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1. INTRODUCTION 
(ÉVA PÁLLINGER) 

 
 

 

 

Although our environment is not sterile, the interactions between the human organism and the 

environmental pathogens are well-balanced. This equilibrium is maintained by the activity of the 

immune system that protects us from both external (e.g. pathogens) and internal (e.g. tumor cells) 

harmful effects. Changed living conditions induced by the huge technical development challenge our 

immune system. It has to adjust to new environmental exposition (new pathogen strains, mutations, 

drug resistance, etc).  

Immune protection is based on the discrimination of self and non-self or dangerous and harmless 

materials. Immune responses induced by the recognition of foreign substances depend on the nature 

of recognized antigens, and also on the actual physiological state of the organism. Immune 

recognition can induce effector immune response, immunotolerance or ignorance. 

The main properties of immune system are: specificity, sensitivity, selectivity and immunological 

memory.  

 

1.1. Basic terms 

1.1.1. Innate and acquired immunity 

There are two parts of the immune system: the innate and the adaptive immunity. The innate (natural, 

non-specific) immune system provides immediate defence against pathogens. It develops within 

minutes or hours after the pathogens’ invasion. During this non-specific reaction pathogens are 

identified by the recognition of their pathogen-associated molecular patterns (PAMP). PAMPs are the 

targets of pattern recognition receptors (PRR) expressed by the cells of the innate immune system. 

These cells include phagocytic cells (macrophages, neutrophils and dendritic cells), natural killer cells, 

mast cells, eosinophils and basophils. The complement system is also an important participant of the 

innate immune response. The complement system consists of some 30 proteins circulating in the 

blood plasma that react with one another to opsonize pathogens and induce several inflammatory 

responses that help to fight infection. Innate immunity does not induce immunological memory. 

Its opposite is the acquired (adaptive, specific) immunity which is delayed. It can take days up to 

weeks to develop after pathogen invasion. This antigen-specific reaction is induced by the activation of 

specific antigen receptors, such as T cell - and B cell receptors (TCR, BCR). The acquired immune 

response induces immunological memory. It is mediated by T and B lymphocytes.  

The immune response includes the recognition of foreign substances and the defence mechanisms 

against them.  
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The main questions are the following:  

1. What does the immune system recognize?  

2. What types of receptors can recognize dangerous materials?  

3. What are the consequences of antigen recognition?  

1.1.2. What does the immune system recognize?  

The immune system recognizes antigens. Molecules which trigger immune responses are antigens. 

Immunogenicity is the ability to induce a humoral and/or cell-mediated immune response. An epitope, 

also known as antigenic determinant, is the part of an antigen that is recognized by the specific 

antigen receptors. Antigens may have more than 

one epitopes. The epitope mapping has 

diagnostical and therapeutic importance (Figure 

1.1). Endogenous, self antigens which stimulate 

the production of autoantibodies are 

autoantigens. Antigens present in allelic forms 

encoded at the same gene locus in different 

individuals of the same species are alloantigens. 

The antigens derived from another species are 

xenoantigens. 

 

Figure 1.1 Antigen and epitopes

1.1.3. What types of receptors can recognize antigens?  

There are two types of antigen-recognition receptors: 1) pattern / pathogen recognition receptors 

(PRR) and 2) specific antigen-receptors (T cell receptors and B cell receptors). PRRs recognize the 

general components of microbes like common cell wall structures (eg. bacterial carbohydrates: LPS, 

mannose etc), bacterial and viral nucleic acids, peptides, etc. Specific antigen-receptors are pathogen 

sensitive receptors that are able to bind only a unique component of the antigens (single specificity). 

PRRs are present mostly in the cells of the innate immune system including dendritic cells, 

macrophages and phagocytes. Specific antigen-receptors are expressed on lymphocytes. All 

lymphocytes recognize only one epitope of an antigen. 

1.1.3.1. PRR (pattern recognition receptors, pathogen recognition receptors) 

Pattern recognition receptors recognize microbial molecules which are essential for the survival of 

microorganisms but are not expressed by mammalian cells (e.g. lipopolysaccharids – LPS - from the 

cell wall of Gram-negative bacteria(s), peptidoglycan and lipotechoic acids from the cell wall of Gram-

positive microbes, bacterial flagellin, etc.). These molecules are called pathogen-associated molecular 

patterns (PAMP). Some of these molecules are associated with pathological conditions such as 

cellular stress, inflammation, infection, injury, etc. These are termed danger-associated molecular 

patterns (DAMPs). The term 'alarmins' has also been proposed for DAMP molecules. Intracellular 

proteins such as heat-shock proteins or HMGB1 (chromatin-associated protein high-mobility group 
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box 1), extracellular matrix proteins, uric acid, cell-free DNA, etc. are included in stress induced 

danger signals. The actual repertoire of DAMPs in damaged tissues can greatly depend on the type of 

damaged cells (epithelial or mesenchymal) and injured tissues. 

1.1.3.2. T cell receptor (TCR) 

T cell receptors (TCR) are expressed on T lymphocytes. These receptors recognize antigenic peptides 

when bound to appropriate molecules of the major histocompatibility complex (MHC).  Cells which 

display foreign antigen complexes with major histocompatibility complex (MHC) on their surfaces are 

professional antigen presenting cells (APCs). Professional APCs include dendritic cells, macrophages 

and B lymphocytes. Non-professional APCs do not constitutively express the MHC class II molecules 

on their surface. They are expressed only upon activation. Non-professional APCs include: fibroblasts, 

thymic and thyroid epithelial cells, pancreatic beta cells, vascular endothelial cells etc. The recognition 

through TCR is based on antigen presentation. 

1.1.3.3. B cell receptor BCR 

Antibodies, also known as immunoglobulins, are large Y-shaped glycoproteins produced by plasma 

cells. Plasma cells are differentiated from activated B lymphocytes. Antibodies can be detected in 

blood and in other biological fluids. They bind bacterial and viral antigens through their unique antigen-

binding sites. Membrane-bound antibodies with their ligand binding moiety and a heterodimer called 

Ig-α/Ig-β (CD79) with their signal transduction moiety form the B-cell receptors. 

  

1.1.4. What are the consequences of antigen recognition? 

The immune response is composed of two pathways, the innate and the adaptive immunity. Innate 

immunity provides an immediate, but non-specific response, while adaptive immunity is a pathogen 

(antigen) specific response that leads to immunological memory. The adaptive immune response is 

divided into humoral and cellular immunity. The humoral immune response is mediated by secreted 

antibodies produced by B cells, while cell-mediated immunity involves T lymphocytes. B-cell activation 

leads to clonal expansion, centroblast formation, affinity maturation and at last the development of 

specific antibody producing plasma cells and the generation of memory B lymphocytes. Antigen 

exposition induces clonal proliferation and memory cell generation of T lymphocytes, and on the other 

hand stimulates their effector function and cytokine production. There is a close cooperation between 

T and B lymphocytes. On the one hand, B cells are professional APCs, so they can present antigens 

to T cells. On the other hand, antigen-induced T lymphocytes produce several cytokines that can 

regulate the differentiation and the function of B cells. 

Both active and passive immunity have an outstanding clinical significance. Active immunity can be 

induced by the exposure of antigens (vaccines), while passive immunity can be developed by the 

immune cells or the sera (antibodies) of an immunized person.  



13 
 

1.1.5. Local immune response  

It is very important to understand the diversity of the communication pathways of immune cells. It can 

be easily demonstrated through the processes of the local immune response. 

Microbes and hazardous agents get into the body through tissue lesions. The questions are as 

follows: 1) what type of cells will respond to it; 2) how can the immune cells work and cooperate? 

Immediate vasoconstriction occurs at the site of tissue damage that is followed by vasodilatation and 

increased capillary permeability. This engorgement of the local capillary network causes decreased 

velocity of blood flow, so leukocytes are able to slow down and adhere to vascular endothelium. 

Adherence induces activation of both immune cells and endothelium and causes increased expression 

of adhesion molecules. It promotes the margination and the extravasation of leukocytes. On the other 

hand, plasma also enters the damaged tissue. Extravasation has an impact on the function of both 

blood cells and plasma protein systems. Extravasated platelets adhere to extracellular matrix proteins 

and will be activated. Activated platelets release the contents of stored granules which stimulate the 

coagulation cascade. It leads to fibrin and blood clot formation. Blood clots stop bleeding and begin to 

repair the damaged vessels and physically trap invading microbes. The mediators released by 

activated platelets regulate the local immune response. 

Extravasated plasma also contains the complement components. The main functions of the 

complement system are opsonization (enhancing phagocytosis by C3b), chemotaxis (attracting 

phagocytes by C3a and C5a), cell-lysis (disrupturing membranes of microbes by formation of 

membrane attack complex –MAC-) and the regulation of immune cells (induction through C3b 

receptor).   

Extravasated neutrophil granulocytes are effector cells. They can destroy microbes by intracellular 

(phagocytosis) and extracellular (reactive oxigen intermedier –ROI- production; proteolytic enzymes 

release) killing mechanisms. Tissue damage and debris accumulation are emerged by their effector 

functions. Macrophages will remove the tissue debris. This is not a simple clearance because these 

cells process foreign materials and present them to lymphocytes (professional antigen presenting 

cells). So, one of the connection points between innate and adaptive immunity is the antigen 

presentation. Antigens presented by macrophages activate Th (CD3+/CD4+ cells) and Tc 

(CD3+/CD8+ cells) lymphocytes while substances processed by dendritic cells induce the NKT 

(CD3+/CD56+) subset. 

To sum it up, immune cells have both regulatory and effector functions, and their functional activity 

closely depends on their cooperations. 

 

1.1.6. Recognition is based on meeting 

Specific immune response is based on the meeting of antigen-specific lymphocytes and invading 

antigens. To this end, T and B cells circulate through peripheral tissues permanently. This is the so 

called recirculation (homing). 



14 
 

1.1.6.1. Lymphocyte recirculation 

The recirculation is a complex process depending on interactions between immune cells and 

endothelium. Immune cells leave the blood, cross tissues and return to the blood via efferent 

lymph.The total circulating pool of lymphocytes is repeated 10 to 48 times a day. Recirculation 

assures the appointment of lymphocytes and antigens, which is essential for efficient immune 

responses.  

Steps of lymphocyte recirculation:  

1) Lymphocytes move from the primary to the secondary lymphoid tissues. They enter from the blood 

via the HEVs (high endothelial venules). Lymphocyte traffic is regulated by selective expression of 

adhesion proteins in peripheral lymphatic tissues. 

2) In the absence of antigen exposition the virgin cells (that have not already been exposed to 

antigens) go back to the blood through lymphatics, while memory cells selectively return to the tissues 

where they were first stimulated by antigens. It is also regulated by adhesion proteins. 

3) After activation by an antigen-presenting cell, lymphocytes proliferate and differentiate to effector 

and memory cells. (Figure 1.2) 

 

Figure 1.2 Recirculation of imune cells 

 

1.2. Organs of the immune system 

The organs of the immune system (the so called lymphoid organs) are positioned throughout the body.  

Lymphoid organs are divided into central (primary) lymphoid tissues (bone marrow, thymus) and 

peripheral (secondary) lymphoid tissues (lymph nodes, spleen, mucosa-associated lymphoid tissues). 

All immune cells originate from a common hemopoietic stem cell (HSC) in the bone marrow and they 

are partly differentiated in central lymphoid organs.  

Foreign substances (antigens) induce maturation, differentiation and proliferation of lymphocytes in 

secondary lymphoid tissues via antigen presentation. So the secondary lymphoid organs have two 
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major functions: 1) concentration and presentation of foreign antigens; and 2) lymphocyte 

differentiation takes place here. Primary and secondary lymphoid organs are connected with each 

other via lymphatic vessels. Lymphatic vessels consist of a complex capillary network, which collects 

the lymph in the tissues, and also of the system of collecting vessels that conduct the lymph from the 

capillaries to the large veins through the right and left thoracic ducts. 

Circulating lymphocytes and antibodies are also very important „lymphoid organs”.  Their recirculation, 

from the blood into the tissues, and through the lymph back to the blood again, results in the 

continuous follow-up of the invading antigens. 

1.2.1. Lymph nodes  

 

Figure 1.3 The structure of the lymph node 

 

The lymph nodes (also called lymph glands) are small oval or bean-shaped bodies, situated in the 

course of lymphatic vessels throughout the body and range in size from a few millimeters to about 1–2 

cm in their physiological state. The approximately 500-600 lymph nodes of humans are grouped in the 

underarms, groin, neck, chest, and abdomen. These regions are routinely examined during the 

physical (clinical) examination process because lymph nodes have clinical significance. They become 

large in various conditions, such as an infection or a cancer. Although certain diseases affect lymph 

glands with characteristic consistency and location, their histological examination (biopsy) is 

necessary for the diagnosis.  

Lymph nodes have two major functions: 1) elimination of foreign antigens (during the filtration of lymph 

as it passes through the lymph nodes, the phagocytic cells eliminate the invading microbes and other 

foreign substances); 2) antigen presentation (the professional APCs – macrophages and dendritic 

cells – capture antigens and display them to T lymphocytes). 

Lymph nodes are surrounded by a fibrous capsule which extend inside and form the trabecula 

network. The substance of the lymph node is divided into the outer cortex and the inner medulla. 
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The outer cortex consists of B cells arranged as follicles. These cells can develop a germinal center 

when challenged with an antigen. The deeper cortex mainly consists of T cells. The subcortical zone is 

the place of T cells - dendritic cells interaction. The medulla consists of two different structures: 1) the 

medullary cord and 2) the medullary sinuses. The medullary cords are lymphoid tissues and include 

plasma cells, macrophages, and B cells while the medullary sinuses are vessel-like spaces. Medullary 

sinuses contain macrophages. (Figure 1.3) 

1.2.1.1. Cell types of the lymph glands 

The lymph node consists of a B cell area (cortex), a T cell area (paracortex) and a central medulla, 

which contains a mixture of B cells, T cells, plasma cells and macrophages.  B cells are arranged in 

unstimulated primary follicles. Secondary follicles with germinal centers are formed by antigen-

stimulated B cells which proliferate and differentiate into plasma cells after activation. Germinal 

centers are surrounded by a marginal zone containing B cells and a few T lymphocytes. Antigen and 

lymphocytes enter the lymph node through the afferent lymphatic vessels and high endothelial venules 

(HEVs). Lymph, antibodies and cells leave the node through the efferent lymphatic vessel. As the 

lymph passes through the nodes from afferent to efferent lymphatic vessels, particulate antigens are 

removed by phagocytic cells and are transported to the interior of the node, where they stimulate 

responses by B and T lymphocytes.  Lymphoid cells return to circulation via the thoracic duct. 

Paracortex is the tissue between the cortical follicles and the medulla. It contains post-capillary 

venules (lined by high endothelial cells and intraendothelial lymphocytes), dendritic cells and T 

lymphocytes. This is the place of antigen-presentation (T cells - dendritic cells interaction). 

The medulla contains vessels, sinuses and mast cells. The medullary cord regions are between the 

sinuses and are mostly composed of small B and T lymphocytes. 

1.2.1.1.1. Sentinel lymph nodes 

Cancer staging is based on the knowledge of location of primary tumor, the lymph node involvement 

and the presence or absence of metastasis. The surgical removal of one or more groups of lymph 

nodes around the tumors (so called block dissection) is a part of surgical management of cancers and 

on the other hand, the histological examination of these lymph nodes has prognostical significance. 

The block dissection has many serious side effects, so it was absolutely important to develop new 

strategies in the staging as well as in the treatment. The sentinel lymph node (SLN) is the first lymph 

node in a lymph node bed to receive lymphatic drainage from a tumor. The new regional staging 

system is based on the biopsy of senitel lymph nodes. There are two methods that can be used for 

identifying SLNs: 1) injections of blue dye in the area immediately surrounding the cancer 2) injections 

of a radioactive substance in the area immediately encompassing the cancer. The injections are 

administered prior to surgery. During surgery the surgeon identifies the node(s) containing either the 

blue dye (through direct visualization) or the radioactive substance (through a detector e.g. Geiger 

counter), indicating the collection of drainage from the cancer. The nodes that collect the injected 

substances are determined to be the SLN and are subsequently removed for a biopsy.  
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Advantages: 

 surgery decreases unnecessary lymph node dissections, thereby reduces the risk of 

lymphedema 

 more effective in the demonstration of micro-metastasis  

 enables new staging strategies 

 helps to optimize the supplemental radiation therapy 

1.2.2. Bone marrow  

Hematopoiesis is the process in which blood cells are produced. Hematopoiesis occurs in the bone 

marrow, close to the endosteal surfaces of bone. Hematopoietic stem cells that produce all cells of the 

immune system are located here. Hematopoiesis happens in several stages, and is controlled by 

hematopoietic growth factors, cytokines, low molecular weight substances and direct cell-cell 

interactions. Pluripotential stem cells differentiate into committed progenitors. Two types of committed 

progenitors are known: 1) common myeloid progenitor and 2) common lymphoid progenitor. The 

common myeloid progenitors generate proerythroblasts (erythropoiesis), myeloblasts (granulopoiesis), 

monoblasts (monocytopoiesis) and megakaryoblasts (thrombopoiesis), while the common lympoid 

progenitors generate lymphoblasts (lymphopoiesis). Myelopoiesis and B cell development are 

localized in bone marrow but T cell maturation occurs in the thymus. (Figure 1.4) 

 

Figure 1.4 Hematopoiesis in the bone marrow 

1.2.3. Spleen  

The spleen is the major lymphoid organ of humans.  It is surrounded by a fibrous capsule that extends 

inside and forms the trabeculae. The substance of the spleen is composed of two types of tissues: 1) 

the red pulp and 2) the white pulp. The red pulp contains plasma cells, resident macrophages, 

erythrocytes, platelets, granulocytes and lymphocytes. It is the site where aged platelets and 
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erythrocytes are destroyed. The white pulp contains the lymphoid tissue clustered around a central 

arteriole in an arrangement known as a periarteriolar lymphoid sheath (PALS).  T cells are found 

around the central arteriole, while B cells are organized into either primary follicles (unstimulated), or 

secondary follicles (antigen-stimulated) that contain a germinal center complete with memory B cells.  

About 50% of spleen cells are B lymphocytes so spleen is the major source of antibodies (Figure 1.5). 

 

Figure 1.5 The structure of the spleen 

1.2.4. Thymus 

The thymus lies directly behind the sternum in the middle of the chest. It has a bilobed structure with 

its maximum size at birth, then it atrophies with age. In spite of that, residual T lymphopoiesis 

continues throughout life. The thymus is made of lobules which are separated by the connective tissue 

septa. Each lobule has an outer cortex and an inner medulla.  

Cells in the thymus can be divided into thymic stromal cells (epithelial cells, macrophages, dendritic 

cells) and cells of hematopoietic origin, derived from bone marrow (thymocytes). The function of the 

thymus is to produce T lymphocytes. 

The cortex is mainly composed of lymphoid cells (immature thymocytes) surrounded by a network of 

cortical epithelial cells. The earliest phases in thymocyte development, T cell receptor gene 

rearrangement and positive selection take place here. The medulla consists of mature thymocytes, 

medullary epithelial cells, macrophages and dendritic cells. The later phase of T cell development, 

negative selection, takes place in the medulla. 

Positive selection: production of T cells whose receptors (TCR) can recognize antigens presented by 

self MHC molecules. During this process, all other developing T cells (whose TCR cannot recognize 

antigens presented by self MHC molecules) die by apoptosis before reaching maturity. 

Negative selection: the thymocytes that recognize self molecules (autoantigens) are deleted from the 

repertoire (Figure 1.6). 

Cell-surface molecules of thymocytes at different stages of maturation: 
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The most important cell-surface molecules for identifying thymocyte subpopulations have been CD4, 

CD8, and T cell receptor complex molecules (CD3, and the T cell receptor α and β chains). The 

lymphoid progenitors, derived from bone marrow, do not express any of these. They are called 

double-negative thymocytes (CD4 and CD8 negative cells). These precursors give rise to two T cell 

lineages, the minority population of TCR expressing T cells, and the majority TCR expressing T 

lymphocytes. Development of both T cell subpopulations proceeds through stages where both CD4 

and CD8 are expressed by the same cell. They are double-positive thymocytes (CD4 and CD8 

positive). Most thymocytes (>95%) die by apoptosis within the thymus after becoming double-positive 

cells. During interaction with self MHC molecules they lose expression of either CD4 or CD8 and 

increase the level of the TCR. These cells are the single-positive thymocytes (CD4 or CD8 positive 

cells). Single positive T cells leave the thymus. 

 

Figure 1.6 The stucture of the thymus 

1.2.5. Mucosa associated lymphoid tissues: MALT 

The mucosa-associated lymphoid tissue (MALT) is the diffusion system of lymphoid tissues found in 

various sites of the body, such as the gastrointestinal tract, lung, skin etc. The MALT is mainly 

composed of T and B lymphocytes, but also contains professional antigen presenting cells. In the case 

of intestinal MALT, M cells are also present, that sample antigen from the lumen of bowels and deliver 

it to the lymphoid tissue. 

Designation of mucosa associated lymphoid tissues according to their location: 

GALT and Peyer's patches: Because the gastrointestinal truct’s lumen is outside the body, it is 

populated with potentially pathogenic microorganisms and other antigenic substances. It is very 

important that the immune system maintain a strong presence at this mucosal boundary. The 

lymphoid tissue (lymphocytes and other immune competent cells) is located in the mucosa extending 

into the submucosa of the small intestine, forming lymphoid follicles. Isolated or aggregated lymphoid 

follicles are called Peyer's patches. The main cell type of the Peyer's patches is the B lymphocyte. 

The function of immune cells in GALT: 

Lamina propria lymphocytes: These cells are IgA-secreting B lymphocytes.  
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Intraepithelial lymphocytes: These cells are positioned in the basolateral spaces between lumenal 

epithelial cells.  

M cells (microfold cells): This is a specific cell type in the intestinal epithelium which can endocytose 

protein and peptide antigens. Instead of digesting these molecules, M cells transport them into the 

underlying tissue, where they are taken up by local dendritic cells and macrophages.  

Dendritic cells and macrophages: They take up antigens from M cells and present them to T 

lymphocytes (Figure 1.7).  

 

Figure 1.7 The structure of the GALT 

 

1.3. Immune cells 

The immune system consists of a variety of cells. 

Most of these cells are produced in the bone marrow 

during hematopoiesis. Although white blood cells 

circulate in the blood, they have the capacity to 

leave the circulation and enter extravascular spaces 

(Figure1.8.). They can be concentrated in the organs 

of the immune system. 

Their differentiation and maturation is finished in 

secondary lymphoid organs or at the place of 

immune response. Immune cells can be categorized 

by their functional activities rather than their 

morphological characters. Their functional or 

quantitative anomalies lead to immunodeficiencies. 

 

Figure 1.8 Extravasation through the HEV 



1.3.1. Laboratory evaluation of the immune system  

The laboratory evaluation of the immune system is usually indicated by an individual experiencing 

some clinical problems such as recurrent or chronic infections. It is critical to recognize that the 

patient’s medical history and physical exam determine the appropriate choice of laboratory tests. The 

interpretation of laboratory tests must be based on the clinical history as well as the size of the 

difference from the age-specific reference range. 

Initial screening laboratory tests include: 

1) Complete blood count with differential 

2) Chemistry panels to assess for metabolic disorders (diabetes mellitus, renal disease) that might 

cause secondary immune deficiency.  

