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Hello everyone I welcome you all to the 15" lecture of this course the 15" lecture is no nano
technology in organ printing. So in the previous lecture we have leant how to make artificial
tissues and artificial cells in today’s lecture we are going to learn how to make artificial organs

using organ printing technology so in this lecture we are going to learn.
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What is organ printing types of 3D printing and what are the various 3d bio printing approaches

available and also we are going to learn what is the role of nano technology in organ printing.
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The need for organs today
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So let us see why we need organ printing so according to American organ donor website at least

1200000 people or in the waiting list for organ transplantation and each day at least 22 people

loss there life due to lack of suitable organ transplantation so you can think about the whole

world how many people are losing their life without suitable organ transplant.
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Organ donation in India

» Almost 1.5 lakh people in India need a kidney;
however, only 3000 of them receive one.

» 90% of people in the waiting list die without getting
an organ.

* India’s annual liver transplant requirement is
25,000, but we manage only about 800.

» 70% liver transplants are taken care of by a live
donor, but 30% are dependent on cadaver

dOnatlonS hitp i/notto.nic indndex him  Sowree’ Times of india, ONA India

So let us see the statistics in India so in India almost 1.5 lakh people need a kidney but only 3000
of them receive it and 90% of people in waiting list die without getting an organ so Indians
annual liver transparent requirement is 25000 but we manage only about 800 and 70% of liver
transplants ate taken care of by live donor and reaming 30% are dependent on cadaver donation,

cadaver means dead body.
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Exactly how much is the human body worth?
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So let see exactly how much is a human body worth okay so we can see the cost of each organ
okay so you should be thankful to your parents who have give this much worth property to you
so to make this organ what are the approaches available so we are going to see one by one in this

lecture.

(Refer Slide Time: 02:03)
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What is organ printing?

+ Integrating biology and 3-D printing technology.

+ A process where an artificial organ can be created using a 3-D
printer/bioprinter.

+ Organ printing is a rapid prototyping computer-aided 3D printing
technology, based on using layer by layer depasition of cell and/or
cell aggregates into a 3D gel with sequential maturation of the

printed construct into perfused and vascularized living tissue or

organ.

So let us see what is organ printing so it is integrating the biology and 3 D printing technology so
it is a process where an artificial organ can be created using a 3D printer or bio printer so let us
see the definition of organ printing so organ printing is a rapid prototyping computer aided 3D
printing technology so it is based on layer by layer deposition of cell on a 3d gel with a

sequential maturation of the printed construct into perfused and vascularized living tissue or

organ.

So in this organ printing so we are going to print the artificial organ using the 3D printing
technology and here we are going to use biological self as a ink okay and we will be printing the

organ on the 3D environment and we will make the complete artificial organ.

(Refer Slide Time: 02:52)
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Organ printing

+ An organ oprinter incorporates 2
technologies, tissue engineering and a
30 printer,

+ Instead of paper, Petri dishes are used.

+ Instead of ink, cells and chemical called
a"crosslinker” are used.

+ The cells are individually made from the

patient

So let see what is an organ printer it is incorporates 2 technology that is tissue engineering and a
3D printer so it is similar to your normal printer but insisted of paper we will be using the Petri
dishes and insisted of ink we will be using the cells and chemical called a cross linker so here we
are going to take the cell from the patient’s own body so there would not be any immune

rejection of the organ.

(Refer Slide Time: 03:16)



Conceptual Bioprinter
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So this a conceptual bio printer in further we may get this kind of bio printer to make the

customized organ for the patients need.
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Types of 3D Printer

The type of 3D printer chosen for an application often depends
on the materials to be used and how the layers in the finished
product are bonded.

The three most commonly used 3D printer technologies in
medical applications are:

+ Selective Laser Sintering (SLS),

+ Thermal Inkjet(TIJ) printing, and
+ Fused Deposition Modeling (FDM)

So let us see this types of 3D printer so there are 3 types first one is selective laser sintering next
one is thermal inject printing the 3" one is fused deposition modeling okay so the selection of 3D
printer based on the material which you want to use and also how the layers in the finished

product are bonded.

(Refer Slide Time: 03:46)



Selective laser sintering (SLS)
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So let us see what is selective laser sintering so her SLS printer uses powder material as a
substrate for printing new objects and here this laser draws the shape of the object in the powder

and fusing it together.
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Thermal inkjet Printing

Inkjet printing is a “noncontact’
technique that uses thermal,

.m....,y electromagnetic, or piezoelectric

technology to deposit tiny

droplets of "ink" (actual ink or
__ Other materials) onto a substrate

according to digital instructions.

Next one is thermal inkjet printing so here inkjet printing is a noncontact techniques so that uses
thermal electromagnetic or piezoelectric technology to deposit tiny drop lets of ink okay it can
actual link or it can be another material onto a substrate according to the digital instructions so

based on the instructions it will make the particular organ or scale whole for the organ.

(Refer Slide Time: 04:27)
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Fused deposition modeling

Fused Deposition Modeling (FDM)

FDM printer uses a printhead
similar to an inkjet printer,
However, instead of ink, beads
of heated plastic are released

j.' from the print head as it moves,

T buiding the object in thin layers.

hitp:/ e padting . com/blog/addtive-mig/rapid-protatyping-technology

And 3" method is FDM that is fused deposition model and here the printer uses a print head
which is similar to an inkjet printer but instead of ink here the beads of heated plastic are

released from the print head as it moves and it build the object in the thin layer.

