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CARTRIDGE-BASED SYSTEM FOR

LONG TERM CULTURE OF CELL CLUSTERS

RELATED APPLICATIONS

This application claims priority to and benefit of U.S. Provisional Patent Application

No. 62/41 1,124, entitled "Cartridge-Based System for Long Term Culture of Cell Clusters",

filed on October 21, 2016, U.S. Provisional Patent Application No. 62/395,512, entitled

"Cartridge-Based Devices For Long-Term Culture of Cell Clusters and Methods of Use

Thereof, filed on September 16, 2016, U.S. Provisional Patent Application No. 62/332,092,

entitled "Three-Dimensional Scaffolds For Cell Culture and Methods of Use Thereof, filed

on May 5, 2016, U.S. Provisional Patent Application No. 62/262,687, entitled "Cartridge-

Based Devices For Long-Term Culture of Cell Clusters and Methods of Use Thereof, filed

on December 3, 2015, and U.S. Provisional Patent Application No. 62/256,939, entitled

"Cartridge-Based Devices For Long-Term Culture of Cell Clusters and Methods of Use

Thereof, filed on November 18, 2015, the entire contents of each of which are incorporated

herein by reference.

GOVERNMENT SUPPORT

This invention was made with government support under grant number grant number

UC4-DK104165-01, awarded by the National Institutes of Health (NIH), under grant number

DK104165, awarded by the NIH, and under grant number DMR-1420570, awarded by the

National Science Foundation - Materials Research Science and Engineering Center. The

government has certain rights in the invention.

BACKGROUND OF THE INVENTION

Model organisms and existing human in vitro test systems do not adequately

recapitulate human in vivo conditions and, therefore, are often inaccurate representations of

human biology. As a result, a majority of drug candidates validated in animal or in vitro

models fail in clinical trials due to toxicity and lack of efficacy in humans. Platforms that

more closely mimic the human condition would help bridge this preclinical gap and more

reliably model human biology. Additionally, the ability to culture, expand and differentiate

target cells that make up in vivo tissue systems is clinically important for cell based therapies

and tissue engineering.

Common methods and devices for maintaining differentiated cells involve plating the

cells onto a generic substratum of an extracellular matrix component or suspending the cells

in a medium comprised of hormones, growth factors and nutrients. More recently,

microfluidic devices have been configured to enable integration and culture of living

biological cells. While such culture systems may be adequate for culturing and/or

propagating hematopoietic cancer cells and/or differentiated fibroblast cells, they are



inadequate for maintaining the in vivo structural and functional characteristics of many cell

types, e.g., pancreatic islet cells, adipocytes, or brain tissue cells, for periods of time

necessary to permit relevant assays. Furthermore, such devices do not readily permit transfer

of cells between different apparatuses for functional analysis.

For example, in vivo, pancreatic islet cells are surrounded by an islet capsule that is

comprised of an isotropic network of collagen fibers that are approximately 50-100 nm thick.

The current methods for culturing pancreatic islet cells involve the use of MATRIGEL-

coated culture dishes or low attachment vessels for suspension culture. However, pancreatic

islet cells cultured on MATRIGEL-coated culture dishes spread and lose their three-

dimensional structure and function after about 5-7 days in culture. Similarly, islet cell mass is

lost over time in suspension culture. Current methods for culturing adipocytes also involve

the use of gelatin-coated culture dishes, but the use of gelatin-coated culture dishes does not

permit the adipocytes to achieve or maintain in vivo structure or function. At most, adipocytes

cultured on gelatin-coated culture dishes achieve a size about 8 times less than mature cells in

vivo, e.g., adult human adipocytes, before floating off of the culture surface. Therefore, these

cultured adipocytes do not function as they would in an in vivo environment.

Accordingly, there is a need in the art for suitable systems, devices, and methods for

recapitulating human in vivo conditions of cells and cell clusters, as well as devices and

methods for culturing a determined number of cells or cell clusters arranged within a

predefined two-dimensional configuration such that the cells or cell clusters can be easily

transferred from the culture device to different apparatuses for functional analysis, and then

returned to the culture device after analysis.

SUMMARY OF THE INVENTION

Embodiments of the invention include cartridge-based systems for long term culture

of cells {e.g., cell clusters), cartridges for use with such systems, and the use of such

microfluidic systems and cartridges for, e.g., in vitro drug screening and/or toxicity assays,

disease modeling, and therapeutic applications. In some embodiments, the systems or the

cartridges include three-dimensional scaffolds that mimic the in vivo structure, physical

properties, and protein composition of extracellular matrix surrounding cells, e.g., pancreatic

islet cells or adipocytes, and the use of such compositions for, e.g., in vitro drug screening

and/or toxicity assays, disease modeling, and therapeutic applications. In other embodiments,

the use of the systems or the cartridges of the invention for, e.g., in vitro drug screening

and/or toxicity assays, disease modeling, and therapeutic applications, include cells, e.g., cell

clusters, e.g., pancreatic islet cells or adipocytes, encapsulated in microspheres of a polymer,

e.g., a hydrogel, that promotes cell viability and functionality.

Accordingly, in one aspect, the present invention provides a system, e.g., a

microfluidic system, including a housing and a cartridge. The housing includes a first

housing portion and a second housing portion forming a chamber therebetween. The housing



further includes an inlet for introduction of a medium into the system, an inlet channel

fluidically connecting the inlet with a central portion of the chamber, an outlet, and an outlet

channel fluidically connecting a peripheral portion of the chamber with the outlet.

The cartridge has a central portion and a peripheral portion and configured to be

disposed within the chamber with the central portion of the cartridge disposed in the central

portion of the chamber and the peripheral portion of the cartridge disposed in the peripheral

portion of the chamber. The cartridge includes a cartridge body having a first surface and a

second surface and defining a first plurality of channels disposed in the peripheral portion of

the cartridge. Each channel of the first plurality of channels extends from the first surface to

the second surface of the cartridge body. The cartridge includes at least one porous element

(e.g., a filter) disposed adjacent to the second surface of the cartridge body at the first

plurality of channels. The at least one porous element and the first plurality of channels form

a plurality of wells disposed in the peripheral portion of the cartridge. Each well can be

configured to hold one or more biological cells.

The housing and the cartridge can be configured such that when the cartridge is

disposed within the housing and a medium is introduced into the inlet, the medium flows

through the inlet channel and into the chamber. At least a first portion of the medium flows

laterally between the first surface of the cartridge body and a chamber wall opposite the first

surface of the cartridge body from the central portion of the chamber to the first plurality of

channels. The first portion of the medium further flows through the first plurality of channels

and the at least one porous element, and then flows through the outlet channel to the outlet of

the housing.

In one embodiment, the outlet channel connects with a central portion of the chamber.

The cartridge body can have a peripheral portion and a central portion that is disposed in the

central portion of the chamber when the cartridge is held in the housing. The first plurality of

channels can be disposed in the peripheral portion of the cartridge body. The cartridge body

and housing can be configured such that when the cartridge is disposed within the housing

and a medium is introduced into the inlet, the medium flows through the inlet channel and

into central portion of the chamber, and at least a first portion of the medium flows radially

outward between the first surface of the cartridge body and a chamber wall opposite the first

surface of the cartridge body from the central portion of the cartridge body to the first

plurality of channels, flows through the first plurality of channels and the at least one porous

element, and then flows through the outlet channel to the outlet of the housing.

In one embodiment, the cartridge body defines a second plurality of channels

extending from the first surface to the second surface of the cartridge body. Each channel in

the first plurality of channels can be disposed radially outward from the central portion of the

cartridge and each channel in the second plurality of channels can be disposed radially further

from the central portion of the cartridge than any channel in the first plurality of channels

(e.g., the second plurality of channels substantially surround the first plurality of channels).



In one embodiment, the housing and the cartridge can be configured such that when

the cartridge is disposed within the housing and the medium flows through the inlet channel

and into the central portion of the chamber, at least a second portion of the medium flows

radially outward between the first surface of the cartridge body and the chamber wall from

the central portion of the chamber past the first plurality of channels to the second plurality of

channels, flows through the second plurality of channels, and then flows through the outlet

channel to the outlet of the housing. In one embodiment, the housing and the cartridge can be

configured such that when at least the second portion of the medium flows radially outward

between the first surface of the cartridge body and the chamber wall from the central portion

of the chamber past the first plurality of channels to the second plurality of channels, the

medium flows into each of the second plurality of channels at substantially the same time. In

one embodiment, the housing and the cartridge are configured such that when at least the first

portion of the medium flows radially outward between the first surface of the cartridge body

and the chamber wall opposite the first surface of the cartridge body from the central portion

of the chamber to the first plurality of channels, the medium flows into each of the first

plurality of channels at substantially the same time. In one embodiment, the housing defines

a plurality of branched channels that fluidly connect with the inlet channel and the chamber.

In one embodiment, the first housing portion can have a surface including a recessed

portion, the recessed portion fluidically connected to the inlet channel and configured such

that when the cartridge is disposed within the chamber and media is introduced into the

system, the recessed portion receives media that flows through the inlet channel, into the

chamber, and between the surface having the recessed portion and the first surface of the

cartridge body. In one embodiment, the second housing portion can have a surface including

a recessed central portion configured and dimensioned to receive the cartridge. In one

embodiment, the cartridge body can have a perimeter with a circular portion corresponding to

a rounded edge and a straight portion corresponding to a planar edge, the planar edge

orienting the cartridge within the recessed central portion of the surface of the second housing

portion. In one embodiment, the cartridge body can have a perimeter with two angled linear

lines extending from an endpoint and connected at an opposing end by a rounded edge. In

some embodiments, the cartridge body can define different shapes, e.g., oval, square,

rectangular, or the like. In one embodiment, the surface of the second housing portion can

include a second recessed portion within the first recessed portion, the second recessed

portion fluidically connected to the outlet channel and configured such that when the

cartridge is disposed in the first recessed portion and media is introduced into the system, the

second recessed portion receives media that flows through channels in the cartridge body or

around the cartridge body and into the outlet channel.

In one embodiment, the system can include a first sealing element configured to be

disposed between the chamber wall of the first housing portion and a sealing portion of the

first surface of the cartridge body radially beyond the first plurality of channels. The



chamber wall of the first housing portion opposite the sealing portion of the first surface of

the cartridge body can have a first circumferential groove configured to receive or hold the

first sealing element. In one embodiment, at least one of the chamber wall of the first

housing portion or a chamber wall of the second housing portion can have a first

circumferential groove configured to receive or hold the first sealing element (e.g., a shared

groove configured and dimensioned to receive at least a portion of the first sealing element).

In one embodiment, the first sealing element can be configured to surround the

cartridge. In one embodiment, the first sealing element can be configured to be disposed

against the first surface of the cartridge body. In one embodiment, the system includes a

second sealing element configured to be disposed against the second surface of the cartridge

body. In one embodiment, the first sealing element can be a sleeve including an opening

complementary to the cartridge body, the sleeve receiving the peripheral portion of the

cartridge body in a circumferential groove.

In one embodiment, the system can include a second sealing element configured to be

disposed between the first housing portion and the second housing portion and encircling the

outlet channel. At least one of a surface of the first housing portion facing the second

housing portion or a surface of the second housing portion facing the first housing portion

can have a second circumferential groove surrounding the outlet channel. The second

circumferential groove can be configured to receive or hold the second sealing element. The

second sealing element can be configured to maintain a seal between the first housing

portion, the second housing portion and the outlet channel when the first housing portion and

the second housing portion are in a closed configuration.

In one embodiment, at least a portion of one or both of the first housing portion and

the second housing portion can be transparent. In some embodiments, each of the plurality of

wells is configured and dimensioned to receive a single cluster of cells. In some

embodiments, a diameter, a width, or a length of each of the wells falls in a range of 20 µιη to

500 µιη, falls in a range of 100 µιη to 300 µιη, falls in a range of 150 µιη to 250 µιη, or is

about 200 µιη. In some embodiments, each of the plurality of wells is configured and

dimensioned to receive multiple clusters of cells. In some embodiments, a diameter, a width

or a length of each of the wells falls in a range of 1 mm to 10 mm, falls in a range of 5 mm to

8 mm, falls in a rage of 5.5 mm to 7.5 mm, or is about 6.4 mm. In some embodiments, a

spacing between nearest neighbor wells in the plurality of wells falls in a range of 50 µιη to 5

mm, falls in a range of 200 µιη to 1 mm, falls in a range of 300 µιη to 500 µιη, or is

approximately 400 µιη.

In some embodiments, a diameter, a width or a length of each of the wells

independently falls in a range of about 0.02 mm to about 2 mm, about 0.05 mm to about 2

mm, about 0.1 mm to about 2 mm, about 0.3 mm to about 2 mm, about 0.02 mm to about

1.5 mm, about 0.05 mm to about 1.5 mm, about 0.1 mm to about 1.5 mm, about 0.3 mm



to about 1.5 mm, about 0.02 mm to about 0.7 mm, about 0.05 mm to about 0.7 mm, about

0.1 mm to about 0.7 mm, or about 0.3 mm to about 0.7 mm for a single cell cluster.

In some embodiments, a diameter, a width or a length of each of the wells

independently falls in a range of about 0.05 mm to about 15 mm, about 0.1 mm to about 15

mm, about 0.5 mm to about 15 mm, about 1 mm to about 15 mm, about 3 mm to about 15

mm, about 0.05 mm to about 12 mm, about 0.1 mm to about 12 mm, about 0.5 mm to about

12 mm, about 1 mm to about 12 mm, about 3 mm to about 12 mm, about 0.05 mm to about

10 mm, about 0.1 mm to about 10 mm, about 0.5 mm to about 10 mm, about 1 mm to about

10 mm, about 3 mm to about 10 mm, about 0.05 mm to about 7 mm, about 0.1 mm to about

7 mm, about 0.5 mm to about 7 mm, about 1 mm to about 7 mm, about 3 mm to about 7

mm, for multiple cell clusters.

In some embodiments, the height of each well can independently range between

about 0.02 mm to about 5 mm, about 0.05 mm to about 5 mm, about 0 .1 mm to about 5

mm, about 0.5 mm to about 5 mm, about 0.02 mm to about 4 mm, about 0.05 mm to about

4 mm, about 0.1 mm to about 4 mm, about 0.5 mm to about 4 mm, about 0.02 mm to about

3 mm, about 0.05 mm to about 3 mm, about 0.1 mm to about 3 mm, about 0.5 mm to about

3 mm, or about 1 mm to about 2 mm.

In some embodiments, the interwell spacing can range between about 0.05 mm to

about 5 mm, about 0.1 mm to about 5 mm, about 0.5 mm to about 5 mm, about 0.05 mm to

about 4 mm, about 0.1 mm to about 4 mm, about 0.5 mm to about 4 mm,

about 0.05 mm to about 3 mm, about 0.1 mm to about 3 mm, about 0.5 mm to about 3 mm,

or about 1 mm to about 2 mm.

In some embodiments, a diameter or width of each of the first plurality of channels

can fall in a range of about 200 µιη to about 500 µιη, about 100 µιη to about 300 µιη, about

150 µιη to about 250 µιη, or about 200 µιη. In some embodiments, a diameter or width of

each of the first plurality of channels can fall in a range of about 1 mm to about 10 mm, about

5 mm to about 8 mm, about 5.5 mm to about 7.5 mm, or about 6.4 mm. In some

embodiments, a diameter or width of each of the first plurality of channels can be

dimensioned substantially similarly to the diameter of the inlet and outlet channels.

In some embodiments, the inlet can include a first inlet and a second inlet (e.g., two

separate inlets). In such embodiments, the first inlet can be configured to receive a first

medium and the second inlet can be configured to receive a second medium, the first and

second medium mixing downstream of the first and second inlets. In one embodiment, the

first and second medium can mix in the inlet channel. In one embodiment, the first and

second medium can mix in the chamber.

In some embodiments, the first housing portion and the second housing portion can

each have elongated cutouts at opposing sides forming a step. The step can be used to engage

or interlock the first and second housing portion with respective tabs of a holder. In one

embodiment, the inlet channel can be a single opening through which the medium is



introduced into the chamber. In one embodiment, the inlet channel can include multiple

openings through which the medium is simultaneously introduced into the chamber.

In one embodiment, the first housing portion can include or be formed from a

plurality of layers bonded together. For example, the first housing portion can include a first

layer defining an aperture forming a portion of the inlet channel and defining an aperture

forming an upward flowing portion of the outlet channel. The first housing portion can

include a second layer defining a slot forming a portion of the inlet channel and defining an

aperture forming an upward flowing portion of the outlet channel. The housing portion can

further include a third layer defining an aperture forming a portion of the inlet channel that

connects with the central portion of the chamber and defining an aperture forming an upward

flowing portion of the outlet channel.

In one embodiment, the second housing portion can include or be formed from a

plurality of layers bonded together. For example, the second housing portion can include a

fourth layer defining a plurality of apertures forming a downward flowing portion of the

outlet channel and defining an aperture forming an upward flowing portion of the outlet

channel that connects with the upward flowing portion of the outlet channel in the third layer.

The second housing portion can include a fifth layer defining a plurality of slots and an

aperture. An end of each slot can connect with an aperture in the plurality of apertures of the

fourth layer. The plurality of slots can form a lateral flowing portion of the outlet channel

that connects with the downward flowing portion of the outlet channel in the fourth layer.

The aperture of the fifth layer can form an upward flowing portion of the outlet channel. The

second housing portion can include a sixth layer defining an aperture forming a downward

flowing portion of the outlet channel and an aperture forming an upward flowing portion of

the outlet channel. The second housing portion can include a seventh layer defining a slot

forming a lateral flowing portion of the outlet channel that connects with the downward

flowing portion of the outlet channel in the sixth layer and that connect with the upward

flowing portion of the outlet channel in the sixth layer. In one embodiment, the microfluidic

system can include a base layer on which the seventh layer is disposed. Although disclosed

as a plurality of layers bonded together, it should be understood that the first and/or second

housing portions can also be formed by different manufacturing processes, such as injection

molding.

In some embodiments, the at least one porous element can be a porous membrane.

The at least one porous element can include one or more bottom non-woven polymeric fiber

sheets. The system can include one or more top non-woven polymeric fiber sheets

configured to be disposed on the first surface of the body covering the first plurality of wells

after cells have been loaded in the plurality of wells, the one or more bottom non-woven

polymeric fiber sheets and the one or more top non-woven polymeric fiber sheets forming a

three-dimensional scaffold for culturing cells.



In some embodiments, the one or more bottom non-woven polymeric fiber sheets and

the one or more top non-woven polymeric fiber sheets can include a biogenic polymer and a

synthetic polymer. In some embodiments, the one or more bottom non-woven polymeric

sheets and the one or more top non-woven polymeric sheets can be the same non-woven

polymeric fiber sheets with a first portion disposed on a first surface of the cartridge body and

a second portion disposed on a second portion of the cartridge body. In some embodiments,

the one or more bottom non-woven polymeric fiber sheets and the one or more top non-

woven polymeric fiber sheet can be different non-woven polymeric fiber sheets.

In some embodiments, a thickness of the one or more bottom non-woven polymeric

fiber sheets and the one or more top non-woven polymeric fiber sheets is between about 50

nm and about 5 um. In some embodiments, the three-dimensional scaffold has an elastic

modulus of between about 0 .1 kiloPascal (kPa) and about 25.0 kPa. For each channel in the

first plurality of channels, a wall of the channel, a portion of the one or more top non-woven

polymeric fiber sheets and a portion of the one or more bottom non-woven polymeric fiber

sheets can define a space in which cells are enclosed. In some embodiments, the cells can

include adipocytes, pancreatic islet cells, or brain tissue cells. For each channel in the

plurality of channels, a thickness of the body at the channel can determine a height of the

space in which the cells are enclosed. In some embodiments, for each channel in the plurality

of channels, the thickness of the body at the channel is between about 10 µιη and about 1

mm.

In some embodiments, the one or more bottom non-woven polymeric fiber sheets

include polymeric fibers that can include a biogenic polymer and a synthetic polymer. A

weight ratio of the synthetic polymer to the biogenic polymer can be between about 10:90

and about 50:50. In some embodiments, the biogenic polymer can include a polymer selected

from the group consisting of poly-4-hydroxybuyrate, collagen and gelatin, and a combination

thereof. In some embodiments, the synthetic polymer can include a polymer selected from

the group consisting of polycaprolactone (PCL), polyethylene glycol (PEG) and polylactide

(PLA), and a combination thereof.

In some embodiments, the one or more bottom non-woven polymeric fiber sheets can

include at least one extracellular matrix (ECM) protein. In one embodiment, the at least one

ECM protein can be integral to the one or more bottom non-woven polymeric fiber sheets. In

one embodiment, the at least one ECM protein can be coated on the one or more bottom non-

woven polymeric fiber sheets. The at least one ECM protein can be selected from the group

consisting of a collagen, a laminin, and a fibronectin, or a fragment thereof, and a

combination thereof. The at least one ECM protein can be encoded by a gene selected from

the group consisting of genes COL6A3, COL6A1, SPP1, COL6A2, LAMC2, COL1A2,

FNDC3A, BGN, COL1A1, LAMB1, LAMC1, COL18A1, SPARC, LAMB3, FN1, TNC,

FNDC3B, COL3A1, EMILIN1, COL6A6, AGRN, LAMA4, COL28A1, LAMA3, LAMA5,

LAMC3, FBN1, LAMB2, COL5A1, or a fragment thereof, and a combination thereof. In



some embodiments, the one or more bottom non-woven polymeric fiber sheets can include

two or more extracellular matrix (ECM) proteins.

In another aspect, the present invention provides a system including a housing and a

cartridge. The housing includes a first housing portion and a second housing portion forming

a chamber therebetween. The housing also includes an inlet for introduction of a medium

into the system, an inlet channel fluidically connecting the inlet with the chamber, an outlet,

and an outlet channel fluidically connecting the chamber with the outlet. The system can

include a cartridge configured to be disposed within the chamber. The cartridge can include a

cartridge body having a first surface and a second surface. The first surface defines a

plurality of channels (e.g., wells) each configured to hold one or more biological cells. The

cartridge body can define a plurality of outer channels extending from the first surface to the

second surface of the cartridge body.

The housing and the cartridge can be configured such that when the cartridge is

disposed within the housing and a medium is introduced into the inlet, the medium flows

through the inlet channel and into the chamber and at least a first portion of the medium

flows laterally between the first surface of the cartridge body and a chamber wall opposite the

first surface of the cartridge body to plurality of wells, flows in to and out of the plurality of

wells, flows on to the plurality of outer channels, flows through the plurality of outer

channels, and then flows through the outlet channel to the outlet of the housing.

The outlet channel can connect with a central portion of the chamber. The cartridge

body can have a peripheral portion and a central portion that is disposed in the central portion

of the chamber when the cartridge is held in the housing. The plurality of wells can be

disposed in the peripheral portion of the cartridge body. The cartridge body and housing can

be configured such that when the cartridge is disposed within the housing and a medium is

introduced into the inlet, the medium flows through the inlet channel and into central portion

of the chamber, and at least a first portion of the medium flows radially outward between the

first surface of the cartridge body and a chamber wall opposite the first surface of the

cartridge body from the central portion of the cartridge body to the plurality of wells, flows

into and out of the first plurality of wells, flows radially outward to the plurality of outer

channels, flows through the plurality of outer channels, and then flows through the outlet

channel to the outlet of the housing. In one embodiment, the medium flows into each of the

first plurality of wells at substantially the same time.

In some embodiments, the system can include at least one three-dimensional scaffold

for culturing pancreatic islet cells, brain tissue cells or adipocytes. The three-dimensional

scaffold can include a first portion of a first non-woven polymeric fiber sheet, and a second

portion of a second non-woven polymeric fiber sheet overlaying the first portion. The first

non-woven polymeric fiber sheet and the second non-woven polymer fiber sheet can include

polymeric fibers including a biogenic polymer and a synthetic polymer. The three-

dimensional scaffold can include pancreatic islet cells, brain tissue cells or adipocytes



disposed between the first portion and the second portion. At least one of the plurality of

wells can be configured to hold the three-dimensional scaffold.

In some embodiments, the first non-woven polymeric fiber sheet and the second non-

woven polymeric fiber sheet can be a same non-woven polymeric fiber sheet and the first

portion and the second portion can be different portions of the same non-woven polymeric

fiber sheet. In some embodiments, the first non-woven polymeric fiber sheet and the second

non-woven polymeric fiber sheet can be different non-woven polymeric fiber sheets. A

weight ratio of the synthetic polymer to the biogenic polymer can be between about 10:90

and about 50:50.

The biogenic polymer can include a polymer selected from the group consisting of

poly-4-hydroxybuyrate, collagen and gelatin, and a combination thereof. The synthetic

polymer can include a polymer selected from the group consisting of polycaprolactone

(PCL), polyethylene glycol (PEG) and polylactide (PLA), and a combination thereof. The

polymeric fibers can include at least one extracellular matrix (ECM) protein. In one

embodiment, the at least one ECM protein can be integral to the fibers. In one embodiment,

the at least one ECM protein can be coated on the fibers. The at least one ECM protein can

be selected from the group consisting of a collagen, a laminin, and a fibronectin, or a

fragment thereof, and a combination thereof. The at least one ECM protein can be encoded

by a gene selected from the group consisting of genes COL6A3, COL6A1, SPP1, COL6A2,

LAMC2, COL1A2, FNDC3A, BGN, COL1A1, LAMB1, LAMC1, COL18A1, SPARC,

LAMB3, FN1, TNC, FNDC3B, COL3A1, EMILIN1, COL6A6, AGRN, LAMA4,

COL28A1, LAMA3, LAMA5, LAMC3, FBN1, LAMB2, COL5A1, or a fragment thereof,

and a combination thereof. In one embodiment, the polymeric fibers can include two or more

extracellular matrix (ECM) proteins.

The scaffold can have an elastic modulus of between about 0.1 kiloPascal (kPa) and

about 25.0 kPa. The diameter of the polymeric fibers can be between about 50 nm and about

500 nm. The thickness of the non-woven polymeric sheet can be between about 50 nm and

about 5 um. The pancreatic islet cells can maintain viability and functionality for at least

about 7 days.

In some embodiments, the system can include a solid support for the three-

dimensional scaffold. The solid support can include a top surface, a bottom surface, and a

channel extending from the top surface to the bottom surface of the solid support. The first

portion of the first non-woven polymeric fiber sheet can be disposed on the bottom surface of

the solid support. The second portion of the second non-woven polymeric body can be

disposed on the top surface of the solid support. The pancreatic islet cells, brain tissue cells

or adipocytes can be disposed in the channel of the solid support. At least one well in the

plurality of wells can be sized and configured to receive and hold the solid support.

A wall of the channel of the solid support, the first portion of the first non-woven

polymeric fiber sheet, and the second portion of the second non-woven polymeric sheet can



define a space in which the pancreatic islet cells, brain tissue cells or adipocytes are enclosed.

A thickness of the solid support can determine a height of the space in which the cells are

enclosed. In one embodiment, the thickness of the solid support can be between about 10 µιη

and about 1 mm. The system can include a plurality of three-dimensional scaffolds for

culturing pancreatic islet cells, brain tissue cells or adipocytes.

In some embodiments, the system can include a holder configured and dimensioned to

receive an assembly of the first housing portion, the second housing portion, and the

cartridge. The holder can include a first holder portion and a second holder portion

configured to receive the assembly therebetween. In one embodiment, the first holder portion

and the second holder portion can be hingedly connected. In another embodiment, the first

holder portion and the second holder portion can be connected using latches on two or more

sides of the holder.

The first holder portion can include an outer surface facing away from the second

holder portion when the holder is closed. The first holder portion can include an inner

surface facing toward the second holder portion when the holder is closed. The first holder

portion can include a protrusion extending from the inner surface. The protrusion can define

an opening having a recessed edge configured to receive and engage the first housing portion

of the assembly. The opening can extend through the protrusion and through the outer

surface of the first holder portion, and provides access to an inlet and an outlet of the

cartridge housing when the cartridge housing is disposed in the first holder portion. In some

embodiments, the first holder portion can include a gasket disposed in the recessed edge of

the opening. The gasket can be configured to engage the first housing portion in the recessed

edge of the opening. In one embodiment, the recessed edge can include tabs on each corner

forming a groove between a bottom surface of the recessed edge and the tabs, the groove

configured and dimensioned to slidably engage steps of the first housing portion of the

assembly. Engagement of the steps of the first housing portion with the tabs of the recessed

edge ensures alignment of the first and second housing portions when the holder is positioned

in a closed configuration. In one embodiment, the first holder portion can include one or

more hemispherical dimples extending from the bottom surface at each corner of the opening.

In some embodiments, the hemispherical dimples can be in addition to or as an alternative to

the gasket.

The second holder portion can include an outer surface facing away from the first

holder portion when the holder is closed. The second holder portion can include an inner

surface facing toward the first holder portion when the holder is closed with the inner surface

defining a recessed area. The recessed area can be configured to at least partially receive the

protrusion of the first holder portion. The recessed area can define an opening having a

recessed edge configured to receive and engage the second housing portion of the assembly.

The opening can extend through the recessed area and through the outer surface of the second

holder portion. In some embodiments, the second holder portion can include a gasket



disposed around the recessed edge of the opening in the recessed area of the second holder

portion. The gasket can be configured to engage and retain the second housing portion in the

cutout. In one embodiment, the recessed edge can include tabs on each corner forming a

groove between a bottom surface of the recessed edge and the tabs, the groove configured

and dimensioned to slidably engage steps of the second housing portion of the assembly.

Engagement of the steps of the second housing portion with the tabs of the recessed edge

ensures alignment of the first and second housing portions. In one embodiment, the second

holder portion can include one or more hemispherical dimples extending from the bottom

surface at each corner of the opening. In one embodiment, the gasket and/or the dimples of

the first and second holder portions can maintain the first and second housing portions raised

from the bottom surface of the respective first and second holder portions to ensure proper

contact, alignment and sealing between the first and second housing portions when the holder

is in the closed configuration.

The housing can be configured such that introduction of the protrusion of the first

holder portion into the recessed area of the second holder portion imparts a compression force

on the assembly to maintain a seal between the first housing portion, the second housing

portion and the cartridge. In one embodiment, the holder can include a latching mechanism

disposed on the outer surfaces of the first and second holder portions and configured to

interlock the first holder portion with the second holder portion to maintain the compression

force on the assembly.

In one embodiment, the at least one porous element can include a porous membrane.

In one embodiment, the at least one porous element can include one or more non-woven

polymeric fiber sheets. In one embodiment, the microfluidic system can include at least one

three-dimensional scaffold for culturing cells or cell clusters. In one embodiment, the

microfluidic system can include at least one three-dimensional scaffold for culturing

pancreatic islet cells. In another embodiment, the microfluidic system can include at least

one three-dimensional scaffold for culturing adipocytes. The three-dimensional scaffold can

include a first portion of a first non-woven polymeric fiber sheet and a second portion of a

second non-woven polymeric fiber sheet overlaying the first portion. The first non-woven

polymeric fiber sheet and the second non-woven polymer fiber sheet can include polymeric

fibers comprising a biogenic polymer and a synthetic polymer. The three-dimensional

scaffold can include cells, e.g., pancreatic islet cells or adipocytes, disposed between the first

portion and the second portion. At least one of the plurality of wells can be configured to

hold the three-dimensional scaffold.

In one embodiment, the first non-woven polymeric fiber sheet and the second non-

woven polymeric fiber sheet can be the same non-woven polymeric fiber sheet and the first

portion and the second portion can be different portions of the same non-woven polymeric

fiber sheet. In one embodiment, the first non-woven polymeric fiber sheet and the second

non-woven polymeric fiber sheet can be different non-woven polymeric fiber sheets. The



weight ratio of the synthetic polymer to the biogenic can be between about 10:90 and about

50:50. The biogenic polymer can include a polymer selected from the group consisting of

poly-4-hydroxybuyrate, collagen and gelatin, and a combination thereof.

The synthetic polymer can include a polymer selected from the group consisting of

polycaprolactone (PCL), polyethylene glycol (PEG) and polylactide (PLA), and a

combination thereof. The polymeric fibers can include at least one extracellular matrix

(ECM) protein. In one embodiment, the at least one ECM protein can be integral to the

fibers. In one embodiment, the at least one ECM protein can be coated on the fibers. The at

least one ECM protein can be selected from the group consisting of a collagen, a laminin, and

a fibronectin, or a fragment thereof, and a combination thereof. In one embodiment, the at

least one ECM protein can be encoded by a gene selected from the group consisting of genes

COL6A3, COL6A1, SPP1, COL6A2, LAMC2, COL1A2, FNDC3A, BGN, COL1A1,

LAMB1, LAMC1, COL18A1, SPARC, LAMB3, FN1, TNC, FNDC3B, COL3A1,

EMILIN1, COL6A6, AGRN, LAMA4, COL28A1, LAMA3, LAMA5, LAMC3, FBN1,

LAMB2, COL5A1, or a fragment thereof, and a combination thereof.

In one embodiment, the polymeric fibers further can include two or more ECM

proteins. The scaffold can have an elastic modulus of between about 0.1 kiloPascal (kPa) and

about 25.0 kPa. The diameter of the polymeric fibers can be between about 50 nm and about

500 nm. The thickness of the non-woven polymeric sheet can be between about 50 nm and

about 5 um. In one embodiment, the pancreatic islet cells can maintain viability and

functionality for at least about 7 days.

The system can include a solid support for the three-dimensional scaffold. The solid

support can include a top surface, a bottom surface, and a channel extending from the top

surface to the bottom surface of the solid support. The first portion of the first non-woven

polymeric fiber sheet can be disposed on the bottom surface of the solid support. The second

portion of the second non-woven polymeric body can be disposed on the top surface of the

solid support. The cells or cell clusters, e.g., pancreatic islet cells or adipocytes, can be

disposed in the channel of the solid support. At least one well in the plurality of wells can be

sized and configured to receive and hold the solid support.

A wall of the channel of the solid support, the first portion of the first non-woven

polymeric fiber sheet, and the second portion of the second non-woven polymeric sheet can

define a space in which the cells or cell clusters, e.g., pancreatic islet cells or adipocytes, are

enclosed. A thickness of the solid support can determine a height of the space in which the

cells or cell clusters are enclosed. The thickness of the solid support can be between about

10 µιη and about 1 mm. The system can include a plurality of three-dimensional scaffolds for

culturing cells or cell clusters, e.g., pancreatic islet cells or adipocytes.

In another aspect, the present invention provides a system, e.g., a microfluidic system,

for loading one or more biological cells on a cartridge. The system includes a housing and a

cartridge. The housing includes a first housing portion and a second housing portion forming



a chamber therebetween. The housing includes an inlet for introduction of a medium

including one or more biological cells into the system, an inlet channel fluidically connecting

the inlet with a central portion of the chamber, an outlet, an outlet channel fluidically

connecting the central portion of the chamber with the outlet, and a bypass channel fluidically

connecting the inlet channel with the outlet channel bypassing the central portion of the

chamber and the central portion of the cartridge.

The cartridge has a central portion and a peripheral portion and configured to be

disposed within the chamber with the central portion of the cartridge in the central portion of

the chamber. The cartridge includes a cartridge body having a first surface and a second

surface and defining a first plurality of channels disposed in the peripheral portion of the

cartridge. Each channel of the first plurality of channels extends from the first surface to the

second surface of the cartridge body. The cartridge includes at least one porous element

(e.g., a filter) disposed adjacent to the second surface of the cartridge body at the first

plurality of channels. The at least one porous element and the first plurality of channels form

a plurality of wells disposed in the peripheral portion of the cartridge, each well configured to

hold the one or more biological cells.

