platelet-
type 12-lipoxygenase with arachidonic acid (Brash, 1999). If indeed the 12Lo protein is
essential to cell life, could the essential function it provides be the formation of its product
12-HETE? To test this, dilution cloning of the knockout clones in the presence of 12-HETE

(107 M) were also performed.

Typical results are presented in Figure 11, which demonstrates basal cell death of
12Lo stable antisense knockout of individual clones versus a control clone incubated with
(“Clone +12HETE”) and without (“Clone -12HETE”) added 12-HETE. “Source” indicates
the predilution-cloning transfected population. Images are at an x100 magnification. The
results show that for the most part the clones grown with 12-HETE showed much less cell
death (see Figure 11). This suggests that at least one of the necessary factors needed for

these antisense knockout clones to survive is the product of 12-lipoxygenase, 12-HETE.

Example 6: Antisense Knockout of 12-lipoxygenase in 3T3-L1 cells: Stable
Clones: Cell death and Apoptosis

Cell Death

Four clones derived from the pCMV600a (Clones 1, 9, 10, 11) population were
compared among themselves and to a clone derived from the control plasmid pCMVCAT

(clone 1) population when they were grown in the presence or absence of 10"M 12-HETE.

Figure 12 demonstrates cell death of 12Lo stable antisense knockout clones
(pCMV600a) versus control (pCMVCAT) with and without added 12-HETE. Clones were
derived using a dilution cloning protocol in the presence of (+) or absence of (-) 12-HETE.
Resultant clones cell death were then compared to each other and themselves in the
presence of (/) or absence of (XX) 12-HETE (n=3; ANOVA p<0.001; post hoc *=p<0.05).

Results are presented as % trypan blue exclusion (TB%).

When the effect of 12-HETE on cell survival was followed (Figure 12), 12-HETE
showed no effect on the pCMVCAT stably transfected 3T3-L1 cells. In contrast to this,
clearly the presence of added 12-HETE encouraged cell survival in the 12Lo antisense

knockout clones. As the presence of 12-HETE for both antisense knockout clones and the
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control clone showed approximately the same level of cell death it is apparent that 12-
HETE was enough to correct the reduced expression of the 12-lipoxygenase enzyme.
Additionally, when comparing the effect of 12-HETE on each of the 12Lo crippled
preadipocyte clones (see Figure 12), clear clonal variation in their responsiveness to 12-
HETE was observed. This indicates that the random insertion of the exogenous DNA may

play a role in the strength of the expression of the antisense knockout cDNA.

Apoptosis

To further validate the mechanism of cell death the Roche Cell Death kit was
applied as a measure of DNA fragmentation, which is a classic apoptopic hallmark. Again
the same control and pPCMV600a clones were grown in the presence or absence of 10'™™M
12-HETE, before cell harvest and preparation for assay. The same clones used in the
current study were those used in the cell death study, presented in Figure 12. Figure 13
shows the changes of relative DNA fragmentation with respect to the control cells for 4 of
the pCMV600a stable clones. The data in Figure 13 clearly show that these 12Lo antisense
knockout stable preadipocyte clones express various levels of DNA fragmentation. Levels
of DNA fragmentation range from nearly six fold more for clone 1 to almost 2 fold for
clone 10 over the control transfected cells. This suggests that an apoptotic mechanism is
killing the cells. To confirm this, another independent apoptopic test was investigated (see
below).

To see if the replacement of 12-HETE missing for the 12Lo reduced expressing cell
lines could “rescue” the cells from apparent apoptopic cell death, cells grown in the
presence and absence of 12-HETE were compared at the level of DNA fragmentation.
Figure 13 shows that indeed 10"M 12-HETE reduced the DNA fragmentation levels for
each of the affected clonal stable lines. Only clone 10 showed nearly “normal” (or control)
levels of DNA fragmentation on supplemented 12-HETE. This could indicate the need for
greater levels of 12-HETE for some of the cells or that another component could be

missing.

Caspase-associated apoptosis being a major form of apoptosis may be also playing a
role in the cell death described for these cells. For most cells and tissues the central
executioner caspase is caspase 3. The induction of this caspase in the stable cell lines
generated was measured. Cell extracts were prepared from some of the pCMV600a lines as

well as from control cells. Equal quantities of proteins from each of these extracts were
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separated by SDS polyacrylamide gel electrophoresis following by western analysis using
an active anti-Caspase 3 specific antibody. In Figure 14, results of one such experiment are

presented.

