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APPARATUS FOR RECONFIGURATION OF COMPONENTS IN A
MICROPHYSIOLOGICAL SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims benefit of and priority to U.S. Provisional Pat. App.
No. 62/421,833 filed Nov. 14, 2016, which is hereby incorporated by reference in its

entirety, to the extent not inconsistent herewith.

BACKGROUND OF INVENTION
[0002] Useful 3D in vitro devices for studying the functional interactions of the
microbial ecosystems on the host tissue requires individually and reliable accessing
of each of the multiple modules and components of the device, including for humans.
This is important for a number of reasons, including: preparing the various biological
compartments to receive the relevant biological materials; setting up specific
conditions; controlling operating conditions; and accessing relevant output materials,
even when experiments are ongoing. A modular apparatus allows for tuning and
controlling of the aforementioned experimental variables. Conventional modular
devices are generally held together using a sufficient number of nuts and bolts
around the effective area of the microfluidic bioreactor elements for experimentation,
including in a circular pattern. Typically in vitro micro-physiological systems require
multiple chambers of cellular culture and a perfusion chamber for nutrients, including
as described in any of PCT Pub. Nos. WO2013EP055712, WO2013EP065718; and
WQ0201344253 and U.S. Provisional App. No. 62/166,940 (filed May 27, 2015) and
PCT App. No. PCT/EP2016/062024 (filed May 27, 2016), each titled "Cell Culture
Apparatus and Culture Methods Using Same”.

[0003] However, while attempting to access the internal cellular components and
biomolecular materials directly, the manner in which the device is fluidically sealed,
particularly adjacent components contained within the device separating different
biological systems, will take time and skill by a user. For example, the time to
disassemble the device can be substantial, including 10 or 15 minutes or more for
the most skilled user. The large amount of time is associated with having to handle
each of the large number of nut and bolt fasteners, resulting in a significant time and
effort with attendant disadvantages. The disadvantages extend beyond mere

inconvenience, and include exposure to unwanted oxygen and other potential
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environmental contaminants that can penetrate and damage the cellular and
biological materials, thereby altering biology of the system and affecting test
reproducibility, especially when performing integrated omics analyses (e.g.
metabolomics), accuracy and overall quality of data results. A faster means of
disassembly that does not adversely impact device functionality and fluidic integrity
is needed to ensure reliable test results and accurate biological modeling and test

integrity.

SUMMARY OF THE INVENTION
[0004] Provided herein are various novel devices that can be reconfigured in
multiple forms suitable for achieving modular assembly and disassembly of a
microfluidic-based system that facilitates co-culture, monitoring and study of
functional interactions among different types of cellular and biological materials
under various environmental conditions. The devices described herein can minimize
risk of contamination and improve reproducibility of the system while presenting a
user with a readily manipulated and accessible system for testing or analysis of
biological systems and materials, including cell cultures. The technical problem
described herein of complex and time-consuming device disassembly and access to
various modules is solved by use of a specially configured lid and base configuration
with specially positioned clamps connected to the lid and base. The claim
mechanisms replace conventional fasteners corresponding to thread and nut

fastening systems without sacrificing reliable fluidic sealing.

[0005] Provided herein are microphysiological systems, including a device to
facilitate cell culturing. The systems may be based on a buckle clamp stage-like
apparatus that facilitate a faster assembly and disassembly of a modular microfluidic
microbiome system, organ-on-chip or other microphysiological systems. Examples
of devices compatible with the instant systems include any one or more of the
systems described in PCT Pub Nos. WO2013EP055712, WO2013EP065718, and
WQ0201344253, US Provisional App. No. 62/166940 (filed May 27, 2015) and PCT
App. No. PCT/EP2016/062024 (filed May 27, 2016), each titled "Cell Culture
Apparatus and Culture Methods Using Same”, and each of which are specifically

incorporated by reference to the extent not inconsistent herewith for any of the cell
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culture layers, biological models, fluidic controllers, sensors, actuators, and various

operating parameters.

