ENCAPSULATION DEVICE SYSTEMS WITH OXYGEN SENSORS WITH OR
WITHOUT EXOGENOUS OXYGEN DELIVERY

CROSS REFERENCE
[0001] This application claims priority to U.S. Patent Application No. 62/417,005, filed
November 3, 2016, the specification(s) of which is/are incorporated herein in their

entirety by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to encapsulation devices for cells (such as but not
limited to islet cells, stem cell derived beta cells, or the like, e.g., for regulating blood
glucose, or other cells or spheroids that can produce and release a therapeutic agent
that is useful in the body), more particularly to encapsulation devices with oxygen
sensors and an exogenous oxygen or gas delivery system creating a closed-loop
system.

GOVERNMENT SUPPORT
[0003] This invention was made with government support under Grant No. DK106933,
awarded by NIH. The government has certain rights in the invention.

BACKGROUND OF THE INVENTION

[0004] The present invention features systems with encapsulation devices for cells (such
as islet cells or stem cell derived beta cells or the like) and sensors for real-time
monitoring of cells or analytes (such as oxygen levels, glucose levels, pH, lactate levels,
carbon dioxide levels, etc.). The encapsulation devices may be loaded with cells or may
be empty. The systems may be operatively connected to an oxygen generator or a gas
delivery system (e.g., an air pump, a chemical oxygen generator, etc.). The sensors
may be optical, electrochemical, or a combination thereof.

[0005] In some embodiments, the system (e.g., encapsulation device with oxygen
sensors) and oxygen generator (or gas delivery system) are in a closed loop with the
sensor reader that can regulate the delivery of oxygen or other gas to the device based
on the levels of oxygen that the sensor is reading from the sensors. The integration of
sensors into the device (e.g., a sensor inside the device, a sensor on the outside of the
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device, two sensors inside the device, efc.) can help provide measurements {e.q.,
oxygen, glucose, lactate, pH, carbon dioxide, elc.) at various stages including, but not

fimited to, pre-implantation and post-implantation.

[6006] In some embodiments, the systems (e.g., encapsulation devices with sensors,
e.g., oxygen sensors) of the present invention are used with oxygen delivery. in some
embodiments, the systems {(e.q., encapsulalion devices with oxygen sensors) of the
present invention are used without oxygen delivery. In some embodiments, the sysiems
{e.g., encapsulation devices with oxygen sensors} of the present invention are

ternporarily oxygenated.

[B007] As used herein, the term “oxygen delivery” also includes gas delivery, e.q., air

delivery. The term "oxygen generator” also refers to a gas generator.

[8008] Without wishing to limit the present invention to any theory or mechanism, it is
believed that the methods, systems (e.g., encapsulation devices with oxygen sensors),
devices, and compositions of the present invention may help detect and regulate oxygen
levels near or within encapsulation devices and alarm if not within the desired level. If
insulin secreling cells are transplanted, the systerm may help regulate blood glucose by
ensuring that the insulin secreting celis are properly oxygenaied and therefore are able

to release insulin in response (o glucose in an appropriate manner.

[8009] The disclosures of the following U.S. Patents are incorporated in their entirety by
reference herein: U.S. Pat. No. 5,713,888; U.S. Pat. App. No. 2003/0087427.

SUMMARY OF THE INVENTION

60161 The present invention features systems with encapsulation devices for cells (such
as islet cells or stem cell derived bela celis or the like) and sensors for real-time
monitoring of cells or analyles or various features of the encapsulation device like
oxygen levels, pH, laclate levels, etc. The systems may be operatively connected {o
oxygen generators or gas/oxygen delivery systems. In some embodiments, the system
{e.g., encapsulation device with oxygen sensors) and oxygen generalor are in a closed
ioop with the sensor reader that can regulate the delivery of oxygen o the device based
on the levels of oxygen that the sensor is reading from the sensors. The integration of

sensors into the device (e.g., a sensor inside the device, a sensor on the outside of the
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device, two sensors inside the device, efc.) can help provide measuremenis {e.q.,
oxygen, glucose, lactate, pH, carbon dioxide, elc.) at varicus stages including, but not

fimited to, pre-implantation and post-implantation.

