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(57) Abstract: A microfluidic device for the construction of media and scaffold guided three dimensional tissue or organ like cellu -
lar orientation, similar to in vivo conditions, comprising. a. culture chamber layer; b. porous membrane; ¢. microchannel layer com -
prising a single channel; and d. optionally baffle or wedge layer.
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MICROFLUIDIC DEVICE FOR THE DEVELOPMENT OF IN-VITRO CO-CULTURES OF
MAMMALIAN TISSUES

The present invention relates 1o a microfluidic device for the construction of media and scaffold
guided three dimensional, tissue or organ like cellular orjentation, similar to in vive conditions, for
10 preclinical or biomedical applications of phatmaceutical or cosmetic products.

Backeround of the invention

Testing of pharmaceuticals and biological compounds in humans or in animals is not abways possible,
at least not in the early stage. Moreover, while in vive animal studies can provide data more relevant
5 to human responses, animal tests are expensive, labordntensive, and time consuming Moreover,
growing ethical concerns regarding aninval usage has increased the complexity of conducting in vivo
evaluations. Accordingly, sometimes decisions need to be made based on in vitro data, However,
extrapaéaiing' i vitro data (e.g., cell culwure data) to the in vive relevant conditions i often diffioulr,

Several innovations have been carried out to overcome this difficulty,

The process of drug discovery stems from selecting few potential candidates from a lbrary of

ok

thousands of active pharmaceutical moleciies, These candidates are sereened through pre-clinical and
clinical wrials prior to approval. The pre-clinical trials involved during the process of drug discovery
consist of assessment of active pharmaceitical molecules andéor their fornwlations on suitable animal
models {Referred from: Drug Development Process, US-FDA Website). However, in addition 1o the
involvement of stringent regulatory guidelings and ethical considerations, these models suffer from
disadvamiages related to animal experimentation such as requirement of skilled manpower, time
consuming protocels and high cost. Thus, a need has been realized to develop a suitable alternative-
to-antmal models that may provide safe and effective models for screening pharmacettical ingredients

30 andfor their formulations or cosmetics andfor exciplents (Doke S.K, et al. 2015).

Moreover, the curvent fnvention alse possesses the ability to provide a realistic nodel 1o test the
effects of cosmetic ingredients sndfor cosmetic products andfor excipients and actives with

applications in healthcare and allied fields and/or their formulations.

L)

several cell or tissue-based Jn-vifre models have been used or are being proposed as potential
alternatives for animal-based testing, Apart from the organotvpic approach, these models are mainly

focused at reproducing, i-vive micro-environments by co-culturing individual cells types of the
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desired tissue. For example, several attempts of constructing in-vitra miodels of Hiver are being wied 1o
test drug efficacy and toxicity, using liver tissue slices, isclated microsomes, perfused liver,
immortalized cell lines, primary hepatocyies, stem cells, etc. However, the conventional Feviiro
wmodels, aimed at bullding 2D cultvte of the tarpet tissues, pften lead 16 poor ouitomes such as low
ihroughput, less physiological relevance, absence of involvement of cell-cell and cell-extracellular
watrix interactions etc, Henee, they do not provide a realistic depiction of the anatomical layvout and
spatial orgamization, molecular and cellulsr events and physiological functions of different tissues
and/or oreans of mammals including humans and animals, Hence in recent vears, there has been an
inclination towards reconstructing physiologically relevant 3D co-culture based bioartificial
constructs and/or equivalents of mammalian tissues inclnding human tissues, This has facilitatad
models which are wmore physiclogieally mimicking, exhibiting high throughput capability, assisting in
ceneration of metabiolic and proliferative gradients during culture and invelving interplay of cell-cell
and cell-extracellular matrty Interactions (MIKI, Yasubiro, et al,, 2012; W, Min-Hsien, et al., 2010;
317 Biomatriy Web Page; Hick_mﬁn, Joht A., et al, 2004; Astashbing, Anna, etal, 2017 Allen,

David D, et al., 2005; Soldatow, Valerie Y., etal 2013).

Several platforms are available for constructing the 3D co-culture based #-viro models of
mammalian inciuding buman tssues. These methods include 30 scaffolds, hydrogels, hanging-drop
technique, magnetic levitation methods, bioreactor based platforms and microsngineering apprcachss,
ete. The microengineering-based methods usually involve use of a microbioreactor or microreactor or
microfluidic dssemblies o construct 3D envirdnments for the growth and differentiation of cells
andfor tissues. I contrast o the other approaches of building 3D co-eultures, wicrefluidic based
madels generally provide advantages such as lower consumption of media and buffers, production of
congiderable cell density, high surface to wolume ratic and rate of mass transfer, high gas
permeability, laminar flow conditions of cell culture media, provision of perfusion based
physiologically relevant systems, allows tocal micro-envirenmental contral, provides flexibility for
fabrication and combination with other approa ches, offers real time analysis of cells being culture

provides precise operational control and adaptability to high throughput.and scale up. The potentiat of
inicrofluidic assemblies for developing in-wifre models, thus, lies in their ability 1o reconstruct micro-
envirgnments at molecular, celhular, and tissue levels and Hexibility for fabrication and formation of
tissue co-citires. Hence, with the help of the spatio-temporally repulated microbiorsactor approach,
gell co-culture can be carried out 1w an accessible, controlled srrangément. (Wu, MinsHsien, et al,,
2010 Zhang, Zhue, et al, 2013; 3D Blomstrix Web Page; X, Feng, o al., 2011; Halldorsson,

