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METHODS OF IMPLANTING CELLS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority to U.S. Provisional Patent

Application No. 62/685,1 2 1, filed June 14, 201 8, which is hereby incorporated by

reference in its entirety.

BACKGROUND

[0002] It is currently estimated that over 9% of the United States population (-30.3

million people) have diabetes and nearly 34% of the adult population in the United

States is prediabetic. Kemmis, Karen, “The 201 7 National Diabetes Statistics Report is

Here”, American Association of Diabetes Educators, 201 7 . It is estimated that

individuals with type 1 diabetes (T1 D) remains at 5% among those with diabetes.

[0003] Intrahepatic islet transplantation has been the gold standard for clinical islet

transplantation trials aimed at treating patients with T 1D and hypoglycemia

unawareness or with surgically induced diabetes (pancreatectomy) ( 1 ) . This procedure

has been shown to normalize levels of hemoglobin A c , improve glycemic control, and

eliminate severe hypoglycemic events, even in the absence of insulin independence (2).

[0004] However, progressive graft dysfunction has been observed in clinical trials

years after intrahepatic islet transplantation, often requiring reintroduction of exogenous

insulin. Long-term intrahepatic islet dysfunction has been also observed in preclinical

models (3). Activation of an immediate blood-mediated inflammatory reaction (IBMIR)

and hypoxia in the transplant microenvironment after intrahepatic islet embolization

contributes to functional impairment and the loss of a significant portion of the

transplanted islets (4-7). Furthermore, the hepatic first pass of orally administered

drugs exposes intrahepatic islets to higher concentrations of diabetogenic

immunosuppressive agents. Other potential challenging factors in this setting include

accumulation of peri-insular fat (microsteatosis) in the liver parenchyma (8-1 3).

Moreover, chronic exposure of intrahepatic islets to endotoxins and other

proinflammatory agents absorbed through the gastrointestinal tract, in addition to the

IBMIR, are thought to trigger adaptive immune responses known to be associated with



a higher incidence of acute and chronic rejection episodes. These immune responses

also potentially facilitate recurrence of autoimmunity in transplanted subjects with T 1D

(2) .

SUMMARY

[0005] The present disclosure provides apparatus and methods of implanting cells,

tissue and/or device comprising cells, tissue or biologically active agents in a subject. In

exemplary embodiments, the method comprises (a) implanting at a target site within the

subject an apparatus comprising an exterior, an interior, and at least one open end,

wherein at least a portion of the exterior comprises one or more perforations, wherein at

least a portion of the interior is hollow; (b) applying negative pressure at the target site;

(c) introducing said cells, tissue and/or device comprising cells, tissue or biologically

active agents into the interior of the apparatus; and (d) removing at least a portion of the

apparatus from the target site. In exemplary aspects, the apparatus is connected to a

pump. In exemplary aspects, the apparatus is connected to or comprises a pump

connector, wherein at least one end of the pump connector is connected to a pump and

the other end of the pump connector is connected to the apparatus. In exemplary

aspects, negative pressure is applied at the target site via the pump, pump connector,

and the one or more perforations of the exterior of the apparatus for a time period. In

exemplary instances, the population of cells is introduced into the interior of the

apparatus through the open end of the apparatus using an introducer device after

negative pressure is applied. In exemplary instances, the population of cells is

encapsulated. In exemplary instances, the population of cells is encapsulated in a

macroencapsulation device. In exemplary instances, the macroencapsulation device

comprises a compartment providing a volume for housing the therapeutic cells within

the macroencapsulation device. In exemplary instances, at least a portion of the

apparatus and the introducer device is removed from the target site, thereby allowing

the population of cells or the macroencapsulation device encapsulating the population

of cells to be in direct contact with the target site. In exemplary instances, the apparatus

comprises a cylindrical shape or rectangular prism. In exemplary instances, the exterior

of the apparatus has a width of not more than 450 mm3. In exemplary instances, the

implanting of the apparatus comprises subcutaneously administering at least a portion



of the apparatus into the subject. In exemplary instances, at least a portion of the

exterior comprises the one or more (e.g., a plurality of) perforations. In exemplary

instances, a portion of the exterior comprises the one or more (e.g., a plurality of)

perforations. In exemplary instances, the entire exterior comprises the one or more

(e.g., a plurality of) perforations. In exemplary instances, the time period is at least

about 1 to about 2 days. In exemplary instances, the negative pressure is about -50

mmHg to about -200 mmHg. In exemplary instances, the negative pressure is about -

125 mmHg. In exemplary instances, the introducer device is sized such that it fits

through the open end and inside the apparatus. In exemplary instances, the target site

is a mesothelial organ. In exemplary instances, the target site is a peritoneum, liver,

pancreas, an organ of the gastrointestinal tract, or the omentum. In exemplary

instances, the population of cells comprises one or more of the following cell types:

pancreatic islet cells, induced pluripotent stem cells (iPSC), embryonic stem cells, or

cells genetically modified to produce and secrete a peptide, protein, blood factor,

hormone, growth factor, or cytokine. In exemplary instances, the population of cells is

encapsulated. In exemplary instances, the population of cells comprises cells pre-mixed

with plasma. In exemplary instances, the method further comprising irrigating the target

site with a solution comprising thrombin prior to removing the portion of the apparatus.

In exemplary instances, the subject is a human. In exemplary instances, the subject

suffers from a metabolic disease. In exemplary instances, the metabolic disease is

diabetes or obesity. In exemplary instances, the diabetes is Type I diabetes. In

exemplary instances, the Type I diabetes occurs with severe hypoglycemia.

[0006] The present disclosure also provides a method of preparing a target site in a

subject for a cellular implant, comprising: (a) implanting at a target site within the subject

an apparatus comprising an exterior and an interior, at least one open end, and a pump

connector, wherein at least a portion of the exterior comprises one or more perforations

and at least a portion of the interior is hollow, and (b) applying negative pressure at the

target site in an amount sufficient to increase capillary density at the target site.

[0007] The present disclosure also provides a system comprising: an apparatus

comprising an exterior, an interior, at least one open end; an introducer device for

delivering a cellular implant, wherein the introducer device is configured to pass through



the interior of the apparatus, and place the cellular implant near the at least one open

end of the apparatus; and a pump operably coupled to the apparatus, wherein the pump

is configured to provide a stimulus for vascularizing a site surrounding the exterior of the

apparatus. In exemplary instances, the stimulus is a negative pressure. In exemplary

instances, the stimulus comprises a fluid. In exemplary instances, the fluid comprises a

liquid, vapor, or gas. In exemplary instances, the fluid comprises thrombin. In exemplary

instances, the apparatus comprises one or more (e.g., two or more) openings. In

exemplary instances, the one or more (e.g., two or more) openings are configured to

deliver the stimulus. In exemplary instances, the one or more (e.g., two or more)

openings are a plurality of perforations. In exemplary instances, the one or more (e.g.,

two or more) openings are located on the exterior of the apparatus. In exemplary

instances, only a portion of the exterior comprises the one or more (e.g., two or more)

openings. In exemplary instances, the entire exterior comprises the one or more (e.g.,

two or more) openings. In exemplary instances, the system further comprises a pump

connector that connects the apparatus to the pump. In exemplary instances, the

apparatus comprises a cylindrical shape or rectangular prism. In exemplary instances,

the width of the exterior of the apparatus is no more than about 450 mm3. In exemplary

instances, the pump is configured to provide the stimulus for a time period of at least

about 1 to about 2 days. In exemplary instances, the stimulus is a negative pressure,

and the negative pressure is at least about -50 mmHg to about -200 mmHg (i.e., the

pump is configured to provide the negative pressure of at least about -50 mmHg to

about -200 mmHg). In exemplary instances, the negative pressure is about - 125 mmHg

(i.e., the pump is configured to provide the negative pressure of about - 125 mmHg). In

exemplary instances, the introducer device is sized such that it fits through the open

end and inside the apparatus. In exemplary instances, the cellular implant comprises a

population of cells comprising one or more of the following cell types: pancreatic islet

cells, induced pluripotent stem cells (iPSC), endocrine cells, embryonic stem cells, or

cells that secrete a peptide, protein, blood factor, hormone, growth factor, or cytokine,

wherein said cells are optionally genetically modified. In exemplary instances, the

population of cells is encapsulated within the cellular implant. In exemplary instances,

the population of cells comprises cells pre-mixed with plasma. In exemplary instances,



the population of cells is encapsulated in a macroencapsulation device. In exemplary

instances, the macroencapsulation device comprises a compartment providing a

volume for housing the therapeutic cells within the macroencapsulation device.

[0008] The present disclosure also provides a method of implanting cells in a subject,

comprising: a) implanting at a target site within the subject an apparatus comprising an

exterior, an interior, and at least one open end, wherein the apparatus comprises, or is

operably coupled to a pump; b) applying negative pressure at the target site via the

pump for a time period; c) introducing a population of cells into the interior of the

apparatus; and d) removing at least a portion of the apparatus, while the population of

cells exit the apparatus via the open end. In exemplary instances, the population of cells

is encapsulated. In exemplary instances, the population of cells is encapsulated in a

macroencapsulation device. In exemplary instances, the macroencapsulation device

comprises a compartment providing a volume for housing the therapeutic cells within

the macroencapsulation device. In exemplary instances, the method comprises

removing at least a portion of the apparatus, while the population of cells exit the

apparatus via the open end, thereby allowing the population of cells or the

macroencapsulation device encapsulating the population of cells to be in direct contact

with the target site. In exemplary instances, at least a portion of the exterior comprises

one or more (e.g., two or more) perforations and at least a portion of the interior is

hollow, and wherein the apparatus is connected to or comprises a pump connector,

wherein one end of the pump connector connects to a pump and the other end of the

pump connector connects to the apparatus.

[0009] The present disclosure also provides a method of preparing a target site in a

subject for a cellular implant, comprising: a) implanting at a target site within the subject

an apparatus comprising an exterior, an interior, and at least one open end, wherein the

apparatus comprises, or is operably coupled to a pump, and b) applying negative

pressure at the target site via the pump for a time period. In exemplary instances, the

apparatus comprises a pump connector, wherein at least a portion of the exterior

comprises one or more (e.g., two or more) perforations and at least a portion of the

interior is hollow, and wherein one end of the pump connector connects to a pump and

the other end of the pump connector connects to the apparatus. In exemplary instances,



the applying further comprises applying negative pressure at the target site via the

pump connect, and the one or more (e.g., two or more) perforations at the exterior of

the apparatus.

[0010] Without being bound to a particular theory, the methods of implanting cells,

tissue and/or devices comprising cells, tissue or biologically active agents in a subject of

the present disclosure are useful for treating a medical condition or disease.

Accordingly, methods of treating a medical condition or disease are further provided

herein. The medical condition or disease treated by the methods of the present

disclosure depends at least in part by the cells, tissue and/or devices comprising cells,

tissue or biologically active agents implanted. In exemplary embodiments, the cells are

islet pancreatic cells which produce insulin. The present disclosure thus provides a

method of treating a diabetes in a subject. Additional exemplary embodiments are

provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[001 1] Figure 1 is an illustration of an exemplary apparatus having a rectangular

prism shape connected to a pump and how it can be used in exemplary aspects of the

method of the present disclosure, in accordance with some embodiments.