3) Tests to evaluate specific infections  

4) Erythrocyte sedimentation rate and/or C-reactive protein and/or procalcitonin: Nonspecific 

elevations in acute phase reactants can be seen with infectious and inflammatory disorders and 

suggest the need for further evaluation. 

1.3.1.1. Peripheral blood smear and bone marrow smear 

The complete blood count and blood smear provides valuable information about the cellular immune 

system.  

Complete blood count (CBC) and peripheral blood smear: 

1. In many primary immunodeficiency disorders, cell populations are initially normal, and then 

decline over time. Thus, normal results in the past cannot be relied upon as a reflection of the 

current state.  

2. A number of factors may affect blood count, such as pregnancy, iron deficiency, alcohol, some 

medications etc. Thus, follow-up CBC can help to assess marginal result, and it can only be 

interpreted in the context of clinical history and physical examination. 

Bone marrow smear: 

Bone marrow examination is used in the diagnosis of a number of conditions, including cytopenia and 

malignant hematological disorders. Bone marrow samples can be obtained by aspiration and biopsy. 

The purpose of this test is to investigate the differentiation states and the morphological characteristics 

of cells that are present in the normal bone marrow.  

The following questions have to be answered: 

1. How many cell types can be identified in bone marrow aspirate? (presence or absence of 

cellular monotony) 

2.  Is there any alteration in the myeloid: erythroid ratio? (cellularity) 

3.  Can abnormal cell types be found in bone marrow (large cells, clumps of tumor cells, etc)? 

1.3.1.2. Cytochemical reactions 

One of the cheapest laboratory methods to determine the cellular origin is cytochemistry. Positive 

result of a cytochemical reaction is a reflection of metabolic activity of cells. Many types of 
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cytochemical reactions are used in hematology: Sudan black B staining, myeloperoxidase (MPO), 

alkaline phosphatase, alpha-naphthyl acetate esterase with and without NaF inhibition, periodic acid 

Schiff (PAS), etc. We would like to highlight the role of only two of them. 

1.3.1.2.1. PAS reaction 

PAS is a non-specific chemical reaction. Periodic acid oxidizes carbohydrates to aldehydes, that can 

react with the Schiff reagent to release fuchsin and stain the cellular components containing oxidizable 

compounds. Although it stains the glycogen content of both myeloid and lymphoid cells, cellular origin 

can be differentiated through their staining pattern. Cytoplasms of lymphoid cells show homogenous, 

while cytoplasms of myeloid cells show granulous colour after staining. PAS reaction may be helpful in 

the diagnosis of some cases of acute lymphoblastic leukemia (ALL) and some subtypes of acute 

myeloid leukemia (AML). 

1.3.1.2.2. Esterase reaction with and without NaF inhibition 

Cytochemical esterase reaction allows the distinction between myeloid cell types: monocytes and 

neutrophil granulocytes. Synthetic substrates hydrolyzed by leukocyte esterase release naphthol 

which rapidly couples with a diazonium salt present in the staining mixture. It results in a brightly red-

brown or black-brown colored precipitate near the site of the enzyme activity. The enzyme is present 

in the non-specific granules of promyelocytes and of neutrophil granulocytes. Sodium fluoride inhibits 

the activity of esterase in monocytes, megakaryocytes, platelets and plasma cells, but not in 

lymphocytes and granulocytes, thus this reaction is the most suitable for identifying monoblastic 

leukemias. 

1.3.1.3. Flow cytometry 

Flow cytometry is a powerful technique for the measurement of multiple characteristics (size, 

granularity, immunophenotype) of individual cells within heterogeneous populations. Flow cytometry 

can characterize the differentiation and activation states of cell types by the determination of their 

surface and cytoplasmatic protein expression (See Chapter 5) (Figure 1.9). 

 

Figure 1.9 Immune phenotyping markers 
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1.3.1.4. Immunohistochemistry 

Immunohistochemistry means the determination of antigens in tissue sections by the use of labeled 

antibodies.  Antigen-antibody interactions enable the specificity. The reaction can be visualized by 

different markers, such as fluorescent dyes, enzymes or colloidal gold (See Chapter 2). 

1.3.1.5. Genetic tests 

Genetic mutations can be spontaneous or are provoked by environmental agents and radiation. 

Genetic alterations are leading to many of the most common primary immune deficiency disorders 

(PIDD) including: severe combined immunodeficiency, agammaglobulinemia, hyper-IgM syndromes, 

common variable immunodeficiency and many other unique immune disorders. On the other hand, 

cytogenetics and molecular genetics can be used to investigate chromosomal abnormalities and DNA 

mutations associated with malignant disorders of immune cells (leukemias and lymphomas). 

Genetic testing identifies changes in chromosomes, genes or proteins, so they are used to find 

changes that are associated with inherited disorders. Gene tests scan the patient's DNA sample for 

mutated sequences. DNA sample can be obtained from any tissue, including blood. 

Since genetic testing may open up ethical problems, it is often accompanied by genetic counseling. 

(See details of genetic testing in the Genetics and genomics subject). 

 

1.4. Communication between immune cells  

The physiological activity of the immune system is based on the closely controlled communication 

between immune cells. Besides the two well-known communication pathways, direct cell-cell 

interaction and the communication via soluble molecules, an alternative novel mechanism has been 

discovered. It is the message delivery through membrane vesicles (MV).  

Excellent examples of communication pathways between the immune cells: 

1. Antigen presentation is based on the complex and direct interactions between APC and T 

lymphocytes. The direct „meeting” is absolutely necessary for T cell activation. 

2. The immune response is closely regulated by different soluble mediators derived from local 

cells. These substances (cytokines, prostaglandines, prostacyclines, biogen amines, etc) get 

through to their target cells via diffusion or through the lymphatic system or blood flow. The 

main soluble regulatory molecules in the immune system are cytokines. 

3. MVs mediated communications 

MVs – also known as exosomes, ectosomes/microparticles, microvesicles or apoptotic bodies – can 

derive from cells either by apoptosis or by processes under physiological conditions from several 

activated cell types. Their size ranges between 100 and 800 nm. MVs display a variable spectrum of 

molecules, enclosed inside the vesicles and in their membrane, a pattern specific for the parental cell 

that secretes them. Therefore „packages” of information can reach different targets, allowing a special 

communication between cells. They act both in paracrine ways and in far distances, circulating in 

blood plasma. The size of the secreted vesicles also strongly depends on the type of the secreting 
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cell. Microvesicular information transfer plays an important role in several physiological and 

pathological processes, such as immune modulation in inflammation and during pregnancy, blood 

coagulation and cancer. 

Isolation of MVs from cell-free samples occurs by density gradient centrifugation. The exact 

identification of the purified vesicles upon their size can be further studied by electron microscopy. 

Flow cytometry is the conventional method for studying MVs. This is an appropriate method for the 

investigation of the number and size of MVs, and also for their characterization by 

immunophenotyping. 

The most important features of MVs mediated information transfer include: 

1. MVs transfer a special „package” of information (protein pattern of their membrane; vesicles 

content) 

2. The increased circulation of membrane-bound proteins can prolong the effects. 

3. Insoluble or antigenic compounds (e.g. nucleic acids) can be transfered inside the 

microvesicles. 
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2. IMMUNOASSAYS I.  
(EDIT BUZÁS) 

 

 

 

 

Most of the currently used clinical laboratory diagnostic tests are based on antigen-antibody 

interactions. This explains why the basic immunoassay types will be discussed in details in this 

chapter.   

The antibodies used in these tests are commercially available (similarly to chemical reagents). 

Companies specialized in the production and/or distribution of antibodies offer a wide variety of 

polyclonal and monoclonal antibodies specific to different antigens.  

 

2.1. Features of diagnostic antibodies 

Polyclonal antibodies are derived from blood serum of immunized animals; upon immunization with 

foreign protein, blood serum of the immunized organization contains large amounts of antibodies 

reactive with different (usually conformational) epitopes of the immunizing antigen. Polyclonal 

antibodies are products of numerous different B cells/plasma cells.  Antibodies isolated from the blood 

serum may belong to different immunoglobulin classes, they are characterized by different affinities, 

and they are heterogeneous even with respect to their antigen specificity: beyond reacting with the 

selected immunizing antigens, they also react with other antigens. After a single injection, the 

predominant antigen-specific immunoglobulin class in the serum is IgM (primary immune response), 

while after repeated injections antigen-specific IgG will be present in the largest amount in the serum. 

Most of the time polyclonal antibodies are used as secondary antibodies. It is practical to immunize 

animals with a relatively large body size (such as swine, goat or rabbit) in order to produce polyclonal 

antibodies, since it is feasible to obtain large amounts of antibodies from the blood serum of these 

animals. For comparison: in the case of a rabbit 15 ml blood serum can be collected, from mice 0.3 ml, 

from rats 2 ml, from guinea pigs 5 ml, from hamsters 0.3 ml, from a sheep 200-600 ml, from a goat 

150-400 ml, from a horse 500-7000 ml serum can be obtained. When selecting a species to be 

immunized, evolutionary distance between the source of the immunizing antigens and the host is an 

important issue. Production of polyclonal antibodies is relatively inexpensive and takes 4-8 weeks. The 

most frequently selected species is rabbit from which ~250 mg antibodies can be collected at each 

venipuncture. Rabbit polyclonal antibodies are often used as secondary antibodies along with primary 

mouse monoclonal antibodies (Figure 2.1).  

Monoclonal antibodies are produced in vitro, in tissue culture using hybridoma technology, involving 

somatic fusion of immortal tumor (myeloma) cells and antibody producing plasma cells. Daughter cells 

of immortal hybridomas formed by the fusion will all produce the same monoclonal antibody. 
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Figure 2.1 Monoclonal and polyclonal antibodies 

 

Generation of hybridomas and production of monoclonal antibodies requires 3-6 months on average. 

Commercially available monoclonal antibodies belong to the same immunoglobulin isotype (are almost 

exclusively IgGs), react with the same that can be produced in the required amount by the company. 

The advantage of monoclonal antibodies is not only the ability to produce them in the required quantity 

but also that the produced antibodies are highly homogenous and thus enabling their use in standard 

conditions, which is a very important requirement, particularly in clinical diagnostic tests and during 

therapeutical application of antibodies.  A broad variety of commercially available antibodies can be 

found at the following link: http://www.antibodyresource.com/onlinecomp.html, where we can reach the 

complete choice of antibodies of 184 companies.   

2.1.1. Basic terms  

Antigen-antibody interaction: reversible, non-covalent interaction. 

Affinity: it is the binding force between an epitope and an antibody antigen binding site, which is a 

sum of the attractive and repellent forces 

between the antigen and antibody molecules. 

Affinity is an equilibrium constant 

characteristic of the antigen-antibody reaction. 

Most antibodies are characterized by high 

affinity.  

Avidity: it is the sum of binding forces 

detected at more than one site (that is the 

total binding force between multivalent 

antigens and antibodies) (Figure 2.2). 

 

Figure 2.2 Affinity and avidity 

http://www.antibodyresource.com/onlinecomp.html


Specificity: the feature of an antibody is that it reacts with a single antigen determinant only.  

Antibodies distinguish antigens by 1) their primary structure, 2) isomeric forms and 3) secondary and 

tertiary structures.  

Cross-reactivity is a feature of an antibody that it can react with more than a single antigen. The 

basis of cross-reactivity is that the antigen has an epitope, a similar epitope that exists in another 

antigen. 

Antibody titer: the last dilution at which the antigen-antibody reaction is still detectable.  

Sensitivity: the parameter that shows how many % of the patients is recognized by the antibody used 

in a diagnostic test  

Specificity: the parameter that expresses how many % of healthy individuals is recognized as 

„negatives” by the antibody used in a diagnostic test   

2.1.2. Labeling methods of antibodies 

For the detection of location and quantity of the antigen, the antibodies should be visualized by 

different marker molecules (Figure 2.3. and Table 2.1-2). 

 

Figure 2.3 Frequent marker molecules 

 

Marker Example Use 

Fluorochrome 

FITC (Fluorescein 

Isothiocyanate) 

PE (Phycoerythrin) 

Rhodamine 

Texas red 

Immunocytochemistry 

Enzim 
Peroxidase (HRPO) 

Alkaline phosphatase (ALP) 
ELISA and ELISPOT, immunoblot 

Biotin Biotin 
Indirect immunocytochemistry  (avidin or  

sterptavidin conjugated enzyme detection)  

Colloidal gold Colloidal gold Electron microscopic immunocytochemistry 

Radioactive 

isotope 
125

I RIA, IRMA and RRA 

Table 2.1 Frequently used marker for antibodies 
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Enzyme Substrate 

Peroxidase (HRPO) 

DAB (diaminobenzidine): brown  

AEC (aminoethyl-carbasole): red 

True Blue: blue 

Luminol: luminescent 

Alkaline phosphatase (ALP) 

NBT (nitroblue tetrasoliume): blue 

BCIP (bromo-chloro-indoyl phosphate): 

blue 

Dioxetane derivatives: luminescent 

Table 2.2 Some frequently used ezyme-substrate systems in immunodetection 

 

2.2. Methods 

2.2.1. Flow cytometry 

These days in clinical laboratory practice, flow cytometry is one of the most widely used methods 

based on antigen-antibody interaction. A separate chapter will focus on flow cytometry because of its 

significance, versatility and methodological complexity. Thus, here we do not discuss flow cytometry in 

details, even though it clearly falls into the category of immunoassays. 

2.2.2. ELISA (Enzyme Linked Immunosorbent Assay) 

ELISA is the most widely used non radioactive immunoassay based on antigen-antibody interaction. In 

ELISAs we use 96 (8x12) well polystyrene plates, the ancestor of which we can consider the 6 x 12 

well microtitrator plates first used in 1951 by the Hungarian Gyula Takátsy.  

In ELISA we adsorb proteins to the bottoms of the wells of the plate. The adsorption is mediated, 

among others, by “van der Waals" forces, hydrophobic and electrostatic interactions. Free protein 

binding capacity of the sides of the wells is saturated with indifferent proteins not expected to 

participate in the immune reaction (that is they do not contain either an antigen or antibody that would 

play a role in the ELISA reaction). For this purpose most of the time bovine serum albumin or gelatin is 

used. 

In the ELISA, the antibodies may be either unlabelled or conjugated with biotin or an enzyme. For 

antibody labeling, horse radish peroxidase (HRP) or alkaline phosphatase (AP) are used most 

frequently. The enzyme (e.g. HRP) is invisible on its own, and becomes visible if it catalyzes the 

electron transfer between H2O2 and a colorimetric indicator, and the color of the oxidized chromogenic 

substrate (TMB, DAB, ABTS) changes. The amount of the modified chromogen can be followed by the 

optical density measured at the absorption maximum, and it is proportional with the enzyme activity. 

Instead of chromogenic substrates, we may use fluorogenic substrates, too.  

In the case of biotin labeling, we take advantage of the high affinity biotin-avidin or biotin-streptavidine 

interactions. The biotin-avidin interaction is the strongest known non-covalent protein-ligand 

interaction. Avidin, derived from egg white, is a basic glycoprotein that shows 30% sequence similarity 

http://en.wikipedia.org/wiki/Van_der_Waals_force
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with streptavidin produced by Streptomyces avidnii. However, their secondary, tertiary and quaternary 

are almost identical. Both avidin and streptavidin have tetrameric structure, each subunit of which is 

capable of binding a biotin molecule.  Numerous biotins may bind to a biotinylated protein and thus, 

the biotinylated protein may bind several avidin molecules simultaneously (Figure 2.4.). Avidin binds 

biotin with higher avidity than streptavidin, but in contrast with streptavidin, avidin is glycosylated (this 

is why it also binds lectins), has positive charge (binds e.g. to the nucleus), and more often binds 

aspecifically. 

 

Figure 2.4 Biotin-avidin system 
 

There are three basic types of ELISA techniques: 

1. indirect ELISA 

2. sandwich ELISA 

3. competitive ELISA assay 

2.2.2.1. Indirect ELISA 

In indirect ELISA reaction, we adsorb a given protein (e.g. a viral antigen) onto the surface of the 

ELISA plate. Next we block the free protein binding capacity of the plate with an indifferent protein 

(e.g. bovine serum albumin). Later we incubate the plate with the biological sample (e.g. blood serum). 

After washing, we incubate the plates with labeled secondary antibodies corresponding to the primary 

antibody (such as HRP labeled anti human immunoglobulin) reactive with the primary antibodies 

present the biological sample. After washing and addition of H2O2 and chromogen, we measure color 

intensity in the wells by spectrophotometry at a given wavelength. It is advisable to test on each plate 

samples not containing antibody (as a negative controls) and positive control samples (biological fluids 

known to contain antibodies). On the ELISA plate we also run a serial dilution of a standard reference 

serum, so that we could set up a calibration curve onto which we can fit the optical density values of 

our unknown samples. 
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2.2.2.2. Sandwich ELISA 

During the so called sandwich ELISA, we adsorb a capture antibody onto the surface of the plate 

(coating), and after blocking the free protein binding capacity we incubate the plate with antigen-

containing samples (e.g. cytokine containing blood serum). After washing, we incubate the wells with 

HRP-labeled antibodies reactive with the same antigen, however, recognizing epitopes different from 

those binding to the capture antibody. Next, after adding H2O2 and chromogen, we measure optical 

density at a given wavelength by a spectrophotometer (Figure 2.5.). 

 
Figure 2.5 Indirect and sandwich ELISA 

 

In this, the standard curve is determined on 

the same plate by serial dilution of known 

concentration of the antigen (Figure 2.6.). 

 

 

 

 

 

 

Figure 2.6 ELISA standard curve 

2.2.2.3. Competitive ELISA  

As a first step, unlabelled antibodies are pre-incubated with the biological samples that contain the 

antigen. Once the antigen-antibody complexes are formed, the pre-incubated samples are pipetted 
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onto the antigen-coated ELISA plates. The more antigen is present in the biological sample, the less 

antibody molecules remain free and available to bind to the antigen that has been adsorbed onto the 

ELISA plate. Finally, we apply enzyme (e.g. HRP)-conjugated secondary antibodies and chromogen 

(as above). The advantage of competitive tests is that they enable us to detect low amounts of 

unlabelled antigen (Figure 2.7). 

 

Figure 2.7 Principle of the competitive ELISA 

2.2.2.4. What should we pay attention to during the ELISA reaction?  

    What are the potential pitfalls? 

Autoimmun 

diagnostics 

C-Anca P-Anca Anti-Cardiolipin IgG  

Anti-Cardiolipin IgM  

ss/DNA ds/DNA Jo-1  

Histone Complex  

Immune Complex  

Anti-Thyroid Microsomal  

Anti-Mitochrondrial SSa SSb ANA, SM 

Sm/RNP Thyroglobulin Anti Thyroglobulin   

Gliadin IgG, IgA, IgM 

Endocrinology 

Androstenedione  

FSH, HCG, HGH, LH, Estradiol, Estriol Progesterone 17-OH Progesterone  

Free-Testosterone  

Testosterone  

Cortisol, TSH, T3, T4, TPA 

Microbiology 
Anti-HBsAg; Anti-HCV; Anti-HIV; Anti-HEV IgM; Anti-HAV IgM, IgG;                 

Anti-tuberculosis IgG; Anti-syphilis; anti-EBV; Anti-Rotavirus 

Tumor 

diagnostics                               

AFP, CEA, ferritin 

HCG, b-HCG, PAP,  

PSA, Free PSA 

Table 2.3 Examples of ELISA based diagnostic tests 

 



32 
 

We might get an inaccurate reaction as a result if washing of the wells is not satisfactory (the volume 

and/or the soaking time are insufficient), if we fail to remove all fluid from the wells after the washing 

and incubation steps, if we forget to change pipette tips between samples, if the plates are not sealed 

properly during incubation steps. 

If the color reaction is weak or fails to develop, it is reasonable to mix the enzyme-conjugated antibody 

and substrate solutions in 1:1 ratio in a separate tube. By doing so, the color reaction should develop. 

In the case of horse radish peroxidase (HRP)-conjugated antibodies, the reaction may fail to develop if 

the substrate solution was not stored in the dark, or if the H2O2 solution is old and partially decayed. 

2.2.3. ELFA (Enzyme Linked Immunofluorescent Assay)  

This ultrasensitive test involves the use of a fluorogenic substrate (pl. 4 Methyl umbilliferyl phosphate 

(MUP)). Given the fact that fluorescent molecules are detectable already in picomolar amounts, the 

sensitivity of an immunoassay can be strongly increased by the use of fluorogenic substrates (e.g. in 

the case of rotavirus detection the sensitivity is 100x of that of an ELISA).  

ELFA involves the use of a fluorimeter into which we place a compatible solid phase receptacle (SPR). 

It is a solid phase container with a shape that resembles a pipette tip. An antibody (specific to the 

substance to be detected) is conjugated onto the inner surface of the SPR. The system also involves 

the use of a cassette that can be placed into the fluorimeter. In the bottom of the separated boxes of 

the cassette, there is a reagent strip which contains alkaline phosphatase-conjugated antibody and 

fluorogenic substrate in certain positions. The sample is sucked up through the SPR, and later further 

solutions are sucked up through it from the different boxes of the cassette (Figure 2.8). 

 

Figure 2.8 Principle of ELFA 
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2.2.4. ELISPOT 

It is an indirect immunoassay in which we can detect molecules (most often cytokines) secreted by 

individual cells. The wells of the special 96 well ELISPOT plates have either nitrocellulose or PVDF 

membrane bottom that is coated under sterile conditions with a capture antibody. Next we block the 

free protein binding surfaces by incubating the surfaces with a buffer containing an indifferent protein 

(such as bovine serum albumin). This is followed by pipetting live cells (e.g. 1-300 000 lymphocytes) 

into the wells, and incubating them in tissue culture medium in a CO2 incubator at 37 
o
C for 1-2 days. 

Then we wash the cells 

out of the wells, and the 

secreted molecules bound 

to the capture antibody are 

visualized by using a 

labeled secondary 

antibody (Figure 2.9) and a 

substrate that will form an 

insoluble precipitate. After 

drying the plate, we 

analyze the scanned spots 

at the bottom of the wells 

with image analyzer 

software.  

It is a very sensitive 

method capable of 

determining the number of 

positive cells even at very 

low frequency (e.g. 1/300 

000). 

Figure 2.9 

Principle of ELISPOT  

2.2.5. Immuno blot (Western blot) 

By this method, we can determine the relative amount of a given protein within a biological sample 

using an antigen-specific primary antibody. We produce cell- or tissue lysates with a buffer containing 

protease inhibitors. Different molecular weight proteins in the sample are separated by SDS 

polyacrylamide gel electrophoresis. Next we blot (transfer) the content of the gel onto a nitrocellulose 

or PVDF membrane, in such a way that the separated proteins should remain in the same position as 

within the gel. Free protein binding capacity of the membrane is blocked by indifferent proteins (such 

as with proteins of the fat free milk powder). Next we incubate the membrane with a primary antibody 

specific to the desired. This is followed by incubation with a secondary antibody (more precisely with 

http://hu.wikipedia.org/w/index.php?title=Nitrocellul%C3%B3z&action=edit&redlink=1
http://hu.wikipedia.org/w/index.php?title=Nitrocellul%C3%B3z&action=edit&redlink=1
http://hu.wikipedia.org/w/index.php?title=Nitrocellul%C3%B3z&action=edit&redlink=1
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an enzyme-conjugated secondary antibody) that binds to the primary antibodies. Thus, it shows the 

site where the primary antibody is bound to (Figure 2.10-11).  