Skarphedinn, et al., 2015; van Duinen, Vincent, et al., 2015; Mehling, Matthias, ct. al., 2014}
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Various microfluidic based co-culture models of humian tissues are presently being investipated for
drug scresping applications. In one such attempt, 2 multi-comparimental microfluidic co-cnlture
wodel was developed to wiimic sirway mucosa. Alrway epithelial cells (3t an air-liquid interface 1o
maintain polarity), lung fibroblasts and microvascular endothelial cells swere co-cultured for five days,
10 The three celular layers werg co-cultured in discrete compariments separated by porous
Polytétrafluoroethylens (PTFE} and Polyethylene terephthalate {PET) membranes respectively. The
designed model was proposed for use in drug sereening as well as 1o study molecular mechanisms
contributing to disease pathogenesis and remrodeling. (Sellgren, Katelyn L., et al, 2014} This
invention achieves cell growth in channels. However, in the present invention the cells are grown in

the cell culture layer.

Microflaidic chip-based 30 co-oulture model has also been wsed o fest drog sersitivity ko
individvalized treatment of lung cancer. The model involved corculture of hung cancer cells and
stromal cells, under continuous supplementation of medium, to assay anti-cancer drug efficacy in an
fi-viver ke tumor micro-environment. In addition, a drug gradient generator was integrated into this
platform 10 collect information about responses of tumer cells 1o different concentrations of drugs.
With this device, sensitive single or multidrug combination chemotherapy schemes at sppropriate
doses were compared and investigated effectively. Thus, this model was projected to assist
resgarchers to study toxicities and side effects of anti-cancer drugs as well 25 the economic factors of

a comvbination schemne before treatment (Xu, Zhiyun, et al., 2013).

Efforts have been made to design placenta-on~chip model by co~culiuring human trophoblasts (JEG-
3Y and haman umbilicabvein endothelial pells (HUVECS), to mimic the placental barrier. The two cell
types were cultured in different compartments separated by a vitrified collagen membrane {Leg,

3iSop, etal, 2015} However, the present invention cultures cells in a chamber layer.

A microfluidic platform has been developed to allow for lopg-term maintenance of full thicknes

human skin equivalents (HSE), comprising of epidermal and dermal compartments. This model
exhibited physiological relevance by mimicking the blood residence times in human skin tissue and
lead to the establishment of an air-epidermal interface that is essential for maturation and terminal
differentiation of H3Es. Thus, these efforts put forward several atterapts for developing microfluidic

based in-vifro. models for testing various pharmaceutical molecules (Abaci, Hasan Erbil, et al,

"Pumpless micreftaidic platform for drug testing on human skin equivalents.” Lab on o Thip 133
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{2015} 882-E85).Abact et al suggest culturing cefls outside the microfluidic device followed by

transferring them into the device. However, the present invention cultures cells insitu,

Accordingly, a person of ordinary skill in the art related to the state of ant have recognized a long-felt

need for in vitro system models that can mimic the in vive systems in humans or animals.

The refated art includes United States published application No. 2000/0334332 AHM/s The
Charles Stark Draper Laboratory, Inc,) deseribes a microfluidic system for developing artificial
micro-vascular constructs. for drug screening applicstions. In order to mimic the ability of the fn-vive
blood vessels to stretch in response to several mechanical or biochemical stimul, the device has
reinforeed the design of distensible walls aligning the cell culture channels. Two co-culture channels
are used for culturing vascular and endothelial cell types separately. These channels are separated by
distensible walls. Distensibility of walls has been proposed to be dependent upon thickness and
elastic modulus of the material used for fabricating the wall. However, the present invention

comprises of a single charne!l for the flow of materials,

United States published application No.2011/0230585 Al (sssigned to M/s CHILDREN'S
MEDICAL CENTER CORPORATION, ) describes a microfluidic based organ-wimicking device
consisting of a ventral channel that s divided into two or wiore microchannels by an elastic porous
membrane of optimum pore size fo co-culture different cell types of a8 tissue. Bach microchanne] is
supplied by different set of inlets and cutlets and thus the medium delivery system. The patent claims
that the device possesses potential to be applied fo conduct drug bicavailability, clearance, efficacy,
toxicity studies, ete. However, the present invention comprises of a single channel for the flow of

materials.

United States published application No.2008/0261288 Al(by Gonda et al) describes a micros
organ device comprising of 8 microscale support, having one or mote nicrofluidic channels for
housing a micre-organ, particufarly 2 micro-liver. The patert claims micro-prgan printing by
computer-aided tissus engineering systen, 1t-also teaphes that the cells are cultured on a 313 scaffold
to mimic the physiclogival state of the imvive organ. However, the present invention cultures ceflg
sad does not involve nucre-organ printing, which is a wuwre complex procedure involving

sophisticated instramentatin,

United Btates published application No. 20050266745 Al (asu

Technology) describes a high-throughput multi-welled microbioreactor based system consisting of an

rned to Massachusetts Institute of

&
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way of wells of bioresctors and medium reserveirs. The array includes palr of bioreactor and
medium reservoir wells, wherein, each pair is fuidically Diolated from the other sets of bioreactors
and medium reservoirs. Each pair of bloreactor and reservoir wells i3 conneciad by fluidic channels,
thereby, allowing re-chreulation of cell culture medium, The systern also consists of valves and pumps
tuated i parailel via common controb chamnels which supply re-circulating medium through the

array of bioreactor and reservoir patrs.

