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TITLE
DUCT ORGANOID-ON-CHIP
BACKGROUND

[0001] Developing a successful pharmaceutical drug is expensive and time-
consuming. Additionally, many drugs fail in late stages of the development process, causing
significant sunk costs. One contributing reason for drugs failing in late developmental stages
is that pharmaceutical companies typically test drugs on cells grown on ineffective cell culture
platforms that do not sufficiently replicate human tissue. For instance, typical cell culture
platforms are often composed of 2D flat plates. Existing 2D flat plates, however, do not
replicate the 3D structure of human organs, resulting in inaccurate results. For example, one
typical microstructure of human tissue is circular duct morphology, which is the microstructure
of many organs such as the breast, pancreas, liver, kidney, and vasculature. Typical 2D flat
plates do not resemble the 3D microstructure of circular duct morphology.

[0002] Two fundamental aspects for the creation of a biomimetic model are
preserving cell polarity through structural scaffolding and inducing cell signal exchange
through co-culturing the epithelial tissue with the basement membrane and the surrounding
stroma. Cell polarity preservation is important when testing on epithelial ductal tissues because
polarized cells reach senescence when formed into a duct, and thus stop growing, as compared
to cancerous counterparts that do not have a demarcated polarity. The cancerous cells therefore
never reach senescence and keep dividing or growing, leading to uncontrollable cancer cell
growth. Accordingly, cells cultured and hooked on each other forming a close duct resembles
normal epithelial tissue, whereas cells cultured in 2D function similar to the cells at the duct
formation stage. Growing cells in an abnormal environment therefore may make them function
more as a cancerous tissue than a normal tissue.

[0003] Co-culturing epithelial cells with the surrounding stroma is important
because fibrous tissue plays a vital role in the ductal cancer progression through hormonal and
insulin-like growth factor (IGF) level fluctuations. Such fluctuations cause changes in the
stromal cells” gene expression, leading to different extracellular matrix biomarkers, and thus
disrupting the signaling cascades from and to the epithelial tissues. Typically, systems that have
one of those two fundamental aspects show increased resemblance to native tissue when
compared to a typical 2D culture platform or 3D gels, but still show many major differences

when compared to the native tissue.
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[0004] Another important aspect for the creation of a biomimetic model is the
capability to test a drug's effect on the tissue microenvironment. This means that for an
assembled tissue, it is important to test the effect of a modification in one tissue environment
on that of the surrounding tissue. This is especially important in cancer applications,
particularly due to drastic changes in the extracellular matrix (ECM) leading to an alteration of
the signaling pathways in the tissue cells and the cells in the surrounding tissues. These drastic
changes have been shown to play a vital role in cancer progression and metastasis.

[0005] Typical cell culture platforms are incapable of co-culturing different types
of cells in spatially separated compartments, which makes it difficult to model the full
microenvironment of human tissue. For example, a breast tumor microenvironment includes
normal epithelial cells forming a duct as well as breast cancer cells. Both cell types are
interacting with the supporting cells in the extracellular matrix. This represents the tumor
microenvironment that affects the action of drugs aimed to treat breast cancer. Traditional drug
discovery platforms and culture systems, however, do not recapitulate the circular structure of
normal breast cells, and do not capture the effect of other cells in the tumor microenvironment
on the cancer cells.

[0006] Accordingly, there is a need for cell culture platforms for testing drugs that
solve the above drawbacks.

SUMMARY

[0007] The present disclosure provides a new and innovative biochip that acts as a
cell culture platform. Cells can be inserted into the biochip and grow into 3-dimentional tissues
to be used in drug testing. Inside the biochip is an ultra-thin porous plastic duct that is formed
by curving membranes into a cylindrical shape. The duct can be accessed from both sides
through microfluidic channels. An aim of the provided biochip is to replicate a ducal organoid
microenvironment by growing the ductal epithelial or endothelial cells on the inner walls of
the duct and growing the surrounding tissue formed from the cells from the outside by seeding
cells and media components through a gel from the other side. The biochip may be utilized to
replicate ductal tissue including, but not limited to: pancreas, renal, hepatic, breast, lung,
vasculature, prostate, testicular and lymph ducts. The biochip could be used by researchers,
pharmaceutical companies and clinical physicians to test their drugs and components on the
organoids grown inside the chip in order to better predict their effects before testing on humans.

[0008] The present disclosure provides devices and methods to create a scaffolding

system for cells to grow into 3D interfacing ductal tissues (cylindrical epithelial/endothelial
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tissue surrounded by a stroma with myoepithelial tissue and/or stroma lining in between). The
disclosure allows structural stability capable to support tissues of low stiffness 3D tissues.

[0009] The present disclosure encompasses several technical advantages such as,
circular cross-sectional scaffold where cells, when attached to the inner surface of the duct, and
getting confluent, can achieve a membrane polarity (differentiation) resembling natural tissues
and allow for co-culturing of cells with the surrounding stroma. This provides for increased
mimicry resulting in more accurate prediction of the in-vivo environment and versatility of the
organ-on chip. Finally, the present disclosure provides the ability to achieve high throughput
capabilities where hundreds and even thousands of experiments could be performed on the
disclosed chips.

[0010] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, a biochip for
growing ductal tissue includes at least one membrane structure, wherein the at least one
membrane structure includes at least one porous membrane configured to provide a mimetic
cellular environment, at least one chassis, wherein the at least one chassis includes, a channel
configured to support the at least one membrane structure and at least one microfluidic channel
in fluid communication with the channel supporting the at least one membrane structure and at
least one cover slip, wherein the at least one chassis is configured such that an internal space
is provided within the at least one chassis and capable of creating at least one channel within
the at least one chassis, wherein the internal space created between the chassis provides a
compartment that is internal relative to the body of the chassis but external relative to the
membrane structure and wherein a plurality of openings are provided on the at least one chassis
to allow fluid or air to enter or exit the internal space created between the chassis that provides
an external compartment relative to the membrane structure created between the chassis.

[0011] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
membrane structure is one or more cylindrical scaffolds.

[0012] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
membrane structure is capable of being combined within the internal space within the
cylindrical scaffolds of the at least one membrane structure, providing layers of porous
membrane ductal scaffolds nested within each other.

[0013] In another aspect of the present disclosure, which may be used in

combination with any other aspect or combination of aspects listed herein, the at least one
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membrane structure is selected from the group of synthetic polymers, organic polymers or
composite material.

[0014] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
membrane structure is capable of mimicking the in-vivo tissue conditions for different or the
same biological material.

[0015] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the membrane
structure is capable of providing an environment for a plurality of stromal tissue types.

[0016] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
membrane structure is capable of providing an environment for the testing of a plurality of
disease models.

[0017] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
chassis contains features that hold the cylindrical ductal scaffold in position giving access to
the internal and the external compartments of the ductal scaffold.

[0018] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the biological
components may be pipetted or pumped into the microfluidic channels of the biochip.

[0019] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the biological
components are the same biological components.

[0020] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the biological
components are different biological components.

[0021] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
chassis contains features forming one or more microfluidic channels giving access to the
internal and the external compartments of the ductal scaffold.

[0022] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
chassis contains features forming the microfluidic channels leading to the internal and the

external compartments of the ductal scaffold.
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[0023] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
chassis contains microfluidic channels leading to the internal and the external compartments of
the ductal scaffold are interconnected at one or more areas of the porous ductal scaffold
locations.

[0024] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
chassis contains microfluidic channels leading to the inner and external compartments of the
ductal scaffold are interconnected, is only separated by the walls of the porous ductal scaffold
after assembly.

[0025] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
chassis contains microfluidic channels leading to the inner and external compartments of the
ductal scaffold are interconnected, are only connected through the pores on the walls of the
ductal scaffold after it’s assembly.

[0026] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the features of the
at least one chassis forming the microfluidic channels leading to the external compartment of
the ductal scaffold could be engraved in the inner layers of the at least one chassis.

[0027] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the features of the
at least one chassis forming the microfluidic channels leading to the external compartment of
the ductal scaffold could be engraved on the outer surfaces of the at least one chassis and
enclosed by the at least one thin coverslip creating the full channel.

[0028] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the cylindrical duct
cross-section could be circular, ellipsoidal or any other enclosed shape.

[0029] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the duct could be
porous and the pores could be of any count, shape and size.

[0030] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, some pores allow

for the diffusion of biological components.
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[0031] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, some pores allow
for the migration of cells across the duct wall.

[0032] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
chassis include at least one inlet and at least one outlet holes.

[0033] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the features of the
at least one chassis, forming the microfluidic channels leading to the internal compartment of
the ductal scaffold, could extend between the inlet and outlet holes of the channel.

[0034] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the features of the
at least one chassis, forming the microfluidic channels leading to the internal compartment of
the ductal scaffold, could extend beyond the inlet and outlet holes of the channel and later be
plugged post-assembly of the chip sub-components.

[0035] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
chassis is configured to be used with a microscope or imaging device.

[0036] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the microfluidic
channels allowing fluids to flow to the internal and external compartment surrounding the
ductal scaffold are enclosed between the at least one chassis.

[0037] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the microfluidic
channels allowing fluids to flow to the external compartment surrounding the ductal scaffold
are enclosed between the at least one chassis and the at least one coverslip glass covering the
additional side of the biochip not enclosed by the at least one chassis.

[0038] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
membrane structure bonded to the at least one chassis could be surrounded with the stromal
microfluidic channel void from all sides when the membrane is curved and bonded prior to
assembly in an area on the ductal scaffold surface along its length.

[0039] In another aspect of the present disclosure, which may be used in

combination with any other aspect or combination of aspects listed herein, the at least one
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chassis is made of a material that is one of brittle, transparent and low autofluorescence such
as glass or polymer.

[0040] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
chassis is made of a material that is opaque.

[0041] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
chassis is configured to deform, in response to a stimulus, and encapsulated the at least one
membrane structure.

[0042] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the stimulus is one
of heat, pressure, chemical exposure or radiation exposure.

[0043] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one cover
slip and the at least one chassis are integrated to form a unitary body.

[0044] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one cover
slip is made of a material that is transparent.

[0045] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the biochip is
capable of being connected to and interacting with a plurality of additional biochips.

[0046] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, a method of
manufacturing a biochip, the method includes providing at least one chassis, wherein the at
least one chassis includes, a channel configured to support the at least one membrane structure
and at least one microfluidic channel in fluid communication with the channel, providing at
least one porous membrane, curving at least one porous membrane into a closed loop of
cylindrical cross-section wherein a round, cylindrical porous duct is formed by curving a first
part of a porous membrane and a one or more additional porous membranes form a second part
of the duct, and inserting the at least one porous membrane between the at least one chassis.

[0047] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one

porous membrane is curved between 0° to 180° from a plane parallel to the top surface between
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at least one chassis to form a full duct shape and the other membranes are curved to form the
rest of the full duct.

[0048] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
chassis is configured to contain features forming the microfluidic channels leading to the
internal and the external compartments of the ductal scaffold.

