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MATERIALS AND METHODS FOR TREATING
- AND MANAGING ANGIOGENESIS-MEDIATED DISEASES

Relatgd Application Data

[6081} This non-provisional patent application claims the benefit under 35

U.S.C. Section 119(e) of provisional patent apj:;}icaﬁon U.8.5.N. 60/857,458, filed

on November 7, 2006; provisional patent application U.S.8.N. 60/875,626, filed on

‘December 19, 2006; provisional patent application U.S.S.N, 66/923,836, filed on

April 17, 2007; and provisional patent application U.S.S.N. 60/967,029, filed on
August 30, 2007; the entire content of each of the foregoing incorporated by

reference herein,

Background of the Invention

- {6002} A’ngioge{xesis, the pmbess of gmwing new blood vessels from pré—
e;_cisﬁng vasculature, is ‘invoi’vec‘i in the natural healing processes i-es‘uiting from
wounds and surgical interventioné, including the resection of solid tumorous cancer.
Abnormal ﬁeovascuiarization, distinc;f from pathological angiogenesis, is involved in
the emergence and perpetuation of a variety of acute and chronic disease states,

including macular &egeneration, rheumatoid arthritis, psoriasis, psoriatic arthritis

_ and other arthritic conditions and systemic inflammatory diseases, as described

below,

[6603] For example, the exudative or neovascular form of age-related macular
degeneration, corneal neovascularization and other neovascular diseases of the eye
such as proliferative diabetic retinopathy, retinopathy of prematurity, Steven's-

Johnson syndrome, cicatricial pemphigoid, corneal allograft rejection and corneal

injury from infection or trauma are characterized by the abnormal growth of

neovessels, inappropriately regulated and leaky blooed vessels, in response to a
hypoxic environment and unregulated inflammation. Left untreated, these diseases
are major causes of blindness in persons of all ages. In age-related macular

degeneration, for example, abnormal neovascularization produces sub-retinal
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hemorrhage, accumulation of fiuid beneath the photoreceptors within the fovea, and
neura] cell death in the outer retinia. I left untreated, the abnormal neovascular

process usually results in subfoveal scar formation and blindness.

[9ﬁ04] Synovial neovascularization is considered to be an important early step
in the pathogenesis and perpetuation of rheumatoid arthritis. Abnormal
neovascularization is integral to the development of inflammatory pannus, and
without it leukocyte ingress could not ocour. Furthermore, formation of new blood
vessels permits a supply of nutrients and oxygeﬁ to the atigmented inflammatory celt

mass and so contributes to the perpetuation of synovitis.

- [6005] Rheumatoid arthritis is fraditionally considered a chronic, inﬂémmatory
autoimmiune disorder that causes the immune system to attack thejoirits_. Itisa
disabling and painful inflammatory ¢ondition, which can lead to substantial loss of
mobility due to pain and joint destruction. Rheumatoid arthritis is a systémic
disease, often affecting extra-articular tissues throughout the body including the
skin, blood vessels, heart, lungs, and muscles, About 60% of rheurnatoid arthriti}s '

patients are unable to work ten yeérs after the onset of the disease.

‘ _{0006]< Neovascularization appears to be a first-order event in both psoriasis
and psoriatic arthritis, Abnormalities in the véséuiar moiphology of the nail-folds of.
psoriasis pétiems without nail disease hiave been observed, as well asan iﬁorease in
the number of éyncviai membrane blood vessels iﬁpsoriatic arthritis joint tissue.
Psoriatic ar&tﬁtis, or arthropathic psoriasis, is a type of inflammatory arthritis.
Alﬂwlough psoriasis and psoriatic arthritis are inter-related disorders, psoriatic '
arthritis is a distinict condition with its owﬁ epidemialogical, clinical and genetic

featutes. It affects about 5-7% of people suffering from the chronic skin condition

- psoriasis. As well as causing joint inflammation, psoriatic arthritis can cause

. tendonitis and dactilytis. In addition, more than 80% of patients‘vﬁth psoriatic

arthritis will bave psoriatic nail lesions characterized by pitting of the nails, or more
extremely, loss of the nail itself. Psoriatic arthritis can develop at any age.
However, on average it tends to appear about 10 years affer the first signs of
psoriasis. For the majority of patients, this is between the ages of 30 and 50, but it




can also affect children. Current ireatment of psoriatic arthritis is similar fo that of
rheumatoid arthritis.

[6007] A significant angiogenesis-related disease is cancer. Canceristhe
seco;:d, leading cause of death in the United States and accounts for over one-fifth of - i
all mortality. Although a variety of methods are known to treat céncer, incloding i
surgical resection of solid tumors, and radiation, ablation and chemotherapy to kill
cancerous cells, local recurrence of cancerous cells and local damage or disease at

_ﬂie resected or treated site remain major challenges in the treatment of cancer
patients. Surgical resection yepresents the greatest chance to treat localized diséase
that has not shown signs 6f metastasis to other locations in the body. Unfortunaiely,
as mariy as 40% of cancer patients treated with surgiéal resection will develop a

recurrence of the disease.

{{)&03] Current treatments for angiogenesis-related conditions and diseases and
neovascularization-related conditions and diseases ave limited. Treatment options
vary with age, ‘heslth, and the severity of the condmon One objective of the present. -
mvention is to provide metbods and materials for the treatment of sites of abnonnal
nec_vasculanzatmnl and pathological angiogenesis with the goal of locally directing
healing of the affected or treated site,

© Summary

[0068a] In ome aspect, there is provided the use of implantable material in the manufacture of a
medicament for treating a tumor resection site in an individual in need thereof, said use comprising the step of:
contacting with an implantable material a surface at or adjacent to or in the vicinity of a tumor resection site,
wherein said implantable material comprises a biocompatible matrix and cells and further wherein said

implantable material is in an amount effective to treat the tumor resection site in said individual.

10068b] In another aspect, there is provided a composition for the treatment or management of a tumor
resection site, the composition comprising a biocompatible matrix and cells, wherein said composition is in an

amount effective fo treat or manage the tumor resection site.

R [B009]  The present disclosure exploits the discovery that an implantable
material comprising cells and a biocompatible matrix, when provided locally oz
site of abnormal neovascularization or s site of pathoiogical aqgiogenesi‘s, can
prevent, reduce or inﬁibit abnammnal or pathological blood vessel formation,
inflammation, extracellular matrix degradation and/or MIVIP expression andfor
activafibn at the site to treat the affected or treated tissue or stroma and/or to prevent
the growth or regrowth of pathological vascuiatzm or other tissue at the aﬁected or

-treated site. As disclosed herein, an meiantahle material comprising cellg,
preferably endothelial cells, cells having an endothelial-like phenotype, epithelial
cells, cells having an epithelial-like phgnofype, non-endothelial cells or analogs

thereof can be used to prevent, heal, treat and manage sites of abnormal
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neovascularization or pathological angiogenesis when the material is situated on &
surface of or within an affected or treated structure. This discovery permits the
clinician to intervéne In the treatment of & diseased tissue for which there have

heretofore been limited treatinent options.

{60 1,0‘} One embodiment of the present disclosure is a method of treating a site of
pathological angiogenesis'in an individual in need thereof, the method comprising
contacting with an fmplentable material a surface at or adjacent to or in the vicinity

of an area of angiogenesis, wherein said implantable material comprises a

. biocompatible matrix and cells and further wherein said implantable material is in an

0

amount effective to treat the sits'of pathological angiogenesis in said individual.

f6611] According to a§ditiom! ambodimcnfs, the biocompatible matrix is a

flexible planar material or a flowable composition. The cells can be endothelial

cells, endothelial-like cells, epithélial cells, epithelial-like cells or non-éndothelial

cells.

{6012] Aécordiﬁg’ to various embo‘diments, the iméiantable material regulates
extracellular matrix degradation at the site of pathalogical angiogenests, or regulates
the a;ipression and/or activation of MMPs atthe site of pathological angio gencgisL
According to one embodiment, the site of pa‘th_olcgical angioganc}sis is a site of

tumor resection.

[0613] In another embodiment, the disclosure is a composition suitable for the
freatment or panagement of a site of sbnormal neovascularization, the composition
comprising a biocompatible matrix and cells, wherein said composition is in an

amount effective to treat or manage the site of abnormal neovascularization.

[30'14] According to additional embodiments, the biocompatible mairix is 2
fiexible planar material or a flowable composﬁion. The flowable composition can
further comprise an attachment peptide and the cells are engrafted on or to the
attachment peptide. The célls can be endothelial cells, endothelial-ke cells,

. epithelial cells, epithelial-like cells or non-endothelial cells.
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{0015] According to various embodiments, the ccmpositidn‘ regulates
extraceliular matrix degradation at the site of pathological angiogenesis or regulates

expression and/or activation of MIMPs at the site of pathological angiogenesis.

[0016) Another embodiment of the present disclosure is a method of treating a site of

abnormal neovascularization in an individual in need thereof, the method comprising

.contacting with an implantable material 2 surface at or adjacent to or in the vicinity

of an area of abnormal neovascularization, wherein said implantable material
coinpris:es a biocompatible matrix and cells and further wherein said implantable
material is in an amount effective fo treat the site of ebnormal neovascularization in
said individual,

- [0017] According to additional embodimenfts,' the Bioaompatible; matiix is a
flexible planar material or a flowable composition, The cells can be endothelial
cells, endothelial-like cells, epithelial cells, epithelial-like cells or non-endothelial

cells.

[6018] Accqrdiz}g to variowus embod iments, the implantable material regulates
extracellular matrix degradation at the site of abnormal neovascularization or

regulates expression of MMPs at the site of abnormal neovascularization.

‘ [0013] According to various embodiments, the site of abnormal
neovascularization is a site of macular degeneration, 2 site of theumatoid arthritis, a
site of psoriasis, a site of psoriatic arthritis, or a site.of another systemic

inflammatory disease.

- [0620]  In another embodiment, the disclosure is a composition suitable for the
treatment or management of a site of abnormal neovascutarization, the composition
comprising a biocompatible matrix and cells, wherein said composition is in an

amount effective 1o treat or manage the site of abnormal neovascularization.

f8021] According to additional embodiments, the biocompatible matrix is 2

flexible planér material or a flowable composition. The flowable composition can

further comprise an aftachment peptide and the cells are engrafted on or to the
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attachment peptide. The cells éan be endothelial cells, endothelial-like cells,

epithelial cells, epithelial-like cells or non-endotheliat cells.

[8022] According to various embociizhents, the composition regulates
extracellular mairix degradation at the site of abnormal neovascularization or
regulates expression and/or activation of MMPs at the site of abnormal

neovaseularization,
Brief Description of the Drawings'

[0023] Figures 1A and 1B are repreéentaﬁve cell growth curves according to

an fljustrative ebodiment of the invention.

iﬁlﬁlé} Figure 24 c’iépicts photographs of in vitro angiogenesis by HUVEC in
Matrige] matrix with and without treatment with the implantable material of the

present invention.

- [e02s)” thureZB zs a graphical tepreséntation of the levels of angiogenesis ur'

“vascular tube density of HUVEC int Matrigel matrix following administration of

conditioned media or the implantable material.

[0026] Figure3isa graphical representation of the expression of MIMP-2 in
stained tissue sections of subjects treated with the implantable material and subjects

administered the control material at 3 days and at 1 month.

[0027] Figure 4 is a graphical representation of the expression of MMP-9 in
stained tissue sections of subjects treated with the implantable material and subjects

administered the control material at 3 days and 2t 1 month.

Detailed Description of the Invention

[6028] As expiainedvhcrein, the invention is based on the discovery that a cell-
based therapy can be used fo treat, heal, ameﬁqrate, managé and!of reduce the ‘
effects of pathoiogicai angiogenesis in conditions including sites of tumor resection,
The celi-based therapy can also be used to treat, heal, ameliorate, manage and/or

réduce the effects of abnormal neovasculatization in conditions including macular
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degeneration, theumatoid arthritls, psoriasis and psoratic arthritis and other arthritic
and systemic itiflammatory conditions at the affected site and on surrounding tissues

and stroma,

[0029] As used herein, the term angiogenesis means the process of forming or
growing new blood vessels at a site of injury or disease as occurs during the normal
healing process. As used herein, the term pathological angiogenesis means the

process of forming abnormal and/or unwanted vessels at a site of injury or disease,

. Accordingly, the iﬁlplantablc material is preferrably administered prior to or at the

time of disease onset, surgical procedure or intervention, or as a disruptive

intervention to prevent and/or treat pathd[ogicai angiogenesis.

[68308] Asused herein, the term abnormal ﬂebvascularization rheans the result
of pathological or abnormal emergence and growth of blood vessels as ocours at the
omset of certain acute and chronic discases and disorders. This is distinct from
pathological angiogz;xiesis.‘ The present invention is useful to impair or prevent
permanent establishiment of ahnbnnal ingrowth of blood vessels. It is contemplated
that the cbﬁ‘;p;zsiﬁén of the present invention resu}té ina !ecélized environment

which does not support an abnormal density of blood vessels. For example, even

-though blood vessels may grow into a particular site, the present invention limits or

regulates those which ultimately msiglé permanently at a particular site.
Accordingly, the implantable material is preferrably administered foﬂowing-
emergéhg:e or onset of the disease or disordef,-'éhrgiqai procedure or ntervention to
h—éz{t abnormal neovascularization. Fowever, the present invention can be used
effectively as ‘a disruptive intervention and/or to prevent a condition from

worsening,

{0831] The teachings presented below provide sufficient guidance to make and

use the materials and methods of the present invention, and further provide sufficient

guidance to identify suitable criteria and subjects for testing, measuring, and

monitoring the performance of the materials and methods of the present invention.
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Macular Degenémﬁon

[6032] Abnormal neovascularization ocours ina number of diseases of the eye

including neovascular form of age-related macular degeneration, proliferative

 digbetic retinopathy, and retinopathy of prematurity. Left untreated, these diseases

are major cai;ses d‘f_blindness in infants (retinopathy of prematurity), woz;king age
adults (proliferative diabetic retinopathy) and the elderly (age~related macular

degeneration). Neovascularizations, especially those that aacompanjr the different

. diseases of the eye, are often indueed in response to a hypoxic environment.

However, the abnormal hecvassefs“‘in these diseases are inappropriately regulated-
and leaky, and therefore abnormal neavessels contribute to the underlying pathology

of the disease rather than correcting or compensating for the disease process.

