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MEDICAL DEVICES AND METHODS
FOR REDUCING LOCALIZED FIBROSIS

CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claims the benefit of U.S. Provisional
Application No. 60/589,700, filed on 21 July 2004, which is incorporated

herein by reference in its entirety.

BACKGROUND

Implantation of biomedical devices leads to the formation of a poorly
vascularized fibrous capsule that can lead to implant failure. Upon
implantation, host neutrophils, macrophages, and lymphocytes migrate to
the device surface and release cyiokines and other proteins. Release of
these molecules facilitates a cascade of processes that results in collagen
production by local cells and the formation of a fibrous capsule around the
material, walling it off from surrounding tissue. This process is also known
as the foreign body response and develops in response to almost all
implanted materials. Although a wide variety of possible therapeutic

modalities have been suggested and consequently been investigated, for

- now there is no effective treatment available

Thus, it remains desirable to find suitable other methods that reduce

and even prevent said fibrotic entrapment.

SUMMARY
The present invention is directed to medical devices and the use
thereof. The medical devices of the present invention include a substrate
having associated therewith an active agent that suppresses the production
and/or activity of a telopeptide lysyl hydroxylase (TLH) enzyme (preferably,
human TLH enzyme) in collagen-producing cells in a subject. Such medical
devices can be used in methods of the present invention that involve

reducing, and preferably eliminating, aberrant crosslinking of collagen (and
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the consequent formation of fibrotic tissue), that being the consequence of
TLH enzyme activity. Such crosslinking typically occurs at the site of contact
between a medical device and tissue of the subject.

Thus, the present invention provides an active agent that suppresses
the production and/or activity of a TLH enzyme to tissue at the immediate
interface of the tissue and the medical device (which may or may not be the
source of the active agent).

In one embodiment of the invention, there is provided a medical
device that includes a substrate and an active agent associated with the
substrate, wherein the active agent suppresses the production and/or activity
of a TLH enzyme in collagen-producing cells. The active agent is
"associated with the substrate” in a manner that allows localized delivery of
the active agent directly to the interface of the medical device and the
surrounding tissue.

The present invention also provides a method for delivering an active
agent to a subject, the method involves: providing a medical device that
includes a substrate and an active agent that suppresses the production
and/or activity of a TLH enzyme in colvlagen—producing cells associated with
the substrate; and placing the medical device in the subject in contact with
collagen-producing cells.

Thus, in certain methods of the present invention a composition that
includes an active agent can be delivered to the site of a medical device
using the medical device per se (wherein the active agent is associated with
the medical device). Alternatively, an active agent can be delivered to the
site of a medical device using a variety of other methods. However, the
active agent is delivered in a manner such that the active agent comes in
contact with collagen-producing cells that are in contact with the medical
device within a localized tissue region. That is, the active agent is delivered
to the interface of the medical device and the surrounding tissue.

In one embodiment, the present invention provides a method of
reducing fibrotic tissue formation at the site of a medical device in a subject.
The method includes delivering to a localized tissue region at the site of the
medical device an active agent that suppresses the production and/or

activity of a TLH enzyme in collagen-producing cells. The medical device
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can deliver the active agent or the active agent can be delivered to the site
using an alternate device (e.g., sponge, film, sheet, patch, or cuff, and pump,
catheter) or composition. Herein, delivering to the site of the medical device
means delivering the active agent to the interface of the medical device and
the surrounding tissue.

In one embodiment, there is provided a medical device embedded in
a matrix that includes the active agent, wherein the active agent suppresses
the production and/or activity of a TLH enzyme in collagen-producing cells.
In certain embodiments, the matrix that includes the active agent is a
polynucleotide delivery matrix. In certain embodiments, the polynucleotide
delivery matrix includes DNA encoding antisense, ribozyme, siRNA
molecules that interfere with a PLOD2 gene (preferably, human PLOD2
gene) and inhibit the translation of a TLH enzyme or a gene encoding a
protein involved in the production or processing of a TLH enzyme.

The phrase "active agent suppresses the production and/or activity of
TLH enzyme" refers to a substance (e.g., small organic compound, DNA,
RNA, etc.) that prevents or otherwise reduces the production of a TLH
enzyme, or that prevents or otherwise reduces the activity of a TLH enzyme,
or both affects the production and activity of a TLH enzyme. This can occur
by directly targeting a TLH enzyme or a PLOD2 gene encoding a TLH
enzyme, or a protein or gene involved in the production or processing of a
TLH enzyme.

Herein, when reference is made to a PLOD2 gene or a TLH enzyme,
reference is typically being made to the sequences of the human gene and
enzyme, but the sequences of PLOD2 genes and TLH enzymes of other
species are included where appropriate. Such sequences are disclosed in
the NCBI database on the World Wide Web at ncbi.nim.nig.gov and
specifically at
ncbi.nim.nih.gov/entrez/query.fcgi?CMD=Display& DB=nucleotide.

The phrase "active agent associated with the substrate" means that
one or more active agents are mixed within, bonded to, coated on, or
otherwise intimately associated with a substrate that forms part of the
medical device. The means by which the active agent is associated with the

medical device is not limiting as long as the active agent is allowed to elute
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and be exposed to collagen-producing cells, thus providing for a reduction or
prevention of aberrant crosslinking of the collagen.

By "subject" is meant an organism to which the active agent of the
invention can be administered. Preferably, a subject is a mammal or
mammalian cells, e.g., such as humans, cows, sheep, apes, monkeys,
swine, dogs, cats, and the like. More preferably, a subject is a human.

As used herein "cell" is used in its usual biological sense, and does
not refer to an entire muiticellular organism. The cell may be present in an
organism which may be a human but is preferably of mammalian origin, e.g.,
such as humans, cows, sheep, apes, monkeys, swine, dogs, cats, and the
like. However, several steps of producing small interfering RNA, antisense,
or ribozyme molecules may require use of prokaryotic cells (e.g., bacterial
cell) or eukaryotic cell (e.g., mammalian cell) and thereby are also included
within the term "cell.” '

By "complementary" it is meant that a molecule including one or more
polynucleotides (DNA or RNA) can form hydrogen bond(s) (i.e., hybridize
and form a duplex) with another molecule including one or more
polynucleotides by either traditional Watson-Crick pairing or other non-
traditional types. It will be understood that a complementary nucleotide
sequence includes, in addition to a fully complementary nucleotide
sequence, a substantially complementary nucleotide sequence that contains
deletions or additions of one or more bases relative to the reference
sequence, provided the complementary nucleotide sequence still retains the
ability to hybridize with the reference nucleotide sequence.

The term "expression" defines the process by which a gene is
transcribed into RNA (transcription); the RNA may be further processed into
the mature small interfering RNA, antisense, or ribozyme molecules.

The terminology "expression vector" defines a vector or vehicle
designed to enable the expression of an inserted sequence following
transformation into a host. The cloned gene (inserted sequence) is usually
placed under the control of control element sequences such as promoter
sequences. The placing of a cloned gene under such control sequences is

often referred to as being operably linked to control elements or sequences.
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By the term "inhibit" or "inhibitory” it is meant that the activity of the
target genes or level of mMRNAs or equivalent RNAs encoding target genes is
reduced below that observed in the absence of the provided small interfering
RNA, ribozyme, or antisense molecules. Preferably the inhibition is at least
10% less, 25% less, 50% less, or 75% less, 85% less, or 95% less than in
the absence of the small interfering RNA, ribozyme, or antisense molecules.

By "polynucleotide” as used herein is meant a molecule having
nucleotides of any length, either ribonucleotides or deoxynucleotides. The
term is often used interchangeably with nucleic acid or nucleic acid
molecule. The polynucleotide can be single, double, or multiple stranded
and may include modified or unmodified nucleotides or non-nucleotides or
various mixtures and combinations thereof. It can include DNA or RNA. An
example of a polynucleotide according to the invention is a gene that
encodes for a small interfering RNA, even though it does not necessarily
have its more common meaning for encoding for the production of protein.

By "RNA" is meant ribonucleic acid, a molecule consisting of
ribonucleotides connected via a phosphate-ribose(sugar) backbone. By
"ribonucleotide” is meant guanine, cytosine, uracil, or adenine or a
nucleotide with a hydroxyl group at the 2’ position of a beta-D-ribo-furanose
moiety. As is well known in the art, the genetic code uses thymidine as a
base in DNA sequences and uracil in RNA. One skilled in the art knows how
to replace thymidine with uracil in a written polynucleotide to convert a
written DNA sequence into a written RNA sequence, or vice versa.

By "small interfering RNA" is meant a polynucleotide which has
complementarity in a substrate binding region to a specified gene target, and
which acts to specifically guide enzymes in the host cell to cleave the target
RNA. That is, the small interfering RNA by virtue of the specificity of its
sequence and its homology to the RNA target, is able to cause cleavage of
the RNA strand and thereby inactivate a target RNA molecule because it is
no longer able to be transcribed. These complementary regions allow
sufficient hybridization of the small interfering RNA to the target RNA and
thus permit cleavage. One hundred percent complementarity often
necessary for biological activity and therefore is preferred, but

complementarity as low as 90% may also be useful in this invention. The
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specific small interfering RNAs described in the present application are not
meant to be limiting and those skilled in the art will recognize that all that is
important in a small interfering RNA is that it have a specific substrate
binding site which is complementary to one or more of the target nucleic acid
regions.

Small interfering RNAs are double stranded RNA agents that have
complementarity to (i.e., able to base-pair with) a portion of the target RNA
(generally messenger RNA). Generally, such complementarity is 100%, but
can be less if desired, such as at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99%. For example, 19 bases out of 21 bases may be base-paired. In some
instances, where selection between various allelic variants is desired, 100%
complementary to the target gene is required in order to effectively discern
the target sequence from the other allelic sequence. When selecting
between allelic targets, choice of length is also an important factor because it
is the other factor involved in the percent complementary and the ability to
differentiate between allelic differences.

The small interfering RNA sequence needs to be of sufficient length to
bring the small interfering RNA and target RNA together through
complementary base-pairing interactions. The small interfering RNA of the
invention may be of varying lengths. The length of the small interfering RNA
is preferably greater than or equal to ten nucleotides and of sufficient length
to stably interact with the target RNA; specifically 15-30 nucleotides; more
specifically, any integer between 15 and 30 nucleotides, such as 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, and 30. By "sufficient length" is
meant a polynucleotide of greater than or equal to 15 nucleotides that is of a
length great enough to provide the intended function under the expected
condition. By "stably interact” is meant interaction of the small interfering
RNA with a target polynucleotide (e.g., by forming hydrogen bonds with
complementary nucleotides in the target under physiological conditions).

The terms "comprises" and variations thereof do not have a limiting

meaning where these terms appear in the description and claims.

As used herein, "a,” "an," "the," "at least one,"” and "one or more" are

used interchangeably. Thus, for example, a composition that comprises "an"
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active agent can be interpreted to mean that the composition includes "one
or more" active agent. Similarly, a medical device comprising "a" substrate
can be interpreted to mean that the composition includes "one or more”
substrates. Furthermore, a "composition” as used herein can consist of just
one active agent without any other components (e.g., pharmaceutically
acceptable carrier).

Also herein, the recitations of numerical ranges by endpoints include
all numbers subsumed within that range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75,
3, 3.80, 4, 5, etc.).

