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Definition of Immunology

Principles and Concepts of - Immunology is the study of our protection
. from foreign macromolecules or invadin
Immunological Methods forets &
organisms and our responses to them.
—Latin - Immunis = “exempt”
Geoffrey Kwenda, BSc (Hons), MSc, PhD —English = protection from disease
Department of Biomedical Sciences
School of Health Sciences
University of Zambia

July 16, 2020

Immunology Two Arms of Host Defence
- Recognition of self and non-self
—Antigens
- Elimination of non-self na
—Exogenous targets
- Microbes Adaptlve
- Allergens
- Foreign material
—Endogenous targets
+ Tumours
ent in nature
Overview of Immune System
Key Players in Immunology nnate mmunity:
Fast-acting
Less specific recognition
Early during evolution
|nnate Adaptive e.g. barriers to infection such as skin and mucus surfaces
0
Cells * Phagocytes * Lymphocytes *Adaptive lmmu?itv:
N . _ - Specificity
* Epithelial Cells (B-cells, T-cells) Distinguish antigens sometimes present from those always present
* NKCells Memory and Recall
«Cells of the immune system
Defence PrOteinS * Complement « Antibodies Leukocytes originating from bone marrow stem cells
* Antimicrobial Communication with other systems
(poly)peptides Endocrine system } Psychoneuroimmunology
Central nervous system
Skeletal system
eDisruption of the Immune System
Hypersensitivity
Autoimmunity
Immunodeficiency
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Manifestations of Infection

m 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 and quantify Ag in clinical samples
eEvaluate Ab response to infection
eEvaluate Person'’s history of exposure to infectious
agents

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

In most cases same technique can be used to evaluate a
person’s Ag and Ab status

7 8
oo ey
Antigen
Immune
+ Complex
Antibody
L Smcimet et e nd and e
9 10
Methods of Detection 1.Precipitation of soluble Ag
1. Precipitation of soluble Ag 4. Rosette & plague * Precipitation techniques are based on
* Immunodiffusion ' formation > ability of most Ab preps to interact with more than
¢ Immunoelectrophoresis 5. Immunogenetics one epitope on a protein or infectious agent
2. Agglutination of cell-bound » fact that each Ab molecule interacts with more that
Ag 6. Antibody production one Ag
3. Immunolabelling .
: Ab diffuse and meet A
« Radioimmunoassay 7. Evaluation Methods \ g
® Enzyme-linked assays
* Immunohistochemistry At appropriate conc visible ppte forms
e Leukocyte assays
¢ Flow Cytometric analysis
and Luminex Stain ppte (eg for protein)
11 12
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a) Immunodiffusion

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

pptes
Presentin B
—_
reduced A
concentration Zone of
equivalence
A H s *
Precipitation
Contaminant
presentin A L []H B
antigen

Antibody
Excess

(Prozone) .
Equivalence|

Amount of Precipitin

Antigen
Excess
(Postzone)

Increasing Antigen Concentration ——~
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Ring precipitation test

Antigen
Equivslence zone
Antiserum

Single dimenstons single diffusion
Antigen (High Concentration)

= Two different precipitates (two antigens
with gifferent molecular weights)
Ager with {antiserum which reacts with two entigens

Pseudomigration of the precipitate with time

Antigen excess

Equivalence zone
Antibody excess
(These zone change
as the antigen

migrates)

The precipitate 15 forming end disolving es the antigen
migrates

to cross

i) 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

15
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Qualitative (Double Diffusion): Ouchterlony

ii. Quantitative: Radial Immunodiffusion

Single dimension double diffusion

antigen

Two precipitote bands (twe antigens)
Agar

— Antiserum

Limitations :

Insensitive

Needs large unit of Ab and Ag

Resolve by CIE — placing agar in electric field

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: T1-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 T2 15
Demerits
@ © @ @ @ @ *Only 1 Ag can be tested
atatime
19G standards: 1 T [ *Method slow
(mgsml) 17 6.7 27

! l

i
diameter of ring

17
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b) Immunoelectrophoresis

e Migration of serum proteins in gel is combined with
precipitation by Ab

i. Qualitative

Copyright & The McGraw-Hill Comparnies. Inc. Permission required for reproduction or display.

