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DESCRIPTION

[0001] The present invention relates to the field of in-vitro cultivation of cells, more specifically
to the generation and/or propagation of microtissues, and in particular to devices for
generating and or propagating microtissues, to methods of manufacturing such devices, and to
the use of said devices.

[0002] Microtissues comprise a plurality of homotypic or heterotypic cells, preferably
mammalian cells, more preferably human cells. In microtissues, cells grow and/or interact
within their surroundings in all three dimensions in an artificially-created environment. Such 3D
cell cultures more closely resemble the in vivo surroundings of the cells. Microtissues are also
designated as spheroids, and provide a more accurate model system for cellular, physiological
and/or pharmaceutical studies than cells grown in conventional two dimensional cultures.

[0003] For conventional two dimensional cell cultures, the cells are propagated in cell culture
flasks, petri dishes or wells of a multiwell plate. These cell culture devices permit or even
promote adherence of the cells to the inner lining of the culture vessel, i.e. the flask, dish or
well. Multiwell plates became widely used in two dimensional cell cultures due to the small
sample volumes required for cell propagation, and for their suitability for simultaneously
propagating a plurality of different cell samples within a single device.

[0004] For microtissue formation, it is necessary to prevent adhesion of the cells to the inner
lining of the culture vessel, because their adherence to the culture vessel's inner lining would
impair the desired three dimensional aggregation of the cells within the culture medium.

[0005] Various approaches have been made for generating microtissues and preventing
adherence of the cells to the inner lining of a culture vessel. One approach for forming
microtissues is the scaffold-free hanging-drop method, wherein the cells are propagated in a
hanging drop. Multiwell plates for simultaneous formation of a plurality of microtissues pursuant
to the scaffold-free hanging-drop method are commercially available under the tradename

GravityPLUS™ from InSphero AG, Schlieren, CH.

[0006] Another approach for generating microtissues is utilizing multiwell plates comprising

non-adhesively coated wells, for example the GravityTRAP™ plate of InSphero AG, Schlieren,
CH. This is a special non-adhesively coated 96-well multiwell plate which is designed to receive
and accommodate microtissues for long-term cultivation and analysis. The microtissues are
positioned in an observation chamber at the bottom of each well, wherein the vertical axis of
said observation chamber is centered with the vertical axis of the remainder of the well.
Application WO2015001397 A related to a device for culturing biological matter comprising
wells. The device comprises a culture well and washing well. The culture well comprises a
culture well depression with a rim.

[0007] However, utilizing non-adhesively coated multiwell plates for propagating microtissues
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require extraordinary caution when handling the multiwell plates, in particular upon removal or
exchange of the culture medium. The non-adherence of the microtissue renders them
vulnerable to be aspirated inadvertently along with the culture medium in case of undue care.
The likelihood of microtissues for being aspirated also poses problems for automatic handling
procedures in propagating microtissue cell cultures. An object of the present invention was
therefore to provide a device for propagating microtissues, wherein the risk of aspirating the
microtissue is avoided or at least significantly reduced, wherein the microtissue remains largely
undisturbed when the culture medium is replace with fresh medium, and which device may
therefore also be used in automatic microtissue cultivation procedures.

[0008] According to a first aspect, the invention provides a device for propagating at least one
microtissue, said device comprising at least one well.

[0009] According to a second aspect, the invention provides a method for manufacturing a
device for propagating at least one microtissue.

[0010] According to a third aspect, the invention provides the use of a device according to the
first aspect for propagating microtissues.

[0011] According to a further aspect, the invention provides a method for generating and/or
propagating microtissues utilizing the device of the first aspect.

[0012] According to a further aspect, the invention provides a system for generating and/or
propagating microtissues, said system comprising a device according to the first aspect of the
invention.

[0013] According to a further aspect, the invention provides the use of the system for
generating and/or propagating microtissues.

[0014] According to yet another aspect, the invention provides a method of generating and/or
propagating microtissues utilizing the system.

FIG. 1
shows a cross-sectional perspective view of an embodiment of the device according to
the invention, wherein the device is configured as a multiwell plate comprising an array
of wells.

FIG. 2
represents a cross-sectional perspective view of an embodiment of the device according
to the invention.

FIG. 3a
represents a cross-sectional perspective view of different well configurations that may be
present in an embodiment of a device according to the invention.

FIG. 3b
represents a cross-sectional perspective view of different well configurations that may be
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present in an embodiment of a device according to the invention.

Fig. 3c
represents a cross-sectional perspective view of different well configurations that may be
present in an embodiment of a device according to the invention.

FIG. 4
shows a cross sectional view of different well configurations that may be present in an
embodiment of a device according to the invention, and illustrates how microtissues can
be generated and propagated using the device.

FIG. 5
is a perspective drawing of an embodiment of a system according to the invention,
wherein the device is present in form of a multiwell plate, and wherein the system further
comprises a scaffold-free hanging-drop plate.

FIG. 6
is a cross-sectional drawing of a portion of the system as shown in FIG. 5.

FIG. 7
is a cross-sectional drawing of a portion of another system including a device according
to the invention in form of a well, and a portion of a scaffold-free hanging-drop plate.

