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Main phases of medical research

In vitro 
experiment

In vivo animal 
experiment

Human trial

Easy to standardize and 
reproduce

Diseases can be modelled
and drugs can be tested in 

complex organisms

Results cannot be directly 
extrapolated to humans

Difficult to conduct 
(getting proper samples, 

ethical issues, etc.)

Provides the most 
relevant medical data

Mechanisms in living 
organisms are hard to 

estimate based on these data



Introduction to cell and tissue 
culturing[1.]

• Why is it necessary?

– Reduces the numbers of animal experiments, if possible.

– Experimental conditions are easy to control. (e.g. cell numbers, medium,
temperature, concentration of the investigated substance, incubation times, etc.)

• Classification:

Cell culture Tissue or organ culture

Short term cell culture (e.g. 
normal cells from a biopsy)

Long term cell culture (e.g. 
cancerous cell line)

vs.

vs.
Stimulation

Limited cell 
division

Unlimited cell 
division



Cell culturing
• Must be done under sterile conditions! → Contaminations (most notably

microorganisms) make the experiments uncontrolable.

– Manipulate cells in sterile hoods

– Use sterile equipments (e.g. pipette tips, petri dishes, etc.)

– Use of antibiotics in cell culturing mediums

• Cells are kept in cell culturing mediums which contain all the nutrients they require
(carbohydrates, amino acids, nucleic acids, vitamins, hormones, growth factors, etc.)
and have an optimal pH.

• Incubators are used for short-termstorage which provide constant:

– Temperature (≈ 37 °C)

– Humidity (≈ 90 %)

– CO2 content (≈ 5-6 %)

• Long-term storage (years, decades) of the cells is possible in liquid nitrogen.
Application :

– Preserving fertility in cancer patients who recieve chemotherapy[2.]

– Storage of hematopoietic stem cells from cord blood (not a routine process with
some controversies[3, 4.])



Cell culturing sterile hood
Laminar flow hoods provide sterility by maintaining a constant unidirectional flow of 
filtered air.  

In the case of the schematic hood shown above, air first passes through a HEPA filter
(High Efficiency Particulate Air). Filtered, sterile air then flows from top to the bottom
of the hood and eventually leaves towards the opening of the hood. The exact design
varies and depends on the manufacturer.



Frequently used culturing mediums

RPMI
(Roswell Park Memorial Institute)

DMEM
(Dulbecco’s Modified Eagle’s Medium)

Mainly used for culturing lymphoid
cells and hybridomas.

A more generally used medium to
culture various cell types.
(fibroblasts, muscle cells, glia cells,
neurons, etc.)

They usually contain phenol red indicator. → Used mediums which contain acidic waste 
products will turn yellow, whereas mediums with alkalic pH are purple.



Cell lines 1.
1. HeLA cell line
• The first cancerous cell line established in 1951.[5.]

• Origin: Isolated from the cervical cancer (cervix
adenocarcinoma) of the 31 years old Henrietta Lacks who died
shortly afterwards in the same year.

• The cell line was established without her permisson which
lead to ethical issues when the entire genome of HeLa cells
was published in 2013.[6.]

• Still one of the most widely used cell line in research.

Henrietta Lacks
(1920-1951)HeLA cells Dividing HeLA cell



Cell lines 2.
2. Jurkat cells
• Cancerous T cell line isolated from the peripheral

blood of a 14 year old patient (JM) with acute
lymphoblastic leukemia (ALL) in the 70s.[7.]

• It is used for investigating cell siganling in T cells,
studying T cell derived leukemias and mechanisms of
HIV infection.

3. Raji cells
• Cancerous B cell line isolated from a 11 years old

patient’s Burkitt lymphoma in Nigeria in 1963.[8.]

• It is EBV positive, the virus has integrated into the
genome.[9.]

• Frequently used as a host for transfections.

4. HepG2 cells
• Isolated from the liver cancer (hepatocellular

carcinoma) of a 15 years old patient.[10.]

