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Definition of Immunology

- Immunology is the study of our protection from foreign
macromolecules or invading organisms and our
responses to them.

Latin - Immunis = “exempt”
English = protection from disease



Immunology

Recognition of self and non-self
—Antigens

Elimination of non-self
—Exogenous targets

Microbes

Allergens

Foreign material
—Endogenous targets

Tumours



Two Arms of Host Defence

o " Tmunity
\

* Wide Nt in nature



Key Players in Immunology




Overview of Immune System

eInnate Immunity:
Fast-acting
Less specific recognition
Early during evolution
e.g. barriers to infection such as skin and mucus surfaces

eAdaptive Immunity:
Specificity
Distinguish antigens sometimes present from those always
present
Memory and Recall

eCells of the immune system
Leukocytes originating from bone marrow stem cells

eCommunication with other systems
Endocrine system
Central nervous system ]- Psychoneuroimmunology
Skeletal system

eDisruption of the Immune System
Hypersensitivity
Autoimmunity
Immunodeficiency



Manifestations of Infection

Clinical presentation of infectious disease reflects
interaction between host and microorganism

Interaction affected by host immune status and
microbial virulence factors

Signs and symptoms vary according to site of infection
and severity of infection (acute or chronic?)

Physician may predict course of disease and likely cause
by combining epidemiological clues with signs and
symptoms



Immunological techniques

Immunological techniques are used to:
eDetect, identify & quantify Ag in clinical samples
eEvaluate Ab response to infection

eEvaluate Person’s history of exposure to infectious
agents

Specificity of Ab-Ag interaction & sensitivity of many
immunological techniques make them powerful tools

In most cases same technique can be used to evaluate a
person’s Ag & Ab status
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Antibodies of
known identity

Macroscopic
reaction

(a) In serological diagnosis of disease, a blood sample is scanned for
the presence of antibody using an antigen of known specificity. A
positive reaction is usually evident as some visible sign, such as
color change or clumping, that indicates a specific interaction
between antibody and antigen. (The reaction at the molecular level
is rarely observed.)

(b) An unknown microbe is mixed with serum containing antibodies
of known specificity, a procedure known as serotyping.
Microscopically or macroscopically observable reactions indicate
a correct match between antibody and antigen and permit
---------------------------------------------------------------- identification of the microbe.



Methods of Detection

1. Precipitation of soluble Ag
e Immunodiffusion
e Immunoelectrophoresis

2. Agglutination of cell-bound Ag

3. Immunolabelling
e Radioimmunoassay
e Enzyme-linked assays
e Immunohistochemistry
e Leukocyte assays
e Flow Cytometric analysis
4. Rosette & plaque formation



1.Precipitation of soluble Ag

e Precipitation techniques are based on

» ability of most Ab preps to interact with more than
one epitope on a protein or infectious agent

> fact that each Ab molecule interacts with more that
one Ag

Ab ] diffTse & meet - Ag

At appropriate conc visible ppte forms

Stain ppte (eg for protein)



a) Immunodiffusion

Within limited conc” range for both Ag & Ab, termed EQUIVALENCE ZONE,
Ab cross-links Ag into complex that is too large to stay in sol" & therefore

pptes

Present in

reduced A

concentration
Zone of
equivalence

A > +
Precipitation
Contaminant A

presentin <
antigen




Amount of Precipitin

Antibody
Excess

(Prozone)

Antigen
Excess
(Postzone)

Equivalence

Increasing Antigen Concentration

\/




Ring precipitation test

e

4 Antigen
___ Eguiwalence zone

Antiserum

Single dimensions single diffusion

1l Antigen {High Concentration?

Two different precipitates (two antigens

oL with different molecular weights)
L7 agar with (antiserum which reacts with twao antigens

FPseudomigration of the precipitate with time

Antigen edcess

Equivalence Zone

-~ Antibody excess

The precipitate is forming and disolving as the antigen

migrates.

{These zone change
as the antigen
migrates)



1) Ouchterlony (Qualitative Double Diffusion)

Double diffusion precipitation tests involve the
diffusion of Ags and Abs in a soft agar gel, forming
zones of precipitation where they meet

Characterise relationship between 2 antigens

If antigens are in the same precipitation line ,they fail
to cross



Qualitative (Double Diffusion): Ouchterlony

5ingle dimension double diffusion

1 Antigen

Two precipitate bands {(two antigens)

11— Agar

-+— Antiserum

Double dimension double diffusion (Ouchterlony)

Identical Antigen are different

©@e

Limitations :

Insensitive

Needs large unit of Ab & Ag

Resolve by CIE — placing agar in electric field

Agar plates

Antigens are different

Antiserum Antiserum




ii. Quantitative: Radial Immunodiffusion

Measurement of IgG concentration in serum by single radial immunodiffusion. The
diameter of the standards (0) enables a calibration curve to be drawn and the
concentration of IgG in the sera under test can be read off: Tl1-serum from patient
with IgG myeloma; 15mg/ml, T2-serum from patient with hypogammaglobulinaemia;
2.6 mg/ml T3-normal serum; 9.6 mg/ml