[0015] According to the first aspect, the present invention provides a device for propagating at
least one microtissue, said device comprising at least one well. Said at least one well
comprises an open upper section which comprises an open upper end and an open lower end,
and a lower section comprising an open upper end and a bottom end, wherein the upper
section and the lower section are in fluid communication with each other, and wherein the
bottom end of the lower section of said at least one well is provided with a well bottom, said
lower section of said at least one well having a smaller cross-sectional area than the open
upper section of the well, preferably a smaller cross-sectional area than the open upper end
and/or the open lower end of the open upper section.

[0016] The open upper section of the at least one well is configured for receiving and removing
any bulk culture medium that is filled into or removed from the well. The open upper section
thus constitutes the reservoir for the bulk of the culture medium within the well for the cells in
culture within the well. The open upper section is therefore considered to be the liquid handling
compartment of the well. The open upper end of the open upper section is configured as fluid
receiving aperture of the well.

[0017] The open upper section comprises an open lower end. In an embodiment, the walls of
the open upper section are essentially perpendicular with respect to the plane of an even
surface the device is placed on. Preferably the inner lining extending from the upper end of the
open upper end to the open lower end of the open upper section is essentially vertical when
the device is placed on an even horizontal surface. In another embodiment, the walls of the
open upper section taper and thereby configure a conical open upper section. Tapering of the
open upper section may be towards the open upper end or towards the open lower end of the



DK/EP 3317394 T3

open upper section of the at least one well.

[0018] In an embodiment, the open upper section of the at least one well may have a circular,
oval, triangular, quadratic, rectangular or polygonal cross section at its open upper end and/or
its open lower end and/or anywhere between the open upper end and the open lower end of
the open upper section.

[0019] The lower section of the at least one well has an open upper end which is in fluid
communication with the open lower end of the open upper section such that fluid provided in
the open upper section may flow into the lower section. The lower section comprises a bottom
end comprising a well bottom.

[0020] The lower section of the at least one well may have a circular, oval, triangular,
quadratic, rectangular or polygonal cross section at its open upper end and/or its bottom end
and/or anywhere between the open upper end and the open lower end of the open upper
section.

[0021] Typically, the walls of the lower section are essentially perpendicular with respect to the
plane of an even surface the device is placed on. Preferably the inner lining of the lower
section is essentially vertical when the device is placed on an even horizontal surface.

[0022] The lower section of said at least one well has a smaller cross-sectional area than the
open upper section of the well, preferably a smaller cross-sectional area than the open upper
end and/or the open lower end of the open upper section. The term "cross-sectional area"
refers to the area of a virtual plane being disposed perpendicular to the longitudinal / vertical
axis of the section.

[0023] The lower section of the well constitutes the microtissue formation chamber of said well.
Providing a well with a lower section having smaller diameter has the advantage that less
culture medium is required for propagating the microtissue in the well, compared to
propagating a microtissue in a conventional well. In addition, microscopic inspection of the
microtissue is facilitated, because extensive search for the microtissue in the well is avoided.
The presence of a microtissue formation chamber at the lower end of a well enables automatic
microscopic inspection and/or morphological analysis of the microtissues.

[0024] According to the invention, the lower section of the at least one well is excentrically
arranged with respect to the longitudinal axis of the open upper section of the same well. The
longitudinal axis of the open upper section extends perpendicular to the bottom plane of the
well from the center of the open upper end of the upper section to the center of the open lower
end of the upper section. Thus, the longitudinal axis corresponds to the vertical axis of the
open upper section. From the top view perspective, the vertical axis of the lower section, which
extends from the center of the open upper end of the lower section to the center of the bottom
end of the lower section, is not centered with the vertical axis of the open upper section.



DK/EP 3317394 T3

[0025] The lumen of the at least one well of the device is defined by its inner lining of well's
bottom and wall(s). The wall(s) of the at least one well may be transparent, translucent or
colored, preferably black or white. In an additional and/or alternative embodiment, the wall(s)
of the at least one well is/are impervious to light, e.g. impervious to visible light and/or
impervious to ultra violet light.

[0026] Wells possessing walls being impervious to visible and/or UV light are advantageous for
microscopic inspection of the microtissues or microtissues, because scattering of light from
and/or to - for example - adjacent wells is prevented. Thereby, microscopic analysis of the
microtissue in a well is simplified and facilitated.

[0027] The at least one well comprises a bottom: Said bottom defines the lower end of the
lower section of the well. In an embodiment, said bottom is flat and preferably transparent
and/or thin walled. In an additional and/or alternative embodiment, the bottom of the well
permits microscopic inspection of the well's lower section's content, i. e. the microtissue, by
means of an inverted microscope. The bottom of the well may either be made of the same
material as the wall(s) of the well, or the bottom of the well may consist of a different material
than that constituting the well's wall(s). In an additional and/or alternative embodiment, the
bottom of the at least one well is provided by a layer having an essentially homogeneous
thickness of between about 100 um to about 250 uym, preferably a homogeneous thickness of
about 180 ym. In another embodiment, the bottom of the at least one well comprises a pit.
Said pit may have a V-shape, a U-shape or may be present in the form of an inverted pyramid.
Providing the bottom of the at least one well with a pit allows keeping the concentration of cells
high when a very small volumes of cell suspension is employed for generating a microtissue.