The housing and the cartridge can be configured such that when the cartridge is

disposed within the housing and the medium including the one or more biological cells or cell

clusters is introduced into the inlet, at least a first portion of the medium and the one or more

biological cells or cell clusters flows through the inlet channel and into the central portion of

the chamber. At least one of the one or more biological cells or cell clusters lodges in a well

of the plurality of wells, the first portion of the medium flows through the first plurality of

channels and the at least one filter, and then flows through the outlet channel to the outlet of

the housing. At least a second portion of the medium and the one or more biological cells or

cell clusters flows through at least a portion of the inlet channel and into the bypass channel

to bypass the plurality of wells of the cartridge and flows through the outlet channel to the

outlet of the housing.

The housing and cartridge are configured such that when no cells or cell clusters are

disposed in the plurality of wells, a flow resistance of a first flow path from the inlet, through

the inlet channel, through the first plurality of channels, through the outlet channel and out

the outlet is less than a flow resistance of a second flow path through the inlet, through inlet

channel, through the bypass channel, through the outlet channel and out the outlet. The

system and cartridge can be configured such that when one or more biological cells or cell

clusters are lodged in the plurality of wells of the cartridge, the one or more biological cells

or cell clusters at least partially block the flow path of the medium through the first plurality

of channels increasing the flow resistance for the first flow path and increasing a volume of

the second portion of the medium and the one or more biological cells or cell clusters that

flows along the second flow path relative to a volume of the first portion of the medium and

the one or more biological cells or cell clusters that flows along the first flow path.



In another aspect, the present invention provides a system, e.g., a microfluidic system,

for loading one or more biological cells or cell clusters on a cartridge. The system includes a

housing and a cartridge. The housing includes a first housing portion and a second housing

portion forming a chamber therebetween. The housing includes an inlet for introduction of a

medium including one or more biological cells or cell clusters into the system, an inlet

channel fluidically connecting the inlet with a central portion of the chamber, an outlet, an

outlet channel fluidically connecting a peripheral portion of the chamber with the outlet, and

an alternate channel fluidically connecting the inlet channel with the outlet channel.

The cartridge has a central portion and a peripheral portion and configured to be

disposed within the chamber with the central portion of the cartridge disposed in the central

portion of the chamber and the peripheral portion of the cartridge disposed in the peripheral

portion of the chamber. The cartridge includes a cartridge body having a first surface and a

second surface and defining a first plurality of channels disposed in the peripheral portion of

the cartridge. Each channel of the first plurality of channels extends from the first surface to

the second surface of the cartridge body. The cartridge includes at least one filter (e.g., a

porous element) disposed adjacent to the second surface of the cartridge body at the first

plurality of channels. The at least one filter and the first plurality of channels form a plurality

of wells disposed in the peripheral portion of the cartridge, each well configured to hold the

one or more biological cells or cell clusters.

The housing and the cartridge can be configured such that when the cartridge is

disposed within the housing and the medium including the one or more biological cells or cell

clusters is introduced into the inlet, at least a first portion of the medium and the one or more

biological cells or cell clusters flows through the inlet channel and into the central portion of

the chamber. At least one of the one or more biological cells or cell clusters lodges in a well

of the plurality of wells, the first portion of the medium flows through the first plurality of

channels and the at least one filter, and then flows through the outlet channel to the outlet of

the housing. At least a second portion of the medium and the one or more biological cells or

cell clusters flows through the inlet channel into the central portion of the chamber and into

the alternate channel to bypass the plurality of wells of the cartridge and flows through the

outlet channel to the outlet of the housing. In one embodiment, the alternate channel

substantially surrounds the central portion of the chamber. In some embodiments, due to the

longer length and smaller diameter of the alternate channel relative to a flow path through the

wells, a flow resistance in the alternate channel is larger than a flow resistance in the flow

path through the wells when there are no cells or cell clusters in the wells. After cells have

been lodged in the plurality of wells, the flow resistance through the wells increases and the

alternate channel provides a flow path with less resistance than the flow path through the

plurality of wells.

In another aspect, the present invention provides a cartridge for a microfluidic system.

The cartridge includes a body and one or more bottom non-woven polymeric fiber sheets.



The body includes a first surface and a second surface and defines a first plurality of channels

extending from the first surface to the second surface. The one or more bottom non-woven

polymeric fiber sheets are disposed on the second surface of the body at the first plurality of

channels. The first plurality of channels and the one or more bottom non-woven polymeric

fiber sheets form a plurality of wells, each well configured to receive one or more cells.

The cartridge can include one or more top non-woven polymeric fiber sheets

configured to be disposed on the first surface of the body covering the first plurality of wells

after the cells have been loaded in the plurality of wells. The one or more bottom non-woven

polymeric fiber sheets and the one or more top non-woven polymeric fiber sheets can form a

three-dimensional scaffold for culturing cells or cell clusters. In one embodiment, the one or

more bottom non-woven polymeric fiber sheets and the one or more top non-woven

polymeric fiber sheets include a biogenic polymer and a synthetic polymer. The one or more

bottom non-woven polymeric sheets and the one or more top non-woven polymeric sheets

can be the same non-woven polymeric fiber sheets with a first portion disposed on a first

surface of the cartridge body and a second portion disposed on a second portion of the

cartridge body. In one embodiment, the one or more bottom non-woven polymeric fiber

sheets and the one or more top non-woven polymeric fiber sheet can be different non-woven

polymeric fiber sheets.

In one embodiment, a thickness of the one or more bottom non-woven polymeric fiber

sheets and the one or more top non-woven polymeric fiber sheets can be between about 50

nm and about 5 um. In one embodiment, the three-dimensional scaffold can have an elastic

modulus of between about 0 .1 kiloPascal (kPa) and about 25.0 kPa. For each channel in the

plurality of channels, a wall of the channel, a portion of the one or more top non-woven

polymeric fiber sheets and a portion of the one or more bottom non-woven polymeric fiber

sheets can define a space in which cells or cell clusters are enclosed. In one embodiment, the

cells or cell clusters can include adipocytes or pancreatic islet cells. For each channel in the

plurality of channels, a thickness of the body at the channel can determine a height of the

space in which the cells or cell clusters are enclosed. For each channel in the plurality of

channels, the thickness of the body at the channel can be between about 10 µιη and about 1

mm.

The one or more bottom non-woven polymeric fiber sheets and the one or more top

non-woven polymeric fiber sheets can include polymeric fibers comprising a biogenic

polymer and a synthetic polymer. In one embodiment, the weight ratio of the synthetic

polymer to the biogenic polymer can be between about 10:90 and about 50:50. The biogenic

polymer can include a polymer selected from the group consisting of poly-4-hydroxybuyrate,

collagen and gelatin, and a combination thereof. In one embodiment, the synthetic polymer

can include a polymer selected from the group consisting of polycaprolactone (PCL),

polyethylene glycol (PEG) and polylactide (PLA), and a combination thereof.



In one embodiment, the one or more bottom non-woven polymeric fiber sheets and

the one or more top non-woven polymeric fiber sheets can include at least ECM protein. The

at least one ECM protein can be integral to the one or more bottom non-woven polymeric

fiber sheets and the one or more top non-woven polymeric fiber sheets. The at least one

ECM protein can be coated on the one or more bottom non-woven polymeric fiber sheets and

the one or more top non-woven polymeric fiber sheets. The at least one ECM protein can be

selected from the group consisting of a collagen, a laminin, and a fibronectin, or a fragment

thereof, and a combination thereof. The at least one ECM protein can be encoded by a gene

selected from the group consisting of genes COL6A3, COL6A1, SPP1, COL6A2, LAMC2,

COL1A2, FNDC3A, BGN, COLlAl, LAMBl, LAMCl, COL18A1, SPARC, LAMB3, FNl,

TNC, FNDC3B, COL3A1, EMILIN1, COL6A6, AGRN, LAMA4, COL28A1, LAMA3,

LAMA5, LAMC3, FBN1, LAMB2, COL5A1, or a fragment thereof, and a combination

thereof. In one embodiment, the one or more bottom non-woven polymeric fiber sheets

and/or the one or more top non-woven polymeric fiber sheets can include two or more ECM

proteins.

In another aspect, the present invention provides a system, e.g., a microfluidic system,

including a housing and a cartridge. The housing includes a first housing portion and a

second housing portion forming a chamber therebetween. The housing also includes an inlet

for introduction of a medium into the microfluidic system, an inlet channel fluidically

connecting the inlet with a central portion of the chamber, an outlet, and an outlet channel

fluidically connecting a peripheral portion of the chamber with the outlet. The cartridge can

be any of the cartridges described herein. The cartridge has a central portion and a peripheral

portion and is configured to be disposed within the chamber with the central portion of the

cartridge disposed in the central portion of the chamber and the peripheral portion of the

cartridge disposed in the peripheral portion of the chamber. The housing and the cartridge

are configured such that when the cartridge is disposed within the housing and a medium is

introduced into the inlet, the medium flows through the inlet channel and into the central

portion of the chamber and at least a first portion of the medium flows radially outward

between the first surface of the cartridge body and a chamber wall opposite the first surface

of the cartridge body from the central portion of the chamber to the first plurality of channels,

flows through the first plurality of channels and the at least one porous element, and then

flows through the outlet channel to the outlet of the housing.

In another aspect, the present invention provides a method for culturing cells or cell

clusters in a system. The method includes providing the system, e.g., microfluidic system,

described herein. The method also includes disposing one or more cells or one or more cell

clusters for culturing in at least one of the plurality of wells of the cartridge and disposing the

cartridge in the chamber of the housing. The method includes providing suitable culture

conditions and circulating a suitable culture medium through the system, thereby culturing

the one or more cells or one or more cell clusters.



In some embodiments, the one or more cells or cell clusters of any of the methods

described herein can be one or more cells or cell clusters microencapsulated in a polymer.

The polymer can be alginate. The one or more cells or cell clusters can be in one or more

capsules of the polymer when the one or more cells or cell clusters are disposed in the at least

one of the plurality of wells. Each of the one or more capsules can have a diameter in the

range of about 250 µιη to about 500 µιη.

In another aspect, the present invention provides a method for identifying a compound

that modulates cell differentiation, cell viability, and/or cell function. The method includes

providing the system, e.g., microfluidic system, described herein. The system includes cells

or cell clusters disposed in at least one of the plurality of wells of the cartridge. The method

includes contacting the cells or cell clusters with a test compound. In some embodiments, the

method includes contacting the cells or cell clusters with the test compound by introducing a

medium including the test compound into the inlet of the housing. The method includes

determining the effect of the test compound on cell differentiation, cell viability, and/or cell

function in the presence and absence of the test compound. A modulation of cell

differentiation, cell viability, and/or cell function in the presence of said test compound as

compared to cell differentiation, cell viability, and/or cell function in the absence of said test

compound indicates that said test compound modulates cell differentiation, cell viability,

and/or function, thereby identifying a compound that modulates cell differentiation, cell

viability, and/or function.

In another aspect, the present invention provides a method for identifying a compound

useful for treating a disease or disorder. The method includes providing a system, e.g., a

microfluidic system, described herein. The microfluidic system includes suitable cells or cell

clusters disposed in at least one of the plurality of wells of the cartridge. The method

includes contacting the cells or cell clusters with a test compound. In some embodiments, the

method includes contacting the cells or cell clusters with the test compound by introducing a

medium including the test compound into the inlet of the housing. The method includes

determining the effect of the test compound on cell differentiation, cell viability, and/or cell

function in the presence and absence of the test compound. A modulation of cell

differentiation, cell viability, and/or cell function in the presence of said test compound as

compared to cell differentiation, cell viability, and/or cell function in the absence of said test

compound indicates that said test compound modulates cell differentiation, cell viability,

and/or function, thereby identifying a compound useful for treating the disease or disorder.

Suitable cells or cell clusters for use in the methods of the invention for identifying a

compound useful for treating a disease or disorder include cells known to be affected by or

associated with the disease or disorder. For example, in the case of a muscle disease or

disorder, such as muscular and neuromuscular pathologies, e.g., a muscle dystrophy, a

myopathy, a disease of peripheral nerves, a metabolic muscle disorder, a vasospasm, a heart

arrhythmia, and/or a cardiomyopathy, suitable cells include cardiac muscle cells, ventricular



cardiac muscle cells, atrial cardiac muscle cells, striated muscle cells, smooth muscle cells,

vascular smooth muscle cells, and combinations thereof. In the case of a disorder of

pancreatic islet cells, e.g., impaired glucose tolerance, diabetes, insulinoma, suitable cells

include pancreatic islet cells as described herein; in the case of a disorder of adipocytes,

e.g., lipodystrophy, liposarcoma, suitable cells include adipocytes as described herein; in the

case of a myoepithelial disorder, e.g., myoepithelial carcinoma, suitable cells include salivary

gland cells, myoepithelial cells and combinations thereof; in the case of a luminal disorder,

e.g., a vascular disorder, suitable cells include vascular smooth muscle cells. In one

embodiment, spheroids and, more particularly, tumor spheroid cells can be used, although it

should be understood that any other cell types can be used.

In one embodiment, the cells disposed in at least one of the plurality of wells of the

cartridge are pancreatic islet cells, and the effect of the test compound on pancreatic islet cell

differentiation, viability and/or function in the presence and absence of the test compound is

determined. In one embodiment, the disease or disorder is diabetes, the cells disposed in at

least one of the plurality of wells of the cartridge are pancreatic islet cells, and the effect of

the test compound on pancreatic islet cell differentiation, viability and/or function in the

presence and absence of the test compound is determined. In one embodiment, the cells

disposed in at least one of the plurality of wells of the cartridge are adipocytes and the effect

of the test compound on adipocyte differentiation, viability and/or function in the presence

and absence of the test compound is determined. In one embodiment, the disease or disorder

is lipodystrophy, the cells disposed in at least one of the plurality of wells of the cartridge are

adipocytes, and the effect of the test compound on adipocyte differentiation, viability and/or

function in the presence and absence of the test compound is determined.

In another aspect, the present invention provides a method for identifying a compound

that modulates pancreatic islet cell differentiation, viability and/or function. The method

includes provides a cartridge described herein, the cartridge including pancreatic islet cells.

The method includes contacting the cartridge with a test compound. In some embodiments,

the method includes contacting the cells with the test compound by introducing a medium

including the test compound into the inlet of a housing. The method includes determining the

effect of the test compound on pancreatic islet cell differentiation, viability and/or function in

the presence and absence of the test compound. A modulation of pancreatic islet cell

differentiation, viability and/or function in the presence of said test compound as compared to

pancreatic islet cell differentiation, viability and/or function in the absence of said test

compound indicates that said test compound modulates pancreatic islet cell differentiation,

viability and/or function, thereby identifying a compound that modulates pancreatic islet cell

differentiation, viability and/or function.

In another aspect, the present invention provides a method for identifying a compound

useful for treating diabetes. The method includes providing a cartridge described herein, the

cartridge including pancreatic islet cells. The method includes contacting the cartridge with a



test compound. In some embodiments, the method includes contacting the cells with the test

compound by introducing a medium including the test compound into the inlet of a housing.

The method includes determining the effect of the test compound on pancreatic islet cell

differentiation, viability and/or function in the presence and absence of the test compound. A

modulation of pancreatic islet cell differentiation, viability and/or function in the presence of

said test compound as compared to pancreatic islet cell differentiation, viability and/or

function in the absence of said test compound indicates that said test compound modulates

pancreatic islet cell differentiation, viability and/or function, thereby identifying a compound

useful for treating diabetes.

In another aspect, the present invention provides a method for identifying a compound

that modulates adipocyte differentiation, viability and/or function. The method includes

providing a cartridge described herein, the cartridge including adipocytes. The method

includes contacting the cartridge with a test compound. In some embodiments, the method

includes contacting the cells with the test compound by introducing a medium including the

test compound into the inlet of a housing. The method includes determining the effect of the

test compound on adipocyte differentiation, viability and/or function in the presence and

absence of the test compound. A modulation of adipocyte differentiation, viability and/or

function in the presence of said test compound as compared to adipocyte differentiation,

viability and/or function in the absence of said test compound indicates that said test

compound modulates adipocyte differentiation, viability and/or function, thereby identifying

a compound that modulates adipocyte differentiation, viability and/or function.

In another aspect, the present invention provides a method for identifying a compound

useful for treating lipodystrophy. The method includes providing a cartridge described

herein, the cartridge including adipocytes. The method includes contacting the cartridge with

a test compound. In some embodiments, the method includes contacting the cells with the

test compound by introducing a medium including the test compound into the inlet of a

housing. The method includes determining the effect of the test compound on adipocyte

differentiation, viability and/or function in the presence and absence of the test compound. A

modulation of adipocyte differentiation, viability and/or function in the presence of said test

compound as compared to adipocyte differentiation, viability and/or function in the absence

of said test compound indicates that said test compound modulates adipocyte differentiation,

viability and/or function, thereby identifying a compound useful for treating lipodystrophy.

In one aspect, the instant invention provides three-dimensional scaffolds for culturing

cells or cell clusters. The scaffolds include a first portion of a first non-woven polymeric

fiber sheet; a second portion of a second non-woven polymeric fiber sheet overlaying the first

portion, wherein the first non-woven polymeric fiber sheet and the second non-woven

polymeric fiber sheet include polymeric fibers comprising a biogenic polymer and a synthetic

polymer; and cells or cells making up the clusters disposed between the first portion and the

second portion.



In another aspect, the present invention provides three-dimensional scaffolds for

culturing pancreatic islet cells or adipocytes. The three-dimensional scaffolds include a first

portion of a first non-woven polymeric fiber sheet; a second portion of a second non-woven

polymeric fiber sheet overlaying the first portion, wherein the first non-woven polymeric

fiber sheet and the second non-woven polymeric fiber sheet include polymeric fibers

comprising a biogenic polymer and a synthetic polymer; and pancreatic islet cells or

adipocytes disposed between the first portion and the second portion.

In one embodiment, the three-dimensional scaffolds include pancreatic islet cells. In

another embodiment, the scaffolds include adipocytes. The first non-woven polymeric fiber

sheet and the second non-woven polymeric fiber sheet can be a same non-woven polymeric

fiber sheet and the first portion and the second portion are different portions of the same non-

woven polymeric fiber sheet; or the first non-woven polymeric fiber sheet and the second

non-woven polymeric fiber sheet can be different non-woven polymeric fiber sheets.

The weight ratio of the synthetic polymer to the biogenic can be between about 10:90

and about 50:50. In one embodiment, the biogenic polymer can be selected from the group

consisting of poly-4-hydroxybuyrate, collagen and gelatin, and a combination thereof and a

synthetic polymer. In one embodiment, the synthetic polymer can be selected from the group

consisting of polycaprolactone (PCL), polyethylene glycol (PEG) and polylactide (PLA), and

a combination thereof. The polymeric fibers can further include at least one ECM protein,

e.g., the ECM protein can be integral to the fibers or coated onto the fibers. In some

embodiments, the polymeric fibers include at least 2, at least 3, at least 4, at least 5, at least 6,

at least 7, at least 8, at least 9, at least 10, or more than 10 ECM proteins.

In one embodiment, the ECM protein can be selected from the group consisting of a

collagen, a laminin, and a fibronectin, or a fragment thereof, and a combination thereof. In

another embodiment, the ECM protein is encoded by a gene selected from the group

consisting of COL6A3, COL6A1, SPP1, COL6A2, LAMC2, COL1A2, FNDC3A, BGN,

COLlAl, LAMBl, LAMCl, COL18A1, SPARC, LAMB3, FNl, TNC, FNDC3B, COL3A1,

EMILIN1, COL6A6, AGRN, LAMA4, COL28A1, LAMA3, LAMA5, LAMC3, FBN1,

LAMB2, COL5A1, or a fragment thereof, and a combination thereof.

The elastic modulus of the three-dimensional scaffold can be between about 0.1 kilo

Pascal (kPa) and about 25.0 kPa. The diameter of the polymeric fibers can be between about

50 nm and about 500 nm. The thickness of the non-woven polymeric sheet can be between

about 50 nm and about 5 µιη (microns). The pancreatic islet cells or adipocytes disposed

between the first portion and the second portion may maintain viability and functionality

when cultured for at least about 7 days.

In one aspect, the present invention provides devices including a three-dimensional

scaffold for culturing cells or cell clusters. The three-dimensional scaffold includes a first

portion of a first non-woven polymeric fiber sheet, and a second portion of a second non-

woven polymeric fiber sheet overlaying the first portion. The first non-woven polymeric



fiber sheet and the second non-woven polymeric fiber sheet include polymeric fibers

including a biogenic polymer and a synthetic polymer. The device includes cells or cells

making up the clusters disposed between the first portion and the second portion. The device

includes a base layer.

In one aspect, the present invention provides devices including a three-dimensional

scaffold for culturing pancreatic islet cells or adipocytes. The three-dimensional scaffold

includes a first portion of a first non-woven polymeric fiber sheet, and a second portion of a

second non-woven polymeric fiber sheet overlaying the first portion. The first non-woven

polymeric fiber sheet and the second non-woven polymeric fiber sheet include polymeric

fibers including a biogenic polymer and a synthetic polymer. The device includes pancreatic

islet cells or adipocytes disposed between the first portion and the second portion. The

device includes a base layer.

In one embodiment, the three-dimensional scaffolds include pancreatic islet cells. In

another embodiment, the three-dimensional scaffolds include adipocytes. Exemplary base

layers can include a well of a tissue culture plate or a microfluidics device.

In one aspect, the present invention provides a device including a three-dimensional

scaffold for culturing cells or cell clusters. The three-dimensional scaffold includes a first

portion of a first non-woven polymeric fiber sheet, and a second portion of a second non-

woven polymeric fiber sheet overlaying the first portion. The first non-woven polymeric

fiber sheet and the second non-woven polymeric fiber sheet can include polymeric fibers

including a biogenic polymer and a synthetic polymer. The three-dimensional scaffold

includes cells or cells making up the clusters disposed between the first portion and the

second portion. The scaffold includes a solid support including a top surface, a bottom

surface, and a channel extending from the top surface to the bottom surface. The first portion

of the first non-woven polymeric fiber sheet can be disposed on the bottom surface of the

solid support. The second portion of the second non-woven polymeric body can be disposed

on the top surface of the solid support. The cells or cell clusters can be disposed in the

channel of the solid support.

In another aspect, the present invention provides a device including a three-

dimensional scaffold for culturing pancreatic islet cells or adipocytes. The three-dimensional

scaffold includes a first portion of a first non-woven polymeric fiber sheet, and a second

portion of a second non-woven polymeric fiber sheet overlaying the first portion. The first

non-woven polymeric fiber sheet and the second non-woven polymeric fiber sheet can

include polymeric fibers including a biogenic polymer and a synthetic polymer. The three-

dimensional scaffold includes pancreatic islet cells or adipocytes disposed between the first

portion and the second portion. The three-dimensional includes a solid support including a

top surface, a bottom surface, and a channel extending from the top surface to the bottom

surface. The first portion of the first non-woven polymeric fiber sheet can be disposed on the

bottom surface of the solid support. The second portion of the second non-woven polymeric



body can be disposed on the top surface of the solid support. The pancreatic islet cells or

adipocytes can be disposed in the channel of the solid support.

In one embodiment, the three-dimensional scaffolds include pancreatic islet cells. In

another embodiment, the scaffolds include adipocytes. In one embodiment, the first portion

of the first non-woven polymeric fiber sheet and the second portion of the second non-woven

polymeric sheet can define a space in which the cells are enclosed. The thickness of the solid

support can determine a height of the space in which the cells are enclosed, and can be

between about 10 µιη and about 1 mm. In one embodiment, the present invention provides

devices including a plurality of three-dimensional scaffolds, and a plurality of solid supports.

In one embodiment, the devices further include a base layer, e.g., a well of a tissue

culture plate or a microfluidics device. In one aspect, the present invention provides methods

for treating a subject having diabetes. The methods include providing a three-dimensional

scaffold of the invention including pancreatic islet cells, and implanting the scaffold in the

subject, thereby treating the subject having diabetes. In some embodiments, the pancreatic

islet cells are pancreatic islet stem cells.

In one aspect, the present invention provides methods for identifying a compound that

modulates cell differentiation, viability and/or function of a pancreatic islet cell or an

adipocyte. The methods include contacting a three-dimensional scaffold of the invention

with a test compound. The methods include determining the effect of the test compound on

cell differentiation, viability and/or function in the presence and absence of the test

compound. A modulation of cell differentiation, viability and/or function in the presence of

said test compound as compared to cell differentiation, viability and/or function in the

absence of said test compound indicates that said test compound modulates cell

differentiation, viability and/or function of the pancreatic islet cell or adipocyte, thereby

identifying a compound that modulates differentiation, viability and/or function of a

pancreatic islet cell or an adipocyte.

In another aspect, the present invention provides methods for identifying a compound

useful for treating diabetes. The methods include contacting a three-dimensional scaffold of

the invention including a pancreatic islet cell with a test compound. The methods include

determining the effect of the test compound on pancreatic islet cell differentiation, viability

and/or function in the presence and absence of the test compound. A modulation of cell

differentiation, viability and/or function in the presence of said test compound as compared to

cell differentiation, viability and/or function in the absence of said test compound indicates

that the test compound is useful for treating diabetes.

In one aspect, the present invention provides methods for identifying a compound

useful for treating lipodystrophy. The methods include providing a three-dimensional

scaffold of the invention including an adipocyte. The methods include contacting the three-

dimensional scaffold with a test compound, and determining the effect of the test compound

on adipocyte differentiation, viability and/or function in the presence and absence of the test



compound. A modulation of adipocyte differentiation, viability and/or function in the

presence of the test compound as compared to adipocyte differentiation, viability and/or

function in the absence of the test compound indicates that the test compound is useful for

treating lipodystrophy.

In another aspect, the present invention provides a system (e.g., a microfluidic

system) including a housing with a first housing portion and a second housing portion

forming a chamber therebetween. The housing includes an inlet for introduction of a medium

into the system, an inlet channel fluidically connecting the inlet with the chamber, an outlet,

and an outlet channel fluidically connecting the chamber with the outlet. The system

includes a cartridge configured to be disposed within the chamber. The cartridge includes a

cartridge body having a first surface and a second surface and defining a first plurality of

channels disposed in the cartridge, each channel of the first plurality of channels extending

from the first surface to the second surface of the cartridge body. The first plurality of

channels form a plurality of wells disposed in the cartridge, each well configured to hold one

or more biological cells. The housing and the cartridge can be configured such that when the

cartridge is disposed within the housing and a medium is introduced into the inlet, the

medium flows through the inlet channel and into the chamber and at least a first portion of

the medium flows laterally between the first surface of the cartridge body and a chamber wall

opposite the first surface of the cartridge body to the first plurality of channels, flows through

the first plurality of channels, and then flows through the outlet channel to the outlet of the

housing.

In another aspect, the present invention provides a system (e.g., a microfluidic

system) a housing with a first housing portion, a second housing portion, and a middle

housing portion disposed between the first and second housing portions. The first housing

portion and the middle housing portion form a first chamber therebetween. The middle

housing portion and the second housing portion form a second chamber therebetween. The

housing includes an inlet for introduction of a medium into the system, an inlet channel

fluidically connecting the inlet with the first chamber and the second chamber, an outlet, and

an outlet channel fluidically connecting the second chamber with the outlet. The system

includes a first cartridge configured to be disposed within the first chamber. The first

cartridge includes a first cartridge body having a first surface and a second surface and

defining a first plurality of channels disposed in the first cartridge, each channel of the first

plurality of channels extending from the first surface to the second surface of the first

cartridge body. The first cartridge includes at least one first porous element disposed

adjacent to the second surface of the first cartridge body at the first plurality of channels, the

at least one first porous element and the first plurality of channels forming a plurality of wells

disposed in the first cartridge, each well configured to hold one or more biological cells. The

system includes a second cartridge configured to be disposed within the second chamber.

The second cartridge includes a second cartridge body having a first surface and a second



surface and defining a first plurality of channels disposed in the second cartridge, each

channel of the first plurality of channels extending from the first surface to the second surface

of the second cartridge body. The second cartridge includes at least one second porous

element disposed adjacent to the second surface of the second cartridge body at the first

plurality of channels, the at least one second porous element and the first plurality of channels

forming a plurality of wells disposed in the second cartridge, each well configured to hold

one or more biological cells. The housing and the first and second cartridges are configured

such that when the first and second cartridges are disposed within the housing and a medium

is introduced into the inlet, the medium flows through the inlet channel and into the first

chamber and at least a first portion of the medium flows laterally between the first surface of

the first cartridge body and a chamber wall opposite the first surface of the first cartridge

body to the first plurality of channels, flows through the first plurality of channels and the at

least one first porous element, and then flows through the inlet channel (located in the middle

housing portion) into the second chamber, and at least a first portion of the medium flows

laterally between the first surface of the second cartridge body and a chamber wall opposite

the first surface of the second cartridge body to the first plurality of channels, flows through

the first plurality of channels and the at least one second porous element, and then flows

through the outlet channel to the outlet of the housing.

Other features and advantages of the invention will be apparent from the following

description of the preferred embodiments thereof, and from the claims. References cited are

hereby incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
Various features and advantages of the embodiments herein described can be fully

appreciated as the same becomes better understood when considered in light of the

accompanying drawings:

FIG. 1 is a diagrammatic perspective view of an exemplary system of the present

invention, in accordance with some embodiments.

FIG. 2 is a diagrammatic, exploded perspective view of the exemplary system of FIG.

1, in accordance with some embodiments.

FIG. 3A is a diagrammatic, perspective, cross-sectional view of the exemplary system

of FIG. 1, in accordance with some embodiments.

FIG. 3B is a diagrammatic, cross-sectional view of a portion of the system of FIG. 1.

FIG. 4 is a diagrammatic perspective view and a detail view of an exemplary cartridge

of the present invention, in accordance with some embodiments.

FIG. 5 is a perspective view of an example cartridge of the present invention.

FIG. 6 is a diagrammatic perspective view and a detail view of an exemplary cartridge

of the present invention having a different configuration of wells, in accordance with some

embodiments.



FIGS. 7A-J show exploded perspective views of exemplary cartridges of the present

invention.

FIG. 8 shows a perspective view of a plurality of housing components sandwiched

between glass layers in preparation for bonding, in accordance with some embodiments.

FIG. 9 shows a perspective view of an exemplary holder of the present invention.

FIGS. lOA-C show perspective, detailed views of an exemplary holder of the

present invention.

FIGS. 11A-B show perspective views of an exemplary holder of the present

invention.

FIGS. 12A-B show diagrammatic, cross-sectional views of an exemplary system of

the present invention for loading a cartridge with one or more biological cells.

FIGS. 13A-C show diagrammatic, exploded and cross-sectional views of an

exemplary system of the present invention for loading a cartridge with one or more

biological cells.

FIGS. 14A shows a diagrammatic, cross-sectional view of an exemplary cartridge of

the present invention in which cell clusters are loaded into the wells of a cartridge of the

invention are seeded within a hydrogel such that the hydrogel captures and surrounds the

cell clusters to, e.g., provide adequate nutrient delivery to the cells, relevant environmental

cues, and provide additional longevity to the cells in the cluster. After the desired number

of cell clusters has been loaded and any excess removed, the surface above the cartridge

may be compressed to achieve a thin film of hydrogel above the wells.

FIGS. 14B shows a diagrammatic, cross- sectional view of an exemplary cartridge of

the present invention in which each cell cluster is encased within its own conformal

hydrogel shell, e.g., by an emulsion droplet process, and the encased cell clusters are loaded

into a well of cartridge of the invention to, e.g., provide adequate nutrient delivery to the

cells, relevant environmental cues, and provide additional longevity to the cells in the

cluster.

FIGS. 15A includes a schematic of an exemplary cartridge of the invention (upper

image) with detail views depicting two different exemplary approaches for containing cells

in the wells of a cartridge: a hydrogel micro-encapsulation of individual cell clusters (lower

left) and containment using a non-woven polymeric sheet (lower right).

FIGS. 15B-C includes images of cultured SC-beta cell clusters (stem cell derived

pancreatic beta cell clusters) that were microencapsulated within an alginate hydrogel.

FIG. 15D is an image of SC-beta cell clusters cultured on a non-woven polymeric

fiber sheet.

FIG. 15E is an image of SC-beta cell clusters at Day 0 that were not

microencapsulated in an alginate hydrogel (control).

FIG. 15F is an image of SC-beta cell clusters that were microencapsulated in an

alginate hydrogel at Day 0 .



FIG. 15G is an image at Day 1 of culture of SC-beta cell clusters that are not

microencapsulated in an alginate hydrogel and stained with calcein and ethidium

homodimer-1 (control).

FIG. 15H is an image at Day 1 of SC-beta cell clusters that were microencapsulated

in an alginate hydrogel and stained with calcein and ethidium homodimer-1.

FIG. 151 is an image at Day 2 of culture of SC-beta cell clusters that are not

microencapsulated in an alginate hydrogel and stained with calcein and ethidium

homodimer-1 (control).

FIG. 15J is an image at Day 1 of SC-beta cell clusters that were microencapsulated

in an alginate hydrogel and stained with calcein and ethidium homodimer-1.

Figure 15K is a graph of the results of these assays.FIG. 15L is an exemplary

microencapsulation rig used to microencapsulate SC-beta cell clusters.

FIG. 16 includes 2-D graphs of steady state glucose levels for different flow

geometries from a proof-of-concept COMSOL model comparing stead state oxygenation

and glucose concentration for five simulated islets cell clusters with either sequential or

parallel flow delivery to the cell clusters.

FIG. 17 schematically depicts an exemplary pull spinning device, exemplary rotating

collection mandrel, and exemplary method for fabrication of the non-woven polymeric fibers

sheets for use in the scaffolds and devices of the invention.

FIGS. 18A-C show scanning electron micrographs of fibers of non-woven polymeric

fiber sheets (e.g., for fabrication of a three-dimensional scaffold as described herein)

fabricated by pull- spinning using solutions comprising various polymer combinations, as

indicated, and collection of the formed fibers on an exemplary rotating mandrel as depicted in

FIG. 17.

FIG. 19 schematically depicts an exemplary solid support having a top surface, a

bottom surface, and a channel extending from the top surface to the bottom surface and an

exemplary method to create a scaffold by folding a non-woven polymeric fiber sheet over the

solid support.

FIGS. 20A-B show a solid support covered by a non-woven polymeric fiber sheet

with excess sheet to be used for covering the opposite side of the solid body support and a

scanning electron micrograph of the fibers which make up the fiber sheet (scale bar: 5 µιη) .

FIGS. 21A-E show photomicrographs of islet cells cultured under the indicated

conditions (scale bar: 200 µιη) .

FIG. 22 shows a graph showing the viability of pancreatic islet cells cultured under

the indicated conditions, and error bars indicating standard deviations (SD).

FIGS. 23A and 23B are graphs showing a flow cytometry time course analysis of islet

cells cultured under the indicated conditions.

FIG. 24 is a diagrammatic exploded perspective view of an exemplary system of the

present invention, in accordance with some embodiments.



FIG. 25 is a diagrammatic perspective view of the exemplary system of FIG. 24

illustrating a chamber formed by two housing portions and a cartridge to be received in the

chamber.