[0006] Claim examples of microphysiological systems and related methods

include any one or more of the following:

[0007] 1. A microphysiological system comprising: a base having a recess
surface for receiving a cell culture support layer; a lid having a stepped surface
configured to exert a contact force to a top layer of a plurality of cell culture support
layers during use; and a clamp operably connected to each of said base and said lid,
said clamp having a clamp engagement mechanism to generate said contact force
and fluidically seal said plurality of cell culture support layers.

[0008] 2. The microphysiological system of claim 1, having a top surface, a
bottom surface, and a plurality of side surfaces extending between said top and
bottom surfaces to form an enclosure volume, the system further comprising
connectors positioned on a single surface to connect with fluid conduits, pumps,

actuators, sensors, or any combination thereof.

[0009] 3. The microphysiological system of claim 1 or 2, wherein said clamp
comprises: a top clamp component connected to said lid, a bottom clamp component
connected to said base, and said clamp engagement mechanism is operably
connected to said top clamp component and said bottom clamp component to

generate said contact force upon engagement.

[0010] 4. The microphysiological system of any of claims 1-3, wherein said clamp

engagement mechanism comprises a buckle.

[0011] 5. The microphysiological system of any of claims 1-4 comprising a
plurality clamps distributed around a perimeter of said base and lid to generate a
uniform contact pressure exerted on said top layer of said plurality of cell culture

support layers.

[0012] 6. The microphysiological system of any of claims 1-5, wherein said base

and lid are multi-sided and each base-lid pair side has a clamp connected thereto.
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[0013] 7. The microphysiological system of any of claim 1-6, wherein each of said
base and lid have sides with a side length, wherein said clamp extends over at least

a central 25% of said side length.

[0014] 8. The microphysiological system of any of claims 1-7, wherein: said top
clamp component comprises a holder with a plurality of orifices each configured to
receive a fastener to connect said holder to a side edge of said lid; said bottom
clamp component comprises a buckle with a plurality of orifices each configured to
receive a fastener to connect said bottom clamp to a side edge of said base; and
wherein said buckle is configured to reversibly engage with said holder and provide a
rapid disassembly to minimize an adverse biological effect on cultured biological

cells during use.

[0015] 9. The microphysiological system of any of claims 1-8, wherein said lid
stepped surface comprises: a relief feature having a relief height that is greater than
or equal to 0.05 mm and less than or equal to 0.3 mm; and/or a ratio of said relief
height to thickness of the substrates, from which the relief height extends, that is

greater than 0.01 and less than 0.1.

[0016] 10. The microphysiological system of any of claims 1-9, wherein said base
recess surface comprises:. a step recess depth that is greater than or equal to 0.05
mm and less than or equal to 0.3 mm; and/or a ratio of said recess height to
thickness of the substrate, from which the recess height extends, that is greater than
0.01 and less than 0.1.

[0017] 11. The microphysiological system of any of claims 1-10, wherein: said lid
stepped surface and said base recess surface are configured to provide a deflection
angle of said lid, said base, or both, that is greater than 0.1 degrees and less than
10 degrees and to maintain a uniform contact pressure against said cell culture

support layers during use.

[0018] 12. The microphysiological system of any of claims 1-11 having a plurality

of step surfaces and/or a plurality of recess surfaces.
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[0019] 13. The microphysiological system of any of claims 1-12 having a footprint
area less than or equal to 6400 mm? or less than or equal to 10 inch x 10 inch

square).

[0020] 14. The microphysiological system of any of claims 1-13 having a total

assembled height less than or equal to 90 mm (3.5 inches).

[0021] 15. The microphysiological system of any of claims 1-14 further comprising
a plurality of legs connected to or extending from said base to support said

apparatus on a support surface.

[0022] 16. The microphysiological system of any of claims 1-15 comprising a four-
sided lid and corresponding four-sided base, with a clamp operably connected to

each pair of lid and base sides.

[0023] 17. The microphysiological system of any of claims 1-16, configured to
receive a plurality of cell culture support layers that are circular, ellipsoid, rectangular

or square.