[0012] Figure 2 is an illustration of an exemplary apparatus having a cylindrical shape

connected to a pump and how it can be used in exemplary aspects of the method of the

present disclosure, in accordance with some embodiments.

[0013] Figure 3 is an illustration of an exemplary apparatus.

[0014] Figure 4 is an illustration of an exemplary apparatus.

INCORPORATION BY REFERENCE

[0015] All publications, patents, and patent applications mentioned in this

specification are herein incorporated by reference to the same extent as if each

individual publication, patent, or patent application was specifically and individually

indicated to be incorporated by reference.



DETAILED DESCRIPTION

[0016] The present disclosure beneficially provides devices or systems that can help

in vascularizing (e.g., pre-vascularizing) sites. In some instances, the sites can be an

implantation site for cells or therapeutics. Vascularizing sites can help aid generation of

a preformed microvasculature prior to implantation of the cells or therapeutics. For

instance, vascularizing sites can help increase a capillary density. In some instances,

the vascularization can aid help shorten a time period during which cells or therapeutics

(e.g., including engineered constructs comprising cells) are avascular which may lead to

hypoxic conditions.

[0017] The present disclosure provides systems that can aid in vascularizing, or

increasing a capillary density in tissue at a desired location. In some instances, one, or

a plurality of devices may be provided to aid in vascularization of a target site. FIG. 1

illustrates a system for aiding vascularization, in accordance with some embodiments.

As shown, the system 100 can comprise an apparatus 101 . The apparatus can be

implanted in a subject. While the apparatus is being fully under a cutaneous layer 103 in

FIG. 1, it is to be understood that the apparatus can be partially implanted in a subject.

For example, the apparatus can be implanted 10%, 20%, 30%, 40%, 50%, 60%, 70%,

80%, 90%, 100%, or any percentage therebetween within a subject.

[0018] The apparatus 10 1 can comprise an exterior and an interior. The exterior can

comprise a smooth surface. Alternatively, the exterior can comprise a rough surface, or

a surface having a rough texture. In some instances, the rough texture can help create

microabrations in a surrounding tissue to stimulate a wound healing response. In some

instances, the openings (e.g., described below) on the exterior can help create a rough

texture. Optionally, the surface can comprise a porous, or microporous surface (e.g., via

openings described herein) that can be used to provide a stimulus, such as

engraftments agents infusing through. The interior can comprise an open volume or

space (e.g., cavity). In some instances, the interior can comprise a lumen through which

an opening in a proximal end of the apparatus is connected to an opening in a distal

end of the apparatus. In some instances, the apparatus can comprise one or more open

ends 10 1c . While an open end is referenced to at a proximal end of the device, it is to



be understood the open end can be at the distal end of the device in addition, or in the

alternative. Optionally, the apparatus can comprise one or more (e.g., two or more)

openings 10 1d . The one or more (e.g., two or more) openings can be located on the

exterior of the device. The one or more (e.g., two or more) openings may be a plurality

of perforations as illustrated in FIG. 1. Alternatively, other configurations, such as a

single elongate opening can be provided. In some instances, the one or more (e.g., two

or more) openings can cover substantially the entirety of the exterior. Alternatively, the

one or more (e.g., two or more) openings can cover only a portion of the exterior such

as 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or any percentage

therebetween. The one or more (e.g., two or more) openings can be configured to

deliver a stimulus from a stimulation source to tissue surrounding the exterior of the

device.

[0019] The apparatus can comprise any given shape. For example, the apparatus

can be of a cylindrical shape, as illustrated in FIG. 2 . In some instances, the apparatus

can be of a rectangular shape, such as a rectangular prism. While exemplary shapes

are shown, it is to be understood that the apparatus can comprise any shape, or any

combination of shapes.

[0020] The apparatus can comprise a small foot print, or size. In some instances, the

apparatus can comprise a volume of no more than about 450 mm3. Optionally, the

apparatus can comprise a volume of about 30 mm3 to about 3,000 mm3. Optionally, the

apparatus can comprise a volume of at least about 30 mm3, for example, at least about

50 mm3, at least about 100 mm3, at least about 200 mm3, at least about 500 mm3, at

least about 1,000 mm3, at least about 1,500 mm3, at least about 2,000 mm3, or at least

about 2,500 mm3. Optionally, the apparatus can comprise a volume of at most about

3,000 mm3, for example, at most about 2,500 mm3, at most about 2,000 mm3, at most

about 1,500 mm3, at most about 1,000 mm3, at most about 500 mm3, at most about 200

mm3, at most about 100 mm3, or at most about 50 mm3. Optionally, the apparatus can

comprise a volume of about 30 mm3 to about 50 mm3, about 30 mm3 to about 100 mm3,

about 30 mm3 to about 200 mm3, about 30 mm3 to about 500 mm3, about 30 mm3 to

about 1,000 mm3, about 30 mm3 to about 1,500 mm3, about 30 mm3 to about 2,000

mm3, about 30 mm3 to about 2,500 mm3, about 30 mm3 to about 3,000 mm3, about 50



mm3 to about 100 mm3, about 50 mm3 to about 200 mm3, about 50 mm3 to about 500

mm3, about 50 mm3 to about 1,000 mm3, about 50 mm3 to about 1,500 mm3, about 50

mm3 to about 2,000 mm3, about 50 mm3 to about 2,500 mm3, about 50 mm3 to about

3,000 mm3, about 100 mm3 to about 200 mm3, about 100 mm3 to about 500 mm3, about

100 mm3 to about 1,000 mm3, about 100 mm3 to about 1,500 mm3, about 100 mm3 to

about 2,000 mm3, about 100 mm3 to about 2,500 mm3, about 100 mm3 to about 3,000

mm3, about 200 mm3 to about 500 mm3, about 200 mm3 to about 1,000 mm3, about 200

mm3 to about 1,500 mm3, about 200 mm3 to about 2,000 mm3, about 200 mm3 to about

2,500 mm3, about 200 mm3 to about 3,000 mm3, about 500 mm3 to about 1,000 mm3,

about 500 mm3 to about 1,500 mm3, about 500 mm3 to about 2,000 mm3, about 500

mm3 to about 2,500 mm3, about 500 mm3 to about 3,000 mm3, about 1,000 mm3 to

about 1,500 mm3, about 1,000 mm3 to about 2,000 mm3, about 1,000 mm3 to about

2,500 mm3, about 1,000 mm3 to about 3,000 mm3, about 1,500 mm3 to about 2,000

mm3, about 1,500 mm3 to about 2,500 mm3, about 1,500 mm3 to about 3,000 mm3,

about 2,000 mm3 to about 2,500 mm3, about 2,000 mm3 to about 3,000 mm3, or about

2,500 mm3 to about 3,000 mm3. Optionally, the apparatus can comprise a volume of

about 30 mm3, about 50 mm3, about 100 mm3, about 200 mm3, about 500 mm3, about

1,000 mm3, about 1,500 mm3, about 2,000 mm3, about 2,500 mm3, or about 3,000 mm3.

[0021] Optionally, the apparatus can comprise a width, length or height of about 0.5

cm to about 10 cm. Optionally, the apparatus can comprise a width, length or height of

at least about 0.5 cm. Optionally, the apparatus can comprise a width, length or height

of at most about 10 cm. Optionally, the apparatus can comprise a width, length or height

of about 0.5 cm to about 1 cm, about 0.5 cm to about 2 cm, about 0.5 cm to about 3 cm,

about 0.5 cm to about 4 cm, about 0.5 cm to about 5 cm, about 0.5 cm to about 6 cm,

about 0.5 cm to about 7 cm, about 0.5 cm to about 8 cm, about 0.5 cm to about 9 cm,

about 0.5 cm to about 10 cm, about 1 cm to about 2 cm, about 1 cm to about 3 cm,

about 1 cm to about 4 cm, about 1 cm to about 5 cm, about 1 cm to about 6 cm, about 1

cm to about 7 cm, about 1 cm to about 8 cm, about 1 cm to about 9 cm, about 1 cm to

about 10 cm, about 2 cm to about 3 cm, about 2 cm to about 4 cm, about 2 cm to about

5 cm, about 2 cm to about 6 cm, about 2 cm to about 7 cm, about 2 cm to about 8 cm,

about 2 cm to about 9 cm, about 2 cm to about 10 cm, about 3 cm to about 4 cm, about



3 cm to about 5 cm, about 3 cm to about 6 cm, about 3 cm to about 7 cm, about 3 cm to

about 8 cm, about 3 cm to about 9 cm, about 3 cm to about 10 cm, about 4 cm to about

5 cm, about 4 cm to about 6 cm, about 4 cm to about 7 cm, about 4 cm to about 8 cm,

about 4 cm to about 9 cm, about 4 cm to about 10 cm, about 5 cm to about 6 cm, about

5 cm to about 7 cm, about 5 cm to about 8 cm, about 5 cm to about 9 cm, about 5 cm to

about 10 cm, about 6 cm to about 7 cm, about 6 cm to about 8 cm, about 6 cm to about

9 cm, about 6 cm to about 10 cm, about 7 cm to about 8 cm, about 7 cm to about 9 cm,

about 7 cm to about 10 cm, about 8 cm to about 9 cm, about 8 cm to about 10 cm, or

about 9 cm to about 10 cm. Optionally, the apparatus can comprise a width, length or

height of about 0.5 cm, about 1 cm, about 2 cm, about 3 cm, about 4 cm, about 5 cm,

about 6 cm, about 7 cm, about 8 cm, about 9 cm, or about 10 cm.

[0022] In some instances, the apparatus can comprise a height 10 1e, width 10 1f , and

depth 10 1g . Optionally, the height may not more than about 1/3 the depth and/or width.

In some instances, the height may not be more than about 1/2, 1/3, 1/4, 1/5, 1/6, 1/7,

1/8, 1/9, 1/1 0 of the depth and/or width. The height of the rectangular prism can be

about 1 to about 3 mm and the width can be about 3 to about 5 mm, and the depth can

be about 1 to about 3 mm.

[0023] FIG. 1 shows a pump 105 operably coupled to the apparatus via a pump

connector 107. As illustrated, the pump is at a remote location. However, it is to be

understood that the apparatus can itself comprise the pump (e.g., have an on-board

pump). In some instances, the pump can be removably coupled from the apparatus.

Alternatively, the pump may be permanently coupled to the apparatus.

[0024] The pump can be configured to provide a stimulus, as described above. For

example, the stimulus can be for vascularizing a site surrounding an exterior of the

apparatus, optionally without implantation of cells or therapeutic. Alternatively, the

stimulus can be for any other purpose, such as supplying therapeutics (e.g.,

engraftment agents), heat, etc. Optionally, the stimulus may be a negative pressure. In

some instances, the stimulus may comprise a fluid, such as a liquid, vapor, or gas. The

fluid may comprise thrombin.