FIG. 26 is a diagrammatic perspective view of the exemplary system of FIG. 24

illustrating the cartridge positioned in a recess of the second housing portion.

FIG. 27 is a diagrammatic exploded perspective view of an exemplary system of the

present invention, in accordance with some embodiments.

FIG. 28 is a diagrammatic perspective view of the exemplary system of FIG. 27.

FIG. 29 is a diagrammatic perspective view of the exemplary system of FIG. 27

illustrating a chamber formed by two housing portions and a cartridge to be received in the

chamber.

FIG. 30 is a diagrammatic perspective view of the exemplary system of FIG. 27

including a cartridge positioned in a recess of the second housing portion.

FIG. 31 is a diagrammatic, perspective view of an exemplary system of FIG. 27

including a cartridge with a first plurality of channels that includes six channels.

FIG. 32 is a diagrammatic, cross-sectional view of the exemplary system of FIG. 3 1

showing flow of media through inlet and outlet channels.

FIG. 33 is a diagrammatic, cross-sectional detailed view of the exemplary system of

FIG. 3 1 showing flow of media through inlet and outlet channels.

FIG. 34 is a diagrammatic perspective view of an exemplary system of the present

invention including an inlet channel that branches into a plurality of inlet channels prior to

connecting with the chamber, in accordance with some embodiments.

FIG. 35 is a diagrammatic exploded perspective view of the exemplary system of

FIG. 34.

FIG. 36 is a diagrammatic perspective view of the exemplary system of FIG. 34 with

the cartridge positioned in a recess of the second housing portion.

FIG. 37 is a diagrammatic, cross-sectional view of the exemplary system of FIG. 34

showing flow of media through inlet and outlet channels.

FIG. 38 is a diagrammatic, cross-sectional detailed view of the exemplary system of

FIG. 34 showing flow of media through inlet and outlet channels.

FIG. 39 is a diagrammatic exploded perspective view of an exemplary system of the

present invention, in accordance with some embodiments.

FIG. 40 is a diagrammatic perspective view of the exemplary system of FIG. 39.

FIG. 4 1 is a diagrammatic perspective view of the exemplary system of FIG. 39.

FIG. 42 is a diagrammatic exploded perspective view of an exemplary sealing

element of the present invention and a cartridge with which it can be used, in accordance with

some embodiments.

FIG. 43 is a diagrammatic perspective view of the exemplary sealing element of

FIG. 42 positioned on a cartridge.



FIG. 44 is a diagrammatic exploded perspective view of an exemplary sealing

element of the present invention and a cartridge with which it can be used, in accordance with

some embodiments.

FIG. 45 is a diagrammatic perspective view of the exemplary sealing element of

FIG. 44 positioned on a cartridge.

FIG. 46 is a diagrammatic exploded perspective view of an exemplary sealing

element of the present invention and a cartridge with which it can be used, in accordance with

some embodiments.

FIG. 47 is a diagrammatic perspective view of the exemplary sealing element of

FIG. 46 positioned on the cartridge.

FIG. 48 is a diagrammatic perspective view of an exemplary system of the present

invention, in accordance with some embodiments.

FIG. 49 is a diagrammatic perspective view of the exemplary system of FIG. 48 with

the sealing element positioned on the cartridge and the cartridge received in a recess of the

second housing portion.

FIG. 50 is a diagrammatic exploded perspective view of an exemplary system of the

present invention, in accordance with some embodiments.

FIG. 5 1 is a diagrammatic perspective view of the exemplary system of FIG. 50.

FIG. 52 is a diagrammatic perspective view of the exemplary system of FIG. 50

showing the cartridge positioned in a recess of the first housing portion.

FIG. 53 shows a perspective view of an exemplary holder of the present invention.

FIG. 54 shows a perspective, detail view of a portion of the exemplary holder of

FIG. 53 and a portion of a housing to be used with the holder.

FIG. 55 shows a perspective, detail view of the portion of the exemplary holder of

FIG. 53 and the portion of the housing to be used with the holder.

FIG. 56 shows a perspective, detail view of the portion of the exemplary holder of

FIG. 53 receiving the portion of the housing.

FIG. 57 shows a perspective, detail view of the portion of the exemplary holder of

FIG. 53 receiving the portion of the housing.

FIG. 58 shows a perspective, detail view of the portion of the exemplary holder of

FIG. 53 having received the portion of the housing.

FIG. 59 shows a perspective, detail view of the portion of the exemplary holder of

FIG. 53 having received the portion of the housing.

FIG. 60 is a diagrammatic exploded perspective view of an exemplary system of the

present invention, in accordance with some embodiments.

FIG. 6 1 is a diagrammatic exploded perspective view of the exemplary system of

FIG. 60.

FIG. 62 is a diagrammatic, partially exploded perspective view of the exemplary

system of FIG. 60.



FIG. 63 is a diagrammatic perspective view of the exemplary system of FIG. 60.

FIG. 64 is a diagrammatic cross-sectional view of the exemplary system of FIG. 60.

FIG. 65 is a diagrammatic cross-sectional view of the exemplary system of FIG. 60.

DETAILED DESCRIPTION OF THE INVENTION
It should be understood that the relative terminology used herein, such as "front",

"rear", "left", "top", "bottom", "vertical", "horizontal", "upward" and "downward" is solely

for the purposes of clarity and designation and is not intended to limit the invention to

embodiments having a particular position and/or orientation. Accordingly, such relative

terminology should not be construed to limit the scope of the present invention. In addition,

it should be understood that the invention is not limited to embodiments having specific

dimensions. Thus, any dimensions provided herein are merely for an exemplary purpose and

are not intended to limit the invention to embodiments having particular dimensions. In

addition, different embodiments of the exemplary fluidic systems are described herein.

However, certain structural elements of the different embodiments can be substantially

similar in structure and/or function. As such, similar reference numbers are used herein to

refer to similar structures.

The adoption of microfluidic technology in biology research is characterized by fine

control over culture and experimental parameters. Some embodiments are directed to

cartridge-based fluidic systems, e.g., cartridge-based microfluidic systems, for long-term

culture of cells (e.g., cell clusters or individual cells). The systems include a cartridge with

wells to hold cell clusters and individual cells. The systems also include a housing defining a

chamber that receives the cartridge. The housing includes inlet and outlet channels for

supplying media to the wells in the cartridge. In some embodiments, the cartridge enables

the cells or cell clusters to be easily moved between different types of housings or other

modules configured to receive the cartridge for manipulation, culturing or functional

measurements. For example, cells or cell clusters may be cultured in wells in a cartridge

within a housing, followed by removal of the cartridge from the housing for imaging, which

may occur in another housing or module or in a transparent dish holding culture media, and

then the cartridge returned to the housing for further culture of the cells or cell clusters. In

some embodiments, various cartridges having different numbers of wells, different two-

dimensional arrangements of wells, or different dimensions of wells may be used with the

same housing for probing various spatially-dependent parameters of cells or cell clusters

without requiring any modification of the housing.

Some embodiments of fluidic systems, e.g., microfluidic systems, include features

that aid in the long-term culture of cells or cell clusters. For example, in some embodiments,

the configuration of the housing and the cartridge is such that the flow of media to the various

wells is in parallel, as opposed to being in series, exposing the cells or cells clusters in each

well to about the same composition of media (e.g., similar oxygen levels and levels of other



micronutrients). This prevents some wells from being exposed to fresh media while other

wells are exposed to depleted media, or in the case of a screening assay, to different

concentrations of test compound.

As another example, in some embodiments, the system includes one or more three-

dimensional scaffolds that anchor the cells or cell clusters in place in the wells and enhance

the viability of the cells or cell clusters. Such three-dimensional cell scaffolds are beneficial

in the culturing of a wide variety of cells or cell clusters, but they are particularly useful in

increasing cell viability of cells that are particularly difficult to culture long-term, such as

pancreatic islet cells or adipocytes. In another example, in some embodiments, the cells or

cell clusters are microencapsulated with a hydrogel that enhances the viability of the cells or

cell clusters. Methods for the microencapsulation of cells or cell clusters are known in the art

and include, for example, methods described in, e.g., U.S. Patent Publication No.

2014/0271843; Vegas et al. (2016) Nat Med, 22:3, the entire contents of each of which are

incorporated herein by reference, and the examples provided herein. Suitable polymers, e.g.,

hydrogels, for use in microencapsulating cells or cell clusters are those described below in

Section II. Non-limiting examples of such polymers include a gelatin, an alginate, a

poly(ethylene glycol) (PEG) hydrogel, a chitosan, or a fragment thereof, and a combination

thereof. In some embodiments, a hydrogel comprises an extracellular matrix (ECM) protein.

Suitable ECM proteins, can include, e.g., ECM proteins present in a native islet capsule, e.g.,

a collagen, a laminin, and a fibronectin, or a fragment thereof, and a combination thereof. In

one embodiment, the at least one ECM protein is encoded by a gene selected from the group

consisting of genes COL6A3, COL6A1, SPP1, COL6A2, LAMC2, COL1A2, FNDC3A,

BGN, COL1A1, LAMB1, LAMC1, COL18A1, SPARC, LAMB3, FN1, TNC, FNDC3B,

COL3A1, EMILIN1, COL6A6, AGRN, LAMA4, COL28A1, LAMA3, LAMA5, LAMC3,

FBN1, LAMB2, COL5A1, or a fragment thereof, and a combination thereof. In other

embodiments, for use in the systems and cartridges of the present invention, in addition to

non-woven polymeric fiber sheets and three-dimensional scaffolds, cells, such as pancreatic

islet cell clusters, may be microencapsulated in a polymer, such as a hydrogel, e.g., alginate.

In some embodiments, combining these features within a fluidic system, e.g., a

microfluidic system, enables more precise manipulation of the basic functional units of cell

and tissue biology, and the flexibility in combining various elements ensures utility in a

variety of applications in long-term cell culture and analysis. Some exemplary fluidic

systems, e.g., microfluidic systems, disclosed herein include various components that

combine to form a system in which biological cells or cell clusters can be cultured. The

system includes a cartridge with wells to hold cells or cell clusters, the cartridge being

sandwiched between first and second housing portions of a housing. Each of the first and

second housing portions include microfluidic channels for introduction of a medium into the

microfluidic system. The first housing portion includes an inlet and an outlet for the system,

as well as an inlet channel from the inlet that leads to the cartridge disposed within a chamber



between the first and second housing portions. The inlet channel leads into the chamber at a

point above the top surface of the cartridge, and the medium flows laterally between the

cartridge body and the chamber, thereby reducing shear stress on cells or cell clusters

disposed within the wells of the cartridge.

The second housing portion includes a depression or recessed area for placement of

the cartridge. The second housing portion includes a set of channels disposed underneath the

peripheral portion of the cartridge that combine into a single outlet channel that travels

through the second housing portion and the first housing portion to the outlet in the first

housing portion. The system also includes first and second seals housed within

circumferential grooves of the first housing portion, the seals maintaining a fluidic seal for

the microfluidic system. The first seal surrounds the cartridge and the second seal surrounds

the outlet channel when the first and second housing portions are positioned against each

other.

The present invention is also directed to fluidic systems, e.g., microfluidic systems,

for loading biological cells or cell clusters on the cartridge. The systems include a housing

with first and second housing portions, and inlet and an outlet. An inlet channel connects the

inlet with a chamber in which the cartridge is positioned, an outlet channel connects the

chamber with the outlet, and a bypass channel connects the inlet channel with the outlet

channel while bypassing the chamber. When the medium and cells or cell clusters are

introduced into the system, some of the medium and cells or cell clusters flow through the

inlet channel, into the chamber and through the channels within the cartridge. The cells or

cell clusters (e.g., hydrogel microencapsulated cells or cell clusters) lodge within the wells

formed by the channels in the cartridge, and the remaining medium flows out of the system

through the outlet channel. As the number of cells or cell clusters lodged within the wells

increases, the flow resistance through the channels in the cartridge increases and the medium

and cells or cell clusters begin to flow through the bypass channel. Thus, after cells or cell

clusters have been lodged or loaded into the wells of the cartridge, the remaining medium and

cells or cell clusters flow through the bypass channel to exit the system.

In another embodiment, the fluidic system, e.g., microfluidic system, for loading cells

or cell clusters (e.g., hydrogel microencapsulated cells or cell clusters) on the cartridge

includes an alternate channel at least partially surrounding an opening over the cartridge.

Initially, flow of the medium through the opening, through the channels in the cartridge, and

into the outlet channel creates a suction that draws the medium and cells or cell clusters

downward and through the channels in the cartridge. As cells or cell clusters lodge within the

wells of the cartridge, the flow resistance through the channels in the cartridge increases, and

the medium and remaining cells or cell clusters begin to flow through the alternate channel to

bypass the channels in the cartridge. Thus, after cells or cell clusters have been lodged or

loaded into the wells of the cartridge, the remaining medium and cells or cell clusters flow

through the alternate channel to exit the system.



In some embodiments, cartridges for fluidic systems, e.g., microfluidic systems, are

provided that include a body with first and second surfaces, the body including channels

extending therethrough. The cartridges further include top and bottom non-woven polymeric

fiber sheets forming a three-dimensional scaffold configured to receive one or more cells or

one or more cell clusters. The three-dimensional scaffold assists in retaining the cells or cell

clusters within the channels of the cartridge. In some embodiments, in addition to the three-

dimensional scaffold or instead of the three-dimensional scaffold, a hydrogel, can be used to

surround, e.g., microencapsulate, the cells or cell clusters and retain the cells or cell clusters

within the channels of the cartridge.

I. Systems, Cartridges, Housings and Holders

FIGS. 1 and 2 are diagrammatic perspective and exploded views of an exemplary

fluidic system 100 (hereinafter "system 100") of the present invention. The system 100

includes a housing formed by a first housing portion 102 (e.g., a top housing) and a second

housing portion 104 (e.g., a bottom housing). In some embodiments, the first and second

housing portions 102, 104 each define a substantially rectangular block defining openings

and channels. However, different configurations of the first and second housing portions

102, 104 are contemplated (e.g., non-rectangular configurations). In some embodiments,

the first and/or second housing portions 102, 104 are transparent to provide visibility of a

medium flowing through the system 100 and/or the cells or cell clusters in the system 100.

The first housing portion 102 includes a surface 106 with a recessed area 108. The

second housing portion 104 includes surface 110 with a recessed area 112 configured and

dimensioned to at least partially receive a cartridge 114. In particular, the recessed areas

108, 112 form a chamber 116 between the first and second housing portions 102, 104. The

chamber 116 includes a central portion 117 and a peripheral portion 118 radially outward

from the central portion 117.

Although the structure of the first and second housing portions 102, 104 is

illustrated and will be discussed as a plurality of bonded layers, it should be understood that

the first and second housing portions 102, 104 can be formed by injection molding or

alternative processes, thereby each defining a single structure. In some embodiments, the

first housing portion 102 can be formed by a first layer 120, a second layer 122 and a third

layer 124 bonded together. The second housing portion 104 can be formed by a fourth

layer 126, a fifth layer 128, a sixth layer 130 and a seventh layer 132 bonded together. In

some embodiments, the second housing portion 104 can include a base layer 134 bonded to

the seventh layer 132.

The first housing portion 102 includes an inlet 136 for introduction of a medium

into the system 100 and an inlet channel 138 fluidically connecting the inlet 136 with the

central portion 117 of the chamber. In some embodiments, the system 100 can include

multiple inlets (e.g., a first inlet and a second inlet) fluidically connected to the inlet

channel 138. In such embodiments, a first medium can be introduced into the system



through the first inlet, a second medium can be introduced into the system through the

second inlet, and the first and second mediums can mix downstream of the first and second

inlets (e.g., in the inlet channel, the chamber, or the like). In some embodiments, the inlet

channel is formed by apertures 138a, 138b, 138d, 138e and slot 138c (collectively referred

to herein as inlet channel 138) in layers of the first housing portion 104. The first housing

portion 102 also includes an outlet 140.

The second housing portion 104 and the first housing portion 102 both include

portions of an outlet channel 142 fluidically connecting the peripheral portion 118 of the

chamber 116 with the outlet 140. In some embodiments, the outlet channel 142 is formed

by apertures 142a, 142b, 142d, 142f-k and slots 142c, 142e (collectively referred to herein

as the outlet channel 142) in layers of the housing.

A medium introduced into the housing through the inlet 136 flows through the inlet

channel 138 and into the central portion 117 of the chamber. Flow in the chamber 116 is

described in greater detail below with respect to FIG. 3B. After flowing through the

chamber 116, the medium flows through the outlet channel 142 and out of the outlet 140.

As shown in FIG. 2, the inlet channel 138 can extend through the first housing

portion 102 prior to entry into the chamber 116, and the outlet channel 142 can initially

extend through the second housing portion 104 and further through the first housing portion

102 prior to exit from the outlet 140. For example, the first layer 120 includes an aperture

138a forming a downward flowing portion of the inlet channel 138 and includes an aperture

142k forming an upward flowing portion of the outlet channel 142. The apertures 138a,

142k can be offset from the central portion 117 of the chamber 116.

The second layer 122 includes an aperture 138b offset from the central portion 117

of the chamber 116, an aperture 138d substantially aligned with the central portion 117 of

the chamber 116, and an elongated slot 138c fluidically connecting the apertures 138b,

138d, and forming a portion of the inlet channel 138. The slot 138c forms a lateral flowing

portion of the inlet channel 138. The second layer 122 also includes an aperture 142j

forming an upward flowing portion of the outlet channel 142. The third layer 124 includes

an aperture 138e substantially aligned with the central portion 117 of the chamber 116 and

forming a downward flowing portion of the inlet channel 138, and includes an aperture 142i

forming an upward flowing portion of the outlet channel 142. The apertures 138a, 138b are

fluidically connected, and the apertures 138d, 138e are fluidically connected. Similarly, the

apertures 142i-k are fluidically connected.

The fourth layer 126 includes a plurality of apertures 142a radially aligned with a

central portion 117 of the chamber 116 and forming a downward flowing portion of the

outlet channel 142. The fourth layer 126 further includes an aperture 142h offset from the

central portion 117 of the chamber 116 and forming an upward flowing portion of the outlet

channel 142.



The fifth layer 128 includes a plurality of slots 142b and a central aperture 142c.

The slots 142b are radially disposed around the aperture 142c with one end of each slot

142b connecting with the respective aperture of the plurality of apertures 142a and the

opposing end of each slot 142b connecting with the aperture 142c. The slots 142b form a

lateral flowing portion of the outlet channel 142 that connects with the download flowing

portion of the outlet channel 142 of the fourth layer 126 (e.g., the apertures 142a, 142b are

fluidically connected). The fifth layer 128 also includes an aperture 142g offset from the

central portion 117 of the chamber 116 with the aperture 142g forming an upward flowing

portion of the outlet channel 142 fluidically connected to the aperture 142h.

The sixth layer 130 includes an aperture 142d aligned with a central portion 117 of

the chamber forming a downward flowing portion of the outlet channel 142 and an aperture

142f offset from the central portion 117 of the chamber forming an upward flowing portion

of the outlet channel 142. The aperture 142d is fluidically connected with the aperture

142c, and the aperture 142f is fluidically connected with the aperture 142g.

The seventh layer 132 includes an elongated slot 142e forming a lateral flowing

portion of the outlet channel 142. One end of the slot 142e fluidically connects with the

aperture 142d (e.g., the downward flowing portion of the outlet channel 142), and the

opposing end of the slot 142e fluidically connects with the aperture 142f (e.g., the upward

flowing portion of the outlet channel 142). Thus, in some embodiments, the second

housing portion 104 include the downward flowing portions of the outlet channel (142a,

142c, 142d) the laterally flowing portions of the outlet channel (142b, 142e) and some of

the upward flowing portions of the outlet channel (142f, 142g, 142h) with the remainder of

the upward flowing portions of the outlet channel (142i, 142j, 142k) being in the first

housing portion 102.

As noted above, the first housing portion 102 and the second housing portion 104

form a chamber 116 configured to receive and/or hold a cartridge 114. The cartridge 114

includes a central portion 144 and a peripheral portion 146. The cartridge 144 is configured

and dimensioned to be disposed within the chamber 116 with the central portion 144 of the

cartridge 114 disposed in and substantially aligned with the central portion 106 of the

chamber 116, and the peripheral portion 146 of the cartridge 114 disposed in and

substantially aligned with the peripheral portion 110 of the chamber 116. In particular, the

cartridge 114 can be substantially received within the recessed area 112 of the second

housing portion 104 (see FIG. 2). The cartridge 114 includes a body 115 having a first

surface 148 (e.g., a top surface) and a second surface 150 (e.g., a bottom surface). In some

embodiments, the cartridge body 115 has a substantially planar shape with the first surface

148 substantially parallel to the second surface 150. In some embodiments, both the first

surface 148 and the second surface 150 of the cartridge body 115 have a substantially

circular perimeter.



The cartridge body 115 defines a first plurality of channels 152 disposed in the

peripheral portion 146 of the cartridge 114. Each channel 152 extends from the first

surface 148 to the second surface 150 of the body (e.g., through the thickness of the

cartridge body 115). In some embodiments, the cartridge body 115 has a keyed

configuration complementary to the configuration of the recessed area 112 of the second

housing portion 104 such that the orientation of the cartridge 114 within the recessed area

112 is fixed. For example, a section of the perimeter of the cartridge body 115 can define a

rounded edge 154 and a section of the perimeter of the cartridge body 115 can define a

straight portion 156 corresponding to a planar edge. The recessed area 112 can similarly

include a perimeter with a rounded portion 158 and a straight portion 160. The straight

portion 156 of the cartridge body 115 perimeter can include a radially inward directed

portion or rounded notch 162 that provides a finger grip for removal of the cartridge 114

from the recessed area 112.

The cartridge 114 includes at least one porous element 164 (e.g., a filter, a porous

polycarbonate membrane, one or more non-woven polymeric fiber sheets, or the like)

disposed adjacent to the second surface 150 of the cartridge body 115. The one or more

porous elements 164 and the plurality of channels 152 form a plurality of wells disposed in

the peripheral portion of the cartridge. The porous element 164 is disposed adjacent to the

second surface 150 of the cartridge body 115 such that the channels 152 form a plurality of

wells having a porous bottom surface. Each well can be configured and dimensioned to

receive and hold one or more biological cells (e.g., individual cells, one or more clusters of

cells, or the like).

In some embodiments, the system 100 can include one or more three-dimensional

scaffolds for culturing cells or cell clusters that include first and second portions of non-

woven polymeric fiber sheets overlaid relative to each other, the cells or cell clusters being

disposed between the fiber sheets. Such three-dimensional scaffolds can be disposed within

the wells of the cartridge 114 prior to introduction of the medium into the system 100 in

some embodiments. This is described in greater detail below in Section II entitled

"Scaffolds for Cell Growth." In some embodiments, the at least one porous element 164 is

a nonwoven polymeric fiber sheet and a second non-woven polymeric fiber sheet, or a

second portion of the same nonwoven polymeric fiber sheet covers a top surface of the

plurality of wells after placement of the cells or cell clusters in the wells forming the three

dimensional scaffold. This is described in greater detail below with respect to below in

Section II entitled "Scaffolds for Cell Growth" and depicted in the lower right side detail

image of FIG. 15A. In some embodiments, the non-woven polymeric fiber sheet(s) cover

most or all of the first (top) surface and the second (bottom) surface of the cartridge body. In

other embodiments, the non-woven polymeric fiber sheet may cover only the portions of the

top and bottom surfaces of the cartridge body (e.g., the portion of the bottom surface of the

cartridge body including the first plurality of channels to form the well bottoms and the



portion of the top surface of the cartridge body that includes wells that contain cells or cell

clusters).

In some embodiments the porous element 164 has a perimeter matched to that of the

cartridge body 115 (e.g., a rounded portion 166, a straight portion 168, an inwardly directed

opening or rounded notch 170). In some embodiments, the porous element is large enough

to cover the bottom of the first plurality of channels to form wells, but has a smaller area

than that of the cartridge body. In some embodiments, multiple porous elements are used to

cover the bottom of the first plurality of channels to form wells.

In some embodiments, the cartridge body 115 can define a second plurality of

channels 174 extending from the first surface 148 to the second surface 150 of the cartridge

body 115. In some embodiments, the configuration of the first plurality of channels 152

can be different than that of the second plurality of channels. For example, in some

embodiments each of the first plurality of channels 152 has a wedge- shaped or pie- shaped

perimeter (as shown), while each of the second plurality of channels 174 has a circular

perimeter (as shown). In some embodiments, the individual channels in the first plurality

of channels 152 can be of different configurations and/or sizes. In some embodiments, the

individual channels in the second plurality of channels 174 can be of different

configurations and/or sizes.

Each channel in the second plurality of channels 174 can be disposed radially

outward from the central portion 144 of the cartridge 114. In particular, in some

embodiments, each channel in the second plurality of channels 174 is disposed radially

further from the central portion 144 of the cartridge 114 than any channel in the first

plurality of channels 152. In some embodiments, the second plurality of channels 174 is

disposed radially outward relative to the central portion 144 of the cartridge 114 and

surrounds the channels 152. In some embodiments, the second plurality of channels 174

can be fluidically connected to the respective apertures 142a of the outlet channel 142. In

some embodiments, the porous element 164 extends under the second plurality of channels

174 at the second surface of the cartridge body. In other embodiments, the porous element

164 does not extend under the second plurality of channels 174 at the second surface of the

cartridge body.

In some alternative embodiments, the first plurality of channels is replaced with a

first plurality of wells in which the cartridge body forms the sides and the bottom of the

wells. In this embodiment, the medium does not flow from the first surface of the cartridge

body to the second surface of the cartridge body through the wells, but instead flows into

and across the wells and on to the second plurality of channels, through which it flows to

the second surface of the cartridge. In such embodiments, the cartridge need not include

the porous element.

In some embodiments, the system 100 includes one or more sealing elements for

maintaining a fluid tight connection between the first and second housing portions 102,



104. For example, the system 100 can include a first sealing element 176 (e.g., an O-ring,

polymeric or elastomeric gasket) configured to be disposed between a first chamber wall

172 corresponding to the portion of the surface 106 of the first housing portion 102 at the

recess 108 and a second chamber wall 180 corresponding to the portion of the surface 110

of the second housing portion at the recess 112. In some embodiments, the first sealing

element 176 encircles the first plurality of channels 152 and the second plurality of

channels 174. In some embodiments, the sealing portion of the first surface 148 can be at

or near the perimeter of the cartridge body 115 as shown. In some embodiments, the first

chamber wall 172 includes a circumferential groove 178 configured and dimensioned to at

least partially receive the first sealing element 176. In some embodiments, the

circumferential groove 178 can be centered relative to the central portion 117 of the

chamber 116 (e.g., the inlet channel 138 shown in FIG. 1). In some embodiments, the size

and configuration of the first sealing element 176 is selected such that when the first

housing portion 102 is disposed over the second housing portion 104, the sealing element

176 will be disposed against the second chamber wall 180 of the second housing portion

104 surrounding the recessed area 112 and the cartridge 114. The depth of the groove 178

can be such that a portion of the sealing element 176 extends out from the first chamber

wall 172 beyond the non-groove portion of the first chamber wall 172. The extended

portion of the sealing element 176 thereby creates a seal with the second chamber wall 180

of the second housing portion 104 when the first housing portion 102 is positioned against

the second housing portion 104, and acts as the sealing area for the inlet channel 138 and

the chamber 116.

In some embodiments, the system alternatively or additionally includes a sealing

element (not shown) configured to be disposed between the first chamber wall and the 712

and the first surface 148 of the housing body radially beyond the first plurality of channels

152 and the second plurality of channels 174. In some embodiments, this takes the form of

a gasket (e.g., of polydimethylsiloxane (PDMS)) at, over, or near an outer perimeter of the

cartridge body. In some embodiments, this gasket is attached to the cartridge body or

formed on or around the cartridge body.

In some embodiments, the system 100 includes a second sealing element 182 (e.g.,

an O-ring, polymeric or elastomeric gasket) configured to be disposed between the first and

second housing portions 102, 104 and encircling the outlet channel 142. In some

embodiments, the surface 106 of the first housing portion 102 includes a groove 184 for

receiving or holding the second sealing element 182. For example, the surface 106 of the

first housing portion includes a circumferential groove 184 centered relative to the outlet

channel 142. Similar to the groove 178, the depth of the groove 184 can be dimensioned

such that a portion of the sealing element 182 extends from the first chamber wall 172

beyond a non-grooved portion of the first chamber wall. Thus, when the first housing

portion 102 is positioned against the second housing portion 104, the sealing element 182



presses against the second chamber wall 180 to create a sealing area for the outlet channel

142.

With reference to FIGS. 2 and 3A, after biological cells or cell clusters have been

positioned within the wells of the cartridge 114, the cartridge 114 is positioned in the

recessed area 112 of the second housing portion 104, and the first housing portion 102 is

disposed over the second housing portion 102 with the sealing elements 176, 182

therebetween. Positioning the first and second housing portions 102, 104 against each

other encloses the cartridge 114 within the chamber 116.

A medium (e.g., culture medium) can be introduced into the system 100 to pass the

medium through the cartridge 114 and over the cells or cell clusters. The arrows in FIG. 2

illustrate the flow path of the medium through the system 100, and FIGS. 3A and 3B

illustrate the medium within the system 100. In FIG. 3B, the first layer and the second

layer of the first housing portion 102 and the fourth layer, the fifth layer, the sixth layer,

and the base of the second housing portion are omitted for ease in visualization and the

thickness of various elements are exaggerated for illustrative purposes. In FIG. 3B the

dotted arrows illustrate the flow path of the medium into the chamber and through the

cartridge. The medium is introduced into the system 100 through the inlet 136, flows

through the inlet channel 138, into the central portion 117 of the chamber. At least a

portion of the medium flows radially outward between the first surface 148 of the cartridge

114 and the first chamber wall 172 (e.g., the inner wall of the first housing portion 102)

opposite the first surface 148 of the cartridge 114. In some embodiments, this radially

outward flow of the medium over the surface of the cartridge body ensures a uniform

distribution of fluid shear for the various wells. At least a portion of the medium further

flows through the first plurality of channels 152, the porous element 164, through the outlet

channel 142, and out of the outlet 140. In some embodiments, the medium can flow

through each of the channels 152 at substantially the same time.

Thus, media and cell stimuli can be delivered through the input 136 at the top of the

first housing portion 102, which flows down onto the cartridge 114. Flow of the medium can

travel radially outwards across the surface of the cartridge 114 towards channels 152 at the

peripheral portion of the cartridge 114. After passing by or over the cells or cell clusters 185

disposed within the wells formed by the channels 152, the medium is focused into a common

outlet channel 142 underneath the cartridge 114 before being directed back up to the outlet

140, carrying cellular secretions with it and out of the system 100. Because the arrangement

of the wells and the cells or cell clusters contained within the wells on the cartridge 114 is

substantially perpendicular to the flow path, a stimulus delivered through the system 100

reaches all cells or cell clusters trapped in the cartridge 114 substantially simultaneously,

reducing possible time delays between them. Further, the system delivers the media to the

wells in parallel, as opposed to in series, to avoid problems associated with depletion of the

cell media, which is described below in Example 3 with respect to FIG. 16.



In embodiments that include the second plurality of channels 174 disposed radially

outward beyond the first plurality of channels 152, when the medium is introduced into the

system 100, at least a portion of the medium can flow radially outward between the first

surface 148 of the cartridge 114 and the first chamber wall 172, past the channels 152 and

into the channels 174. The radial flow of the medium allows some of the medium to flow

over the cells 185 within the wells without flowing through the channels 152, thereby

reducing the shear stress on the cells or cell clusters. This portion of the medium further

flows through each of the channels 174, through the outlet channel 142 and out of the outlet

140.

In some embodiments, as shown in FIG. 3A, the medium flows directly from the

channels 174 and into the outlet channels 142. In some embodiments, as shown in FIG. 3B,

the recess 112 in the second housing portion may have features that direct flow. For

example, as shown in FIG. 3B, the second housing portion 104 can include a second recess

113 within the recess 112 configured to receive the cartridge 114. The second recess 113

has an area smaller than that of the cartridge 114, which creates a second chamber under the

cartridge body for flow of media to the outlet channel 142 from the cartridge 114 having

different configurations of channels. In some embodiments that employ the second

chamber, there may be only a single outlet channel leaving the chamber instead of a

plurality of outlet channels leaving the chamber that join together into one outlet channel.

In embodiments in which there is no second plurality of channels, most or all of the

media flows through the first plurality of channels and the porous element.

In alternate embodiments in which the first plurality of channels is replaced by a

first plurality of wells with the cartridge body forming the bottom of each well, the media

that flow into the wells, flows back out of the wells and flows through the second plurality

of channels to the second surface of the cartridge body.

In alternate embodiments in which there is radial flow from multiple different

points, the inlet channel may divide into multiple channels before connecting with various

portions of the chamber (e.g., in the central and or peripheral portions of the chamber).

In alternate embodiments in which the flow is linear instead of radial, the inlet

channel need not connect with a central portion of the chamber, but could connect at or near

and end of the chamber, in the middle of the chamber, or both.

FIGS. 4-6 show embodiments of some exemplary cartridges 114, 186 of the present

invention. FIG. 4 shows the cartridge 114 of FIGS. 1 and 2 . FIG. 5 is a perspective image

of an example cartridge made by the Applicants based on exemplary cartridge 114 except

with channels in the porous element corresponding to the second plurality of channels.

With respect to FIGS. 4 and 5, the first plurality of channels 152 can be substantially wedge

shaped (as shown). In some embodiments, the outer edge of the wedge can have a radius in

a range of 1 mm to 7 mm, in a range of 1.5 mm to 3.5 mm, or in a range of 2 mm to 2.5 mm

(e.g., approximately 2.2 mm). In some embodiments, each of the second plurality of



channels 174 is substantially circular (as shown). In some embodiments, each of the

second plurality of channels has a diameter that falls in a range of 100 µιη to 2 mm, in a

range of 600 µιη to 1 mm, or in a range of 700 µιη to 900 µιη (e.g., approximately 800

µιη) . In some embodiments, the outer diameter of the cartridge 114 can be in a range of 5

mm to 50 mm, in a range of 5 mm to 20 mm, or in a range of 10 mm to 20 mm (e.g.,

approximately 15 mm).

FIG. 6 shows a cartridge 186 having channels of a different configuration. The

cartridge 186 can include a first plurality of channels 188 each having a substantially

circular configuration (as shown). In some embodiments, each of the first plurality of

channels 188 has a diameter that falls in a range of 100 µιη to 900 µιη, falls in a range of

300 µιη to 700 µιη, or falls in a range of 400 µιη to 700 µιη (e.g., approximately 500 µιη) .

In some embodiments, each of the first plurality of channels 188 has a diameter that falls in

a range of 20 µιη to 500 µιη, falls in a range of 100 µιη to 300 µιη, falls in a range of 150

µιη to 250 µιη (e.g., approximately 250 µιη), which may be configured to receive a single

cell or a single cluster of cells. In some embodiments, each of the first plurality of channels

188 has a diameter, length or width that falls in a range of 1 mm to 10 mm, falls in a range

of 5 mm to 8 mm, falls in a rage of 5.5 mm to 7.5 mm, or is about 6.4 mm, which may be

configured to receive multiple cells or multiple cell clusters. In some embodiments, the first

plurality of channels 188 can be formed as two rings of channels (e.g., a first ring of

channels disposed near the central portion 144, and a second ring of channels disposed

radially outward further from the central portion 144). However, it should be understood

that the configurations, sizes, and spacing between channels can be varied based on the

cells, media being used and other parameters.