(Refer Slide Time: 04:46)



A typical process for bioprinting 3D tissues
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So this is a typical process for bio printing 3D tissues so it has various steps let us see one by one
so the first step is imaging so if you want to make the particular organ heart or liver so you have
to imaging using x ray, CT scan and MRI so that you will get that complete idea about the organ
so then based on that we have to select the design approach so the design approach can be
biomimicry or self assembly or many tissues and once you selected the design approach then we

have to select the suitable material.

So it depends on the organ which you want to print you have to select the synthetic polymers or
natural polymers and we should mimic like your extra cellular matrix then the 4™ step is selection
of cells the cells can be differentiated cells or it can be stem cells so you can add the cells of the
scale whole and it can make the particular type of organ and once you selected this material as
well as the cell then you have to bio print that particular organ using inkjet printer or

microextrusion or laser assisted printing.

So this techniques I will explain later in detail so once the particular organ is printed so the
printed organ will be placed in the bio reactor and it will be allowed to maturation so once the
organ is matured in presence of chemical and mechanical signals and this organ will be tested in
a bio reactor weather it is performing the function properly then it could be transferred to the

patient.

(Refer Slide Time: 06:10)



L ASSasaaa
Atypical process for bioprinting 3D tissue:

1) create a blueprint of an organ with its vascular architecture;
2) generate a bioprinting process plan;

3) isolate stem cells;

4) differentiate the stem cells into organ specific cells;

5)prepare bioink reservoirs with organ specific cells, blood
vessel cells, and support medium and load them into the
printer;

6) bioprint; and

7)place the bioprinted organ in a bioreactor prior to
transplantation.

So let us see the steps in detail so as I told you earlier the first step is creating a blueprint of an
organ with it us vascular architecture and seconds step is generating a bio printing process plan
and 3" one is isolate stem cells are the suitable cells and the 4" step is differentiating the stem
cells into organ specific cells if you want to make the heart or liver accordingly you have
differentiate the stem cells into organ specific cells and 5" point is like preparing the bio ink
reservoirs with organ specific cells blood vessels and support medium and load them into the

printer.

Then you print the complete organ then place the bio printed organ a bio rector prior to

transplantation so these are the various steps in the bio printing of 3D tissues or organ.

(Refer Slide Time: 06:59)
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ow organ printing works

The procedure of organ printing can be subdivided into
three sequential steps:

1. Pre-processing

2. Processing

3. Post processing
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So how organ printing works the procedure of organ printing can be subdivide into 3 sequential
steps the first step is pre processing next one is processing and third one is post processing so let

us see the step in details.

(Refer Slide Time: 07:11)
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So in the pre processing the first we

on the CAD you will be making the blue print of the particular organ and in the second step is

processing so you will be using thes

the scale whole, so based on this bio ink and bio paper you will print the particular organ using

will be doing bio imaging of the particular organ then based

e bio ink here the bio ink is your cells and your bio paper is

the bio printer so the organ is printed you will be adding the maturogens.

That is your chemical signal or mechanical signal to make this artificially printed organ into
work exactly like your real organ and bio monitoring they will be monitoring the organ in the bio

rector weather is function is similar to the original organ okay so this step is called as post

processing so let us see this steps in detail.

(Refer Slide Time: 08:00)
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Step1: Pre-processing

+ Pre-processing primarily deals with the development of a computer-aided
design (CAD) or blueprint of a specific organ.

+ The design can be derived from digitized image reconstruction of a natural

organ or tissue.

+ Imaging data can be derived from various modalities including non-invasive

scanning of the human body (e.g. MRI or computerized tomography) or a
detailed 3D reconstruction of serial sections of specific organs

Step 1 is a pre processing so here the per processing primarily deals with the development of
computer aided design that is CAD or blue print of a specific organ so here we will be making
the blue print of a specific organ okay so the design can derived from digitized image
reconstruction of a natural organ or tissue and the imaging data can be obtain using MRI or CT

scan of the particular organ.

(Refer Slide Time: 08:27)
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Component of pre-processing

Bio imaging CAD Blueprint
Computer Aided Design
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So there first step is bio imaging of the particular organ the using this computer aided design you

will make the blue print of the particular organ so this step is a pre processing step.

(Refer Slide Time: 08:38)
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Step 2: Processing

* Processing usually refers to actual computer-aided printing or layer- by- layer
placement of cells or cell aggregates into a 3D environment using CAD or

blueprints.
+ The petri dish is filled with water.

+ When the printer “prints” the cross linker transforms the water into a Jell-O like

substance which allows the cells to be put in.

+ Once one dish s filled, a new one is placed on top of it
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And step 2 is processing here the processing usually refers to a actual computer aided printing or
layer by layer placement of cells into a 3D environment using CAD or blue prints so here you
will be printing that particular organ using this bio printers and petri dish is filled with water her
insisted of paper you will be using this petri dish so it will be filled with the water so when the
printer prints the cross linker transform the water into jell — O like substance and which allows

the cells to be put in. once one dish is foiled a new one is replaced on top of it.

(Refer Slide Time: 09:18)



Processing

+ This method is repeated until the organ that ' 0
you want is created.

+ Once the organ is constructed, the petri

dishes are removed and all that is left is the
organ.

3 [
bioink
K
Supporting biocompatible gel: the

e Spherical cell aggregate: the

biopaper

So this method is repeated until the organ that you want is created once the organ is constructed
the petri dishes are removed and all that left is the organ so here the supporting biocompatible gel
is the bio paper and you must cell is a bio ink the spherical cell aggregate is your bio ink so your
cells will be printed on the particular bio paper okay so once the one layer is finished the you
will keep the another layer of bio paper and again your print the cells so it is layer by layer

assembly of the cells so once all the cells are fused together then you can remove this bio paper.