United States published application No. 2008/0832380 A1 (assigned to THE UNIVERSITY OF
HOUSTON SYSTEM), describes a microfluidic syster involving culture of individual or multiple
cell types by maintalning a single cell culture chamber c@mprising of muliiple proliferation zones,
The system consists of different zones for culturing similar or different cell types by applying the
congepts of laminar flow of a fluld. Thus, these laminar flow based zones allow culture of single or
muluple cell types (i.e. co-eulture), without the need for physical bariier such a5 porous membrane in
between sach of the zones, Each zone is independently regulated by individual inlet and outlet flow
systems. The patent claims for the applicabiiity of the device for the development of artificial organ
comstructs, drug testing, etc, However, the present invention comprises of a single chamber ar zone
for culturing multiple cell types, supported by 2 porous membrane, having only a single inlet and

outlet flow systern, thus comprising of a simple design,

United States published application no.  2012/8135452 Al (assigned to Cormell University)
describes a microfiuidic syste Tor culturing multiple cell types in a gravity based media perfusion
gysiert. The device consists of harned layer sisting of plurality of channels, o
gystent. The device sists of a mivrocharmel layer comsisting of plorehty of channels, =
single/multiple cell culture chamber supported by a polymeric membrane, lower gasker and metal
base. The device is claimed to provide more physiclogical relevance and applicability for drug
sereening spphications. However the present invention consists of 2 single microchanel for providing

media to the cells and includes a pump 1o enable accurate control over media flow.

Through detailed study of the existing findings, it is observed that these models, slthough achieving
marginal success, possess few Umitations. It is found thal most of these microfhuidic co-culture
models focus on cultiring different cell types, of a particular tissue of interest, in discrete
compartments or contain multiple channels to supply cell culture madium for co-cubture. Thus, they
{ai

importance of maintaining these conditions has been explained below,

prasiiy

i veplicate the tissue organization and barrier integrity, as observed in the in-vive tissue. The

5%
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Human bordy consists of various tissues and/or organs which perform coordinated functions in a

perfused environment provided by a blond connective tissue. Moreover, every tissue possesses 4
speciﬁc cellular arrangement and morphology, which imparts it with a unique biological function,

Celhular layers of the tissue are arranged in 2 tightly packed patiern rendering it 2 barrier-like strueture
that allows selective passage of nutrients, binchemical factors, gases, chemieals, ate. via passive or
active mechanisms. This is referred 1o as a diffusional barrier, which Hmits the transport of various
biochemical and funclional moleties andfor chemical factors. Integrity of this barrier plays a vital role
in the smooth functioning of various tissues andfor organs. For example, the huiman brain is guarded
by the presence of blood-brain barrier achieved by the closely packed siructure of brain endothelial
cells and astrocytes. Apart from brain, epithelial cells of several lissues of human body also exhibit
the barrier property. Retaimuent of this harrier function s extremely crucial to decipher the molecoiar
and celiular events ovcurring in response to several stimuli and pathogenic conditions. Moreover, this
would also indivectly pave way towards maintaining the plivsinlogical barder and mimic permeability
characteristics experienced by a drug molecule o any foreign agent or chemical undergoing transit
theough different tissues upon delivery and/or exposure. Thus, it s very essential that the s-vifro
maodel should exactly replicate the f-vive lissue misroarchitecture and also mimic similar cellular

arrangement and barrier integrity, as well as nuirnie similar permeability characteristics.

The pi’esenc.e of porous membrane between individual cell fypes under co-culture may lead to the
involvement of an additional diffusional barrier, if these models are to be explored further Tor the drug
sereening and drug development applications. Moreover, their ability to mimie the irvive spatial
peganization of cell types of different lineages of a particular Ussue would also be limited due 1o the
prasence of porous wembrane, unless it 13 cssential as observed in the case of barrier based models

ffor exémp?e, bloed brain barrier (BBB) model]. The presence of additional barrier {usually a porous
menbrane) between the cellular Tayers, therefore, may lead o false positive or negative resulis with

respect to drug pharmacokinetic studies.
The present invention, thus, provides a more realistic approach to overpamie these limitations by
developing a umique 30 co-culture model, which can be practivally applied to several tissues, and can

develop but is not Himited to the development of skin, hung and retina.