[0033]  In exudative or “wet” form of agé’-rjciafeé macuié;r degeneration,
abnormal neovessels produce sub-retinal hemorrhage, accumulation of fluid beneath
the photoreceptors within the fovea, and neural cell death in the outer retina. If left
umtreated, the abnormal neovascﬁiar pfbtess usﬁéﬂy cuiminates in subfoveal scar
formation. In premature infants suffering setinopathy of prematurity, the retinal
vasculature jg poﬁ_riy developed and abnormal leaky ngovessels grow- iﬁto the
avascular region of the refina. In severe and untreated cases, abnormal neovessels
grow inio the vitreous leading to retinal detachment and blindness. In diabetes, both
direct effects of excessivaj glucose and indirect effects, possibly iﬁvolvihg ischemia
and ﬁypoxia, én retinal tissue are believed to be res‘bons_ib[e for the induction of

gbnormal neovascularization, Therefore, for each of these ccular pathologies, 2

' logical treatment strategy is the regulation of pathological angiogenesis and the

formation of abnormal neovessels using the implantable material of the present

invention,

- [0034] The impiantabie material of the present invention can be administered
to zn eye and/or sur_rounciihé tissues and stroma fo freat, ameliorate, manage and/or
reduce the clinical sequelae associated with aﬁe»related macular degeneration,
proliferative diabetic retinopathy, retinopathy of prematurity, comeal
neovascularization including Steven’s-Johnson syndrome, cicatricial pemphigoid,
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corneal allograft rejection and vorneal injury from infection or trauma and can

inhibit or reduce the abnormal neovascularization at the site.
Rheumatoid Arthritis’

[0035] Rheumatoid arthritis is a chronic systemic disease characterized by an
inflammatory erosive synovitis. Barly changes in the synovium are marked by

abnormal neovascularization, inflammatory cell infiltration, and associated

synoviocyte hyperplasia, which produce a pannus of inflammatory vascular tissue.

This pannus covers and erodes articular cartilage, eventually leading to joint -

. destruction. Abnoomal neovascularization is recognized as a fundamental

component of pannus development in rheumatoid arthiritis, with evidence of both

-focal endothelial proliferation and apoptosis in the syﬁavium. “The implantable

material of thé present invention can be administered to a site of rheumatoid arthritis

and/or surrounding tissues and stroma to treat, ameliorate, manage and/or reducs the

" - _clinical sequelae associated with rbeumatoid arthritis and inhibit or recuce abnormal

15

25

neovascularization at the site.
Psoriasis and Psoriatic Arthritis

[6636] Psoriatic arthritis, or arthropathic psoria;is, is a type of inflammatory -

-arthritis. Although psoriasis and psorfatic arthritis aré inter-related disorders

characterized by neovascularization, psinriatic‘axfhritis is a distinct condition with its
own epidemsiclogical, clinical and genetic features. It affects about 5-7% of people

suffering from the chronic skiri condition psoriasis. As well as causing joint

" .inflammafion, psoriatic arthritis can cause fendonitis and dactilytis. In addition,

more than 80% of patients with psoriatic arﬁn’itié will have psotiatic nail lesions
characterised by pitiing of the nails, or more extremely, loss of the nail itself.
Abnormalities in the vascular morphology of the nail-folds of psoriasis patients
without nail disease have been observed, as well as dn increase in the number of

synovial membrane blood vessels in psosiatic arthritis jc;int tissue.
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j0037] The implantable material of the present invention can be administered

to a site of psoriasis or psoriatic arthritis and/or surrournding tissues and stroma to

' treat, ameliorate, manage and/or reduce the clinical sequelae associated with

psoriasis and psoriatic arthritis and inhibit or reduce abnormal neovascularization at

- the site,

Systemic Inﬂammatogx Conditions

16038] I addition to rheumatoid arthritis, psoriasis and psoriatic avthritis,
systemlc mﬂammatory or autoimmune conditions also include, for example,
systemic sclerosis (scleroderma), systemic lupus erythematosus, polymyositis/
dermatomyositis, Sjdgren’s syndrome, mixed connective tissue dfse‘asa’ and systemic
vasculiti&es. In.these systemic inflammatory diseases, ieﬁchytes emi grate into the
diseased tissues through the vasculature, Increased abnormal neovascularization
found in these inflammatory diseasés further perpetuates the extravasation of-
leukocytes into the tissx;es, which further progresses the inflammatory disease.

100397 . Pathological angiogenesis and the outcoms of diseases characterized by
abnormal neovascularization, including systemic inflammatory or autoimmune

conditions, are dependent on the balance or imbalarice betweet neovascular

‘aediators and inhibitors. In rheumatoid arthritis, for example, there is an excess of

neavascuiar stimulators ovér neovascular inhibitors, In order to reset this balance,

‘abnormal neovascularization needs to be mpprcssed for example, by adnumstmng

‘the implantable matenaI of the' présent inveirtion. The implantable material of the - )

" present invention can be administered 1o a site of abnormal neovascularization

and/or surrounding tissues and stroma to treat, ameliorate, manage and/or reduce the
clinical sequelae associated with the pathological angiogenesis, systemic
inflammatory or antoimmune disease and inhibit or reduce the abnormal

neovascularization at or near the site,

10
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Tumor Reseciion

166468] Tumor resection is the surgical removal of a solid tumer from a patient.

Depending on the size of the tumor and its location, according to various

embodiments, tumor resection can be performed in an open field surgical procedure
or in a minimally-invasive surgical procedure, for example, & laproscopic surgical b
procedure. According to additional embodiments, fumor treatment procedures
include radigtion therapy, heat or light ablation therapy or chemotherapy to kill the
tumor cells. For puxposés of the present invention, it is contemplated thata
resection site includes any and all sites suﬁjaizt to localized therapy for the treatment

or removal of a tumor or tumor cell. Accordingly, resection sifes include but are not

-limited to sites subject to surgical resection, radiation therapy, ablation therapy

and/or chemotherapy.

{0641] Inthe case of surgical resection, following excision of a tumor, the
tissues formerly surrounding the tumor .éreate‘z,_pockct or resection site, In the case

of radiation, ablation or chemotherapy, the tumor cells may remain fransiently at the

v

¢, However, radiation, ablation and chemotherapy, in addition to killing

the localized tumor cells, also damage the surrounding tissues and stroma.

Accordingly, the resection site is prone o a variety of clinical sequelae, including,

- but pot limited to, inflammation, extraceliular matrix degradation, pathological

angiogenesis and, in ceriain tumor fypes, regrowth of tumor cells at the resection

margin and/or metastasis of the tumor cells,

{6042 Further, the tumor, and therefore the -resection site, is ofteri highly
vascularized, Trauma to the resection site can result in pathological angiogenesis,
extracellular matrix degradation, and other clinical sequelag associated with
disruption of a resection site. The impiaxitable material of the present invention can
be administered to a resecﬁonA site and/or surrounding tissues and stroma fo ireat,
ameliorate, manage and/or reduce the clinical sequelae associated with trauma to the
tumor raéection site and inhibit or reduce pathological angicgenesis at the site.
Pathological angiogenesis at the resected sife is necessary for regrowth and/or

metastasis of the tumor cells. Therefore, inhibition of pathological angiogenesis will

inhibit and/or limit tumor re-growth or metastasis.

11
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[0043] Additionally, the tumor microenvironment, including the stroma, is an

. important factor in controlling the re-growth and metastasis of tumors. The stroma

comprises a variety of cells, includihg fibroblasts, myofibroblasts, glial cells,
epithelial cells, immune cells inchiding monocytes, macrophages, neutrophils and
lymphocytes, vascular endothetial cells and smooth muscle cells along with the
extracellular matrix and extracellular molecules. Often, due to their proximity to
tumor cells and/or their interaction with each other, the cells of the stroma acquire an
abnormal phenotype or altered function during or following contact with fumor
cells. The implantable material of the present Invention can be administered to a

tumor stroma and/or surrounding tissues to treat, ameliorate, manage and/or reduce

- the clinical sequelae associated with disruption and/or an abnormal phenotype of the

- shroma.

[0044] Placement of the implantable material of the ﬁrcsseﬁt invention at or |

" adjacent to a site of surgical or clinical treatment is effective at diminishing mild and
acute inflammation associated with the interventions as well as diminishing,
 delaying or inbibiting inflammation associated with the pathological angiogenesis

- condition, Furthermore, the implantable material also reduces MMP expression

and/or activation, extracellular matrix degradation and pathological angiogenesis of
affected or treated structures.

[0045] Matrix metalloproteinases (MMPs) are necessary for the migration of cells
from the surrounding tissues into the injury site following injury by degrading

extraceflular matrix jproteins. Activated myofibfobialSts possess matrix degrading

activities, which are regulated by the net balance between MMPs and their

. endogenous inbibitors, tissue inhibitors of matrix metalloproteinases (TIVPs).

TIMPs are able to bind both to activated MMPs and to their inactivated precursors,
pro-MMPs. See, Nagase, H., et al. “Matrix Metalloproteinases™ J Biol Chem

27403 1):21491-»21494 {1999). The upregulation of MMPS and downregulation of
TIMPs coincide with negative tissue remodéling following tissue iﬁjm‘y. For
example, adventitial expression of MMPs increases after vascular injury in AV graft

models and facilitates the migration of fibroblasts to the neointima. See, Whatling,

C. ef al., “Matrix Management: Assigning Different Roles for MMP-2 and MMP-9

12
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in Vascular Remodeling” Arterioscler. Thromb. Vasc. Biol, 24:10-11 (2004) and

Cralig, Z.8. et al., "‘Matrix Metalloproteinases in Vascular Remodeling and

Atherogenesis: The Good, the Bé‘d, and the Ugly” Circ. Res. 90:251-262 (2002).
[0046] The implantable material of the present invention can be administered

to an affected or treated site, stroma and/or surrounding tissues to inhibit MMPs
and/or fo restore the pfoteoiytic balance of MMPs and their inhibitors, TIMPs, to
inhibit abnormal blood vessel growth and/or regrowth at the affected or treated site.
Inhibition of abnormal blood vesse! growth reduces the supply of nutrients available
to nascent tumors-or cancer stem cells.and prevents tﬁe growth of fumiors, metastasis

of any remaining tumor cells and/or the maturation, differentiation and/or

- proliferation of cancer stem cells. Administration of the ccl]~cqntafning implantable

material of the present invention reduces MMP expression and pathological

angiogenesis in affected and treated structires, compared to administration of a

control material.

[6647] ?athological zingiogenesis is' necessary to support growth of tumor cells

 inadvertantly remaining following tumor resection. The iinp}antablé.mateﬁai of the

present invention can be administered o a resection site, stroma and/or surrounding
tissues to inhibit pathological angiogenesis at the resection site to therefore inhibit

the supply of nutrients to a nascent tumor or cancer stem cell and prevent the growth

" of tumors, metastasis of any remaining tumor cells and/or the maturation,

- differentiation and/or proliferation of cancer stem cells.

_ [0048] Confluent endothelial cells release a variety of biological agents that in

‘combination modulate MMP expression, angiogenesis and neovascularization.

Endothelial cells seeded and allowed to proliferate in culturé to confluence within a
biocompatible matrix material can be implanted in a subject in need of treatment,
producing thé full gamut of endothelial inhibitdry compounds. The implantable
material of the present invention containing confluent endothelial cells can target
ﬁﬂﬁpie biological responses to injury. In confrast, administration of a single
chemical agent can only respond to a single event. Endothelial cells within the
implantable métarial secrete heparan sulfate proteoglycan, TGF-, and TIMP-2 and
while virtually all TIMPs form tight 1:1 inhibitory cotnplexes with MMPs, they are

T 13
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also known to inhibit angiogenesis tf:ernselves. The endothelial cells within the
implantable matrix also secrete nitric oxide (NO). Otber studies have demonstrated
that NO also decreases MMP activities and increases TIMP secretion in eNOS
transfected rat smooth muscle cells. Decreased MMP activity and increased TIMP
secretion correlates with inhibition of angiogenesis. Endothelial cells are able to”
deliver all endothelial derived compounds, including heparan sulfate, TGF-p, TOMP-
2 and NO, in concert to decrease; MMP expression and/or activation, extracellular
matrix degradation, angiogenesis and néovascularization and to subsequently treat,
heal and/or manage a site of pathologicél angiogenesis or abnormal

neovascularization.

[0049] Accordingly, a cell-based therapy for clinically managing a site

affscfed by pathological angiogenesis, abnormal neovascularization, and a sondition

and/or treatment to remove or reduce the condition, including managing

' inflammation, MMP expression and/or a;:ti\?ation and extracellular mafrix

degradation has been developed. An exemplary embodiment of the present

invention comprises a biocompatible matrix and cells suitable for use with the

- treatment paradigms described herein,

{00507 = As used herein, the term "inhibition®, as applied to MMP aéﬁv‘ity, is
intended to define a change in the level of biological activity of the MMP
enz}me(s). Thus, modulation encompasses physiological bhanges which affect a
decrease in MIMP activity.- The inhibition may arise directly or indirectly; and may
be mediated by any mechanism and at any physiclogical level, including for
exaniple at the level of gene expressioh (inclﬁding for example ﬁanscfiption,
translation and/or pbét«ﬁmzsidﬁonai modification), at the level of expression of geﬁss
encoding regulatory eiementé; which act directly or indirectly on the levels of MMP
activity, or at-the level of aniyme aétivit’y (for example by allosteric mer,;hanisms,
competiiive inhibition, active-site inactivation, perturbation of feedbéck inhibitory
pathways, etc.). Thus, MMP inhibition may imply suppressed expression or under-
expression of the gene(s) encoding one or more MMP(s) at the transeriptional level,
and/or decreased expression at the translational level. The terms “inhibited” and

“inhibif” in relation to MMP activity are t6 be interpreted accordingly.

14
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[0051] As used herein, the term “mediated”, as used in relation to MMPs or
TBVPs in the context of any physiological process {(e.g. tissue remodeling), disease,
state, condition, therapy or treatment is intended to operate limitatively so that the
various provesses, diseases, states, conditions, therapies or treatments are those in
which the MMPs or TIMPs play a biological role. The biological role played by the
MMP or TIMP mdy be direct or indirect and may be necessary and/or sufficient for

* the manifestation of the symptoms of a disease, state or condition (or its aetiology or

p‘régression).

. {0052} Imblantable'materiai of the present invention comprises cells engrafted
on, in and/or within a biocompaﬁblé matrix. Engrafted means securedly attached
via cell to cell and/or chl to matrix interactions such that the cels withstand the -
ripors of the preparatory manipulations disclosed h»rcm As explained elsewhere
hberein, an operative embodiment of Implantanle material comprises a near-
confluent, confluent or post-confluent cell popﬁlation having a preferred phenotypa
Itis understocd that embodiments of implantable tnateria) likely shed cells durzng

' prbparator:y mampxﬂatmns -and/or that certain cells aré not as securedly attached as

are other cells. All that is required is that implantable material comprise cells that

meet the functional or phenotypical criteria sef forth herein,

[0‘953} The implantable material of the present invention was developed on the
principals of tissue engineering and -represems a novel a;vprcaclﬁ jie addressiﬁg the
above-described clinical needs. 'i'hé implantable material of the present invention is
unique in that the viable cells eng:aﬁéd én; in and/or within the biocompatible
mattix are able to supply to the affected site mﬁ!ﬁple cell-based products in
physiological proportions undcf ph},;siological feed-back control. As described
elscwhere herein, the cells suitable for use with the implantable material are
endcﬁxehal endothelial-like, ep;thehal epithelial-like, non-endothelial cells or
functional analogs of any of the foregoing cell types. Local delivery of multiple
compounds by these cells and physiologically-dynamic dosing provide more
effective regulation of the processes responsible for rr;aimaining and healing
affected sifes, diminishing vascular supply to the sites and hence regrowth, of

pathological cells, pathological angiogenesis or reappearance of pathological indicia.