FIGS. 7A-J show alternative designs of cartridges 190, 192, 194, 196 of the present

disclosure. FIGS. 7A and 7B show cartridges 190, 192 having different well diameters and

interwell spacing. In particular, FIG. 7A shows the cartridge 190 including twenty-three

wells 198 each having a diameter of approximately 500 µιη and spaced approximately 500

µιη from each other. FIG. 7B shows the cartridge 192 including twenty-three wells 200

each having a diameter of approximately 200 µιη and spaced approximately 200 µιη from

each other. FIGS. 7C and 7D show cartridges 194, 196 with different numbers of wells. In

particular, FIG. 7C shows the cartridge 194 including a single well 202 with a diameter of

approximately 500 µιη . FIG. 7D shows the cartridge 196 including fifty-nine wells 204

with a diameter of approximately 500 µιη and spaced approximately 500 µιη from each

other.

FIGS. 7E-J show cartridges 114, 566 including porous elements 164, 568. FIG. 7E

shows the cartridge 114 including four wedge-shaped channels 162 surrounded by circular

channels 174, and a porous element 164 including openings 474 passing therethrough and

aligned with the channels 174. FIG. 7F shows the cartridge 114 including six circular

channels 476 surrounded by circular channels 174, and a porous element 164 including



openings 474 passing therethrough and aligned with the channels 174. FIG. 7G shows the

cartridge 114 including twelve circular channels 475 surrounded by circular channels 174

each having a larger diameter that that of circular channels 475, and a porous element 164

including openings 474 passing therethrough and aligned with the channels 174. FIG. 7H

shows the cartridge 114 including a central channel 479, six constrictions 477 leading

outwardly from the central channel 479 and connecting with circular channels 174, and a

porous element 164 including openings 474 passing therethrough and aligned with the

channels 174. With the cartridges shown in FIGS. 7A-H, the media can flow from a central

portion of the cartridge radially or laterally outward into the channels 174.

FIG. 71 shows the cartridge 114 including a central channel 481 surrounded by

circular channels 483, and a porous element 164 including a central opening 485 passing

therethrough and aligned with the channel 481. In such embodiment, the media can flow

from a peripheral portion of the cartridge 114 radially or laterally inward into the channel

481. FIG. 7J shows a wedge-shaped cartridge 566 and porous element 568, the details of

which are discussed below with respect to FIGS. 50-52. In the embodiment of FIG. 7J, the

media can flow from one end of the cartridge 566, over the channels 580, and through the

channel 578.

Thus, the different configurations of cartridges allow for flow of media radially or

laterally inward from the periphery of the cartridge, radially or laterally outward from a

central portion of the cartridge, or linearly from one side to another over the cartridge. In

each configuration, the media can flow directly through the wells or first channels

containing the cell or cell clusters, can flow into and across the wells and further into and

through the adjacent channels, or a combination of the two. The number, shape and

configuration of the wells and channels can vary depending on the cells being tested. In

some embodiments, a diameter, a width or a length of each of the wells independently falls

in a range of about 0.02 mm to about 2 mm, about 0.05 mm to about 2 mm, about 0 .1 mm

to about 2 mm, about 0.3 mm to about 2 mm, about 0.02 mm to about 1.5 mm, about 0.05

mm to about 1.5 mm, about 0.1 mm to about 1.5 mm, about 0.3 mm to about 1.5 mm,

about 0.02 mm to about 0.7 mm, about 0.05 mm to about 0.7 mm, about 0 .1 mm to about

0.7 mm, or about 0.3 mm to about 0.7 mm for a single cell cluster. In some embodiments,

a diameter, a width or a length of each of the wells independently falls in a range of about

0.05 mm to about 15 mm, about 0.1 mm to about 15 mm, about 0.5 mm to about 15 mm,

about 1 mm to about 15 mm, about 3 mm to about 15 mm, about 0.05 mm to about 12 mm,

about 0.1 mm to about 12 mm, about 0.5 mm to about 12 mm, about 1 mm to about 12 mm,

about 3 mm to about 12 mm, about 0.05 mm to about 10 mm, about 0.1 mm to about 10

mm, about 0.5 mm to about 10 mm, about 1 mm to about 10 mm, about 3 mm to about 10

mm, about 0.05 mm to about 7 mm, about 0.1 mm to about 7 mm, about 0.5 mm to about 7

mm, about 1 mm to about 7 mm, about 3 mm to about 7 mm, for multiple cell clusters. In

some embodiments, the height of each well independently can range between about 0.02



mm to about 5 mm, about 0.05 mm to about 5 mm, about 0.1 mm to about 5 mm, about 0.5

mm to about 5 mm, about 0.02 mm to about 4 mm, about 0.05 mm to about 4 mm, about

0.1 mm to about 4 mm, about 0.5 mm to about 4 mm, about 0.02 mm to about 3 mm, about

0.05 mm to about 3 mm, about 0.1 mm to about 3 mm, about 0.5 mm to about 3 mm, or

about 1 mm to about 2 mm. In some embodiments, the interwell spacing can range

between about 0.05 mm to about 5 mm, about 0.1 mm to about 5 mm, about 0.5 mm to

about 5 mm, about 0.05 mm to about 4 mm, about 0.1 mm to about 4 mm, about 0.5 mm to

about 4 mm, about 0.05 mm to about 3 mm, about 0.1 mm to about 3 mm, about 0.5 mm to

about 3 mm, or about 1 mm to about 2 mm. The diameter of the wells and the interwell

spacing may be selected based on the size of cells to be disposed in the wells and/or the

amount or speed of the media flowing through the cartridge.

In some embodiments, each of the plurality of wells is configured and dimensioned to

receive a single cluster of cells. For example, in some embodiments, a diameter, a width, or a

length of each of the wells falls in a range of 20 µιη to 500 µιη, falls in a range of 100 µιη to

300 µιη, falls in a range of 150 µιη to 250 µιη, or is about 200 µιη. In some embodiments,

each of the plurality of wells is configured and dimensioned to receive multiple clusters of

cells. For example, in some embodiments, a diameter, a width or a length of each of the

wells falls in a range of 1 mm to 10 mm, falls in a range of 5 mm to 8 mm, falls in a rage of

5.5 mm to 7.5 mm, or is about 6.4 mm. In some embodiments, a spacing between nearest

neighbor wells in the plurality of wells falls in a range of 50 µιη to 5 mm, falls in a range of

200 µιη to 1 mm, falls in a range of 300 µιη to 500 µιη, or is approximately 400 µιη.

In some alternate embodiments, the flow occurs radially outward simultaneously from

multiple different areas, as opposed to just radially outward from the central portion of the

chamber.

In some alternate embodiments, the system need not employ radial flow. For

example, in some embodiments, the cartridge and system may be arranged for linear parallel

flow along the surface of the cartridge. In such embodiments, the cartridge body may have a

substantially rectangular plate configuration, as opposed to a substantially disk shaped

configuration.

Because the portions 102, 104 of the housing and the cartridge 114 that holds the cells

or cell clusters are all separate from one another, they can be manipulated independently and

may benefit from a modular design process. FIGS. 7A-D offer demonstrations of this

modularity by changing features within a cartridge. For example, a single rectangular array of

wells evenly spaced apart can be altered in terms of well diameter and interwell spacing

(FIGS. 7A-B) or the overall number of wells (FIGS. 7C-D). Any subset of the parameters can

be changed with ease. While all cartridge designs displayed in FIGS. 7A-D are a rectangular

grid with equidistant wells, it is equally possible to alter the well configuration to accomplish

other patterns of cell or cell cluster arrangements.



The wells within a cartridge may be further patterned by changing the cellular content

contained within each one. Instead of individual cells or cell clusters, the cartridge could

contain small monolayers of cells grown upon the membrane. More complex configurations

can involve two or more different populations of cells (or cell clusters) contained within the

same cartridge but in distinct wells, their placement dictated by the cartridge geometry.

Changing the location and spacing of the wells relative to one another allows for an

assessment of behaviors between neighboring cell or cell clusters of the same cell type or

different cell types.

In some embodiments, after the cartridge 114 has been disposed between the first

and second housing portions 102, 104, the first and second housing portions 102, 104 can

be bonded together to maintain the cartridge 114 sealed therebetween. Bonding the first

and second housing portions 102, 104 maintains a pressure between the components to

fluidically seal the components of the system 100 together.

FIGS. 24-26 are diagrammatic perspective views of another exemplary fluidic

system 410 (hereinafter "system 410") of the present invention. The system 410 can be

substantially similar in structure and function to the system 100, except for the distinctions

noted herein. Therefore, like reference numbers represent like structures. In particular,

rather than defining a substantially rectangular configuration with planar sides, the first and

second housing portions 102, 104 can include additional features for engaging the housing

with a holder.

For example, first housing portion 102 includes a first side 412 opposing a second

side 416 and a third side 420 opposing a further side 426. In some embodiments, the

intersection of the first side 412 and the third side 420 in the first housing portion 102

includes an elongated groove or cutout 428 extending a partial distance from the first side

412 towards the second side 416. In some embodiments, the first housing portion 102 can

include an elongated slit extending along the sides 420, 424 to assist in alignment of the

first housing portion 102 in the holder. In some embodiments, the intersection of the first

side 412 and the fourth side 424 also includes an elongated groove or cutout 430 extending

a partial distance from the first side 412 towards the second side 416. In some

embodiments, the cutout 428, 430 can define a substantially rectangular shape. In some

embodiments, an inner corner of the cutout 428, 430 can be chamfered or curved. The

cutouts 428, 430 form steps 432 adjacent to the top surface 434 on opposing sides of the

first housing portion 102.

The second housing portion 104 includes a first side 414 opposing a second side

418, and a third side 422 opposing a fourth side 426. In some embodiments, the

intersection of the first side 414 and the third side 422 and the intersection of the first side

414 and the fourth side 426 in the second housing portion 104 similarly each include an

elongated groove or cutout 436, 438 (respectively) extending a partial distance from the

first side 414 towards the second side 418. In some embodiments, the second housing



portion 104 can include an elongated slit extending along the sides 422, 426 to assist in

alignment of the second housing portion 104 in the holder. The cutouts 436, 438 can be

substantially similar to the cutouts 428, 430, and can be located in a complementary

position relative to the cutouts 428, 430. The cutouts 436, 438 form steps 440 adjacent to

the bottom surface 442 on opposing sides of the second housing portion 104. As will be

discussed in greater detail below, the cutouts 428, 430, 436, 438 and steps 432, 440 can be

used to engage a tab of a holder (e.g., tab 240 of holder 210) to interlock the system 410

with the holder.

In some embodiments, rather than including a straight portion 160, the recessed area

112 in the second housing portion 104 can include a rounded portion 158 extending the

entire perimeter, and further includes an inner step 4 11 configured to align with the

rounded notch 162 of the cartridge 114. The inner step 411 assists in removal of the

cartridge 114 from the recessed area 112. In some embodiments, the diameter of the inlet

136 and outlet 140 can be greater than the diameter of most of the inlet channel 138 and

outlet channel 142. In such embodiments, push-in adapters 444, 446 (e.g., PDMS adapters)

can be used to connect inlet and outlet tubing to the system 410. The adapters 444, 446 can

define tapering configurations including openings 448, 450 having diameters dimensioned

substantially similar to the diameter of the inlet and outlet channels 138, 142. One end of

the adapter 444 can be inserted into the inlet 136 and the inlet tubing can be inserted into

the opening 448 at the opposing end of the adapter 444. One end of the adapter 446 can be

inserted into the outlet 140 and the outlet tubing can be inserted into the opening 450 at the

opposing end of the adapter 446.

FIGS. 27-30 are diagrammatic perspective views of another exemplary fluidic

system 452 (hereinafter "system 452") of the present invention. The system 452 can be

substantially similar in structure and function to the system 100, 410, except for the

distinctions noted herein. Therefore, like reference numbers represent like structures. For

clarity, some reference numbers have been omitted. Cutouts 428a-c, 430b-c, 436a-c, 438a-

c collectively form the cutouts 428, 430, 436, 438.

In some embodiments the surfaces of the first and second housing portions 102, 104

that face each other may both have similar features for receiving sealing elements In

particular, rather than having a single circumferential groove 178 in the first housing

portion 102 to receive a sealing element, the system 452 includes a first housing portion

102 including a first circumferential groove half 458 and a second housing portion 104

including a second circumferential groove half 460 surrounding the chamber 116. The first

circumferential groove half 458 can be configured to receive substantially half of the first

sealing element 176 such that when the first housing portion 102 is positioned over the

second housing portion 104, the remaining portion of the first sealing element 176 is

received within the second circumferential groove half 460. Similarly, the first housing

portion 102 includes a first circumferential groove half 462 and the second housing portion



104 includes a second circumferential groove half 464 surrounding the outlet channel 142.

The first circumferential groove half 462 can be configured to receive substantially half of

the second sealing element 182 such that when the first housing portion 102 is positioned

over the second housing portion 104, the remaining portion of the second sealing element

182 is received within the second circumferential groove half 164. Thus, the groove for the

sealing elements is split between the first and second housing portions 102, 104.

The first housing portion 102 includes the recessed area 108 centered around the

inlet 136. A circumferential step 466 can be formed adjacent to the first circumferential

groove half 458 and surrounding the recessed area 108 to form a top half of the chamber

116. The second housing portion 104 includes a complementary recessed area 468 centered

around a single outlet channel 470. In particular, rather than including multiple individual

outlet openings in the recessed area 468 and a fifth layer 128 with outlet channels for

converging the flow into a single outlet channel, the second housing portion 104 of the

system 452 includes a single outlet channel 470 formed directly in the recessed area 468.

The second housing portion 104 further includes a circumferential step 472 formed adjacent

to the second circumferential groove half 460 and surrounding the recessed area 468 to

form a bottom half of the chamber 116.

When the first and second housing portions 102, 104 are positioned against each

other, the circumferential steps 466, 472 can be positioned against each other to enclose the

chamber 116 and the cartridge 114, and the first sealing element 176 seals the perimeter of

the chamber 116 and the cartridge 114 to prevent leakage of the media. The porous

element 164 includes a plurality of openings 474 extending therethrough. The openings

474 can be substantially aligned with the channels 174 of the cartridge 114. The media is

introduced into the system 452 through the inlet 136, flows through the inlet channel 138

and into the chamber 116. In some embodiments, the media flows into and through the

channels 152 into the recessed area 468 of the second housing portion 104. In some

embodiments, a portion of the media flows into and through the channels 152, and the

remaining portion of the media flows radially outward and through the channels 174 into

the recessed area 468 of the second housing portion 104. In some embodiments, the media

flows into the channels 152, fills the channels 152, flows out of the channels 152, and flows

radially outward and through the channels 174 into the recessed area 468 of the second

housing portion 104. The media can initially collect in the chamber 116 (e.g., the recessed

area 108 and/or the recessed area 468), and further flows through the outlet channel 470

into the outlet channel 142 to exit the system 452 through the outlet 140. Converging of the

media within the recessed area 468 of the chamber 116 reduces the need for multiple

openings in the second housing portion 104 for guiding the media into the outlet channel

142.

FIGS. 31-33 are diagrammatic perspective and cross-sectional views of the system

452 including a cartridge 114 with a first plurality of channels 476 that includes six circular



channels. As shown in FIG. 32, the media flows through the inlet 136, into the inlet

channel 138, and exits the inlet channel 138 directly above the center of the cartridge 114.

The media flows radially outward over the cartridge 114 with a portion of the media

traveling through the first plurality of channels 476 and a portion of the media traveling

further radially outward and through the second plurality of channels 174. The media

collects in the recessed areas 108, 468. The media collected in the recessed area 468 flows

out of the single outlet channel 470 that is fluidically connected to the outlet channel 142.

The media further flows through the outlet channel 142 and out of the system 452 through

the outlet 140.

FIGS. 34-38 are diagrammatic perspective and cross-sectional views of another

exemplary fluidic system 478 (hereinafter "system 478") of the present invention. The

system 478 can be substantially similar in structure and function to the systems 100, 410,

452, except for the distinctions noted herein. Therefore, like reference numbers represent

like structures. For clarity, some reference numbers have been omitted. Cutouts 428a-e,

430b-e, 436a-c, 438a-c collectively form the cutouts 428, 430, 436, 438.

Rather than including a single inlet channel 138 leading into the chamber 116, the

system 478 includes layers 480, 482 that distribute the media across a plurality of inlet

channels 484. Although illustrated as layers, it should be understood that the first and

second housing portions 102, 104 can be formed as single, structural components. The inlet

aperture 138e in layer 124 is fluidically connected with a central aperture 486. The central

aperture 486 is fluidically connected with a plurality of radially extending slots 488 that

fluidically connect with respective apertures 490. The apertures 490 are fluidically

connected to the plurality of inlet channels 484 that introduce the media into the chamber

116 directly over the cartridge 114. The layers 480, 482 also include apertures 492, 494

that fluidically connect with the remaining apertures and/or slots of the outlet channel 142.

The cartridge 114 includes a central channel 496 and the porous element 164

includes a corresponding central channel 498. The central channels 496, 498 align with

channel 470 of the second housing portion 104. The cartridge 114 further includes a first

plurality of channels 500 circumferentially disposed around the central channel 496. In

some embodiments, the channels 500 extend through the cartridge 114 and the porous

element 164 provides support for cells disposed within the channels 500 with the channel

walls and the porous element 164 defining wells. In some embodiments, the channels 500

extend only a partial distance through the cartridge 114 (e.g., the cartridge 114 has a solid

bottom surface except for the central channel 496) forming wells for supporting cells, and

the porous element 164 is omitted from the system 478.

The radial distance of the channels 500 from the central channel 496 is smaller than

the radial distance of the inlet channels 484 relative to the central channel 496. Thus, as

shown in FIGS. 37 and 38, the media flows through the inlet 138, along the inlet channel

138, is distributed outward into the inlet channels 484 within the first housing portion 102,



and is introduced into the chamber 116 via multiple inlets in the form of the inlet channels

484. Upon entry into the chamber 116, the media flows laterally from a peripheral portion

146 of the cartridge 114, across and/or into the channels 500, and through the central

channel 496. In some embodiments, at least a portion of the media flows through the

channels 500 and converges with the media flowing through the central channel 496 before

flowing into the channel 470 and the outlet channel 142. In some embodiments, all of the

media introduced into the chamber 116 flows through the central channel 496, through the

channel 470 and the outlet channel 142, and out of the outlet 140. In some embodiments,

the second housing portion 104 can include a recessed area (e.g., recessed area 468 of FIG.

27) in which the media can collect prior to flowing through the outlet channel 142.

FIGS. 39-41 are diagrammatic perspective and cross-sectional views of another

exemplary fluidic system 502 (hereinafter "system 502") of the present invention. The

system 502 can be substantially similar in structure and function to the system 100, 410,

452, 478, except for the distinctions noted herein. Therefore, like reference numbers

represent like structures. For clarity, some reference numbers have been omitted. Cutouts

428a-c, 430b-c, 436a-c, 438a-c collectively form the cutouts 428, 430, 436, 438.

Rather than including a single, first sealing element 176 surrounding the chamber

116 and cartridge 114, the system 502 includes a top sealing element 504 configured to be

disposed over and against the top surface of the cartridge 114, and a bottom sealing element

506 configured to be disposed under and against the bottom surface of the cartridge 114 (or

the porous element 164). Thus, the sealing elements 504, 506 rest directly on the opposing

faces of the cartridge 114 to maintain the media within the chamber 116. The diameter of

the sealing elements 504, 506 is dimensioned smaller than the diameter of the rounded edge

154 of the cartridge 114.

The first housing portion 102 includes a circumferential groove 508 inwardly spaced

from a peripheral edge portion 119 of the recessed area 108. The first housing portion 102

includes a circumferential step 510 extending from the recessed area 108 immediately

adjacent to the circumferential groove 508 and separating the groove 508 from the inlet

channel 138. The elevated step 510 forms a barrier for the media entering the chamber 116

and defines the top half of the chamber 116. The groove 508 at least partially receives the

top sealing element 504 such that when the first housing portion 102 is positioned against

the second housing portion 104, the top sealing element 504 rests against the top surface of

the cartridge 114 and maintains the chamber 116 within the step 510 fluidically sealed.

The second housing portion 104 similarly includes a circumferential groove 512

inwardly spaced from a peripheral edge portion 514 of the recessed area 112. The second

housing portion 104 includes a circumferential step 516 extending from the recessed area

112 immediately adjacent to the circumferential groove 512 and separating the groove 512

from the channel 470. The elevated step 516 forms a barrier for the media entering the

bottom half of the chamber 116 after flowing through the cartridge 114. The groove 512 at



least partially receives the bottom sealing element 506 such that when the cartridge 114 is

inserted into the recessed area 112, the bottom sealing element 506 rests against the bottom

surface of the cartridge 114 and maintains the chamber 116 within the step 516 fluidically

sealed. The chamber 116 therefore has top and bottom media collecting areas within the

steps 510, 516.

FIGS. 42 and 43 are diagrammatic perspective views of another exemplary sealing

element 518 for the cartridge 114 and/or the porous element 164. Rather than including a

sealing element in the form of an O-ring that surrounds the cartridge 114 or is positioned

against a surface of the cartridge 114, the sealing element 518 is in the form of a gasket or

sleeve that fits around the cartridge 114 and/or the porous element 164. The sealing

element 518 can be fabricated from a flexible yet durable material (e.g., rubber) such that

the sealing element 518 can be stretched to insert the cartridge 114 including the porous

element 164, and returns to the original configuration to maintain a fluidic seal between the

cartridge 114 and the sealing element 518.

The sealing element 518 includes an outer surface with a rounded edge 520 and a

straight portion 522 complementary to the rounded edge 154 and straight portion 156 of the

cartridge 114. The sealing element 518 includes an opening passing therethrough with a

rounded edge 524 and a straight portion 526 aligned with the rounded edge 520 and the

straight portion 522. While the rounded edge 520 and straight portion 522 are dimensioned

at a greater diameter or size relative to the rounded edge 154 and straight portion 156 of the

cartridge 114, the rounded edge 524 and straight portion 526 have a smaller diameter or

size than the cartridge 114 such that the cartridge 114 can be received within the sealing

element 518 in a tight manner.

The sealing element 518 includes an inner circumferential groove 528 configured to

receive the peripheral portion 146 of the cartridge 114. The cartridge 114 can thereby be

received within the circumferential groove 528 such that at least an outer edge of the

peripheral portion 146 of the cartridge 114 is continuously covered to maintain a seal

between the cartridge 114 and the sealing element 518. The opposing surfaces 530, 532

(e.g., top and bottom surfaces) of the sealing element 518 can be substantially planar.

FIGS. 44 and 45 are diagrammatic perspective views of another exemplary sealing

element 534 for the cartridge 114 and/or the porous element 164. The sealing element 534

can be substantially similar in structure and function to the sealing element 518, except for

the distinctions noted herein. Therefore, like reference numbers represent like structures.

In particular, rather than having substantially planar surfaces, one or both of the opposing

surfaces 536, 538 can define a rounded, curved, or beveled configuration.

FIGS. 46 and 47 are diagrammatic perspective views of another exemplary sealing

element 540 for the cartridge 114 and/or the porous element 164. The sealing element 534

can be substantially similar in structure and function to the sealing element 518, 534, except

for the distinctions noted herein. Therefore, like reference numbers represent like



structures. In particular, rather than having substantially planar surfaces, one or both of the

opposing surfaces 530, 532 can include a circumferential ridge 542. The ridge 542

provides additional sealing surfaces positioned against the first and second housing portions

102, 104 for fluidically sealing the cartridge 114 therebetween.

FIGS. 48-49 are diagrammatic perspective views of another exemplary fluidic

system 546 (hereinafter "system 546") of the present invention. The system 546 can be

substantially similar in structure and function to the system 100, 410, 452, 478, 502, except

for the distinctions noted herein. Therefore, like reference numbers represent like

structures. For clarity, some reference numbers have been omitted.

The first and second housing portions 102, 104 of the system 546 are configured and

dimensioned to receive therein the sealing element 518 of FIGS. 42-43. However, it should

be understood that the system 546 can receive any one of the sealing elements 518, 534,

540. The first housing portion 102 includes a peripheral recessed area 548 separated from

the central recessed area 108 by a circumferential step 550 configured dimensioned

complementary to the central opening of the sealing element 518. In particular, the step

550 includes a rounded edge 552 and a straight portion 554 configured to mate against the

rounded edge 524 and straight portion 526 of the sealing element 518.

The second housing portion 104 similarly includes a peripheral recessed area 112

separated from a central recessed area 468 by a circumferential step 556 including a

rounded edge 558 and a straight portion 560. As shown in FIG. 49, the sealing element 518

can be mated with the recessed areas 112, 468 of the second housing portion 104, and

positioning the first housing portion 102 over the sealing element 518 mates the sealing

element 518 with the recessed areas 548, 108. The recessed areas of the first and second

housing portions 102, 104 assist in aligning the cartridge 114 within the system 546.

FIGS. 50-52 are diagrammatic perspective views of another exemplary fluidic

system 562 (hereinafter "system 562") of the present invention. The system 562 can be

substantially similar in structure and function to the system 100, 410, 452, 478, 502, 546,

except for the distinctions noted herein. Therefore, like reference numbers represent like

structures. For clarity, some reference numbers have been omitted. Cutouts 428a-c, 430b-

c, 436a-c, 438a collectively form the cutouts 428, 430, 436, 438.

Rather than including a substantially circular cartridge 114, porous element 164 and

first sealing element 176, the system 562 includes a substantially wedge-shaped cartridge

566, porous element 568, and first sealing element 564. The cartridge 566 includes two

linear sides 570, 572 connected at an endpoint 574 and angled away from each other. The

linear sides 570, 572 connect at an opposing end of the cartridge 566 at a rounded edge 576.

The cartridge 566 includes a channel 578 near the rounded edge 576, and includes a

plurality of channels 580 spaced from the channel 578 in the direction of the endpoint 574.

The porous element 568 similarly includes two linear sides 582, 584 connected at an

endpoint 586 and angled away from each other. The linear sides 582, 584 connect at an



opposing end of the porous element 568 at a rounded edge 588. The porous element 568

includes a channel 590 formed near the rounded edge 588. The channel 590 is aligned with

the channel 578, and is in fluid communication with the channel 578. The sealing element

564 also defines a wedge-shaped configuration configured to be positioned over or around

the cartridge 566. The sealing element 564 includes two linear extensions 592, 594

connected at an endpoint 596 and angled away from each other. The linear sides 592, 594

connect at an opposing end of the sealing element 564 at a rounded portion 598. Thus,

cartridge 566, porous element 568 and first sealing element 564 define complementary

configurations.

The first housing portion 102 includes a wedge-shaped recessed area 900, a wedge-

shaped groove 902 configured to receive the sealing element 564, and a wedge-shaped step

904 separating the recessed area 900 from the groove 902 (see FIG. 52). The recessed area

900 surrounded by the step 904 defines a top half of the chamber 116 and the sealing

element 564 maintains a fluidic seal around the cartridge 566. The inlet channel 138 enters

the recessed area 900 such that the media is introduced into the chamber 116 at a point

adjacent to the endpoint 574 of the cartridge 566.

The second housing portion 104 includes a wedge-shaped recessed area 906

complementary to the cartridge 566 such that the cartridge 566 can be at least partially

positioned in the recessed area 906 (see FIGS. 50 and 51). An outlet channel 908 in the

recessed area 906 is in a position aligned with the channel 578 of the cartridge 566. Media

is introduced into the system 562 through the inlet 136, flows through the inlet channel 138,

and enters the chamber 116 at or near the endpoint 574 of the cartridge 566. Rather than

flowing from a center outward, the media flows linearly from one end of the cartridge 566

to the opposing end (e.g., in the direction of the rounded edge 576), passing into and/or

over the channels 580 such that the channels 580 receive the media in a substantially

parallel manner.

In some embodiments, the media flows through the channels 580 and into the

recessed area 906. In some embodiments, the media flows into and out of the channels 580,

and further flows through the channel 578 and the outlet channel 908. In some

embodiments, the media flows through both the channels 580 and the channel 578, and

converges in the recessed area 906 to flow through the outlet channel 908. In some

embodiments, the recessed area 906 can include a centrally disposed, wedge-shaped

recessed area and step (similar to the first housing portion 104) to define a bottom half of

the chamber 116 and encourage flow of the media through the channels 580.

FIGS. 60-65 are diagrammatic perspective views of another exemplary fluidic

system 926 (hereinafter "system 926") of the present invention. The system 926 can be

substantially similar in structure and function to the system 100, 410, 452, 478, 502, 546,

except for the distinctions noted herein. Therefore, like reference numbers represent like



structures. For clarity, some reference numbers have been omitted. Cutouts 428a-e, 430b-

e, 436a-c, 438a collectively form the cutouts 428, 430, 436, 438.

Rather than using the system for a single cartridge 114 and porous element 164, the

system 926 can be used for multiple cartridges 114a, 114b and porous elements 164a, 164b.

As an example, the configuration of the system 452 of FIG. 27 is used. However, it should

be understood that other system configurations can be used. For example, rather than a

single output channel 142, the system 926 can incorporate layers having multiple output

channels 142 that converge within the body of the housing portions. In particular, the layer

124a can be duplicated and disposed below layer 126a. The layer 124b and layer 126a can

form a middle housing portion 928 disposed between the first and second housing portions

102, 104. The duplicated layer 124b forms the top half of the second chamber 116b in

which the second cartridge 114b can be disposed. The duplicated design results in a

substantially continuous flow path between the first cartridge 114a disposed in the first

chamber 116a, through the first instance of the layer 126a and the duplicated layer 124b,

through the second cartridge 114b, and through the second instance of the layer 126b.

Thus, multiple cartridges 114a, 114b can be tested at one time. In an embodiment, rather

than including multiple layers, the first, middle and second housing portions 102, 928, 104

can be formed as solid structures with openings or channels formed therein.

Medium is introduced through the inlet 136, flows through the aperture 138a,

aperture 138b, slot 138c, aperture 138d, aperture 138e (in layer 124a) and into the first

chamber 116a. The medium flows through at least some of the channels of the first

cartridge 114a and out of the first chamber 116a through the aperture 138f. Aperture 138f

acts as the outlet channel for the first chamber 116a and the inlet channel for the second

chamber 116b. In particular, the medium flows through the aperture 138f, the aperture

138g and into the second chamber 116b. The medium flows through at least some of the

channels of the second cartridge 114b and out of the second chamber 116b through the

aperture 142a. The medium flows out of the system 926 through the aperture 152b, slot

142c, aperture 142d, aperture 142e, aperture 142f, aperture 142g, aperture 142h, aperture

142i, and aperture 142j.

In an embodiment, the system 926 can include a diversion channel between the two

cartridge 114a, 114b such that at least a portion of the medium flowing from the first

cartridge 114a connects with the outlet channel 142 and does not flow into the second

cartridge 114b. In an embodiment, the system 926 can include an input channel between

the two cartridge 114a, 114b such that a new medium can be introduced into the system 926

for flow through the second cartridge 114b without flowing through the first cartridge 114a.

In an embodiment, rather than a stacked configuration, the first and second cartridges 114a,

114b can be disposed adjacent to each other in separate chambers oriented at the same

elevation. For example, the length of the first and second housing portions 102, 104 can be

dimensioned longer to accommodate two or more cartridges 114 in separate chambers, and



can include multiple inlets or inlet channels to introduce the medium into each chamber. In

an embodiment, multiple cartridges 114 resulting in 24 or 96 well plate formats can be

tested at one time for high throughput testing.

The first housing portion 102 can include a single inlet channel 138 for introduction

of the media into a central portion of the cartridge 114 for flow of the media radially or

laterally outward from the center portion of the cartridge 114 (see, e.g., FIG. 2) or the first

housing portion 102 can include a spoke of channels (apertures 486, 490 and slots 488) for

introduction of the media radially offset from the central portion of the cartridge 114 for

flow of the media radially or laterally inward towards the center portion of the cartridge

114 (see, e.g., FIG. 34). In an embodiment, the height or thickness of each layer 122, 124,

480 can be in the range of about 0.005 mm to about 5 mm. In an embodiment, the width of

the slots or apertures forming the inlet channel 138 can be in the range of about 0.005 to

about 5 mm. In an embodiment, the cumulative length of the inlet channel 138 can be in

the range of about 0.5 mm to about 1,000 mm.

The recessed area 108 of the first housing portion 102 allows for flow of media on

the cartridge surface after introduction of the media into the chamber 116 through an

individual or multiple inlet channels 138 (see, e.g., FIG 25). In an embodiment, the first

housing portion 102 and the second housing portion 104 can be symmetrically configured,

each having a recessed portion for flow of the media above and below the cartridge 114,

respectively. In an embodiment, the first housing portion 102 can include a peripheral

recessed area and a central recessed area (e.g., similar to the recessed areas 112, 468 of

FIG. 28). In an embodiment, the depth of the recessed area 108 in the first housing portion

102 can be in the range of about 0.005 mm to about 5 mm. In an embodiment, the area of

the chamber 116 formed by the first housing portion 102 can be in the range of about 3xl0 4

mm2 to about 125 mm2 .

The second housing portion 104 can include a single outlet channel 142 for

converging of the media within the chamber 116 and flow into the outlet channel 142

removal of the media from the system (see, e.g., channel 470 and slot 142e of FIG. 27) or

the second housing portion 104 can include a spoke of channels (aperture 142b and slots

142c) for converting of the media within the structure of the second housing portion 104

and removal of the media from the system (see, e.g., FIG. 2). In an embodiment, the height

or thickness of each layer 128, 130, 132 can be in the range of about 0.005 mm to about 5

mm. In an embodiment, the width of the slots or apertures forming the outlet channel 142

can be in the range of about 0.005 to about 5 mm. In an embodiment, the cumulative length

of the outlet channel 142 can be in the range of about 0.5 mm to about 1,000 mm.

The recessed area 112 of the second housing portion 104 is configured to receive a

portion of the cartridge 114 and includes channels fluidically connecting the chamber 116

to the outlet channel 142 (see, e.g., FIG. 2). In an embodiment, the second housing portion

104 can include a central recessed area 468 configured to receive media flowing through



the cartridge 114 such that the media converges and flows through the outlet channel 142

(see, e.g., FIG. 28). In an embodiment, the depth of the recessed area 112, 468 in the

second housing portion 104 can be in the range of about 0.005 mm to about 5 mm. In an

embodiment, the area of the chamber 116 formed by the second housing portion 104 can be

in the range of about 3x10 4 mm2 to about 125 mm2 .

FIGS. 53-59 are diagrammatic perspective and detailed views of another exemplary

holder 910 of the present invention. The holder 910 can be substantially similar in structure

and function to the holder 210, except for the distinctions noted herein. Therefore, like

reference numbers represent like structures. The holder 910 can be configured to receive

and hold housing portions of any of the microfluidic systems described herein. The holder

can also be configured to align the housing portions and to impart a compressive force on

the housing portions to seal a cartridge between the housing portions. Although the

detailed views of FIGS. 54-59 illustrate interlocking of the second housing portion 104 with

the holder 910, it should be understood that the first housing portion 102 can be similarly

interlocking with the opposing side of the holder 910.