 

Figure 2.10 Principle of Immuno (Western) blotting 

 

 

Figure 2.11 Steps of immuno blotting 
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Most of the time, we use HRP-conjugated secondary antibodies. The HRP catalyzes the reaction 

during which the oxidation of luminol is accompanied by light emission at 428nm, which we can detect 

with light sensitive film or a CCD camera. (Figure 2.12) The data can be analyzed by standardizing the 

results to a housekeeping protein (such as beta actin). The results not only provide information about 

the relative quantity of the protein, but also about the molecular weight of the protein that has been 

recognized by the specific primary antibody. 

 

Figure 2.12 Principle of chemiluminescent detection 

2.2.6. Methods based on radioactive isotope detection 
2.2.6.1. Radioimmunoassay (RIA) 

It is a very sensitive, highly specific and relatively inexpensive method by which we can determine the 

concentration of e.g. hormones. Its disadvantage is that it requires a special equipment (e.g. a gamma 

counter) and, because of the use of radioactive substances, it requires special permission, and special 

attention should be paid when using this method. One of its forms is the RAST test 

(radioallergosorbent test). 

In RIA we most often use I
125 

labeling of the tyrosines of proteins. The radiolabeled antigen is mixed 

with known amounts of an antibody. Next we add biological samples with unknown antigen content. In 

this case, the cold (unlabelled) antigen competes for binding to the antibody with the radioactive one 

(Figure 2.13-14). The Protein A surface protein of S. aureus binds antibodies, and it can be used to 

pellet antibodies from a solution with a simple centrifugation step. 

 

Figure 2.13 Principle of RIA and IRMA 

http://en.wikipedia.org/wiki/RAST_test
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Figure 2.14 RIA 

2.2.6.2. Immunoradiometric assay (IRMA) 

In this method we use monoclonal antibodies bound to the inner surface of polystyrene tubes. The 

samples of the patients are incubated with radioactive (
125

I-labelled) antibodies. Antigens in the 

sample bind simultaneously to the immobilized unlabelled antibodies (bound to the wall of the tubes) 

and the soluble, radioactive antibodies. This way we ultimately form a solid phase-bound complex. 

The unbound radioactive antibodies are removed by washing. Radioactivity of the tubes is proportional 

with the antigen contents of the patient samples. Quantitative analysis involves the use of a standard 

curve set by measuring known amounts of antigen in the system. 

2.2.7. Immunocytochemistry (Immunohystochemistry) 

With the help of this method, we can demonstrate specific proteins within cells/tissues using labeled 

antibodies. We can investigate sections, smears and cultured, adherent cells as well as cell 

suspensions after centrifuging onto the surface of a glass slide (citospin preparations).  

The antigen-antibody interaction may be visualized by fluorescent dyes, metal colloid, radioactive 

labeling or an enzyme. 

In the case of a reaction within the cell or the nucleus, the antibody must pass biological membranes. 

In order to permeabilize cells, we may have to use detergents (0.25% Triton X-100 or 0.5% saponine). 



37 
 

In the case of acetone, methanol or ethanol fixation there is no need for further permeabilization. We 

should avoid using Triton if we want to detect membrane antigens because Triton destroys biological 

membranes.  

Aldehide-based fixatives (such as formalin) form inter- and intramolecular crosslinks (methylene 

bridges) within and among proteins that may mask tissue antigens. This masking effect is dependent 

on the duration of the fixation, the temperature, the concentration of the fixative and the local amount 

of the proteins that form crosslinks. In order to unmask tissue antigens, we may use protease 

digestion (e.g. trypsin) or heating (e.g. for a short time in a microwave oven). 

If necessary, the frozen or fixed sections are permeabilized as described above. Next the nonspecific 

binding sites are blocked by incubating the sections with bovine serum albumin, 1% gelatin or 10% 

normal serum (corresponding to the species source of the secondary antibody). First we incubate the 

sections with the primary antibody followed by incubation with a secondary antibody. It is reasonable 

to apply a background nuclear staining (e.g. using 0.1-1 μg/ml Hoechst or DAPI (DNA stains).  

Nonspecific staining may be the result of hydrophobic or electrostatic interactions. The nonspecific 

binding is predominantly even, and it can be reduced by preincubation of the section with normal 

serum. Several tissues are characterized by endogenous peroxidase activity. Pretreatment of the 

section with H2O2 (prior to the use of the primary antibody) may help eliminate endogenous peroxidase 

activity. Several tissues are also characterized by endogenous alkaline phosphatase activity that can 

be eliminated by treatment of the tissue with levamisole. Certain tissues (such as liver and kidney) 

contain endogenous biotin; therefore in their cases it is practical to preincubate the sections with 

unconjugated avidin. 

2.2.7.1. Direct method 

In a single step we incubate the sample with a labeled antibody (such as FITC-labeled antibody). It is 

a rapid procedure; however, it is not too sensitive. 

2.2.7.2. Indirect method 

The first „layer” in this method is represented by the primary antibody; this is the immunoglobulin that 

reacts with the antigen in the tissue. A labeled secondary antibody is also used (representing the 

„second layer”) in the method. This secondary antibody reacts with the immunoglobulins of the 

species from which the primary antibody is derived.  This method is more sensitive than the direct 

approach (the signal is amplified, since numerous secondary antibody molecules interact with the 

different epitopes of a single primary antibody molecule). It is also an economical method, as the 

same labeled secondary antibody can be used as a „second layer” in combination with many different 

primary antibodies. In the case of immune fluorescent labeling, the fluorescent molecule is usually 

FITC, rhodamine or Texas red, whereas in immune enzymatic labeling we typically use peroxidase 

(HRP) or alkaline phosphatase (Figure 2.15.).  
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Figure 2.15 Principle of immunocytochemistry 

2.2.7.3. Controls 

We use positive controls to determine if the protocol works. It is practical to use a tissue in which the 

reaction is expected to work.  

Negative controls are used to evaluate the specificity of an antibody. We may omit the primary 

antibody or substitute it with isotype-matched control immunoglobulin or normal serum.   

In the case of a new antibody, the reaction should be inhibited by preincubation of the primary 

antibodies by the purified antigen.  

2.2.7.4. PAP Method (peroxidase anti-peroxidase method)   

It is an indirect technique with 3 „layers”: an unlabelled primary antibody, an unlabelled secondary 

antibody that both reacts with the primary antibody and forms a bridge with the 3rd „layer” (a stabile 

peroxidase anti-peroxidase complex). Sensitivity of this method is ~ 100-1000x of the other methods, 

since peroxidase is bound immunologically and not chemically, therefore we can use much higher 

dilution of the primary antibody that reduces nonspecific binding. 

2.2.7.5. Avidin-Biotin Complex (ABC) method   

This method also includes 3 „layers”. The first „layer” is the primary antibody, the 2nd is a biotinylated 

secondary antibody, and the 3rd is an avidin-biotin peroxidase complex.  

2.2.7.6. Fluorescence microscopy and laser confocal microscopy 

Fluorescence is the phenomenon of the emission of light by some materials at a wavelength longer (at 

lower energy) than that of the incident illumination. Substances detectable in a fluorescence 

microscope emit light of the visible spectrum, when irradiated by ultra violet (UV) or blue light. 
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Fluorescence microscopy can be used to demonstrate fluorescent substances which are present as 

normal constituents of the cells, such as vitamin A or riboflavin (primary- or autofluorescence). 

Alternatively, sections can be stained with fluorescent dyes (fluorochromes) which often have 

particular affinity for certain substances or structures in the cell (secondary fluorescence). The 

chemical characterization of fluorochromes is similar to the one that is used in cytological staining 

methods. Hence there are basic flourochromes (eg, acridine orange is used to demonstrate nucleic 

acids), neutral (eg, rhodamine) and acidic ones (eg, FITC = fluorescein isothiocyanate). 

The colour of fluorescence may depend on the pH, so some fluorochromes can be used as 

fluorescent indicators. Similar indicators are available for measuring intracellular Ca++ level.  

In some cases, specific proteins or other molecules have been made fluorescent by coupling them 

covalently to a fluorochrome. For example, fluorescent dyes can be coupled to antibody molecules (or 

lectines or hormones) which then serve as highly specific and versatile staining reagents by binding 

selectively to other macromolecules of the cell. 

The fluorochromes used for staining cells are detected by the help of a fluorescence microscope. This 

is similar to a standard light microscope, except that the illuminating light, from a very powerful source 

(halogen lamp), is passed through two sets of filters. The first barrier filter (exciter filter) is below the 

condenser and only excitation (UV or blue) light can pass it. The microscopical preparations absorb 

some of the excitation light, and emit visible one. The second barrier filter (fluorescent filter) is 

between the objective and eyepieces. It eliminates the remaining part of the excitation light to protect 

the observer’s eyes, but it gets through the emitted light. By result, fluorescent substances of the 

preparation appear as brilliant particles. 

In the process of sectioning, information about the third dimension is lost. The three dimensional 

architecture of a cell can be restored by the so called computerized three dimensional (3D) 

reconstruction after serial sectioning, or by a laser confocal microscope (LCM).  The serial 

sectioning and the complex computer-based image processing are very intricate and time consuming. 

The LCM provides another, more direct way of achieving a similar result. If a thick specimen is viewed 

with a conventional light microscope, the image obtained by focusing at any level is degraded by 

blurred, out of focus information from the part of the specimen that lie above and below the plane of 

focus.  Electronic-imaging methods make it possible to focus on a chosen plane in a thick specimen 

while rejecting the light that comes from out-of-focus regions. From a series of such optical sections 

taken at different depths and stored in a computer, it is easy to reconstruct a 3D image.  

The optical details are complex, but the basic idea is simple. The microscope generally uses 

fluorescence optics. The light is focused onto a single point at a specific depth in the specimen. A very 

bright source of pin-point light is required, which is supplied by a laser. The light from out-of-focus 

regions is excluded from the detector by a pinhole aperture. To build up a 2D image, data from each 

point in the plane of focus are collected sequentially by scanning across the field in a raster pattern 

and are displayed on a video screen.  

The LCM has been used to resolve the structure of numerous complex 3D objects, including the 

cytoskeletal network and the arrangement of chromosomes and genes in the nucleus (Figure 2.16). 
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Figure 2.16 Principle of the laser confocal microscopy 

2.2.7.7. Lateral flow tests 

These days we use more and more of the single step immunochromatographic 

immunoassays/immunochromatographic fast tests. Their production is inexpensive, it takes minutes to 

carry them out (in sharp contrast with the hours required for the conventional tests), they do not 

require special training and can be used at home as well, and its results can be archived easily.  

The basic technology was developed in 

the 1960’s, but the first lateral flow-

based pregnancy test became 

commercially available only in 1988. 

Since then, the lateral flow tests are 

widely used for clinical, veterinary, 

agricultural, food industrial and 

environment protection purposes 

(Figure 2.17-18.).  

 

Figure 2.17. Antibody coated latex bead 

The principle of the method is that we immerse a test strip into a biological sample, and fluid migrates 

in the strip by capillarity. The sample is mixed with colored, specific antibody-coated microparticles 

(e.g. latex); the antigen content of the sample binds to the colored microparticles and migrates along 

the test strip. In a given position of the strip, antibodies specific to another epitope of the antigen are 

died in a zone. Thus, the colored granules accumulate in this part of the strip, if the sample contained 

the antigen of interest (pl.hCG, LH or HIV). The migrating colored microparticles also accumulate at 
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another location of the strip: in this position anti-immunoglobulin antibody is dried onto the surface. 

Thus, it binds the microparticles irrespective of the fact whether it bound antigen or not. 

Thus, this second visible band serves as a positive internal control in the test. 

 

Figure 2.18 Principle of lateral flow test 

2.2.7.8. Multiplex immunoassay systems 

Recently there is a sharp increase in the use of multiplex immunoassays. Advantages of these 

multiplex systems are as follows: they are high throughput systems, they require lower sample 

volume, they save time and are relatively economical, they enable us to measure the level of a given 

molecule simultaneously with the other(s) and they enable the detection of various proteins in a wide 

dynamic range. 

Some commercially available multiplex systems (such as the Proteome Profiler Arrays) involve the 

use of membranes on the surface antibodies, with carefully selected specificities of capture antibodies 

having been dried in duplicates. These systems are analyzed on the basis of chemiluminescence. 

There are 96 well „Antibody Array” systems in which 96 well microplates are utilized. It enables 

parallel detection of numerous molecules (Mosaic™ ELISAs). In the case of the mosaic ELISA 

systems, up to 8-16 different antibodies may be coated into each well of the 96 well plates in a small, 

spot-like position. Using 384 well plate formats, each well may contain up to 25 different capture 

antibody spots. Each spot represents a different capture antibody or a protein population. These 

http://www.rndsystems.com/product_detail_objectname_mosaic_elisa.aspx
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systems are also analyzed on the basis of chemiluminescence after recording the chemiluminscent 

image by a digital camera. 

 

2.3. Aspects of selecting an immunoassay for a given purpose 

1. Most simple and most inexpensive tests are the lateral flow fast tests. If there is a 

commercially available test specific for the molecule of interest, (e.g. to prove pregnancy or 

some infections), the immunoassay can be carried out within minutes, without any preexisting 

specific training. 

2. If we want to measure the levels of antigens or antibodies in blood plasma or serum, but not 

commercial lateral flow test is available for the molecules of interest, we can carry out ELISA 

reactions which are also relatively simple and inexpensive. We may need to determine the 

level of specific antibodies (and antibody isotypes) if we suspect immune deficiency, in 

infectious diseases, in allergies and autoimmune disorders. Furthermore, we can monitor 

immunosuppression by following the circulating antibody levels. We can set up „home made” 

ELISAs. In this case, we have to purchase plates, antigen, secondary antibody conjugates, 

substrate as well as positive and negative controls, and we have to determine the optimal 

concentrations of these reagents with pilot experiments. It is substantially more expensive to 

purchase ELISA kits commercially. Using these kits, however, we can carry out standard and 

optimized ELISA reactions if we follow the instructions of the manufacturer. In routine 

diagnostic tests, the use of commercially available kits provides a guarantee for standard and 

reproducible measurements. 

3. If the sensitivity of the ELISA is not sufficient, RIA is a good alternative choice (e.g. for the 

detection of low hormone levels). RIA is a relatively inexpensive method; however, because of 

the use of radioactive substances, it requires special care and equipment (such as  counter). 

4. In the diagnosis of autoimmune diseases, indirect immunocytochemistry is indispensable to 

determine the presence of antinuclear antibodies, ANCAs (anti neutrophil cytoplasmatic 

antibodies) or organ specific autoantibodies.  

5. If we want to characterize lymphocyte subpopulations on the basis of cell surface molecules 

(CD antigens), our choice is flow cytometry (which is a topic of a separate chapter coming up 

soon).  

6. We do not use Western blot analyses for routine purposes because of their time and labor 

consuming nature, however, Western blot is an important complementary method to support 

uncertain diagnosis, and it is a highly valuable tool in research.  

7. ELFA systems are used in laboratory routine diagnostics (also in our university). It is a 

sensitive and standard technique; however, it requires special instrumentation background. 

8. As yet, the use of ELISPOT studies is relatively less widely spread if we compare it to other 

immunoassays. It can be used for cellular immunology studies to determine the number of 

cells secreting certain molecules (such as cytokines). It can be used in research to monitor 

cellular immunity during infections, tumors, allergy and autoimmune diseases as well as in 
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transplantation. A very important field in which ELISPOT is used is vaccine development (to 

test virus or tumor vaccines) and to determine immune reactivity during immunotherapy. 

9. Multiplex assays, in spite of the fact that they offer an economical system to monitor numerous 

parameters at a time, by themselves are still relatively expensive and at present they are used 

predominantly for basic research purposes. 

 

2.4. Tasks 

2.4.1. Lateral flow assay  

1) By using a commercially available lateral flow test, determine if the unknown urine sample is 

derived from a pregnant woman. 

2) From Table 2.3 please select the principle that serves as a basis of this method.  

2.4.2. Indirect immunocytochemical preparation 

1) By using light microscopy, find insulin-containing cells in the parcreas section.  

For this procedure we used paraffin embedded sections. After deparaffination, the sections were 

incubated with mouse anti-human insulin antibodies. After washing with buffer, we applied a 

biotinylated horse secondary antibody. After washing, as a fourth member of the sandwich, we 

used a streptavidin-peroxidase conjugate. (Members of the sandwich included antigen, primary 

antibody, biotinylated secondary antibody and streptavidin-peroxidase conjugate). The reaction 

results in the formation of purple precipitate indicating the activity of the enzyme. A 

methylgreen background staining was also used for the specimen. 

Results of the indirect immunohistochemical reaction: 

Beta cell clusters of the pancreas Langerhans islands are purple (Figure 2.19). The staining is 

visible in the form of small cytoplasmic granules (secretory granules). 

 

Figure 2.19 Principle and application of indirect immunocytochemistry for detection of insulin secreting 

cells in the pancreas 
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3. METHODS BASED ON ANTIGEN-ANTIBODY REACTION 

II: IMMUNSEROLOGY  
(ANDRÁS FALUS, GYÖRGY NAGY) 

 

 

 

 

3.1. Immune complex and precipitation 

The majority of the antigens have several different antigen determinants, and most antibodies can 

react with more antigens at the same time (especially the pentameric IgM), thereafter antigen and 

antibody containing immune complexes can be formed. Clemens von Pirquet and Béla Schick 

discovered in 1906 that immunization of children with diphtheria antiserum (produced in horse), 7-14 

days after the immunization leads to serum sickness characterized by the generation of large amount 

of immune complexes. Béla Schick was a Hungarian-born American pediatrician, the founder of the 

Schick test (a test for susceptibility to diphtheria). He was born in Balatonboglar, Hungary, brought up 

in Austria and he directed the pediatric department of Mount Sinai Hospital in New York. Pirquet and 

Schick proposed that serum sickness is caused by antibodies against the horse antigens: immune 

complexes are generated from antibodies raised against horse antigens, and antigens, and then these 

immune complexes are deposited in different tissues.  

Several decades later Gertmuth and Dixon studied the serum sickness in rabbits, and they proved that 

the original assumption of Pirquet and Scick was correct. Germuth and Dixon treated rabbits with 

foreign (eg. bovine) serum. According to the observations of Germuth and Dixon, the serum level of 

the foreign antigens decreases continuously, and 10-12 days after the injection of the serum the free 

antigen concentration decreases rapidly. At the same time, the level of antibodies against the foreign 

antigens increases gradually, and immune complexes are formed when the antigen antibody 

concentrations are optimal for the immune complex formation. Immune complexes are deposited in 

different organs (eg. kidneys). The disease occurs when large quantities of soluble immune 

complexes are present in the circulation. The symptoms of the serum sickness decrease gradually 

with the decrease of the immune complex level. Injection of the foreign antigen induces the same 

disease again. If we measure the level of free antigen, antibody and immune complexes during the 

serum sickness, three phases of the disease can be observed: initial antigen predominance, antigen-

antibody equivalence, and antibody predominance (the foreign antigen level decreases). The clinical 

symptoms of the disease can be observed during the antigen-antibody equivalence phase, which 

phase favors immune complex formation. Clinical symptoms of serum sickness disease include 

urticaria, lymphadenopathy, fever, proteinuria, nephritis, arthritis and vasculitis. The antigen-antibody 

ratio favors immune complex formation 7-14 days after the injection of the foreign antigen, and this is 

the time of the serum sickness as well. The proinflammatory effect of the immune complexes can be 

explained by the immune complex mediated complement activation. During experimentally induced 

serum sickness the level of both C3 and C4 decreases. The immune complexes are soluble 

antigen-antibody complexes; the immune complex formation is a rapid process and depends on the 
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antibody and antigen concentration. Both antigen and antibody predominance decreases the immune 

complex formation (Figure 3.1).  

 

Figure 3.1 Concentration dependency of immune complex formation 

 

Immune complex formation is regulated by pH, salt concentration and temperature. Immune complex 

formation is different from precipitation. Precipitation of the immune complexes leads to the 

generation of insoluble 

precipitin. Precipitin is visible; 

it is generated from immune 

complexes through physical 

and chemical processes. The 

clumping of cells (such as 

bacteria or red blood cells) in 

the presence of an antibody 

leads to agglutination (Figure 

3.2). 

 

Figure 3.2 Agglutination and precipitation.

 

The bonds that hold the antigen to the antibody are non covalent in nature. These include hydrogen 

bonds, van der Waals forces and ionic bonds (Figure 3.3). Multiple bonding between the antigen and 

the antibody ensures that the antigen will be bound tightly to the antigen. Since antigen-antibody 

reactions occur via non covalent bonds, they are reversible in nature. Several methods used in the 

daily practice or in research are based on antigen antibody binding.  
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Figure 3.3 Chemical interactions between antigen and antibody 

 

The biological effects of the immune complexes significantly depend on the binding of these structures 

to cell surface receptors such as Fc receptors (Fragment crystallizable region). Fc receptors can be 

found on the surface of certain cells (eg. machrophages, mast cells, neutrophils). Immune complexes 

may accumulate in different organs and induce inflammation; positively charged immune complexes 

are frequently deposited in the kidney. Immune complexes may activate the complement system. 

Complement system is part of the innate immune system. 

The proteins and glycoproteins that constitute the complement system are heat sensitive. The three 

pathways (classical, alternative, lectin) of complement activation all generate protease C3 convertase 

enzyme. The classical complement pathway typically requires antigen-antibody complexes for 

activation (specific immune response), whereas the alternative and mannose-binding lectin pathways 

can be activated by C3 hydrolysis or antigens without the presence of antibodies (non-specific 

immune response). In all three pathways, a C3-convertase cleaves and activates component C3, 

creating C3a and C3b, and causing a cascade of further cleavage and activation events. Complement 

activation leads to the activation of the membrane attack pathway, which leads to the generation of the 

membrane attack complex (MAC).  

Hereditary angioedema (HAE) is a rare autosomal dominant disorder of C1 inhibitor (C1-INH) 

deficiency, manifested in painless, nonpruritic, nonpitting swelling of the skin. Type I HAE is defined by 

low plasma levels of a normal C1-INH protein. Type II HAE is characterized by the presence of normal 

or elevated levels of a dysfunctional C1-INH. Increased complement activation during HAE may lead 

to various oedemas, even to larynx oedema in serious cases. Infections also lead to complement 

activation. During infections both pathogens and immune complexes may activate the immune 

system. IgG1, IgG3 and IgM effectively activate the classical complement pathway through C1q 

protein. IgG4 containing immune complexes are less effective activators of the complement system, 

IgA containing immune complexes activate mainly the alternative pathway.  
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Complement receptors on red blood cells (RBC) play a central role in the clearance of immune 

complexes. Immune complexes activate complement system and frequently contain complement 

components. Complement receptor 1 (CR1) binds to immune complexes containing C3b, C4b 

complement proteins. Then these immune complexes will bind to the Fc receptor of the Kuppfer cells 

in the liver (Fc receptors of Kuppfer cells bind immune complexes with a higher affinity than the CR1 

receptors of RBCs). Thereafter the immune complexes will be translocated from the RBCs to the 

Kuppfer cells. The translocation of the immune complexes does not lead to any damage of the RBCs 

and the free CR1 receptors may bind to immune complexes again.  