+T

. . . . Demerits

eOnly 1 Ag can be tested

gz standards: T

E;.? 2? .
(mgsrml) 1.7 at a time

30 eMethod slow

20

[RE

lgl cone.
Lrmgdml)

diémeter o f Ir*inclg



b) Immunoelectrophoresis

eMigration of serum proteins in gel is combined with
precipitation by Ab

eUsed to study complicated Ag mixtures

e Ag separated by electrophoresis



i. Qualitative
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(I |
(+) Direction of electrophoresis - (-)
Step 1 Antiserum added to trough
.l |
Step 2
Albumin  Alpha globulin IgM  Gamma globulin

(o globulin) (y globulin)(lgG)



ii. Quantitative: Rocket electrophoresis

Ag is electrophoresed into gel containing Ab. Distance from starting
well to the front of rocket shaped arc is related to Ag concentration.




2. Agglutination of cell-bound Ag

Direct Agglutination (Bacteria or Cells)

Agglutination tests — Ab I EREN N Ngn

. -
CrOSS-IlnkS WhOle Ce” Ag’ Decreasing concentration of antiserum

: Y
forming complexes that Incubation Period

—_— — e ——  — —

settle out and form
visible clumps in the test L L | o spmucnatin

chamber

cAgglutination

e blood typing

Indirect Agglutination (Attach antigen to surface of RBC ) gq
e bacterial & viral 5 antigen
disease detection it

Indirect L A
Agglutination ¢ S5
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Agglutination

<—— Antigenic determinant

Microscopic appearance of clumps

Precipitation

Cell-free molecule in solution

. <— Antigenic determinantv

Antigen Nt Antibody

O i
(i l

S 1 2

Microscopic appearance of precipitate

(a)

The Tube Agglutination Test
Reaction + ++ + + + + - -
G
Dilution  1/20 1/40 1/80 1/160 1/640  Control

A sample of patient's serum is serially diluted with saline. The dilution is made
in a way that halves the number of antibodies in each subsequent tube. An equal
amount of the antigen (here, biue bacterial cells) is added to each tube. The
control tube has antigen, but no serum. After incubation and centrifugation, each
tube is examined for agglutination clumps as compared with the control, which
will be cloudy and clump-free. The titer is defined as the dilution of the last tube
in the series that shows agglutination.

(b)
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{a) Redblood cells  Measles

(RBCs)

(b) Redblood cells Measles Antiviral measles  Measles viruses

(RBCs)

viruses

Hemagglutination
Negative result

viruses  antibody from test  neutralized by

serum

antibody; red blood
cells cannot agglutinate
Positive result

(c)

Patient's Serum Samples

Wellnumber1 2 3 4 5 6 7 8 9 10 11 12

-

Unagglutinated
(+) RBCs sink into
a pellet

AT, Agglutinated
Ahitg  RBCS do not
SEaY  sink into a pellet

Cantrols




Complement Fixation Tests

Complement fixation tests detect lysins- Ab that fix
complement and can lyse target cells.

Involves mixing test Ag & Ab with complement and then
with sensitised sheep RBCs.

If complement is fixed by the Ag-Ab, the RBCs remain
intact and the test is positive.

If RBCs are haemolysed, specific Ab are lacking and the
test is negative.



Agglutination: Continuation........................

eg, Haemagglutination & Complement Fixation

Complement Fixation System Complement Fization System

J L

Complement

Test System Test System
Indicator System Indicator System

Complement

Complement is used in the Indicator
system therefore lysis of the RBC

Complement i5 used in the test
system therefore no lysis of the
REC




3. Immunolabelling Methods

eUses detectable label covalently bound to Ab or Ag or
second molecule which binds to Fc region of Ab in
immune complex

eMore sensitive
eDirect & indirect methods

eOne of immune complex partners is fixed to solid
support, ie Ab or Ag

eLabel always linked to soluble partner or 2" molecule

e Assays depend on detecting or quantifying label bound
to immune complex



a) Biotin-Avidin Assay

Avidin: glycoprotein derived from egg albumin, has very high affinity for vitamin, biotin, & does not
bind to other substrates. Biotin can be easily coupled to IgG. Avidin can be labelled with
fluorochromes, enzymes, or radioactive chemicals. If the 2° Abs are labelled, using the biotin-avidin
system, they can be efficiently employed in indirect IF, ELISA and RIA.

125
or  FI'T or  Jeommme

FITC Isotope Enzyme

Y*)\ =)
B B Secondary Antibody
Erimary antinody (Biotin-Avidin)

(D= =)




b) Radioimmunossays (RIA)

Radioimmunoassay —Ag or Abs are labelled with
radioactive isotopes and traced

Determination of Ag-binding capacity.