Oivicctive of the mvention

The ohjectives of the present invention are
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a} 1o design a microfluidic device for comstructing a physiologieally relevant fm-vitrp mods
mimicking fn-vivo cellular architecture and conditions of human and mammalian tissues

b} to develop a perfusion based assembly to achieve continuous supply of nuttients andfor gases,
thereby mimicking the in-vivo tissue mitrovasculature

¢} to mimic the structure of diffusional barriers and cellular organization of the tssue as observed in
in-vivo conditions, thus providing a realistic model to study the effects of pharmaceutical ingredients
andior pharnaceutical formulations and/or cosmetic ingredients andfor cosmetic products andfor
excipients and actives with applications in healthears and aliied fields andfor their formidations

d} Another objective of the jnvention is 1o apply the developed platform v conduct pre~climical
studies, including but not resiricted 1o pharmacokinetic, pharmacodynamic, efficacy and toxicity
studies, énd to assess mplecular mechanisms contributing to disease pathtgenesis, progression and

sernadeling, i ordey 16 alleviate several disease conditions,

o

Summary of the invention

A micrafluidic device for the construction of media and scaffold guided three dimensional tizssue or

organ hike cellular ovientation, similar 1o i vivo conditions, comprising of
a. culture chamber laver;

b.porous membrane;

c.

microchanne! layer comprising a single channel; and
Loptionally baffle or wedge layer

A microfluidic devies for preclinical or biomedical applications of pharmaceutical or cosmetic
products comprising

{.'J..

a. culturs chamber layer;
b, porous mentbrane;

£, gnicrochanne! tayer co-mprisinv a siﬁgia channel; and
optionally baffle or wedge layes

[

Description of the invention

Thi present invention provides a novel, simple i vire model of mammalian ineluding human tssues
that will, accourately mimic the in eive tissues. The proposed model serves as an in-visre odel for

conducting preclinical as well as for disease-or tissue specific molecudar studies. 1 also provides to the

-3
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scigntists and ciinicians a scalable platform fo provide artificlal tissue constructs or equivalents for
biomedical applications.

In accordance with the first embodiment of the present invention is a microfluidic deviee for the
construction of media and scaffold guided three dimensional tissue or organ like cellular oriemation,
similar to i vive conditions, comprising

cutture chamber layer;

porous meivhrane;

microchaone] laver comprising a single channel; and
optionally baffle or wadge laver,

R

£

The scaffeld may be made from bivpolymers like bul not limited W collagen, chitosan, cellulose and
15 thelike ‘

The vrgan n the argan like celhdar orientation may be sefected from skin, Jungs, reting and the like.

The lavers are fabricated vsing polydimethylsiloxane (PDMS), Poly methyl methacrylate (PMMA),

Glass {Silica), Polystyrens, Polycarbonate, Polyurethane, Cyclic Olefin Copolymer (€00, Mixad

Cellulose esters, PDMS, PMMA, Polycarbonate, Polvester {PET), Poly vinylidene fluoride (PVIDF),
20 Poly wwafluoroethylene (PTYE) and the Bke. The device involves sequentinl arvangement of the

following layers inthree dimensional manner.,

a) Upper cell culture chamber lavern:

The top polymeric fayer is between 40-60 mm long, 15-2% mun wide and 2-6 mm thick. | consists ofa
single, circular cell culture chamber at the contie of diameter ranging from 6-10 mm. It is fabricated

30 from polvmer selected from polydimethylsiloxane (PIIMS), Poly methyl methacrylate (PMMA),
(lass {Siical, Polystyrene, Polycarbanate; Polyurethane, Cyelic Olefin Copolymer {(COC), Mixed
Cellulose esters, PDMS, PMMA, Polyearhonate, Polyester (PET), Poly vinylidene fluoride (PVDF),

Poly tewrafluorpethylens {PTFEY and the like, The surface arez of the cell culture chamber is i the

range of 0.4-1 o, This layer facilitates contact co-culture of individual cell types of mammalian

153
L4

including human Hssues and obviates the Hmitations observed in conventional contactless co-culture
approaches, Moreover, number of cellculture chambers may be constructed in this layer depending
on the number of tissues to be cultured on the device. Thus, the present embodiment will support
multi-organ development by designing muliple cell-culture chambers. The design of the cell-culture

chamber of this type offers flexthility to directly load the cell suspension of specific seading density
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as well a8 stains, enzymes, cell culture reagents, chemivals, pharmacestical molecules andfor
pharmaceutical formulations and/or cosmetic Ingredients andfor cosmetic products and/or exciplents
and actives within applications in healtheare and allied fields and/or their formulations, directly into
the cavity of the cell-culnre chamber during aultaring and while testing efficiency of the im-vitr

medel through characterization studies.

The gultore is cultivated nsitu and may be mono or comtact co-calture.

by Porous membrane

A porous polymetic membrane of 8-12 microns i thickness and 0.1-5 microns with respect to pore
size is attached using plasma treatment or a sullable adhesive at the lower side of the cell culture
chamber {betwesn upper cell culture chamber layer and middie channel layer). These porous
membranes may be made of polvmers seledted from polvethylene terephthalate (PET),
polvietrafiuoroethylene (PTFE), Polycarbonate (PC), Mixed Cellulose Esters {MCE) and the like. The
presence of porous membrane alters the surface chemistry of the celis to be cultured, provides support
to thie tissue and provides 3D environment for cell growth by coating with ECM andfor 30 scaffolds,
The membrane also allows passage of vutrient media and gases flowing in the middle microchannsl
faver at a contralled flow rate by capiliary action. The hydrophilic nature of the membrave and water
absorption properties of the scaflold are also estimated to be the driving factors for enhancing the

capillary forees for medium delivery.