[0028] According to the invention, the at least one well further comprises an intermediate
section. Said intermediate section is disposed between the open upper section and the lower
section, more specifically between the open lower end of the open upper section and the open
upper end of the lower section. The intermediate section provides a flow path between the
upper section and the lower section.

[0029] According to the invention, the intermediate section is configured to provide a pipetting
stage. The pipetting stage is configured as a platform within the well, said platform has a slope
such that any fluid applied to the platform can drain off into the lower section. The slope of the
pipetting platform has an angle of at least 5°.

[0030] The slope of the pipetting stage has an angle of not more than 45°, preferably of not
more than 35°, more preferably of not more than 25°, and most preferably of not more than
15°.

[0031] Most preferably, the slope of the pipetting platform has an angle of 10°.

[0032] The angle of the slope is to be understood as the angle between the plane or the
pipetting stage and the plane of the horizontal cross sectional area, which is parallel to the
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plane of the multiwell plate where the pipetting stage is in contact with the wall of the upper
section of the well.

[0033] According to the invention, the intermediate section further comprises a chute. Said
chute is provided between the pipetting stage and the lower portion of a well.

[0034] The chute may be configured as an area and/or as a groove.

[0035] The chute has a slope, wherein the slope of the chute is steeper than the slope of the
pipetting stage within the same well.

[0036] The pipetting stage and/or the chute may be present in a well on only one inner side of
the well, on two adjacent inner sides of the well, on three inner sides of the well, or on all four
or all inner sides of the well.

[0037] In an additional and/or alternative embodiment, at least a portion of the at least one well
comprises an ultra-low adhesion surface. In an additional and/or alternative embodiment, at
least the lower section of the at least one well is provided with an ultra-low adhesion surface.
The ultra-low adhesion surface may consist of a coating layer consisting of a hydrogel such as
agarose, or of a coating layer consisting of 2-methacryloyloxyethyl phosphorylcholine (MPC).
Providing at least the lower section with an ultra-low adhesion surface prevents adhesion of the
cells to the inner lining of the microtissue formation chamber. This aids in promoting
microtissue formation within the microtissue formation chamber.

[0038] In an additional and/or alternative embodiment at least a portion of the bottom of the
lower section of at least one well comprises a hydrophobic surface. Providing the bottom of the
at least one well with a small hydrophobic area allows the placement and formation of a
miniscule hydrogel/cell droplet which does not deliquesce. Thus, a droplet keeps its
configuration which sustains while any hydrogel present in the droplet polymerizes.

[0039] In an embodiment, the device for propagating a microtissue comprises a plurality of
wells, wherein at least one well, preferably all wells are configured as described herein before
for the at least one well.

[0040] In an additional and/or alternative embodiment, the plurality of wells are configured as a
row of wells. Said row of well preferably comprises two, four, six, eight, ten or twelve wells,
preferably in consecutive order.

[0041] In an additional and/or alternative embodiment of the device comprising a plurality of
wells, at least one well, preferably all wells of the device comprise a ring structure at the upper
end of the open upper section. Said ring structure extends in perpendicular direction from the
upper end of the wells. Preferably, said ring structure has the same cross-section as the open
upper section at its open upper end. The presence of such ring structures prevents drops from
spreading into neighboring wells, in particular when microtissues are generated in a scaffold-
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free hanging drop environment utilizing the device of the present invention by having it turned
upside down while the microtissue forms.

[0042] In an additional embodiment, the ring structures of adjacent wells are configured such
that they are not in contact with each other.

[0043] In an alternative and/or additional embodiment, the device for propagating a
microtissue is configured as a multiwell plate, preferably as a multiwell plate of the standard
SBS/ANSI format.

[0044] In another and/or alternative embodiment, said multiwell plate comprises 96 wells,
preferably in an 8 x 12 array. In an alternative embodiment, the multiwell plate comprises 384
wells, preferably in a 16 x 24 array. In a further embodiment, said multiwell plate comprises
1536 wells, preferably in a 32 x 48 array.

[0045] In an embodiment of a 96-well version of the multiwell plate, the length of the inner
edge or inner diameter of the open end of the open upper section is preferably at least 5.0
mm, more preferably at least 6.0 mm, and most preferably at least 7.0 mm. The length of the
inner edge or inner diameter of the open end of the open upper section is less than 8.5 mm,
preferably less than 8.0 mm, more preferably less than 7.5 mm.

[0046] In an embodiment of a 96 well version of the multiwell plate, the length of the inner
edge or inner diameter of the lower section is at least 0.1 mm, preferably at least 0.25 mm,
and more preferably at least 0.5 mm. The length of the inner edge or inner diameter of the
lower section is less than 4.5 mm, preferably less than 4.0 mm, more preferably less than 2.0
mm, and most preferably less than 1.5 mm.

[0047] In an embodiment of the 96-well version of the multiwell plate, the lower section has a
height of at least 0.1 mm, preferably of at least 0.375 mm, more preferably of at least 0.5 mm.
The height of the lower section preferably does not exceed 1.5 mm.

[0048] In an additional and/or alternative embodiment of the 96-well version of the multiwell
plate, the lower section has a volume of at least 0.0007 pl, preferably a volume of about 0.4 ul,
and more preferably a volume that does not exceed 30.4 pl.