(+) Direction of electrophoresis €———————— ()

Serum
sample

Step 1 Antiserum added to trough
e Used to study complicated Ag mixtures
e Ag separated by electrophoresis
Step 2
Albumin  Alpha globulin IgM  Gamma globulin
(cz globulin) (y globulin)(IgG)
19 20

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

* Agglutination tests — Ab
cross-links whole cell Ag,

Decreasing concentration of sntiserum

Direct Agglutination (Bacteria or Cells)

Antibod @ forming complexes that Incubition Period
innal a?-oge Precipiti settle out and form 1 (1]
9 R {10 visible clumps in the test L L ne ssttenin
gel arcs P—
(rockets) chamber . Agglutination
¢ blood typing Indirect Agglutination (Attach ontigen Lo surface of REC )
pH 8.6 e bacterial and viral B Antigen
. disease detection rec
Antigen —. —
wells
@ Indirect
Aggiutination
Increasing antigen
concentration
21 22
T — G
[ Agglutination| The Tube Agglutination Test
Reaction +++ ++ + + - - Copyright © Inc,

~—— Antiganic determinant =

Antigen Antibody

Dilution 120 1/40 1/320
Microscopic appearance of chumps

Precipitation

A sampla of patient's serum is sarially diluted with saline. The dilution s made
in & way that halves the number of antibodies in oach subscquent tube. An equal

- 4e-¢30,

) Rod blood colls.  Moasles Homaggiutination
(RECS) vinises Negative result

& (%)
og Fa EE*%gg

Patient's Serum Samples

amount of the here, blue bacterial cells) is ackded to sach fube, The iy, e ioodcsli- Mesties Al mession ; =
Colkfrea molecuie in solution Conor o s i il 2 o ko e ek ] eaAiogaton, aach (RECS) viruses  antibody rom lest  newtralzed Wellnambor1 2 3 4 5 67 8 9 10 N1
_L=— Antigenic determinant bo i imps P the control, which senam antbody red blood
P will bo cloudy and clump-free. The tter is defined as the diuion of the last tube colls cannolt agglutinate Serially Diluted
b in the series that shows agglutination. Positive result
N F £ Unagguinated
g ey, ® [ 8 ) RBCssnkino
JL‘ ‘J&t'\JL“: — apellet
SV AV Agglutinated
‘\f“’w"ﬁf“f “ RBCsdonat
sink into a pellet
Microscopic appoarance of precipitate
)
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Complement Fixation Tests

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

Agglutination: Continuation

eg, Haemagglutination and Complement Fixation

Complement Fixation System

____ Complement Fixation System B
-~ ™
/ N,
\ /

| RBC | ( RBC

\‘r\,(,/l

s
= Involves mixing test Ag and Ab with complement and Sy Ej \ / Bﬂ \ /
then with sensitised sheep RBCs. Y comptement Y V Comstement ¥
\'\ \"\‘\ Test System .\‘. v“-‘ Test System
= If complement is fixed by the Ag-Ab, the RBCs remain ' /1,‘\\ . “ /’:'J\ .
intact and the test is positive. / \ /
P f L } Positive \ f rac | Negative \
A /" test \ r / test
= [f RBCs are haemolysed, specific Ab are lacking and the Y 7w Comatemnt o et o ot ot 1 ot
test is negative. wac
25 26

3. Immunolabelling Methods

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

* More sensitive
¢ Direct and indirect methods

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

* Label always linked to soluble partner or 2" molecule

* 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, and 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.

o }'® or
FITe isotope Enzyme

Secondary Antibody
Primary Antitooy (Biotin-Avidin)

27

28

b) Radioimmunossays (RIA)

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

b) Radioimmunossays (RIA)

*AQ+ Ab— 3 =Ag+ *AgADTAQ 100%
Free
AQ+ Ag® + Ab——_, *Ag+ Ag + Ag*-Ab-Ag  SO%
Antigen—Antibody Complex