(86111 The present invention features a system comprising: an encapsulation device
comprising a lumen for holding cells surrounded by a vascularization membrane; and a
sensor (or two or more sensors, €.g., two sensors, three sensors, four sensors, etc.) for
monitoring {e.g., real-ime monitoring) of a fealure of the celis housed in the
encapsulation device. The feature may be oxygen levels, oxygen consumption, glucose

levels, laciate levels, pH, insulin levels, the like, or a combination theraof.

(8012} In some embodiments, the sensor(s) are disposed on an outer surface of the
encapsulation device, within the encapsulation device, or on other locations {e.g., inlets,
outlets, etc.), or a combination thereof. For example, in some embodiments, the system
comprises a sensor disposed on the oullet of the encapsulation device and a sensor

disposed on the inlet of an encapsuiation device.

6013} In some embodiments, the system further comprises a bioreactor for housing the

encapsulation device.

[6014] In some embodiments, the sensor comprises a pair of oxygen sensors for

measuring oxygen consumption raie of the cells housed in the encapsulation device.

8015} In some embodiments, the system further comprises an oxygen delivery system
or gas delivery system operatively connected to the encapsulation device. The oxygen
delivery system may comprise an implantable oxygen generator. The oxygen delivery
system may comprise a wearable oxygen generator. in some embodiments, the oxygen
delivery system {or gas delivery system) delivers oxygen or gas to the encapsulation
device temporarily. In some embodiments, the oxygen delivery system {or gas delivery
systermn) delivers oxygen or gas {o the encapsulation device as needed. In some
embodiments, the sensor is an oxygen sensor, glucose sensor, pH sensor, lactate
sensor, CO; sensor, or a combination thereof. In soms embodiments, the sensors are

placed such that they do not interfere with each other.

(86161 in some embodiments, the encapsulation device comprises two lumens

separated by a gas channel. In some embodiments, the oxygen delivery system (or gas
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delivery system) is fluidly connected to the gas channel. In some embodiments, the

sensor is disposed in the gas channel.

(8017} In some embodiments, the system further comprises a reader adapted o read

the sensor. In some embodiments, the reader is an implantable oplical reader.

[6618] The present invention also features a system comprising: an encapsulation
device comprising a lumen for holding cells surrounded by a vascularization membrane;
and a first oxygen sensor disposed on an oullet of the encapsulation device and a
second oxygen sensor disposed on an inlet of the encapsulation device; and an oxygen
delivery system operatively connected o the encapsulation device via a {ube, wherein

the oxygen delivery system delivers oxygen (o the encapsulation device.

[6019] In some embodiments, the oxygen delivery sysiem or gas delivery system
comprises an implantable oxygen generator. In some embodiments, the oxygen delivery
system comprises a wearable oxygen generator. In some embodiments, the oxygen
delivery system delivers oxygen io the encapsulation device temporarily. in some
embodiments, the oxygen delivery system delivers oxygen {o the encapsulation device
as needed. In some embodiments, the encapsulation device comprises two lumens
separated by a gas channel. In some embodiments, the oxygen delivery system is
fluidly connected to the gas channel In some embodiments, the system further
comprises a sensor reader for reading the sensor. In some embodiments, the sensor
reader is an implaniable oplical reader. In some embodiments, the sensors are
operatively connecled to the exogenous oxygen delivery system via the sensor reader.
in some embodiments, the sensor reader is physically connected to the sensor. In some

embodiments, the sensor reader is not physically connected {o the sensor.