[0049] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
membrane structure is combined within the internal space within the cylindrical scaffolds of
the at least one membrane structure, providing layers of porous membrane ductal scaffolds
nested within each other.

[0050] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
chassis is configured so that microfluidic channels leading to the internal and the external
compartments of the ductal scaffold are interconnected at one or more areas of the porous
ductal scaffold locations.

[0051] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
chassis is configured so that the microfluidic channels leading to the inner and external
compartments of the ductal scaffold are interconnected, is only separated by the walls of the
porous ductal scaffold after assembly.

[0052] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
chassis is configured so that the microfluidic channels leading to the inner and external
compartments of the ductal scaffold are interconnected, are only connected through the pores
on the walls of the ductal scaffold after assembly.

[0053] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the features of the
at least one chassis forming the microfluidic channels leading to the external compartment of
the ductal scaffold could be engraved in the inner layers of the at least one chassis.

[0054] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the features of the

at least one chassis forming the microfluidic channels leading to the external compartment of
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the ductal scaffold could be engraved on the outer surfaces of the at least one chassis, and
covered with another chassis part or at least one coverslip creating the full channel.

[0055] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the features the at
least one chassis is configured to provide at least one inlet and at least one outlet hole providing
access to the channel.

[0056] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the features of the
at least one chassis forming the microfluidic channels leading to the internal compartment of
the ductal scaffold could extend between the inlet and outlet holes of the channel.

[0057] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the features of the
at least one chassis forming the microfluidic channels leading to the internal compartment of
the ductal scaffold could extend beyond the inlet and outlet holes of the channel and later be
plugged post-assembly of the chip sub-components.

[0058] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the cylindrical duct
is formed by bonding the membranes and the at least one chassis by one of or a combination
of chemical bonding, pressure bonding, or heat bonding.

[0059] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the curved
membranes forming the cylindrical ductal scaffold can be bonded prior or post to assembly in
the at least one chassis.

[0060] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the bonding method
is used to melt a controlled thickness of the materials surfaces, welding the different parts
together.

[0061] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the chemical
bonding contains a mixture of ethanol and chloroform.

[0062] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the heat bonding

can include surface irradiation.
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[0063] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the at least one
coverslip glass forming the top and bottom layers of the biochip is bonded to the at least one
chassis using the same method as the other parts or using a glass-polymeric glue.

[0064] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the plugs closing
the extremities of the microfluidic channels leading to the ductal scaffold inner compartment,
are bonded or using a polymeric glue.

[0065] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, the extension of the
ductal scaffold membrane are held at its extremities and tensioned to prevent any wrinkling in
the membranes.

[0066] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, a round porous duct
is formed by curving a flat membrane over a rod in a closed loop of cylindrical cross-section
and bonding it in an areca on the ductal scaffold surface along its length.

[0067] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, a round porous duct
is formed by curving a flat membrane over a rod in a closed loop of cylindrical cross-section
and bonding it in a flat area along the surface of the ductal scaffold that is an extension of the
duct surface.

[0068] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, a round porous duct
is formed by curving more than one flat membrane over a rod in a closed loop of cylindrical
cross-section and bonding it in a flat area along the surface of the ductal scaffold that is
extension of the duct surface.

[0069] In another aspect of the present disclosure, which may be used in
combination with any other aspect or combination of aspects listed herein, forming the
membranes includes a rod holding the membrane into its desired shapes is located in between
the at least one chassis, with the extremities of the ductal scaffold is bonded to the chassis and

surrounded by the at least one chassis.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0070] The patent or application file contains at least one drawing executed in
color. Copies of this patent or patent application publication with color drawing(s) will be
provided by the Office upon request and payment of the necessary fee.

[0071] Fig. 1A illustrates a perspective view of a biochip, according to an aspect of
the present disclosure.

[0072] Fig. 1B illustrates a top view of a biochip, according to an aspect of the
present disclosure.

[0073] Fig. 2A illustrates an exploded view of a biochip, prior to bonding of the
membranes according to an aspect of the present disclosure.

[0074] Fig. 2B illustrates an exploded view of a biochip with pre-bonded
membranes, prior to tube formation, according to an aspect of the present disclosure.

[0075] Fig. 2C illustrates an exploded view of a biochip after tube formation,
according to an aspect of the present disclosure.

[0076] Fig. 2D illustrates an exploded view of a biochip, utilizing additional
membranes according to an additional aspect of the present disclosure.

[0077] Fig. 2E illustrates an exploded view of a biochip, utilizing a membrane
structure formed into a tube formation which is assembled in one chassis according to an
additional aspect of the present disclosure.

[0078] Fig. 2F illustrates an exploded view of a biochip, utilizing additional
membranes formed into a tube formation which is an inner duct nested within another porous
membrane structure according to an additional aspect of the present disclosure.

[0079] Fig. 3A illustrates a porous membrane forming the ductal scaffold,
according to an aspect of the present disclosure.

[0080] Fig. 3B illustrates a porous membrane forming the ductal scaffold and
bonded at the membrane extremities, according to an aspect of the present disclosure.

[0081] Fig. 3C illustrates a porous membrane forming a hemi ductal scaffold,
according to an aspect of the present disclosure.

[0082] Fig. 4A illustrates a cross sectional view of ductal scaffold with the
membrane bonded and its extensions cut, according to an aspect of the present disclosure.

[0083] FIG. 4B illustrates a cross sectional view of ductal scaffold and the

extensions of the membrane are tensioned, according to an aspect of the present disclosure.
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[0084] Fig. 4C illustrates a cross sectional view of two hemi duct membranes with
their extensions tensioned in-between the two chassis assembled together to form a cylindrical
duct, and bonded post assembly to the chassis according to an aspect of the present disclosure.

[0085] Fig. 4D illustrates a cross sectional view of biochip assembly where the
ductal scaffold is round with no membrane extensions and nested within another ductal scaffold
bonded post assembly to the single chassis according to an aspect of the present disclosure.

[0086] Fig. 5A illustrates a top view of an assembled biochip, according to an
aspect of the present disclosure.

[0087] Fig. 5B illustrates a perspective view of a duct and microfluidic chamber of
a biochip, according to an aspect of the present disclosure.

[0088] Fig. 5C illustrates a side view of a duct and microfluidic chamber of a
biochip, according to an aspect of the present disclosure.

[0089] Fig. 6A illustrates a top view of a biochip assembly, according to an aspect
of the present disclosure.

[0090] Fig. 6B illustrates the bonding process of the biochip components where the
ductal scaffold is pre-bonded at its extremities before assembling it to the chassis, according to
an aspect of the present disclosure.

[0091] Fig. 7A illustrates a top view of a biochip assembly, where the membrane is
pulled after being curved when assembled to apply tension, according to an aspect of the
present disclosure.

[0092] Fig. 7B illustrates the bonding process of the biochip components where the
ductal scaffold is bonded at its extremities after assembling it to the chassis, according to an
aspect of the present disclosure.

[0093] Fig. 8A illustrates a top view of a biochip assembly where the two
membranes are pulled after being curved each into a hemi-duct when assembled to apply
tension, according to an aspect of the present disclosure.

[0094] Fig. 8B illustrates the bonding process of the biochip components where the
ductal scaffold is made of two membranes inclined along with the chassis, according to an
aspect of the present disclosure.

[0095] Fig. 9A illustrates a top view of a biochip assembly where the membranes
are curved into fully round ducts with no membrane extensions prior to assembly to the chassis,
wherein the membranes are pre-bonded in an area on the ductal scaffold surface along its length

according to an aspect of the present disclosure.
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[0096] Fig. 9B illustrates the bonding process of the biochip components where the
ductal scaffold is round with no membrane extensions, according to an aspect of the present
disclosure.

[0097] Fig. 10A illustrates a top view of a biochip assembly where the two
membranes are pulled after being curved each into a hemi-duct when assembled to apply
tension according to an aspect of the present disclosure.

[0098] Fig. 10B illustrates the bonding process of the biochip components where
the ductal scaffold is made of two membranes aligned along with the chassis, pre-tensioned
when sandwiched, and bonded post assembly to the chassis, according to an aspect of the
present disclosure.

[0099] Fig. 11A illustrates a top view of a biochip assembly where the two
membranes are along its length with the membrane bonded and its extensions cut when
assembled in only one chassis according to an aspect of the present disclosure.

[00100]  Fig. 11B illustrates the bonding process of the biochip components where
the membrane is curved into a 180 degrees rotation, bonded in an area on the ductal scaffold
surface along its length and the ductal scaffold extensions are cut prior to assembly in only one
chassis according to an aspect of the present disclosure.

[00101]  Fig. 12A illustrates a top view of a biochip assembly where the ductal
scaffold is round with no membrane extensions and nested within another ductal scaffold,
where each is pre-bonded in an area on the ductal scaffold surface along its length according
to an aspect of the present disclosure.

[00102]  Fig. 12B illustrates the bonding process of the biochip components where
the ductal scaffold is round with no membrane extensions and nested within another ductal
scaffold, where each is pre-bonded in an area on the ductal scaffold surface along its length
according to an aspect of the present disclosure.

[00103]  Fig. 13A, 13B and 13C illustrates an additional embodiments of the biochip
according to the aspects of the present disclosure.

[00104]  Fig. 14 illustrates a circular duct morphology tissue microstructure on the
porous membrane of the cylindrical duct of the biochip, according to an aspect of the present
disclosure.

[00105]  Fig. 15A illustrates a cross-sectional view of the ductal tissue model where
disease-free normal epithelial or endothelial cells are grown attached to the inner walls of the
internal compartment of the porous ductal scaffold, according to an aspect of the present

disclosure.
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[00106]  Fig. 15B illustrates a tumor tissue disease model where disease-free normal
epithelial or endothelial cells are mixed with cancerous cells and inserted at the same time in
the internal ductal scaffold compartment according to an aspect of the present disclosure.

[00107]  Fig. 15C illustrates a tumor tissue disease model where disease-free normal
cells are grown in the internal ductal scaffold compartment prior to inserting previously grown
solid-tumor clusters, according to an aspect of the present disclosure.

[00108] Fig. 15D illustrates a stromal or parenchymal based disease model,
according to an aspect of the present disclosure.

[00109]  Fig. 16 illustrates the high throughput 96-well plate format for the biochip,
according to an aspect of the present disclosure.

[00110]  Fig. 17 illustrates a rack assembly, according to an aspect of the present
disclosure.

[00111] Fig. 18 illustrates bulk packaging according to an aspect of the present
disclosure.

DETAILED DESCRIPTION

[00112] The present disclosure provides a biomimetic tissue culture platform or
biochip that enables the fundamental aspects of a biomimetic model. The provided biochip
additionally enables more predictive in vitro testing of drugs than typical culture platforms by
more accurately replicating the in vivo microenvironment as compared to typical culture
platforms.

