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Abstract: The principle of antisense technologies is based on the specific inhibition of unwanted gene
expression by blocking mRNA activity. It has long appeared to be an ideal strategy to leverage new genomic
knowledge for drug discovery and development. During the past 20 years the teclmology associated with the
development of antisense has improved dramatically and emerging chemistries have made antisense
oligonucleotides into powerful and versatile tools to study the function of proteins in living cells. Tn recent
years, antisense technologies have been widely used as potent and promising tools for this purpose. There is
a rapid increase in the mumber of antisense molecules progressing m clinical trials. Antisense technologies
provide a simple and efficient approach for drug discovery and development and are expected to become a

reality in the near future.
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INTRODUCTION

Antisense agents are medicines that interfere with the
commumnication process that tells a cell to produce an
unwanted protein. Protemns play a central role in almost
every aspect of human metabolism. Almost all human
diseases are the result of inappropriate protein production
or disordered protein performance (Chan et al., 2006).
Traditional drugs are designed to interact with protein
molecules throughout the body that support or cause
diseases but antisense drugs are designed to intubit the
production of disease-causing proteins by binding to the
blueprint of a protein and specifically preventing its
conversion into a pathogenic factor for example that
causes an uncontrolled tumor growth (Aboul-Fadl, 2006).
They can be designed to treat a wide range of diseases
including infectious, inflammatory, cancer, cardiovascular
diseases and have the potential to be more selective, as a
result, more effective and less toxic than traditional drugs.
In contrast to gene therapy antisense drugs do not alter
human genes or have any effect on human genetic
information. Therapeutic applications of antisense
techniques are currently under investigation in many
different fields (Galderisi et @l., 1999). The first antisense
drug Fomiversen, for the treatment of cytomegalovirus
retinitis in AIDS patients, was approved in 1998
(Calvez et al, 2004, Van Aerschot, 2006). The use of

antisense agents as therapeutic agents has generated
considerable enthusiasm in the research and medical
commurity. The last few years have seen a rapid increase
1in the number of antisense molecules progressing phase
I, II and III clinical trials (Aboul-Fadl, 2005). ISIS
Pharmaceuticals is the leader with 11 phase T, 7 phase T
and 3 phase TIT trials. Genta is active with Genasense, an
antisense to Bel 2 for antitumor cell treatment 1s in phase
III. AVI Biopharm has a third generation antisense
oligonucleotide platform and around this it is testing 4
phase I, 5 phase II and 2 phase 111 trials. Hybridon has
conducted 2 phase I and has two phase 2 trials planned
(Phullips, 2004). This review outlines the basic concept of
the antisense technology, its development and recent
potential therapeutic applications.

MOLECULAR MECHANISM OF ANTISENSE
AGENTS
Mostly  antisense  agents are synthetic,
single-stranded short sequences of DNA bases designed
to hybridize to specific sequences of mRNA forming a
duplex. This DNA-RNA coupling attracts an endogenous
nuclease, RNase H which destroys the bound RINA and
frees the DNA antisense to rehybridize with another copy
of mMRNA (Crooke, 1998). In this way, the effect is not only

highly specific but prolonged because of the recycling of
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the antisense DNA sequence. The general mechanism for
inhibition of synthesis of protein molecule is given in
Fig. 1.

The reduction n mRNA reduces the total amount of
protein specified by mRNA. Tt is also theorized that
hybridization sterically prevents
translating the message of the mRNA mto protein.
Therefore, there are at least two ways m which
antisenses can work effectively to reduce the amount of
protein being elaborated: RNase H based degradation of
RNA (eg., phosphodiester, phosphorothicate) and
hindering of r1ibosomal assembly and translation
(e.g., peptide nucleic acids, morpholine cligonucleotides)
(Bennett and Swayze, 2009; Dryselius et al, 2003,
Maguire, 2009).

ribosomes  from

ANTISENSE AGENTS

There are some major classes of antisense agents:
antisense sequences, commonly
Oligonucleotides  (ASONs);, ribozymes
Interference (RNAI).

called Antisense
and RNA

Antisense oligonucleotides: Antisense oligonucleotides
as therapeutic agents were proposed by Zamecnik and
Stephenson, 1978. Nonetheless, it has taken almost a
quarter of a century for this potential to be realized. A
mimmum length for antisense oligonucleotides 1n order to
get specific binding is 11 bases but most being tested are
in the 15-25 base range. Synthetic oligonucleotides are
foreign to the cells mto which they are intreduced and
they immediately become prey for endogenous nucleases.
It synthetic oligonucleotides were to attain the level of
persistence in the cell that would be needed for them to
accomplish their tasks, they would have to be protected
from those endogenous nucleases. In order to meet all
these requirements it i3 necessary for normal
oligonucleotides (Fig. 2a) to be chemically modified in a
suitable mamer. There are three possible sites on a
nucleotide where protective modifications could be
introduced (Kurreck, 2003). In both DNA and RNA
nucleotides the base can be altered or changes can be
effected m the phosphate backbone. In RNA nucleotides
the 2' hydroxyl group which 15 missng m DNA
nuclectides, can also be modified. The “trick” involved in
protective modifications of nucleotides is to introduce an
alteration that 1s protective against nuclease degradation
that does not, at the same time, eliminate the desired effect
of the oligonucleotide sequence by  blocking
complementary hybridization or harming the cell.
According to their generations they have been
categorized into three types.
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Fig. 2: General structures of first generation antisense
oligonucleotides

First generation antisense-oligonucleotides: The first
generation of antisense agents contains backbone
modifications such as replacement of oxygen atom of
the phosphate linkage by sulfur (phosphorothioates)
(Fig. 2b), methyl group (methylphosphonates) (Fig. 2¢) or
amines (phosphoramidates) (Fig. 2d). Of these, the
phosphorothicates have been the most successful and
used for gene silencing because of their sufficient
resistance to nucleases and ability to induce RNase H
functions (Campbell et af., 1990, Zon, 1995).
Phosphorohioate oligonucleotides were first synthesized
in the 1960s by Eckstein and colleagues and were first
used as Antisense-oligonucleotides (ASONs) for the
inhibition of HIV replication by Matsukura and coworkers
(Matsukura et al,, 1987). However, their profiles of
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binding affinity to the target sequences, specificity and
cellular uptake are less satisfactory (Chen et al., 2005).

Second generation antisense-oligonucleotides: The
problems associated with phosphorothicate
oligodeoxynucleotides are to some degree solved in
second  generation  oligonucleotides  contaiung
nucleotides with alkyl modifications at the 2' position of
the ribose. 2'-O-methyl and 2'-O-methoxyethyl RNA are
the most important members of this class. 2'-0O-methyl and
2'-O-methoxyethyl derivatives can be further combined
with phosphorothioate linkage (Fig. 3) (Manoharan, 1999).
Antisense oligonucleotides made of these building blocks
are less toxic than phosphorothioate ASONs and have a
slightly enhanced affinity towards their complementary
RNAs. Questions regarding its efficiency to induce
RNase H cleavage of the target RNA are the matter to
concern regarding this generation
oligonucleotides. Since RNase H cleavage s the most

second

desirable mechamsm for antisense effect and since
2-O-alkyl modifications are desirable for nuclease
hybrid  oligonucleotide
mcorporating both characteristics has appeared in the

resistance, a construct
form of the “gapmer™ antisense oligonucleotide. A gapmer
contains a central block of deoxynucleotides sufficient to
induce Rnase H cleavage flanked by blocks of
2'-O-methy] modified mbonucleotides that protect the
mternal block from nuclease degradation (Moma et al,
1993).

Third generation antisense-oligonucleotides: A variety
of nucleic acid analogs have been developed that display
increased thermal stabilities when hybridized to with
complementary DNAs or RNAs as compared to
unmodified DNA:DNA and DNA:RNA duplexes. These
are the third generation antisense oligonucleotide
modifications. The third generation contains structural
elements, oligonucleotides
(possessing both positive and negative charges in the
molecule); Peptide Nucleic Acids (PNAs) (with a

such as zwitterionic
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pseudopeptide backbone) (Fig. 4a), Locked Nucleic Acids
(LNAsYBridged Nucleic Acids (BNAs) (Fig. 4b), Hexitol
Nucleic Acids (HNA) (Fig. 4¢) and Morphelmo
oligonucleotides (Fig. 4d) (Hyrup and Nielson, 1996;
Elayadi and Corey, 2001; Declercq et al., 2002). PNAs are
dramatic alterations in which the sugar phosphate
backbone 1s replaced completely by polyamide linkages.
While these constructs afford increased stability and
favorable hybridization kinetics, they suffer from being
unavailable to the RNase H cleavage mechanism,
and delivery difficulties
(Pensato et al, 2007). The newest and most promising
third generation modification 1s the Locked Nucleic Acids
(LNAs). LNAs nucleotides are a class of nucleic acid
analogues in which the ribose ring 15 “locked” by a
methylene bridge connecting the 2'-O atom and the 4'-C
atom. LNAs were immediately seen to display remarkably

problematic  solubilities

increased thermodynamic stability and enhanced nucleic
acid recognition. LNAs has been proven to be a powerful
tool in many molecular biological applications in which
standard DNA  oligonucleotides or RNA  riboprobes
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Fig. 3: General structures of second generation Antisense
oligonucleotides (2'-O-alkyl substituted
phosphorothioate oligonucleotides)
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do not show sufficient affinity or specificity (Veedu and
Wengel, 2009, Stein et al., 2010). In the Hexitol Nucleic
Acids (HNAs) the furanose sugar moiety of an
ASON 1s replaced by a six-membered hexitol component
(De Bouvere et al, 1997). The replacement of the
conformationally flexible deoxyribose by the restricted
anhydrohexitol ring results in a structural preorgamzation
of HNA to form A-type helices. They showed sigmficant
increase in binding affinity towards complementary RNA
(approximately 3°C per modification). Tn addition, the
HNAs were found to be stable against enzymatic
degradation (Kolb et af., 2005, D’ Alonzo et al., 2009).
However, antisense effect of these modifications can be
attributed only to the steric blocking of target mRNA, as
they do not activate RNase H (Hendrix et al.,, 1997). In the
Morpholine oligonucleotides (MFs) the ribose 1s replaced
by a morpholine meiety and phosphorodiamidate linkages
are used (Abramova et al., 2009). Similar to the PNAs,
these modifications do not activate RNase H and can be
used only as steric blockers to inhibit gene expression in
biological system. They are stable against nucleases and
have similar target affinity to that of the isosequential
unmodified ASONs. Because backbone m MFs 1s
uncharged they are unlikely to have unwanted
interactions with proteins but on the other hand it affects
their cellular uptake (Amantana and Iversen, 2005,
Iversen et al., 2009).

RIBOZYMES

Ribozymes are RNA enzymes that were first described
in Tetrahymena thermophilia by Cech et al. (1981). They
are catalytic RNAs which cleave covalent bonds in a
target RNA. The catalytic site is the result of the
conformation adopted by the RNA-RNA complex in the
presence of divalent cations. Ribozymes are true catalysts
and can carry out RNA slicing by transesterification
(splicesome) and peptidyl tramsfer (in ribosomes)
(Doudna and Lorsch, 2005). These molecules, with even
greater potential advantages than antisense
oligodeoxynucleotides, are able to bind specifically and
cleave an mRNA substrate. There are advantages of using
ribozymes instead of antisense oligodeoxynucleotides.
Ribozymes can inactivate the target RNA without relying
on the host cell's machinery and they have the capacity to
cleave more than one copy of the target RNA by
dissociating from the cleavage products and binding to
another target molecule. There are multiple types of
ribozymes; the two most commonly used for research and
therapeutic purposes are the hammerhead ribozyme and
the hairpin rbozyme (Fedor and Westhof, 2002;
Bevilacqua and Yajima, 2006). Most of the studies
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performed to date have described the use of ribozymes as
therapeutic agents for wviral and cancer diseases
(Khan, 2006; Spizzo et al., 2009). However, some dominant
genetic disorders may also benefit from this approach.
This is the case for some connective tissue disorders
such as osteogenesis mnperfecta, marfan syndrome and
the cramosynostotic syndromes (Wood et al, 2007). A
greater understanding of how ribozymes work and the
methods to optimize thewr function will enhance their
attractiveness as potential therapeutic agents.

RNA INTERFERENCE

Only recently, research in the antisense field
increased 1n impact by the discovery of RNA mterference
(RNAi) (Downward, 2004). This naturally occurring
phenomenon as a potent sequence specific mechanism for
post-transcriptional gene silencing was first described for
the nematode worm Caenorhabditis elegans (Fire et af.,
1998). RNA interference is initiated by long
double-stranded RNA molecules (dsRNA) which are
processed into 21-23 nucleotides long RN As called short
interferimg  RNA (siRNA) by the Dicer enzyme
(Bernstein et al., 2001; Hammond, 2005). These Small
Interfering RNAs (siRNAs) are then incorporated into the
RNA Induced Silencing Complex (RISC), a protein RNA
complex and guide a nuclease which degrades the target
RNA (Chen et al., 2005). So it is thought to provide a
significantly higher potency compared to traditional
antisense approaches. In principle, RNA interference
might be used to treat any disease that 13 linked to
elevatedexpression of an identified gene. This might make
it suitable for combating viral diseases, cancers and
inflammatory diseases. Indeed, in tissue culture models,
impressive results have been achieved against various
cancer cells by using RNA interference to target
oncogenes and against HIV, influenza and polio viruses
by targeting viral genes (Damm-Welk et al., 2003). siRNAs
act against a variety of viruses, HIV, Hepatitis C Virus
(HCV), hepatitis B virus, papillomavirus, herpesvirus,
rotavirus and influenza virus have been tested in cell
cultures and displayed high efficiency in inhibiting viral
infection and replication (Jacque et af, 2002;
Yokota et al., 2003; Hamasaki et @/, 2003; Hall and
Alexander, 2003; Na and Sun, 2003; Dector et al., 2002,
Ge et ol., 2003; Zamore and Aronin, 2003).

ADVANTAGES OF ANTISENSE THERAPY OVER
TRADITIONAL DRUG THERAPY

There are several aspects of antisense therapy using
oligonucleotides that are potentially advantageous over
traditional drug (Askar

mechanisms and
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McDonnell, 1996; Malik and Roy, 2008; Guanghui and
Agarwal, 2009).