¢} Middle microchanuel laver:

The middle layer, consisting of microchanngl, is between 40-60 v long, 15-25 mun wide and 2-6
mm thick, Height of microchannel ranges between 0.5-2 mm, The inlet and outlet openings of the
microfiuidic device are fabricated to range between -4 mm of thickness, [t is fabricated from
palymer selected from polydimethylsiioxane {(PDMS), Poly methyl methacrylate (PMMA), Glass
{Silica), Palystyrere, Polvearbonate, Polyurethane, Cyclic Qlefin Copolymer (COC)Y, Mixed Cellulose
esters, PRMS, PMMA, Polycarborate, Polyester (PET)Y, Poly vinylidene fluoride (PVDF), Poly
tetrafiuoroethylene (PTFE) and the like. This layer will render passage of mutrient media and gases to
the upper cell-culture chamber laver at a controlled flow rate. Inlet snd outlet openings are fabricated

in this layer. The device is attached by tubings wade up of polvethiylene or polymer of similar

9
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chemistey, with or without connectors to the syrings pump. Syringe pump of a sujtable configuration
supplies culture mediom at a controlled flow rate and concomitantly remove wagste from the device,
The flow rates of the medium are optimized inthe range of few microliters par minute, depending on

the need of perfusion for the tissue to be co-cultured in the device,

Botiom Laver

1} The device is supported at the bottom with a support comprising of glass or polymer of sintilar
chemistry, The glass support is 70-80 mm long, 20-30 mm wide and 1-3 s thick. This bottom layer
provides & mechanical support fo the device for ease of handling to facilitate cultring and

characterization procedures:

LA

&) Lower Baffle/Wedee Laver;

The dimensions of the lower layer, including positively protruding baffle or wedge will be fabricated
to He between 1525 mm in width, §.3-0.6 mum in thickness and 3<6 mm in length. Helpht of the baffle
will be between 2-3 mt and thivkness will be arcund 0.5-1.5 mm. Suitable number of baffles or
wedzes will be fabiricated in this layer depending on requirement of flow rate. Baffles or wedges
§  drising from the lower layer will be pretruding o the niiddle nncrochannel laver, thereby, obstructing
the medium flow, Due to the obstruction created in the channel layer located bengath the circular cell
culture chamber area, the medium is expected o flow over the baffles or wedges, thereby, expediting

its delivery to the eells through enhancement of the rate of capillary action,

The polymeric microfluidic devices are fabricated from metal molds, comprising of aluminium or
sther metals of suitable strength and operational flexibility. Molds are machined to be bepween 70-30
mm long and wide with thickness ranging froms 6-8 mm, These metal molds are fabricated using
machining methods, such as, Cosputer Numerical Comtrol (CNC) machining or other mold

fabrication techniques that are suitable to yield the device with desired resolution and dimensions.

s

Polymeric solutions comprising selected from  polydimethvisiloxane (PDMS), Poly  methyl
methacrylate (PMMA), Glass (Silica), Polystyrene, Polvcarbonale, Polyurethane, Cyclic Olefin
Copolymer (COC). Mixed Cellulose esters, PDMS, PMMA, Polvearbonate, Polyester (PET), Poly
vinylidene fluoride (PVDEY, Poly tetrafluoroethylens (FTFE) and the Hke are suhjest to the hent
curing treatient al the temperatures ranging between §0-80°C. Thine duration of the curing treatment

for the fahrication of thres nolvmeric favers will depend onthe temerature alilized, such as, ranging
R J i ¥ 3 SoLARE

L

fromd hfor 50°C 1o 2 h for 80°C.
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The three polymeric layers are bonded together using plasma treatment or suilable adhesive which
render the desired precision and resolution. The porous polymeric membrane, beneath the top
polvimeric layer, & attached fo the lower side of cell-culture chamber using plasma freatment or

suitable adhesive or other similar technique which provides requisite degree of resolution and

ALCUTECY.

The components of the microfluidic device have been specifically designed to provide a system that
fucilitates contact co~culiure of mammalian including human cells andfor tissues in a single chamber
or comnpartment. This geometry is particularly required 1o retain the integiity of diffusional barriers

and cellular orgamization.observed in'the fn-wive tissue

Thus, the device also possesses significant potential for scale up by fabuicativg and operating
parallelized auﬁmnaﬁm units and multi-welled assemblies. It is a novel platform to conduct high
throughput screening of pharmageutical molecules and/or pharmaceutical formulations andfor
20 cosmetic ingredients and/or cosmetic pmducis andfor excipients and actives with applications in
healtheare snd allied fields andfor their formulations, thereby expediting process of their trangition
into market.

The microfluidic device of the present invention is used for preclinical or biomedical applications of
pharmaceutical or cosmetic products,

According to another embodiment of the present invention s microfluidic device for preclinical or

bipmedical apphications of pharmaceutical or cosmetie products comprising

a. cuiture chamber layer;
b.  porois membrans;

microchanne! layer comprising a single channel; and
d. optionally baffle or wedge layer.