[0025] The pump can be configured to provide the stimulus for a time period of at

least about 1 to about 2 days. The pump can be configured to provide the stimulus for a

time period of at least about 3 minutes, 5 minutes, 10 minutes, 15 minutes, 20 minutes,

30 minutes, 45 minutes, 60 minutes, 90 minutes, 120 minutes, 180 minutes, 240

minutes, 300 minutes, or 360 minutes. Optionally, the stimulus can be a negative

pressure, and the negative pressure is at least about -50 mmHg to about -200 mmHg

(or the pump may be configured to provide the negative pressure of at least about -50

mmHg to about -200 mmHg). In some instances, the negative pressure is about - 125

mmHg (or the pump may be configured to provide the negative pressure of about - 125

mmHg).

[0026] The system of FIG. 1 can in some instances comprise an introducer device

109. The introducer device can be utilized for delivering cells, or for delivering a cellular

implant. The introducer device may comprise any shape. In some instances, the

introducer device may comprise a flat surface (e.g., for carrying or holding the cells).

Optionally, the introducer device can comprise an enclosing volume for holding the

cells. The introducer device can comprise a smooth or rough surface. For example, the

introducer device can comprise a rough texture which may help create microabrasions

that stimulate a wound healing response in an adjacent tissue. The introducer device

may also comprise openings for delivering a stimulus as described herein. In some

instances, the introducer device may comprise a microporous surface to infuse agents

(e.g., therapeutic or engraftment agents) through. In some instances, the introducer

device may be integrated as part of the apparatus. Alternatively, the introducer device

may be a separate part from the apparatus. In some instances, the introducer device

may be configured to pass through the interior of the apparatus, and place the cellular

implant near the at least one open end of the apparatus. Accordingly, the introducer

device may be sized such that it fits through the interior of the apparatus.

[0027] As illustrated, the system of FIG. 1 can comprise the cells, or cellular implant

111. The cellular implant may comprise a population of cells comprises one or more of

the following cell types: pancreatic islet cells, induced pluripotent stem cells (iPSC),

embryonic stem cells, or cells genetically modified to produce and secrete a peptide,

protein, blood factor, hormone, growth factor, or cytokine. Optionally, the population of



cells can be encapsulated within a cellular implant. In some instances, the population of

cells can comprise cells pre-mixed with plasma.

[0028] FIG. 2 illustrates a method 200 for aiding vascularization, in accordance with

some embodiments. The apparatus shown in FIG. 2 is of a cylindrical shape, but

various components described with respect to FIG. 1 can be substantially equivalent.

Optionally, a cylindrical shape can be advantageous in being used in conjunction with

unencapsulated cells or cell clusters, microcapsules, or conformally coated cell clusters

to facilitate cell loading and packing within the apparatus. In some instances, the

internal geometry could be configured to match the outer profile of a

macroencapsulation device.

[0029] The method can comprise a step 201 of implanting at a target site within a

subject an apparatus. The apparatus can be as substantially described throughout. For

example, the apparatus can comprise an exterior, an interior, and at least one open

end. The apparatus can comprise, or can be operably coupled to, a pump. The method

can comprise a step 203 of applying a negative pressure at the target site via the pump

for a time period. Accordingly, via the negative pressure, a site (e.g., tissue site

surrounding the apparatus may become vascularized, or have increased capillary

density). Optionally, the method can comprise additional steps. For example,

simultaneously, or subsequently (e.g., after a time period as described herein) to the

vascularization, the method can comprise a step 205 of introducing a population of cells

into the interior of the apparatus. In some instances, the method can comprise a step

207 of removing at least a portion of the apparatus, while the population of cells exits

the apparatus via the open end, thereby allowing the population of cells to be in direct

contact with the target site.

[0030] FIG. 3 illustrates an apparatus 300 for providing a negative pressure, in

accordance with some embodiments. The apparatus can be substantially similar to

those described herein, and the details described (e.g., with respect to the apparatus of

FIG. 1) is equally applicable to that of the apparatus of FIG. 3 . As illustrated, the

apparatus can comprise an exterior 301 and an interior 303. The interior can be

configured to receive cells or engineered constructs, as described in FIGs. 1 and 2 . The



apparatus can be of an elongate design. In some instances, the apparatus can

comprise one, or a plurality of openings 305. Optionally, the openings can be

perforations. As illustrated, the openings can be substantially over a surface of the

apparatus. Alternatively, the openings can be partially over a surface of the apparatus.

For example, the openings may cover 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,

90%, 100%, or any percentage therebetween of a surface. In some instances, the one

or more openings may comprise a shape or a pattern. As one example, the spacing

between the openings may be varied to create a focused pattern in a surrounding

implant site. The pattern can be any pattern, or shape, such as a shape that may be

desirable for cell engraftment. Optionally, the pattern or the openings can be configured

as to vascularize a surrounding tissue selectively, or in a predetermined pattern. While

the openings are shown to cover a single surface of the apparatus in FIG. 3, it is to be

understood that the openings may cover plurality of surfaces of the apparatus, for

example, both a top and bottom surface.

[0031] As illustrated, the openings can be operably coupled to an internal channel

307. The internal channel 307 can be separated (sealed off) from the interior 303.

Alternatively, the internal channel 307 cannot be separated from the interior 303. The

internal channel 307 can be utilized to provide a stimulus, such as a negative pressure.

For example, a pump may be coupled to the internal chamber 307, so as to provide the

stimulus (e.g., negative pressure). Optionally, as described above, the apparatus can be

coupled to a pump off board the apparatus (e.g., via a pump connector). Alternatively,

the apparatus itself can comprise the pump.

[0032] FIG. 4 illustrates an introducer device 400, in accordance with some

embodiments. The device can be substantially similar to those described herein, and

the details described (e.g., with respect to the introducer device 109 of FIG. 1) is equally

applicable to that of the apparatus of FIG. 4 .

[0033] The introducer device 400 can be utilized for delivering cells, or for delivering

a cellular implant. The introducer device may comprise any shape. In some instances,

the introducer device may comprise a flat surface 401 (e.g., for carrying or holding the

cells). Optionally, the introducer device can comprise an enclosing volume 402 for



holding the cells. The introducer device may also comprise openings for delivering a

stimulus as described herein. The introducer device may be a separate part from the

apparatus. In some instances, the introducer device may be configured to pass through

the interior of the apparatus, and place the cellular implant near the at least one open

end of the apparatus. Accordingly, the introducer device may be sized such that it fits

through the interior of the apparatus.

[0034] The present disclosure provides a method of implanting cells in a subject. In

exemplary embodiments, the method comprises (a) implanting at a target site within the

subject an apparatus comprising an exterior, an interior, and at least one open end,

wherein at least a portion of the exterior comprises one or more perforations and at

least a portion of the interior is hollow, and wherein the apparatus is connected to a

pump; (b) applying negative pressure via the pump at the target site; (c) introducing a

population of cells into the interior of the apparatus; and (d) removing at least a portion

of the apparatus from the target site. In exemplary aspects, the apparatus further

comprises a pump connector and at least one end of the pump connector is connected

to a pump and the other end of the pump connector is connected to the apparatus. In

exemplary aspects, negative pressure is applied at the target site via the pump, pump

connector, and the one or more perforations of the exterior of the apparatus for a time

period. In exemplary instances, the population of cells is introduced into the interior of

the apparatus through the open end of the apparatus using an introducer device after

negative pressure is applied. In exemplary instances, at least a portion of the apparatus

and the introducer device is removed from the target site, thereby allowing the

population of cells to be in direct contact with the target site.

[0035] The apparatus used in the methods of the present disclosure comprises an

exterior, an interior, at least one open end, and a pump connector. In exemplary

aspects, the exterior forms a hollow interior space, at least a portion of which is suitable

for housing a population of cells. Accordingly, in such aspects, at least a portion of the

interior of the apparatus is hollow. At least a portion of the exterior comprises one or

more (e.g., two or more) perforations. In exemplary aspects and as further described

herein, a negative pressure is applied to the target site through the one or more (e.g.,

two or more) perforations of the exterior of the apparatus. In exemplary instances, at



least a portion of the exterior comprises one or more (e.g., a plurality of) perforations. In

exemplary instances, the perforations are evenly spaced throughout the portion of the

exterior. In exemplary aspects, only a portion of the exterior comprises one or more

(e.g., a plurality of) perforations. In exemplary aspects, the entire exterior comprises one

or more (e.g., a plurality of) perforations. In exemplary aspects, one or more

perforations are generally circular. Optionally, the diameter of each such perforation is

about 4 pm to about 4,000 pm. Optionally, the diameter of each such perforation is at

least about 4 pm, for example, at least about 10 pm, at least about 50 pm, at least

about 100 pm, at least about 500 pm, at least about 1,000 pm, at least about 2,000 pm,

or at least about 3,000 pm. Optionally, the diameter of each such perforation is at most

about 4,000 pm, for example, at most about 3,000 pm, at most about 2,000 pm, at most

about 1,000 pm, at most about 500 pm, at most about 100 pm, at most about 50 pm, or

at most about 10 pm. Optionally, the diameter of each such perforation is about 4 pm to

about 10 pm, about 4 pm to about 50 pm, about 4 pm to about 100 pm, about 4 pm to

about 200 pm, about 4 pm to about 500 pm, about 4 pm to about 1,000 pm, about 4 pm

to about 2,000 pm, about 4 pm to about 3,000 pm, about 4 pm to about 4,000 pm,

about 10 pm to about 50 pm, about 10 pm to about 100 pm, about 10 pm to about 200

pm, about 10 pm to about 500 pm, about 10 pm to about 1,000 pm, about 10 pm to

about 2,000 pm, about 10 pm to about 3,000 pm, about 10 pm to about 4,000 pm,

about 50 pm to about 100 pm, about 50 pm to about 200 pm, about 50 pm to about 500

pm, about 50 pm to about 1,000 pm, about 50 pm to about 2,000 pm, about 50 pm to

about 3,000 pm, about 50 pm to about 4,000 pm, about 100 pm to about 200 pm, about

100 pm to about 500 pm, about 100 pm to about 1,000 pm, about 100 pm to about

2,000 pm, about 100 pm to about 3,000 pm, about 100 pm to about 4,000 pm, about

200 pm to about 500 pm, about 200 pm to about 1,000 pm, about 200 pm to about

2,000 pm, about 200 pm to about 3,000 pm, about 200 pm to about 4,000 pm, about

500 pm to about 1,000 pm, about 500 pm to about 2,000 pm, about 500 pm to about

3,000 pm, about 500 pm to about 4,000 pm, about 1,000 pm to about 2,000 pm, about

1,000 pm to about 3,000 pm, about 1,000 pm to about 4,000 pm, about 2,000 pm to

about 3,000 pm, about 2,000 pm to about 4,000 pm, or about 3,000 pm to about 4,000



pm. Optionally, the diameter of each such perforation is about 4 pm, about 10 pm,

about 50 pm, about 100 pm, about 200 pm, about 500 pm, about 1,000 pm, about

2,000 pm, about 3,000 pm, or about 4,000 pm.