[0049] In an additional and/or alternative embodiment of the 96-well version of the multiwell
plate, the ratio of the cross sectional areas of the lower section and the open upper end of the
upper section is at least 1 : 1.57 and preferably less than 1 : 9200. More preferably, the ratio of
the cross sectional areas of the lower section and the open upper end of the upper section is in
the range of from about 1 : 50 to about 1 : 83.

[0050] In an embodiment of a 384-well version of the multiwell plate, the length of the inner
edge or inner diameter of the open end of the open upper section is preferably at least 3.0
mm, more preferably at least 3.5 mm, and most preferably at least 3.7 mm. The length of the
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inner edge or inner diameter of the open end of the open upper section is less than 4.0 mm.

[0051] In an embodiment of a 384-well version of the multiwell plate, the length of the inner
edge or inner diameter of the lower section is at least 0.1 mm, preferably at least 0.25 mm,
and more preferably at least 0.5 mm. The length of the inner edge or inner diameter of the
lower section is less than 2.5 mm, preferably less than 2.0 mm, and most preferably less than
1.5 mm.

[0052] In an embodiment of the 384-well version of the multiwell plate, the lower section has a
height of at least 0.1 mm, preferably of at least 0.375 mm, more preferably of at least 0.5 mm.
The height of the lower section preferably does not exceed 1.5 mm.

[0053] In an additional and/or alternative embodiment of the 384-well version of the multiwell
plate, the lower section has a volume of at least 0.0007 ul, preferably a volume of about 0.17
pl, and more preferably a volume that does not exceed 9.4 ul.

[0054] In an additional and/or alternative embodiment of the 384-well version of the multiwell
plate, the ratio of the cross sectional areas of the lower section and of the open upper end of
the upper section is at least 1 : 1.83 and preferably less than 1 : 2040. More preferably, the
ratio of the cross sectional areas of the lower section and the open upper end of the upper
section is in the range of from about 1 : 19 to about 1:31.

[0055] In a preferred embodiment of the 96-well version of the multiwell plate, the inner edge
of inner diameter has a length of 8.0 mm, the inner edge or inner diameter of the lower section
has a length of 1.0 mm, and the lower section has a height of 0.5 mm.

[0056] In a preferred embodiment of the 384-well version of the multiwell plate, the inner edge
of inner diameter has a length of 3.7 mm, the inner edge or inner diameter of the lower section
has a length of 0.75 mm, and the lower section has a height of 0.375 mm.

[0057] In an alternative and/or additional embodiment, the multiwell plate comprises a rim.
Said rim is positioned on the outer edge of at least one side of the multiwell plate, preferably on
opposite sides, either the long or the short sides, or on all four sides of the multiwell plate
thereby constituting a circumferential rim. During use of the multiwell-plate, water may be
supplied to the rim. As said rim is covered by a lid covering the multiwell plate, the moisture of
the gaseous phase within the wells may be kept sufficiently high for preventing undesired
evaporation of culture medium from the wells.

[0058] In an additional and/or alternative embodiment, the multiwell plate comprises a
continuous and/or integrated bottom configured as a layer having an essentially homogeneous
thickness of between about 100 um to about 250 uym, preferably a homogeneous thickness of
about 180 um.

[0059] In additional embodiment, said layer comprises a plurality of pits, said plurality of pits
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are arranges in array such that each well of the multiwell plate is provided with a bottom
comprising a pit. Said pit may have a V-shape, a U-shape or may be present in the form of an
inverted pyramid.

[0060] According to the second aspect, the invention provides a method for manufacturing a
device for propagating microtissues as described. The method comprises separate
manufacturing of the wall(s) of the at least one well, and of the bottom of the at least one well.
In the method, the wall(s) of the at least one well are manufactured by suitable methods. In an
embodiment of manufacturing the wall(s), they are manufactured by means of injection
molding or by means of 3D-printing utilizing suitable polymeric material. The resulting product
comprises a through bore having a wide aperture at one end and a narrow aperture at the
opposite end. Said wide end corresponds to the open upper end of the open upper section of
the at least one well, whereas the narrow aperture corresponds to the lower end of the lower
section.

[0061] The bottom of the at least one well is manufactures separately. In an embodiment, the
bottom is manufactured in form of a film or disk. Said film or disk has an essentially
homogeneous thickness, preferably in the range of about 100 ym to about 250 ym, more
preferably of about 180 ym.

[0062] In an embodiment for providing a bottom to the at least one well or the wells of a
multiwell plate, wherein the bottom of the at least one well or the wells comprise a pit, the film
representing the bottom is subjected to deep drawing, blow molding or thermo forming. Said
deep drawing, blow molding or thermo forming deforms the film and provides V-shaped, U-
shaped pits or pits in form of an inverted pyramid. For embodiments of the device comprising a
plurality and/ or array of well, the film is provided with a plurality and/or array of pits such that
said pits align with the lower ends of the lower sections of the wells of the device upon
providing the wells with a bottom.

[0063] Subsequently to the separate manufacturing of the wall(s) and the bottom, the bottom
of the device is attached to the prefabricated wall(s) by gluing or sealing the film or disk to the
plane bearing the narrow apertures.