(8628} In some embodiments, upon receipt of a first command from the sensor reader
when the sensor reader detects an oxygen level below a threshold level, the exogenous
oxygen delivery system activates and delivers oxygen to the encapsulation device. In
some embodiments, the system is operatively connected {o an alarm system such that
an alarm is activated when the sensor reader detecis an oxygen level below a threshold
level. In some embodiments, upon receipt of a first command from the sensor reader
when the sensor reader detects an oxygen level above a threshold level, the exogenous

oxygen delivery sysiem deactivales and ceases delivery of oxygen/gas io the
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encapsulation device. In some embodiments, the system is operatively connected to an
alarm system such that an alarm is activated when the sensor reader detects an oxygen

level above a threshold level.

(86211 In some embodiments, the sensor reader is implantable. In some embodimenis,
the cells housed in the encapsulation device are islet cells or stem cell derived beta
cells. In some embodiments, the system helps regulate blood glucose. In some
embodiments, the sensor is an optical sensor. In some embodiments, the system further
comprises a detection system for detecling the optical sensor, the detection system
comprising an oplical reader, wherein the oplical reader is constructed from a material
that allows implantation of the optical reader in a subject. In some embodiments, the
optical reader is implanted adjacent {o a sensor. In some embodiments, the oplical

reader can be implanied into the subject at any depth with respect {o the skin.

(66221 In some embodiments, the reader is an implantable circuit for electrochemical

sensors that send signals outside the body wirelessly.

160231 The present invention also features a method of delecling vascularization of an
encapsulation device (e.g., a cell free device) according to the present invention (e.g.,
comprising a lumen for holding cells surrounded by a vascularization membrane and a
first oxygen sensor disposed on an outlet of the encapsulation device and a second
oxygen sensor disposed on an iniet of the encapsulation device). In some embodiments,
the method comprises detecting oxygen levels via the sensors, wherein an increase in
oxygen level above zero {or above a ceriain threshold level} is indicalive of
vascularization of the encapsulation device. In some embodiments, the encapsulation

device is absent of celis.

[8024] Any fealure or combination of features described herein are included within the
scope of the present invention provided that the features included in any such
combination are not mutually inconsistent as will be apparent from the context, this
specification, and the knowledge of one of ordinary skill in the arl.  Additional
advantages and aspects of the present invention are apparent in the following detailed

description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
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[8025] The features and advantages of the present invention will become apparent from
a consideration of the following delailed description presented in connection with the

accompanying drawings in which:

(86261 FIG. 1A shows an example of a single-chamber encapsulation device for holding
cells or lissues. The device comprises a port {0 access the lumen for loading the cells or
tissue.

(60271 FIG. 1B shows a cross-sectional view of the device of FIG. 1A, The celis are
encapsulated in a two-layer membrane envelope formed using a mesh inserl. The
device comprises a vascularization membrane and an immunoisoclation membrane. The
present invention is not limited to devices that ulilize an immunoisoclation membrane: in
some embodiments, the device only comprises the vascularization membrane.

(60281 FIG. 2A shows a delailed view of an encapsulation device with an
immunoisolation membrane.

(60291 FIG. 2B shows a detailed view of an encapsulation device without the
immunoisolation membrane.

8030} FIG. 3A shows a schemalic view of a system comprising a bioreactor containing
and encapsulation device with cells. Sensors are disposed within the encapsulation
devices as well as on the surface of the device. Sensors are also disposed on the inlet
and outlet of the sysiem (bioreactor), e.g., in combination with a flow through cell. In
some embodiments, the sensors on the inlet and oullet of the system are for oxygen
consumption rate measurements {which may be used as a means of evaluating viability
of the device with celis). The media (from a first media reservoir) enters through the inlet
of the encapsulation device and exits through the outlet fo a second media reservoir.
(8031} FIG. 3B shows an example of a flow through cell for liquid or gas entering a
bioreactor with an opening for sensor and/or oplical reader {e.g., metal screw). This may
be connecied {o tubing {e.g., hose barb fitlings) with fluid going in and out while a
sensor can measure the oxygen or other analyle concentration.