[0036] In exemplary aspects, the apparatus comprises a cylindrical shape or a

rectangular prism shape. In exemplary aspects, the apparatus comprises a rectangular

prism shape and the height is not more than about 1/3 the depth and/or width. The

apparatus is generally small in size. In exemplary instances, the apparatus is not more

than 450 mm3 (has a width that is not more than 450 mm3) . In exemplary aspects, the

width of the exterior of the apparatus if not more than about 450 mm3. In some aspects,

the height of the rectangular prism is about 1 to about 3 mm and the width is about 3 to

about 5 mm, optionally, wherein the depth is about 1 to about 3 mm.

[0037] In exemplary aspects, the apparatus is composed of, or at least coated with, a

chemically-inert, biologically-inert, non-biodegradable material, such as a metal, a

polymer, or a ceramic. In exemplary aspects, the metal is a pure metal. In some

aspects, the metal is an alloy. In exemplary instances, the ceramic is a glass, a glass-

ceramic, or a carbon. In exemplary aspects, the polymer is selected from the group

consisting of: thermosets, thermoplastics, and elastomers. Suitable materials are

described in Khan et al., Chapter 2: Implantable Medical Devices of Focal Controlled

Drug Delivery, Advances in Delivery Science and Technology, pages 33-59, 201 4 . DOI

10.1 007/978-1 -461 4-9434-8_2.

[0038] In exemplary aspects, the method comprises implanting at a target site within

the subject the apparatus. In exemplary aspects, the apparatus, or at least a portion

thereof, is implanted at a target site via subcutaneous administration (i.e., implanting the

apparatus comprises subcutaneously administering at least a portion of the apparatus

into the subject). In exemplary instances, the apparatus, or at least a portion thereof, is

implanted at a target site via surgical implantation or via injection.

[0039] The apparatus is connected to a pump. In exemplary aspects, the apparatus

is directly connected to the pump. For example, the apparatus comprises at least one

open end which is connected to the pump. In exemplary aspects, the apparatus is

indirectly connected to a pump. For example, in some aspects, the apparatus is



connected to a pump connector which is connected to the pump. In exemplary aspects,

the apparatus comprises a pump connector and one end of the pump connector

connects to the pump and the other end of the pump connector connects to the

apparatus. In exemplary instances, the pump connector is a hollow tube, which allows

the negative pressure provided by the pump to be carried to the apparatus and

ultimately applied at the target site of the subject.

[0040] In exemplary aspects, the pump is a pump similar to or substantially the same

as those utilized in negative pressure wound therapy (NPWT). For instance, the pump

may be an extriCARE® 2400 Pump, extriCARE® 3600 Pump for NPWT (Devon Medical

Products, King of Prussia, PA), the pump of a Pico NPWT kit (Smith&Nephew, Ontario,

Canada), the Renasys Go NWPT System (Smith&Nephew, Ontario, Canada), or the

Invia Liberty NPWT system (Medela LLC, McHenry, IL), and the like. In exemplary

aspects, the pump is a syringe, e.g., VacLok syringe.

[0041] In exemplary aspects, the pump is capable of providing a negative pressure

for at least about 1 to about 7 days, e.g., about 1 day, about 2 days, about 3 days,

about 4 days, about 5 days, about 6 days, about 7 days. In exemplary aspects, the

pump is capable of providing a negative pressure for more than about 7 days, e.g.,

about 8 days, about 9 days, about 10 days, about 11 days, about 12 days, about 13

days, about 2 weeks, about 3 weeks, about 4 weeks. In exemplary aspects, the pump is

capable of providing a negative pressure of about - 10 mmHg to about -300 mmHg,

about -50 mmHg to about -200 mmHg, about - 100 to about - 150 mmHg. In exemplary

aspects, the pump is capable of providing about - 125 mmHg. The pump can be a

device that moves liquids or gases by mechanical action. For example, the pump can

be a syringe that can inject or withdraw liquids or gases.

[0042] In exemplary aspects, the method comprises applying a negative pressure to

the target site for a time sufficient to increase capillary density at the target site. In

exemplary aspects, the method comprises applying a negative pressure to the target

site for (i.e., the time period is) at least about 1 to about 2 days, if not longer (e.g., about

3 days, about 4 days, about 5 days, about 6 days, about 7 days, about 8 days, about 9

days, about 10 days, about 11 days, about 12 days, about 13 days, or about 2 weeks).



In exemplary aspects, the method comprises applying a negative pressure of about - 10

mmHg to about -300 mmHg, e.g., about -50 mmHg to about -200 mmHg, about - 100 to

about - 150 mmHg. In exemplary aspects, the method comprises applying a negative

pressure of about - 125 mmHg.

[0043] In exemplary aspects, after negative pressure is applied to the target site, the

method comprises ceasing the application of the negative pressure. In some aspects,

the method comprises a time period during which negative pressure is applied followed

by a time period during which negative pressure is not applied. During this period when

negative pressure is not applied, in some instances, at least a portion of the apparatus

is removed from the target site, such that the cells remain at the target site.

[0044] Cells

[0045] In exemplary aspects, the method of implanting cells in a subject comprises

introducing a population of cells into the interior of the apparatus. In exemplary

instances, the population of cells is introduced into the interior of the apparatus through

the open end of the apparatus, and, in some instances, the population of cells is

introduced into the interior of the apparatus using an introducer device. In exemplary

aspects, the introducer device is sized such that it fits through the open end of the

apparatus and/or the inside of the apparatus. In exemplary aspects, the introducer

device is less than about 450 mm3. In exemplary embodiments, the introducer device,

like the apparatus, comprises an exterior which forms a hollow interior into which a

population of cells resides and an open end. In some aspects, the introducer device

comprises a means by which the population of cells is pushed out of the interior of the

introducer device, through the open end of the introducer device and into the interior of

the apparatus. In some aspects, the introducer device is or is similar to a syringe and

needle, wherein the population of cells is held in the syringe barrel and the plunger may

is able to create a pressure that pushes the population of cells out of the syringe barrel

through the needle, which can fit in the interior of the apparatus. In certain aspects, the

introducer device is removed from the target site. In some aspects, the introducer

device is removed from the target site at the same time the apparatus is removed from



the target site. When both the introducer device and the apparatus are removed, the

population of cells are then in direct contact with the target site.

[0046] The cells implanted by the methods of the present disclosure or the cells of

the cellular implant may be any cells. In exemplary aspects, the cells are autologous to

the subject. In alternative aspects, the cells are allogeneic to the subject. In exemplary

aspects, the cells are genetically modified cells. In most embodiments of the methods of

the present disclosure, the cells are considered therapeutic cells. As used herein, the

term “therapeutic cells” refers to cells that provide therapy or treatment of a disease,

disorder, medical condition, or a symptom thereof, to the subject into whom the cells are

implanted. By “implant” is meant to insert, embed, graft, or place into a subject’s body,

or refers to the cells being implanted (as in “cellular implant”). The therapeutic cells can

originate from any eukaryote (e.g., animal, mammal, or human), from any type of tissue

(e.g., lung, brain, heart, skin, endothelial, stem, immune, blood, bone, etc.), and can be

of any developmental stage (e.g., embryonic, or adult).

[0047] In exemplary embodiments of the methods of the present disclosure, the

therapeutic cells produce and secrete a therapeutic agent. Examples of therapeutic

agents that are contemplated herein include, but are not limited to, natural enzymes,

proteins derived from natural sources, recombinant proteins, natural peptides, synthetic

peptides, cyclic peptides, antibodies, receptor agonists, cytotoxic agents,

immunoglobins, beta-adrenergic blocking agents, calcium channel blockers, coronary

vasodilators, cardiac glycosides, antiarrhythmics, cardiac sympathomemetics,

angiotensin converting enzyme (ACE) inhibitors, diuretics, inotropes, cholesterol and

triglyceride reducers, bile acid sequestrants, fibrates, 3-hydroxy-3-methylgluteryl

(HMG)-CoA reductase inhibitors, niacin derivatives, antiadrenergic agents, alpha-

adrenergic blocking agents, centrally acting antiadrenergic agents, vasodilators,

potassium-sparing agents, thiazides and related agents, angiotensin I I receptor

antagonists, peripheral vasodilators, antiandrogens, estrogens, antibiotics, retinoids,

insulins and analogs, alpha-glucosidase inhibitors, biguanides, meglitinides,

sulfonylureas, thizaolidinediones, androgens, progestogens, bone metabolism

regulators, anterior pituitary hormones, hypothalamic hormones, posterior pituitary

hormones, gonadotropins, gonadotropin-releasing hormone antagonists, ovulation



stimulants, selective estrogen receptor modulators, antithyroid agents, thyroid

hormones, bulk forming agents, laxatives, antiperistaltics, flora modifiers, intestinal

adsorbents, intestinal anti-infectives, antianorexic, anticachexic, antibulimics, appetite

suppressants, antiobesity agents, antacids, upper gastrointestinal tract agents,

anticholinergic agents, aminosalicylic acid derivatives, biological response modifiers,

corticosteroids, antispasmodics, 5-HT4 partial agonists, antihistamines, cannabinoids,

dopamine antagonists, serotonin antagonists, cytoprotectives, histamine H2-receptor

antagonists, mucosal protective agent, proton pump inhibitors, H. pylori eradication

therapy, erythropoieses stimulants, hematopoietic agents, anemia agents, heparins,

antifibrinolytics, hemostatics, blood coagulation factors, adenosine diphosphate

inhibitors, glycoprotein receptor inhibitors, fibrinogen-platelet binding inhibitors,

thromboxane-A 2 inhibitors, plasminogen activators, antithrombotic agents,

glucocorticoids, mineralcorticoids, corticosteroids, selective immunosuppressive agents,

antifungals, AIDS-associated infections, cytomegalovirus, non-nucleoside reverse

transcriptase inhibitors, nucleoside analog reverse transcriptase inhibitors, protease

inhibitors, anemia, Kaposi’s sarcoma, aminoglycosides, carbapenems, cephalosporins,

glycopeptides, lincosamides, macrolides, oxazolidinones, penicillins, streptogramins,

sulfonamides, trimethoprim and derivatives, tetracyclines, antihelmintics, amebicies,

biguanides, cinchona alkaloids, folic acid antagonists, quinoline derivatives,

Pneumocystis carinii therapy, hydrazides, imidazoles, triazoles, nitroimidzaoles, cyclic

amines, neuraminidase inhibitors, nucleosides, phosphate binders, cholinesterase

inhibitors, adjunctive therapy, barbiturates and derivatives, benzodiazepines, gamma

aminobutyric acid derivatives, hydantoin derivatives, iminostilbene derivatives,

succinimide derivatives, anticonvulsants, ergot alkaloids, antimigrane preparations,

biological response modifiers, carbamic acid eaters, tricyclic derivatives, depolarizing

agents, nondepolarizing agents, neuromuscular paralytic agents, CNS stimulants,

dopaminergic reagents, monoamine oxidase inhibitors, COMT inhibitors, alkyl

sulphonates, ethylenimines, imidazotetrazines, nitrogen mustard analogs, nitrosoureas,

platinum-containing compounds, antimetabolites, purine analogs, pyrimidine analogs,