The above summary of the present invention is not intended to
describe each disclosed embodiment or every implementation of the present
invention. The description that follows more particularly exemplifies
illustrative embodiments. In several places throughout the application,
guidance is provided through lists of examples, which examples can be used
in various combinations. In each instance, the recited list serves only as a

representative group and should not be interpreted as an exclusive list.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1. Collagen crosslinked through the allysine route gives
(hydroxy)lysinonorleucine crosslinks, and is typically found in type |
collagen in skin, cornea, and certain tendons.

FIGURE 2. Collagen crosslinked through the hydroxyallysine route
gives (hydroxy)lysylpyrodinoline (HP and LP, respectively) crosslinks, and is
typically found in type I collagen in bone and type 1l collagen in cartilage.

FIGURE 3. Graphical representation of the results of 2 evaluation
studies (#A and #B) on siRNA-based reduction of PLOD2 expression in
human fibroblasts. Results are being expressed as percentage relative
PLOD2 expression. Compared to control, non-transfected controls reduction
of PLOD2 expression is 90%.

FIGURE 4. Graphical representation of the results of a study using
scrambled siRNA on expression of the housekeeping gene GAPDH in
human fibroblasts.

FIGURE 5. Graphical representation of the results of a study using

scrambled siRNA on PLOD2 expression in human fibroblasts.
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FIGURE 6. 6A) Graphical representation of siRNA-based PLOD2
expression in relation to the housekeeping gene B2M in primary human skin
fibroblasts. 6B) Graphical representation of siRNA-based COL1A2
expression in relation to the housekeeping gene B2M in primary human skin
fibroblasts.

FIGURE 7. 7A) Graphical representation of siRNA-based PLOD2
expression in relation to COL1A2 expression in primary human skin
fibroblasts. 7B) Graphical representation of siRNA-based PLOD1
expression in relation to COL1A2 expression in primary human skin
fibroblasts. 7C) Graphical representation of siRNA-based PLOD3
expression in relation to COL1A2 expression in primary human skin
fibroblasts.

FIGURE 8. 8A) Graphical representation of siRNA-based COL3A1
expression in relation to COL1A2 expression in primary human skin
fibroblasts. 8B) Graphical representation of siRNA-based LOX expression in
relation to COL1A2 expression in primary human skin fibroblasts. 8C)
Graphical representation of siRNA-based P4HA-1 expression in relation to
COL1A2 expression in primary human skin fibroblasts.

FIGURE 9. 9A) Graphical representation of siRNA-based PLOD2
expression in relation to the housekeeping gene B2M in rat skin fibroblasts.
9B) Graphical representation of siRNA-based PLOD1 expression in relation
to the housekeeping gene B2M in rat skin fibroblasts. 9C) Graphical
representation of siRNA-based PLOD3 expression in relation to the
housekeeping gene B2M in rat skin fibroblasts. 9D) Graphical
representation of siRNA-based COL1A2 expression in relation to the
housekeeping gene B2M in rat skin fibroblasts. 9E) Graphical
representation of siRNA-based COL3A1 expression in relation to the
housekeeping gene B2M in rat skin fibroblasts. 9F) Graphical representation
of siRNA-based LOX expression in relation to the housekeeping gene B2M
in rat skin fibroblasts. 9G) Graphical representation of siRNA-based P4HA-1
expression in relation to the housekeeping gene B2M in rat skin fibroblasts.

FIGURE 10. 10A) Graphical representation of siRNA-based PLOD2
expression in relation to COL1A2 expression in rat skin fibroblasts. 10B)
Graphical representation of siRNA-based PLOD1 expression in relation to
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COL1A2 expression in rat skin fibroblasts. 10C) Graphical representation of
siRNA-based COL3A1 expression in relation to COL1A2 expression in rat
skin fibroblasts. 10D) Graphical representation of siRNA-based LOX
expression in relation to COL1A2 expression in rat skin fibroblasts. 10E)
Graphical representation of siRNA-based P4HA-1 expression in relation to

COL1A2 expression in rat skin fibroblasts.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

The present invention is directed to medical devices and the use
thereof. The medical devices of the present invention include a substrate
having associated therewith an active agent that suppresses the production
and/or activity of a TLH enzyme (preferably, human TLH) in collagen-
producing cells of a subject (preferably, a human). One or more active
agents can be "associated with" a substrate by a number of means. For
example, an active agent can be incorporated in a polymeric substrate and
coated on a medical device, or an active agent can be incorporated into the
matrix forming the body of the medical device, or an active agent can be
bonded to a substrate that forms a part of the medical device. Thus, the
means by which an active agent is associated with a medical device can
range from coatings, pouches, patches, sponges, etc., that form a part of the
medical device.

The means by which the active agent is associated with the medical
device is not limiting as long as the active agent is allowed to elute and be
exposed to collagen-producing cells, thus providing for a reduction or
prevention of aberrant crosslinking of the collagen. Such contact can occur
immediately upon the medical device contacting the collagen-producing cells
or at some later time (e.g., after an initial lag time, the active agent can be
eluted from the device). A Wide variety of such means association of the
medical device and the active agent are well known to, and can be readily
implemented by, one of skill in the art.

In certain embodiments, the medical device may or may not have an
active agent associated therewith. For example, in certain alternative
embodiments, the active agent may not be directly a part of the medical

device. In such embodiments, a composition that includes an active agent
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can be delivered to the site of the medical device (i.e., the localized tissue
region in which the medical device is located) such that the active agent
comes in contact with collagen-producing cells that are in contact with the
medical device within the localized tissue regi‘on. Thus, the active agent is
delivered to the interface of the medical device and the surrounding tissue,
either directly or indirectly.

In collagen, crosslinking is initiated only after specific Lysine (Lys) or
Hydroxylysine (Hyl) residues of the telopeptides are converted extracellularly
by lysyl oxidase into the aldehydes allysine and hydroxyallysine,
respectively. These aldehydes subsequently react with Lys, Hyl, or hystidyl
residues of the triple helix.

There are two pathways of formation of crosslinks, depending on
whether the residue in the telopeptide is a Lys (allysine route) or a Hyl
(hydroxyallysine route). The aldehydes react with specific Lys or Hyl
residues in the triple helical domain on juxtaposed neighboring molecules to
form difunctional intermediates that mature into trifunctional crosslinks. The
two pathways lead to different types of crosslinks. Only the difunctional
crosslinks that result from the hydroxyallysine route are able to mature into
the trifunctional crosslinks HP and LP.

It has recently been discovered that aberrant crosslinking of collagen,
i.e., an increase of hydroxyallysine-derived crosslinks at the expense of
allysine-derived crosslinks is a causative mechanism in the formation of
fibrotic tissue, such as is seen in abnormal wound healing of the skin, such
as in hypertrophic scarring, which contains large amounts of hydroxyallysine-
derived crosslinks.

A predominance of these types of crosslinks is also found in collagen
produced after wounding of the comeal stroma; the resulting scar shows
markedly increased levels of hydroxyallysine derived crosslinks at the
expense of allysine crosslinks. The studies on elevated hydroxyallysine-
derived crosslinks in abnormal scarring have been confirmed, followed by
reports on increased hydroxyallysine-derived crosslinks in other (mainly
fibrotic) disorders, such as various lung diseases (respiratory distress
syndrome, idiopathic pulmonary fibrosis, hypersensitivity pneumonitis,

respiratory bronchiolitis, silicosis and bleomycin-induced lung fibrosis),
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chronic adriamycin nephropathy (an experimental model resulting in non-
immunologic glomerulosclerosis and interstitial fibrosis), infarct scar of the
myocardium, joint contractures, vessel luminal narrowing,
lipodermatosclerosis, annulo-aortic ectasia, fibrotic lesions of Dupuytren’s
disease, skin of patients with lipoid proteinosis, diabetes, skin fibrosis due to
chromoblastomycosis infection, skeletal muscle injury, tendon hypertrophy
and various liver diseases such as in alveolar echinococcosis (a dense and
irreversible fibrosis), hepatocellular carcinoma, alcoholic cirrhosis or cirrhotic
livers induced by viral hepatitis or by Schistosoma mansoni. This aberrant
crosslinking of collagen and the mechanism involving TLH enzyme and
PLOD2 gene is described in U.S. Pat. Pub. 2003/0219852 (Bank et al.).

Collagen crosslinked through the hydroxyallysine route is more
difficult to degrade than collagen crosslinked through the allysine route
because the hydroxyallysine-based crosslinks are less susceptible to
proteolytic degradation than collagen crosslinked by allysine-based residues.
Thus, the production of collagen containing telopeptide lysine instead of
telopeptide hydroxylysine, or alternatively the inhibition of telopeptide lysyl
hydroxylase as to enhance the formation of allysine crosslinks at the
expense of hydroxyallysine crosslinks, is an object of the present invention
at the site of a medical device in a subject to reduce the formation of fibrotic
tissue encapsulation of the medical device.

Bank et al. in U.S. Pat. Pub. 2003/0219852 concluded that one of the
characteristics of fibrotic lesions is an upregulation of telopeptide lysyl
hydroxylase (TLH). It has also been shown that PLOD2, the gene that
encodes telopeptide lysyl hydroxylase, is highly expressed in cells
associated with a variety of fibrotic disorders. The sequences of PLOD2
genes from various species are disclosed in the NCBI database on the
World Wide Web at ncbi.nim.nig.gov.

However, whereas Bank et al. described the mechanism of
upregulation of PLOD2 and TLH being operant in a series of mainly fibrotic
disorders, they did not do so for fibrous encapsulation associated with
implanted medical devices. While the wound healing response associated
with the implantation of medical devices, also called the foreign body

response (FBR), shares many characteristics with normal wound healing or,
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for that matter, the healing response associated with one or more of the
fibrotic disorders mentioned by Bank et al., it also has various distinguishing
aspects.

The implantation procedure initiates a response to injury and
mechanisms are activated to produce healing. The size, shape, and
chemical and physical properties of the implanted material are responsible
for variations in the intensity and time duration of the inflammatory and
wound healing processes (see, e.g., Anderson, Cardiovasc. Pathol., 2:33S-
418, (1993)). Local and systemic factors may play a role in the wound
healing response to implanted materials. Local factors include the site
(tissue or organ) of implantation, the adequacy of blood supply, and the
potential for infection. Systemic factors may include nutrition, hematologic
and immunologic derangements, glucocortical steroids, and preexisting
diseases such as atherosclerosis, diabetes, and infection.

The strong outcome that the size, shape, and chemical and physical
properties of the implanted material can have on the eventual outcome of a
healing response can be best exemplified by the classic paper published by
S.D. Elek and P.E. Conen in 1957 (Elek et al., Br. J. Exp. Pathol., 38:573-
586, (1957)), which demonstrated strong enhancement of staphylococcal
infections by silk sutures in a stitch abscess model. Whereas 1 million S.
aureus microorganisms injected subcutaneously in the absence of the silk
suture would not produce infection, an initial bacterial inoculum as small as
100 organisms could be sufficient to yield the formation of a large abscess in
the presence of a suture. While focusing on infection, this classic paper
gives a dramatic expose of how the presence of an implanted material can
affect the local micro-environment triggering bodily responses that
significantly differ from those in the absence of an implanted material.