» Determination of Ag-binding capacity. precipitated by:
i * Very sensitive: 10*2g/ml
eniim antie * Used to detect:
= After addition of excess radioactive antigen (*Ag), that sulphate I « Cancer associated
partly bind to antibody as a complex is precipitated l l . grr(:tgeslns
either by ammonium sulphate (Farr) or by an 2109 oo « Hormone levels
antiglobulin (antiglobulin coprecipitation. i g coprecipitation
g ( g p P ) technique g le-‘:’hniqge
=50
2
2
@
£ oo
& concentration of hapten
(mg/ml)
29 30
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c) Enzyme-Linked ImmunoSorbent Assay (ELISA) Direct ELISA — Detect antigen

m ELISA can detect unknown Ag or Ab by direct or Plate with Known Ab

—————— put serum ?Ag
indirect means.

. TR N B wash-------- add enzyme-labelled Ab
= A positive result is visualised when a coloured product 4
is released by an enzyme-substrate reaction.

------- wash--------read in spectrophotometer

31 32

Enzyme-Linked ImmunoSorbent Assay

Indirect ELISA — look for antibody (ELISA)
Plate with Antigen ------—-—- + put serum? Ab T q -
i - Streptavidin
_____ wash-------— + antihuman globulin '""““’"-’ LN -
. AT -
----- wash-------- read in spectrophotometer P N
B oo B
A} T B ™" a
Capture Assay Capture Assay
fwic! “Sandwich™
Indirect ELISA Sandwich ELISA
33 34
Visualization of Reaction
Use B-galactosidase, Alkaline phosphatase or Horseradish suafizati !

Katmisan Park. Taiaro,

30 Copyrignt & Ine. ARrights ressrved.

peroxidase (HRP) linked to Ab, Ag or other molecule Methods of ELISA testing (2)

[ 32 Copige® -
Methods of ELISA testing (1)

(a) Direct Antibody Sandwich Method  (b) Indirect Inmunosorbent Assay

Antibody is adl:lsrbed to well. Antigen Isladsolbcd to well. i

N ew/

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

«s—Enzyme w Enzyme's substrate (m) is added, Enzyme's substrate (m) is added,
and reaction produces a visible and reaction produces a visible
—ww color change (s). color change (s).

Enzyme-linked antibody specific for Enzyme-linked antibody s!xciﬂc
test antigen then binds Ilo antigen, for test antibody binds to it.

forming sandwich.

Sensitive: 10-9gml, simple, cheap and safe

35 36
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d) Immunoblotting (Western Blotting)
e \Western blotting: Proteins
e Southern blotting: DNA
¢ Northern blotting: RNA

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

* Can utilise mAbs (poor precipitators)

* More sensitive than precipitation in gel

37 38
Western Blotting Technigue
39 40
Immunohistochemistry

e) Immunofluorescence

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

m Labels: radio or enzyme labels but more commonly
immunofluorescence

» Examine under UV microscope

S
& /
/ & f Ab binds to slide at

site of Ag

Addition of a
suppressed
fluorescent flag or

41

42
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Immunohistochemistry

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

m Preserves the anatomy of the tissue

T cells — CD3 staining

43 44
Fluorescence-Activated Cell Sorter (FACS)
.:OCQ”S have a fluorescent label and pass
. through nozzle
f) Leukocyte Assays using labelled Abs
m Cells can be analysed and isolated on basis of their
distinct surface Ags, size, or both by Flow Cytometry.
Beam L’:"‘ “‘ls_‘"t . Fluorescence Monitor
is use o0 aclivate
. il L d
= Flow Cytometres are instruments that can analyse ' gg
properties of single cells as they pass through an orifice : 00
at high velocity. These instruments measure light P phogucre o gy A Flaneostes charectarisicad
by defiector plate £ @ sample are received by monitor
scatter, volume, and fluorescence. 40 o)
® e
. ol wikted I.wnphtﬁjs\ha& bind ui cmd
» FACS can analyse and sort lymphocyte sub populations, o] @ @ @ Eﬁ;{;&"ﬁ%ﬁﬁis
. .rr . vials t! I me
as identified by fluorescein-labelled mAb mltage s snt o he sctisaodcolls
surface charge.
‘The fluorescent cell are then deflected
and collected in different tubes.
45 46

Rosette and Plaque Formation

Separation of T and Non - T Cells from Monounclear

Cells (MNCs)

* The E-rosetting technique describes a procedure for
separating T cells and non -T cells from a population
of MNCs.