urea derivatives, antracyclines, actinomycinds, camptothecin derivatives,

epipodophyllotoxins, taxanes, vinca alkaloids and analogs, antiandrogens,



antiestrogens, nonsteroidal aromatase inhibitors, protein kinase inhibitor

antineoplastics, azaspirodecanedione derivatives, anxiolytics, stimulants, monoamind

reuptake inhibitors, selective serotonin reuptake inhibitors, antidepressants,

benzisooxazole derivatives, butyrophenone derivatives, dibenzodiazepine derivatives,

dibenzothiazepine derivatives, diphenylbutylpiperidine derivatives, phenothiazines,

thienobenzodiazepine derivatives, thioxanthene derivatives, allergenic extracts,

nonsteroidal agents, leukotriene receptor antagonists, xanthines, endothelin receptor

antagonist, prostaglandins, lung surfactants, mucolytics, antimitotics, uricosurics,

xanthine oxidase inhibitors, phosphodiesterase inhibitors, metheamine salts, nitrofuran

derivatives, quinolones, smooth muscle relaxants, parasympathomimetic agents,

halogenated hydrocarbons, esters of amino benzoic acid, amides (e.g., lidocaine,

articaine hydrochloride, or bupivacaine hydrochloride), antipyretics, hypnotics and

sedatives, cyclopyrrolones, pyrazolopyrimidines, nonsteroidal anti-inflammatory drugs,

opioids, para-aminophenol derivatives, alcohol dehydrogenase inhibitor, heparin

antagonists, adsorbents, emetics, opioid antagonists, cholinesterase reactivators,

nicotine replacement therapy, vitamin A analogs and antagonists, vitamin B analogs

and antagonists, vitamin C analogs and antagonists, vitamin D analogs and

antagonists, vitamin E analogs and antagonists, vitamin K analogs and antagonists.

[0048] The therapeutic agent can be a peptide, blood factor, hormone, growth factor,

cytokine, lymphokine, or other hematopoietic factor, including, but not limited to: M-CSF,

GM-CSF, TNF, IL-1 , IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-1 0, IL-1 1, IL-1 2, IL-1 3,

IL-1 4, IL-1 5, IL-1 6, IL-1 7, IL-1 8, IFN, TNFa, TNF1 , TNF2, G-CSF, Meg-CSF, GM-CSF,

thrombopoietin, stem cell factor, and erythropoietin. Additional growth factors for use

herein include angiogenin, bone morphogenic protein-1 , bone morphogenic protein-2,

bone morphogenic protein-3, bone morphogenic protein-4, bone morphogenic protein-5,

bone morphogenic protein-6, bone morphogenic protein-7, bone morphogenic protein-8,

bone morphogenic protein-9, bone morphogenic protein-1 0, bone morphogenic protein-

11, bone morphogenic protein-1 2, bone morphogenic protein-1 3, bone morphogenic

protein-14, bone morphogenic protein-1 5, bone morphogenic protein receptor IA, bone

morphogenic protein receptor IB, brain derived neurotrophic factor, ciliary neutrophic

factor, ciliary neutrophic factor receptor a, cytokine-induced neutrophil chemotactic



factor 1, cytokine-induced neutrophil, chemotactic factor 2 a, cytokine-induced

neutrophil chemotactic factor 2 β, β endothelial cell growth factor, endothelin 1,

epithelial-derived neutrophil attractant, glial cell line-derived neutrophic factor receptor a

1, glial cell line-derived neutrophic factor receptor a 2, growth related protein, growth

related protein a, growth related protein β, growth related protein y, heparin binding

epidermal growth factor, hepatocyte growth factor, hepatocyte growth factor receptor,

insulin-like growth factor I , insulin-like growth factor receptor, insulin-like growth factor II,

insulin-like growth factor binding protein, keratinocyte growth factor, leukemia inhibitory

factor, leukemia inhibitory factor receptor a, nerve growth factor nerve growth factor

receptor, neurotrophin-3, neurotrophin-4, pre-B cell growth stimulating factor, stem cell

factor, stem cell factor receptor, transforming growth factor a, transforming growth factor

β, transforming growth factor β1, transforming growth factor β1.2, transforming growth

factor β2, transforming growth factor β3, transforming growth factor β5, latent

transforming growth factor β1, transforming growth factor β binding protein I ,

transforming growth factor β binding protein II, transforming growth factor β binding

protein III, tumor necrosis factor receptor type I , tumor necrosis factor receptor type II,

urokinase-type plasminogen activator receptor, and chimeric proteins and biologically or

immunologically active fragments thereof. In exemplary aspects, the therapeutic agent

is insulin or an insulin analog. As used herein, the term “insulin analog” means a non-

naturally occurring molecule that is designed to mimic the actions of insulin. In

exemplary aspects, the insulin analog is structurally similar to insulin. In exemplary

aspects, the insulin analog is a rapid acting insulin analog, long acting insulin analog, or

a pre-mixture of insulin analogs. Such insulin analogs are known in the art and include,

for example, Aspart, Glulisine, Lyspro, Humalog®, NovoRapid®, Lantus®, Levemir®,

Tresiba, Humalog Mix 25®, Humalog Mix 50®, and NovoMix 30®. The insulin analog

may be a fused insulin analog, e.g., Albulin. See, e.g, Duttaroy et al., Diabetes 54(1 ) :

251 -258 (2005).

[0049] In exemplary aspects, the therapeutic cells are pancreatic islet cells, or cells

modified to produce and secrete insulin or an insulin analog. Cells modified to produce

and secrete insulin or an insulin analog are known in the art. See, e.g.,

WO201 6/1 791 06, CN1 02051 372, CN1 668324, CN1 0 1160390, US200401 9 1901 ,



CN1 0 1724602, US7056734, US201 40234269, US20060281 174, US201 40256043,

CN1 0 1432425, US201 40242038.

[0050] In exemplary aspects, the therapeutic cells are insulin producing cells, for

instance pancreatic islet cells, for instance produced from iPSCs. See, e.g., Mihara et

al., J Tissue Eng Regen Med (Mar 201 7); doi 10 .1002/term. 2228; Yabe et al., J

Diabetes 9(2): 168-1 79 (201 7); Walczak et al., J Transl Med 14(1 ) : 341 (201 6); Rajaei

et al., J cell Physiol doi: 10.1 002/jcp.25459; and Enderami et al., J Cell Physiol (Dec

201 6); doi: 10.1 002jcp.25721 .

[0051] In exemplary aspects, the therapeutic cells are pancreatic islet cells. In

exemplary instances, the pancreatic islet cells are human pancreatic islet cells or

xenogenic islet cells, optionally, human pancreatic islet cells which are allogeneic to the

subject of the methods of the present disclosure. In some aspects, the pancreatic islet

cells are isolated from a human cadaver or other human donor. Methods of isolating

such cells from a human cadaver are described in the art. See, e.g., Halberstadt et al.,

Methods Mol Biol 1001 : 227-259 (201 3). In exemplary aspects, the pancreatic islet cells

are non-human pancreatic islet cells, such as those described in Ranuncoli et al., Cell

Transplant 9(3): 409-41 4 (2000); Dufrane et al., Xenotransplantation 13(3): 204-21 4

(2006).

[0052] In exemplary aspects, the therapeutic cells are stem cells. For instance, the

cells are induced pluripotent stem cells (iPSC), embryonic stem cells, tissue-specific

stem cells, or mesenchymal stem cells.

[0053] In exemplary aspects, the cells implanted into the subject comprise one or

more of the following cell types: pancreatic islet cells, induced pluripotent stem cells

(iPSC), embryonic stem cells, or cells genetically modified to produce and secrete a

peptide, protein, blood factor, hormone, growth factor, or cytokine.

[0054] Encapsulation

[0055] In exemplary aspects, the therapeutic cells of the methods of the present

disclosure are not encapsulated or are “naked”. In alternative exemplary instances, the

therapeutic cells are encapsulated or comprise a coating. In exemplary aspects, the



therapeutic cells are microencapsulated, macroencapsulated, nanoencapsulated or

conformally coated. Methods of encapsulating and conformally coating therapeutic cells,

e.g., pancreatic islet cells, are known in the art. See, e.g., U.S. Patent Application

Publication 201 4/0147483; Tomei et al., Expert Opin Biol Ther 15(9): (201 5); Tomei et

al PNAS 111(29): 1051 4-1 051 9 (201 4); Scharp et al., Adv Drug Deliv Rev 67-68:65-73

(201 4); Basta et al., Curr Diab Rep 11(5): 384-391 (201 1) ; WO201 0078202; Tomei et

al., (201 4) supra.

[0056] In exemplary aspects, the therapeutic cells are encapsulated in an apparatus

used in the methods of the present disclosure. In exemplary aspects, the therapeutic

cells are encapsulated in a macroencapsulation device. In exemplary aspects, the

macroencapsulation device comprises a compartment providing a volume for housing

the therapeutic cells within the macroencapsulation device.

[0057] In exemplary aspects, the therapeutic cells are encapsulated with a supporting

cell composition. In exemplary aspects, the therapeutic cells are encapsulated

separately from a supporting cell composition. As used herein, the term “supporting

cellular composition” refers to a composition comprising cells which support the viability

and/or function of the therapeutic cells, e.g., pancreatic islet cells. In exemplary aspects,

the supporting cellular composition aids in the overall engraftment of the therapeutic

cells, e.g., pancreatic islet cells, into the subject. In exemplary aspects, the supporting

cellular composition assists in protecting the therapeutic cells, e.g., pancreatic islet

cells, from elimination from the subject or protects the therapeutic cells, e.g., pancreatic

islet cells, from an immune response. In exemplary aspects, the supporting cellular

composition increases the viability and/or survival of the therapeutic cells, e.g.,

pancreatic islet cells, by increasing the oxygenation and/or vascularization of the cells or

by increasing access to nutrients required by the cells. In exemplary aspects, the

supporting cellular composition increases or maintains the production and/or secretion

of therapeutic agent, e.g., insulin, by the therapeutic cells, e.g., pancreatic islet cells. In

exemplary aspects, the supporting cellular composition comprises endothelial-derived

exosomes or endothelial cells. In additional or alternative aspects, the supporting

cellular composition comprises immunomodulatory cells, stem cells, micronized fat cell

clusters, bone marrow-derived mononuclear cells, cells of an adipose-derived stromal



vascular fraction, endothelial progenitor cells, pericytes, hematopoietic progenitor cells,

monocytes, leukocytes, fibroblastic reticular stromal cells, a fat tissue fraction

comprising mesenchymal stem cells (MSC), or cell mixtures thereof. In additional or

alternative aspects, the supporting cellular composition comprises exosomes derived

from any one or more of the immunomodulatory cells, stem cells, micronized fat cell

clusters, bone marrow-derived mononuclear cells, cells of an adipose-derived stromal

vascular fraction, endothelial progenitor cells, pericytes, hematopoietic progenitor cells,

monocytes, leukocytes, fibroblastic reticular stromal cells, or MSC. In exemplary

aspects, the immunomodulatory cells are Treg cells. In exemplary aspects, the stem

cells are MSC, bone marrow-derived stem cells, adipose tissue-derived stem cells, e.g.,

AD-MSC, endothelial progenitor cells, or cell mixtures thereof.

