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BIOCOMPATIBLE IMPLANTS COMPRISING ENGINEERED ENDOTHELIAL CELLS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[1] This application claims the benefit of U.S. Provisional Patent Application No. 

62/094,915, filed December 19, 2014, the contents of which are hereby incorporated by 

reference. 

INCORPORATION BY REFERENCE 

[2] For the purposes of those jurisdictions that permit incorporation-by-reference 

only, the text of each document cited herein is hereby incorporated by reference in its 

entirety. 

BACKGROUND OF THE INVENTION 

[3] Biocompatible implants have been used in a variety of applications, including, for 

example, to repair or replace damaged or defective tissues within the human body. Some 

such implants comprise biocompatible scaffold materials that, when implanted surgically into 

a host subject's body, become populated with the subject's cells and integrate into the 

subject's tissues. In order to ensure an adequate supply of oxygen and nutrients such 

implants must, generally, become invested with endothelial cells after surgical implantation, 

and the endothelial cells must then form functional blood vessels that connect with the 

subject's existing vasculature. The degree and speed with which endothelial cells infiltrate 

such implanted scaffolds and form functional blood vessels is thus an important determinant 

of the ultimate success of such implants. The ability to produce three-dimensional 

biocompatible scaffolds containing pre-formed blood vessels in vitro - i.e. prior to surgical 

implantation - could significantly increase the speed and efficacy with which such implants 

integrate into a host subject's tissues in vivo. However, prior attempts at generating such 

implants have met with mixed success. For example, several prior attempts to induce blood 

vessel formation in vitro using collagen gels or Matrigel have failed to result in blood vessel 

sprouting or the formation of blood vessels having patent lumens surrounded by polarized 

endothelial cells. (For a discussion of some such prior attempts see Nakatsu et al. (2003) 

"Angiogenic sprouting and capillary lumen formation modeled by human umbilical vein 

endothelial cells (HUVEC) in fibrin gels: the role of fibroblasts and angiopoietin-1." 

Microvascular Research, Vol. 66, pp. 102-112.) Other attempts have involved culturing 
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endothelial cell monolayers on beads coated with extracellular matrix components and then 

embedding the beads in fibrin gels. Such methods were found to result in the formation of 

blood vessels with patent lumens only if skin fibroblasts were grown on the top of the gels. 

Without such fibroblast co-culture the endothelial cells were found to initially form short, 

narrow cordlike structures which subsequently disintegrated without the formation of blood 

vessels. See Nakatsu et al. (2003). Consistent with these findings, it has been reported that 

fibroblasts are required for endothelial cell lumen formation. See Newman et al. (2011) "The 

requirement for fibroblasts in angiogenesis: fibroblast-derived matrix proteins are essential 

for endothelial cell lumen formation;" Molecular Biology of the Ceil, Vol. 22, pp. 3791-3800. 

SUMMARY OF THE INVENTION 

[4] The present invention is based, in part, upon the surprising discovery that 

engineered endothelial cells expressing the adenovirus E40RF1 protein can form blood 

vessels having patent lumens inside three-dimensional biocompatible scaffolds in vitro. 

While it was shown previously that E40RF1+ endothelial cells could form neovessels in 

Matrigel plugs in vivo following co-injection of such cells with liquid Matrigel into the flanks 

of mice, and that E40RF1+ endothelial cells could form neo-angiogenic tubes on Matrigel 

coated culture plates (See U.S. Patent No. 8,465,732), to the best of Applicant's knowledge, 

an ability of such cells to form genuine blood vessels having open lumens within a three-

dimensional scaffold in vitro has not previously been demonstrated. As described herein, it 

has now been surprisingly found that true E40RF1+ blood vessels can form vessels having 

open lumens inside three-dimensional biocompatible scaffold materials in vitro in a period of 

just a few days - even in the absence of other cell types such as fibroblasts - and that the 

vessel-containing implants can be cultured and maintained in vitro for extended periods of 

time - up to 6 weeks. Interestingly, it was also found that the blood vessels in these implants 

could extend beyond the boundaries of the biocompatible scaffolds - creating protruding 

blood vessels that appeared to float freely in the culture medium surrounding the scaffold 

material. Building on these discoveries, the present invention provides certain new and 

improved implants suitable for surgical implantation into subjects, as well as methods for 

making and using such implants. 

[5] Accordingly, in one embodiment the present invention provides an implant 

suitable for surgical implantation into a subject comprising: (a) a biocompatible scaffold 

2 



WO 2016/100869 PCT/US2015/066782 

material, and (b) blood vessels disposed within the biocompatible scaffold material, wherein 

the blood vessels comprise E40RF1+ engineered endothelial cells. 

[6] In another embodiment the present invention provides a method of preparing an 

implant suitable for surgical implantation into a subject, the method comprising: culturing a 

population of engineered E40RF1+ endothelial cells in contact with a biocompatible scaffold 

material in vitro until blood vessels are formed within the biocompatible scaffold material, 

thereby forming an implant comprising E40RF1+ blood vessels. 

[7] The biocompatible scaffold materials used in the implants and methods of the 

invention are, typically, three-dimensional structures - such that vessels can be disposed 

within the three-dimensional structure. In some such embodiments the implants of the 

invention contain a network of connected blood vessels, which may comprise capillaries. In 

some such embodiments the blood vessels have open/patent lumens. In some such 

embodiments one or more of the blood vessels may protrude beyond the boundaries of the 

biocompatible scaffold material. 

[8] In some embodiments the E40RF1+ engineered endothelial cells used in the 

implants and methods of the present invention also express an ETV2 polypeptide (i.e. they 

are E40RF1+ ETV2+ endothelial cells). In other such embodiments the E40RF1+ 

engineered endothelial cells also express a recombinant ETS family transcription factor (i.e. 

they are E40RF1+ETS+). 

[9] In some embodiments the engineered E40RF1+ endothelial cells may be fetal 

cells, or post-natal cells, or adult cells. In some embodiments the engineered E40RF1+ 

endothelial cells used in the implants and methods of the present invention are mammalian 

endothelial cells. In some embodiments the engineered E40RF1+ endothelial cells are 

human endothelial cells. In some embodiments the engineered E40RF1+ endothelial cells 

are derived from human umbilical vein endothelial cells (HUVECs). 

[10] In some embodiments the engineered E40RF1+ endothelial cells used in the 

implants and methods of the present invention are organ-specific endothelial cells. For 

example, in some embodiments the engineered endothelial cells may be hematopoietic 

system-specific endothelial cells, or nervous system-specific endothelial cells, or cardiac-

specific endothelial cells, or lung-specific endothelial cells, or liver-specific endothelial cells, 
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or kidney-specific endothelial cells, or muscle-specific endothelial cells, or cartilage-specific 

endothelial cells, or tendon-specific endothelial cells, or adipose tissue-specific endothelial 

cells. In some such embodiments the organ-specific endothelial cells used are derived from 

the organ or tissue into which the implant is to be placed. 

[11] In some embodiments the engineered E40RF1+ endothelial cells used in the 

implants and methods of the present invention are derived from endothelial cells of the 

subject into which the implant is to be surgically implanted - i.e. they are autologous 

endothelial cells. In other embodiments the engineered E40RF1+ endothelial cells are 

derived from endothelial cells of a donor of the same species as the subject into which the 

implant is to be surgically implanted - i.e. they are allogeneic endothelial cells. In some such 

embodiments the allogeneic donor is tissue matched (or partially matched) with the subject 

into which the implant is to be surgically implanted. For example, in some embodiments the 

donor has the same MHC-type (or HLA-type) as the subject into which the implant is to be 

surgically implanted. In some other embodiments the donor has the an MHC-type (or HLA-

type) that is partially matched with that of the subject into which the implant is to be 

surgically implanted. In yet other embodiments the donor has an MHC-type (or HLA-type) 

that is different from that of the subject into which the implant is to be surgically implanted. 

[12] In some embodiments the biocompatible scaffold materials used in the implants 

and methods of the present invention of the invention contain one or more additional cell 

types - in addition to the engineered endothelial cells. In some such embodiments the 

additional cell types may be genetically modified. In other such embodiments the additional 

cell types may be naive (i.e. not genetically modified). In some such embodiments the 

additional cell types may be fetal cells, or post-natal cells, or adult cells. In some 

embodiments such additional cell types may be stem or progenitor cells. In other 

embodiments such additional cell types may be differentiated cells. In some embodiments 

such stem or progenitors cells may be hematopoietic stem cells, bone stem cells, muscle stem 

cells, neural stem cells, epithelial stem cells, skin stem cells, mesenchymal stem cells, 

intestinal stem cells, or spermatogonial stem cells. In some embodiments the differentiated 

cells may be differentiated hematopoietic cells, bone cells, muscle cells, neural cells, 

pericytes, hair follicle cells, adipose cells, keratinocytes, epithelial cells, skin cells, 

fibroblasts, intestinal cells, or testicular cells. 
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[13] In some embodiments the biocompatible scaffold material used in the implants 

and methods of the present invention within the implants is solid at 4°C. In some 

embodiments the biocompatible scaffold material is solid at 21°C. In some embodiments the 

biocompatible scaffold material comprises one or more extracellular matrix molecules, such 

as collagen or fibrin. In some embodiments the biocompatible scaffold material within the 

implants comprises decellularized animal tissue, such as decellularized porcine tissue. In 

some embodiments the biocompatible scaffold material within the implants is not Matrigel. 