Oligonucleotides can be manufactured quickly, some
within one week; the sequence of the mRNA 15 all
that 1s needed

The target 1s often one-dimensional (in contrast to
multiple dimensional domains often targeted with
proteins); sensitivity can be measured through
database  scanning genes  or
northern/southern blotting for unknown genes
Tnhibition of mMRNA expression will produce quicker
and longer lasting climical response than inhibition of

for known

protein formed by the rbosome, targeted by
conventional drug therapy

Hydrogen bonding between oligonucleotide and
mRNA target exceeds by several orders of magnitude
as compared to Van der Waals and other forces

7 (3): 294-315, 2011

can be administered by several routes i.e., oral, rectal,
subcutaneous, intravenous, intrathecal, intravitreal,
aerosol and topical

THERAPEUTIC APPLICATIONS OF

ANTISENSE AGENTS
The  potential  applications for  antisense
oligonucleotides are limited only by the genetic

information available. Antisense oligonucleotides can be
developed against any target in which the inhibition of
protein production or the mhibition of RNA processing
yields the therapeutic result. Cwrrently, clinical trials are
underway using antisense oligonucleotides to treat
rheumatoid arthritis, psoriasis, renal transplant rejection
and inflammatory bowel disease (crohn’s disease) (Fig. 5)
(Fichou and Ferec, 2006).

However, the primary targets remain refractory viral

needed to bind protein targets

+  ASONs accumulate in specific organs and tissues like
liver, spleen, kidneys, bone marrow, fat cells. They

diseases and cancers for which the necessary target

genetic mformation is typically available. The following
are the some of the major antisense agents in ¢linical trials

for various diseases (Table 1).

Table 1: Some of Antisense agents in clinical trials in haematology and oncology

Compound Company Target Phase Indication

Fomiversen Isis Pharmaceuticals ¢http:/www.isispharm.com) CMV mRNA v Retinitis

(Vilravene) and Ciba Vision (http:/fwww.cibavision. com)

Mipomersen (ISIS301012)  Genzyme With: Tsis Phammaceuticals Apob-100 il Hypercholestrolernia

Alicaforsen (ISIS 2302) Isis Pharmaceuticals ICAM-1 I Crohns disease

Alicaforsen (IST8 2302)) Tsis Pharmaceuticals TCAM-1 | Ulcerative colitis

LErafAON NeoPhamma (hitp:/fwww.neophmm. c orm) Rat Kinase 1 Advanced cancer

ISIS 5132 Isis Pharmaceuticals Raf kinase I Solid cancers: ovarian and others

ISIS 14803 Isis Pharmaceuticals IRES/Translation HCV I HCV

ISIS 3521 Isis Pharmaceuticals PKC-u m Solid Tumors

Genasense (Augmerosen,  Genta Bel-2 o1 Malignant melanoma, WHL, CLL,

Oblimersen, G 3139 (http:/fawnw. genta. coim) MM, NSCLC

GEM231 Idera Phanmaceuticals* PKA I Solid cancers
(hitp://www.ideraphamma.com/)

ISIS 2503 Isis Pharmaceuticals Ha-ras I Solid Tumors

ISIS 5231 Isis Pharmaceuticals C-rat I Ovarian Cancer

ISIS 104838 Isis Pharmaceuticals TNF-t I Rheumatoid Arthritis

ISIS 113715 Isis Pharmaceuticals PTP-IB I Diabetes Mellitus

T818 107428 Tsis Pharmaceuticals VLA 1 Multiple Sclerosis

ISIS 369645 Isis Pharmaceuticals ILAR-alpha Preclinical ~ Asthma

MG 98 MethylGene DNA methyltransterase | Head and Neck and metastatic
(http:/fwww. methylgene. c o) renal cancer

GEM 240 Idera Pharmaceuticals MDM2 Preclinical  Colon cancer, breast cancer and brain

cancer

GTI 2040 LorusTherapeutics R2 component of | Renal Cancer
(http://www.lorusthera. com) Ribonucleotide reductase

GTT 2501 T.orus Therapeutics R1 component of 1 Lymphomas and solid cancers

ribonucleotide reductase

0GX 225 OncoGeneX IGFBP 2 and 5 I Prostate Cancer

0OGX 427 OncoGeneX HSP 27 Preclinical ~ Prostate Cancer

0OGX-011 T8I8 112989) Onco Genex Technology Clusterin a1 Prostate, breast and hing cancers
(http://www.oncogenex. com)

ATL 1103 Antisense Therapeutics Ltd. Growth Hommone Receptor T Acromeagly

AVT 5126 AVI BioPharma C-ny ¢ inhibitor | Cardiovascular Disease

AVI 4126 AVI BioPharma C-trry ¢ mRINA I Restenosis, cancer and polycystic

kidney disease
Monarsen (EN101) Ester Neurosciences (Www. estermneuro. coim) AchE 1 Myasthenia Gravis
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Table 1: Continued

Compound Company Target Phase Indication

Affinitak Tsis Pharmaceuticals and Eli Lilky PKC-ux il NSCLC

(ISIS 3521and LY900003) Pharmaceuticals (http://www.lilly.com)

AP11014 Antisense Pharma TGF-01 Preclinical  Lung Carcinoma, Prostate
(hitp://www.antisense-pharma. com) Carcinoma

AP 12009 Antisense Pharma TGF- 52 a Malignant glioma

AEG 35156 Aegera Therapeutics (http://www. aegera.corm) XIAP I Solid Tumors

LY 2181308(IST8 23722)  Eli-Lilly Pharmaceuticals Survivin 1 Solid Cancer
and Isis Pharmaceuticals

LY 2275796 Eli-Lilly Pharmaceuticals EIf-4E Preclinical ~ Solid Tumor Cell Lines
and Tsis Phammaceuticals

G4460/LR3001 Genta c-myb I CML

ISIS 345794 Isis Pharmaceuticals Stat-3 Preclinical ~ Solid Tumor Cell Lines

CMV: Cytomegalovirus, HCV: Hepatitis C Virus, HSP: Heat-shock protein, TGFBP: Insulin-like growth factor-binding protein, NHIL: Non-Hodgkin
lymphoma, NSCLC: Non-small cell lung carcinoma, CML: Chronic myeloid leukernia

Genetic disorders .

CNS disorders
®  Alzheimer's discase

Cardiovascular disorders

e  Hypertension
e Post angioplasty

Renal transplant rejection r

®  Asthma

e Psoriasis

Inflammatory and autoimmune disorders

e Crohn's disease

Cerebrovascular disorders .
Infections
® Viral
e Protozoal
] e Fungal
Antisense therapy
3 Cancer

Fig. 5: Fields of applications of antisense therapy
ANTISENSE AGENTS IN CANCER THERAPY

Emerging novel strategies of cancer treatment are
based on the selective down-regulation of specific
molecular targets involved in the process of neoplastic
development and  progression  (Elsayed and
Sausville, 2001). As the aim of cancer therapeutics is
becoming streamlined to target more specific biological
pathways, genetic components and/or cellular proteins,
the role of antisense therapy utilizing oligonucleotides 1s
evolving as a potential treatment strategy in the fight
against cancer. A number of antisense oligonucleotides
against different genes that code for important cellular
protein involved in cancer cell signaling, proliferation and
survival, including protein kinase A, protein kinase C,
c-raf, bel-2 etc., have been tested in phase I/T clinical
trials (Cho-Chung, 1999; Tamm et al., 2001; Gewirtz, 2000).
Although no antisense agents have been approved for
the treatment of cancer, their movement toward potential
use 1n future climcal oncology settings 1s apparent. The
various protein targets and antisense agents in c¢linical
trials in cancer treatment are as follows:

Bcl-2: Regulation of cell death (apoptosis) 1s frequently
affected in the development of malignant diseases and all
molecular steps from extracellular signallng receptors

through intracellular pathways, cell death rheostats and
cell death executioners may be involved. Bcl-2 is an
anti-apoptotic member of a family of anti-and
pro-apoptotic proteins that is upregulated in a variety of

cancers and specifically overexpressed through
chromosomal translocation in  some Non-Hodgkin
Lymphomas (Gross et «al, 1999, Kang and

Reynolds, 2009). One of the most promising antisense
oligonucleotides in climcal development i1s an 18-mer
Phosporothicate (PS)-oligonucleotide targeting the human
bel-2 mRNA 1s G3139, Genasense (oblimersen sodium).
(G3139 has been evaluated in a number of phase TI/AIT
studies m different malignancies, mecluding melanoma,
Non-Hodgkin’s Lymphoma (NHL) and prostate cancer, in
which antitumour activity has been demonstrated
(Tansen et al., 2000, Gjertsen et al., 2007, Tarhini and
Kirkwood, 2007, Shah et al, 2009). Genasense has
demonstrated synergy with several chemotheraputic
agents, radiation therapy and immunotherapy and 1s often
administered a few days prior to standard therapies.
Furthermore, Genasense has been evaluated or 1s
being evaluated in combination with the following agents:
Gleevee, Rituxan, Paclitaxel, Camptosar, Fludara,
Cyclophosphamide, Taxotere, Mylotarg, Dexamethasone
and Cytosine arabinoside (Chanan-Khan et al, 2004,
Benimetskaya et al., 2005; Knox et al., 2008).
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c-raf: Raf kinases are serine/threonine kinases that
regulate mitotic signaling pathways, most notably the
mitogen-activated protein kinase pathway (MAPK) that
transmits signals from ras (Skolmk et af.,, 1993). c-raf has
been reported to bind to bel-2 and to be involved in the
regulation of apoptosis (Wang et al., 1996). The
Raf/MAPK extracellular-signal-regulated kinase pathway
has profound effects on proliferative, apoptotic and
differentiation pathways as well as the sensitivity and
resistance to chemotherapeutic diugs (McCubrey et al.,
2009; Kaur et af, 2010). Isis has developed a 20mer
Phosporo-oligonucleotide, ISIS 5132, that targets the
3'-Untranslated Region (UTR) of c-raf-1 (Momnia et al.,
1996). In vitro studies of ISTS 5132 using A549 lung cells
showed mhibition of craf-l mRNA. Results of other
phase I clinical trials of ISIS 5132, conducted 1n patients
with a variety of advanced solid tumours showed that the
drug is generally well tolerated with only mild side effects
which were generally the same as those attributed to
phosphorothicate ASON treatment (Rudin et al., 2001).
TSTS 5132 can be safely combined with standard doses of
carboplatin and paclitaxel in treatment of non small cell
lung cancer (Fidias et al., 2009). Another raf-1 ASON,
LErafAON (Neo-Pharm) 1s a 15-mer antisense
oligodeoxynucleotide (ASON) directed to the translation
initiation site of c-raf-1 mRNA has also entered clinical
trials. LErafAON 1s also the first ASON containing
liposomal drug tested in humans. The PS modification of
this ASON is limited only to the terminal base at the 3' and
5" end. LErafAON has been encapsulated in a cationic
liposome 1n order to protect the ASONs from degradation
and to improve their serum half life. Preclinical studies of
this diug have shown inhibition of tumour growth, more
than 50% mhibition of raf-1 expression in tumour
xenografts and increased sensitization of tumour cells to
radiation and to chemotherapeutic agents. Phase [ study
of LErafAON has shown that the i.v., delivery of dirug is
well tolerated along with palliative radiotherapy (Pei et al.,
2004, Dritschilo et al., 2006).

Protein Kinase C-¢¢: Protein Kinase C (PKC) is a family of
serine/threonine that in the
transduction of signals for cell proliferation and
differentiation. The important role of PKC in processes
relevant to neoplastic transformation, carcinogenesis and
tumowr cell invasion renders it a potentially suitable target
for anticancer therapy (Mackay and Twelves, 2003).
Isis/Eli - Lally  have developed a 20mer
Phosphorooligonuclectide TSTS 3521 (also referred to as
LY900003 or Affinitak or Aprinocarsen) that targets the
3'-UTR of PKC-t (Roychowdhury and Lahn, 2003). The
phase I tnals of ISIS 3521 were carried out successfully n

kinases is  involved
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patients with treatment resistant solid tumours. In cell
culture studies, Affinitak was shown to inhibit mRNA and
protein expression m A549 lung and T24 bladder
carcinoma cells with resultant inhibition of proliferation at
100200  nM concentrations (Cripps et al, 2002,
Holmlund, 2003). Phase I/l studies, evaluating the
combination therapy of ISIS 3521 and chemotherapeutic
agents, were imitiated in patients with stage III B or IV
Non-small Cell TLung  Carcinoma (NSCLC)
(Villalona-Calero et «l, 2004, Ritch et al, 2006;
Lus et al., 2006).

H-ras: Abnormal expression of Ras proteins is frequently
found with oncogenic transformation, making ras a
promising therapeutic target (Sexena et al., 2008,
Kaur et al., 2010). A 20-base phosphorothioate ASON
(TSTS 2503) that binds to the translation initiation region of
human H-ras mRNA selectively reduced the expression
of H-ras mRNA and protein in culture
(Cunmngham et af., 2001). Expression of other family
members including N-ras, Ki-rasA and Ki-rasB was not
affected by TSIS 2503 in vitro. In a phase T trial, TSIS 2503
caused no dose-limiting toxicity at doses up to 10 mg/kg/d
by 14-d continuous 1v ., infusion every 3 wk. ISIS 2503 in
combination with chemotherapy is now in phase 1T clinical
trials for the treatment of metastastic breast cancer,
pancreatic cancer and NSCLC (Adjer et al, 2003;
Alberts et al., 2004).

cell

DNA Methyliransferase: Hypermethylation by the
enzyme DNA methyltransferase has been postulated to
inactivate tumor suppressor genes, resulting mn neoplastic
transformation and tumorigenesis (Reid et «l., 2002,
Gore, 2009, Issa and Kantarjian, 2009). Agents that
prevent or reverse DNA methylation might therefore
restore normal growth control to cencer cells
(Tbrahim, 2010). MG 98 is a phosphorothioate ASON that
is a highly specific inhibitor of translation of the mRNA
for human DNA methyltransferase with 1C;; values of
50-70 nM n cell lines (Amato, 2007). Tumor growth delay
and regression were observed with MG 98 in human lung
and colon cancer xenografts. Phase 1T trials are currently
being conducted in patients with head and neck as well as
metastatic renal cancer (Davis et al., 2003; Winquist ef af .,
2006; Plummer et al., 2009).

