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Lecture — 23
Understanding the methods and mechanism to study cell morphology

Hi, welcome to this series, here we will be understanding two different cases of
electronic system that can be used for screening the oral cancer patients. So, there are
two ways of screening; one is imaging, where you put the probe in the mouth, take the
photo of the suspected region and send it to the clinician and get the you know the
advice, whether the person should go for histology, where you have to remove the tissue

right.

Second one is psychology and histology. Psychology is where you have to take the cells
from the oral cavity and those cells are tested by the oncopathologist and if the cells are
atypical, they the reserve comes as atypical or the person is ok. If there are the cells are
atypical then the person has to go for histology, where the tissue is taken out and further
the gold standards are using the gold standard the patient is given an diagnosis, whether a
patient is suffering from a cancer or you can say malignant issue or a premalignant issue

or it is a benign tissue right or it other patient is ok.

So, a patient is we do not have to worry, because that itself in the screening stage we can
know. So, that the point is let us see how the change in the cells would help us to
understand whether a person is susceptible or has a chance of having a particular disease,
this these we are talking about is a cancer, so is chance of having a cancer alright. So, it
is very sensitive and very crucial to understand the change in the cell morphology. Now,

there are already worked around this area.

So, we will be talking about how these cells will look like and what is the cell
morphology and how there are, what are the present way of understanding the
morphology of the cells. And then what can we design as an engineer to a system that

can help us to screen the patient in a effective, cost effective in a rapid manner alright.
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Definition : Cell morphology is the study of size and shape of the cell.

Diversity : Cells are diverse in terms of shape, size, internal organization and functionality

Size : Most cells are microscopic in size

Purpose : Understanding the functioning and pathogenesis associated with malignancy *

Significance of morphological cell analysis : Abnormality identification and classification such as early cancer
detection
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So, the topic today is to understand the cell and tissue morphology and in that let us first
understand the cell morphology. Now, if I talk about cell morphology, the definition of
the cell morphology would be to study, all size is the study of the size and shape of the
cell right diversities. So, what are the cell diversities? Cells are diverse in terms of shape,
size, internal organization and functionality. When I talk about size so most of the cells
are microscopic in size right; and what is the purpose? Purpose is to understand the

function and functioning and the pathogenesis associated with the malignancy.

Malignancy is the possibility of cancer alright; significant of morphological cell analysis
here, the abnormality identification and classification such as early cancer detection. You
see this is the extremely important part, where we do focus significance of
morphological cell analysis. Here, why we have to understand cell morphology; because
cell morphology if there is a abnormality in the identification that is; there is a change in
the shape, change in the size, change in internal organization right. There are double
nucleation lot of other stages are there, where we can understand that there is something
wrong with the cells and that is why we can help for the early cancer detection. It can

help in early cancer detection.

Now, you can see three different photos; one as skin cells, you can see, then there are
nerve cells and finally, there are bacterial cells right. Now, bacteria is an enemy to human

cells. In general but of course, there has small quantity of bacteria present in our body



itself which are good bacterias ok. We are talking about the bad bacterias. So, certain
bacteria are good, certain bacteria are bad, if it is within the limited quantity within the

body it is useful, above it is harmful one example is E. coli, one example is E. coli.
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Chemical Techniques:
» Histochemistry : Differential staining of cells using dyes (e.g. Methylene blue, malachite green,
safranin)
» By choosing appropriate dyes, the histochemist can determine the acidity/alkalinity of the cell
components, locate specific enzymes etc.
Microscopic Techniques:
» Histologist and cytologist use microscopic techniques to study the structure of living cells

» Popularly used microscopic techniques are :
» Scanning electron microscopy
» Light microscopy
» Phase contrast microscopy
» Interference microscopy
» Fluorescent microscopy
» Polarization microscopy

https://www.britannica.com/scien y-biology/)

So, what are the methods in morphology? If you see we can divide into two different
techniques; one is the chemical technique and second is microscopic techniques. So, if
you talk about chemical techniques then there is histochemistry right and in
histochemistry different cell staining of cells using dyes, methylene blue, right malachite
green or safranin these are the dyes that are used in histochemistry to understand the

change in the in the cell morphology.

Then by choosing appropriate dyes the histochemist can determine the acidity alkalinity
of cells, also locate these specific enzymes alright. While, we talk about microscopic
techniques then microscopy techniques, the histologist and cytologist use microscopic
techniques to study the structure of living cells right. And what are the structure of living
cells? We will talk in detail in the following slides, but what are the techniques or what
are the microscopic techniques used. Then we can see that there are six different

microscopy technique used right.