In some embodiments the biocompatible scaffold material within the implants does not 

comprise hyaluronic acid. 

[14] In some embodiments the implants of the invention do not comprise serum. In 

some embodiments the implants of the invention do not comprise exogenous growth factors. 

In some embodiments the implants of the invention do not comprise exogenous angiogenic 

factors. In some embodiments the implants of the invention do not comprise exogenous 

VEGF. In some embodiments the implants of the invention do not comprise exogenous FGF. 

[15] In some embodiments implants of the invention do not comprise fibroblasts. In 

some embodiments implants of the invention do not comprise fibroblast-derived angiogenic 

factors. In some embodiments implants of the invention do not comprise fibroblast-derived 

extracellular matrix components. 

[16] In some embodiments the implants of the invention do not comprise micro-carrier 

beads. In some embodiments implants of the invention do not comprise micro-carrier beads 

coated with an extracellular matrix molecule. 

[17] In some embodiments the present invention provides a method of treating a 

subject in need thereof, the method comprising implanting an implant as described herein into 

the subject. In some such methods the subject has a tissue defect, and the implant is 

surgically implanted into the subject at the site of the tissue defect. In some such methods the 

engineered E40RF1+ endothelial cells are organ-specific endothelial cells and the implant is 

surgically implanted into the organ from which the organ-specific endothelial cells are 

derived. In some such methods the subject is a mammalian subject. In some such methods 

the subject is a human subject. In some such methods the engineered E40RF1+ endothelial 

cells are derived from the subject's own endothelial cells - i.e. they are autologous 

endothelial cells. In other such methods the engineered E40RF1+ endothelial cells in the 
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implant are derived from endothelial cells of an allogeneic donor, such as an allogeneic donor 

having the same MHC- or HLA-type as the subject, or an allogeneic donor having a partial 

match to the MHC- or HLA-type of the subject. 

[18] These and other embodiments of the invention are described further in the 

accompanying Examples, Claims, and Drawings sections of this document. In addition, it 

will be apparent to those of skill in the art that certain modifications and combinations of the 

embodiments described herein fall within the scope of the present invention and can be 

carried out without undue experimentation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[19] Figure 1A & IB. Fluorescence microscopy images of implants that had been seeded 

with engineered endothelial cells expressing E40RF1 and green fluorescent protein (GFP) 

and maintained in vitro - as described in Example 1. The white bar at the bottom of each 

image represents 400 microns. The green fluorescence from the GFP expression in the 

endothelial cells appears as white in the black and white images. Blood vessel structures with 

open lumens can be seen in both Fig. 1A and Fig. IB. In Fig. IB blood vessels can be seen 

protruding beyond the boundary of the scaffold material. 

[20] Figure 2A & 2B. Photographs of two implants following removal from the abdomen 

of a mouse 48 hours following surgical implantation. The "test" implant in Fig. 2A had been 

seeded with E40RF1+ engineered endothelial cells and maintained in culture prior to surgical 

implantation - as described in Examples 1 and 2. Vascularization and blood within the 

implant can be seen in the circled area of Fig. 2A. The "control" implant in Fig. 2B had not 

been seeded with endothelial cells prior to surgical implantation and showed no detectable 

vascularization or blood flow. 

[21] Figure 3. Photographs of two implants following removal from the abdomen of a 

mouse 4 weeks following surgical implantation. The "test" implant shown on the right had 

been seeded with E40RF1+ engineered endothelial cells and maintained in culture prior to 

implantation - as described in the Examples. Significant vascularization and blood content 

can be seen in the "test" implant on the right - appearing as dark/black areas on the edge of 

the implant in this black and white image. The "control" implant on the left had not been 

seeded with endothelial cells prior to implantation. 

6 



WO 2016/100869 PCT/US2015/066782 

[22] Figure 4A-D. Photomicrographs of histological sections of implants that had been 

surgically implanted into the abdomen of a mouse and removed 2 weeks after implantation. 

The "test" implants in Fig. 4A and Fig. 4B had been seeded with E40RF1+ engineered 

endothelial cells - as described in the Examples. The "control" implants in Fig. 4C and Fig. 

4D had not been seeded with endothelial cells prior to implantation. The "test" implants in 

Fig. 4A and 4B exhibited increased cellularity as compared to the implants in Fig. 4C and 

4D. 

DETAILED DESCRIPTION 

[23] The "Summary of the Invention," "Figures," "Brief Description of the Figures," 

"Examples," and "Claims" sections of this patent disclosure describe some of the main 

embodiments of the invention. This "Detailed Description" section provides certain 

additional description relating to the compositions and methods of the present invention, and 

is intended to be read in conjunction with all other sections of this patent disclosure. 

Furthermore, and as will be apparent to those in the art, the different embodiments described 

throughout this patent disclosure can be, and are intended to be, combined in various different 

ways. Such combinations of the specific embodiments described herein are intended to fall 

within the scope of the present invention 

[24] Certain definitions are provided below. Other terms are either defined elsewhere 

in this patent disclosure, have a meaning that is clear from the context in which they are used, 

or are used in accordance with their usual meaning in the art. 

Definitions 

[25] As used herein, the terms "about" and "approximately," when used in relation to 

numerical values, mean within + or - 20% of the stated value. 

[26] The term "culturing" as used herein, refers to the propagation of cells on or in media 

of various kinds. "Co-culturing" refers to the propagation of two or more distinct types of 

cells on or in media of various kinds, for instance, in some embodiments, endothelial cells 

and stem or progenitor cells may be co-cultured. 

[27] As used herein the term "effective amount" refers to an amount of a specified agent or 

cell population (e.g. an E40RF1 polypeptide, a nucleic acid molecule encoding an E40RF1 
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polypeptide, or a population of E40RF1+ engineered endothelial cells), as described herein, 

that is sufficient to achieve a detectable effect on one or more of the outcomes described 

herein. For example, in the case of expression of E40RF1 in endothelial cells an effective 

amount of a nucleic acid molecule (e.g. in a vector) to be introduced/delivered to the 

endothelial cells may be one that results in a detectable increase in the endothelial cells 

survival or proliferation as compared to that of any suitable control (e.g. E40RFl"endothelial 

cells). In the case of introduction of nucleic acid molecules encoding E40RF1 into 

endothelial cells, an effective amount of the nucleic acid molecule (e.g. in a vector) may be 

one that results in a detectable increase in the endothelial cells survival or proliferation as 

compared to that of any suitable control (e.g. E40RF1" cells). In the case of methods that 

involve administering E40RF1+ endothelial cells to a subject, an effective amount may be 

one that results in a detectable improvement of one or more desired biological or therapeutic 

indicators, (such as, for example, improved endothelial/vascular regeneration, improved 

angiogenesis, improved survival or engraftment of an implant, etc.), as compared to that of 

any suitable control (e.g. E40RF1" endothelial cells). An appropriate "effective amount" in 

any individual case may be determined empirically, for example using standard techniques 

known in the art, such as dose escalation studies, and may be determined taking into account 

such factors as the planned use, the planned mode of delivery/administration, desired 

frequency of delivery/administration, etc. Furthermore, an "effective amount" may be 

determined using assays such as those described in the Examples section of this patent 

disclosure to assess the formation of blood vessels in implants and/or toassess the integration 

of an implant into a tissue in vivo. 

[28] The term "engineered" when used in relation to cells herein refers to cells that have 

been engineered by man to result in the recited phenotype (e.g. E40RF1+ or ETV2+ or 

expressing a recombinant ETS transcription factor), or to express a recited nucleic acid 

molecule or polypeptide. The term "engineered cells" is not intended to encompass naturally 

occurring cells, but is, instead, intended to encompass, for example, cells that comprise a 

recombinant nucleic acid molecule, or cells that have otherwise been altered artificially (e.g. 

by genetic modification - as defined below), for example so that they express a polypeptide 

that they would not otherwise express, or so that they express a polypeptide at substantially 

higher levels than that observed in non-engineered endothelial cells. 
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[29] "Genetic modification" or "gene-modified" or "genetically modified" refers to any 

addition, deletion or disruption of or to a cell's normal nucleotide sequences. For example, in 

some embodiments, the endothelial cells described have been genetically modified such that 

they contain a nucleic acid molecule that encodes an adenovirus E40RF1 polypeptide, and/or 

a nucleic acid molecule that encodes any of the other specific polypeptides described herein 

(e.g. ETS transcription factor polypeptides, such as ETV2 polypeptides). Similarly, in some 

embodiments the endothelial cells described herein, or any of the other cell types described 

herein (such as stem or progenitor cells or neural cells, muscle cells, pericytes, epithelial 

cells, adipose cells, fibroblasts, keratinocytes, monocytes, neutrophils, lymphocytes, T-cells, 

B-cells, or hair follicle stem cells.) may also comprise one or more other genetic 

modifications - as desired. The term "genetic modification" encompasses use of a gene 

delivery vehicle and includes, but is not limited to, transduction (viral mediated transfer of 

nucleic acid to a recipient, either in vivo or in vitro), transfection (uptake by cells of isolated 

nucleic acid), liposome mediated transfer and others means well known in the art.. 