Increased complement activation is characteristic of several autoimmune diseases. Increased 

complement activation plays a central 

role in the pathomechanism of 

systemic lupus erythematosus (SLE). 

SLE is a systemic autoimmune 

disease, wide variety of antibodies 

(some of which are raised against 

components of the cell nucleus 

including DNA) are the hallmark of 

this disease. Anti DNA antibodies are 

important both in the classification of 

this disease and as a laboratory 

marker of SLE activity. SLE may 

affect almost every organ, kidney and 

central nervous system involvement is 

sometimes really serious (Figure 3.4). 
 

Figure 3.4 SLE 

Immune complexes deposited in different organs contribute to the pathogenesis of SLE. During the 

active phases of the disease the serum levels of C3 and C4 complement proteins decrease, while the 

serum levels of complement split products (such as C5a) increase. The serum level of the circulating 

immune complexes is high in SLE (increased level of autoantibodies is important in this) and the 

activation of both the classical and alternative pathway is increased in this disease. The immune 

complex formation does not correlate with the clinical activity of the SLE. Lower levels of CR1 

receptors may contribute to the 

pathomechanism of SLE. 

Complete lack of the C1q 

complement (a very rare 

condition) leads to SLE in 90% of 

the patients. C2 and C4 

deficiency leads to SLE in 33-75 

percent of the cases. Monocyte 

Fc receptors play a central role in 

the immune complex clearance.  
 

Figure 3.5 Genetic polymorphisms influencing the complement 

activation 



Polymorphisms of the Fc receptor (FcγRII and FcγRIII) may lead to weaker immune complex binding 

and may predispose to SLE (Figure 3.5). 

Beta lactam antibiotics, sulfonamides, diuretics may also occasionally lead to serum sickness. 

Increased immune complex formation was observed in several other diseases as well, including 

rheumatoid arthritis and vasculitis. Until now there is no reliable method for measuring immune 

complex level. Immunosuppression (eg. glucocorticoid treatment) is generally effective in the 

treatment of the immune complex diseases. 

 

3.2. Two-dimensional and radial immunodiffusion 

 

Figure 3.6. Immunodiffusion 

 

Both methods are based on precipitation reaction performed in agar gel. Radial immunodiffusion (or 

Mancini method or single radial immunodiffusion assay) is an immunodiffusion method widely used in 

immunology to determine the quantity of an antigen or antibody, by measuring the diameters of circles 

of precipitin complexes surrounding samples. The reaction is performed in agar gel. The diameters of 

the circles increase with time as the antigen (antibody) diffuses into the medium, reacts with the 
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antibody and forms insoluble precipitin complexes (Figure 3.6). Antigen-antibody complexes are small 

and soluble in antigen excess. Therefore, precipitation near the center of the circle is usually less 

dense. The quantity and concentration of insoluble antigen-antibody complexes at the outer edge of 

the circle increases with time. Expansion of the circle reaches the end point and stops when antigen 

and antibody reach equivalence. Antigen or antibody concentration can also be measured by two-

dimensional immunodiffusion (Ouchterlony method). The antigen and the antibody run between the 

central and peripheral holes in the agar gel (Figure 3.6). Precipitation titer refers to the biggest dilution 

that will lead to precipitation. 

 

3.3. Serum Electrophoresis 

Serum total protein determination is widely used in the daily clinical practice. The total serum protein 

level of a healthy adult is 60-80 g/l (35-50 g/l albumin). If the serum protein content is less than 60 g/l, 

or more than 80 g/l, serum electrophoresis may help to identify the missing or overproduced proteins.  

Electrophoresis is the motion of particles relative to a fluid under the influence of an electric field. This 

phenomenon was observed for the first time by Reuss (Moscow University), who observed that a 

constant electric field caused clay particles to migrate (it is caused by the presence of a charged 

interface between the particle surface and the surrounding fluid). Different proteins can be visualized 

by protein staining methods 

(e.g. Coomassie Brilliant Blue, 

silver staining). Prealbumin 

fraction is very pale followed by 

the albumin fraction; the 

slowest is the immunoglobulin 

fraction. The serum protein 

components have five 

classifications based on size 

and electrical charge: albumin, 

alpha globulins (ceruloplasmin, 

high-density lipoprotein (HDL), 

haptoglobin), beta globulins 

(transferrin) and gamma 

globulins (immunoglobulins). 

Densitometry helps the 

evaluation by quantification of 

the electrophoretogram (Figure 

3.7). 

 

Figure 3.7 Serum electroroporesis 

 

Decreased albumin level can be explained by nephrosis syndrome, liver disease. In general, 

increased gamma globulin levels can be measured in autoimmune diseases and infections (Figure 

3.8). Monoclonal gammopathies can be found in malignant haematological diseases. In multiple 
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myeloma, the proliferation of a malignant B lymphocyte clone leads to the generation of identical 

immunoglobulins. The total serum protein level is increased in multiple myeloma, and the serum 

albumin level is generally within the normal range. High RBC sedimentation rate (usually more than 

100 mm/hour) and normal CRP are characteristical of this disease. In multiple myeloma, the reason of 

the high RBC sedimentation rate is the increased production of immunoglobulins (not the 

inflammation).  

 

Figure 3.8 Serum electrorophoretic densitograms in different pathologic conditions 

 

The two-dimensional (2D) electrophoresis is a more sophisticated form of method (Figure 3.9). During 

2D electrophoresis the components are separated from each other according to their molar mass and 

isoelectric point. This enables the identification of proteins that cannot be separated by classic 

Western blotting. The analysis is complicated and helped by image analyzer software. 
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Figure 3.9 Two-dimensional (2D) electrophoresis 

 

3.4. Immunoelectrophoresis and immunofixation 

Immunoelectrophoresis is a special electrophoresis, for the separation and characterization of serum 

proteins. During immunoelectrophoresis 

proteins are separated by electrophoresis, 

then antibodies are applied next to the 

separated proteins and immunoprecipitates 

are formed after a period of diffusion. The 

precipitation pattern is characteristical of the 

amount of serum proteins, eg. increased 

immunoglobulin levels lead to a specific 

pattern. Antibodies specific for the light or 

heavy chains can be used to identify the 

increased or decreased production of 

immunoglobulins. Serial dilutions may help to 

estimate the amount of the studied proteins. 

Immunoglobulin production is significantly 

increased in multiple myeloma, abnormal 

proteins are present even in the diluted 

samples (Figure 3.10).  
 

Figure 3.10 Immune electrophoresis 



Immunofixation facilitates the detection and typing of monoclonal antibodies or immunoglobulins in 

serum or urine (Figure 3.11). The method detects by precipitation: when a soluble antigen (Ag) is 

brought in contact with the corresponding antibody, precipitation occurs which may be visible with the 

naked eye or microscope. It is of great importance for the diagnosis and monitoring of certain blood 

related diseases such as myeloma. Plasma or concentrated urine is deposited on a gel. With electrical 

current the proteins are sorted according to their size, after which antigens for each targeted type of 

immunglobulin are deposited on the gel. Immunofixation tends to replace electrophoresis because it is 

faster (results within three hours); it is more sensitive, revealing immunoglobulins missed out by 

protein electrophoresis due to the low concentration (less than 1 gram/liter); it is partially automated 

and can be used in more laboratories; it is more easily read and interpreted. However, immunofixation 

is only sensitive to immunoglobulins and is more expensive than protein electrophoresis. 

 

Figure 3.11.: Immunofixation 

 

3.5. Rocket electrophoresis 

The antibody is mixed into the agarose gel and the sample being measured (antigen) is placed in 

holes (like radial immunodiffusion), but after that electric current (electrophoresis) facilitates the 

movement of the antigen in one direction. In this case, the area bounded by the precipitate is 

proportional to the amount of antigen, but gives a good approximation of the peak height (Figure 3.12). 
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Figure 3.12 Rocket electrophoresis 

 

3.6. Two-dimensional immune electrophoresis 

 

Figure 3.13 Two-dimensional immune electrophoresis 

 

The first dimension is a serum 

electrophoresis and at right angles 

(second dimension) the proteins 

separated by electrophoresis migrate into 

the agarose gel containing polyvalent 

antibody. The image is very impressive, 

but the evaluation is complex. (Figure 

3.13) 

3.7. Turbidimetry and nephelometry  

Nephelometry and turbidimetry are methods for determining the amount of cloudiness, or turbidity, in a 

solution based on measurement of the effect of this turbidity upon the transmission and scattering of 

light. These methods are used in the daily clinical laboratory practice. Turbidity in a liquid is caused by 

the presence of finely divided suspended particles. Polyclonal or monoclonal antibodies are added to 

a solution containing the protein of interest during both methods. The antibodies will form immune 

complexes with the antigens. Turbidimetry is proportional with the amount of immune complexes 

generated. If a beam of light is passed through a turbid sample, its intensity is reduced by scattering, 

and the quantity of light scattered is dependent upon the concentration and size distribution of the 

particles. In nephelometry, the intensity of the scattered light is measured, while in turbidimetry, the 
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intensity of light transmitted through the sample is measured. Nephelometric and turbidimetric 

measurements are used in the determination of suspended material in natural waters and in 

processing streams. The technique is also used for determination of sulfur in coal, oil, and other 

organic materials; the sulfur is precipitated as barium sulfate. Nephelometry methods are more 

sensitive than turbidimetric methods, with a detection limit of approximately 50 µg/mL, whereas the 

detection limit of nephelometry is about 1 µg/mL. Turbidimetry and nephelometry can be used to 

determine the level of apolipoproteins, Lp(a), CRP, RF, ASO, C3, C4, immunoglobulins etc. Both 

methods can be used to measure bacterial growth, without using antibodies (Figure 3.14.).  

 

Figure 3.14 Turbidimetry and nephelometry 

 

3.8. Application of serological methods 

A blood type is a classification of blood based on the presence or absence of antigenic substances on 

the surface of red blood cells (RBCs). These antigens may be proteins, carbohydrates, glucoproteins 

or glycolipids, according to the blood group system. A total of 30 human blood group systems are 

recognized. Many pregnant women carry a fetus with a blood type different from their own, and the 

mother can form antibodies against fetal RBCs. Sometimes these maternal antibodies (Rh antigens, 

see below) are IgG, a small immunoglobulin, which can cross the placenta and cause heamolysis of 

fetal RBCs, which in turn can lead to haemolytic disease of the newborn. The ABO system is the most 

important blood-group system in human-blood transfusion. The associated anti-A and anti-B 

antibodies are usually immunoglobulin M. ABO IgM antibodies are produced in the first years of life by 

sensitization to environmental substances such as food and bacteria. 
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The Rh system is the second most significant blood-group system in human-blood transfusion. The 

most significant Rh antigen is the D antigen, because it is the most likely to provoke an immune 

system response of the five main Rh antigens. It is common for D-negative individuals not to have any 

anti-D IgG or IgM antibodies, because anti-D antibodies are not usually produced by sensitization 

against environmental substances. However, D-negative individuals can produce IgG anti-D 

antibodies following a sensitizing event: possibly a fetomaternal transfusion of blood from a fetus in 

pregnancy or occasionally a blood transfusion with D positive RBCs. Rh disease is generally 

preventable by treating the mother during pregnancy or soon after delivery with an intramuscular of 

anti-RhD immunoglobulin. 

Recipients can receive plasma of the same blood group, but otherwise the donor-recipient 

compatibility for blood plasma is the converse of that of RBCs: plasma extracted from type AB blood 

can be transfused to individuals of any blood group; individuals of blood group O can receive plasma 

from any blood group; and type O plasma can be used only by type O recipients. 

 

3.9. Agglutination 

Agglutination refers to the clumping of cells such as bacteria or red blood cells in the presence of an 

antibody. The antibody or other molecule binds multiple particles and joins them, creating a large 

complex. The coalescing of small particles that are suspended in a solution is also called 

agglutination. The general term agglutinin is used to describe antibodies that agglutinate particulate 

antigens. When the antigen is an erythrocyte, the term haemagglutination is used. Theoretically, all 

antibodies can agglutinate particulate antigens but IgM, due to its high valence, is a particularly good 

agglutinin and one sometimes infers that an antibody may be of the IgM class if it is a good 

agglutinating antibody (Figure 3.15).  

 

Figure 3.15 Agglutination 
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3.9.1. Types of agglutination  

 direct: the reactions of antibodies with antigens of cells result cell agglutination (eg.  RBC 

antigens) 

 indirect: the structure of antigens does not allow direct agglutination, but the binding of the 

second antibody (against the Fc part of antigens) induces agglutination (eg Rh antigen) 

 passive: haptens or antigens bind to RBCs or latex particles, these structures can be 

agglutinated with specific antibodies. Passive agglutination among others can be used to 

determine rheumatoid factor or CRP levels. 

 

 

 

3.10. Questions 

Answer the following questions about neonatal hemolytic anemia! 

1) What is the reason that there is no immune reaction against the first Rh+ fetus? 

2) Is there any exception to this rule? 

3) What is the reason to use prophylactic anti-D IgG?  

4) May ABO incompatibility protect against the possible consequences of Rh incompatibility? 

5) Why is ABO incompatibility uncommon? 
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4. ASSESSMENT OF THE FUNCTIONS OF THE 

COMPLEMENT SYSTEM  
(EDIT BUZÁS) 

 

 

 

 

4.1. Introduction 

By now (almost a century after the discovery of the complement system) it has become clear that 

functions of the complement system go far beyond elimination of pathogens. Complement system 

plays a role in the removal of remnants of dead cells and elimination of infectious agents, it 

coordinates processes in the immune system, it sends danger messages and thus, it contributes to 

the maintenance of the immune homeostasis.  

Although pattern recognition molecules recognize the surface of apoptotic cells, regulatory proteins 

can prevent activation of the complement system. Thus, opsonization effect of the complement 

contributes to silent elimination of the apoptotic bodies.  

Numerous pattern recognition receptors play a role in the complement cascade. C1q attaches to 

surface-bound IgG and IgM, and also C-reactive protein (CRP) and pathogen associated molecular 

patterns (PAMPs). Mannose binding lectin (MBL) recognizes carbohydrate patterns, ficolins (1, 2 and 

3) are also pattern recognition molecules, and properdin recognizes both PAMPs and tissue damage 

associated molecular patterns (damage associated molecular patterns, DAMPs). CRP recognizes 

both PAMPs and DAMPs on the surface of apoptotic and microbial cells, and the complement factor 

H-related protein (4CFHR-4) attaches monomeric CRP onto the necrotic cells. 

The complement system gets activated upon various stimuli. Earlier it was thought that complement 

activation is a linear cascade of different pathways. According to our current understanding, it is rather 

a network that operates in close interaction with other systems.  

I. Alternative activation represents the most ancient activation mechanism, the activation of which 

generates the alternative C3 convertase complex.  

II Another well described activation pathway is the classical pathway that is younger phylogenetically. 

By now it has become evident that this pathway can be activated not only by IgM and IgG clusters, but 

also by the highly versatile pattern recognition capacity of a C1q. In the latter case it can either directly 

bind onto the microbial or apoptotic surfaces, or it can bind via endogenous pattern recognition 

receptors (such as immunoglobulin or CRP). 

III. In the activation of the third pathway, the lectin pathway, key roles are played by MBL and ficolins 

(as endogenous pattern recognition receptors) that recognize carbohydrate patterns predominantly. 

The lectin pathway, by the cleavage of C4, leads to the formation of C4b, from which point classical 

and lectin pathways are identical. 
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4.2. Assessment of the functions of the complement system 

Complement proteins are produced predominantly by liver cells. Complement proteins constitute 12-

15% of the serum globulin fraction. Thus, in the healthy organism they are present in very large 

quantities, albeit in a functionally inactive form. Upon adequate triggers they can efficiently eliminate 

bacteria, fungi and viruses, as well as eliminate immune complexes. 

The easiest way to demonstrate complement activation is by the lysis of red blood cells, on the basis 

of hemoglobin release. (Figure 4.1) 

 

Figure 4.1 Complement mediated red blood cell lysis 

 

 If sheep red blood cells are incubated with anti-sheep red blood cell antibodies, no visible 

changes will occur on the effect of the incubation. To obtain such polyclonal antibodies, we 

take the blood serum of a rabbit or a goat that has been immunized with sheep red blood 

cells.  

 If, beside sheep red blood cells and anti-sheep red blood cell antibodies, we also add normal 

human serum to the system, it will result in a clearly visible hemolysis, hemoglobin is released 

and it colors the buffer used during the incubation. 

 If we incubate sheep red blood cells with anti-sheep antibodies and normal human serum that 

has been preincubated at 56
o
C for 30 minutes, there will be no red blood cell lysis.  

 

Proteins of the complement system are heat sensitive, it is reasonable to keep sera at room 

temperature only for a very short time after collection of the blood samples, and store the samples at -
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70
o
C. Proteins of the complement system are inactivated at 56

o
C 30, while other proteins (such as 

antibodies) remain intact. 

We benefit from the 56
o
C 30’ complement heat inactivation in the everyday tissue culture practice. We 

routinely supplement tissue culture medium with fetal calf serum. The complement content of the fetal 

calf serum is routinely inactivated as described above, prior to its addition to the tissue culture 

medium. This way we can prevent complement mediated cell lysis and opsonization to occur in the 

cultures. 

In the clinical laboratory practice it may be necessary to determine the complement activity in the 

blood serum. We must keep in mind that the amount of complement proteins at a given moment is 

dictated both by their synthesis and their consumption (in connection with the activation of the 

complement system).  

4.2.1. Determination of CH50/ml 

CH50 is the reciprocal value of the serum dilution that lyses 50% of the antibody-coated sheep red 

blood cells. CH50 determination is suitable for assessing the classical complement activation. It 

reflects the extent to which the complement content of the serum lyses sheep red blood cells. This 

value is reduced if certain complement components are absent or consumed (e.g. in certain 

complement deficiencies and vasculitides).  

For the determination of the CH50 value we activate the complement system in the human serum by 

sheep red blood cells covered by rabbit antibodies.  As a result of the formation of the MAC complex, 

hemoglobin is released from red blood cells. Its amount can be determined by a spectrophotometer. 

The total complement level (titer) can be characterized by the extent of the red blood cell lysis. 

 

 Normal CH50 values 

 Serum CH50 142-279 CH50 Unit/mL 

 In body fluids 1/3- ¼-e of the previous value 

C1 level 16-33 mg/dL 

C3 level 
Male:              88-252 mg/dL 

Female:            88-206 mg/dL 

C4 level 

 

Male:              12-72 mg/dL 

Female:            13- 75 mg/dL 

Table 4.1 Normal values of CH50 

 

As we discussed above, CH50 determination is carried out in a system in which antibody-coated 

sheep red blood cells are incubated with serial dilutions of sera to be tested. We investigate the 

red blood cell lysis observed at different dilutions of the sera. 
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The correlation between the amount of serum added to the sheep red blood cell-antibody 

complexes and the extent of hemolysis is described by a sigmoid curve (Van Krogh equation). The 

logarithmical transformation of this equation leads to the equation that shows linear correlation:  

 

EM-ERK/ELK=  y 

E:    extinction 

M :    sample 

RK:   reagent without control serum 

LK :   lysis control, deionized water 

yx100=   lysis % 

 

The sheep red blood cell lysis can be followed spectrophotometrically, based on the presence of free 

hemoglobin. The amount of plasma at which 50% of sheep red blood cells undergo lysis, we consider 

as 1 CH50 unit. Since the CH50 curve is not linear, a high level of complement consumption is 

required to alter the CH50 value.  

 

Figure 4.2 Determination of serum CH50 (red blood cell lysis) 

 

4.2.2. Liposome immunoassay 

It is an alternative method for the determination of the CH50 value. In this method we use liposomes 

covered by the DNP (dinitrophenol) hapten. Inside the liposomes there is G6PDH enzyme. By the 

addition of anti-DNP antibodies, we form antigen-antibody complexes on the surface of the liposomes. 

If complement is activated, the wall of the liposome opens up and G6PDH is released. As a result of 

NAD→NADH reduction, the absorbency at 340 nm increases proportionally with the extent of 

complement activation. 

The most frequent alteration of CH50 from the normal value is elevation; most complement proteins 

are also acute phase proteins. Of course CH50 values may be significantly lower than normal; this 

usually suggests an immunological disease (such as immune complex disease or SLE). Lower than 

normal CH50 values predispose for recurrent sinopulmonary bacterial infections, Neisseria meningitis 

or sepsis. On the other hand, normal CH50 level only shows that all complement components are 

present, as the level of individual complement factors may be significantly reduced without any CH50 
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activity alteration. Since the synthesis is increased in inflammatory diseases, normal values do not rule 

out complement mediated tissue injury. In the case of patients suffering from different inflammatory 

arthritides (such as rheumatoid arthritis or gonococcus arthritis) there is local complement 

consumption in the inflamed joints. Therefore there might be a reduced level of CH50 in the synovial 

fluid, while the serum complement level might be normal. 

 

Figure 4.3 Determination of serum CH50 by different methods 

 

4.2.3. Assessment of the alternative complements activation 
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If we deplete Ca
2+

 ions (indispensable for the classical pathway) with a Ca
2+

 chelating agent (e.g. 

EGTA), we can investigate the alternative pathway in a selective manner. Meanwhile, we must 

guarantee the availability of Mg
2+

 ions indispensable for the function of B factor.  

The alternative pathway may also be studied by using washed rabbit red blood cells without 

sensitization (without incubation with antibodies). In this system we can determine the so-called AP50 

value.  

4.2.4. Assessment of the lectin pathway 

In order to investigate the lectin pathway, first we have to exclude the classical activation in the serum 

by mannose-specific antibodies. This can be achieved by an antibody that recognizes and blocks C1q 

(Mab clone 2204). Although at binding of the classical pathway both lectin and alternative pathways 

may be activated, alternative activation is detectable only at higher serum concentration (above 1%), 

while the lectin pathway requires 0.1-1% serum concentration only. Based on this, lectin and 

alternative pathways can be distinguished. 

4.2.5. The complement convertase assay (CCA) 

The complement system may also get activated if we incubate blood with biomaterials or equipment. 

The instability of the enzymes is a natural regulator of the enzyme cascade. These mechanisms might 

become insufficient if we use a surface that activates the complement system. Therefore it is 

necessary to investigate the complement convertase activation on the surface of biomaterials and 

tools, in order to assess their „hemocompatibility”. We use a colorimetric assay with chromogenic 

substrate for this purpose. 

4.2.6. Further methods available for the detection of complement 
proteins 

1. We can also demonstrate complement proteins e.g. by a C3 ELISA. For the detection of in 

vivo complement activation, we can use antibodies recognizing activation products or 

complement complexes selectively.   

2. We can also investigate the production of C3 and other complement proteins of cells by RT 

PCR.  

3. Flow cytometry can be used to detect cell surface-bound C3.   

4. We can study complement receptors on both RNA and protein levels.  

5. We can also detect immonocomplexes by a complement consumption assay (Figure 4.4). 

If the sample to be tested contains antigen-antibody complex (immune complex), then it binds 

the complement added to the serum (it consumes it), so the sample does not contain free 

complement any more. If we add sheep red blood cell-anti-sheep red blood cell complex 

(often used in complement tests) to the samples, hemolysis occurs in those tubes in which 

originally there was not enough immune complex to bind complement, thus, free complement 
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can bind to the complex of sheep red blood cells and anti-sheep red blood cells leading into its 

lysis. If the sample to be tested contains a large amount of immune complex, then 

complement is consumed and there is no free complement left behind to cause hemolysis. 