After addition of excess radioactive antigen (*Ag), that
part bound to antibody as a complex is precipitated
either by ammonium sulphate (Farr) or by an
antiglobulin (antiglobulin coprecipitation.)



b) Radioimmunossays (RIA)

e\/ery sensitive: 1012g/ml
eUsed to detect:

> Cancer associated
proteins

»Drugs

>»Hormone levels




c) Enzyme-Linked ImmunoSorbent Assay (ELISA)

ELISA can detect unknown Ag or Ab by direct or
indirect means.

A positive result is visualised when a coloured product
is released by an enzyme-substrate reaction.



Direct ELISA — Detect antigen

Plate with Known Ab ------ put serum ?Ag

add enzyme-labelled Ab

read in spectrophotometer

Direct ELISA

® @

The secondary antibody attaches to the
bound protein from the sample, forming
a complex consisting of immobilised
antibody, protein and labelled secondary
antibody.



Indirect ELISA — look for antibody

Plate with Antigen -------- + put serum? Ab indirecteLisa

----- wash--------- + antihuman globulin

0 ‘ These reporter antibodies bind to the
%@ bound auteantibodies from the sample
Substrate forming a complex consisting of
@ ‘ U P/ immobilised antigen, autoantibody anc
" | G Substrate abelled reporter antibody. The wells ar
;) k\ Secondary Antibody ; infibitsr | O c ge% again rinsed to remove any unbound
4 Conjugate antibodies.

Antigen |
78 AN

i ".."":II x \\ / ., . A
Capture Anti L
O : . Q

INDIRECT ELISA SANDWICH ELISA COMPETITIVE ELISA




Enzyme-Linked ImmunoSorbent Assay (ELISA)

+ substrate

“)~*)~

(")CBC\\ K

QAOJOIQ{OOW ’

Qp }mo\w XK )

YU X &
Ve

| @

Indirect ELISA

AP or HRP —» @ O < HRP
i < Streptavidin
Secondary Substrate
Antibody < Biotin
-
T 1.
- -

Capture Assay
“Sandwich”

Capture Assay
“Sandwich”

Sandwich ELISA



Use 3-galactosidase, Alkaline phosphatase or Horseradish
Peroxidase (HRP) linked to Ab, Ag or other molecule

Kathleen Park Talaro and Arthur Talaro, Foundations in Microbiology. 3e Copyright & 1889 The McGraw-Hill Companies, Inc. All rights reserved.

Methods of ELISA testing (1)

(a) Direct Antibody Sandwich Method (b) Indirect Inmunosorbent Assay
Antibody is adsorbed to well. Antigen is adsorbed to well.
| o |
F\W""' \é-/w

Test antigen is added; if complementary, Test antiserum is added; if antibody is
antigen binds to antibody. l complementary, it binds to antigen.

a—Enzyme o

\r A4

Enzyme-linked antibody specific for Enzyme-linked antibody specific
test antigen then binds to antigen, for test antibody binds to it.
forming sandwich.




Visualization of Reaction

Kathieen Park Talaro and Arthur Talaro. Foundations in Microbiology. 3e Copyright £ 1889 The McGraw-Hill Companies, Inc. All rights reserved.

Methods of ELISA testing (2)

Enzyme's substrate (m) is added, Enzyme's substrate (m) is added,
and reaction produces a visible and reaction produces a visible
color change (o). color change (@).

Sensitive: 10°gml, simple, cheap & safe
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fa) Indirect ELISA, comparing a positive vs negasve m;mmewmmurmmmm
reaction, This is the basis for HIV screaning tests. ndicaeonpmnwum
Veail Well

A B

{c) w«mmmm
Noto that an antigen is trapped betwoen two anbbodies.
This tast i used o detéct hantavinus and Mossies Wik

Anhbody &
adsorbed to well




d) Immunoblotting (Western Blotting)

»Western blotting: Proteins
»Southern blotting: DNA
»Northern blotting: RNA

eUtilises radio/enzyme labelled Ab to identify
Ag separated by gel electrophoresis

eCan utilise mAbs (poor precipitators)

eMore sensitive than precipitation in gel



Figure 11 Western blot flovwrshest,
Rermove gel and place on paper towel

R e 7 0
Incubate 10 min, at 37 Cin 15 ml of Towin buffer [‘-‘-‘-'H'Et FATIor Naper

B
| ]

Transfer #= Flace transfer membrane on
Mernbrane gel,

Use transfer solution for 3008 gels and water for
IEF gels,

Transfer membrane and gel
in distilled water for 15 min,

Blembrane blocked tardice with 15 ml of blotto,
First time § min. and second time 15 min.

Membrane rinszed 5 titnes PES

e
@'ﬂmse membrane 5 times @
i with PES

o T S el

Add 5 il of diluted monoclonal Add 6 ml (1/300) Anti-
antibody and incubate at 25° C mouse 156G
for 2 hr
Wash with water
Develu::p writh 4- Ghl.;.r.;.- Rlnse membrane 5 tunes

1- Mapthil with PES

50 min at room
Temperature
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e) Immunofluorescence

Uses fluorescent Ab either directly or indirectly to
visualise cells or cell aggregates that have reacted with
the Abs

Labels: radio or enzyme labels but more commonly
immunofluorescence

Examine under UV microscope



Immunohistochemistry

Q>
S /

Ab binds to slide at
site of Ag

Addition of a
suppressed
fluorescent flag or
‘secondary Ab’....