[6032] FIG. 4 shows a schematic view of a system comprising an encapsulation device
with two lumens of cells separated by a gas channel. A sensor is disposed in the gas
channel, and sensing particles are disposed on the ouler surface of the device. Sensors
may be at various different locations.

[6033] FIG. 5 shows a schematic view of an encapsulation device (single-chamber)

comprising two sensors disposed in the lumen with the cells. As previcusly discussed,
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the sensors may be various types of sensors, e.g., oxygen sensor, glucose sensor,
lactate sensor, combination thereof, sic.

[8034] FIG. 6A shows a schematic view of a system with an oplical reader outside the
body. The wireless reader is external to the skin. The wireless reader can read the
sensors in the device below the skin.

[6035] FIG. 6B shows a schematic view of a system with an optical reader inside the
body. The reader can read the sensors in the device, even through vasculature.

[8036] FIG. 7A shows a schematic view of a system (encapsulation device) operalively
connected to an implantable oxygen generator.

[6037] FIG. 7B shows a schematic view of a system (encapsulation device) operatively

connected to a wearabie oxygen generator.

DETAILED DESCRIPTION OF THE INVENTION

Encapsulation Devices

[6038] Encapsulation devices are devices for holding cells or tissues. The encapsulation
device {110) shown in FIG. 1A is a3 single-chamber encapsulation device. The device
{100) comprises an inner lumen for holding the cells (102) or lissue and at least one
membrane, e.g., a vascularization membrane (120), which is impermeable o cells. In
some embodiments, the device (100) further comprises an immunoisolation membrane
{130). Non-celi factors or molecules (150) can escape the cell impermeable membrane.
The device (110} also comprises a port (180) lo access the lumen for loading the celis
or tissue. FIG. 1B shows a cross-sectional view of an encapsulation device. The cells
are encapsulated in a lumen (114) by a two-layer membrane envelope, a vascularization
membrane (120) and an immunoisolation membrane (130). The device (110) also has

structural support, e.g., mesh, seals, elc.

[603%] In some embodiments, the encapsulation devices (110) comprise a
vascularization membrane (120) and immunocisolation membrane (130). In some
embodiments, the encapsulation devices (110) comprise just the vascularization

membrane (120).

[6040] In the examples shown in FIG. 1A and FIG. 1B, the cells therein are about 5-15
um in diameter. The outer membrane, the vascularization membrane (120}, has a pore
size from 5-10 pym. The vascularization membrane (120) is about 15 pym thick. The
immunoisoiation membrane (130) has a pore size of about 0.4 ym. The immunoisolation
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membrane (130} is about 30 um thick. In some embodiments, the membranes (120,
130) are constructed from malerials such as polytetraflourosthylene (PTFE) or other
sirmilar material. The present invention is not limited to the aforementioned pore sizes
and thicknesses of the membranes used therein. The present invention is not limited {o

the aforementioned materials.

60411 The encapsulation devices {(110) may be constructed in various shapes and sizes
and with various lumen volumes. For example, in some embodiments, the lumen has a
volume of about 4.5 yl. In some embodiments, the lumen has a volume of 20 pl. In
some embodiments, the lumen has a volume of 40 yl. In some embodiments, the device
{(110) is from 4 {o § om in length. In some embodiments, the device (110)isfrom 210 5
cm in length, e.g., 3 cm. In some embodiments, the device (110} is from 5 to 10 cm in
tength. The present invention is not limited to the aforementioned dimensions and lumen
volumes. For example, in some embodimenis, the lumen has a volume of about 100 ul
in some embodiments, the lumen has a volume of about 200 yl. In some embodiments,
the lumen has a volume from 2 to 50 yl.  In some embodiments, the lumen has a
volume from 10 to 100 pl. In some embodiments, the lumen has a volume from 40 {o
200 uyb. In some embodiments, the lumen has a volume from 100 to 300 yl. In some

embodiments, the lumen has a volume from 200 {o 500 ul.