[00113] The presently disclosed biochip allows cells to grow and form 3D
cylindrical channels that replicate tissue in the human body. Cylindrical ducts are embedded
within the biochip. The cylindrical ducts may be constructed from porous and flexible
membranes, such as membranes that are typically used for 2D cell culture (¢.g., in trans-well
membranes). The membranes are reshaped to form the cylindrical ducts. For instance, a
membrane may be rolled over a rod, then bonded to form the cylindrical duct. In some aspects,
the membrane may be bonded into the cylindrical form post to assembly with the chip. For
example, they may be bonded by a combination of chemical bonding (e.g., mixed ethanol and
chloroform) with pressure and heat bonding.

[00114] The cylindrical ducts influence cells to adhere, grow and reorganize
themselves to form 3D cylindrical channels that resemble their shape in the human body. When
cells attach to the inner surface of the duct and merge together, membrane polarity or
differentiation can be achieved, which resembles natural tissues. The cylindrical ducts may

have a variety of diameters, for instance, from as small as 25 micrometers to greater than 2
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millimeters. The range of possible diameters enables a biochip that replicates the ductal
microstructure of a wide range of organs.

[00115]  Each cylindrical duct is interfaced with at least one external compartment
(e.g., cylindrical porous duct having internal and external compartments). For instance, a duct
may be interfaced with the external compartments via microchannels. This configuration
enables multi-cell culture to be made. For example, breast ductal cells can be grown along the
mner wall of the cylindrical duct, and cells from the tumor microenvironment (such as
fibroblasts and immune cells) can be cultured inside a gel in the external compartments to form
3D cells which are in direct contact with the outer wall of the cylindrical duct. Biomolecules
or cells can pass through the pores of the cylindrical duct to achieve cross-talk between the
cells inside the external compartment and the cells inside the duct. In some instances, flow
can be passed inside the cylindrical ducts in order to supply cells with growth media and
bioactive drugs. In other instances, sample cells or the biomolecules secreted by them may be
passed inside the cylindrical ducts for bioanalysis purposes.

[00116]  The provided biochip may include multiple ducts and multiple surrounding
channels. In at least one aspect of the present disclosure, the biochip may be configured in a
96-well plate design with multiple parallel ducts so that it can be used for high throughput drug
screening purposes. In such an aspect, the system has the dimensions of a standard 96-well
plate and, in some instances, can be used with a pump connected to the inlet and outlet port.
In other instances, fluid can be pipetted manually into the inlet port and it will fill the entire
duct with the help of capillary forces.

[00117]  The biochip may be constructed of a material that is optimized for cell
culture purposes. In some aspects, the biochip material is transparent, which is suitable for
fluorescent microscopy analysis. In some aspects, the biochip material is hydrophilic, which
helps circumvent the problems of polydimethylsiloxane (PDMS), a hydrophobic material
widely used in many other cell culture platforms. The provided biochip may be manufactured
via existing scalable manufacturing methods such as molding and bonding.

[00118] As wused herein, "about," "approximately” and “substantially" are
understood to refer to numbers in a range of numerals, for example the range of -10% to + 10%
of the referenced number, preferably -5% to +5% of the referenced number, more preferably -
1% to + 1% of the referenced number, most preferably -0.1% to +0.1% of the referenced
number.

[00119]  Furthermore, all numerical ranges herein should be understood to include

all integers, whole or fractions, within the range. Moreover, these numerical ranges should be
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construed as providing support for a claim directed to any number or subset of numbers in that
range. For example, a disclosure of from 1 to 10 should be construed as supporting a range of
from 1 to 8, from 3 to 7, from 1 to 9, from 3.6 to 4.6, from 3.5 to 9.9, and so forth.

[00120]  As used herein and in the appended claims, the singular form of a word
includes the plural, unless the context clearly dictates otherwise. Thus, the references "a," "an"
and "the" are generally inclusive of the plurals of the respective terms. For example, reference
to "an organ" or "a duct" includes a plurality of such "organs" or "ducts." The term "and/or"
used in the context of "X and/or Y" should be interpreted as "X," or "Y," or "X and Y."

[00121] ASSEMBLING THE BIOCHIP

[00122]  Fig. 1A and 1B illustrate a perspective view and a top view, respectively, of
an assembled biochip 100, according to an aspect of the present disclosure.

[00123] In an example, the biochip 100 may be able to be supported by and used in
conjunction with a microscope. For example, the biochip may be able to be placed on or held
by a microscope to allow for the contents of the biochip to be viewed by the microscope. In an
additional example, the biochip 100 may be compatible with an imaging device to view the
processes occurring within biochip 100.

[00124]  In an example, the biochip 100 may be compose of materials or components
that are applicable for use with microscope. For example, the materials or components may be
one of transparent, thin, provides minimal blurriness or low autofluorescence.

[00125] Fig. 2A, 2B, 2C, 2D, 2E and 2F illustrate the biochip 100 at through the
progression of stages of assembling biochip 100. The biochip 100 is referred to as biochip
200a-200d as assembly occurs.

[00126] Referring to Fig. 2A an exploded view of a biochip 200a, illustrates an
example configuration of the biochip 200a, according to an aspect of the present disclosure. In
an example, the biochip 200a includes upper cover glass 210 on the uppermost portion of the
biochip 200a to cover at least part of the top surface of the upper chassis 220 of the biochip
200a. The upper cover glass 210 may be a thin coverslip glass made of a material that is brittle,
transparent and has low autofluorescence such as glass or polymer. The upper chassis 220 and
the lower chassis 250 contain features such that when placed in direct contact with each other,
an internal space is formed to accommodate porous membranes. These features may be the
result of engraving in the inner layers of the chassis. In another example, upper chassis 220 and
the lower chassis 250 contains features forming the microfluidic channels leading to the

external compartment of the ductal scaffold and could be engraved on the outer surfaces of the
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chassis 250, and covered with another chassis 220 part or a thin coverslip creating the full
channel on the lower chassis to accommodate the porous membrane structure 240.

[00127]  The upper chassis 220 and the lower chassis 250 contain features that hold
the cylindrical ductal scaffold in position giving access to the internal and the external
compartments of the ductal scaffold. In another example, upper chassis 220 and the lower
chassis 250 contains features forming one or more microfluidic channels giving access to the
internal and the external compartments of the ductal scaffold. In another example, upper chassis
220 and the lower chassis 250 contains features microfluidic channels leading to the internal
and the external compartments of the ductal scaffold are interconnected at one or more areas
of the porous membrane structure 240 locations. In another example, upper chassis 220 and the
lower chassis 250 contains features forming the microfluidic channels leading to the internal
compartment of the ductal scaffold formed by the porous membrane structure 240 could extend
between the inlet and outlet holes of the channel. The chassis 220 and 250 forming the
microfluidic channels leading to the internal compartment of the ductal scaffold could extend
beyond the inlet and outlet holes of the channel and later be plugged using plugs 230a and 230b
post-assembly of the biochip 200a. A bottom cover glass 260, similar to the upper cover glass
210 may be provided to cover the bottom most portion of the lower chassis 250. In an example,
coverslip glass 210 and 260 forming the top & bottom layers of the chip is bonded to the chassis
220 and 250 using a glass-polymeric glue.

[00128]  Still referring to Fig. 2A, the porous membrane structure 240 has not been
bonded yet. In an example, the porous membrane structure 240 includes two hydrophobic
ultrathin porous members for filtering, a hydrophilic ultrathin porous membrane is used to form
a cylindrical duct and a flat hydrophobic ultrathin porous membrane is utilized as a stroma
filter.

[00129]  Referring to Fig. 2B, an exploded view of a biochip 200b, which includes
the same components as biochip 200a is illustrated. However here, the porous membranes
forming the porous membrane structure 240 are bonded and formed into a ductal scaffold. In
an example, the porous membrane structure 240 is formed by curving porous membranes into
a 180° rotation, forming a cylindrical structure and bonding the access material of the
membranes that were not curved into the cylindrical structure. For example, two pre-bonded
cylindrical hydrophobic ultrathin porous membranes are used for filtering. Pre-bonded
cylindrical hydrophilic ultrathin porous membrane are curved into a cylindrical duct Also, flat
hydrophobic ultrathin porous membrane may be used as a stroma filter. These components may

combine to form the porous membrane structure 240.
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[00130] In an example, a round porous duct is formed by curving a single flat
membrane or a plurality of flat membranes over a rod in a closed loop of cylindrical cross-
section and bonding it in a flat area along the surface of the ductal scaffold that is an extension
of the duct surface.

[00131]  Referring to Fig. 2C, an exploded view of a biochip 200c, which includes
the same components as biochip 200a is illustrated. However here, the porous membranes
forming the porous membrane structure 240 have been formed into a tube formation, according
to an aspect of the present disclosure. In an example, two pre-bonded cylindrical hydrophobic
ultrathin porous membranes are utilized for filtering. Pre-bonded cylindrical hydrophilic
ultrathin porous membranes are utilized to form the duct scaffolding. Also, flat hydrophobic
ultrathin porous membranes are utilized as a stroma filter. The porous membranes are bonded
in an area on the ductal scaffold surface along its length with the membrane bonded and its
extensions cut prior to its assembly to the chassis 250.

[00132]  Referring to Fig. 2D, an exploded view of a biochip 200d, which includes
the same components as biochip 200a is illustrated. However here, additional types of porous
membranes are utilized according to an additional aspect of the present disclosure. For
example, two hydrophilic ultrathin porous membranes may be used to form the porous
membrane structure 240 which allow for duct tissue growth area to form are utilized.
Additionally, flat hydrophobic ultrathin porous membranes are utilized as a stroma air filter
may also be included in porous membrane structure 240. Also, four hydrophobic ultrathin
porous membranes may also be included in the porous membrane structure 240 as an air filter.
In an example, two membranes forming the ductal scaffold are curved into a half-duct rotation
and the extensions of the membranes are tensioned through different holes in the chassis 220
and 250 and bonded post assembly to the chassis 220 and 250.

[00133] Referring to Fig. 2E, in an example, biochip 200e, includes the porous
membrane structure 240 having been formed into a tube formation which is assembled in a
single chassis 220 that includes the features of both chassis (220 and 250) and coverslips (210
and 260). In an example, all individual components found in biochips 200a-200d, are integrated
into a unitary single chassis 220. In an example, two pre-bonded cylindrical hydrophobic
ultrathin porous membranes are utilized for filtering. Pre-bonded cylindrical hydrophilic
ultrathin porous membranes are utilized to form the duct scaffoldings within each other. The
porous membranes are bonded in an area on the ductal scaffold surface along its length with
the membrane bonded and its extensions cut prior to its assembly to the chassis 220. The chassis

220 forming the microfluidic channels leading to the internal compartment of the ductal
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scaffold could extend beyond the inlet and outlet holes of the channel and later be plugged
using plugs 230a and 230b post-assembly of the biochip 200e.