15




10

15

20

25

30

The implantable material of the present invention, when contacted with an affected

site, stzoma or surrounding tissues, serves to reestablish homeostasis, That is, the

‘ implantable material of the present invention can provide an environment which

mimics supportive physiology and is conducive to promdting and maintaining -

optimal levels of blood vessel density.

{0054] For purposes of the present invention, contacting means directly or

 indirectly interacting with an interior or exterior surface as defined elsewhere herein,

In the case of certain preferred embodiments, actual physical contact is not réqm’red
for effectiveness. In other embodiments, actual physical contact is preferred. All
that is required to practice the present invention is deposition of an implantable

maferial at, édjacent 1o or in the vicinity of an affected or treated site or stroma in an

~ amount effective to treat the affected site or stroma.

[0855] For example, endothelial cells can release a wide variety of agents that
in combination can inhibit or mitigate pathological angiogenesis, abnormal

neovascularization, and adverse physiological events associated with acute

complications fai]owing surgical or other treatment of pathological angiogenssis and

abnormal neovascularization, As exemplified herein, a composition and method of

use that recabitulétas normal physiology and dosing is useful to enhance affected or

treated siructure stébiiigation. Typically, treatment includes placing the implantable

material of the present invention at, adjacent to or in the vicinity of the affected or

© treated site; for example, within the eye, within an arthritic joint, at the surface ofa

pseriatic lesion, or in the interior spaéé of the resection site created during the
resection prqdedure in contact with the stroma. When deposited or otherwise
contacting an affected or treated site, the cells of the implantable material can
provide growth régulatory compounds to the site, for example to the underlying
stromal cells within the site. It is contemplated that, when situated at an adjacent
site, the cells of the implantable material provide a continuous sﬁppiy of multiple
regulatory c‘omﬁohnds which can penetrate surrounding tissue and reach the site.

[6656] Treatment with a prefefred embodiment of the present invention can
encourage normal or tiear normal healing and normal physiclogy. On the contrary,

in the absence of treatment with a preferred embodiment of the present invention,
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* normal physiological healing is impaired, e.g., an increase in expression and

activation of MMPs can result in adverse clinjeal consequences, such as
inﬁammatibn, pathological angiogenesis, abnormal neovascularization, tumor -
regrowth and/or mestastasis. Accordingly, as conteraplated he;'ein, treatment with
the implantable material of the present invention will improve the healing of native

tissue at the freated site.

[8057] According to one embodiment, the implantable material is applied to an .

adjacent exterior surface or within the interior vitreous of an eye to support and

promote healing of the macula at the affected sife. Macular degeneration and

. surgical interveéntions to treat macular degeneration can disrupt the cells and tissues

- af and surrounding the macula and the eye and induce a cellular response, including,

but not limited to, inﬂammaﬁoh, abnormal neovascalarization and/or other clinical
sequelae resulting from macular dégeneration and surgical interventions to treat
macular degeneration, Administration of the implantable material to the site of
macular degeneration, stroma of surrounding tissue at the time of the treatment can

reduce the incidence of clinical sequelae and encourage healing of the treated site.

[0058] - According to another embodiment, the implantable material is applied

to the interior cavity of an arthritic joint or to an adjacent exterior surface of the joint

" to support and promote healing of the affectéd ligament, tendon or capsule

attichment to bone at the affected site. Rheumatoid and psoriatic arthritis dnd/or
In-ter‘venﬁnns 1o treat an arthritic structure can disrupt ihe cells and fissues
surrounding the arthritic site and in&uée a cellular response, mcluding, but not
imited to, inflammation, abnormal neovascularizaf;on, extracellular mﬁtrlx
degradation and/or other clinical sequelas resu'lﬁng‘&om arthritis or surgical
intervention. Administration of the implantable material to the arthritic site, stroma
or surrounding tissue at the time of the treatment can reduce the incidence of clinical

sequelaé and encourage healing of the treated site.

- 60591 According to a further embodiment, the implantable material is applied

' tothe skin sutface at or adjacent to a site of a psoriatic lesion to promote healing of

the affected skin at't’ne affected site. According to the embodiment, a bandage or

other barrier is preferrably applied over the implantable material to maintain the
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effectiveness of the material during the course of treatment. Psoriasis can disrupt
the epidermal cells and skin tissue Jayers at and adjacent to the psoriatic lesion and
can induce a celhular response, including, but not limited to, inﬂamination, abnormal
neovascularization, extracellular matrix degradation and/or othsr clinical sequelae.
Administration of the implantable material to the psoriasis: lesion site, stroma or
surrounding tissue at the time of the treatment caﬁ réduce the incidence of clinical

sequelae and encourage healing of the treated site.

[0066] According to another embadiment, the mplantable material is applied
to an affected or treateﬁ site following excision of & tumor to support the resection
cavity and o pxzomote healing of the tigsue ~surmundiﬁg the résecﬁon site and at the
resection margm Surgical interventions {o resect a tumor can disrupt the cells and
tissues summndmg the tumor resection site and induce a cellular response,
including, but not limited to, inflammation, pathploglcal angiogenesis, extracellular
mattix degxadation aﬁd/‘o: other clinical sequelae resulting from surgical resection.

Administration of the xmplantable material to the resection site, stroma or

surrounding tissue at the time of the resection, immediately follcwung rcsection orat . -

some later time following resection can reduce the incidence of clinical sequelae and

encourage healing of the resected site,

{0061] Accordingto one embodiment, the implaniable material can promote

and/or restore controlled proliferation and/or nﬁgraﬁon of vascular tissues. Macular

-degeneration, theumatoid and psoriatic arthritis, psoriasis, and tumors recruit and/or
~ promote pathological angiogenesis or abnormal neovascularzzation at the affected

* site to support uncontrolled cell growth, Accord;ng!y, tumor sites and, thersfore,

resection sites, are highly vascularized tissues. Resection of a vascularized tumor
necessarily results in fraume and/or damage to the vasculature supporting the
excised tumor. Vascnlar trauma includes, but is not limited to, inflammation,
thrombosis, stenasis and/or fibrosis of the disrupted vascular structures,
Administration of the implantable material at the resection site ‘contacting or
adjacent to the disrupted vascular structures can reduce the incidence of vascular

trauma associated clinical sequelae and inhibit pathological angiogenesis.
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[6062] According to a further embodiment of the invention, the implantable
material is applied to a resection site prior to removal of a timor to isolate normal
surrounding tissues from tumor tissue and/or to prevent the spread of disease to
smroﬁnding tissues and stroma or adjacent organs by inadvertant contamination by
dislodged tumor cells during surgical excision. According to one embodiment, the
implantable material is administered prior fo excision of the tumor, for exaﬁpie, to
pfepare the surgical site for the resection procedure and/or to shield the surrounding
tissues from possible tumor cell dislodgement during the resection procedure.
According to another embodiment, the implantable material can be administered
féiiqwing resection of the tumer, for exampié, to reduce the movement of dislodged

tumor cells from the vicinity of the resected tumor and to reduce the possibility of

- . metastasis of the tumor cells, -

15

20

25

30

{0063] According to vancms embodiments of the invention, the implantable

material is applied to a variety of resccted tumor sites, including, but not limited 1o,
fumors of the bladder, bone brain, breast, cervix, coitm esophagus, gallbladder,

kidneys, Iarynx liver, lung, mmzth ovaries, panicreas, prostate, stomach, testicles or

thyrmd

- [0664] ‘For purposes of the present invextion, it is believed that treatment with
the implantable material of the present invention provides a beneficial homeostatic
envircmﬁent such that symptoms and complications common in systemic
inflammatory and p&thaiogcal angiogenesis conditions and related interventions, for
example, mﬂammatxon, clotting and/or the growth of accessory veins, are raduced
when the lmpian‘sablc material is placed adjacent to or in the vicinity of the affected

or treated structure whether at the time of the intervention or at a later stage.

[6065] ' The implantable material of the present invention can be provided to
the treated structure at any of a number of distinet stages. The implantable material

 can be provided during or after an initial surgical intervention to hasten healing

generally, as well as to maintain the treated site in a clinically stable state. Itis
contemplated that the implantable material can be used not only at the time of injtial

treatment, but also at subsequent time points {e.g,, for mainiaining a treated site
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following the surgical procedure). Subsequent administrations can be accorﬁpiished

surgically or non-invasively.

" [8066] The materials and methods of the present invention can be used in
connection with any of the above~desctibed conditions, or numerous other treatment
or management interventions. In addition, the materials and methods of the present

invention can be wsed in connection with any intervention requiring surgery 1o

- improve surgical success and promote healing. The materials and methods of the

present invention can be used in conjunction with these or other surgeries to increase

effectiveness and promote healing.

Im_glantabie Materiai

[0067} General Considerations: Implantable material of the pfesent invention

comprises cells engrafted on, in anci/or within 2 biocompatible matrix. Engrafted

- means securedly attached via cell to cell and/or cell to matrix interactions such that

the cells withstand the ngors of the preparatory. mampulatlom dxsclosed herein. As
cxplamed elsewhere herem, an operative embodiment of implantable mater:a[
comprises a near-confluent, confluent or post-conﬂuemi cell population havmg a
prefm're& phenatype. 1ti is understood that embodiments of implantable material
likely shed cells during preparatory manipulations and/or that certain cells ate not as
securedly attached és are other cells. All that is reguired is that implantable material

comprise cells that meet the functional or phenotypical criteria set forth hercin.

10068} The implantable material of the present invention was develo;ﬁe‘d on the
principalé of tissue engineering and represents a novel approach to addressing the
above-described clinical needs, The impianféﬁle material of the present invention is
unique in that the viable cells engrafted on, in and/or within the biccompatible
matrix are able to supply to the resected site multiple cell-based products in
physiological proportions under physiological feed-back control. As described
elsewhere herein, the cells suitable for use with the implantable material include
endothelial, endothelial-like, epithelial, epithelial-like, non-endothelial cells or
functional anelogs of any of the foregoing cell types. Local delivery of multiple

.compounds by. these cells in a physiologically-dynemic dosing pmvidé more
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effective regulation of the processes responsible for teducing the symptoms

agsociated with systemic inflammatory conditions, pathological angiogenesis and
maintaining functional resected structures and diminishing the clinical sequelae

associated with resection.

[0069] It is contemplated herein that a swrface can be an exterior surface of an
eye, a joint, the skin, or a resected structure, an interior surface of an eye; a joint, the

skin or 2 resected structuré, at a resection masgin or within a tissue surrounding such

structure. For purposes of this invention, surface is any component at or adjacent fo

of the affected or treated structure.

[0070] The implantable material of the present invention, when deposited or

otherwise contacted with an affected or treated site or surrounding fissue serves fo

- reestablish homeastasis. That is, the implantable material of the present invention

can provide an environment which mimics supportive physiology and is conducive

to tréat or manage a site of treatment, -

[0071] For purposes of the gnresént invention, 69ntac;,ting means directly or
indil;éctly interacting with an exterior or interior surface of an affected stfucmre as
defined elsewhere herein. In the case of certain preferred embodiments, actual
physical contact is not required for effectiveness. In other embodiments, actual
physical contact is prsférreci. All that is réquirad to praciice the present invention is
exterior or inferior deposit‘ian‘of an implantable material at, adjacent to or in the

vicinity of an affected site in an amount effective to treat the site.

[0672] Endothelial cells can release a wide \"arietj}' of agents that in

combination can inhibit or mitigate adverse physiological events associated with

“acute and chronic cémpiications due to, for example, a systemic inflammatory

condition, pathological angiogenesis condition, abnormal neovascularization
condition, or tumor resection. As exemplified herein, a composition and method of
use that racapitulafes normal physiology and dosing is useful to treat and manage
such conditions. Typically, treatment includes placing the impiéntabie material of
the present invention at, adfacent to or in the vicinity of the affected site, for

example, in the space previously occupied by the resected turnor or in direct contact
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with the stroma. When deposited at the affected site or otherwise contacting an

atfected site, the cells of the implantable material can provide regulatory compounds

to the affected site. 1t is contemplated that, while contacﬁﬁg the affected site, the

implantable material of the present invention comprising a biocampafible matrix or

-particle wzth engrafted cells provides a continuous supply of multiple regulatory

. compounds from the cells.

[0073] Cell Source: As described herein, the implantable material of the

present invention comprises cells. Cells can be allogeneic, xenogeneic or

. autologous. In certain embodiments, 2 source of living cells can be derived from 2

suitable donor. In certain other embodiments, a s_oﬁrce of cells can be derived from

| a cé.daver or ﬁ:qm a tell bank.

‘ 560’74] In one currently pre&;,ned embodiment, ceils are endothelial cells. Ina
particu]érly‘ preferred embodiment, such endothelial cells are obtained from vascular
tissue, preferably but not limited to arteriai tissue. As exemplified b&iG‘v‘s;, one type
of vascular endothelial cell suitable for use is an aortic'endoﬂxéiiaf cell. Another
type of vascilar endothelial cell suitable for use is umbilical cord vein endothelial
cells. And, another type of vascular endothcli‘él cell suitable for use ig cémnaxy
értery endothelial célls. Yet another type of vascular endothelial cell suitable for use

“is saphenous vein endothelial cells, th other types of vascular endothelial cells

suitable for use with the present mvem‘mn include puimonary artery endothehai cails

and iliac artery endothelial cells. -

[6075] In' another currently preferred embodiment, suitable endothelial cells
can be obtained from non-vascular tissue. Non-vascular tissue can be derived from
any anatomical structure, ﬁssﬁe or organ. Non-vascular tissue gan be derived from
any tissue type éubject to treatment, Non-vascular anatomical structures include
structores of the renal systen, the veproductive sysiem, the genitourinary system, the
gastrointestinal system, the pulmci_pafy systemn, the respiratory system and the

ventricular system of the brain and spinal cord.
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[0076] 1In yet another embodiment, endothelial cells can be derived from
endothelial progenitor cells or stem gells. In still another embodiment, endothelial
cells can be derived from progenitor cells or stem cells generally. In other preferred

embodiments, cells can be non-endothelial cells that are allogeneic, xenogeneis or

autologous and can be derived from vascular or non-vascular tissue or organ. Cells -

can be seicctgd on the basis of their tissus source and/or their immunogenicity.
Exemplary non-endothelial cells include epithelial cells, smooth muscle cells,
fibroblasts, stem cells, endothelial progenztor cells, cardiomyocytes, secretory and
ciliated cells. The present invention also contemplates any of the foregoing which

are genetzcaliy altered, modlﬁed or engineered.

