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Lecture - 16
Organ - on - a - chip

So, in our last module, we have discussed that how to do Cell Culture in Microfluidics
platform with reference to 2-D cell culture and 3-Dimensional cell culture and at the
same time, we have also discussed how to perform the different type of experimental
setup like say different types of fluid flow, microscopy and then, we had gone through it
that several experiments by using, you can utilize this fluid flow to decipher some

fundamental behavior of cells in microfluidics system.

So, now we are coming how this microfluidics system could be used for application
aspects like say biochemical analysis, say Organ on a chip. So, in this lecture I shall go
through that how that organ on a chip is developed on the basis of cell culture principle
in microfluidics and to some extent tissue engineering aspects to develop that miniature

form of that organ on a chip. So, what do you mean by the organ on chip?
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Organs-on-chips (00Cs)

Organs-on-chips (O0C): A class of micro engineered in vitro tissue models (collection of cells arranged in 30) done by
using small compartments connected by microfluidic channels and porous membrane for nutrient feeding , inter and

intra cellular communications.
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Functions of Micre compartments :

(1) Create unique conditions arising Al
from scaling laws

(2) Simultaneously and  precisely
control multiple chemical and e
physical culture conditions with a c
spatial resolution appropriate for

cell and tissue culture m J
(3) Manipulate  chemical  and -

physical communication between

environments

Schematic representation of compartmentalization between environments A and B,
with examples of potential barrier and permeability mechanisms between
environments,

[Source; Moraes, Orga hip: A Focus , Annals of Biomedical Engineering, 2011]
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Organ on chip means a class of micro engineered in vitro tissue models done by using
small compartments connected by the microfluidic channels and porous membrane for

nutrient feeding inter and intra cellular communication. Now we are coming, what do



you mean by that micro compartments? We know that different types of cells comes
together makes a tissue; tissues are organized to organ; then, organ system, then whole

that living system.

Now, in a organ that tissues are arranged 3 dimensionally in a different types of micro
environment and those environments are cross talking through that this permeable
mechanism or barrier mechanism. So, permeable mechanisms like say free diffusion of
the chemicals; may be porous membranes are involved means like say in extra solar
matrix or vessel membranes, then fluid flowing micro fluidic channels. And if you look
for the barrier mechanism of the environments say this is here that cells are attached and
this is another environment, where cells are not attached means non adhering situations.
May be different phases like say air and liquid like say alveolar sacs where the air and

cells interface occurs.

Then, physical barrier like say blood brain barrier, where that physical barrier is that not
all molecules will not go. In that way, that in a organ department different micro
environments are created and they are cross talking with each other. So, that is why that
micro pump compartments are described in that way. Create unique conditions arising
from scaling laws. Simultaneous and precisely control multiple chemical and physical
culture conditions with a spatial resolution appropriate for cell and tissue culture. And
manipulate the chemical and physical communication between environments. What do

you mean by the environments? This is micro environments inside that organs or tissues.
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Features of 00Cs
*The 00Cs typically mimic a minimal functional unit of a living ergan (e.g., a portion of cardiac tissue or kidney
tubule) rather than a whole organ by combining two or more tissues | recreate tissue-tissue interfaces{alveolar-
capillary interface or blood-brain barrier (BBB)), and expose them to their physiologically relevant chemical and
mechanical microenvironment.

sFor most tissues, 00Cs need to incorporate physical forces- hydrodynamic , mechanical , electrical - to enable the
organ-specific functionality and subsequent maturation,

*Multiple organs could be integrated by linking individual 00Cs through microfluidic channels with volume ratios and
flow distribution that mimic physiclogical system.

*The field of organ-on-a-chip is an extensive integration between molecular and cell biology and organ physiology, cell
culture and stem cell expertise, microfluidics, microfabrication and materials science, and (clinical) disease knowledge.

[Seisfee: Stolpe and Tearndert Lab Chig, 2013)

NPTEL ONLINE

IIT KHARAGPUR CERTIFICATION COURSES

So, what is the features of organ-on-chips? We are coined as OOCs means Organ-on-
chip. OOCs, I shall be coin that OOCs as a organ-on-chips. The OOCs typically mimic a
minimal functional unit of a living organ, not a whole organ like say person of cardiac
tissues or kidney tubule; like in kidney tubule is the unit of that kidney organ or an
cardiac system that cardiac muscle or some bundle of fibers contractal fibers are unit.
And this compartments or tissues will be organized to recreate tissue-tissue interface like
alveolar capillary interface or blood brain barriers and expose them to their
physiologically relevant, chemical and mechanical environments like say cyclic force or

stretching force or fluid shear etcetera.