Clusterin: Clusterin 15 a glycoprotemn with a nearly
ubiquitous  tissue expression and an  apparent
involvement in various biological processes. Clusterin
acts as a cell-swvival protein that is overexpressed in
responise  to  tumor-killing  strategies,
chemotherapy, hormone ablation and radiation therapy.

such as
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Overexpression of clusterin prolongs cell survival and
leads to enhanced metastatic potential of cancer cells
in vitro (Wel et al, 2009). OGX-011 (OncoGeneX
Technologies Inc.) 13 a second-generation ASON
complementary to the translation-initiation site of human
Clusterin -~ mRNA. OGX-011 incorporates  a
phosphorothicate backbone with 2-Methoxyethyl (MOE)
modifications to the four bases on either end of the 21-mer
molecule (Chi et al., 2008a). Such gapmer modifications
maintain the improved tissue pharmacokinetic profile of
the second generation chemistry but preserve the high
affinity for target mRNA and the recruitment of RNase H
necessary for activity. Phase II trials of combined
0OGX-011 and chemotherapy are ongoing in patients with
prostate, breast and lung cancers (Chu et af., 2008Db;
Chia et ai., 2009).

Transforming Growth Factor-p2: Overexpression of the
cytokine transforming growth factor-beta 2 (TGF-P2) is a
hallmark of various malignant tumors mcluding pancreatic
carcinoma, malignant glioma, metastasizing melanoma and
metastatic colorectal carcinoma. This is due to the pivotal
role of TGF-B2 as it regulates key mechamsms of tumor
development, namely immunosuppression, metastasis,
angiogenesis and proliferation  (Flanders and
Burmester, 2003; BonaFoux and Tee, 2009). The most
advanced ASONs for the therapy of ligh-grade gliomas
15 a phosphorothicate-modified ASON, AP 12009
(trabedersen) which targets mRNA encoding TGF-B2. AP
12009 administered  intratumorally  using
convection-enhanced delivery. A series of phase [ and II
climcal trials have evaluated the toxicity profile and
optimal dose of the substance (Hau et al, 2007
Hau et al., 2009, Schlingensiepen et al., 2008).

is

Survivin: Survivin 13 one of the most cancer-specific
proteins identified to date, being upregulated in almost all
human tumors. Biologically, survivin has been shown to
mhibit apoptosis, enhance proliferation and promote
anglogenesis. Because of its upregulation in malignancy
and its key role in apoptosis, proliferation and
angiogenesis, survivin is currently attracting considerable
attention as a new target for anti-cancer therapies. In
several ammal model systems, downregulation of survivin
or inactivation of its function has been shown to inhibit
tumor growth (Ambrosini et al., 1997, Mita et al., 2008).
Survivin 1s highly expressed in a wide variety of human
cancer types, including lung, colon, pancreas, prostate,
breast and gastric tumors. Interestingly, swvivin is
expressed in a cell cycle-dependent manner with highest
levels m G2/M and rapid down regulation followimng
cell-cycle arrest. At the beginning of mitosis, survivin
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associates with the mitotic spindle and disruption of this
interaction results in a loss of its antiapoptotic function.
However, LY2181308/ISIS 23722 13 a second-generation
2-MOE ASON that potently and specifically down
regulates swvivin expression in a broad range of human
cancer cells including lung, colon, pancreas, breast and
prostate (Pennati et al., 2007, Ryan et al., 2009).

XTAP: The X-linked mammalian inhibitor of apoptosis
protein (XTAP) was the first TAP identified and has been
shown to bind several partners. XIAP 1s highly expressed
i Acute Myeloid Leukemia (AML), glioblastoma,
prostate, pancreatic, gastric and colorectal tumors
(Salvesen and Duckett, 2002; Sasaki et ol, 2000).
AEG35156/GEM640 (Aegera Therapeutics Inc. ) 1s a 19-mer
ASON targeted to human XTAP mRNA that incorporates
2'-O-methyl chemistry with a phosphorothicate backbone.
In vitro and in vive preclinical proof-of-concept studies
have demonstrated that mhibition of XIAP protein
expression by AEG35156/GEM640 enhances the antitumor
activity of chemotherapy in several xenograft models
(Hu et al., 2003). A phase T dose-escalation tolerability
study of AEG35156 as a single agent 13 currently
underway in the United Kingdom as a 7-day continuous
1.v., infusion in patients with advanced tumors and phase
I trials evaluating shorter
combination with docetaxel or reinduction chemotherapy
for AML (Acute myeloid leukemia) (Lacasse et al., 2005,
Cummings et al., 2005; Lacasse et al., 2006).

infusion schedules in

Thymidylate Synthase (TS): Thymidylate Synthase (TS)
1s a key enzyme in the synthesis of DNA and a target for
cancer chemotherapeutic agents (Rose et al, 2002;
Bertino, 2009). Oligodeoxynucleotides (ODNs) target
different regions of TS mRNA, inhibit human tumor cell
proliferation as single agents and enhance cytotoxicity of
clinically useful TS protein-targeting dirugs. ODN 491, a
novel 20mer AS ODN complementary to a previously
untargeted portion of the TS mRNA coding region. AS
ODN 491 decreased TS mRINA levels to different degrees
in a panel of human tumor-derived cell lines and
induced different physiological effects in a tumor cell
line-dependent manner. ODN 491 (like ODN &3, previously
shown to be effective) decreased TS protein levels in
Hela cells with a concomitant increase in sensitivity to
TS-targeting chemotherapeutics  (Flynn et al., 2006,
Tason et al., 2008).

Ribonucleotide reductase: Ribonucleotide reductase
(RNR) is an important enzyme for cell division and tumor
growth that 13 required for the reductive conversion of
ribonucleotides mto deoxyribonucleotides which 1s a
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crucial step in the synthesis and repair of DNA
(Fan et al., 1998). Mammalian RNR has a dimeric structure
composed of two dissimilar subunits, R1 and R2, encoded
on different chromosomes and each inactive on its own.
Both subunits consist of a nucleotide binding site (M1)
and a metal binding site (M2). MIl-affecting RNR
mhibitors  are nucleoside analogs, for example,
gemcitabine. M2 contains nonheme won and a
tyrosine-free radical which are required for the enzymatic
reduction of ribonucleotides. Tnhibitors of M2 act by
destroying the free radical Hydroxyurea 1s a climcally
approved RNR inhubitor acting at the iron free radical site
but the inhibition is reversible due to the ease in
regenerating the tyrosine-free radical by mammalian cells
(Cerqueira et al., 2007). The R1 subumt protein levels are
constant during cell cycle, however, the expression of the
R2 subunit increases in late Gl/early S phase of the cell
cycle when DNA replication occurs. The R2 subunit was
also shown to be overexpressed n tumor tissues and
appears to influence transformation and malignant
potential of some oncogenes. GTI-2501 and GTI-2040
(Lorus  Therapeutics  Inc.) first-generation
phosphorothicate antisense molecules that target and
mhibit expression of the R1 and R2 subumt of RNR,
respectively (Desai et al., 2005). A phase T trial of
GTI-2040 has been reported and dose-limiting toxicity of
hepatic enzyme elevation was observed (Yoon et al,
2006). The recommended phase II dose was determined to
be 185 mg m’d™ given as a 21-day continuous iv.,
infusion. Phase I trials of GTI-2501 and GTI-2040 in
combination with docetaxel have been completed and
phase II trials of these combination regimens are
underway (Leighl et al., 2009).

are

AGENTS FOR VIRAL INFECTIONS

Oligonucleotides hold considerable promise for
treating viral infections. Although much recent attention
has focused on small mterfering RINAs, the majority of
oligonucleotides that have been studied as antiviral
agents to date are modified Oligodeoxynucleotides
(ODN3s) designed to work via an antisense mechanism.

Cytomegalovirus: Cytomegalovirus (CMV) belongs to the
Herpes-viridae family of viruses which are DNA viruses
that exhibit the biclogical properties of latency and
reactivation. In the developed countries, up to 80% of
individuals  develop sub-chimical CMV infections
(Mocarski, 1988). CMV retinitis is one of the most
common opportunistic infections in patients with
Acquired Immunodeficiency Syndrome (AIDS). AIDS
patients mfected with CMV retimtis can develop either
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intolerance or resistance to commonly used anti-CMV
treatment regimens, necessitating the development of
alternative treatment options (Hoffman and Skiest, 2000).
Much of the research on nhibition of CMV replication by
ASONs has mainly focused on inhibition of CMV
Immediate-early (TE) gene products. ISTS 2922 (Fomivirsen
also called Vitravene; ISIS Pharmaceuticals), a PS-ASON
with a 21 nucleotide sequence complementary to RWNA of
TE2 showed at least 30 fold more potent antiviral activity
as compared to nuclecside analog gangciclovir. The
results showed that ISIS 2922 mhibits viral production in
a specific and dose dependent manner (Azad et af., 1993).
Till date, only one compound, fomivirsen, the first
gene-based therapeutic agent has received FDA approval.
The approval for fomivirsen was important to antisense
technology as a whole because 1t demonstrated that
antisense drugs can be used effectively in the treatment
of a local disease. The results of phase I, T and T1T trials
showed intravitreal injections of ISIS 2922 to be safe and
effective. The drug halted the progression of both acute
and chronic CMYV retinitis in ATDS patients. Moreover,
the local treatment with the drug reduced the incidence of
systemic side effects. Most commonly reported side
effects were increase in intraocular pressure and mild to
moderate intraocular inflammation, both of which were
transient or treatable with topical stercid treatment
(Schreiber et al., 2009; Andre1 et al., 2009). Following the
successful climeal trials, in 1998, ISIS 2922 was approved
by FDA, for the treatment of CMV-induced retinitis in
patients with ATDS and became the first ASON drug to be
marketed commercially (Haasnoot and Berkhout, 2009). A
second-generation ASON with the identical sequence as
fomivirsen, ISIS 13312, is a 2'-MOE ASON that has been
shown to have antiviral activity comparable to fomivirsen
in fibroblasts and retinal pigment epithelial cells (Mansoor
and Melendez 2008; Detrick et al., 2001). Both fomivirsen
and IS5TS 13312 demonstrated comparable and consistent
antiviral activity with the 1C,; between 0.1 and 1.0 uM
(Hemry et al, 2001). Other viruses that mamfest as an
ocular condition m the anterior segment include Herpes
Simplex (HSV), Varicella-Zoster (VZ V), Bpstein-Barr (EBV)
and adenovirus. Among these, HSV-1 is commonly
assoclated with ocular infections and is the leading cause
of comeal blindness. Targeting HSV-1 15 yet another
opportunity for ASONs as therapeutic agents that have
not been fully developed for ophthalmology.

Hepatitis C virus: Hepatitis C mfection 1s an inflammation
of the liver caused by the hepatitis C virus. According to
the World Health Orgamzation, approximately 170 million
people worldwide are chromically infected with HCV
(Kamal, 2008). It is the most
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common chronic blood-borne infection in the developed
world and the leading cause of liver transplants in the
United States. However, currently available anti-HCV
compounds are not broadly effective, especially against
the chronic HCV infection. Therefore, continuous efforts
are being made to develop newer and better therapeutic
strategies (Tan et al., 2002; O’Leary and Davis, 2010). The
cytosolic viral single stranded RNA (ssRNA) is also a
vulnerable potential target for therapeutic antisense
oligonucleotides. The Internal Ribosomal Entry Site
(TRES) at the 5 end of the viral RNA is that highly
conserved target. TRES are the landing pad that directs the
positive strand HCV-RNA to the Endoplasmic Reticulum
(ER) for protein translation. Thus, intubition of attachment
of TRES to both cellular and wviral proteins by
oligonuclectides could effectively inhibit HC'V replication.
ISTS 14803 is a 20-unit 5'-methyleytidine antisense
phosphorothicate oligodeoxynucleotide that binds to
(HCV) RNA at the translation initiation region of the
internal ribosome entry site (TRES) and inhibits protein
expression in cell cultwe and mouse models
(McHutchison et al., 2006). This Phase I, open-label,
dose-escalation trial of TSIS 14803 was performed in
chronic HCV patients (Gordon et al., 2002).

Human Immunodeficiency Virus (HI'V): HIV is a single
stranded RNA virus that uses Reverse Transcriptase (RT)
to create a DNA copy of its RNA genome. The viral DNA
then gets integrated into the DNA of the host and is
subsequently transcribed and translated by the host cell.
HIV infection is spreading worldwide at an alarming rate,
representing the difficulties in controlling viral replication.
Many regions of the HIV genome have been targeted with
ASONs including the rev, tat, gag, pol and env genes, 5'
untranslated region and psi sequences. Various ASONs
have been shown to be effective i acute and chromc viral
infections (Suzuki et al, 2002). GEM 91 (Hybridon), a
25-mer PS-ASON that binds to the translation initiation
site of the HIV gag mRNA, was shown to effectively
reduce HIV replication in vitro (Yamaguchi et al., 1997).
Although the initial reports of GEM 91 clinical trials
showed it to be well tolerated (Sereni et al., 1999), its use
was later discontinued because of dose-limiting
thrombocytopenia and elevated serum transaminase
levels. GEM 92 is an orally administered second
generation ASONs synthesized on a truncated GEM 91
sequence (Zheng, 1999). GEM 92 is currently in phase T
clinical trials, with preclinical studies showing an
improved stability and safety profile (Pandey et al., 2009).

AGENTS USED IN ASTHMA

Asthma is now one of the world's most common
long-term conditions, affecting as many as 300 million
people worldwide. This number could increase by a
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further 150 million by 2025, according to the World Health
Organisation (WHO). Moreover, current therapies fail to
restore the immunological imbalance, frequently do not
produce an optimal control of asthma symptoms and
sometimes are associated with adverse effects
(Humbert et al. 2007). Despite significant advances that
have been made in recent years, there is still an urgent
need for novel, more effective and safer asthma drugs. An
important objective in molecular pharmacology is the
mampulation of gene expression with new diug molecules.
RNA-based gene silencing strategies have been proposed
not only as research tools but also as potential
therapeutic  interventions  in  allergic  asthma
(Mahato et af, 2005, Popescu, 2005, Pan and
Clawson, 2006). In the treatment of allergic asthma, ASON
can be used for silencing of gene expression, at
post-transcriptional level, for many molecular targets i.e.,
cell membrane receptors (G-protein coupled receptors,
cytokine and chemokine receptors), membrane proteins,
ion channels, cytokines and related factors signaling
non-receptor protein kinases (tyrosine kinases, such as
Syk and serine/theonine kinases, such as p38 MAP
kinase) and regulators of transcription belonging to Cys4
zinc finger of nuclear receptor type (GATA-3) or
beta-scaffold factors with minor groove contacts
(p65, STAT-6) classes/superclasses of transcription
factors (Popescu and Popescu, 2007; Adcock et al., 2008).
Respiratory diseases, including asthma, are well suited for
inhaled therapies and present an attractive opportunity
for topical antisense strategies. Some important targets for
antisense agents in asthma are given below.