One is the SEM, which is Scanning Electron Microscopy, then second one is light
microscopy, third one is phase contrast microscopy, fourth one is interference, then we

have fluorescent and finally, we have polarization microscopy alright. So, there are six



different microscopy. Now, let us see each of those in detail. So, the good thing is I have

videos for you.
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Scanning electron microscopy Phase contrast microscopy

So, you can, you can go through the videos and it will be easier for you to understand
right. There are short videos except for microscopy. So, it will not take much of your
time when you look at the videos. So, let me play first the scanning electron microscopy

ok.
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A scanning electron microscope consists in an electron source,
electromagnetic lenses and an electron detector.

Source : http://toutestquantique.fr/en/scanning-electron/
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Scanning electron microscopy

Source : http://toutestquantique.fr/en/scanning-electron/
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Source : http://toutestquantique.fr/en/scanning-electron/
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Source : http://toutestquantique.fr/en/scanning-electron/
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Source : http://toutestquantique.fr/en/scanning-electron/
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Source : http://toutestquantique.fr/en/scanning-electron/
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Source : http://toutestquantique.fr/en/scanning-electron/
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Source : http://toutestquantique.fr/en/scanning-electron/

Now, as you have seen how the SEM can work right. SEM can not only be used for
understanding their cells, but it can also be used to understand the extremely small
structures in case of the MEMS based technologies. We have seen the SEM images in

our early modules right.

So, this, but SEM can also be used to understand the cell morphology. Let us see the

another microscopy, which is phase contrast microscopy. Let me play that video for you.
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Phase contrast microscopy

Source : http://toutestquantique.fr/en/dark-field-and-phase-contrast/
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Source : http://toutestquantique.fr/en/dark-field-and-phase-contrast/
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in a detector,

Source : http://toutestquantique.fr/en/dark-field-and-phase-contrast/
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Phase contrast microscopy
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Phase contrast microscopy

The phase ring stops part of the light so that it cannot reach the detector anymore.

Source : http://toutestquantique.fr/en/dark-field-and-phase-contrast/
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f the sample appears on the screen.

Source : http://toutestquantique.fr/en/dark-field-and-phase-contrast/
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Phase contrast microscopy

Dark field micr ( 5t of ima ed and uncolored obj

Source : http://toutestquantique.fr/en/dark-field-and-phase-contrast/



(Refer Slide Time: 10:29)

Phase contrast microscopy

ransparent samples
em.

Source : http://toutestquantique.fr/en/dark-field-and-phase-contrast/

Phase contrast microscopy

ser annulus modifi light beam.

Source : http://toutestquantique.fr/en/dark-field-and-phase-contrast/
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Phase contrast microscopy

a sample is inserted, it scatters part of the l ich is then also refocused to the detector.

Source : http://toutestquantique.fr/en/dark-field-and-phase-contrast/
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Source : http://toutestquantique.fr/en/dark-field-and-phase-contrast/
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Phase contrast microscopy

plate.

Source : http://toutestquantique.fr/en/dark-field-and-phase-contrast/
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Phase contrast microscopy

The resulting intensity difference allows to visualize transparent samples.

Source : http://toutestquantique.fr/en/dark-field-and-phase-contrast/

So, phase contrast microscopy ok; so, phase contrast microscopy you have seen now
right. Now, there are several other microscopy, where you can understand the, whether it
is bright field or it is fluorescence, because in some cases we are standing with h n e and
we are with bright field. If there is a Dappy and there is a Catherine blue or there is a red
dye or there is a green dye right, which is, so there is a fitzy and then there are lot of

other nomenclature given for this particular dyes.

So, the point is our names given for the dyes and these dyes show a particular color when
you look under the fluorescent microscope. So, we will also see how the bright field
microscope looks like and then we will see how the fluorescent microscope looks like
right. So, let us see the video of bright field and fluorescent microscope. I will first play
bright field.
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Source :
https://www.youtube.com/watch?v=bTn_VclrTmg

Hey everyone with my chemistry basics here, let us talk about bright field microscopy.
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https://www.youtube.com/watch?v=bTn_VclrTmg

Bright field microscope is the most common and simplest of all optical microscope. A
typical bright field microscope has many components that includes a light source,

condenser, stage objective, eye piece, rough and fine adjustments.
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https://www.youtube.com/watch?v=bTn_VclrTmg
The light source can either be a halogen lamp or an LED.
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The condenser collects the light from the light source and directs the light to specimen,
which is kept on the stage. The light passing to the specimen is collected by the objective

lens and the final magnification is created by the eye piece.
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Total Magnification = Objective Magnification x Eye piece
magnification

‘ 40 Objective X 10X eye piece = 400 (total magnificaiton)
%ﬁ\ 60 Objective X 10X eye piece = 600 (total magnificaiton)

100x Objective X 10X eye piece = 1000 (total
a magnificaiton)

Source

https://www.youtube.com/watch?v=bTn_VclrTmg

The total magnification of the specimen observed as the product of magnification of the

objective and the magnification of the eye piece.
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Now, let us talk about objectives. The objectives are the most important imaging
components of the optical microscope and play a key role in magnification and

resolution of the specimen. All the objectives have an information written on it.
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Bright field microscopy
Objective
Lens
Nikon  Name of company
Source
https://www.youtube.com/watch?v=bTn_VclrTmg
Bright field microscopy
Objective
Lens
Olympus ~ Name of company
Corrections
100x/13 ol Magnification/ N.A