[30] The term "naive" or "wild-type" when used in relation to cells herein refers to cells 

that have not been genetically modified (as that term is defined above) or that are not 

"engineered" cells (as that term is defined above). For example, endothelial cells or other 

cell types that have been obtained from a subject and that have not been genetically modified 

by man are considered "naive" or "wild-type" cells. 

[31] As used herein the phrase "isolated implant" refers to an implant that is not inside the 

body of a subject, but that is instead ex vivo / in vitro. For example, an implant in vitro in a 

culture medium is considered to be an "isolated implant." Typically an "isolated" implant is 

one that was created in vitro as opposed to in vivo, and that has not yet been implanted or 

incubated in vivo. Thus, typically, an isolated implant refers to an implant created in vitro 

that, while suitable for surgical implantation, has not yet been surgically implanted into a 

subject. All of the embodiments of the invention that refer to "implants" typically involve 

"isolated implants." 

[32] As used herein, the term "recombinant" refers to nucleic acid molecules that are 

generated by man (including by a machine) using methods of molecular biology and genetic 

engineering (such as molecular cloning), and that comprise nucleotide sequences that would 

not otherwise exist in nature. Thus, recombinant nucleic acid molecules are to be 
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distinguished from nucleic acid molecules that exist in nature - for example in the genome of 

an organism. A nucleic acid molecule that comprises a complementary DNA or "cDNA" 

copy of an mRNA sequence, without any intervening intronic sequences such as would be 

found in the corresponding genomic DNA sequence, would thus be considered a recombinant 

nucleic acid molecule. By way of example, a recombinant E40RF1 nucleic acid molecule 

might comprise an E40RF1 coding sequence operatively linked to a promoter and/or other 

genetic elements with which that coding sequence is not ordinarily associated in a naturally-

occurring adenovirus genome. Similarly, a recombinant ETV2 nucleic acid molecule might 

comprise an ETV2 cDNA sequence (i.e. a sequence that does not exist in nature in the 

genome of an organism), and/or may comprise ETV2-coding sequences operatively linked to 

a promoter and/or other genetic elements with which that coding sequence is not ordinarily 

associated in the genome of an organism. 

[33] The terms "subject" and "patient" are used herein interchangeably herein and refer to, 

except where indicated, mammals such as humans and non-human primates, as well as 

rabbits, rats, mice, goats, pigs, and other mammalian species. 

[34] The phrase "substantially pure" as used herein in relation to a cell population refers to 

a population of cells of a specified type (e.g. as determined by expression of one or more 

specified cell markers, morphological characteristics, or functional characteristics), or of 

specified types (plural) in embodiments where two or more different cell types are used 

together, that is at least about 50%, preferably at least about 75-80%, more preferably at least 

about 85-90%), and most preferably at least about 95% of the cells making up the total cell 

population. Thus, a "substantially pure cell population" refers to a population of cells that 

contain fewer than about 50%, preferably fewer than about 20-25%, more preferably fewer 

than about 10-15%, and most preferably fewer than about 5% of cells that are not of the 

specified type or types. 

Nucleic Acid Molecules and Polypeptides 

[35] The adenoviral early 4 (E4) region contains at least 6 open reading frames (E40RFs). 

The entire E4 region has been shown previously to regulate angiogenesis and promote 

survival of endothelial cells (see Zhang et al. (2004), J. Biol. Chem. 279(12): 11760-66). It 

has also been shown previously that, within the entire E4 region, it is the E40RF1 sequence 

that is responsible for these biological effects in endothelial cells. See U.S. Patent No. 
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8,465,732. See also Seandel et al. (2008), "Generation of a functional and durable vascular 

niche by the adenoviral E40RF1 gene," PNAS, 105(49): 19288-93. Several of the 

embodiments of the present invention described herein involve engineered endothelial cells 

that are E40RF1+ - i.e. that express an E40RF1 polypeptide. Similarly, several of the 

embodiments of the present invention described herein involve engineered endothelial cells 

that are ETV2+ or ETS+. Such cells contain express an ETV2 polypeptide or an ETS family 

transcription factor polypeptide, respectively. All of these polypeptides (E40RF1, ETV2, 

ETS) are referred to collectively herein as "polypeptides of the invention". 

[36] The "polypeptides of the invention" are encoded by nucleic acid molecules. Thus, in 

some embodiments the present invention involves nucleic acid molecules that encode an 

adenovirus E40RF1 polypeptide, nucleic acid molecules that encode an ETS transcription 

factor polypeptide, and/or nucleic acid molecules that encode an ETV2 transcription factor 

polypeptide. Such nucleic acid molecules are referred to collectively herein as "nucleic acid 

molecules of the invention." 

[37] The polypeptides of the invention and the nucleic acid molecules of the invention may 

have amino acid sequences or nucleotide sequences that are specified herein or known in the 

art, or may have amino acid or nucleotide sequences that are variants, derivatives, mutants, or 

fragments of such amino acid or nucleotide sequences - provided that such a variants, 

derivatives, mutants, or fragments have, or encode a polypeptide that has, one or more of the 

functional properties described herein, or one or more of the properties required for the uses 

described herein, or does not prevent or block one or more of the properties or uses described 

herein (which include, but are not limited to, an ability to promote the survival of endothelial 

cells in vitro, and an ability of endothelial cells to form blood vessels in an implant in vitro). 

[38] In those embodiments involving ETS transcription factor polypeptides, such as ETV2 

polypeptides, the polypeptide may be any mammalian ETS transcription factor polypeptide, 

such as a human, non-human primate, rabbit, rat, mouse, goat, or pig polypeptide. In some 

preferred embodiments the polypeptide may be a human polypeptide. Amino acid sequences 

of such polypeptides, and nucleic acid sequences that encode such polypeptides, are well 

known in the art and available in well-known publicly available databases, such as the 

Genbank database. 
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[39] In those embodiments involving adenovirus E40RF1 polypeptides, the polypeptide 

sequence used may be from any suitable adenovirus type or strain, such as human adenovirus 

type 2, 3, 5, 7, 9, 11, 12, 14, 34, 35, 46, 50, or 52. In some preferred embodiments the 

polypeptide sequence used is from human adenovirus type 5. Amino acid sequences of such 

adenovirus polypeptides, and nucleic acid sequences that encode such polypeptides, are well 

known in the art and available in well-known publicly available databases, such as the 

Genbank database. For example, suitable sequences include the following: human 

adenovirus 9 (Genbank Accession No. CAI05991), human adenovirus 7 (Genbank Accession 

No. AAR89977), human adenovirus 46 (Genbank Accession No. AAX70946), human 

adenovirus 52 (Genbank Accession No. ABK35065), human adenovirus 34 (Genbank 

Accession No. AAW33508), human adenovirus 14 (Genbank Accession No. AAW33146), 

human adenovirus 50 (Genbank Accession No. AAW33554), human adenovirus 2 (Genbank 

Accession No. AP.sub.~000196), human adenovirus 12 (Genbank Accession No. AP.sub.— 

000141), human adenovirus 35 (Genbank Accession No. AP.sub.—000607), human 

adenovirus 7 (Genbank Accession No. AP.sub.—000570), human adenovirus 1 (Genbank 

Accession No. AP.sub.—000533), human adenovirus 11 (Genbank Accession No. AP.sub.— 

000474), human adenovirus 3 (Genbank Accession No. ABB 17792), and human adenovirus 

type 5 (Genbank accession number D12587). 

[40] In some embodiments, the polypeptides and nucleic acid molecules of the invention 

have the same amino acid or nucleotide sequences as those specifically recited herein or 

known in the art (for example in public sequence databases, such as the Genbank database). 