Adenosine Al receptor: The adenosine Al receptor is
involved in inflammation, bronchoconstriction and
surfactant depletion observed in asthma and certain other
respiratory diseases (Spicuzza ef al., 2006). Respirable
ASONs (RASONs), as compared to systemically
administered ASONs, offer the potential to selectively
downregulate the AR-1 expression in the lung at much
smaller doses and also minimize the risk of systemic side
effects and toxicity. EPT 2010 is a first-generation RASON
designed to target the initiation codon of the human Al
receptor mRNA is a 21-mer phosphorothicate shown to
inhibit each of these aspects of asthma and to be effective
inmultiple models of human asthma including the primate
(Zhang, 2002). Results of phase I/TTa clinical trials have
shown EPI-2010 to be safe and well-tolerated, with modest
indications of efficacy in patients with mild asthma
(Ball et al., 2004). Futher clinical trials are ongoing to
determine its clinical efficacy.

Mitogen-activated Protein Kinases (MAPK): Among the
various MAPK families p38 is mostly implicated in
cytokine biosynthesis as well as in recruitment of
inflammatory cells (Pelaia et al., 2005). p38 MAPK is a



Int. J. Pharmacol., 7 (3): 294-315, 2011

non-receptar proline-directed serine/threonine kinase with
a pivotal role in the activation of inflammatory cells
(Schindler et al, 2007). In particular, p38 MAPK
significantly contributes to neutrophil recruitment by
up-regulating the vascular expression of intercellular
adhesion molecule-1 (ICAM-1) and the release of TNF-¢
mto airspaces. p38 MAPK inhibitors appear to have a
preferential inhibitory effect on synthesis of Th2
compared to Thl cytokines, indicating their potential
application in the treatment of atopic diseases. p38 alpha
MAPK ASON (ISIS101757)1s a 2 MOE-ASON delivered
as aerosol for mbhalation or nose-only exposure, in
Ovalbumin (OVA) sensitized mice with asthma. It inhibited
p38 alpha mRNA and protein expression i
Bronchoalveolar Lavage (BAL) fluid cells
peribronchial lymph node cells, reduced mucus
hypersecretion, suppressed Th2 cytokine production
(IT.-4, T1.-5 and T1.-13 levels in BAL fluid) and inhibited
airway eosinophilia Airway Hyperresponsiveness (AHR)
(Duan et af., 2005). Safety 1ssues remain a concern for
long-term use, although delivery to the airways by aerosol
may reduce side-effects. Interestingly, the corticosteroid
msensitivity seen 1n  peripheral blood cells and
macrophages obtained from BAL fluid n patients with
severe asthma can be overcome by the combination of a
p38 MAPK inhibitor and dexamethasone (Adcock et al.,
2008).

in
and

Interleukin receptor and C-C chemokine receptor type 3:
The TL-4 receptor alpha chain plays special roles in
allergy, being a common subumnit of the IL-4 and IL-13
receptor complex. Signaling through it by IL-4 1s important
in Th2 differentiation and the blocking of its production
mhibits the activity of IL-4 and [L.-13, regulating allergic
inflammation, mucus overproduction and airway
hyperresponsiveness (AHR) (Isidoro-Garcia et af., 2005).
The I1.-4 receptor alpha chain was studied as a target for
new inhaled second ASON. The drug, TSIS 369645, is a
second-generation antisense inlubitor of the alpha
subunit of the nterleukin 4 receptor (IL4R-alpha).
Inhibiting the production of the TL.4R-alpha inhibits the
activity of two important cytokines in asthma, 11.-4 and
IL-13 that regulate inflammation, mucus overproduction
and awrway hyperresponsiveness (Oh et af., 2010). ISIS
369645 is cwrrently being evaluated in phase 1 studies.
Topigen Pharmaceuticals (Montreal, Quebec, Canada)
recently demonstrated the safety, tolerability and
pharmacological activity of TPI-ASME, a first generation
antisense drug that combines two oligonucleotides into
a single inhaled product, in patients with mild allergic
asthma. TPI-ASMSE is a combination of two ASONs
targets two distinct cellular pathways mvolved in allergic
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airway inflammation by inhibiting the recruitment of
allergic inflammatory cells, wvia an effect on the
cysteine-cystene CCR3 receptor and by reducing the
persistence of allergic inflammatory cells via mterference
with the common beta sub-unit for the receptors of
interleukin 3, interleukin 5 and Granulocyte-Macrophage
Colony Stimulating Factor (GM-CSF) (Gauvreau et al.,
2008). This pioneering multi-targeted approach of
blocking the synthesis of specific receptors with
RNA-silencing technology expected have
advantages over cwrent therapeutics by providing
broader but specific, pharmacological activity. TPI ASME
is delivered in a convenient, cost-effective inhaled
formulation and systemic exposwre is minimal resulting in
a favorable safety profile in climical trials to date. Now TPI
ASMR 1s in phase II climcal development for the
management of moderate to severe asthma (Séguin and
Ferrari, 2009).

18 to

AGENTS USED IN OTHER INFLAMMATORY
DISEASES

Antisense oligonucleotides have been explored for

their therapeutic benefits in various inflammatory diseases
e.g., Rheumatoid arthritis, Crohn’s Disease (CD),
Ulcerative Colitis (UC), Psoriasis etc. Some of the
important targets of ASON therapy for these disease
models are discussed below.
Tumor necrosis factor ¢: Tumor necrosis factor «
(TNF-¢) also known as cachectin 1s an mmportant cytokine
that plays a role in host defense. The cytokine 1s
produced primarily in macrophages and monocytes in
response to mnfection, mvasion, ijury or inflammation.
TNF-¢ interacts with two different receptors, TNF
receptor I (TNFRI) and TNF receptor II (TNFRII), in order
to transduce its effects, the net result of which is altered
gene expression. Cellular factors induced by TNF-o
include mterleukin-1 (IL-1), interleukin-6 (IL-6),
interleukin-8 (IL-8), interferon-y (IFN-y), Platelet Derived
Growth Factor (PDGF) and Epidermal Growth Factor
(EGF) and endothelial cell adhesion molecules including
endothelial leukocyte adhesion molecule 1 (ELAM-1),
intercellular adhesion molecule-1 (ICAM-1) and vascular
cell adhesion molecule-1 (VCAM-1) (Wajant et al., 2003).
Despite the protective effects of the cytokine,
overexpression of TNF-g often results in disease states,
particularly in infectious, mflammatory and autoimmune
diseases. This process may involve the apoptotic
pathways (O'Shea et al., 2002). High levels of plasma
TNF-¢ have been found in mfectious diseases such as
sepsis syndrome, bacterial meningitis, cerebral malaria,



Int. J. Pharmacol., 7 (3): 294-315, 2011

AIDS and autoimmune diseases such as rheumatoid
arthritis, inflammatory bowel disease (including Crohn's
disease), sarcoidosis, multiple sclerosis, Kawasaki
syndrome, graft-versus-host disease and transplant
(allograft) rejection; and organ failure conditions such as
adult respiratory distress syndrome, congestive heart
failure, acute liver failure and myocardial infarction
(Lin et al., 2008). ISIS 104838 (ISIS Pharmaceuticals), a 20
nucleotide gapmer targeting the mRNA of human TNF-c
1s the first ASON belonging to the second generation to
be tried in clinical trials (Kennewell, 2003). The preclinical
studies with ISIS 104838 showed it to be effective for the
treatment of collagen induced arthritis with activity
comparable to that by anti-TNF-g antibody and that it
successfully knocks down TNF-¢ expression by 85% in
stimulated keratinocytes. In phase I of clinical trials, ISIS
104838 was administered either by iv., or s.c routes
(Sewell et al., 2002). ISIS 104838 1s currently mn phase II of
clinical trials for the treatment of Rheumatoid Arthritis
(RA) and Crohn Disease (CD) (De Boer et al., 2007).

Intercellularadhesion molecule-1 (TCAM-1): Intercellular
Adhesion Molecules (ICAMSs) are structwally related
members of the immumoglobulin supergene family and are
ligands for the beta2 integrin molecules present on
leukocytes. Of the five ICAMs 1dentified, ICAM-1 1s the
most extensively studied. Although TCAM-1 is expressed
constitutively at low levels on endothelial cells and on
some lymphocytes and monocytes, its expression can be
significantly increased in the presence of cytokines
(TNF-¢., TL-1, TFN-v) and reactive oxygen species.
Depending upon cell type, ICAM-1 participates in
trafficking of inflammatory cells, in cell-cell interactions
during antigen presentation, in microbial pathogenesis
and in signal transduction through signaling events.
Again, depending upon cell type examimed, ICAM-1
engagement has been documented to activate specific
through  phosphorylation, resulting in
transcription factor activation and mcreased cytokine
production, increased cell membrane protein expression,

kinases

reactive oxygen species production and cell proliferation
(Hubbard and Rothlein, 2000; Philpott and Miner, 2008).
ISIS 2302 (Alicaforsen) 1s a 20 base phosphorothicate
oligonucleotide targeting intercellular adhesion
molecule-1 (ICAM-1), hybridizes to a sequence in the 3'
untranslated region of human TCAM-1 mRNA.
Alicaforsen offers the potential for broad effectiveness in
the treatment of immune-mediated and inflammatory
diseases (Barish, 2005; Baumgart and Sandborn, 2007).

Insulin-like growth factor type I receptor (IGF-IR): The
Insulin-like Growth Factor 1 (IGF-1) Receptor is a
transmembrane receptor that 1s activated by IGF-1 and by
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the related growth factor IGF-2. Tt belongs to the large
class of tyrosine kinase receptors. This receptor mediates
the effects of IGF-1 which is a polypeptide protein
hormone similar in molecular structure to insulin
(LeRoith et al., 1995, Rodon et al., 2008). The type T
Insulin-like Growth Factor Receptor (IGF1R) regulates
multiple aspects of malignancy and is the target of several
drugs currently in climcal trials (Saxena et al, 2007).
Whereas topical application and subsequent penetration
of large oligonucleotides mto normal skin is problematic,
the impaired barrier function of psoriatic lesions permits
the wuptake of antisense drugs. ATL1101 15 a
second-generation antisense drug designed to block the
synthesis of the IGF-1 receptor, a protein involved in the
regulation of cell overgrowth in psoriasis. ATL 1101 is
based on Isis Pharmaceuticals' proprietary second-
generation antisense chemistry called 2'-O-methoxyethyl
and 1s being developed as a cream for the topical
treatment of mild to moderate cases of psoriasis
(Sachdev et al., 2010, Ma et al., 2009; White et ai., 2004).

AGENTS USED IN CARDIOVASCULAR DISEASE

Hypercholestrolemia: Apolipoprotein B 1s an important
structural protein on the swface of atherogenic
lipoproteins such as remnant very-low-density lipoprotein
and low-density lipoprotein and facilitates the clearance
of these particles from the circulation by binding to the
low-density lipoprotein receptor. Overproduction of
apolipoprotein B or reduced receptor-mediated clearance
of lipoproteins leads to elevated serum cholesterol levels
and premature atherosclerosis (Krause, 2004; Chapman
and Caslake, 2004). Mipomersen (ISIS301012) is the
nonadecasodium salt of a 20-base phosphorothicate
oligonucleotide, a second-generation antisense drug
developed by Isis Pharmaceuticals that inlubits
apolipoprotein B production by binding directly to and
reducing the expression of apolipoprotein B messenger
RNA (Kastelein et al., 2006, Fatima et al, 2007
Matthew, 2007). In a clinical trial, ISIS 301012 50-400 mg
administered weekly via subcutaneous injection for 4
weeks reduced apolipoprotein B by 14.3-47.4% and
low-density lipoprotein cholesterol by 5.9-40% at 55
days. The most frequent adverse event was injection-site
erythema that resolved spontaneously. Studies are
ongoing to further define the safety, efficacy and
pharmacokinetics of TSIS 301012 as add-on therapy in
patients with heterozygous and homozygous famailial
hypercholesterolemia  (Kastelein et al, 2007,
Athyros et al, 2008). No pharmacokinetic interactions
have been demonstrated with ezetimibe and simvastatin
for the treatment of hypercholesterolemia based on its
ability to inhibit apolipoprotein B-100 (apoB-100)



Int. J. Pharmacol., 7 (3): 294-315, 2011

(Yu et al., 2009). Early results from phase 1T ¢linical trials
of ISIS-301012 m patients with high cholesterol
demonstrated that it produced rapid, dose-dependent and
prolenged reductions m apoB-100, LDL cholesterol,
Very-Low-density Lipoprotein (VL.DL) cholesterol, total
cholesterol and triglyceride levels and was safe and well
tolerated. Phase TTT clinical trials of TSTS-301012 in patients
with hypercholesterolemia are ongomg. Mipomersen has
been assessed in several phase2 trials in a variety of
patient phenotypes imtially as monotherapy, followed by
combinations with lower-dose statins and then high-dose
statins and other lipid-lowering agents (Yoshitaka et al.,
2008).