[0064] In an alternative embodiment, the device is manufactured by insertion molding in that
the film or disk is provided as an insert, and that the wall(s) is/are produced then generated on
one face of the insert by injection molding utilizing a suitable polymeric material, thereby
closing the lower aperture(s) resulting in a device for propagating microtissues as described
herein before.

[0065] According to the third aspect, the invention comprises the use of a device as described
herein before for forming and/or propagating microtissues. Thus, the invention also concerns
methods for generating and/or propagating microtissues by using a device according to the
first aspect of the invention.
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[0066] The term "propagating” as used in the instant disclosure refers to all aspects of
cultivating cells and/or generating microtissues. The term "propagating” as used herein
comprises the cultivation of cells including their multiplication, development, proliferation and
maturation. Thus, "propagating” also comprises the formation and/or growth of microtissues.
The term "propagating” as used herein also comprises the maintenance, storage and/or
shipping of cells and/or microtissues in culture.

[0067] In an embodiment, the method for generating a microtissue comprises the steps of:

= supplying a suspension of cells in a culture medium to at least one well of a device
according to the first aspect;

» accumulating the cells in the lower section of the at least one well, preferably by
centrifugation;

e maintaining the device in an essentially horizontal or in a slanted position until a
microtissue has formed.

[0068] In an additional and or alternative embodiment, the suspension of cells is a suspension
of cells in a hydrogel to immediately provide a three dimensional environment. Polymerization
of the hydrogel provides a three dimensional structure to be colonized by the cells.

[0069] In another embodiment, the method for generating a microtissue comprises the steps
of

» supplying a suspension of cells in a minimal volume of a hydrogel to at least one well of
a device according to the first aspect;
whereas the hydrogel/cell suspension is positioned directly onto the bottom of the lower
section of the at least one well;

« adding medium after the hydrogel has polymerized; and

» propagating the device at least until a microtissue has formed in the at least one well.

[0070] In another embodiment, the method for generating a microtissue comprises the steps
of

= supplying a hydrogel into the lower section of at least one well of a device according to
the first aspect;

» supplying a suspension of cells in a culture medium to the at least one well of the device;

« accumulating the cells in the lower section of the at least one well, preferably by
centrifugation; and

= propagating the device until the cells have migrated into the hydrogel and formed a
microtissue in the at least one well.
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[0071] In another embodiment, the method for generating a microtissue comprises the steps
of:

= supplying a suspension of cells in a culture medium to at least one well of a device
according to the first aspect;

» turning the device upside down,

= propagating the device in inverted position until a microtissue has formed in the at least
one well;

» turning the device into its upright position; and

« transferring the microtissue into the lower section of the well, preferably by
centrifugation.

[0072] In the use of the device and/or the method for forming and/or propagating microtissues,
a suspension of cells in an appropriate culture medium is provided into at least one well of the
device according to the first aspect, and supplied into the at least one well of the device.

[0073] Embodiments of the method wherein a hydrogel and subsequently the cells, or a
suspension of cells in a hydrogel are supplied to the lower section of a well of the device, only
minute amounts thereof are required. This permits the use of very small (minimal) volumes,
e.g. between 0.1 ul and 2 ul per well, and a high cell density, e.g. between about 50 to about
1,000 cells in said small volume.

[0074] In an embodiment, the device is turned upside down and kept in this inverted position
for a prescribed period of time under appropriate environmental conditions such that the cells
proliferate and aggregate. The cells will then aggregate to a microtissue in the lower end of the
hanging drop of culture medium, said drop hanging down from the open upper end of the open
upper section of the at least one well. The ring structure around the open upper end of the
upper section will prevent drops spreading into neighboring wells.

[0075] When the microtissue has formed in the hanging drop of the at least one well, the
multiwell plate can be inverted to its upright position again, and can subsequently be
centrifuged at low speed such that the microtissue in the at least one well is exposed to low g
forces which forces the microtissue into the microtissue formation chamber without affecting
the microtissue. Any excess culture medium may be removed from the at least one well in that
the tip of a pipette is inserted into the at least one well slightly above the pipetting stage, and
that the medium is then aspirated off using the pipette.

[0076] Supplying fluid to a well and/or aspirating fluid from the well by means of a pipette
whose tip is positioned above the pipetting stage within the well prevents the microtissue from
being in the direct flow path of the fluid. Thereby, the microtissue is exposed to weaker forces,
and is less affected by necessary cultivation steps. In addition, placing the tip of the pipette
onto the pipetting stage within the well provides a gap on one side of the pipette tip - due to the
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slope of the pipetting stage - through which the fluid is aspirated. Due to the angle of the slope,
the gap is too small for a microtissue to pass.

[0077] According to further aspects, the invention provides a system for forming and
propagating microtissues, the use of said system for forming and propagating microtissues,
and a method for forming and propagating microtissues by using said system.

[0078] The system comprises a device according to the first aspect of the invention as
described herein before, said device being configured as a multiwell plate, the first multiwell
plate of the system, comprising an array of wells. The system further comprises a second
multiwell plate. Said second multiwell plate comprises a frame formed by the side walls, and an
array of a plurality of wells. The array of a plurality of wells in the second multiwell plate
corresponds to the array of wells of the multiwell according to the first aspect. The second
multiwell plate, also designated as the corresponding multiwell plate, can be placed or
mounted on top of the first multiwell plate such that each of the wells of the further multiwell
plate is aligned with a well of the multiwell plate according to the first aspect.