(Refer Slide Time: 09:56)



Components of processing
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So here the bio inks spheroids are printed into layer of bio paper gel okay so the additional layers

can be printed to build the object so once the cells are fused okay so you can remove this bio gel

or bio paper and you will get the finial living tissue, so here the bio ink plus bio paper you can

bio print the complete organ.

(Refer Slide Time: 10:18)



PRIN'I'ING ORGANS

Organs could be built up layer by layer by printing clumps of cells onto a gel that turns solid when
warmed. Once the cells have fused the gel can be removed simply by cooling it
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So let us see this in detail so here the organ could be build up layer by layer printing clumps of
cells until gel so that turns solid when warmed and once the cells have fused the gel can be
removed simply by cooling it so here you can see here this clumps of cell this yellow color one
these are the clumps of cell so these are printed layer by layer and these are printed on thermo

reversible gel.

So it will be in gel form when this in worm condition and once it is printed you can remove this

gel by simply cooling it this is your bio paper.

(Refer Slide Time: 10:53)
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And on top of the bio paper you are going to print this cells, so once it is printed you can put the
another paper on the top and you can print the another layer of cells, similarly when you printed
all the cells so this cells will fuse together and once it is fused we can remove the bio paper.
Make simply cooling it. See at one temperature so it will form a jelly like substance that is a it is
a thermo responsive jell so when you cool it you can easily remove the bio paper and finally you
will get the desired organ, so this is the overall step of organ printing, so let us see this bio

printers.

(Refer Slide Time: 12:17)



Bioprinters

+ Bio printers have three major components. These are the hardware used, the
type of bio-ink, and the material it is printed on (biomaterials).

+ "Bio-ink is & material made from living cells that behaves much like a liquid,
allowing people to "print" it in order to create a desired shape.

+ To make bio-ink, scientists create a slurry of cells that can be loaded into a
cartridge and inserted into a specially designed printer, along with another
cartridge containing a gel known as bio-paper.’

+ Potential uses for bio-ink include creating sheets of skin for skin grafts and

vascular tissues to replace veins and arteries.

In details so the bio printers have 3 major components so the first one is hardware used the next
is type of bio ink and third one is the material it is printed on, so here the bio ink is a material
made from living cells that begins much like a liquid and allowing people to print in order to
create a desired shape and to make the bio ink researchers create a slurry of cells okay, so that

can be loaded into a cartridge.

And inserted in the specially designed bio printers and it will be printed on a gel like substance

that is your bio-paper.

(Refer Slide Time: 12:52)



* Prepared by mi-n.mg cells with biocompatible materials [Hydrogels).
* Suitable hydrogels are chosen based on the Organ to be printed.

|Ex. Collagen is widely used for bone printing)

Bio-ink materials
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« lgnate mmn)
* Fibrin u

* Polycaprolactone Alginate

* Tharkin

reason l
* Excellent Biocompatibility.
* Homogenously incorporate cells, growth factors.
* Processed under mild conditions.
* Easy chemical modification.
* Sol-gel transition.

So let us see the bio ink in details, so here the bio ink as I told you earlier these are cells so these
are prepared by mixing cells with bio compatible materials for example hydro gels and suitable
hydro gels are selected based on the organ which you want to print and these are some of the bio
ink materials we can use the collagen, alginate or fibrin so these are the widely used bio ink

materials collagen, fibrin and alginate.

The reason is it has a very good bio comparability and homogenously incorporate cells and
growth factors and processed under mild conditions and easy chemical modification and also sol-

gel transition.

(Refer Slide Time: 13:00)
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So let us see the bio paper in details so these are the various examples of bio paper we can make
a thermo sensitive bio paper based on agoras, collagen and gelatin and also PH Sensitive bio
paper that is on HPMC and also ionic cross linking alginate and photo polymerizable, PEG based
or PVA based bio paper so out of these many bio papers fibrin hydro gel and alginate hydro gel

these are very good materials for bio fabrication.

So this fibrin hydro gel have very good cell attachment property and cell purification properties
and also cell differentiation and tissue growth and here in alginate hydro gel it has a very good
mechanical property and it also support that 3D structure and arrange the cells and proteins and

growth factors.

(Refer Slide Time: 14:20)



Types of bioprinters

+ In bio printing, there are three major types of printers that have
been used.

+ Theseare
v Inkjet
» Extrusion printers

+ |Laser-assisted

So let us see the type of bio printers, so there are again 3 types these are inkjet printers, extrusion

printers and laser assisted bio printers, so let us see this in details.

(Refer Slide Time: 14:31)



Inkjet printers

+ Inkjet printers are mainly used in bio printing for

fast and large-scale products. One type of inkjet Inkit bioprinter

printer, called drop-on-demand inkjet printer, Themal  Piezocletric
prints materials in exact amounts, minimizing
costand waste.
Heater
+ Thermal inkjet printers electrically heat the print Vapor Piezoelectric
head to produce air-pressure pulses that force bubble |l | actuater
droplets from the nozzle, whereas acoustic - -
1] L]

k
printers use pulses formed by piezoelectric or

ultrasound pressure., itk rature. som/nbtjaurnalva2ina fullinbt 2058 Rl

The first one is inkjet printers so these are mainly used in bio printing for fast and large scale
products okay so these are type of inkjet printer called drop and demand so this printer print
materials in exact amounts so it will minimize the causes with the based, so here is inkjet bio
printers is divided is divided into two types thermal and piezoelectric so this thermal inkjet
printers electrically heat the print head to produce air pressure pulses so that force droplets from
the nozzle and here this acoustic printers uses pulses found by piezoelectric or ultrasound
pressure so based on that it will deposit the cells on the particular bio paper. So let us see this

next type that is extrusion printers, okay.