Thus, it cannot be consequentially assumed that the mechanisms of
the occurrence of fibrosis associated with, for example, liver cirrhosis, skin
fibrosis, kidney fibrosis, would also be operant with the occurrence of device-
associated fibrosis.

Overall, the mechanisms underlying biomaterial-mediated
inflammatory responses (e.g., device-associated fibrosis) remain largely

unknown. lt is generally accepted that the most proximate trigger of
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inflammatory responses to device implants is the instantaneous deposition of
proteins. The nature of the deposited protein layers is much dependent on
the chemical and physical properties of the material surfaces. The adsorbed
proteins trigger the attraction of phagocytic cells, and the nature of the
deposited protein layers determines the types and concentrations of
cytokines that are released by said phagocytes. The composition of
released cytokines determines the eventual outcome of the biomaterial-
associated inflammatory response and the extent to which a medical device
is associated with adverse responses such as chronic inflammation
(comprising the so-called foreign body giant cells — the primary
distinguishing FBR hallmark) or fibrous encapsulation.

So, whereas the device-associated tissue response does share in a
general sense the typical stages of normal wound healing, the underlying
control mechanisms, i.e., the type and amount of pro- and anti-inflammatory
cytokines that are released in the wound bed, can be and likely are quite
different.

Surprisingly, however, the results presented herein indicate that the
use of an active agent that suppresses the production and/or activity of a
TLH enzyme in collagen-producing cells can be effective in preventing
and/or reducing the formation of fibrosis at the interface of a medical device
and the surrounding tissue.

Thus, effectuating that the collagen-producing cells at the interface of
the medical device produce collagen containing telopeptide lysine instead of
telopeptide hydroxylysine, or to inhibit production and/or activity of
telopeptide lysyl hydroxylase and enhance the formation of allysine-derived
crosslinks at the expense of hydroxyallysine-derived crosslinks, is an object
of the present invention. This results in reducing or preventing the formation
of fibrotic tissue encapsulating the medical device. This can be
accomplished through the use of TLH inhibitors and/or PLOD2 inhibitors.

Thus, a preferred embodiment of the present invention provides a
method of reducing or preventing fibrotic tissue formation at the site of a
medical device in a subject (i.e., fibrotic encapsulation of an implanted
medical device). The method includes delivering to a localized tissue region

at the site of the medical device an active agent that suppresses the
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production of TLH enzyme in collagen-producing cells. The medical device
can deliver the active agent or the active agent can be delivered to the site
using an alternate device (e.g., sponge, film, sheet, patch, or cuff, and pump,
catheter) or composition. Herein, delivering to the site of the medical device
means delivering to the interface of the medical device and the surrounding

tissue.

Active Agents

The active agent that suppresses the production and/or activity of
TLH enzyme (preferably, human TLH enzyme) in collagen-producing cells
can be a TLH inhibitor, a PLOD2 inhibitor, or both. That is, the active agent
can function by inhibiting the production and/or activity of a TLH enzyme
through a variety of mechanisms, such as by blocking its active site, for
example. This can include inhibiting the production and/or activity of a
protein that is involved in the production or processing of a TLH enzyme.
Alternatively, the active agent can function by inhibiting the activity of a
PLOD2 gene through a variety of mechanisms, such as those that occur in a
variety of "gene silencing" technologies, including antisense, RNA
interference, and ribozyme technologies. This can include inhibiting the
activity of a gene that encodes a protein that is involved in the production or
processing of a TLH enzyme.

The active agent can be a small organic molecule, as opposed to
large biologic proteins, peptides, proteoglycans, glycosaminoglycans, and
the like. Suitable small organic molecules will typically have a molecular
weight under 1000 Daltons, preferably under 500 Daltons. Examples of
such compounds include, but are not limited to, minoxidil and mimics thereof
(i.e., compounds that function in the same or a similar manner to that of
minoxidil), including its analogs (see, e.g., Murad et al., Arch. Biochem.
Biophys., 308(1):42-7, (1994)) and metabolites (e.g., minoxidil sulphate; see,
Parish et al., Br. J. Plast. Surg., 48(3):154-60, (1995)).

Alternatively, the active agent can be a large biologic protein, peptide,
proteoglycan, glycosaminoglycan, and the like. Examples of such
compounds include, but are not limited to heparan sulphate and its mimics
(see, e.g., Alexakis et al., FASEB J., May 7, 2004).
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A further alternative embodiment includes the use of polynucleotides
as the "active agent" as used in "gene silencing" technologies, including
antisense, RNA interference, and ribozyme technologies. Of these RNA
interference is a preferred technology, which can be used to suppress the
expression of a PLOD2 gene by destruction of the mRNA. RNA interference
involves the use of small double stranded RNA molecules termed siRNA,
which complex with endonucleases to cleave a specific mMRNA target.
Small Interfering RNA (siRNA)

Small interfering RNA (or siRNA) described herein, is a segment of
double stranded RNA that is from 15 to 30 nucleotides in length. It is used to
trigger a cellular reaction known as RNA interference. In RNA interference,
double-stranded RNA is digested by an intracellular enzyme known as Dicer,
producing siRNA duplexes. The siRNA duplexes bind to another
intracellular enzyme complex, which is thereby activated to target whatever
mRBNA molecules are homologous (or complementary) to the siRNA
sequence. The activated enzyme complex cleaves the targeted mRNA,
destroying it and preventing it from being used to direct the synthesis of its
corresponding protein product. Récent evidence suggests that RNA
interference is an ancient, innate mechanism for not only defense against
viral infection (many viruses introduce foreign RNA into cells) but also gene
regulation at very fundamental levels. RNA interference has been found to
occur in plants, insects, lower animals, and mammals, and has been found
to be dramatically more effective than other gene silencing technologies,
such as antisense or ribozyme technologies.

Used as a biotechnology technique, siRNA methodology involves
introducing into cells (or causing cells to produce) short, double-stranded
molecules of RNA similar to those that would be produced by the Dicer
enzyme from an invading double-stranded RNA virus. The artificially-
triggered RNA interference process then continues from that point.

To deliver a small interfering RNA to a subject, a preferred method
involves introducing DNA encoding for the siRNA, rather than the siRNA
molecules themselves, into target cells. The DNA sequence encoding for
the particular therapeutic siRNA can be specified upon knowing (a) the

sequence for a small and accessible portion of the target mRNA (available in
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public human genome databases, particularly the NCBI database), and (b)
well-known scientific rules for how to specify DNA that will result in
production of a corresponding RNA sequence when the DNA is transcribed
by cells. The DNA sequence, once specified, can be constructed in the
laboratory from synthetic molecules ordered from a laboratory supplier, and
inserted using standard molecular biology methods into one of several
alternative vectors for delivery of DNA to cells. Once delivered into the
target cells, those cells will themselves produce the RNA that becomes the
therapeutic siRNA, by transcribing the inserted DNA into RNA. The result
will be that the cells themselves produce the siRNA that will silence the
targeted gene (e.g., PLOD2 gene or a gene that encodes a protein involved
in the production or processing of a TLH enzyme). The result will be a
reduction of the amount of the targeted protein (e.g., TLH enzyme or a
protein involved in the production or processing of a TLH enzyme) produced
by the cell.

In accordance with the present invention, small interfering RNA
against specific mRNAs produced in the targeted cells prevents the
production of a TLH enzyme. Thus, also within the scope of the present
invention is the use of specifically tailored vectors designed to deliver small
interfering RNA directly to targeted cells. The success of the designed small
interfering RNA is predicated on their successful delivery to the targeted
cells.

Small interfering RNA molecules have been shown to be capable of
targeting specific mBNA molecules in human cells. Small interfering RNA
vectors can be constructed to transfect human cells and produce small
interfering RNA that cause the cleavage of the target RNA and thereby
interrupt production of the encoded protein.

A small interfering RNA vector of the present invention will prevent
production of the pathogenic protein by suppressing production of a TLH
enzyme itself or by suppressing production of a protein involved in the
production or processing of a TLH enzyme. Repeated administration of the
therapeutic agent to the subject may be required to accomplish the desired

goal.
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Exemplary siRNA sequences include those disclosed in the Example
Section.

In the present invention, the small interfering RNA are targeted to
complementary sequences in the mRNA sequence coding for the production
of the target protein (e.g., TLH enzyme or a protein involved in the
production or processing of a TLH enzyme), either within the actual protein
coding sequence, or in the 5’ untranslated region or the 3’ untranslated
region. After hybridization, the host enzymes guided by the siRNA are
capable of cleavage of the mRNA sequence. Perfect or a very high degree
of complementarity is typically needed for the small interfering RNA to be
effective. A percent complementarity indicates the percentage of contiguous
residues in a polynucleotide that can form hydrogen bonds (e.g., Watson-
Crick base pairing) with a second polynucleotide (e.g., 5, 6, 7, 8, 9, 10 out of
10 being 50%, 60%, 70%, 80%, 90%, and 100% complementary). "Perfectly
complementary” means that all the contiguous residues of a polynucleotide
will hydrogen bond with the same number of contiguous residues in a
second polynucleotide. However, it should be noted that single mismatches,
or base-substitutions, within the siRNA sequence can éubstantially reduce
the gene silencing activity of a small interfering RNA.

In preferred embodiments of the present invention, a small interfering
RNA is 15 to 30 nucleotides in length. In particular embodiments, the
polynucleotide is 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or
30 nucleotides in length. In preferred embodiments the length of the siRNA
sequence can be between 19-30 base pairs, and more preferably between
21 and 25 base pairs, and more preferably between 21 and 23 base pairs.

In a preferred embodiment, the invention provides a method for
producing a class of nucleic acid-based gene inhibiting agents that exhibit a
high degree of specificity for the RNA of a desired target. SiRNAs can be
constructed in vitro or in vivo using appropriate transcription enzymes or
expression vectors.

Examples of vectors for delivery of foreign DNA to mammalian cells
include those well known to one of skill in the art, such as plasmids or viral

vectors, particularly adeno and adeno-associated viral sectors. Other well-

known techniques could also be used including electroporation.
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SiRNAs can be constructed in vitro using DNA oligonucleotides.
These oligonucleotides can be constructed to include an 8 base sequence
complementary to the 5’ end of the T7 promoter primer included in the
Silencer siRNA (Ambion Construction Kit 1620). Each gene specific
oligonucleotide is annealed to a supplied T7 promoter primer, and a fill-in
reaction with Klenow fragment generates a full-length DNA template for
transcription into RNA. Two in vitro transcribed RNAs (one the antisense to
the other) are generated by in vitro transcription reactions and then
hybridized to each other to make double-stranded RNA. The double-
stranded RNA product is treated with DNase (to remove the DNA
transcription templates) and RNase (to polish the ends of the double-
stranded RNA), and column purified to provide the siRNA that can be
delivered and tested in cells.

Construction of siRNA vectors that express siRNAs within mammalian
cells typically use an RNA polymerase Hl promoter to drive expression of a
short hairpin RNA that mimics the structure of an siRNA. The insetrt that
encodes this hairpin is designed to have two inverted repeats separated by a
short spacer sequence. One inverted repeat is complementary ;[o the mRNA
to which the siRNA is targeted. A string of six consecutive thymidines added
to the 3’ end serves as a pol il transcription termination site. Once inside
the cell, the vector constitutively expresses the hairpin RNA. The hairpin
RNA is processed into an siRNA that induces silencing of the expression of
the target gene, which is called RNA interference (RNAI).