Figure 14 demonstrates Caspase 3 activation in 12Lo stable antisense knockout
clones (pCMV600a) versus controls by Western Analysis. The lettering above the western
image represent different clones: L1 = untransfected parent line (3T3-L1); CAT =
pCMVCAT clone; 1, 10 and 11 represent pCMV600a antisense knockout clones. In this
study the 17 kDa active caspase is vastly over-expressed in clone 1, marginally over
expressed for clone 10 and almost not expressed over baseline for clone 11. Interestingly,
clone 11 showed the lowest levels of cell death seen in Figure 12, while clone 1 showed
significant cell death over control cells. These data together with the DNA fragmentation
data above (Figure 13) make the apoptopic mode of cell death a stronger case. It seems
therefore that 12 lipoxygenase may be a cell survival factor (through possibly 12-HETE)

protecting cells from unnecessary apoptosis.

Example 7: Antisense Knockout of 12-lipoxygenase in 3T3-L1 cells: Stable
Clones: Cell death and Necrosis

Cell death can occur as a result of different processes: apoptosis, which is a very
programmed process, as well as other less programmed mechanisms such as necrosis. In
the necrosis cell pathway, plasma cell membranes tend to break relatively early in the
process, hence spilling out their cytoplasmic contents. In recent years, investigators have
been measuring the release of lactate dehydrogenase (LDH) from cells as a measure of
cellular necrosis. The contribution of necrosis in the cell death of the 12Lo reduced
expressing clones was thus examined by comparing LDH release from control and
pCMV600a 12Lo antisense knockout stable preadipocyte cell lines grown in the presence
or absence of 12-HETE. In Figure 15, typical data of such a study is presented. The positive
control, triton-X100 treated 3T3-L1 (Triton-L1) clearly shows what levels of LDH can be
expected, while the medium alone (Med) shows expected background levels. The data
clearly shows no evidence of necrosis in the cell lines and consequently no effect of 12-

HETE on cell necrosis.

Example 8: Construction of an adiponectin driven h-12Lipoxygenase antisense

knockout Plasmid Vector.

A number of peptides, including hormones, such as adiponectin, are exclusively
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expressed by adipocytes. Hence, the minimum promoter of adiponectin or any of the other
fat-specific proteins, may be useful to direct the antisense knockout of 12 lipoxygenase to
human fat cells. To examine this notion in cultured human and mouse preadipocytes as well

as adipocytes, a plasmid vector was prepared as illustrated in Figure 16.

As detailed above, the constitutively expressed CMV 12-Lo (600A and mpl2LoA)
smaller antisense knockout vectors effectively (to different degrees) induce apoptosis in
3T3-L1 cells. An adipose tissue specific near full length human 12-Lo antisense knockout

plasmid was created as the next step.

The minimum 717 bp Hind3 (-676)-BamHI (+41) human adiponectin
promotet/enhancer (Kita et al., 2005; SEQ ID NO: 4) was isolated and the BamHI end
(which left a 5> overhang) was specifically filled in with the Klenow fragment of E. coli
DNA polymerase. In parallel to this the ph12L0-183/pUC19 (Figure 16) was cut with the
two restriction enzymes, Stul and Hind3. This would also produce a linearized DNA
molecule with a flush end (Stul) as well as an open Hind3 end, complementary to the
adiponectin promoter/enhancer. These two fragments were then ligated together producing
the 5160 bp plasmid pUCAdi-h12LoA (see Figure 16) with the adiponectin
promoter/enhancer (designated “hAdipProm/Enh”) orientated in the antisense orientation to
the 12-Lo cDNA (designated “h12LocDNA”).

For stable expression of stable 12Lo antisense RNA, a eukaryotic poly-A addition
signal should be inserted at the end of the putative mRNA expression cassette. For this
purpose the 268 bp Pmel-Pvull bovine growth factor poly-A addition signal (designated
“BGH pA™) was isolated from the pcDNA3.1+ vector (Invitrogen, Paisley, UK) and
inserted into BamH1 cut and Klenow DNA Polymerase filled in pUCAdi-h12L0A,
described above (see Figure 16). As this poly-A addition signal functions in either
orientation the resulting 5428 bp plasmid pUCAdi-h12LoA-pA should efficiently produce
12-Lo antisense poly-A mRNA in adipocyte cells in culture following FuGene 6 (Roche,
Mannheim, Germany) lipofection (as we have described in an earlier example). This

expression should be limited to only adipocyte cells of human FAT origin.

The nucleic acid sequence of bovine growth hormone Poly A signal (SEQ ID NO:
6) is presented below:
GTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTETTGTTTGCCC
CTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATG
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AGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAG

GACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTAT
GGCTTCTCAGGCGGAAAGAACCAGCTG.