[00134]  Referring to Fig. 2F, in an example, biochip 200f includes, chassis 220 and
250 which form the microfluidic channels leading to the internal compartment of the ductal
scaffold. The inlet and outlet holes of the channel and later be plugged using plugs 230a and
230b post-assembly of the biochip 200f. In an example, a bottom cover glass 260, similar to
the upper cover glass 210 may be provided to cover the bottom most portion of the lower
chassis 250. In an example, coverslip glass 210 and 260 forming the top & bottom layers of
the chip is bonded to the chassis 220 and 250 using a glass-polymeric glue. In an example, the
porous membranes forming the porous membrane structure 240 have been formed into a tube
formation which is an inner duct nested within another porous membrane structure that has
been formed into a tube formation which is the intermediate duct. Two pre-bonded cylindrical
hydrophobic ultrathin porous membranes are utilized for filtering. Pre-bonded cylindrical
hydrophilic ultrathin porous membranes are utilized to form the duct scaffoldings within cach
other. Two plastic ring-shaped structures 242 are located on one of the hydrophilic porous ducts
where the surrounding chassis channel has a larger diameter. Also, two flat hydrophobic
ultrathin porous membranes are utilized as a stroma filter. The porous membranes are bonded
in an area on the ductal scaffold surface along its length with the membrane bonded and its
extensions cut prior to its assembly to the chassis 250. The chassis 220 and 250 forming the
microfluidic channels leading to the internal compartment of the intermediate ductal scaffold
could extend across the rings surrounding one of the hydrophobic ducts and later be plugged
using puzzle-like plugs 270a and 270b from above and below getting in contact and
surrounding the plastic rings post-assembly of the biochip 200a. The chassis 220 and 250,
forming the microfluidic channels leading to the internal compartment of the ductal scaffold
could extend beyond the inlet and outlet holes of the channel and later be plugged using plugs
230a and 230b post-assembly of the biochip 200f.

[00135] In an example, the porous membrane structure 240 may be bonded to the
chassis 220 and 250 through one of chemical bonding, pressure bonding, and heat bonding. In
an example, a bonding method is used to melt a controlled thickness of the materials surfaces,
welding the different parts together. For example, the chemical bonding may contain a mixture
of ethanol and chloroform. In another example, the heat bonding can include surface
irradiation. In an example, the ductal scaffold having extension of the duct surface, when
bonded post assembly to the chassis, is held at its extremities and tensioned to prevent any

wrinkling in the membranes.
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[00136] In an example, the porous membrane structure may be a cylindrical scaffold
such that a geometry is provided that is designed to preserve the cell polarity through the
differentiation markers and junction proteins on the membranes of the cells.

[00137] In an example, the porous membrane structure may have the surface
properties that could be hydrophilic in some regions to support fluids, cells and biological
materials access through the pores.

[00138] In an example, the porous membrane structure may have the surface
properties that could be hydrophobic in some regions, to support air access through the pores,
functioning as a gas access region to the tissues inside the duct.

[00139] In an example, the porous membrane structure may have the surface
properties that could be hydrophobic in some regions, to support air access through the pores,
functioning as an air bubble trap, removing the encapsulating air from the duct.

[00140] In an example, the porous membrane structure may have the surface
properties that could be structural, mechanical and surface propertiecs of the material
constituting the ductal scaffold allow to support biological materials with various viscosities
and stiffnesses.

[00141] In an example, the porous membrane structure may support the flow of
fluids at high physiological flow rates and pressures.

[00142] In an example, the porous membrane structure may support inserted tissue
biopsies, gels and biological materials.

[00143] Inanexample, ductal epithelial and endothelial tissues grown inside the duct
and the tissue takes the shape of the cylindrical scaffold, preserving the cell polarity through
the differentiation markers and junction proteins on the membranes of the cells.

[00144] Fig. 3A, 3B and 3C illustrate various configures of porous membranes
according to an aspect of the present disclosure. Fig. 3A illustrates a porous membrane 310
forming the ductal scaffold of the biochip 200d where the membrane is curved into a 180
degrees rotation, bonded in an area on the ductal scaffold surface along its length with the
membrane bonded and its extensions cut prior to its assembly to the chassis, according to an
aspect of the present disclosure. Fig. 3B illustrates a porous membrane 320 forming the ductal
scaffold of the biochip 100, where the membrane is curved 180 degrees, and bonded at the
membrane extremities, according to an aspect of the present disclosure. Fig. 3C illustrates a
porous 330 membrane forming a hemi ductal scaffold of the biochip 100, that when bonded to
another one at the membrane extremities, forms a cylindrical duct, according to an aspect of

the present disclosure.
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[00145] Fig. 4A, 4B, 4C and 4D illustrate cross sectional views of various
configurations of assembled biochips according to an aspect of the present disclosure. Fig. 4A
illustrates a cross sectional view of ductal scaffold 410 where the membrane is curved into a
180 degrees rotation, bonded in an area on the ductal scaffold 410 surface along its length with
the membrane bonded and its extensions cut prior to its assembly to the chassis, according to
an aspect of the present disclosure. FIG. 4B illustrates a cross sectional view of ductal scaffold
420 where the membrane is curved into a 180 degrees rotation, and the extensions of the
membrane are tensioned from one side in-between the two chassis, and bonded together post
assembly to the chassis, according to an aspect of the present disclosure. Fig. 4C illustrates a
cross sectional view of two hemi duct membranes 430 with their extensions tensioned in-
between the two chassis assembled together to form a cylindrical duct, and bonded post
assembly to the chassis according to an aspect of the present disclosure. 4D illustrates a cross
sectional view of biochip 440 assembly where the ductal scaffold is round with no membrane
extensions and nested within another ductal scaffold bonded post assembly to the single chassis
according to an aspect of the present disclosure.

[00146]  Fig. 5A illustrates a top view of a biochip 500a according to an aspect of the
present disclosure. In an example, the biochip 500a may include an air filtering area 510 which
may allow for air bubbles to be released out of the biochip 500a. In some examples, air filtering
area 510 may also allow air to enter the biochip 500 which allows the cells being cultured to
have access to air. The biochip 500a may also include a duct surrounded by a stroma 520. In
some examples, the biochip 500a may include a duct inlet 530a and outlet 530b and a stroma
channel inlet 540a and outlet 540b.

[00147]  Fig. 5B illustrates a perspective view of a duct and microfluidic chamber of
a biochip 500b, according to an aspect of the present disclosure. In an example, the biochip
500b may include an inlet hole 530a and an outlet hole 530b. Additionally, biochip 500b may
include at least one air access area 550, at least one air bubble trap 560, a stromal microfluidic
chamber 570, and a porous duct interface 580. The biochip 500b may also include multiple
segments of duct surrounded with plastic 590. Fig. 5C illustrates a side view of a duct and
microfluidic chamber of a biochip 500b.

[00148]  Figs. 6A, 7A, 8A, 9A and 10A illustrate a top view of the biochip 100
throughout multiple bonding methods according to an aspect of the present disclosure. Figs.
6B, 7B, 8B, 9B and 10B illustrate the steps and processes to execute the multiple bonding
methods according to an aspect of the present disclosure.

[00149] METHOD 1: Prebonding Membranes with Extensions:
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[00150]  Fig. 6A illustrates a top view of the biochip 100 configured according to a
method where prior to bonding, porous membranes are curved in cylindrical manner,
approximately in a 180° orientation. In an example, the biochip 100 configured according to
this method may include, air filtering area 610, a duct surrounded by stroma 620, a duct inlet
630a, a duct outlet 630b, a stroma channel inlet 640a and a stroma channel outlet 640b.

[00151] Fig. 6B illustrates the steps and processes, according to method 650, to
execute the bonding process of the biochip components where the ductal scaffold is pre-bonded
at its extremities before assembling it to the chassis. For example, the method includes a
curving process of the hydrophobic and hydrophilic membranes over a rod and bonding it at
its extremities using heat bonding. The method may also include the assembly process of the
membranes on the chassis. This may require taking the rod having the membranes bonded to
it, locating it on the chassis, locating the hydrophobic flat stromal membrane in position,
sandwiching everything between the two chassis, then binding them using chemical aided heat-
press bonding. Finally, the method may involve the rod removal process, plugging the
extremities of the ductal channel beyond the inlet and outlet holes, and assembling the coverslip
glasses on both surfaces of the biochip 100.

[00152] METHOD 2: Post-Bonding Membranes with Extensions and Perpendicular
Tension:

[00153] Fig. 7A illustrates a top view of the biochip 100 configured according to a
method where a membrane is pulled after being curved a full 180° rotation when assembled to
apply tension. In an example, the biochip 100 configured according to this method may include,
air filtering area 710, a duct surrounded by stroma 720, a duct inlet 730a, a duct outlet 730b, a
stroma channel inlet 740a and a stroma channel outlet 740b.

[00154] Fig. 7B illustrate the steps and processes, according to method 750, to
execute the bonding process of the biochip 100 components where the ductal scaffold is bonded
at its extremities after assembling it to the chassis. In an example, the method may include the
curving process of the hydrophobic and hydrophilic membranes over a rod placed on one of
the chassis and pulling its extremities from holes parallel to the ductal scaffold. This method
may locating the hydrophobic flat stromal membrane in position, compiling the membrane
layers between the two chassis, then binding them using chemical aided heat-press bonding.
Finally, the method may include the rod removal process, cutting the membrane extremities,
plugging the extremities of the ductal channel beyond the inlet and outlet holes, and assembling
the coverslip glasses on both surfaces of the biochip 100.

[00155] Method 3: Post-Bonding Membranes with Extensions and Inclined Tension:
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[00156]  Fig. 8A illustrates a top view of the biochip 100 configured according to a
method where two membranes are pulled after being curved into a hemi-duct when assembled
to apply tension. In an example, the biochip 100 configured according to this method may
include, air filtering area 810, a duct surrounded by stroma 820, a duct inlet 830a, a duct outlet
830D, a stroma channel inlet 840a and a stroma channel outlet 840b.

[00157] Fig. 8B illustrates the steps and processes, according to method 850, to
execute the bonding process of the biochip 100 components where the ductal scaffold is made
of two membranes inclined along with the chassis, pre-tensioned when sandwiched, and
bonded post assembly to the chassis. In an example, the methods includes a curving process of
the hydrophobic and hydrophilic membranes over a rod placed on one of the chassis and pulling
its extremities from holes inclined along the ductal scaffold. The method may also include
locating the hydrophobic flat stromal membrane in position, sandwiching everything between
the two chassis, then binding them using chemical aided heat-press bonding. Finally, the
method may include a rod removal process, cutting the membrane extremities, plugging the
extremities of the ductal channel beyond the inlet and outlet holes, and assembling the coverslip
glasses on both surfaces of the chip, according to an aspect of the present disclosure.

[00158] Method 4: Pre-Bonding Membranes Fully Rounded without Extensions:

[00159]  Fig. 9A illustrates a top view of the biochip 100 configured according to a
method where the ductal scaffold is round with no membrane extensions, which is pre-bonded
in an area on the ductal scaffold surface along its length before assembling it to the chassis. In
an example, the biochip 100 configured according to this method may include, air filtering area
910, a duct surrounded by stroma 920, a duct inlet 930a, a duct outlet 930b, a stroma channel
inlet 940a and a stroma channel outlet 940b.