Each of the openings 226, 236 include a first section 912 defining a substantially

rectangular area configured and dimensioned to receive the first and second housing

portions 102, 104, respectively. One end of the openings 226, 236 includes tabs 914, 916

extending on opposing sides limiting the side of the opening 226, 236. The tabs 914, 916

define grooves 918 configured and dimensioned to receive the steps 432, 440 of the first

and second housing portions 102, 104. For example, the cutouts 436, 438 can be

configured and dimensioned to accommodate and mate with the tabs 914, 916, while the

step 440 slides into the groove 918 between the bottom surface 920 the tabs 914, 916,

thereby interlocking the second housing portion 104 with the holder 410.

In some embodiments, each of the openings 226, 236 can include one or more raised

dimples 922, 924 (e.g., hemispherical dimples) extending from the bottom surface 920 at

corners of the openings 226, 236. The dimples 922 can extend from the bottom surface 920

directly underneath the tabs 914, 916, and the dimples 924 can extend from the bottom

surface 920 at the opposing side of the openings 226, 236 at a distance dimensioned to

support the first and second housing portions 102, 104 thereon. For example, the dimples

922 support the corners of the second housing portion 104 having the steps 440, while the

dimples 924 support the opposing corners of the second housing portion 104. The dimples

922, 924 maintain the first and second housing portions 102, 104 raised and level relative to

the bottom surface 920 of the openings 226, 236. In some embodiments, the dimples 922

can maintain the first and second housing portions 102, 104 raised from the bottom surface

920 of the respective first and second holder portions 212, 214 to ensure proper contact,

alignment and sealing between the first and second housing portions 102, 104 when the

holder 910 is in the closed configuration.



In some embodiments, rather than bonding the first and second housing portions

102, 104, an exemplary holder 210 of the present invention can be used to temporarily

maintain a pressure between the components to fluidically seal the components of the

system 100 during culturing or testing. FIGS. 9, lOA-C and 11A-B show perspective and

detailed views of an exemplary holder 210 of the present invention. The holder 210 is

configured and dimensioned to receive therein an assembly of the first housing portion 102,

the second housing portion 104, and the cartridge 114. For ease in visualization, the first

housing portion 102, the second housing portion 104 and the cartridge 114 are shown as

opaque in FIGS. 9, and lOA-C; however, they are transparent or translucent in some

embodiments, as shown in the images in FIG. 5 and FIG. 8.

The holder 210 generally includes a first holder portion 212 (e.g., a top holder half)

and a second holder portion 214 (e.g., a bottom holder half) configured to receive the

assembly therebetween. The first and second holder portions 212, 214 can be hingedly

connected (e.g., using one or more hinges 216) such that the holder 210 can transition

between an open configuration (shown in FIG. 9) and a closed configuration. In some

embodiments, each of the first and second holder portions 212, 214 has a substantially

rectangular perimeter with chamfered corners. The first holder portion 212 includes an

outer surface 218 and an inner surface 220. The outer surface 218 faces away from the

second holder portion 214 when the holder 210 is closed, and the inner surface 220 faces

toward the second holder portion 214 when the holder 210 is closed.

The first holder portion 212 includes a protrusion 222 extending from the inner

surface 220. When the holder 210 is positioned in the closed configuration, the protrusion

222 is substantially received by a recessed area 224 of the second holder portion 214. In

some embodiments the protrusion 222 has a substantially rectangular perimeter with

chamfered corners. The perimeter of the protrusion 222 is dimensioned smaller than and

sits within the perimeter of the inner surface 220. The protrusion 222 includes one or more

openings 226 having a recessed edge 228 configured and dimensioned to receive and

releasably engage the first housing portion 102 of the system 100. In some embodiments,

the recessed edge 228 can include a tab into which a complementary extension or groove of

the first housing portion 102 can be inserted for engagement of the first housing portion

102 with the opening 226 (e.g., substantially similar to the configuration of the second

holder portion 214 shown in FIGS. lOA-C).

In the embodiment shown in FIG. 9, the holder 210 includes three openings 226 for

retaining up to three assemblies each including a cartridge and first and second housing

portions within the holder 210. However, it should be understood that the holder 210 can

have any number of openings 226 based on the desired number of assemblies to be retained

therein. Each opening 226 extends through the protrusion 222 and the outer surface 218 of

the first holder portion 212 providing access to the inlet 138 and outlet 140 on the first

holder portion 102 of the assembly. In some embodiments, fluidic connections can be



passed through the opening 226 and connected to the inlet 138 and outlet 140 for

introduction of the medium into the assembly and removal of the medium from the

assembly, respectively. In some embodiments, the holder 210 can include a gasket 230

disposed in the recessed edge 228 of the opening 226. The gasket 230 can assist in

engagement and retaining of the first housing portion 102 within the opening 226, and in

preventing damage to the first housing portion 102.

The second holder portion 214 also includes an outer surface 232 and an inner

surface 234. The outer surface 232 faces away from the first holder portion 212 when the

holder 210 is closed, and the inner surface 234 faces toward the first holder portion 212

when the holder 210 is closed. The inner surface 234 includes the recessed area 224

configured and dimensioned to at least partially receive the protrusion 222 of the first

holder portion 212. In particular, the recessed area 224 can be complementary to the

protrusion 222 such that during closure of the holder 210, the protrusion 222 gradually

enters and rests within the recessed area 224.

The recessed area 224 includes one or more openings 236 with a recessed edge 238

configured to receive and releasably engage the second housing portion 104 of the system

100. The openings 236 can be aligned with the openings 226 of the first holder portion 212

such that the first and second housing portions 102, 104 align when the holder 210 is

closed. The openings 236 extend through the recessed area 224 and the outer surface 232

of the second holder portion 214, and provide windows through which the system 100 can

be monitored. In some embodiments, the recessed edge 238 can include a tab 240 into

which a complementary extension or groove 242 of the second housing portion 104 can be

inserted for engagement of the second housing portion 104 with the opening 236 (see, e.g.,

FIGS. lOA-C). In some embodiments, the holder 210 can include a gasket 244 disposed in

the recessed edge 238 of the opening 236. The gasket 244 can assist in engagement and

retaining of the second housing portion 104 within the opening 236, and in preventing

damage to the second housing portion 104. In some embodiments, the gaskets 230, 244 can

maintain the first and second housing portions 102, 104 raised from the bottom surface of the

respective first and second holder portions 212, 214 to ensure proper contact, alignment and

sealing between the first and second housing portions 102, 104 when the holder 210 is in the

closed configuration.

As noted above, introduction of the protrusion 222 of the first holder portion 212

into the recessed area 224 of the second holder portion 214 positions the first and second

housing portions 102, 104 against each other, and imparts a compression force on the

assembly to maintain a seal between the first housing portion 102, the second housing

portion 104, and the cartridge 114. In some embodiments, the holder 210 can include one

or more latching mechanisms 246 for maintaining the holder 210 in the closed position,

thereby maintaining the compression force on the system 100. For example, the first holder

portion 212 can include a hingedly movable latch 248, and the second holder portion 214



can include a retaining groove 250 configured to receive and interlock with the latch 248.

After the holder 210 is positioned in the closed configuration, the latch 248 can be engaged

with the groove 250 and the latching mechanism 246 can be locked to prevent the holder

210 from opening.

Once secured, the holder 210 can be manipulated to connect inlet and/or outlet tubes

or connectors to the system 100 and view the system 100 from the openings 226, 236. In

addition, the openings 226, 236 allow a microscope to be disposed immediately adjacent to

the system 100, allowing for viewing of the cells while disposed within the holder 210.

The holder 210 orients and anchors the portion of the cartridge housing, and delivers

necessary compression to seal the housing and cartridge without the use of screws. The design

of FIG. 9 features locations for three assemblies to run triplicate conditions in parallel, with

openings above and below each assembly to allow for imaging directly within the holder 210.

As noted above, each portion of the holder 210 can be designed to accommodate a portion of

the cartridge housing, with tabs that fit around the housing component to keep it in place (FIG.

5). A hinge 216 connects the top and bottom halves of the holder 210, which swivel together to

enclose the cartridge housing with the cartridge 114 between them. The latch mechanism 246

secures the holder 210 in the closed position, ensuring that the clamping force is maintained.

This platform facilitates assembly of the cartridge within the housing for experimentation and

allows for easy manipulation of the cartridge 114.

In some embodiments, the first and second housing portions 102, 104 of the system

100 can be secured to each other with one or more other securing elements (e.g., screws,

clips, etc.) instead of the holder. In some embodiments, the system 100 can be held together

by a customized latch or clip that matches the dimensions and forces required, such as the

clips described in U.S. Provisional Application No. 62/202,216, filed on August 7, 2015, the

entire contents of which are hereby incorporated herein by reference.

The system is configured to incorporate different versions of the cartridge design.

For example, one configuration can accommodate a collection of cell clusters within a single

well, which facilitates loading of the cell clusters onto the housing, while another has

individual wells for each cell cluster. In some embodiments, a cartridge that has individual

wells for each cell cluster can be used for purposes of defining the number of cell clusters

being cultured within the system, a number that can be altered by changing the number of

wells on the cartridge. The systematic arrangement of individual clusters on the cartridge can

also assist with tracking the state of each cluster over the course of long-term culture. In

addition to variations in the well pattern, the cartridge includes channels (e.g., second

plurality of channels 174 in FIGS. 1-5) that facilitate flow around the clusters instead of

through them, as might be the case when the resistance to flow is too high. The configuration

of these wells can also be altered to improve the flow profile within the cartridge, or may be

removed as necessary. Without changing the flow path, however, all modifications to the

cartridge to achieve different experimental objectives can be made while keeping the overall



dimensions unchanged, meaning that the same housing can be used for different cartridges

with different cell culture configurations.

In addition, the same cartridge can be transferred between multiple housings. Because

the cells are wholly contained within the cartridge, it is feasible to culture cells for a

designated period of time in a first housing, remove the cartridge from the housing, and

transfer it to another housing, possibly to achieve a different culture environment or to place

the cells in series with another cartridge containing a different cell type. In some

embodiments, a housing can accommodate multiple cartridges, either to increase the number

of cells under study in parallel or to couple different cell types arranged on separate

cartridges.

Another important example of where housing modularity may come into effect is

when loading cells or cell clusters into the cartridge to fill individual wells. FIGS. 12A-B

show diagrammatic, cross-sectional views of an exemplary microfluidic system 300 for

loading cells or cell clusters 302 into wells 304 of a cartridge 306. The system 300 includes a

housing with a first housing portion 308 and a second housing portion 310. The first and

second housing portions 308, 310 form a chamber 312 therebetween. The housing includes

an inlet 314 for introduction of a medium 316 including one or more biological cells 302 into

the system 300. The housing includes an inlet channel 318 fluidically connecting the inlet

314 with a central portion 320 of the chamber 312 (e.g., in which the cartridge 306 is

disposed). The housing includes an outlet channel 322 fluidically connecting the central

portion 320 of the chamber 312 with an outlet 324. The housing further includes a bypass

channel 326 fluidically connecting the inlet channel 318 with the outlet channel 322, and

bypassing the central portion 320 of the chamber 312. In particular, rather than flowing from

the inlet channel 318, through the central portion 320, the wells 304 of the cartridge 306, into

the outlet channel 322, and out of the outlet 324, the medium 316 that enters the bypass

channel 326 flows directly from the bypass channel 326, into the outlet channel 322, and out

of the outlet 324.

Similar to the cartridge 114, the cartridge 306 can include a central portion and a

peripheral portion configured to be disposed within the chamber 312 with the central portion

of the cartridge 306 in the central portion 320 of the chamber 312. The cartridge 306

includes a first surface 328 and an opposing second surface 330 with a plurality of channels

forming the wells 304. The cartridge 114 includes at least one porous element 332 disposed

adjacent to the second surface 330 and forming the wells 304 extending through the cartridge

306.

The system 300 can be configured such that when the cartridge 306 is disposed

between the first and second housing portions 308, 310 and the medium 316 with the cell

clusters 302 is introduced into the inlet 314, at least a first portion of the medium 316 and cell

clusters 302 flows through the inlet channel 318 and into the central portion 320 of the

chamber 312. At least one or more of the cell clusters 302 enter into and lodge within the



wells 304. The medium 316 continues to flow around the cell clusters 302, through the wells

304, into the outlet channel 322 and out of the outlet 324. As shown in FIG. 12A, while the

wells 304 are not filled with cell clusters 302, the flow resistance of the medium 316 through

the central portion 320 and the wells 304 is less than the flow resistance of the medium 316

through the bypass channel 326.

As shown in FIG. 12B, when cell clusters 302 lodge within the wells 304 and partially

block the flow path through the wells 304, the flow resistance of the medium 316 through the

central portion 320 and the wells 304 increases and becomes greater than the flow resistance

of the medium 316 through the bypass channel 326. Thus, at least a portion of the medium

316 and the cell clusters 302 flows through the inlet channel 318, into the bypass channel 326

to bypass the wells 304, and flows through the outlet channel 322 to the outlet 324. Cell

clusters 302 are thereby loaded into the wells 304 of the cartridge 306 and, once loaded, the

remaining medium 316 and cell clusters 302 bypass the cartridge 306 and flow out of the

system 300 along the bypass channel 326.

Thus, placing the cartridge 306 inside of the housing creates a trap for the cells or cell

clusters 302. A suspension of cell clusters 302 introduced at the inlet 314 of the loading

system 300 flows to the chamber 312 above the cartridge 306. At this point, there are two

different directions in which flow occurs. Although the system 300 includes the bypass

channel 326 that could accommodate movement of the cell clusters 302, this channel 326 is

designed such that the resistance is greater than for flow directed down through the wells 304

in the cartridge 306. As a result, the cell clusters 302 preferentially fill the wells 304 first.

However, as the wells 304 in the cartridge 306 become blocked with cell clusters 302, the

resistance to flow through the cartridge increases, necessitating a diversion through the

bypass channel 326. Once all or most of the wells 304 are filled with cell clusters 302, the

excess cell clusters 302 can be flushed from the system 300, the first and second housing

portions 308, 310 can be separated, and the cartridge 306 is removed and transferred to

another microfluidic system (e.g., such as system 100) for long-term culture. In some

embodiments, non-woven polymeric fiber sheet over the wells may be used to trap the cell

clusters in the wells. In some embodiments, a hydrogel material can be used to anchor cell

clusters in the wells 304.

FIGS. 13A-C are diagrammatic, exploded and cross-sectional views of another

exemplary fluidic system 332 of the present invention for loading a cartridge 334 with one or

more biological cells or cell clusters. The system 332 includes a housing formed by a first

housing portion 342 and a second housing portion 344, and a chamber 346 disposed

therebetween. In some embodiments, the first housing portion 342 can be formed from a

plurality of layers 348-354 bonded together, and the second housing portion 344 can be

formed from a plurality of layers 356-362 bonded together. In some embodiments, each of

the first and second housing portions 342, 344 can be fabricated by, for example, injection



molding such that the first and housing portions 342, 344 define a single, structural

component.

The system 332 includes an inlet 364 (e.g., in the first layer 348) for introduction of

the medium including one or more biological cells or cell clusters into the system 332. The

system 340 includes an inlet channel including apertures 348a, 348b, 348d, 348e and an

elongated slot 348c (collectively referred to herein as inlet channel 348) fluidically connected

for flow of the medium through the first, second and third layers 348-352. The inlet channel

348 fluidically connects the inlet 364 with the chamber 346. The fourth layer 353 can

include a central aperture 350 and an alternate channel 352 fluidically connected to the

central aperture 350, circling the central aperture 350 one or more times, extending toward

the outlet channel, and connecting with the outlet channel at an aperture 354. Thus, the

alternate channel 352 fluidically connects the inlet channel 348 with the outlet channel 360.

The fifth layer 356 includes a central recessed area 356 configured and dimensioned

to receive the cartridge 332 and porous element 164. The central recessed area 356 further

includes a central aperture 358 for passage of the medium and cells therethrough. The system

340 includes an outlet 362 (e.g., in the first layer 348) for exit of the medium and cells from

the system 340. The system 340 includes an outlet channel including apertures 360a, 360b,

360d-i and 354 and an elongated slot 360c (collectively referred to herein as outlet channel

360). The outlet channel 360 fluidically connects the peripheral portion of the chamber 346

with the outlet 362.

The channels 338 and the porous element 164 disposed against the cartridge body 336

form a plurality of wells configured and dimensioned to receive one or more biological cells

or cell clusters. With the cartridge 334 disposed between the first and second housing

portions 342, 344, the medium with the cells can be introduced through the inlet 364. At

least a portion of the medium and cells flows through the inlet channel 348 and into the

chamber 346 with some of the cells dropping into and lodging within the wells of the

cartridge 334. The layer 353 is positioned against the top surface of the cartridge 334 and

blocks flow of the medium through the channels 174, thereby ensuring that the medium flows

through the wells of the cartridge 334 or through the alternate channel 352. In one

embodiment, the layer 353 can be formed from PDMF to act as a gasket to seal the layer 353

against the channel 174. In one embodiment, the layer 353 can be a removable layer and can

be removed from the first housing portion 342 to allow flow through the channels 174. The

remaining medium flows around the cells in the wells, through the aperture 358 and into the

outlet channel 360 to exit the system 340 via the outlet 362. The solid arrows shown in

FIGS. 13A-C indicate the medium with cells flowing through the system 340, while the

dashed arrows indicate the medium without cells flowing through the system 340. Thus,

once cells are lodged within the wells, the medium without the cells flows downward into the

outlet channel 360.



Initially, the flow of the medium through the cartridge 334 and into the outlet channel

360 creates a suction force in the system 340 below the cartridge 334 that urges the medium

and cells to travel through the channels 152 in the cartridge 114, thereby ensuring that cells

are loaded into the wells. The alternate channel 352 is substantially longer than a flow path

through the wells, which results in the alternate channel 352 having a higher flow resistance

than flow through the wells when there are no cells or cell clusters in the wells resulting in a

faster flow of medium through the wells than through the alternate channel. The faster flow

of medium through the wells relative to flow through the alternate channel creates the suction

force that aids in loading the cells in the wells. As cells lodge in the wells, the flow

resistance through the wells increases due to partial blocking of flow through the wells,

which reduces the suction force as a greater proportion of the medium is flowing through the

alternate channel and the medium with the cells is urged to flow through a path of least

resistance, i.e., the alternate channel 352. In particular, as the medium and cells flow into the

opening 350 in the fourth layer 353, the medium and cells enter the alternate channel 352 and

into the outlet channel 360, thereby allowing excess medium and cells to exit through the

outlet 362.

In some embodiments, the fourth layer 353 can be formed from a malleable (e.g.

PDMS) layer that rests above the cartridge 334 to define the alternate flow path for the cell

clusters. Initially, negative pressure applied at the outlet 362 drives movement of the cell

clusters through the alternate channel 352, and also results in suction from the wells

underneath. The spiral pattern in the alternate channel 352 adds resistance to flow due to its

length, biasing cell clusters to be drawn into wells of the cartridge 334 as they pass. When a

well is filled, the influence of suction diminishes, and cells continue to flow along the

alternate channel 352. It should be noted that different methods of loading cells into the

cartridge 334 can be used. For example, a simpler form of suction can be implemented to

achieve the same outcome, or cartridges with larger wells can be used into which a

suspension of clusters is pipetted directly. However, these alternative methods may require

more manual manipulation of the cell clusters, or may be limited in their ability to load

clusters into individual wells.

In some embodiments, after the cells or cell clusters are disposed in the wells, one

more non-woven polymeric fiber sheets may be disposed over the wells may be used to trap

the cell clusters in the wells. In some embodiments, the one or more porous element is a non-

woven polymer fiber sheet forming the bottom of the wells. In some embodiments the non-

woven polymeric fibers sheets over the wells and forming the bottom of the well provide a

three-dimensional scaffold for growth of the cells, as described below in below in Section II

entitled "Scaffolds for Cell Growth" and depicted in the lower right side detail image of

FIG. 15A. In some embodiments, cells are contained in a three-dimensional scaffold that is

placed into a well. In some embodiments, the three-dimensional-scaffold scaffold surrounds

a solid support with a channel in which the cells are disposed, as described below in below in



Section II entitled "Scaffolds for Cell Growth" and depicted in FIG. 19, and the well is

configured to hold the three-dimensional scaffold and the solid support.

In some embodiments, the cartridge-based systems described herein can be used for

encasing the cells within a hydrogel material, such that they are fixed in place and also

benefit from the additional longevity afforded by the microenvironment of the hydrogel. A

hydrogel layer that is thinner is generally more likely to provide adequate nutrient delivery to

the cells. Two different methods of hydrogel encapsulation are shown in FIGS. 14A-B. In the

first case shown in FIG. 14A, cell clusters 370 are loaded onto the cartridge 114 within a

hydrogel mixture 368, such that clusters 370 within the channels 152 (e.g., wells) are also

surrounded by the hydrogel mixture 368. After the desired number of cell clusters 370 have

been isolated and the excess removed, the surface above the cartridge 114 can be compressed

to achieve a thin film above the wells 152. An alternative option is shown in FIG. 14B, and

involves encasing each cluster 370 with its own conformal hydrogel shell 372 through the use

of, e.g., emulsion droplets. Each microencapsulated cluster 370 can then be loaded into the

wells 152 of the cartridge 114 as described above. In some embodiments, wells 152 of larger

sizes can be used to load encapsulated clusters 370. The encapsulated clusters depicted in

FIG. 14B may enable greater diffusion of nutrients to cells, as compared to the hydrogel-

filled wells depicted in FIG. 14A.

Aside from long-term culture, different designs of the system may allow for collection

of functional readings from the cells within the housing, by moving the cartridge to a

different device, or even through integration of components within the cartridge itself. For

instance, protein secretions of the cells may be siphoned off downstream of the cartridge and

assayed at a separate site within the housing. Cell clusters within a cartridge can be imaged

either directly while resting within the system under culture conditions or after the cartridge

has been removed from the housing. In the latter case, the cells can be immuno-stained in situ

on the cartridge. Because of the segregation between individual cell clusters, additional

information can be obtained by extracting a cluster of interest and running genetic or

expression analyses on the cells for that specific cluster. In cases where electrophysiology

data is relevant, a cartridge may also be placed onto a microelectrode array where the well

pattern is aligned with the location of the electrodes, such that each cluster has its own

electrical readout. To facilitate on-chip electrical recordings, one might also consider

embedding electrodes within the cartridge itself, such that they are positioned adjacent to the

cell clusters as they rest in the wells of the cartridge.

Various methods and materials may be employed for forming the cartridge body, the

housing portions and the holder portions. In some embodiments, the cartridge is fabricated

from two layers bonded together, including a planar cartridge body material with holes cut

into a pattern in or through the cartridge body material bonded to a membrane material layer

with pore sizes small enough to exclude individual cells from passing through. In some

embodiments, the porous element can be thermally bonded to the second surface of the



cartridge. In some embodiments, the cartridge is fabricated from non-woven polymeric fiber

material bonded to or adhered to the cartridge body. In some embodiments, the cartridge

body is fabricated from a polymeric material (e.g., polycarbonate). In some embodiments,

the cartridge body is fabricated by laser cutting. In some embodiments, the channels or

wells can be cut into the cartridge body using ultraviolet (UV) laser patterning.

In some embodiments, the housing is fabricated from a polymeric material (e.g.,

polycarbonate). In some embodiments, layers for forming the housing can be cut out of

bulk material using a mill or a laser cutter.

In some embodiments, the porous element is a membrane. In some embodiments,

porous element is a non-woven polymeric sheet as described below.

Methods for fabricating cartridges, housings and holder are described in further detail

below in Example 1.

While the methods described in the Examples section enabled the fabrication of

cartridges, housings and holders for testing, the possible fabrication methods are not limited

to what has been described above. Other plastics amenable to laser cutting, milling, and

bonding (either thermally or with solvent), are also feasible alternatives. In line with another

common medium for microfluidics, one may also consider making some or all of the

components out of PDMS. Furthermore, the components can be 3D printed, hot embossed,

injection molded, or fabricated in a number of other approaches. The methods outlined here

merely represent some examples of how to fabricate cartridges, housings and holder.

In some embodiments, the holder is fabricated at least in part from a polymer

material. In some embodiments, the holder is fabricated, at least in part, using 3D printing.

In some embodiments, the holder is fabricated, at least in part, using a molding technique,

such as injection molding.

Additional functional features may be incorporated into or used with the system. The

system 100 can be augmented by adding additional inputs for the cells. For instance, two or

more solutions driven by separate pumps can be connected to the system 100. These inlets

could intersect at a T-junction, and the relative flow rates would dictate the concentration of a

stimulus that is delivered to the cells downstream. A programmed system for quickly

changing flow conditions can be used to generate timed pulses of stimuli.

II. Scaffolds for Cell Growth

As noted above, some embodiments of systems and cartridges include three-

dimensional scaffolds for cellular growth. In some embodiments, a porous element that

forms a bottom surface of each well in a cartridge is a non-woven polymeric fiber sheet and a

non-woven polymeric fiber sheet (e.g., another portion of the same sheet or a different sheet)

covers the top of the wells after cells are loaded into the cartridge. As described below, the

non-woven polymeric fiber sheet on the top and the bottom of the cartridge body can form a

three-dimensional scaffold for cell growth. In other embodiments, the non-woven polymeric

fiber sheet may be used only on the top of the wells or only on the bottom of the wells. In



some embodiments, the three-dimensional scaffolds described herein mimic the in vivo

structure, physical properties, and protein composition of extracellular matrix surrounding

cells {e.g., pancreatic islet cells and adipocytes). In some embodiments, a well of a cartridge

may be dimensioned and configured to receive a cell or cell cluster that is enclosed in or

encapsulated by polymeric fibers that form a three-dimensional scaffold. In some

embodiments, the cell or cell cluster is disposed in a channel of a solid support with one or

more non-woven polymeric fiber sheets covering the ends of the channel of the solid support

forming a three-dimensional scaffold. In some embodiments, a well of a cartridge body may

be configured and dimensioned to receive the solid support and non-woven polymeric sheet

holding the cell cluster. The exemplary three-dimensional scaffolds can be positioned on

surfaces of the cartridge body discussed above {e.g., cartridge 114 of FIGS. 1-3) for

receiving and retaining one or more cells or one or more cell clusters, and maintaining the

cells or cell clusters over or within the channels of the cartridge.

In some embodiments, a three-dimensional scaffold is suitable for use in devices other

than the systems and cartridges described above and such compositions are suitable for use

in, e.g., in vitro drug screening and/or toxicity assays, disease modeling, and therapeutic

applications, and the like. In particular, the present invention provides three-dimensional

non-woven polymeric scaffolds that, e.g., can be used to suspend cells or cell clusters, e.g.,

pancreatic islet cells or adipocytes, off of the bottom of a culture dish that has a relatively

high stiffness and that does not mimic in vivo conditions in other ways as well.

Accordingly, in some aspects, the present invention provides three-dimensional

scaffolds for culturing cells or cell cluster, e.g., pancreatic islet cells or adipocytes. The three-

dimensional scaffolds include a first portion of a first non-woven polymeric fiber sheet; a

second portion of a second non-woven polymeric fiber sheet overlaying the first portion,

wherein the first non-woven polymeric fiber sheet and the second non-woven polymeric fiber

sheet include polymeric fibers comprising a biogenic polymer and a synthetic polymer; and

cells or cell cluster, e.g., pancreatic islet cells or adipocytes, disposed between the first

portion and the second portion.

In one aspect, the present invention provides devices including a three-dimensional

scaffold for culturing cells or cell clusters, e.g., pancreatic islet cells or adipocytes. The

three-dimensional scaffold includes a first portion of a first non-woven polymeric fiber sheet,

and a second portion of a second non-woven polymeric fiber sheet overlaying the first

portion. The first non-woven polymeric fiber sheet and the second non-woven polymeric

fiber sheet include polymeric fibers including a biogenic polymer and a synthetic polymer.

The device includes cells or cell clusters, e.g., pancreatic islet cells or adipocytes, disposed

between the first portion and the second portion. The device includes a base layer.

In another aspect, the present invention provides three-dimensional scaffold for

culturing cells or cell clusters, e.g., pancreatic islet cells or adipocytes. The three-

dimensional scaffold includes a first portion of a first non-woven polymeric fiber sheet, and a



second portion of a second non-woven polymeric fiber sheet overlaying the first portion. The

first non-woven polymeric fiber sheet and the second non-woven polymeric fiber sheet can

include polymeric fibers including a biogenic polymer and a synthetic polymer. The three-

dimensional scaffold includes cells or cells clusters disposed between the first portion and the

second portion. In some embodiments, the scaffold includes a solid support including a top

surface, a bottom surface, and a channel extending from the top surface to the bottom surface.

The first portion of the first non-woven polymeric fiber sheet can be disposed on the bottom

surface of the solid support. The second portion of the second non-woven polymeric body

can be disposed on the top surface of the solid support. The cells or cell cluster, e.g.,

pancreatic islet cells or adipocytes, can be disposed in the channel of the solid support.

In one aspect, the present invention provides three-dimensional scaffolds for

culturing cells or cell clusters, including pancreatic islet cells and their precursor cell types,

or adipocytes e.g., white, brown, or "beige'V'brite" adipocytes, and their precursor cell

types. The three-dimensional scaffold includes a first portion of a first non-woven polymeric

fiber sheet, and a second portion of a second non-woven polymeric fiber sheet overlaying the

first portion. The first non-woven polymeric fiber sheet and the second non-woven

polymeric fiber sheet include polymeric fibers including a biogenic polymer and a synthetic

polymer. Cells can be disposed between the first portion and the second portion of the

polymeric fiber sheets. The cells with the three-dimensional scaffold can further be disposed

within the wells of the cartridges described herein.

In some embodiments, the first non-woven polymeric fiber sheet and the second non-

woven polymeric fiber sheet can be the same non-woven polymeric fiber sheet and the first

portion and the second portion are different portions of the same non-woven polymeric fiber

sheet. In some embodiments, the first non-woven polymeric fiber sheet and the second non-

woven polymeric fiber sheet can be different non-woven polymeric fiber sheets.

As used herein, the term "three-dimensional scaffold" includes a porous, three-

dimensional network, or mesh, of a plurality of polymeric fibers of any orientation

including random orientation which are capable of supporting cells therein. The three-

dimensional network or mesh of a plurality of randomly orientated polymeric fibers can be

in the form of non-woven polymeric fiber sheets which are held together by fiber-to-fiber

interactions and have a desired size and shape, e.g., a desired size and shape suitable for the

use thereof. The term "sheet" as used herein refers to a structure having a third dimension

substantially less than that of the other two dimensions.

The terms "fiber" and "polymeric fiber" are used herein interchangeably, and both

terms refer to fibers having micron, submicron, and nanometer dimensions. The polymeric

fibers for use in the scaffolds and devices of the present invention are "chemically and

physically stable polymeric fibers", e.g., they show substantially no signs of loss of strength

measured by uniaxial tensile testing, and/or degradation rate in culture with media or cells

measured by weight of the fibers over time.



The weight ratio of the synthetic polymer to the biogenic for use in the claimed

scaffolds can be tuned to mimic the native stiffness of, e.g., pancreatic islet cells or

adipocytes and in some embodiments, can be between about 10:90 and about 50:50, e.g.,

about 10:90, 15:85, about 20:80, about 25:75:, about 30:70, about 35:65, about 40:60, about

45:55, or about 50:50. Ranges and values intermediate to the above recited ranges and values

are also contemplated to be part of the invention.

Suitable synthetic polymers include, for example, poly(urethanes), poly(siloxanes)

or silicones, poly(ethylene), poly(vinyl pyrrolidone), poly(2-hydroxy ethyl methacrylate),

poly(N-vinyl pyrrolidone), poly(methyl methacrylate), poly(vinyl alcohol), poly(acrylic

acid), polyaerylamide, poly(ethylene-co-vinyl acetate), poly(ethylene glycol),

poly(methacrylic acid), polylactides (PLA), polyglycolides (PGA), poly(lactide-co-

glycolides) (PLGA), polyanhydrides, polyphosphazenes, polygermanes, polyorthoesters,

polyesters, polyamides, polyolefins, polycarbonates, polyaramides, polyimides,

polycaprolactone (PCL), and copolymers and derivatives thereof, and combinations thereof.

In one embodiment, the synthetic polymer can include a polymer selected from the

group consisting of polycaprolactone (PCL), polyethylene glycol (PEG) and polylactide

(PLA), and a combination thereof.

Suitable biogenic polymers (or bio-derived polymers), e.g., proteins,

polysaccharides, lipids, nucleic acids or combinations thereof, include, but are not limited

to, silk (e.g., fibroin, sericin, etc.), keratins (e.g., alpha-keratin which is the main protein

component of hair, horns and nails, beta-keratin which is the main protein component of

scales and claws, etc.), elastins (e.g., tropoelastin, etc.), fibrillin (e.g., fibrillin- 1 which is

the main component of microfibrils, fibrillin-2 which is a component in elastogenesis,

fibrillin-3 which is found in the brain, fibrillin-4 which is a component in elastogenesis,

etc.), fibrinogen/fibrins/thrombin (e.g., fibrinogen which is converted to fibrin by thrombin

during wound healing), fibronectin, laminin, collagens (e.g., collagen I which is found in

skin, tendons and bones, collagen II which is found in cartilage, collagen III which is found

in connective tissue, collagen IV which is found in vascular basement membrane, collagen

V which is found in hair, etc.), collagen VI which is found in pancreatic islets and adipose,

vimentin, neurofilaments (e.g., light chain neurofilaments NF-L, medium chain

neurofilaments NF-M, heavy chain neurofilaments NF-H, etc.), amyloids (e.g., alpha-

amyloid, beta-amyloid, etc.), actin, myosins (e.g., myosin I-XVII, etc.), titin which is the

largest known protein (also known as connectin), gelatin, chitin which is a major

component of arthropod exoskeletons, hyaluronic acid which is found in extracellular space

and cartilage (e.g., D-glucuronic acid which is a component of hyaluronic acid, D-N-

acetylglucosamine which is a component of hyaluronic acid, etc.), etc., and combinations

thereof. Exemplary biogenic polymers, e.g., glycosaminoglycans (GAGs) (carbohydrate

polymers found in the body), for use in the present invention include, but are not limited to,



heparan sulfate founding extracellular matrix, chondroitin sulfate which contributes to

tendon and ligament strength, keratin sulfate which is found in extracellular matrix, etc.

In one embodiment, the biogenic polymer can be selected from the group consisting

of poly-4-hydroxybuyrate, a collagen and a gelatin, and a combination thereof.

The polymeric fibers or non-woven polymeric fiber sheets for use in the present

invention can further include at least one extracellular matrix (ECM) protein, e.g., in order to

mimic the in vivo microenvironment of the cells. In some embodiment, the polymeric fibers

or non-woven polymeric fiber sheets of thee three-dimensional scaffolds of the invention

include a plurality of extracellular matrix (ECM) proteins, e.g., two or more, three or more,

four or more, five or more, or six or more ECM proteins. The ECM protein can be integral to

the fibers (e.g., included in a polymer solution used to prepare the non-woven polymeric

sheets (described below) or the ECM protein may be coated on the fibers or coated on the

non-woven polymeric fiber sheet.

In some embodiments, the polymeric fibers or non-woven polymeric fiber sheet can

include a plurality of ECM proteins. For example, the polymeric fibers or non-woven

polymeric fiber sheet may include at least 2, at least 3, at least 4, at least 5, at least 6, at least

7, at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15,

at least 20, at least 25, or greater number of the proteins (or fragments thereof) listed in

Table 1 below. In related embodiments, the devices can include all the proteins (or

fragments thereof) listed in Table 1.