Restenosis: Restenosis literally means the reoccurrence
of stenosis, a narrowing of a blood vessel, leading to
restricted blood flow. Restenosis usually pertains to an
artery or other large blood vessel that has become
narrowed, received treatment to clear the blockage and
subsequently become renarrowed (Dangas and Kuepper,
2002). Inhibition of c-myc would also interfere with
expression of downstream genes such as those
associated with cellular adhesion, the cell cycle and
comnective tissue matrix remodeling (De Marisa et al,
2006). Specific to the development of obstructive vascular
disease, c-Myc 1s quickly induced in Vascular Smooth
Muscle Cell (VSMC) after arterial injury and activated by
proliferative signals, including a number of mediators of
vascular Endothelial Cell (EC) biology, such as LDIL,
thrombin, endothelin and angiotensin II (Liang et af.,
2007). Inhibition of c¢-Myc has been shown to inhibit
smooth muscle cell proliferation ir vitre and in several
ammal models. Recently introduced, AVI-4126 belongs to
a family of molecules known as the phosphorodiamidate
morpholine  oligomers (PMOs) with  sequence
complementary to the translation imtiation start site of the
c-myc MRNA. The mechamsm of action of AVI-4126
mvolves interference with ribosomal assembly, thus
preventing translation of c-myc and interference with
mtron l-exon 2 splicing of the c-myc pre-mRNA,
preventing appropriate translation of the c-myc mRNA
(Hudzak et al., 2000). The IC,, for inhibition of c-myc by
AVI-4126is 0.3 pM in cell culture. The cellular response
to AVI-4126 1s dunimshed cell growth associated with
arrest of cells in the GO/G1 phase of the cell cycle
(Stephens, 2004; Kipshidze et «l, 2005). c-Myc
amplification and overexpression has also been correlated
with progression and chemotherapy resistance m lung
cancer. AVI-4126, a neutral antisense Phosphorodiamidate
Morpholino Oligomer (PMO) has been identified to
specifically inhibit ¢-MYC expression in multiple disease
models and identified in phase I clinical studies to be safe
and bioavailable in solid tumors (Sekhon et al., 2008).
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AGENTS USED IN NEUROLOGICAL DISEASE

Multiple sclerosis: Multiple Sclerosis (M5), also known
as  disseminated sclerosis  or  encephalomyelitis
disseminata is an autoimmune condition in which the
immune system attacks the Central Nervous System
(CNB5), leading to demyelination. Tt may cause nmumerous
physical and mental symptoms and often progresses to
physical and cognitive disability (Sospedra and
Martin, 2005; Taragh and Ilali, 2010). Antagomsm of T-cell
trafficking has bheen investigated as a therapeutic
approach to MS usmg antibody and antisense
technologies (Sorbera et al., 2005). Clinical evidence of
the central role of very late antigen-4 (VLA-4)
(ady-integrin) in lymphocyte transmigration into the CNS
has recently been confirmed based on the efficacy of the
humamzed mAb to «4 integrin, natalizumab (Antegren,
Tysabri, Elan Pharmaceuticals and Biogen/ldec) in
patients with relapsing MS. Long-term administration of
natalizumab provided sigmficant benefits in clinical trials,
including a marked reduction in the risk of new lesions
and a sigmficant reduction in the risk of exacerbations
within 2 months of the initiation of therapy (Comi, 2009).
In early 2005, Biogen Idec and Elan Corporation
voluntarily suspended marketing of Tysabri in the United
States based on two reported cases of Progressive
Multifocal Leukoencephalopathy (PMIL) (Aksamit, 2006;
Linda et al., 2009). VLA-4 1s the o,p3, integrin localized on
many inflammatory cells that participates in cell adhesion,
trafficking and activation, through binding to VCAM-1
and fibronectin. A second-generation antisense inhibitor
of VLA-4 (ATL1102, Antisense Therapeutics Limited) 1s
currently being investigated as a subcutaneous therapy
for relapsing-remitting MS. The pharmacokinetics and
safety of ATL1102 was mvestigated in a double blind,
placebo-controlled study in healthy subjects. This
product is directed to inhibiting the expression of CD49d
(an alpha integrinm), a subumt of the VLA-4 integrin
complex which is considered to be responsible for the
progression of M3 (Lofthouse et al., 2005; Tilley, 2008).

Myasthenbia gravis: Myasthenbia Gravis (MG) 1s a
chronic and debilitating disease which affects about
100,000 people worldwide, characterized by muscle
weakness especially inability to open one's eyes, hand
and leg muscle problems. The body's immune system
attacks acetylcholine receptors at the newomuscular
Junction (NMI), interfering with normal muscular function
(Conti-Fine et al., 2006). In severe cases the disease can
wwvolve the respiratory muscles, causing potentially
life-threatening  respiratory  failwe. The current
management of MG includes the use of anticholinesterase
drugs for temporary improvement of newomuscular
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transmission, removal of Anti-acetylcholine Receptor
(AChR) Antibodies (Abs) by plasma exchange or specific
immunoadsorption  procedures, of nonspecific
immunosuppressants or immunomodulators to curb the
anti-AChR response and thymectomy (Keesey, 2004;
Rasool et al, 2008). A novel approach to long-term
therapeutic mhibition of AChE activity in MG patients 1s
based on the observation that in the NMJ of both MG
patients and Experimental Autoimmune MG (EAMG)
anmimals, there is enhanced transcription and altered
splicing of AchE pre-mRNA, with accumulation of
a normally rare readthrough AchE-R  varant
(Brenner et al., 2003). The commonly occurring synaptic
AChE-S variant forms membrane multimers. In contrast,
that lack the
needed for

use

AChE-R exists as soluble monomers
carboxyterminal  cysteine
attachment. Thus, AChE-R permeates the synaptic space
and degrades ACh before it reaches the postsynaptic
membrane, thereby compromising AChR activation. These
observations prompted the design and use of EN101
(Monarsen), synthetic 20-base antisense oligonucleotide
that suppresses the expression of AChE-R. ENI101
normalizes neuromuscular transmission in Experimental
Autoimmune MG (EAMG) by modulating the synthesis of
AChE variants, thereby affecting the rate of ACh
hydrolysis and the efficacy of AchR  activation
(Argov et al., 2007, Sussman et al., 2008). The T.5. Food
and Drug Administration have granted Orphan Drug
Designation status for Monarsen. EN101 is undergoing
human trials. Tt is modified to achieve stability for oral
administration. Monarsen 1s now being investigated in a
phase II study (Katzberg and Bril, 2009).

membrane

DIABETES MELLITUS

Diabetes mellitus defines a group of metabolic
disorders characterized by hyperglycemia resulting from
defects in insulin secretion, insulin action or both. It 1s
one of the most common metabolic syndromes, since
there are 200 million diabetic individuals in the world; this
creates a need to understand the etiology of the disease
and the factors influencing its onset (Malecki and
Klupa, 2005, Al-Zubairi and Fid 2010). Many researchers
and companies are engaged in enhancing bioavailability
of msulin in natural physiclogical way (Smgh et af., 2011).
The molecular biology approach based on Protein
Tyrosine Phosphatase (PTP)-1B that antagonizes insulin
signaling 1s a potential therapeutic target for insulin
resistance associated with obesity and type 2 diabetes.
To date, studies of PTP-1B have been limited by the
availability of specific antagonists, however, treatment of
rodents with Antisense Oligonucleotides (ASOs) directed
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against PTP-1B improves insulin sensitivity, inhibits
lipogenic gene expression and reduces triglyceride
accumulation in liver and adipose tissue. ISIS 113715 s a
20-mer phosphorothioate Antisense Oligonuclectide
(ASQ) that is complementary to the Protein Tyrosine
Phosphatase 1B (PTP-1B) messenger RNA and
subsequently reduces translation of the PTP-1B protein,
a negative regulator of msulin receptor (Montalibet and
Kennedy, 2005, Geary et al, 2006). ISIS 113715 1s
currently being studied m early phase II clinical studies to
determine its ability to improve or restore insulin receptor
sensitivity m patients with type 2 diabetes mellitus. Future
work will investigate the combination of ISIS 113715 with
antidiabetic compounds (Swarbrick et al., 2009).

CONCLUSION

Drugs based on antisense are potentially valuable
options for new drug treatments. Antisense-based
compounds may offer advantages for carefully selected
targets and conditions, such as those of multiple
sclerosis, psoriasis, lung cancer, colorectal carcinoma,
pancreatic carcinoma, malignant glioma and malignant
melanoma, diabetes and diseases such as asthma and
arthritis with an inflammatory component. The ability to
use antisense compounds to inhibit the expression of
proteins already known to be drug targets i3 a valuable
strategy and the probability of
developing clinically useful compounds. The rapid
development of antisense technology offers almost
unlimited scope for the development of new and highly
specific therapeutics.

should increase

REFERENCES

Aboul-Fadl, T., 2005. Sense oligonucleotides: The state of
the art. Curr. Med. Chem., 12: 2193-2214.

Aboul-Fadl, T., 2006. Antisense oligonucleotide
technologies in drug discovery. Expert Opin. Drug
Discov., 1: 285-288.

Abramova, T.V., M.F. Kassakin and V. N. Silmkov, 2009.
Novel oligonuclectide analogues  based
morpholino nucleoside subumits. Ind. T. Chem.,
48: 1721-1726.

Adcock, IM., G. Caramori and K.F. Chung, 2008. New
targets for drug development in asthma. Lancet,
372: 1073-1087.

Adjer, A A, GK. Dy, C Erlichman, IJM. Reid and
T.A. Sloan et al., 2003. A phase I trial of ISIS 2503, an
antisense inhibitor of H-ras, in combination with
gemcitabine in patients with advanced cancer.
Clin. Cancer Res., 9: 115-123.

on



Int. J. Pharmacol., 7 (3): 294-315, 2011

Aksamit, A.J., 2006. Review of progressive multifocal
leukoencephalopathy and natalizumab. Neurologist,
12: 293-298.

Al-Zubairy, A.S. and EE M. Eid, 2010. Molecular targets in
the development of antidiabetic drugs. Int. T
Pharmacol., 6: 784-795.

Alberts, SR., M. Schroeder, C. Erlichman, P.D. Steen and
N.R.Fosteretal., 2004. Gemcitabine and ISIS-2503 for
patients with locally advanced or
pancreatic adenocarcinoma: A north central cancer
treatment group phase II trial. T. Clin. Oncol,
22: 4944-4951.

Amantana, A. and P.L. Iversen, 2005. Pharmacokinetics
and  biodistribution  of  phosphorodiamidate
morpholino  antisense oligomers. Curr. Opin
Pharmacol., 5: 550-555.

Amato, R.J., 2007, Inhibition of DNA methylation by
antisense oligonucleotide MG98 as cancer therapy.
Clin. Gemtourinary Cancer, 5: 422-426.

Ambrosini, G., C. Adida and D.C. Altieri, 1997. A novel
anti-apoptosis gene, swvivin, expressed in cancer
and lymphoma. Nat. Med., 3: 917-921.

Andrei, G., E. De Clercq and R. Snoeck, 2009. Drug targets
in cytomegalovirus infection. Infect. Disord. Drug
Targets, 9: 201-222.

Argov, Z., D. McKee, 3. Agus, S. Brawer and
N. Shlomowitz et al, 2007. Treatment of human
myasthema gravis with oral antisense suppression of
acetylcholinesterase. Neurology, 69: 699-700.

Askari, FK. and WM  McDemnell, 1995.
Antisense-oligonucleotide therapy. N. Engl. J. Med,,
334: 316-318.

Athyros, V.G, AL Kakafika, K. Tziomalos, A. Karagianms
and D.P. Mikhailidis, 2008. Antisense technology for
the prevention or the treatment of cardiovascular
disease: The next blockbuster? Expert Opin. Investig.
Drugs, 17: 969-972.

Azad, RF., VB. Dnver, K. Tanaka, R.M. Crocke and
K.P. Anderson, 1993. Antiviral activity of a
phosphorothicate oligonucleotide complementary to
RNA  of the human cytomegalovirus major
mmmediate-early — region Agents
Chemother., 37: 1945-1954.

Ball, HA ., M.R. Van Scott and C.B. Robinson, 2004. Sense

Therapeutic  potential ~ of
oligonuclectides and interference RNA in asthma and
allergic disorders. Clin. Rev. Allergy Immunol.,
27:207-217.

Barish , C.F., 2005. Alicaforsen therapy in inflammatory

Expert Opm. Biol

metastatic

Antimicrob.

and antisense:

bowel disease.
5: 1387-1391.

Therapy,

308

Baumgart, D.C. and W.J. Sandborn, 2007. Inflammatory
bowel disease: Clinical aspects and established and
evolving therapies. Lancet, 369: 1641-1657.

Bemumetskaya, L., S. Mani and C.A. Stein, 2005.
Combinations of chemotherapy and G3139, an
antisense Bcl-2  oligonucleotide. Drug
Discovery Dev., 2005: 209-230.

Bennett, C.F. and EE. Swayze, 2009. RNA targeting
therapeutics: Molecular mechanisms of antisense
oligomucleotides as a therapeutic platform. Ann. Rev.
Pharmacol. Toxicol., 50: 259-293.

Bernstein, FE., AA. Caudy, SM. Hammond and
3.J. Hannon, 2001. Role for a bidentate ribonuclease

Cancer

in the imtiation step of RNA interference. Nature,
409: 363-366.

Bertino, T.R., 2009. Cancer research: From folate
antagomsm to molecular targets. Best Pract. Res. Clin.
Haematol., 22: 577-582.

Bevilacqua, P.C. and R. Yajuna, 2006. Nucleobase
catalysis in ribozyme mechanism. Curr. Opin. Chem.
Biol., 10: 455-464.

Bonafoux, D. and W.C. Lee, 2009. Strategies for TGF-beta
modulation: A review of recent patents. Expert Opin.
Ther. Pat., 19: 1759-1769.

Brenner, T., Y. Hamra-amitay, T. Bvron, N. Boneva,
3. Seidman and H. Soreq, 2003. The role of
readthrough acetylcholinesterase the
pathophysiology of myasthema gravis. FASEB T,
17: 214-222.

Calvez, HL., M. Yu and F. Fang, 2004. Biochemical
prevention and treatment of viral infections-A new
paradigm in medicine for infectious diseases. Virol. T,
1:12-12.

Campbell, IM., T.A. Bacon and E. Wickstrom, 1990.
Oligodeoxynucleoside phosphorothicate stability in
subcellular extracts, culture media, sera and
cerebrospinal fluid. J. Biochem. Biophys. Methods,
20: 259-267.

Cech, TR., AJ. Zaug and P.J. Grabowsk, 1981. In vitro
splicing of the rbosomal RNA precursor of
Tetrahymena: Involvement of a guanosine nucleotide
m the excision of the intervening sequence. Cell,
27: 487-496.