(Refer Slide Time: 15:17)



Extrusion printers

+ Extrusion printers print cells layer-by-layer,

Microextrusion bioprinter

just like 3D printing to create 3D

constructs. In addion to just cells,  Pneumatic Piston  Screw
extrusion printers may also use hydrogels 1 l +Valve
infused with cells.

+ Micro extrusion printers use pneumatic or
mechanical (piston or screw) dispensing
systems to exirude continuous beads of

material andfor cells. it nature.cominbtiournaliv32/nd/fullinbt, 2558, hml

So here this extrusion printer print cells lay by layer it is also just likea3 D printing and in
addition to just cells here the extrusion printers may also use hydro gels infused with cells, okay.
So here this micro extrusion printer’s use pneumatic or mechanical like piston or screw

dispensing system to extrude the continuous beads of the material or cells.

(Refer Slide Time: 15:43)



Laser-assisted bioprinters

+ Printers that utilize lasers provide high- I Laser-assisted bioprinter ]
resolution  printing;  however,  these Energy- Laser Donor
orinters are often expensive. absorbing puise  siide

+ Laser-assisted printers use  lasers gl
focused on an absorbing substrate to
generate pressures that propel cel-
containing materials onto a collector . .

subsate ARSI
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The third one is laser assisted bio printer so here the printer utilize lasers okay and the laser
provides high resolution printing but this printers are little bits costly and here this lasers printers
use lasers to focus on the observing substrate to generate pressure so that propose this cell

containing material on to the collector substrate.

(Refer Slide Time: 16:07)



Comparison of bioprinters types

Table 1 Comparisan of bioprinter types

Bioprinter fype
Inket Microertrusion Lagar assisted efs
Material wiscasities 3.5-12 mPas 30 mPasto > x 107 mPals 1-300 mPas BEITRI0
Gelation methads Chemical, photo-crosslinking Chamical, phoo-crosslinking, sheer  Chemical, photocrosslinking ~ 64,85,106,110
fhinning, temperature
Preparation time Low Low 1o medium Wedium t high 386494107
Print speed Fast (1-10,000 droplets per second)  Slow (10-50 umis) Wedium-fast (200-1,600 mmis) 49,58,76,90
Resalution or droplat size <1 plto >300 pl droplets, 50 ymwide 5 fo millimeters wide Microscale resalufion 49,58,69.76
Call viabilty 5% 40-80% 205% 42,540,104
(Cell densiies Low, <10% celigml High, cell sphernids Nedium, 10° cellsi 42.49,88 89
Printer cost Low Medium High m

htp:!www.nature.cominbt/journaliv32 n8/ullinbt, 2958 html

So let us see the comparison of bio printers types so depends on the organ which you want to
print and also depends on the material so you have to select the suitable bio printer and each has
its own advantages and disadvantage for example in case of cell viability so this laser assisted
bio printer have more cell viability and in case of printing speed so the inkjet printer is very fast

when compare to the other two types.

So in case of printer cast so this inkjet printer is low and this micro extrusion is medium and the
laser assisted printer is very high, so you have to select the bio printer according to the type of

organ which you want to print.

(Refer Slide Time: 16:44)



|deal material properties for bio printing

The selection of appropriate materials for use in bio printing and their
performance in a particular application depend on several features. These are
listed below:

1. Printability

* Properties that facilitate handling and deposition by the bio printer may
include viscosity, gelation methods and rheological properties.
2. Biocompatibility
+ Materials should not induce undesirable local or systemic respanses from
the host and should contribute actively and controllably to the biological

and functional components of the construct.

And let us see the ideal material properties for bio printing, so the selection of appropriate
materials for using bio printing and they performance in a particular application depends on
several futures, the first one is printability that is the properties that facilitate handling and
deposition by bio printer and it may include the viscosity gelation methods and rheological

properties.

The next one is bio compatibility, the printed organ should be compatible to the biological
system so here the material should not induce undesirable local or systematic responses and it
should also contribute actively and controllably to the biological and functional components of

the construct.

(Refer Slide Time: 17:27)



ldeal material properties for bio printing

3. Degradation kinetics and byproducts

+ Degradation rates should be matched to the ability of the cells to
produce their own ECM; degradation byproducts should be nontoxic;
materials should demonstrate suitable swelling or contractile
characteristics.

4. Structural and mechanical properties

+ Materials should be chosen based on the required mechanical

properties of the construct, ranging from rigid thermaplastic polymer

fibers for strength to soft hydrogels for cell compatibility.

Next one is degradation kinetics and by products, so here the degradation rates should be
matched to the ability of the cells to produce their own ECM, so when the scaffold degrade so
before that scaffold degrade the particular cell should make its own extra cellular matrix and the
degradation by products should be non toxic okay. That means it to be bio degradable, so once

the scaffold is degrading it should not induce any toxic or immune response in the body.

Fourth one is structural and mechanical properties, here the material should be selected based on
the required mechanical properties of the construct so it can range from rigid thermo plastic
polymer, fibers for strength to soft hydro gels for cell compatibility, so depends on the organ

which one going to print you have to select the particular material.

(Refer Slide Time: 18:18)



Ideal material properties for bio printing

5. Material bio mimicry

+ The main goal of this approach is 1o create fabricated structures that
are identical to the natural structure that are found in the tissues and
organs in the human body.

» Biomimicry requires duplication of the shape, framework, and the
microenvironment of the organs and tissues.