[00160]  Fig. 9B illustrates the steps and processes, according to method 950, to
execute the bonding process of the biochip 100 components where the ductal scaffold is round
with no membrane extensions, which is pre-bonded in an area on the ductal scaffold surface
along its length before assembling it to the chassis. In an example, the method may include,
the curving process of the hydrophobic and hydrophilic membranes over a rod and bonding it
on the ductal scaffold surface along its length using heat bonding. It then shows the assembly
process of the membranes on the chassis. The method may also require taking the rod having
the membranes bonded to it, locating it on the chassis, locating the hydrophobic flat stromal
membrane in position, sandwiching everything between the two chassis, then binding them
using chemical aided heat-press bonding. In this design, the stromal microfluidic channel void

surrounds the ductal scaffolds on the chassis from all sides. Finally, this method may include
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the rod removal process, plugging the extremities of the ductal channel beyond the inlet and
outlet holes, and assembling the coverslip glasses on both surfaces of the biochip 100.

[00161]  Method 5: Post-Bonding Membranes with Extension and Axial Tension:

[00162]  Fig. 10A illustrates a top view of the biochip 100 configured according to a
method where two membranes are pulled after being curved each into a hemi-duct when
assembled to apply axial tension. In an example, the biochip 1000 configured according to this
method may include, air filtering area 1010, a duct surrounded by stroma 1020, a duct inlet
1030a, a duct outlet 1030b, a stroma channel inlet 1040a and a stroma channel outlet 1040b.

[00163]  Fig. 10B illustrates the steps and processes, according to method 1050, to
execute the bonding process of the biochip components where the ductal scaffold is made of
two membranes aligned along with the chassis, pre-tensioned when sandwiched, and bonded
post assembly to the chassis. In an example, the method may include the curving process of the
hydrophobic and hydrophilic membranes over a rod placed on one of the chassis and pulling
its extremities from holes aligned along the ductal scaffold. Additionally, the method may
include locating the hydrophobic flat stromal membrane in position, compiling all members
between the two chassis, then binding the membranes using chemical aided heat-press bonding.
Finally, the method may include the rod removal process, cutting the membrane extremities,
plugging the extremities of the ductal channel beyond the inlet and outlet holes, and assembling
the coverslip glasses on both surfaces of the biochip 100.

[00164] Method 6: One Chassis Chip with Fully Round Membranes without
Extensions

[00165] Fig. 11A illustrates a top view of a biochip 1100 configured according to a
method where the two membranes are along its length with the membrane bonded and its
extensions cut when assembled in only one chassis according to an aspect of the present
disclosure. In an example, the biochip 100 configured according to this method may include,
air filtering area 1110, a duct surrounded by stroma 1120, a duct inlet 1130a, a duct outlet
1130b, a stroma channel inlet 1140a and a stroma channel outlet 1140b. In an example, biochip
1100 includes a selectively removable material 1160 that is removed in response to one of UV
radiation exposure, chemical etching or other stimulus.

[00166]  Fig. 11B illustrates the steps and processes, according to method 1150, to
execute the bonding process of the biochip 100 components where the membrane is curved
into a 180 degrees rotation, bonded in an area on the ductal scaffold surface along its length
and the ductal scaffold extensions are cut prior to assembly in only one chassis. In an example,

the one chassis contains the features of both chassis. In an example, the cylindrical void in the
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single chassis embodiment has a diameter larger than the cylindrical void in a two chassis
embodiment. The chassis is formed by molding over a selectively removable material that is
then removed in response to one of UV radiation exposure, chemical etching or other stimulus.
The curved cylindrical membranes are placed on a rod and are inserted into position into the
chassis void. Upon insertion in the chassis void, the whole chip (chassis-membrane assembly
with the rod inside) is chemically bonded and heat pressed to deform the chassis and bond the
internal features together. In an example, the last step of the disclosed method is to plug the
duct extremities. In an example, coverslips are not utilized and in the chassis includes features
capable of covering the plurality of apertures in the single chassis. In an example, the single
chassis method utilizes a chassis made of a glass material.

[00167] Method 7: One Chassis Chip with Fully Round Nested Membranes

[00168]  Fig. 12A illustrates a top view of the biochip 100 configured according to a
method where the ductal scaffold is round with no membrane extensions and nested within
another ductal scaffold, where each is pre-bonded in an area on the ductal scaffold surface
along its length before assembling it to the chassis and could be accessed separately. In an
example, the biochip 100 configured according to this method may include, air filtering arca
1210, a duct surrounded by a duct and then by a stroma 1220, an inner duct inlet 1230a, an
inner duct outlet 1230b, an intermediate duct inlet 1250a, an intermediate duct outlet 1250b, a
stroma channel inlet 1240a and a stroma channel outlet 1240b.

[00169] Fig. 12B illustrates the steps and processes, according to method 1260, to
execute the bonding process of the biochip 100 components where the ductal scaffold is round
with no membrane extensions and nested within another ductal scaffold, where each is pre-
bonded in an area on the ductal scaffold surface along its length before assembling it to the
chassis. In an example, the method may include, the curving process of the hydrophobic and
hydrophilic membranes over a small pin equal to the diameter of the inner duct and bonding it
on the ductal scaffold surface along its length using heat bonding. Additionally, the method
may include the assembly of two plastic rings on the edges of one of the hydrophobic
membranes and at one end of the hydrophilic membrane. In an example, the method also
includes the assembly of another larger hydrophilic membrane on a larger pin of an inner
diameter larger than the outer diameters of the rings and an outer diameter equal to the diameter
of the outer ductal scaffold. The method may also include the assembly of the small pin with
its membranes inside the larger pin. It then shows the assembly process of the pins with the
membranes on the chassis, including the flat membranes along the channels leading to the

stroma channel and the intermediate duct. The method may also require taking the rod having

25



WO 2021/262022 PCT/QA2021/050016

the membranes bonded to it, locating it on the chassis, locating the hydrophobic flat stromal
membrane in position, sandwiching everything between the two chassis, then binding them
using chemical aided heat-press bonding. In this design, the stromal microfluidic channel void
surrounds both the inner and intermediate ductal scaffolds on the chassis from all sides. Finally,
this method may include the rod removal process, plugging the extremities of the inner ductal
channel beyond the inlet and outlet holes, and plugging the intermediate duct extremities by
two puzzle-like parts from above and below getting in contact and surrounding the plastic rings,
and assembling the coverslip glasses on both surfaces of the biochip 100.

[00170] In another embodiment, a method for assembling the biochip 100 is
disclosed. According to the disclosed method, first clean and run quality checks on the
manufactured chassis. This is accomplished by separating the chassis into the most accurate
combination (top and bottom chassis). Use ultra-precise calibration rods to do so. Next, cut the
7um thick porous membranes into 40x3mm sheets (width error +/-0. lmm). Thoroughly clean
the chassis by submerging them into a 2% sodium dodecyl sulfate (SDS) solution in distilled
water; sonicate for 5 minutes dip the chassis into distilled water; sonicate for 5 minutes. Finally,
clean the 2x 4cm membranes using the same method as the step above.

[00171] Next, the membranes are cut, positioned and fixed. Place the membranes
perfectly symmetric above the hemi-duct chassis. Stretch the membrane (tensile force, duct
axialdirection) and fix the extremities on each of the chassis on the top surface of the chassis
using a drop of 1uL chloroform. Place the top chassis with membrane assembled against a
sacrificial surface with the membrane between the chassis and the surface, fix it and drill the
membrane through the chassis inlet/outlet holes. Next, locate the lower chassis on the chip
holder designed to be placed inside the heat press device. Locate the 0.5mm diameter wire or
the ultra-precise 0.5mm diameter steel rod in position above the hemi-duct of the bottom
chassis. Place Imm diameter 2.5mm long steel pin in the lower chassis stroma channel inlet
hole (this will help assemble the two subassemblies precisely above each other regardless to
the relatively large laser cutting errors at the edges, since the CNC machine precision (same tool
and chip holding) is less than Sum. Place 0.5mm diameter 2.5mm long nylon pin in the lower
chassis connecting hole (this in addition to the wire positioning and the other pin, will help
assemble the two subassemblies precisely above each other regardless to the relatively large
laser cutting errors at the edges, since the CNC machine precision (same tool and chip holding)
is less than Sum.

[00172]  Continuing the disclosed method for assembling the biochip 10, pipette

10uL of 20% chloroform in ethanol homogeneously on each of the chassis interfacing surfaces.
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Directly press the items together and close the chip holder. Instantly place under the heat press
and apply a 53Mpa stress at 82C for 7 min. Quench the chip in distilled water and keep for 30
sec (to prevent membrane crystallization). Next, once the clamping process is complete,
connect the variable collet to the visible and accessible region of the 0.5mm steel rod or the
wire which is stuck inside the chip. It should be noted, this rod is used to accurately deform the
membrane into the correct features. Remove the rod/wire from the duct by holding the collet
and pulling to the opposite direction of the clamp or by using a rod to push the collet against
the clamp. Next, the duct extremities must be plugged. Cut 1.5mm long nylon wires having
diameter = 0.5mm and use them as plugs, by placing them inside the duct channel at the
extremities of the duct beyond the inlet/outlet holes. Drop 1 mm pure chloroform on the plug
after inserting it in the duct extremities which is enough to melt the PMMA surrounding the
nylon plug and seal them together.

[00173] Inaddition to the aforementioned steps of the disclosed method, run leakage
testing from the duct by pipetting 10uL of colored water into the duct. If leakage occurs under
the membrane, then the duct grooves are cut shallow into the chassis. If the leakage occurs
directly from the duct channel to the stroma channel, then the leakage occurs because the duct
grooves are cut deep into the chassis. If both leakages happen, then the leakage is because the
stromal channel is cut deep under the flat surface, and low pressure of binding occurs there.
Conduct pore diffusion testing, by inserting colored water into the duct, and by using a tissue
wipe for delicate surfaces, for example a Kimwipe®. Insert the tissue wipe from the stromal
region and let it touch the porous duct’s outer surface. If the diffusion occurs from the duct to
the tissue wipe and the tissue wipe absorbs from the colored water, then the pores aren’t
blocked.

[00174] Next, the cover coverslip assembly must be assembled. First, use 2
coverslips (1x1cm) and place each on either sides of the assembled chip. Next, pipette 2uL of
acrylic acid glue dispensed homogeneously on the bounding region, to bind the coverslips to
the PMMA surface. Finally, wait for 3 hours for the glue to cure. Dual flow testing must be
conduct. In order to do so, flow colored water through both channels of the chip (in each
channel pass a different color). A mixture between the two colors should happen due to
diffusion through the pores. Finally, no leakage should occur for both channels.