IOG'I’?} In a further embodlment two or more types of cells are co-cultured to

preparf: the present compos:t:on For example, a first cell can be introduced into the
biocompatible implantable material and cultured until confluent. The first cell type
can include, for example, secretory cells, smooth muscle cells, chondrocytes,
ﬁbrqblasts, stem cells, et;dbthelial progenitoé cells, 2 combination of smooth muscle
cells and fibroblasts, a‘nyh bthér desired céll type or a corbination of desired cell :
types suitable to create an environment conducive fo endothelial cell growth. Once
the first cell type has r%:'achad confluence, a second cell type is seeded on top of the
first confluent cell type in, on or within the biocompatible fnaftrix and cultured unsil
both the first cell type and second cell type have reached confluence. The secdnd _

_cell type may mclude, for example, endothelial cells or any other desired cell type ar
combination of cell types. Itis contempiatcd that the first and second ceil types can

be introduced step wise, orasa smgle mixture. Itis also’ gonternplated that cell

density can be modified to alter the ratio of smooth muscle cells to endothelial cells.

[0878] To prevent over-proliferation of smooth muscle cells or another cell

type prone to excessive proliferation, the culture procedure can be modified. For

example, following confluence of the first cell type, the culture can be conted with

an attachment factor suitable for the second cell type prior to introduction of the
secoﬁd cell type. Exemplary attachment factors include coating the culture with
gelatin to improve attachment of endothelial cells. According to another
embodiment, heparin can be added to the cultuxe media during culturé of the second
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cell type to reduce the proliferation of the first cell type and to optimize the desired
first cell type to second cell type ratio. For example, after an initial growth of
smooth muscle célls, heparin can be administered to control smooth muscle cell

growth to achieve a greater ratio of endothelial cells o smooth muscle cells.

[0879] In a preferred embodiment, a co-culture is created by first seeding 2
biocompatible implantable material with smooth muscle cells to create structures,
for example, but not limited to, structures that mimic the size and/or shape of the

treatment site. Once the smooth muscle cells have reached confluence, endothelial

-cells are seeded on top of the cultured smooth muscdle cells on the implantable

material to create a simulated struchure.

R,

[0080] All that is required of the cells of the present coxﬁposition is that they
exhibit one or more preferred phenotypes or fumctional properties, As described
earlier herein, the present invention is based on the discovery that a cell having a
readily identifiable phenotype when associated with a preferred matrix (described -

elsewhere herein) can facilitafe, restore and/or otherwise modulate cell physiology -

and/or cell or tissue homeostasis associated with the treatment of affected structures -

genei'éiiy.

[6081] Forpurposes of the present invention, one such prefersed, readily -
identiﬁahle phenotype typical of cells of the present invention is an aSiEity 1o inhibit
or otherwise interfere with smooth muscle cell proliferation _andjor migration as
measured by the ir vitro assays described béibﬂy; This is referred to herein as the

inhibitory phenotype.

[6082] One ‘oth:er readily identifiable phenotype exhibited by cells of the
present composition is that they are anti-thrombaotic or are able 1o inhibit platelet
adhesion and aggregation. Anti-thrombotic activity can be determined using an in
vitro heparan sulfate assay and/or an in vitro platelet aggregation assay, described

below.
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[0083] _ Another readily identifiable phenotype exhibited by cells of the present
composition is the ability to restore the proteolytic balance, the MMP-TIMP '
balance, the ability to decrease expression of MMPs relative to the expression of
TIOMPs, or the ability to increase expression of TIMPs relative to the expression of
MMPs. Proteolytic balance activity can be determined using an in vitro TIMP assay

and/or an in vitro MMP assay described below.

[0084] A further readily identifiable phenotype exhibited by cells of the

prese;:it composition is the ability to inhibit tube formation. Tube fgmaﬁqn dctivity

_can be determined using an in vifro Matrigel assay described below.

[8085] In a typical operative embodimerit of the present invention, cells need
not exhibit more tﬁan ane of the foregoing phenotypes. In_{:erta‘in embodiments,

cells can exhibit more than one of the foregoing phenotypes.

[6086] _Whﬁe the foregoing phchotypes each typify a functional endothelial

cell, such as but not limited to a vascular endothelial cell, a non-endothelial cell .

exhibiting such a phenotype(s) is considered gridotheiial~lii<e for purposes of the
present invention and thus suitable for use with the present invention. Cells that are
endothelial-like are also referred to herein as functional analogs of endothélial cells;
or ﬁmc;tional mimics of endothelial cells. Thus, by way of example only, cells
suitablé for use with the materials and methods disclosed herein also include stem

cells or progenitor cells that give rise to endothelial-like cells; cells that are non-

endothelial cells in ol gin yet perform functionally like an endothelial cell using the

paramiéters set forth herein; cells of any origin which are enginecred or otherwise

modified to have endothelial-like functionali{y using the parameters set forth herein.

{00871 Typically, cells of the present invention exhibit one or more of the
aforementioned phenotypes when present in confluent, near confluent or post-

confluent populations and associated with a prefenred biocompatible matrix such as

~ those described elsewhere herein, As will be appreciated by one of ordinary skill in

the art, confluent, near confluént or post-confluent populations of cells are

identifiable readily by & variety of techniques, the most commen and widely-

accepted of which is direct microscopic examination. Others include evaluation of
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cell numiber per surface area using standard cell counting techniques sach as but not

limited to a hemacytometer or coulter counter.

[0088] Additionally, for purposes of the present invention, endothelial-like
cells inchede but are not limited to cells which emulate or mimic functionally and

phenotypically confluent, near confluent or post-confluent endothelial cells as

* measured by the paramesters set forth herein,

[0089] Thus, using the detailed dcscripﬁdn and guidance set forth below, the

pracutzoner of ordinary skill in the art will appreciate how to make, use, test and -

identify operative embodiments of the implantable material dzsclosed herein. That
is, the teachings prowdad herein disclose all that is necessary to make and use the
present invention’s implantable materials. And further, the teachings provided

herein disclose all that 1s necessary to identify, make and use operatively equivalent

' celi-canmmng composmons At bottom, all that is required is that equivalent cell-

containing compositions are effecnve to treat, manage, modnlate andlor ameliorate
an affected site in accordance with ﬁ_xe methods '_dlsciqsed herein, Aswillba

appreciated by the skilled précfitiorzer, gquivalent embodiments of the present

- composmon can be identified using only routine expenmenmwn together with the

teachings provaded heram

[6090] Iri certa.in preferi:ed embodiments, endothelial celis used in the

implantable material of the preésent inventior are isolated from the aorta of human

- cadaver donors. Each lot of cells is derived from a single donor or from multipie

donors, tested extensively for endothelial cell piu’itjr, biological function, the

presence of bacteria, fungi, known human pathogens and other adventitious agents,

The cells are oryopreserved and banked using well-known techniques for later
expansion in culture for subsequent formulation in biocompatible implantable

materials.

[0091] Cell Preparation: As stated above, suitable cells can be obtained from a
variety of tissue types and cell types. In certain preferred embodiments, human

- aortic endothelial cells used in the implantable material are isofated from the aorta of

cadaver donors. In other embodiments, porcine aortic endothelial cells are isolated
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from normial porcine aorta by a similar procedure used to isolate human aortic
endothelial cells. Each lot of cells can be de}:ived from a single donor or from
multiple donors, tested exténsively for endothelial cell viability, purity, biological
function, the presence of mycoplasma, bacteria, fungi, yeast, known human
pathogené and other adventitious agents. The cells are further expanded, .
characterized and cryopreserved to form a working cell bank at the third to sixth

passage using well-known techniques for later expansion in eulture and for

- subsequent formulation in biocompatible implantable material.

. [0092] The human or porcine aortic endothelial cells are prepared in T-75
flasks pre-treated by the addition of approxinia‘taiy 15 ml of endoﬁ*teliaﬁj cell growth
media per flask. Human aortic endothelial cells are prepared in Endothelial Growth -
Média (EGM-2, Lonza, Basg:l, Switzerland). BGM-2 consists of Endb.{heﬁal Cell
Basal Media (EBM-2, Lonza) supplemented with EGM-2 singlequots, whicﬁ |
vr_:onfa‘inz% FBS. Porcine cells are prepared in EBM-2 suépimnented with 5% FBS

and 50 pg/m! gentamicin, The flasks are placed in an incubator maintained at

. approximately 37°C and 5% CO, / 95% air, 90% humidity for 2 minimum of 30

mimites, One or two vials of the cells aré removed from the —160°C to—140°C
fre¢zer and thawed at approximately 37°C. Each vial of thawed cells is seeded into
two T-75 flasks at a density of approximately 3 x 10° cells per cm?, preferably, but

o l_ess'tha_r; 1.0 x 10° and no more than 7.0 x 103; and the flasks containing the cells

are returned 1O the incubator. After about8-24 hours, the spent media is removed

and replaced with fresh media. The media is changed every two to three days,

~ thereafter, until the celis reach approximately 35-1(}0% confluerice preferably, but

no less than 60% and no more than 100%. Wgzen the imp]éntable material is
intended for clinical application, only antibiotic-free media is used in the post-thaw

culture of human aortic endothelial cells and manufacture of the imiplantable

- material of the present invention.

T0093] The endothelial cell growth media is then removed, and the monolayer
of cells is rinsed with 10 m! of HEPES buffered saline (HEPES). The HEPES is |
removed, and 2 ml of trypsin is added to detach the cells from the surface of the T-
75 fiask. Once detachment has ocourred, 3 ml of trypsin neutralizing solution (TNS)
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is added to stop the enzymatic reaction, An additional 5 ml of ﬁEPES is added, and
the cells are enumerated using a hemocytometer. The cell suspension i§ centrifuged
and édjustad to a density of, in the case of human cells, approximately 2.0 - 1.;25 %
10° cells/ml using EGM-2 without antibiotics, or in the case of porcine cells,
approximately 2.0 - 1.50 x 10° cells/m! using EBM-2 supplemented with 5% FBS
and 50 pg/ml gentamicin. '

[0094] Biocompatible Matrix: According to the present invention, the
implantable material comprises ﬁbiocompaﬁble matxix. The matrix is permissive
for cell growth and attachment to, on or within the matrix. The matrix is flexible
and conformable. The matrix can be a solid, a semi-solid or flowable porous
composition. For purposes of the present invention, flowable composition Means a
compositioﬁ susceptible to administration using an inj eqtién or igjection-type
delivery device such as, but not limited to, a needle, a syringe or a catheter. Other
deﬁvery devices which employ extrusion, ejection or expulsion are also

contemplated herein. Porous matrices are preferred. The matrix also can‘bg in the

'fbnnbf a flexible planar form. The matrix also can be in the form of a gel, a foam, a

suspension, a particle, & microcarrier, a microcapsule, or a fibrous siructure. A
preferred flowable composition is shape-retaining. A cutrently preferred matrix has
a particulate form. The biocom;éaﬁble mafrix can comprise particles and/or
microcarriers and the particles and/or micromitriexs can forther comprise ‘gelatin,

coliagen, fibronectin, fibrin, laminin or an aftachment peptide. One exemplary

. - attachment peptide is a peptide of sequence argihine»giycinewaspartata {RGD).

{0095] The matrix, when implanted on an exterior or interior surface of an .
affected structure, can reside at the izhplantaﬁon site for at least about 7-00 days,
preferably about at least 7-14 days, more preferably about at least 14-28 days, most
preferably about at least 28-90 days before it bicerodes.

[0096] One prefetred matrix is Gelfoam® (Pfizer, Inc., New York, NY), an
absorbable gelatin sponge (hereinafter “Gelfoam matrix”). Another preferred matrix

is Surgifoam® (Johnson & Johnson, New Brunswick, NJ), also an absorbable gelatin
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sponge. Gelfoam and Surgifoam matrices are porous and flexible surgical sponges -

prepared from a specially treated, purified porcine dermal gelatin solution,

{6097] According to another embodiment, the biocompatible matrix material
can be a modified mairix material. Modifications to the mafrix material can be
selected to optimize andfor to écntml function of the cells, including the cells’
phenotype (e.g., the inhibitory phenc;type) as described above, when the cells are -
associated with the matrix. According to one embodiment, moci_iﬁcations to the
raatrix material include éoaﬁn‘g the'matn’i with attachment factors or adhesion
peptides f_hat enhance the ability of the cells to decrease extracellular matiix
degtadation, to decrease pathological angiogenesis, to decfease abnorrgal

neovascularization, to increase TIMP production, to decrease inflammation, to

increase heparan sulfate production, to increase présfacyclin production, and/or to

increase TGF-B; and nitric oxide (NO) production.

[0098] According to another embodiment, the marix is a matrix other than

. Gelfoam. Additional exemplary matrix materials inctude, for example, fibrin gel, .‘

alginate, polystyrene sodium sulfonate microcarriets, collagen coated dextran
micrécan*ieis, PLA/PGA and pHEMA/MMA copolymers (with polymer ratios
ranging from 1-100% for each copolymer). According to ome einbo&iment, a
synthetic matrix material, for cxaxﬁpie, PLA/PGA, is treated with NaOH to increase
the hydrophilicity of the iaterial and, therefore, the ability of the cells fo attach to

the material: According to a preferred embodiment, these additional matrices are

modified to include attachment factors or adhesion peﬁtides, as recited and described

above. Exemplary attachment factors include, for example, gelatin, collagen,
fibronectin, fibrin gel, and covalently attached cell adhesion ligands (including for
example RGD) utilizing standard aqueous carbodiimide chemistry. Additional cell
adhesion ligands include peptides having cell adhesion recognition sequences,
ineluding but not limiied to; RGDY, REDVY, GRGDF, GPDSGR, GRGDY and
REDV.

[0699] Embodiments of Implantable Materials: As stated earlier, implantable
waterial of the present invention can be a flexible planar form or a flowable

composition. When in a flexible planar form, it can assume a variety of shapes and
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sizes, preferably a shape and size which corforms fo a contoured interior or exterior
surface of an affected structure or resected structuze when situated at or adjacent to
or in the vicinity of an affected or resected site. Examples of prefeﬁed .
configurations suitable for use in this manner are disclosed in co-owned
international patént application PCT/US05/43967 filed on December 6, 2005 (also
known as Attomey Docket No. ELV-002PC), the entire contents of which ;'n:e herein -

incorporated by refersnce.