 

Figure 4.4 The principle of the complement consumption assay 

 

6. Complement activation ELISA 

The methodology has been described by Zwirner (Zwirner et al., 1989) who was the first to 

observe that a whole series of complement components get deposited on the plastic surface. 

Based on this, ELISA methods have been developed for the detection of complement 

activation pathways. While the IgM-coated surfaces enable studying the classical, the 

Salmonella typhi LPS-coated ones enable the assessment of the alternative pathway. 

Detection of complement activation is either based on the detection of C9 neoepitope or by 

using a monoclonal antibody reactive to properdin. For the assessment of the lectin pathway, 

we can use mannose-coated surfaces blocking the classical pathway with an anti-C1q 

antibody. With the so-called Wielisa® (Wieieslab, Lund, Sveeden), which involves the 
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combination of three Elisa’s, we can study all complement pathways. In Wielisa we induce 

complement activation with an appropriately coated microplate, and then we detect the newly 

formed terminal complex. The direction of the complement activation is based on the selection 

of the buffer and the extent of dilution (Ca++, Mg ++ ions are required for the classical, lectin 

and terminal pathways), Mg++ (with EGTA) is sufficient for the alternative pathway, the 

classical and lectin pathways operate at 1:100 or at even higher concentrations, while 

alternative works below 1:20 dilution. The advantage of Wielisa is that it does not involve the 

use of sheep red blood cells and it detects all three activation pathways. 

 

Figure 4.5 Complement activation ELISA 

 

4.2.7. Other methods related to complement 

1. In ELISA systems used to detect immune complexes, we either coat anti-C3 or anti-C1q 

antibodies to the ELISA plates. Bound immune complexes are detected by labeled anti-

immunoglobulin antibodies.   

2. We can perform microlyphocytotoxicity tests for HLA typing. The method belongs to the so-

called serological methods of HLA typing. These methods used to represent the gold standard 

of HLA typing. These days we rather use molecular biology tests instead. During the 

microlymphocytotoxicity tests, we pipette lymphocytes isolated from the patients into the wells 

of a special Terasaki plate. The lymphocytes are separated by a Ficoll gradient. In case of 

antigen recognition, the HLA-specific antibody binds to the cells. The HLA typing sera are 

derived either from multipara women or from individuals who have undergone multiple blood 
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transfusions. We use rabbit serum as a source of complement, which gets activated if the 

antibody binds to the cells. In this case complement mediated lysis occurs, the cell membrane 

becomes permeable for vital stains. Ethidium bromide or trypan blue staining reflects cell lysis.  

4.2.8. The complement system in various pathological conditions   

1. HANO I. type: C1-inhibitor activity and antigen are low, C4 is low, CH50 is low, C3 and C1q 

are in normal range 

2. AANO-C1-INH (Autoimmune angioneurotic oedema): C1-inhibitor activity is reduced, anti-C1-

INH antibody is positive, CH50 is low, C4 and C1q are low, C3 is in the normal range 

3. Hemolytic uremic syndrome (HUS) (with atypical course), in its background there is 

dysregulation of the alternative pathway. 

 

 

Figure 4.6 ELISA-based detection of serum immune complexes 
 

4.2.8.1. Case: HANO 

(BRUCE L. ZURAW, M.D. HEREDITARY ANGIOEDEMA. N ENGL J MED 2008; 359:1027-103.) 

http://www.nejm.org/doi/full/10.1056/NEJMcp0803977 

http://www.nejm.org/doi/full/10.1056/NEJMcp0803977
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4.3. Questions 

Please answer the following questions: 

1) Which components of the natural immune response meet the first to extracellular pathogens 

most likely?  

2) Which effector mechanism of the complement system contributes to the elimination of 

pathogen? 

3) What is the name of the macromolecular complex being responsible for the lysis of the target 

cell? 

4) What is opsonization?  

5) What is needed for the phagocytosis beside the opsonin? 

6) What receptors may participate in the phagocytosis of pathogens? 

7) What is the role of the small complement components? 
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5. FLOW CYTOMETRY 
(ÉVA PÁLLINGER) 

 

 

 

 

5.1. Introduction 

The application of the term „proteomics” and the development of new high-throughput screening 

(HTS) laboratory techniques (e.g. immunoanalytical methods, flow cytometry, microarray technologies, 

mass spectrometry, etc) open up new opportunities in diagnostics. It is to be underlined that during 

proteome analysis 1) there are many differences between the protein content and the protein pattern 

of different cell populations and 2) many factors (e.g. environmental effects, time, activation- and 

differentiation state, etc.) can cause detectable changes in the proteome of an individual cell. 

Molecular cell biology, the so-called „cytomics”, summarizes and interprets the structural and 

functional properties of proteins and their expression. One of the most powerful technologies for the 

analysis of „cytomics” is flow cytometry. Multiparametric flow cytometry can serve as a bridge between 

proteomics and cytomics, since one is capable of characterizing the functional and morphological 

properties of single cells at the same time with this method. 

Flow cytometry belongs to the family of high throughput screening methods. It is able to quantify and 

characterize thousands of cells per second. Its importance is supported by the new medical attitude, 

personalized medicine. The HTS methods, which can detect many analytes in a very short time, aim 

at: 1) the complex mapping of the molecular mechanisms of biological processes; 2) the discovery of 

new biomarkers; 3) the selection of new therapeutic targets; 4) the reformation of disease 

classifications; 5) the expansion of modern therapy monitoring; and 6) the finding of new predictive 

and prognostic markers. 

 

5.2. The flow cytometer  

Flow cytometry (FCM or FACS: fluorescence-activated cell sorting) is a fast and quantitative 

laboratory method for multiparametric (physical and chemical properties) analysis of single cells. 

Fluorescent probes are used to monitor morphological and functional properties of cells. The 

instrument is set to respond to signals derived from the stained cells. Cells are illuminated by laser 

beam and the signals coming from them can be detected and analyzed by the photodetectors.  

Flow cytometry has undergone a great progress during its 5 decade history. The main function of the 

early instruments was the characterization of circulating leukocytes. These cytometers generally 

measured three different parameters (two scattered light signals and one fluorescent signal). Using 

modern, multicolour flow cytometers, many new applications were adapted: a widely applied 

technology is the cytometric bead array method, which is used for the detection of soluble molecules 

in biological fluids. Currently it is not utopian to investigate protein-protein interactions by THE 
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fluorescence resonance energy transfer (FRET) method, but the measurement of signal transduction 

pathways of a single cell is also available, after monoclonal antibodies specific for modified (e.g. 

phosphorilated) proteins have been developed. Considering that, more and more fluorescent dyes can 

be detected simultaneously, immunophenotyping can be combined with intracellular staining, which 

means proteomics at single cell level. 

Flow cytometers have a unique function: these are the only instruments capable of separating a 

heterogeneous suspension of cells into purified fractions („sorting”) on the basis of light scattering and 

fluorescence properties. 

 

The most frequently asked questions in flow cytometry are:  

1. Are the investigated cells (e.g. defined by their immunophenotype) present in our sample?  

2. Can we calculate the ratio or the absolute number of investigated cells? 

3. How many cell types can be discriminated in the sample?  

4. Can we characterize the functionality of the cells (differentiation state, maturity or activation 

state)? 

5.2.1. How does a flow cytometer work? 

The basic components of a 

flow cytometer include:  

1) fluidics, 

2) optics, 

3) electronics, 

4) signal processing, 

5) (optional) sorter 

(Figure 5.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1 The units of flow 

cytometer 
 

 

1) The critical functions of fluidics system are: 1. to deliver single cells to the interrogation laser and 

2. hydrodynamic focusing. When the cell suspension is injected into the flow cytometer, the cells are 
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randomly distributed in flow cells, therefore the sample must be ordered into a stream of single 

particles. It is managed by the special conical shape of flow chamber and the focusing fluid (sheath 

fluid) which normally is a simple isotonic PBS (phosphate buffer). This process is called hydrodynamic 

focusing. The aim of correct 

positioning of the cells is the 

optimal exciting by laser 

beam (all the cells will be 

excited in the same place 

and thus, illuminated by the 

same number of photons). 

The fluidics system is 

closed: both the sheath fluid 

and the cell suspension are 

discarded after 

measurements (Figure 5.2). 

3) The electronic system 

converts the input analog 

voltage generated by PMT 

to a digital number 

proportional to the  

 

Figure 5.2 Hydrodynamic focusing

magnitude of the voltage (ADC = analog-to-digital conversion). 

4) The functions of the computer system of flow cytometers are: data analysis, display and storage. 

5) Sorter: there are two types of cell sorters available: 1) mechanical sorting and 2) electrostatic 

sorting (Figure 5.3).  

 

 

Figure 5.3a Cell sorting by FACS 

 



The selection is based on any 

characteristics of the detected cells 

(e.g. size and granularity – FS/SS), or 

morphological and functional properties 

determined by fluorescence labeling. 

 

 

 

 

 

 

 

 

 

Figure 5.3b Electrostatic cell sorting 

5.2.2. Data display 

The most common ways of depicting flow cytometric data are histograms to display a single parameter 

(usually fluorescence) or dot plots to show distribution of cells in terms of two parameters (e.g. FSC 

vs. SSc or 2 fluorescent signals). 

5.2.2.1. Histogram 

Histograms display the intensity of the signals recorded on the x-axis with the number of cells 

displayed on the y-axis. Histograms are used to obtain detailed quantitative (percentage) and 

qualitative (presence or absence) information about a cell surface or intracellular marker associated 

with a defined (gated) cell population (Figure 5.4). 

 

Figure 5.4 Histogram 
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An illustrative way of presenting and comparing different histograms is by the use of an overlay 

representation. Overlay histograms display the same fluorescence signals of different samples in one 

coordinate system. In this way, the intensity difference of fluorescence signals can easily be detected 

(Figure 5.5).    

 

Figure 5.5 Overlay histograms 

 

Small shifts between fluorescence signals can be demonstrated by using the 3D format of overlay 

histograms (Figure 5.6). 

 

Figure 5.6 3D histograms 
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5.2.2.2. Dot plot 

Dot plots are two-parameter data graphs (e.g. FS and SS or FL1 and FL2, etc). Each dot on the 

display represents one cell analyzed by the flow cytometer. Dot plots can be used to define cell 

subpopulations through displaying co-expression of two different markers (fluorescence signals) 

(Figure 5.7). 

 

Figure 5.7 Dot plot 

 

Poorly separated cell subsets can be discriminated by using special dot plot displays, such as contour 

plot or density plot (Figure 5.8). 

 

Figure 5.8 Contour plot 



74 
 

5.2.2.3. Time-based collection 

Flow cytometers can detect fluorescent signals in association with time. The measure of time can be 

used as an additional parameter to study the kinetics of enzyme activities and the dynamics of 

biological processes e.g. fluorescence ligand binding. By correlating all fluorescent signals from single 

cells with time, the dynamics of a reaction can be followed for several minutes. 

Flow cytometric kinetic studies occur over very short periods of time. In the studies of rapid cellular 

responses it is essential to minimize the delay between the stimulation of sample and the detection in 

flow cell. „Time-window analysis” or „fixed time flow cytometry” applies fixed time measurements after 

the stimulus for better comparison. The acquisition period is also fixed. 

Kinetic measurements are displayed as dot plots. Time is recorded on the x-axis while fluorescence 

intensity is displayed on the y-axis. 

 

5.3. Interpretation of FACS data  

5.3.1. Size and granularity  

Forward and side scatter are used to identify cells on the basis of their morphology. E.g. in a 

peripheral blood sample, lymphocytes, monocytes, neutrophil and eosinophil granulocytes can be 

defined on the basis of forward and side scatter. These parameters are also used to exclude debris 

(cell fragments) and dead cells. FSC correlates with the cell volume. It is detected by a photodiode 

which is placed in line with the laser path. Because of the nature of its collection, this parameter is 

referred to as forward scatter (FSC, FS), or forward angle lights scatter (FALS). 

As cells are translucent, laser light passes through the cytoplasm. If the laser light strikes an organelle 

(nucleus, ER, Golgi, granules, etc), the beam will be reflected at large angle. This reflected light is 

detected by a detector which is placed perpendicularly to the laser path so this parameter is known as 

side scatter (SSC) or right angle light scatter (RALS). Side scatter is proportional to cell complexity 

(granularity).  

 

Figure 5.9 Increased number of lymphoblasts on a dot plot 
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The dot plot of FSC vs. SSC represents the distribution of cells based on their size and granularity.

(„FS/SS dot plot”). Each dot represents a single cell, so the distribution of dots in FSC/SSC plots can 

distinguish one type of cells from another. It is beneficial to define one particular population of cells for 

further analysis (gating). Morphological changes of cell populations can inform us about their 

functionality (e.g. viability, cell death, apoptosis, activation, proliferation, etc.) or can refer to 

pathological states (e.g. presence of lymphoblasts in peripheral blood). (Figure 5.9-10.) 

 

Figure 5.10 Gating 

5.3.2. Fluorescence 

Multiplex fluorescent labeling allows us to directly distinguish cell subpopulations. Fluorescence 

means the emission of light by a molecule that has absorbed light earlier. Fluorophores are molecules 

or functional groups of molecules which cause a molecule to be fluorescent. It can absorb energy of a 
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specific wavelength (absorption) and emit energy at a different (higher, but also specific) wavelength 

(emission) (Stokes shift). 

Some fluorochromes can specifically bind to cell organelles or different molecules (e.g. propidium 

iodide intercalates into double-stranded DNA). Others are used in conjugation with antibodies, so the 

specificity of these reagents is determined by antibody-specificity (immunostaining). 

Flow cytometry has undergone a great transformation during its 5 decade history. The early 

instruments could measure three different parameters (two scattered light signals and one 

fluorescence signal). However, many new applications were adapted into modern, multicolour flow 

cytometers. The development of polychromatic flow cytometry (more than 5 colours at the same time) 

was made possible by the applications of new excitation sources, new methods (e.g. CBA), new 

reagents (e.g. tandem dyes, phosphospecific antibodies, etc.) and new softwares. 

Tandem dyes consist of two conjugated dyes that are covalently linked. They will be close enough so 

that energy can be transferred between them. When one of the dyes (donor) is excited, the energy is 

transferred to the second dye (acceptor) which then emits it. This ability is very useful because the 

acceptor is sensitive to the wavelengths of „conventional” laser sources (488 nm).  So these abilities 

open up entirely new areas of the spectrum. (Table 5.1) 

 

Excitation wavelength: 488 nm (blue lasr) 

 

FITC (fluorescein isothiocyanate) 

Alexa Fluor 488 

PE (phycoerythrin) 

PE-TX red (ECD; phycoerythrin - Texas red 

tandem)  

PE-Cy5 (phycoerythrin - Cy5 tandem) 

PerCP (peridinin klorofil A protein) 

PerCP-Cy5.5 (Peridinin-chlorophyll-protein 

complex - Cy5.5 tandem) 

PE-Cy7 (phycoerythrin - Cy7 tandem) 

Excitation wavelength: 633 nm (red laser) 

 

APC (Allophycocyanin) 

APC-Cy7 (Allophycocyanin - Cy7 tandem) 

Excitation wavelength: UV/purple range 

 

Hoechst 33258  

Hoechst 33342  

Indo-1  

Alexa fluor 405 

Pacific Blue 

Table 5.1 Fluorescent dyes 

 

The goal of diagnostical measurements is to demonstrate the presence of cell populations, to 

determine their proportions or absolute amounts and to characterize their functional states. The most 

common application in this field is immunophenotyping. Immunophenotyping is based on the use of 

fluorochrome-conjugated monoclonal antibodies specific to cell-membrane or intracellular proteins.  

Fluorescence of a single fluorochrome is displayed on a histogram. A histogram (one-parameter 

histogram) is a graph of cell count on the y-axis and the detected fluorescence on x-axis. Histograms 

give information about specific binding of fluorochrome – conjugated monoclonal antibodies. Its 
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biological importance is the verification of the presence or absence of investigated proteins (e.g. cell 

line specific antigens, activation markers, etc). This is the so-called „yes-no” answer. 

Histograms show the fluorescence intensities of the investigated cells, which means the presence 

(positive staining) or absence (negative staining) of a cell marker. To record the percentage of positive 

cells, negative and positive populations have to be distinguished. The detected fluorescence intensity 

is proportional to the amount of fluorescent dye bound to the cell. Higher fluorescence is equivalent 

with higher binding of fluorochrome-conjugated antibody, meaning higher expression level of the 

investigated antigen. Quantitative protein analysis (determining the expression level of an antigen on 

cells) can be performed by fluorescence calibration beads. Fluorescence microbead populations 

include one blank and a range of fluorochrome-conjugated bead populations with increasing amounts 

of dye. The utility of these standard beads is based on the correlation between the fluorescence 

intensity of a solution of known concentration of fluorochrome and the intensity of a suspension of 

beads bearing the same fluorophores. The equivalence of the beads to the solution is known as the 

Molecules of Equivalent Soluble Fluorophores (MESF). Another possibility is the determination of the 

antibody binding capacity (ABC). In this assay, sets of non-fluorescent beads can be used that have 

anti-mouse IgG antibodies on their surface. They were calibrated so that the number of molecules of 

mouse IgG that bind at saturation is known. After incubating the beads with the labeled antibody in 

use, their fluorescence can be measured and compared to sample cells (Figure 5.11.) 

 

Figure 5.11 Quantitative determination of protein expression by bead standard 

 

Simultaneous detection of several antigens (protein pattern) is essential for adequate definition of cell 

populations and subsets. Most laboratories measure 3 to 5 fluorescence (different antigens or 

immunofluorescence combined with other stains, for example DNA staining) at the same time, 
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although machines were built to record up to 17 different colours. Fluorescence dot plots are used to 

analyze multiple colors. During analysis the two-color dot plots are divided into four quadrants, the 

double negative cells (LL = lower left), the first fluorescence only (LR = lower right), the second 

fluorescence only (UL = upper left), and the double positive cells (UR = upper right). The ”UR” 

population shows the simultaneous expression of different markers (so-called co-expression). Dot 

plots are quantified by giving the percentage of cells in each quadrant. (Figure 5.12) 

The emission spectra of different fluorochromes may overlap, i.e. fluorescence from more than one 

fluorochrome may be detected by a detector. To correct this spectral overlap, a process of 

fluorescence compensation is used. 

 

Figure 5.12 Co-expressions on dot plots 

 

5.4. Sample preparation for diagnostical FACS measurements  

5.4.1. Creating cell suspensions 

Flow cytometers can analyze single cells. Hence the most common samples are natural cell 

suspensions, such as blood, bone marrow aspirate, liquor, urine, etc. On the other hand, singlets have 

to be created from solid tissues for FACS analysis. Many standardized protocols are used (mechanical 

preparing, digestion), but details of these processes go beyond the framework of this summary. 

However, it is worth mentioning that separation of the solid tissues into single cells is important to 

retain the integrity of the cells’ surface protein pattern, as this is one of the prerequisites of the 

assessment of the examination. 
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5.4.2. Erythrolysis 

Efficient detection of leukocytes in peripheral blood and in bone marrow samples depends on the 

elimination of interfering erythrocytes by lysing (erythrolysis).  

There are several red blood cell lysing methods known (using detergents, hypotonic solutions, etc), 

which are commercially available at manufacturers’ web sites. 

5.4.3. Fluorescence labeling 

Two types of fluorescence labeling methods are known: 1) using organelle selective stains and dyes 

(direct / labeling), or 2) using fluorochrome conjugated antibodies to identify cells by their specific 

antigens expression (immunophenotyping).  

5.4.3.1. Direct staining 

Propidium Iodide (PI) staining is the most commonly used direct staining method in clinical practice. 

Propidium iodide (or PI) is a fluorescent intercalating agent that can be used to quantitatively assess 

DNA content of cells. It binds to DNA with a stoichiometry of one dye per 4–5 base pairs of DNA, so it 

is used to evaluate DNA content in cell cycle analysis. (Figure 5.13)  

Direct stains can be used to characterize cellular functions e.g. enzyme activity can be measured by 

their fluorescence substrates, apoptosis can be detected by the investigation of lipid content of cell 

membrane, ROI production can be followed up by photoactivatable reagents, etc. 

 

Figure 5.13 Detection of DNA by fluorescent labeling 
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5.4.3.2. Immunophenotyping 

Specific labeling of cell surface proteins (immunophenotyping) is a very useful way of identifying a cell 

population. The specificity of this staining is guaranteed by antigen-antibody reaction. Antibodies 

recognize the target molecules and bind to them, and the conjugated fluorophores can be detected by 

FACS. There are two types of immunophenotyping methods, direct (primary) and indirect (secondary). 

Direct immunofluorescence uses a monoclonal (sometimes polyclonal) antibody that is chemically 

linked to a fluorochrome. Indirect immunofluorescence uses two antibodies; the primary antibody 

binds to the target molecule with high specificity, and the secondary antibody, which carries the 

fluorochrome, recognizes the primary antibody. One of the most versatile indirect immunofluorescence 

methods is the biotin/streptavidin (avidin) system. Antibodies labeled with biotin provide the user with 

a tool for increasing the sensitivity of an assay. Nonfluorescent biotin-labeled antibodies are visualized 

by fluorophore-streptavidin or avidin conjugates. Advantages of biotin/streptavidin (avidin) systems are 

low background and enhanced sensitivity. (Figure 5.14) 

 

Figure 5.14 Labeled antibodies as markers 

  

Specificity and non-specificity is one of the most critical questions in immunophenotyping. Lack of 

specificity may occur as a result of several factors: 1) an antibody may bind to a common epitope on 

several different proteins, 2) antibodies can bind to many cell types bearing Fc receptors by their non-

specific Fc regions. These problems can be controlled by positive control cells expressing the 

investigated antigens and isotype control antibodies that have no specificity for the cells used in the 

experiment. 

Immunophenotyping is the most common application in clinical practice. Unique extra- and 

intracellular markers are not known. Usually an antigen is expressed on more than one cell type. 

Therefore, flow cytometry staining strategies have led to methods for immunophenotyping cells with 

two or more antibodies simultaneously (multicolor flow cytometry). 

Cell surface molecules of human leukocytes are grouped into a cluster of differentiation (abbreviated 

as CD). The CD nomenclature was established in the 1st International Workshop and Conference on 
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Human Leukocyte Differentiation Antigens (HLDA), in 1982. Since then, its use has been expanded to 

many other cell types, and more than 360 CD unique clusters and subclusters have been identified. 

(Table 5.2) 

 

 Myeloid cells Lymphocytes 

Stem cell Granulocyte Monocyte Megakariocyte Erythrocyte T cell B cell NK cell 

CD34 ic MPO CD14 CD41 Glikoforin A CD2 CD19 CD16 

CD117 CD13 HLA-DR CD61 CD71 CD3 CD20 CD56 

CD133 CD33 CD4 CD42a  CD4 CD22  

 CD15 CD13 CD33  CD8 HLA-DR  

 CD11b CD33 CD13  CD5 CD79a  

 CD16    CD7 (CD10)  

Table 5.2 CD markers with clinical relevance 

 

5.5. Fields of application of flow cytometry 

The fields of flow cytometric application are presented in two classifications: 1) methodical 

applications, 2) clinical applications. 