Cerqueira, NM.F.S.A., P.A. Fernandes and M. Ramos,
2007. Ribonucleotide reductase: A critical enzyme for
cancer chemotherapy and antiviral agents. Recent
Patents Anti Cancer Drug Discovery, 2: 11-29.

Chan, JH.P., S. Lim and W.S.F. Wong, 2006. Antisense

mn

oligonucleotides: From design to therapeutic
application. Clin.  Exp. Pharmacol. Physiol,
33: 533-540.



Int. J. Pharmacol., 7 (3): 294-315, 2011

Chanan-Khan, A.A., R. Niesvizky, R.J. Hohl,
T M. Zimmerman and N.P. Christiansen et al., 2004,
Randomized multicenter phase 3 trial of high-dose
dexamethasone (dex) with or without oblimersen
sodium (G3139; Bcl-2 antisense; genasense) for
patients with advanced multiple myeloma (MM).
Blood ASH Ann. Meeting Abstracts, 104: 1477-1477.

Chapmar, M.J. and M. Caslake, 2004. Non-high-density
lipoprotein cholesterol as a risk factor: Addressing
risk associated with apolipoprotein B-containing
lipoprotems. Eur. Heart J. Suppl., 6: A43-A48.

Chen, X., N. Dudgeon, L. Shen and J.H. Wang, 2005.
Chemical modification of gene silencing
oligonucleotides  for drug  discovery
development. Drug Discov. Today, 10: 587-593.

Chi, K.N., A. Zoubeidi and M.E. Gleave, 2008a. Custirsen
(OGX-011): A second-generation antisense inhibitor
of clusterin for the treatment of cancer. Expert Opin.
Investig. Drugs, 17: 1955-1962.

Chi, KN, LL. S, H. Hirte, 3.J. Hotte and J. Knox et al.,
2008b. A phase i study of OGX-011, a 2-
Methoxyethyl  phosphorothioate
clusterin, n combination with docetaxel m patients
with advanced cancer. Clin. Cancer Res., 14: 833-839.

Chia, S, S. Dent, S. Ellard, PM. Ellis and
T. Vandenberg et al., 2009. Phase 1T trial of OGX-011
in combination with docetaxel in metastatic breast
cancer. Clin. Cancer Res., 15: 708-713.

Cho-Chung, Y.S., 1999. Antisense oligonucleotide
mnhibition of serine/threonine kinases: An innovative
approach to cancer treatment. Pharmacol. Ther.,
82: 437-449.

Comi, G., 2009. Treatment of multiple sclerosis: Role of
natalizumab. Neurol. Sci., 30: 155-158.

Conti-Fine, BM., M. Milani and H.J. Kaminski, 2006.
Myasthema gravis: Past, present and future. J. Clin.
Invest., 116: 2843-2854.

Cripps, CM., A.T. Figueredo, A.M. Oza, M.I. Taylor and
A L. Fields et al, 2002. Phase II randomized study of
ISIS 3521 and ISIS 5132 in patients with locally
advanced or metastatic colorectal cancer: A national

and

antisense  to

3

cancer institute of canada clinical trials group study.
Clin. Cancer Res., 8 2188-2192.

Crocke, S.T., 1998. Molecular mechanisms of antisense
drugs: RNase H. antisense and nucleic acid. Drug
Dev., 8:133-134.

Cummings, J., TH. Ward, E. Lacasse, C. Lefebvre and
M. StJean et al, 2005 Validation of
pharmacodynamic assays to evaluate the clinical
efficacy of an antisense compound (AEG 35156)
targeted to the X-linked inhibitor of apoptosis protein
XIAP. Br. ]. Cancer, 92: 532-538.

309

Cumningham, C.C., J.T. Holmlund, R.S. Geary, T.J. Kwoh
and A. Dorr et al, 2001. A phase T trial of H-ras
antisense oligonucleotide ISIS 2503 admimstered as
a continuous intravenous infusion in patients with
advanced carcinoma. Cancer, 92: 1265-1271.

D'Alonzo, D., A. Van Aerschot, A. Guaragna, G. Palumbo
and G. Schepers et al, 2009. Synthesis and base
pairing properties of 1', 5'-anhydro-L-hexitol nucleic
acids (L-HNA). Chem. - A Eur. T, 15: 10121-10131.

Damm-Welk, C., U. Fuchs,
A. Borkhardt, 2003, Targeting oncogenic fusion
genes m leukemias and lymphomas by RNA
mterference. Semin Cancer Biol., 13: 283-292.

Dangas, G. and F. Kuepper, 2002. Restenosis: Repeat
narrowing of a coronary artery prevention and
treatment. Circulation, 105: 2586-2586.

Davis, AJ, KA. Gelmon, LL. Siu, M.J. Moore and
C.D. Britten et al., 2003. Phase T and pharmacologic
study of the human DNA methyltransferase
antisense oligodeoxynucleotide MG98 given as a
21-day continuous infusion every 4 weeks. Invest.
New Drugs, 21: 85-97.

De Boer, W1, V.K.T. Alagappan and H.S. Sharma, 2007.
Molecular mechamsms m chrome obstructive
pulmonary disease Potential targets for therapy. Cell
Biochem. Biophys., 47: 131-147.

De Bouvere, B., L. Kerremans, C. Hendrix, H. de Winter,
(. Schepers, A. van Aerschot and P. Herdewn, 1997.
Hexitol Nucleic Acids (HNA) Synthesis and
properties. Nucleosides Nucleotides Nucleic Acids,
16: 973-976,

De Marisa, F., F. Amalia, O. Francesco, R. Attilio and
C. Marilena et al., 2006. Rat carotid arteriotomy:
C-myc 15 mvolved in negative remodelling and
apoptosis. J. Cardiovasc. Med., 7: 61-67.

Declercqg, R., A. van Aerschot, JR. Read, P. Herdewyn
and I.. van Meervelt, 2002. Crystal structure of double
helical hexitol nucleic acids. J. Am. Chem. Soc.,
124 928-933,

Dector, M.A., P. Romero, 5. Lopez and C.F. Aras, 2002.
Rotavirus gene silencing by small interfering RNAs.
EMBO Rep., 3: 1175-1180.

Desai, A.A, RL. Schilsky, A Young, L. Jamsch and
W.M. Stadler et al, 2005 A phase I study of
antisense oligomucleotide GTI-2040 given by
continuous intravenous infusion in patients with
advanced solid tumors. Ann. Oncol., 16: 958-965.

Detrick, B, CN. Nagimnem, L .R. Grillone, K.P. Anderson,
S.P. Henry and I.T. Hooks, 2001. Tnhibition of human
cytomegalovirus replication in a human retinal
epithelial cell model by antisense oligonucleotides.
Invest. Ophthalmol. Visual Sci., 42: 163-169.

W. Wossmann and



Int. J. Pharmacol., 7 (3): 294-315, 2011

Doudna, T.A. and T.R. Lorsch, 2005. Ribozyme catalysis:
Not different, just worse. Nat. Structural Mol. Biol.,
12: 395-402.

Downward, J., 2004. Science, medicine and the future
RNA mterference. BMT, 328: 1245-1248.

Dritschilo, A., C.H. Huang, C.M. Rudin, J. Marshall and
B. Collins et al, 2006. Phase I study of
liposome-encapsulated c-raf antisense
oligodeoxyribonucleotide infusion in combination
with radiation therapy in patients with advanced
malignancies. Clin. Cancer Res., 12: 1251-1259.

Dryselius, R, SK. Aswasti, G.K. Rajarao, P.E. Nielsen and
L. Good, 2003. The translation start codon region is
sensitive to antisense PN A inhibition in E scherichia
coli. Oligonucleotides, 13: 427-433.

Duan, W., JHP. Chan, K. McKay, I.R. Crosby and
HH  Choo et al, 2005 Inhaled p38c
mitogen-activated  protein  kinase
oligonucleotide attenuates asthma in mice. Am. J.
Respir. Crit. Care Med., 171: 571-578.

Elayadi, AN. and D.R. Corey, 2001. Application of PN A
and LNA oligomers to chemotherapy. Cuwr. Opin.
Investig. Drugs, 2: 558-561.

Elsayed, Y.A. and E.A. Sausville, 2001. Selected novel
anticancer treatments targeting cell signaling
proteins. Oncologist, 6: 517-535.

Fan, H., C. Villegas, A. Huang and J.A. Wright, 1998. The
mammalian ribonucleotide reductase R2 component
cooperates with a variety of oncogenes in
mechanisms of cellular transformation. Cancer Res.,
58: 1650-1653.

Fatima, A., E.S. Stroes and I.J. Kastelein, 2007. Antisense

stand?

antisense

apolipoprotein B therapy: Where do we
Curr. Opin. Lipidol., 18: 397-400.

Fedor, M.J. and E. Westhof, 2002. Ribozymes: The first 20
years. Mol. Cell., 10: 703-704.

Fichou, Y. and C. Férec, 2006. The potential of
oligonuclectides  for  therapeutic applications.
Trends Biotechnol., 24: 563-570.

Fidias, P., N.A. Pennell, AI. Boral, G.I. Shapiro and
AT. Skarin et af., 2009. Phase I study of the c-raf-1
antisense oligonucleotide ISIS 5132 1 combination
with carboplatin and paclitaxel in patients with
previously untreated, advanced non-small cell lung
cancer. J. Thorac. Oncol., 4: 1156-1162.

Fire, A, S. Xu, MK. Montgomery, S.A. Kostas,
S.E. Driver and C.C. Mello, 1998. Potent and specific
genetic interference by double stranded RNA in
Caenorhabditis elegans. Nature, 391: 806-811.

Flanders, K.C. and JK. Bumester, 2003. Medical
applications of transforming growth factor-[3.
Clin. Med. Res., 1: 13-20.

310

Flynn, A., RW. Berg, T. Wong, M. van Aken,
M.D. Vincent, M. Fukushima and J. Koropatuck,
2006.  Therapeutic  potential of antisense
oligodeoxynucleotides to down-regulate thymidylate
synthase in mesothelioma. Mol. Cancer Ther.,
5:1423-1433.

Galderisi, U, A. Cascino and A. Giordano, 1999.
Antisense oligonucleotides as therapeutic agents.
I. Cell. Physiol., 181: 251-257.

Gauvreau, G.M., L.P. Boulet, D.W. Cockceroft, A. Baatjes

and J. Cote et al., 2008. Antisense therapy against

CCR3 and the common beta chain attenuates

allergen-induced eocsinophilic responses. Am. .

Respiratory Crit. Care Med., 177: 952-958.

Q., MT. McManus, T. Nguyen, CH. Shen,

P.A. Sharp, HN. Eisen and J. Chen, 2003. RNA

interference of influenza virus production by directly

targeting mMRNA for degradation and indirectly
inhibiting all viral RNA transcription. Proc. Natl.

Acad. Sei., 100: 2718-2723.

Geary, R.S., ID. Bradley, T. Watanabe, Y. Kwon,
M Wedel, I.]. van Lier and A. A. VanVliet, 2006. Lack
of pharmacokinetic interaction for ISIS 113715, a
2-0-methoxyethyl modified antisense oligonuclectide
targeting protein tyrosine phosphatase 1B messenger
RNA, with oral antidiabetic compounds metformin,
glipizide or rosiglitazone. Clin. Pharmacokmet.,
45: 789-801.

Gewirtz, A M., 2000. Oligonucleotide therapeutics: A step
forward. J. Clin. Oncol., 18: 1809-1811.

Gjertsen, B.T., T. Bredholt, N. Anensen and
O XK. Vintermyr, 2007. Bel-2 Antisense in the treatment
of human malignancies: A delusion m targeted
therapy. Curr. Pharm. Biotechnol., 8: 373-381.

Gordon, S.C., B.R. Bacon and I.M. JTaccbson, 2002. A
phase 11, 12-week study of ISIS 14803, an anti-sense
inhibitor of HC'V for the treatment of chronic hepatitis
C. Hepatology, 36: 362-362.

Gore, S.D., 2009. In vitro basis for treatment with
hypomethylating agents and histone deacetylase
inhibitors: Can epigenetic changes be used to
monitor treatment? Leuk. Res., 33: S2-56.

Gross, A., IM. Mc Donnell and S.J. Korsmeyer, 1999.
Bel-2 family members and the mitochondria in
apoptosis. Genes Dev., 13: 1899-1911.

Guanghui, H. and P. Agarwal, 2009. Human disease-drug
network based on genomic expression profiles
Plosone, 4: e6536-e6536.

Haasnoot, I. and B. Berkhout, 2009. Nucleic acids-based
therapeutics in the battle against pathogenic viruses.
Handb. Exp. Pharmacol., 189: 243-263.

Hall, A HS. and KA. Alexander, 2003. RNA mterference
of human papilloma virus type 18 E6 and E7 induces
senescence in Hela cells. J. Virol., 77: 6066-6069.



Int. J. Pharmacol., 7 (3): 294-315, 2011

Hamasaki, K., K. Nakao, K. Matsumoto, T. Ichikawa,
H. Tshikawa and K. Eguchi, 2003. Short interfering
RNA-directed inlubition of hepatitis
replication. FEBS Lett., 543: 51-54.

Hammond, S., 2005. Dicing and slicing: The core
machinery of the RNA interference pathway. FEBS
Lett., 579: 5822-5829.

Hau, P., P. Jachimczak and U. Bogdahn, 2009. Treatment
of malignant gliomas with TGF-beta2 antisense
oligonucleotides. Expert Rev. Anticancer Ther.,
9: 1663-1674.

Hau, P., P. Jachimczak, R. Schlingensiepen, F. Schulmeyer
and T. Tauch et al., 2007 Intlubition of TGF-beta2 with
AP 12009 in recwrent malignant gliomas: From
preclimical to phase I/Il studies. Oligonucleotides,
17:201-212.

Hendrix, €., H. Rosemeyer, B. De Bouvere, A. van
Aerschot, F. Seela and P. Herdewijn, 1997.1'5-
anhydrohexitol oligonucleotides: Hybridisation and
strand displacement with oligoribonucleotides,
interaction with RNase H and HIV reverse
transcriptase. Chem. - A Eur. J., 3: 1513-1520.

Henry, SP., RC. Mmer, W.L. Drew, J. Fitchett,
C.Y. Defalco, LM. Rapp and A.A. Levin, 2001.
Antiviral activity and ocular kinetics of antisense
oligonucleotides designed to inhibit CMV replication.
Invest. Ophthalmol. Visual Sci., 42: 2646-2651.

