Research methods in
Immunology



Techniques in Immunology

Monoclonal and polyclonal antibodies production
Flow cytometry

ELISA - Enzime linked immunosorbent assay

RIA — Radio immunosorbent assay

IP — immunoprecipitation

Western blot, immunofluorescence

Blood group typing

Coombs test (direct and indirect)

Affinity chromatography

Other techniciues: Haematopoietic cells concentration,
complement fixation test, contact precipitation, gel
immunodiffusion, protein electrophoresis...
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Polyclonal antibodies
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(Immuno)affinity chromatography

A. B. C. D.

Column chromatography Anti-serum is passed Column after serial washing Release (elution) of
setup containing through the column. at pH 7.2 and pH 5.0. Antigen-specific antibodies
antigen-bound beads. with acidic buffer (pH 2.7).
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(Immuno)affinity chromatography

Antibody to antigen A
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Figure A-5 Immunobiology, 7ed. (© Garland Science 2008)

Monoclonal antibodies are bound to gel matrix

Mixture of proteins is passed through the column

Column is washed and unbound proteins are discarded

By changing the pH of the elution buffer, ag/ab bound is broken,

antigens are washed away from the antibodies and collected in a tube




Monoclonal antibodies

Antigens:
* have many epitopes

* Inoculated to experimental animal induce production of
polyclonal antibodies

* By isolating plasma cells from spleen and fusing them with B
myeloma cells (which do not produce antibodies), clones of
plasma cells are immortalized - hybridomas.

* Upon selection in specific media, single cell clones are
propagated, and checked for antibody production and quality

Monoclonal antibodies are used for:
— Radio labeled or fluorescent labeled application (ELISA, RIA)
— Immunofluorescence (IF, IHC), IP, WB, experimental use
— Antigen specific and immunotoxic tumor therapy (Herceptin)
— Many other applications



Monoclonal antibody
production

PEG: polyethilen glycol

HAT : hypoxanthine-aminopterin-thymidine medium

Aminopterin blocks DNA de novo synthesis, which is absolutely
required for cell division to proceed, but hypoxanthine and thymidine
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Monoclonal antibodies used in therapy
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https://en.wikipedia.org/wiki/List of therapeutic monoclonal antibodies

www.medscape.com


https://en.wikipedia.org/wiki/List_of_therapeutic_monoclonal_antibodies

Sensitivity of immunoassays

Sensitivity of various immunoassays

Sensitivity

Assay (1Lg antibody /ml)
Precipitation reaction in fluids 20-200
Precipitation reactions in gels
|mmun0€|eCtI’0n Mancini radial immunodiffusion 10—50
MmICroscopy Ouchterlony double immunodiffusion 20-200
Western blottin Immunoelectrophoresis 20—200
g P
.. Rocket electrophoresis 2
Sensitive methods Flow cytometry W rsasion -
. Immunofluorescence S :
® Pf@Clse ELISA Direct 0.3
° Expensive RIA Passive agglutination 0.006—0.06
Agglutination inhibition 0.006—0.06
L Radicimmunoassay 0.0006—0.006
Less sensitive methods Agglutination inhibition Enzyme-linked immunosorbent
. Semi_q uantitative Passive agglutination assay (ELISA) <0.0001-0.01
Hemaaqalutionation ELISA using chemiluminescence =0.0001-0.017
reSUItS gg R Immunofl r n 1.0
Immunoelectrophoresis i :
o Cheaper Flow cytometry 0.06—-0.006

Radial immunodiffusion

Precipitation reaction
in fluids

“The sensitivity depends upon the affinity of the antibody as well as the epi-
tope density and distribution.

TMote that the sensitivity of chemiluminescence-based ELISA assays can be

made to match that of RIA.

SOURCE: Adapted from M. R. Rose et al., eds., 1997, Manwal of Clinical
Laboratory Immunology, Sth ed., American Society for Microbiology,
Washington, D.C.




Precipitation based immunoassays

Immunodiffusion
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Agglutionation based immunoassays

Agglutination is defined as the formation of clumps of cells or
inert particles by specific antibodies

Hemagglutination
Direct Coombs test
Indirect Coombs test




Hemagglutination - blood group typing

Blood being tested Serum

Anti-B
Type AB (contains ;{' ":y §
agglutinogens % %
A and B) =R

RBCs agglutination

Type B (contains
agglutinogen B)

Type A (contains
agglutinogen A)

Nno reaction

Type O (contains
no agglutinogens)

Copynght @ 2004 Pearson Education, Inc., publishing as Benjamin Cummings.



Coombs test

= Testing the presence of antibodies against red blood
cells. (Coombs reagent = anti human IgG)

* Direct Coombs test
— Testing if IgG and/or complement are bound on erythrocyte
membrane (hemolytic anemia)
* Indirect Coombs test

— Testing if there are unbound antibodies in the serum (anti-Rh
1IgG). Example:

» Testing for pregnant woman (Rh sensibilization)
* blood testing prior to transfusion.

(Visualization = hemagglutination)



lin test

\‘ Positive test result Legend
Antigens on the
red blood cell's
surface

Y Human anti-RBC

antibody

Y Antihuman
antibody

(Coombs reagent)

Blood sample from a patient with The patient's washed RBCs agglutinate: antihuman

immune mediated haemolytic anaemia: RBCs are incubated with antibodies form links between
antibodies are shown attached to antihuman antibodies RBCs by binding to the human
antigens on the RBC surface. (Coombs reagent). antibodies on the RBCs.