In most siRNA expression vectors described to date, one of three
different RNA polymerase IlI (pol lll) promoters is used to drive the
expression of a small hairpin siRNA. These promoters include the well-

characterized human and mouse U6 promoters and the human H1 promoter.

Antisense Molecules

In certain embodiments of the invention, antisense technology can be
used to inhibit the function of polynucleotide molecules encoding a TLH
enzyme and ultimately modulate the amount of TLH enzyme produced.
Other techniques for inhibiting expression of a TLH enzyme can involve

genetically or biochemically manipulating the bioactivity of regulatory
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elements, control sequences, factors, cofactors, and the like to inhibit the
expression of gene encoding a TLH enzyme and/or a protein involved in the
production or processing of a TLH enzyme.

Inhibition of the expression of a TLH enzyme can be accomplished by
providing an antisense molecule. As used herein, an "antisense molecule" is
a polynucleotide that specifically hybridizes with mRNA or DNA encoding a
TLH enzyme. Such-hybridization with mRNA interferes with the normal role
of MRNA and causes a modulation of its function. The functions of mRNA to
be interfered with include all vital functions such as, for example,
translocation of the RNA to the site of protein translation, translation of
protein from the RNA, splicing of the RNA to yield one or more mRNA
species, and catalytic activity which may be engaged in by the RNA. The
overall effect of such interference with mRNA function is modulation of the
expression of TLH. In the context of this invention, "modulation” means
either an increase (stimulation) or a decrease (inhibition) in the expression of
a gene. In the context of the present invention, inhibition is the preferred
form of modulation of gene expression.

An "antisense molecule" of the present invention contains at least one
polynucleotide that is "antisense" or "sense" to at least a portion of an
endogenous gene encoding a TLH enzyme. A polynucleotide that is
"antisense to a gene" includes a nucleotide sequence that is complementary
to at least a portion of the coding strand of the gene, or is complementary to
at least a portion of a processed or unprocessed RNA transcript of that gene.
In the case of an antisense polynucleotide that is complementary to at least
a portion of the coding strand of the gene, the antisense nucleotide
sequence may be operably linked to control sequences necessary to
facilitate transcription of the sequence to yield an RNA transcript. It will be
observed that an antisense polynucleotide that is complementary to a portion
of the coding strand of a gene may also be complementary to a portion of
the unprocessed RNA transcript of the gene. An unprocessed RNA
transcript is often referred to as precursor RNA or "pre-RNA." Processed
RNA transcripts include, for example, mRNA.

Similarly, a polynucleotide that is in a "sense” orientation with respect

to a gene includes a nucleotide sequence that is complementary to at least a
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portion of the noncoding or "template” strand of the gene, or is
complementary to at least a portion of a cDNA derived from a mRNA
transcript of the gene. A transcription product of a "sense" nucleotide
sequence supplied as a coding strand is essentially identical to all or a
portion of a transcription product (either processed or unprocessed,
depending on the selected nucleotide sequence) of an endogenous gene.

It will be understood by those skilled in the art that the present
invention broadly includes antisense molecules that are capable of binding
to the DNA or mRNA sense strand coding for a TLH enzyme or a protein
involved in the production or processing of a TLH enzyme. It will also be
understood that mRNA includes not only the ribonucleotide sequences
encoding a protein, but also regions including the 5’-untranslated region, the
3’-untranslated region, the 5’-cap region and the intron/exon junction regions.
The functions of DNA to be interfered with include replication and
transcription. The functions of RNA to be interfered with include all vital
functions such as; for example, translocation of the RNA to the site of protein
translation, translation of protein from the RNA, splicing of the RNA to yield
one or more mRNA species, and catalytic activity which may be engaged in
or facilitated by the RNA. The overall effect of such interference with target
polynucleotide function is a modulation of the expression of TLH.

An antisense molecule may be complementary to the open reading
frame (ORF) or "coding region," which is known in the art to refer to the
region between the translation initiation codon and the translation
termination codon, is also a region which may be targeted effectively. Other
target regions include the 5’ untranslated region (5’ UTR), known in the art to
refer to the portion of an mRNA in the 5’ direction from the translation
initiation codon, and thus including nucleotides between the 5’ cap site and
the translation initiation codon of an MRNA or corresponding nucleotides on
the gene, and the 3 untranslated region (3’ UTR), known in the art to refer to
the portion of an mRNA in the 3’ direction from the translation termination
codon, and thus including nucleotides between the translation termination
codon and 3’ end of an mRNA or corresponding nucleotides on the gene.
The 5’ cap of an mRNA comprises an N7-methylated guanosine residue

joined to the 5’-most residue of the mRNA via a 5-5’ triphosphate linkage.
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The 5’ cap region of an mRNA is considered to include the 5’ cap structure
itself as well as the first 50 nucleotides adjacent to the cap. The 5’ cap region
may also be a preferred target region for a complementary antisense
molecule.

Although some eukaryotic mRNA transcripts are directly translated,
many contain one or more regions, known as "introns," which are excised
from a transcript before it is translated. The remaining (and therefore
translated) regions are known as "exons" and are spliced together to form a
continuous mMRNA sequence. mRNA splice sites, i.e., intron-exon junctions,
may also be preferred target regions, and are particularly useful in situations
where aberrant splicing is implicated in disease, or where an overproduction
of a particular mRNA splice product is implicated in disease. Aberrant fusion
junctions due to rearrangements or deletions are also preferred targets. It
has also been found that introns can also be effeétive, and therefore
preferred, target regions for antisense compounds targeted, for example, to
DNA or pre-mRNA.

In addition to hybridizing under standard conditions to one or more
PLOD2 sequences, for example, the antisense molecules of the present
invention also inhibit the expression of one or more TLH enzymes. The
antisense molecules of the present invention are selected for the ability to
inhibit the expression of one or more TLH enzymes or proteins involved in
the production or processing of a TLH enzyme. Thus, the antisense
molecules of the present invention may include selected portions of larger
known sequences, such portions chosen for their ability to effectively inhibit
TLH expression and/or activity.

The antisense molecules of the present invention may be from 100 to
3000 nucleotides in length. In addition to those antisense molecules that are
100 nucleotides in length, and those antisense molecules that are 3000
nucleotides in length, all intermediate size compounds are also
contemplated to be useful in the practice of the present invention. Thus, for
example, antisense molecules that are 2500 nucleotides in length, 2000
nucleotides in length, 1500 nucleotides in length, 1000 nucleotides in length,
900 nucleotides in length, 800 nucleotides in length, 700 nucleotides in

length, 600 nucleotides in length, 500 nucleotides in length, 400 nucleotides
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in length, 300 nucleotides in length, and 200 nucleotides in length, are also
contemplated to fall within the scope of the present disclosure.

Likewise, antisense molecules that are shorter than 100 nucleotides
are also contemplated to fall within the scope of the present disclosure.
Antisense molecules in accordance with this invention may include from 8 to
99 nucleotides. In addition to those antisense molecules that are 8
nucleotides in length, and those antisense molecules that are 99 nucleotides
in length, all intermediate size compounds are also contemplated to be
useful in the practice of the present invention. Thus, antisense molecules
thatare 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,
47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66,
67, 68, 69, 70, 71, 72,73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, and/or 99 nucleotides in length
are also contemplated to fall within the scope of the present disclosure.

There is no obligate requirement that the antisense molecules be
exactly 100% complementary to a given target sequence on a TLH mRNA.
In fact, the only requirement is that the antisense molecules have sufficient
homology to the gene or the mRNA encoding a TLH enzyme, for example,
so that upon hybridizing to the complementary region, a reduction in either
the transcription of the TLH gene and/or a reduction in the translation of TLH
enzyme from the mRNA is observed.

Antisense molecules may also include such molecules as ribozymes,
external guide sequence (EGS) oligonucleotides (oligozymes), and other
short catalytic RNAs or catalytic oligonucleotides that hybridize to the target
polynucleotide and modulate its expression.

The antisense molecules of the present invention include molecules
of biological origin and genetic vector constructs designed to direct the in
vivo synthesis of antisense molecules. The antisense molecules for use as
described herein can also be synthesized in vitro by any method known to
those of skill in this art. For example, the antisense molecules of the present
invention may be made by the well-known technique of solid phase
synthesis. Equipment for such synthesis is sold by several vendors,

including, for example, Applied Biosystems (Foster City, CA). Any other
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means for such synthesis known in the art may additionally or alternatively
be employed.

It is well known to use similar techniques to prepare oligonucleotides
such as the phosphorothioates and alkylated derivatives. Antisense
oligonucleotides are typically designed to resist degradation by endogenous
nucleolytic enzymes by using such linkages as phosphorothioate,
methylphosphonate, sulfone, sulfate, ketyl, phosphorodithioate,
phosphoramidate, phosphate esters, and other such linkages as is known to
one of skill in the art.

In other preferred oligonucleotide mimetics, both the sugar and the
internucleoside linkage, i.e., the backbone, of the nucleotide units are
replaced with novel groups. The base units are maintained for hybridization
with an appropriate polynucleotide target compound. One such oligomeric
compound, an oligonucleotide mimetic that has been shown to have
excellent hybridization properties, is referred to as a peptide polynucleotide
(PNA). In PNA compounds, the sugar-backbone of an oligonucleotide is
replaced with an amide containing backbone, in particular an
aminoethylglycine backbone. The nucleobases are retained and are bound
directly or indirectly to aza nitrogen atoms of the amide portion of the
backbone.

Chimeric antisense compounds of the invention may be formed as
composite structures of two or more oligonucleotides, modified
oligonucleotides, oligonucleosides and/or oligonucleotide mimetics as

described above. Such compounds have also been referred to in the art as

“hybrids or gapmers.

Ribozymes

The active agents of the present invention also include ribozymes. A
ribozyme is an RNA molecule that specifically cleaves RNA substrates, such
as mRNA, resulting in inhibition or interference with cell growth or
expression. There are at least five known classes of ribozymes involved in
the cleavage and/or ligation of RNA chains. Ribozymes can be targeted to
any RNA transcript and can catalytically cleave such transcript, as is known

to one of skill in the art. The ribozymes of the present invention include an
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antisense nucleotide sequence, as described herein, for targeting the
ribozyme to an RNA transcript encoding a TLH enzyme. Ribozymes may be
delivered to the targeted cells by DNA encoding the ribozyme linked to a
eukaryotic promoter, such as a eukaryotic viral promoter or a eukaryotic
tissue specific promotor, such that upon introduction into the nucleus, the
ribozyme will be directly transcribed. In such instances, the construct will
also include a nuclear trénslocation sequence, generally as part of the ligand

or as part of a linker between the ligand and polynucleotide binding domain.

Medical Devices and Delivery Compositions

The medical device can be an implantable device or an
extracorporeal device. The devices can be of short-term temporary use or of
long-term permanent implantation, which typically have associated therewith
the formation of fibrotic tissue. In certain embodiments, suitable devices are
those that are typically used to provide for medical therapy and/or
diagnostics in heart rhythm disorders, heah failure, valve disease, vascular
disease, diabetes, neurological diseases and disorders, orthopedics,
neurosurgery, oncology, ophthalmology, and ENT surgery.