DS
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Visitée lluorescence

Fluorescent
."__“ bl ? MUCIOSOODY !
-
Y Sar f-x
Unknowrn Artibody laboled y
artigen with fluorescent dya i B

(usually col

Or 1Ess00)
{a) Direct Testing
AL2 Huorescent -labelod
specifss for ADY

“ '8y Fa

e
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—
A No

Koown Ag 4
Abn O :
socum S 47 - p— — ADZ cannot attach-
' i | —— { | no fiucrescence
| Sy = PR W
Negative

{b) Indirect Testing

() Indirect iImmunofiuorescence Testing



Immunohistochemistry

= Stain for specific markers in a tissue of interest
(intracellular and cell surface)

= Preserves the anatomy of the tissue

T cells — CD3 staining



Immunofluorescence: In vitro imaging

Time (minutes)

60

0.5 1.5 3 10 30

» .

10|.1m

~ ~ 28N m ™ BENnNnnN - = N RNN

Immunological synapse imaging after contact between a T cell and a Antigen Presenting Cell (APC)
e Green: MHC-peptide
e Red: ICAM-1
Stage 1- Junctionformation  Stage 2- MHC-peptide  Stage 3- Stabilization
transport
[ em
LFA-1
A
MHC-peptide

g force

Grakoui et al., Science 1999



Immunofluorescence: In vivo Imaging

= T cell division
e Green: T cell

e Red: Dendritic cell

Delon et al., Immunol Rev 2002



f) Leukocyte Assays using labelled Abs

Cells can be analysed & isolated on basis of their
distinct surface Ags, size, or both by Flow Cytometry.

Flow Cytometers are instruments that can analyse
properties of single cells as they pass through an orifice
at high velocity. These instruments measure light
scatter, volume, & fluorescence.

FACS can analyse & sort lymphocyte sub populations, as
identified by fluorescein-labelled mAb



Fluorescence—-Activated Cell Sorter (FALCS)
.:Cj Cells have a fluorescent label and pass

Beam from laser
is used to activate
fluoresent dye

i ]

through nozzle

Fluorescence Monitor

& O

| Laser |

o ©

Cells hecormne charged

and are acted upon
b deflector plate

Cells are sorted

and collected (=2
in separate (=1
wrials

o @

Fluorescence characteristics of
sammple are received by rmonitor

Lezmmphocyvtes that bhind the CD4
rmotnonclonal antibody are detected
with a laser hean which activates
the fluorchrorme (FITC). A high
wolt age is sent to the activvated cells

and the hizh smoltage give the cell &
swurtace charge.

The fluorescent cell are then deflected
ard collected in different tubes.



Rosette & Plaque Formation

Tests can differentiate B cells from T cells and their
subtypes

Copynght € The McGraw-Hill Companies, Inc, Permission required for reproduction or display.

Rosette
) !

T cell




ELISPOT Assays

PBMC are plated on a filter-bottom 96-well plate coated
with anti-cytokine antibody.

The plate is cultured for 24-48 hours to allow cytokine
secretion and capture on the plate.

Cells are washed off and detector antibody is added,
followed by enzyme substrate.

Cytokine-secreting cells are identified as spots of
secreted cytokine.



Enzyme-Linked Immunospot

(ELISPOT)

Detect cells secreting a specific antigen

Most commonly used to detect cytokine
secretion by T cells upon stimulation (IFNy,
IL2, IL4, etc.)

Can detect cytotoxic activity (perforin)

Streptavidin Conjugate —.‘

Biotinylated Antibody —

Secreted Protein —— )

Capture Antibody —

ELISPOT assay

l?(_Y_iYYY"I’Y ‘(YI

Mamhrane Sﬁ'ﬂd‘ﬂtﬁdtﬂl

O ﬁ/\smm

Cﬁw‘mvw 7| antoocy
st

mulated csll
/’\ Plate bound
inefantibody

lf‘:’YYTT‘fYYY

with enzyme

l\”‘l’ Y%éé'f Y
Spot
oo~
: {\Ghmmogen
(Y YYY




ELISPOT Assay Principle

Prepare PBMC and count

00000000
00000000
00000000 !
00000000
00000000

17

Coat plate with anti-cytokine Ab

wash

>

Count on dissecting
microscope
or
Analyse on
automated reader

:

00000000
00000000
00000000
00000000

00000000

17

Add Ag

24 h

':> Add PBMC  Wash out cells, add detector Ab

g

90000000
00000000
00000000
00000000

00000000

1h

00000000
00000000
00000000
00000000

00000000

17

Wash, add substrate



Cytotoxic T Lymphocyte (CTL) Assay

1. CTL recognizes antigen on
target cell

'2.CTL is activated

3. A lethal hitis delivered by
the CTL using agents
such as perforin or granzyme B

‘4. The CTL detaches
from the target cell

5. Target cell dies
| by apoptosis

—
=
-

Specific lysis

N
o

—_
o

=
L]