[0024] 18. The microphysiological system of any of claims 1-17, wherein said
plurality of cell culture support layers comprises at least three cell cultivation layers
and at least two membranes, wherein one membrane separates adjacent cell
cultivation layers, wherein said cell culture layers and membranes have a total

thickness that is less than or equal to 3 mm.

[0025] 19. The microphysiological system of any of claims 1-18, wherein said
plurality of cell culture layers comprises a lock-and-key alignment feature to align

and fixably position each of said layers.

[0026] 20. The microphysiological system of any claims 1-19, having an assembly
and/or disassembly time that is less than 5 minutes. The unique configuration of the
base and lid, in combination with the reliable clamp engagement mechanism

provides this fast assembly/disassembly time.

[0027] 21. The microphysiological system of any of claims 1-20, further

comprising access ports through a top surface of said lid for operably connecting
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biological sensors, controllers and/or fluidic inlets and outlets to said cell culture

support layers.

[0028] 22. The microphysiological system of any of claims 1-21, wherein the
clamps are configured to facilitate optical imaging of cells on at least one of the cell
culture support layers, optionally during use of the system, after partial disassembly
of the system, or after complete removal of the cell culture support layer from the

system.

[0029] 23. A method of cell culturing comprising the steps of: providing a
microphysiological system of any of claims 1-22; placing a plurality of cell culture
support layers in said base; clamping said base to said lid; and introducing biological
fluid and biological cells to said cell culture support layers, wherein said clamping
step fluidically seals adjacent layers of said plurality of cell culture support layers to
avoid unwanted leakage out of channels or chambers formed between adjacent cell

culture support layers.

[0030] Without wishing to be bound by any particular theory, there may be
discussion herein of beliefs or understandings of underlying principles relating to the
devices and methods disclosed herein. It is recognized that regardless of the
ultimate correctness of any mechanistic explanation or hypothesis, an embodiment

of the invention can nonetheless be operative and useful.

BRIEF DESCRIPTION OF THE DRAWINGS
[0031] FIG. 1. Schematic of a microphysiological system showing the lid and
base made of an optically transparent plastic, such as polycarbonate or COC (cyclic
olefin copolymer). The clamp components are shown on one side of the device, with
passages through the other sides of the lid and base illustrating that multiple clamps
may be used. Fasteners may connect the top clamp component to the lid side and
bottom clamp component to the base, with a quick-release rotatable clamp to tightly
engage the lid and base. One clamp may be positioned on each of the four sides,
with recess and relief features in the base and lid ensuring fluidic seal of culture
support layers in the interior space formed by the base and lid. The clamp is
illustrated as having stainless steel 3 mm bolts and stainless steel buckles. Of

course, the clamps can formed from any number of materials, including but not
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limited to, plastic materials. Similarly, the clamps and various other components
may be integrated with other portions of the system, such as by an injection molding

process, as desired.

[0032] FIG. 2. Solid schematic view of the microphysiological system. The clamp
components are shown on one side of the device as an example for illustrative

purpose.

[0033] FIG. 3. Schematic illustration of the lid and top face of the base,
particularly pointing out the step and recess features for reliable placement of, and
force on, the cell culture support layers. The larger orifices provide connection of

fluidic controllers, sensors and the like to the support layers.

[0034] FIG. 4. Schematic of the microphysiological system, further illustrating
various components, particularly the clamp components, which are shown on one

side of the device as an example.

[0035] FIG. 5. A conventional cell culture device that is held together with a set of
16 M2 nuts-and-bolts arranged in a circular pattern to bond the multi-layer device

and gaskets together to achieve a fluidic seal.

[0036] FIG. 6. A cell culture device, wherein a set of manual clamps exert a force

to fluidically seal and/or find and remove fluid leakage points.

[0037] FIG. 7. Photograph of a cell culture device, fluidically sealed with a press-

style clamp.

[0038] FIG. 8. Comparison of resultant system sizes for press-style (top image)
versus the instant buckle-style clamp (bottom image). In addition, the buckle-style
clamp maximizes accessibility to the top surface of the device, making it a
convenient location for fluid conduits, connects, sensors and the like.