The nucleic acid sequence of the resulting plasmid, pUCAdi-h12LoA-pA (SEQ ID

5 NO: 5), is presented below:
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tcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtcaca
gcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttgg
cgggtgtcggggctggcttaactatgcggcatcagagcagattgtactgagagtgcaccata
tgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgccattcgcca
ttcaggctgcgcaactgttgggaagggcgatcggtgcgggcctcttcgctattacgccagct
ggcgaaagggggatgtgctgcaaggcgattaagttgggtaacgccagggttttcccagtcac
gacgttgtaaaacgacggccagtgaattcgagctcggtacccgggcagctggttctttccgc
ctcagaagccatagagcccaccgcatccccagcatgcctgctattgtcttcccaatcctccc
ccttgctgtcctgccccaccccaccccccagaatagaatgacacctactcagacaatgcgat
gcaatttcctcattttattaggaaaggacagtgggagtggcaccttccagggtcaaggaagg
cacgggggaggggcaaacaacagatggctggcaactagaaggcacagtcgaggctgatcagc
gggtttagcttggagatcctctagagtcgacctgcaggggggggggggggggggggggggcg
gctcccctcgcctaagctgctgggggnnnnnnnnnnnnnnnnrmnnnnnnnnnnnnnnnnnn
m’mnnnnnhnnﬂnnnnnnnnm'n'mn'rmhm'mnnm'mnrmrmnnnnnnnnnnnnnnnnnnnnn

T'mrmnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn‘nn‘nnnnnnnnnnnnnnnhnnnnnn
nnnnnncccgggaatcgcacaggacccggctcccctcgcctaagctgctggggggcgccatg
ggccgctaccgcatccgcgtggccaccggggcctggctcttctccgggtcgtacaaccgcgt
gcagctttggctggtcgggacgcgcggggaggcggagctggagctgcagctgcggccggcgc
ggggcgaggaggaggagtttgatcatgacgttgcagaggacttggggctcctgcagttcgtg
aggctgcgcaagcaccactggctggtggacgacgcgtggttctgcgaccgcatcacggtgca
gggccctggagcctgcgcggaggtggccttcccgtgctaccgctgggtgcagggcgaggaca
tcctgagcctgcccgagggcaccgcccgcctgccaggagacaatgctttggacatgttccag
aagcatcgagagaaggaactgaaagacagacagcagatctactgctgggccacctggaagga
agggttacccctgaccatcgctgcagaccgtaaggatgatctacctccaaatatgagattcc
atgaggagaagaggctggactttgaatggacactgaaggcaggggctctggagatggccctc
aaacgtgtttacaccctcctgagctcctggaactgcctagaagactttgatcagatcttctg
gggccagaagagtgccctggctgagaaggttcgccagtgctggcaggatgatgagttgttca
gctaccagttcctcaatggtgccaaccccatgctgttgagacgctcgacctctctgccctcc
aggctagtgctgccctcagggatggaagagcttcgggctcaactggagaaagaacttcagaa
tggttccctgtttgaagctgacttcatccttctggatggaattccagccaacgtgatccgag
gagagaagcaatacctggctgcccccctcgttatgctgaagatggagcccaatgggaagctg
cagcccatggtcatccagattcagcctcccaaccccagctctccaaccccaacactgttcct
gccctcagaccccccacttgcctggctcctggcaaagtcctgggtccgaaattcagatttcc
aactgcacgagatccagtatcacttgctgaacacgcacctggtggctgaggtcatcgctgtc
gccaccatgcggtgcctcccaggactgcaccccatcttcaagttcctgatcccccatatccg
ctacaccatggaaatcaacacccgggcccggacccaactcatctcagatggaggaatttttg
ataaggcagtgagcacaggtggagggggccatgtacagttgctccgtcgggcggcagctcag
ctgacctactgctccctctgtcctcctgacgacctggctgaccggggcctgctgggactccc
aggtgctctctatgcccatgatgctttacggctctgggagatcattgccaggtatgtggagg
ggatcgtccacctcttctaccaaagggatgacatagtgaagggggaccctgagctgcagatc
ctctggtatggaatcagaaccacagactgcagtcagaatggaagtgaggaggagatggccca
gcctcaacagcctggtactcacgggggcaggcagtccccacctcacaattgtcatttcccat
tggccaactcagtgagggccagaggccggtgggcaggcacatgtccctggcagttgcccaca
gcctgcaccctagggaacctggtacaacccagcttgggcttcggaagccaagtggagcttca
gtcaaagcacttgtgtttccaggccttgacccttattttgcctcctacaacagcaacagaag
atggggcaaaagtcaaaaccacagcaggaaaacaagatttttttcctgcatctgacggagaa
acttcctaatgtaaatgaattaattgctcagtggtccaggaggtctccccctcccatagatt
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tgccctaataagtcagggacgccaattatcacaccacagtcttgctcactgtgcatgattgt
ctgagactgtgtacgttcagacagtgagtgcttcagaagggaggactgtcagaggggtctgc
aatcaggtaagaaatagagcacatcctccactctctgacctggaccctggatttaggaaaga
ccttgcacatgaattctgagaactggggtgtggggaagttcctggagtggtgtggggcttgg
caagttaaaaaggccctgaattcttaaagcttggcgtaatcatggtcatagctgtttcctgt
gtgaaattgttatccgctcacaattccacacaacatacgagccggaagcataaagtgtaaag
cctggggtgcctaatgagtgagctaactcacattaattgcgttgcgctcactgcccgctttc
cagtcgggaaacctgtcgtgccagctgcattaatgaatcggccaacgcgcggggagaggcgg
tttgcgtattgggcgctcttccgcttcctcgctcactgactcgctgcgctcggtcgttcggc
tgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggat
aacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgc
gttgctggcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaa
gtcagaggtggcgaaacccgacaggactataaagataccaggcgtttccccctggaagctcc
ctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgtccgcctttctcccttc
gggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttc
gctccaagctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggt
aactatcgtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactgg
taacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggccta
actacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttc
ggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttt
tgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatctttt
ctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagatta
tcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaag
tatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcag
cgatctgtctatttcgttcatccatagttgcctgactccccgtcgtgtagataactacgata
cgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacgctcaccggc
tccagatttatcagcaataaaccagccagccggaagggccgagcgcagaagtggtcctgcaa
ctttatccgcctccatccagtctattaattgttgccgggaagctagagtaagtagttcgcca
gttaatagtttgcgcaacgttgttgccattgctacaggcatcgtggtgtcacgctcgtcgtt
tggtatggcttcattcagctccggttcccaacgatcaaggcgagttacatgatcccccatgt
tgtgcaaaaaagcggttagctccttcggtcctccgatcgttgtcagaagtaagttggccgca
gtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaag
atgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgac
cgagttgctcttgcccggcgtcaatacgggataataccgcgccacatagcagaactttaaaa
gtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttgag
atccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcacca
gcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgaca
cggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggtta
ttgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgc
gcacatttccccgaaaagtgccacctgacgtctaagaaaccattattatcatgacattaacc
tataaaaataggcgtatcacgaggccctttcgtc.