Evaluate cell cytotoxicity against a specific
target cell

Target cells are labelled with radioactive
compounds (Crg,) or non-radioactive
compounds (Europium)

After being killed by the CTLs, target cells
release the labelling compound, which is
detected

, ® a9, .
T2+ irr pep +T2 + irrpep
*}TégzMUC-1 & {\ +T2+MUC1
* 2 \ ~K562

3 20 \

I N

g X

Q

8 *\

)

10 {
=

30:1 15:1 7.51 30:1 15:1 7.5:1
E:T ratio E:T ratio

Priming: HLA-A*0201neg T47D
Target: HLA-A*0201+ T2 cells



Diagnostic and Therapeutic use of Antibodies

/ Antibodies
Polyclonal Monoclonal
Antibodies that are collected Individual B lymphocyte hybridoma is
from sera of exposed animal cloned and cultured.

Secreted antibodies are collected from
culture media




Hybridoma Technology

1975 Kohler and Milstein

Multiple myeloma (human disease)

Monoclonal Gel Electrophoresis
Immunoglobulins

Normal

Plasma Cell

Antldé: /

http://www.immunecentral.com/images/immune_series/immune29.gif



Hybridoma Selection (HAT Media)

The de novo pathway can be inhibited using
aminopterin,
which inhibits the transfer of methyl groups
from activated dihydrofolic acid.

cells need Hypoxanthine and Thymine as
sources of purines and pyrimidines for the
salvage pathway.

The enzyme hypoxanthine-guanine phosphoribosyltransferase (HGPRT) is one of
the central enzymes that recycle the building blocks of RNA and DNA

Myeloma cells are HGPRT- and cannot create nucleotides in the salvage pathway.

Plasma cells are HGPRT+ and can utilize hypoxanthine in the salvage pathway.



1. Hyperimmunise mouse with Ag

2. Fuse B cells with tumour fusion partner (+ PEG)

3. Limiting dilution (96 wells)
to fractionate fused cells
in HAT media selection

HAT media (hypoxanthine, aminopterin, thymidine).

B cells die (mortal, HGPRT-positive)
Tumour cells die (HGPRT deficient and cannot utilise salvage pathway)
Fusions live (HAT Resistant and immortal)



Monoclonal Antibody Production

ﬁ Fuse

Spleen Cells
(HAT Resistant) Culture in

Myeloma
HAT Sensitive

Test for Positive

WHlis
Clone Antibody
Producers



Expand in ice or expand in vitro

Freeze -e— EXP and and Clune Positive Wells

in vitro material is less
0 @ @ concentrated

and contains

LU bovine serum
l- Assay Antibody
Freeze -=— Reclone Positives
ascites fluid
' contain high [mADb]
and minor

Monoclonal Antibody Production contamination

‘ JL /‘} with mouse Ig
\-:ri, e

In Vitro Culture Asmtes Tumor

thods/handouts/pwpt/
(10 ug/ml mAbD) (9 mg/ml mAb) T;’_mc;bs.’pd?” outs/pwp



http://www.tulane.edu/~wiser/

o How to purify
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Detectprnteinsl
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Excise bands = | e o e -
e .
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Incubate with p—— to make
. anti-Mouse Ig T .
l polyspecific serum affinity column

A
V/ A A Monospecific
r-A—L—‘Lj Elute low pH antibodies
_____ & T —

http://www.tulane.edu/~wiser/methods/handouts/pwpt/17_mab.pdf



Protein purification

|dentification and isolation of cell sub-populations
using fluorescence cell sorting.

Tumour detection and imaging
Tumour killing

Diagnostic reagents.
Drug Detoxification
Catalytic antibodies



Single chain Fv fragments

CDR'S

F
\v\ (hypervariable Regions)
g6 R3]

Antigen
Binding

Complement ’
Activation

Macrophage
Binding ‘

scFv Fragment -1

leader linker
4 tid
\ peptide

vi

| E

With the courtesy of 5. DObel

The size and specificity
of the ScFv fragment
may allow for attachment
to cryptic sites

http://www.gene-therapeutics.com/Service/custom%20scFv%20antibodies/Abb-scFv.gif



Introduction to Flow Cytometry



What Is Flow Cytometry?

Flow Cytometry is a rapid, accurate, and
objective way to simultaneously measure
multiple characteristics of a single particle,
usually a cell.