+ The application of biomimicry in bio printing involves creating both

identical cellular and extracellular parts of organs
evvvs.nature. commbtjournaliv2ing fullinbt. 2958 html

And fifth one is important that is the material bio mimicry so here the bio mimicry requires the
duplication of the shape frame work and the micro environment of the particular organ and
tissues and here the application of bio mimicry and bio printing involves creating both identical
cellular as well as extra cellular parts of the organ, so in this bio mimicry approach we have to
create the same environment, okay. So that is the important thing. So let us see the step 3 that is

your post processing.
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Step 3: Post Processing

+ Post processing is concerned with the perfusion of printed organs and their
biomechanical conditioning to both direct and accelerate organ maturation.

+ To maintain the object, both mechanical and chemical stimulations are
needed. These stimulations send signals to the cells to control the
remodelling and growth of tissues,

+ In addition, in recent development, bioreactor technologies have allowed the
rapid maturation of fissues, vascularization of tissues and the ability to

survive fransplants.
hitto: i sciencedirect cam/sciance/anticle/ il S0167779903000337

So the post processing is concerned with the perfusion of printed organs and their biomechanical
conditioning to both direct and accelerate the organ maturation, so to maintain the organ both
mechanical and chemical simulations are needed okay. So this stimulation sends signal to the
cells to control the remodeling and growth of tissues, in addition in reason development
bioreactor technology have allowed the rapid maturation of tissues, vascularization of tissues and

the ability to survive the transplants.

(Refer Slide Time: 19:25)



Post Processing

+ Bloreactors work in either providing convective nutrient fransport, creating
microgravity environments, changing the pressure causing solution o flow
through the cells, or add compression for dynamic or static loading.

ls
+ Each type of bioreactor is ideal for different types of tissue, for example

compression bioreactors are ideal for cartilage tissue.

So here this bio reactors work in either providing nutrient transport or it can create the micro
gravity environments, so each type of bio reactors ideal for different types of tissue for example

compression bio reactors are ideal for cartilage tissue.

(Refer Slide Time: 19:42)



Post Processing

hitps:/fwww.gizmada.com.au/20 14"0‘Iﬂhe—biﬁst-s:ience—s?ones-cf— 2013

So this is your example of post processing, okay so here this artificial printed heat is growing in

a bio reactor.

(Refer Slide Time: 19:50)



Components of Post processing

Maturogens # Bio moniforing === Bioreactor

ki

So these are the components of post processing so the first one is maturogens next one is bio
monitoring okay so in the bio reactor we are going to keep the artificially printed organs so as I
told you earlier this maturogens means chemical signals or mechanical signals so that will
provide the real enamel to this artificial organs okay and in bio monitoring we will be monitoring

the metabolism of the artificial printed organs. Whether it is performing like your original organ.

(Refer Slide Time: 20:16)



Electronic membrane that could replace pacemakers

Sclenfists have created a revolufionary new electronic
membrane that could replace pacemakers, fiting cver a '
heart to keep it beating regularly over an indefinite period of
fime.

The device uses a "spider-web-like network of sensars and
electrodes” to continuously monitor the hearts electrical
activity and could, in the future, deliver electrical shocks to
maintain & healthy heart-rate.

Researchers used computer madelling technology and a 30-
printer to create a profotype membrane and fit it to a rabbits
heart, keeping the organ operating perfectly “outside of the
bodyn a nutrient and oxygen-rich soluion”

hittp: i independent co.uk/news/science/ Jd-printed-electronic-glove-couldshelp-keepsyour-heart-be atingsfor-ever-9166004 himl

So here the scientist have created a new electronic membrane so that could replace pace makers
and they made a membrane using like a spider wed like network of sensors and electrodes, so
which will continuously monitor the heart’s electrical activity and in future it could deliver
electrical shocks to maintain a healthy heart rate so here researchers used a computer modeling

technology and printed this prototype membrane.

And they fit into rabbit hearts and they check it whether it is working properly in a rabbit heart,
okay. And in this rabbit heart outside the body in a nutrient and oxygen rich solution it is

working perfectly like a real heart, so in future it could be useful for human application also.

(Refer Slide Time: 21:04)



Examples

+ Human scale bioprinted tissues

1. 2Dimensional tissue

+ Skin and Cartilage
2. Hollow tubes

+ Trachea, Heart valve and Vasculature
3. Solid organs

+ Kidney

hittp.dhwvew. nature. com/nbtfournal’v32/n8! pdiinbt. 2958 pdf

So let us see some of the other human scale bio printed tissue, the first one is two dimensional

tissues.

(Refer Slide Time: 21:09)



2 Dimensional Tissue

Cartiage

Skin (Wake Forest Institute for Regenerative Medicine) and cartilage
substitutes developed using inkjet bioprinting systems, capable of

fabricating tissues either in vitro or in sify,  htte:Meww nature com/nbtijournaliv32in8fpcfinkit 2958, pelf

So like a skin and cartilage so this was already printed using inkjet bio printing systems okay by
Wake forest institute for regenerative medicine and similarly they also printed this heart valve
and trachea and using micro extrusion bio printed technique so similarly they have also printed
solid organs like kidney using laser bio printing as well as micro extrusion bio printing

technology.

(Refer Slide Time: 21:38)



Timeframe for the development of 3D bio printed tissues

Short-term Mid-term Long-term
There are four main types of tissues that can be ranked from simple to complex;

20 tissues, such as skin: hollow tubes, such as blood vessels; hollow nontubular

organs, such as the bladder, and solid organs, such-as the kidney.
http:{fwww.nature com/nbtjournaliv32/ng/pdfinkt. 2958 pdf

And here the time frame for the development of 3D bio printed tissues depends on the organ
which you want to print, so in case of 2 dimensional it requires very les time and in case of solid

organs it need more time.

