Seminars in Histology

From basic principles to advanced histological
techniques

“Immunofluorescence and
immunohistochemistry”



Common tissue processing steps

5. Staining



Dyes, stains, and special probes in histology

http://www.immunologie-labor.com/cellmarker_files/IET introduct_05.pdf



Commercial reagents for in situ analysis

Invitrogen “The Molecular Probes Handbook”



Introduction

The principle of IHC (IF) has existed since the 1930s, but it was not until 1941 that
the first IHC study was reported.

Coons and his coworkers used Fluorescein isothiocyanate (FITC)-labeled antibodies
to localize Pneumococcal antigens in infected tissues.

The immunohistochemistry is a methodology that uses antibodies to test for certain
antigens (markers) in a sample of tissue.

It makes use of enzyme labeled (Il) antibodies in combination with chromogenic
substrates.

* Does not need "special” microscopes for visualization
* Permanent staining
* More powerful signal amplification

The immunofluorescence differs from the immunohistochemistry for the use of
fluorophore-labeled (Il) antibodies.

* Needs a fluorescence microscope

* Subject to decay

* More precise (Co-)localization

Coons AH, Creech HJ, Jones RN. Immunological properties of an antibody containing a fluorescent group. Proc Soc Exp Biol. 1941;47:200-2.
Coons AH, Kalpan MH. Localization antigens in tissue cells. Improvements in a method for the detection of antigen by means of fluorescent antibody. J Exp Med. 1950;91:1-13.



1gG

Immunoglobulin G (IgG) is a type of antibody. Representing approximately 75%
of serum antibodies in humans, 1gG is the most common type of antibody found
in blood circulation. 1gG molecules are created and released by plasma B cells. Each
lgG has two antigen binding sites.



Polyclonal and monoclonal antibodies



Polyclonal and monoclonal antibodies

Polyclonal Antibody Monoclonal Antibody

What is it?

Antibodies generated
from multiple B cell
clones

Antibodies generated
from a single B cell clone

What does it recognize?

Various epitopes of the
same antigen

A single epitope

Advantages

*More resistant to
changes in antigen
conformation due to
fixation or processing.
*Recognition of multiple
epitopes can enhance
signal.

*Lower lot-to-lot
variability
*Less likely to cross react
with other proteins.
*Lower background

Disadvantages

*Higher background
*Higher lot-to-lot
variability

*Less tolerant to changes
in antigen conformation
due to fixation or
processing.




Immunodetection strategies

Enzymes commonly used for detection:
Horseradish peroxidase (HRP)
Alkaline phosphatase (AP)



Common tissue processing steps

Frozen sample processing steps

1. Fixation
2. Washing
3. Protein blocking
4. | antibody incubation
5. Washing
6. Il antibody incubation
7. Washing
8. Detection (IHC)
9. Washing
10.Counterstaining
11.Mounting



Common tissue processing steps
FFPE processing steps

1. Deparaffinization
2. Rehydration
3. Washing
4. Antigen retrieval
5. Washing
6. Endogenous enzyme activity blocking
7. Washing
8. Protein blocking
9. Il antibody incubation
10. Washing
11. Il antibody incubation
12. Washing
13. Detection
14. Washing
15. Counterstaining
16. Mounting



Fixation

In performing their protective role, fixatives denature proteins by coagulation, by
forming additive compounds, or by a combination of coagulation and additive
processes.

Cross-linking
—)



Antigen retrieval protocols

Protease-induced Epitope Retrieval (PIER)
Proteinase K

Trypsin
Pepsin
Pronase

Heat-induced Epitope Retrieval (HIER)
Sodium Citrate Buffer (10mM Sodium Citrate, 0.05% Tween 20, pH 6.0)

EDTA Buffer (1ImM EDTA, 0.05% Tween 20, pH 8.0)

http://www.ihcworld.com/epitope_retrieval.htm

Time Antigen Retrieval Solution pH

1 minute Slide #1 Slide #2 Slide #3

5 minutes Slide #4 Slide #5 Slide #6
10 minutes Slide #7 Slide #8 Slide #9



Antigen retrieval protocols

IHC images show the detection of p27 in paraffin-embedded human prostate cancer
sections following incubation of tissue for 10 minutes at 95 °C in the specified antigen
retrieval solution.