5. Sp2 cells
• Non-secretory mouse myeloma cell line used to

create hybridomas.[11.] → see 3rd practice

A group of Jurkat cells joined 
together

HepG2 cells



Determination of cell viability

• It is usually done with dye exclusion tests such as:

– Trypan blue

– 7-aminoactinomycin D

– Propidium-iodide

• Living cells tend to get rid off such xenobiotics with active mechanisms (e.g. efflux)

Dead cellsLiving cells

Trypan blue

Living cell



Cell viability test
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Annexin V-FITC

Annexin V-FITC

Dead 11,3%

Dead 9,3%

Apoptotic 28,3%

Apoptotic 3,2%

Living 62,3%

Living 85,4%

P1 53,1%

P1 88,4%

Jurkat cells

Jurkat cells + camptothecin (chemotherapy)

Propidium iodide: A
fluorescent molecule that
binds DNA which cannot
cross the intact cell
membranes of living cells.

Annexin V: It binds
phosphatidylserine which
can be found in the cell
membranes of apoptotic
cells.



Isolation of mononuclear cells

• Procedures based on physical parameters:[19.]

– Filtration (based on the different sizes of blood cells)

– Density gradient centrifugation (e.g. Ficoll gradient centrifugation, based on
the different density of blood cells)

• Procedures based on leukocyte adherence:

– Nylon wool: monocytes and B cells will adhere to the nylon

– Plastic/glass surfaces: monocytes will adhere to the surface, lymphocytes can
be removed

Density (g/ml)
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Erythrocyte

Neutrophil
Lymphocyte

Monocyte
Basophil

Eosinophil

Ficoll (1,077)



Ficoll gradient centrifugation 1.

Venopuncture

Pipetting the diluted 

blood on top of Ficoll

Centrifugation

Blood plasma

Ficoll

Erythrocytes + neutrophils 

and eosinophils

Lymphocytes + monocytes 

(PBMC)

Ficoll

Ficoll gradient centrifugation:

Ordinary centrifugation:

Contains all types of white 

blood cells

Venopuncture Centrifugation

Blood plasma (55% of total 
volume)

Buffy coat (wbc + tct)
< 1%

Erythrocytes (45% of 
total volume)

Cellular elements



Ficoll gradient centrifugation 2.

Peripheral blood mononuclear cells (PBMC,
leukocytes with a non-segmented cell
nucleus): Lymphocytes, monocytes (may
also contain basophil granulocytes)[20.]



Functional tests of phagocytes

• Isolation: Cells normally adhere to glass or plastic surfaces.

• Migration: Testing either spontaneous or directed (chemotaxis) cell migration in
vitro or in vivo. (e.g. skin window test)

• Phagocytosis :

– Non-opsonized

– Opsonized (e.g. mediated through Fc receptors or complement receptors)

• Respiratory burst and phagocytic enzymes:

– Nitroblue tetrazolium (NBT) test, myeloperoxidase (MPO) test, alkalic
phosphatase test, lysozyme test, etc.

• Testing cytokine production:

– ELISA, ELISPOT

– CBA (Cytometric Bead Array): A multiplex flow cytometric method that relies
on the use of microbeads



Surface molecules of macrophages

Scavenger receptor

Mannose receptor

FcγRI (CD64)

FcγRII (CD32)

FcγRIII (CD16)

LFA-1
(CD11α + CD18)

CR3
(CD11β +CD18)

CR1 (CD35)

LPS-receptor (CD14)

MHC I

MHC II



Skin window test[12.]

1. The uppermost layer of the skin
is removed on the volar surface
of the arm. (goal: being able to
visualize capillaries without
bleeding)

2. A filter paper is put on the lesion. Depending on the
experiment, it might contain chemokins. (such as IL-8)

3. The cells that migrate to the lesion will leave the
circulation and enter the filter paper.

4. The filter paper is fianlly removed and its cellular
composition is investigated.

Application: In vivo investigation of cell migration, e.g.
comparing cell migration in healthy volunteers and
patients with autoimmune disorders, etc.

The lesion heals without
scars in a few days.

Skin window on the 
arm



Phagocytosis test

Video: A neutrophil 
granulocyte takes up several 

conidia.