Suitable examples of medical devices include, but are not limited to, a
stent, stent graft, anastomotic connector, synthetic patch, lead, electrode,
needle, guide wire, catheter, sensor, surgical instrument, angioplasty
balloon, wound drain, shunt, tubing, infusion sleeve, urethral insert, pellet,
implant, blood oxygenator, pump, vascular graft, vascular access port, heart
valve, annuloplasty ring, suture, surgical clip, surgical staple, pacemaker,
implantable defibrillator, neurostimulator, orthopedic device, cerebrospinal
fluid shunt, implantable drug pump, spinal cage, arificial disc, replacement
device for nucleus pulposus, ear tube, and intraocular lens.

A medical device may be embedded within, or otherwise associated
with, a delivery matrix. This delivery matrix can be any matrix material
containing an active agent, including polynucleotide(s) encoding PLOD2
inhibitors and/or TLH inhibitors, for localized delivery. Systems such as this
are described, for example, in U.S. Pat. No. 5,962,427 (Goldstein et al.), as
well as in Kyriakides et al., Molecular Therapy, 2, 842 (2001), and Bonadio
et al., Nature Medicine, 5, 753 (1999). The polynucleotides may be
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antisense or ribozyme or siRNA molecules that interfere with a PLOD2 gene,
for example, and inhibit the translation of a TLH protein, or a protein involved
in the production or processing of a TLH protein.

Alternatively, the polynucleotide may encode for an antisense,
ribozyme, or siRNA molecule. Then interference with a PLOD2 gene, for
example, and inhibition of the translation of a TLH enzyme, for example, is
obtained when the polynucleotide is released from the delivery matrix and
said polynucleotide is expressed in and the encoded antisense, ribozyme, or
siRNA molecule is delivered by the cells and tissues surrounding said
medical device.

The transferred DNA may be integrated into the genome of the target
cell or not, as is possible with the use of this type of system.

In addition to embedding a medical device within a delivery matrix, the
delivery matrix may be otherwise associated with the medical device, for
example, as an adjunctive implant (e.g., sponge, rod, etc.), depot injection
(e.g., polymer microspheres) or liquid formulation or emulsion injection (e.g.,
liposomes). In this case the active agent formulation is administered to the
subject during implant of a device, but not attached to the device.

The material that forms a polynucleotide delivery matrix, a coating on
a medical device, or otherwise forms a part of a medical device (e.g.,
pouches, patches, sponges, etc.), or that is included in compositions that
deliver an active agent to the site of a medical device, is typically
biocompatible. A material is generally "biocompatible” if it does not produce
an adverse, allergic, or other undesired reaction when administered to a

mammalian host. Such materials may be formed from both natural or

~ synthetic materials.

Such materials may include, but are not limited to, biodegradable or
non-biodegradable materials formulated into scaffolds that support cell
attachment and growth, for example. Such materials may include synthetic
polymers or naturally occurring proteins such as collagen, other extracellular
matrix proteins, or other structural macromolecules. The material may be
non-biodegradable in instances where it is desirable to leave permanent
structures in the body; or biodegradable where the active agent is required

only for a short duration of time.

25



10

15

20

25

30

WO 2006/020231 PCT/US2005/025437

In certain embodiments, such as for the polynucleotide delivery
matrices, these materials may take the form of coatings, sponges, films,
sheets, cuffs, implants, tubes, rods, microbeads, lyophilized components,
gels, patches, powders, or nanopatrticles. In addition, for certain
embodiments, such as for the polynucleotide delivery matrices, the materials
used in the delivery of active agents described herein can be designed to
allow for sustained release (e.g., of the active agent) over prolonged periods
of time.

Depending on the embodiment in which it is used, physical and
chemical characteristics, such as, e.g., biocompatibility, biodegradability,
strength, rigidity, interface properties and even cosmetic appearance may be
considered in choosing such a material, as is well known to those of skill in
the art. Numerous examples of useful polymers are well known to those of
skill in the art. It is to be understood that virtually any polymer that is now
known or that will be later developed suitable for the sustained or controlled
release of active agents may be employed in the present invention.

For certain embodiments, examples of useful non-degradable
polymers include silicones, polyurethanes, silicone-urethane copolymers,
polyimides, polysulphones, polyaryls, polyetheretherketones,
polyetherketoneketones, polyacrylates, polymethacrylates,
polymethylmethacrylates, polybutylmethacrylates, polytetrafluoroethylene,
polyesters, polyolefins, polyethylenes, polypropylenes, polyamides,
polyvinylchlorides, and epoxides.

For certain embodiments in which a biodegradable material (e.g., one
that is capable of being reabsorbed into the body) is desired, suitable
materials include, for example, synthetic organic polymers such as
polyesters, polyanhydrides, polyethers, poly(orthoesters), poly(ether-esters),
polyphosphazenes, poly(amino acids), polypeptides, and polyesteramides.
More specifically, suitable biodegradable polymers materials are polylactic
acid, polyglycolide, polylactic polyglycolic acid copolymers ("PLGA"),
polycaprolactone ("PCL"), poly(dioxanone), poly(trimethylene carbonate)
copolymers, polyglyconate, poly(propylene fumarate), poly(ethylene
terephthalate), poly(butylene terephthalate), polyethyleneglycol,
polycaprolactone copolymers, polyhydroxybutyrate, polyhydroxyvalerate,
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tyrosine-derived polycarbonates and any random or (multi-)block
copolymers, such as bipolymer, terpolymer, quaterpolymer, etc., that can be
polymerized from the monomers related to afore-listed homo- and
copolymers.

Another particular group of suitable materials encompass the natural
polymers. This group includes, for example, polysaccharides, proteins and
polypeptides, glycosaminoglycans, proteoglycans, collagen, elastin,
hyaluronic acid, dermatan sulfate, chitin, chitosan, pectin, (modified) dextran,
(modified) starch and modifications, mixtures or composites thereof.

A particularly suitable material is fibrous collagen, which may be
lyophilized following extraction and partial burification from tissue and then
sterilized. In addition, lattices made of collagen and glycosaminoglycan
(GAG) may be used in the practice of the invention. At least 20 different
forms of collagen have been identified and each of these collagens may be
used in the practice of the invention. Recombinant collagen may also be
employed, as may be obtained from a collagen-expressing recombinant host
cell, including bacterial, yeast, mammalian, plant and insect cells. The
collagen used in the invention may, if so desired and applicable, be
supplemented with additional minerals, such as calcium, e.g., in the form of
calcium phosphate. Both native and recombinant type collagen may be
supplemented by admixing, absorbing, or otherwise associating with,
additional minerals in this manner.

A preferred embodiment of the present invention includes a coating
on the medical device, wherein the coating includes the active agent.
Another preferred embodiment includes a medical device imbedded within a
matrix, such as a sponge, or a sponge or other implantable material that

provides for adjunctive therapy at the site of medical device implant.

Delivery

Whether it is a part of a medical device or delivered in a composition
to be in contact with collagen-producing cells at the site of the medical
device, the present invention may provide one or more active agents (e.g., a
PLOD2 inhibitor, a TLH inhibitor, or both) to the desired localized tissue

region with various active agent residence half-life times, generally of at least
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24 hours. For example, the residence half-life of an active agent may be at
least 1 day, at least 3 days, at least 1 week, at least 3 weeks, at least 4
weeks, at least 5 weeks, at least 6 weeks, or even longer.

An active agent composition can be designed to achieve constant or
pulsed delivery to the localized tissue region at the site of the medical
device. Pulsed delivery may be desirable in order to provide intermittent
dosing of an active agent to the local tissue region over time. For example,
a combination of biodegradable polymers can be used that have differing
degradation rates, and thus active agent release rates. The composition
may contain a homogeneous mixture of various biodegradable polymers, or
the polymers may be utilized in a segmented fashion to achieve complex
degradation profiles. The composition may also include various polymers to
achieve zero-order, first-order, or other release. Also, the active agent
release timing may either be regular, e.g., initially and once weekly for
several weeks, or it may be irregular, e.g., initially and then 3 days, 2 weeks,
and 2 months apart.

If the active agent is not a part of the medical device, a composition
that includes one or more active agents may be delivered to the localized
tissue region at the site of the medical device via any suitable route, e.g.,
including, but not limited to, a subcutaneous, intradermal, intramuscular,
intrathecal, intra-organ, intratumoral, intralesional, intravesicle, and
intraperitoneal route of delivery. A "localized tissue region" will generally be
a relatively small portion of the body, e.g., less than 10% by volume, and
often less than 1% by volume, where a medical device is located. This
includes the interface of the medical device and the surrounding tissue.

For example, the localized tissue region will typically be on the order
of no more than 500 cubic centimeters (cms), often less than 100 cm3, and in
many instances 10 cm?® or less. For some applications the localized tissue
region will be 1 cm® or less. However, in certain instances the localized
tissue region may be a particularly large region, up to several liters. The
compositions may be delivered using, e.g., needle injection, surgical,
laparoscopic, or catheter implantation, microneedle array, high-velocity
particle implantation, or any other known method for introducing a

composition into a localized tissue region. The medical device itself could
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provide the means of delivery of a composition containing one or more active
agents, even if the active agent is not a part of the medical device. Delivery
to the localized tissue region may be in conjunction with image guiding
techniques using, for example, ultrasound, MRI, real-time X-ray
(fluoroscopy), etc.

The present invention also provides kits containing a medical device,
an active agent, and other components for making the combination of the
medical device and active agent. For example, in some instances the kits
will contain preformed polynucleotide delivery matrices thereby allowing the
physician to directly administer the matrix within the body at the site of the
medical device. Alternatively, the kits may contain the components
necessary for formation of a polynucleotide delivery matrix, for example. In
such cases the physician may combine the components to form the
polynucleotide delivery matrices, which may then be used therapeutically by
placement within the body. In one embodiment of the invention,
polynucleotide delivery matrices may be used to coat surgical devices such
as suture materials or other medical devices such as implants. In another
embodiment of the invention, a sponge may be provided in the kit, which
may then be impregnated with the active agent by medical personnel prior to

placement in the body.

EXAMPLES
Objects and advantages of this invention are further illustrated by the
following examples, but the particular materials and amounts thereof recited in
these examples, as well as other conditions and details, should not be

construed to unduly limit this invention.

EXAMPLE 1: Identification of Crosslinking in the Fibrocollagenous Tissue
on Explanted Human Leads

Ten explanted leads were retrieved and submitted for analysis. Six
of these leads contained sufficient amounts of fibrous capsule tissue for
analysis. Hydroxylysylpyrodinoline (HP) crosslinks were quantified in acid
hydrolysates of unreduced tissue samples by RP-HPLC (Bank et al., J.
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Chromatogr. B, 703:37-44, (1997)). Above and beyond characterization of
the determination of hydroxylysylpyridinoline (HP) crosslink levels, the
fibrous capsule tissue on several explanted leads was also more fully
characterized to include determination of lysylpyrodinoline (LP) crosslink
levels, number of hydroxylysine residues per collagen molecule and the
hydroxyproline:proline ratio. The latter is a measure for the ratio of
collagenous to non-collagenous proteins in the fibrous tissue. For 100%
fibrillar collagen the Hyp/Pro ratio is 0.81. In collagen crosslinking is
initiated only after specific Lysine (Lys) or Hydroxylysine (Hyl) residues of
the telopeptides are converted extracellularly by lysyl oxidase into the
aldehydes allysine and hydroxyallysine, respectively. These aldehydes
subsequently react with Lys, Hyl, or hystidyl residues of the triple helix.