Blocking endogenous peroxidases and phosphatases

It is important to block endogenous peroxidases and phosphatases prior to using alkaline
phosphatase (AP) / horseradish peroxidase (HRP) antibody conjugates.

www.sheffield.ac.uk/polopoly_fs/1.458351!/file/IHC_bitesize.pdf

Tissues such as kidney, liver and those containing red blood cells (such
as vascular tissue) contain endogenous peroxidases.

Kidney, intestine, osteoblasts, lymphoid tissue and placenta contain
AP. AP activity is higher in frozen tissue.

HRP blocking: 0.3%-3% hydrogen peroxide in methanol, PBS, distilled water or saline.

Levisamole is used for blocking AP. Intestinal AP is blocked with a weak acid (eg 1% acetic acid) before adding
the primary antibody.



Protein blocking

Blocking with sera or a protein blocking reagent prevents non-specific binding of
antibodies to tissue or to Fc receptors.

Theoretically, any protein that does not bind to the target antigen can be used for
blocking.

In practice, some proteins bind more readily to non-specific sites:

e Serum is a common blocking agent as it contains antibodies that bind to non-
specific sites. Using a serum matching the species of the secondary antibody is
recommended

* Proteins such as BSA (1%-3%) or casein may also be used to block non-specific
antibody binding.

» Specialized blocking buffers are also frequently used to block non-specific antibody
binding.

Universal Blocking Buffer:

1%-3% BSA (blocking & stabilizer)
0.1% cold fish skin gelatin (blocking)
0.5% Triton X-100 (penetration enhancer)
0.05% sodium azide (preservative)
0.01M PBS, pH 7.2-7.4
Mix well and store at 4 ©C.



Primary antibody incubation

Tissue 5-25 pg/mL, overnight at 4 °C | 1.7-15 pg/mL, overnight at 4 °C

5-25 pg/mL, 1 hour at room 1.7-15 pg/mL, 1 hour at room
temperature temperature

Cells




Secondary antibody

Secondary antibody dilution may vary according with the experimental setup and the
detection method.
Generally secondary antibodies are incubated 1 hour at room temperature.

* Fluorophore labeled antibody (IF)
* Enzyme labeled antibody (IHC)
* Biotin labeled antibody (IHC, IF)

* Polymeric antibody (IHC, IF)

Secondary antibody must target 1gGs from the species in which the primary antibody
was produced



Immunofluorescence



Multiple color IF

https://www.thermofisher.com/ch/en/home/life-science/cell-analysis/labeling-chemistry/fluorescence-spectraviewer.html



Enzyme labeled antibody



Biotinilated secondary antibody

Avidin is a glycoprotein in egg white that
combines stoichiometrically with Biotin

Streptavidin  is purified from the
bacterium Streptomyces avidinii, is not
glycosylated, and exhibits lower non-
specific binding than Avidin.



Polymeric Il antibodies

Polymeric antibodies are available conjugated to:
HRP
AP

Fluorophore



Detection

HRP-DAB AP-substrate
NBT-BCIP

Azo Red

Warning: most of the AP substrates FDP

produce precipitates soluble in
alcohol.

Slides should be them mounted with a
water based mounting.



Multiplex IHC

Dual Chromogen Staining of normal human liver. This figure shows
dual chromogen staining for CD34 and CK19, for a normal human

liver.
DAB CD34
Alkaline phosphatase CK19



Color deconvolution for image analysis



IF counterstaining



IHC counterstaining



Mounting media

|F
Water based mounting media
Glycerol jelly.
Gelatin powder: 10 g
Water: 60 ml
Dissolve by warming and add:
Glycerol: 70 ml

Add either one drop of saturated aqueous solution
of phenol ("liquid phenol") or 15 mg of sodium
merthiolate as an antibacterial agent.

Buffered glycerol with anti-fade.

Buffer:

Either 0.1M Phosphate buffer (pH 7.4): 10 ml

or 0.1M TRIS buffer (pH 9.0): 10 ml

Anti-fading agent:

Either p-Phenylenediamine hydrochloride: 100 mg
or n-propyl gallate: 500 mg

Glycerol: 90 ml

Keeps for at least 3 months, probably much longer,
in darkness (which protects the anti-fade agent) at -
20C. The working bottle is kept at 4C, for a week or
two.