In some embodiments the polypeptides and nucleic acid molecules of the invention may have 

amino acid or nucleotide sequences that are variants, derivatives, mutants, or fragments of 

such sequences, for example variants, derivatives, mutants, or fragments having greater than 

85% sequence identity to such sequences. In some embodiments, the variants, derivatives, 

mutants, or fragments have about an 85% identity to the known sequence, or about an 88%, 

89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to the 

known sequence. In some embodiments, a variant, derivative, mutant, or fragment of a 

known nucleotide sequence is used that varies in length by about 50 nucleotides, or about 45 

nucleotides, or about 40 nucleotides, or about 35 nucleotides, or about 30 nucleotides, or 

about 28 nucleotides, 26 nucleotides, 24 nucleotides, 22 nucleotides, 20 nucleotides, 18 

nucleotides, 16 nucleotides, 14 nucleotides, 12 nucleotides, 10 nucleotides, 9 nucleotides, 8 
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nucleotides, 7 nucleotides, 6 nucleotides, 5 nucleotides, 4 nucleotides, 3 nucleotides, 2 

nucleotides, or 1 nucleotide relative to the known nucleotide sequence. In some 

embodiments, a variant, derivative, mutant, or fragment of a known amino sequence is used 

that varies in length about 50 amino acids, or about 45 amino acids, or about 40 amino acids, 

or about 35 amino acids, or about 30 amino acids, or about 28 amino acids, 26 amino acids, 

24 amino acids, 22 amino acids, 20 amino acids, 18 amino acids, 16 amino acids, 14 amino 

acids, 12 amino acids, 10 amino acids, 9 amino acids, 8 amino acids, 7 amino acids, 6 amino 

acids, 5 amino acids, 4 amino acids, 3 amino acids, 2 amino acids, or 1 amino acid relative to 

the known amino acid sequence. 

[41] In those embodiments where an E40RF1 nucleic acid or amino acid sequence is used, 

in some embodiments such sequences are used without other sequences from the adenovirus 

E4 region - for example not in the context of the nucleotide sequence of the entire E4 region 

or not together with other polypeptides encoded by the E4 region. However, in some other 

embodiments such sequences may be used in conjunction with one or more other nucleic acid 

or amino acid sequences from the E4 region, such as E40RF2, E40RF3, E40RF4, or 

E40RF5 sequences, or variants, mutants or fragments thereof. For example, although 

E40RF1 sequences can be used in constructs (such as a viral vectors) that contain other 

sequences, genes, or coding regions (such as promoters, marker genes, antibiotic resistance 

genes, and the like), in certain embodiments, the E40RF1 sequences are used in constructs 

that do not contain the entire E4 region, or that do not contain other ORFs from the entire E4 

region, such as E40RF2, E40RF3, E40RF4, and/or E40RF5. 

[42] The nucleic acid molecules of the invention can be used in constructs that contain 

various other nucleic acid sequences, genes, or coding regions, depending on the desired use, 

for example, antibiotic resistance genes, reporter genes or expression tags (such as, for 

example nucleotides sequences encoding GFP), or any other nucleotide sequences or genes 

that might be desirable. The polypeptides of the invention can be expressed alone or as part 

of fusion proteins. 

[43] In some embodiments nucleic acid molecules of the invention can be under the 

control of one or more promoters to allow for expression. Any promoter able to drive 

expression of the nucleic acid sequences in the desired cell type can be used. Examples of 

suitable promoters include, but are not limited to, the CMV, SV40, RSV, HIV-Ltr, and MML 
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promoters. The promoter can also be a promoter from the adenovirus genome, or a variant 

thereof. For example, where E40RF1 is used, the promoter can be the promoter used to 

drive expression of corresponding genes in an adenovirus. 

[44] In some embodiments, nucleic acid molecules of the invention can be placed under 

the control of an inducible promoter, so that expression of the nucleic acid sequences can be 

turned on or off as desired. Any suitable inducible expression system can be used, such as, 

for example, a tetracycline inducible expression system, or a hormone inducible expression 

system. For example, the nucleic acid molecules of the invention can be expressed while 

they are needed and then switched off when the desired outcome has been achieved, for 

example when there has been sufficient growth or proliferation of the endothelial cells. The 

ability to turn on or turn off expression could be particularly useful for in vivo applications. 

[45] The nucleic acid molecules of the invention may comprise naturally occurring 

nucleotides, synthetic nucleotides, or a combination thereof. For example, in some 

embodiments the nucleic acid molecules of the invention can comprise RNA, such as 

synthetic modified RNA that is stable within cells and can be used to direct protein 

expression/production directly within cells. In other embodiments the nucleic acid molecules 

of the invention can comprise DNA. In embodiments where DNA is used, the DNA 

sequences may be operably linked to one or more suitable promoters and/or regulatory 

elements to allow (and/or facilitate, enhance, or regulate) expression within cells, and may be 

present in one or more suitable vectors or constructs. The nucleic acid molecules of the 

invention can be introduced into endothelial cells in the same nucleic acid construct or they 

can be introduced in separate nucleic acid constructs. 

[46] The nucleic acid molecules of the invention can be introduced into endothelial cells 

using any suitable system known in the art, including, but not limited to, transfection 

techniques and viral-mediated transduction techniques. Transfection methods that can be 

used in accordance with the present invention include, but are not limited to, liposome-

mediated transfection, polybrene-mediated transfection, DEAE dextran-mediated 

transfection, electroporation, calcium phosphate precipitation, microinjection, and micro-

particle bombardment. Viral-mediated transduction methods that can be used include, but are 

not limited to, lentivirus-mediated transduction, adenovirus-mediated transduction, 
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retrovirus-mediated transduction, adeno-associated virus-mediated transduction and herpes 

virus-mediated transduction. 

[47] The present invention also provides vectors, including expression vectors that contain 

nucleic acid molecules of the invention. For example, in one embodiment, the present 

invention provides an expression vector comprising a nucleotide sequence encoding an ETS 

transcription factor polypeptide and a nucleotide sequence encoding an E40RF1 polypeptide. 

In some such embodiments the ETS transcription factor is ETV2. In some such embodiments 

the expression vector is a lentivirus vector. In some embodiments the nucleotide sequence 

encoding the ETS transcription factor polypeptide and the nucleotide sequence encoding the 

E40RF1 polypeptide are under the control of separate promoters. In some embodiments the 

nucleotide sequence encoding the ETS transcription factor polypeptide and the nucleotide 

sequence encoding the E40RF1 polypeptide are under the control of the same promoter, for 

example with an internal ribosome entry site sequence (IRES) between the ETS and E40RF1 

sequences. 

[48] In some embodiments a peptidomimetic may be used. A peptidomimetic is a small 

protein-like chain designed to mimic a polypeptide. Such a molecule could be designed to 

mimic any of the polypeptides of the invention (e.g. an ETV2 or E40RF1 polypeptide). 

Various different ways of modifying a peptide to create a peptidomimetic or otherwise 

designing a peptidomimetic are known in the art and can be used to create a peptidomimetic 

of one of the polypeptides of the invention. 

[49] The handling, manipulation, and expression of the polypeptides and nucleic acid 

molecules of the invention may be performed using conventional techniques of molecular 

biology and cell biology. Such techniques are well known in the art. For example, one may 

refer to the teachings of Sambrook, Fritsch and Maniatis eds., "Molecular Cloning A 

Laboratory Manual, 2nd Ed., Cold Springs Harbor Laboratory Press, 1989); the series 

Methods of Enzymology (Academic Press, Inc.), or any other standard texts for guidance on 

suitable techniques to use in handling, manipulating, and expressing nucleotide and/or amino 

acid sequences. Additional aspects relevant to the handling or expression of E40RF1 

sequences are described in U.S. Patent No. 8,465,732, the contents of which are hereby 

incorporated by reference. 

Engineered Endothelial Cells 
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[50] In some embodiments the present invention provides "engineered endothelial cells." 

[51] In some embodiments the engineered endothelial cells are E40RF1+ engineered 

endothelial cells. In some embodiments the engineered endothelial cells are 

E40RF1+ETV2+ engineered endothelial cells. In some embodiments the engineered 

endothelial cells are E40RF1+ETS+ engineered endothelial cells. 

[52] In other embodiments the engineered endothelial cells express one or more markers. 

Indeed, it should be noted that in all of the embodiments described herein that involve 

E40RF1+ engineered endothelial cells, as an alternative to the E40RF1+ cells, endothelial 

cells can be used that have been engineered (for example by transfection or transduction with 

a nucleic acid molecule, or by treatment with any other agent, such as a protein or chemical 

agent) such that they express one or more of the following markers, or express elevated levels 

of one or more of the following markers, such as 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 

8-fold, 9-fold, 10-fold, 20-fold, 30-fold, 40-fold, or 50-fold higher levels of one or more of 

the following markers, as compared to non-engineered endothelial cells (e.g. as compared to 

naive endothelial cells or as compared to endothelial cells that have not been so-engineered 

but have otherwise been treated comparably). The markers are: Integrin alpha 11, Matrilin 2, 

TIMP metallopeptidase inhibitor 3, Delta-like 4, Elastin, Smoothelin-like 2, Syndecan 1, 

Calponin 3 acidic, Protein C (inactivator of coagulation factors Va and Villa), Growth 

differentiation factor 3, Gap junction protein alpha 4 37kDa, ADAM metallopeptidase with 

thrombospondin type 1 motif 18, Interleukin 33, Leptin receptor, Sulfatase 1, Ephrin-Al, 

Dipeptidyl-peptidase 4, Collagen, type VIII, alpha 1, Chemokine (C-C motif) ligand 2, 

Cartilage acidic protein 1, Cysteinyl leukotriene receptor 2, Fibroblast growth factor 2 

(basic), Laminin beta 3, CD82 molecule, Insulin receptor, Ephrin-Bl, Chemokine (C-C 

motif) receptor-like 1, Gap junction protein, alpha 4, 37kDa, and Fibulin 2. The above listed 

markers, and their corresponding gene symbols, are also illustrated in Table 1, below. 

