e |MMUNOLOGIAI ES
Q0 BIOTECHNOLOGIAI

e |INTEZET

6th practice: Immunohistochemistry,
fluorescent microscopy

Basic Immunology

University of Pécs, Clinical Center
Department of Immunology and Biotechnology
Pécs



Direct immunohistochemistry practice

Steps of the practice:
1. Isolation of murine spleen, tissue section and fixation. (already done)

2. Inhibition of endogenous peroxidase enzyme activity with phenylhydrazine
(POISONOUS) dissolved in PBS for 10 minutes.

3. Wash with PBS for 2x2 minutes. (PBS: phosphate buffered saline)

4. Block non-specific protein binding sites with 5% BSA-PBS solution of 10 minutes.
(BSA: bovine serum albumin)

5. Label the antigen (murine Thy-1, T cell marker) with HRP-conjugated anti- mouse
Thy-1 monoclonal antibody for 30 minutes.

6. Wash with PBS for 3x2 minutes.

7. Add the chromogen (AEC: amino ethylcarbazole, POISONOUS) in the presence of
hydrogen peroxide (substrate) dissolved in 0,1 M Na-acetate buffer. (pH 5.2)

8. View the tissue slides with a microscope.

WEAR GLOVES!
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Immunohistochemistry 1.

1. Why is it called ,histo”? = histology (you have already seen such tissue slides)

1. Obtaining a 2. Cutting sections
tissue sample of the tissue

3. Staining
of the slides

Glomeruli (GOmMOori’s 4. Examining the slide
silver impregnation) under a microscope



Immunohistochemistry 2.

2. Why is it called , histochemistry”?

Amalyzes the chemical composition of tissues.[]
E.g. in the case of H&E staining:

* hematoxylin = binds to acidic molecules (,basophilic” e.g. DNA in the
cell nucleus)

* eosin — binds to basic molecules (,,eosinophilic” e.g. proteins in
the cytoplasm, collagen in the extracellular matrix, etc.)

3. Why is it called ,immunohistochemistry” (IHC)?

It is based on the antibody-antigen reaction.

Goal: Detection of an antigen in the tissue with the use of an antigen-specific
antibody. (on the cell surface, inside the cells or in the extracellular space)

The antibody-antigen reaction is undetectable on its own, but can be
visualized by conjugating reporter molecules to the antibodies. (see in the
previous practice)

In the case of enzyme immunohistochemistry the reporting molecule is an
enzyme which turns the chromogen to an insoluble and colored end-product
that can be visualized under the microscope once the chromogen and the
substrate of the enzyme were added.

In the case of fluorescent IHC the reporting molecule is a fluorochrome. (see
later)



Enzyme immunohistochemistry
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Frequently used enzymes: Their most widely-used chromogens:

~a% . . 1. HRP = Horseradish peroxidase

* DAB (diaminobenzidine)

* AEC (amino ethylcarbazole)
2. ALP = alkaline phosphatase

* NBT (nitro blue tetrazolium)




ALP

p-nitropheny' phosphate (pNPP) — b4 soluble |}~ ELISA
: | histochemistry
: : insoluble 4
Nitro blue tetrazolium (NBT) immunoblotting

Peroxidasel..

immunoblotting

Fast Red - insoluble jJhistochemistry,
mmunoblottin
ABTS a2 4 soluble ELISA
o-phenilenediamine (OPD) — =~ soluble ELISA
tetramethylbenzidine (TMB) = soluble ELISA
o-dianisidine 2 — soluble ELISA
5-aminosalicylic acid (5-ASA) -- soluble ELISA
diaminobenzidine (DAB) - insoluble I:;:T::;::::’g
3-amino-9-ethylcarbazole (AEC) - insoluble I::i::;":;:;i:::’g
4-chloro-1-naphthol (4C1N) .-- insoluble | |.

lhistochemistry,

It is important to consider whether
the end-product of the chromogen
is soluble or insoluble:

In case of enzyme IHC the end-
product must be insoluble,
otherwise it will diffuse away. An
insoluble end-product will stay
at the site of the reaction
allowing the visualization of
antigen-antibody reaction under
the microscope.

In case of ELISA a chromogen
with a soluble end-product must
be chosen. (see later)



Direct or indirect?
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The indirect method is usually preferred for enzyme IHC because it has several advantages
(although is more time-consuming):[2]

* The signal is stronger. (This is especially useful when the antigen can be found in low
amounts in the tissues.)

* It is cheaper in the long run. (The very same labeled secondary antibody can be used for the
detection of various primary antibodies. Labelled antibodies are usually more expensive)



Complex detection systems

Avidin-biotin complex (ABC) PAP (peroxidase anti-peroxidase complex)
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Peroxidase e L
X“"’X‘ Avidin-biotin
enzyme /
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secondary antl—’body peroxidase antibody
Prlmary anti-"A” - Anti .mouse
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/A antibody / \ ]
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The biotin-avidin bond is the strongest known Animals are immunized with peroxidase
non-covalent interaction between a protein enzyme, then anti-peroxidase antibodies
and its ligand. The enzyme is bound to biotin are purified from the serum of the
and the avidin will crosslink the biotinylated animal. They add both the peroxidase
antibody and the biotinylated enzymes and anti-peroxidase antibodies which will
forming large enzyme complexes. 3] form complexes. (PAP)[4]

Benefit: Signal amplification Benefit: Signal amplification



Inhibition of endogenous peroxidase

*  Why is it necessary?