So, that is why for the development of most of that organ on chips, they need some
mechanical force, electrical force or optical induction, electrical induction for their
maturation at the same time to exhibit their physiological behavior. Multiple organs
could be integrated by linking individual organ on chips through a microfluidic channel
or through a porous membranes and most importantly this organ-on-a-chip is a highly
multidisciplinary works. It is an extensive integration between molecular biology, cell
biology, organ physiology, cell culture, stem cell expertise, microfluidics,
microfabrications, material science and after all that clinical disease knowledge means

physicians or clinicians should be involved to really develop that organ on chips.
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Principal applications of “organ-on-a-chip”
+To obitain a better understanding of organ physiology and the pathophysiology of, especially human
disease.
*Reduce, refine and ultimate replacement of a substantial number of animal experiments
*Human disease models for drug target discovery and drug development, drug toxicity screening

*Accelerating drug development by resolving the discrepancies in drug safety and efficacy observed
between animal models, cell culture, and clinical studies
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So, what are the applications of “organ-on-a-chip” means who are the stakeholders of
this organ-on-a-chip? First thing is that using its organ on chips, we could have an
understanding of organ physiology and pathophysiology of especially human disease
means disease model could be established in a vitro, rather than based on animal models.
Then, Reduce, refine and ultimate replacement of substantial number of animal
experiments means this is the 3 R's basically. Generally, in the any development of a
drugs, we are using animal as a model system. But nowadays ethics are coming very
strong way, we cannot use animals for our purposes or drug targeting purposes or drug

means clinical drugs.

So, for that this human organ on chips is very much essential and human disease model,
already I have mentioned and accelerating the drug development by resolving the
discrepancies in drug safety and efficacy observed between animal models, cell culture
and clinical studies. Because when any drug is coming to the market, first preclinical
data, clinical data; then, it is going to several phased clinical phased trials, then it is

coming.

So, there is lot of discrepancy between the cell culture data to animal experiment data to
clinical phase 1, phase 2, phase 3 clinical data. So, those should be rationalized on the

basis of human organ-on-chip.
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Design Considerations of 00Cs

*Determining the set of functional characteristics and specific questions to be addressed of the organ to be modeled
* Readouts required to answer the desired question

+ Online monitoring assays could be incorporated to increase throughput and evaluation of functional changes and drug
interactions, over periods of weeks to months

*Microenvironment could be designed to deliver passive or dynamic stretch, electrical or optical signals, fluid shear, and
bigchemical and hormonal cues

*Integration of multiple 00Cs by microfluidic net work

00Cs utilize the advantage of contral strategies and multiparametric approaches designed for microfluidic systems for
predicting the organ level response.
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So, if we think that to develop a organ-on-chip, what should be the design criteria? First
thing is that we have to determine the set of functional characteristics and specific
question to be addressed in the organ to be modeled. As already I have mentioned that
organ-on-chip, basically it is a miniature form of the organ not a whole organ. So, that is
why specific questions should be asked, what we should be looking for from that organ-

on-chip.

Next is what are the read outs required to answer the desired question like say if we look
for that heart as a organ-on-chip; basically we shall be looking for that how that
myocardial fibers are contracting and generating the force or how many bits are there’s
and how that electrical polarization will help for that mechanical contraction and so and
so forth. Then, most importantly if we have a monitoring system which is online for the
long term culture by which you can monitor that non invisibly that how that organ-on-
chip behaves with respect of communication, with respect of their several philology

oxygen of take ph and so on and so forth.

Then, manipulation of the microenvironment, passive or dynamic stretch, electrical and
optical signals, fluid shear, and biochemical and hormonal cues means both biophysical
and a biochemical cues which comprises the microenvironment and integration of the
multiple organ-on-chips by microfluidic network which will mimic that different organ

in our system like say heart, lung, liver, brain, kidney, gat in one platform by connecting



through fluidic networking and we can mimic that human physiology. And organ-on-chip
utilizes the advantage of control strategies and multi parametric approaches design for

microfluidic system for predicting the organ level response.

So, totally engineering approach should be utilized to harvest that potential of organ on

chips.

(Refer Slide Time: 10:12)
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Online Readouts of Cell-, Tissue-, and Organ-Specific Functions

Integrated automated multiorgan-on-a-chip and sensing platform.

(A} Schematic of a full system where the multiorgan-on-a-chip platform
was encased in an in-house designed benchtop incubator, and of
automated pneumatic valve controller, electronics for operating
physical sensors, potentiostat for measuring electrochemical signals,
and computer for central programmed integration of all of the

[ren commands.