[0058] In exemplary aspects, the therapeutic cells are encapsulated with a targeting

molecule. In exemplary aspects, the therapeutic cells are encapsulated separately from

a targeting molecule. As used herein, the term “targeting molecule” refers to a molecule

or agent that specifically recognizes and binds to a binding partner, such that the

targeting molecule directs the delivery of a compound to the target: pancreatic islet

cells. Targeting molecules include, but are not limited to, antibodies and antigens, biotin

and streptavidin, ligands and receptors, and the like. In exemplary aspects, the targeting

molecule is directly attached to the pancreatic islet cells. In alternative aspects, the

targeting molecule is indirectly attached to the pancreatic islet cells.

[0059] In exemplary aspects, the therapeutic cells, e.g., pancreatic islet cells, are

encapsulated within a covalently stabilized coating formed by reacting (i) alginate-

[polyalkylene glycol (PAG)-X1]n, and (ii) multi-functional PAG-X2, to form covalent

bonds, wherein n is an integer greater than 0, a first one of X1 and X2 is N3, and a

second one of X1 and X2 is selected from the group consisting of:



[0060] In exemplary aspects, the covalently stabilized coating includes a plurality of

monolayers. In exemplary aspects, the plurality of monolayers alternate between

monolayers of Alginate-[PAG-X 1]n reaction products and monolayers of multi-functional

PAG-X2 reaction products. In exemplary instances, the multi-functional PAG-

X2 comprises a multi-arm PAG-X2 having at least three PAG-X2 arms. In exemplary

aspects, the alginate-[polyethylene glycol (PAG)-X1]n molecule, the multi-functional

PAG-X2 molecule, or both, include an additional terminal ligand, X3. In some aspects,

the additional terminal ligand, X3, is selected from the group consisting of proteins,

imaging labels, nanoparticles, biopolymers, RNA, DNA, and fragments of RNA or DNA.

[0061] In exemplary aspects, the therapeutic cells, e.g., pancreatic islet cells, are

conformally coated with a coating material. In exemplary instances, the therapeutic

cells, e.g., pancreatic islet cells, are conformally coated by: a) injecting a water phase

within a coaxial oil phase in a coating device that allows for a transition from dripping to

jetting and flow elongation of the water phase within the oil phase; b) adding the



therapeutic cells, e.g., pancreatic islet cells, and the coating material to the water phase,

wherein polymerization of the coating material occurs downstream of breakup of the

water phase jet into particles, resulting in the conformal coating of the therapeutic cells,

e.g., pancreatic islet cells, with the coating material. See, e.g., U.S. Patent Application

Publication No. 201 4/01 47483, the contents of which is incorporated by reference in its

entirety.

[0062] In exemplary aspects, the method of conformally coating the therapeutic cells

further comprises c) collecting the outflow of the coating device; d) purifying the

conformally coated pancreatic islet cells and pancreatic islet cells -free coating material

from the oil phase; e) separating the conformally coated pancreatic islet cells from the

pancreatic islet cells -free coating material, or f) a combination thereof. In exemplary

aspects, the step of purifying the conformally coated pancreatic islet cells and

pancreatic islet cells -free coating material from the oil phase comprises the steps of: a)

centrifuging the coating device outflow to separate the oil phase from the conformally

coated pancreatic islet cells and pancreatic islet cells -free coating material; and b)

optionally performing hexane extraction until the oil phase is completely eliminated from

the conformally coated pancreatic islet cells and pancreatic islet cells -free coating

material. In exemplary aspects, the step of separating the conformally coated pancreatic

islet cells from the pancreatic islet cells -free coating material is performed by gradient

centrifugation or by settlement of coated clusters by gravity. In exemplary aspects,

greater than 95% of the conformally coated pancreatic islet cells is purified from the

pancreatic islet cells -free coating material.

[0063] In exemplary aspects, the coating material comprises polyethylene glycol

(PEG). In exemplary aspects, the water phase comprises about 75,000 islet cells/ml,

and further comprises: a) about 10% PEG, about 2% Pluronic-F68, and about 0.62%

w/v DTT in serum-free media at pH 6-7; b) about 5% PEG, about 1% Pluronic-F68, and

about 0.31 % w/v DTT in HBSS at pH 6-7; c) about 5% PEG, about 1% Pluronic-F68,

about 0.8% medium viscosity G-groups alginate and about 0.31 % w/v DTT in HBSS

without Ca2+ and Mg2+ at pH 6-7; or d) about 5% PEG, about 0.8% medium viscosity G-

groups alginate and about 0.31 % w/v DTT in HBSS without Ca2+ and Mg2+ at pH 6-7. In

exemplary instances, the oil phase comprises polypropylene glycol (PPG) with about



10% Span80, wherein said oil phase optionally further comprises about 0.02 or about

0.2% triethanolamine.

[0064] In exemplary aspects, the coating device comprises a flow chamber

comprising a flow focusing region and a channel downstream of the flow focusing

region, and wherein the flow chamber has at least one of the following properties: a) the

diameter of the inner channel of the flow focusing region is restricted from 10d to d

along its length, wherein d is about 1 mm; b) the focusing angle of the flow focusing

region is about 60 degrees; c) the channel downstream of the flow focusing region is

about 1 mm in diameter; and d) the water phase is injected into the flow chamber

through a needle or a catheter whose tip is localized about 0.5 mm upstream of the

focusing region.

[0065] In exemplary aspects, the process used to conformally coat the pancreatic

islet cells has at least one of the following properties: a) the ratio of the oil phase

velocity to the water phase velocity is about 350; b) the ratio of the oil phase viscosity to

the water phase viscosity is about 3.5, 13, or 130; c) the water phase is injected into the

oil phase first at about 50 µ Ι/min and then reduced to about 10 µ Ι/min, while the oil

phase is maintained at about 3.5 ml/min; and d) air is injected into the oil phase before

injection of the water phase.

[0066] In exemplary aspects, the water phase comprises 5% PEG, 0.8% MVG,

75,000 islet cells/ml, and 0.31 % w/v DTT in HBSS without Ca2+ and Mg2+ at pH 6-7;

wherein said oil phase comprises PPG with 10% Span80, wherein said oil phase

optionally comprises 0.02% or 0.2% triethanolamine; and wherein said coating device

comprises a flow chamber comprising a flow focusing region with a channel whose

inner diameter is reduced from 10 mm to 1 mm with a focusing angle of 60 degrees,

and a channel downstream of the flow focusing region that is about 1 mm in diameter.

In exemplary aspects, the method comprises the steps of: a) applying the oil phase to

the flow chamber; b) optionally injecting air into the flow chamber through a catheter

whose tip is localized 0.5 mm upstream of the base of the focusing region; and c)

injecting the air, if present, and the water phase into the flow chamber through said

catheter, wherein the water phase is first injected at 50 µ Ι/min and then reduced to 10



µ Ι/min, while the oil phase is maintained at 3.5 ml/min, such that the surface tension

between the water and the oil phase causes the water jet to break up into microliter

droplets comprising the conformally coated pancreatic islet cells and pancreatic islet

cells -free coating material. In exemplary aspects, the method used to conformally coat

the pancreatic islet cells further comprises the steps of: d) collecting the outflow from

the flow chamber; e) centrifuging the outflow to separate the conformally coated

pancreatic islet cells and pancreatic islet cells -free coating material from the oil phase;

f) removing the oil phase supernatant from the conformally coated pancreatic islet cells

and pancreatic islet cells -free coating material; g) resuspending the conformally coated

pancreatic islet cells and pancreatic islet cells -free coating material in a composition

comprising hexane; h) centrifuging the mixture of step g) to separate the conformally

coated pancreatic islet cells and pancreatic islet cells -free coating material from the

hexane; i) removing the hexane supernatant; j) resuspending the conformally coated

pancreatic islet cells and pancreatic islet cells -free coating material in a composition

comprising hexane and a buffer (without Ca2+ and Mg2+) ; k) centrifuging the mixture of

step j) to separate the conformally coated pancreatic islet cells and pancreatic islet cells

-free coating material from the hexane and buffer (without Ca2+ and Mg2+) ; I) removing

the hexane/buffer supernatant; and m) resuspending the conformally coated pancreatic

islet cells and pancreatic islet cells -free coating material in buffer containing Ca2+ and

Mg2+. In exemplary aspects, the method further comprises the steps of: n) layering

solutions to form a density gradient capable of separating the conformally coated

pancreatic islet cells and the pancreatic islet cells -free coating material; o) applying the

conformally coated pancreatic islet cells and pancreatic islet cells -free coating material

to the density gradient; p) centrifuging the density gradient to separate the conformally

coated pancreatic islet cells from the pancreatic islet cells -free coating material; and q)

removing the supernatant containing the pancreatic islet cells -free coating material.

[0067] In exemplary aspects, the conformal coating around the pancreatic islet cells

ranges from 10-20 pm in thickness. In exemplary aspects, greater than 90% of the

pancreatic islet cells introduced into the coating device is conformally coated.



[0068] Additional Steps

[0069] With regard to the methods of the present disclosure, the methods may

include additional steps. For example, the method of implanting cells in a subject may

include repeating one or more of the recited step(s) of the method. Accordingly, in

exemplary aspects, the method comprises repeating the step of applying negative

pressure at the target site. In exemplary aspects, the method comprises re-applying a

negative pressure at the target site at regular intervals, e.g., every 2, 3 , 4, 5, 6 , 7 , or 8

weeks. In exemplary aspects, the method comprises repeating all of the steps at regular

intervals, e.g., once a year, twice a year, quarterly, or bi-annually.

[0070] In exemplary aspects, the method comprises measuring the capillary density

at the target site. In exemplary aspects, the method comprises assessing the health of

the implanted cells. In exemplary aspects, the method comprises applying additional

therapeutic agents at the target site. For instance, the additional therapeutic agent may

be an immunosuppressive agent, or an agent to facilitate the implantation of the cells at

the target site. In exemplary aspects, the method comprises applying to the target site

second member of a cell matrix pair, wherein the cells to be implanted are pre-mixed

with a first member of the cells matrix pair. As used herein, the term “cell matrix pair”

refers to a pair of molecules (e.g., a first member and a second member) that are

involved in the extracellular matrix (ECM) providing support to cells. A cell matrix pair

may comprise components of the ECM, including, e.g., proteoglycans, nonproteoglycan

polysaccharides and proteins. The cell matrix pair may comprise, e.g.,

glycosaminoglycans (GAGs), heparin sulfate, chondroitin sulfate, karatan sulfate,

collagen, elastin, fibronectin, laminin, integrin, or a precursor form thereof. In exemplary

aspects, the cell matrix pair comprises fibronectin and collagen. In exemplary aspects,

the cell matrix pair comprises laminin and collagen or nidogen. In exemplary aspects,

the cell matrix pair comprises thrombin and fibrinogen. In exemplary embodiments of

the methods of the present disclosure, a source of a first member of a cell matrix pair is

combined with the cells to be implanted to create a therapeutic cell mixture. In

exemplary aspects, the first member of the cell matrix pair is fibronectin and the source

of fibronectin is plasma. In exemplary aspects, the plasma is autologous to the subject

of the method. In this regard, the method in some aspects comprises collecting plasma



from the subject prior to applying the therapeutic cells to a surface of the organ in the

subject. In exemplary aspects, the source of the second member of the cell matrix pair

is recombinant human thrombin and the source of the first member of the cell matrix

pair is plasma. In these regards, in some aspects, the population of cells are cells pre

mixed with plasma. In some aspects, the method of the present disclosure further

comprises irrigating the target site with a solution comprising thrombin prior to removing

at least the portion of the apparatus.