— Several cell types contain peroxidase. Do you remember? - e.g. respiratory burst
in the myeloid WBCs (e.g. neutrophils, monocytes/macrophages - 2nd practice)

— Their enzymes will also transform the
substrate. - non-specific background
 The endogenous peroxidase must be inhibited
before adding the labeled antibody.l>
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Main inhibitors:[®-]
* Phenylhydrazine
* Hydrogen peroxide
* Azide




Blocking

Why is it necessary?
— Although the antigen-antibody reaction is specific, non-specific protein-protein
interactions can also occur between the antibodies and proteins in the tissues.
(see on next slide) - non-specific background
Non-specific binding sites should be blocked before adding the antibody. Several
protein solutions can be used for blocking depending on the tissue and the used
antibody, such as:[7]
— BSA, blood serum, nonfat dry milk powder

Blocking solution (e.g. BSA)
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will be removed
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With blocking Only specifically-bound
l antibodies remain

Without blocking
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Non-specific binding The blocking protein competes for non-
specific binding sites with the antibody



Non-antigen-specific protein-protein
Interactions

Some possible forms of protein-protein interactions: Problem only related to
Peptide , A” antibodies:
CH2 = (THZ)A F b
d .
Hydrogen CH, Disulfide ' "¢ Antibody
bonds lonic bonds
*onds o
ﬁi!!} i Fc
2= 0
C—QH f Fc receptor

cle cH Hydrophobic ¢ CH,
Peptide ,,B”

Fc receptors can be blocked with
unlabeled antibodies.

Detection of CD14 (LPS receptor) in
a human tonsil without blocking
(left) or with blocking. (right)




Double staining

Only one antigen can be detected in the tissue with the use of classical enzyme IHC. If
more than one antigen needs to be detected, they must create additional tissue
sections and stain them with different antibodies. E.g.:

1. section : anti-insulin

One possibility is the use of double staining. - They add 2 types of antibodies each

conjugated with a different enzyme which will create different color reactions that
can be distinguished.

An example of double staining in a
human prostate cancer tissue. p53
was detected by a brownish color
(DAB) while AIF (apoptosis-inducing
factor) is marked by the reddish color
reaction (Fast Red) in the same tissue
section.[®]




The clinical significance of IHC

1. Some  pathological conditions cannot

distinguished solely by their morphological
appearances. Detecting markers that are specific to
certain diseases are of great importance for o

diagnosing them. (see in pathology next year)

2. The presence or absence of certain markers have
prognostic significance and can influence the

therapy of the patient.

Detection of the anti-apoptotic Bcl-2 in a normal
follicle (left) and in follicular lymphoma. (right)

Detection of HER2 in breast cancer:
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The cancer cells of the upper
patient show high levels of HER2
expression making the patient a
possible candidate for Herceptin®
treatment.®! The cells of patient
below do not express HER2.




Immunofluorescent staining

e Several different antigens can be detected in the same sample simultaneously
with the use of antibodies labeled with different fluorochromes.!1%] (e.g.

fluorescent microscopy, flow cytometry, see later)

Exited state
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Green: tubulin
Red: actin
Blue: cell nucleus

Fluorescent microscopic image of
endothelial cells



The clinical significance of fluorescent
microscopy

Parasites (Trypanosoma) in the peripheral blood of a
patient stained with an antibody that had an orange
fluorochrome attached to it. (Acridine Orange)

Linear deposition of 1gG along the Intercellular (=between cells) deposition of
glomerular basal membrane of a patient lgG in the epidermis of the skin in a patient
with Goodpasture syndrome. (see later) with pemphigus vulgaris. (see later)



Confocal microscopy

Ordinary:

* Ordinary microscopes: They provide of a summed
image of the entire volume of the section (similar to
classic X-rays)

* Confocal microscopes: They create an image of a very
thin optical section only.[11](similar to CTs)
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Confocal microscopy

Organ of Corti Hela cells



Detecting colocalization

Red: mitochondrion

Blue: CD4
Reddish: CD8
Purple: CD4/CD8 double positive

l

DP (double positive): Immature
T cell precursor expressing
both CD4 and CDS, see later




Super-resolved fluorescent microscopy

In the range of 20-50 nanometers—> protein complexes(12.13.]

Two mouse cells in telophase
Orange: tubulin

Green: actin

Blue: chromatin

Comparison of the resolution of confocal (right) and super-
resolved STED microscopy (left) on microtubules.

Eric Betzig

William E. Moerner

Were awarded the 2014 Nobel
Prize in Chemistry:

,for the development of super-
resolved fluorescence
microscopy.” 14




What you should see in the section:
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Labeling T cells in a murine spleen
Chromogen used: AEC, substrate: H,0,




Tissue distribution of lymphocytes

Peripheral Lymph nodes
blood

Th cells 50-60% 50-60% 35-40%
Tc cells 20-25% 15-20% 10-15%
B cells 10-15% 20-25% 40-45%

NK cells =10% Very few =10%
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