(B) Schematic of the integrated microfluidic device consisting of modular

ST ——— components including microbioreactors, breadboard, reservoir,

B —— bubble trap, physical sensors, and electrochemical biosensors. Inset
’:'..-_k( N shows the photograph of an integrated platform.
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[Sowrce: Thang et al, PHAS, 2017)
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So, this an example how that online monitoring system is developed say like say there
are 2 organs; this is a lever and this is a heart and they are connected through
microfluidic platform and that online monitoring system is developed for say bioelectro
chemical sensing module, then physical and chemical sensing module is automatically
means without any destruction that fluids are monitored for their cellular behavior. In
that way, we can monitor that whole the system like in our body, how it behaves in

everydays or weeks after weeks, even months after months.
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Human Cell Types used in 00Cs

* Primary cells

+ Cell lines,

+ Derivatives of induced pluripotent stem cells (iPSCs)

Complexity of 00Cs
+ Complexity of individual 00Cs and the need for multi- 00Cs depends on the problem being studied

+Complexity nﬁ:mlogical functions can be provided using simple bioengineering tools  e.g. a micro-pump can be used
to mimic pulsatile blood flow (serving the role of the heart, the body’s pump))
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So, next question comes what are the cell to be used for organ-on-chip development and
already we have discussed that for 2 dimensional cell culture or 3 dimensional cell
culture, different types of cells like say primary cells or cell lines or some cancer cells
should be we have already mentioned those cells are used. But in human organ-on-chip
development we need cells of high density and always cells are not available. So, that is
why induced pluripotent stem cells are used and which should be triggered to develop

different types of cells and those cells would be used.

So, source of cells might you might be primary cells; cell lines and derivatives of
induced pluripotent stem cells. Then, how much complexities would be in organ-on-
chip? It may be a simple, it may be a complex; but complexity depends that how much
what questions we are asking for that complexity. So, complexity of individual organ-on-

chips and the need of multi organ-on-chips depends on the problem being studied.

say example say if you want to monitor that say mimic that microfluidic structure for
heart beats say then, micro pump can be used to mimic that pulsatile blood flow that how
that pulsatile flow can be could be means arranged in fluidic platform that already we

have discussed in our earlier lectures.
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Single Organs-on-a-Chip

*heart muscle

+ lung alveoli

+ hepatic lobule

*nephron proximal tubule
+ solid tumor

..and so on and so forth

*A minimally functional (simplest possible) unit of each organ system to create the 00C environment

*00Cs incorporate biophysical stimuli (hydrodynamic, mechanical, electrical, and chemical) that drive and
control the establishment of the organ model and its minimally acceptable functionality
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Now, we are coming how that single organs on chips are developed like say heart, lung,
hepatic lobule, nephrons solid tumor and so on and so forth. So, a minimally functional
simplest possible unit of each organ system to create organ-on-chip environment or so
called Micro environment. And incorporation of biophysical stimuli like hydrodynamic,
mechanical, electrical and chemical that drive and control the establishment of organ
model and it is minimally acceptable physiological functionality. So, we shall be
discussing some of that models like say first we are coming heart muscle for the organ-

on-chip development.

(Refer Slide Time: 13:33)
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Single Organs-on-a-Chip ( Heart Muscle)

Tl Snge Orgn 0003 Design considerations for an OOC of heart

muscle :
OrgenType Cell Types Used
[Funcional Lni] Considerations Currently Readouts
I e - Ajin  vivo functions of conduction and
Hoart contractiity and slecirical iP3Cs beat rate, foroe, ancitation

contractility by defining the minimal functional
unit as a strip of cardiac tissue and using

BJElectromechanical ~stimulation in vitro to
achieve functionality.

: B [— 1 il ider o

§ Gndcn | G0 A o o o "'{v“&m (€) An example is the cardiac biowire OO,
E .‘” P ‘ El l '-\\/—"‘ consisting of a strip of human cardiomyocytes in
} . i g a hydrogel that can be electromechanically
K stimulated.

[Baurce: Ky Ronaldsen:Bauchard and Gordana k-Nevakovie, Cell Stem Coll, 2018]
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So, what are the design considerations for that heart, muscle? Contractility and electrical
activity and what cell types should be used? Here, induced pluripotent stem cells derived
cardiovascular monocytes are used and what are the readouts? Beat rate, force, excitation
threshold, maximum capture rate and contractility. Say here that that minimal functional
unit is that a bundle of contractile fibers or you can tell that myocytes means that when
that is contraction occurs, then it generate force and that force are culminated or it is

aggregated to make that heart beat basically.

And that contraction is induced by that electrical polarization that could be mimicked by
that electrodes and in vivo system, this electrical conduction for the polarization
electrical conduction are done by that press making cells or press making node at that
senatorial node. That is mimicked by using this electrodes by depolarization and
polarization, they will induce that stress fibers which will induce ultimately force

generating that media.

So, this is Biowire means where that cardiomyocytes are embedded in a hydrogel wire
format and that is connected with; that means electrical force by which that contraction
will be there in the cardiomyocytes and generate that force and that could be monitored.