[00175] The final steps of the disclosed assembly method are to clean the LOC by
dropping it into a 2% SDS solution in distilled water, then sonicate for 5 min. Then dip it into
distilled water, and sonicate for 5 minutes. Package each chip in a blister and close the blister

by a sterilization Tyvek sheet, and seal it using the heat press machine. Take the chip to the
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H202 sterilization facility to sterilize it. Finally, package each 12 blisters in a box having the
logo.

[00176] Inanother embodiment, a method for assembling the biochip 10 that utilizes
automation is disclosed. First, the machine being utilized holds the lower chassis on a moving
plate at a fixed relative position through 2 projecting 2.5mm long pins (Imm and 0.5mm in
diameter) that goes into the lower chassis two holes. Next, directly above the lower chassis
holding plate, the machine holds the chassis on a moving plate at a fixed relative position
through 3 projecting Imm long pins (Imm diameter) that goes into the upper chassis two inlet
and outlet holes (except the stroma channel inlet hole). Next, the moving plate goes to a
chamber where a feed of 2 (7um thick) porous membranes 3mm wide are being cut into shape
but extended length. Both are pushed against the chassis hemi-ducts. One is pushed upward
against the upper chassis, and the other pushed downwards against the lower chassis hemi-
duct. Next, after locating the membrane in position, a drop of luL of pure chloroform will be
dropped to the membrane extremities while it is pushed and tensioned and then the membrane
is cut.

[00177] Continuing the disclosed automated assembling method, the two
subassemblies (upper and lower chassis with membranes) seed into a position where its
surfaces are to be sprayed with 10ul of 20% chloroform diluted in ethanol. Next, the two
sprayed subassemblies are fed into a position were an ultra-precise steel rod is sandwiched in
between and then clamped under a heat press for 7 minutes. After the 7 minutes, the rod will
be automatically removed, and the top plate that was at first connected to the top chassis was
also removed giving a motion degree of freedom to the chip. While the chip is still in position,
and two nylon plugs are fed to close the duct extremities beyond the inlet/outlet holes, and 1uL.
of chloroform is dropped into them. A quality control step is done here, where colored water
is to be passed through the duct of the chips, and a computer vision program will check for
failures. The failed chips will go to a failure collection container while the ones that succeed
will go to a sonicating and cleaning step. After the cleaning step, 2uL. of acrylic acid glue is
dispensed homogeneously across the glass coverslips and then the two coverslips are pushed
against the chips’ surface for 3hrs to bind it. The first coverslip to get in position is the top one
where a plate containing three pins will also hold the chip upward against the top glass coverslip
while the bottom pins connectors are removed. Then, the chip will be moved to another plate
containing 2 pins and the coverslip glass with glue.

[00178]  Finally, another quality test is done here by-passing two-colored fluids into

the two channels of the chip, and separating through a computer vision program. If failure
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occurs, also the chips will go to another failure collection container. The ones that succeed will
proceed to a final cleaning step in a sonicating bath. Next, the chips are then dried by 50C
airflow and are seeded automatically to the blisters. The blisters are then covered with the
Tyvek sheet and bonded together using a heat press step. The blisters containing the chips are
now ready to send to a sterilization facility. Finally, after getting back from the H202
autoclave, the blisters are packaged with the rack in a box of 12.

[00179]  Fig. 13A, 13B and 13C illustrate possible embodiments of the biochip
according to aspects of the present disclosure. Fig. 13A illustrates additional possible uses of
the biochip according to the aspects of the present disclosure. In an example, 1310a shows the
biochip empty because no cells have been cultured within the biochip. Additionally, 1310b
shows the biochip cultured with vascular tissue surrounded by stromal tissue grown inside the
biochip. Furthermore, 1310c illustrated a biochip cultured with ductal epithelial tissue
surrounded by stromal tissue grown inside the biochip, according to an aspect of the present
disclosure. Fig. 13B illustrates an example embodiment of the biochip, where one external
compartment 1340 surrounds two ductal scaffolds 1320 and 1330. For example, stroma tissue
is grown in the external compartment 1340 surrounding both ducts 1320 and 1330. Inside one
of the ductal scaffolds 1330, the vascular tissue is grown and attaches to the porous duct walls.
Inside the other ductal scaffold 1320, ductal epithelial tissue is grown and attaches to the porous
duct walls, according to an aspect of the present disclosure. Fig. 13C illustrates an example
embodiment of the biochip, where two separate external compartments 1340 and 1350
surround one ductal scaffold 1330. For example, two different stromal tissues grown in each
of the two external compartments 1340 and 1350 surround a duct growing a blood vessel.

[00180] SEEDING THE BIOCHIP

[00181] Fig. 14 illustrates a circular duct morphology tissue microstructure of
epithelial cells grown on the porous membrane of the cylindrical duct of the biochip 1400,
according to an aspect of the present disclosure. The porous membrane of the cylindrical duct
of the biochip 1400 includes a duct channel 1410, a porous member 1420, epithelial cells 1430,
stroma channel 1440, stroma tissue 1450 and Myoepithelial cells 1460. In an example, the
epithelial cells may be one of renal, hepatic, lung or breast ductal epithelial cells. In an example,
the Stroma tissue 1450 may be one of fat cells, fibroblasts which may be incorporated in a
hydrogel. In an example, the Myoepithelial cells 1460 may be incorporated in a basement
membrane hydrogel. Additional examples of epithelial cell and stroma tissue that may be

utilized are discussed in a later section of this disclosure.
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[00182] In another embodiment, a method for seeding cells in the duct channel 1410
against extracellular matrix (ECM) gel for full duct formation in the biochip 1400 is disclosed.
Tubular structures, such as endothelial or epithelial barrier tissues, are established in the chip
1400 by growing cells in the duct channel 1410 against an ECM gel in the stroma channel.
Morphology and function of the tubule can be assessed by microscopy, a barrier integrity assay,
or other functional assays. In addition, cells, media and ECM from each channel 1310 could
be removed separately for component assessment such as qPCR, a property unique to chip. In
an embodiment the following materials are necessary to perform the disclosed seeding method:
chip 1200; rack (12-well plate format - square wells); collagen-I 5 mg/mL (AMSbio Cultrex®
3D collagen I rat tail, 5 mg/mL, #3447-020-01); 1 M HEPES (Life Technologies 15630-122,
pH 7.2-7.5); 37 g/L NaHCO3 (Sigma S5761-500G, dissolve in sterile water, adjust pH to 9.5
using NaOH); Medium (12.5 mL per rack (12 chips)); cells: seeding density is dependent on
the cell type; 10ul or 20uL pipettes (ex: Eppendorf Research® plus (single-channel, variable
volume)); ImL pipette (any type) (optional); 10 or 20uL. pipette tips (¢.g. epT.I.P.S.® Standard,
Eppendorf Quality™ 0.1-10uL or 0.1- 20uL); Medium reservoir; ImL pipette tips (any type)
(optional); sterile tweezer (small size); and crushed ice.

[00183] Referring to FIG 13, according to the disclosed method, the seeding method
begins with opening the sterile blisters containing the rack and chips 1300 under the biosafety
cabinet and placing the chips in the rack (up to 12 chips per rack). Next, add 14 puL of HBSS
to each chip’s stroma channel using a 10uL. or 20uL pipette. Next, prepare the required amount
of ECM gel (e.g.14 uL gel per chip) according to the following Collagen-I 4 mg/mL
preparation method: place an Eppendorf tube on ice; the collagen-1 4 mg/mL gel is prepared
by mixing 1 M HEPES, 37 g/L. NaHCO3, and 5 mg/mL collagen-I in a 1:1:8 ratio; prepare at
least 100 pL of total gel volume to ensure components mixing; mix well by pipetting the
mixture up and down >20 times, while on ice ; if bubbles are formed, quickly spin the tube
down (~5 seconds); and Use gel immediately after preparation (within 10 minutes). Next, using
the 10 or 20uL pipette, fit the tip of the pipette inside the duct inlet hole 26. Make sure the tip
fits well (should stick in the hole), then gently dispense 14ul. Use the tweezer to hold the chip
in place before removing the pipette. Dispense 14ul gel into each chip’s stroma channel inlet
using the 20uL pipette.

[00184] Next, place the rack containing the chips in a humidified incubator (i.e.
37°C, 5% CO2) for 15 minutes to allow polymerization of the collagen-I gel. Add a2 uL drop
of HBSS above the ECM channels inlet & outlet to prevent the gel from drying out. Here you

are free to seed the epithelial cells at any time, not necessary directly. Harvest cells according

30



WO 2021/262022 PCT/QA2021/050016

to their dissociation protocol. Count the number of live cells in the cell suspension. Calculate
the required number of cells for seeding in the chips and pellet them. In an embodiment, the
optimal cell density is cell type dependent (generally between 1,000 and 10,000 cells/uL). Re-
suspend pellet in [900,000/ 10,000 =] 90 pL. medium to obtain a 10,000 cells/uL cell
suspension. Seed 6 pL of cell suspension in the duct inlet using the same pipetting procedure
as previously used for gel loading. Re-suspend the cell suspension during seeding to ensure
homogenous cell density. To ensure the cells attach on both sides of the duct (full circular duct
formation), a seeding or post seeding process is also needed (described in next section).

[00185] In an embodiment, the biochip 1400 can be flipped to allow cellular growth
to form a full duct with the duct interface 1410. The biochip 1400 can be placed on a rack in
an incubator on its top surface (top surface down) until a layer of cells attach on the top surface.
The biochip 1400 is then gently flipped. Next, ImL of media is added to the biochip 1400. The
biochip 1400 is then covered and placed back in the incubator. The time cells need to attach is
cell type dependent and generally varies between 30 minutes to 6 hours. Cells contained in the
duct 1410 are sufficient to cover both surfaces. Therefore, placing the rack upside down is
adequate for the cells to settle and attach on the top surface. After flipping the biochip 1400,
the excess cells not attached to the top surface will settle to the bottom surface and attach.
Finally, ImL of media is added in each rack well containing a chip 1400 to prevent the drying
of the media and the gel inside the channels.

[00186] In another embodiment, an additional method can be utilized before seeding
the cells by coating the inner surface of the duct by dispensing diluted collagen IV (Sug/mL of
media) into the duct to aid cell attachment, then flow the suspended cells in media at a very
low flow rate into the duct and move delicately to the incubator. Next, pipette 6uL. of the
Sug/mL collagen mixture in media and place dishes with chips in 37 °C incubator. After coating
with type IV collagen, the chips are ready to be seeded with cells or they may be stored for up
to one week at 4 °C. Use a SulL Hamilton syringe needle to gently dispense the cells into the
duct. Using extreme caution, move it delicately to the incubator. According to this procedure,
cells flowing into the duct will attach homogeneously to the walls of the duct and surface
tension of the collagen will be enough to hold the cells in position if no shaking occurs.