[0071] In exemplary embodiments, wherein either the first member or the second

member of the cell matrix pair is a plasma protein and the source thereof is plasma, the

method of implanting therapeutic cells in a subject further comprises collecting plasma

from the subject. In this regard, the plasma is autologous to the subject receiving the

therapeutic cells. In exemplary aspects, the plasma is conditioned plasma. In certain

aspects, the method further comprises administering to the subject one or more of an

omega-3 fatty acid, an anti-inflammatory agent, an immunomodulatory molecule, a

growth factor, or a combination thereof, prior to collecting plasma from the subject,

followed by collecting the plasma from the subject. In exemplary instances, the plasma

is processed plasma. In certain aspects, the plasma has been enriched for one or more

characteristics or expression of a particular protein or molecule present in the plasma,

or the plasma has been processed to remove certain proteins or molecules. In

exemplary aspects, the plasma has been processed for enrichment in one or more of a

platelet-rich plasma (PRP), anti-inflammatory factor, pro-angiogenic factor, growth

factor, or a combination thereof.

[0072] The methods of implanting therapeutic cells can comprise yet further steps

before or after the application of the therapeutic cell mixture, or both. In exemplary

aspects, the methods of implanting therapeutic cells of the present disclosure comprise

reducing the subject’s intake of exogenous insulin and/or other anti-diabetes drugs. In

exemplary aspects, the methods further comprise preparing the therapeutic cells by,

e.g., genetically engineering cells with a vector comprising a nucleic acid encoding a

therapeutic agent. In exemplary aspects, the methods further comprise culturing the

genetically engineered cells. In exemplary embodiments, the methods of implanting

therapeutic cells comprises preparing the therapeutic cells by culturing the cells in the



presence of endothelial-derived exosomes or endothelial cells or the contents of such

exosomes. Accordingly, the present disclosure provides a method of implanting cells

comprising one or more steps to prepare the therapeutic cells for implantation into the

subject.

[0073] Target site

[0074] In exemplary aspects, the target site is a mesothelial organ, e.g., comprises

mesothelial tissue. In exemplary aspects, the mesothelial organ comprises or is a

peritoneum. In exemplary embodiments, the organ is a liver, pancreas, or an organ of

the gastrointestinal tract (e.g., oesophagus, pharynx, mouth, stomach, omentum, small

intestine (duodenum, jejunum, ileum), large intestine (e.g., cecum, colon), rectum, anus,

liver, gall bladder, pancreas, salivary gland, lips, teeth, tongue, epiglottis, etc.). In

exemplary aspects, the organ or target site is a gastric submucosa, genitourinary tract,

muscle, bone marrow, kidney (e.g., kidney capsule), anterior eye chamber, testis, or

thymus. The target site in some aspects is a peritoneum, liver, pancreas, an organ of

the gastrointestinal tract, or the omentum. In exemplary instances, at least the exterior

and interior housing the population of cells are placed on a surface of the mesothelial

organ. In exemplary instances, the therapeutic cells, e.g., as part of a therapeutic cell

mixture, are applied to a surface of an omentum, e.g., the greater omentum or the less

omentum. The omentum is composed of two mesothelial sheets containing rich capillary

networks draining into the portal venous system. It is easy to mobilize and large enough

to accommodate islet grafts (300-1 ,500 cm2 surface area in humans). In exemplary

instances, the target site is a subcutaneous, subgaleal, intramuscular, preperitoneal, or

sub-fascial site. In exemplary instances, at least the exterior and interior housing the

population of cells are placed on a subcutaneous, subgaleal, intramuscular,

preperitoneal, or sub-fascial site. In exemplary instances, the therapeutic cells, e.g., as

part of a therapeutic cell mixture, are placed on a subcutaneous, subgaleal,

intramuscular, preperitoneal, or sub-fascial site.

[0075] Subject

[0076] In exemplary embodiments, the subject of the methods of the present

disclosures is a mammal, including, but not limited to, mammals of the order Rodentia,



such as mice and hamsters, and mammals of the order Logomorpha, such as rabbits,

mammals from the order Carnivora, including Felines (cats) and Canines (dogs),

mammals from the order Artiodactyla, including Bovines (cows) and Swines (pigs) or of

the order Perssodactyla, including Equines (horses). In some aspects, the mammals

are of the order Primates, Ceboids, or Simoids (monkeys) or of the order Anthropoids

(humans and apes). In exemplary aspects, the mammal is a human.

[0077] In exemplary instances, the mammal is a human which has a deficiency in the

therapeutic agent provided by the implanted therapeutic cells. In exemplary aspects, the

therapeutic cells produce and secrete insulin, or an analog thereof. In exemplary

aspects, the subject suffers from a metabolic disease, e.g., diabetes or obesity. In

exemplary instances, the diabetes is Type I diabetes, and in particular aspects, the

Type I diabetes occurs with severe hypoglycemia. In exemplary aspects, the subject is

treated for the metabolic disease with exogenous insulin therapy. In exemplary aspects,

the subject is one who, prior to implantation with therapeutic cells, was treated for the

metabolic disease with exogenous insulin therapy. In exemplary instances, the

implanted therapeutic cells provide the needed insulin such that exogenous insulin

therapy may stop after implantation. According, in some aspects, the methods of the

present disclosure comprise ceasing exogenous insulin therapy after the therapeutic

cells are implanted into the subject.

[0078] In exemplary aspects, the subject suffers from a metabolic disease, e.g.,

diabetes or obesity. In exemplary instances, the diabetes is Type I diabetes, optionally,

wherein the Type I diabetes occurs with severe hypoglycemia.

[0079] Methods of Preparing Target Sites

[0080] The present disclosure also provides a method of preparing a target site in a

subject for a cellular implant. In exemplary aspects, the method comprises: (a)

implanting at a target site within the subject an apparatus connected to a pump, wherein

the apparatus comprises an exterior, an interior, and at least one open end, wherein at

least a portion of the interior houses a population of cells and at least a portion of the

exterior comprises one or more perforations, and (b) applying a negative pressure at the

target site via the pump and the perforated surface of the exterior of the apparatus in an



amount sufficient to increase capillary density at the target site. In general, the

descriptions above relating to the apparatus, negative pressure, pump, subject, cells,

and target site apply to the method of preparing a target site of the present disclosure.

[0081 ] Methods of Use

[0082] Based on the information provided for the first time herein, it is contemplated

that the methods of the present disclosures are useful for treatment of a disease or

medical condition. Accordingly, the present disclosure provides a method of treating or

preventing a disease or medical condition in a patient. In exemplary aspects, the

disease or medical condition is a disease or medical condition in which a lack of insulin

or insulin function is associated with the onset and/or progression of the disease of

medical condition. The method comprises implanting the cells, e.g., pancreatic islet

cells, to the subject according to the methods of implanting therapeutic cells described

herein, in an amount effective to treat or prevent the disease or medical condition.

[0083] In some embodiments, the disease or medical condition is Metabolic

Syndrome. Metabolic Syndrome, also known as metabolic syndrome X, insulin

resistance syndrome or Reaven's syndrome, is a disorder that affects over 50 million

Americans. Metabolic Syndrome is typically characterized by a clustering of at least

three or more of the following risk factors: ( 1 ) abdominal obesity (excessive fat tissue in

and around the abdomen), (2) atherogenic dyslipidemia (blood fat disorders including

high triglycerides, low HDL cholesterol and high LDL cholesterol that enhance the

accumulation of plaque in the artery walls), (3) elevated blood pressure, (4) insulin

resistance or glucose intolerance, (5) prothrombotic state (e.g., high fibrinogen or

plasminogen activator inhibitor-1 in blood), and (6) pro-inflammatory state (e.g.,

elevated C-reactive protein in blood). Other risk factors may include aging, hormonal

imbalance and genetic predisposition.

[0084] Metabolic Syndrome is associated with an increased the risk of coronary heart

disease and other disorders related to the accumulation of vascular plaque, such as

stroke and peripheral vascular disease, referred to as atherosclerotic cardiovascular

disease (ASCVD). Patients with Metabolic Syndrome may progress from an insulin

resistant state in its early stages to full blown type I I diabetes with further increasing risk

of ASCVD. Without intending to be bound by any particular theory, the relationship



between insulin resistance, Metabolic Syndrome and vascular disease may involve one

or more concurrent pathogenic mechanisms including impaired insulin-stimulated

vasodilation, insulin resistance-associated reduction in NO availability due to enhanced

oxidative stress, and abnormalities in adipocyte-derived hormones such as adiponectin

(Lteif and Mather, Can. J. Cardiol. 20 (suppl. B):66B-76B (2004)).

[0085] According to the 2001 National Cholesterol Education Program Adult

Treatment Panel (ATP III), any three of the following traits in the same individual meet

the criteria for Metabolic Syndrome: (a) abdominal obesity (a waist circumference over

102 cm in men and over 88 cm in women); (b) serum triglycerides ( 150 mg/dl or above);

(c) HDL cholesterol (40 mg/dl or lower in men and 50 mg/dl or lower in women); (d)

blood pressure ( 1 30/85 or more); and (e) fasting blood glucose ( 1 10 mg/dl or above).

According to the World Health Organization (WHO), an individual having high insulin

levels (an elevated fasting blood glucose or an elevated post meal glucose alone) with

at least two of the following criteria meets the criteria for Metabolic Syndrome: (a)

abdominal obesity (waist to hip ratio of greater than 0.9, a body mass index of at least

30 kg/m2, or a waist measurement over 37 inches); (b) cholesterol panel showing a

triglyceride level of at least 150 mg/dl or an HDL cholesterol lower than 35 mg/dl; (c)

blood pressure of 140/90 or more, or on treatment for high blood pressure. Mathur,

Ruchi, “Metabolic Syndrome,” ed. Shiel, Jr., William C., MedicineNet.com, May 11,

2009.

[0086] For purposes herein, if an individual meets the criteria of either or both of the

criteria set forth by the 2001 National Cholesterol Education Program Adult Treatment

Panel or the WHO, that individual is considered as afflicted with Metabolic Syndrome.

[0087] Without being bound to any particular theory, the methods of implanting

therapeutic cells described herein are useful for treating Metabolic Syndrome.

Accordingly, the present disclosure provides a method of preventing or treating

Metabolic Syndrome, or reducing one, two, three or more risk factors thereof, in a

subject, comprising implanting therapeutic cells to the subject according to the methods

described herein in an amount effective to prevent or treat Metabolic Syndrome, or the

risk factor thereof.



[0088] In some embodiments, the method treats a hyperglycemic medical condition.