[0100] Flowable Composition: In certain embodiments conteinplated herein,

_ the implantable material of the present invention is a flowable composition

_comprising a particulate biocompatible matrix which can be in the form of a gel,a

foam, a suspension, a particle, a microcarrier, a microcapsule, macroporous beads,
or other flowable material. The current invention contemplates any flowable
composition that can be administered with an injection-type delivery device. For

example, a delivery device that can navigate the interior of an affected or resected

" structure, or.a percutaneous injection-type delivery devicg, is suitgb}e For this

purpose as described below. The flowable composition is preferably a shape-
retaining composition. Thus, an implantable material comprising cells in, on or
within a flowable-type particulate matrix as contemplated hereiri can be formulated

for use with any injectable delivery device ranging in internal diameter from abomt

| 18 gauge to about 26 gauge and capable of de?ivering about 50 mg of Flowable

" composition comprising particulate material containing preferably about 1 million

cells in‘about 1 to about 3 m! of flowable composition.

‘ [(}101] Acbording to a currently preferred em?::odim‘ent, the flowable
composition caz;iprises a biocompatible particulate matrix such as Gelfoam®
particles, Gelfoam® powder, or pui\;erized Gelfoam® (Pfizer Inc., New York, NY)
(hercinafter “Gelfoam particies™), a product derived from porcine dermal gelatin.
According to another embodiment, the particulate matrix is Surgifosm™ (Johnson &
Johnson, New Brunswick, NJ) paz.'?jcics, comprised of absorbable gelatin powder.
According to another embodiment, the particulate mafrix is Cytodex-3 (Amersham
Biosciences, Piscataway, NI} microcarriers, cem;ﬁrised of denatured collagen

coupled to a matrix of cross-linked dextran. According to a further embodiment, the
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particulate matrix is CultiSpher-G (Percell Biolytica AB, Astorp, Sweden)

microcartier, comprised of poreine gelatin. According to another embodiment, the

' particulate matrix is a fnacroporous material. According to one embodiment, the

macroporous particulate matrix is CytoPore (Amersham Biosciences, Piscataway,
NT) microcarrier, comprised of cross-linked cellulose which is substituted with

positively charged N,N,-diethylaminoethyl groups.

[0102] According to aitemaﬂvé embodiments, the Eiocompatible implantable
particulate matrix is 2 modified bioéompatible matiix. Modifications include those

described above for an implantable matrix material.

{0103:} Related flowable compositions suitable for use to mariagef the
development and/or progression of healing in a‘ifecteé sites in accordance with the
present invention are disclosed in co-owned international patentlappiication
PCT/US05/43844 filed on December 6, 2005 (also known as Attorney Docket No.
ELV:-Q 09PC), the entire contents of-which aré herein incorporated by reference,

: o104} ' Preparation of Implantable Material: Prior to cell seeding; the
biocompatible matrix is re-hydrated by the addition of EGM-2 withont antibiotics at
approximate}y 37°C and 5% COy / 95% air for 12 io 24 hours. The implantable
material is then removed from their re-hydration containers and placed in individual

 tissue culture dishes. The biocompatible matrix is seeded at a preferred density of

approximately 1.5-2.0 x 10° cells {1.25-1.66 x 10° cells fom® of matrix) and placed
in an incubator maiﬁtained at approximately 37°C and 5% CO; / 95% air, 90%
humidity for 3-4 hours to facilitaté cell attachment. The seeded matrix is then

' placed into individual containers (Bvergreen, Los Angeles, CA), each fitted witha

cap containing 2 0.2 pm filter with EGM-2 and incubated af approximately 37°C and
5% CO, 1 95% air. Alternatively, three pieces of the seeded mairix can be placed
into a 150 mL bottle. The media is changed every two to three days, thereaffer, until
the cells have reached confluence. The cells in one preferred embodiment are

preferably passage 6, but cells of fewer or more passages can be used.
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[0185] Cell Growth Curve and Confluence: A sample of implantable material

is removed on or around days 3 or4, 6 or 7, 9 or 10, and 12 or 13, the cells are
counted and assessed for viabﬂity,’and a growth curve is constructed and evaluated
in order to assess the growth characteristics and o determine whether confluence,
near confluence or post-confluence has been achieved. Representative growth

curves from two preparations of implantable material comprising porcine aortic

endothelial cell implanted lots are presented in FIGS. 1A and 1B. In these

examples, the impiantabie material is in a flexible planar form. Generally, one of
ordinary skill will appreciate the indicia of acceptable celf growth at early, mid- and
late tfime points, such as ()bsct"ila’tion of an increase in cell number at the early ime

points (when referrin g to FIG. 1A, between about days 2-6), followed by‘a near

_ confluent phase (when referring to FIG. 1A, between about days 6-8), followed by a

plateau in cell number once the cells have reached confluence as indicated by a

" relatively constant cell number (when referring to FIG. 1A, between about days 8-

10) and maintenance of the cell number when the cells are post-confluent {(when

reférring to FIG. 1A, between about days 10-14). For purposes.of the present

_invention, cell populations which are in a plateau for at least 72 hours are preferred.

[0106} Ccii counts are gchievcd by complete digestion of the aliquot of

 implantable material with a solution of 0.5 mg/ml collagenase in a CaCl; solution.

After measuring the volume of the digestéd implantable material, a known volume
of the cell suspension is diluted with 0.4% trypan blue (4:1 cells fo trypan blue) and
viability assessed by trypan blue exclusion. Viable,'non—w)iabie and totaE cells are
enumerated using & hemacytometer. Growth curves are constructed by plotting the
oumber of viable éells versus the number of days in culture. Cells are shipiﬁeé and

implanted after reaching confluence.

[6187}7 For purposes of thépre:sent invention, confluence is defined as the
presence of at least about 4 x.10° celisfom® when in a flexible planar form of the
implantaﬁle material (1.0 x 4.0 x 0.3 em), and preferably about 7 x 10° to 1 x 10°
fotal cells per aliéuat (50-70 mg) when in a flowable composiﬁon. For both, cell
viability is at least about 90% preferably but no less than 80%. If the cells are not

confluent by day 12 or 13, the media is changed, and incubation is continiied for an
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' invéntion described herein, the implantable material is further tested for indicia of

tissue inhibitors of matrix metalloproteinases (TIMP), and nitric oxide (NO) which

- >90%, most preferably af least about 90%; heparan sulfate in conditioned media is at

additional day. This process is continned until confluence is achieved or until 14
days post-seeding. On day 14, if the cells are not confluent, the lot is discarded. If
the cells are determined to be confiuent after performing in-process checks, a f‘méi
media change is performed. This final media change is pecformed using EGM-2
without phenol red and without antibiotics. Immediately following the media
change, the tubes are fitted with sterile plug seal caps for shipping.

[6108] Evaluation of Functionality and Phenotype: For puiposes of the

functionality and phenotype prior to implantation. For example, conditioned media
are collected during the culiure period to ascertain levels of heparan sulfate, -
transforming growth factor-B, (TGF-B;), basic fibroblast growth factor (b-FGF),

are produced by the cultured endothelial cells. In certain preferred embodiments,
the imﬁiantabie material can be used for the purposes described herein when total
cell number is at least about 2, preferably at least about 4 x 10° cells/em’ of

irhpiamable material; percentage of viable cells is at least about 80-90%, preferably

least about 0.23-1,0, preferably at least about 0.5 microg/mL/day; TGF-; in
conditioned media is at least about 200-300 picog/leda:y, preferably at least about
300 picog/ml/day; b-FGF in conditioned media is below about 200 picog/ml,
preferably o more fhén about 400 picog/ml; TIMP-2 in conditioned media is at
least about 5.0 — 10.0 ng/mLd/day, i)refembly at least about 8.0 ng/mL/day; NO in
conditioned media is at least about 0.5 — 3.0 pmol/L/day, preferably at least about

- 2.0 pmol/L/day.

[0109] Heparan sulfate levels can be guantified using a routine
dimethylmethylene blue-chondroftinase ABC digestion spectrophotometric assay.
Total sulfated giycosaminoglycan (GAG) levels are determined using a
dirxicthylmeﬂlylehc blue (DMB) dye binding assay in which unknown samples are
compared to ‘a standard curve generated using known quantities of purified
chondroitin sulfate diluted in collection media. Additional samples of conditioned

media are mixed with chondroitinase ABC to digest chondroitin and dermatan
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sulfates prior to the addition of the DMB color reagent. All absorbances are
Getezmined at the maximure wavelength absorbance of the DMB dye mixed with the
GAG standard, generally around 515-525 nm. The concentration of heparan sulfate
per day is calculated by multiplying the percentange heparan sulfute calculated by
enzymatic digestion by the total sulfated glycosaminoglycan concentration in
conditioned media samples. Chondroitinase ABC activity is confirmed by digesting
a sample of purified 100% chondroitin sulfate and & 50/50 mixture of purified
heparan sulfate and chondroitin sulfate. Conditioned medium samples are corrected
appropriately if less than 100% of the purified chondroitin sulfate is digested.
Heparan sulfate levels may also be quantified using an ELISA. assay employing

maonoclonal antibodies.

[0110] TGF-py, TIMP, and b-FGF levels can be quantified using an ELISA
assay employing monockonal or ppichong} antibodies, preferably polyclonal,
Control collection media can also be quantified using an ELISA assay and the
samples corrented appropriately for TGF-8; TIMP, and b-FGF levels present in
corttrol media. » ‘ { -

[B11] Nitric oxide (NO) levels céz} be quantified using a standard Griess
Reaction assay. The transient and volatile nature of nitric oxide makes it unsuitable
for most detection methods. However, two stable breakdown products of nitric
oxide, nitrate (NO3) and nitrite {(NOs), can be detected using routine photometric
methods. The Griess Reaction assay enzymaﬁcéll}' converts nitrate to nitrite in the
presence of nifrate reductase. Niirite is detected colorimetrically as a colored azo

dye product, absorbing visible light in the range of abont 540 nm. The level of nitric

oxide present in the system is determined by converting all nitrate into nitrite,

determining the total concentration of nitrite in the unknown samples, and then

. comparing the resulting concentration of nitrite to a standard curve generated using

known quantities of nitrate ccnverfed‘fo nitrite,

‘{8112} The earlier-described preferred inhibitory phenotype is assessed using
the quantitative heparan sulfate, TGF-#), TIMP, NG and/or b-FGF assays described
above, as well as quantitative in vitro assays of smooth muscle cell growth, and

inhibition of thrombosis as follows. For purposes of the present invention,
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implantable material is ready for implantation when one or more of these alternative

in vitro assays confirm that the implantable material is exhibiting the preferred

“inhibitory phenotype.

{0113]° To evaluate inhibition of smooth muscle cell growth in vitro, the
magnitude of inhibition associated with cultured endothefial cells is determined.
Porcine or human aortic smooth muscle cells are sparsely seeded in 24 well tissue
culture plafes in smooth muscle cell growth medium (SmGM-2, Lonza)., The cells
are alfowed to attach for 24 bours. The media is then replaced with smooth muscie
cell basal media (SmBM) containing 0.2% FBS for 43-72 hours to growth arrest the

cells. Conditioned ruedia is prepared from post-confluent endothelial cell cultures,

diluted 1:1 with 2X SMC gro% media and added to the cultures. A positive

«control for inhibition of smooth muscle cell growth is included in each assay. After

. three o .four &ays, the number of cells in cach sample is enumerated using a Coulter

Counter or using a colorimetric assay after the addition of a dye. The effect of

cond;t:oned mmedia on smodth muscle cell prohferaﬁou is determmed by comparing

. the number of smooth muscie cells per well 1mmechateiy before the addition of

N o ool 93w

conditioned media with that after three to four days of exposure to o Iidltlmlud :

“media, and to control media (standard growth media with and wzﬁmut the addition

of growth factors). The magnitude of inhibition associated with the ccnditioﬁed

media samples are compared fo the magnitude of inhibition associated with the

" positive control. According to a preferred embodiment, the implantable materfal is

. considered inhibitory if the conditioned media inhibits about 20% of what the

heparin control is able fo inhibit.

[0114] To evaluate inhibition of thrombosis in vitro, the level of heparan

-sulfate associated with the cultured endothelial cells is determined. Heparan sulfate

has both anti-proliferative and anti«-thmmboﬁc properties. Using either the routine

- dimethylmethylene biuemhcndronma_,e ABC digestion spectrophotometric assay or

an BELISA assay, both assays are descnbed in detail above, the concentration of

. heparan sulfate is calculated. The implantable material can be used for the purposes

described herein when the tharan sulfate in the conditioned med;a is at least about

-0.23-1.0, pmferably at feast about 0.5 5 microg/mL/day.
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'cultures and added tg aliquots of the platelet concentrate. A platelet aggregating

- thrombin (Sigma-Aldrich Co., St. Louds, MO) or.ristocetin (available from Sigma-

~ Aldrich Co., St. Louis, MO), abciximab (ReoPro®, Eli Lilly, Indianapolis, IN),

. . {Iﬂtégri}in@, Millenpinm Pharmaceuticals, Inc., Cambridge, MA). The resulfing

- moniforing optical density. As platelets éggmgate, more light can pass through the
*specimcn. The platelet reader reports results in absorbance, 2 Rmction of the rate at

[6115] Another method to evaluate inhibition of thrombosis involves -
determining the magnitude of inhibition of platelet aggregation i» vifro associated
with platelet rich-plasma or platelet concentrate (Research Blood Components,
Brighton, MA). Conditioned media is prepared from post-confluent endothelial cell

agent (agonist) is added to the plafelets seeded info 96 well plates as control.
Platelet agonisfs commonly include arachidonate, ADP, collagen type I, epinephrine,

Aldrich Co., St. Louis, MO). An addifional well of platelets has no platelet agonist
or conditioned media added, to assess for baseline spontaneous platelet aggregation.
A positive control for inhibition of platelet aggregation is also included in each

assay, Exemplary positive controls include aspirin, heparin, indomethacin (Sigma-
tirofiban (Aggrastat®, Merck & Co., Inc., Whitehouse Station, NJ) or eptifibatide
platelet aggregation of all test conditions are then measured uslng a plate reader and .-

the absorbance read at 405 nm. The platelet reader measures platelet agpregation by -

which platelets aggregate; Aggrepation is assessed as maximal aggregation between

6-12 minutes after the addition of the agonist. The effect of conditioned media on
platelet aggrepation is determined by comparng meximal agonist aggifegaﬁon before .

the addition of conditioned medium with that after exposure of platélet concentrate

to conditioned medivm, and to the positive control. Results are expressed as a
percentage of the basaliﬁe. The magnitude of inhibition associated with the

¢onditioned media samples are compared to the magnitude of inhibition associated ,
with the positive control. According o a preferred embodiment, the implantable '

material is considered regulatory if the conditioned media inkibits thrombosis by at -

" least about 20% of the conirol, more preferably by at least about 40% of he control,

and most preferably by at least zbout 60% of the control. ‘
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EGI_iG} To evaluate regulatiori of angiogenesis in vitro, the vascular tube
formation Matrigel plug assay of Javaherian et al. was used to evaluate the tube
formation density of Matrigel sections. Javaberian et al. J. Bio. Chem. 277:45211-
45218 (2002). Multiwell dishes (24 well} were coated with 250 ul Mafrigel, an

" BCM preparation from the Engelbreth-Folm-Swarm tumor (BD PharMingen), at

4°C and incubated at 37°C for 30-60 minutes for the plugs to form. Human
umbilical vein endothelial cells (HUVEC, Lonza BioSciences, Basel, Switzerland)
were seeded at 50,000 — 100,000 cells/mL in 0.5 mL EGM-2-MV medium (Lonza
BioScienceé). Conditioned meﬁia collected from samples of implantable material or
the implantable material in 2 co-culture system as an implantable zﬁaisriai insert was
applied to the Matrigel either at the time ofp;aﬁng (#=0) or after various HUVEC
incubation times at 37°C (#=2, 4, 8, 12 or 16 hours).