Example 9: Construction of an adiponectin driven h 12Lipoxygenase antisense
knockout Gutless AAV shuttle Vector as well as generated AAY virus.

To apply fat tissue specific induced apoptosis by antisense knockout of 12-
lipoxygenase to animal models and clinical use, a more effective in vivo methods of vector
transduction may be beneficial. Traditionally, viral infection has been recognized as an
effective mode of gene transduction. A number of viral gene infection systems have been

developed for experimental and more recently human therapeutic use. A “safe gutless”,
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highly efficient, non self-replicatable system allowing infection of human fat tissue, was

herein constructed.

A Gutless Adeno Associated Virus (AAV) would allow the high-efficiency gene
transfer necessary with increased safety over other viral-based systems. Recombinant
AAV?2 has a broad host range, infects both dividing and non-dividing cells and integrates
into the host cell for long-term stable expression (Kay et al., 2000; Nakai ef al., 2003). In
the current example, Stratagene’s (San Diego, Ca, USA) “AAV Helper-Free System” was
modified as detailed below. The shuttle vector in this system, pAAV-MCS (see Figure 17),
contains a CMV promoter/enhancer just 5° to the multiple cloning site (MCS), which is
followed by the bovine growth hormone (BGH) poly A addition signal (hGH Poly A”).

As any expression cassette placed into the MCS will be constitutively expressed in
most cell types, replacement of the CMV promoter/enhancer with an adipocyte specific
promoter/enhancer was performed. To this end, the 5160 bp plasmid pUCAdi-h12LoA
described in Example 8 (see Figure 16) was used. The Hind III restriction site at the 5’end
of the minimal human adiponectin promoter/enhancer was cut and the 5’overhang filled in
using the Klenow fragment of E. coli DNA polymerase. Subsequently following BamHI
digestion, a 1,787 bp hAdip-h12Lo antisense ¢cDNA was isolated and inserted into the
SnaB1, BamHI double digested pAAV-CMV AAV shuttle vector. The Flush SnaBl
restriction enzyme site is located within the CMV promoter/enhancer of pAAV-CMV and
hence the release of the 737 bp SnaBl-BamHI fragment from pAAV-CMV would
sufficiently destroy the CMV/enhancetr/promoter to allow the phAdip promoter to promote

adipocyte specific expression in the resultant AAV vector.