The izvers are fabricated using polyvdimethylsiloxane (PDMS) Poly wethyl methacrvlate (PMMAJ,
Glass (Silica), Polystyrene, Polyearbonate, Polyurethane, Cyclic Olefin Copolymer (COC), Mixed
Cellulose esters, PRMS, PMMA, Polycarhonate, Polyesier (PET), Poly vinylidene fluaride (FVDF),
Poly “tetraflusroethylene (PTFE) dnd the ke, The device mvelves seguential drrangement of the

following lavers in three dimenstonal wanoer:

a} Uppercell culture chamber faver:
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The top polymeric layer is between 40-60 miny long, 15-25 mim wide and 2-6 mum thick, It consiats of a

(%)

single, cireutar cell culture chamber at the centre of diameter ranging from 6-10 mum. It is fabricated
from polymer selected from polydimethyisiloxane (PDMS), Poly methyl methacrvlate (PMMA),
(lass {Silica), Polystyrene, Polyvcarbonate, Polvurethane, Cyclic Olefin Copolymer {COC), Mixed
Cellulose esters, PDMS, PMMA, Polvoarbonate, Folvester (PET), Polyvinylidene flugride (PVDF),
10 Poly tetrafiuercethylene (PTFE) and the like. The surface area of the cell culture chamber is in the
range of (.4-1 om’, This layer facilitates contact co-culture of individual cell types of mammalian
including human tissues and obviates the linutations observed in conventional contactless co-culture
approaches, Morgover, number of celi-culture chambers may be constructed in this layer depending

on the number of tissues 10 be cultured on the device. Thus, the present embodiment will support

U
L

multi-organ develupment by designing multiple cell-culture chambers. The design of the eell-culture
chatber of this type offers flexibility to directly load the cell suspension of specific seeding denslty
as ivell as stains, enzymes, cell culture reagents, chemicals, pharmaceutical molecules andior
pharmaceutical formulations and/or cosmetic ingredients andfor cosmetic products anddor sxcipients

and actives within applications in healthcare and allied fields and/or their formulations, divectly into

[
o]

the cavity of the cell-culture chamber during cobturing and while testing efficiency of the inwvise

model through characterization studies,

The culture is cultivated insity and may be mone or contact co-culture,

b
(o2

by Porous membrane;

A porous polymeric membrane of 8-12 microns in thickness and ¢.1-5 microns with respect to pore
size 15 attached using plasma treatment or 2 suitable adhesive at the lower side of the cell culture
chamber (between upper cell culture chamber laver and middle channel laver). These porous

membranes. may be wade of polymers selected from polyethylene terephthalate (PET)

T2
-

polvietrafluoroethylene (PTFE), Polyvcarbonate (PC, Mixed Cellulose Esters (MCE) and the like. The
presence of poroas membrang alters the sprface chemistry of the cells 10 be cultured, provides support
to the tissue and provides 3B envirenment for cell growth by cogting with. ECM and/er 313 scaffolds,
The membrane also allows passage of mitrient media and gases Rlowing in the middle microchanned
laver-at 2 controlled flow rale by capillary setion.. The hydrophilic nature of the membrane.and water
35 zbsorption properties of ibe scaffold are also estimated (o be the driving factors for enhancing the

capillary forces for medium delivery.
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3 ¢} Middle micvochkanngl laver:

The middle layer, consisting of microchannel, is between 40-60 mm long, 15-25 mm wide and 2-6
mm thick. Height of microchannel ranges between 0,5-2 nun. The inlet and outlet openings of the
microfluidic device are fabricated 10 range between 1-4 mm of thickness. I is fabricated from
10 polymer selected from polydimethylsilovane (PDMS). Poly methyl methacrylate (PMMA), Glass
{Silica), Polystyrene, Polycarbenate, Polyurethane, Cyelic Olefin Copolymer {COC), Mixed Cellulose
esters, PDMS, PMMA, Polycarbonate, Polyester (PET), Poly vinyiidene fluoride {(PVDFY, Poly
tetrafluoroethylene (PTFE) and the like. This layer will render passage of nutrient media and gases to
the upper cell-culture chamber layer at & controlled flow rate. Inlet and outlet openings are fabricated
13 in this layer. The device is attached by tubings made up of polyethyvlene or polymer of similar
chemistry, with or without commectors to the syringe pump. Syringe pump of & suitable configuration
supplies culture medium at a controlled flow rate and concomitantly remove waste from the device.
The flow rates of the medium are optimized in the range of few microliters per minute, depending on

the need.of perfusion for the tissue te be co-cultured in the device.
20 Botiom Laver

The device is supported af the bottom with a support comprising of glass or polymer of similar
chemistry. The glass support is 70-80 nun long, 20-30 mim wide and 1-3 mm thick. This bottom fayer
provides a mechanical support 1o the device for ease of handling to facilitate cuhuring and

characterization procedures,

gy Lower Balfle/Wedoe Laven:

The dimensions of the lower layer, including positively pmtmding baffie or wedge will be fabricated
{6 lie between 1525 mum in width, 0.3-0.6 mm in thickness aod 3-8 mny in length, Height of the haffle
will be between 2-3 nun and thickness will be around 0.5-1.5 nn. Suitable number of baffles or
B wedges will be fabricated in this layer depending on requirement of flow rate. Baffles or wedges
arising from the lower layer will be protruding in the middle mierachannel laver, thereby, obstructing
the medium flow. Dus to the obstruction created in the channel laver Jocatad beneath the circular cell
culture chamber avea, the medium is expected to flow over the baffles or wedges, thereby, expediting

its delivery to the cells through enhancement of the rate of capillary action.
g
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(575 )