5.5.1. Methodical applications 

(The present grouping has been created without striving for completeness.) 

5.5.1.1. Protein measurements 

Both specific and nonspecific protein measurements can be carried out by FACS. Specific detections 

of proteins are based on their immunological nature. Investigated proteins as antigens are labeled with 

fluorochrome-conjugated antibodies (immunophenotyping).  The protein content of the cells can be 

determined using amine-reactive or thiol-reactive fluorescent dyes. This in situ detection method gives 

information about the localization and quantity of cellular proteins, but does not characterize the 

protein pattern. Both thiol- and amine-reactive dyes can be used for the characterization of receptor-

ligand bindings because thiol-reactive fluorochromes can be used for the detection of protein 

conformational changes, and amine-reactive dyes are widely used to label ligands.  

Discovery of the green fluorescent protein (GFP) opened new possibilities in flow cytometry. It has 

many applications in biological research including measuring gene expression in vitro, studying fusion 

proteins and intracellular protein traffic or selecting and characterising transfected cells, etc. The gfp 

gene is one of the most convenient reporter for monitoring transfection efficiency because the 

expression of GFP is typically detected by flow cytometry (or fluorescence microscopy). During 

transfection the gfp gene is integrated into the genomic DNA of the investigated cells. It is inserted 



82 
 

before the stop codon of the investigated protein, so when the gene under study is expressed in the 

cell, gfp gene will also be expressed. Green fluorescence emitted by GFP protein demonstrates the 

expression of the gene of interest. 

Sometimes the expression levels of cell surface proteins have clinical significance. In some cases 

healthy and pathological cells are compared to each other. E.g. lower expression of CD11b and CD18 

can be detected on circulating neutrophil leukocytes in the case of type I. leukocyte adhesion 

deficiency (LAD), while a decreased level of sialyl-Lewis X antigen (sLE
x
) is characteristic to the 

second type of the disease. However, an increased level of HLA-B27 can be found on peripheral 

blood lymphocytes of ankylosing spondylitis patients (morbus Bechterew) compared to healthy 

subjects.  

In some cases only the quantitative protein detection can help in clinical staging: e.g. monocyte HLA-

DR expression is an early and constant predictive marker for survival in severe sepsis and the 

expression level of CD64 (FcRI) on neutrophils has a prognostical significance also in sepsis.  

Fluorescent microspheres with various known binding capacities to monoclonal antibodies are used 

for the flow cytometric estimation of antibodies bound to cell (ABC) (Figure 5.11). 

5.5.1.2. Synthesis measurements 

Investigation of in situ molecule synthesis by using the synthetic probes is a hot topic in biology. These 

assays use chemically modified or fluorescent labelled probes, such as nucleosides, amino acids, fatty 

acids, etc, which can be incorporated into the newly synthesized molecules. E.g. cell proliferation can 

be detected by using synthetic nucleoside analogues, such as 5-bromo-2’-deoxyuridine (BrdU) or 5-

ethynyl-2’- deoxyuridine (EdU). Their advantages are the following: 1) they can be multiplexed with 

antibody based detection (immunophenotyping); 2) they are provided in vivo use in animal models or 

in cell-culture assays. (Figure 5.15) 

 

Figure 5.15 Cell cycle analysis by measuring of BrDU incorporation 



83 
 

5.5.1.3. Enzyme activity 

In situ enzyme activity of living cells can be detected by the use of enzyme-specific fluorescent 

substrates. Cell-specific enzyme activity can be examined by simultaneous immunophenotyping 

(multiparametric analysis). 

Enzyme-spceific fluorochromes are available to glycosidases, phosphatases, peptidases, proteases 

and oxidases. The biological significance of these measurements is the widespread characterisation 

of the metabolic activity of cells (activation, signal trunsduction, etc). (Figure 5.16) 

 

Figure 5.16 Detection of beta- glucuronidase enzyme activity 

5.5.1.4. Nucleic acid measurements 

The DNA and RNA content of cells can be detected by flow cytometry. Some fluorochromes 

stoichiometrically bind to nucleic acids so they can be used for quantitative measurement. This is 

essential for the measurement of ploidy and the cell cycle analysis. A variety of fluorescent dyes (e.g. 

Hoechst 33342) can cross the intact plasma membrane so they can be used to visualize the cell cycle 

in living cells. The cell membrane is impermeable for the other types of fluorochromes that can also be 

used for viability measurements. Propidium iodide (PI) is the most widely used fluorescent probe for 

DNA stain. There are two approaches to study cell proliferation: 1) detecting changes in the cell cycle 

(e.g. to characterize tumor growth); 2) following the number of cell divisions over a period of time (e.g. 

to study the immune response induced by different stimulators). The most relevant clinical application 

of RNA staining is the reticulocyte analysis in the whole blood. The most widely used fluorescent dye 

for it is thiazole orange. The enurmation of live and dead bacteria in the same biological sample has a 
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great clinical significance. Some high-affinity nucleic acid dyes, such as SYTO dyes, can easily 

penetrate into bacteria (both gram-negative and gram-positive). These fluorochromes are used to 

detect live microbes. On the other hand, the microbe - immune cell interactions can also be followed 

by using the fluorescent nucleic acid dyes.  

5.5.1.5. Investigation of cell organells 

Different cell organells, such as mitochondria, lysosomes, endoplasmic reticulum, Golgi, nucleus, etc., 

can be investigated by using cell-permeant fluorescent dyes that selectively associate with them. 

Some of the applications are as follows: 1) The in vivo dynamics of cytoskeleton can be detected by 

fluorescent reagents, such as fluorescent cytoskeletal proteins. 2) The functions of plasma-membrane 

and cytoplasmic membrane systems can be examined by fluorescent lipid analogues. 3) Signal 

transduction pathways can be characterized by using fluorescent fatty acids. Etc. 

5.5.1.6. Functional analysis 

Many types of applications are used for the flow cytometric characterization of cell functions, so we 

may only list some of them.  

 Viability 

 Cell proliferation / cell cycle  

 Apoptosis (caspase – activity, mitochondrial membrane potential, TUNEL = Terminal 

DeoxynucleotideTransferase dUTP Nick End Labeling method) 

 Protein synthesis (e.g. cytokine production) 

 Phagocytosis / endocytosis 

 Signal transduction (e.g. fluorescent fatty acids, anti-phosphoprotein antibodies, etc) 

 Cytoplasmic ion concentration ( ion-sensitive fluorochromes)  

 Efflux activity of transport proteins (using of fluorescent substrates of transport proteins; e.g. 

the identification of multidrug resistance –MDR-). 

 Investigation of reactive oxygen species (ROI), including nitric oxide (NO)  

 Detection of metal ions (using of Ca2+, Mg2+, Zn2+ indicators) 

 pH measurement  

 Detection of membrane potential 

 Kinetic measurement s (e.g. enzyme activity ) 

 maintaining the appropriate oxidation–reduction state of proteins or cells (quantitative 

measurement of thiols)  

5.5.1.7. Quantification of the relative distance between molecules:   

fluorescence resonance energy transfer (FRET) 

This method is an energy transfer between two chromophores. Two fluorochromes are necessary for 

it. The donor fluorochrome, excited by the laser beam of the flow cytometer, may transfer energy to 

the acceptor fluorophore (in proximity, typically less than 10 nm). After energy transfer occurs from 

donor to acceptor, the acceptor fluorophore is excited and can emit light at its specific wavelength. 
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The efficiency of FRET is highly dependent on the distance between the donor and the acceptor. 

(Figure 5.17) 

 

Figure 5.17 Measuring of the relative distance between molecules 

5.5.1.8. Quantitative measurement of soluble molecules by FACS 

(microsphere-based flow cytometric assays)  

Although the majority of flow cytometric applications are cell based, smaller particles (synthetic 

microspheres) can also be detected. Conventional FACS machines with appropriate optical 

configuration can acquire microsphere-based light scattering and emission data. Proteins, 

oligonucleotides, peptides, lipids or carbohydrates can bind to the surface of synthetic particles, in 

order to catch different analytes and can be visualized by fluorochrome-conjugated detection 

molecules. The most current applications are cytokine quantitation, SNP genotyping and 

phosphoprotein analysis. Moreover the prospects of the method are unlimited. Microsphere-based 

technology allows 1) detection of multiple analytes in biological and environmental fluids (e.g. more 

than 10 cytokines at the same time), 2) minimalization of sample volume (at about 25 l sample), 3) 

reduction of cost per test and 4) preservation of time. Its sensitivity is in the pg/ ml range. (Figures 

5.18) 

 

 

 

 

 

 

 

 

Figure 5.18a Principle of 

microbead methods



 

Figure 5.18b A microbead based analysis 

5.5.1.9. Absolute cell counting  

Absolute cell counts can be obtained by adding an internal microbead counting standard to the flow 

cytometric sample (Figure 5.19). 
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Figure 5.19 Cell counting using plastic reference beads 

5.5.1.10. Cell-sorting  

Cell-sorting means the ability to select any cell population defined by a combination of markers 

defined by flow cytometric ”gating” and isolate this population from the sample. 

Advantages of flow cytometric cell sorting: 

 Separating of heterogenous suspension of cells into purified fractions on the basis of 

multiparametric characterisation (light scattering properties – FS and SS -; fluorescence). 

 High-speed cell sorters are now commercially available: 100000 cell / sec with high 

effectiveness (more than 95% purity). 

 Rare event sorting of cell subpopulations that occur at very low frequencies in the sample 

(< 0,1% ), e.g. hematopietic stem cells, DCs, antigen-specific T cells, etc. This method is  

usable for the detection of minimal residual diseases  

 Sterile sorting for further culturing of cells 

5.5.2. Clinical applications 

5.5.2.1. Malignant hematological disorders 

5.5.2.1.1. Diagnostics and differential diagnostics 

Multicolor immunophenotyping of blood cells by flow cytometry is the part of the diagnostic work-up of 

hematologic malignancies. The analysis is based on the detection of cell surface and intracellular 

antigens that are characteristic for the differentiation and maturation state of the cells. The cell surface 

markers expressed by leukocytes are classified as Clusters of Differentiation (CD) antigens.  
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The maturation of hematopoietic cells is resulted by the tightly regulated expression of genes and 

gene products. Cell-surface proteins represent a subset of these gene products. Many of these 

antigens can be used to identify the maturation stages and the lineage assignment of hematopoietic 

cells. It is very important to know, that only a few cell-surface antigens are restricted to a particular cell 

lineage, while others are more widely expressed. So, multiparametric flow cytometry can be an 

excellent technique for the examination of patterns of protein expression, and for the identification of 

maturation stages. 

The flow cytometric diagnosis of hematological malignancies is based on consensus protocols. These 

protocols suggest certain combinations of monoclonal antibodies as fixed panels. The aim of them is 

to define the immunophenotype of the malignant cells in correlation to the classicaly defined 

hematological diseases. 

More types of consensus protocols can be used: 

 The diagnosis based on 

clinical examinations, 

cytology, cytochemistry and 

genetic testing can be 

supported by the ”basic or 

conventional panel”. The 

myeloid and the lymphoid 

origin of the malignant cells 

can mainly be differentiated 

by using this method, but it 

also focuses on the most 

important prognostic 

markers, such as the 

common acute lymphoblastic 

leukemia antigen (CALLA = 

CD10) (Figure 5.20). 

 

Figure 5.20 Basic panel for malignant hematological diseases

 Conventional immunophenotyping is based on the „expression vs non-expression” of the 

investigated antigens, whereas the new protocols, that use polychromatic flow cytometry, 

characterise the malignant cells completely (maturation state of the cells). These protocols enable 

the detection of both the cell surface and intracellular protein pattern of the malignant cells and the 

relative fluorescence intensities of investigated markers. Immunophenotypic analysis has 

prognostic information. It means a sensitive marker to monitor the progress of patients after 

chemotherapy or bone marrow transplantation, and often permits the detection of minimal residual 

disease.   

5.5.2.1.2.  Minimal residual disease (MRD) 

Minimal residual disease (MRD) means that even so the patient is in remission, (without symptoms of 

the disease) a small number of malignant cells remain in the organism after treatment. It is the major 

cause of relapse in malignant hematological disorders. Flow cytometric detection of minimal residual 
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disease (MRD) is based on immunophenotypic analysis. The adequate knowledge of malignat cells’ 

immunophenotype, the expression level of differential antigens and also the presence or absence of 

aberrant proteins is absolutely necessary for the successful diagnosis.  

Advantages of flow cytometric detection of MRD: 

1) rapid measurement 

2) evaluation of a large number of cells, roughly 1,000,000 cells 

Disadvantages of flow cytometric detection of MRD: 

1) lower sensitivity compared to genetic tests 

5.5.2.1.3. Leukemia recurrence 

Although immunophenotypic analysis provides a sensitive means to monitor the progress of patients 

after chemotherapy or bone marrow transplantation the mainstay of follow up is genetic testing. 

Advantages and disadvantages of flow cytometry in the identification of recurrence / relapse is the 

same than we summerized in relation to MRD. 

5.5.2.1.4. Multidrug resistance (MDR)  

More than one method can be used to detect of therapy effectiveness by FACS: 1) both the absolute 

number and the ratio of malignant cells can be detected by immunophenotyping; 2) expression of the 

multidrug resistance (MDR) protein can be identified by immunostaining (immunophenotyping) and 3) 

the pump function can be characterized by using the fluorescent substrates of MDR protein (functional 

assay). (Figure 5.21a) 

 

Figure 5.21a Immunophenotyping of MDR membrane proteins 

 

The functional activity of transport proteins can be detected using fluorescent substrates. In the 

absence of operating transport proteins, the fluorencence of cells loaded with fluorencent substances 

is high (the paint cannot get out of it), while in the case of a functioning pump it is low (the injected 

fluorocrome is pumped out). For verification of the specificity of the study, specific transport inhibitors 

are used (Figure 5.21b-c). 



90 
 

 

Figure 5.21b-c Functional characterization of MDR proteins 

5.5.2.2. Immunodeficiency  

Immunodeficiency is a condition where the immune response is reduced or absent. 

Immunodeficiences include primary (inherited) and secondary (acquired) disorders that are classified 

on the basis of their origin. On the other hand, immune deficiency disorders may be grouped into 

categories based upon the part of the immune system that is predominantly affected (antibody 

deficiencies, cellular deficiencies, combined antibody and cellular deficiencies, disorders of 

phagocytes, etc). Primary Immunodeficiencies are caused by genetic or developmental defects of the 

immune system. These defects are present at birth. Secondary immunodeficiencies are the loss of 

immune function(s) as a result of exposure to disease agents (infection, tumor, etc), environmental 

factors (malnutrition, alcohol abuse, radiation injury, etc), immunosuppression (chemotherapy, 

corticosteroids, etc), or aging.   

Objects of the laboratory investigations of the components of the immune system are:  

1. medical diagnosis 

2. classification and characterization of the disorder 
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3. follow up the disease activity 

4. monitoring of the therapeutic effectiveness 

5.5.2.2.1. Lymphocyte immunophenotyping in immunodeficiency disorders 

 Investigation of circulating lymphocyte subpopulations (T, B and NK cells, CD4:CD8 ratio, etc.)  

 Characterization of circulating lymphocyte subsets (e.g. memory cells – CD45RO+ T 

lymphocytes, CD27+ B cells -; activated lymphocytes – CD25+ or HLA-DR+ T cells; antigen-

specific lymphocytes; etc) 

 Investigation the absolute count of circulating CD4+ / CD3+ T helper cells in the monitoring of  

HIV infection. It has not only clinical but therapeutic consequences as well: the panel 

recommended antiretroviral therapy (ART) initiation for all people living with HIV/AIDS with a 

CD4 count of ≤350 cells/mm3 (WHO -World Health Organization- guidelines, 2010)  

5.5.2.2.2. Functional studies of immune cells in immunodeficiency disorders  

 Phagocytosis 

 Measurement of reactive oxygen intermedier production (ROI) 

 Measurement of cytokine production of immune cells 

 NK cytotoxicity 

 etc. 

5.5.2.3. Autoimmune disorders 

Autoimmune diseases affect about 3% of the world’s population. Although the diagnosis and 

classification of autoimmune diseases remain based on clinical examination combined with traditional 

laboratory tests, flow cytometry is also usable for monitoring the disorders.  

5.5.2.3.1. Flow cytometry in diagnosing autoimmune diseases 

Flow cytometry has been developed for the simultaneous measurement of several autoantibodies by 

microsphere-based immunoassays. (See section 5.5.1.8.) The assay uses polystyrene microbeads 

labelled internally with different ratios of fluorochromes that have different levels of fluorescence 

intensity. The autoantigens are bound to the microspheres. Serum is incubated with microbeads and 

after binding the autoantibodies to their specific targets, the microspheres are vizualized with a 

solution containing fluorochrome conjugated anti-human IgG.  

Advantages of particle-based flow cytometric assay of autoantibodies: 

1) rapid data analysis  

2) low amounts of samples are necessary ( 25 – 30 l) 

3) simultaneous measurement of several autoantibodies ( e.g. dsDNA, SSA, SSB, Sm, Sm/RNP, 

Scl70, Jo-1, etc).  

In some cases target cell suspensions can be used for the detection of cell-specific autoantibodies. In 

clinical practice isolated platelets of healthy donors can be used for the identification of platelet-

specific autoantibodies that are characteristic for immune thrombocytopenic purpura (ITP). 
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5.5.2.3.2. Disease monitoring  

Immunophenotypic analysis of circulating blood cells (mainly T lymphocyte subpopulations including 

Th17 and regulatory T cells) has been performed in patients with several autoimmune disorders. 

Although the changes in the main T cell subsets (e.g. Th:Tc ratio) have not been consistent, the 

functional alterations of immune cells may be involved in the pathogenesis of the diseases. The ratio 

and the functional activity of circulating lymphocytes do not represent the cellular composition of tissue 

lymphocytes involved in the pathogenesis of the disease, thus special samples are needed for the 

evaluation of local immune response. E.g. synovial lymphocytes have to be investigated in rheumatoid 

arthritis; liquor sample is necessary for the investigation of multiple sclerosis, etc. 

In summary, flow cytometric analysis of immune cells is not necessary for the diagnosis of 

autoimmune diseases, but it has prognostic significance: it is useful for checking the exacerbation and 

remission of disease activity and following the effects of therapy,. 

5.5.2.4. Transplantation 

Immunological rejection remains a major barrier to successful organ transplantation. The transplant 

recipients treated by immunosuppressive agents are more susceptible to infectious diseases. Flow 

cytometry has become a useful tool for monitoring immunological responses in transplant recipients. 

Main applications of flow cytometry in clinical transplantation immunology:   

1) Characterizing and classifying alloreactive antibodies (help to identify high-risk donor and recipient 

combinations) 

2) Detecting changes in the cellular components of the immune system  

3) Monitoring therapy effectiveness (e.g. through T cell receptor analyses) 

5.5.2.4.1. HLA- association 

An HLA disease association is defined as a statistically increased frequency of the HLA haplotype in 

individuals with the disease compared to the frequency in individuals without that disease. The 

positive result means a relative risk. For example, HLA-B27 appears in 80-90% of patients with 

ankylosing spondylitis, which means that an HLA-B27 positive individual is approximately 87 times 

more susceptible to developing the disease. HLA haplotypes can be examined by flow cytometry e.g. 

HLA-B27 testing is clinically relevant to the evaluation of seronegative spondyloarthropathies. 

5.5.2.5. Infections 

Molecular testing is now integrated in the clinical microbiology laboratory. Besides their advantages 

(rapid; sensitive and highly specific; enable to investigate slow-growing pathogens, such as 

Mycobacterium tuberculosis, Chlamydia trachomatis etc.), it is very important to know that these 

methods cannot distinguish the different physiological states of microorganisms (viability, bacterial 

growth, the effects of toxic substances etc.). On the other hand, genetic testing is unsuitable for 

monitoring the immune responses of infected organisms.  

Flow cytometry can complete the imperfection of genetic testing, because it can be used to 

characterize and distinguish different physiological states of microorganisms at single-cell level. By the 
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rapid and sensitive identification of microbes, FACS could be useful to clinicians for the selection of 

the appropriate antimicrobial therapy in very short times (within 2 hours after sample collection), 

reducing the time during which the patient is without treatment. Last but not least, FACS may also be 

useful for monitoring the immune response of infected persons (microbe-specific antibodies; 

cytotoxicity assays; etc.) and the effectiveness of antimicrobial therapies (susceptibility).   

Applications of flow cytometry for monitoring microbial cells: 

 Identification of microbes 

1. Microbial heterogenity (to distinguish organisms in different physiological states on 

the basis of their differential light-scattering behaviour; using fluorescent stains 

specific for cellular substances; fluorescent Gram stain) 

2. Immunophenotyping 

3. Host - bacteria host interactions  

4. Nucleic acid quantification and analysis  

 Flow cytometric analysis of the physiological state of individual microbes (the physiological 

patterns of microbial cultures 

1. Viability 

2. Functional analysis (membrane potential, enzyme activity, etc.) 

 Serology (assessment of microbe-specific serum antibody concentration by FACS) 

 Antibiotic susceptibility testing  

 Isolation of microbes from natural environments („sorting”) 

 Immune monitoring: to monitor the immune responses of infected patients 

 

ABSOLUTE INDICATION RELATIVE INDICATION 

Diagnosis and differential diagnosis of malignant 

hematological  

Autoimmune diseases 

MDR assay Infections 

HIV infection HLA-association 

Transplantation Tumor prognosis (DNA content and cell cycle 

analysis) 

Immune deficiencies Reticulocyte counting 

PNH (CD55, CD59 expression) Thrombocyte function 

Table 3 Clinical applications of flow cytometry 

 

5.6. Quality control 

Quality control in flow cytometry can be divided into two parts: 1) internal quality control (checking the 

instruments, reagents and staff) and 2) external quality control (comparing different laboratories to 

each other).  

Internal quality control can also be divided into two parts: 1) biological QC (including pre-analytical and 

analytical variables) and 2) instrumental QC (standardization of instrument settings). 
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Biological QC 

Pre-analytical tests tend towards the following questions: 

1. Has the sample been taken correctly? 

2. Is the sample labeled correctly?  

3. Is the sample in the correct anticoagulant required for the test?  

4. Has the sample been stored and transported correctly? 

5. What is the maximum recommended time allowed between taking the sample and performing 

the test? 

Analytical tests examine both the sample preparation (staining/labelling, erythrolysis, etc) and the data 

acquisition. Some of the most important questions are as follows: 

1. Is the titre of the antibody correct for the number of cells in the sample?  

2. Is the most appropriate antibody being used? (Both different clones and different conjugates 

of antibodies can give different results). 

3. Are the antibodies being stored correctly?  

4. Are the antibodies within the expiration date? 

5. Has the erythrolysis been made up correctly? 

6. Has the instrument been set up correctly? 

7. Was the best gating strategy used for the application?  

8. Have the appropriate number of events been acquired to ensure reliable results? 

Although antibodies specifically bind to their target epitopes, they can also bind to many cell types by 

their non-specific (Fc) ends. Isotype control antibodies are used for the estimation of non-specific 

binding of target primary antibodies to cell surface antigens. 

Isotype control antibodies are antibodies with no specificity for the cells interested in but with all the 

non-specific characteristics of the antibodies (isotype and fluorochrome conjugate) used in the 

experiment.Cells stained with isotype antibodies serve to indicate the amount of fluorescence that is 

emitted by cells labeled with an antibody that is not specific for any protein on the investigated cells. 