[6042] In some embodiments, within the encapsulation devices (110), there may be
layers of celis or tissue, e.g., mulliple lumens within the device (110). For example, an
encapsulation device (110) may comprise two lumens or chambers. In some
embodiments, the device comprises more than two lumens or chambers, e.g., 3
chambers or iumens, 4 chambers or lumens, 5 chambers or lumens, eic. FIG. 2A and
FIG. 2B show examples an encapsulation with two lumens (two chambers) that are
separated by a gas channel (160). FIG. 2A and FIG. 2B alsc show vascularizing
membrane and microvasculaiure. The blood vessels embed into the vascularizing

membrane.

80431 in some embodiments, the chamber or lumen comprises a single layer of cells. In
some embodiments, the chamber or lumen comprises two layers of cells. In some
embodiments, the chamber comprises three or more layers of cells. In some
embodiments, islet spheroids (about 150 um in size) are used (shown in FIG. 2A, FIG.
2B). In some embodiments, a dual layer of the islet spheroids is used (lumen thickness

Q
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would be about 300 um in the chamber or in each chamber). In some embodiments, a
third layer is supported depending on the metabolic activity and other characteristics of
the spheroids/celis used. Note spheroids may not be touching each other in some
configurations and the space between them may be 1 or 2 spheroids apart {e.g., 150

um, 300 um), or more or less.
60441 Vascularization can occur around the encapsulation devices (110).

System with Encapsulation Device and Oxygen Sensors

[6045] The present invention features systiems comprising encapsulation devices for
cells and oxygen sensors. As shown in FIG. 34, the system may comprise an
encapsulation device (110} with loading ports (106, 107) and a lumen for holding cells.
In some embodiments, one or more sensors (410} are disposed within the
encapsulation device {110). In some embodiments, one or more sensors (410} are
disposed on the outer surface of the encapsulation device (110). In some embodiments,
one or more sensors are disposed on the loading ports (106, 107), e.g., the inlel and
outlet. The sensors at the inlet and outlet may be integrated with a flow through cell (see
FIG. 3B). The example shown in FIG. 3A comprises a bioreactor (105) with the
encapsulation device (110) disposed therein {(e.g., for storage prior lo implantation). As
an example, the sensors on the inlet and outlet of the system are for oxygen
consumption rate measurements, which may be used as a means of evaluating viability

of the device with celis.

[6046] FIG. 4 shows a system comprising an encapsulation device with two lumens of
cells separated by a gas channel. A sensor (410) is disposed in the gas channel, and
sensing particles (410a) are disposed on the outer surface of the device. Sensors may

be at various different locations.

(8047} FIG. 5 shows a schematic view of an encapsulation device (single-chamber)
comprising fwo sensors disposed in the lumen with the cells. As previously discussed,
the sensors may be various types of sensors, e.g., oxygen sensor, gluccse sensor,
lactate sensor, combination thereof, etc. Sensors may be optical, electrochemical, NMR-

based, or a combination thereof.

[6048] FI1G. 6A shows a schematic view of a system with an optlical reader (430) outside
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the body. The wireless reader (430) is external to the skin. The wireless reader can read
the sensors (410) in the device (110) below the skin. FIG. 6B shows a schematic view of
a system with optical readers (430) inside the body. The readers (430) can read the

sensors {(410) in the device, even through vasculature.

[6049] The sensors used in the systems of the present invention may be oxygen
sensors, glucose sensors, pH sensors, lactale sensors, carbon dioxide sensors, the like,
or a combination thereof. In some embodimenis, the sensors are optical sensors,

electrochemical sensors, NMR sensars, or a combination thereof.