Suitable ECM proteins, e.g., for culturing pancreatic islet cells, can include, e.g.,

ECM proteins present in a native islet capsule, e.g., a collagen, a laminin, and a fibronectin,

or a fragment thereof, and a combination thereof. In one embodiment, the at least one ECM

protein is encoded by a gene selected from the group consisting of genes COL6A3, COL6A1,

SPP1, COL6A2, LAMC2, COL1A2, FNDC3A, BGN, COL1A1, LAMB1, LAMC1,

COL18A1, SPARC, LAMB3, FN1, TNC, FNDC3B, COL3A1, EMILIN1, COL6A6, AGRN,

LAMA4, COL28A1, LAMA3, LAMA5, LAMC3, FBN1, LAMB2, COL5A1, or a fragment

thereof, and a combination thereof.

Table 1: Abbreviated and complete names of ECM proteins, including,

NCBI accession numbers of the associated mRNA and protein

sequences of human and in mouse orthologs

Human

Genes Full name protein Human mRNA Mouse protein Mouse mRNA

Collagen, type

COL6A3 VI, alpha 3 NP_004360 NM_004369 NP_001229937 NM_001243008

Collagen, type

COL6A1 VI alpha 1 NP_001839 NM_001848 NP_034063 NM_009933

SPP1 Secreted NP_000573 NM_000582 NP_001 191 130 NM_001204201



Phosphoprotein

1

Collagen type

COL6A2 VI alpha 2 NP_001840 NM_001849 NP_6661 19 NM_146007

Laminin,

LAMC2 gamma 2 NP_005553 NM_005562 NP_0325 11 NM_008485

Collagen, type I

COL1A2 alpha 2 NP_000080 NM_000089 NP_03 1769 NM_007743

Fibronectin-III

domain -

containing

FNDC3A protein 3a NP_001073 141 NM_001079673 NP_9975 19 NM_207636

BGN Biglycan NP_001702 NM_00171 1 NP_03 1568 NM_007542

Collagen, type

COL1A1 I, alpha 1 NP_000079 NM_000088 NP_03 1768 NM_007742

Laminin

LAMB1 subunit beta- 1 NP_002282 NM_002291 NP_032508 NM_008482

Laminin

subunit gamma-

LAMC1 1 NP_002284 NM_002293 NP_034813 NM_010683

Collagen, type

COL18A1 XVIII, alpha 1 NP_085059 NM_030582 NP_001 103461 NM_001 109991

Secreted protein

acidic and rich

SPARC in cysteine NP_001296372 NM_00 1309443 NP_001277746 NM_001290817

Laminin

LAMB3 subunit beta-3 NP_000219 NM_000228 NP_001264857 NM_001277928

FN1 Fibronectin 1 NP_001293058 NM_001306129 NP_001263337 NM_001276408

TNC Tenascin C NP_00215 1 NM_002160 NP_035737 NM_01 1607

Fibronectin

type III domain

FNDC3B containing 3B NP_073600 NM_022763 NP_775274 NM_173 182

Collagen, type

COL3A1 III, alpha 1 NP_000081 NM_000090 NP_034060 NM_009930

Elastin

microfibril

EMILIN1 interfacer 1 NP_008977 NM_007046 NP_598679 NM_133918

COL6A6 Collagen, type NP_001096078 NM_001 102608 NP_7665 15 NM_172927



VI, alpha 6

AGRN Agrin NP_001292204 NM_00 1305275 NP_067617 NM_021604

Laminin

LAMA4 subunit alpha-4 NP_001098676 NM_001 105206 NP_03481 1 NM_010681

Collagen, type

XXVIII, alpha

COL28A1 1 NP_001032852 NM_001037763 NP_001032954 NM_001037865

Laminin

LAMA3 subunit alpha-3 NP_000218 NM_000227 NP_034810 NM_010680

Laminin

LAMA5 subunit alpha-5 NP_00555 1 NM_005560 NP_001074640 NM_001081 171

Laminin

subunit gamma-

LAMC3 3 NP_006050 NM_006059 NP_035966 NM_0 11836

FBN1 Fibrillin- 1 NP_000129 NM_000138 NP_032019 NM_007993

Laminin

LAMB2 subunit beta-2 NP_002283 NM_002292 NP_032509 NM_008483

Representative examples of fragments of ECM proteins include, but are not limited

to, Ser-Ile-Lys-Val-Ala-Val (SIKVAV) sequence in the laminin a l chain as well as

corresponding sequence Ala-Ser-Lys-Val-Lys-Val (ASKVKV) in the laminin a5 chain.

(see, e.g., Adair-Kirk et al., The International Journal of Biochemistry & Cell Biology,

40(6-7), 2008).

Without listing all of the possible permutations and combinations, purely as

representative embodiments, the fibers or sheets can include a composition of ECM

proteins selected from: (1) a composition containing COL6A3 and COL6A1; (2) a

composition containing COL6A3, COL6A1 and SPPl; (3) a composition containing

COL6A3, COL6A1, SPPl and COL6A2; (4) a composition containing COL6A3, COL6A1,

SPPl, COL6A2 and LAMC2; (5) a composition containing COL6A3, COL6A1, SPPl,

COL6A2, LAMC2 and COL1A2, or the like.

In one embodiment, the ECM proteins of Table 1 are differentially distributed in or

on the polymeric fibers or sheets, e.g., in order to mimic the distribution of an in vivo

pancreatic islet capsule. Under this embodiment, the differential distribution includes

differential abundance of the ECM proteins, wherein the relative abundance is COL6A3>

COL6Al> SPP1> COL6A2> LAMC2> COL1A2 > FNDC3A> BGN> C0L1A1> LAMB 1>

LAMC1> COL18Al> SPARC> LAMB3> FN1> TNC> FNDC3B> COL3Al> EMILIN1>

COL6A6> AGRN> LAMA4 > C0L28A1> LAMA3> LAMA5> LAMC3> FBN1> LAMB2 .



Under this embodiment, it may be preferable to employ ECM compositions comprising

highly abundant proteins, e.g., a collagen and a laminin, e.g., COL6A3 and LAMC2.

In some embodiments, the sheets, fibers, and/or three-dimensional scaffolds can be

supplemented with various additional agents and/or biological molecules, which can be

coated onto, or which can be integral to the sheets, fibers and/or three-dimensional

scaffolds. In one embodiment, the biological molecule can be a protein, a polypeptide, a

lipid, a carbohydrate, a proteoglycan, a polynucleotide, an amino acid, a sugar, a nucleic

acid, or a combination thereof.

The elastic modulus of the three-dimensional scaffold (i.e., the scaffold in tissue

culture media) can be tuned to mimic the native stiffness of cells, e.g., pancreatic islet cells or

adipocytes, and may be between about 0.1 kiloPascal (kPa) and about 25.0 kPa; between

about 0.1 kPa and about 20 kPa; between about 0.1 kPa and about 15 kPa; between about 0.1

kPa and about 10 kPa; between about 0.1 kPa and about 5 kPa; between about 1.0 kPa and

about 25.0 kPa; between about 1.0 kPa and about 20 kPa; between about 1.0 kPa and about

15 kPa; between about 1.0 kPa and about 10 kPa; between about 1.0k Pa and about 5 kPa,

e.g., about 0.1, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0,

9.5, 10.0, 10.5, 11.0, 11.5, 12.0, 12.5, 13.0, 13.5, 14.0, 14.5, 15.0, 15.5, 16.0, 16.5, 17.0, 17.5,

18.0, 18.5, 19.0, 19.5, 20.0, 20.5, 21.0, 21.5, 22.0, 22.5, 23.0, 23.5, 24.0, 24.5, or about 25.0

kPa. Ranges and values intermediate to the above recited ranges and values are also

contemplated to be part of the invention.

A polymeric fiber forming the non-woven polymeric sheet can be a single,

continuous polymeric fiber or a plurality of polymeric fibers of the same or different

diameters, e.g., diameters of about 500 nanometers to about 100 micrometers, about 100

nanometers to about 1 micrometer, about 50 nanometers to about 500 nanometers, about 50

nanometers to about 300 nanometers, about 50 nanometers to about 200 nanometers, or

about e.g., 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170,

180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 33, 340, 350,

360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, or about 500. Sizes

and ranges intermediate to the recited diameters are also part of the invention.

In one embodiment, the diameter of the polymeric fibers forming the non-woven

polymeric sheet can be substantially uniform. The diameter of the substantially uniform

polymeric fibers forming the non-woven polymeric sheet can be between about 50 nm and

about 500 nm; about 50 nm and about 450 nm; about 50 nm and about 400 nm; about 50 nm

and about 350 nm; about 50 nm and about 300 nm; about 50 nm and about 250 nm; about 50

nm and about 200 nm; or about 50 nm and about 150 nm; or about e.g., 50, 55, 60, 65, 70,

75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230,

240, 250, 260, 270, 280, 290, 300, 310, 320, 33, 340, 350, 360, 370, 380, 390, 400, 410,

420, 430, 440, 450, 460, 470, 480, 490, or about 500. Diameters and ranges intermediate to

the recited diameters are also part of the invention.



The polymeric fibers can be of any length. In one embodiment, the length of the

polymeric fibers can be dependent on the length of time the device used to generate the

fibers is in motion and/or the amount of polymer fed into the system. For example, the

polymeric fibers can be about 1 nanometer, about 10 feet, or about 500 yards. Additionally,

the polymeric fibers can be cut to a desired length using any suitable instrument.

The thickness of the non-woven polymeric fiber sheet can be between about 75 nm

and about 5 µ ; between about 75 nm and about 1 µηι ; between about 70 nm and about 5

µιη ; between about 70 nm and about 1 µηι ; between about 65 nm and about 5 µ ; between

about 65 nm and about 1 µηι ; between about 60 nm and about 5 µ ; between about 60 nm

and about 1 µιη ; between about 55 nm and about 5 µιη ; between about 55 nm and about 1

µιη ; between about 50 nm and about 5 µπι ; between about 50 nm and about 1 µηι ;

between about 45 nm and about 5 µπι ; between about 45 nm and about 1 µηι ; between

about 40 nm and about 5 µιη ; between about 40 nm and about 1 µιη ; between about 35 nm

and about 5 µιη ; between about 35 nm and about 1 µιη ; between about 30 nm and about 5

µιη ; between about 30 nm and about 1 µηι ; between about 25 nm and about 5 µ ; between

about 25 nm and about 1 µηι ; between about 20 nm and about 5 µ ; between about 20 nm

and about 1 µιη , e.g., about 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100,

110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280,

290, 300, 310, 320, 33, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460,

470, 480, 490, 500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 610, 620, 630, 640,

650, 660, 670, 680, 690, 700, 710, 720, 730, 740, 750, 760, 770, 780, 790, 900, 910, 920,

930, 940, 950, 960, 970, 980, 990, or about 1000 nm, or about 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4,

4.5, or about 5 microns thick.

The non-woven polymeric fiber sheets of the invention can have a variety of

dimensions. In an exemplary embodiment, the non-woven polymeric fiber sheet can be 0.1

mm to 50 cm long. In another exemplary embodiment, the non-woven polymeric fiber sheet

can be 0.1 mm to 1 mm long. In another exemplary embodiment, the non-woven polymeric

fiber sheet can be 1 mm to 1 cm long. In another exemplary embodiment, the non-woven

polymeric fiber sheet can be 1 cm to 10 cm long. In another exemplary embodiment, the

non-woven polymeric fiber sheet can be 10 cm to 50 cm long. In another exemplary

embodiment, the non-woven polymeric fiber sheet can be 1 cm to 5 cm long. In another

exemplary embodiment, the non-woven polymeric fiber sheet can be 2.5 cm to 15 cm long.

In another exemplary embodiment, the non-woven polymeric fiber sheet can be 5 mm to 6

cm long. In another exemplary embodiment, the non-woven polymeric fiber sheet can be 8

mm to 3 cm long. In another exemplary embodiment, the non-woven polymeric fiber sheet

can be 10 cm to 25 cm long. In another exemplary embodiment, the non-woven polymeric

fiber sheet can be 0.5 cm to 2 cm long. In another exemplary embodiment, the non-woven

polymeric fiber sheet can be 0 .1 cm to 2 cm long.



Any suitable method can be used to prepare the non-woven polymeric fiber sheets.

For example, a method for generating the non-woven polymeric fiber sheet can include

configuring micron, submicron or nanometer dimension polymeric fibers in a desired shape

using a collection device, such as a glass coverslip, a multi-well plate, a mandrel or a

mandrel assembly.

In one embodiment, non-woven polymeric fiber sheets can be formed by ejecting a

polymer solution from a reservoir onto a multi-well plate. In another embodiment, non-

woven polymeric fiber sheets can be formed by ejecting a polymer solution from a reservoir

onto a rotating mandrel or mandrel assembly. In exemplary embodiments, rotary jet spinning

(RJS) can be used to create the non-woven polymeric fiber sheets. Suitable RJS devices and

uses of the devices for fabricating the non-woven polymeric fiber sheets are described in

U.S. Patent Publication No. 2012/0135448, U.S. Patent Publication No. 2013/0312638, U.S.

Patent Publication No. 2014/0322515, the entire contents of each of which are incorporated

in their entirety by reference.

In other exemplary embodiments, the polymeric fibers can be flung using a pull

spinning technique onto a collection device, such as a glass coverslip, a multi-well plate, a

mandrel or a mandrel assembly. In one embodiment, non-woven polymeric fiber sheets can

be formed by flinging a polymer solution from a reservoir onto a multi-well plate. In another

embodiment, non-woven polymeric fiber sheets can be formed by flinging a polymer

solution from a reservoir onto a rotating mandrel or mandrel assembly. Suitable pull spinning

devices and uses of the devices for fabricating the non-woven polymeric fiber sheets are

described in U.S. Patent Publication No. 2014/0322515, the entire contents of which are

incorporated in its entirety by reference, and an exemplary device and method of preparing

the sheets are depicted in FIG. 17.

In some embodiment, e.g., when a rotating mandrel collection device is used to

prepare the non-woven polymeric fiber sheet in a tubular structure, the resulting tubular

structure can be cut to form into a sheet using any suitable instrument, e.g., scalpel, scissors,

or the like.

The three-dimensional scaffold can be shaped into any number of desirable

configurations to satisfy any number of overall system, geometry or space restrictions, e.g.,

a well of a multi-well tissue culture dish, a chamber of a microfluidics device, a well of a

cartridge, or a covering or coverings for at least portions of top and bottom surfaces of a

well body, as described above.

Seeding of cells can be performed according to standard methods. Any number of

cells can be seeded into the three-dimensional scaffolds. In one embodiment, in the range of

1 million to 50 million cells can be suspended in medium and applied to each square

centimeter of a surface of a three-dimensional scaffold. Preferably, between 1 million and

50 million cells, and more preferably, between 1 million and 10 million cells can be

suspended in media and applied to each square centimeter of a surface of a three-



dimensional scaffold. The three-dimensional scaffold and cells can be incubated under

standard culturing conditions, such as, for example, 37° C, 5% C0 2, for a suitable period of

time.

Although it should be understood that any cell type can be used in the systems and

methods of the invention, non-limiting examples of suitable cells or cell clusters for use in

the present invention include, for example, cardiac muscle cells, ventricular cardiac muscle

cells, atrial cardiac muscle cells, striated muscle cells, smooth muscle cells, vascular smooth

muscle cells, pancreatic islet cells, adipocytes, salivary gland cells, myoepithelial cells

spheroids, and tumor spheroid cells, and combinations thereof.

Suitable cells for use in the invention can be normal cells, abnormal cells (e.g., those

derived from a diseased tissue, or those that are physically or genetically altered to achieve an

abnormal or pathological phenotype or function), normal or diseased pancreatic islet cells,

normal or diseases adipocytes, stem cells (e.g., embryonic stem cells), or induced pluripotent

stem cells.

Cells for seeding can be cultured in vitro, derived from a natural source, genetically

engineered, or produced by any other means. Any natural source of eukaryotic cells can be

used. Embodiments in which a scaffold is implanted in an organism can use cells from the

recipient, cells from a conspecific donor or a donor from a different species.

The term "progenitor cell" is used herein to refer to cells that have a cellular

phenotype that is more primitive (e.g., is at an earlier step along a developmental pathway or

progression than is a fully differentiated cell) relative to a cell to which it can give rise by

differentiation. Often, progenitor cells also have significant or very high proliferative

potential. Progenitor cells can give rise to multiple distinct differentiated cell types or to a

single differentiated cell type, depending on the developmental pathway and on the

environment in which the cells develop and differentiate.

The term "progenitor cell" is used herein synonymously with "stem cell."

The term "stem cell" as used herein, refers to an undifferentiated cell that is capable

of proliferation and giving rise to more progenitor cells having the ability to generate a large

number of mother cells that can in turn give rise to differentiated, or differentiable daughter

cells. The daughter cells themselves can be induced to proliferate and produce progeny that

subsequently differentiate into one or more mature cell types, while also retaining one or

more cells with parental developmental potential. The term "stem cell" refers to a subset of

progenitors that have the capacity or potential, under particular circumstances, to differentiate

to a more specialized or differentiated phenotype, and which retains the capacity, under

certain circumstances, to proliferate without substantially differentiating. In one

embodiment, the term stem cell refers generally to a naturally occurring mother cell whose

descendants (progeny) specialize, often in different directions, by differentiation, e.g., by

acquiring completely individual characters, as occurs in progressive diversification of

embryonic cells and tissues. Cellular differentiation is a complex process typically occurring



through many cell divisions. A differentiated cell may derive from a multipotent cell which

itself is derived from a multipotent cell, and so on. While each of these multipotent cells may

be considered stem cells, the range of cell types each can give rise to may vary considerably.

Some differentiated cells also have the capacity to give rise to cells of greater developmental

potential. Such capacity may be natural or may be induced artificially upon treatment with

various factors. In many biological instances, stem cells are also "multipotent" because they

can produce progeny of more than one distinct cell type, but this is not required for "stern

ness." Self-renewal is the other classical part of the stem cell definition. In theory, self-

renewal can occur by either of two major mechanisms. Stem cells may divide

asymmetrically, with one daughter retaining the stem state and the other daughter expressing

some distinct other specific function and phenotype. Alternatively, some of the stem cells in a

population can divide symmetrically into two stems, thus maintaining some stem cells in the

population as a whole, while other cells in the population give rise to differentiated progeny

only. Formally, it is possible that cells that begin as stem cells might proceed toward a

differentiated phenotype, but then "reverse" and re-express the stem cell phenotype, a term

often referred to as "dedifferentiation" or "reprogramming" or "retrodifferentiation".

The term "embryonic stem cell" is used to refer to the pluripotent stem cells of the

inner cell mass of the embryonic blastocyst (see, e.g., U.S. Patent Nos. 5,843,780, 6,200,806,

the entire contents of which are incorporated herein by reference). Such cells can similarly be

obtained from the inner cell mass of blastocysts derived from somatic cell nuclear transfer

(see, e.g., U.S. Patent Nos. 5,945,577, 5,994,619, 6,235,970, the entire contents of which are

incorporated herein by reference). The distinguishing characteristics of an embryonic stem

cell define an embryonic stem cell phenotype. Accordingly, a cell has the phenotype of an

embryonic stem cell if it possesses one or more of the unique characteristics of an embryonic

stem cell such that that cell can be distinguished from other cells. Exemplary distinguishing

embryonic stem cell characteristics include, without limitation, gene expression profile,

proliferative capacity, differentiation capacity, karyotype, responsiveness to particular culture

conditions, and the like.

The term "adult stem cell" or "ASC" is used to refer to any multipotent stem cell

derived from non- embryonic tissue, including fetal, juvenile, and adult tissue. Stem cells

have been isolated from a wide variety of adult tissues including blood, bone marrow, brain,

olfactory epithelium, skin, pancreas, skeletal muscle, and cardiac muscle. Each of these stem

cells can be characterized based on gene expression, factor responsiveness, and morphology

in culture. Exemplary adult stem cells include neural stem cells, neural crest stem cells,

mesenchymal stem cells, hematopoietic stem cells, and pancreatic stem cells.

As used herein, the term "pancreatic islet cell" includes pancreatic islet cells derived

from an adult organism or an embryonic organism, pancreatic islet cell precursor cell types

or stem cells that will develop into pancreatic islet cells. Similarly, the term "adipocyte"

includes adipocytes e.g., white, brown, or "beige'V'brite" adipocytes derived from an adult



organism or an embryonic organism, adipocyte precursor cell types or stem cells that will

develop into adipocytes.

Exemplary cells that can be used include stem cells, pancreatic acinar cells, islets of

Langerhans, adipocytes, preadipocytes, biliary epithelial cells, and the like. In some

embodiments, the cells can be adult stem cells, such as, in some embodiments, adipose-

derived stem cells, pancreatic stem cells, and the like. In some particular embodiments, the

adult stem cells can be adipose-derived stem cells which may differentiate to pancreatic

progenitor cells.

In one embodiment, the cells can be pancreatic beta-cells. Suitable pancreatic beta-

cells can be, for example, from species such as mouse, rat, human, guinea pig, hamster, pig,

dog, sheep, goat, donkey or cow, and are used either in the form of islets of Langerhans or

isolated cells. The cell line can be, for example, selected from the rat insulinoma (RIN) cell

lines such as INS-1 (see, e.g., Asfari et al. Endocrinol., 130, 167 (1992)), INS-2 (see, e.g.,

Asfari et al., Endocrinol., 130, 167 (1992)), RIN-r (see, e.g., Philippe et al., Endocrinol.

119, 2833 (1986)), and RIN-m (see, e.g., Bathena et al., Diabetes 31, 521 (1982); Praz et

al., Biochem. J. 210, 345 (1983); Philippe et al. J. Clin. Invest. 79, 351(1987)) or from the

hamster insulinoma (HIT) cell lines such as HIT-T15 (see, e.g., Santerre et al., Proc. Natl.

Acad. Sci. U.S.A. 78, 4339 (1981)) or from mouse beta-cell lines expressing the SV40 large

T-antigen (beta-TC lines) such as betaTCl, betaTC2, betaTC3 (see, e.g., Efrat et al., Proc.

Natl. Acad. Sci. U.S.A. 85, 9037(1988)), betaTC6 (see, e.g., Poitout et al., Diabetes 44, 306

(1995)), betaTC7 (see, e.g., Efrat et al., Diabetes 42, 901(1993)), betaTCtet (see, e.g., Efrat

et al., Proc. Natl. Acad. Sci. U.S.A. 92, 3576 (1995)) or from mouse insulinoma (MIN) cell

lines such as MIN6 (see, e.g., Myazaki et al., Endocrinol. \ 2Ί , 126(1990)).

Suitable adipocytes include, isolated adipose tissue (such as brown adipose tissue or

white adipose tissue), isolated cells (such as primary adipocytes or adipocyte cell lines), or

a combination thereof. In some embodiments, an adipose cell-line can be employed.

Exemplary cells include, but are not limited to, 3T3-L1 cells, PAZ6 cells, T37i cells, 3T3-

F442A cells, and/or HIB-1B cells. Any of a variety of isolated cells (such as cell lines) can

be used.

The aforementioned cells/cell- lines can be optionally transformed to express a

variety of growth factors and/or agents. The reagents and markers useful for such purposes

are known in the art (see, e.g., U.S. Patent No. 8,389,207, the contents of which are

incorporated by reference herein).

In one embodiment, the instant invention provides for compositions, devices, and

systems comprising the non-woven polymeric fiber three-dimensional scaffolds and the

cells, wherein the cells maintain their viability and functionality for at least 1 day, at least 2

days, at least 3 days, at least 4 days, at least 5 days, at least 6 days, at least 7 days, at least 8

days, at least 9 days, at least 10 days, at least 11 days, at least 12 days, at least 13 days, at



least 14 days, at least 15 days, at least 16 days, at least 18 days, at least 20 days, at least 22

days, at least 24 days, at least 26 days, at least 28 days, at least 30 days or more.

In one embodiment, the present invention provides devices comprising the

aforementioned three-dimensional scaffolds and a base layer. A base layer can be formed of

a rigid or semi-rigid material, such as a metal, ceramic, or a combination thereof. In

particular embodiments, the Young's modulus of the base material used to form the base

layer is greater than 1 mega-pascal (MPa). The base layer material can also be transparent, so

as to facilitate observation. Examples of suitable base layer material include

polymethylmethacrylate, polystyrene, polycarbonate, polyethylene terephthalate film, silicon

wafer, or gold. In one embodiment, the base layer is a silicon wafer, a glass cover slip, a

multi-well plate, tissue culture plate, or a chamber of a microfluidic device. The exemplary

three-dimensional scaffolds can be positioned on the cartridges discussed above (e.g.,

cartridge 114 of FIGS. 1-3) for receiving and retaining one or more cells, and maintaining

the cells over or within the channels of the cartridge.

In one embodiment, the base layer includes the well of a tissue culture plate. A

schematic representation of such device is shown in FIG. 19.

The present invention also provides devices including the aforementioned three-

dimensional scaffolds and a solid support. The wells of the cartridges discussed above (e.g.,

cartridge 114 of FIGS. 1-3) can be configured and dimensioned to receive and hold the solid

support. The solid support includes a top surface, a bottom surface, and a channel extending

from the top surface to the bottom surface. The first portion of the first non-woven polymeric

fiber sheet can be disposed on the bottom surface of the solid support. The second portion of

the second non-woven polymeric body can be disposed on the top surface of the solid

support. The cells or cell clusters can be disposed in the channel of the solid support. The

first portion of the first non-woven polymeric fiber sheet and the second portion of the second

non-woven polymeric sheet can define a space in which the cells or cell clusters, e.g.,

pancreatic islet cells or adipocytes, are enclosed.

The solid support can facilitate positioning of the non-woven polymeric sheet onto a

base layer or into wells of a cartridge, and, in some embodiments, can be used as a rotating

mandrel for preparation of a non-woven polymeric fiber sheet. The solid support can be

formed of a rigid or semi-rigid material, such as polystyrene or acrylic.

In certain embodiments, the thickness of the solid support of the invention can be

adjusted so as to correspond to the height of the cells or cell clusters cultured therein. In one

embodiment, the thickness of the solid support (e.g., clearance) corresponds to the height of

adipose cells. In other embodiments, the thickness of the solid support (e.g., clearance)

corresponds to the height of pancreatic islet cells. For example, the thickness of the solid

support can be between about 10 µιη and about 1 mm, between about 10 µιη and 750 µιη ,

between about 10 µιη and 500 µιη , between about 10 µιη and 250 µιη , between about 10 µιη

and 100 µιη , between about 25 µιη and about 1 mm, between about 25 µιη and 750 µιη ,



between about 25 µηι and 500 µη , between about 25 µηι and 250 µη , between about 25 µηι

and 225 µηι, between about 25 µηι and 200 µηι, between about 25 µηι and 175 µηι, between

about 25 µηι and 150 µηι, between about 25 µηι and 125 µη , between about 25 µηι and 100

µηι, between about 10 µηι and 750 µηι, between about 10 µηι and 500 µηι, between about 10

µηι and 250 µηι, between about 10 µηι and 225 µηι, between about 10 µηι and 200 µηι,

between about 10 µηι and 175 µηι, between about 10 µηι and 150 µηι, or between about 10

µηι and 125 µηι, e.g., about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,

95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260,

270, 280, 290, 300, 310, 320, 33, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440,

450, 460, 470, 480, 490, 500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 610, 620,

630, 640, 650, 660, 670, 680, 690, 700, 710, 720, 730, 740, 750, 760, 770, 780, 790, 900,

910, 920, 930, 940, 950, 960, 970, 980, 990, or about 1000 µηι. Ranges and values

intermediate to the aforementioned ranges and values are also encompassed by the invention.

In embodiments in which non-woven polymeric fiber sheets are disposed on at least

portions of the first surface and the second surface of the cartridge body, the thickness of the

cartridge body can be adjusted so as to correspond to the height of the cells or cell clusters

cultured therein. In such embodiments, the values and ranges presented above with respect to

the thickness of the solid support are also applicable to the thickness of the cartridge body.

In certain embodiments, the present invention relates to a plurality of the three-

dimensional scaffolds and a corresponding plurality of solid supports, and a device

including a plurality of the three-dimensional scaffolds and a corresponding plurality of

solid supports. The plurality of three-dimensional scaffolds and plurality of solid supports

can include about 1, 2, 3, 4, or about 5, or more three-dimensional scaffolds and solid

supports which can be, e.g., stacked on top of one another.

The three-dimensional scaffolds and devices {e.g., a solid support) are suitable for use

in, among other things, culturing cells or cell clusters, and forming engineered tissue. Such

tissue can be useful not only for the production of prosthetic devices and regenerative

medicine, but also for investigating tissue developmental biology and disease pathology, as

well as in drug discovery and toxicity testing. In some embodiments, the three-dimensional

scaffolds with cells can be disposed within the wells of the cartridges described herein {e.g.,

cartridge 114 of FIGS. 1-3) such that the three-dimensional scaffolds retain the cells within

the wells. The three-dimensional scaffolds and devices of the invention can also be

combined with other substances, such as, therapeutic agents, in order to deliver such

substances to the site of application or implantation of the three-dimensional scaffolds and

devices.

In one aspect, the three-dimensional scaffolds and devices {e.g., a solid support), and

systems of the invention are useful for culturing cells or cell clusters in a microfluidic

system. The methods include, providing a microfluidic system of the invention, disposing

one or more cells or one or more cell clusters for culturing in at least one of the plurality of



wells of the cartridge and disposing the cartridge in the chamber of the housing; and

providing suitable culture conditions and circulating a suitable culture medium through the

microfluidic system, thereby culturing the one or more cells.

In another aspect, the three-dimensional scaffolds and devices (e.g., a solid support),

and systems of the invention are useful for screening compounds that modulate a property of

the cells contained therein. The methods include providing a three-dimensional scaffold,

device, or system according to the instant invention, contacting the three-dimensional

scaffold, device, or system with a test compound, and monitoring a parameter in the

absence of the compound (negative control) and in the presence of the compound. A

change in the parameter in the presence of the test compound compared to the parameter in

absence of the test compound indicates that the test compound is effective in modulating

the property.

In one embodiment, the parameter can be growth, division, differentiation, or

viability of the cells, e.g., adipocytes or pancreatic islet cells. In an embodiment, the

property can be insulin secretion, oxygen consumption, and extracellular acidification rates

in response to secretagogue treatment, or presence/absence of c-peptide and glucagon- like

peptide 2 co-stained cells. In another embodiment, the property can be expression of certain

genes, e.g., PAX-6.

Identification of a test compound that modulates the cell property can also be made

by evaluating various physiological parameters such as cell morphology, cell structure, cell

agglutination, formation of cell clusters, cell size, presence or absence of vesicles/granules,

or the like. The cell can be an adipose cell, in certain embodiments, a test compound's

activity can be assayed by measuring cellular uptake of labeled sugars, cellular assimilation

of glycogen, or the like. In other instances, the assays an include analyzing adipose- specific

enzymes, e.g., hormone- sensitive lipase activity.

The three-dimensional scaffolds and devices (e.g., a solid support), and systems of the

invention can be also useful for screening compounds useful for treating a disease or

disorder of the cells contained therein. The methods include providing a scaffold, device, or

system according to the instant invention, contacting the scaffold, device, or system with a

test compound, and monitoring a parameter in the absence of the compound (negative

control) and in the presence of the compound. A change in the parameter in the presence of

the test compound compared to the parameter in absence of the test compound indicates

that the test compound is useful for treating the disease or disorder.

As used herein, the various forms of the term "modulate" are intended to include

stimulation (e.g., increasing or upregulating a particular response or activity) and inhibition

(e.g., decreasing or downregulating a particular response or activity).

As used herein, the term "contacting" (e.g., contacting a scaffold including

pancreatic islet cells or adipocytes with a test compound) is intended to include any form of

interaction (e.g., direct or indirect interaction) of a test compound and a scaffold or cells.



The term contacting includes incubating a compound and scaffold or tissue together (e.g.,

adding the test compound to scaffold including pancreatic islet cells or adipocytes in

culture).

Test compounds can be any agents including chemical agents (such as toxins), small

molecules, pharmaceuticals, peptides, proteins (such as antibodies, cytokines, enzymes, and

the like), nanoparticles, and nucleic acids, including gene medicines and introduced genes,

which may encode therapeutic agents, such as proteins, antisense agents (i.e., nucleic acids

comprising a sequence complementary to a target RNA expressed in a target cell type, such

as RNAi or siRNA), ribozymes, and the like.

The test compound can be added to the scaffold by any suitable means. For

example, the test compound can be added drop-wise onto the surface of a device of the

invention and allowed to diffuse into or otherwise enter the device, or it can be added to the

nutrient medium and allowed to diffuse through the medium. In the embodiment where the

device of the invention includes a multi-well plate, each of the culture wells being

contacted with a different test compound or the same test compound. In one embodiment,

the screening platform includes a microfluidics handling system to deliver a test compound

and simulate exposure of the microvasculature to drug delivery.

In some embodiments, the three-dimensional scaffolds and devices of the invention

can be used for the culture of three-dimensional tissues in tissue engineering application as,

e.g., synthetic pancreatic tissue or adipose tissue. For example, a three-dimensional scaffold

or plurality of three-dimensional scaffolds of the invention can be implanted or grafted in a

subject, using standard surgical techniques, for the treatment of a pancreatic disease, e.g.,

diabetes or lipodystrophy.

Accordingly, the present invention provides methods of treating a subject having

diabetes or lipodystrophy, or a subject needing reconstructive or cosmetic surgery. The

methods include providing a scaffold of the invention and implanting the scaffold in the

subject.

The practice of the presently disclosed subject matter can employ, unless otherwise

indicated, conventional techniques of cell biology, cell culture, molecular biology,

transgenic biology, microbiology, recombinant DNA, and immunology, which are within

the skill of the art. Such techniques are explained fully in the literature. (See, e.g.,

Molecular Cloning A Laboratory Manual (1989), 2nd Ed., ed. by Sambrook, Fritsch and

Maniatis, eds., Cold Spring Harbor Laboratory Press, Chapters 16 and 17; U.S. Pat. No.

4,683,195; DNA Cloning, Volumes I and II, Glover, ed., 1985; Oligonucleotide Synthesis,

M. J . Gait, ed., 1984; Nucleic Acid Hybridization, D. Hames & S. J . Higgins, eds., 1984;

Transcription and Translation, B. D. Hames & S. J . Higgins, eds., 1984; Culture Of Animal

Cells, R. I . Freshney, Alan R. Liss, Inc., 1987; Immobilized Cells And Enzymes, IRL Press,

1986; Perbal (1984), A Practical Guide To Molecular Cloning; See Methods In



Enzymology (Academic Press, Inc., N.Y.); Gene Transfer Vectors For Mammalian Cells, J .

H. Miller and M. P. Calos, eds., Cold Spring Harbor Laboratory, 1987; Methods In

Enzymology, Vols. 154 and 155, Wu et al., eds., Academic Press Inc., N.Y.;

Immunochemical Methods In Cell And Molecular Biology (Mayer and Walker, eds.,

Academic Press, London, 1987; Handbook Of Experimental Immunology, Volumes I-IV, D.