[0039] FIG. 9. Photographs of a microphysiological system (top left), showing
close-up views of the buckle (top middle), interior positioned stack of cell culture
support layers (top right), individual layers of the cell culture support layers and
disconnected lid and base (bottom left), and lock-and-key alignment features (bottom
right).
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[0040] FIG. 10. Close-up of the lock-and-key alignment, illustrating pins for the

assembly and alignment of the layers.

[0041] FIG. 11. A series of photographs illustrating a vacuum chuck accessory
that assists the user in handling thin layer membranes during the assembly of the

microphysiological system.

[0042] FIG. 12. Schematics illustrating the relief and recess features (not to-
scale) in the base and the lid of the microphysiological system, and the benefits
thereof. The top image illustrates the effect of not having relief and recess features
in the base and the lid, whereby clamping of the system causes bowing in the center,
and a non-uniform contact pressure on the cell culture support layers, risking
unwanted leakage. The bottom image illustrates the relief and recess features of the
base and the lid to minimize and prevent bowing and provide uniform contact
pressure on the cell culture support layers, which prevents unwanted fluid leakage
out of the system or between layers thereof. In addition, the geometric design
ensures even for bowing or curvature of the lid there remains a reliable contact and

pressure exertion, even on the middle region of the cell culture support layers.

DETAILED DESCRIPTION OF THE INVENTION
[0043] In general, the terms and phrases used herein have their art-recognized
meaning, which can be found by reference to standard texts, journal references and
contexts known to those skilled in the art. The following definitions are provided to

clarify their specific use in the context of the invention.

[0044] “Operably connected” refers to a configuration of elements, wherein an
action or reaction of one element affects another element, but in a manner that

preserves each element’s functionality.

[0045] “Membrane” refers to a semi-permeable layer that is permeable to a pre-
determined class of fluids or particles, such as nucleic acids, proteins or small
molecules for applications that collect metabolites or byproducts representative of
the interactions or communication between the animal cells and the microbiota, and

that are impenetrable by a pre-determined class of biological cells.
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[0046] Microphysiological systems includes “cell culture apparatus” that can be
used to grow, culture and study any number of cell types, including animal cells,

bacterial cells, viruses and biochemically active agents.

[0047] “Cell culture support layer” refers to any layer within the microphysiological
system, or cell culture apparatus ,that assists in the function of the
microphysiological system. Cell culture support layers include, but are not limited to,
layers that involve lock-and-key alignment features, layers that allow for the
introduction or removal of biological material, and layers that allow for the

introduction or removal of liquid or gaseous fluids.

[0048] “Uniform contact pressure” refers to a force exerted onto a layer of the cell
culture support layers that is relatively uniformly distributed over the entire surface
area. Because pressure is a force per unit area, such a uniform force may be
described as having a uniform pressure over the corresponding surface area that the
force is exerted. In the instant devices, the specially constructed recess and/or step
features, provides a platform for ensuring a uniform pressure onto the adjacent cell
culture support layer. Uniform contact pressure may optionally be quantifiably
defined, such as a maximum or minimum pressure point over a region of at least
90% of the surface that deviates by less than or equal to 20%, less than or equal to

10%, or less than or equal to 5% of the average pressure over the entire surface.

[0049] “Fluidic seal” or “fluidically sealed” refers to a combination of components
or layers that confine fluid to a desired location. For example, a fluidically sealed cell
culture support layer system refers to fluid that does not leak into the system, out of
the system, or flow in an unwanted manner between adjacent layers. Of course, the
system can tolerate minor leakage and remain functional.

[0050] The system, and components thereof, are illustrated in FIGs. 1-4,
including a base and lid with recess and stepped surfaces to hold a plurality of cell
culture support layers (see, e.g., FIG. 9, bottom, left panel), and clamps (only one

shown in FIGs 1-2 to improve clarity; four shown in FIGs. 8-9).

[0051] The original clamping system for the devices relied on a set of nuts and
bolts to bond the multi-layer device and gaskets together (FIG. 5). It worked best to

torque them all similarly to prevent leakage. The time involved was usually 15 to 20
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minutes of placement and tightening. This was a large amount of time to spend

under a bio-hood to prevent contamination while assembling the device.