So, this is an example of that heart muscle organ-on-chip.

(Refer Slide Time: 15:33)

Single Organs-on-a-Chip ( lung alveolae)

Design considerations for an 00C of lung

Table 1. Single-Organ 00Cs alveolae
Crgan Typs Call Types Usad
FunctiooalUnt)  Design Cornideentions Cumndy Puadouty (D) in viva functions of cyclic breathing by
Lung fatveai] air-loid infertace and el ines el imaging and disscived defining the minimal functional unit as a single
Pulaary dng icaorpion o concntatin lung alveolus

Phepiiciogical O0C Model
(E) cyclic mechanical stretch in vitro to achieve
i Wecraral } =T functionality
el beeaih . —
TN
. -5 = (F) An example is the lung 0OC, consisting of
a7 A -
“,1"»\. s "\,_3 o [ayers of epithelium and endothelium on two
Pl 5™ sides of a membrane that is mechanically
stretched by the application of vacuum.

0
f
]
i

1

[Seurce: Kty Analdsse.Bouehard and Gaedana Vunjak Nevakise, Cell Stem Cell, 2012; Reproduced with permisaicn (Huh et al, 2010])

' NPTEL ONLINE
IIT KHARAGPUR CERTIFICATION COURSES




This a very beautiful model for that lung on a chip because unit of lung is alveolar sac
these are the alveolar sac means air sac surrounded by that basolateral membrane, then

endothelium cell means endothelium network and some extracellular matrix.

This is the unit of your alveolar sac. What is the function of alveolar sac that is there;
there is a exchange of gas means air oxygen and interstitial. So, that is that function due
to that cyclic stretching of lung means when you are breathing and exalting, then that
cyclic stretching occurs. So, mimicking that cyclic structure in the microfluidic platform;
it is a unit of your alveolar structure or lung alveolar. So, how this structure is formed?
So, in microfluidic system, this is a membrane, porous membrane; biocompatible porous
membrane, it is a stretchable membrane. In the upper side of the membrane that
epithelial cells are cultured and the bottom side of the membrane that endothelial cells

are cultured.

After that confluencing, then that media is replaced by air and that stretching force is
given by using that side chambers vacuum and when that stretch stretching force is
adopted, then cells are differentiated to like say alveolar or epithelial cells and that
underneath is your interstitial flow and which behaves like your lung alveoli and here
that gas exchange between that bottom chamber and upper chamber full of air that could
be monitored. And here that microenvironments is your air cell interface and bottom is

cell-cell interface through that membrane.

So, here cell lines are used mainly primary cell lines or some epithelial cells are available
nowadays and here readouts are mainly by microscopically cell imaging and dissolves
gas concentration by online, online monitoring system. So, this is a first system means
first discover system or established system using that bio magnetic principle. Then, lot of
systems are developed using this membrane and that gaseous exchange using that side or

vacuums like in got in chip.
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Single Organs-on-a-Chip (liver microstructure)

Tabio 1. Single-Organ 00Cs Liver microstructure
Organ Typa Cal Types Used
{Functonal Uni) Dusign Considerations Curmertly Raadouts A)Diagram illustrating the three-dimensional
Liver hipatic icbulel  drug matabalism, coll s and alburin and ued architecture of the liver between a portal triad
ﬂm‘:ﬂmw. Psca Wm and the central vein. The networks of bile
el it s etsboito comerion ang Canalicull (yellow-green) run parallel and
& drug-incuced counter to the blood flowthrough the sinusoids
iy (DY)

B) Red colour represents the hepatocytes, gray
colour represents the endothelium like gaps,
and yellow colour represents the medium,
Channels are separated with microfabricated

Gl ._”|_’|JH—' barriers for the separation of hepatocytes from
fluid.

[Bource: Kncey Ronaldsen-Bouchard and Goedana Vunjak-Nevakewie, Cell Stem Cel, 2008; with pernissien [Huh et al, Trends Cell Biel., 2011]]
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Liver is an organ that it is an chemical factory where that drugs are metabolized, lot of

proteins are synthesized. So, what is the unit of liver? Unit of liver is liver lobule. So,
lobular structures, this is an example of say representative example of liver lobules. They
are arranged in such a way that this is that central vein and hepatic artery and these are
the cells, where that hepatics cells are high density arranged and that venous and arterial
systems giving that blood mean nutrient flow and then, exchange of that liver nutrients

and other things.