* This method is based on the ability of human T cells
to bind to sheep RBCs via their CD2 molecule.

Rosette and Plaque Formation

* Neuraminidase treatment of sheep red blood cells (SRBCs)
enhances the binding of SRBCs to T lymphocytes:

e First neuraminidase treated SRBCs are prepared.

¢ Secondly, SRBCs and MNCs are mixed to form rosettes
(E+, which are then isolated from the non - rosetting
population (E-, i.e., B cells and monocytes) by Ficoll
gradient centrifugation.

e In the last step, bound SRBCs are separated from the
rosetted T cells by hypotonic lysis (hypotonic buffer
capable of lysing red cells, but keeping white cells (or at
least nuclei) intact

47

48
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Rosette and Plaque Formation

- Rosene

° wsl
\° '%"‘
J. , ’? u? l

E-rosetting

ELISPOT Assays

* PBMCs 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.

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

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

49

50

Enzyme-Linked Immunospot (ELISPOT)

* Detect cells secreting a specific antigen

¢ Most commonly used to detect cytokine secretion by
T cells upon stimulation (IFN-y, IL-2, IL-4, etc.)

« Can detect cytotoxic activity (perforin)

IFNy

http://wwwprotocol-online.org/

ELISPOT Assay Principle

Prepare PBMC and count ':{> Add PBMC  wash out cells, add detector Ab

wash

15 min
Count on dissecting
microscope <ll:'
or
Analyse on

automated reader

Wash, add substrate

51 52
Cytotoxic T Lymphocyte (CTL) Assay Cytotoxic T Lymphocyte (CTL) Assay
Cell |Function Released Membrane ey . .
Effector  |Effector et D Enetr * Target cells mixed with
Molecules | Molecules = effector cells at various
Thl |Cytokinesto  |IL-2. TNEp w 26T scbed b - ratios
activate CTLs  [IFNy, TNFf. P b g /" " .
and macrophages |GM-CSE o 4_.\“‘{7' (8) — centmrucanon fl_’\:lea.sure rele?se of
Th2 |Activate B cells [IL-4,IL-10, |CD40L M P RecomtT e Crinto medium
wuch as perforin or granzyme B
f— * Expression as
(CTL |Kill Targetcells [Perforin, Fas Ligand A The CTL detaches Traster Iy ng’ P lvsi
e ,& i et oo st Percentage lysis
V relative to no lysis non-
] s
« Perforin: pore-forming protein . pp— specific effector cells
Seat shave.s Gount
pokes holes in target membrane 5 Targat sl den 254 spemote LIS SchthatonCouren
by apoptosis Comaining"'Cr
* Granzyme = Granules enzymes
* Granzyme: protease family involved in induction of apoptosis in target
cells after entry through perforin pores

53

54
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Diagnostic and Therapeutic Use of Antibodies
Antibodies
d ~
N\

Individual B lymphocyte hybridoma is
cloned and cultured.
Secreted antibodies are collected from

Antibodies that are collected
from sera of exposed animal

culture media
Recognize
ONE antigenic site
of injected biochemical

B &

Recognize
multiple antigenic sites
of injected biochemical.

» \@i’{

Hybridoma Technology

* George Kohler and Cesar Milstein - 1975

* Shared Nobel Prize — 1984

* Term “Hybridoma” coined by
Leonard Herzenberg - 1975

Multiple Myeloma (human disease)

Monoclonal

Tiimunogiobulios Gel Electrophoresis

Fusions generated

by Sendai virus @a Cell
or PEG ‘

Y ¥ normal range

Plasma Cell - '"\':"’"

Y

CellsFuse it © antody
< . : o Myeloma
) Plasma Cell < ‘ antibody “spike"
¥ ¥y
r

LA Bence-Jones proteins in urine

Normal

http://www.immunecentral.com/images/immune_series/immune29.gif
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Creation of Monoclonal Antibodies (mAbs)