FACS — Fluorescence Activated Cell Sorter is the
generic term used for Flow Cytometry (even
without sorting)

Measurements are made on a per-cell
basis at routine rates of 500 to 4000
cells per second



Flow Cytometry

» Web course:
http://www.bdbiosciences.com/us/support/s/itf_launch

» Flow: fluid Flow Cytometer comprise
» Fluidics

» Cyto: cells = Optics (lasers and filters)

= Electronics
» Metry: measurement ©

Cells

C h ro m O S O m e s Bacteria  Phytoplankton Red Biood Cell BD CBA Bead Lymphocyte Neutrophil

0.5 pm 2um 6 pm 7.5um 8 um 12 um

Bacteria

Beads « @ o

<

T~
Smaller



http://www.bdbiosciences.com/us/support/s/itf_launch

Flow Cytometry

Simultaneous analysis of
different physical parameters in a

single cell

Can analyse up to several

thousands of cells per second

Versatile, sensitive




What is in a Flow Cytometer?

Fluidics
e To introduce and focus the cells for interrogation by a laser
Optics

e To generate and collect the light signals (scatter and
fluorescence)

Electronics

e To convert the optical signals to proportional electronic
signals and digitise them for computer analysis (PMTs)

PMTs = photomultiplier tubes



Three Subsystems

Fluidics

Fluidics The fluidics subsystem brings the particles of interest to the
interrogation point where they interact with the excitation

Waste

Sample Tube

Electronics




Three Subsystems

Optics

The optics subsystem provides the excitation sources and the
components to collect light signals and route them to the
appropriate detectors.

Fluidics

Electronics

Excitation Collection
. L [
> e A ' Sl R gy i e
B~ s ©
Optics e wwe L0 1 € NAVTERED o
Flber Opfic ! ' - 1 -3
Cables i 5 .|- = 3...--""""':' b
| 1 I\ f R T
. .. -1 i ]
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Three Subsystems

Electronics

Fluidics
electronic signals.
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The electronics subsystem converts light signals to equivalent

compuler

Electronics




Principle of Flow Cytometry

! Cell sample labelled with appropriate
fluorescent Abs
! Cells in suspension are passed through

machine in single file in a stream of

fluid

! Stream is focused through one or more i )
laser beams, measuring light scatter Mmj«:wwmmm
and fluorescence characteristics

! Fluorescence detected by i

Sheath fluid Laminar Coaxial Flow

photomultiplier tubes (PMTs)

! Signals sent to computer for analysis



What Can a Flow Cytometer Tell Us About a Cell?

Forward Scatter (FSC): Its relative size

Side Scatter (SSC): cell internal complexity (relative

granularity)

Fluorescent labelling of cell surface or intracellular
structures using fluorescent antibodies: allows
investigation of cell molecules and function (Its
relative fluorescence intensity) (FLI, FL2, FL3, FL4,

etc..)



Properties of FSC and SSC

SSC detector: right angle light detector

o, cell complexity
]

Incident light “ Al ESC detector
‘n‘ i ‘l““‘

source MNW
% o cell surface area

= Forward Scatter = Side Scatter
e Diffracted light e Reflected light
e Size of the cell e Light reflecting from cellular
e Related to cell surface area components
e Related to cell granularity and
complexity

e Detected at 90° to the laser beam



What is Fluorescent Light?

A = 488 nm Hmo A = 530 nm
NANAS ¢ \./'\./I\-»

Incident KjCOz Emitted Fluorescent
Light Energy Light Energy
Fluorescein Antibod
Molecule ntibody

Antibodies can be conjugated to fluorochromes

The fluorochrome absorbs energy from the laser

The fluorochrome releases the absorbed energy by:
e Vibration and heat dissipation
e Emission of photons of a longer wavelength

e The amount of fluorescent signal detected is proportional to the
number of fluorochrome molecules on the particle



Fluorochromes: Excitation and Emission Spectra

Fluor -\ 528180 = EXcCitation
spectrum

PE \575/25 e Emission
— ' spectrum

Collection Filter

b\ 660140 wavelength/bandpass




Emission Spectra

Relative

Intensity

FL1 FL2 FL3
530/30 585/42 650LP
—

e

500nm 550nm 600nm 650nm 700nm

Wavelength (nm)

FITC — PE e P CP



CDS8-FITC

CD62L-APC

CD3-PerCP

2

Perforin-PE

FACSCalibur Optical Layout

488 nm

Blue Laser

Cy3

DsRed FL2 5g5/42

PE

PI
Alexa 635
Cy5 e /N
TOPRO 3 g . e il |

=N ﬁmmom
Half-Mirror

7.AAD

PE-Cy5
PerCP 1o

Beam Combiner

Red Diode Laser
~635 nm ;
Focusing

Lens

e

Alexa 488
FITC
FDG
GFP
YFP

90/10 Beamn Splitter

/| DM 560SP

Fluorescence
Collection Lens

FSC Diode

488/10



Fluorescence Channels

Channel uorochromes

TC, Alexa 488, GFP, CFSE

FL1




Compensation

Overlapping emission spectra =

Compensation needed

Method for correcting for spectral

overlap is known as compensation
Essential for data analysis

Example: estimate the FITC (FL1)
contribution to the PE signal (FL2)
and subtract it out from the gross

detected signal

hiis 530730

B0+

B0+

404

20

585142

453 518

568

Uncompensated

FL2-%FL1




Typical Assay

——— 100 pl whole blood (EDTA)