So, how these things could be mimicked in microfluidic platform. Here, cell lines are
used means fj 2 and sometimes in this fluid pluripotent stem cells derived liver cells are
used. So, here is that design of that microfluidic platform, this is the unit of that system
that liver cells, liver cells are high density impregnated in that middle layer and that
outside that is medium flow and these are the microfluidic barriers which mimic that
structure of your venous and arterial connection to that hepatocytes. So, that cell density
is here, near or almost equal to that in vivo system and here that total medium, medium
inlet and medium outlet and medium is percussing so that where that hepatocytes

presence in high density.

So, here the readouts are that how that hepatocytes secretes albumin, urea, cytochrome
P450 enzymatic activity, metabolite conversion, and drug-induced liver injury means

with this system some disease model also could be developed.
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Single Organs-on-a-Chip( Kidney proximal tubule)

Design for the human kidney proximal tubule-on-a-

Table 1, Single-Organ 00Cs

chip
Organ Typs ol Types Usad
(Furtional Lini) Dusign Cernidenticns Cumenily Raadouts
Kichwy (whvon and_ deug clerance snd provimal | primaryand cel | raton, redbsorption, ured (A)The microfluidic device comsists of an apical
promimal hubsibe) bubibe spthelum axposedio  Ines concenirafion, epithelal cell channel (intraluminal channel) separated from a
i e bottom reservoir (interstitial space) by an ECM-

coated porous membrane upon which primary
human proximal tubule epithelial cells are cultured in
the presence of a physiological level of apical fluid
shear stress.

(B) Device assembly: the upper layer, polyester
porous membrane, and lower layer are bonded

-~ ——— 5 e —hal together through surface plasma treatment. Human
om || e % —f_ 0 4 _ primary proximal tubular epithelial cells are seeded

L through device inlet onto the porous ECM-coated

o tena 8 rmmemeny | MPEMDFANE.

[Source: Kacey and Gordana Vunj , Cell Stem Cell, 2018; Reproduced with permission [Kyung-Jin Jang eLal. integr Biol, 2013]] .
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And this is kidney on chip that kidney function is that that glomerular filtration and it is
that here blood is flowing through that channel of that glomerulus nephrons and these are
these are the cells means where that plasma salts small proteins glucose phosphates are
in. And that proximality will where that octave is there, then there means not absorbing
urea and some salts, they are passing; ultimately, there excreting as a urine and some

salts and urea.

So, this is the structure of kidney. This is your nephrons, unit nephron and how this could
be mimicked? Because that epithelial cells in the nephron that highly polarized. So, for
the polarization, we have to give that fluid flow. So, with the knowing this principle; so,
that matrix is developed here that porous matrix above is that epithelial cells are growing
and below that interstitial fluid means that interstitial flow is flowing. So, this is the
tubular flow means, this is the tubular flow of blood and here is the interstitial fluid. So,
if we give this fluid in this microfluidic chamber, then it is observed that epithelial cells
are polarized epical and vessel and they express their functional means transport

proteins.

So, in the experiments all types of epithelial cells are generated and they are used for that
to mimic that whole that tubular structures at that level of Proximal, Henle loop and

Distal sides. So, totally it can it could be mimicked that filtration structure of that kidney.
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Other examples of Single Organs-on-a-Chip
Table 1. Single-Organ 00Cs
Qrgan Type Coll Types Usad
{Functional Uin) Design Considerations Currantly Readouts
Gt drg absorption, rqures 4 coll nas Irarsapithebal trarsport,
Lo surface area via vill and atzsorplion, ioxicily,
microvill formation, muccsa cylochrome P450 3
Dara, and symbsolic salrm drug molaboksm,
baciaria present and responses io bacteria
Bran/BOE salsctive drugy pantration primary, collines,  transendothelal resistance
and nleractions betwesn and PSCs {TEER), psrmiatity, and
endothelium, picyles, ind g ranspon
astrocyles/ o ool
Sin air-liquid inbortace and prifriry, col bed,  trarsdérmal Ianspon,
dermal drug absorpion and P5Cs Immunchistochemistry, and
gene expression
Vasculature arier functionalty and coll ines, human  permeabiity, response to
hromboss MSCs, and PSCs  shear stress, TEER, and
FITG-teaxtran assay
Cancas tumor Mcanironmentand ool ned e ol prenotypd, kirr
Ml Coll erivisation, md
vascular permealiity

[Baurce: Kcey Ronaldsen-Baushard and Gerdana Vunjak-Nevakevie, Cell Stem Cell, 2008]
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So, in that way lot of other organs are developed in organ and chip module. Like say Gut,
Blood Brain Barrier, Skin, Vasculature and Cancer models. So, in the Gut design
considerations, the drug absorption or the large surface area where the villi, microvilli
formation and mucosa barrier, and symbiotic bacteria means micro biome what is present

in your gut.

