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A biochemical technique used to detect and quantify the presence 

of an antibody or an antigen in a liquid sample.

Definition – What is an ELISA?

antigen: any molecule that elicits a specific 
response by the immune system (“self “ vs “non-
self”)

antibody: protein that is produced by immune 
cells upon recognition of an antigen

ELISA – short history

BUT:  radioactivity poses a safety risk

The core principle of an ELISA – detection of an antigen via an antibody
(or vice versa) – was initially used in radioimmunoassays (RIA) in the 1960s.

- radioactively labeled antibodies bound to antigens in a sample
- antigen presence could be verified
- using a standard, antigen amounts could be quantified
- in 1977, Nobel Prize in Medicine for Dr. Rosalyn Yalow

In 1971 Perlmann/Engvall (Sweden) and Schuurs/van Weemen (The 
Netherlands) published the first papers describing a method of ELISA in which 
a radioactive label is replaced by chromogenic reporters and substrates that 
produce an observable color change.

- enzymes react with substrates, inducing a color change
(for example peroxidase + ABTS or 3,3’,5,5’-tetramethylbenzidine)

ELISA - applications

diagnostics:
- detection of antibodies against a microbial organism 
- detection of viral components (HIV test)
- detection of other soluble markers such as cytokines,
growth factors, microbial antigens etc.

epidemiological studies:
- identification of pathogens in the population 

genomics and proteomics: 
- determine the correlation between genetic expression 
levels (mRNA) and presence of actual proteins in the serum
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Types of ELISAs

 (In-) Direct ELISA

 Sandwich ELISA 

 Competitive ELISA

- used to detect antigen in serum samples
(direct)

- used to detect antibodies in serum 
samples (indirect)

- antigens in the sample bind to wall of well
- labeled detection antibodies are used to 

determine presence or concentration of 
immobilized antigen

- disadvantage: any proteins in the sample
(including serum proteins) may compet-
itively adsorb to the plate surface, lowering
the quantity of antigen immobilized.

Types of ELISAs

 (In-) Direct ELISA

 Sandwich ELISA 

 Competitive ELISA

- used to detect antigen in serum samples
(direct)

- used to detect antibodies in serum 
samples (indirect)

- walls of well are coated with antigen
- antibodies in sample are captured via 

antigens
- labeled detection antibodies bind to Fc 

part of  the first antibody and are used to 
determine presence or concentration of 
immobilized antibody

Types of ELISAs

 (In-) Direct ELISA

 Sandwich ELISA 

 Competitive ELISA

- antigen-specific capture antibody is bound 
to the plate

- a separate antibody that recognizes a 
different epitope of the antigen is used for 
detection

advantages: - low concentrations of antigen in 
a sample can be detected

- selective binding makes it more
suitable for ‘impure’ samples

Types of ELISAs

 (In-) Direct ELISA

 Sandwich ELISA 

 Competitive ELISA

- to determine the concentration of an 
antigen of interest in a biological sample

- wells coated with target antigen
- incubation of sample with unlabeled 

antibody → antibody-antigen-complex
- after addition to wells, wells are washed
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Types of ELISAs

 (In-) Direct ELISA

 Sandwich ELISA 

 Competitive ELISA

- to determine the concentration of an 
antigen of interest in a biological sample

- wells coated with target antigen
- incubation of sample with unlabeled 

antibody → antibody-antigen-complex
- after addition to wells, wells are washed

- the more antigens was present in the 
sample, the less unbound antibody is left 
to bind to the antigen on the well 
(competition)

- incubation with labeled secondary antibody 
and substrate.

Readouts with different detection methods

- colorimetric

- chemi-fluorescent

- chemi-luminescent

Choosing the right method:

What is the required assay sensitivity?

Does the substrate contain harmful solvents?

What detection equipment is available?