(Refer Slide Time: 21:52)



Timeframe for the development of 3D bio printed tissues

* As the complexity of tissues increases, new approaches will be needed to
0\;erc0me the challenges of creating them by bioprinting.

+ 20 organs have already been fabricated and tested, and these will likely be one
of the first types of bioprinted tissues to be transplanted in patients.

+ Hollow tubes, including blood vessels, tracheas and urethras are currently in
development and are likely to closely follow 20 tissues in clinical application.

+ Solid organs are the most complex, and there are stil many challenges to

overcome, especially in achieving vascularization and innervation.

So as the complexity of the tissues increases new approaches will be needed to overcome the
challenges of creating them by bio printing, so here the 2D organs have already been fabricated
and tested, and these will be likely to be one of the first prototypes and which could be
transplanted in the patients. And next one is hollow tubes including blood vessels, so scientist are
already developed this hollow tubes and it is in the clinical trial okay. And the third one is solid
organs are the most complex, and there are still many challenges to overcome, especially in

achieving vasualization and innervations.

(Refer Slide Time: 22:29)



Challenges

+ -In 2011, successfully printed a kidney from human cells in seven hours (Doctor
Anthony Atala, at Wake Forest Institute of Regenerative Medicing)

+  -Not functionalin humans yet but his research is still in progress

Why Doesn't it Work?
+ -Difficultto create blood vessels between tissue layers

+ -Organs have many specialized functions difficultfo replicate

-Team: Or. Jordan Miller, Dr. Christopher Chen, and Dr. Sangeeta Bhatia

+ -Created a sugar template that can helps shape development of a vascular network
for artificial organs

+  -After network is printed, cells are insered and network then grows
+ -Sugartemplate is dissolved after completion of development

RPTELDHIAE
CiTACATGN e

So let us see the what are the challengers? So these groups have artificial kidney in seven hours
but it will not function in human. So why does not work? Because it is difficult to create blood
vessels between tissue layers and organs have many specialized functions difficult to replicate.
So these things came up with some new solutions to overcome these problems. So they created a
sugar template that can help shape development of a vascular network for artificial organs. And
after network is printed, cells are interested and network then grows okay. So here that sugar

template is dissolved after completion of development.

(Refer Slide Time: 23:10)



Nanotechnology in organ printing

So let us see the role of nanotechnology in organ printing.

(Refer Slide Time: 23:15)



Fabrication of janus-like sel-assembling tissue spheroids
with magnetic nanoparticles

Janus particles are special types of nanoparticles whose surfaces have two or more
distinct physical properties.

Biofabrication of janus-like fissue spheroids Janus-like spheroids fabricated by
using microfluidics microfluidics devicas

Journal of Manotechnokagy, Valime 2012 Aricle 10 145284

i
e
_

So here we can bio fabrication of the Janus like tissue spheroids using microfluidicus. So a Janus

particle means these are special types of nanoparticles whose surface have two or more distinct
physical properties. So in this case a Janus like spheroids so spheroids are the cancer cells and it

is also having the magnetic properties.

(Refer Slide Time: 23:46)



Fabrication of janus-like self-assembling tissue spheroids
with magnetic nanoparticles

Scheme  demonstrating  magnetic-
forces-driven  self-directed  self-
assembly of closely placed janus-like
magnelic tissue spheroids

Branched structure formed as a result of
fusion of closely placed tissue spheroids

Journal of Wanotechnalogy, Volme 2012, Arbcle 10 14026

So using these magnetic properties we assemble these using the external magnetic fields. So
once it should assemble in a particular shape then these cells will choose together and formed a
particular organ or a tissue. So we can see here zero hours these organ tissues spheroids are
assembled using magnetic field. And the fourteenth hour it will form a branched structure as the

result of fusion of closely placed tissue spheroids.

(Refer Slide Time: 24:10)



Enabling technologies for magnetic levitation of tissue
spheroids

Three possible variants of modifications of tissue spheroids making them suitable for
magnetic levitation

Biofabrication of tissue spheroid Encapsulation of tissue Ny .
Encaging tissue spheroid

from cells labelled with magnetic spheroid into hydrogel ) ;
nanoparticles containing magnetic in magnetic
: ' ffolds
ﬂanopaﬂlcles microsca

Journal of Nanotechnalogy, Volume 2012, Arbcle 10 140264

And let us see how we can make some technologies for magnetic levitation of tissue spheroids.
So first approach is we can have the cells labeled with magnetic particles and a sign approach is
we can have the tissue spheroid into hydrogel containing magnetic nanopatrticles. And third

approach is encaging the tissue spheroid in magnetic micro scaffolds.

(Refer Slide Time: 24:36)



Enabling technologies for magnetic levitation of tissue
spheroids

Three possible variants of modifications of tissue spheroids making them suitable for
magnetic levitation

Biofabrication of tissue spheroid Encapsulation of tissue A ,
Encaging tissue spheroid

from cells labelled with magnetic spheroid into hydrogel ) ;
nanoparticles containing magnetic in magnetic
: ' ffolds
ﬂanopaﬂlcles microsca

Journal of Nanotechnalogy, Volume 2012, Arbcle 10 140264

We can make this lock and hook like structures and w can make this kind of lockyballs okay. So
this lockyballs are inter lockable micro scaffolds for encaging the tissue spheroid. So using this
approach we can make this kind of shapes and in this we can load the tissue spheroids. We can
see here this is the section of lockyballs it is having magnetic nanoparticles inside these the
vectorism nano particles. And this one is lockyball with magnetic surfaces and the third one is

lockyball with the functionalized nano particles on the surface.