Source

https://www.youtube.com/watch?v=bTn_VclrTmg



f% Bright field microscopy

Objective
Lens

Olympus ~ Name of company

@ Corrected filed curvature

100x/13 ol Magnification/ N.A

Source

https://www.youtube.com/watch?v=bTn_VclrTmg

This includes the name of the manufacturing company, magnification and numerical

aperture. The term plan is used to indicate corrected field curvature.
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Field curvature is a common abrasion caused by the spherical surface of convex lens. In
this phenomenon not all parts of an image are clearly focus. While, focusing in the center
of an image the peripheral region gets blurred and while focusing in the peripheral region

the central region gets blurred.
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Plan objectives: Gives completely flat image,
with no blurring in centre or peripheral

region.

Source

https://www.youtube.com/watch?v=bTn_VclrTmg

To avoid the problem of field curvature, modern objectives are designed to give a clear

flat image, but no blurring in center or the edge.
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Objective
Lens

Olympus ~ Name of company
Images will be

@ Corrected filed curvature Flat

100x/13 ol Magnification/ N.A

Source ©

https://www.youtube.com/watch?v=bTn_VclrTmg

The objectives with corrections and field curvature are called plan objectives.
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Objective
Lens

Olympus ~ Name of company
Plan semingo | COTTEction for chromatic aberration

mm(/ ol Magnification/ N.A

Source

https://www.youtube.com/watch?v=bTn_VclrTmg
Corrections for chromatic aberration.
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Chromatic aberration is a phenomenon in which the lens fails to focus all the colors of
the light at the same point. It occurs, because the lens have different refractive index for

different wavelengths of light.
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Objective
Lens

Olympus  Name of company

nm Corrected for red and blue
100x/13 ol Magnification/ N.A

Source

https://www.youtube.com/watch?v=bTn_VclrTmg
The term a chromatic lens means; it is corrected for two colors; red and blue.
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Objective
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Olympus ~ Name of company

_ Corrected for red,
Plan(F|uorite/semi apochromat blue and green.
100X/13 oil _Magnification/ N.A

Source

https://www.youtube.com/watch?v=bTn_VclrTmg

The term fluoride or semi apochromat means the lens is corrected for three colors; red,

blue and green.
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Objective
Lens

Olympus ~ Name of company

m.n Corrected for red, blue, green and IR,
100x/13 ol Magnification/ N.A

Source

https://www.youtube.com/watch?v=bTn_VclrTmg

And the term apochromat means the lens is corrected for four colors; red, blue, green and

infra-red.
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Bright field microscope:

Low contrast.

Toincrease the contrast staining is
often used.

Disadvantages: staining kills most of
the cells, Live cell imaging becomes
difficult.

Source ©
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Bright field microscope typically has low contrast, as most of the biological samples
transmit most of the light. To increase the contrast staining is often required. The
disadvantage of staining is that most of the cells are killed and live cell imaging is
difficult. Now, since here used the right field and seen the bright field microscopy, let us

also see the fluorescent microscopy and let me play the fluorescent microscopy as well.



(Refer Slide Time: 16:12)

f% Fluorescent microscopy

an optical microscope using fluorescent samples.

Source : http://tc ique.fr/en/ -and-confocal/
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Source : http://tc ique.fr/en/ -and-confocal/

(Refer Slide Time: 16:32)

f% Fluorescent microscopy

s blue light illuminat arge portion of the

Source : http://tc ique.fr/en/ -and-confocal/



(Refer Slide Time: 16:37)

Fluorescent microscopy
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Source : http://tot ique.fr/en/ -and-confocal/
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emit a fluorescent ligh
of another wavelength (here green).

Source : http://tot ique.fr/en/ -and-confocal/
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Fluorescent microscopy

Source : http://tot ique.fr/en/ -and-confocal/
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Source : http://tol ique.fr/en/ -and-confocal/
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Source : http://toutestquantique.fr/en/fluorescent-and-confocal/
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Fluorescent microscopy
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If fluorophor resent there, they emit light
which is then filt the dichroic mirror and the filter.

Source : http://tot ique.fr/en/ -and-confocal/
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Source : http://tot ique.fr/en/ -and-confocal/
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Avolume image of the sample can then be reconstructed using proper softwares

Source : http://tot ique.fr/en/ -and-confocal/
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Source : http://toutestquantique.fr/en/fluorescent-and-confocal/

So, I will as a part of this course, we will show it to you how the bright field microscope
works like right and we also see inverted microscope, we will see a stereo microscope,
we will also see a metallurgy microscope. So, we will see three different microscope. So,
understand the, how the cells looks like, how the devices looks like ok. Now, then the
even complex microscope comes as a polarization microscope and interference

microscope.