Positive test result

O
o
S
Recipient's serum Donor's blood sample is Recipient's Ig's that target Anti-human Ig's Agglutination of red blood w;
is obtained, added to the tube with the donor's red blood cells (Coombs antibodies) cells occurs, because =
containing serum. form antibody-antigen are added to the human Ig's are attached to g;
antibodies (Ig's). complexes. solution. red blood cells. ®

Titrations - By diluting a serum containing antibodies the quantity of the antibody in the serum can be gauged. This is done by using
doubling dilutions of the serum and finding the maximum dilution of test serum that is able to produce agglutination of relevant RBCs



Immunoassays using labeled antibodies

ELISA

RIA Direct Indirect o

Subsiraia

Western blotting
Immunoprecipitation
Immunohistochemistry
Immunofluorescence

Flow cytometry

Immunoelectron microscopy



Antibody labeling

| Fluorescent Dyes |
Enzymatic Near UV Visible Near IR Haptens
ATTO 475 ATTO 488 Allophycocyanin o Radioactive
Alkaline Biotin isotopes
ATTO 488 ATTO 647
Biomagnetic
__ Particles
DyLight™ 649
Beta C?-ZTH
Galactosidase ]
Streptavidin
DyLight™ 405 DyLight™ 488
Horseradish DyLight™ 680
Peroxidase Protei G
Light™ 488 rotein M
bylig Texas Red DyLight™ 800

 Detection — fluorescence, colorimetric, luminescence
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ELISA

* Enzyme-Linked ImmunoSorbent Assay

* Each sample is pored into a well with immobilised antibodies
specific for tested molecule (hormone, enzyme)

* A second specific antibody is added to each well in excess.
This ab is bound to a color producing enzyme

* Well is washed out from unbound components

* A substrate specific for an enzyme is than added, and color
development is measured by spectrophotometry

Sandwich ELISA- for very low concentration antigens (ex. Cytokines)

* Antibodies used are specific for opposite = el
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Substrate
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Direct ELISA

ELISA

Substrate

ok

(Suhilrare
O *i%

I\

Secondary antibody
J'&-“”’“"‘"“’ 4 L-
JL F’rlmar}ranlrbﬂdh' JL ﬂ
conjugate f \ H lIII‘\-"[.ﬂ;:.'mr||°:aur'llilﬂﬂm:h'

Indirect ELISA
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Competitive ELISA
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Progesterone
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Sandwich - ELISA
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RIA

Radioimmunoassay

* More sensitive than ELISA test

e Used for measuring blood hormone concentration
* Procedure: Standard curve preparation

- Standard radioisotope bound (marked) antigen (egz. hormone)
binds to antibody
- After adding unmarked antigen in a known concentration,
some of the marked antigen is displaced from antibody, due to
competition.
- A binding curve of radioactivity is plotted for several known
concentrations.
* Now, an unknown hormone concentration can be measured in
tested sample (serum, urine, saliva, etc.) by comparing results to
plotted curve.
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Allergic response
testing

RIST

Measures the total serum Igk

RAST

Measures the antigen specific IgkE

[ nMunos
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Immunoprecipitation
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Western blotting BESERRr
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Immunofluorescence
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Flow
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Immunophenotyping

Sample preparation Instrument setup
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Data analysis

CD3" cells

CD4
Gate cell

cDs

Population Ref. Ref. Sample
mean SD

% of T cells 723 6.2 107
(total
lymphocytes)

%ofCD4'cells 674 70 63.2
(total T cells)

%of CD8' cells 286 66 304
(total T cells)

Nature Reviews | Immunology



Haematopoietic stem cells

Hematopoietic stem cell theralpy — for patients with
dysfunctional hematopoiesis (leukemia, irradiation)

Injected cells find their way to bone marrow through
blood stream

Approximately 10% of donor bone marrow is
transplanted

Umbilical cord blood stem cells

Transplant types:
— Autologous (frozen, or genetically manipulated)
— Syngeneic (identical twins)
— Allogeneic (common, possibility of GVHD)



Haematopoietic stem cells concentration

e Bone marrow is mixed with
antibodies against mature
red and white blood cells

e Using flow cytometry cell
sorter (FACS) ab marked cells
are selected and discarded

e Unmarked nondifferentiated
hematopoietic stem cells are
concentrated




Pluripotent Stem Cells

In vivo
fertilized egg
8 cell
embryo
Cultured (Porpoent) W\
undifferentiated

stemcells |

Dedifferentiation

Blood cells

Muscle cell

Neural cells

Cardiac muscle

DEDIFFERENTIATION causes a normal body cell, such as a muscle
fibre, to lose its "differentiated” characteristics and reverttoa
more primordial stem cell state. From there, it could give rise to
new types of cells, such as fat or bone. Perfecting this technique
would mean that regular body cells might be turned into an
unlimited supply of stem cells for tissue regeneration.


https://en.wikipedia.org/wiki/Shinya_Yamanaka

Stem cell type

Stem Cells

Description

Examples

Each cell can develop into

Cells from early (1-3

Totipotent a new individual days) embryos
Cells can form any (over Some cells of
Pluripotent y blastocyst (5 to 14
200) cell types
days)
Cells differentiated, but Fetal tissue, cord
Multipotent | can form a number of blood, and adult

other tissues

stem cells