The polymeric microfluidic device are fabricated from the metal roolds, comprmno of ahminium or
other metals of suitable strength and operational flexibility. Molds are machined 1o be between 70-80
muny Jong and wide with thickness ranging from 6-% mun. These metal molds are fabricated using
machining methods, such as, Computer Numerical Control {CNC) machining or other mold
fabrication technigues that are suitehle o yield the device with desired resplution and dimensions,
[0 Polymeric solutions comprising selected from polydimethylsiloxans (PDMS), Poly methyl
mathacrvlate (PMMA), Glass (Bilica), Polystyrene, Polycarbonate, Polyurethane, Cyclic {Hefin
Copolymer (COCY, Mixed Cellulose esters, PDMS, PMMA, Polycarbonate, Polvester (PET), Poly

\

vinyhidene fluoride {PVDF), Poly tefrafluoroethylene (PTPE) and the like are subject o the heat
curing treatment at the temperatures ranging between 60-80°C. Tune duration of the curing treatment
15 forthe fabrication of ihree polymeric layers will depend on the temperature utilized, sach as, ranging
from 4 h for 80°C to 2 b for 36°C .
The three polymerie lavers are bonded together using plasma treatment or suitable adhesive which
render the desired precision and resolution, The porous polymeric mémbrane, beneath the top
polymeric layer, Is attached 1o the lower side of cell-culture chamber using plasma treatment or
§  suitable adhesive or other similar technique which provides requisite degree of resolution and
HOCLERLY.
The components of the microflvidic device have been specifically designed o provide 2 system that
favilitates contact co-culture of mammakhian including humao cells andfor tissues in a single chamber
or compariment. This geometry is particularly required to retain the integrity of diffusional barefers
and cellular organization observed in the in-vivo tissug.
Thus, the device also possesses significant potemtial for scale op by fabricating and operating
paralielized automation units and multi-welled assemblies. Tt is a novel platform to conduct high-
throughput screening of pharmaceutical molecules andlor pharmaceutical formulations andfer
cosmetic ingredients and/or cosmetic products andfor excipiems and actives with dpplications. in
303 healthcare and allied felds and/or thelr formulstions, thereby expediting process of their transition

. inte market

Ditferent mammaliandissues may be mimicked on such micre-organ devices for various apphications,
such a8 experimental pharmaceutical sereening for efficacy, adsorption, distribution, metabobisni,
5 elimination; and toxicity. Thus, these devices niay be used 1o assess the beneficral and detrimental
effects of a novel drug afier it passes through a given metabolic pathway. Iy addition, these devices

may be used 1o evaluate the therapeutic benefits or toxicities of 4 drug compound or its formulations

i4
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or pharmaceutical or cosielic excipients. Micro-organ devices as disciosed herein can address the

need for in vitro micro-organ-like structures that substantially replcale invivo structure and function,

Definition ol teris

The meaning of certain terms as used herein are provided below

A merofhuidic devies as used herein refersto aset of micro<channels etched ormolded infe a material
{glass, silicon or polymer such as PDMS, for Polydimethvisiloxang) The micro-channels are

connected together iy order to achisve the desired features.

“Seaffold” as used herein is a polymeric hiomaterial either derived from natural source or prepared
synthetically 1o form an in-vive minicking extraceliular matrix stricture thereby promoting cellular

adhesion, differerdiation, proliferation and tissue regeneration in a three dimensional orientation.

A “eo-culture” as used herein can be defined as the growth of more thay one distinet cell type ina
combined culture. Contact co-culiure involves direct contact between different cell types and
3

populations, without the presence of addittonal diffusional barrier (viz. porous membrane) between

then, It is also knowitvas mixed co-culture,

“tissue o organ Hke celiular orientation” as used herein is defined ss arrangement/organization in
which cells comprising of a tissueforgan are patternsd three-dimensionally 1o mimic the in-vive
architecture {i.e. anatomical layout), dynamies and physiolopical functionality (viz. barrier pmparﬁe"?

of g tissueorgan.

“Chanrel” as used herein is defined as the hydraulic component of the microfluidic device
fabricated/etched ot of a specific geometry {(viz. rectangular, <ircolar, etey and dimension. X

provides 3 gateway for fluld flow through , wnder pressure,

“Baffle” as used hereln is defined a3 2 mechanical component or device specifically added 1o the

5

ohstruct/restrainfregulate the fluid flow,
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“Wedge” as used herein is defined 23 & component possessing two principal {aces which meet ina

sharply acute angle. 3t is also used to regulate the fluid flow patters (here).