The resultant 6317 bp AAV shuitle vector,”pAAVAdi-12Lo-A” is then calcium
phosphate (Weisinger et al., 1988) cotransfected with pAAV-RC and pHelper plasmids into
the packaging HEK293 cell line. Both pAAV-RC and pHelper plasmids encode specific
AAV gene products necessary for inducing lytic phase and packaging virions. Replication
deficient, recombinant AAV virions are then collected from co-transfection lysates,
clarified and then used for transduction of target cells in culture and in vivo. Infection
conditions that are non-permissive for replication prompt the expression cassette to

integrate into the genome and establish stable expression.
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Example 10: Construction of Chimeric Leptin/Adiponectin

Promoter/Enhancer Vectors directed to the large cell inflammatory adipocyte, a

major culprit in human severe obesity.

Described herein is the preparation of a chimeric promoter/enhancer vector useful
for directing enhanced gene expression preferentially in large-cell adipocytes, and its CAT
and 12-Lo knockout expression vectors. The chimeric promotet/enhancer contains an
adiponectin promoter/enhancer sequence as well as a leptin enhancer (containing both Spl
and C/EBP binding sites), as detailed herein. The CAT expression vector serves as an
expression control vector in order to verify that the vector per se facilitates appropriate

expression in the target cells while not inducing cell death by itself.

The minimum 95 bp human leptin enhancer (“LeptEn”, synthesized with an
additional 3’ BamHI sequence) and the minimum 768 bp human adiponectin
promoter/enhancer (“HadiponectinProm™) are separately cloned into the polylinker of the
pcDNA3.1+ (Invitrogen) as illustrated in Figure 19, resulting in plasmids
pcDNA3. 1hleptinEn and pcDNA3.1hAdipPr, respectively. The resultant 157bp Nhel-Xbal
leptin enhancer fragment of pcDNA3.1hleptinEn is cloned into the Nhel site of the
pcDNA3.1hAdipPr plasmid and the vector with the correct orientation is selected and
designated pcDNA3.1LepEnhAdipPr (see Figure 19). The Xbal cut DNA would enter the
Nhel cut site but would no longer be cutable by either restriction enzyme. The resident
CMYV enhancer is removed by the deletion of the BglII-Nhel region of the resultant
pcDNA3.1LepEnhAdipPr plasmid (see Figure 19). Specifically, following Bglll and Nhel
restrictions, which produce 5° overhangs in the DNA, the 5’overhangs are filled in and the
ends re-ligated in sufficient dilution to prevent the reentry of the cutout fragment. The
chimeric Leptin/Adiponectin Promoter/Enhancer has the nucleic acid sequence as set forth
in SEQ ID NO: 8.

The resulting plasmid, designated “pLepEnhAdipPr” is then used to clone the
1100bp flush CAT cDNA into its unique flushed BamHI site in the sense orientation
(“pLepEnhAdipPrCAT”, Figure 20); or the 1505 bp flush human 12-Lipoxygenase
(“h12Lo”) cDNA in the antisense orientation with respect to the chimeric

promoter/enhancer (“pLepEnhAdipPri2LoA”, Figure 21).

The clones are examined in vifro as described in Examples 3-7. The resulting

chimeric leptin/adiponectin promoter/enhancer 12-Lo expression cassette is then cloned
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into the gutless AAV vector as described in Example 9 herein.

Example 11: Construction of Leptin Promoter/Enhancer Vectors directed to

the large cell inflammatory adipocyte, a major culprit in human severe obesity.

Described herein is the preparation of a Leptin promoter/enhancer vector and its
CAT and 12-Lo knockout expression vectors. The CAT expression vector serves as an
expression control vector in order to verify that the vector per se facilitates appropriate

expression in the target cells while not inducing cell death by itself.

The minimum 138 bp human leptin promoter/enhancer (“LepP”; SEQ ID NO: 7) is
synthesized with an additional 3’ BamHI sequence (GGATCC added for cloning
convenience) and cloned into the polylinker of the pcDNA3.1+ (Invitrogen) as illustrated in
Figure 22. The resident CMV enhancer is removed by the deletion of the BglII-Nhel region
of the resultant “pc31Lepp” plasmid (see Figure 22). Specifically, Bglll and Nhel
restrictions are performed, which produce 5° overhangs in the DNA. These 5’overhangs are
filled in and the ends re-ligated in sufficient dilution to prevent the reentry of the cutout
fragment. The resulting plasmid (“pLepp”) is then used to clone the 1100bp flush CAT
¢DNA into its unique flushed BamHI site in the sense orientation (“pLeppCAT”, Figure
23); or the 1505 bp flush human 12-Lipoxygenase (“h12Lo”") c¢DNA in the antisense
orientation with respect to the promoter/enhancer (“pLeppl12LoA”, Figure 24).

The clones are examined in vitro as described in Examples 3-7. The resulting leptin
enhancer/promoter 12-Lo expression cassette is then cloned into the gutless AAV vector as

described in Example 9 herein.