Table 1: Markers Up-regulated in Engineered E4QRF1+ Endothelial Cells 

Gene Name Gene Symbol Fold increase 
in expression* 

Integrin, alpha 11 ITGA11 3.84 
Matrilin 2 MATN2 7.97 
TIMP metallopeptidase inhibitor 3 TIMP3 6.23 
Delta-like 4 (Drosophila) DLL4 2.24 
Elastin ELN 91.37 
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Smoothelin-like 2 SMTNL2 9.52 
Syndecan 1 SDC1 4.23 
Calponin 3, acidic CNN3 1.55 
Protein C (inactivator of coagulation factors Va and Villa) PROC 10.48 
Growth differentiation factor 3 GDF3 7.62 
Gap junction protein, alpha 4, 37kDa GJA4 4.15 

ADAM metallopeptidase with thrombospondin type 1 motif 18 ADAMT18 2.93 
Interleukin 33 IL33 6.14 
Leptin receptor LEPR 5.13 
Sulfatase 1 SULF1 3.36 
Ephrin-Al EFNA1 2.03 
Dipeptidyl-peptidase 4 DPP4 4.62 
Collagen, type VIII, alpha 1 CO LAI 4.50 
Chemokine (C-C motif) ligand 2 CCL2 3.38 
Cartilage acidic protein 1 CRTAC1 10.41 
Cysteinyl leukotriene receptor 2 CYSLTR2 5.42 
Fibroblast growth factor 2 (basic) FGF2 4.81 
Laminin, beta 3 LAMB3 2.87 
CD82 molecule CD82 2.18 
Insulin receptor INSR 2.36 
Ephrin-Bl EFNB1 2.44 
Chemokine (C-C motif) receptor-like 1 CCRL1 2.69 
Gap junction protein, alpha 4, 37kDa GJA4 4.15 
Fibulin 2 FBLN2 10.13 

* fold-increase in expression in passage 12 (PI2) E40RF1 -expressing HUVECs as compared 

to (PI2) non-E40RFl-expressing HUVECs, as determined by RNA-Seq. 

[53] In some such embodiments the engineered endothelial cells express, or express 

elevated levels of, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 

24, 25, 26, 27, 28, or all 29 of the above markers. In some such embodiments the engineered 

endothelial cells express, or express elevated levels of, elastin. In some such embodiments 

the engineered endothelial cells express, or express elevated levels of, elastin, protein C, 

cartilage acidic protein 1, and fibulin 2. In some such embodiments the engineered 

endothelial cells express, or express elevated levels of, elastin, protein C, cartilage acidic 

protein 1, fibulin 2, matrilin 2, smoothelin-like 2, growth-differentiation factor 3, interleukin 

33, leptin receptor and cysteinyl leukotriene receptor 2. 

[54] The engineered endothelial cells can be derived from any suitable source of 

endothelial cells known in the art. In some embodiments the endothelial cells are primary 
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endothelial cells. In some embodiments the engineered endothelial cells are mammalian 

cells, such as human or non-human primate cells, or rabbit, rat, mouse, goat, pig, or other 

mammalian cells. In some embodiments the endothelial cells are primary human endothelial 

cells. In some embodiments the endothelial cells are umbilical vein endothelial cells 

(UVECs), such as human umbilical vein endothelial cells (HUVECs). In some embodiments 

the endothelial cells are naive endothelial cells. In some embodiments the endothelial cells 

are genetically modified endothelial cells. In some embodiments the engineered endothelial 

cells can be derived from stem cells or progenitor cells. For example, in some embodiments 

the engineered endothelial cells can be derived from pluripotent stem cells, such as induced 

pluripotent stem cells (iPS cells) or embryonic stem cells (ES cells). In some embodiments 

the engineered endothelial cells can be derived from endothelial progenitor cells. In some 

embodiments the engineered endothelial cells can be derived from a differentiated non-

endothelial cell type using a reprogramming method, such as a direct reprogramming method 

or a method in which a differentiated cell is reprogrammed into a less differentiated cell type 

(such as a pluripotent or multipotent cell type) prior to subsequently differentiating the less 

differentiated cell into an endothelial cell. In some embodiments the engineered endothelial 

cells are organ-specific endothelial cells. For example, in some embodiments the engineered 

endothelial cells may be hematopoietic system-specific endothelial cells, or nervous system-

specific endothelial cells, or cardiac-specific endothelial cells, or lung-specific endothelial 

cells, or liver-specific endothelial cells, or kidney-specific endothelial cells, or muscle-

specific endothelial cells, or cartilage-specific endothelial cells, or adipose tissue-specific 

endothelial cells. In some such embodiments the organ-specific endothelial cells used are 

derived from the organ or tissue into which the implant is to be placed. For example, in some 

embodiments if the implant is to be implanted into lung tissue, or used to treat a lung defect, 

the endothelial cells used may lung-specific endothelial cells. Similarly, if the implant is to 

be implanted into liver tissue, or used to treat a liver defect, the endothelial cells used may be 

liver-specific endothelial cells. Other suitable endothelial cells that can be used include those 

described previously as being suitable for E40RF1 -expression in U.S. Patent No. 8,465,732, 

the contents of which are hereby incorporated by reference. 

[55] In some embodiments the engineered endothelial cells are genetically-modified such 

that they comprise one or more genetic modifications in addition to and apart from the 

expression of any of the specific molecules or markers described herein (e.g. E40RF1). For 
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example, such cells may comprise a corrected version of a gene known to be involved in, or 

suspected of being involved in, a disease or disorder that affects endothelial cells, or any 

other gene, such as a therapeutically useful gene, that it may be desired to provide in 

endothelial cells or administer or deliver using engineered endothelial cells. 

[56] The engineered endothelial cells of the invention may exist in, or be provided in, 

various forms. For example, in some embodiments the engineered endothelial cells may 

comprise a population of cells, such as an isolated population of cells. In some embodiments 

the engineered endothelial cells may comprise a population of cells in vitro - for example to 

be added to an implant, or comprised within an implant. In some embodiments the 

engineered endothelial cells may comprise a substantially pure population of cells. Similarly 

in some embodiments the isolated implants of the invention may comprise a substantially 

pure population of endothelial cells. For example, in some embodiments at least about 50%, 

preferably at least about 75-80%, more preferably at least about 85-90%, and most preferably 

at least about 95% of the cells making up a total cell population will be engineered 

endothelial cells of the invention. In some embodiments the engineered endothelial cells may 

be provided in the form of a composition containing the engineered cells and one or more 

additional components. For example, in some embodiments the present invention may 

provide a composition comprising a population of engineered endothelial cells as described 

herein together with a carrier solution, such as a physiological saline solution, cell suspension 

medium, cell culture medium, or the like. In some embodiments such compositions may be 

therapeutic compositions - comprising a population of engineered endothelial cells and a 

carrier solution that is suitable for administration to a subject, such as a human subject. Other 

therapeutically acceptable agents can be included if desired. One of ordinary skill in the art 

can readily select suitable agents to be included in the therapeutic compositions depending on 

the intended use. 

[57] In some embodiments the engineered endothelial cells of the invention are mitotically 

inactivated prior to use (e.g. therapeutic use) such that they cannot replicate. This can be 

achieved, for example, by using a chemical agent such as mitomycin C or by irradiating the 

engineered endothelial cells. 

Biocompatible Scaffolds 
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[58] In certain embodiments the biocompatible scaffold used in accordance with the 

present invention can be, or can comprise, consist essentially of, or consist of, of any material 

that is biocompatible, is capable of being infiltrated by cells (e.g. comprising a porous 

structure), and is suitable for surgical implantation into a living subject. Examples of such 

scaffolds include, but are not limited to, those that comprise, consist of, or consist essentially 

of de-cellularized animal tissue (such as de-cellularized porcine tissue, e.g. XenMatrix 

available from Bard, Inc.), or one or more extracellular matrix ("ECM") components such as 

collagen, laminin, and/or fibrin. In some embodiments the biocompatible scaffold comprises 

at least about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70% , 80%, 90% or 95% collagen. In 

some embodiments the biocompatible scaffold comprises at least about 5%, 10%, 20%, 30%, 

40%, 50%, 60%, 70% , 80%, 90% or 95% laminin. In some embodiments the biocompatible 

scaffold comprises at least about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70% , 80%, 90% or 

95%) fibrin. In some embodiments the biocompatible scaffold is one that is solid at 4°C 

and/or at room temperature (around 21°C), or both. In some embodiments the biocompatible 

scaffold does not comprise hyaluronic acid. In some embodiments the biocompatible 

scaffold does not comprise more than about 5%, 4%, 3%, 2%, 1%, or 0.5% hyaluronic acid. 