[00187] In another embodiment, seeding the cells into the duct can be achieved by
using a micro-syringe pump at decreasing flow rates, to ensure homogeneous attachment. First,
clean the butterfly needle tigon tubing by flushing 70% ethanol into it, keeping it to dry and
then wash it with media. Next, connect a multi-headed micro-syringe pump to the inlets of the

chips using the cleaned tigon tubing and a 10uL pipette tip fitted to the chip’s inlet. Similar to
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other disclosed procedure of a flow is to be executed into the duct 1st at flow rate of 10uL/min
(found from CFD simulation) for 5 min, to ensure the proper flow pressure needed to push the
cells against the duct walls. Reduce the flow rate to luL/min after 5 min and keep it for 50 min.
Finally, remove the pump connections and place in the incubator.

[00188] In another embodiment, after pipetting cells, connect the rack to a rotary
rocker designed to ensure homogeneous ductal monolayer. The rotary rocker is designed to
rotate the chip around the duct axis at a controlled speed.

[00189] In another embodiment, a method for changing the medium of cultures
grown in the biochip 1400 is disclosed. Most cultures in the chip 1400 require medium
refreshment every 2-3 days. Old medium can be pipetted outside of the channels or aspirated
using an aspirator system. After the channels are emptied, fresh medium can be added using a
pipette. The disclosed method allows for medium changes in the chip 1400 and can also be
used for other assays, such as fixation. In an embodiment, the materials necessary for utilizing
the disclosed method are as follows: chip 1400; rack (12-well plate format - square wells); cell
specific medium; aspirator system and tips (optional); 10uL or 20uL pipettes (ex: Eppendorf
Research® plus (single-channel, variable volume)); 1mL pipette (any type) (optional); 10 or
20uL pipette tips (e.g. epT.LP.S.® Standard, Eppendorf Quality™ 0.1-10uL or 0.1-20ul);,
medium reservoir; ImL pipette tips (any type) (optional); and sterile tweezer (small size).

[00190] In an embodiment of the present disclosure, medium changing can be
accomplished by retrieving a rack containing the chips from the incubator, placing the rack
under the biosafety cabinet and remove the rack lid. Next, aspirate the medium from the well
containing the chip using a ImL pipette or using aspirator. Next, aspirate the medium from the
inside of the channels a. Use the 10 or 20uL pipette, fit the tip of the pipette inside the duct
inlet hole. Make sure the tip fits well (should stick in the hole). Aspirate 10uL of the medium
which is excess volume. Use the tweezer to hold the chip in place before removing the pipette.
Next, dispense 6ul of the new medium into the inside of the channels (same as step 3). Repeat
the previously disclosed steps all the chips 1400 used in the rack (up to 12 chips). Next,
dispense ImL of medium above each chip 1400. Finally, close the rack lid and place it again
in the incubator.

[00191] EXAMPLES OF TISSUE CULTURED

[00192] Fig. 15A, 15B, 15C and 15D illustrate different embodiments utilizing
biochip 100 to culture various cell types.

[00193] Fig. 15A illustrates a cross-sectional view of the ductal tissue model

utilizing a biochip 1500 according to the present disclosure. The ductal tissue model includes
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a duct channel 1510, endothelial cells 1520, primary human hepatocytes 1530 and stromal gel
1540. The endothelial cells 1520 may be one of human liver-derived endothelial cells (HLEC).
In some examples, the primary human hepatocytes 1530 may be primary human glomerular
microvascular endothelial cells.

[00194] In an another example, the ductal tissue may be one of hepatic, renal,
pulmonary, mammary, pancreatic, prostatic, vascular, lymphatic, glandular, or other types of
tissue.

[00195] In some examples, the stromal gel 1540 may be stromal gel associated with
the specific endothelial cells cultured may be used. For example, if renal proximal tubule cells
(RPTEC) are utilized, renal stromal gel can be used. The ductal tissue model is able to be used
where disease-free normal epithelial or endothelial cells are grown attached to the inner walls
of the internal compartment of the porous ductal scaffold. Also it shows a stromal tissue grown
in the external compartment of the ductal scaffold, according to an aspect of the present
disclosure.

[00196] In an embodiment, stroma can be customized by the user to be made of
biopsies, gels or biological materials with various components and viscosities. In an example,
stem cells could be grown in the ducts forming a hollow duct or a sausage-like structure where
cells could be nourished from the stromal channel. In another example, the cells and biological
materials could be extracted from biopsies, cell lines and other biologically relevant materials.

[00197]  Fig. 15B illustrates the biochip 1500 used to culture cancerous cells. The
biochip 1500 may be used to culture cancerous cells 1550 near disease-free normal epithelial
or endothelial cells 1520 to study a tumor tissue disease model. In an example, the cancerous
cells 1550 or previously grown solid-tumor clusters are inserted at the same time in the internal
ductal scaffold compartment.

[00198]  Fig. 15C illustrates the biochip 1500 used to culture solid-tumor clusters.
The biochip 1500 may be used to culture solid-tumor clusters 1560 near disease-free normal
epithelial or endothelial cells 1520 to study a tumor tissue disease model. In an example, the
solid-tumor clusters 1560 are inserted at the same time in the internal ductal scaffold
compartment. This allows for creating a disease model for metastasized tumors.

[00199]  Fig. 15D illustrates an embodiment of biochip 1500 utilizing a tumor tissue
disease model where disease-free normal stromal tissue 1530 is mixed with cancerous cells
1570 or previously grown solid-tumor clusters, and inserted at the same time in the external
ductal scaffold compartment, surrounding the duct 1510, and creating stromal or parenchymal

based disease model, according to an aspect of the present disclosure.
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[00200] In an embodiment, the biochip 1500 may be used as a hepatotoxicity drug
testing model, where primary human hepatocytes are cultured within the hepatic stroma gel
and grown in the external compartment of the duct. Inside the duct, Human liver-derived
endothelial cells, which include hepatic microvascular cells, are grown and attached to the
ductal scaffold inner wall, according to an aspect of the present disclosure.

[00201] In an embodiment, the biochip 1500 may be used as a nephrotoxicity drug
testing model, where primary human glomerular cells and primary human glomerular
microvascular endothelial cells 1520 are cultured within the renal stromal gel 1540 and grown
in the external compartment of the duct. Inside the duct 1510, Human renal proximal tubule
cells are grown and attached to the ductal scaffold inner wall.

[00202] In an embodiment, the biochip 1500 may be used as a toxicity drug testing
model where the liver's hepatotoxicity model (which also metabolizes the drug) is micro-
fluidically connected to the renal nephrotoxicity model, according to an aspect of the present
disclosure.

[00203]  In an embodiment, the biochip 1500 may be used in a model for testing lung
cancer drug efficacy. The human lung fibroblasts are cultured within the pulmonary fibroblastic
stromal gel 1440 in the external compartment of the duct. Inside the duct, human small airway
epithelial cells for the air-liquid interface are grown attached to the inner walls of the ductal
scaffold. On the luminal surface of the epithelial cells, solid tumors of the KRAS positive
human lung adenocarcinoma cells or non-small cell adenocarcinoma cells are attached and
grown, according to an aspect of the present disclosure.

[00204] In an embodiment, the biochip 1500 may be used as a model for testing
prostate cancer drug efficacy. The human prostate stromal cells are cultured within the prostate
stromal gel in the external compartment of the duct. Inside the duct, the human prostate
epithelial cells are grown attached to the inner walls of the ductal scaffold. On the luminal
surface of the epithelial cells, solid tumors of the LNCaP clone FGC prostate carcinoma cells
or NCI-H660 stage E prostate cancer small cell carcinoma cells are attached and grown,
according to an aspect of the present disclosure.

[00205] In an embodiment, the biochip 1500 may be used as a model for testing
Breast cancer drug efficacy. The human primary mammary fibroblasts are cultured within the
mammary stromal gel in the external compartment of the duct. Inside the duct, the human
mammary epithelial cells are grown attached to the inner walls of the ductal scaffold. On the
luminal surface of the epithelial cells, solid tumors of the HCC1500 (Estrogen +ve &
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Progesterone +ve) or HCC70 (Estrogen +ve) or HCC2157 (Estrogen -ve & progesterone +ve)
cells are attached and grown, according to an aspect of the present disclosure.

[00206]  Inan embodiment, the biochip 1500 may be used as a model for testing brain
cancer drug efficacy across the blood-brain barrier. The human astrocytes are cultured within
the brain astrocytic stromal gel 1540 in the external compartment of the duct. Inside the duct,
the human brain cerebral microvascular endothelial cells are grown attached to the inner walls
of the ductal scaffold. On the luminal surface of the vascular cells, solid tumors of the U-118
MG brain glioblastoma & astroblastoma grade IV tumor cells are attached and grown,
according to an aspect of the present disclosure.

[00207] In an embodiment, the biochip 1500 may be used as a drug testing model
for drug dosage according to the toxicity and efficacy balance. The drug dosage model consists
of the microfluidic connection of the hepatic model, renal model, and then the discase model.
In this model, the drug passes first through the hepatic chip, where the drug gets metabolized
and tested for hepatotoxicity. Then the drug passes through the renal chip to test for toxicity in
the renal proximal tubule. Then, the drug passes through the disease model to test for drug
efficacy on the grown tumors. This illustration shows the dosage model for the lung, prostate,
breast, and brain cancer drugs. The drug usually succeeds the trial if any optimal drug balance
for efficacy and toxicity is discovered, according to an aspect of the present disclosure.

[00208] In an embodiment, the biochip 1500 could be used by researchers to study
the physiology and pathology of ductal tissues, the mechanotransduction effects on ductal
tissues, signaling pathways in ductal tissues, preferential cancer metastasis through ductal
tissues, the diffusion and effect of drugs, toxicant and biological stimulants on ductal tissues
and for the mass generation of stem cells.

[00209] In an embodiment, the biochip 1500 could be used by pharmaceutical
companies to grow ductal organoids, and human-on-chip models to test drugs on it and study
its safety, efficacy and dosage to better predict the drug reaction in clinical trials

[00210] In an embodiment, the biochip 1500 could be used by clinical researchers
for precision and personalized medicine, by growing ductal organoids from patient biopsies,
creating a personalized patient-on-chip, to test different treatments and drugs on it and
prognose a precise and personalized treatment.

[00211] In an embodiment, the biochip 1500 may include ductal scaffold that
restricts the ductal epithelial and endothelial tissues assembly and growth into just a monolayer
attached to the inside walls of the ductal scaffold, taking its shape. The cylindrical structure of
the ductal epithelial tissues is linked to preserving the cell polarity through the differentiation
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markers and junction proteins on the membranes of the cells. Growing the epithelial or
endothelial ductal tissues in cylindrical structures inside the biochip, allows the tissue model
mimetic to the in vivo tissues.