There are two pathways of formation of crosslinks, depending on
whether the residue in the telopeptide is a Lys (allysine route) or a Hyl
(hydroxyallysine route) (see FIG 1 and FIG 2). The aldehydes react with
specific Lys or Hyl residues in the triple helical domain on juxtaposed
neighboring molecules to form difunctional intermediates that mature into
trifunctional crosslinks. The two pathways lead to different types of
crosslinks. Only the difunctional crosslinks that result from the
hydroxyallysine route are able to mature into the trifunctional crosslinks HP
and LP.

As can be derived from Table 1 below, fibrous capsule tissue
contained 1.7 + 0.9 HP crosslink/collagen molecule. The determined
number of hydroxylysine residues per collagen molecule is well within the
typical physiological range and does not provide any evidence for aberrant
processing of collagen in the fibrous capsule tissue, nor for increased

hydroxylation of triple-helical lysines.
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Table 1: Results of characterization of fibrous capsule tissue associated
with explanted leads.

Lead ID n HP nLP n Hyl Hyp/Pro
crosslinks / | crosslinks / | residues/ | ratio
collagen collagen collagen
molecule molecule molecule

1. 1.1 - - -

2. 0.8 - - -

3. 1.2 - - i

4, 2.6 0.2 24.4 0.57

5. 3.1 0.4 23.6 0.59

6. 1.3 0.2 17.1 0.57

As the results obtained demonstrated, the concentration of HP type
crosslinks in the fibrous capsule associated with the explanted leads was
very high when compared to typical tissue specific levels as listed in Table 2.
This is undoubtedly indicative of a switch toward the telopeptide-
hydroxylysyl-crosslink pathway, and associated upregulation of the

telopeptide lysyl hydroxylase (TLH) enzyme.
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Table 2: Overview of tissue specific level of HP crosslinks/collagen

molecule.
HP crosslinks / collagen molecule

Tissue Type
Skin 0.03
Tendon 0.5-0.8
Bone 0.3
Cartilage 1.6
Aorta 0.4
Lung tissue 0.3
Muscle 0.2

EXAMPLE 2: Quantification of PLOD2 Expression in Human Fibroblasts

Fibroblasts play a central role in the development of fibrous
encapsulation of implants by way of the fact that fibroblasts are the main
producers of collagen. In designing an anti-fibrous encapsulation therapy
wherein the active agent suppresses the production and/or activity of a TLH
enzyme it is thus deemed of significant importance to demonstrate the active
agent’s activity and efficacy using fibroblast cells. In this experiment three
different siRNA designs, targeting PLOD2, were tested using human
fibroblasts. RNA isolated from transfected human fibroblasts was quantified
using Real Time RT-PCR and compared with RNA isolated from non-

transfected cells.

Materials & Methods:

siRNA #1: sense sequence 5GGUCCUUGGUCAAGGAGAALt 3
(SEQ ID NO:1)
anti-sense sequence 5’UUCUCCUUGACCAAGGACCHt 3’
(SEQ ID NO:2)
siRNA #2: sense sequence 5GGAGAAGAAUGGAGAGGUGH 3
(SEQ ID NO:3)
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anti-sense sequence 5’'CACCUCUCCAUUCUUCUCCH 3

(SEQ ID NO:4)
siRNA #3: sense sequence 5'GGUACAAUUGCUCUAUUGA 3
(SEQ ID NO:5)
anti-sense sequence 5’UCAAUAGAGCAAUUGUACCH 3
(SEQ ID NO:6)

Cell culture: Human fibroblasts (CCD-1077S8k cells, ATCC) were
cultured in Iscoves modified Dulbecco’s medium supplemented with 10%
fetal bovine serum, 1% PSN antibiotics, 1% Fungizone antimycotics (Gibco)
at 37°C and 5% CO..

Transfection: 2x10° fibroblasts were plated in a 25 square centimeter
(cm?) culture flask containing 7 milliliters (mL) of growth medium without
antibiotics one day before transfection so that they will be 50% confluent at
the time of transfection. The cells were transfected with 840 picomoles
(pmol) siBNA (final concentration: 100 nanomolar (nM)) using 14 microliters
(uL) Lipofectamine 2000 transfection reagent and 700 uL Opti-MEM |
(Invitrogen). Growth medium was changed after 12 hours and RNA was

isolated after 36 hours of incubation.

Semi-quantification: The cells were harvested from the culture flasks
with 1 mL of Trypsin-EDTA (0.25% Trypsin, 1 millimolar (mM) EDTA-4Na,
Gibco). Total RNA was isolated from the cells using the RNeasy mini kit
(Qiagen) and gDNA was removed using an on column DNase treatment (30
minutes (min)). After isolation, absence of gDNA was confirmed by a PCR
using the MCP-1 primerset. The A260 was measured to correct for the
amount of RNA. Reverse transcription took place using the iScript cDNA
synthesis kit (Bio-Rad). Subsequently, two Real Time PCR’s were carried
out using iQ SYBR Green supermix (Bio-Rad), one with PLOD2 primerset
and one with the GAPDH primerset which is used as internal control. The
GAPDH standard curve was generated by amplifying the following numbers
of DNA control molecules (in triple) in a 25 pL reaction: 1X10'°, 1x10°,

1x10°%....to 1x10°%. The DNA control molecule was chemically synthesized
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(Life Technologies) and has the same sequence as the PCR products. The
PLOD2 standard curve was made by amplifying the cDNA of an
untransfected control sample undiluted, 10x diluted, 100x diluted and 1000x
diluted. The undiluted sample was set at 100% expression the others at
respectively 10%, 1%, and 0.1% expression.

The Real Time PCR’s for LOX and COL1A2 were performed the
same way as the Real Time PCR for PLOD2.

Results:

Gel electrophoresis: The quality of the RNA was checked by gel
electrophoresis. High quality RNA has two bands, the 28S rBNA band and
the 18S rRNA band. For high quality RNA the intensity of these bands

should be 2:1; this was indeed confirmed.

Control PCR: To confirm absence of gDNA a real time PCR was
carried out using SYBR Green. Besides the positive control, one sample
crossed the threshold and gave a significant signal. Since this occurred very

late in the reaction (cycle 38), it was neglected as non-significant.

Reverse Transcriptase Reaction: All RNA samples were diluted to
the same concentration before continuing with the RT-reaction. The entire

40 pL of diluted sample (3 micrograms (ug) RNA) was reverse transcribed in

a 60 pL reaction.
All siRNA’s showed a significant reduction in the PLOD2 expression.

All siRNA’s reduced the PLOD2 expression in human fibroblasts with 90%
(ACt approximately 4 cycles) as shown in Tables 3 and 4, and Figure 3.
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Table 3. Results of 2 evaluation studies (#A and #B) on siRNA-based

reduction of PLOD2 expression in fibroblasts.

Sample Replicates RT-PCR threshold cycles Average | Sd
(Ct)

1A: siRNA #1 | 24.6 241 23.9 24.2 0.34
2A: siRNA #2 | 23.8 23.8 24.3 23.9 0.27
3A: siRNA #3 | 24.7 24.7 24.6 24.7 0.04
4A: control 20.3 20.6 20.7 20.5 0.21
1B: siRNA #1 | 24.1 24.2 24.3 24.2 0.10
2B: siRNA #2 | 24.2 241 24.1 24.1 0.07
3B: siRNA #3 | 24.7 24.6 24.4 24.5 0.15
4B: control* 20.7 {20.2 | 20.8 {20.4 | 0.37 |19.8|204 0.37

* Control 4B was measured 6x; 3x as the undiluted standard and 3x as

5 sample.

Results are expressed as number of RT-PCR threshold cycles.
Compared to control, non-transfected fibroblasts the difference in threshold
cycles (ACt) = 4 cycles.
10
Table 4. Results of 2 evaluation studies (#A and #B) on siRNA-based

reduction of PLOD2 expression in fibroblasts.

Sample Average Standard deviation
(relative expression %) | (relative expression %)
1A: siRNA #1 9 2.02
2A: siRNA #2 11 1.86
3A: siRNA #3 7 0.16
4A: control 108 16.25
1B: siRNA #1 9 0.60
2B: siRNA #2 10 0.45
3B: siRNA #3 7 0.74
'| 4B: control 122 30.52
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Results listed in Table 3 are transformed and expressed in Table 4 as
a percentage (%) relative PLOD2 expression. Compared to control, non-
transfected controls reduction of PLOD2 expression was 90%. Figure 3

5 gives a graphical representation of the results listed in Tables 3 and 4.

To demonstrate that the anti-PLOD2 activity of the used siRNAs was
a specific effect and did not induce an inhibitory effect on other enzymes
involved in collagen synthesis, the three siRNA’s were also tested in the
same fibroblast cells for their effect on the following genes: LOX (lysyl

10 oxidase) and COL1A2 (collagen type |, alpha 2). The results are shown in

Tables 5 and 6.

Table 5. Effect of anti-PLOD2 siRNA’s on LOX expression. Results of 2

indépendent evaluation studies (#A and #B).

15
Sample Replicates threshold cycles Average | Sd
1A: siRNA #1 | 18.8 18.7 18.1 18.8 0.12
2A: siRNA #2 | 19.4 19.2 19.6 19.4 0.22
3A: siRNA #3 | 19.2 19.2 19.2 19.2 0.02
4A: control 19.2 18.6 18.9 18.9 0.27
1B: siRNA #1 | 18.8 19.2 17.9 19.0 0.33
2B: siRNA #2 | 19.3 19.2 19.2 19.2 0.06
3B: siRNA #3 | 19.3 18.8 18.8 19.0 0.27
4B: control 19.1 18.9 18.9 19.0 0.10
The data presented in Table 5, shows that there was no significant
difference in LOX expression due to siRNA treatment of the fibroblasts as
can be derived from the fact that there is no difference observed in RT-PCR
20 thresholds between the treatment and control groups.
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Table 6. Effect of anti-PLOD2 siRNA’s on COL1A2 expression. Results
of 2 independent evaluation studies (#A and #B).

Sample Replicates threshold cycles Average | Sd

1A: siRNA #1 | 16.5 15.5 16.6 16.6 0.07
2A: siRNA #2 | 16.2 16.2 16.5 16.3 0.21
3A: siRNA #3 | 16.1 16.1 16.1 16.1 0.01
4A: control 15.3 15.7 15.8 15.6 0.23
1B: siRNA #1 | 16.0 15.9 15.8 15.9 0.11
2B: siRNA #2 | 15.8 15.9 15.7 15.8 0.10
3B: siRNA #3 | 15.8 15.9 15.9 15.9 0.03
4B: control 15.7 15.6 15.7 15.7 0.06

The data presented in Table 6, shows that there was no significant
difference in COL1A2 expression due to siRNA treatment of the fibroblasts
as can be derived from the fact that there is no difference observed in RT-

PCR thresholds between the treatment and control groups.

‘Conclusion:

The expression of lysyl oxidase (LOX) and collagen, type |, alpha 2
(COL1A2) was not affected by the siRNA’s targeting PLOD2. This confirms
specificity of the 3 siRNA designs in hand for silencing of the PLOD2 gene.