In some embodiments the biocompatible scaffold does not comprise Matrigel. In some 

embodiments the biocompatible scaffold material may be selected depending on the tissue 

location into which it is to be implanted, for example based on its biomechanical properties or 

any other biological properties. 

Implants 

[59] The implants described herein comprise a biocompatible scaffold material and 

engineered endothelial cells. In some embodiments the biocompatible scaffold has a three-

dimensional structure and the engineered endothelial cells form blood vessels within the 

implant. 

[60] In some embodiments the implants may also comprise other cell types - in addition to 

endothelial cells. In some embodiments such additional cell types may be stem or progenitor 

cells, such as embryonic stem (ES) cells, induced pluripotent stem cells (iPSCs), 

hematopoietic stem cells, bone stem cells, muscle stem cells, neural stem cells, epithelial 

stem cells, skin stem cells, mesenchymal stem cells, intestinal stem cells, spermatogonial 

stem cells, and the like. In some embodiments such additional cell types may differentiated 
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cells such as hematopoietic cells, bone cells, muscle cells, neural cells, epithelial cells, skin 

cells, fibroblasts, intestinal cells, testicular cells, and the like. In some embodiments such 

additional cell types may be genetically modified cells. In some embodiments such 

additional cell types may be naive (i.e. non-genetially modified) cells. Other examples of 

cells that can be provided or used together with the engineered endothelial cells of the 

invention are provided in U.S. Patent No. 8,465,732, the contents of which are hereby 

incorporated by reference. 

[61] In some embodiments the implant can be of any suitable size and/or shape depending 

on the intended use of the implant. For example, if an implant is intended for replacement or 

repair of a specific tissue defect, the implant can be configured such that it has a size and 

shape suitable for insertion into that tissue defect. 

Culture Methods & Methods of Making Implants 

[62] Methods of culturing cells are well known in the art and any suitable cell culture 

methods can be used. For example, the engineered endothelial cells of the invention, or 

implants containing such cells, can be cultured using methods known to be useful for 

culturing other endothelial cells, or, methods known to be useful for culturing E40RF1+ 

endothelial cells, for example as described in U.S. Patent No. 8,465,732, the contents of 

which are hereby incorporated by reference. In some embodiments the engineered 

endothelial cells of the invention, or implants containing such cells, can be cultured in the 

absence of serum, or in the absence of exogenous growth factors, or in the absence of both 

serum and exogenous growth factors, or in the absence of exogenous angiogenic factors. 

[63] The engineered endothelial cells of the invention can also be cryopreserved. Various 

methods for cell culture and cell cryopreservation are known to those skilled in the art, such 

as the methods described in Culture of Animal Cells: A Manual of Basic Technique, 4th 

Edition (2000) by R. Ian Freshney ("Freshney"), the contents of which are hereby 

incorporated by reference. 

[64] The implants of the present invention can be made by any suitable method known in 

the art. For example, in one embodiment the present invention provides a method for 

preparing an implant as described herein, comprising contacting a biocompatible scaffold 

with a population of engineered endothelial cells in vitro. In some embodiments, the initial 
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contacting step may comprise placing a biocompatible scaffold material into, or on top of, a 

culture of engineered endothelial cells. In some embodiments, the initial contacting step may 

comprise placing engineered endothelial cells on to or into a biocompatible scaffold material. 

During the initial contacting step, and thereafter, the engineered endothelial cells, the 

biocompatible scaffold, and the resulting implant, can be maintained under culture conditions 

that are known to be suitable for the culture of endothelial cells, such as those described 

herein. The biocompatible scaffold may be incubated with the population of engineered 

endothelial cells for sufficient time for the endothelial cells to infiltrate the biocompatible 

scaffold, or for sufficient time for the endothelial cells to form blood vessels within 

biocompatible scaffold, as desired. For example, in some embodiments, the biocompatible 

scaffold may be incubated with the population of engineered endothelial cells for about 1 day 

(24 hours), 2 days (48 hours), 3 days, 4 days, 5 days, 6 days, or 7 days (1 week), or for about 

2 weeks, 3 weeks, 4 weeks, 5 weeks, or 6 weeks, or more, prior to use of the implant, for 

example for implantation into a subject. 

Subjects & Methods of Treatment 

[65] In some embodiments, the subjects into which the implants of the invention may be 

implanted are subjects of any animal species in which it may be desired to use an implant to 

aid in the treatment of a tissue defect. In some embodiments the subject is a mammal, for 

example a mammal selected from the group consisting of primates (such as humans and 

monkeys), rodents, (such as mice, rats and rabbits), ovine species (such as sheep and goats), 

bovine species (such as cows), porcine species, equine species, feline species and canine 

species. In some embodiments the subject is a human. 

[66] The implants of the invention may be used to treat a tissue defect in a subject in need 

thereof. Such subjects may have a "tissue defect." As used herein the term "tissue defect" is 

intended to encompass a variety of types of conditions and types of tissue damage, tissue 

injury, or tissue dysfunction, including, but not limited to, that caused by traumatic injury, 

ageing, degenerative disease, genetic disorders, infectious disease, autoimmune disease, or 

cancer. The methods of treatment provided herein may provide, or be aimed at achieving, 

replacement, reconstruction, regeneration, repair, or supplementation of a tissue defect in the 

subject. For example, in one embodiment an implant as described herein can be used to treat 

diabetes in a subject (e.g. by replacement or supplementation of defective insulin-secreting 
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tissue), or treat neuropathy. In another embodiment an implant as described herein can be 

used to treat neuropathy, for example by placing an implant in the vicinity of a damaged 

nerve, e.g. a nerve having a damaged, defective or absent myelin sheath, where such implant 

may facilitate repair of the nerve, including its myelin sheath. 

[67] The implants of the present invention can be surgically implanted into a subject in 

need thereof using standard surgical methods or techniques known in the art. For example, 

an implant according to the present invention may be surgically implanted at the site of a 

tissue defect, or close to the site of a tissue defect, as needed. 

[68] In some embodiments the implants of the invention contain engineered endothelial 

cells that are derived from the same subject into which the implant is to be implanted - i.e. 

autologous cells. In other embodiments the implants of the invention contain engineered 

endothelial cells that are derived from an allogeneic donor subject. In some such 

embodiments the allogeneic donor has a tissue match with the subject into which the implant 

will be placed (e.g. HLA matched, or MHC matched). In some such embodiments the 

allogenic donor is mismatched or partially matched with the subject into which the implant 

will be placed (e.g. HLA partial mismatch or MHC partial mismatch). In embodiments 

where the engineered endothelial cells are derived from an allogeneic donor it may be 

necessary to treat the subject with one or more immunosuppressive agents in order to reduce 

the risk of rejection of the "foreign" endothelial cells. 

Kits 

[69] The present invention also provides kits for making the implants described herein, and 

for carrying out the various methods described herein. Such kits may contain any of the 

components described herein, including, but not limited to, nucleotide sequences (for 

example encoding E40RF1), engineered endothelial cells (e.g. E40RF1+ endothelial cells), 

naive endothelial cells, means or compositions for detection of engineered endothelial cells or 

the proteins or nucleic acid molecules expressed therein, (e.g. nucleic acid probes, antibodies, 

etc.), media or compositions useful for culturing engineered endothelial cells, or for 

maintaining or culturing implants containing engineered endothelial cells, biocompatible 

scaffold materials, or any combination thereof. All such kits may optionally comprise 

instructions for use, containers, culture vessels and the like. A label may accompany the kit 

and may include any writing or recorded material, which may be electronic or computer 
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readable form (e.g., disk, optical disc, memory chip, or tape) providing instructions or other 

information for use of the kit contents. 

[70] Certain aspects of the present invention may be further described in the following 

non-limiting Examples. 