Then, cell lines are used say caco 2 cells are used and the readouts are transepithelial
transport, absorption, toxicity, cytochrome P450 3A4 isoform drug metabolism, and
responses to bacteria. In the same way for Blood Brain Barrier, the readouts are
transendothelial resistance permeability and drug transport. For the skin, transdermal
transport and gene expression; for a vasculature, permeability, response to shear stress
and transendothelial resistance and for tumor, lot of things already we have discussed to
some extent in our earlier lecture and for the tumor model that metastasis and how that

with extra gadget from one place to other place.

So, after discussing that organ-on-chips, now we are coming how this organ on chips
could be integrated to mimic that different organ system; how they are connected in our

body.
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Integration of Multi-organ 00Cs in microfluidic platform
*Cells and organ systems communicate by secreting soluble factors and extracellular vesicles that mediate peripheral
crosstalk with the circulatory system .

*Connecting individual 0OCs to one another through microfluidics mimics the in vivo role of vascular perfusion and
enables control over the culture environment to recapitulate some aspects of homeostasis.

* These connections enable cross- talk between organs of interest and facilitate a more physiological approach to
drug delivery and uptake.

*The configurability of the platform to allow changes in relative volumes of the individual 00Cs, the order in which
they are connected, and O0C perfusion rates is critical for determining the flow configuration in multi-organ 00Cs.

NPTEL ONLINE

IITKHARAGPUR CERTIFICATION COURSES

So, that is integration of multi organ, organ-on-chips through microfluidic platform. See
had that basic principle is that communication between that organs through soluble
factors and extracellular vesicles that mediate peripheral crosstalk with the circulated
system. So, for that microfluidic mimics are used like say in our vascular system,
perfusion system and enables it control over the culture environment and recapitulate
some of the aspects of homeostasis and these connections like our in vivo system, helps
to crosstalk; at the sometime feedback control mechanisms what is happening in our

normal physiology.

Now, how this organ on chips will be integrated in different configuration means may be
parallel serial or in one platform or in a continuous phenomena, continuous fashion or in

a perfusion readouts or perfusion ways. So, one by one we are coming.
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Integrating Multiple Organ on Chip (00Cs) toward a Body-on-a-Chip

AStatic Organ Chambers
+Static microfluidic connections between individual organs rely on physical proximity of the
organ chambers instead of convective flow.

A Static

*The transport of soluble factors and cell-cell communication are facilitated by culturing all
cells and organs in the same well .

Common
media *Multiple single DOCs can be cultured within shallow wells each containing a tissue-specific
medium and then connected via the media within a larger well,

Cegara nckuded Parkygion Commaiti

Lbvor-bbrobiasi one orease in ooy when meisbokcaly acive
hegatncytes are ot

Liver-iiiney-hang-reun- none kil orpans Culled 0 shabow wells

VRSCLLE LA connoctad Wi & lger wel vl maci

(-t rens transweil-based moded contiinng Caco-d
ol (gt 0OC) wishn rariwed and
hepaiocyies becw

[Seurce: Kacey Resal , Cell Steen Cell, 2018)
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That first one is Integrating Multiple Organ-on-chips in a Static Organ Chamber. Means
static organ chamber means there is no convective flow, in only in one chamber that
different organ-on-chips are there or in a big a say peptides the small peptides are there,
where that individual organ-on-chips and there within same your media. That is multiple
single organ-on-chips can be cultured in a shallow wells each containing tissue specific

media and then, connected via the media within the larger wells.

So, this is that first module means what are the drawbacks of this module is that there is
no convective flow; what is happening in our body. So, in that way some of the examples
are liver fibroblast. Here is no perfusion, increase in toxicity when metabolic active
hepatocytes are present. Liver-kidney-lung-neural-vasculature and cancer means early 4
or 5 organ-on-chips are together. Then, Gut liver, gut liver in that transwell based model

contaminates containing the caco 2 cells with transwell and hepatocytes.
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Integrating Multiple Organ on Chip (00Cs) toward a Body-on-a-Chip

B Single-loop perfusion B)Single-Pass Perfusion

> *Unidirectional perfusion through microfluidic vasculature connecting multiple organ chambers
enables modelling of drug transport as it enters the vascular system and travels from one organ
chamber to another.
&
¥ sThese culture systems can be designed to arrange the individual chambers In parallel, in series, or
both.

Commeon Comman
media inlet  medla outlet

* The unidirectional flow only enables crosstalk to organs located downstream, thereby eliminating
upstream feedback typical of the native circulatory environment.