EXAMPLE 3: siRNA Specificity of PLOD2 Suppression in Human
Fibroblasts

In this experiment three different siRNA designs were tested using
human fibroblasts. Two siRNA designs, targeting PLOD2, (‘siRNA #1’ and
‘siRNA #3’) were previously demonstrated to strongly suppress PLOD2
expression. The third siRNA design (‘scrambled’) is a scrambled siRNA. The
latter is included to verify specificity of the afore-determined siRNA-induced

suppression of PLOD2. RNA isolated from transfected human fibroblasts
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was quantified using Real Time RT-PCR and compared with RNA isolated

from non-transfected cells.

Materials & Methods:

siRNA #1: sense sequence 5GGUCCUUGGUCAAGGAGAAL 3
(SEQ ID NO:1)
anti-sense sequence 5’UUCUCCUUGACCAAGGACCHt 3
(SEQ ID NO:2)
siBNA #3: sense sequence 5GGUACAAUUGCUCUAUUGA 3
(SEQ ID NO:5)
anti-sense sequence 5’UCAAUAGAGCAAUUGUACCH 3’
(SEQ ID NO:6)

scrambled: Scrambled siRNA was ordered at Ambion Inc. (catalog number 4611).
Sequence is not known. The scrambled siRNA is claimed to have no

homology to any known gene sequence from mouse, rat, or human.

Cell culture: Human fibroblasts (CCD-1077Sk cells, ATCC) were
cultured in Iscoves modified Dulbecco’s medium supplemented with 10%
fetal bovine serum, 1% PSN antibiotics, 1% Fungizone antimycotics (Gibco)
at 37°C and 5% CO:..

Transfection: 2x10° fibroblasts were plated in a 25 cm? culture flask
containing 7 mL of growth medium without antibiotics one day before
transfection so that they will be 50% confluent at the time of transfection.
The cells were transfected with 840 pmol siRNA (final concentration: 100
nM) diluted in 700 pL Opti-MEM | using 14 pL Lipofectamine 2000
transfection reagent diluted in another 700 pL Opti-MEM | (Invitrogen).
Growth medium was changed after 12 hours and RNA was isolated after 36

hours of incubation.

Semi-quantification: The cells were harvested from the culture flasks
with 1 mL of Trypsin-EDTA (0.25% Trypsin, 1 mM EDTA-4Na, Gibco). Total
RNA was isolated from the cells using the RNeasy mini kit (Qiagen) and

gDNA was removed using an on column DNase treatment (30min). After
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isolation, absence of gDNA was confirmed by a PCR using the MCP-1
primerset. The A260 was measured to correct for the amount of RNA.
Reverse transcription took place using the iScript cDNA synthesis kit (Bio-
Rad). Subsequently, two Real Time PCR’s were carried out using iQ SYBR
Green supermix (Bio-Rad), one with PLOD2 primerset and one with the
GAPDH primerset which is used as internal control. The GAPDH standard
curve was generated by amplifying the following numbers of DNA control
molecules (in triple) in a 25 uL reaction: 1x10'°, 1x10°, 1x108....to 1x10°.
The DNA control molecule was chemically synthesized (Life Technologies)
and has the same sequence as the PCR product. The PLOD2 standard
curve was made by amplifying the cDNA of an untransfected control sample
undiluted, 10x diluted, 100x diluted and 1000x diluted. The undiluted sample
was set at 100% expression the others at respectively 10%, 1%, and 0.1%

expression.

Results:

Gel electrophoresis: The quality of the RNA was checked by gel
electrophoresis. High quality RNA has two bands, the 28S rRNA band and
the 185 rRNA band. For high quality RNA the intensity of these bands

should be 2:1; this was indeed confirmed.

Control PCR: To confirm absence of gDNA a real time PCR was
carried out using SYBR Green. Besides the positive control, one sample
crossed the threshold and gave a significant signal. Since this occurred very

late in the reaction (cycle 38), it was neglected as non-significant.

Reverse Transcriptase Reaction: All RNA samples were diluted to
the same concentration before continuing with the RT-reaction. The entire

40 pL of diluted sample (3 pg RNA) was reverse transcribed in a 60 pL

reaction.

The designed siRNA’s showed a significant reduction in the PLOD2
expression. siRNA #1 and siRNA #3 reduced the PLOD2 expression in
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human fibroblasts with 90% (ACt approximately 4 cycles). In contrast, the

scrambled siRNA design did not show any effect on PLOD2 expression, as

shown in Figures 4 and 5.

EXAMPLE 4: Quantification of PLOD 2 in Transfected Human Skin
Fibroblasts

Materials & Methods:

siRNA #1: sense sequence 5GGUCCUUGGUCAAGGAGAALt 3’
' (SEQ ID NO:1)
anti-sense sequence  5’UUCUCCUUGACCAAGGACCtt 3
(SEQ ID NO:2)
siRNA #2: sense sequence 5GGAGAAGAAUGGAGAGGUGH 3
(SEQ ID NO:3)
anti-sense sequence 5’CACCUCUCCAUUCUUCUCCIt 3
(SEQ ID NO:4)
siRNA #3: sense sequence 5GGUACAAUUGCUCUAUUGALt 3
(SEQ ID NO:5)
anti-sense sequence 5’'UCAAUAGAGCAAUUGUACCtt 3
(SEQ ID NO:6)

Cell culture: Human fibroblasts (passage 10; donor 30/9) were
isolated from skin tissue (Slot et al., J. Biol. Chem., 278(42):40967-72
(20083)). Medium with 4500 milligrams per liter (mg/L) Glucose, pyruvate and
glutamax (GIBCO, ref 31966-021) supplemented with 10% heat-inactivated
fetal bovine serum, and 1% Penicilin/streptomycin. antibiotics at 37°C and
5% CO..

Transfection: 2x10° cells were plated in a 6-wells plate containing 3
mL of medium without antibiotics one day before transfection. At the time of
transfection the cells were 80-90% confluent. The cells were transfected with
840 pmol siRNA or block-it fluorescent oligo (Invitrogen) in 3.4 mL medium
(final concentration: 250 nM) using 14 L Lipofectamine 2000 and 700 pL
Opti-MEM I (Invitrogen). Medium was changed after 14 hours and RNA was

isolated after 40 hours of incubation.
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Quantification: Cells were washed with PBS and lysated with 350 pl.
RLT buffer. Total RNA (30 ul) was isolated using the RNeasy mini kit
(catalog number 74106;Qiagen). RNA (8.2 pL) was reverse transcribed into
20 pL cDNA (First Strand cDNA Synthesis kit; Roche ref. 1483188), diluted
10 times with milli Q water and subjected to real-time PCR amplification.
Real-time PCR amplification of cDNA sequences was performed on 10 pL
diluted cDNA for Plod 1, 2b, 3, a2 chain of collagen type 1 (Col1A2), a1
chain of collagen type 3 (Col3A1), Lysyl Oxidase (Lox), Proline 4-
hydroxylase | (P4HA-1) and B-2-microglobulin (B2M) to standardize for
differences in the total amount of cDNA. Each cDNA was amplified using
specific primers and specific molecular beacons (Slot et al., J. Biol. Chem.,
278(42):40967-72 (2003)) in a total reaction volume of 25 uL.” PCR’s were
performed in an ABI PRISM 7700 sequence detection systerh and data were

analyzed using sequence detector version 1.7 software.
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Results:
Table 7. Real-time PCR data: Transfected human skin fibroblasts.
B2M expression PLOD2 expression

cycli fmol cycli fmol
siRNA #1 a 19,95 865,5 siRNA #1 a 27,18 26,8
siRNA #1 b 20,19 755,9 siRNA #1 b 28,01 17,3
siRNA #2 a 19,77 958,0 siRNA #2 a 26,3 42,7
siRNA #2 b 20,98 484,1 siRNA #2 b 28,25 15,3
siRNA #3 a 20,33 698,5 siRNA #3 a 28,54 13,1
siRNA #3 b 18,39 2086,9 siRNA #3 b 27,06 28,6
control a 19,07 1422,0 control a 22,11 388,6
conirol b 18,93 1538,8 control b 22,5 316,4
GFP a 19,15 1359,2 GFP a 22,47 321,5
GFP b 19,87 905,5 GFP b 23,04 238,0
Col1A2 expression Lysyl Oxidase (LOX) expression

cycli fmol cycli fmol
siRNA #1 a 17,23 4609,0 siRNA #1 a 18,82 3107,2
siRNA #1 b 17,86 3110,9 siRNA #1 b 19,46 2070,5
siRNA #2 a 17,01 5287,1 siBNA #2 a 18,25 4460,4
siRNA #2 b 17,63 3591,0 siRNA #2 b 19,31 2277,2
siRNA #3 a 17,84 3150,0 siRNA #3 a 19,24 2380,6
siRNA #3 b 17,01 5287,1 siRNA #3 b 18,15 4752,5
control a 16,47 7405,4 control a 17,41 7598,8
control b 16,44 7545,3 control b 17,21 8626,5
GFP a 16,69 6455,6 GFP a 17,95 5395,2
GFPb 17,47 3968,0 GFP b 18,61 3549,9
Proline 4-Hydroxylase | (P4HA-1) expression ~ Col3A1 expression

cycli fmol cycli fmol
siRNA #1 a 21,33 31,9 siRNA #1 a 18,07 172,3
siRNA #1 b 21,27 33,0 siRNA #1 b 18,56 129,3
siRNA #2 a 20,43 55,1 siRNA #2 a 17,18 290,4
siRNA #2 b 21,34 31,7 siRNA #2 b 18,13 166,3
siRNA #3 a 21,8 23,9 siRNA #3 a 18,35 146,2
siRNA #3 b 21,98 21,5 siRNA #3 b 17,77 205,4
control a 20,39 56,4 control a 17,43 250,8
control b 20,2 63,3 control b 17,37 259,8
GFP a 20,77 448 GFP a 17,24 280,3
GFP b 20,48 53,4 GFP b 17,42 252,2
PLOD1 expression PLODS3 expression

cycli fmol cycli fmol
siBRNA #1 a 23,26 221 siRNA #1 a 24,19 149,5
siRNA #1 b 23,6 16,9 siRNA #1 b 24,61 115,3
siRNA #2 a 22,78 32,4 siRNA #2 a 23,9 179,0
siRNA #2 b 23,62 16,6 siRNA #2 b 24,2 148,6
siRNA #3 a 24,15 10,9 siRNA #3 a 24,27 142,3
siRNA #3 b 23,2 23,2 siRNA #3 b 23,53 225,1
control a 23,25 22,3 control a 22,06 559,6
control b 23 27,2 control b 23,5 229,3
GFPa 22,45 421 GFP a 23,81 189,2
GFP b 23,04 26,3 GFPb 24,41 130,56
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Also in the primary human skin fibroblast cells all siRNA’s showed a
significant reduction in the PLOD2 expression as can be seen in Table 7 and
Figures 6 and 7. All siRNA’s reduced the PLOD2 expression in human

fibroblasts with 90% or more.

There was no significant difference in expression in any of the other
genes due to siRNA treatment of the primary human skin fibroblasts as can
be derived from the fact that there is no difference observed in RT-PCR
threshold cycli between the treatment and control groups (Table 7 and
Figures 6, 7, 8).