[0079] The wells of the second multiwell plate do not comprise a well bottom, but a bottleneck
between an open upper portion and an open lower portion of each well. This bottleneck is
configured to permit a fluid such as a culture medium from running there through into the lower
portion of the well. However, in absence of fluid supply from the upper portion, a drop of fluid
remains in the lower portion of the well and hanging down from the lower edge of the lower

portion. Such multiwell plates are commercially available under the trade name GravityPLUS™,
from InSphero AG, Schlieren, CH.

[0080] The second multiwell plate may be used for simultaneous formation of microtissues,
either already assembled to the multiwell plate of the first aspect, or to another type of plate
support, in a hanging drop method. If present on other support, the further multiwell plate may
be transferred to the first multiwell plate of the system, and the microtissues that have formed
may be transferred from their hanging drops into the wells of the first multiwell plate, either by
centrifugation of the assembly or by supply of an additional amount of medium to each well of
the further multiwell plate bearing a microtissue.

[0081] The present invention will be further described with respect to particular embodiments
and with reference to the drawings, but the invention is not limited thereto but only by the
claims. The drawings described are only schematic and are non-limiting. In the drawings, the
size of some of the elements may be exaggerated and not drawn on scale for illustrative
purposes. The dimensions and the relative dimensions do not correspond to actual reductions
to practice of the invention.

[0082] Furthermore, the terms first, second and the like in the description and in the claims,
are used for distinguishing between similar elements and not necessarily for describing a
sequence, either temporally, spatially, in ranking or in any other manner. It is to be understood
that the terms so used are interchangeable under appropriate circumstances and that the
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embodiments of the invention described herein are capable of operation in other sequences
than described or illustrated herein.

[0083] It is to be noticed that the term "comprising”, used in the claims, should not be
interpreted as being restricted to the means listed thereafter; it does not exclude other
elements or steps. It is thus to be interpreted as specifying the presence of the stated features,
integers, steps or components as referred to, but does not preclude the presence or addition
of one or more other features, integers, steps or components, or groups thereof. Thus, the
scope of the expression "a device comprising means A and B" should not be limited to devices
consisting only of components A and B. It means that with respect to the present invention, the
only relevant components of the device are A and B.

[0084] Reference throughout this specification to "one embodiment” or "an embodiment"
means that a particular feature, structure or characteristic described in connection with the
embodiment is included in at least one embodiment of the present invention. Thus,
appearances of the phrases "in one embodiment” or "in an embodiment” in various places
throughout this specification are not necessarily all referring to the same embodiment, but may.

[0085] The invention will now be further described by a detailed description of several
embodiments of the invention.

[0086] Referring to FIG. 1, an embodiment of a device according to the invention, configured
as a multiwell plate (1), is shown in a cross sectional perspective view. The multiwell plate (1)
comprises a plurality of wells (2). The wells (2) are arranged in an array. The array of wells (2)
is surrounded by a circumferential side wall (4) extending essentially upright from the lower
edge (3). The cross-section extends along the median line of a row of wells and illustrates the
inner configuration of the wells.

[0087] FIG. 2 displays a cross-sectional drawing of a well (2) of an embodiment of the multiwell
plate. The well (2) comprises an open upper section (21) and a lower section (22). The lower
section (22) constitutes the microtissue formation chamber and holds a microtissue (27). The
well (2) is defined by its side walls (23) and the well bottom (24). The well (2) is configured to
have a pipetting stage (25) and a chute (26) at one side of the rectangular well. The pipetting
stage (25) provides a slope such that any fluid applied thereto can run off. The chute (26)
provides a transition between the lower edge of the pipetting stage and the lower section of the
well. The chute (26) has a larger inclination than the slope of the pipetting stage (25).

[0088] For adding or aspirating medium from the well, a pipette tip (29) is inserted into the well
(2) at the side of the pipetting stage (25) such that any fluid to be supplied to the well hits the
pipetting stage first, before flowing smoothly downwards the pipetting stage and along the
chute (26) into the lower section (22) of the well. Thereby, the microtissue is not directly
present within the flow path of any fluid supplied to or being aspirated from the well. The
pipetting stage (25) provides a slope upon which the vertical positioning of the pipette tip (29)
onto this slope forms a gap between the orifice of the pipette tip (29) and the pipetting stage
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(25). At optimal inclination of the slope, the gap is small enough to prevent a microtissue to be
aspirated inadvertently, while assuring efficient aspiration of fluid.

[0089] FIGURES 3a, 3b and 3c represent a cross-sectional perspective views of different well
configurations that may be present an embodiment of a multiwell plate according to the
invention. FIG. 3a displays a row of five wells (2, 2.1, 2.2, 2.3, 2.4) having a square cross-
sectional area at the open upper end of the open upper section of the well. FIG. 3b displays a
row of four wells (2.5, 2.6, 2.7, 2.8) having a circular cross-sectional area at the open upper
end of the open upper section.