Hoftfman, V.F. and D.J. Skiest, 2000. Therapeutic
developments in cytomegalovirus retinitis. Expert
Opin. Invest. Drugs, 9: 207-220.

Holmlund, J.T., 2003. Applymg antisense technology:
Affinitak™ and other antisense oligonucleotides in
clinical development. Ann. N.Y. Acad. Sci,
1002: 244-251.

Hu, Y.P., G. Cherton-Horvat, V. Dragowska, 5. Baird and
RG. Komeluk et «l, 2003, Antisense
oligonucleotides targeting XIAP induce apoptosis
and enhance chemotherapeutic activity against
human lung cancer cells in vitro and i vive. Clin.
Cancer Res., 9: 2826-2836.

Hubbard, AK. and R. Rothlein, 2000. Intercellular
adhesion molecule-1 (TICAM-1) expression and cell

B virus

]

signaling cascades. Free Radic. Biol. Med,
28: 1379-1386.
Hudziak, R.M., J Summerton, D.D. Weller and

P.L. Tversen, 2000. Antiproliferative effects of steric
blocking phosphorodiamidate Morpholino antisense
agents directed agamst c-myc. Antisense Nucleic
Acid Drug Dev., 10: 163-176.

Humbert, M., S. Holgate, 1..P. Boulet and J. Bousquet,
2007. Asthma control or severity: That is the
question. Allergy, 62: 95-101.

311

Hyrup, B. and P.E. Nielson, 1996. Peptide nucleic acids
(PNA):  Synthesis, properties and potential
applications. Bioorg. Med. Chem., 4: 5-23.

Ibralum, M.A. 2010. Advances m genomic DNA
methylation analysis. Biotechnology, 9: 459-468.
Isidoro-Garcia, M., I. Davila, E. Laffond, E. Moreno,
F. Lorente and R. Gonzalez-Sarmiento, 2005.
Interleukan-4 (IL4) and Interleukin-4 receptor (IL4RA)
polymorphisms  in asthma: A case control study.

Clin. Mol. Allergy, 3: 15-15.

Issa, J.P. and HM. Kantarjian, 2009. Targeting DNA
methylation. Clin. Cancer Res., 15: 3938-3046.
Iversen, PL., KM. Awrd, R. Wu, MM. Morse and
G.R. Devi, 2009. Cellular uptake of neutral
phosphorodiamidate morpholino oligomers.

Curr. Pharm. Biotechnol., 10: 579-588.

Tacque, TM., K. Triques and M. Stevenson, 2002.
Modulation of HIV-1 replication by RNA interference.
Nature, 418: 435-438.

Jansen, B., V. Wacheck, E. Heere-Ress, H. Schlagbauer-
Wadl and C. Hoeller et al., 2000. Chemosensitization
of malignant melanoma by Bcl-2 antisense therapy.
Lancet, 356: 1728-1733.

Jason, T.L., R. Figueredo, P.J. Ferguson, M.D. Vincent,
R.W. Berg and I. Koropatnick, 2008. ODN 491, a
novel antisense oligodeoxynucleotide that targets
thymidylate synthase, exerts cell-specific effects 1n
human tumor cell lines. DNA Cell. Biol., 27: 229-240.

Ta, Q. and R. Sun, 2003. Tnhibition of gamma herpesvirus
replication by RNA I Virol,
77: 3301-3306.

Kamal, SM., 2008 Acute hepatiis C: A systematic
review. Am. J. Gastroenterol., 103: 1283-1297.
Kang, MH. and C.P. Reynolds, 2009. Reynolds Bel-2
mhibitors: Targeting mitochondrial — apoptotic
pathways m cancer therapy. Clin. Cancer Res.,

15:1126-1129.

Kastelein, J., M. Trip and M. Davidson, 2007. Safety and
activity of ISIS301012 inhetero-zygous familial
hypercholesterolemia. I. Clin. Lipidol., 1: 475-475.

Kastelem, J.JP., MK. Wedel, BF. Baker, J. Suand
ID. Bradley et al, 2006, Potent reduction of
apolipoprotemB  and  low-density  lipoprotein
cholesterol by short-term admistration of an
antisense inhibitor of apolipoproteinB. Circulation,
114:1729-1735.

Katzberg, H.D. and V. Bril, 2009. Current and future
immmunotherapy in myasthema gravis. Future Neurol.,
4: 745-759.

Kawr, H., S. Saini, S. Peer and J. Singh, 2010. Current
therapies and novel targets in treatment of breast
cancer. Syst. Rev. Pharmacy, 1: 40-49.

interference.



Int. J. Pharmacol., 7 (3): 294-315, 2011

Keesey, I.C., 2004. Clinical evaluation and management of
myasthenia gravis. Muscle Nerve, 29: 484-505.
Kennewell, P., 2003. Technology evaluation: TSIS-104838,

OraSense. Curr. Opin. Mol. Ther., 5: 76-80.

Khan, A.1J,, 2006. Ribozyme: A clinical tool. Clin. Chim.
Acta., 367: 20-27.

Kipshidze, N., M. Tsapenko, P. Tversen and D. Burger,
2005. Antisense therapy for restenosis following
percutaneous coronary intervention. Expert Opin.
Biol. Ther., 5: 79-89.

Knox, I.T, X.E. Chen, R. Feld, M. Nematollahi and
R. Cheiken et al, 2008. A phase I-IT study of
oblimersen sodium (G3139, Genasense) in
combination with doxorubicin m advanced
hepatocellular carcinoma (NCT # 5798). Invest. New
Drugs, 26: 193-194.

Kolb, G., 5. Reigadas, C. Boiziau, A. Van Aerschot and
A, Arzumanov et al, 2005, Hexitol nucleic
acid- containing aptamers are efficient ligands of HIV-
1 TAR RNA. Biochemistry, 44: 2926-2933.

Krause, B.R., 2004. The roles of apolipoproteins Band E
in lipid transport and atherosclerosis. Drug Dev. Res.,
6: 155-165.

Kurreck, J., 2003. Antisense technologies: Improvement
through novel chemical modifications. Fur. 7.
Biochem., 270: 1628-1644.

Lacasse, E.C., ER. Kandimalla, P. Winocour, T. Sullivan,
S. Agrawal, TW. Gillard and T Durkin, 2005.
Application of XTAP antisense to cancer and other
proliferative disorders: Development of AEG35156/
GEM640. Ann. N. Y. Acad. Sci., 1058: 215-234,

Lacasse, E.C., G.G. Cherton-Horvat, K.E. Hewitt,
L.J. Jerome and S.J. Morris et al., 2006. Preclinical
characterization of AEG35156/GEM 640, a second-
generation antisense oligonucleotide targeting X-
linked mhibitor of apoptosis. Clin. Cancer Res.,
12: 5231-5241.

LeRoith, D., H. Werner, D. Beitner-Johnson and
Ir. A.T. Roberts, 1995. Molecular and cellular aspects
of the insulin-like growth factor T receptor. Endocr.
Rev., 16: 143-163.

Leighl, NB., S.A. Lauwrie, X.E. Chen, P. Ellis and
F.A. Shepherd et al, 2009. A phase I/TT study of
GTI-2040 plus docetaxel as second-line treatment in
advanced Non-Small Cell Lung Cancer (NSCTL.C): A
study of the PMH phase IT consortium. J. Thorac.
Oncol., 4: 1163-1169.

Liang, C.Y.,D.B. Zhou, X.G. Yu, BN. Xu, W.B. Zhang and
S.B. Wang, 2007, Expression of c-myc mRNA on early
restenosis after carotid endarterectomy. Zhonghua
Wai Ke Za Zhi, 45: 555-557.

Lin, T, D. Ziring, S. Desai, S. Kim and M. Wong et al.,
2008. TNFalpha blockade in human diseases: An
overview of efficacy and safety. Clin. Immunol.,
126: 13-30.

312

Linda, H., A. Von Heijne, O.E. Major, B.S. Caroline
Ryschkewitsch, J. Berg, T. Olsson and M.D. Claes
Martin, 2009, Progressive multifocal
leukoencephalopathy after nataliziunab monotherapy.
New England T. Med., 361: 1081-1087.

Lofthouse, S.A., JR. Crosby, D. Tung, M. Guha,
D. Kowalski, D. Luther and C.C. Arberg, 2005.
Aerosol delivery of VLA-4 specific antisense
oligonucleotides inhibit airway mnflammation and
hyperresponsiveness in mice. Respirology, 10: 11-11.

Luis, P.A., IY. Douillard, P. Koralewski, C. Manegold and
E.F. Smit et al., 2006. Phase 11T study of gemcitabine
and cisplatin with or without aprinocarsen, a protein
kinase C-alpha antisense oligonuclectide, in patients
with advanced-stage non-small-cell lung cancer.
J. Clin. Oncol., 24: 1428-1434,

Ma, Q. T. Yang, I. Yin, Z. Peng, M. Yu, Z. Liu and
F. Chen, 2009. Role of insulin-like growth
factor-1(IGF-1) in regulating cell cycle progression.
Biochem. Biophys. Res. Commun., 389: 150-155.

Mackay, H.J. and C.J. Twelves, 2003. Protemn kinase C: A
target for anticancer drugs. Endocrine-Related
Cancer, 10:; 389-396.

Maguire, B.A., 2009. Tnhibition of bacterial ribosome
assembly: A suitable drug target. Microbiol. Mol.
Bicl Rev., 73: 22-35.

Mahato, RI, K. Cheng and R.V. Guntaka, 2005.
Modulation of gene expression by antisense and
antigene oligodeoxynucleotides and small interfering
RNA. Expert Opin. Drug Deliv., 2: 3-28.

Malecki, M.T. and T. Klupa, 2005. Type 2 diabetes
mellitus: From genes to disease. Pharmacol. Rep.,
57: 20-32.

Malik, R. and I. Roy, 2008. Design and development of
antisense drugs. Expert Opm. Drug Discovery,
3: 1189-1207.

Manoharan, M., 1999. 2'-carbohydrate modifications in
antisense oligonucleotide therapy: Importance of
conformation, configuration and comjugation.
Biochim. Biophys. Acta (BBA) - Gene Structwre
Expression, 1489: 117-130.

Manscor, M. and A.J. Melendez, 2008. Advances in
antisense oligonuclectidedevelopment for target
identification, validation and as novel therapeutics.
Gene. Regul. Syst. Bio., 2: 275-295.

Matsukura, M., K. Shinoaka, G. Zon, H. Mitsuya,
M. Reitz, J.S. Cohen and S. Broder, 1987.
Phosphorothicate analogs of oligodeoxynucleotides:
Inhibitors of replication and cytopathic effects of
human immunodeficiency virus. Proc. Natl. Acad.
Sci., 84: 7706-7719.

Matthew, K.I., 2007. ISIS 301012 gene therapy for
hypercholesterolemia: Sense, antisense, or nonsense.
Amn. Pharmacother., 41: 1669-1678.



Int. J. Pharmacol., 7 (3): 294-315, 2011

McCubrey, JTA., L.S. Steelman, SI. Abrams,
W.H. Chappell and 3. Russo et al., 2009. Emerging raf
nhibitors. Expert Opin. Emerg. Drugs, 14: 633-648.

McHutchisen, 1.G., K. Patel, P. Pockros, L. Nyberg and
S. Pianko et al., 2006. A phase I trial of an antisense
mbubitor of hepatitis C vmus (ISIS  14803),
administered to chronic hepatitis C patients.
1. Hepatol., 44: 88-96.

Mita, A.C., MM. Mita, S.T. Nawrocki and F.J. Giles, 2008.
Swvivin: Key regulator of mitosis and apoptosis and
novel target for cancer therapeutics. Clin. Cancer
Res., 14: 5000-5005.

Mocarski, Jr. E.S., 1988, Biology and replication of
cytomegalovirus. Transfus. Med. Rev., 2: 229-234.

Monia, BP., EA. Lesnik, C. Gonzalez, W.F. Lima and
D. McGee et af., 1993. Evaluation of 2’-modified
oligonuclectides containing 2’-deoxy gaps as
antisense mhibitors of gene expression. J. Biol.
Chem., 268: 14514-14522.

Momnia, B.P., I.F. Johnston, T. Geiger, M. Muller and
D. Fabbro, 1996, Antitumor activity of a
phosphorothicate  antisense oligodeoxynucleotide
targeted against C-raf kinase. Nat. Med., 2: 668-675.

Montalibet, J. and B.P. Kennedy, 2005, Therapeutic
strategies for targeting PTP1B in diabetes. Drug
Discovery Today Therapeutic Strategies, 2: 129-135.

O'Leary, I.G. and G.I.. Davis, 2010. Review: Hepatitis C
virus replicattion and potential targets  for
direct-acting agents. Ther. Adv. Gastroenterol.,
3: 43-53.

O'Shea, I.T., M. Averil and P. Lipsky, 2002, Cytokines and
autoimmuuty. Nat. Rev. Immunol., 2: 37-45.

Oh, CK., G.P. Geba and N. Molfino, 2010. Investigational
therapeutics  targeting the IL-4/11L-13/STAT-6
pathway for the treatment of asthma. Eur. Respir.
Rev., 19: 46-54.

Pan, WH. and G.A. Clawson, 2006. Antisense
applications for biological control. I. Cell. Biochem.,
98: 14-35.

Pandey, V.N., A Upadhyay and B. Chaubey, 2009.
Prospects for antisense Peptide Nucleic Acid (PNA)
therapies for HIV. Expert Opin. Biol. Ther., 9: 975-989.

Pei, I, Z. Chuanbo, G.C. Prafulla, R. Aquilur, D. Anatoly,
A. Imran and K.N. Usha, 2004. Combination with
liposome-entrapped, endsmodified raf antisense
oligonucleotide (LErafACON.) improves the anti-tumor
efficacies of cisplatin, epirubicin, mitoxantrone,
docetaxel and gemcitabine. Anticancer Drug,
15: 243-253.

Pelaia, G, G. Cuda, A. Vatrella, L. Gallelh
and M. Caraglia et al., 2005. Mitogen-activated
protein  kinases and asthma. J. Cell. Physiol,
202: 642-653.

313

Pennati, M., M. Folini and N. Zaffaroni, 2007. Targeting
survivin in cancer therapy: Fulfilled promises and
open questions. Carcinogenesis, 28: 1133-1139.