[0052] A first solution to this problem is a system with a press to apply the
pressure evenly over the device surface, essentially pinching the multi-layers,
holding them together and preventing leakage (FIG. 6). The device was successful,
after a few iterations, finding the correct pressure points and the right amount of
force necessary to pinch the system together. However, the system (FIG. 7) was
much larger than originally planned and was quite cumbersome to handle while
priming the multi-layer device. It also took up too much room in an incubator and,
therefore, limited the quantity that could be run to two devices or, at most three with

some inventive arrangements, for conventionally-sized incubators.

[0053] The instant microphysiological system, or cell culture apparatus, solves
the problems associated with the original multi-layer closure system. It allows quick
and easy assembly of the multi-layer device. With the use of recessed and stepped
surfaces on the lid and base, the apparatus puts pressure where needed to solve
leakage issue. A clamping mechanism applies an even and uniform pressure on the
cell culture apparatus layers. The apparatus is compact (FIG. 8), allowing for more
devices to be processed in a single incubator. Because of the quick assembly, there
is less chance for contamination. It is easily handled and manipulated for being able

to prime the device.

[0054] Multiple cell culture support layers (FIG. 9) are used to accurately align the
cell culture the membrane and culture layers as well as apply even pressure onto the
membrane and culture layers. The cell culture support layers assist in minimizing
leakage of fluid and biological materials outside of the areas intended to contain said
fluids and materials. For example, some cell culture support layers comprise lock-
and-key alignment features (FIG. 10). The cell culture support layers also have
access ports/holes for connecting biological sensors, controllers, and/or fluidic inlets
and outlets (FIG. 8). Thin layer membranes that are difficult to handle reliably, may

be handled with a vacuum accessory (FIG. 11).

10
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[0055] An accessory that uses vacuum (suction) assists the user in handling thin
layer membranes during the assembly of the modular microphysiological system, or

cell culture apparatus (FIG. 11).

[0056] The lid of the microphysiological system has relief features and the base of
the microphysiological system has complimentary recess features that, upon
clamping, are configured to generate pressure on areas of the multi-layer device to
prevent leakage past the gaskets, between adjacent layers, etc. (FIG. 12). During
clamping, the assembly of cell culture support layers is slightly bent because the
center part of the lid presses the device down in the middle first, causing the outer
edges of the device on the bottom plate to also press first. As the clamp is closed
tighter, the next step on top presses down a bit further outward, and vice-versa, the
bottom plate presses more on the same feature. The last step to contact the multi-
layer device is the outer edge which presses down at the same time that the bottom
center is contacting. The plastic material from which the base and the lid are made
bends under the pressure of the clamps, so the step-and-recess feature takes
advantage of this property from the plastic. Without the aforementioned relief-and-
recess features, the pressure applied upon clamping would warp the lid as well as
the top of the base, which may be made of plastic, such that there would be little or
no pressure on the center of the assembly of cell culture support layers, thereby
causing leakage through gaskets and across fluidic channels. The device is
exemplified as having relief features on the lid and corresponding recess features on
the base. Of course, the system may be configured for relief features on the base

and corresponding recess features on the lid.

STATEMENTS REGARDING INCORPORATION BY REFERENCE
AND VARIATIONS

[0057] All references throughout this application, for example patent documents
including issued or granted patents or equivalents; patent application publications;
and non-patent literature documents or other source material; are hereby
incorporated by reference herein in their entireties, as though individually
incorporated by reference, to the extent each reference is at least partially not
inconsistent with the disclosure in this application (for example, a reference that is
partially inconsistent is incorporated by reference except for the partially inconsistent

portion of the reference).