(Refer Slide Time: 25:14)



Robotic tissue spheroids biofabricator

(a) Scheme demonstrating sequential steps of encaging tissue spheroids in microscaffold
(lockyballs) in molded agarose hydrogel; (b) Scheme demansirating cell seeding and tissue
spheroid formation in lockyballs; (¢) Robotic dispenser (Eppendorf, Garmany).

Joumal of Manctechnalogy, Volume 2012, Arbele 10 140264

So this is the robotic tissue spheroids biofabricator okay. so using this make the micro scaffold
that is the lockyballs in a molded agarose hydrogel. And in that we can see the cells and we can

make the tissue spheroid formation in the lockyballs.

(Refer Slide Time: 25:30)



Design elements of a clinical robotic bioprinter

[a) Tissue spherods harvester based on magnetc
levitation of tissue spheraids;

(b} Principal scheme of clinical rcbotic boprinter
demanstrating how tissue sphercids can be harvested
fram mutvells, transiocated and dispensed in bing
e Lisihg maghete lautaten

(e} Elegant roboic hand developed by group of
robatics and mechanatronics 8t German Aercspace
Institute | hitp: e dir dedrmienides kopdefault. aspuita
hid-3BNET /5 read-H961/) which ean be employed as
an essanfial companent in robotic clinical bioprinter for
automated nozzle positioning.

[d} Comparter-aided design of nozzle of clinical robaotic
bicprinter containing several channels, tat channels
for fibrinogen and throméin, one channel for tissue

spheroids and addtional channel for pressunzed air
for enabling fibrin hydrogel spraying.

Journal of Nanetechnalogy, Veluma 2012, Article 10 148264
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So let us see the design elements of clinical robotic bio printers so beg on this lockyballs we can
make clinical robotic bio printer. So here this one is your tissue spheroid harvester. It is based on
magnetic levitation of tissue spheroids. And here we can use that and clinical robotic bio printer.
And this tissue spheroid are harvest from the multi bells okay. And it can be translocated and

dispends into the living tissue using magnetic levitation.

So this is a computer aided design of in organ of physical robotic bio printer. So it contains
several channels so two channels for fibrinogen and throbbing, and one channel for tissue

spheroids okay. And additional channel for pressurized air for enabling fibrin hydrogel spraying.

(Refer Slide Time: 26:20)



New methods for burn treatment

Skin Cell Spray Gun Portable Printer for Skin

Slem cells
W sprayed
oo burn site

(From the Waka Froesd and Relicasn neliuies for Sageneesinm Medcna|

An adapted ink-jet printer to provide on-site "printing” of skin for soldiers with |ife-
threatening burns, Skin cells are placed in the sterilized ink cartridge, along with
a material to support them, and are printed directly on the wound.

So similarly we can make the portable printer for skin okay. So it is an adapted ink-jet-printer, so
provide on-site printing of skin for soldiers with life threatening burn. Skin cells are placed in the
sterilized ink cartridge, along with a material to support them, and are printed directly on the

wound. So here we can print the particular cells okay on the wound side directly.
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Nanotechnology to evenly reheat cryogenically
preserved tissue

We know how to cool omans to cryogenic B B | —_'_?—
temperatures, which is usually below 320 degrees Tibinarved :‘I F
Fahrenheil. But the organs cant be stored for ] ol
long — sometimes only four hours for heart and M|y |-
lungs — because they get damaged when yau try | ol ks
to warm them up. As a resull, more than &0 ' . i 1!
percent of donor heas and lungs aremt [ weme I L iy
transplanted. - B ‘

p o= . E ,. = i

! [ 3 -
With the new method, tissue can be re-warmed E |§l r .!f ' &
with no  sign of damage, and without i - 1 —
contamination. [ 4 ¢ : E i
Manuchehrabadi ¢f al, Sei. Transl, Med. 9, eashd388 (2017)

@ i apantt

So here the nano technology not only for the printing the artificial organs it can also use to
preserve the tissue. So usually the organ will be stored at 320 degrees Fahrenheit. So but the
organs cannot be stored for long. So for example, we can store the heart, lungs for four hours
because they get damage when you try to warm them up okay so due to this more than 60 %
donor heart and lungs are not transplanted. So with this new method the tissue can be re- warmed

with no sign of damage, and without any contamination.

(Refer Slide Time: 27:23)



Nanotechnology to evenly reheat cryogenically
preserved tissue

Siica-coated iron oxide, were mixed inlo a solulion
before being applied to the fissue. The external -T,.,,,mm- ~ ?
magnetic field was then aclivaled, causing the - A | - 5
nanoparticles to warm up and provide even heating “ﬁa:
thraughout the tissue. b | X Y [ods
MNone of the nanowarmed tissue shawed any sign of : -I' Vs
damage, unlike the cantrol fissue which was slowly ' B 8 t
reheated over ice. This is because in the new  Comwoie wimig { Nemsyaraing
method all cells are heated at the same rate, & t! ] % [t ¥
avoiding the damage caused by uneven temperature il i P
changes. E Iél ~ 12
The nanoparticles were also successfully washed ! - 1 — .
away after the process, preventing any L L ¢ d E i
contamination-associated issues, and ensuring that
the method is viable for tissue preservation, Mahuchehtabadl o al, Scl. Transl, Med. 9, saahé 355 (2017)

So here the silica-coated iron oxide okay, so this will be applied to the tissue and the external
magnetic field was then activated, so it will causes the nanoparticles to warm up will provide
even heating throughout the tissue. So here none of the nanowarmed tissue showed any sign of
damage okay, unlike the control tissue which was slowly reheated over ice. And this nanoparticle
could be washed away doing the process and it will prevent the any contamination associated

tissues and ensuring that the method is viable for tissue preservation.