[0117]  The density of endothelial cell tu'f)es formed within the Matrigel was
quariﬁﬁcvd\by‘ ‘manual counting in triplicate of low power fields (40x). Samples of
the biocompatible matrix without cells (or nothing applied to the Mairigel) were

' used as the negatiire control. Any know anti-angiogenic drug can be used as the

positive control (for example, thrombospondin-1, endostatin or avastatin).

[0118] Figure 2A depicts photographs of HUVEC tube formation in Matrigel
with and without treatment with the implantable matériai of the present invention.
Figure 2B is a graphical representation of the tube formation density following
adminisﬁation of conditioned media or the implantablé material, With reference to
F igures 2A and 2B, according to this method, the implantable material resulted in 2
reduction in the density of tubé formation in the Matrigel cémpared fo the contio).
According to this embodiment, the Matrigel-HUVECs were allowed to incubate
with conditién’ed médium from the implantable material for 72 hours. At 16 and 72
howurs following administration of the conditi_aned media, significant tubs formation
remains within the univeated Matripel sample, In the implantable material samples,
on the other hand, the density of tube formation is significantly reduced.
Accordingly, the implantable material is able to inhibit angiogenesis in the Matrigel

relative to the confrol.
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[0119] When ready for implantation, the p}énar form of implantable material is
sﬁppliet% in final product containets, each preferably containinga 1 x4 x 0.3 em (1.2
om’), sterile implantable material with preferably approximately 5-8 x 10° or
preferably at least about 4 x 10° ce-lls/cmi and at least about 90% visbls cells {for
example, human aortic endothelial cells derived from a single cadaver donor) per
cubic centimeter implantable material in approximately 45-60 ml, preferably about

50 ml, endothelial growth medium (for example, endothelial growth medivm (BGM-

'2), containing no phenol red and no antibiotics). When porcine aortic endaotheiial

cells ave used, the growth medium is also EBM-2 containing no phenol red, but
supplemented with 5% FBS and 50 pg/ml gentamicin.

[0128] In Oth.er preferred embodiments, the flowable composition (for
example, a particulate form bidcompatibie matrix} is supplied in final produetr
containers, including, for example, sealed tissue culture containers modified with
filter caps or pré-i'oaded syringes, each préfarably contfaining abont 50-60 mg of
flowable composition comprising about 7 x 10° to about 1.x 10° total endothelial

cells in about 45-60 ml, px_‘efefably about 50 ml, growth mgdiﬁm per aliguot.

[0121] _ Shelf-Life of Implantable Material: The implantable material of the
present invention comprising z conthuent, near-confloent or post-confluent
population of cells can be maintained &t yoom temperature in a stable and viable
condition for at least two weeks. Preferably, such impiaﬁtable material is
maintained in about 45-60 ml, more pfeferably about 50 mi per implantable
material, of transport media with or without additional FBS or VEGF. Transport

‘media comprises EGM-2 media without ';Jha:icf red. FBS can bé added to the

-vohime of trarisport media up to about 10% FBS, or a total concentration of about

12% FBS. Ho;;vever, because FBS must be removed from the implantable material
prior fo implantation, it is preferred to limit the amount of FBS used in the transport
wmedia to reduce the length of rinse required prior to implantation. VEGF can be

added to the volume of transport media vp o a concentration of about 3-4 ng/mL.

[0122] Cryopreservation of fmplantable Material: The implantable material of

the present invention can be eryopreserved for storage and/or transport to the

implantation site without diminishing its clinical potency or integrity upon eventual
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thaw. Preferably, implantable material is cryopreserved in a 15 ml cryovial
{Nalgene@’, Nalge Nune Int’l, Rochester, N¥} in ';a. solution of about 5 ml CryoStor
C8-10 solution (BioLife Solutions, Oswego, NY) containing about 10% DMSO,
about 2-8% Dextran and about 20-75% FBS and/or human serum. Cryovials are
placed in a cold iso-propanol water bath, transferred to an -80°C freezer for 4 hours,

and subsequently transferred to liquid nitrogen (-150°C 1o -165°C).

[0123] Cryopreserved aliguots of the implantable material are then slowly

thawed at room temperature for about 15 minutes, followed by an additional

" approximately 15 minutes in a room temperature water bath, The material is then

washed about 3 tirpes in about 200 — 250 mL saline, lactated ringers or EBM. The

three rinse procedures are conducted for abwt 5 minutes at room tcmperatnre The

~ material is then mplmted

[0124] To determine the bicactivity of the thawed material, following the thaw

. and rinse procedures, the cryopreserved material is allowed to rest for about 48

howrs in a‘oout 10 mi of recovery solution. For porcine endothetial cells, the
recovery solution is EBM-2 supplemented with 5% FBS and 50 pg/m! gentamicin at
37°Cin 5% CO»; for human endot'heiml cells, the recovery solution is EGM-2 with

or without anfibiotics. Further post-thaw conditioning can be carried out for at least

- another 24 hours prior o use and/or packaging for storage or iransport.

' [8125] Immediately prior to implantation, the transport or cryoprese‘rvétion
medium is»de;ca:.xted and the implantable material is rinsed in about 250-500 m!
sterile saline (USP). The medium in the final produet contains a small amount of
FBS to maintain cell viabitity during transport to 2 clinical site if necessary. The

" FBS has been tesied extensively for the presence of bacteria, fungi and other viral

agents according to Title 9 CFR: Animal and Animal Produets. A rinsing procedure

is employed just prior to implantation, which decreases the amount of FBS

‘ ‘transferred preferably to between 0-60 ng per implant, but preferably no more than

1-2ug per implant.
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_ of about 2 % 10* cellsfmg, and which can produce conditioned media containing

least about-0.5 ~ 3.0 pmol/L/day, preferably at least about 2.0 umol/L/day; and,
 display the earlier-described inhibitory phenotype. -

" exterior surface of an affected structure or at an adjacent or surrounding tissue. As

.coincident with percutaneous delivery. The id&ntifyiﬁg step can be accomplished

[6126] The total cell load per human patient will be preferably appmximatelﬁ
1.6-2.6 x 10° cells per kg body weight, but no less than about 2 x 10° and no more
than about 2 x 10° cells per kg body weight. '

[0127] Administration of Implantable Material: The impiantable material of
the present invention when ina flowable composition comprises a particulate
biocompatible matrix and cells, preferably endothelial ceils, more preferably
vascular endathekai cells, which are about 90% viable at a prefcncé density of X i
about 0.8 x 10 cens/mg, more preferred of about 15 % 10 cells/mg, most preferred

heparﬁn sulfate at Jeast about 0.23-1.0, preferably at least about 0.5 microg/mL/day,
TGF-B; at at least about 200-300 piwg’/m]/dﬁy, preferably at least about 300
picog/ml/day, and b-FGF below sbout 200 pacoo'/ml and preferably no more than
about 400 pwmg/ml TIMP-2 in conditioned mccha is at least about 5.0 — 10.0
ng/mL/day, preferably at least about 8. 0 ngmL/day; NO in comiitxoned media is at

[6128] For purposes of the present invention generally, administration of the
implantable pﬁrticuIate material is localized to a site in the vicinity of, adjacent to or

at an affected site. The site of deposition of the implantable material is an interior or

contemplated herein, localized deposition can be zccomplished as follows.

[6128] In 2 particularly preferred embodiment, the flowable composition is
first administered pereutaneously, entenng the patient’s body near the affected
structure and then deposited on an interior surface of an affected Jomt resection or
other cavity, ekterior surface of an n affected structure, directly in contact with the '
stroma or an interstitial site adjacent to ot surrounding the affected or treated site '

using a suifable needle, catheter or other suitable percutaneous delivery device.,

Alternatively, the flowable composition is delivered percutaneously using a needle,
catheter or other suitable delivery device in conjunction with an identifying step to

facilitate delivery to a desired site. The identifying step can occur prior to ot

40




10

15

20

25

30

using physical examindtion, ultrasound, and/or CT scan, to name buta few. The

identifying step is optionally performed and not required to practice the methods of

~ the present invention.

| [0130] The flowable composition can also be administered intraluminally,
through a tubular structure adjacent to or connected o an affected structure. For
example, the composition can be delivered by any device able to be inserted within 2

tubular stracture. Tn this instance, such an intraluminel delivery device is equipped

with a traversing or penetrating device which traverses or penetrates the lominal

wall of the tubular structure to reach the interior or exterior surface of an affected
structure. The flowable composition is then deppsit@d on a surface of the affected

structure or adjacent or surrounding tissue.

[6131}] The traversing or penetraﬁng devices contemplated herein can permit,
for example, a sihgle point of delivery or a plurality of delivery points arranged ina )
desired geometric configuration to accomplish delivery of flowable composition to a
surface of an affected structure without disrupting the site. A pluality of delivery
points can be arranged, for example, ina single circle, in concentric cir:-:le:'s.= ora

linear array arrangement to name but a few.

[6132] According to a preferred embodiment of the invention, the penetrating

- device is inserted via the interior surface of a structure either proximal or distal to

the site of treatment. In some clinical subjects, insértion of the penetrating device at

or near the site of the treatment could disrupt or iead to further daﬁage ofthe

A affected structure, Accordingly, in such subjects, care shonld be taken to insert the

penetrating device at a location a distance from the affected structure, preferably a

distance determined by the clinician governed by the specific circumstances at hand.

[0133] Preferably, flowable composition is deposited on an interior or exterior
surface of an afﬁ‘:cted stracture, either at the site to be treated, or ad] acent 1o or in the
vicinity of the site, The composition can be deposited in a variety of locations
relative o an affected site, for example, at ihe sife, contacting the stroma,
surrounding the site or adjacenf to the site. According to a preferred embodiment,

an adjacent site is within about 0 cm to 2 cm of the affected site. In another
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preferred embodiment, a site is within abouwt 2em to 4 ém; in yet another preferred
embodiment, a site 1s within about4 cm t0 6 cm, In another preferred embodiment,
a site is within about 6 cm to 10 om. Aﬁémativély, an édjacent site is any other
clinician-determined adjacent location where the deposited composition is capable
of exhibiting a desired effect on an affected siie in the proximity of the site to be
treated. ' ‘

' {81341 In another émbodiment, the flowable composition is delivered directly
foa éurgicauy—exposcd interior or exterior surface at, adjacént to or in the vicinity of
an affected structure. In this case delivery is guided and directed by direct
observation of the site, Also in this case, delivery can be aided by coincident use of

an identifying step as deséribed above. Again, the identifying step is optional.

[8135] According to another embodiment of the invention, the flexible planar
form of the implantable material is diaﬁvcrcd locally to a surgically-exposed exterior
or interior surface or cavity at, adjacent to or in the vicinity of an affected site. In
one case, at least one piece of the i;raﬁiantai)le material is applied to the interior of a
cavity; it need only conform to and contact a surface of the site and be implanted in

) A&

an armount effective to treat the site.

8136} &ccordiﬁg to one embodiment, alone or optionally following surgical
tumior resection, the resection site is administered radiation thexapy to irradiate the
turnor and/or rerﬁaim'ng cancer cells af or in the vicinity of the resection site,
According fo another embodiment, alone or opionally foi‘lowﬁg surgical tumor
resection, the patient is édzniuistered 'éhcmotharapy to kill the tumor and/or

remaining cancer cells at or in the vicinity of the resection site. According to either

~ of these embodiments, following completion of the radiation therapy and/or -

chemotherapy, the implantable material is delivered ta the resection cavity.

.According ¥o this method, the implantable material is used to treat, ameliorate,

manage and/or reduce the effects of tumor resection, radiation therapy and/or

chemotherapy on the resection cavity and/or strrounding tissues.
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i, Vascular in;;m inpigs.

{0137} This study exemplifies use of the present invention’s materials and

methods to modulate pathological angiogenesis and abnormal neovascularization.

The experimental model chosen for such exemplification is neovascularization
following vascular injury and trauma induced by surgical intervention. Furthermore,
this example provides experimental protocols for testing and using a preferred
embodiment of the present invention to reduce or modulate indicia of abnormal
neovasculariza;tion including neovascularization, vascular ciensitjz, and expression
levels of MMPs following an intervention to 2 vascular tubular structure, for

example, introduction of an AV graft, in animal test subjects.

[8138] Using standard surgical procedures, an AV graft was created between
the carotid artery and the jugular Qeinj Implantable material was then disposed in
the perivaseular sPaéa 'adjaqent to each surgically created AV graft anastomosis; the
detdils of one exexﬁp]éry procedure are set forih below. As desc_ribed‘ earlier, the
placement and configuration of impiéntab& material can be varied. In this study, the

implantable material was in a flexible planar form.

[813%] Specifically, the study included 20 porcine test subjects undergoing AV
graft surgery. Conventional AV graft surgery procedures were performed according
to standard operative techaiques. Implantable material was applied to the AV graft

anastomoses and surrounds as described below after the graft surgery was completed

' anid flow through the graft was established.

[6146] For each test subject undergoing AV graft surgery, one six-millimeter

 internal diameter PTFE graft was placed bétween the left common carotid artery and

right external jugular vein of the test subject. An obligue end-to~side anastomosis
was created af each end of the graft using a running 6-0 prolene suture. All test
subjects received intra-operative heparin and administered daily aspirin following

surgery.
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[06141] Ten of the test subjects received implantable material comprising aortic
eodothelial cells on the day of surgery. Five such implants were applied to each fest
subject. Two implants were wrapped around each of the two anastomotic sites. In
this circumstance, one end of the first piece of implantable material was passed
under the anastomotic segment untl the middle of the implan{ was at the point
where the vessel and graft meet, The second piece of implantable material was then

wrapped in 2 direction opposite that of the first piecs, placed on top of the

‘anastomotic segment and the ends tucked under the anastomosis. Both ends were
" then wrapped around the sufure line keebing the implant centered over the suture

line. The ends overlapped minkmally to secure the rhaterial in plécé. An additional

single implant was placed longitudinally along the length of the proxirhal vencus
segment starting at the anastomosis, of each test subject. The implant did not

completely wrap around the eircumference of the vein.