[0090] FIG. 3c display a row of wells which are provided with a bottom (24) in form of a
separately manufactured film. Said bottom is provided with pits (241, 242, 243, 244), wherein
the position of the pits (241, 242, 243, 244) corresponds to the position of the lower sections
(22) of the wells such that the lower section of each of the wells is provided with a pit. The
presence of a pit in the bottom of the well prevents spreading of the fluid therein and aides in
forming and/or maintaining the three-dimensional structure of a spheroid.

[0091] FIGs 3b and 3c further display embodiments of wells possessing a ring structure (28) at
the open upper end of the open upper section. The outer edges of the ring structures (28) of
adjacent wells may be in contact with each other, such as - for example - the ring structures of
wells 2.5 and 2.6 in FIG. 3b, or the ring structures of adjacent wells may not be in contact with
each other such as exemplified by the ring structures (28) of wells 2.7 and 2.8 in FIG. 3b. Such
ring structures stabilize hanging drops and prevent spreading of fluid from one drop to a
neighboring drop when the device is used in inverted position for hanging drop cultures.

[0092] FIG. 4 illustrates an embodiment of a method of forming microtissues by using a
multiwell plate according to the first aspect. In the upper part of the figure, a portion of a
multiwell plate (1) is shown in a cross-sectional view. The portion as shown includes four wells
(2) possessing different well configurations. For forming a microtissue (27), a suspension of
cells (41) in a suitable culture medium (42) in provided into a well, and the multiwell plate,
optionally including a lid (10) or seal, is turned upside down as illustrated in the middle part of
the figure. The cells (41) in the culture medium (42) can aggregate and form a microtissue (27)
at the lower, hanging portion of the culture medium (42). This represents a scaffold-free,
hanging-drop method for forming microtissues.

[0093] Once the microtissue (27) has formed, the multiwell plate (1) is returned to the original
upside up position, and optionally by centrifugation at low speed, the microtissue (27) within a
well (2) is lead into the microtissue formation chamber (22). Excess medium may then be
aspirated off, and the microtissue may be further propagated.

[0094] FIG. 5 is a perspective drawing of a system (100) comprising a multiwell plate (1), and
a corresponding second multiwell plate (50) which comprises an array of a plurality of wells
(52). The corresponding multiwell plate (50) can be placed on top of the multiwell-plate (1),
preferably in form-fitting manner. As the array of wells (52) is essentially identical to the array
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of wells within the multiwell plate (1), each of the wells (52) is aligned with a well (2) of the
multiwell plate (1).

[0095] FIG. 6 is an enlarged cross sectional view of a portion of the assembly as shown in FIG.
5. As can be inferred, each well (52) of the corresponding multiwell plate (50) is aligned with a
well (2) of the multiwell plate (1). Correct assemble of the system is facilitated by the
configuration of the corresponding multiwell plate's lower edge (53) which permits correct
assembly and prevents inadvertent slipping of the corresponding multiwell plate.

[0096] Multiwell plate (1) comprises a circumferential frame 4 encompassing the array of wells
(2). Said frame 4 provides a rim between the frame (4) and the outer wells of the array of
wells. Said rim may hold a fluid such as water or for aiding in maintaining humidity of the
gaseous phase in the wells of the multiwell plate.

[0097] The multiwell plate (1) further comprises a circumferential edge (3) the multiwell plate
(1) resides on when placed onto a support in upright position. The edge (3) is preferably
configured such that the lower ridge of the edge (3) is lower than the bottom (24) of the wells
(2). This configuration prevents the bottom (24) of the wells (2) from contacting a plane
support said multiwell plate (1) is typically placed on, and thereby prevents scratching of the
bottom which in turn is advantageous upon microscopic inspection of the microtissues within
the wells (2).

[0098] FIG. 7 is an enlarged cross-sectional drawing of a well alignment provided by an
assembly shown in FIGs. 5 and 6. Each wells of the corresponding multiwell plate comprises
an inlet opening (55), an open upper portion (56), an open lower portion (57), and a bottleneck
disposed between the open upper and open lower portion. An appropriate amount of culture
medium containing cells, can be supplied to the well (52), runs through the bottle neck (57)
and is kept hanging down from the lower edge (59) of the lower portion (58). A microtissue
may then be formed in the hanging drop.

[0099] The corresponding multiwell plate (100) may thus be used to simultaneously form a
plurality of microtissues in a scaffold-free method within a drop of medium hanging down from
each of the wells (52). Upon assembly to the multiwell plate (1), the microtissues may be
transferred to the wells (2) of multiwell plate (1) either by gently centrifuging the assembly of
multiwell plate (1) and corresponding multiwell plate (50) or in that an additional amount of
medium is supplied to each well (52) through the inlet opening (55). Thereby, the drop of
culture medium hanging down from the lower edge (59) of each well (52) and containing a
microtissue is forced to fall down into the corresponding well (2) of multiwell plate (1).
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Patentkrav