(Refer Slide Time: 27:55)



Organ decellularization approach

Dr. Harald Ott

So let us see the another approach okay, that is organ decellularization approach. So usually of
printing the complete organ we can use this approach and we can decellularization the organ

from the donor. So let us see this approach in detail.

(Refer Slide Time: 28:13)



CUSTOMIZED ORGANS

Tor cnstruct 4 niew Barl, sirsmaritd (st eeenava il el am & clenar cogan (), laving & graten scalloid That i
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So we can have the customized approach, so the first one is for example if you want to construct
a new heart. So we can remove all the cells from the donor heart and it will leave the only
protein scalp hole. Then we can inject the cells and grow on the top of this heart okay. And you
can give the grow factors and the mechanical simulation and we can make the customized

organs.

So the first step is detergents or pumping into the aerator and filling the aerators that fed the heart
okay. And these detergents flow through this blood vessels and dissolve all the cells. Then the
cells are removed so it will left with only the particular scalp hole. Then we can precaution cells
can be pumping to the blood vessels. And heart muscles precaution cells can injected into the

muscle spaces.

So what the patient cells are gone on the scalp hole and this can be transfer to the bio reactor. So
in the bio reactor a pulsing flow of nutrient will force the heart to beat and we can also give the
electrical simulation and which will helps the heart muscles to contract on their own. And in the
bio reactor it will work like a exact heart. And once it is monitored in the bio reactor and we can

transplant to the patient.
(Refer Slide Time: 29:36)



Heart tissue grown on spinach leaves

In this sequence, a spinach leaf is stripped of its plant cells, a process called
decellularization, using a detergent The process leaves behind the leafs
vasculature. Researchers at Worcester Palytechnic Institute (WPI) were able to
culture beating human heart cells on such decelluralized leaves.

Buomateriats, Volume 125, May 2017, Pages 13-22
hittps: e BCienGedaily comireleasea’20] (O FO3221%2 753 htm

So this the reason this which their grown this heart tissue on this spinach leaf. And they also
follow the same approach so here this spinach leaf is stripped of its plant cells through a process
called decellularization using detergent. And this process leaves behind the leafs vasculature.
And here the cells were culture on the top of these decellularize leaves. Consider at day 0 it is a
spinach leaves and they removed this cells from this spinach leaf and the day 7 decellularized
and its left with the only vasculature. So the scientist are used these as a scalp hole and they grow

these beating human heart cells on the decelluarized leaves.
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Heart tissue grown on spinach leaves

it pooulanmechanics. comiscence'heath' 525824 spinac h-blood-vessets!

So here we can see in this animation so these frankly vasculature it is act like your blood vessels

so growing the heart cells on these leaf scaffold.
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Benefits

» One major benefit this has is that the cells used to print the organ ara samples of the
patient's own stem cells, virtually eliminating the possibility of rejection.

»The organ will not wear out or need occasional maintenance like a fully mechanical
organ transplant.

» 30 printing eliminates the need for a scaffold (a basic structure) to grow the cells on,
which mast artificially grown organs require.

» Canby pass the organ doner list,
» Another benefit is that the organ can be printed from a 30 computer model of an actual

organ, and be sized up or down on the computer before printing- the organ can be
customized to better suit the patient.

RPTELDHIME
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So let us see the some of this benefits of the organ printing, so one of the major benefits we are
going to take the patient is own stem cells, so that will remove the possibility of hemo rejection.
And also here this organ will not wear out or need any occasional maintenance like your fully
mechanical organ transplant. And also these 3D printing eliminates the need for this scaffold and
we can bypass the organ donor list and an another benefit is using this computed aided design we

can make the customized organ which will suit the particular patient.

(Refer Slide Time: 31:12)



Difficulties and Limitations

~ It's difficult to print vascularization in an organ, so effective blood
flow inthe organs has been a major roadblock.

» The lifespan of the organs themselves is very limited, ranging from
a few minutes to days, thus longevity of the organ needs to be
worked on before they can be transplanted into a patient.

» Some organs have advanced functions beyond movement,
storage, and filtration (such as the liver's ability to regenerate)
which have not been replicated in this particular lab sefting.

_

So let us see some of the difficulties and limitation in this organ technology. So the main thing is
it is difficult to print vascularization in an organ, so effective blood flow in the organ has been a
major roadblock. And again the lifespan of the organs is very limited. So it can range from a
minutes to days. So thus the longevity of the organ needs to be worked on before they can be
transplanted into a patient. And some organs have advanced functions beyond movement, storage
and filtration. For example the liver is ability to regenerate. So which have not been replicated in

this lab sitting organ?

(Refer Slide Time: 31:49)



Future Goals

» Developing more refined printers which can print smaller details, thus
eliminating the need to make a separate vascular system for the organs,

r Using this technology to print bones which are strong enuugh for
Implantation (bone-like replicas have been in progress since the 1990's out
of artificial powders).

» Longer lifespans and better condifioning of the organs themselves, to be
able to actually use these in the medical field.

» Reduction of costs fo make this technology available to more people,

So these are the future goals, the first one is developing more refined printers which so can print
smaller details. So these eliminating the need to make a separate vascular system for the organs.
And also it can increasing the lifespan of the artificial printed organs okay. And also it can

release costs of this technology it can made available to more people.

So as summary of this lecture, so in this lecture we have learnt what is organ printing? And what
are the types of 3D printing and we also learnt various 3D bio printing approaches okay. And
also we learnt what organ decellularation is and also learnt the nano technology organ printing.
So I will end my lecture here I thank you all for listen this lecture. And I will see you in the next

lecture.
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