Srge s
corvuacton o g chanveh partaed i
ycrostati; pressury

f iy
[ t g 000 o
o Corveecied by wdeetton ow ihees v

[Source: Kacey Ranaldscn-Bouchard and Gordana Vunjak- . Call Stem Cell, 2018]
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The Integrating Multiple Organ-on-chips by Single-Pass Perfusion means they are their
conflictive flow is there. This is common media inlet and a common media outlet, means
in that fashion this organ-on-chip could be connected by either parallelly or serial or in
series or in both ways. But problem of this type of configuration is that that a
downstream of that flow, they are no feedback; they are controlling only from that
upstream because upstream organ on chips, they are not getting the feedback from the

downstream.

So, examples in that system that single pass vascularized tumor hydrostatic pressure is

used; heart and heart diffusive transport, gut and liver gravity driven unidirectional flow.
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[+ Recirculation

> Micropump

Common media

Common media
Tesenvoir

[Beurce: Kacey Ranaldscn Bouehard and Geedana Vinjak Neval

(C) recirculation of a common media capable of supporting all organ systems

*Microfluidic connections within 00Cs with continuous perfusion more closely

mim

ic blood circulation.

*These setups are based on recirculation of the media from a single-pass flow, so
that organ organ communication occurs both downstream and upstream.

*The fluidic connections can be established through predetermined microfluldic
paths or via flexible approaches described for single-pass systems.

*By developing platforms with integrated sensors, real-time information can
feed the control feedback algorithms for evaluating drug responses over
extended time periods.

, Cell

Stem Cel, 2018)
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And this is an chip, where that recirculation is there means like our normal vascular
system that common media is passing through that each of the organ-on-chips and again
circulating. This is like a circulating system in our body. So, in that platform that every

organs they are getting feedback from their other organ there is no downstream of

upstream. So, they are getting in that way.

(Refer Slide Time: 28:03)
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1] Recirculation = tissue specific media

Flow direction

Flow direction
—

Recirculating vascular media
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& = Immune cells

[Saurce: Kitey Ronaldasa-Bauchard nd Gordana Vunjak-Newvikivie, Call Stem Call, 2018]
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t

Individual 0OCs connected to a selective
membrane barrier

(D) The development of individual 00Cs connected
to a selective membrane barrier, such as an
endothelial layer, would enable integration of
00Cs with perfusion that connects all 00Cs while
preserving the tissue-specific media composition
for each OOC.

The recirculating media can include more
biomimetic components, such as circulating
immune cells,

Then, last module is that where that each organs are connected by

modules, here is circulation is there and each organ means each organ-on-chips, they

that perfusion



have individually cultured in their individually media. And then, they are connected
through a means common channel with endothelia and where that immune cells will
passing on and this is the circulating flow direction by which all cells are connected

keeping their individuality.

(Refer Slide Time: 28:38)
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Table 2. Mulii-organ 00Cs

Cogans Inciuded Ferfusion Commanis

Rocecudating

Caveline-r{icks-nouronal- FuTga, Gy ‘wirum-ron Media and sictical and

[ fow mecharical readouts

LLiver pancreas on-chip micropump ‘allomeiric scaling and functional crosstak
riguated gutose

Lvor-indnsiing and b on-chip micrapump sucoesshilly incorporaied barrier ssues

shin frdosiing and wiin) wih parencinymal organ
fiver) and enclothelinzed microfiusdic
channals in mimic vasculstire

LUiver-cancer paristaltic pump demonstrated importance of 30 over 20
cultures i dg dosing stucies

Gutidar on-Chip pumps remotely enabled pharmacokingtic studes (no POMS),

actunted IFoUgh pRemAte utiized common madia, and flaxibdity of drug
st within plite of gut OOC; intravencisly by ingection into

mining chamied]

Unioe-harg-dnay-fat portiltc pump davalooed common midia capable of
wpporting bl organ Fyibens

Liver hoart ']

haart breacboard environmental parameters, mmune
HOSONS0NS.

{Bource; Kacry Ranaldscn-B kipvic, Call Stam Coll, 2018]
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So, these are the some of the examples where that perfusion flow are induced for that

recirculation purposes; Liver-lung-kidney, Liver-heart-liver-cancer and etcetera.

(Refer Slide Time: 28:56)
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Potential of 00Cs in Drug Development
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*00Cs can confirm both the absence of toxic events (e.g., by e el e e e

assessing cardiovascular, liver, or skin toxicity) and the @ = I:F‘ + 4@'+ ‘
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effectiveness in treating the intended target pathways.
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*00Cs can provide Ml g g ey
a)mechanistic studies of drug action, & iy .

b)preclinical trials of drug toxicity and efficacy, t;?,"g .-@ ¢°’X
c)clinical studies using patient-specific 00Cs for models of I_I

patient diversity, [

djthe development of a “clinical-trial-on-a-chip” to discover | o |
therapeutic aptions for rare diseases. ‘_[ ]_' I_I |_f

i g 5

[Saurce: Kicey Ronaldssa-Bauchard and Gordana Vunjak-Newvikisvie, Cell Stem Cell, 2018]
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So, now that utilizing this organ-on-chip in a connected way; how these systems are used
in drug development? If we look for that drug development project, they are passing
through different edges. Say first drug discovery means where it works drug discovery
means which is the target then, preclinical screening like say in cell culture level or
animal model level. If then pass, then it is going to clinical studies. Then, phase 1, phase
2, phase 3 clinical studies; then it is coming to the market. But real sense, most of the
drugs they are not passing after the preclinical stage because most of the it is drug
development situations are done in cell culture model or in animal model because there

is a huge amount of discrepancy between these and human system.