In exemplary aspects, the hyperglycemic medical condition is diabetes, diabetes

mellitus type I , diabetes mellitus type II, or gestational diabetes, either insulin-dependent

or non-insulin-dependent. In some aspects, the method treats the hyperglycemic

medical condition by reducing one or more complications of diabetes including

nephropathy, retinopathy, and vascular disease.

[0089] The present disclosure provides a method of reducing an exogenous insulin

requirement (EIR) of a subject with diabetes, comprising implanting cells in the subject

according to any of the methods described herein.

[0090] The present disclosure also provides a method of restoring euglycemia in a

subject in need thereof, comprising implanting cells in the subject according to any of

the methods of implanting therapeutic cells described herein.

[0091] The present disclosure further provides a method of inducing insulin-

independence or reducing insulin resistance in a subject, comprising implanting cells in

the subject according to any of the methods of implanting therapeutic cells described

herein.

[0092] In some aspects, the disease or medical condition is obesity. In some aspects,

the obesity is drug-induced obesity. In some aspects, the method treats obesity by

preventing or reducing weight gain or increasing weight loss in the patient. In some

aspects, the method treats obesity by reducing appetite, decreasing food intake,

lowering the levels of fat in the patient, or decreasing the rate of movement of food

through the gastrointestinal system.

[0093] Because obesity is associated with the onset or progression of other diseases,

the methods of treating obesity are further useful in methods of reducing complications

associated with obesity including vascular disease (coronary artery disease, stroke,

peripheral vascular disease, ischemia reperfusion, etc.), hypertension, onset of diabetes

type II, hyperlipidemia and musculoskeletal diseases. The present disclosure

accordingly provides methods of treating or preventing these obesity-associated

complications.



[0094] The present disclosure moreover provides a method of inducing weight loss in

a subject, comprising implanting cells in the subject according to the method of any one

of the preceding claims.

[0095] As used herein, the term “treat,” as well as words related thereto, do not

necessarily imply 100% or complete treatment. Rather, there are varying degrees of

treatment of which one of ordinary skill in the art recognizes as having a potential

benefit or therapeutic effect. In this respect, the methods of treating a disease or

medical condition of the invention can provide any amount or any level of treatment.

Furthermore, the treatment provided by the method of the invention may include

treatment of one or more conditions or symptoms or signs of the disease or medical

condition being treated. Also, the treatment provided by the methods of the invention

may encompass slowing the onset or progression of the disease medical condition. For

example, the methods can treat diabetes by virtue of reducing blood sugar levels, and

the like.
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[0096] The use of the terms “a” and “an” and “the” and similar referents in the context

of describing the disclosure (especially in the context of the following claims) are to be

construed to cover both the singular and the plural, unless otherwise indicated herein or

clearly contradicted by context. The terms “comprising,” “having,” “including,” and

“containing” are to be construed as open-ended terms (i.e., meaning “including, but not

limited to”) unless otherwise noted.

[0097] Recitation of ranges of values herein are merely intended to serve as a

shorthand method of referring individually to each separate value falling within the range

and each endpoint, unless otherwise indicated herein, and each separate value and

endpoint is incorporated into the specification as if it were individually recited herein.

[0098] All methods described herein can be performed in any suitable order unless

otherwise indicated herein or otherwise clearly contradicted by context. The use of any

and all examples, or exemplary language (e.g., “such as”) provided herein, is intended

merely to better illuminate the disclosure and does not pose a limitation on the scope of

the disclosure unless otherwise claimed. No language in the specification should be

construed as indicating any non-claimed element as essential to the practice of the

disclosure.

[0099] Preferred embodiments of this disclosure are described herein, including the

best mode known to the inventors for carrying out the disclosure. Variations of those

preferred embodiments may become apparent to those of ordinary skill in the art upon

reading the foregoing description. The inventors expect skilled artisans to employ such

variations as appropriate, and the inventors intend for the disclosure to be practiced

otherwise than as specifically described herein. Accordingly, this disclosure includes all

modifications and equivalents of the subject matter recited in the claims appended

hereto as permitted by applicable law. Moreover, any combination of the above-



described elements in all possible variations thereof is encompassed by the disclosure

unless otherwise indicated herein or otherwise clearly contradicted by context.



WHAT IS CLAIMED:

1. A method of implanting cells in a subject, comprising:

a . implanting at a target site within the subject an apparatus comprising an

exterior, an interior, and at least one open end, wherein at least a portion

of the exterior comprises one or more perforations, wherein at least a

portion of the interior is hollow, and wherein the apparatus is connected to

a pump;

b. applying negative pressure at the target site via the pump for a time

period;

c . introducing a population of cells into the interior of the apparatus through

the open end of the apparatus using an introducer device after the time

period; and

d . removing at least a portion of the apparatus and the introducer device

from the target site, thereby allowing the population of cells to be in direct

contact with the target site.

2 . The method of claim 1, wherein the apparatus comprises a cylindrical shape or

rectangular prism.

3 . The method of claim 2, wherein the exterior of the apparatus has a width of not

more than 450 mm3.

4 . The method of any one of claims 1 to 3, wherein implanting the apparatus

comprises subcutaneously administering at least a portion of the apparatus into

the subject.

5 . The method of any one of claims 1 to 4, wherein at least a portion of the exterior

comprises the one or more perforations.

6 . The method of any one of claims 1 to 5, wherein only a portion of the exterior

comprises the one or more perforations.

7 . The method of any one of claims 1 to 5, wherein the entire exterior comprises the

one or more perforations.

8 . The method of any one of the previous claims, wherein the time period is at least

about 1 to about 2 days.



9 . The method of any one of the previous claims, wherein the negative pressure is

about -50 mmHg to about -200 mmHg.

10 .The method of claim 9, wherein the negative pressure is about - 125 mmHg.

11.The method of any one of the previous claims, wherein the introducer device is

sized such that it fits through the open end and inside the apparatus.

12 .The method of any one claims 1 to 11, wherein the target site is a mesothelial

organ.

13 .The method of claim 12, wherein the target site is a peritoneum, liver, pancreas,

an organ of the gastrointestinal tract, or the omentum.

14 .The method of any one of claims 1- 13, wherein the population of cells comprises

one or more of the following cell types: pancreatic islet cells, induced pluripotent

stem cells (iPSC), embryonic stem cells, or cells genetically modified to produce

and secrete a peptide, protein, blood factor, hormone, growth factor, or cytokine.

15 .The method of any one of claims 1- 14, wherein the population of cells is

encapsulated.

16 .The method of any one of claims 1- 15, wherein the population of cells comprises

cells pre-mixed with plasma.

17 .The method of claim 16, further comprising irrigating the target site with a

solution comprising thrombin prior to removing the portion of the apparatus.

18 .The method of any one of claims 1- 17, wherein the subject is a human.

19 .The method of any one claims 1- 18, wherein the subject suffers from a metabolic

disease.

20. The method of claim 19, wherein the metabolic disease is diabetes or obesity.

2 1 .The method of claim 20, wherein the diabetes is Type I diabetes.

22. The method of claim 2 1 , wherein the Type I diabetes occurs with severe

hypoglycemia.

23. A method of preparing a target site in a subject for a cellular implant, comprising:

a . implanting at a target site within the subject an apparatus comprising an

exterior and an interior, at least one open end wherein the apparatus is

connected to a pump, and



b. applying negative pressure at the target site via the pump for a time

period.

24. A system comprising:

an apparatus comprising an exterior, an interior, and at least one open end;

an introducer device for delivering a cellular implant, wherein the introducer

device is configured to pass through the interior of the apparatus, and place the

cellular implant near the at least one open end of the apparatus; and

a pump operably coupled to the apparatus, wherein the pump is configured to

provide a stimulus for vascularizing a site surrounding the exterior of the

apparatus.

25. The system of claim 24, wherein the stimulus is a negative pressure.

26. The system of claim 24, wherein the stimulus comprises a fluid.

27. The system of claim 26, wherein the fluid comprises a liquid, vapor, or gas.

28. The system of claim 26, wherein the fluid comprises thrombin.

29. The system of claim 24, wherein the apparatus comprises two or more openings.

30. The system of claim 29, wherein the two or more openings are configured to

deliver the stimulus.

3 1 .The system of claim 29, wherein the two or more openings are a plurality of

perforations.

32. The system of claim 29, wherein the two or more openings are located on the

exterior of the apparatus.

33. The system of claim 32, wherein only a portion of the exterior comprises the two

or more openings.

34. The system of claim 32, wherein the entire exterior comprises the two or more

openings.

35. The system of claim 24, further comprising a pump connector that connects the

apparatus to the pump.

36. The system of claim 24, wherein the apparatus comprises a cylindrical shape or

rectangular prism.

37. The system of claim 24, wherein a width of the exterior of the apparatus is no

more than about 450 mm3.



38. The system of claim 24, wherein the pump is configured to provide the stimulus

for a time period of at least about 1 to about 2 days.

39. The system of claim 24, wherein the stimulus is a negative pressure of about -50

mmHg to about -200 mmHg.

40. The system of claim 39, wherein the negative pressure is about - 125 mmHg.

4 1 .The system of claim 24, wherein the introducer device is sized such that it fits

through the open end and inside the apparatus.

42. The system of claim 24, wherein the cellular implant comprises a population of

cells comprising one or more of the following cell types: pancreatic islet cells,

induced pluripotent stem cells (iPSC), endocrine cells, embryonic stem cells, or

cells that secrete a peptide, protein, blood factor, hormone, growth factor, or

cytokine, wherein said cells are optionally genetically modified.

43. The system of claim 42, wherein the population of cells is encapsulated within

the cellular implant.

44. The system of claim 42, wherein the population of cells comprises cells pre

mixed with plasma.

45. A method of implanting cells in a subject, comprising:

a . implanting at a target site within the subject an apparatus comprising an

exterior and an interior, and at least one open end, wherein the apparatus

comprises, or is operably coupled to, a pump;

b. applying negative pressure at the target site via the pump for a time

period;

c . introducing a population of cells into the interior of the apparatus; and

d . removing at least a portion of the apparatus, while the population of cells

exit the apparatus via the open end, thereby allowing the population of

cells to be in direct contact with the target site.

46. The method of claim 45, wherein at least a portion of the exterior comprises one

or more perforations, wherein at least a portion of the interior is hollow, wherein

the apparatus is connected to or comprises a pump connector, and wherein one

end of the pump connector connects to a pump and the other end of the pump

connector connects to the apparatus.



47. A method of preparing a target site in a subject for a cellular implant, comprising:

a . implanting at a target site within the subject an apparatus comprising an

exterior and an interior, at least one open end, wherein the apparatus

comprises, or is operably coupled to, a pump; and

b. applying negative pressure at the target site via the pump for a time

period.

48. The method of claim 47, wherein the apparatus comprises a pump connector,

wherein at least a portion of the exterior comprises one or more perforations and

at least a portion of the interior is hollow, and wherein one end of the pump

connector connects to a pump and the other end of the pump connector

connects to the apparatus.

49. The method of claim 48, wherein said applying negative pressure comprises

applying negative pressure at the target site via the pump connect, and the one

or more perforations at the exterior of the apparatus.
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