Method:
• Labelled particles (e.g. bacteria) are incubated together
with phagocytes.
• Phagocytosis is then investigated under a microscope or
with flow cytometry (for the latter→ see 5th practice)

Phagocytosis with fluorescence 
microscopy

Phagocytosis with 
immunohistochemistry



Measuring phagocytosis

Treating the macrophages
increased their phagocytosing
capabilities.

A: Untreated macrophages incubated 
without FITC-conjugated beads

B: Untreated macrophages incubated 
with FITC-conjugated beads

C: Macrophages treated with 
plant polysaccharides incubated 

with FITC-conjugated beads

D: Macrophages treated with LPS 
incubated with FITC-conjugated beads



NBT test

Healthy controlCGD patient

Principle: Reactive oxygen species reduce the dye which turns blue.[13.]

Chronic granulomatous disease(CGD)[14.]:
• An inherited genetic disorder, most often X-linked recessive.
• Innate immune cells can’t produce reactive oxygen species. → They can’t kill

pathogens effectively. → Primary immunodeficency
• Recurrent bacterial and fungal infections with granuloma formation in

childhood.

Cell membrane of 
neutrophil

Phagolysosome

Bacterium
NADPH oxidase
Superoxide dismutase
Myeloperoxidase
Catalase
Glutathione reductase
Glucose-6-phosphate 
dehydrogenase



Respiratory burst

Neutrophil Pathogen 
bacterium

1. Phagocytosis (phagosome)

2. Phagosome + lysosome 
containing enzymes and 
reactive oxygen species  
→ phagolysosome

3. The enzymes and the 
reactive oxygen species kill 
the pathogen 

Cell membrane of 

neutrophil

Phagolysosome

BacteriumNADPH oxidase
Superoxide dismutase
Myeloperoxidase
Catalase
Glutathione reductase
Glucose-6-phosphate dehydrogenase



Myeloperoxidase staining

• Myeloperoxidase is a characteristic enzyme of myeloid cells (most notably
neutrophils) involved in the formation of reactive oxygen species.

• Detection of intracellular myeloperoxidase is important to confirm the myeloid origin
of certain leukemias.[15, 16.]

Detection of myeloperoxidase in acute
promyelocytic leukemia (AML-M3 or APL)

Cell membrane of 
neutrophil

Phagolysosome

Bacterium
NADPH oxidase
Superoxide dismutase
Myeloperoxidase
Catalase
Glutathione reductase
Glucose-6-phosphate 
dehydrogenase



Functional tests of lymphocytes
• Polyclonal activation of lymphocytes:

– With plant lectins, e.g. phytohemagglutinin (PHA)

– With bacterial cell wall components, e.g. lipopolysaccharide (LPS)

• Testing cytotoxic activity (T and NK cells):

– Cr-51 release assay with isotope-labelled cells

– Measuring the ratio of killed cells with flow cytometry (e.g. annexin V or
propidium iodide staining[17.])

• Functional tests of B cells:

– Detection of immunoglobulin production (immunocytochemistry, ELISA)

– Investigating genetic recombination of immunoglobulin genes with PCR

– Plaque forming cell assay (PFC) → Testing of immunotoxicity

– Passive cutaneous anaphylaxis test

• Mixed lymphocyte culture:

– To rule out immunological incompatibility before transplantations

• Testing cytokine production:

– ELISA, ELISPOT

– CBA (Cytometric Bead Array)



Steps of the CTL-mediated target cell killing:

1. Antigen recognition  2. Conjugation    3. CTL cytoplasmic rearrangement

 

4. CTL granule exocytosis   5. Apoptosis of target cell     6. Dissociation



Mechanism of the CTL induced apoptosis

Soluble effectors: perforins and granzymes

Membrane-bound effectors: Fas ligand (FAS-L)



Chrome-51 release assay

1. Tc cells are incubated together
with Cr-51 labelled target cells

2. Target cell is killed, chrome is
released

3. Centrifugation, cells and cell
fragments form pellet at the
bottom of the tube

4. The chrome content of the
supernatant is measured

Cr-51 labelled 
target cell

Cytotoxic T cell

In vitro method for measuring the cell
killing capabilities of cytotoxic cells (T,
NK)[18.] and ADCC[19.] (Antibody-dependent
cell-mediated cytotoxicity, see on the
lectures), e.g.:
Investigating cytotoxic cells of cancer
patients in the presence of cancer cells.