Again, after that two or first clinical trial or second clinical trial, these are failure due to
the different level of populations. So, how this could be adjust using these organ-on-chip
model? So, like say this an example; say we are looking for a drug for cardiovascular
disease, first question we are asking, does this drug causes cardiovascular side effects?
Means first is target identification, means say in the heart whether it may be a heartbeat
is effecting or blood pressure is effecting. If target is identified properly, then if there is a
in that target level there is a any toxicity means if this drug works on heart muscles
contractility or it effects your blood pressure or that uncontrolled heart beating means

arrhythmia means this the side effect in that target level.

Then, if you look for that side effects in other organ level means then, does this drug
causes toxicity to other organs? Means this is a cardiovascular drug whether it effects
liver or whether effects bone marrow; whether effects this brain means a blood brain
barrier? So, this intra and inter toxic drug toxicity could be as said in a microfluidic
platform using different organ-on-chips models. Then, if that mechanism causing that
altered functionality or does this drug work on the indented target, if it is pass through all

these things. Then, possibly we can go for that clinical study.

So, if it is not possessed through these studies like in organ-on-chip model, then it should
not proceed further; means this will help drug development project to proceed or not to
proceed in earlier stage and it will decrease that cost of that drug development. Even if
that it is possible to do that drug trial in patient basis say because in most of the cases
clinical trial that terminal patients or who are means highly disease situation they are not

included because due to that they should not be trail with that drug trial.



So, most of the drug trials are done by that population level with some normalization;
they did not consider the death intensity genetics of that humans or something like that.
So, those should be considered in the personnel basis in an organ-on-chip model. So,
organ-on-chip can provide mechanistic studies on drug actions, preclinical trials, clinical
studies using patients specific organ on chips and most and most the last that “clinical-
trial-on-chip” to discover therapeutic options and for rare diseases means organ-on-chip

has a huge application to that in the coming fields, but there are lot of challenges.
(Refer Slide Time: 33:06)
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Challenges of 00Cs

Modeling Drug Absorption, Distribution, Metabolism, and Excretion (ADME)
The path of a drug involves its absorption into the bloodstream, subsequent distribution throughout the body, metabelism,
and excretion. For each drug, the known or assumed path informs the order of organs in the 00C.

Scaling of Organ Sizes and Vascular Flow
It has been proposed that the scale of 00Cs should be based on organ sizes within the body, and the 00Cs have been
arranged based on the respective masses of human organs.

Functional scaling (e.g., based on the blood flow or metabolic rates) is needed to determine the necessary volume of each
organ required to support functionality.

[For example, multiple liver organ chambers may be combined to achieve an appropriate level of drug metabolism per
fluidic pass. The corresponding volume of the heart module required to elicit the expected functional responses would then
be determined using known drug actions.]
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What are the challenges that Modeling of Drug Absorption, Distribution, Metabolism

and Excretion, ADME; then, scaling of organ size and vascular flow because if needs lot

of means simulation and engineering aspects to scaling the organ size and vascular flow.
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Challenges of 00Cs

Throughput of 00Cs
With respect to the use by pharmaceutical companies the need for translation to a medium/high throughput model
setting is emphasized.

Currently available organ-on-a-chip model systems are in view of complexity in principle more appropriate for low
throughput, high value/high content, drug analysis applications .

Immune , endocrine system and neurclogical control of tissue
Future efforts to increase the physiological relevance of 00Cs should recapitulate the immune and endocrine
systems, as they directly interact with the health and functionality of all organ systems in the body.

Incorporation of neurological control of tissue function may alse be required to model systemic diseases resulting
from neurological disorders in which the vast interactions and disease mechanisms are largely unknown.
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Then, throughput of that organ on chips; right now, what organ on chips are available?
Their throughput is not very much what pharmaceutical companies wants? So, high level
or high throughput level organ on chips are should be developed and last of all so far,
there is no organ-on-chips where that immune system, endocrine system and
neurological systems are integrated. Because we know that each and every organs then
high level neurological controls are there’s. So, those type of integration is necessary to
mimic that real organ on chips which will mimic that in vivo physiology or in vivo

system.