[80658] In some embodiments, the system comprises two sensors and both sensors are
oxygen sensors, e.9., the sensors are adapted to allow oxygen consumption rate (OCR)
measurements. The sensors are placed such that they do not interfere with each other.
In some embodiments, a first oxygen sensor is disposed at an inlet {e.g., oxygen
channel) of the encapsulation device, and a second oxygen sensor is disposed at an
outlet of the encapsulation device. The present invention is not limited to the sensors or
placements described herein. In some embodiments, the syslem comprises fwo
sensors. In some embodiments, the systemn comprises three sensors. In some
embodiments, the sysiem comprises four sensors. In some embodiments, the system
comprises five sensors. In S0Mme. embodiments, the system comprises six or more

Sensors.

80511 The system of the present invention may further comprise a reader adapled to
read one or all sensors. In some embodiments, the reader is an external reader. in
some embodiments, the reader is an implantable reader (e.g., implantable optical

reader).

(86521 In some embodiments, the system of the present invention further comprises an
oxygen delivery sysiem. As shown in FIG. 7A and FIG. 7B, oxygen may be delivered o
the systems via several different mechanisms. For example, the system (100) of FIG.
7A is operatively and fluidly connected to an implantable oxygen generator (310).
Tubing (350) delivers gas from the oxygen generator (310) to the device (110).
Implantable oxygen generators are well known to one of ordinary skill in the art. For
example, the implantable oxygen generator may feature an electrochemical oxygen

generation mechanism {e.g., using electricity {o break down water to oxygen hydrogen),
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a chemical mechanism, or other mechanism. In FIG. 7B, the system (100) is operatively
and fluidly connecled o a wearable oxygen generator (320} or pump via tubing. A
special device (330} may be implanted into the skin to help prevent infection. In some
embodiments, the oxygen is delivered via a carrier media like hemoglobin or fluorinated
microbubbles. The present invention is nol limited o the aforementioned syslems or
materials. In some embodiments, the oxygen generator provides oxygen for the lifetime

of the implant {e.g., several years), or other length of time.

(806531 As previously discussed, in some embodiments, the systems of the present
invention (e.g., encapsulation devices with oxygen sensors) are used with an oxygen
delivery system. In some embodiments, the systems (e.g., encapsulation devices with

oxygen sensors) of the present invention are used without an oxygen delivery system.

[6034] In some embodiments, the systems (e.g., encapsulation devices with oxygen
sensors) of the present invention are temporarily oxygenated. For example, in some
embodiments, oxygen is lemporarily delivered initially {e.g., initially upon implantation)
until the system is adequalely vascularized. In some embodiments, oxygen may be
temporarily delivered and/or oxygen levels may be variable. For example, in some
embodiments, a cell type is used that benefits from a high oxvgen level. In some
embodiments, a cell type is used that benefits from a low oxygen level (e.g., 15% or
iower). In some embodiments, an oxygen level of about 21% oxygen (e.g., 20-22%]) is
used, e.g., air may be used. In some embodiments, an oxygen level from 15-22% is
used. In some embodimentis, an oxygen level from 10-15% is used. In some
embodiments, an oxygen level from 5-10% is used. In some embodiments, an oxygen
level from 0-5% is used. In some embodiments, a particuiar oxygen level is used initially
and then the oxygen level is increased or decreased at a later time. In some
embodiments, oxygen is turmned on and then off. In some embodiments, oxygen is
turned off and then on. In some embodiments, oxygen is turned on and off in a cycle for
a period of time or indefinitely. In some embodiments, oxygen level is tailored to the
application to help modulale the local immune system by providing temporary oxygen. In
some embodiments, oxygen levels are tailed to when vascularization occurs. In some
embodiments, immature cells are transplanted, and low oxygen levels may be used
initially; as the cells malure (e.g., afler a particular time, e.g., 4-6 weeks), higher oxygen

ievels may be provided.
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[B055] Without wishing to limit the present invention to any theory or mechanism, il is
believed that the methods, systems, devices, and compositions of the present invention
may help detect and regulaie oxygen levels near or within encapsulation devices and
alarm if not within the desired level. If insulin secreting celis are transplanted, the system
may help requiate blood glucose by ensuring that the insulin secreting cells are properly
oxygenated and therefore are able {o release insulin in response o glucose in an

appropriate manner.