This is the “negative control” that is sometimes called background or non-specific fluorescence (Figure 

5.22). 

 

Figure 5.22 Isotype control labeling 
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5.7. Adult peripheral blood lymphocyte subset reference range 

Table 5.4 shows the reference ranges for the various lymphocyte subsets circulating in peripheral 

blood. 

 

 Lymfocyte 
CD3+  

T cell 

CD19+  

B cell 

CD3+/CD4+  

Th cell 

CD8+/CD4+  

Tc cell 
CD4 : CD8 

CD3-/CD56+  

NK cell 

x1000/microliter 1,14-3,38 0,78-2,24 0,08-0.49 0,49-1,64 0,17-0,88 0,9-5,0 0,08-0,69 

%  53-83 5-21 30-59 10-40  5-32 

Table 5.4 Reference 
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6. IMMUNIZATION 
(EDIT BUZÁS) 

 

 

 

 

In immune therapies the function of the immune system is artificially modified. 

By immunosuppression we can achieve:  

 Inhibition of autoimmune processes (eg. methotrexate inhibits the S-phase of the cell cycle, 

thereby inhibits the growth of synovial cells in RA) 

 Inhibition of allergic processes (eg. glucocorticoids inhibit the production of inflammatory 

cytokines in allergic reactions) 

 Generation of transplant tolerance (e.g.cyclosporine inhibits the production of IL-2 , and 

therefore the proliferation of T cells). 

By immune modulation we can achieve: 

 shifting the TH1 / TH2 balance in autoimmune or allergic diseases (eg. anti-TNF therapy in 

RA) 

 changing the proportions of the different antibody isotypes in allergic diseases (eg. allergen-

specific desenzitization). 

By immune stimulation we can achieve: 

 facilitating immune response to cancer (e.g. in melanoma, IL-2 therapy helps the growth of  

anti-tumor T cells) 

 facilitating immune response against pathogens, by vaccination.  

 

6.1. Immunization   

6.1.1.  The goals and practice of immunization 

Polyclonal antibodies (used as secondary antibodies in immunoassays), are produced upon 

immunization with xenogenic antigens. Similarly, polyclonal antibodies are produced if we immunize 

e.g. rabbits or pigs with sheep red blood cells. Such anti-sheep red blood cell antibodies are widely 

used in studies of the complement system. 

Immunization is also a first step in generation of monoclonal antibodies. For this purpose, we primarily 

immunize mice. If the blood sample (blood serum) of the immunized organism contains a high level of 

antibodies reactive to the immunizing antigen, we carry out somatic fusion of mouse spleen derived 

plasma cells and a murine myeloma cell line (Sp2/0) in order to generate monoclonal antibody 

secreting hybridomas. 

In rodents with susceptible genetic background (primarily in mice and rats), immunization with 

antigens may induce experimental models of diesases (such as autoimmune diseases). These provide 

opportunities to study the pathomechanism of a given disease under standard and controlled 

conditions.  
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Such induced experimental models include e.g. adjuvant arthritis (AA), collagen induced arthritis 

(CIA), antigen induced arthritis (AIA), proteoglycan induced arthritis (PGIA) and glucose 6 phosphate 

isomerase arthritis (GPIA). The experimental model of human multiple sclerosis is experimental 

allergic encephalomyelitis (EAE). 

A substantially important field that uses immunization is the preclinical/animal model phase of vaccine 

development. 

6.1.2.  Adjuvants, their role and formulation 

Adjuvants that are used during immunization may target different receptors on the surface of antigen 

presenting cells. Different txpes of antigen presenting cells possess different sets of membrane 

receptors, which may cross-regulate each other’s signaling pathways by intracellular crosstalk. 

Synthetic pattern recognition receptor agonists, such as Pam3Cyws, MPL (monophosphoryl lipid) and 

LPS (lipopolysaccharide) analogues, PolyI-C, imidazoquinolins, synthetic oligonucleotides, DAP 

(diaminopimelic acid), MDP (muramyl dipeptid), are important components of adjuvants. Targeting cell 

surface and endosomal pattern recognition receptors, adjuvants may facilitate TH1 and/or TH2 

immune responses. The cytosolic NOD-like receptors (NLRs) and RIG-like helicases (RLHs) sense 

intracellullar bacterial and virus-derived signals. Although we have relatively few results regarding 

synthetic agonists acting via these receptors, certain agonists (e.g. MDP) have already been used 

successfully for veterinary purposes. C-type lectin receptors (CLRs) and scavanger receptors enhance 

binding and presentation of antigens, thus, may contribute to stimulatory effects that escape tolerance. 

Finally, TREM receptors (triggering receptors expressed on myeloid cells) also play a role in the initial 

phase of inflammation, however, their ligands remain unknown.   

We most frequently use Complete Freund adjuvant (CFA) in a water-oil emulsion. CFA contains killed, 

dried Mycobacteria, usually Mycobacterium tuberculosis. By contrast, the so-called Incomplete Freund 

adjuvant (IFA) does not contain Mycobacterium. Because of its strong immunogenicity, CFA cannot be 

used in humans. 

Aluminium phosphate and aluminium hidroxide (Alum) are adjuvants frequently used in human 

vaccines. Further adjuvants include liposomes and ISCOMs (immunostimulating complexes). ISCOMs 

are 40 nm structures that are formed spontaneously if we mix cholesterole, phospholipids and 

saponins in appropriate proportions (Figure 6.1). 

 

Figure 6.1.: Adjuvants (Modified from Ref.2.) 
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6.1.3.  Factors affecting the efficacy of immunizations  

We can increase the efficacy of immunization in several ways: 

1. With the use of adjuvants which form depots and ensure a sustained antigen release. On the 

other hand, adjuvants that are ligands of pattern recognition receptors of innate immunity, 

enhance the expression of MHC and costimulatory molecules of antigen presenting cells, and 

thus, they enhance efficacy of antigen presentations. 

2. Using antigens phylogenetically distant from the organism to be immunized. Thus, it is 

expected that there will be a relatively low immune tolerance towards the immunizing antigen.  

3. Injecting with the strongest (immunodominant) epitopes predicted by e.g. MHC-binding.  

4. Selecting optimal dose of antigen 

5. Selecting an optimal immunization route. 

6.1.4.  Functional classification of antigens and epitopes 

It is well established that T cells recognize short, linear peptide epitopes. In contrast, most B cell 

epitopes are 3D structural determinats (conformational epitopes). Most of these epitopes are lost 

when a protein undergoes denaturation. Linear peptide epitopes represent only a small minority of B 

cell epitopes. There might also be antibodies that recognize denatured structures only, and do not 

react with the native molecules. A third possible type of antibodies may react with both denatured and 

native antigens. 

Enzymatic modification of antigens may lead to the formation of new epitopes, thus, enzymes such as 

proteases or glycosidases, may generate „neoepitopes”.  

6.1.5.  The way of immunization 

Intravenous injections deliver antigens directly into the spleen, and secondarily to the lymph nodes. 

In the case of oily emulsions, there is an increased risk of embolization, and no antigen depot is 

formed. There is an increased risk for induction of immune tolerance or anaphylaxis. It can only be 

used in the case of liposomes and Alum. 

It is used more often for booster injections (without an adjuvant). In this case memory cells are 

activated, which require little or no costimulation. 

Intradermal injection: it is frequently used for immunizations. This way the antigen reaches the 

circulation slowly, however, Langerhans cells deliver it rapidly to the regional lymph nodes. Its 

disadvantage is that the site of the injection may undergo ulceration. 

Subcutaneous injection: since it can be carried out easily, this is the most frequently used way of 

immunization. It enables the injection of relatively large amounts of antigens. Subcutaneously injected 

antigens are primarily carried away by the lymphatic vessels, but the absorption of antigen is also 

dependent on the blood supply of the injection site. This is the primary choice of immunization if there 

is a risk of anaphylaxis. The antigens may diffuse in the subcutaneous tissues. 

Intramuscular injection: it leads to fast absorption of the antigen both into the bloodstream and the 

lymphatic circulation. However, the absorption of the antigen depends on the size of the antigenic 
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molecule. It is an appropriate way of injecting small, potentially irritating molecules, while large size 

molecules are primarily carried away by lymph vessels along the fasciae. Although large amounts of 

vaccines may be injected in this way, its disadvantage is the sustained absorption along the fasciae, 

which might result in inflammation and neuritis. However, the major disadvantage is that the injection 

site cannot be monitored. 

Intraperitoneal injection: it is frequently used when immunizing rodents. Via lymphatic vessels the 

antigen is carried rapidly to the lymph nodes. Large amount of different adjuvants may be injected this 

way. However, at booster injections there is a high risk of anaphylaxis because of the rapid absorption 

of the antigen into the blood circulation. 
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7. VACCINATION  
(MARIANNA CSILLA HOLUB) 

 

 

 

 

In immune therapies the function of the immune system is artificially modified. 

By immunosuppression we can achieve:  

 Inhibition of autoimmune processes (eg. methotrexate inhibits the S-phase of the cell cycle, 

thereby inhibits the growth of synovial cells in RA) 

 Inhibition of allergic processes (eg. glucocorticoids inhibit the production of inflammatory 

cytokines in allergic reactions) 

 Generation of transplant tolerance (e.g. cyclosporine inhibits the production of IL-2 , and 

therefore the proliferation of T cells). 

By immune modulation we can achieve: 

 shifting the TH1 / TH2 balance in autoimmune or allergic diseases (eg. anti-TNF therapy in 

RA) 

 changing the proportions of the different antibody isotypes in allergic diseases (eg. allergen-

specific desenzitization). 

By immune stimulation we can achieve: 

 facilitating immune response to cancer (e.g. in melanoma, IL-2 therapy helps the growth of  

anti-tumor T cells) 

 facilitating immune response against pathogens, by vaccination.  

Vaccination can be therapeutic or preventive intervention. 

In therapy the vaccine is given after the infection or after the onset of the disease. 

 after infection: 

- passive immunization   

The antibody, which is antigen-specific IgG (prepared from hyperimmunized animal or from people 

who have undergone the same infection), is used in cases where there is no time to wait for 

building the own adaptive immune response.  

Advantage:   

- provides quick protection 

Disadvantage:  

- the protection is temporary, because there is no memory response (half-life of the IgG is 7-23 

days) 

- elimination and neutralization of the antibody may occur in a short time 

- the foreign antibody may induce hypersensitivity reaction, species-specific immune response. 

Indication: 

- eg. in case of snake bite  
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-  eg. in some cases for those who contact with a patient suffering from infectious Hepatitis A 

(eg. immunosuppressed persons, infants)  

- eg. against tetanus in some cases (eg. newborns born outside the hospital). 

 after the onset of a disease 

- dendritic cell vaccination: in chronic diseases eg. tumor vaccines . 

- adoptive cell transfer: administration of immuncompetent cells derived from a donor with 

histocompatibility (lymphocytes from bone marrow or thymus), 

eg. in certain tumors; in case of primary congenital cellular immunodeficiency in childhood   

In prevention, we modify immune response before the infection: 

 active vaccination  

Aim: 

- to increase the proportion of specific antigen recognizing population of immune cells  

- to create specific immunological memory 

 

The features of the effective vaccine are summerized in Table 7.1. 

 

FEATURES OF EFFECTIVE VACCINES 

Safe  Must not cause illness/death. 

Protective 

 

Must protect against illness resulting from 
exposure to live pathogen. 

Gives sustained protection Must last for years. 

Induces neutralizing antibodies Certain pathogens (eg. poliovirus) infect cells 
(eg. neurons) which cannot be replaced. 
Neutralizing antibody prevents the infection of 
these cells. 

Induces protective T cells Certain pathogens (eg intracellular) are more 
effectively eliminated by cell-mediated immune 
response. 

Practical criteria Biological stability, ease of administration, few 
side effects, cheap production. 

Table 7.1 Features of effective vaccines 
 

7.1.  Active vaccination 

7.1.1. In a considerable part of active vaccination the vaccine triggers 
antibody response  

The development of the primary immune response, the onset of antibody production starts 5-10 days 

after the immunization. In the immune response, typically a given quantity of IgM class antibodies is 

produced. Their average affinity is low, among them there are early antibodies produced by plasma 

cells which have not undergone affinity maturation. As time goes by, antibodies with a higher affinity to 

the antigen also develop; these antibodies are generated by plasma cells which have undergone 

affinity maturation. 
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Memory B cells, differentiated from activated B-cells in the course of immunization, ensure that when 

the actual infectious microorganism enters the body, it generates a secondary immune response. In 

this case, mostly IgG antibodies 

are formed much earlier – in 1-

3 days. The quantitiy and 

affinity of these antibodies is 

much higher than of those 

produced during primary 

immune response, since the 

memory cells, which are now 

activated, were created after 

affinity maturation in the 

primary immune response 

(Figure 7.1 and 7.2). 

  

Figure 7.1 The essence of preventive vaccination.

 

 

Figure 7.2 Typical immune response 

 

The molecules used for active vaccination are the same antigens for the body as the real infectious 

agents. The aim is the identification / utilization of the so-called protective epitope from the epitopes of 

the molecules used in vaccination, as this is the unique molecular surface specific only for the 

molecule which the antibody is connected to. 
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 primary response secondary response 

Lag after immunization 5-10 days 1-3 days 

Peak response smaller larger 

Antibody isotype IgM >> IgG increase in IgG 
(sometimes IgA or IgE) 

Antibody affinity lower average affinity higher average affinity 
(affinity maturation) 

Antibody variability more variable less variable 

Table 7.2 Comparison of primary and secondary antibody responses 

 

The antigens used in vaccination can be T-dependent (TD) antigens or T-independent (TI) antigens. 

Due to T-dependent antigens, it is necessary to create not only B cells producing antibodies, 

but the specific effector Th-cell repertoire, as well. 

In both cases, a specific memory is created, which is the essential goal of active vaccination. 

The antibody that, by binding to the pathogen, inhibits the spreading of the pathogen in the body is 

known as neutralizing antibody. Neutralizing antibodies neutralize the effects of pathogens, eg. by 

preventing the attachment of a virus to the host cell. There are such neutralizing antibodies - and 

also non-neutralizing antibodies - which adhere to the virus-infected cells and  

- induce their more efficient removal (eg. by increasing FcR-mediated phagocytosis) 

- inhibit the replication of the virus in the host cell (eg. by inhibiting signal transduction) 

- prevent the escape of virus particles from the host cell and inhibit their transmission from cell 

to cell (eg. by cross-linking the expressed viral proteins sterically) (Figure 7.3) 

 

Figure 7.3 Effects of antibodies on virus-infected cells. 
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Specific antibodies developed upon antigenic stimulus during the primary immune response appear 

in the serum. This is called seropositivity. The appearance of specific antibodies in the serum 

indicates the efficacy of the vaccine, since the immunized person is seropositive for the antigen 

introduced by the vaccine. The change in the antibody level measured before and after vaccination is 

called seroconversion.  

An effective vaccine not only triggers the production of antibodies, but it triggers a sufficient amount 

that provides effective protection against the disease. This protection obtained by vaccination is the 

so-called seroprotection. After vaccination, the effectively protective quantity/level of antibodies is 

different for each vaccine. For example, in case of Hepatitis A: 20 mlU / ml, in case of   Hepatitis 

B: 10 mlU / ml. (mIU / ml = milli-international units per milliliter)  

7.1.1.1. The development of T cell memory is a prerequisite of the effective T-

dependent B-cell response. 

Artificially inducible T-dependent B cell response: 

In the interaction between T and B cells, CD40-CD40L interaction plays an essential role.  

One of the promising vaccine development strategies is the use of anti-CD40 antibody. The use of 

anti-CD40 antibody as an artificial CD40 ligand obviates the need for antigen-specific T cells. B-cell 

response develops independently from T cells, and develops much earlier in time. However, artificial 

CD40 triggering has been associated with polyclonal B-cell activation and may induce auto-aggression 

by self-reactive T cells. (Figure 7.4) 

 

Figure 7.4 CD40-CD40L interaction in TD B-cell costimulation and pros and contras of artificial anti-

CD40 antibody 
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7.1.2. In addition to vaccination inducing antibody response, in some 
cases the aim is to develop cell-mediated immune response 

The three phases of the T cell immune response: 

 Activation is followed by the proliferative expansion in the presence of the antigen, 

 programmed contraction (cell death) phase of the primary effector T cells, 

 The surviving CD8+ T cells initiate the early memory pool. 

 

The CD8 + cells behave somewhat differently from CD4 + cells in these three phases. Typically, the 

magnitude of the CD4
+
 T cell response is lower than that of the CD8

+
 T cell response, and the 

contraction phase can be less explicit than that of CD8
+
 T cells. Presumably the number of memory 

CD4
+
 T cells declines slowly over time. (Figure 7.5) 

 

Figure 7.5 Antiviral CD8+ and CD4+ T cell responses 

 

In case of CD8 + cells, the three consecutive phases are as follows. (Figure 7.6) 

 

Figure 7.6 CD8 + T cell response to infection 
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1.  As a consequence of immunization (or infection), DCs acquire foreign antigens and initiate 

responses from the rare, pathogen-specific CD8+ T cells. It might occur within 2 hours after 

antigen stimulus. (In case of CD4 + T cells it takes more time - min. 6 hours - and a greater 

concentration of antigen must be present. CD4+ cells are more sensitive even for the 

costimulation.)   

2. In response to these activating signals, the pathogen-specific CD8+ T cells embark on a 

proliferative expansion in number, with one precursor giving rise to more than 10,000 

daughter cells over the course of 5–8 days (in case of CD4+ cells it happens at a slower rate.) 

The antigen-specific CD8+ T cells differentiate into primary effector populations. These exhibit 

both functional and phenotypic differences from each other. Most of them produce effector 

cytokines such as interferon-γ (IFNγ) and to lesser extent tumour-necrosis factor (TNF), as 

well as the ability to perform cytolysis 

3. Most (90–95%) of the primary effector CD8+T cells generated during the expansion phase die 

during the ensuing programmed contraction (cell death) phase. 

4. The surviving CD8+ T cells initiate the early memory pool (primary memory CD8+ cells) and 

slowly undergo additional phenotypic changes, such as the expression of cell surface 

molecules characteristic for naive CD8+ cells, as well as functional changes such as TNF 

production by all IFNγ-producing cells. Memory CD8+ T cell numbers are generally 

proportional to the peak in expansion. 

5. A fraction (~30–40%) of these cells is also able to produce interleukin-2 (apart from IFN-

gamma and TNF) and is capable of self-renewal. CD8+ T cell memory maintenance is a 

dynamic process that includes balanced proliferation (memory turnover) and cell death. These 

cells constitute the population of late memory repertoir.   

 

Similarly to the antibody levels, the number of T cells changes during primary and secondary immune 

response. There are less effector T cells in primary immune response than in secondary immune 

response. As in the case of B-memory cells, the number of memory T cells is also less lower in 

primary immune response than in secondary immune response. 

In booster vaccination following secondary antigen challenge, primary memory CD8+ T cells will 

rapidly expand and become secondary effector CD8+ T cells (secondary immunization). They will go 

through a prolonged contraction phase to establish secondary memory CD8+ T cells in larger 

quantities than following primary antigen stimulus. Secondary memory CD8+ T cells show a 

substantially decreased rate of memory turnover (fail to produce IL-2). Secondary memory CD8+ T 

cells need years after secondary challenge to become predominately self-renewable late memory 

cells. Secondary memory CD8+ T cells exhibite sustained granzyme B expression and robust 

proliferative responses to secondary and tertiary stimulation and provide better protection than primary 

memory CD8+ cells. (Figure 7.7) 
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Figure 7.7 Kinetics of the CD8+ T cell response to the initial (primary memory response) and 

subsequent (secondary memory response) infections. 

7.1.2.1. Types of memory T cells  

During primary immune response, effector T cells differentiate into two types of memory cells, which 

are distinguished by their function and homing receptors expressed on their surface. Within the 

tissues, TCM and TEM show characteristic patterns of distributions. (Figure 7.8) 

 TCM: Central memory T cell 

 Mainly CD4+ follicular Th.   

 Human TCM memory cells constitutively express two receptors that are also characteristic of 

naive T cells (CCR7 and CD62L), which are required for cell extravasation through high 

endothelial venules (HEV) and migration to T cell areas of secondary lymphoid organs.   

 TCM have higher sensitivity to antigenic stimulation compared with naive T cells 

 TCM are less dependent on costimulation than naive T cells  

 TCM upregulate CD40L to a greater extent than naive T cells (providing more effective 

stimulatory feedback to dendritic cells and B cells) 

 Following TCR triggering, TCM produce mainly IL-2, but after proliferation they efficiently 

differentiate to effector cells and produce large amounts of IFN-gamma or IL-4 

 TEM: effector memory cells  

 the TEM pool contains TH1, TH2, and Tc cells. (The TEM pool can be subdivided according to 

the expression of chemokine receptors characteristic of these different cell types) 

 TEM display characteristic sets of chemokine receptors and adhesion molecules that are 

required for homing to inflamed tissue. Thus lung, liver, and gut contain greater proportions of 

TEM than TCM. 

 TEM are characterized by rapid effector function. CD8TEM carry large amounts of perforin, 

and both CD4 and produce IFN-γ, IL-4, and IL-5 within hours following antigenic stimulation.



 

Figure 7.8 Central memory Th (TCM) and effector memory Th (TEM): their main functional 

characteristics and patterns of distributions. 

 

Many successful vaccination regimens require booster immunizations to engender the most robust 

protective memory T cell response. The development of memory T cells mainly depends on the 

primary stimulus, and the once-activated cells continue programmed the expansion and contraction 

phase, as well as the development of memory cells is going on in a programmed way. Thus in the 

recommended vaccination schedule for a vaccine, the indicated intervals between the doses as 

a minimum should be seen, which cannot be reduced but extensions generally do not interfere with 

the immune response. This also means that if the immunization program is interrupted for any reason 

for a long time, the vaccination should not be restarted but continued. The secondary memory T cells 

in each case are created in the same high numbers.  

The contraindications of the vaccination include fever.  

Routine immunization should be deferred during acute febrile illness, vaccination can be performed 

after recovery. This is partly explained by that the reactions made to the vaccine often include fever, 

which means overburden for the body in case of febrile illness. On the other hand, the original fever 

can mask the side effects of the vaccine. 

At the same time, the efficacy of the vaccination is also affected, because acute inflammation 

modulates the differentiation of memory CD8 + T cells. A highly inflamed environment will promote 

contraction and also result in the slow acquisition of memory characteristics by the responding CD8+ T 

cells. In addition, limiting the exposure of antigen-specific CD8+ T cells to proinflammatory cytokines 

can accelerate the acquisition of memory characteristics and the ability to respond to booster 

immunizations within days after the initial immunization. 

In case of acute infection, pro-inflammatory cytokines appear to act in the delivery of ‘maturation’ 

signals to dendritic cells (DCs) (co-stimulatory molecule and cytokine expressing). However, pro-
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inflammatory cytokines act directly on responding CD8+ T cells to affect crucial aspects of memory 

generation. Antigenic peptides presented by mature DCs to naive CD8+ T cells trigger their 

proliferative expansion and differentiation into effector CD8+ T cells. In case of either viral or bacterial 

infection, a substantial interval is required for the conversion from effector to memory CD8+ T cells. So 

CD8+ T cell response undergoes relatively slow conversion from effector to memory cell phenotype 

and function. Blocking inflammation infection (by pre-infection administration of antibiotics) impairs the 

magnitude of expansion and also reduces contraction. The contraction phase is diminished in the 

absence of inflammation and diminished contraction results in increased number of memory CD8+ T 

cells. 