Example 12: Construction of a Double Leptin Enhancer Single Leptin
Promoter family of Vectors directed to the large cell inflammatory adipocyte, a major

culprit in human severe obesity.

Described herein is the preparation of a double leptin enhancer, single promoter
vector and its CAT and 12-Lo knockout expression plasmid vectors. It has been reported,
that Leptin gene expression and promoter activity is greatly increased as mature adipocytes
increase in size, as found in isolates for individuals with clinically significantly greater
BMIs (obese BMI >30). The vector contains a recombinant leptin promoter comprising a
leptin promoter/enhancer and an additional enhancer (containing both Spl and C/EBP
binding sites) sequence, and promotes enhanced expression in large cell adipocytes. The

CAT expression vector serves as an expression control vector in order to verify
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that the vector per se facilitates appropriate expression in the target cells while not inducing

cell death by itself.

The 157 bp Nhel-Xbal human leptin enhancer DNA fragment derived from plasmid
pcDNA3.1hLeptinEn (“LepEh”, see Example 10; Figure 19), is cloned into the Nhel site of
plasmid “pc31Lepp” (see Example 11; Figure 22) and selected for sense orientation, to
produce the “pc31LepLepp” plasmid (Figure 25). The resident CMV enhancer is removed
by the deletion of the BgllI-Nhel region of the resultant pc31LepLepP plasmid (see Figure
24). Specifically, Bglll and Nhel restrictions are performed, which produce 5’ overhangs in
the DNA. These 5’overhangs are filled in and the ends re-ligated in sufficient dilution to
prevent the reentry of the cutout fragment. The resulting plasmid (“pLepLepP”) is then
used to clone the 1100bp flush CAT cDNA into its unique flushed BamHI site in the sense
orientation (“pLepLepPCAT®, Figure 26); or the 1505 bp flush human 12-Lipoxygenase
(“h12Lo”) cDNA in the antisense orientation with respect to the chimeric

promoter/enhancer (“pLepLepP12LoA”, Figure 27).

The clones are examined in vitro as described in Examples 3-7. The resulting
double leptin enhancer, single promoter 12-Lo expression cassette is then cloned into the

gutless AAV vector as described in Example 9 herein.

Example 13: Animal Treatment Protocol.

For evaluating the in vivo efficiency and specificity of the viral vectors an animal

model is used, namely the “diet-induced obesity” mouse model.

C57BL/6] mice are used for the experiments. After weaning, mice are fed standard
chow diet (SCD; 4.5% wi/w fat [12% of kcal from fat], 0.02% w/w cholesterol) until the age
of 8 weeks. To induce obesity, mice are then switched to high-fat diet (HFD; 21% wiw fat
[41% of keal from fat], 0.15% w/w cholesterol) as of 8 weeks of age, and maintained on

this diet for 24 weeks.

A. Systemic administration

For the systemic in vivo inoculation procedures, the gutless adenoassociated viral
vectors containing the various platelet-type 12-LO-directed antisense constructs (Examples
9-12) 2 x 10° plaque-forming virus units (cfu’s) (AAV-anti12LO) or their respective

gutless adenoassociated virual control CAT vectors (AAV-CAT) are injected into the
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jugular vein of mice. Weight is monitored daily; total percent body fat is measured by dual-
energy X-ray absorptiometry (DEXA) using the PIXIMUS mouse densitometry apparatus
(Lunar Corporation, Madison, WI, USA). Mice are euthanized 7, 14 or 21 days following
inoculation, and fat tissue samples are collected for further analysis from the subcutaneous,
visceral and pericardial depots. Total body fat is assessed; tissue is then divided into three
pools: one for histological analysis, one for cell preparation and one for tissue gene and

protein expression assays.

Histological analysis

Histological assays are performed for assessing adipocyte size, apoptotic markers
and the amount of inflammatory cells (e.g., macrophages) in the tissue sample. Adipocyte
size is assessed using a computerized digital analysis. The presence of inflammatory cells is
assessed via immunohistochemistry using specific antibodies to the macrophage markers
CD68, MAC-1/CD11b, and F4/80, and the macrophage/adipocyte ratio is calculated. Fat
accumulation is quantified by oil red staining. CAT immunostaining is used as a control for
inoculation efficiency. Additionally, the expression of platelet-type 12LO is estimated
using specific anti- mouse platelet 12-LO antibodies, according to standard

immunohistochemistry protocols.

Cell preparation

In the cell preparation procedure, cells are isolated and fractionated into adipocytes
and stromal /vascular (S/V) cells by collagenase digestion, following initial mechanical
mincing. The resulting digest is filtered through a 250-pm chiffon mesh, and the floating
adipocytes separated from S/V cells pelleted by centrifugation at 500 x g for 5 min. The
size of fat cells is measured by direct microscopic determination, with the mean adipocyte

diameter calculated from measurements of 100 cells per depot site.