Pensato, S., M. Saviano and A. Romanell;, 2007. New
peptide nucleic acid analogues: Synthesis and
applications. Expert Opin. Biol. Ther., 7: 1219-1232.

Phillips, M.I., 2004. Antisense therapeutics. Humana Press
Methods Mol. Med., 106: 3-10.

Philpott, T.R. and Jr. P.B. Miner, 2008. Antisense inhibition
of ICAM-1 expression as therapy provides insight
mto basic inflammatory pathways through early
experiences mn I1BD. Expert Opin. Biol. Ther.,
8: 1627-1632.

Plummer, R, T.. Vidal, M. Griffin, M. TLesley and
I. de Bono et al., 2009. Phase I study of MG98, an
oligomucleotide antisense inhuibitor of human DNA
methyltransferase 1, given as a 7-Day infusion in
patients with advanced solid tumors. Clin. Cancer
Res., 15: 3177-3177.

Popescu, F.D. and F. Popescu, 2007. A review of
antisense therapeutic interventions for molecular
biological targets in asthma. Biologics, 1: 271-283.

Popescu, F.D., 2005. Pharmacological modulation of gene
expression in asthma (review in Japanese and
English). Int. Rev. Asthma, 7: 74-90.

Rasool, S, M. Behari, M. Trshad, V. Goyal and
B.L. Jailkhani, 2008. Antibodies against postsynaptic
acetylcholine receptor and presynaptic membrane
receptor in myasthenia gravis. Trends Med. Res.,
3. 64-71.

Reid, GK., I M. Besterman and A.R. MacLeod, 2002.
Selective mhibition of DNA methyltransferase
enzymes as a novel strategy for cancer treatment.
Curr. Opin. Mol. Ther., 4 130-137.

Ritch, P., CM. Rudin, J.D. Bitran, M.]. Edelman and
A, Makalinao et al., 2006. Phase T study of
PK C-alpha antisense oligonucleotide aprinocarsen in
combination with gemcitabine and carboplatin in
patients with advanced non-small cell lung cancer.
Lung Cancer, 52: 173-180.

Rodon, 1., V. DeSantos, Jr. R.J. Ferry and R. Kurzrock,
2008. Early drug development of inhibitors of the
wmsulin-like  growth factor-I receptor pathway:
Lessons from the first clinical trials. Mol Cancer
Ther., 7: 2575-2588.

Rose, M.G., M.P. Farrell and I.C. Schmitz, 2002.
Thymidylate synthase: A critical target for cancer
chemotherapy. Clin. Colorectal Cancer, 1: 220-229.

Roychowdhwry, D. and M. Lahn, 2003. Antisense therapy
directed to protein kinase C-alpha (affinitak,
LY900003/ISIS 3521): Potential role in breast cancer.
Seminars Oncol., 30: 30-33.



Int. J. Pharmacol., 7 (3): 294-315, 2011

Rudin, C. M., I. Holmlund, G.F. Fleming, 8. Mani and
W .M. Stadler et al., 2001. Phase I Trial of ISIS 5132,
an antisense oligonucleotide inhibitor of c-raf-1,
administered by 24-hour weekly infusion to patients
with advanced cancer. Clin. Cancer Res., 7: 1214-1220.

Ryan, BM., N. O'Donovan and M.T. Dufty, 2009. Swvivin:
A new target for anti-cancer therapy. Cancer Treat
Rev., 35: 553-562.

Sachdev, D., X. Zhang, I. Matise, G.M. Kelly and D. Yee,
2010. The type I nsulin-like growth factor receptor
regulates cancer metastasis independently of primary
tumor growth by promoting mvasion and survival.
Oncogene, 29: 251-262.

Salvesen, G.S5. and C.S. Duckett, 2002, TAP proteins:
Blocking the road to deaths door. Nat. Rev. Mol. Cell.
Biol., 3: 401-410.

Sasaki, H., Y. Sheng, F. Kotsuji and B.K. Tsang, 2000.
Down-regulation of X-linked inhibitor of apoptosis
protein induces apoptosis in chemo resistant human
ovarian cancer cells. Cancer Res., 60: 5659-5666.

Saxena, N., 8.S. Lahiri, 3. Hambarde and R.P. Tripatiu,
2008. RAS: Target for cancer therapy. Cancer Invest.,
26: 948-955.

Saxena, V. and N. 5. Han Narayana Moorthy, 2007. Insulin
like growth factor-1 receptor: An anticancer target
waiting for hit. Int. . Cancer Res., 3: 54-73.

Schindler, I.F., I.B. Monahan and W.G. Smith, 2007. p38
pathway kinases as anti-inflammatory dirug targets.
I. Dent. Res., 86: 800-811.

Schlingensiepen, K.H., B. Fischer-Blass, S. Schiaus and
S. Ludwig, 2008. Antisense therapeutics for tumor
treatment: The TGF-beta2 intlubitor AP 12009 in
clinical development against malignant tumors.
Recent Results Cancer Res., 177: 137-150.

Schreiber, A., G. Harter, A. Schubert, D. Buyes,
T. Mertens and D. Michel, 2009. Antiviral treatment
of cytomegalovirus infection and resistant strains.
Expert Opin. Pharmacother., 10: 191-209.

Séguin, RM. and N. Ferrari, 2009, Emerging
oligonucleotide therapies for asthma and chronic
obstructive pulmonary disease. Expert Opin. Invest.
Drugs, 18: 1505-1517.

Sekhon, H.S., C.A. London, M. Sekhon, PL. Iversen and
GR. Devi, 2008. c-MYC antisense
phosphosphorodiamidate  morpholine  oligomer
mhibits lung metastasis n a murine tumor model.
Lung Cancer, 60: 347-354.

Serern, D., R. Tubiana, C. Lascoux, C. Katlama and
O. Taulera et al, 1999.. Pharmacckinetics and
tolerability of intravenous trecovirsen (GEM 91) an
antisense  phosphorothioate  oligonucleotide, in
HIV-positive subjects. J. Clin. Pharmacol., 39: 47-54.

314

Sewell, K.I.., R.S. Geary, B.F. Baker, IM. Glover and
T.G.K. Mant et al., 2002. Phase I trial of ISIS 104838,
a 2-methoxyethyl modified antisense oligonucleotide
targeting tumor necrosis factor-alpha. J. Pharmacol.
Exp. Ther., 303: 1334-1343.

Shah, MH., K.A. Varker, M. Collamore, J.A. Zwiebel,
C. Daniel, K. David and K.Y. Chung, 2009. G3139
{Genasense) m patients with advanced merkel cell
carcinoma. Am. J. Clin. Oncol., 32: 174-179.

Singh, T., G. Singh, N. Smgh and H. Kaur, 2011. Oral
insulin delivery with various grades of HPMC on
non-diabetic rats. Trends Med. Res. (In Press).

Skolnik, EY., A Batzer, N. Li CH. Lee and
E. Lowenstein et al., 1993. The function of GRB2 in
linking the insulin receptor to Ras signaling
pathways. Science, 260: 1953-1955.

Sorbera, I.A., C. Dulsat and E. Rosa, 2005. Therapeutic
targets for multiple sclerosis Drugs Future,
34: 405-405.

Sospedra, M. and R. Martin, 2005. Immunology of multiple
sclerosis. Ann. Rev. Immunol., 23: 683-747.

Spicuzza, L., D.G. Maria and R. Polosa, 2006. Adenosine
in the airways: Implications and applications. Eur. T.
Pharmacol., 533: 77-88.

Spizzo, R., D. Rushworth, M. Guerrere and G.A. Calin,
2009. BRNA mhibitionn, microRNAs and new
therapeutic agents for cancer treatment. Clin.
Lymphoma. Myeloma Leukemia, 9: 3313-5318.

Stein, C.A., JB. Hansen, J Lai, 5. Wu and
AL Voskresenskuy et al., 2010. Efficient gene silencing
by delivery of locked nucleic acid antisense
oligomucleotides, unassisted by
reagents. Nucleic Acids Res., 38: e3-e3.

Stephens, A.C., 2004, Technology evaluation: AVI-4126,
AVI BioPharma. Curr. Opin. Mol. Ther., 6: 551-558.

Sussman, 1.D., 7. Argov, D. McKee, E. Hazum, 5. Brawer
and H. Soreq, 2008. Antisense treatment for
myasthema gravis: Experience with monarsen.
Ann. N. Y. Acad. Sei., 1132: 283-290.

Suziki, I, N. Miyano-Kurosaki, T. Kuwasaki, H. Takeuchi,
(. Kawai and H. Takaku, 2002. Inhibition of human
mmunoedeficiency virus type 1 activity in vitto by a
new self-stabilized oligonucleotide with guanosine-
thymidine quadiruplex motifs. J. Virol., 76: 3015-3022.

Swarbrick, M M., P.J. Havel, A A. Levin, A.A. Bremer and
K.L. Stanhope et al, 2009. Intlibition of protein
tyrosine phosphatase-1B with antisense
oligonucleotides improves insulin sensitivity and
increases adiponectin concentrations in monkeys.
Endocrinelogy, 150: 1670-1679.

Tamm, I., B. Doerken and G. Hartmann, 2001. Antisense
therapy in oncology: New hope for an old idea?
Lancet, 358: 489-497.

transfection



Int. J. Pharmacol., 7 (3): 294-315, 2011

Tan, S.I., A. Pause, Y. Shi and N. Sonenberg, 2002.
Hepatitis C therapeutics: Current status and emerging
strategies. Nat. Rev. Drug Discov., 1: 867-881.

Taragh, Z. and E. Ilali, 2010. Quality of life among multiple
sclerosis patients. J. Applied Sci., 10: 1485-1488.

Tarhini, A.A. and I M. Kirkwood, 2007. Oblimersen in the
treatment of metastatic melanoma. Future Oncol.,
3. 263-271.

Tilley, T.W., 2008. Very late antigen-4 integrin antagonists.
Expert Opin. Therapeutic Patents, 18: 841-859.

Van Aerschot, A, 2006. Oligonucleotides as antivirals:
Dream or realistic perspective. Antiviral Res.,
71: 307-316.

Veedu, RN. and J. Wengel, 2009. Locked nucleic acid as
a novel class of therapeutic agents. RNA Biol,
6: 321-333.

Villalona-Calero, M.A., P. Ritch, T.A. Figueroa,
G.A. Otterson and R. Belt et al., 2004. A phase /11
study of LY .900003, an antisense intubitor of protein
kinase C-alpha, in combination with cisplatin and
gemcitabine in patients with advanced non-small cell
lung cancer. Clin. Cancer Res., 10: 6086-6093.

Wajant, H., K. Pfizenmaier and P. Scheurich, 2003, Tumor
necrosis factor signaling. Cell Death Differ., 10: 45-65.

Wang, H.G., UR. Rappand J.C. Reed, 1996. Bcl-2 targets
the protein kinase Raf-1 to mitochondria. Cell,
87: 629-638.

Wer, L., T. Xue, I. Wang, B. Chenand Y. Lei et al., 2009.
Roles of clusterin in progression, chemoresistance
and metastasis of human ovarian cancer. Int. T.
Cancer, 125: 791-806.

White, P.J., LM Atley and C.J. Wraight, 2004. Antisense
oligonucleotide treatments for psoriasis. Expert Opin.
Biol. Ther., 4: 75-81.

Winquist, E., . Knox, IP. Ayoub, L. Wood and
N. Wainman et @f., 2006. Phase II trial of DNA
methyltransferase 1 inhibition with the antisense
oligonucleotide MG98 in patients with metastatic
renal carcinoma: A National Cancer Institute of
Canada Climcal Trials Group investigational new
drug study. Invest. New Drugs, 24: 159-167.

Wood, M., H. Yin and G. McClorey, 2007. Modulating the
expression of disease genes with RNA-based
therapy. PloS Genet., 3: e109-¢109.

315

Yamaguchi, K., B. Papp, D. Zhang, A N. Ali, S. Agrawal
and R.A. Bym, 1997. The multiple inhibitory

of GEM 91, gag artisense
phosphorothicate  oligonucleotide, for
mmunodeficiency virus type 1. AIDS Res. Hum.
Retroviruses, 13: 545-554.

Yokota, T., N. Sakamoto, N. Enomoto, Y. Tanab and
M. Miyagishi et al., 2003. Inhibition of intracellular
hepatitis € virus replication by synthetic and
vector-derived small interfering RNAs. EMBO Rep.,
4: 602-608.

Yoon, L., V. Aikaterini, F. Ningping, J. Hongnan and
W. Ming et al., 2006. GTI-2501, an antisense agent
targeting R1, the large
ribonuicleotide reductase, shows potent anti-tumor
activity agamst a variety of tumors. Int. J. Oncol,,
28: 469-478.

Yoshitaka, I, I. Enyu, T. Shiro and R. Hwromi, 2008.
Oligonucleotidic therapeutics. Expert Opm. Drug
Discovery, 3: 991-99¢.

Yu, R.Z., R.5. Geary, I.D. Flaim, G.C. Riley, D.L.. Tribble,
AA. Viet and MK. Wedel, 2009. Lack of
pharmacokinetic interaction of mipomersen sodium
(ISIS 301012), a 2-O-methoxyethyl modified antisense
oligonucleotide targeting apolipoprotein  B-100
messenger RN A, with simvastatin and ezetimibe. Clin.
Pharmacokinet., 49: 39-50.

Zamecnik, P.C. and M.L. Stephenson, 1978. Inhibition of
Rous replication
transformation by a specific oligodeoxynucleotide.
Proc. Natl. Acad. Sci., 75: 280-284.

Zamore, P.D. and N. Aronin, 2003. siRNAs knocks down
hepatitis. Nat. Med., 9: 266-267.

Zhang, Z., 2002. Technology evaluation: EPI-2010,
EpiGenesis. Curr. Opin. Mol. Ther., 4: 275-280.
Zheng, R., 1999. Technology evaluationn GEM-92,

Hybridon Inc. Curr. Opin. Mol. Ther., 1: 521-523.
G., 1995 phosphorothioate

oligodeoxynucleotides: Introductory concepts and

possible molecular mechamsms of toxicity. Toxicol.

Lett., 82-83: 419-424.

mechanisms a

human

subunit of human

sarcoma  virus and cell

Zon Antisense

il



	IJP.pdf
	IJP.pdf
	Page 1