Differences between detection methods

For most ELISA applications colorimetric substrates provide a sufficient 
level of sensitivity and dynamic range.

colorimetric chemifluorescent chemiluminescent
sensitivity medium/low high (<1 pg/ml) high  (<1 pg/ml)

costs low high high

substrate availability many few few

signal generation slow rapid rapid

enzyme activity catalyzed quickly maintained catalyzed quickly

linear range small large large

detection method spectrophotometer fluorimeter luminometer

quantifiable yes yes yes

Colorimetric detection

HRP (horseradish peroxidase) enzyme with TMB (3,3’,5,5’-tetramethylbenzidine) substrate:

Other  available substrates:
OPD (O-phenylenediamine) substrate (hazardous)
ABTS (-2'-azino-di-(3-ethylbenzthiazoline sulfonic acid)) substrate

AP (alkaline phosphatase) enzyme + PNPP substrate (p-nitrophenyl phosphate)
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Tumor Immunology

Application of ELISAs – a practical example

tumor cell

T cell

IFNγ IL-2

T cells exhibit cytotoxicity by the release of toxic molecules (damage to 
the tumor cell) and release of cytokines (may affect tumor or stroma cells 
directly or enhance activity/proliferation of other immune cells).

The principle of TCR gene therapy

T cell
TCR-engineered

tumor cell

T cell

Evaluating TCR transduced T cells using an IFNγ-Sandwich-ELISA

Experiment:

Four new T cell receptors need to be evaluated regarding their ability to respond to tumor 
cells:

TCR 1, TCR 2, TCR 3 and TCR 4

These TCRs all recognize the the same antigen and are retrovirally transduced into human 
T cells.

As target cell lines we chose  three tumor cell lines of different histological origin which all
express the TCRs’ target antigen antigen:

DAJU (melanoma), SUM 159 PT (breast carcinoma), and
SCC 9 (head-and-neck cancer)

Stimulation assay:

In a 96 well plate, tumor cells and T cells are being incubated
for 24h at 37°C.

20000 tumor cells +  60000 T cells transduced with a single TCR

After 24 hours the supernatant of these wells is collected, containing
cytokines released by the T cells in response to the tumor cells.

For analysis we use a sandwich ELISA produced by Ebioscience, detecting human IFNγ.
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Procedure

- coat wells with IFNγ capture antibody (BMS107)
(incubate over night at 4ºC)

- wash wells with PBS-T (3x)

- block nonspecific absorption to plate
(incubate 1h at RT)

- wash wells with PBS-T (3x)

- add rec. IFNγ standard and samples in dilution(s) 
to the wells

(incubate 2h at RT)
- wash wells with PBS-T (3x)

- add biotinylated IFNγ detection antibody to the 
wells 

(incubate 1 h at RT)
- wash wells with PBS-T (3x)

- add streptavidin-HRP conjugate to the wells
(incubate for 30min at RT)

- wash wells with PBS-T (5x!)

- add substrate solution to the wells
(incubate for 5-15 minutes)

- add stop solution (2M H2SO4) to the wells

- quantify the results using a spectrophotometer
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Quantification using the IFNγ Standard 
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Evaluating TCR transduced T cells using an IFNγ-Sandwich-ELISA

TCR 1

TCR 2

TCR 3

TCR 4

mock

 Type of plate?

 Dilution of the antibodies used?

 Type of blocker used?

 Appropriate controls / standard?

Technical considerations when setting up your own ELISA Limitations of ELISA

- usage limited to the availability of (detection) antibodies

- cross-reactivity between antigens can generate false positive results

- incubation time and temperatures, washing steps and optimal ELISA buffers should 
be considered with caution

- results cannot be linked to certain cell types, such as in flow cytometry or ELISPOT
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Advantages of ELISA

- relatively easy to perform

- only standard laboratory equipment is required, with the exception of the ELISA 
reader

- high sampling-handling capacity in relatively short time (high through-put ELISA 
systems available)

- ELISA systems are highly sensitive and can be standardized and results can be 
compared between different laboratories 

- samples can be frozen until later use

Thank you for your attention!

Questions?