[0142] Ten test subjects received control imﬁlants without cells, wrapped
around the anastomotic sites and placed on the proximal venous segment of ﬂ;e‘ graft
on the day of surge-ry.- The total cell load based on lbody weight was approxixﬁatcfy
2.5 x10° cells per kg, - '

[0143] Surgical Procedure. Bilateral 8-cm neck incisions were made over the
sternocleidomastoid muscle on each side of the neck. Using these incisions, the left

common carotid ai;tery was isolated followed by the right exiernal jugular vein.

~ Approximately 4-8 em segments of vein and artery were freed from surrounding

tissues and all tributaries off the vein were ligated with 3-0 silk sutures. 4 é-mm
internal diameter PTFE graft (Atrium Mediéal Corp., Hudson, NH) was tunneled in
a subcutaneous tract between the two incisions. The isolated jugular vein was
clam-r_'seci and ;a 10-mm venotomy was made. The vein was irrigated with
heparinized saline solution and an oblique end-to-side anastomosis was made
between the vein graft using a running 6-0 prolene suture. The average graft length
was 18.6 % 0.9 em. Once faghioned, the venous clamp was removed, the graft
flushed with beparianaliné solution and re~-clamped. The left carotid artery was
then clamped and an 8-mm arteriotomy performed. The artery was flushed with

heparinized saline solution and an oblique end-to-side anastomosis was made
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between the artery and praft using 6-0 proline suture. Vascular clamps were
. remaved and flow through the graft was confirmed by the physical palpation of thrill

in the praft. Hemostatis of each vascular anastomosis was confirmed and on rare
occasion an additional 6-0 prolene suture was placed in an interrupted fashion at the

point of anastomotic bleeding,

[0144] Following completion of the anastomoses, the PTFE arteriovenous
graft was positioﬁed to prevent kinking, The PTFE arteriovenous graft was -
percutaneocusly cannulated with a 23-gauge butterfly needle just distal to the carotid
artery-graft anastomosis. To confirm placement, blood was aspiratcci into the
system with 2 10 cc syringe. The system was then flushed with 10 e¢’s of saline. A
C-arm fluoroscope was then placed over the neck of the study animal so that the
venons-graft anastomosis and the vénous outflow tract could be visualized. Under
continuous fluoroscopy, 10-15 cc's of iodinated contrast (Renograffin, full strength) -
was iqjecfe:d. - ' b

{0145] After completion of the angi‘qgr:iphy, the anastomotic sites were
wrapped ina x:vet 47x4” gauze sponge. Pressure was maintained on the 3nast0mo£ic
sites for a period of approximately 5 minutes, before removing the gauze sponges
and inspecting the anastornotic sites. Ifhemostasié had not yet been achieved, as l
was gvidenced by oozing of blood, the site was again wrapped for another 5
minufes. Additional sutures were placed at the discretion of the surgeon if the
hemorrhage from the site was severe. Once heﬁ:ostssis had been achieved, the neck
wound was filled with sterile saline and flow probe analysis performed at the distal
venous outflow tract using 2 6-mm Transonic flow probe. The saline was removed,
if necessary, and the anastomoses made as dry as possible and treated with either
implantable rﬁaterial comprising aortic endothelial cells or control implants. Sites
were not treafed with either typa' of implant until al} bleeding had been controlled,
flow through the graft confirmed and the area made as dry as possible. When
complete, the wound was closed in layers and the animal was allowed to recover

from anesthesia.
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'§0146] Heparin was administered prior to surgery as a 100 Urkg bolus injection
plus a 35 U/kg/lr continuous infusion and maintained unti] the end of surgery.
Additional bolus doses (100U/kg) were administered, as necessary o maintain

ACTs > 200 seconds.

[0147] Graft Patency, AV graft patency was confirmed by access flow
measurements using color-flow Doppler ultrasound and Transonic flow probe
(Transonic Systems, Inc., Ithaca, NY) immediately after surgery, 3-7 days post

sﬁrgery and once per week thereafter. Grafts were monitored 'ciosely for blood flow.

[6148] Pathology Procedures. An}mal. test subjects were anesthetized using

‘ sodium pentobarbital (65mg/kg, IV), Graft patency was determined prior to
necropsy by cine angiography as described above. After completion of the

angiography, the grafts/anastomoses wcre_perﬁzsed with PBS followed by formalin.

[0149] Histology. Half of the animal test subjects (5 cell engrafied implant

" subjects; 5 control implant subjects) were euthanized 3 days foli_QWing surgery, The -

remaining animal test subjects (5 cell engrafted implant subjects; 5 control implant

subjects) were euthanized one month foflowing surgery.

{0150] A limited necropsy, defined as the macroscepic examination of the

* administration site, including all anastomotic and proximal venous sites, and

surrounding tissue including draining fymph nodes was performed on all test
subjects. Tiésﬁa from major organs, ihcluding brain, bangs, kidneys, liver, heart and
spleen, were collected and saved for all test subjects au!hghized at ons mouth
following surgery. The organs were to be analyzed only if uhusual findings arose
from macroscopic examination of the external surface of the body or from the
microscopic examination of administration sites and surrcunding tissue. No unusual
findings arose that warranted further examination of the major orgafxs in any of the

animals enrolled imto the study.

[0151] All AV graft anastomotic sites and surrounding tissues, including 5-cm
segments each of the anastomosed vein and artery, were frimmed, fixed in 10%

formalin (or equivalent) and embedded in glycolmethacrylate {or equivalent). Using
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_ approximately 3pm-thick sections cut with a C-profile stainless steel knife (or

‘equivalent), sections were prepared from at least three regions: the vein graft

anastomosis, the graft-artery anastomosis, and the venous outflow tract. Three
sections were made transversely through the vein graft anastomosis. Five sections
were made through the venous outflow tract (therefore covering 1.5-cm of outflow
vein). Three sections were made through the Qaft-aﬁery apastomosis at 1-mm
intervals, These sections were mounted on gelatin-coated (or equivalent) glass

slides and stained with hematoxylin and eosin or VerhoefP's elastin stain.

[0152] Each section was evalnated for the presence andfor extent of

. meovascularization. Scores were assigned for each variable on a scale of 0 through 4

(0 = no significant changes; 1 = minimal; 2 = mild; 3= moderate; and 4 = severe).

Representative grading criteria for neovascularization findings are presented below

in Table 1.
TABLE 1
- Grading Criteria for Neovascularization Findings
. 0 3 2 3 . 4
Neovascularization & Focal <5 | 6-15 vessels 16-25 > 25
{per 20x HPF) vessels “ vessels vesséls
and/or
Diffuse

HIPF = High Powered Field
[0153] © To examine the effacts‘of the perivascular implants on matrix
metaﬂopratemase (MMP) expression, venous tissue sections were subjected to
immunohistocheriical analysis. Five micrometer paraffin sections were cut and
antigen retrieval performed by heating ‘the sections for 20 minutes in high pH Target
Reirieval Solution (Dako USA% Carpinteria, CA). The slides were covered with -
Peroxidase Block @ako USA) for 5 minutes o guench endogenons peroxidase
activity. Primary murine anti-human MMP-2 (1:250 difution, Chemicon . '
International, Inc. Te}necula, CA) was applied for 45 minutes.at room temperature
and Primary rabbit anti-human MMP-9 {1:250 dilution, Chemicon International, Inc.

Ternecula, CA) was applied for 60 minutes at room temperature. All slides were

. courtterstained with Mayer’s hematoxylin (Sigma Chemical Co.). Porcine liver was
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used as a positive control and mouvse IgG1 or rabbit IgG were vsed as negative
control. For every speciméx_;,, at least 6 non-overlapping fields were analyzed per
section, ﬂFor quantitative assessment of positive MMP éiaining, randomly selacted
areas were imaged using an‘Okympus BX60 microscope. Digital images (200x
magnification) were céptm*ed and analyzed using Image-Pro Plus 6.0 software
(Media Cybernetics, Silver Spring, MD). Each aree of inferest (.g. intima, media:
and adventitia} was highlighted and positive staining was quantified by color
segmemﬁticm. The results wers exg‘rcésed as percentage of positive stained area

{positive area in mm? over total area in mm®).

[6154] Results for Animal Subjects. Placement of the implantable material of

‘the present invention at a site at or adjacent {0 a tubular or non-tubular fissue

structure is efiective to diminish neovascularization which foliows a dismpﬁion of
the tissue, for example, following a surgical intervention. Admiristration of the
implantable material of the present invention at 2 site at or adjacent to a surgically
treated tubular or non-tubular tissue strocture décrcz;sés abnormal neovascularization
in the treated ﬁssue structures. Furthermore, the imf:laniabie matérial reduces MMP

expression and/or activation of the fubular or non-tubular tissue structures.

{6155] Evidence of neovascularization was observed in both groups at both

‘time points. Adventitial neovascularization is characterized by the ingra@th info

tissue of newly forming small vessels (capillaries) which at its greatest extent has an
orderly pattern consistent with granulation fissue (vessels perpendicular to
fibroblasts), either reorgaﬁizaﬁon of injured tissue or new growth into materials that
would not ordinarily contain veéselsi Both acute and chronic neovascularization
was decreased in veins treated with the implantable matel;ial when compared to
veins administered the confrol material (an average difference of 1 severity point in

both cases, Table 2).
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TABLE 2

Summary of Average Severity of Neovascularization — Adventitial Venous Sites

_ Neovascularization )

Time (Days) Control Implantable Material
3 (Aoute) 12£02 0.6 0.08F
28 (Chromic) 36%03 2110

¥ <0.05 compared 1o controls
Average severity = (severity of group/mmdcnce)

- { = pone, I=minimal; 2=mild; 3=moderate; 4=severe

[0 156] Thé implantable material of the present invention also reduced
expression of matrix metalloproteinases in animals treated with the implantable
material of the present invention. Immunohistochemical analysis of MMP-2 and
M\’E’w?posiﬁve cells in the total vessel, intima, media and adventitia 3—6ays and 1-
month after surger"f fe‘veaied reduced expression of MMPs in veins treated with the

imp!antable material ,ccmpared to veins administered the control maferial.

[9157} In the control group, mgmﬁc&nt WMP-2 posmve cells were observed in
the adventitia, media and intima at day 3. MMP-2 positive cells were observed in
tissue sections of animals a&mxmstered the control material at a level of 11.2 £ 1.0%
in thc advenutza 4.4+ 0.6% in the media; and 2.1 £ 0.2% in ’I:he intima. In apimals |
receiving ‘the control material, positive staining for MMP-2 was predommantly .
located in the adventma At L-month, the amount of staxmng in animals
administered the control material decreased in the adventma (5.7 + 0.9%) but
remained increased in the media (4.9 + 1.0%) and the intima (2.6 £ 0.8%).

[0158] In the group reated with the implantable material, decreased expression
of M~2 was obsarved' in the adventitia, media and intima of vessels at day 3.
MIMP-2 posilive cells were observed in tissue sections of animals treated with the
nnplanmblc material at a rate of 6.9 + 1.2% (P<0.05) in the adventitia; 2.3 = 0.4%
(P<0.05) in the media; and 0.8 & 0.2% (P<0.05) in the fntima. MMP-2 eXpression
remained relatively unchanged from '3 days to lone month in animals ireated with the

implan'tabie material.

49




10

i35

20

25

30

[0159] Figure 3 is a graphical representation of the expression of MMP-2 in
stained tissué sections of subjects freated with the implan.tablé material and subjects
administered the control material at 3 days and at 1 month. A significant decrease in
expression of MMP-2 in veins treated with the implantable material compared to
veins adminisiered the control material is evident. Decreased MMP-2 expression
was observed in the intima, media and adventitia of veins treated with the

implantable material at 3 days and at 1 month.

[o1 66] - MMP-9 expfes;sion was less infense at both time poins for both
animals receiving the control material and animals receiving the implantable
material compafed to MIMP-2 expiéssion, discussed above. At day 3, there was
reduced staining in the adventitia of veins treated'with the implantable material
compared to control. At 1 month, decreased MMP-9 expression was observed in the
intima and adventiiia of the treated group comp&fad’ to the control (P<0.05). Figure
4 is a graphical representation of the expressmn of MMP-9 in stained tissue sections
of subjects treated with the implantable matenal and subjects administered the

control material at 3 days and at 1 month.

[8161] Wishing not to be bound by tﬁegry, it is believed that the implantable
materiél of the present invention restores the proteclytic balance, or the balance
between MMPs and TIMPs, in structx_zfgs treated with the implantable material.
Tissue structures constitutively secrete MMPs and TIMPs in a very tightly
controlled ratio. However, injury or disease of a tissue structure can inducea
deviation in the MMP:TIMP ratio in the structure sufficient to initiate a cascade of
gvents rasultzng in abnormal neovascularization. The implantable material decreases

expression of MMPs or increases expression of TIMPs to restore the balance

“between MPs and TIMPs sufficient to reduce abnormal neovascularization or

restore nommal neovascularization to the treated structure,
2. Resection of colon tumors in nude mice,

[0162] These studies exemplify use of the present invention’s materials and
methods to modulate pathological angiogenesis, abnormal neovascularization,

extracellular matrix degradation and expression levels of MMPs and TIMPs
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following tumor resection surgery. Further, the examples, when read in conjunction
with the teachings in the detajled description above, provide experimental protocols
for testing and using a preferred embodiment of the present invention to reduce or -
modulate indicia of extracellular matrix degradation, pathological angiogenesis,

abnormal neovascularization and expression levels of MMPs and TIMPs foliowing‘

an infervention to resect a solid tumor in an anfmal subject.

[6163] According to this example, colon cancer cells are injected into a cavity
on the back of nude mice and allowed to grow into tumors weighing 8.5;1 Dg The
tumors are surgically resected and the resection qavity surgically closed. Two
groups of mice will be maintéined similarly, except that the treatment group will
receive an cffective a_mounf of the implantable material to the resection cavity prior
to surgical closure, Reduction and/or amelioration of pathological angiogenesis, |
extracellular mairi)ﬁ degradation, expréssion levels of MMPs and indicia of
inflammation will B_e monitored over time by lapatoscopy, ultrasound, MRI or by
sacrificing the mice and examining the resection cavity microscopicélly: Itis
expeofed that mice treated: with the implantable }ﬁéte:ﬁal of the present invention will
display reduction and/or amelioration of pathological angiogenesis, abnormal
neovascularization, extracellular matrix degradation, expression leveis of MMPs

and/or indicia of inflammation compared to the conirol mice,

.3, Resection of hmg tumors in Lewis lung carcinoma mice.