EXAMPLES 

Example 1: In Vitro Culture of Implants Containing Engineered Endothelial Cells 

[71] Engineered E40RF1+ human umbilical vein endothelial cells (HUVECs) expressing 

the adenovirus E40RF1 protein and green fluorescent protein (GFP) were cultured as 

described in Example 3. The engineered E40RF1+ HUVECs were plated under standard 

conditions in a 24 well plate and were allowed to reach confluence. De-cellularized porcine 

collagen matrix was used (XenMatrix™ Surgical Graft, Bard Davol, Inc. Warwick, RI). The 

collagen matrix was prepared either by sheering the matrix material into small pieces with 

scissors or using a 6mm dermal punch. Two alternative methods were used to seed the 

collagen matrix with the engineered HUVECs. In the first method, the collagen matrix was 

placed directly on top of monolayers of the engineered HUVECs, which were being cultured 

on the surface of 24 well plates. In the second method, collagen matrix was placed into wells 

of a 24 well plate, and engineered HUVECs that had been harvested from their culture 

vessels were placed on top of the collagen matrix. The engineered HUVECs in both 

conditions were observed growing into the collagen matrix within 24 hours, and remained 

viable within the collagen matrix for all time points tested (up to 6 weeks). Blood vessels 

could be visualized within 48 hours of seeding with the engineered endothelial cells and were 

present for all time points tested (up to 6 weeks). The engineered E40RF1+ HUVECs 

formed blood vessel structures with open lumens, which were observed throughout the 

collagen matrices (see Fig. 1 A) and also protruding from the boundaries of the matrices and 

into the surrounding media (see Fig. IB). 

Example 2: In Vivo Implantation of Collagen Matrices Containing Engineered Endothelial 

Cells 

[72] Collagen matrices were seeded with engineered HUVECs as described in Example 1. 

Cells were cultured in vitro for between 8 days and 6 weeks after seeding with the engineered 

HUVECs, and then subsequently implanted into mice (immunocompromised mice were used 
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to minimize any rejection reaction to the human endothelial cells). Mice were anesthetized 

and prepared for surgery. An 8 mm incision was made in the skin of the abdomen. Forceps 

were inserted between the abdominal muscle and skin to create a space to be occupied by the 

implants. Each animal received one "control" implant (comprising collagen matrix material 

that had been soaked in media, but that had not been seeded with endothelial cells) and one 

"test" implant (comprising the engineered HUVECs). The implants were harvested at 48 

hours to 4 weeks following implantation. When removing the implants it was found that the 

test implants were adhered to the surrounding mouse tissues much more strongly than the 

control implants. At the 48 hour time point the test implants were already partially 

anastomosed as evidenced by the presence of blood penetrating the graft (Figure 2 A) whereas 

the control implants were not (Figure 2B). During the removal of the graft, the test matrix 

was also noticeably adherent to the surrounding tissue whereas the matrix without endothelial 

cells demonstrated no adherence. Figure 3 illustrates the far greater degree of vascularization 

seen in the test implants as compared to the controls at 4 weeks following implantation. 

Implants were sectioned and examined histologically. It appeared that the test implants 

exhibited a greater degree of cellularity than the control implants. See Figure 4. 

Example 3: Culture of E4QRF1+ engineered endothelial cells and implants containing 

E4QRF1+ engineered endothelial cells. 

[73] For the purposes of culturing endothelial cells on collagen matrices human umbilical 

vein endothelial cells (HUVECs) were obtained from consenting donors with no known 

maladies and transduced with adenovirus E40RF1 to generate E40RF1+ HUVECs. The 

engineered HUVECs were grown as adherent cells using methods standard in the art. This 

standard includes splitting the cells when 100% confluent, culturing at 37°C, expansion on 

tissue culture treated plates, flasks, or wells, and using a media defined as: Medium 199 

supplemented with endothelial cell supplement (50[j,g/ml), fetal bovine serum (FBS, final 

concentration: 20%), an antibiotic-antimycotic solution, HEPES buffer (lOmM), heparin 

(50|ig/ml), and Glutamax. As the cells proliferated, media was exchanged either during sub-

culturing into larger flasks or if the media exceeded 2 days of culture. 

[74] The endothelial cells were only placed into contact with the matrices when the 

matrices were hydrated. Several variations of the culture method were used when culturing 

the E40RF1+ endothelial cells with collagen matrices. In one method, the solid collagen 
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matrix was cut into 25mm2 pieces with sharp bladed instruments (such as razor blades, 

scalpels, or scissors). In another method, the solid collagen matrix was cut into circular 

pieces with dental punches. In another method the E40RF1+ endothelial cells (ECs) were in 

a confluent monolayer with the matrix placed on top with ample media to cover the matrix. 

The ECs migrated into the matrix. In one method of culturing, the matrix was placed in a 

well with ample media to cover the matrix. E40RF1+ ECs were added in a suspension of 

media to the matrix-containing well. The ECs adhered to and grew on the matrix until 

contact-mediated growth inhibition. For long term incubations, media was exchanged every 

2-3 days with care taken not to directly contact the matrix to prevent disruption of the 

vascular structures. Invasion of the collagen matrix by the E40RF1+ ECs was noted within 

24 hours in each method with increasing invasion continuing for several days depending on 

the number of cells seeded and the size of the graft. Overgrowth (defined as E40RF1+ ECs 

growing in multiple layers, balls, or clumps), was not noticed - consistent with the cells being 

growth arrested at confluence. Lumen-containing structures having the appearance of blood 

vessel were noted at 48 hours and persisted for several weeks (Figure IB). 

[75] In vivo experiments were performed by surgically implanting these matrices into 

immunocompromised NOD scid gamma (NSG) mice - which were incapable of mounting an 

immune response to the human E40RF1+ ECs. Anesthetized mice were cleaned, shaven, 

and stabilized. A small 8mm incision was made in the skin. Blunt ended forceps were 

inserted while closed, then opened after inserting between the skin and muscle to create a 

cavity. This was repeated in the opposite direction. Control and test matrices were then 

placed in these cavities. 
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CLAIMS 

We claim: 

1. An isolated implant suitable for surgical implantation into a subject comprising: (a) a 

biocompatible scaffold material, and (b) blood vessels disposed within the 

biocompatible scaffold material, wherein the blood vessels comprise E40RF1+ 

engineered endothelial cells. 

2. The isolated implant of claim 1, comprising a network of connected blood vessels. 

3. The isolated implant of claim 1, wherein the blood vessels comprise capillaries. 

4. The isolated implant of claim 1, wherein the blood vessels have open lumens. 

5. The isolated implant of claim 1, wherein one or more of the blood vessels protrude 

beyond the boundaries of the biocompatible scaffold material. 

6. The isolated implant of claim 1, wherein the E40RF1+ engineered endothelial cells 

are E40RF1+ ETV2+. 

7. The isolated implant of claim 1, wherein the engineered endothelial cells express a 

recombinant ETS family transcription factor. 

8. The isolated implant of claim 1, wherein the engineered E40RF1+ endothelial cells 

are mammalian endothelial cells. 

9. The isolated implant of claim 1, wherein the engineered E40RF1+ endothelial cells 

are human endothelial cells. 

10. The implant of claim 1, wherein the engineered E40RF1+ endothelial cells are 

derived from human umbilical vein endothelial cells (HUVECs). 

11. The isolated implant of claim 1, wherein the engineered E40RF1+ endothelial cells 

are organ-specific endothelial cells. 

12. The isolated implant of claim 1, wherein the engineered E40RF1+ endothelial cells 

are derived from endothelial cells of the subject into which the implant is to be 

surgically implanted. 
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13. The isolated implant of claim 1, wherein the engineered E40RF1+ endothelial cells 

are derived from endothelial cells of an allogeneic donor having the same MHC- or 

HLA-type as the subject into which the implant is to be surgically implanted. 

14. The isolated implant of claim 1, wherein the engineered E40RF1+ endothelial cells 

are derived from endothelial cells of an allogeneic donor having a partial MHC- or 

HLA-type match to the subject into which the implant is to be surgically implanted. 

15. The isolated implant of claim 1, wherein the engineered E40RF1+ endothelial cells 

are derived from endothelial cells of an allogenic donor having differences in the 

MHC- or HLA-type as compared the subject into which the implant is to be surgically 

implanted. 

16. The isolated implant of claim 1, further comprising stem or progenitor cells disposed 

within the biocompatible scaffold material. 

17. The isolated implant of claim 16, wherein the stem or progenitors cells are selected 

from the group consisting of hematopoietic stem cells, bone stem cells, muscle stem 

cells, neural stem cells, hair follicle stem cells, epithelial stem cells, skin stem cells, 

mesenchymal stem cells, intestinal stem cells, and spermatogonial stem cells. 

18. The isolated implant of claim 1, further comprising one or more additional cell types 

disposed within the biocompatible scaffold material. 

19. The isolated implant of claim 18, wherein the additional cell types are selected from 

the group consisting of: hematopoietic cells, bone cells, muscle cells, neural cells, 

pericytes, hair follicle cells, adipose cells, keratinocytes, epithelial cells, skin cells, 

fibroblasts, intestinal cells, and testicular cells. 