1. Hyperimmunise mouse with Ag

Fuse B cells with tumour fusion partner (+ PEG)

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

N

HAT = Hypoxanthine, Aminopterin, Thymidine
PEG = Poly Ethylene Glycol

Hybridoma Selection (HAT Medium)

Metabolic * HAT medium used for selection
Precursors .
(de novo pathway) of hybl’ld cells
* Nucleotide synthesis essential for
cell survival

* In HAT medium Aminopterin
blocks cellular synthesis of purine
and pyrimidines from simple

DNA sugars (de novo pathway)

e . ‘”\
hypoxanthine  HGPRT  Nucleotides
Thymidine r ™~
N

« But cells can thrive by using hypoxanthine and thymidine present in
medium by a salvage pathway using enzyme Hypoxanthine-Guanine
Phosphoribosyltransferase (HGPRT)

* HGPRT is one of the central enzymes that recycle the building blocks of
RNA and DNA

57 58
How HAT Medium Works in Selection of Hybrid Cells Monoclonal AnthOdy Production
¢ Bcells are HGPRT-positive and can survive in HAT
medium but they undergo normal cell death and & V
some divisions
* In Hybridoma Technology, myeloma cells used are Fuse
HGPRT-deficient Spleen Cells= Culturein SRR
- So these cells cannot survive in HAT medium as (HAT Resistant) HA Non-Secretor ’&
Aminopterin blocks the de novo pathway @ aeloma
o o o
* Hybrid cells have HGPRT enzyme from B cells, as well e
as the property of immortality from myeloma cells { _
- So only hybrid cells survive in HAT medium
Clone Antibody
Producers
59 60
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How to purify your . .
mAb Single Chain Fv Fragments
Transfor protoins
o membrane
Got Eloctrophorosis Affinity Purification A yporvanatie Ragions) _

Dotect protoins.
of intorost

196 o

Excise bands
=== Wy

Or use Ag or epitope

Incubate with I — r to make affinity column
l. anti-Mouse Ig

polyspecific serum

A
O
A A A Elute low pH
ky A

With the caurtesy of 5. Dbel

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

htp://wwwtulane.edu/~wiser/methods/handouts/pwpt/17_mab.pdf http://www.gene-therapeutics.com/Service/custom%20scFv%20antibodies/Abb-scFv.gif

61 62

Uses of Monoclonal Antibodies

Protein purification .
Identification and isolation of cell sub-populations Introduction to Flow Cytometry
using fluorescence cell sorting.
Tumour detection and imaging
Tumour killing

Diagnostic reagents.

Drug Detoxification

Catalytic antibodies

63 64

What Is Flow Cytometry? Flow Cytometry

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

* Simultaneous analysis of
different physical parameters in

a single cell
« FACS —Fluorescence Activated Cell Sorter is the

generic term used for Flow Cytometry (even without « Can analyse up to several

sorting) thousands of cells per second
- Measurements are made on a per-cell basis at
routine rates of 500 to 4000 cells per second * Versatile, sensitive
65 66

11
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What is in a Flow Cytometer?

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

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

n Electronics

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

PMTs = photomultiplier tubes

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 laser beams, measuring light .
scatter and fluorescence
characteristics

Hydrodynamic Focusing

¢ Fluorescence detected by
photomultiplier tubes (PMTs)

Laminar Coniel Flow

 Signals sent to computer for analysis =

67

68

What Can a Flow Cytometer Tell Us About a Cell?

o Forward Scatter (FSC)
Its relative size

o Side Scatter (SSC)
Cell internal complexity (relative granularity)

o 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
a cell complexity
—

Incident light
source

FSC detector
o cell surface area

= Forward Scatter m Side Scatter
* Diffracted light o Reflected light
¢ Size of the cell Light reflecting from cellular
¢ Related to cell surface area components
Related to cell granularity and
complexity
Detected at 90° to the laser beam

69
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What is Fluorescent Light