[8056] In some embodiments, the system features a means of determining when the
cells are dead (e.g., via oxygen sensors, monitoring oxygen consumption rate, etc.).
Without wishing to limit the present invention {o any theory or mechanism, cells are
fikely dead if there is generally no difference in oxygen levels inside and ocutside the
device. Typically there is a difference (a gradient) in oxygen levels belween the inside
and outside of the device because oxygen is being consumed by live cells. Thus, no
difference would be indicative of no oxygen consumption, thus the cells are likely dead.
A bigger difference {(gradient) in oxygen levels between the inside and outside of the
device would indicate there are more viable cells. A user may determine how many cells

are dying by determining the change in oxygen gradient.

[8057] In some embodiments, the sensors (e.g., oxygen sensors) are operatively
connected {o the exogenous oxygen delivery system via a sensor reader, .9., a reader
for reading the sensors. The reader may fealure a microprocessor adapied to regulate
the oxygen delivery of the excgencus oxygen delivery system. For example, if the
microprocessor receives a first command from the reader that oxygen levels are low
{e.g., below a threshold level), the microprocessor can send a command to the
exogenous oxygen delivery system 1o increase oxygen delivery to the encapsulation
device. In some embodiments, when the microprocessor receives a second command
from the reader that oxygen levels are high (e.g., above a threshold level), the
microprocessor can send a command to the exogenous oxygen delivery system to
decrease oxygen delivery to the encapsulation device. In some embodimenis, the
system is operatively connected to an alarm system such that the patient is alerted

when oxygen levels are low or high.

[B058] As previously discussed, the present invention also features an implantable

sensor reader {e.g., implantable optical sensor reader) for reading sensors (e.g., optical
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sensors). In some embodiments, the implantable sensor reader is placed near or
adiacent to the sensor. In some embodiments, the sensor reader can be implanted into
the subject at any depth with respect to the skin. The implaniable sensor reader is
constructed from maierials that are compatible for implantation. Nole the sensor reader

may nol necessarily be physically connected (e.g., could be wireless).

160591 The present invention also features methods for delecling vascularization of an
encapsulation device of the present invention. The method may comprise monitoring
oxygen levels {e.g., via a first oxygen sensor, a second oxygen sensor). An increase in
oxygen levels without exogenous oxygen delivery may be indicative of vascularization of
the encapsulation device (e.g., oxygen is delivered to the device via the blood vessels).
In some embodiments, detection of vascularization may be an indication that excgenous
oxygen delivery can be discontinued. The oxygen levels thai would be indicative of
sufficient vascularization may depend on the transplantation site. In some embodiments,
it may be 1-20 mm Hg. In some embodiments, oxygen levels indicative of
vascularization may be from 1-5 mm Hg. In some embodiments, oxygen levels
indicative of vascularization may be from 5 {o 10 mm Hg. In some embodiments, oxygen
levels indicative of vascularization may be from 10 to 20 mm Hg. In some embodiments,
oxygen levels indicative of vascularization may be from 15 fo 25 mm Hg. In some
embodiments, oxygen levels indicative of vascularization may be from 20 to 30 mm Hag.
in some embodiments, oxygen levels indicative of vascularization may be from 30 to 40
mm Hg. In some embodiments, oxygen levels indicative of vascularization may be 40

mim Hg or more.

8060} Without wishing to limit the present invention to any theory or mechanism, i is
believed that the methods, systems, devices, and composilions of the present invention

may help regulate blood glucose.

[8061] Implantation may be at any appropriate site, including but not limited to an arm

focation, a leg location, a torso location, stc.