20. The isolated implant of claim 1, wherein the biocompatible scaffold material is solid 
at 4°C. 

21. The isolated implant of claim 1, wherein the biocompatible scaffold material is solid 
at 21°C. 

22. The isolated implant of claim 1, wherein the biocompatible scaffold material 

comprises one or more extracellular matrix molecules. 
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23. The isolated implant of claim 1, wherein the biocompatible scaffold material 

comprises collagen. 

24. The isolated implant of claim 1, wherein the biocompatible scaffold material 

comprises fibrin. 

25. The isolated implant of claim 1, wherein the biocompatible scaffold material 

comprises laminin. 

26. The isolated implant of claim 1, wherein the biocompatible scaffold material 

comprises decellularized animal tissue. 

27. The isolated implant of claim 1, wherein the biocompatible scaffold material 

comprises decellularized porcine tissue. 

28. The isolated implant of claim 1, wherein the biocompatible scaffold material is not 

Matrigel. 

29. The isolated implant of claim 1, wherein the biocompatible scaffold material does not 

comprise hyaluronic acid. 

30. The isolated implant of claim 1, wherein the implant does not comprise serum. 

31. The isolated implant of claim 1, wherein the implant does not comprise exogenous 

growth factors. 

32. The isolated implant of claim 1, wherein the implant does not comprise exogenous 

angiogenic factors. 

33. The isolated implant of claim 1, wherein the implant does not comprise exogenous 

VEGF. 

34. The isolated implant of claim 1, wherein the implant does not comprise exogenous 

FGF. 

35. The isolated implant of claim 1, wherein the implant does not comprise fibroblasts. 

36. The isolated implant of claim 1, wherein the implant does not comprise fibroblast-

derived angiogenic factors. 
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37. The isolated implant of claim 1, wherein the implant does not comprise fibroblast-

derived extracellular matrix components. 

38. The isolated implant of claim 1, wherein the implant does not comprise micro-carrier 

beads. 

39. The isolated implant of claim 1, wherein the implant does not comprise micro-carrier 

beads coated with an extracellular matrix molecule. 

40. A method of preparing an implant suitable for surgical implantation into a subject, the 

method comprising: culturing a population of engineered E40RF1+ endothelial cells 

in contact with a biocompatible scaffold material in vitro until blood vessels are 

formed within the biocompatible scaffold material, thereby forming an implant 

comprising E40RF1+ blood vessels. 

41. The method of claim 40, wherein the culturing is performed until a network of 

connected blood vessels is formed. 

42. The method of claim 40, wherein the culturing is performed until one or more blood 

vessels protrude beyond the boundaries of the biocompatible scaffold material. 

43. The method of claim 40, wherein the culturing is performed for at least 24 hours. 

44. The method of claim 40, wherein the culturing is performed for at least 48 hours. 

45. The method of claim 40, wherein the culturing is performed for at least 3 days. 

46. The method of claim 40, wherein the culturing is performed for at least 4 days. 

47. The method of claim 40, wherein the culturing is performed for at least 5 days. 

48. The method of claim 40, wherein the culturing is performed for at least 1 week. 

49. The method of claim 40, wherein the engineered E40RF1+ endothelial cells are 

E40RF1+ ETV2+. 

50. The method of claim 40, wherein the engineered E40RF1+ endothelial cells express a 

recombinant ETS family transcription factor. 
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51. The method of claim 40, wherein the engineered E40RF1+ endothelial cells are 

organ-specific endothelial cells. 

52. The method of claim 40, wherein the engineered E40RF1+ endothelial cells are 

mammalian endothelial cells. 

53. The method of claim 40, wherein the engineered E40RF1+ endothelial cells are 

human endothelial cells. 

54. The method of claim 40, wherein the engineered E40RF1+ endothelial cells are 

derived from endothelial cells of the subject into which the implant is to be surgically 

implanted. 

55. The method of claim 40, wherein the engineered E40RF1+ endothelial cells are 

derived from endothelial cells of an allogeneic donor having the same MHC- or HLA-

type as the subject into which the implant is to be surgically implanted. 

56. The method of claim 40, wherein the engineered E40RF1+ endothelial cells are 

derived from endothelial cells of an allogeneic donor having the same MHC- or HLA-

type as the subject into which the implant is to be surgically implanted. 

57. The method of claim 40, wherein the engineered E40RF1+ endothelial cells are 

derived from endothelial cells of an allogeneic donor having a partial MHC- or HLA-

type match to the subject into which the implant is to be surgically implanted. 

58. The method of claim 40, wherein the engineered E40RF1+ endothelial cells are 

derived from endothelial cells of an allogenic donor having differences in the MHC-

or HLA-type as compared the subject into which the implant is to be surgically 

implanted. 

59. The method of claim 40, wherein the engineered E40RF1+ endothelial cells are 

derived from human umbilical vein endothelial cells (HUVECs). 

60. The method of claim 40, wherein the blood vessels comprise capillaries. 

61. The method of claim 40, wherein the blood vessels have lumens. 
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62. The method of claim 40, wherein the biocompatible scaffold material comprises stem 

or progenitor cells disposed within it. 

63. The method of claim 62, wherein the stem or progenitors cells are selected from the 

group consisting of hematopoietic stem cells, bone stem cells, muscle stem cells, 

neural stem cells, epithelial stem cells, skin stem cells, hair follicle stem cells, 

mesenchymal stem cells, intestinal stem cells, and spermatogonial stem cells. 

64. The method of claim 40, wherein the biocompatible scaffold material comprises one 

or more additional cell types disposed within it. 

65. The method of claim 64, wherein the additional cell types are selected from the group 

consisting of: hematopoietic cells, bone cells, muscle cells, neural cells, pericytes, hair 

follicle, adipose cells, keratinocytes, epithelial cells, skin cells, fibroblasts, intestinal 

cells, and testicular cells. 

66. The method of claim 40, wherein the biocompatible scaffold material is solid at 4°C. 

67. The method of claim 40, wherein the biocompatible scaffold material is solid at 21°C. 

68. The method of claim 40, wherein the biocompatible scaffold material is not Matrigel. 

69. The method of claim 40, wherein the biocompatible scaffold material does not 

comprise hyaluronic acid. 

70. The method of claim 40, wherein the biocompatible scaffold material comprises one 

or more extracellular matrix molecules. 

71. The method of claim 40, wherein the biocompatible scaffold material comprises 

collagen. 

72. The method of claim 40, wherein the biocompatible scaffold material comprises 

decellularized animal tissue. 

73. The method of claim 40, wherein the biocompatible scaffold material comprises 

decellularized porcine tissue. 

74. The method of claim 40, wherein the culturing is performed in the absence of serum. 
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75. The method of claim 40, wherein the culturing is performed in the absence of 

exogenous growth factors. 

76. The method of claim 40, wherein the culturing is performed in the absence exogenous 

angiogenic factors. 

77. The method of claim 40, wherein the culturing is performed in the absence of 

exogenous VEGF. 

78. The method of claim 40, wherein the culturing is performed in the absence of 

exogenous FGF. 

79. The method of claim 40, wherein the culturing is performed in the absence of 

fibroblasts. 

80. The method of claim 40, wherein the culturing is performed in the absence of 

fibroblast-derived angiogenic factors. 

81. The method of claim 40, wherein the culturing is performed in the absence of 

fibroblast-derived extracellular matrix components. 

82. The method of claim 40, wherein the culturing is performed in the absence of micro-

carrier beads. 

83. The method of claim 40, wherein the culturing is performed in the absence of micro-

carrier beads coated with an extracellular matrix molecule. 

84. A method of treating a subject in need thereof, the method comprising implanting an 

implant according to any one of claims 1-39 into the subject. 

85. The method of claim 84, wherein the subject has a tissue defect, and wherein the 

implant is surgically implanted into the subject at the site of the tissue defect. 

86. The method of claim 84, wherein the engineered E40RF1+ endothelial cells are 

organ-specific endothelial cells and wherein in the implant is surgically implanted 

into the organ from which the organ-specific endothelial cells were derived. 

87. The method of claim 84, wherein the subject is a mammalian subject. 
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88. The method of claim 84, wherein the subject is a human subject. 

89. The method of claim 84, wherein the engineered E40RF1+ endothelial cells in the 

implant are derived from the subject's own endothelial cells. 

90. The method of claim 84, wherein the engineered E40RF1+ endothelial cells in the 

implant are derived from endothelial cells of an allogeneic donor having the same 

MHC- or HLA-type as the subject. 

91. The method of claim 84, wherein the engineered E40RF1+ endothelial cells in the 

implant are derived from endothelial cells of an allogeneic donor having a partial 

MHC- or HLA-type match to the subject into which the implant is to be surgically 

implanted. 

92. The method of claim 84, wherein the engineered E40RF1+ endothelial cells in the 

implant are derived from endothelial cells of an allogenic donor having differences in 

the MHC- or HLA-type as compared the subject into which the implant is to be 

surgically implanted. 
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