11
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[0058] The terms and expressions which have been employed herein are used as
terms of description and not of limitation, and there is no intention in the use of such
terms and expressions of excluding any equivalents of the features shown and
described or portions thereof, but it is recognized that various modifications are
possible within the scope of the invention claimed. Thus, it should be understood that
although the present invention has been specifically disclosed by preferred
embodiments, exemplary embodiments and optional features, modification and
variation of the concepts herein disclosed may be resorted to by those skilled in the
art, and that such modifications and variations are considered to be within the scope
of this invention as defined by the appended claims. The specific embodiments
provided herein are examples of useful embodiments of the present invention and it
will be apparent to one skilled in the art that the present invention may be carried out
using a large number of variations of the devices, device components, methods
steps set forth in the present description. As will be obvious to one of skill in the art,
methods and devices useful for the present methods can include a large number of

optional composition and processing elements and steps.

[0059] When a group of substituents is disclosed herein, it is understood that all
individual members of that group and all subgroups are disclosed separately.
Specific names of compounds are intended to be exemplary, as it is known that one

of ordinary skill in the art can name the same compounds differently.

[0060] Every formulation or combination of components described or exemplified

herein can be used to practice the invention, unless otherwise stated.

[0061] Whenever a range is given in the specification, for example, a temperature
range, a time range, or a composition or concentration range, all intermediate ranges
and subranges, as well as all individual values included in the ranges given are
intended to be included in the disclosure. It will be understood that any subranges or
individual values in a range or subrange that are included in the description herein

can be excluded from the claims herein.

[0062] All patents and publications mentioned in the specification are indicative of
the levels of skill of those skilled in the art to which the invention pertains.

References cited herein are incorporated by reference herein in their entirety to

12
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indicate the state of the art as of their publication or filing date and it is intended that
this information can be employed herein, if needed, to exclude specific embodiments
that are in the prior art. For example, when composition of matter are claimed, it
should be understood that compounds known and available in the art prior to
Applicant's invention, including compounds for which an enabling disclosure is
provided in the references cited herein, are not intended to be included in the

composition of matter claims herein.

[0063] As used herein, “comprising” is synonymous with "including," "containing,"
or "characterized by," and is inclusive or open-ended and does not exclude
additional, unrecited elements or method steps. As used herein, "consisting of"
excludes any element, step, or ingredient not specified in the claim element. As used
herein, "consisting essentially of" does not exclude materials or steps that do not
materially affect the basic and novel characteristics of the claim. In each instance
herein any of the terms "comprising", "consisting essentially of" and "consisting of"
may be replaced with either of the other two terms. The invention illustratively
described herein suitably may be practiced in the absence of any element or

elements, limitation or limitations which is not specifically disclosed herein.

[0064] One of ordinary skill in the art will appreciate that starting materials,
biological materials, reagents, synthetic methods, purification methods, analytical
methods, assay methods, and biological methods other than those specifically
exemplified can be employed in the practice of the invention without resort to undue
experimentation. All art-known functional equivalents, of any such materials and
methods are intended to be included in this invention. The terms and expressions
which have been employed are used as terms of description and not of limitation,
and there is no intention that in the use of such terms and expressions of excluding
any equivalents of the features shown and described or portions thereof, but it is
recognized that various modifications are possible within the scope of the invention
claimed. Thus, it should be understood that although the present invention has been
specifically disclosed by preferred embodiments and optional features, modification
and variation of the concepts herein disclosed may be resorted to by those skilled in
the art, and that such modifications and variations are considered to be within the

scope of this invention as defined by the appended claims.
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We claim:

1. A microphysiological system comprising:
a base having a recess surface for receiving a cell culture support layer,;
a lid having a stepped surface configured to exert a contact force to a top
layer of a plurality of cell culture support layers during use; and
a clamp operably connected to each of said base and said lid, said clamp
having a clamp engagement mechanism to generate said contact force and

fluidically seal said plurality of cell culture support layers.

2. The microphysiological system of claim 1, having a top surface, a bottom surface,
and a plurality of side surfaces extending between said top and bottom surfaces
to form an enclosure volume, the system further comprising connectors
positioned on a single surface to connect with fluid conduits, pumps, actuators,

sensors, or any combination thereof.

3. The microphysiological system of claim 1, wherein said clamp comprises:
a top clamp component connected to said lid,
a bottom clamp component connected to said base, and
said clamp engagement mechanism is operably connected to said top clamp
component and said bottom clamp component to generate said contact force

upon engagement.