[8662] Various modifications of the invention, in addition to those described hersin, will
be apparent io those skilled in the art from the foregoing description. Such modifications
are also intended {o fall within the scope of the appended claims. Each reference cited

in the present application is incorporated herein by reference in its entirety.
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[8063] Although there has been shown and described the preferred embodiment of the
present invention, it will be readily apparent fo those skilled in the art that modifications
may be made thereto which do not exceed the scope of the appended claims.
Therefore, the scope of the invention is only to be limited by the following claims.
Reference numbers recited in the claims are exemplary and for ease of review by the
patent office only, and are not limiting in any way. In some embodiments, the figures
presented in this patent application are drawn to scale, including the angiles, ratios of
dimensions, etc. In some embodiments, the figures are represeniaiive only and the
claims are not limited by the dimensions of the figures. In some embodimenis,
descriptions of the inventions described herein using the phrase “comprising” includes
embodiments that could be described as “consisting of’, and as such the written
description requirement for claiming one or more embodiments of the present invention

using the phrase “consisting of” is met.

[6064] The reference numbers recited in the below claims are solely for ease of
examination of this patent application, and are exemplary, and are not intended in any
way to limit the scope of the claims to the particular features having the corresponding

reference numbers in the drawings.



THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An implantable encapsulation device for housing cells, the device comprising:

a lumen for receiving and housing cells;

a vascularization membrane at least partially surrounding the lumen;

a first sensor and a second sensor, wherein the first sensor and the second sensor are
positioned within an interior volume of the lumen and spaced apart by a physical distance to
prevent interference between the sensors, and wherein the first sensor and the second sensor each
comprise oxygen sensors that are collectively operable to determine an oxygen consumption rate

of cells provided within the device.

2. The device of claim 1, further comprising an immuno-isolation member provided

adjacent the vascularization membrane.

3. The device of claim 1 or 2, wherein the device comprises a port that provides

access to the lumen.

4. The device of any one of claims 1 to 3, further comprising a reader adapted to

read at least one of the first sensor and the second sensor.

5. The device of claim 4, wherein the reader comprises a wireless reader provided

external to the lumen and operable to be provided external to the skin of a patient.

6. The device of any one of claims 1 to 5, wherein at least one of the sensors
comprises a sensor selected from the group comprising: oxygen sensors, glucose sensors, pH

sensors, lactate sensors, carbon dioxide sensors, optical sensors, and electrochemical sensors.

7. The device of any one of claims 1 to 6, further comprising an oxygen delivery

system comprising an implantable oxygen generator.

8. The device of claim 7, further comprising a microprocessor that is operable to

regulate oxygen delivery from the oxygen delivery system.
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0. An implantable encapsulation device for housing cells, the device comprising:

a lumen for receiving and housing cells;

a vascularization membrane at least partially surrounding the lumen;

a first oxygen sensor provided proximal to an inlet of the lumen and wherein the first
oxygen sensor is operable to determine an amount of oxygen at a first location in the device;

a second oxygen sensor provided at a second location of the device and wherein the
second oxygen sensor is operable to determine an amount of oxygen at the second location of the
device; and

wherein the first sensor and the second sensor are spaced apart by a physical distance to

prevent interference between the sensors.

10. The device of claim 9, wherein the first oxygen sensor and the second oxygen

sensor are positioned within an interior volume of the lumen.

11. The device of claim 9 or 10, further comprising an immuno-isolation member

provided adjacent to and exterior to the vascularization membrane.

12. The device of any one of claims 9 to 11, wherein the device comprises a port that

provides access to the lumen.

13. The device of any one of claims 9 to 12, further comprising a reader adapted to

read at least one of the first oxygen sensor and the second oxygen sensor.

14. The device of claim 13, wherein the reader comprises a wireless reader provided

external to the lumen and operable to be provided external to the skin of a patient.
15. The device of any one of claims 9 to 14, further comprising an oxygen delivery

system comprising an implantable oxygen generator and a microprocessor that is operable to

regulate oxygen delivery from the oxygen delivery system to the lumen.
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