So, let us see the videos of polarization microscope as well as interference microscope
and then we will go to the how can we do the biomedical research, when you understand
the cell morphology ok. So, let us, let me play it, both the videos. first I will play
polarization microscopy followed by the interference microscopy. So, I am playing

fluorescence microscopy.
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Source : http://toutestquantique.fr/en/polarizing/
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Polarization microscopy

Source : http://toutestquantique.fr/en/polarizing/
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Polarization microscopy

Source : http://toutestquantique.fr/en/polarizing/
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Polarization microscopy

Source : http://toutestquantique.fr/en/polarizing/
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Polarization microscopy

S oned along the light beam. If it
it will split the light by polarization into two rays
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5 Polarization microscopy

Source : http://toutestquantique.fr/en/polarizing/
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Polarization microscopy

Source : http://toutestquantique.fr/en/polarizing/
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Polarization microscopy

hence changing

Source : http://toutestquantique.fr/en/polarizing/
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Polarization microscopy

Source : http://toutestquantique.fr/en/polarizing/

Now, since you have seen polarization microscopy let me also play the interference

microscopy.
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Interference microscopy

Leica Science Lab Tutorial

Differential Interference Contrast
Step by Step Guide to Optimal DIC Setup

The examination of ive unstaingd biologial
specimens often suffers from poor contrastand
therefore bad visibily of he specimen Thick
specimens i particular, such as brain slices, show
up a8 nothing mare than lght grey tructures nstead
ofingle cells. Staining of such specimens could
helpimprove contrast butsaining calls generally
Kills them due o th fixation process. Inthe history D STARTTUTORIAL

of microscopy, several contrast methos have been

Inthe 19505 Georges Nomarskideveloped a contrast
method based on plarized ight and intererence.
This method was named differential interference
contrast or DIC for short. DIC substantially improves
d cells and tissue lices and
is supeior o all ther contrast methods i terms of
resolution and clarity. However, proper Kohler
luminations mandatory for DIC.

Source : Leica microsystems
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Interference microscopy

Differential Interference
Contrast (DIC) based on an
inverted Leica DMIG000 B
microscope

This tutorialwil explain the optica elements nthe ight
path and the operating made of DIC on the example of
Leica DMIG000 B, The Leca DMIGOODB i an inverted
and motorized highvend research ight microscope
which can b used fo ransmittedlght contrasting
methods and fluorescenc

TicroSCOpY.

Source : Leica microsystems
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Interference microscopy

Aview of the beam path of the
Leica DMIG6000 B microscope

n modern microscopes nearly al optical components
are idden behind shields and other protective co
don without working n tota darkn
e optcal elements we have graphically removed

To

allow

and protective elements and present you a
cross-sectional model

Source : Leica microsystems
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Interference microscopy

Aview of the heam path of
during Differential Interference
Contrast

As with any other transmitted light illumination

tachnique, the ight path fo DIC startsat the haloge
bl nthe lamp house and passes through optial

objectiv. Th

tothe eyepiscas (ight)or to both devices at the same

time,

Source : Leica microsystems
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Interference microscopy

First Polarizing Fiter

Condenser with
First Wollaston
Prismand Aperture
Diaphragm

2 Sacn

Objective

Relevant components for
Differential Interference
Contrast

Besides opical components ik the condenser,
aperture diaphragm and objective, some additional
components have o b inserted nt th beam pathto
achieve DIC. Befoe theiht reaches th specimenit
fisthas o pass through a polarzn fikerand
subsaquenty through a Wollastonprism (or Nomarski
prism, which is based on a Wollaston prism). After
Havingpassed through the speciman and the objectv,
the light will pass through another Wollaston prism and
polarizing fiter. Note that the second polarizer can also
belocatadina fiter cube to allow ully automated
polarizer removal from the beam path.

To explainthisin deta, a schematic rapresantation of
the optical components involved in DIC is shown from
here on.
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Source : Leica microsystems

Interference microscopy

First Polanzing Fitar

Condenser with
First Wollston
Prsm and Apertre
Diaphragm

The schematic representation

Thisschematic drawing showsthe main componerts
necessary for DIC. Note that the objective lens
fepresents a micrascope objective, and that nat all
optical elements are visbl nthisdrawing,

Source : Leica microsystems
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The schematic representation

‘The Wollaston prism through which the ight passes frst
is located in the condenser turret. This hasthe
advantaga thatthe Wollaston prism can aasily be
removed from the beam path  t s not needed.
Additionally, the condenser lens becomes visble i this
representation, which is also located in the condenser.

Now you can see all optical components needed for
DIC. The nextsides o thistutorialwiltake you step by
step through the beam path o the microscope when
DIC is employed. All optical elements and their effects
on the light passing through willbe explained.