M. Weir and C. C. Blackwell, eds., 1986).

Portions of the present invention are illustrated by the following examples which

should not be construed as limiting. The entire contents of all references, patents and

published patent applications cited throughout this application, as well as the Figures, are

hereby incorporated herein by reference.

EXAMPLES

Example 1: Fabrication of cartridges, housings, and holders

Fabrication of a first generation of example cartridges involved laser cutting a few

cartridge bodies out of a 254 µιη thick polycarbonate sheet, and then subsequently manually

bonding each cartridge body to a 24 µιη thick membrane having 1 µιη pore size and 2*106

pores/cm . However, this approach was limited in manufacturing capacity and the wells were

not sufficiently deep.

A second generation of example cartridges were fabricated from a 372 µιη thick sheet of

polycarbonate to provide deeper wells for holding cells. Further, the laser cutting was divided

into two sessions, one for forming the inner quadrants to be used as wells prior to bonding to the

membrane, and a second session for forming the outer channels and cutting the outer

forder/perimeter of the cartridge body and filter after the materials for cartridge body and filter

were bonded together. First, the inner well quadrant patterns were laser cut out of a 109 mm x

109 mm square of polycarbonate stock. A laser power of 0.6 W was used with a laser frequency

of 50 kHz, a laser speed of 20 mm/s, and 30 repetitions, resulting in a significant improvement

in cut quality and speed over other settings. After sonicating in a 9:1 mixture of distilled water

and isopropanol for 20 minutes and cleaning with isopropanol, the square was bonded to a

similarly-sized piece of membrane between panes of glass to obtain smooth top and bottom

cartridge surfaces. The bonding was performed thermally, where the layers were preheated to

160 °C, compressed at 0.35 MPa for 30 minutes, and then allowed to cool to 55 °C over the

course of 4 hours under the same pressure. Afterwards, the bonded layers were realigned on the

laser cutter and the outer channels and border of each cartridge body was cut out. The cartridges

were then sonicated in a bath and dried with compressed air. A resulting second generation

cartridge is shown in FIG. 5. The disclosed second generation process reduced the time of

fabrication per cartridge, while improving the overall quality of the cartridge.

An example housing was fabricated from a combination of thicker (e.g.,

approximately 1 mm) and thinner (e.g., approximately 0.127 mm) layers that were been

bonded together. Layers of 1 mm in thickness were cut using Roland ModelaProII CNC mill



out of polycarbonate stock material. After sanding down the faces of the layers on a flat

surface, the layers were cleaned in a process identical to that described above with respect to

the laser-cut cartridges. Following cleaning, the layers were polished with heated

dichloromethane vapor and left to sit overnight. The thinner layers were cut out of

polycarbonate films using the UV laser cutter, and subsequently cleaned in the same process

as that described above for the laser-cut cartridges. Layers of each respective housing portion

102, 104 were aligned and taped together along one edge. These stacks of layers, which

correspond to the different housing portions 102, 104, were bonded in a press under identical

conditions used for bonding the cartridge body to the membrane, with the exception that the

bonding temperature was 135 °C.

The 127 µιη thick layers (which compose the main channel layers in the housing) were

fabricated using the same laser cutter settings as those for the cartridges (described above), but

with six repetitions. An additional cut at 0.5 W focused on the bottom of the material was also

included. As with the cartridges, this change facilitated efficient production of the housing,

speeding up manufacturing of these parts at least fivefold. The 1 mm thick layers that form the

cartridge chamber, chip base and aperture/channel layers were cut on a CNC mill. Both milled

and laser cut housing layers were cleaned in a sonicating bath of isopropanol for 20 minutes, and

dried with compressed air. Layers of each respective housing portion were aligned and

sandwiched between custom-sized glass pieces (see FIG. 8). These stacks of layers are

bonded in parallel in a press under identical conditions to the cartridges, with the exception

that the bonding temperature should be 138 °C. The increased temperature generally yields a

consistently better bond.

An example holder was fabricated using a 3D printing system. Specifically, a holder

was 3D printed out of a transparent photo-setting Veroclear material, aside from a single steel

dowel employed affix the latch 248 to the main body of the holder 210. FIGS. 11A and 1IB

show the example holder.

Example 2 : Maintenance of a mature andfunctional adult human beta cell phenotype for

long periods of time in culture in the cartridges and devices of the invention

One approach for housing and culturing SC-beta cell clusters in an exemplary

cartridge based fluidics system, e.g., microfluidics system, as described herein may include

hydrogel macroencapsulation (see, e.g., FIG. 14A). Initial results of cultured

macroencapsulated SC-beta cell clusters suggested that cell viability may not remain optimal

after extended periods of time in culture. Less than optimal viability of such

macroencapsulated cell clusters after extended periods of time may be due to cell necrosis at

the center of the cell clusters as a result of insufficient oxygen transport caused by, e.g., a

lack of control of the cell cluster position within the hydrogel.



One alternative, hydrogel microencapsulation of SC-beta cell clusters in an exemplary

cartridge based fluidics system, e.g., microfluidics system, as described herein was explored

and is described below in Example 8.

A further alternative to hydrogel macroencapsulation of islet cell clusters is use of

non-woven polymeric fiber sheets and three-dimensional scaffolds comprising a first and a

second non-woven polymeric fiber sheet, all of which comprise extracellular matrix proteins

and mimic the in vivo environment (e.g., islets are surrounded by a capsule of extracellular

matrix nanofibers in vivo) of pancreatic islet cell clusters (see FIGS. 15A, lower right panel,

and 15D). The diameter of the fibers in such non-woven polymeric sheets are within an order

of magnitude of the native pancreatic islet cell capsule fibers and these sheets and scaffolds

have been integrated into a cartridge of the invention by, e.g., collecting formed fibers

directly on the cartridge bodies. As described below, SC-beta cells cultured on such non-

woven polymeric fiber sheets and scaffolds remain viable for more than 7 days and maintain

protein expression of islet hormones for over a month.

Example 3: The microfluidics systems comprising a cartridge of the invention permit

improved oxygenation and improved glucose metabolism of islet cells cultured therein

A COMSOL model was developed to validate the design of the cartridge chip by

showing improved perfusion of the cells. This particular model was devised for an

application of islet cells, using published parameter values for oxygen and glucose

metabolism of islets.

A simple proof of concept simulation was first conducted to demonstrate one of the

core principles of the microfluidic design of the cartridge chip. In this simulation, five

spherical islets of diameter 250 µιη encased in a 125 µιη thick hydrogel shell were placed

within a 10.5 mm x 10.5 mm x 572 µιη (L x W x D) channel and subjected to flow either

sequentially (i.e. islets receiving flow one after another) or in parallel (i.e. islets receiving

fresh flow simultaneously). The model was assessed for steady state glucose and oxygen

concentrations in each of the two cases at a volumetric flow rate of 4 µΕ/η η delivering 5.5

mM glucose and 0.21 mM oxygen to the hydrogel and islets with initial concentration values

of 0 mM for both. As shown in FIG. 16, for both oxygen and glucose, parallel delivery (right

side images) yielded a consistent internal concentration among the islets with less depletion

than sequential delivery (left side images). These modeling results validate the cartridge and

housing system, which is designed to deliver the medium in parallel, (e.g., with flow

traveling radially across the cartridge surface from a central point the islets in the wells).

Example 4 : Preparation of non-woven polymeric fiber sheets

FIG. 17 shows a diagrammatic view of an exemplary pull spinning device, exemplary

rotating collection mandrel, and exemplary method for fabrication of the non-woven

polymeric fibers sheets for use in the scaffolds, cartridges, systems, and devices of the



invention. As shown in FIG. 17, a solution of polycaprolactone (PCL) and gelatin was

prepared by dissolving the polymers in hexafluoro-2-propanol to create a 10% solution (by

weight). The solution was placed into a syringe pump and injected into a polymer reservoir to

create a polymer deposit at a flow rate of about 0.2 mL/min. The solution was flung by a pull-

spinning device and collected on a rotating mandrel. The non-woven polymeric fibers of the

formed sheet deposited into the mandrel were analyzed for structural integrity using scanning

electron microscope (SEM). The inset on the right side of FIG. 17 shows a scanning electron

micrograph (SEM) of exemplary fibers of a non-woven polymeric fiber sheet prepared using

the exemplary pull spinning device, the exemplary rotating collection mandrel, and the

exemplary method (scale bar: 5 µιη) . In particular, the inset shows the structure and

morphology of the fibers.

FIGS. 18A-C show scanning electron micrographs of fibers of non-woven polymeric

fiber sheets generated using different polymer solutions and pull spinning of the solution into

fibers collected on an exemplary rotating mandrel depicted in FIG. 17. In particular, FIG.

18A shows fibers from a solution containing a 50:50 mixture of PCL and gelatin, FIG. 18B

shows fibers from a solution containing a 40:60 mixture of PCL and gelatin, and FIG. 18C

shows fiber from a solution containing a 20:80 mixture of PCL and gelatin (scale bar: 20

µιη) . As can be seen from the side-by-side comparison, changing the PCL:gelatin ratio

changes the diameter and/or the amount of coiling of the fibers. For instance, employing a

20:80 ratio of PCL:gelatin results in fibers that are thinner and more coiled than a 50:50 ratio

of PCL:gelatin.

Example 5 : Design and construction of scaffold compositions

The non-woven polymeric fiber sheets prepared in accordance with Example 1 were

used to prepare various scaffolds for culturing cells, as shown in FIG. 19. In particular,

FIG. 19 shows an exemplary solid support for the three-dimensional scaffolds 400 having a

top surface, a bottom surface, and a channel 402 extending from the top surface to the bottom

surface of the solid support and one exemplary method to create a scaffold by folding a fiber

sheet 404 over the solid support 400. In some embodiments, the first non-woven polymeric

fiber sheet and the second non-woven polymeric fiber sheet can be the same non-woven

polymeric fiber sheet and the first portion and the second portion can be different portions of

the same non-woven polymeric fiber sheet. In some embodiments, the scaffolds can be

designed with solid supports 400 that fit into standard tissue culture wells, e.g., the diameter

of the solid support 400 is slightly less than the inner diameter of a 12-well tissue culture

plate (e.g., about 19 mm) and the diameter of the channel 402 of the solid support 400 where

cells can be seeded is equal to the inner diameter of a 96-well tissue culture plate (e.g., about

6.4 mm) or such that it slightly less than the inner diameter of a 96-well tissue culture plate or

a 384-well tissue culture plate.



If the three-dimensional scaffolds are to be utilized in a microfluidics system

comprising a cartridge, as described herein, for, e.g., high throughput studies (e.g., screening

assays), the diameter of the solid support can be modified such that it slightly less than the

inner diameter of a 96-well tissue culture plate or a 384-well tissue culture plate. The

diameter or the shape/perimeter of the solid support can be modified to fit into a well of a

cartridge body (e.g., the solid support may have a quadrant- shaped perimeter to fit into a

quadrant- shaped well. In some embodiments, the non-polymeric fiber sheet, can be

fabricated directly on the cartridge body using, e.g., a pull-spinning device.

Example 6 : Analysis of the structuralfeatures and viability of cultured pancreatic islet cells

using the scaffolds and devices of the invention

FIGS. 20A-B show an exemplary solid support covered with an excess of a non-

woven polymeric sheet and a scanning electron micrograph of fibers which are used to make

the fiber sheets (scale bar: 5 µιη) . Any excess portions of the sheet can be cut with any

suitable instrument. FIGS. 21A-E show photomicrographs of islet cells cultured on the

scaffolds described herein (scale bar: 200 µιη) . A device including a three-dimensional

scaffold was prepared. Non-woven polymeric fiber sheets and a solid support were prepared

as described above. The non-woven polymeric fiber sheets were prepared by pull-spinning

and were composed of PCL and gelatin at a ratio of 20:80, and the solid support was made of

aerylate.

For structural and viability assays, the non-woven polymeric fiber sheets and

exemplary solid support depicted in FIG. 19 and shown in FIG. 20A were placed in a 12-well

culture dish and either left uncoated (FIG. 21E; no coat), coated with a 300 microgram/ml

solution of MATRIGEL (FIG. 21C; Matrigel coat), or coated with a solution comprising a

combination of collagen VI, laminin, and fibronectin (50 microgram/ml) (FIG. 21D; Islet

ECM coat). One x 106 human stem cell derived delta cells (SC-δ cells) were seeded onto each

fiber sheet in the channel of each solid support. In the case of the uncoated scaffold, the cells

and the solid body were then overlaid with a second portion of a second non-woven

polymeric fiber sheet. For comparison purposes, 1 x 106 human stem cell derived delta cells

(SC-δ cells) were also plated in a well of a 96-well tissue culture dish coated with

MATRIGEL (FIG. 21A; Matrigel coat) or the cells were encapsulated with 11 mg/mL

MATRIGEL prior to plating (FIG. 21B; Matrigel encapsulation). Standard culture conditions

were used to maintain all cells for one week.

The morphology and the structural integrity of the seeded SC-δ cells were analyzed

with a camera-coupled standard light microscope at different time points (e.g., at one day or

seven days post- seeding). The results are shown in the photographs of FIG. 21A-E. It can be

seen that after seven days from the seeding date, the cells seeded in control wells have spread

and lack the cellular structure and morphology observed with freshly- seeded cells. For

example, a comparison is made of cells seeded in control wells (FIGS. 21A-B) at day 1 and at



day 7 . In contrast, cells seeded in experimental wells (FIGS. 21C-D) form clusters and

remain attached to scaffolds even after a week in culture. Especially, even after seven days of

culture, the cells seeded in wells containing non-woven polymeric fiber scaffolds containing

a coat of islet-specific extracellular matrix protein mixture (e.g., collagen VI, laminin and

fibronectin) displayed a spherical cellular structure and an intact cellular morphology just like

those displayed by freshly- seeded cells (compare cells of FIG. 21D at day 1 and at day 7).

The results of the experiment demonstrate that the scaffold compositions of the instant

invention permit islet cells to retain their cellular morphology and cellular structure even up

to seven days after seeding. This protective effect was most pronounced when the scaffold

compositions were coated with MATRIGEL or a composition of ECM proteins (see, e.g.,

FIGS. 21C-D).

Cell viability was also assessed at day one and day seven post-seeding using standard

techniques and instruments (e.g., using a trypan blue assay with a BIORAD cell counter).

FIG. 22 shows a graph indicating the viability of pancreatic islet cells cultured under the

various conditions discussed above, and error bars indicating standard deviations (SD). A

baseline cell viability of about 78% was observed at day 0 (all samples), which plummeted to

about 45% at day 7 in the case of cells seeded in control wells containing MATRIGEL

encapsulation. Similarly, a loss of cell viability of about 10% was observed at day 7 with

cells seeded in control wells containing MATRIGEL coating. In contrast, cells seeded in

experimental wells including non-woven polymeric fiber scaffolds coated with either

MATRIGEL or the composite of ECM proteins did not suffer loss of viability even after

seven days of culture. Moreover, even the mere inclusion of naked scaffolds (i.e., scaffolds

containing no coat) in the tissue culture wells conferred better cell viability at day 7

compared to the viability conferred by MATRIGEL coated wells, which result was surprising

and unexpected.

Example 7 : Long-term pancreatic cell viability and pancreatic alpha cell differentiation is

promoted by culturing cells on the three-dimensional scaffolds of the invention

In order to further examine the benefits of the three-dimensional polymeric scaffolds

to promote long-term cell viability in culture and promote islet alpha cell differentiation, 1 x

106 human stem cell derived beta cells (SC-β cells) were seeded onto each fiber sheet in the

channel of each solid support in e.g., a 12-well tissue culture plate and cultured using

standard culture conditions. In parallel, 1 x 106 human stem cell derived beta cells (SC-β

cells) were placed into culture media in suspension and cultured under standard conditions,

and 1 x 106 human stem cell derived beta cells (SC-β cells) were placed in culture in a well of

a 12-well tissue culture plate coated with a solution comprising a combination of collagen VI,

laminin, and fibronectin (50 microgram/ml) and cultured under standard conditions. See

FIG. 24.



At days 1, 3, 7, and 30 post-seeding of the cells, aliquots of cells were removed from

culture and stained with anti C-peptide antibodies in order to identify pancreatic beta cells in

the culture (i.e.. beta cells express C-peptide and alpha cells do not express C-peptide), and

anti-GLP-2 antibodies in order to identify pancreatic alpha cells in the culture (i.e.. beta cells

no express GLP-2 and alpha cells do express GLP-2). The stained cells were subjected to

flow cytometry and the results of these experiments are depicted in FIGS. 23A and 23B

which demonstrate that the islet cells can be maintained in culture for over a month using the

three-dimensional polymeric fiber scaffolds of the invention. Furthermore, FIG. 23B

demonstrates that the ability of the three-dimensional polymeric fiber scaffolds of the

invention to promote pancreatic alpha cell differentiation is superior to the ability of

suspension growth.

Example 8: Pancreatic islet cell viability andfunctionality is promoted by encapsulating

pancreatic islet cell clusters in microspheres of a hydrogel

For use in the systems and cartridges of the present invention, in addition to or as

alternative to non-woven polymeric fiber sheets and three-dimensional scaffolds, cells, such

as pancreatic islet cell clusters, may be microencapsulated in a polymer, such as a hydrogel,

e.g., alginate, via electrostatic droplet generation. For example, pancreatic islet cells are very

sensitive to shear stress and microencapsulation of islet cells in a hydrogel provides

protection from hydrodynamic forces, allows diffusion of nutrients and oxygen, and,

furthermore, provides a medium in which additional extracellular matrix (ECM) proteins can

be added to improve the health of the cells. Microencapsulation of cell clusters also enables

cells to be exposed to a controlled and defined micro-environment whilst facilitating easier

manipulation of cell number and placement within the systems and cartridges of the present

invention.

More specifically, the micrometer scale of microencapsulated cells is within the

diffusion limits of many small molecules such as nutrients and oxygen while the pores of the

encapsulating alginate polymer are large enough to permit their transport. Indeed,

mathematical modeling of the microencapsulated islet cells prepared as described below has

indicated that oxygenation levels in such microencapsulated cell clusters (e.g., cell clusters

encapsulated in alginate microsphere having a diameter of about 200 to about 600 µιη) are

adequate to maintain functionality in vitro, never dropping below 0 .1 mol/m oxygen during

glucose challenges (a 50% decrease in islet function has been reported in the literature at <

0.05 mol/m oxygen). Furthermore, LIVE/DEAD imaging analysis has demonstrated that

microencapsulation in alginate of pancreatic islet cell clusters promotes the maintenance of

cell viability in vitro in short term culture (2 days) (FIGS. 15E-15K). In addition, glucose

stimulated insulin secretion analysis demonstrated that alginate microencapsulated pancreatic

islet cell clusters (e.g., microspheres having a diameter of about 200 to about 600 µιη) have

statistically significant higher levels of secreted insulin following glucose stimulation when



cultured for either four days or seven days as compared to pancreatic islet cells that were not

microencapsulated.

To prepare microencapsulated pancreatic islet cells clusters, SC-β clusters (stem-cell

derived pancreatic beta cell clusters) were taken out of culture and washed with sterile

calcium-free Krebs-Henseleit (KH) Buffer. After washing, SC-β clusters were allowed to

settle and all of the supernatant was aspirated. The SC-β clusters were then re-suspended in

sterile filtered 2 % sodium alginate (UP MVG) (Viscosity <200 mPa- s, MW > 200 kDa,

NovaMatrix/FMC Biopolymer) in a ratio of 1:8 (cell to alginate volume). The alginate has a

high guluronic acid: mannuronic acid ratio and is of GMP grade.

The cell cluster suspension was then transferred to an electrostatic droplet generator

set-up. FIG. 15L shows an exemplary rig 374 used in the process of microencapsulating SC-

beta cell clusters. The rig 374 can include an inverted pump 376, a controller 378, a stand

380, a glass collector 382, a voltage converter 386, a blunt tip needle 384 connected to a

voltage source, a co-axial cable 388, and a flow hood 390. In particular, the droplet generator

set-up included an ES Series 0-100 kV, 20-watt high-voltage power generator (Gamma ES

Series, Gamma High Voltage Research, FL, USA) which was connected to the tip of a blunt

tipped needle (SAI Infusion Technologies, IL, USA). This needle was attached to a 3 mL

Luer-lock syringe (BD, NJ, USA), which was in turn attached to a syringe pump (PHD

ULTRA™ Remote Syringe Pump Programmable with Push/Pull Mechanism, Harvard

Apparatus, MA, USA). The pump was orientated vertically by connection to a custom made

remote stand. For formation of 500 - 800 µιη dimeter micro-spheres, an 18G blunt tipped

needle (SAI Infusion Technologies, IL, USA) was used with an applied voltage between 10 -

20 kV and a fluid flow rate of 0.2 mL/min.

Using this electrostatic droplet generator, microcapsules of SC-β clusters were

prepared and cross-linked in a bath of 20 mM barium chloride. Supernatant from the settled

microcapsules was discarded and the microcapsules were washed three times in CMRL 1066

media containing human albumin, ITS and antibiotics to remove excess barium.

Microcapsules containing the SC-β clusters, one to two per microcapsule, were then sorted

and placed in fresh CMRL 1066 medium and placed into culture until use. The Young's

modulus of these micro-encapsulated spheres is in the range of between about 5 and about 10

kPa.

For glucose stimulated insulin secretion testing, microencapsulated SC-β clusters

were washed with Krebs (Krb) buffer and were then pre-incubated in low (3.3 mM) glucose

Krb for 1 hour to remove residual insulin. Microencapsulated clusters were washed two

times in low glucose Krb, incubated in low-glucose Krb for 30 min, and the supernatant was

collected. The microencapsulated islet cell clusters were then washed two times in low

glucose Krb, incubated in (16.7 mM) high glucose Krb for 30 min, and the supernatant was

collected. Finally, clusters were incubated in Krb containing 3.3 mM glucose and 30 mM

KC1 (depolarization challenge) for 30 min and then the supernatant was collected.



Supernatant samples containing secreted insulin were processed using the Human

Ultrasensitive Insulin ELISA (ALPCO Diagnostics).

The viability of microencapsulated SC-β clusters was assessed using a fluorescent

LIVE/DEAD Cytotoxity Assay kit (Molecular Probes, Thermo Fisher Scientific).

Specifically, 2 µΜ calcein AM and 4 µΜ ethidium homodimer- 1 (EthD-1) solutions were

employed to visualize the distribution of living and dead cells respectively.

EQUIVALENTS
Those skilled in the art will recognize, or be able to ascertain using no more than

routine experimentation, many equivalents to the specific embodiments and methods

described herein. Such equivalents are intended to be encompassed by the scope of the

following claims.



We claim:

A system, comprising:

a housing including a first housing portion and a second housing portion forming

a chamber therebetween, the housing including:

an inlet for introduction of a medium into the system,

an inlet channel fluidically connecting the inlet with the chamber,

an outlet, and

an outlet channel fluidically connecting the chamber with the outlet; and

a cartridge configured to be disposed within the chamber, the cartridge including:

a cartridge body having a first surface and a second surface and defining a

first plurality of channels disposed in the cartridge, each channel of the first

plurality of channels extending from the first surface to the second surface of

the cartridge body; and

at least one porous element disposed adjacent to the second surface of the

cartridge body at the first plurality of channels, the at least one porous element

and the first plurality of channels forming a plurality of wells disposed in the

cartridge, each well configured to hold one or more biological cells;

wherein the housing and the cartridge are configured such that when the

cartridge is disposed within the housing and a medium is introduced into the

inlet, the medium flows through the inlet channel and into the chamber and at

least a first portion of the medium flows laterally between the first surface of

the cartridge body and a chamber wall opposite the first surface of the

cartridge body to the first plurality of channels, flows through the first

plurality of channels and the at least one porous element, and then flows

through the outlet channel to the outlet of the housing.

The system of claim 1, wherein the outlet channel connects with a central portion of

the chamber,

wherein the cartridge body has a peripheral portion and a central portion that

is disposed in the central portion of the chamber when the cartridge is held in the

housing, and

wherein the first plurality of channels are disposed in the peripheral portion of

the cartridge body; and

wherein the cartridge body and housing are configured such that when the cartridge is

disposed within the housing and a medium is introduced into the inlet, the medium

flows through the inlet channel and into central portion of the chamber, and at least a

first portion of the medium flows radially outward between the first surface of the

cartridge body and a chamber wall opposite the first surface of the cartridge body

from the central portion of the cartridge body to the first plurality of channels, flows



through the first plurality of channels and the at least one porous element, and then

flows through the outlet channel to the outlet of the housing.

The system of claim 1, wherein the cartridge body further defines a second plurality

of channels extending from the first surface to the second surface of the cartridge

body.

The system of claim 3, wherein each channel in the first plurality of channels is

disposed radially outward from a central portion of the cartridge body, and wherein

each in the second plurality of channels is disposed radially further from the central

portion of the cartridge body than any channel in the first plurality of channels.

The system of claim 3, wherein the housing and the cartridge are configured such that

when the cartridge is disposed within the housing and the medium flows through the

inlet channel and into the chamber, at least a second portion of the medium flows

laterally between the first surface of the cartridge body and the chamber wall past the

first plurality of channels to the second plurality of channels, flows through the

second plurality of channels, and then flows through the outlet channel to the outlet of

the housing.

The system of claim 5, wherein the housing and the cartridge are configured such that

when at least the second portion of the medium flows laterally between the first

surface of the cartridge body and the chamber wall from past the first plurality of

channels to the second plurality of channels, the medium flows into each of the

second plurality of channels at substantially the same time.

The system of claim 1, wherein the housing and the cartridge are configured such that

when at least the first portion of the medium flows laterally between the first surface

of the cartridge body and the chamber wall opposite the first surface of the cartridge

body to the first plurality of channels, the medium flows into each of the first plurality

of channels at substantially the same time.

The system of claim 1, wherein the housing further defines a plurality of branched

channels that fluidly connect with the inlet channel and the chamber.

The system of claim 1, wherein the first housing portion has a surface comprising a

recessed portion, the recessed portion fluidically connected to the inlet channel and

configured such that when the cartridge is disposed within the chamber and media is

introduced into the system, the recessed portion receives media that flows through the

inlet channel, into the chamber, and between the surface having the recessed portion

and the first surface of the cartridge body.

The system of claim 1, wherein the second housing portion has a surface comprising a

first recessed portion configured and dimensioned to receive the cartridge.

The system of claim 10, wherein the surface of the second housing portion further

comprises a second recessed portion within the first recessed portion, the second

recessed portion fluidically connected to the outlet channel and configured such that



when the cartridge is disposed in the first recessed portion and media is introduced

into the system, the second recessed portion receives media that flows through

channels in the cartridge body or around the cartridge body and into the outlet

channel.

The system of claim 10, wherein the cartridge body has a perimeter with a circular

portion corresponding to a rounded edge and a straight portion corresponding to a

planar edge, the planar edge orienting the cartridge within the recessed portion of the

surface of the second housing portion.

The system of claim 10, wherein the cartridge body has a perimeter with two angled

linear lines extending from an endpoint and connected at an opposing end by a

rounded edge.

The system of claim 1, further comprising a first sealing element configured to be

disposed between the chamber wall of the first housing portion and a second chamber

wall formed by a portion of a surface of the second housing portion.

The system of claim 14, wherein at least one of the chamber wall of the first housing

portion or a chamber wall of the second housing portion has a first circumferential

groove configured to receive or hold the first sealing element.

The system of claim 14, wherein the first sealing element is configured to surround

the cartridge.

The system of claim 14, wherein the first sealing element is configured to be disposed

against the first surface of the cartridge body.

The system of claim 17, further comprising a second sealing element configured to be

disposed against the second surface of the cartridge body.

The system of claim 14, wherein the first sealing element is a sleeve including an

opening complementary to the cartridge body, the sleeve receiving the peripheral

portion of the cartridge body in a circumferential groove.

The system of claim 14, further comprising a second sealing element configured to be

disposed between the first housing portion and the second housing portion and

encircling the outlet channel.

The system of claim 20, wherein at least one of a surface of the first housing portion

facing the second housing portion or a surface of the second housing portion facing

the first housing portion has a second circumferential groove surrounding the outlet

channel, the second circumferential groove configured to receive or hold the second

sealing element.

The system of claim 20, wherein the second sealing element is configured to maintain

a seal between the first housing portion, the second housing portion and the outlet

channel when the first housing portion and the second housing portion are in a closed

configuration.



The system of claim 1, wherein at least a portion of one or both of the first housing

portion and the second housing portion are transparent.

The system of claim 1, wherein each of the plurality of wells is configured and

dimensioned to receive a single cluster of cells.

The system of claim 1, wherein each of the first plurality of channels is configured

and dimensioned to receive multiple clusters of cells.

The system of claim 1, wherein a spacing between nearest neighbor wells in the

plurality of wells falls in a range of about 50 µιη to about 5 mm, about 100 µιη to

about 1 mm, or about 400 µιη.

The system of claim 1, wherein the first housing portion comprises:

a first layer defining an aperture forming a portion of the inlet channel

and defining an aperture forming an upward flowing portion of the outlet

channel;

a second layer defining a slot forming a portion of the inlet channel

and defining an aperture forming an upward flowing portion of the outlet

channel; and

a third layer defining an aperture forming a portion of the inlet channel

that connects with the chamber and defining an aperture forming an upward

flowing portion of the outlet channel.

The system of claim 27, wherein the second housing portion comprises:

a fourth layer defining a plurality of apertures forming a downward

flowing portion of the outlet channel and defining an aperture forming an

upward flowing portion of the outlet channel that connects with the upward

flowing portion of the outlet channel in the third layer;

a fifth layer defining a plurality of slots and an aperture, an end of each

slot connecting with an aperture in the plurality of apertures of the fourth

layer, the plurality of slots forming a lateral flowing portion of the outlet

channel that connects with the downward flowing portion of the outlet channel

in the fourth layer, the aperture of the fifth layer forming an upward flowing

portion of the outlet channel;

a sixth layer defining an aperture forming a downward flowing portion

of the outlet channel and an aperture forming an upward flowing portion of the

outlet channel; and

a seventh layer defining a slot forming a lateral flowing portion of the

outlet channel that connects with the downward flowing portion of the outlet

channel in the sixth layer and that connect with the upward flowing portion of

the outlet channel in the sixth layer.

The system of claim 28, further comprising a base layer on which the seventh layer is

disposed.



The system of claim 1, wherein the at least one porous element comprises a porous

membrane.

The system of claim 1, wherein the at least one porous element comprises one or more

bottom non-woven polymeric fiber sheets.

The system of claim 31, further comprising one or more top non-woven polymeric

fiber sheets configured to be disposed on the first surface of the body covering the

first plurality of wells after cells have been loaded in the plurality of wells, the one or

more bottom non-woven polymeric fiber sheets and the one or more top non-woven

polymeric fiber sheets forming a three-dimensional scaffold for culturing cells.

The system of claim 32, wherein the one or more bottom non-woven polymeric fiber

sheets and the one or more top non-woven polymeric fiber sheets comprise a biogenic

polymer and a synthetic polymer.

The system of claim 32, wherein the one or more bottom non-woven polymeric sheets

and the one or more top non-woven polymeric sheets are the same non-woven

polymeric fiber sheets with a first portion disposed on a first surface of the cartridge

body and a second portion disposed on a second portion of the cartridge body.

The system of claim 32, wherein the one or more bottom non-woven polymeric fiber

sheets and the one or more top non-woven polymeric fiber sheet are different non-

woven polymeric fiber sheets.

The system of claim 32, wherein a thickness of the one or more bottom non-woven

polymeric fiber sheets and the one or more top non-woven polymeric fiber sheets is

between about 50 nm and about 5 um.

The system of claim 32, wherein the three-dimensional scaffold has an elastic

modulus of between about 0.1 kiloPascal (kPa) and about 25.0 kPa.

The system of claim 32, wherein for each channel in the first plurality of channels, a

wall of the channel, a portion of the one or more top non-woven polymeric fiber

sheets and a portion of the one or more bottom non-woven polymeric fiber sheets

define a space in which cells are enclosed.

The system of claim 38, wherein the cells comprise adipocytes, pancreatic islet cells,

or brain tissue cells.

The system of claim 32, wherein, for each channel in the plurality of channels, a

thickness of the body at the channel determines a height of the space in which the

cells are enclosed.

The system of claim 40, wherein for each channel in the plurality of channels, the

thickness of the body at the channel is between about 10 µιη and about 1 mm.

The system of claim 31, wherein the one or more bottom non-woven polymeric fiber

sheets include polymeric fibers comprising a biogenic polymer and a synthetic

polymer.



43. The system of claim 42, wherein a weight ratio of the synthetic polymer to the

biogenic polymer is between about 10:90 and about 50:50.

44. The system of claim 42, wherein the biogenic polymer comprises a polymer selected

from the group consisting of poly-4-hydroxybuyrate, collagen and gelatin, and a

combination thereof.

45. The system of claim 42, wherein the synthetic polymer comprises a polymer selected

from the group consisting of polycaprolactone (PCL), polyethylene glycol (PEG) and

polylactide (PLA), and a combination thereof.

46. The system of claim 42, wherein the one or more bottom non-woven polymeric fiber

sheets further comprise at least one extracellular matrix (ECM) protein.

47. The system of claim 46, wherein the at least one ECM protein is integral to the one or

more bottom non-woven polymeric fiber sheets.

48. The system of claim 46, wherein the at least one ECM protein is coated on the one or

more bottom non-woven polymeric fiber sheets.

49. The system of claim 46, wherein the at least one ECM protein is selected from the

group consisting of a collagen, a laminin, and a fibronectin, or a fragment thereof, and

a combination thereof.

50. The system of claim 46, wherein the at least one ECM protein is encoded by a gene

selected from the group consisting of genes COL6A3, COL6A1, SPP1, COL6A2,

LAMC2, COL1A2, FNDC3A, BGN, COL1A1, LAMB1, LAMC1, COL18A1,

SPARC, LAMB3, FN1, TNC, FNDC3B, COL3A1, EMILIN1, COL6A6, AGRN,

LAMA4, COL28A1, LAMA3, LAMA5, LAMC3, FBN1, LAMB2, COL5A1, or a

fragment thereof, and a combination thereof.

51. The system of claim 46, wherein the one or more bottom non-woven polymeric fiber

sheets further comprise two or more extracellular matrix (ECM) proteins.

52. The system of claim 1, wherein a diameter of each of the first plurality of channels

falls in a range of about 200 µιη to about 500 µιη, about 100 µιη to about 300 µιη,

about 150 µιη to about 250 µιη, or about 200 µιη.

53. The system of claim 1, wherein a diameter of each of the first plurality of channels

falls in a range of about 1 mm to about 10 mm, about 5 mm to about 8 mm, about 5.5

mm to about 7.5 mm, or about 6.4 mm.

54. The system of claim 1, wherein the inlet comprises a first inlet and a second inlet.

55. The system of claim 54, wherein the first inlet is configured to receive a first medium

and the second inlet is configured to receive a second medium, the first and second

medium mixing downstream of the first and second inlets.

56. The system of claim 55, wherein the first and second medium mix in the inlet

channel.

57. The system of claim 55, wherein the first and second medium mix in the chamber.



The system of claim 1, wherein the first housing portion and the second housing

portion each have elongated cutouts at opposing sides forming a step.

The system of claim 1, wherein the inlet channel is a single opening through which

the medium is introduced into the chamber.

The system of claim 1, wherein the inlet channel includes multiple openings through

which the medium is simultaneously introduced into the chamber.