Cr-51



Allergen-specific skin tests

IgE-mediated immediate reaction

DTH:

Reading: 30 min Reading: 48h



Contact allergy skin test



Skin prick test (SPT)= in vivo allergen skin test

• More sensitive but less specific than the allergen-specific IgE 
measurement

• UK Allerge groups: dog, cat, dustmite, grass

buffer

histamin



Mixed lymphocyte culture (MLC)
Lymphocyte 
of recipient

Lymphocyte 
of donor

Inactivated (with 
irradiation or 
mitomycin C)

+ [3H]-thymidine

In case of HLA incompatibility (see
later) the tested lymphocyted
recognize the inactivated cells as
foreign, activate and start to
proliferate. The proliferateing cells
will incorporate the labelled
thymidine into their DNA.

[3H]

[3H]

[3H]

Application:
To check the immunological incompatibility of the donor and the recipient before
transplantations.[21, 22.]



Main subtypes of Th cells

Cellular immune response 

(intracellular pathogens)

Humoral immune response 

(extracellular pathogens)

Extracellular pathogens, 

fungi

Antigen-specific suppression 

(see later)

• Th17 cells play an important role in inflammatory disorders. (see later)
• Regulatory T cells (Treg): They can inhibit other immune cells (suppression, see later), their 
immunophenotype is: CD4+/CD25+/Foxp3+

Cytokines

Naive
Th cell

APC

Th1

Th2

Th17

iTreg

IFNγ

IL-4, IL-13

IL-17, IL-21

IL-10, TGFβ



CBA (Cytometric Bead Array[23.])
• It is a flow cytometric method → see the 5th practice

• Principle: Molecules (e.g. DNA, proteins including immunoglobulins) can be
specifically attached to the surface of microbeads that can be distinguished by
different parameters such as size or fluorescence.

• Advantage: Several different types of molecules can be measured simultaneously
in a single sample („multiplex measurement”), and it is quantitative!

Mixture of beads:

Investigation of the bead selected by 
its size or fluorescence

(question: did it bind the antigen?)



Distinguishing microbeads
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Fluorescence intensity

Clustering based on fluorescence:

Immunoassay

Enzyme assay

DNA assay

Receptor-ligand assay

It is most frequently used as a tool to measure
the concentrations of various cytokines in a
single sample. [23, 24]



Luminex xMAP technology[25.]

FL3 fluorescence
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Seelection of 
relevant beads

Clustering of beads based on 
their fluorescence

Further analysis of selected beads

Principle: Each bead contains the combination of 2 dyes, the ratio of the dyes however varies
in each type of beads. E.g. the beads that have anti-IFNγ antibodies on their surface contain
more of the dye that gives signal in FL3 than the beads with anti-IL-6 antibodies. In theory
more than 100 different types of beads can be masured simultaneously in a single sample.

IFNγ
IL-6

TNFα



CBA analysis (measuring cytokines)

FL3 fluorescence
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FL2 fluorescence

Gating the beads: Clustering the beads:

R2 = IL-8 Negative
R3 = IL-1β Negative
R4 = IL-6 Strong positivity

R5 = IL-10 Positive

R6 = TNFα Positive

R7 = IL-12p40 Negative

Quantitative measurement:
Levels of positivity can also be determined.



Functional tests of the complement 
system

• Indication:

– Recurrent infections due to immunodeficiency

– Autoimmune diseases

• General test: based on hemolysis → CH50 or CH100[26,27]

sheep RBC

Anti-sheep RBC 
antibody

Serum to be tested
(containing the complement 

factors)

Hemolysis

Complement 
activation

CH50 → dilution of the sample which causes the hemolysis of 50% of RBC
CH100 → dilution of the sample which causes the hemolysis of 100% of RBC
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