Source : Leica microsystems

Polarized light is employed for
Differential Interference
Contrast

‘The firstoptical element that the light passes through
afte the ied diaphragm is  polarizing iter. The first
polrizng i is situated above the condenser turet
‘and will polarize the light to an angle of 0° n this tutorial.
Allnumbers for angls n this tutorialare examples
chasen to make the concept of DIC mre easly
understandable. However, the relation of the angles to
one another is ahways corrct,

Source : Leica microsystems
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§ Interference microscopy
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Polarizing Fiar

The Wollaston prism creates
two sister rays

‘When a 0* polarized light ray passes through the
Wollaston prismitis spt nto a sister pair of
perpendicularly polarized light rays atan angle of 0° to
‘each other, The polarization plane of the resulting rays is
therefore 45° and 135° inthis example. Both rays arein
close spatial proximity and cannotnierfre asthey have
a diferent polarizaton and are sty offset

Condenser Lens ——

Pati Dish ——

Source : Leica microsystems
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§ Interference microscopy

DA

The sister rays interact with the
specimen

The condansar ens focusas thelight on the specimen.
Depending on the properties of the specimen, one of the.
sistr lght rays might experience phenomena that
Condonsor Lens cause phase shifts. Additionally,light rays thatare no
longer polarzad o 45°or 135° willoccur (symbalized by
hinner red lnes). At this point, two denticalimages of
the specimen are produced. As the light thatproduces
thess images has passed through the Wollastonprism,
one image i produced by 45° polarized ight and the
other by 135° polarized liht. There is also a slight x-y
ofset between these images as the Wollaston prism
produces two spatilly slightly separated rays. As stated
‘above, the phase of the light rays inthe sister images
mightalso diffr,

Pati ish

Source : Leica microsystems
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§ Interference microscopy
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Poci Db The objective magnifies the
image
The objective wil collect the light and magnify the

image. Subsequently,the light rays will travel through
‘anather Wollaston prism.

Objective Lons

Source : Leica microsystems
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§ Interference microscopy
e
Objective Lens

The second Wollaston prism
recombines the sister rays and
interference occurs

This second Wollaston prism has the opposit function
totha first Wollaston prism: It reunites the 45° and 135°
polarzed sistar ays nto one combined ray with 90°
polarization. Recall hat thelight rays might have a
iferent phase, as they passed through the specimenn
slightly diffrentlocations. Ifthis isthe case, the ight
‘waves of the rays willnterfere as soon as they are
spataly reuited and have the same polarizaton
Hence, the resulting ray il have a combined waveform
@ with diminished orincreased ampiiuds ie. brightness)

H comparedto the rays that enterad the second Wollaston
prism, Thi effect converts phase shifts that ne of the
sistar rays experienced into an amplude hift which
rasults n darker or lighter structurs n the specimen

o image. The consequence i substantially enhanced

Polarizing Fiter — contrastin the specimen image.

<

Source : Leica microsystems
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§ Interference microscopy
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Wollaston Prism

The second polarizer filters
stray light

Lastbut no aast, the lighthas t pass through the
second polarizer, which s set to the 90° position to only
allow light with 30° olaizaion to pass and keep out
stray light which was not reunited in the second
swond Wollaston prism. Hence, theimage s almast exclusively
o Fiter formed fromlight that has passed through the first
polarizer and both Wollaston prisms and the DIC effect
isnotoutshane by stray light.

Source : Leica microsystems
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§ Interference microscopy
ot
First Polarizing Filtar Sming w Diffsrental
Interference Contrast
illumination

Ater having gone through the beam path for DIC,this
tutorial il cotinue by explaining hows o set up correct
DIC illumination. A represenative image of the
specimen under different conditions wil be shown on
the battom right.

Patri ish

Specimen Camera View

Source : Leica microsystems
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§ Interference microscopy

Sy

FirstPolarizing Fitor The dark Pmion

Before DIC ilumination can be employed, the polarizing
fiters have to b set n the so called “dark positon”.
This means that the polarizing fiters have to be setina
position where no fight passes to the camera or
eyepieces. Thisisthe case i the polaizing fiters are in
90" positon to each other. To set up the dark position,
al elements inthe beam path that might change the
polarization o the light have to be remaved. Therefore.
the Wallaston prisms and the specimen have to be
taken outofthe beam path

Condenser Lens

Seting upthedark posiian i an important tap,as the
Hightthateaves the second Wolaston rism s polarized
o 90° and will not be visible if the second polarizing
fier is not aligned proparly,Othawise only stay gt
vill o seen

Specimen Camera View

Source : Leica microsystems
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t Interference microscopy : m,s-_‘

Nt
First Polarizing Fitor The dark position

‘The dark position can easily be identified by looking
through the eyepieces or ata cameraimage of the
spacimen. T find the dark posiion one of the polarizing
fikers has o be twisted untl a completelydark image
can be observed, Thisis achioved by seting the
polarizing planes ofboth polarizing fiters 80° to sach
ather, I the case of an nverted microscape ke the
Leica DMIGO00 B, the polarizing fiter above the

Condenser Lens ‘condenser turret is movable.