IHC

Permanent mounting media

Pertex or similar
Require dehydration and clearing before their use
Not suitable for some AP substrates

For AP substrates:

Do not dehydrate tissues after staining with alcohol
Use a water based mounting

DIY

or

Sigma Crystal Mount™ Aqueous Mounting Medium



Controls

What controls to include and why?

«Autofluorescence / endogenous tissue background staining control. As certain
cell and tissue types (especially those rich in elastin, collagen and lipofuscin) display
natural fluorescence it is crucial to observe samples microscopically before every
staining experiment.

‘Positive tissue control. Include a tissue type that expresses your protein of
interest. If you do not see a staining in the positive control something has gone
wrong with the staining protocol.

*Negative tissue control. Include a tissue type in which your protein of interest is

not expressed. Therefore if you see staining in this type of control you know that the
staining is unspecific.



Controls

*Perform a secondary antibody only control (also called no primary antibody
control; follow the same staining protocol without the addition of a primary
antibody) in order to ensure that the secondary antibody does not unspecifically
bind to certain cellular compartments.

*Absorption controls (inhibition of staining via adsorption of the primary antibody
with the purified antigen/immunogen prior to use) indicate that the primary
antibody used binds exclusively to the antigen it was raised against.

‘Isotype control. This type of control is used to ensure that the observed staining
IS due to the antibody binding the desired antigen and not to some general
unspecific binding of the immunoglobulin to the tissue.



A case study: rat Cldn6

Isotype



Dog Cldn6



Monkey Cldn6



Positive controls

Rat thyroid Dog thyroid

Monkey thyroid



Autofluorescence

https://www.ncbi.nIm.nih.gov/pmc/articles/PMC4289852/



Autofluorescence



Autofluorescence reduction

https://www.genengnews.com/gen-articles/reducing-tissue-autofluorescence/6265

Vector TrueVIEW Autofluorescence Quenching



Signal amplification and tertiary antibody



Uncommon setup

Case 1: we want to localize two targets, but the two available primary antibody were
produced in the same animal (e.g. rabbit).

Case 2: use mouse monoclonal antibodies on mouse tissues



Fab Fragments for Blocking and Double Labeling of Primary Antibodies from
the Same Host Species



Use of unconjugated Fab fragments to cover the first primary antibody, presenting it
as a different species.



Use of unconjugated Fab fragments for blocking after the first secondary antibody



Use of unconjugated Fab fragments for detection of one unlabeled and one or more labeled
antibodies



Detection of one unlabeled and one or more labeled primary antibodies without the
use of Fab fragments



Mouse on mouse (MOM)

Much of the background is caused by secondary antibody binding to endogenous
mouse IgG in the tissue being stained, and to Fc receptors on B cells, plasma cells and

macrophages

Blocking of endogenous IgG
Incubate sections with an unconjugated affinity purified F(ab) fragment anti-mouse
lgG (H+L) for 1 hr at room temperature

e Standard blocking
* F(ab) endogenous IgG blocking
* | ABincubation
* 1l AB incubation
FC fragment can still bind its own receptor

Blocking endogenous Fc receptors
Use F(ab) monomeric secondary antibodies to help reduce background.



New IF/IHC protocol development decision map

https://www.sheffield.ac.uk/polopoly fs/1.458351!/file/IHC_bitesize.pdf



Ventana autostainer

Roche Ventana
Automated IHC/IF/ISH staining instrument

* Compatible with FFPE and frozen tissues, cytospin and cell smear.

e Simultaneous chemical dye, IHC (Dual Stain), IF, ISH stain.

* 24 special stains (H&E, Gram, Congo Red, Alcian Blue, Reticulin, etc.).

* Hundreds validated anti-human XX primary antibodies.

* ABs for other species can be used.

* 4 |HC detection systems (DAB, AP, normal secondary antibodies and
polymeric AB).

* FITC, Rhodamine and Cy5 validated secondary AB.

 Compatible with DIG labeled probes for ISH

 Compatible with ADC RNAscope system for ISH

e Consistent and reproducible results!



Conclusions

IF and IHC are powerful techniques which allow for target in situ study.

The setup of a new methodology should take into account the biological
characteristics of the tissue in analysis and should include always proper controls.

Q&A