Diescription of drawines

Figore | Front view of microfluidic devies

Figure 2 Top view of nuicrofluidic device

Figure 3 Front perspective view of microfiuidic device

Figure 4: Pliase contrast microscopical analysis of 3D HADF culture using microfluidic device on 48
hculture, Scale bar corpesponds to 400 (10X magoification}

Figure 5:3D Morphology of HADF cells (Phase contrast image) shawing development of processas to
establish contact with hvdrogel matrix and adjacent cells. Scale bar corresponds to [00pm (40X
magﬂi’ﬁcaﬂon}

Figure & Caleein AM stained green Tluorescent (live) cell population observed after 48 b culiure.
[Scate har corresponds to 400um (10X maentficaiiont]

Figure 70 Pl staed red fluorescent {(dead) cell population observed afier 48 b culture. {Scale bar
corresponds te 400um (10X magnification)]

Figure § » Zestack confocal bmage observed after 48 h culture exiubiting 3D distribution of HADF

cells [Seale bar corresponds to 200um (10X magnification}]

The following examples illustrate preferred embeodiments in accordance with the presert invention
g i 15 J2

without Himiting the scope of the invention
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EXAMPLES

Example 1 Culturing

The device was sterifized by UV irradiation prior (o the initiation of culture. Human Primary Dermal
10 Fibroblast (HADF) have been cultured in the microfluidic device under 3D dimensional conditions for
the duration of 48 h. Commercial collagen based scaffold was used for conducting 3D culture of skin
cells. HADF cells were mixed with the hydrogel based scaffold in the ratio, ranging from 1:1 to 12 t0
facilitate their entrapment within the matrix (in cold, at 4°C) and were seeded in the culture chamber

at the seeding density of 25000-45000 cells per ml. Prior to the cell seeding, the device was subjected

4

to fluid wetting by perfusing culture media (Dulbeceo's Modified Eagle Medium with high-glucose
comprising of 10 % Feial Bovine Serum w/o 1% Antiblotic Antimycotic Solution) at the infusion
aadfor withdrawal flow rate of 30-100 y¥/min using a programimable push pull syringe pumyp. K.D.
Scientific Legato 272 Push-Pull Programmable Syringe Pump and Teflon tubing were used for
conducting the experiments. Post-seeding, the chamber was covered with a glass cover slip and
20 parafilin and maintained for culturing at the infusion and/or withdrawal flow rate of 0.5-1 ul/min

using & programmable push pull syringe pump. The volume of the fluid in the chamber and the outlet

was monitored throughout the culture operation,

Example 2 : Test method for testing culture

B2
L 4]

The device has been tested for 30 monoculture studies of Human Primary Dermal Fibroblast Cells,

The 48h culture abtained from microfluidic device was processed and characterized by phase contrast

(Figures 4 and S), fluorescence and confocal microscopy. Live-Dead [Calesin AM-Propidium lodide

{P1)] staining was used for assessment of cell viability, Live cells emit green fluorescence (Figure 6)
{0 while dead cells exhibited fluorescence (Figure 7). '

Calcein AM staining based confocal studies were carried out using laser ofexcitation wavelength of

488 num and emission wavelength of 505-525 nm wavelength, On the pther hand, P staining hased

by

confoeal studies were carried out using laser of Excitation wavelength of 361 nm and  emission
wavelength of 623-665 nm wavelength, 30 Z-stacking was conducted using confocal micrescopy in

S order to assess 3D distribution of cells in the hydrogel matrix (Figure 8).



WO 2017/175236 PCT/IN2017/000071

THRCERERER

1.

W

10,

ae ow

A microfluidic device for the construction of media and scaffold guided three dimensional
tissue or organ Hke celiular orientation, similar to in vivo conditions, comprising

a. culture chamber laver;

b, porous membrans;

¢. microchannel layer comprising a single channel; and

d. optionally baffle or wedge laver. .
A microfluidic device for the preparation of media or scaffold guided 3D architecture of
organ like orientation as claimed in claim | wherein the scaffold is selected from collagen and
the bke.

A migrofluidic device for the preparation of media ov scaffold guided 3D architectwre of
organ like orientation as claimed in claim | wherein the organ is selected from skin, lung,
reting and the like. .

A microfinidic device for the preparation of media or scaffold guided 31 architecture of
organ like orieniation as claimed in claim | wherein the culfure is mono or contact co-culiure.
A& microflmdic device for the preparation of media or scaffold guided 3D architecture of
organ like orientation as claimed in claim | wherein the culture is cultivated insitu.

A microfluidic device for the preparation of media or scaffold guided 310 architecture of
organ like orientation as claimed in claim | wherein culture chamber layer 15 selected from
PDMS and the like,

A microfluidic device for the preparation of media or scaffold guided 3D architecture of
organ like orientation as claimed in claim 1 wherein the porous membrane is aelected from

PET, PTFE, PC, MCE and the like,

A microfiuidic device for the preparation of media or scaffold guided 3D architecturs of
organ like orientation as claimed in claim 1 wherein microchannel layer is selected from
PDMS and the like.

A microfluidic device for the preparation of media or scaffold guided 3D architecture of
organ like orientation as claimed in claim | further wherein the device is used for prechinical
or biomedical applications of pharmaceutical or cosmetic compounds or products.

A microflaidic device for preclinical or biomedical applications of pharmacentical or
cosmetic products comprising

culture chamber fayer;

porous membrane;

microchannel layer comprising a single channel; and

optionally baffle or wedge layer.

1€
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Figure 3
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Figure 7

Figure 8
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