——— 20 ul Antibody

-
<

gl Vortex
30 minute incubation
(at room temperature, dark)

17 1000 pl FACSLyse (1x)

' 15-minute incubation
(at room temperature, dark)

Vs



Whole Blood-RBCs lysed

Largest and most
complex population

o
o
o
i
S :
% Neutrophils |
Fj _ Eosinophils
)
© 3
(0p)
Q
2 8
v <
Monocytes
=
Smallest and least
complex population Lymphocytes
o y

0 200 400 600 800 1000
Forward Light Scatter




Identifying Cells By Scatter Light Analysis

Lysed Whole Blood

- O
g
2o
el
~
o
o 3
U
v
wi 8_
Q.
Lymphocytes
|l | | 1 ll
50 100 150 200 250
(x 1,000)

FSC-H



Cellular Markers and Monoclonal Antibodies

Antibodies Blood Cells




Common Fluorochromes

Click each fluorochrome to view its excitation and emission spectra.

100
FITC s
60 1
PE 0]
20
PerCP-Cy5.5 8 N : - .
' J 30_0 350 tng 450 San $50 ~sno 650 700 759 &0 BE0
PE-Cy7
APC

FITC, GFP, YFP
DsRed, PE, PI




Available Laser Lines at IGC’s Flow Cytometry Lab
I Bench Top Analyzers Cell Sorters

CyAn LSR
ADP Fortessa

360nm) | | | | a2l

lFAEScan FACScalibur MoFlo | FACSAria

~ Cyan (457 nm) v

Yellow{561 nm) v v

Cou

&
e 8 -
ce €
58
3 X
[v)
e
8
% " W > W 13 W \Y

- CD4 FITC RS CDS6 FITC




Displaying Gated Events in Color

g &
= K2 + ++
Granulocytes
e
g Ed
’9_
$” S
g )
n Monocytes &
24 "B
+ 4
Lymphocytes 4 y
24
= g '
¥ 2
L] T T ~ 1 T 1 1] L]
50 200 250 303 107 0 107 i’ 4 1w’
{x 1,000} APC-A
Population #Events %Parent %Total
B Al Events 10,000 ##a®  100.0
B ymphocytes 2,177 278 278
Il Monocytes 577 5.8 5.8

Bl Granulocytes 5,792 579 579



Flow Cytometry Analysis

Single parameter analysis:
e Histogram plot

e Horizontal axis: level of
fluorescence - brighter cells
further right

e Vertical axis: number of
events per channel number

e Analyze level of expression of
marker

CD86 PE

Two parameter analysis:

Dot-plot
One axis shows first colour

Second axis shows second
colour

Analysis of individual
populations of cells

10*

103

102

03 PE

101

[m] <

DG FITC



Two-Colour Direct Staining

\
70 ﬁ

Incubate Wash



Two-Colour Cell Analysis

CD19 PE

CD3 FITC



Three-Colour Direct Staining

Incubate Wash
O ®



Three-Colour Cell Analysis

CD4 FITC

10> 103

CD3 APC

104

10*

103

10° 10! 10> 10®* 10*

CD4 FITC

CD8 PE

101 10?2 10® 10*

10°

10° 10! 10> 10®* 10*

CD3 APC



Absolute Counts
Using TriTEST /TruCOUNT

SSC-Height

150 250

50

= =
— i
o o
g - Wl <
o o
q.N q-N
a3 A S
O )
= =
— i
5- :
10° 10* 10 103 10* 10° 10* 102 10%® 10° 10° 10t 102 10® 10°

CDA45 PerCP CD3 FITC CD3 FITC

# of events in quadrant

containing cell population total # of beads per test
X = #CDA4 cells/pL

# of events in Absolute Count bead region test volume



Intracellular Cytokine Staining

= To detect cytokine
production by a specific cell

upon stimulation

= Used to define T cell
activation by epitope
recognition and the T cell

polarisation

PE-anti-IL-4 PE-anti-IL-2

PE-antidFN-y

Resting

FITC-anti-CD8

Activated

18.08

IL-2
0.71)
IL-4
48.86 |
IFN-y

—_— .
FITC-anti-CD8




MHC Tetramer Staining

= |dentify T cells specific for a

certain MHC-peptide
complex N
o
©
(@ ®e) @) :
(BETL/(/ a3 ) ) p2m) -
.
Avidin
3 - cD8 V816
j:ﬁ, Lys
(‘J—r}(\fﬂ' / <)3 )l\@
_11@ @3@ e TN




Cell Proliferation Analysis Using CFSE Dye Dilution

8-
Dividi il
e < ividing gells u.m ) ) Q Q Q

CFSE dilution Q

Number of divisions §

i)

—— Fluorescence intensity

ICFSEW'

#cells




DNA Analysis / Apoptosis

A typical DNA Histogram

GGy G,-M

# of Events

PRI o Al

Fluorescence Intensity

Fidn 1240766 o T8yt & Purdoe Unwersity Cytom etry Laboratories

P

Ploidy determination, detection of abnormal
clones.