The results in Figures 6 and 7 demonstrate that siRNA induced
suppression of PLOD2 does not interfere with the expression of COL1A2 nor

any of the other collagen modifying enzymes.

Conclusion:
The effect of siRNA molecules on PLOD2 is very specific and is a
promising new approach to prevent PLOD2-induced hydroxyallysine

crosslinking of collagen.

EXAMPLE 5: Quantification of PLOD 2 in Transfected Rat Skin Fibroblasts

The aim of this experiment is to test the performance of rat PLOD2
siRNA in rat fibroblasts.

Materials & Methods: siRNA were synthesized by Ambion Inc. siRNA
sequences toward rat PLOD2:

Nr 1: siRNA 1D:47463 Sense seq: 5 GCAGAUAAGUUAUUAGUCALE 3
(SEQ ID NO:7)

Anti-sense 5° UGACUAAUAACUUAUCUGCtg 3’
(SEQ ID NO:8)

Nr 2: siRNA ID:47549 Sense seq: 5 GAAAACGAUGGAUUCCACALt 3
(SEQ ID NO:9)
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Anti-sense 5" UGUGGAAUCCAUCGUUUUCH 3
(SEQ ID NO:10)

Nr 3: siRNA 1D:47630 Sense seq: 5 GAUUUAUGAAUUCAGCCAALt 3
(SEQ ID NO:11)

Anti-sense 5 UUGGCUGAAUUCAUAAAUCGHg 3’
(SEQ ID NO:12)

Cell culture: Rat fibroblasts (passage +6; ATCC 1213-CRL) were
cultured in DMEM medium with 4500 milligrams per liter (mg/L) glucose,
pyruvate and glutamax (GIBCO No. 31966-021) supplemented with 10%
heat-inactivated fetal bovine serum, and 1% penicillin/streptomycin
antibiotics at standard culture conditions (polystyrene culture wells; 37°C;
5% COy).

Transfection: 5x10° cells were plated in a 6-wells plate containing 3
mL of medium without antibiotics one day before transfection. At the time of
transfection the cells were 80-90% confluent. The cells were transfected with
840 pmol siRNA or block-it fluorescent oligo (Invitrogen) in 3.4 mL medium
(final concentration: 250 nanomolar (nM)) using 14 pL Lipofectamine 2000
and 700 pL Opti-MEM | (Invitrogen). Medium was changed after 8 hours

and RNA was isolated after 40 hours of incubation.

Quantification: Cells were washed with PBS and lysated with 350 uL
RLT buffer. Total RNA (30 pL) was isolated using the RNeasy mini kit
(Qiagen No. 74106). RNA (8.2 uL) was reverse transcribed into 20 uL cDNA
(First Strand cDNA Synthesis kit; Roche No. 1483188), diluted 10 times with
Milli-Q water and subjected to real-time PCR amplification.
Real-time PCR amplification of cDNA sequences was performed on
10 pL diluted cDNA for PLOD 1, 2, 3, the a2-chain of collagen type |
(Col1A2), the a1-chain of collagen type Iil (Col3A1), lysyl oxidase (LOX),
prolyl4-hydroxylase 1 (P4HA1) and B32- microglobulin (B2M). The latter gene
was used to standardize for differences in the total amount of cDNA. Each
cDNA was amplified using specific primers and specific molecular beacons

(designed for the rat genes) in a total reaction volume of 25 pL. Real-time
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PCR reactions were performed in an ABI PRISM 7700 sequence detection
system and data were analyzed using Sequence detector version 1.7

software.
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In rat skin fibroblasts PLOD2 expression is strongly suppressed
with all three siRNA’s oligonucleotides as can be seen in Table 8 and

Figures 9 and 10.

Conclusion:

There is a good suppression of mRNA levels of PLOD2 with all
three siRNA sequences. The siRNA has no effects on mRNA levels of
PLOD1, PLODS3, lysyl oxidase (LOX), prolyl-4-hydroxylase-1 (P4HA-1),
collagen type | (COL1A2) and collagen type |l (COL3A1).

The complete disclosures of all patents, patent applications,
publications, and nucleic acid and protein database entries, including for
example GenBank accession numbers and EMBL accession numbers,
that are cited herein are hereby incorporated by reference as if
individually incorporated. Various modifications and alterations of this
invention will become apparent to those skilled in the art without departing
from the scope and spirit of this invention, and it should be understood
that this invention is not to be unduly limited to the illustrative

embodiments set forth herein.
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WHAT IS CLAIMED IS:

1. A medical device comprising:

a substrate; and

an active agent associated with the substrate, wherein the active
agent suppresses the production and/or activity of a TLH enzyme in

collagen-producing cells.

2. The medical device of claim 1 wherein the active agentis a TLH
inhibitor, a PLOD2 inhibitor, or both.

3. The medical device of claim 1 wherein the active agent is a small

organic molecule.

4. The medical device of claim 3 wherein the active agent is a small
organic molecule selected from the group consisting of minoxidil, heparan

sulfate, and mimics thereof.:

5. The medical device of claim 4 wherein the active agent is minoxidil

or minoxidil sulphate.

6. The medical device of claim 1 which is an implantable device.
7. The medical device of claim 1 which is an extracorporeal device.
8. The medical device of claim 1 selected from the group consisting of

a stent, stent graft, anastomotic connector, lead, needle, guide wire,
catheter, sensor, surgical instrument, angioplasty balloon, wound drain,
shunt, tubing, urethral insent, pellet, implant, blood oxygenator, pump,
vascular graft, vascular access pon, valve, suture, surgical clip, surgical
staple, pacemaker, orthopedic device, replacement device for nucleus

pulposus, and intraocular lens.
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9. The medical device of claim 1 wherein the substrate comprises a

polynucleotide delivery matrix.

10.  The medical device of claim 9 wherein the polynucleotide delivery
matrix comprises DNA encoding antisense, ribozyme, siRNA molecules
that interfere with a PLOD2 gene and inhibit the translation of a TLH

enzyme.

11. A method for delivering an active agent to a subject, the method
comprising:
providing a medical device comprising:
a substrate; and
an active agent associated with the substrate, wherein the
active agent suppresses the production and/or activity of a TLH enzyme in
collagen-producing cells; and
placing the medical device in the subject in contact with collagen-

producing cells.

12.  The method of claim 11 wherein the active agent is a TLH inhibitor,
a PLOD?2 inhibitor, or both.

13.  The method of claim 11 wherein the active agent is a small organic

molecule.

14.  The method of claim 13 wherein the active agent is a small organic
molecule selected from the group consisting of minoxidil, heparan sulfate,

and mimics thereof.

15.  The method of claim 14 wherein the active agent is minoxidil or

minoxidil sulphate.

16. The method of claim 11 wherein the medical device is an

implantable device.
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17.  The method of claim 11 wherein the medical device is an

extracorporeal device.

18.  The method of claim 11 wherein the medical device is selected
from the group consisting of a stent, stent graft, anastomotic connector,
lead, needle, guide wire, catheter, sensor, surgical instrument,
angioplasty balloon, wound drain, shunt, tubing, urethral insert, pellet,
implant, blood oxygenator, pump, vascular graft, vascular access port,
valve, suture, surgical clip, surgical staple, pacemaker, orthopedic device,

replacement device for nucleus pulposus, and intraocular lense.

19.  The method of claim 11 wherein the substrate comprises a

polynucleotide delivery matrix.

20. The method of claim 19 wherein the polynucleotide delivery matrix
comprises DNA encoding antisense, ribozyme, or siRNA molecules that

interfere with a PLOD2 gene and inhibit the translation of a TLH enzyme.

21. A medical device embedded in a matrix that includes the active
agent, wherein the active agent suppresses the production and/or activity

of a TLH enzyme in collagen-producing cells.

22. The method of claim 21 wherein the matrix that includes the active

agent is a polynucleotide delivery matrix.

23.  The method of claim 22 wherein the polynucleotide delivery matrix
comprises DNA encoding antisense, ribozyme, or siRNA molecules that

interfere with a PLOD2 gene and inhibit the translation of a TLH enzyme.
24.  The method of claim 23 wherein the polynucleotide delivery matrix

comprises DNA encoding siRNA molecules that interfere with a PLOD2

gene and inhibit the translation of a TLH enzyme.
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25.  The method of claim 22 wherein the polynucleotide delivery matrix
comprises siRNA molecules that interfere with a PLOD2 gene and inhibit

the translation of a TLH enzyme.

26. A method of reducing fibrotic tissue formation at the site of a
medical device in a subject, the method comprising delivering to the
localized tissue region at the site of the medical device an active agent
that suppresses the production and/or activity of a TLH enzyme in

collagen-producing cells.

27. The method of claim 26 wherein the medical device delivers the

active agent.

28.  The method of claim 27 wherein the active agent is coated on the

medical device.

29. The method of claim 26 wherein the medical device is embedded

in a matrix that includes the active agent.

30. The method of claim 26 wherein the matrix that includes the active

agent is a polynucleotide delivery matrix.

31.  The method of claim 30 wherein the polynucleotide delivery matrix
comprises DNA encoding antisense, ribozyme, siRNA molecules that

interfere with a PLOD2 gene and inhibit the translation of a TLH enzyme.

32.  The method of claim 31 wherein the polynucleotide delivery matrix
comprises DNA encoding siRNA molecules that interfere with a PLOD2
gene and inhibit the translation of a TLH enzyme. '

33.  The method of claim 30 wherein the polynucleotide delivery matrix

comprises siRNA molecules that interfere with a PLOD2 gene and inhibit

the translation of a TLH enzyme.
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34.  The method of claim 26 wherein the active agent is a small organic

molecule.

35.  The method of claim 34 wherein the active agent is a small organic
molecule selected from the group consisting of minoxidil, heparan sulfate,

and mimics thereof.

36. The method of claim 26 wherein the medical device is an

implantable device or an extracorporeal device.

37.  The method of claim 26 wherein the medical device is selected
from the group consisting of a stent, stent graft, anastomotic connector,
lead, needle, guide wire, catheter, sensor, surgical instrument,
angioplasty balloon, wound drain, shunt, tubing, urethral insert, pellet,
implant, blood oxygenator, pump, vascular graft, vascular access port,
valve, suture, surgical clip, surgical staple, pacemaker, orthopedic device,

replacement device for nucleus pulposus, and intraocular lens.
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Fig. 4

Relative GAPDH expression transfected fibroblasts

2/9

PCT/US2005/025437

Hi

HH

NN

NN E

Fig. 5

Relative PLOD2 expression transfected fibroblast

160
. 140
=,
= 120
@ 100
()]

5 80
b
o 60
2
w40
o
20
)
140
=,
= 120
S
@ 100
(0]
§. 80
o 60
2
© 40
o
20
0

siRNA 3

T

scrambled

T
control

Ty [+
mi
an
o
r—-fzmlr-—-ml //I %A“’

SUBSTITUTE SHEET (RULE 26).

[ duplicate A
duplicate B

] duplicate A
duplicate B |




WO 2006/020231

Fig. 6A

PLOD2 expression in primary human skin fibroblasts
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Fig. 7A
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Fig. 8A
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Fig. 9A
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Fig. 9D
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Fig. oG

P4HA-1 expression in rat skin fibroblasts
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Fig. 10C

COL3A1 / COL1A2 expression in rat skin fibroblasts
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