A system, comprising:

a housing including a first housing portion and a second housing portion forming

a chamber therebetween, the housing including:

an inlet for introduction of a medium into the system,

an inlet channel fluidically connecting the inlet with the chamber,

an outlet, and

an outlet channel fluidically connecting the chamber with the outlet; and

a cartridge configured to be disposed within the chamber, the cartridge including:

a cartridge body having a first surface and a second surface, the first

surface defining a plurality of wells each configured to hold one or more

biological cells, the cartridge body defining a plurality of outer channels

extending from the first surface to the second surface of the cartridge body;

wherein the housing and the cartridge are configured such that when the cartridge

is disposed within the housing and a medium is introduced into the inlet, the medium

flows through the inlet channel and into the chamber and at least a first portion of the

medium flows laterally between the first surface of the cartridge body and a chamber

wall opposite the first surface of the cartridge body to plurality of wells, flows in to

and out of the plurality of wells, flows on to the plurality of outer channels, flows

through the plurality of outer channels, and then flows through the outlet channel to

the outlet of the housing.

The system of claim 61, wherein the outlet channel connects with a central portion of

the chamber,

wherein the cartridge body has a peripheral portion and a central portion that

is disposed in the central portion of the chamber when the cartridge is held in the

housing, and

wherein the plurality of wells are disposed in the peripheral portion of the

cartridge body; and

wherein the cartridge body and housing are configured such that when the cartridge is

disposed within the housing and a medium is introduced into the inlet, the medium

flows through the inlet channel and into central portion of the chamber, and at least a

first portion of the medium flows radially outward between the first surface of the

cartridge body and a chamber wall opposite the first surface of the cartridge body

from the central portion of the cartridge body to the plurality of wells, flows into and



out of the first plurality of wells, flows radially outward to the plurality of outer

channels, flows through the plurality of outer channels, and then flows through the

outlet channel to the outlet of the housing.

The system of claim 61, further comprising at least one three-dimensional scaffold for

culturing pancreatic islet cells, brain tissue cells or adipocytes, the three-dimensional

scaffold comprising:

a first portion of a first non-woven polymeric fiber sheet;

a second portion of a second non-woven polymeric fiber sheet

overlaying the first portion, wherein the first non-woven polymeric fiber sheet

and the second non-woven polymer fiber sheet include polymeric fibers

comprising a biogenic polymer and a synthetic polymer; and

pancreatic islet cells, brain tissue cells or adipocytes disposed between

the first portion and the second portion;

wherein at least one of the plurality of wells is configured to hold the

three-dimensional scaffold.

The system of claim 63, wherein the first non-woven polymeric fiber sheet and the

second non-woven polymeric fiber sheet are a same non-woven polymeric fiber sheet

and the first portion and the second portion are different portions of the same non-

woven polymeric fiber sheet.

The system of claim 63, wherein the first non-woven polymeric fiber sheet and the

second non-woven polymeric fiber sheet are different non-woven polymeric fiber

sheets.

The system of claim 63, wherein a weight ratio of the synthetic polymer to the

biogenic polymer is between about 10:90 and about 50:50.

The system of claim 63, wherein the biogenic polymer comprises a polymer selected

from the group consisting of poly-4-hydroxybuyrate, collagen and gelatin, and a

combination thereof.

The system of claim 63, wherein the synthetic polymer comprises a polymer selected

from the group consisting of polycaprolactone (PCL), polyethylene glycol (PEG) and

polylactide (PLA), and a combination thereof.

The system of claim 63, wherein the polymeric fibers further comprise at least one

extracellular matrix (ECM) protein.

The system of claim 69, wherein the at least one ECM protein is integral to the fibers.

The system of claim 69, wherein the at least one ECM protein is coated on the fibers.

The system of claim 69, wherein the at least one ECM protein is selected from the

group consisting of a collagen, a laminin, and a fibronectin, or a fragment thereof, and

a combination thereof.

The system of claim 69, wherein the at least one ECM protein is encoded by a gene

selected from the group consisting of genes COL6A3, COL6A1, SPP1, COL6A2,



LAMC2, COL1A2, FNDC3A, BGN, COL1A1, LAMB1, LAMC1, COL18A1,

SPARC, LAMB3, FN1, TNC, FNDC3B, COL3A1, EMILIN1, COL6A6, AGRN,

LAMA4, COL28A1, LAMA3, LAMA5, LAMC3, FBN1, LAMB2, COL5A1, or a

fragment thereof, and a combination thereof.

74. The system of claim 63, wherein the polymeric fibers further comprise two or more

extracellular matrix (ECM) proteins.

75. The system of claim 63, wherein the scaffold has an elastic modulus of between about

0.1 kiloPascal (kPa) and about 25.0 kPa.

76. The system of claim 63, wherein the diameter of the polymeric fibers is between

about 50 nm and about 500 nm.

77. The system of claim 63, wherein the thickness of the non-woven polymeric sheet is

between about 50 nm and about 5 um.

78. The system of claim 63, wherein the pancreatic islet cells maintain viability and

functionality for at least about 7 days.

79. The system of claim 63, further comprising a solid support for the three-dimensional

scaffold, the solid support including:

a top surface;

a bottom surface; and

a channel extending from the top surface to the bottom surface of the

solid support;

wherein the first portion of the first non-woven polymeric fiber sheet is

disposed on the bottom surface of the solid support;

wherein the second portion of the second non-woven polymeric body

is disposed on the top surface of the solid support;

wherein the pancreatic islet cells, brain tissue cells or adipocytes are

disposed in the channel of the solid support; and

wherein at least one well in the plurality of wells is sized and

configured to receive and hold the solid support.

80. The system of claim 79, where a wall of the channel of the solid support, the first

portion of the first non-woven polymeric fiber sheet, and the second portion of the

second non-woven polymeric sheet define a space in which the pancreatic islet cells,

brain tissue cells or adipocytes are enclosed.

81. The system of claim 79, wherein a thickness of the solid support determines a height

of the space in which the cells are enclosed.

82. The system of claim 81, wherein the thickness of the solid support is between about

10 µιη and about 1 mm.

83. The system of claim 63, further comprising a plurality of three-dimensional scaffolds

for culturing pancreatic islet cells, brain tissue cells or adipocytes.



The system of any one of claims 1 to 83, further comprising a holder configured and

dimensioned to receive an assembly of the first housing portion, the second housing

portion, and the cartridge.

The system of claim 84, wherein the holder comprises a first holder portion and a

second holder portion configured to receive the assembly therebetween.

The system of claim 85, wherein the first holder portion and the second holder portion

are hingedly connected.

The system of claim 85, wherein the first holder portion includes:

an outer surface facing away from the second holder portion when the holder

is closed,

an inner surface facing toward the second holder portion when the holder is

closed, and

a protrusion extending from the inner surface, the protrusion defining an

opening having a recessed edge configured to receive and engage the first housing

portion of the assembly.

The system of claim 87, wherein the opening extends through the protrusion and

through the outer surface of the first holder portion and provides access to an inlet and

an outlet of the cartridge housing when the cartridge housing is disposed in the first

holder portion.

The system of claim 87, further comprising a gasket disposed in the recessed edge of

the opening, the gasket configured to engage the first housing portion in the recessed

edge of the opening.

The system of claim 87, wherein the recessed edge includes tabs on each corner

forming a groove between a bottom surface of the recessed edge and the tabs, the

groove configured and dimensioned to slidably engage steps of the first housing

portion of the assembly.

The system of claim 90, wherein engagement of the steps of the first housing portion

with the tabs of the recessed edge ensure alignment of the first and second housing

portions.

The system of claim 90, further comprising a dimple extending from the bottom

surface of the recessed edge at each corner of the opening.

The system of claim 85, wherein the second holder portion includes:

an outer surface facing away from the first holder portion when the holder is

closed, and

an inner surface facing toward the first holder portion when the holder is

closed with the inner surface defining a recessed area, the recessed area configured to

at least partially receive the protrusion of the first holder portion, the recessed area

defining a second opening having a recessed edge configured to receive and engage

the second housing portion of the assembly.



94. The system of claim 93, wherein the recessed edge includes tabs on each corner

forming a groove between a bottom surface of the recessed edge and the tabs, the

groove configured and dimensioned to slidably engage steps of the second housing

portion of the assembly.

95. The system of claim 94, wherein engagement of the steps of the second housing

portion with the tabs of the recessed edge ensure alignment of the first and second

housing portions.

96. The system of claim 94, further comprising a dimple extending from the bottom

surface of the recessed edge at each corner of the opening.

97. The system of claim 93, wherein the opening extends through the recessed area and

through the outer surface of the second holder portion.

98. The system of claim 93, comprising a gasket disposed around the recessed edge of the

opening in the recessed area of the second holder portion, the gasket configured to

engage and retain the second housing portion in the opening.

99. The system of claim 93, wherein the housing is configured such that introduction of

the protrusion of the first holder portion into the recessed area of the second holder

portion imparts a compression force on the assembly to maintain a seal between the

first housing portion, the second housing portion and the cartridge.

100. The system of claim 93, further comprising a latching mechanism disposed on the

outer surfaces of the first and second holder portions and configured to interlock the

first holder portion with the second holder portion to maintain the compression force

on the assembly.

101. The system of claim 61, wherein a diameter, a width or a lateral length of each of the

first plurality of channels falls in a range of about 200 µιη to about 500 µιη, about 100

µιη to about 300 µιη, about 150 µιη to about 250 µιη, or about 200 µιη.

102. The system of claim 61, wherein a diameter, a width or a lateral length of each of the

first plurality of channels falls in a range of about 1 mm to about 10 mm, about 5 mm

to about 8 mm, about 5.5 mm to about 7.5 mm, or about 6.4 mm.

103. A system, comprising:

a housing including a first housing portion and a second housing portion forming

a chamber therebetween, the housing including:

an inlet for introduction of a medium including one or more biological

cells into the system;

an inlet channel fluidically connecting the inlet with a central portion of

the chamber;

an outlet;

an outlet channel fluidically connecting the central portion of the chamber

with the outlet; and



a bypass channel fluidically connecting the inlet channel with the outlet

channel and bypassing the central portion of the chamber; and

a cartridge having a central portion and a peripheral portion and configured to be

disposed within the chamber with the central portion of the cartridge in the central

portion of the chamber, the cartridge including:

a cartridge body having a first surface and a second surface and defining a

first plurality of channels disposed in the peripheral portion of the cartridge,

each channel of the first plurality of channels extending from the first surface

to the second surface of the cartridge body; and

at least one porous element disposed adjacent to the second surface of the

cartridge body at the first plurality of channels, the at least one porous element

and the first plurality of channels forming a plurality of wells disposed in the

peripheral portion of the cartridge, each well configured to hold the one or

more biological cells;

wherein the housing and the cartridge are configured such that when the cartridge

is disposed within the housing and the medium including the one or more biological

cells is introduced into the inlet, (i) at least a first portion of the medium and the one

or more biological cells flows through the inlet channel and into the central portion of

the chamber, at least one of the one or more biological cells lodges in a well of the

plurality of wells, the first portion of the medium flows through the first plurality of

channels and the at least one porous element, and then flows through the outlet

channel to the outlet of the housing, and (ii) at least a second portion of the medium

and the one or more biological cells flows through at least a portion of the inlet

channel and into the bypass channel to bypass the plurality of wells of the cartridge

and flows through the outlet channel to the outlet of the housing.

The system of claim 103, wherein the housing and cartridge are configured such that

when no cells are disposed in the plurality of wells, a flow resistance of a first flow

path from the inlet, through the inlet channel, through the first plurality of channels,

through the outlet channel and out the outlet is less than a flow resistance of a second

flow path through the inlet, through inlet channel, through the bypass channel,

through the outlet channel and out the outlet.

The system of claim 104, wherein the system and cartridge are configured such that

when one or more biological cells are lodged in the plurality of wells of the cartridge,

the one or more biological cells at least partially block the flow path of the medium

through the first plurality of channels increasing the flow resistance for the first flow

path and increasing a volume of the second portion of the medium and the one or

more biological cells that flows along the second flow path relative to a volume of the

first portion of the medium and the one or more biological cells that flows along the

first flow path.



A system, comprising:

a housing including a first housing portion and a second housing portion forming

a chamber therebetween, the housing including:

an inlet for introduction of a medium including one or more biological

cells into the system;

an inlet channel fluidically connecting the inlet with a central portion of

the chamber;

an outlet;

an outlet channel fluidically connecting a peripheral portion of the

chamber with the outlet; and

an alternate channel fluidically connecting the inlet channel with the outlet

channel; and

a cartridge having a central portion and a peripheral portion and configured to be

disposed within the chamber with the central portion of the cartridge disposed in the

central portion of the chamber and the peripheral portion of the cartridge disposed in

the peripheral portion of the chamber, the cartridge including:

a cartridge body having a first surface and a second surface and defining a

first plurality of channels disposed in the peripheral portion of the cartridge,

each channel of the first plurality of channels extending from the first surface

to the second surface of the cartridge body; and

at least one porous element disposed adjacent to the second surface of the

cartridge body at the first plurality of channels, the at least one porous element

and the first plurality of channels forming a plurality of wells disposed in the

peripheral portion of the cartridge, each well configured to hold the one or

more biological cells;

wherein the housing and the cartridge are configured such that when the

cartridge is disposed within the housing and the medium including the one or

more biological cells is introduced into the inlet, (i) at least a first portion of

the medium and the one or more biological cells flows through the inlet

channel and into the central portion of the chamber, at least one of the one or

more biological cells lodges in a well of the plurality of wells, the first portion

of the medium flows through the first plurality of channels and the at least one

porous element, and then flows through the outlet channel to the outlet of the

housing, and (ii) at least a second portion of the medium and the one or more

biological cells flows through the inlet channel into the central portion of the

chamber and into the alternate channel to bypass the plurality of wells of the

cartridge and flows through the outlet channel to the outlet of the housing.

The system of claim 106, wherein the alternate channel surrounds the central portion

of the chamber.



108. A cartridge for a system, comprising:

a body including a first surface and a second surface, the body defining a first

plurality of channels extending from the first surface to the second surface; and

one or more bottom non-woven polymeric fiber sheets disposed on the second

surface of the body at the first plurality of channels, the first plurality of channels and

the one or more bottom non-woven polymeric fiber sheets forming a plurality of

wells, each well configured to receive one or more cells.

109. The cartridge of claim 108, further comprising one or more top non-woven polymeric

fiber sheets configured to be disposed on the first surface of the body covering the

first plurality of wells after the cells have been loaded in the plurality of wells, the one

or more bottom non-woven polymeric fiber sheets and the one or more top non-

woven polymeric fiber sheets forming a three-dimensional scaffold for culturing cells.

110. The cartridge of claim 109, wherein the one or more bottom non-woven polymeric

fiber sheets and the one or more top non-woven polymeric fiber sheets comprise a

biogenic polymer and a synthetic polymer.

111. The cartridge of claim 109, wherein the one or more bottom non-woven polymeric

sheets and the one or more top non-woven polymeric sheets are the same non-woven

polymeric fiber sheets with a first portion disposed on a first surface of the cartridge

body and a second portion disposed on a second portion of the cartridge body.

112. The cartridge of claim 109, wherein the one or more bottom non-woven polymeric

fiber sheets and the one or more top non-woven polymeric fiber sheet are different

non-woven polymeric fiber sheets.

113. The cartridge of claim 109, wherein a thickness of the one or more bottom non-woven

polymeric fiber sheets and the one or more top non-woven polymeric fiber sheets is

between about 50 nm and about 5 um.

114. The cartridge of claim 109, wherein the three-dimensional scaffold has an elastic

modulus of between about 0.1 kiloPascal (kPa) and about 25.0 kPa.

115. The cartridge of claim 109, wherein for each channel in the plurality of channels, a

wall of the channel, a portion of the one or more top non-woven polymeric fiber

sheets and a portion of the one or more bottom non-woven polymeric fiber sheets

define a space in which cells are enclosed.

116. The cartridge of claim 115, wherein the cells comprise adipocytes, brain tissue cells

or pancreatic islet cells.

117. The cartridge of claim 115, wherein, for each channel in the plurality of channels, a

thickness of the body at the channel determines a height of the space in which the

cells are enclosed.

118. The cartridge of claim 117, wherein for each channel in the plurality of channels, the

thickness of the body at the channel is between about 10 µιη and about 1 mm.



119. The cartridge of claim 108, wherein the one or more bottom non-woven polymeric

fiber sheets include polymeric fibers comprising a biogenic polymer and a synthetic

polymer.

120. The cartridge of claim 119, wherein a weight ratio of the synthetic polymer to the

biogenic polymer is between about 10:90 and about 50:50.

121. The cartridge of claim 119, wherein the biogenic polymer comprises a polymer

selected from the group consisting of poly-4-hydroxybuyrate, collagen and gelatin,

and a combination thereof.

122. The cartridge of claim 119, wherein the synthetic polymer comprises a polymer

selected from the group consisting of polycaprolactone (PCL), polyethylene glycol

(PEG) and polylactide (PLA), and a combination thereof.

123. The cartridge of claim 119, wherein the one or more bottom non-woven polymeric

fiber sheets further comprise at least one extracellular matrix (ECM) protein.

124. The cartridge of claim 123, wherein the at least one ECM protein is integral to the one

or more bottom non-woven polymeric fiber sheets.

125. The cartridge of claim 123, wherein the at least one ECM protein is coated on the one

or more bottom non-woven polymeric fiber sheets.

126. The cartridge of claim 123, wherein the at least one ECM protein is selected from the

group consisting of a collagen, a laminin, and a fibronectin, or a fragment thereof, and

a combination thereof.

127. The cartridge of claim 123, wherein the at least one ECM protein is encoded by a

gene selected from the group consisting of genes COL6A3, COL6A1, SPP1,

COL6A2, LAMC2, COL1A2, FNDC3A, BGN, COL1A1, LAMB1, LAMC1,

COL18A1, SPARC, LAMB 3, FN1, TNC, FNDC3B, COL3A1, EMILIN1, COL6A6,

AGRN, LAMA4, COL28A1, LAMA3, LAMA5, LAMC3, FBNl, LAMB2, COL5A1,

or a fragment thereof, and a combination thereof.

128. The cartridge of claim 108, wherein the one or more bottom non-woven polymeric

fiber sheets further comprise two or more extracellular matrix (ECM) proteins.

129. A system, comprising:

a housing including a first housing portion and a second housing portion forming

a chamber therebetween, the housing including:

an inlet for introduction of a medium into the system,

an inlet channel fluidically connecting the inlet with a central portion of

the chamber,

an outlet, and

an outlet channel fluidically connecting a peripheral portion of the

chamber with the outlet; and

a cartridge according to any one of claims 108-128, the cartridge having a central

portion and a peripheral portion and configured to be disposed within the chamber



with the central portion of the cartridge disposed in the central portion of the chamber

and the peripheral portion of the cartridge disposed in the peripheral portion of the

chamber,

wherein the housing and the cartridge are configured such that when the

cartridge is disposed within the housing and a medium is introduced into the inlet, the

medium flows through the inlet channel and into the central portion of the chamber

and at least a first portion of the medium flows radially outward between the first

surface of the cartridge body and a chamber wall opposite the first surface of the

cartridge body from the central portion of the chamber to the first plurality of

channels, flows through the first plurality of channels and the at least one porous

element, and then flows through the outlet channel to the outlet of the housing.

130. A system, comprising:

a housing including a first housing portion and a second housing portion forming

a chamber therebetween, the housing including:

an inlet for introduction of a medium into the system,

an inlet channel fluidically connecting the inlet with the chamber,

an outlet, and

an outlet channel fluidically connecting the chamber with the outlet; and

a cartridge configured to be disposed within the chamber, the cartridge including:

a cartridge body having a first surface and a second surface and defining a

first plurality of channels disposed in the cartridge, each channel of the first

plurality of channels extending from the first surface to the second surface of

the cartridge body, and the first plurality of channels forming a plurality of

wells disposed in the cartridge, each well configured to hold one or more

biological cells; and

wherein the housing and the cartridge are configured such that when the cartridge is

disposed within the housing and a medium is introduced into the inlet, the medium

flows through the inlet channel and into the chamber and at least a first portion of the

medium flows laterally between the first surface of the cartridge body and a chamber

wall opposite the first surface of the cartridge body to the first plurality of channels,

flows through the first plurality of channels, and then flows through the outlet channel

to the outlet of the housing.

131. A method for culturing cells in a system, comprising:

providing the system of any one of claims 1-102 and 130;

disposing one or more cells for culturing in at least one of the plurality of wells of

the cartridge and disposing the cartridge in the chamber of the housing; and

providing suitable culture conditions and circulating a suitable culture medium

through the system, thereby culturing the one or more cells.



132. The method of claim 131, wherein the one or more cells are microencapsulated in a

polymer.

133. The method of claim 132, wherein the polymer is alginate.

134. The method of claim 132, wherein the one or more cells are in one or more capsules

of the polymer when the one or more cells are disposed in the at least one of the

plurality of wells.

135. The method of claim 134, wherein each of the one or more capsules has a diameter in

the range of about 250 µιη to about 500 µιη.

136. A method for identifying a compound that modulates cell differentiation, cell

viability, and/or cell function, the method comprising:

providing the system of any one of claims 1-102 and 130 further comprising cells

disposed in at least one of the plurality of wells of the cartridge;

contacting the cells with a test compound; and

determining the effect of the test compound on cell differentiation, cell viability,

and/or cell function in the presence and absence of the test compound, wherein a

modulation of cell differentiation, cell viability, and/or cell function in the presence of

said test compound as compared to cell differentiation, cell viability, and/or cell

function in the absence of said test compound indicates that said test compound

modulates cell differentiation, cell viability, and/or function, thereby identifying a

compound that modulates cell differentiation, cell viability, and/or function.

137. The method of claim 136, wherein the cells are microencapsulated in a polymer.

138. The method of claim 137, wherein the polymer is alginate.

139. The method of claim 137, wherein the cells are in one or more capsules of the

polymer when the cells are disposed in the at least one of the plurality of wells.

140. The method of claim 139, wherein each of the one or more capsules has a diameter in

the range of about 250 µιη to about 500 µιη.

141. A method for identifying a compound useful for treating a disease or disorder, the

method comprising:

providing the system of any one of claims 1-102 and 130 further comprising

suitable cells disposed in at least one of the plurality of wells of the cartridge;

contacting the cells with a test compound; and

determining the effect of the test compound on cell differentiation, cell viability,

and/or cell function in the presence and absence of the test compound, wherein a

modulation of cell differentiation, cell viability, and/or cell function in the presence of

said test compound as compared to cell differentiation, cell viability, and/or cell

function in the absence of said test compound indicates that said test compound

modulates cell differentiation, cell viability, and/or function, thereby identifying a

compound useful for treating the disease or disorder.

142. The method of claim 141, wherein the cells are microencapsulated in a polymer.



143. The method of claim 142, wherein the polymer is alginate.

144. The method of claim 142, wherein the cells are in one or more capsules of the

polymer when the cells are disposed in the at least one of the plurality of wells.

145. The method of claim 144, wherein each of the one or more capsules has a diameter in

the range of about 250 µιη to about 500 µιη.

146. The method of claim 141, wherein the cells disposed in at least one of the plurality of

wells of the cartridge are pancreatic islet cells, and the effect of the test compound

on pancreatic islet cell viability and/or function in the presence and absence of the test

compound is determined.

147. The method of claim 141, wherein the disease or disorder is diabetes, the cells

disposed in at least one of the plurality of wells of the cartridge are pancreatic islet

cells, and the effect of the test compound on pancreatic islet cell viability and/or

function in the presence and absence of the test compound is determined.

148. The method of claim 141, wherein the cells disposed in at least one of the plurality of

wells of the cartridge are adipocytes and the effect of the test compound

on adipocyte viability and/or function in the presence and absence of the test

compound is determined.

149. The method of claim 141, wherein the disease or disorder is lipodystrophy, the cells

disposed in at least one of the plurality of wells of the cartridge are adipocytes, and

the effect of the test compound on adipocyte viability and/or function in the presence

and absence of the test compound is determined.

150. A method for identifying a compound that modulates pancreatic islet cell viability

and/or function, the method comprising:

providing the cartridge of any one of claims 108-128 comprising pancreatic islet

cells;

contacting the cartridge with a test compound; and

determining the effect of the test compound on pancreatic islet cell viability and/or

function in the presence and absence of the test compound, wherein a modulation of

pancreatic islet cell viability and/or function in the presence of said test compound as

compared to pancreatic islet cell viability and/or function in the absence of said test

compound indicates that said test compound modulates pancreatic islet cell viability

and/or function, thereby identifying a compound that modulates pancreatic islet cell

viability and/or function.

151. The method of claim 150, wherein the pancreatic islet cells are microencapsulated in a

polymer.

152. The method of claim 151, wherein the polymer is alginate.

153. The method of claim 151, wherein the pancreatic islet cells are in one or more

capsules of the polymer.



154. The method of claim 153, wherein each of the one or more capsules has a diameter in

the range of about 250 µιη to about 500 µιη.

155. A method for identifying a compound useful for treating diabetes, the method

comprising:

providing the cartridge of any one of claims 108-128 comprising pancreatic islet

cells;

contacting the cartridge with a test compound; and

determining the effect of the test compound on pancreatic islet cell viability and/or

function in the presence and absence of the test compound, wherein a modulation of

pancreatic islet cell viability and/or function in the presence of said test compound as

compared to pancreatic islet cell viability and/or function in the absence of said test

compound indicates that said test compound modulates pancreatic islet cell viability

and/or function, thereby identifying a compound useful for treating diabetes.

156. The method of claim 155, wherein the pancreatic islet cells are microencapsulated in a

polymer.

157. The method of claim 156, wherein the polymer is alginate.

158. The method of claim 156, wherein the pancreatic islet cells are in one or more

capsules of the polymer.

159. The method of claim 158, wherein each of the one or more capsules has a diameter in

the range of about 250 µιη to about 500 µιη.

160. A method for identifying a compound that modulates adipocyte viability and/or

function, the method comprising:

providing the cartridge of any one of claims 108-128 comprising adipocytes;

contacting the cartridge with a test compound; and

determining the effect of the test compound on adipocyte viability and/or function

in the presence and absence of the test compound, wherein a modulation of adipocyte

viability and/or function in the presence of said test compound as compared to

adipocyte viability and/or function in the absence of said test compound indicates that

said test compound modulates adipocyte viability and/or function, thereby identifying

a compound that modulates adipocyte viability and/or function.

161. The method of claim 160, wherein the adipocytes are microencapsulated in a polymer.

162. The method of claim 161, wherein the polymer is alginate.

163. The method of claim 161, wherein the adipocytes are in one or more capsules of the

polymer.

164. The method of claim 163, wherein each of the one or more capsules has a diameter in

the range of about 250 µιη to about 500 µιη.

165. A method for identifying a compound useful for treating lipodystrophy, the method

comprising

providing the cartridge of any one of claims 108-128 comprising adipocytes;



contacting the cartridge with a test compound; and

determining the effect of the test compound on adipocyte viability and/or

function in the presence and absence of the test compound, wherein a modulation of

adipocyte viability and/or function in the presence of said test compound as compared

to adipocyte viability and/or function in the absence of said test compound indicates

that said test compound modulates adipocyte viability and/or function, thereby

identifying a compound useful for treating lipodystrophy.

166. The method of claim 165, wherein the adipocytes are microencapsulated in a polymer.

167. The method of claim 166, wherein the polymer is alginate.

168. The method of claim 166, wherein the adipocytes are in one or more capsules of the

polymer.

169. The method of claim 168, wherein each of the one or more capsules has a diameter in

the range of about 250 µιη to about 500 µιη.

170. A system, comprising:

a housing including a first housing portion, a second housing portion, and a

middle housing portion disposed between the first and second housing portions, the

first housing portion and the middle housing portion forming a first chamber

therebetween, and the middle housing portion and the second housing portion forming

a second chamber therebetween, the housing including:

an inlet for introduction of a medium into the system,

an inlet channel fluidically connecting the inlet with the first chamber and

the second chamber,

an outlet, and

an outlet channel fluidically connecting the second chamber with the

outlet;

a first cartridge configured to be disposed within the first chamber, the first

cartridge including:

a first cartridge body having a first surface and a second surface and

defining a first plurality of channels disposed in the first cartridge, each

channel of the first plurality of channels extending from the first surface to the

second surface of the first cartridge body; and

at least one first porous element disposed adjacent to the second surface of

the first cartridge body at the first plurality of channels, the at least one first

porous element and the first plurality of channels forming a plurality of wells

disposed in the first cartridge, each well configured to hold one or more

biological cells;

a second cartridge configured to be disposed within the second chamber, the

second cartridge including:



a second cartridge body having a first surface and a second surface and

defining a first plurality of channels disposed in the second cartridge, each

channel of the first plurality of channels extending from the first surface to the

second surface of the second cartridge body; and

at least one second porous element disposed adjacent to the second surface

of the second cartridge body at the first plurality of channels, the at least one

second porous element and the first plurality of channels forming a plurality of

wells disposed in the second cartridge, each well configured to hold one or

more biological cells;

wherein the housing and the first and second cartridges are configured

such that when the first and second cartridges are disposed within the housing

and a medium is introduced into the inlet, the medium flows through the inlet

channel and into the first chamber and at least a first portion of the medium

flows laterally between the first surface of the first cartridge body and a

chamber wall opposite the first surface of the first cartridge body to the first

plurality of channels, flows through the first plurality of channels and the at

least one first porous element, and then flows through the inlet channel into

the second chamber, and at least a first portion of the medium flows laterally

between the first surface of the second cartridge body and a chamber wall

opposite the first surface of the second cartridge body to the first plurality of

channels, flows through the first plurality of channels and the at least one

second porous element, and then flows through the outlet channel to the outlet

of the housing.
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concept under PCT Rule 13.1 . In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I, Claims 1-102, 108-130 and 150-169 are directed toward systems comprising a housing enclosing a chamber, a cartridge
disposable within said chamber, the cartridge comprising channels and wells; and methods associated therewith.

Group II, Claims 103-107 are directed toward a system, comprising: a housing including a first housing portion and a second housing
portion forming a chamber therebetween, the housing including: an inlet for introduction of a medium including one or more biological
cells into the system; an inlet channel fluidically connecting the inlet with a central portion of the chamber; an outlet; an outlet channel
fluidically connecting the central portion of the chamber with the outlet; and a bypass channel fluidically connecting the inlet channel with
the outlet channel and bypassing the central portion of the chamber.

Group III, Claim 170 is directed toward a system, comprising a first chamber and a second chamber, a first cartridge and a second
cartridge.

The inventions listed as Groups I - III do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of Group I
include a method for identifying a compound that modulates pancreatic islet cell viability, not present in either of Groups I I or III; the
special technical features of Group I I include a bypass channel, not present in either of Groups I or III; the special technical features of
Group III include a second cartridge, not present in either of Groups I or II. ,

Groups l-lll share the technical features including: a system, comprising: a housing including a first housing portion and a second
housing portion forming a chamber therebetween, the housing including: an inlet for introduction of a medium into the system; an inlet
channel fluidically connecting the inlet with the chamber; an outlet; an outlet channel fluidically connecting a chamber with the outlet; and
a cartridge configured to be disposed within the chamber, the cartridge including: a cartridge body having a first surface and a second
surface and defining a first plurality of channels disposed in the cartridge, each channel of the first plurality of channels extending from
the first surface to the second surface of the cartridge body; and at least one porous element disposed adjacent to the second surface of
the cartridge body at the first plurality of channels, the at least one porous element and the first plurality of channels forming a plurality of
wells disposed in the cartridge, each well configured to hold one or more biological cells; wherein the housing and the cartridge are
configured such that when the cartridge is disposed within the housing and a medium is introduced into the inlet, the medium flows
through the inlet channel and into the chamber and at least a first portion of the medium flows laterally between the first surface of the
cartridge body and a chamber wall opposite the first surface of the cartridge body to the first plurality of channels, flows through the first
plurality of channels and the at least one porous element; and flows through the outlet channel to the outlet of the housing.

However, these shared technical features are previously disclosed by US 2014/0151224 A 1 to Meso Scale Technologies, LLC
(hereinafter 'Meso').

Meso discloses a system, comprising: a housing forming a chamber (a system, comprising: a housing configured to receive a cartridge
(a housing forming a chamber); paragraph [0101]), the housing including: an inlet for introduction of a medium into the system (the .
housing including: an inlet for introduction of a medium into the system; paragraph [0101], [0104]); an inlet channel fluidically connecting
the inlet with the chamber (an inlet line (channel) fluidically connecting the inlet with the chamber; paragraph [0101]); an outlet and an
outlet channel fluidically connecting a chamber with the outlet (an outlet and an outlet channel fluidically connecting a chamber with the
outlet; paragraphs [0101], [0104]); and a cartridge configured to be disposed within the chamber (a cartridge configured to be disposed . ,

within the chamber; paragraph [0101]), the cartridge including: a cartridge body having a first surface and a second surface (the i
cartridge including: a cartridge body having a first cover (surface) and a second cover (surface) paragraph [0230]) and defining a first:,
plurality of channels disposed in the cartridge (defining a first plurality of channels disposed in the cartridge; Figures 13, 14; paragraph
[0230]), each channel of the first plurality of channels extending from the first surface to the second surface of the cartridge body (each
channel of the first plurality of channels extending from the first surface to the second surface of the cartridge body; Figure 14B); and at
least one porous element (and a porous electrode (at least one porous element); paragraphs [0126], [0231]) disposed adjacent to the
second surface of the cartridge body at the first plurality of channels (disposed adjacent to the second surface of the cartridge body at
the first plurality of channels; Figure 14b, paragraphs [0231], [0235]), the at least one porous element (the at least one porous electrode
(element); paragraphs [0126], [0231], [0235]) and the first plurality of channels forming a plurality of wells disposed in the cartridge (and
the first plurality of channels forming a plurality of wells disposed in the cartridge; paragraph [0230]), each well configured to hold one or
more biological cells (each well configured to hold one or more biological cells; paragraphs [0230], [0291]); wherein the housing and the
cartridge are configured such that when the cartridge is disposed within the housing and a medium is introduced into the inlet, the
medium flows through the inlet channel and into the chamber (wherein the housing and the cartridge are configured such that when the
cartridge is disposed within the housing and a medium is introduced into the inlet, the medium flows through the inlet channel and into
the chamber; paragraph [0013]) and at least a first portion of the medium flows laterally between the first surface of the cartridge body
and a chamber wall opposite the first surface of the cartridge body to the first plurality of channels (and at least a first portion of the ,
medium flows laterally between the first surface of the cartridge body and a chamber wall opposite the first surface^f the cartridge body
to the first plurality of channels; Figures 13b, 14a; paragraph [0013]), flows through the first plurality of channels and the at least οηβ , , ·

porous element (flows through the first plurality of channels and the at least one porous element; paragraphs [0013], [0126]); and flows
through the outlet channel to the outlet of the housing (flows through the outlet channel to the outlet of the housing; paragraphs [0013],
00 8 ).

Meso does not disclose a first housing portion and a second housing portion forming a chamber therebetween. However, it would have
been obvious to a person of ordinary skill in the art at the time of the invention was made to have provided a housing configured to
receive a cartridge, as disclosed by Meso, wherein the housing comprises a first housing portion and a second housing portion forming a

Since none of the special technical features of the Groups l-lll inventions is found in more than one of the inventions, and since all of the
shared technical features are previously disclosed by the Meso reference, unity of invention is lacking.
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