Objective Lens

Specimen Camera View

Source : Leica microsystems
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Interference microscopy

First Polarizing Fitor

The complete beam path

[}
% Now that the dark position is set up, the Wollaston
prisms and the specimen are reintroduced into the
g Fen Holeson P beam pth and a DICimage ofthespacimenisvisble
\

A

Condenser Lens

Source : Leica microsystems

t% Interference microscopy

b Modification of the Differential
Interference Contrast image

DIC llumination offers the possibiity to modify the
image. The phase of the istr lightraysrelatvelyto
each other can be atered,This i achieved by moving
the second Wollaston prism laterally. Changing the
phase of the light rays relatively to each other results in
changes inthe ampliuda ofthe combined waveform
produced by the second Wollaston prism. This can give
Condenser Lens animpressionof sharper or smoother cantras,

Potri Dish

Objactiva Lons

Specimen Camera View

Source : Leica microsystems

Alright guys; so, what we understand? We understand there are a chemical techniques
and there are optical techniques or microscopic techniques. We have seen six different
microscopes and here in each of those videos you were able to understand, how each
microscope would work for would work and how we can use it for so; this all three, all

six microscopes can be used for understanding the cell morphology.
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f% Cell morphology analysis in
Biomedical Research

Application: @

» Segmentation and analysis of histological tumor sections

» Boundary detection of cell nuclei ﬂB
» Morphological characteristics analysis of specific bio

» Understanding the chemotactic response and drug influences Zﬂ ‘-
» Identifying cell morphogenesis in different cell cycle progression 5(‘4
» Morphological feature quantification for grading cancerous or precancerous cel

» Feature extraction and texture analysis for automated classification of cells

Ref: Chen, Shengyong, Mingzhu Zhao, Guang Wu, Chunyan Yao, and Jianwei Zhang, "Recent advances in morphological cell image analysis." Computational and
Mathematical Methods in Medicine 2012 (2012).

Now, if I want to further understand what are the research components or biomedical
research components, if you want to understand the analysis of the cell morphology then
we can see that if the applications are in to understand the segmentation and the analysis
of histological tumor sections, boundary detection of cell nuclei, morphological
characteristics analysis of specific biomechanical cells, understanding the chemo tactic

responds and drug influences.

Identifying cell morphogenesis in different cell progression morphological features
quantification for grid cancerous or precancerous cells and finally, feature extraction and
texture analysis for automated cell classifications right or classifications of cell. So, there
are several application if we understand the morphology and we want to do the analysis

right. So now, to understand this, right let us see what can we do?
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t%) Centrifugation - Cell Morphology

» Cytospin Centrifuge used to study the morphology of cells

» The centrifuge spins and flattens cells onto a glass slide

» Extremely improves cell yield in samples and ensures high diagnostic efficiency
» Cost effective with better preservation of cell morphology

» Effective approach to determine malignancy

1. Qamar, Irmeen, Suhailur Rehman, Ghazala Mehdi, Veena Maheshwari, Hena A. Ansari, and Sunanda Chauhan. "Utility of cytospin and cell block technology in evaluation of
body fluids and urine samples: A comparative study." Journal of cytology35, no. 2 (2018): 79.
2. www fishersei.com

So, before we go to that the, the way it is carried out the current technique that we use to
screen the patient, let us first understand a technique called Cytospin alright. Before,
cytospin let me draw a slide. So, you understand why he had to go for cytospin. Now,
generally when the cells are taken from the mouth ok; the cells are taken from the mouth
with the help of a cytology brush, when it is taken from the mouth or oral cavity, it is
placed in a solution, in a solution call phosphate buffered saline or P B S. So, there are

cells in PBS.

These cells in the pathology lab, they are smeared on the glass slides, they are smeared
on the glass slides. So, how the smearing works? You take the cells, put a drop here and
then take another slide and then you push the slide or smear the slide across the bottom
slide. What will happen? When you do that, when you do that the cells will be this, it

gets spreads like this. This is for smearing alright.

The disadvantage of this particular technique, disadvantage of this particular technique is
there is a double nucleation sorry, there is a the cell will get it will be clumped, another
way we can say it will be clumped right. So, it is very difficult to identify the boundary
of itself and it will not be uniformly distributed, not be uniformly distributed. This is
with the help of smearing the cells SMEAR, S M E A R right. You understand when you
take the cells from the oral cavity. You place in the you place along with PBS and when

you take it out and you smear it, then you will find the clumping of cells and clumping of



cells will not help the oncopathologist to clearly identify whether there is a change in the

morphology of the cells or not.