Further characterization of the harvested cells is then conducted by fluorescence-
activated cell sorting (FACS) analysis. To this end, cells are labeled with fluorescein
isothiocyanate- or phycoerythrin-conjugated anti-mouse CD68, MAC-1/CD11b, F4/80 S/V,
CD3, or CD11c antibodies (BD Pharmingen, San Diego, Calif) for inflammatory cells, or
anti-leptin antibodies for mature adipocytes. Analysis is performed by FACScan and using
the CellQuest software. Finally, flow cytometry is also used to examine cell cycle and the
relative adipocyte apoptotic population in mice treated by the AAV-12L0 or by the control
AAV-CAT vector.
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RNA and protein extraction

In fat tissue retained for gene and protein expression, tissue is separately extracted
for mRNA and protein. The extracts are used for determining the expression of 12-LO
mRNA and protein. In addition, mRNA "laddering" and a sandwich anti-histone /anti-DNA

immunoassays (ELISA, Roche) are assessed as apoptotic markers.

B. Local administration

For the assessment of local effects due to the AAV-based anti-12-LO treatment,
local subcutaneous infiltration with AAV-anti-LO or AAV-CAT (at either 10° or 107 cfu/fat
tissue), for subcutaneous fat, or intra-omental infiltrations under direct visualization during
surgical laparotomy, are performed. Tissue and cell analysis at the time intervals indicated
above are carried out as specified for the studies in animals receiving the systemic

treatment.
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The foregoing description of the specific embodiments will so fully reveal the
general nature of the invention that others can, by applying current knowledge, readily
modify and/or adapt for various applications such specific embodiments without undue
experimentation and without departing from the generic concept, and, therefore, such
adaptations and modifications should and are intended to be comprehended within the
meaning and range of equivalents of the disclosed embodiments. It is to be understood that
the phraseology or terminology employed herein is for the purpose of description and not of
limitation. The means, materials, and steps for carrying out various disclosed functions

may take a variety of alternative forms without departing from the invention.

70




10

15

20

25

30

WO 2008/053487

PCT/IL2007/001333
CLAIMS

A recombinant nucleic acid construct comprising at least one adipose-specific
transcription regulating sequence operably linked to at least one nucleic acid
sequence, wherein the at least one nucleic acid sequence encodes an oligonucleic
acid comprising at least one sequence substantially complementary to at least a part
of the platelet-type lipoxygenase (platelet-type 12-LO) gene or transcript thereof,
and wherein the oligonucleic acid inhibits or reduces the expression of platelet-type
12-LO.

The construct of claim 2, wherein said oligonucleic acid is selected from the group
consisting of: an antisense molecule, a RNA interference (RNAi) molecule and an

enzymatic nucleic acid molecule.

The construct of claim 2, wherein said oligonucleic acid is selected from, RNA
antisense molecules, DNA antisense molecules, triplex forming molecules, small

interfering RNAs (siRNAs), hairpin RNAs and analogs thereof.
The construct of claim 2, wherein the oligonucleic acid is an antisense molecule.

The construct of claim 4, wherein the antisense molecule is substantially

complementary to a platelet-type 12-LO transcript.

The construct of claim 4 wherein the antisense molecule comprises at least one
sequence fully complementary to a target sequence of about 20 to about 30

nucleotides of a platelet-type 12-LO transcript.

The construct of claim 6 wherein said antisense molecule comprises at least a first
sequence fully complementary to a first target sequence of about 20 to about 30
nucleotides of the platelet-type 12-LO transcript, and at least a second sequence
fully complementary to a second target sequence of about 20 to about 30

nucleotides of said platelet-type 12-LO transcript.

The construct of claim 4, wherein said antisense molecule has a nucleic acid
sequence as set forth in any one of SEQ ID NOS: 1, 2, and 3, and analogs and
fragments thereof comprising at least one sequence fully complementary to a target

sequence of about 20 to about 30 nucleotides of the platelet-type 12-LO transcript.

The construct of claim 1, wherein the adipose-specific transcription regulating

sequence is selected from the group consisting of: adipocyte-specific promoters,
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adipocyte-specific enhancers, pre-adipocyte-specific promoters, pre-adipocyte-
specific enhancers, and transcription regulating sequences that induce expression in

both adipocytes and pre-adipocytes.

The construct of claim 1, wherein said transcription regulating sequence induces or

enhances gene expression in large-cell adipocytes.

The construct of claim 9, containing at least one transcription regulating sequence
selected from: human leptin promoter, human leptin enhancer, human adiponectin

promoter, human adiponectin enhancer, and combinations thereof.