%.=488nm H 0 %= 530 nm
AAAS > ~hees

Incident 0, Emitted Fluorescent
Light Energy Light Energy

Fluorescein

Molecule Antibody

= Antibodies can be conjugated to fluorochromes
m The fluorochrome absorbs energy from the laser
= The fluorochrome releases the absorbed energy by:
e Vibration and heat dissipation
* 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 o ‘ \"’25‘50 e EXxcitation
spectrum

PE 57625 e Emission
—_— | spectrum
Collection Filter

APC Mm (wavelength/bandpass)

71
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Emission Spectra

FLL FL2 FL3

530/30  sgs/a2 650LP
>
o
2%
&g
3 &
x £
L S~——
T T T T
500nm 550nm 600nm 650nm 700nm

Wavelength (nm)

FITC —_— P —_— PerCP

FACSCalibur Optical Layout Lol Bess

530/30 ®
-
CD8-FITC CD3-PerCP [ssc
o
:im FL2  sasras 00/10 Beam Splitter
"
" l

48810
2
0 FLe
8¢ 661/16 1) || DM s60sP
- . o

.
CD62L-APC Perforin-PE //DM

s70Lp,/ Hall-Miar
L AL Fluorescence

1000 Collection Lens

PLop

ot

Beam Combiner
% I—l 1
FSC Diodd

488 nm
= -
-635 nm
Focusing

Lens

73 74
Fluorescence Channels Compensation
= Overlapping emission spectra = |w som
Channel |Fluorochrome Compensation needed d
FLA1 FITC, Alexa 488, GFP, CFSE « Method for correcting for e
spectral overlap is known as L - -
FL2 PE, DsRed, Alexa 594, Pl (DNA) compensation
FL3 PE-Cy5, PE-Cy7 tandem conjugates, = Essential for data analysis X e
PerCP, PerCP-Cy5 e ; e
PI. 7-AAD (DNA) = Example: estimate the FITC g o g T
- (FL1) contribution to the PE AR T
FL4 APC, Cy5, DDAO-SE, ToPro-3 (DNA) signal (FL2) and subtractitout yncompensated FL2-%FL1
from the gross detected signal

75
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Typical Assay

50 pl whole blood (EDTA)
20 pl Antibody

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

450 pl FACSLyse (1x)

15-minute incubation
(at room temperature, dark)

Acquire and analyse

Whole Blood-RBCs lysed

Largest and most
complex population

[ i

Neutrophils
Eosinophils

ey
Monocytes &}

Side Scatter

Smallest and least

complex population Lymphocytes

[ 200 400 600 800 1000
Forward Light Scatter

77

78

13



11/16/2020

= Single parameter analysis: .
* Histogram plot
¢ Horizontal axis: level of
fluorescence - brighter cells

Flow Cytometry Analysis

Two parameter analysis:

¢ Dot-plot
¢ One axis shows first colour
* Second axis shows second

further right colour
¢ Vertical axis: number of
events per channel number

¢ Analyze level of expression of
marker .

Analysis of individual
populations of cells

CD3PE
10° 10' 107 107 10*
L. L.

R

10 10" 107 10*
CDEFITC

Two-Colour Direct Staining

10 0T 0 e

Incubate Wash

79
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Two-Colour Cell Analysis

o
1

CD19 PE

" 0 i
0° 10! 102 10* 10¢
CD3 FITC

- 10°

Three-Colour Direct Staining

Incubate Wash

-
4@&
&Qﬁ =

81
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Three-Colour Cell Analysis

100 10

CD4 FITC

CD8 PE
10*

CD8 PE
1

10° 10' 107 10° 10° 10° 10* 107 10° 10°
CD3 APC CD4 FITC CD3 APC

Absolute Counts ™
Using TriTEST /TruCOUNT

SSC-Height

CDA45 PerCP CD3 FITC CD3 FITC

# of events in quadrant
containing cell population total # of beads per test
= #CD4cells/pL

# of events in Absolute Count bead region test volume

83

84
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Intracellular Cytokine Staining