1. Anordning til opformering af mindst ¢t mikroveyv, hvilken anordning omfatter mindst én brend,

hvor den mindst ene brend omfatter
et abent ovre afsnit, der omfatter en aben evre ende og en aben nedre ende, og
et nedre afsnit, der omfatter en aben ovre ende og en bundende,

hvor det ovre afsnit og det nedre afsnit er i fluidforbindelse, og hvor bundenden af det nedre afsnit af
mindst én brond af flerheden af bronde er forsynet med en brendbund, idet det nedre afsnit af den

mindst ene brond har et mindre tversnitsareal end det abne ovre afsnit af den samme brend,

hvor det nedre afsnit af den mindst ene brond er indrettet excentrisk i forhold til langdeaksen af det

abne ovre afsnit af den mindst ene brond,

hvor den mindst ene brond endvidere omfatter et mellemafsnit beliggende mellem det abne ovre afsnit

og det nedre afsnit, hvilket mellemafsnit omfatter et pipetteringstrin med en heldning,

hvor mellemafsnittet endvidere omfatter en slisk, hvilken slisk er tilvejebragt mellem

pipetteringstrinet og det nedre afsnit,
og hvor slisken har en gradvist stigende haldning,
hvilken heldning i alle tilfeelde er storre end skraningen af pipetteringstrinet.

2. Anordning ifelge krav 1, hvor haldningen af pipetteringstrinet har en vinkel pa mindst 5° og pa
ikke mere end 45°, fortrinsvis pa ikke mere end 35°, mere fortrinsvis pa ikke mere end 25° og mest

fortrinsvis pa ikke mere end 15°.

3. Anordning ifolge et hvilket som helst af de foregaende krav, hvor anordningen omfatter en rackke

af bronde eller et array af bronde.

4. Anordning ifelge et hvilket som helst af de foregaende krav, hvor anordningen er udformet som
en multibrondsplade, der fortrinsvis omfatter et array af 96 bronde, et array af 384 bronde ¢ller et array

af 1536 bronde.

5. Anordning ifelge krav 4, hvor multibrendspladen er en standard-multibrendsplade i SBS/ANSI-

format.

6. Anordning ifelge et hvilket som helst af de foregaende krav, hvor mindst det nedre afsnit af den

mindst ene brond er forsynet med en belaegning med ultralav vedhaftning.

7. Anordning ifolge et hvilket som helst af de foregaende krav, hvor vaeeggen(e) af den mindst ene

brond er fremstillet af et andet materiale end bunden af anordningen.

8. Fremgangsmade til fremstilling af en anordning ifelge et hvilket som helst af kravene 1-7, hvor

vaeggen(e) af den mindst ene brond og bunden af anordningen fremstilles separat, idet bunden
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fremstilles 1 form af en film eller en skive, og hvor den mindst ene brond efterfolgende forsynes med
bunden.

9. Anvendelse af en anordning ifelge et hvilket som helst af de foregaende krav til fremstilling

og/eller opformering af mikrovaev.
10. Fremgangsmade til fremstilling af et mikrovaev, hvilken fremgangsmade omfatter trinene til:

. at tilfore en suspension af celler i1 et dyrkningsmedium til mindst én brond i en anordning

ifolge et hvilket som helst af kravene 1-7;
. at ophobe cellerne 1 det nedre afsnit af den mindst ene brend, fortrinsvis ved centrifugering;

. at bibeholde anordningen i en i det vaesentlige vandret eller i en skranende position, indtil der

er dannet et mikrovev.

11. Fremgangsmade til fremstilling af et mikrovayv ifelge krav 10, hvor suspensionen af celler er en

suspension af celler 1 en hydrogel.
12. Fremgangsmade til fremstilling af et mikrovaev, hvilken fremgangsmade omfatter trinene til:

. at tilfore en suspension af celler 1 et minimalt volumen af en hydrogel til mindst én brend 1

en anordning ifelge et hvilket som helst af kravene 1-7;

idet hydrogel/celle-suspensionen placeres dirckte pa bunden af det nedre afsnit af den mindst ene
brend;

. at tilsatte medium, efter at hydrogelen er polymeriseret;
. at opformere anordningen, mindst indtil der er dannet et mikrovayv i den mindst ene brond.
13. Fremgangsmade til fremstilling af et mikrovaev, hvilken fremgangsmade omfatter trinene til:

» at tilfore en hydrogel til det nedre afsnit af mindst én brond i en anordning ifelge et hvilket
som helst af kravene 1-7;

» attilfere en suspension af celler i et dyrkningsmedium til den mindst ene brend 1 anordningen;

» at ophobe cellerne i det nedre afsnit af den mindst ene brond, fortrinsvis ved centrifugering;

» at opformere anordningen, indtil cellerne er vandret ind i1 hydrogelen og har dannet et

mikrovav 1 den mindst ene brond.

14. Fremgangsmade til fremstilling af et mikrovav, hvilken fremgangsmade omfatter trinene til:
» at tilfore en suspension af celler 1 et dyrkningsmedium til mindst én brond i en anordning
ifolge et hvilket som helst af kravene 1-7,

» at vende anordningen pa hovedet,
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» at opformere anordningen i omvendt position, indtil der er dannet et mikrovav i den mindst
ene brond;
» at vende anordningen til dens opretstaende position; og

» at overfore mikrovavet til det nedre afsnit af bronden, fortrinsvis ved centrifugering.

15. System til fremstilling og/eller opformering af mikrovay, hvilket system omfatter en forste
stilladsfri hangende drabe-multibrendsplade og en dertil knyttet anordning ifelge et hvilket som helst

af kravene 1-7.
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