The construct of claim 11, wherein the transcription regulating sequence has a

nucleic acid sequence as set forth in any one of SEQ ID NOS: 7 and 4.

The construct of claim 1, containing a plurality of adipose-specific transcription

regulating sequences.

The construct of claim 1, wherein the adipose-specific transcription regulating

sequences is a recombinant adipose-specific transcription regulating sequence.

The construct of claim 14, containing at least one sequence selected from a C/EBP

binding site and an Sp1 binding site.

The construct of claim 15, containing at least one C/EBP binding site and at least

one Spl binding site.

The construct of claim 15, wherein the transcription regulating sequence is a
recombinant chimeric promoter and enhancer having a nucleic acid sequence as set

forth in SEQ ID NO: 8.

The construct of claim 15, wherein the transcription regulating sequence is a
recombinant promoter and enhancer having a nucleic acid sequence as set forth in

SEQ ID NO: 9.

A vector comprising the construct of claim 1.

The vector of claim 19 being a viral-based vector.

The vector of claim 20 being an adeno-associated viral-based vector.
A vector comprising the construct according to any one of claims 2-18.

A host cell comprising the vector of claim 19.
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A pharmaceutical composition comprising the construct according to any one of

claims 1-18 and a pharmaceutically acceptable carrier, excipient or diluent.
The composition of claim 24, wherein the carrier is a liposome.
The composition of claim 24, wherein the carrier is a recombinant virus particle.

A pharmaceutical composition comprising the vector of claim 19 and a

pharmaceutically acceptable carrier, excipient or diluent.

A method for reducing obesity in a subject in need thereof, comprising
administering to the subject an effective amount of a therapeutic agent which

reduces platelet-type 12-LO expression or activity selectively in fat cells.

The method of claim 21, wherein the therapeutic agent comprises a construct

according to any one of claims 1-18.

A method for preventing or ameliorating an obesity-associated condition or a
symptom associated therewith in a subject in need thereof, comprising
administering to the subject an effective amount of a therapeutic agent which

reduces platelet-type 12-LO expression or activity selectively in fat cells.

The method of claim 30, wherein the obesity-associated condition is selected from
the group consisting of: cardiovascular diseases, type 2 diabetes, hypertension,

cancer, osteoarthritis and stroke.

The method of claim 30, wherein the therapeutic agent comprises a construct

according to any one of claims 1-18.

A method for reducing fat cell mass in a subject in need thereof, comprising
administering to the subject an effective amount of a therapeutic agent which

reduces platelet-type 12-LO expression or activity selectively in fat cells.

The method of claim 33, wherein the therapeutic agent comprises a construct

according to any one of claims 1-18.

A method for inducing apoptosis specifically in a cell selected from the group
consisting of adipocytes and pre-adipocytes comprising contacting the cell with a

therapeutic agent which reduces platelet-type 12-LO expression or activity.

The method of claim 35, wherein the therapeutic agent is administered to a subject

in need thereof in the form of a pharmaceutical composition such that said agent
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does not substantially induce apoptosis in non-adipose cells.

The method of claim 35, wherein the therapeutic agent comprises a construct

according to any one of claims 1-18.

A method for inhibiting or reducing the expression of platelet-type 12-LO in a cell
selected from adipocytes and pre-adipocytes, comprising contacting the cell with a
therapeutic agent which reduces platelet-type 12-LO expression or activity, the

therapeutic agent comprising a construct according to any one of claims 1-18.

The method according to any one of claims 29, 31, 34, 36 and 38, wherein the
construct is administered to the subject in the form of a vector which expresses a
platelet-type 12-LO expression-inhibiting oligonucleic acid in an adipose target

cell.

The method according to claim 39, wherein said vector expresses said oligonucleic

acid in large cell adipocytes.

The method according to any one of claims 29, 31, 34, 36 and 38, wherein the
construct is administered to the subject in the form of a pharmaceutical composition

further comprising a pharmaceutically acceptable carrier, excipient or diluent.

The method according to any one of claims 29, 31, 34, 36 and 38, wherein the
construct is administered locally to specific fat depots.

The method according to any one of claims 29, 31, 34, 36 and 38, wherein the

construct is administered systemically.

Use of a recombinant construct according to claim 1 for the preparation of a

medicament.

The use of claim 44, for the preparation of a medicament for reducing obesity in a
subject in need thereof, for preventing or ameliorating an obesity-associated
condition or a symptom associated therewith, for reducing fat cell mass, for
inducing apoptosis specifically in a cell selected from the group consisting of
adipocytes and pre-adipocytes and/or for inhibiting or reducing the expression of

platelet-type 12-LO in a cell selected from adipocytes and pre-adipocytes.

A recombinant promoter having a nucleic acid sequence as set forth in any one of

SEQ ID NOS: 8 and 9.
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