[00212] In an embodiment of the biochip 1500, the external compartment and the
pores of the ductal scaffold allow the culture and growth of any 3D tissue in suspension or in
a gel to be interfaced with the ductal tissue inside the duct. Co-culturing epithelial cells with
the surrounding stroma is important because fibrous tissue plays a vital role in the ductal cancer
progression through hormonal and growth factor level fluctuations. Such fluctuations cause
changes in the stromal cells’ gene expression, leading to different extracellular matrix
biomarkers, and thus disrupting the signaling cascades from and to the epithelial tissues. Co-
culturing the epithelial or endothelial ductal tissues with its corresponding stromal tissues,
makes the tissue model mimetic to the in vivo tissues.

[00213]  In an embodiment of the biochip 1500, the porous-walled cylindrical ductal
scaffold, having both an external & external compartment, allows the precise access of the
cells, tissues and extracellular matrices from any specific location without disrupting the other
tissues. This allows the controlled placement of tumor cells or solid tumor clusters in any
location across the model for a specific tumor disease model. The resulting effects of the drugs
tested on tissues grown inside the biochip depends on the precision in modeling the tumors
size, density and location. Having a ductal scaffold makes the tumor disease model mimetic to
the in vivo tissues.

[00214] In an embodiment of the biochip 1500, the pore size, shape and density in
addition to the thickness of the wall of the cylindrical ductal scaffold allows cells squeeze and
pass through the wall if subjected to any signaling pathway. This mimics the cell migration
process across tissues.

[00215]  Referring to FIG. 16, in another embodiment, the disclosed biochip 100 may
include multiple ducts and multiple surrounding channels. In at least one aspect of the present
disclosure, the biochip may be configured in a 96-well plate design with multiple parallel ducts
so that it can be used for high throughput drug screening purposes. In such an aspect, the system
has the dimensions of a standard 96-well plate and, in some instances, can be used with a pump
connected to the inlet and outlet port. In other instances, fluid can be pipetted manually into
the inlet port and it will fill the entire duct with the help of capillary forces.

[00216] In an example, the biochip 100 may have multiple design configurations
where multiple ducts could be designed to be interfaced with one or more surrounding channels

to be used for drug diffusion testing applications.
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[00217] In an example, the biochip 100 may have multiple channels that could be
designed to be interfaced with one or more ducts, to be used for cell migration and metastasis
applications.

[00218]  In an example, the biochip 100 may be configured to interact with multiple
chips containing different types of tissue and organoid systems, sourced from the same or
different individual or cell-line type. For example, a plurality of biochips 100 can be connected
to form a human-on-chip mode.

[00219] METHOD FOR MANUFACTURING BIOCHIP

[00220] In another embodiment, a method for manufacturing the biochip 100 is
disclosed. According to the disclosed method, Poly(methyl methacrylate) (PMMA) is cut into
desired shape and thickness using a laser cutting machine. First, a sheet of 1.5mm thick PMMA
is gathered and the thickness of the sheet at different regions is inspected using a thickness
caliper. For a sheet 300x300mm, it should not vary between the two sides more than +/-0. Imm.
Next, a sacrificial step on surplus material is dine to optimize on the laser cutting process. The
thickness of the laser beam must be taken into account. For example, for a specific machine to
cut a 2cm x2cm square, the input dimensions may be 2.1x2.15cm (taking the machine axis
error difference). The protective layer coating of the PMMA sheet should remain on at all times
during the manufacturing process. Next, the whole PMMA sheet is cut into equal 2x2cm
squares (note: end result should be 2x2cm). According to this method, 30x30cm sheet should
give at least 196 PMMA squares. While still assembled in position in the laser cutting machine
and using a marker, label the cut chassis either horizontal or vertical sides as a reference for
next operations (to take into account the laser cutting errors for the next step). Further label
each square using a marker on its edge (the same side labeled before, and remove the protective
layer coating of the PMMA.

[00221]  According to the disclosed method, the next step of manufacturing the
biochip 100 is to assemble a custom-made upward piston clamp on an automated milling
machine such as a computer numerical control (CNC) milling machine. First, place the upward
clamp on the CNC machine and clamp it. Before fastening the CNC clamp handle to fix the
upwards clamp, connect the touch probe to the CNC machine and optimize on the clamp top
surface calibration according to the touch probe used. Next, iterate on the clamp position until
ensuring that the top surface of the clamp is perfectly leveled, then fix the clamp and fasten it
well. Next, place a square PMMA from the previous step on the clamp piston, and push up the
piston until a grip is achieved andthe 2cm x 2cm PMMA top surface is coplanar with the clamp

top inner surface. This surface z-axis position will be the same regardless to the thickness error
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difference of the PMMA squares. Next, connect the 0.5mm diameter ball mill to the CNC
machine and take the z-axis zero reference when the ball mill touches the assembled chassis
surface. Further calibrate the clamp position, by trying to cut the first milling operation of the
0.5mm diameter, 0.25mm deep hemi-duct cut at the middle of the chassis throughout its length.

[00222]  According to the disclosed method of manufacturing the biochip 100, the
quality assurance step requires un-gripping the chassis piston and remove the chassis with this
1 operation cut. Repeat this for 20 different chassis. Next, conduct quality testing on the depth
of cut, in an embodiment, using the ultra-precise precision rods from the two sets (high
resolution 0.5mm diameter shaft (Plug Gauge Set No-Go and the Plug Gauge Set Go)). Next,
place the 0.5mm rod in between two chassis hemi-ducts, and press this sandwiched assembly
by hand. Try to remove the rod, if the rod was easily removed, then the hemi-ducts are cut
deeper than 0.5mm, repeat the calibration. If the No-Go rod wasn’t easily removed, then check
if the two chassis surfaces align on each other well, if they didn’t and there is a gap in between,
then the hemi-duct depths are shallow, repeat the calibration. If the No-Go rod was not easily
removed and there is no gap between the two manually sandwiched chassis, then there is no
significant error in the depth of cut, thus, proceed to the Go-rod testing for further quality
assurance. Next, place the 0.5mm rod in between two chassis hemi-ducts, and press this
sandwiched assembly by hand. If the rod wasn’t easily removed, then the duct is slightly
shallow. Finally, if the Go-rod was easily removed, then the hemi-duct groove was cut within
an error of +/-0.5um.

[00223]  According to the disclosed method of manufacturing the biochip 100, the
CNC operations are as follows with feed rates approximately 100mm/min and spindle speeds
of 7000 revolutions per minute (RPM). Operation 1, using the same 0.5mm ball mill from the
calibration process, cut a 0.25mm deep groove passing through the center of the chassis from
side to side. Operation 2, automatically starts after operation 1, by cutting a Smm long (along
the hemi-duct groove cut in operation 1 at its center), 0.5mm wide groove throughout the
chassis depth by 6 cutting steps (0.25mm deep each). Operation 3, automatically drill the
0.5mm connecting hole 4mm away from the duct axis center. Operation 4, for half of the chips
and through the same tool and chip assembly as the 1st three operations, cut the 1.5mm long
0.5mm wide and 0.5mm deep channel (upper chassis). Operation 5, for half of the chips and
through the same tool and chip assembly as the st four operations, drill the other 0.5mm
connecting hole (upper chassis). Next, remove the chip from the clamp’s piston, assemble

another one and do the same for all the square PMMA sheets cut in the laser cutting operation.
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[00224]  According to the disclosed method of manufacturing the biochip 100,
additional CNC operations are as follows with feed rates approximately 100mm/min and
spindle speeds of 7000 revolutions per minute (RPM). First, flip chip to the other side, and
using same tool proceed with following operations. Operation 6, cut the oblique 4mm horizontal
length and 2.5mm vertical length 0.5mm wide and 0.4mm deep groove for all the chips.
Operation 7, for half of the chassis (lower chassis), and using the same tool, cut the 4mm long,
0.5mm wide and 0.4mm deep horizontal groove from the stroma inlet hole to the duct interface
edge. Operation 8, for the other half of the chassis (upper chassis), and using the same tool, cut
the 2.5mm long, 0.5mm wide and 0.4mm deep horizontal groove from the stroma inlet hole to
the connecting hole beside the stroma channel outlet. Operation 9: for the other half of the
chassis (upper chassis), and using the same tool, cut the 2.5mm long, 0.5mm wide and 0.4mm
deep horizontal groove from the stroma inlet hole to the connecting hole beside the stroma
channel outlet. Next, remove the chip from the clamp’s piston, assemble another repeat for all
chips. Operations 9-12: assemble the 1mm drill, locate the upper chassis on piston and drill the
four remaining inlet and outlet holes for the duct and the stroma channel. Finally, repeat all
operations for all of the other upper chassis.

[00225]  Inanother embodiment, an additional method for manufacturing the biochip
100 1s disclosed. The biochip 100 can be manufactured utilizing injection micro-molding
processes. To do so, first manufacture the cast using CNC machining. Several iterations and
quality checks should be made to ensure the accuracy of the cut features in the molding cast.
After optimizing on the cast manufacturing, the injection molding process is to be initiated,
where the molding parameters are to be optimized to get accurate chassis features and
dimensions where quality checks are done on it. Iterations should be made on the molding
process to ensure we get repeatable chassis with acceptable resolutions.

[00226] BIOCHIP HOLDING RACK

[00227]  Referring to Fig. 17, a rack 1600 for holding multiple biochips 100 is
disclosed. In an embodiment, a rack was designed and manufactured to hold the chips 100 in
position while cells are cultured and to ease the handling process of the chips while. In an
embodiment, the rack is made of black 8mm thick PMMA sheet with a pattern of 12
approximately 2cm x 2cm square voids, at the bottom of the rack 40, the voids are covered and
bonded to thin 0.1mm glass coverslips forming wells. The rack is designed in the standard 12
well-plate size, and can be covered with the 12-well plate lid. In another embodiment, the rack
is black, thus blocking undesired light, and the bottom of the square wells in the rack are made

of 0.1mm thick coverslip glasses which is desirable for microscopy.
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[00228] METHOD FOR PACKAGING BIOCHIP

[00229] Referring to Fig. 18, a method 1800 for packaging the biochip 100 is
disclosed. In an embodiment, sterilization and packaging blisters were designed and
manufactured to safely and efficiently package the biochip 100 for distribution. The blisters
are used to package each chip 100 individually, while being able to sterilize it through H202
autoclaving. In an embodiment, the blister is made of PET and when the chip is placed inside
of it, the blister is covered with a sheet of Tyvek and bonded by heat pressing or gluing. The
blister is designed in a way to hold the chip inside, but at the same time to allow the H202
vapor to pass onto all of its surface (inner and outer) to ensure correct sterilization. A package
box containing 12 blister- packaged chips, is provided to allow the visualization of the chips
inside the box.

[00230]  Without further elaboration, it is believed that one skilled in the art can use
the preceding description to utilize the presently disclosed system and method to their fullest
extent. The examples and aspects disclosed herein are to be construed as merely illustrative
and not a limitation of the scope of the present disclosure in any way. It will be apparent to
those having skill in the art that changes may be made to the details of the above-described
examples without departing from the underlying principles discussed. In other words, various
modifications and improvements of the examples specifically disclosed in the description
above are within the scope of the appended claims. For instance, any suitable combination of

features of the various examples described is contemplated.
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