Cell cycle analysis.

Apoptosis.

Flow karyotyping (chromosome analysis). Annexin V



Cell Sorting - FACS

muxiure of cells in liquid

» " »

laser
photormigpher tmbe

Post Sort
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Cytometric Bead Arrays in Flow Cytometry



Cytometric Bead Array (CBA)

Multiplexed solid phase particle based immunoassay to
measure multiple (currently up to nine) soluble
analytes simultaneously

All systems use Flow Cytometry as analysis platform

Currently there are 3 areas using this technology
- Transplantation — Standard Flow Cytometers

o Autoimmune — dedicated Luminex cytometer/
automated/ black box

o Cytokine quantitation - Standard Flow Cytometers



Beads Provide a Flexible Platform

Beads provide an expandable assay platform for use with a flow

cytometer
0 O
C © 000

‘V

Multiple Different Different colours with
sizes intensities different intensities

From BD Biosciences



Bead Assay Basics

v " Read by

Yo Yo Yo FACS

Yo

Yo Yo Yo .

Yo Yo 9y, Incubate ¢

® Y. Y.
S
¥y ¥ Detector Wash Hm
75 Y . . y Y 2

antibodies — i N
A
*Y Y + YQ- *Y /,;
> < ° = > <
Ay £ et
A Vo= ", > o
7L _. 0 ° < 7Y Ly /’,}
- m ™ > <

Ay + ) >0
Y B 7Y
7Y Lysate, serum or Yo
BEADS supernatant

From BD Biosciences



The Technology (Ab detection)

1. Add patient sera
2. Add Fl-anti I1gG




Ab Detection

1. Add patient sera

¥ A 2. Add Fl-anti IgG

Ag 1l Ag 2




The Technology (Ag Detection)

1. Add patient sera
2. Add specific Fl-anti Ag

~ Y ‘f
N L7 i
AntiAg1 Anti Ag 2
Y >
yTOA A » Q
Y

N
O
o g &
° ‘ 7 A N ‘




Multi-plex ELISA (LUMINEX)

Immunoassay Nucleic Acid Assay
o o 9 ©

Enzyme Assay Receptor-Ligand

| Beadset12:1L.8

The bead is
Impregnated
with the dye
mxture

Bead Set )




Cytokine Bead Array

Light scatter of beads
« Theoretically — 4 :
limitless possiblities j
o Same size beads — o
simplifies T
Red Fluorescence of
negative beads

10
FL3-H



Cytokine Bead Array

Negative Control Standards 80 pg/ml
9 standards for A - B
calibration

(20-5000 pg/ml) .. 4

1074 103
10— ryrmmmy T T T 10— rrmm T
10° 10 10 10’ 10 10 10 10 10 10
FL2-H FL2-H

By computer
extrapolation of g

Standards 5000 pg/ml

o e
software standard . = s
curves down to 3 | s
2.4 pg/ml i e e

From BD Biosciences



Cytokine Bead Array

Example of
software
produced

standard curves

IEN.gamma

Concartation {pam)

From BD Biosciences




Cytokine Bead Array

Human I1.-2

*‘:;ﬁ:s

R Ve

Specificity — little to no o

Cross reactivity

Ruds

10 10
5L2I|

Human IL.-5

Cross reactivity .
detection important

P |
“‘7—“‘ T ’||ll1li YIY"—_ Trrimy

o=

10 1 10 1o

in transplant HLA
typing **

m

o o [~
HL"' ' i,.f&l

f

o

LRI TYT"T_"FT"“—F—ITTTTTT
A o

FL3-H
PO TR ll%,l
o

Human I1.-4

10— L L AR
10 1o 10 10’ 10
FL2-H

Human 1L-10

';WM

10 10 10 10’ 10
FL2-H

Human IFN-y

From BD Biosciences



Assay Range & Analytical Sensitivity

_Analyte
IFN vy
TNFa
IL10
IL5
IL 4
IL 2

Assay Range

0 - 5000 pg/ml
0-5000
0-5000
0-5000
0-5000
0-5000

Sensitivity: Mean (N=6) + 2 S.D. of zero calibrator
Human TH1/TH2 CBA Kit

Analytical sensitivity

7.1 pg/ml

2.8
2.8
2.4
2.6
2.6

From BD Biosciences



Common Applications of Flow Cytometry

Phenotype of cell, surface molecules
Flow crossmatching

Intracellular cytokine staining

Antigen specificity

Cell proliferation (e.g. CFSE, BrdU incorporation)
Cell sorting

Apoptosis analysis

Cytotoxicity assays

Phagocytosis assays

Cell cycle analysis (DNA content analysis)
Cell signalling molecules, Calcium flux assays
Organelle-specific studies (e.g. lysosome)
Cellular transport assays

Transfection efficiencies