So, to avoid that we can use a system called cytospin. I will discuss in detail about
cytospin, in the next module, but let us see right now, how the cyto cytospin works? Cyto
centrifuge, cytospin centrifuge used to study the morphology of cells the centrifuge spins
and flatten cells onto a glass slide extremely. it is, it improves the cell yield in samples
and ensures high diagnostic efficiency. Also it is cost effective with better preservation of

cell morphology and effective approach to determine the malignancy alright.

So, we can see this particular cytospin centrifuge system and we have the video for that
as well and then you can see here the loading system for the cells and you load the
system in the cytospin so that you can load the glass slide here and the cells here. So, at a
very high speed the cells will be smeared on this glass slide and the advantage will be by
using this technique, you can have you can preserve the cell morphology and you can
have a uniform distribution of the cells. Alright, that these two advantages you can

preserve the cell morphology and you can have uniform distribution.

Now, why it is important to have uniform distribution, because if I have uniform
distribution of the cells right, then I can identify, whether the morphology of this cell is
different than this cell or all the cells looks alike right. Also there are a lot of things that
we need understand double nucleation cell to nuclear set up a same ratio and whether the
cell shape is change right. So, lot of things are there that we had to take care when we are
understanding the morphology of cells. So, the spinning on the glass slide with the help

of cytospin will help us to preserve the cell morphology compared to the smearing.
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f%} Cytospin : Distinguishing Benign Cells : E EE
s from Malignant Cells -

» Cytology/eytopathology : Diagnosing diseases like cancer by looking at cells/cluster of cells

» Cytospin is a cytology method that is specifically designed to concentrate cells that are found in small
numbers.

1. Yoon, Won Jae, and Martha Bishop Pitman. "Cytology specimen managen
Journal of pathology and translational medicine 49, no. 5 (2015): 364

2. https://www.youtube.com/watch?v=pgK-oPK7IVM

3. https://www thelabworld Shandon-Cytospin-3-Cy

nent, triage and standardized reporting of fine needle aspiration biopsies of the pancreas.”

Now, how to use cytospin and why? Cytospin we have to use it for understanding or for
delineating benign and malignant cells right. Why it is very important? Now, I already
told the importance of that that the importance is; so, that we can understand the cell
morphology right, cell morphology is so that we can understand whether the cell shape is
change or not. Now, the diagnosing disease like cancer, at looking at the cluster of cells
is a help of cytology. Cytospin is a cytology method that is specifically designed to

concentrate cells are found in a small numbers.

So, there are two things one is a cytology which is cytospin based. Cytology is the study
of cells by the way, cytopathology is study of the cells whether there is a change in the
shape or (Refer Time: 32:42) the from the pathological angle. cytospin is a system that is
used to smear the cells on the glass slide right. So, cytospin is a cytology method to that
is specific to design and concentrate the cells that are found in small numbers. Now, if
you see here you see, there is two system one is the centrifugation and then another one
is the supernatant. So, see in this particular case let us say if I have a blood and I want to

separate the blood cells, then I will use the centrifuge.

So, centrifuges that it will put the cells in the in the bottom and that blood cells would be
at the bottom, because they are the heaviest one and you will see the layer of the cells
and finally, there is a supernatant. So, in general, if you have just cells in a PBS and you

want to wash the cells multiple times, you can use centrifuge. What will happen that



whenever you wash the cells right and you put in this, in this particular device then what

will happen?.

When you centrifuge it, this cells; so, let me just draw it correctly that help you to
understand properly right. So, here the cells are everywhere along with the PBS solution.
When you do centrifugation or when you centrifuge the cells then the cells would be at
the bottom and the top will be supernatant and that supernatant we can discard it, we can
throw it out alright. So, because this we do not require it. So, when you have to wash the
cell multiple times you can use centrifuge when to when you want to smear the cell on

the glass slide, you have to use cytospin alright.

Cytospin also works in the centrifugation technique, but the system is such that the
design of the, cytospin is such that it will smear the cells on the glass slide, instead of
just separating out like supernatant and the cells at the bottom alright. So, let me play
these two videos and you will understand the things in detail. Anyway like I said, I will
tell you the importance of cytospin in my next module, you will understand it better

alright. Let me play this first video.

(Refer Slide Time: 34:53)

https://www.youtube.com/watch?v=pgK-oPK7IVM

(Refer Time: 34:55) cytospin I just (Refer Time: 35:00) previously in the ok, we (Refer
Time: 35:38) from the first you know (Refer Time: 35:40).
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https://www.youtube.com/watch?v=pgK-oPK7IVM

In this you know (Refer Time: 35:42) make them to do (Refer Time: 35:59).

(Refer Slide Time: 35:59)

https://www.youtube.com/watch ?v=pgk-oPK7IVM
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https://www.youtube.com/watch?v=pgK-oPK7IVM

Go.