4. The microphysiological system of claim 3, wherein said clamp engagement
mechanism comprises a buckle.

5. The microphysiological system of claim 1, further comprising a plurality clamps
distributed around a perimeter of said base and lid to generate a uniform contact

pressure exerted on said top layer of said plurality of cell culture support layers.

6. The microphysiological system of claim 5, wherein said base and lid are multi-

sided and each base-lid pair side has a clamp connected thereto.

15



10

WO 2018/090035 PCT/US2017/061602

7. The microphysiological system of claim 1, wherein each of said base and lid have
sides with a side length, wherein said clamp extends over at least a central 25%
of said side length.

8. The microphysiological system of claim 3, wherein:
said top clamp component comprises a holder with a plurality of orifices each
configured to receive a fastener to connect said holder to a side edge of said
lid;
said bottom clamp component comprises a buckle with a plurality of orifices
each configured to receive a fastener to connect said bottom clamp to a side
edge of said base; and
wherein said buckle is configured to reversibly engage with said holder and
provide a rapid disassembly to minimize an adverse biological effect on
cultured biological cells during use.

9. The microphysiological system of claim 1, wherein said lid stepped surface
comprises:
a relief feature having a relief height that is greater than or equal to
0.05 mm and less than or equal to 0.3 mm; and/or
a ratio of said relief height to thickness of the substrates, from which

the relief height extends, that is greater than 0.01 and less than 0.1.

10. The microphysiological system of claim 1, wherein said base recess surface
comprises:
a step recess depth that is greater than or equal to 0.05 mm and less
than or equal to 0.3 mm; and/or
a ratio of said recess height to thickness of the substrate, from which

the recess height extends, that is greater than 0.01 and less than 0.1.

11. The microphysiological system of claim 1, wherein:
said lid stepped surface and said base recess surface are configured to
provide a deflection angle of said lid, said base, or both, that is greater than
0.1 degrees and less than 10 degrees and to maintain a uniform contact

pressure against said cell culture support layers during use.
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12. The microphysiological system of any of claims 9-10 having a plurality of step

surfaces and/or a plurality of recess surfaces.

13. The microphysiological system of claim 1 having a footprint area less than or

equal to 6400 mm?,

14. The microphysiological system of claim 1, having a total assembled height less

than or equal to 90 mm (3.5 inches).

15. The microphysiological system of claim 1, further comprising a plurality of legs
connected to or extending from said base to support said apparatus on a support

surface.

16. The microphysiological system of claim 1, comprising a four-sided lid and
corresponding four-sided base, with a clamp operably connected to each pair of

lid and base sides.

17. The microphysiological system of claim 16, configured to receive a plurality of cell

culture support layers that are circular, ellipsoid, rectangular or square.

18. The microphysiological system of claim 1, wherein said plurality of cell culture
support layers comprises at least three cell cultivation layers and at least two
membranes, wherein one membrane separates adjacent cell cultivation layers,
wherein said cell culture layers and membranes have a total thickness that is less

than or equal to 3 mm.

19. The microphysiological system of claim 18, wherein said plurality of cell culture
layers comprises a lock-and-key alignment feature to align and fixably position

each of said layers.

20. The microphysiological system of claim 1, having an assembly and/or

disassembly time that is less than 5 minutes.
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21. The microphysiological system of claim 1, further comprising access ports
through a top surface of said lid for operably connecting biological sensors,

controllers and/or fluidic inlets and outlets to said cell culture support layers.

22. The microphysiological system of claim 1, wherein the clamps are configured to
facilitate optical imaging of cells on at least one of the cell culture support layers,
optionally during use of the system, after partial disassembly of the system, or

after complete removal of the cell culture support layer from the system.

23. A method of cell culturing comprising the steps of:
providing a microphysiological system of claim 1;
placing a plurality of cell culture support layers in said base;
5 clamping said base to said lid;

introducing biological fluid and biological cells to said cell culture support
layers,

wherein said clamping step fluidically seals adjacent layers of said plurality of cell

culture support layers to avoid unwanted leakage out of channels or chambers

10 formed between adjacent cell culture support layers.
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