= To detect cytokine Resting Activated
production by a specific cell N ww
upon stimulation § § L2
YA
m Used to define T cell -
activation by epitope % .
recognltlgn and the T cell NI ¥ 3
polarisation )
% IFN-y
R AN ] .l 1
FCwCos  FCemioo

MHC Tetramer Staining

» Identify T cells specific for a
certain MHC-peptide
complex

1b tetra-PE

) w@al

P2 s

85 86
Cell Proliferation Analysis Using CFSE Dye Dilution DNA Analysis / Apoptosis
®‘ A typical DNA Histogram
CFSE dilution @G)‘,@ et O
(@1() a .
© —
Number of divisions 5 4 3 2 1 0
Flueresceace Iovenrity
% = Ploidy determination, detection of abnormal
; clones.
= Cell cycle analysis.
= Apoptosis. N
= Flow karyotyping (chromosome analysis). AnnexinV___,
——— Fluorescence intensity
87 88
Cell Sorting - FACS
Cytometric Bead Arrays in Flow Cytometry
89 90

15
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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

- Autoimmune — dedicated Luminex cytometer/
automated/ black box

- Cytokine quantitation - Standard Flow Cytometers

Beads Provide a Flexible Platform

* Beads provide an expandable assay platform for use with a
flow cytometer

O O 00
O O 0O
° LD OO

Multiple Different
sizes intensities different intensities

O
O
O

From BD Biosciences
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Bead Assay Basics

The Technology (Ab detection)

1. Add patient sera

. {:} © %0, J  Readby 2. Add Fl-anti 1gG
vovo Yoy, :o 50)3&040 FACS
B ’Q‘ :Zvovob:ovo Incubate é) b Oﬁ)“’ E A > A < Ay A <
SR S CD S OO (D
Detector as
¢ ﬁ antibodies — ﬁ:& AV £ Vi A £ 7 QA
S Ty 4
Sele
20 o g ° o
3 {:} Aoog’f)oz':.oooo K% > A < A < Ay A <
apf 20l m{;g; <1(Aga)=> <> <1(Ag6 )=
F )ng Lysate, serum or D v Q D V D V Q
BEADS supernatant > k
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ﬁs Ab Detection The Technology (Ag Detection)
. 1. Add patient sera
1. Add patleth sera 2. Add specific Fl-anti Ag
& 2. Add Fl-anti IgG
N LA NSAR, A
Tl e
LA L Y Q L 7 Q
vhg X Ag A
<1(Aga)> <> <(Age6)>
L 7 Q L Y L 7 Q
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Cytokine Bead Array

Light scatter of beads

« Theoretically —
limitless possiblities

Rasgee |

= lujl

o Same size beads —
simplifies

Red Fluorescence of
negative beads

Cytokine Bead Array

Negative Control

9 standards for Ay .
calibration :

(20-5000 pg/ml)

HHH

By computer
extrapolation of
software standard
curves down to
2.4 pg/ml

4 dards 625 pg/ml X

From BD Biosciences
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Cytokine Bead Array Cytokine Bead Array
Example of R
pa ok
software Specificity — little to no =
produced cross reactivity
standard curves
e i
Cross reactivity i R e
detection important
in transplant HLA
1 = s L |
typing = =
! el ot T -
Erom BD Blosclences From BD Biosciences
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Assay Range & Analytical Sensitivity Common Applications of Flow Cytometry
= Phenotype of cell, surface molecules
Analyte Assay Range Analytical sensitivity = Flow cro”ssimatchinkg‘ -
Ny 0 - 5000 pg/ml 71 pg/ml . Intr'ace ular cyto ine staining
TNFo 0-5000 28 = Antigen specificity
IL10 0- 5000 2.8 = Cell proliferation (e.g. CFSE, BrdU incorporation)
IL5 0- 5000 2.4 = Cell sorting
L4 0-5000 2.6 = Apoptosis analysis
L2 0-5000 26 = Cytotoxicity assays
= Phagocytosis assays
= Cell cycle analysis (DNA content analysis)
= Cell signalling molecules, Calcium flux assays
e e by 25 of ero callorator = Organelle-specific studies (e.g. lysosome)
= Cellular transport assays
s = Transfection efficiencies
From BD Biosciences
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