(Refer Slide Time: 36:23)

https://www.youtube.com/watch ?v=pgK-oPK7IVM

(Refer Time: 36:25) some (Refer Time: 36:26); obviously, the right. Now, let me play the

second video.
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This is the Laurell W S 650 H Z spin code. It has a maximum rotational speed of 12000
RPM to controller allows operator in a action in real time during the process execution
including buzzing time, stopping and continuing on from that point. The closed ball
design allows most coating materials to dry in a quiescent state increasing uniformity and
minimizing particle contamination. This convenient tabletop unit is powered by 100 and
20 volts AC single phase. It also requires vacuum, to be at least 15 inches of mercury for

more.
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https://www.youtube.com/watchv=gjucsT37rCQ
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First, I like to give a demonstration of the speeds, so that I am going to use a other timing
strip. First, this is the contact control panel completely self contained, I am going to call
up a program here. Program for and what we will first do is we will change the spin
speed to let us say 4000 RPM. Here we go again, leave a raspberry pi vacuum backing. It
tells you that you ready and ok, when it is done in order to go on and run another
program or any other process, we must open the way this signals and then it is ready for

another one.



What I will do next one, here is a double back to let us say 8000 RPM and we would be
open it. We done, we always say done and I have to (Refer Time: 40:40) vacuum is
satisfied and your nitrogen purge, it will tell you that it is ready, would you want more

spin and would you this at the maximum RPM of 12000 so on, on this it is done.

(Refer Slide Time: 41:40)

‘an
‘e

https://www.youtube.com/watchv=gjucsT37rCQ

Next, we are going to spin a small wafer. It has this very-very nice little adapter here,

that you can fit right on top with the standard chuck raspberry pi vacuum.

(Refer Slide Time: 42:10)

And we will spin this wafer with the natural spin next.



(Refer Slide Time: 42:52)

I have this chart here and this is wafer size versus spin speed um; obviously, the smaller
the workpiece the (Refer Time: 42:59) need to spin and I given a little guideline here,
first we ran (Refer Time: 43:04) up to 12000. Now, we are going to run a 100 millimeter

wafer as suggested up to 6000.

(Refer Slide Time: 43:24)
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This epsilon 50 (Refer Time: 43:21) is coming here fly vacuum and we will also edit that
speed down to 6000 RPM and open the (Refer Time: 43:58) off the vacuum those are

wafer.



Now, the spin coater has the capability from actually being able to spin of 4 to 100

millimeter or & inch wafer.

(Refer Slide Time: 44:57)
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However, it is the now requirement what are we do. So, you have to remove the top and
take off this plastic splash board, exact just this enough from (Refer Time: 45:05) It
actually has the capability spin a 8 inch wafer.

(Refer Slide Time: 45:17)
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/watch?v=gj 7rCQ

However, what is important also in particular unit, is that has the capability of spinning a

4 5 inch by 5 inch square substrate. I have a piece of glass here.
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And 1 am use the demonstrate in the (Refer Time: 45:29) and even though it is
approximately seven half inches across here, if you look through the top, it still
comfortably fits in between the splash you. I am going to spin this one. Since, this is
closer to the very larger size which they recommend between two and half and 3.5 kr p
m. I am going to spin this 3500 and here we go. Vacuum first, there we go ready, light,
sound, start sizzlers. Here, we have it very versatile, very compact, lightweight, fix in

anywhere and very easy ok.

(Refer Slide Time: 47:30)
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So, this will be the end of this particular module and in this module like I said we are just
understanding the morphology of the cells and how different techniques are used to
understand the cell morphology right. And, in the next module we will look in detail,

how this cytospin system works.

(Refer Slide Time: 48:22)
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f%) Characteristics of Cancer Cells : =5=
Normal Cancer
D) “ Large, variably shaped nuclei
& &S « Many dividing cells;

g 5 B . o
{'l ®® o & | Disorganized arrangement

3 % Variation in size and shape
.

i
& * Loss of normal features

‘The Biology of Cancer : http://sphweb.bume.bu.edu/otlt/MPH-Modules/PH/PH709_Cancer/PH709_Cancer7.html

And along with the cytospin system, we will also talk about how the characteristics of
the cancer cell helps us to understand, whether the characteristics of the cells helps us to
understand, whether the cells are from normal region or from the cancerous region
alright. So, this is a last slide for this particular module and in the next module, we will
talk about the remaining stuff along with the details about cytospin system, because I
want to teach you how easily cytospin system looks like and why we want to go for

cytospin. So, I will make a PPT for you.

So, that you understand the importance of cytospin alright, but for now, just go through
these videos these are more like informative videos. So, that you understand how the
system works like right, but again to understand the cell morphology and to delineate the
cells based on the cell morphology is our goal right. But, and from that we will
understand whether the cells are atypical that is it has change the morphology or it they
are normal alright. And if there are atypical then the patient is asked to go for the
histology.



So, we will talk that thing in the next module, till then you take care, I will see you in the

next class bye.