[6164] According to this example, Lewis lung carcinoma celis are injected into
2 cavity on the back of mice according fo the mouse model described by O'Reilly et’
al. in Cell 88:277-285 (1997). The carcinoma cells are allowed to grow info primary
tumors weighing 0.5-1.0 g. The primary tumors are surgically resected and the
resection cavity suréicaiiy closed. Two groups of mice will be maintained similarly,
except that the treatment group will receive an effective amount of the imoplantable

material to the resection cavity prior to surgical closure,

[0165] Reduction and/or amelioration of pathological angiogenesis, abnormal
neovascularization, exiracellular matrix degradation, expression levels of MIPs and

indicia of inflammation will be monitored over time by laparoscopy, ulfrasound,
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MRI or by sacrificing the mice and examining the resection cavity microscopically.
Further, inhibition of regrowth of cancer cells at the site of the resected primary
tumor and inhibition 6f cancer cell metastasis to the lung will be monitored over
time by laparoscopy, ultrasound, MRI or by sacrificing the mice and examining the
resection cavity and lung microscopically. It is expected that mice treated with the

implantable material of the present invention will display reduction and/or

amelioration of pathalogical angiogenesis, abnormal neovascularization,

‘extraceliular matrix degradation, expression levels of MMPs, indicia of

inflammation, regrowth of cancer cells at the resection cavity and/or metastasis of
the cancer cells to the resection prargin, to the lung or fo surrounding tissue

compared to fhe control mice.
4. Resection of tumors in humans,

[0166] ‘Human patients that have been diagnosed with a solid fumor will be

" studied to demonstrate treatment or management of resection sites following tumor

resection, _?atienté will be exarmined to identify a solid tumor. Two groups of
patients will be maintained similagly, 'except one group will téceive an effective
amount of the implantable material to the resection cavity following excision of the
solid tumor. The implantable material will be applied at or adjacent fo non-cancer

cells and/or their stroma at the resection cavity. Reduction and/or amelioration of

pathiological angiogenesis, abiormal neovascularization, extracellndar matrix

degradaﬁcn, expression levels of MMPs and indicia of inflammation will be
hmrijtoz:ed over time by ultrasound, MR, CT-scan, physical exam, and other

relevant procedures depending on the type of resection cavity present in the patient.

. It is expected that patients treated with the implantable material will display

reduction and/or amelioration of pathological angiogenesis, abnormal
neovascularizaton, exiracellular matrix degradation, expression Jevels of MMPs
and/or indicia of inflammation at the resection cavity and at surrounding tissues

compared to 't_hc control patients.
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5. Chemotherapy and/or radiation therapy in humans,

: {91671 Human patients that hévc been diagnosed with a tumorous growfh will
be studied to demonstrate reatment or management of the tumor site following
chemotherapy and/or radiation therapy at the tumor site to resolve the tumor.
Patients will be examined to identify a tumorous growth suitable for treatment with
chemotherapy andfor radiation therapy. Two groups of patients will be maintained
similarly, except one group will receive an effective amount of the implantable
material to the tréated tumor site following administration of chémo‘therapy and/or

radiation therapy.

[0168] Reduction and/or amelioration of pathoiogical angiogenesis, abnormal
neovascularization, extracellular matrix degradation, expression levels of MMPs and
indicia of inflammation will be monifm‘ed over time by ﬁltrasoﬁnd, MRI, CT sc'én,
physical exam, and other relevant procedurés depending on the type of treatment site
present in the patient. It is expected that patients treated with the implantable

material will display ;;eéﬁcticn and/or amelioration of ?atho%ogicai angingenesis,

" abnormal neovascularization, extracellular matrix degradation, expression levels of

MMPs and/or indicia of inflammation at the treatment site and at surrounding tissues

compared to the conirol patients.

6. Treatment of macular degeneration in mice.

{0.'[69] According to this example, mice with ischeniia-induced retinal
neovascularization wﬂl be studied to demonsivate treatment or management of the
eye to reduce the symptoms of and/or delay the onset of macular degeneration
according to the model described by Hangai et al. in Am. J, Pathology 161:1429- “
1437 (2002). Two groups' of mice will be maintained similarly, except one group
will receive an effective amount of the implantable material to the treated eye or

surrounding tissues.

[8170] - Reduction and/or amelioration of ebnormal or pathological
neovascularization, expression levels of MMPs and indicia of inflammation will be

monitored over time by laparoscopy, ultrasound, MRI or by sacrificing the mice and
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examining the eye microscopically. H is expected that mice treated with the

implantable material of the present invention will display reduction and/or

-amelioration of abnormal or pathological neovascularization, expression levels of

MMPs and indicia of inflammation at the affected tissue compared to the control

mice.
7. Rheumatoid arfhritis in mice.

{0171] According to this example, mice with theumatoid arthritis will be’
studied fo demonstrate freatment or management of the arthritic joint to reduce the
symptoms of and/or delay the onset of theumatoid arthrilis according to the model -'
described by Li et al. in PNAS 103:17432-17437 (2086): Two-groups of mice will

be maintsined similarly, except one group will receive an effective amount of the

implantable material to the#eatedjoiﬁt or surrounding tissues. .

[6172] ‘Reduction andfor amclioraﬁb_n of abnormal or patholog_icalj

~ neovascularization, expression levels of MMPs and indicia of inflammation will be

monitored over time by laparoscopy, ultrasound, MRI or by sacrificing the mice and
examining the joint microscopically. It is expected that mice treated with the
implantable material of the present invention will display reduction and/or
amelioration of abnormal or pathological neovascularization, expression levels of
MMPs and indicia of'inﬂmn_maﬁon st the affected tissue compared to the conirol

mice,
8. Rheumatoid atthritis in humans.

[6173] Human patients that have been diagnosed with rheumatoid arthritis will
be studied to demonstrate treatment or management of the affected joint to reduce
the symptoms of and/or delay the onset of theumatoid arthritis. Patients will be
examined to identify & joint suitable for treatment. Two groups of patients will be
maintained similarly, except oné group will ;eceive an effective amount of the

implantable material to the treated joint or surrounding tissues.
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[0174] Reduction and/or amelioration of extracellular matrix degradation,
abnormal neovascularization, expression levels of MMPs and indicia of ‘
inflammation will be monitored over time by laparoscopy; ultrasound, MR or by
sacrificing the mice and examining the joint and surrounding tissues
microscopically, It is expected that mice treated with the implantable material of the
present invention will display reduction and/or amelioration of abnormal
neovascularization, extraceliular matrix degradation, exéression fevels of MMPs and
indicia of inflammation at the affected joiot andfor surrounding tissues compared to

the control mice.
9. Psoriafic arthrifis in mice.

- [6175] Mice that have been diagnosed with psoriatic arthritis will be studied ta

' demonstrate treatmeht or management of the joint to reduce the symptoms of and/or

delay the onset of psoriatic arthritis. Two groups of mice will be maintained
similarly, except one group will receive aneffective amount of the implantable

materia! to the freated joint or surrounding tissues.

{0176} Reduction and/or amelioration of ﬁbnonnal neovascularization,
extraceliular matrix degrédatién, expressién levels of MMPs and indicia of
inflammetion will be monitored over time by laparoscopy, ultrasound, MR! or by
sacrificing thé mice and cxafnining the joint and surrounding tissues
ﬁiéfoscopi'caﬂy. Tt is expected that mice treated with the implantable material of the
present invention will display reduction and/or amelioration of abnormal
neovascularization, extracellular mafrix degradation, expression levels of MMPs and
indicia of inflatimation at the affected joint and/or surrounding tissues compared to

the control mice.
10. Psoriasis in mice.

[6177] Mice that have been diagnosed with psoriasis will be studied to
demonstrate treatment or management of the skin to reduce the symptoms of and/or

delay the onset of psoriasis. Two groups of mice will be maintained similarly,
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except one group will receive an effective amount of the implantable material to the

treated psoriatic lesion or surrounding tssues.

0% 781 Reduction and/or amelioration of exracellular matrix degradation,
abnormal neovascularization, expression levels of MMPs and indicia of
inflammation will be monitored over time by laparoscopy, ultrasound, MRI or by
sacrificing the mice and eiamining the skin microscopically. Tt is expected that
mice treated with the implantable material of the present invention will display
reduction and/or amelioration of abnormal neovascularization, extracellular matrix
degradation, expression levels of MMPs and indicia of inflammation at the psoriasis

lesion compared to the control mice.

11. Angiogenesis in an éx-vivo rat aortic 1ing model.”

[6179] According to this example, the ex-vivo rat aortic ring model of
angiogenesis will be studiéd to demonstrate the ability of the implantablle material to
regulate ang{ogenesis according to the model described by Kruger et al. in Biochem.
Biophv. Reséarch Comm. 268:183-191 (2000). Thoracic aortas will be excised from
eight o ten week old male Sprague-Dawley rats and the fibroadipose tissue
removed, The aortas will be sectioned irfo 1 mm long cross sections, rinsed and
placed on Matrigel coated wells, The rat aortic ring sections will be maintained
similarly, except one group will receive an effective amount of the implantable
material, one group will receive an effective amount of conditioned media, atd one

group will receive control media.

[6180] Reduction and/cr amelioration of extracellular matrix degradation,
abnormal neovascularization, expression levels of MMPs and indicia of
inflamrmation will be monitored over time by examining the aortic ring sections
!ﬁicmscopicaily. It is expected that rat sortic rings treated with the iinp!antabie
material of the present invention wiil display reduction and/or amelioration of
abnormal neovascularization, extracellular matrix degradation, expression levels of

MMPs and indicia of inflammation compared to the control.
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12. Matrige! plug assay of angiogenesis in mice,

[0181] According to this example, the mouse Matrigel plog assay for
angiogenesis will be studied to demonstrate ability of the implantable material to
regulate angiogenesis according to the model deseribed by Chander et al. in British

J. Cancer 96:1368-1376 (2007). Two groups of mice will be maintained similarly,
except one group will receive an effective amount of the implantable material fo the
Matrigel plug.

[0182] Reduction andfor amelioration of abnormal or pathological

_angiogenesis, expression levels of MMPs and indicia of inflammation will be

monifored over time by laparoscopy, ultrasound, MRI or by ektraciing the Matrigel
phug and examining the sections microscopically. It is expected that Matrige! plugs
treated with the implantable material of the present invention will dispia}) reduction

and/or amelioration of abnormal or pathological angiogenesis, expressian levels of

- MIMPs and indicia of inflammation at the affected tissue compared to the control

_mice,

13. Comeal pocket assay of corneal neovascularization in mice.

[0183] - According to this example, the mouse comeal pocket assay for corneal
neovascularization will be studied to demonstrate ability of the implantable material
16 reghilate neovascularization according to the rodst described by C&d,'R et ol

ancer Cell 6: 333-345 (2004). Briefiy, a pellet of Sucrafate (Sigma-Aldrich, St.

Louis, MO) and hydron [poly(2-HEMA)] (Sigma-Aldrich, St. Louis, MO)

comtaining human recombinant bFGF and VEGF will be implanted into each corneal
pocket created surgically in 6- to 7-week-old mice. The pellet will be positioned
1.0-1.4 mm from the corneal limbal vessel. After implantation, antibiotic
ophthalmic cintment will be applied to each eye. Two groups of mice will be
maintained similarly, except one group will receive an sffective amomnt of the

implantable material subcitaneously or intraperitoneally.
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[0184] To induce neovascularization, the cornea and limbal epithelia of both
eyes will be removed by applying a rotary motion paraliel to the limbus. The eyes
will be examined by a slit-lamp biomicroscope for méasurement of limbal vessel
length from the leading edge of the pellet (pellet distance), the longest biood vessel
branching uvpward from the limbus towards the peliet (vessel length), and how far

around the circumference of the eye the vessels have grown.

.- [0185] Reduction and/oz: amelioration of abnonnalpvneoVascuiarization will be
moénitored over time by examining the sections microscopically. It is expected that
mice treated with the implantable material of the present invention will display -

reduction and/or amelioration of abnormal neovascularization at the affected tissue

compared 1o the control mice,

[0186] The invention may be ¢n£bo§ﬁed in other specific forms without
departing from the spirit or essential characteristics thereof. The present
émbodiments are therefore.to be considered illustrative and not restrictive, the scope
of the invention being indicated by the appended glaimé rather than by the foregoing
description, and all changes which come within the meaning and range of

equivalency of the claims are therefore intended to be embraced therein.

'{0187] What is claimed is:
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Claims

1. Use of implantable material in the manufacture of a medicament for treating a tumor resection
site in an individual in need thereof, said use comprising the step of: contacting with an
implantable material a surface at or adjacent to or in the vicinity of a tumor resection site,
wherein said implantable material comprises a biocompatible matrix and cells and further
wherein said implantable material is in an amount effective to treat the tumor resection site in

said individual.

2. Use according to claim 1, wherein the tumor resection site is a site of surgical resection,

radiation therapy, ablation therapy, or chemotherapy.

3. A composition for the treatment or management of a tumor resection site, the composition
comprising a biocompatible matrix and cells, wherein said composition is in an amount effective

to treat or manage the tumor resection site.

4. Use, or composition according to any one of claims 1 to 3, wherein the implantable material or

composition regulates extracellular matrix degradation at the tumor resection site.
5. Use or composition according to any one of claims 1 to 4, wherein the implantable material or
composition regulates expression of matrix metalloproteinases (MMPs) at the tumor resection

site.

6. Use or composition according to any one of claims 1 to 5, wherein the implantable material or

composition inhibits metastasis of cancer cells.

7. Use or composition according to any one of claims 1 to 6, wherein the implantable material or

composition limits tumor re-growth.

8. Use or composition according to any one of claims 1 to 7, wherein the implantable material or

composition prevents cancer stem cell differentiation.
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9. Use or composition according to any one of claims 1 to 8, wherein the tumor resection site is
selected from the group consisting of bladder, bone, brain, breast, cervix, colon, esophagus,
gallbladder, kidneys, larynx, liver, lung, mouth, ovaries, pancreas, prostate, stomach, testicles or

thyroid.

10. Use according to claim I or 2, wherein the surface at or adjacent to or in the vicinity of a

tumor resection site is to be contacted with an implantable material prior to tumor resection.

11. Use according to claim 1 or 2, comprising contacting the implantable material with a tumor

stroma.

12. Use or composition according to any one of claims 1 to 11, wherein the biocompatible matrix

is a flexible planar material.

13. Use or composition according to any one of claims 1 to 11, wherein the biocompatible matrix

is a flowable composition.

60