If during vaccination there is inflammation induced by other infection, a higher proportion of effector T 

cells persist, due to the continuous stimulation. Their proliferation rate is high, and the ratio of vaccine 

antigen-specific T cells is low in the population, but the consequences made by the effects of cytolytic 

effector CD8+ cells burden the body. In contrast, the number of memory cells is low, and in 

inflammatory (non-homeostatic) cytokine environment they are functionally damaged, for example not 

capable of self-renewal – their apoptosis rate is high. 

 

7.2. Potential strategies of vaccination due to difference between B-
cell responses at life’s extremes 

For different reasons, both the newborn (less than 6 months) and the elderly organism (over 65) are 

linked by a reduced ability or inability to respond to new antigens. Therefore, for both age groups, 

such vaccines should be developed which increase the amount of neutralizing antibody. 

Early in life, most bones contain marrow that actively produces naive-B cells with different specificity.  

In adults the haematopoietic bone marrow is restricted to certain sites (to the vertebral bones, 

sternum, ribs, flat bones of the cranium and pelvis, and the end of long bones). These active sites 

gradually decrease further, and fat deposits accumulate in the marrow cavity. Apart from the limited 

place, the functional niche also decreases, due to a higher proportion of memory cells and monoclonal 

IgG-producing plasma cells. The most marked difference between infants and elderly individuals is a 

progressive shift from a population that contains many naive B cells and few memory B cells to one 

that contains mostly memory B cells and few naive B cells in later years.   

Since the half-life of the antibodies is 21-30 days, early immune protection of a newborn, provided by 

IgG antibodies of maternal origin, decline after birth. Therefore, infants would become susceptible to 

infections within a short time frame without the development of adaptive immunity to give sustained 

protection. Typical infections in infants are the Hib, rotavirus, Salmonella, which do not cause death 

when infected in later life (only in extreme cases). Since IgG and IgA class maternal antibodies pass 

through breast milk, breastfeeding provides protection against infectious antigens, quasi passively 

immunizing the infant organism. This may be the evolutionary reason why a baby does not have as 

effective immune response as an adult organism. 

The elderly not only have problems in dealing with new pathogens but also in responding to 

pathogens that they have previously overcome, from which they can suffer increasingly severe 
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symptoms. (eg. Influenza) The explanation would be that the powerful homeostatic forces that 

maintain lymphocyte numbers through the proliferation of existing clones result in a greater number of 

cells that have reached their replicative limit, leaving older individuals vulnerable even to infections 

that have been successfully dealt with in the past. 

7.2.1.  Why may the vaccine cause problems in infancy?  

There is limited kinetics and magnitude of antibody responses to both polysaccharide and protein 

antigens in early life. Partly in secondary limphoid organs there are very few marginal zone B-cells 

(MZB), which limits their capacity to generate T cell-independent B cell responses to most bacterial 

polysaccharides (eg. Hib vaccine). The immaturity of the follicular dendritic cell (FDC) network delays 

the induction and limits the magnitude of germinal centre responses to TD protein antigens. All 

neonatal B cells express lower levels of the co-stimulatory molecules. Decreased initial B-cell receptor 

affinity and delayed affinity maturation of neonatal naive B cells might decrease the strength of the 

signal and favour memory B-cell differentiation. Plasmacells from germinal centers then go towards 

the bone marrow but fail to become long-lived plasma cells because of insufficient differentiation and 

survival signals from bone marrow stromal cells. The limited persistence of antibody responses results 

from exposure to a large load of environmental antigens, which results in competition for access to a 

limited set of plasma-cell survival niches in the bone marrow.  

Furthermore, antibodies of maternal origin bind to vaccine antigens in an epitope-specific manner and 

therefore prevent infant B cells from accessing immunodominant vaccine epitopes.  

The administration of a single dose of vaccine at birth can fail to elicit specific antibodies while 

priming for subsequent secondary responses, which indicates a preferential neonatal differentiation 

pathway towards memory B cells rather than plasma cells. Early prime immunization can efficiently 

prime neonatal B and T cells then later boost by giving subsequent vaccine doses after a sufficiently 

long interval (3–4 months), when affinity maturation occurs confirming specific memory B-cell 

differentiation.  

However, the lifespan of memory cells formed in infancy is not lifelong. (In people who underwent 

Infant hepatitis B infection, the protection is not detected in adulthood.)  

7.2.2. Potential strategies of vaccination in infants and the elderly 

 Increasing activation of naive B cells: In order to be more effective, the accessibility of 

vaccines needs to be increased, eg. by applying new adjuvants; by stimulating 

immunomodulation: eg. Hib vaccines in which the bacterial polysaccharides are conjugated to 

the meningococcal outer membrane protein complex. These vaccines induce TLR- mediated 

DC activation and higher antibody responses to the first vaccine dose than other Hib 

conjugate vaccines 

 Increasing recruitment of naive B cells in secondary lymphoid organs – increasing the ability to 

develop germinal centers: administering higher doses of vaccine antigen, increasing antigen 

retention by improving depot formulation (eg. in Fluval-P vaccine an aluminum phosphate gel 

adjuvant slowly releases the proteins of the vaccine), or administering repeated primary 



111 
 

immunization doses DPT vaccine (protects against diphtheria, pertussis and tetanus), given to 

children in five doses between the ages of two months to five years old.   

 Increasing B-cell activation: Administering higher doses of vaccine antigen (complete 

vaccines: eg. Fluzone vagy Fluval-P against H1N1), developing new adjuvants and 

immunomodulators. 

 Increasing plasma-cell differentiation by using more efficient adjuvants. 

 Enhancement of memory B-cell responses so they can be recalled even in old age: by 

extending vaccine schedules to adulthood (late boosters), administering repeat booster doses 

(lower doses), eg. tetanus vaccination is recommended to be repeated every 10 years. 

 

7.3. Types of vaccines 

Whole vaccines: 

 live attenuated 

 inactivated 

 live recombinant  

 

Subunit vaccine: purified or recombinant antigen  

  protein 

  synthetic peptide 

  DNA (RNA) 

 

Different types of vaccines may be developed by different manufacturers against the same infectious 

microorganism. A good example is the approved vaccine developed against H1N1 influenza virus in 

the 2009-2010's flu season. 

 

Inactivated (killed) 

whole virus 

 

Split vaccines 

(produced in the 

same way as whole 

virus vaccines, but 

virus particles are 

disrupted using 

detergents) 

Subunit vaccines, 

containing purified HA 

(hemagglutinin) and 

NA (neuraminidase) 

proteins, with the other 

viral components 

removed 

Cold-adapted live 

attenuated virus 

(CAIV) vaccines, 

for intranasal 

administration  

 

 

Baxter (EMEA) 

Ommnivest (Hungary) 

Cantacuzino 

(Romania) 

8 manufacturers in 

China  

CSL (Australia, US) 

Sanofi Pasteur (US) 

Green Cross (Korea) 

GSK ASO3 (EMEA, 

Canada) 

Novartis (US) 

Novartis+M59 adjuvant 

(EMEA) 

MedImmune (US) 

Microgen (Russia) 

Table 7.3 Types of licensed monovalent pandemic influenza A (H1N1) 2009 vaccines 
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7.4.  Strategies to develop new generations of vaccines 

1. Improvement of current vaccines 

2. Development of new vaccines 

3. Empirical methods of vaccine development → biotechnology in vaccine production  

 

When developing a new generation of vaccines, the main objective is always to increase 

immunogenicity and eliminate toxicity. 

In order to increase immunogenicity, designing should involve careful selection of not only the 

appropriate epitopes but appropriate adjuvants and delivery method, too.  

To eliminate toxicity and for the newly developed vaccine to be safe, it must be ensured that:  

 The adjuvants do not alter the desired immune response (Th1/Th2) 

 Do not induce autoimmunity (molecular mimicry), 

 Not to be contaminated (virus, prion), 

 Do not integrate into the genome (activation of oncogenes). 

7.4.1. Improvement of current vaccines 

Live attenuated vaccines are vaccines consisting of altered pathogens whose disease-inducing 

capacity has been destroyed. The virulence of attenuated pathogen is destroyed, but its antigenicity 

remains intact. Therefore these vaccines induce better protective immunity than would have been 

induced by other vaccines (eg. killed inactivated viruses), because they elicit a greater number of 

relevant effector mechanisms, including cytotoxic CD8 T cells. Live attenuated virus vaccines could 

contain the original pathogen with accumulated mutations in its virulence genes, which inhibit their 

disease causing capacity. Other attenuated vaccines could contain microorganisms of a pathogen-

related attenuated strain that provide protection by crossreactivity against the pathogen of interest.  

 

 

Figure 7.9 Attenuation of viruses by selecting for growth in nonhuman cells 

 

http://www.ncbi.nlm.nih.gov/books/n/imm/A2528/def-item/A2604/
http://www.ncbi.nlm.nih.gov/books/n/imm/A2528/def-item/A2672/
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Eg. certain flu vaccines / rubella vaccines are attenuated by selecting nonhuman cells for growth. The 

virus must first be isolated by growing it in cultured human cells. Then the virus is adapted to grow in 

cells of a different species (in vitro monkey cell line), until it grows poorly in human cells. The 

adaptation is a result of a combination of several point mutations. This attenuated virus infects the 

human host, bears characteristic proteins and will therefore produce immunity, and by growing poorly 

will not cause disease. (Figure 7.9) 

 

Attenuation can be achieved with 

recombinant DNA technics by 

inducing in vitro mutagenesis or 

deleting the virulence gene of the 

pathogen (eg. by reverse 

genetics). If the gene that is 

required for virulence but not for 

immunogenicity can be identified, 

this gene will be mutated or 

deleted from the genome. This 

procedure creates a 

nonpathogenic virus. Since flu 

strains change year by year, the 

aim is to create the most expected 

version of antigen epitope by 

targeted mutagenesis. (Figure 

7.10.) (Of course, it should be 

constantly monitored whether a 

new mutation or recombination 

reverts to the wild type of 

virulence. As usually there is a 

wide variety of mutations in the 

virulence gene, it is very difficult to 

do so.)  

 

 

 

 

Figure 7.10 Preparation of whole, 

attenuated non-pathogenic 

vaccines 

 

Whole inactivated virus vaccines: in the preparation the outer virion coat is left intact, but the 

replicative function is destroyed. Preparation of killed vaccines may take involve heat, radiation or 

chemicals. These killed microbes cannot mutate back, thereby vaccination is safer; however, since 



114 
 

they do not secrete proteins in the host cell cytoplasm, they stimulate a weaker immune response. For 

this reason, these vaccines are administered in higher doses in booster shots. 

 

Subunit vaccines consist of specific purified components of the pathogen (in case of influenza, 

vaccine HA and NA proteins), with the other components removed. This is a molecular or 

macromolecular fragment, which contains protective epitopes. 

A good example of how the effectiveness of subunit vaccines is increased is the infant Hib vaccine 

(against meningitis, epiglottitis caused by Haemophilus influenzae type B). 

The first Hib vaccine was a pure polysaccharide vaccine, but children under 18 months of age did not 

produce a positive response to this vaccine, in the absence of well-responding MZB/TI B- cells (see 

Immune response in infants.) Consequently, the age group with the highest incidence of Hib disease 

was unprotected. The recent HiB vaccines are conjugate vaccines that not only contain the purified 

polysssacharid antigen from H. Influenzae, but a carrier protein, as well. This covalently linked carrier 

is a polyribosylribitol-diphteria toxoid (PRP-D), or PRP-tetanus toxoid (PRP-T). The protein part of the 

conjugatum induces B-cell responsiveness at a TD-manner. The protein derived epitopes activate 

CD4+ helper cells, which produce a cytokine milieu around the B-cells specific for the polysaccharide. 

With this vaccine, infants are inoculated in 2-3 doses, which then provide a long-term protection 

(mainly with IgG antibodies in the serum). 

Toxoids of diphteria (Chorinebacterium diphteriae) and tetanus (Clostridium tetani) are formed by 

treating the microbial exotoxins with formaldehyde, to inactivate toxicity but preserve immunogenicity. 

These toxoids are used in repeated administration for vaccination (in DTP vaccines together with 

acellular pertussis protein). 

7.4.2. Biotechnological vaccine development 

Recombinant peptide vaccines are prepared by having virus proteins expressed mostly in yeast, 

bacteria or mammalian cells. Recombinant hepatitis B vaccine is the only recombinant vaccine at 

present, containing purified Hepatitis B surface antigen.  

Recently there have been trials for the production of oral or “edible” vaccines. Indeed, if an antigen is 

produced by recombinant DNA technique in the edible part of a plant, it can serve as a vaccine 

against pathogens which infect through the epithelial, mucosal membranes. Edible vaccines are 

attractive for providing mucosal immunity. Eg. cholera toxin expressed in potato induced antibody 

production (measured even in circulating blood) in mice fed with this transgenic potato. 

 

In designing new-generation vaccines, the desired increased immunogenicity is based on the 

selection of the right epitope and adjuvant. 

In the development of synthetic vaccines, the identification / synthesis of T cell / B cell epitopes forms 

the basis of vaccines.  

The production of vaccines, the selection of the right epitope could follow either a conventional or in 

silico way.  

 

http://en.wikipedia.org/wiki/Polysaccharide


Conventional way:  

 microorganisms are grown in laboratory, 

then antigen components selected for 

vaccine design are isolated one by one,  

 overlapping peptides are synthesized 

systematically from immunogenic proteins,  

 each of them is tested for its ability to 

stimulate protective immunity. 

Reverse – in silico vaccinology: 

 the starting point is the already known 

genome of the pathogen; 

 after the bioinformatic analysis of genomic 

sequences, the selected sequence is 

cloned (inserted in DNA of a living host cell 

in vitro, then, when the host cell 

proliferates, the sequence is generated in 

large quantities) and expressed (antigen-

proteins encoded by the inserted DNA 

sequence are synthetised)  

 followed by immunogenicity testing. 

The epitope prediction is the subject of another 

chapter, thus it will only be illustrated here 

briefly in Figure 7.11. 

 

 

Figure 7.11 Possible way of in silico vaccine 

development against malaria 

 

Population studies have proved that an MHC class I variant: HLA-B53 is associated with resistance to 

malaria.  HLA-B53 has a strong preference for nonapeptides, in which proline is situated in the second 

position. Candidate nonapeptide sequences containing proline at position 2 have been identified and 

selected from several proteins of the protein-library of malaria. The nonapeptides were synthetised 

and tested whether they bound into the peptide binding pocket of HLA-b53.  Best fitting peptide 

sequences identified by this approach were then tested whether they would induce the proliferation 

of T cells from patients infected by malaria. The T cell activating peptide sequences are good 

candidates for vaccines. Since these peptides are only effective in the presence of HLA-B-53, in 

persons lacking this MHC they are ineffective to activate T cells. Therefore, not only the sequences 

containing proline at position 2, but several other peptides should also be identified and synthesized, 

http://www.ncbi.nlm.nih.gov/books/n/imm/A2528/def-item/A3278/
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which are linked to different MHC molecules occuring with high frequency in the targeted population. 

The mixture of such sequences could be a more promising candidate for vaccines.  

 

Alternatively, the so-called „epitope enhancement” is a new approach in designing new vaccines. 

Increasing the affinity of the MHC to a peptide: It is known about the MHC molecules occurring 

frequently in a population which aminoacid sequences of the peptides they bind to (anchoring 

aminoacids). The wild type peptides that bind to the MHC (and are presented to a TCR) can be 

modified. Those side chains that affect the interaction with the MHC can be modified to increase the 

affinity for binding to the most frequently occuring MHC, thereby increasing the potency to stimulate a 

T cell response. In this case the aminoacids facing the TCR are intact / non-modified.  

a. Side chains that interact with the TCR can be modified to increase the affinity for a particular 

TCR, thereby also increasing the magnitude of the response. In this case only those T cells 

with TCR that bind to the modified peptide will be stimulated, so the repertoire could be 

skewed towards a subset of those T cells able to see the wild type peptide. It is also possible 

to stimulate T cells with lower affinity TCRs that would not have been activated by the wild 

type peptide. This approach is effetive in increasing the in vivo expansion of T cells that 

recognize the natural tumor epitope. 

b. A chimeric peptide sequence between different strains of the virus is made to elicit more 

broadly crossreactive T cells. 

 

Increasing TCR affinity: In designing vaccines against cancer, the main goal is to enhance the number 

of tumor-specific T cells. It can be achieved by the modification of the natural tumor epitope presented 

by MHC. Side chains of the peptide that interact with the TCR can be modified to increase the affinity 

for a particular TCR, thereby also increasing the magnitude of the anti-tumor response. In this case 

only those T cells with TCR that bind to the modified peptide will be stimulated, so the repertoire could 

be skewed towards a subset of those T cells able to see the wild type peptide. It is also possible to 

stimulate T cells with lower affinity TCRs that would not have been activated by the wild type peptide.  

Another new peptide design strategy is to make a chimeric peptide sequence between different strains 

of a particular virus (eg. flu) to elicit more broadly crossreactive T cells. By this method, it is possible to 

generate a specific T cell population that recognizes different virus strains. 

DNA vaccine is a recombinant DNA generated by genetic manipulation. It can be a bacterial plasmid 

containing a DNA (cDNA) that encodes a protein antigen, inducing immune response. This 

recombinant plasmid is injected in vivo into the organism, where it is expressed directly inside cells (in 

situ) and presented on the surface of the host cells inducing immune response. Bacterial 

hypomethylated serves as an adjuvant for this vaccination. (Figure 7.12) 

Beside this one-gene-method, there is research in progress for designing vaccines containing an 

expression-library, where the mixture of different plasmids comprise the genes that code for those all-

important antigens necessery to stimulate immune response.  
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Figure 7.12 Induction of protective immunity by DNA vaccination: injection of a plasmid encoding a 

protective antigen 

 

Although it has not been tried on humans, in animal research there are naked DNA vaccines which 

are administered into the body by gene-gun method. The plasmid DNA (pDNA) that has been 

adsorbed onto gold microparticules is directly shot by high pressure into muscle cells.   

7.4.3.  Development of new vaccines  

It is essential to find the most appropriate way of introducing vaccines into the body. 

Immunization with dendritic cell: The use of dendritic cells for vaccination is the best way of 

delivering antigens to be sure to induce immun response. 

The therapy is safe and well tolerated, since peripheral blood leukocytes obtained from the patient are 

used to separate monocytes. The monocytes are cultured and differentiated to dendritic cells in vitro. 

These are then loaded with the appropriate vaccine peptide by incubation with peptide and infused 

back into the patient as an autologous DC vaccine to stimulate a T cell response. The in vitro matured 

DCs do not induce inflammation in the lack of the real pathogen, so the micromilieu around the 

activated T cells prefers the generation of memory cells instead of effector cells (see the three phases 

of T cell development). So far, studies with DC vaccines have generally been pursued in patients with 

late-stage cancer with a poor prognosis, in which the facilitation of the cellular immune response is 

crucial. 
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8. CELL CULTURE 
(SÁRA TÓTH) 

 

 

 

 

8.1. Definition, types and forms of cell culture 

Organ-, tissue- and cell culture are in vitro (= in glass) techniques, when the animal or plant samples 

are maintained and / or propagated in artificial, i.e. under laboratory conditions.  

Below informations regarding animal / human samples are summarized. 

The samples derive from materials either removed during surgery or immediately after death, or from 

biopsies. 

 Organ culture only ensures the survival of cells of the body, therefore small, usually 

embryonic organs are used and only limited cell growth and differentiation can be observed. 

 In the case of tissue culture, a smaller piece of tissue removed from the body is maintained, 

and the propagation of cells is limited. 

 The most commonly used technique is the cell culture, when cells of a tissue (healthy or 

cancerous) are isolated and propagated. 

The three types of cell culture: primary cultures, cell strains and cell lines. 

 Primary culture is virtually the starting point of every culture when the cells of the sample, 

derived directly from the body, are separated from each other and from the extracellular 

matrix, so that preferably only one kind of cell type is present in the culture. If the conditions 

are right, the cells not only survive but grow and keep the physiological characteristics of that 

cell type. If the cells continue to proliferate and can be cultured, two possibilities arise. 

 Either a so-called cell strain is formed that can be cultured only for a limited time (a few 

weeks up to several months), but the physiological properties of cells are maintained and 

chromosome number remains normal, characteristic of the species. 

 Or a cell line is established, which is composed of so-called transformed cells. They are 

usually aneuploids, i.e. their chromosome number differs from the species specific and they 

are immortal, so they can keep growing for an unlimited period of time (years and decades), 

and neither all the tissue-specific nor all of the physiological properties are found. The 

transformation may occur spontaneously during in vitro culture, or it is present in the primary 

culture when it starts from already transformed (eg. tumor) cells. Perhaps the best known 

human cell line is HeLa, which was founded based on Henrietta Lacks cervical 

adenocarcinoma cells in 1951.  

Cells of both cell strains and cell lines frozen in the presence of 10% of cryoprotective agent (usually 

DMSO or glycerol) containing medium, can be stored in liquid N2, in -196
o
C temperature in so-called 

cell banks for a long time. The large international cell banks (eg. www.hpacultures.org.uk and 

www.atcc.org) create the possibility for the same biological object to be used in some experiments, for 

http://www.hpacultures.org.uk/
http://www.atcc.org/
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example in testing the same drug in different geographical locations and time, so the results obtained 

are comparable. 

Depending on the initial sample, cell cultures might be: 

 monolayer  

 suspension cultures 

In monolayer cultures, the cells require close cell-cell and cell-matrix connections, and we must 

ensure an appropriate surface and matrix to culture these adherent cells. 

The suspension culture is primarily characteristic for hematopoietic cells, which do not require a matrix 

or a close cell-cell contact. Rarely, highly transformed cells may be maintained in suspension, since 

these cells had lost another characteristic of normal cells, the so-called contact inhibition (density-

dependent proliferation) as well. Contact inhibition means that the continuously growing, normal 

adherent cells eventually reach each other, i.e. one cell will be in contact with several other cells, then 

further proliferation of these cells is inhibited, but their other functions are not affected. In contrast, 

contact inhibition is not typical of transformed cells: after reaching each other, they further divide, and 

pile up forming a multilayer culture; in the most extreme cases, they can further multiply even in 

suspension. 

 

8.2. Environmental conditions for cell culture 

In order to culture cells – that is to ensure the maintenance of their physiological function and 

proliferation –, the conditions existing in the living body should be mimicked as closely as possible. 

Therefore both physical (eg. temperature, CO2 concentration) and chemical (eg. pH, appropriate 

concentrations of nutrients) as well as biological (eg. extracellular matrix) parameters characteristic for 

the living body should be achieved or approximated (Table 8.1). 

 

SOLUTES 
CELLS AND CELL 

INTERACTIONS 
MATRIX INTERACTIONS 

PHYSICAL 

PARAMETERS 

Medium 

Serum 

Hormones 

Growth factors 

Attachment 

factors 

Cell interaction 

homologous = cell 

density, heterologous = 

co-culture 

Metabolites and products  

Autocrine and paracrine 

effects 

Metabolic rate 

Culture surface eg. plastic, 

glass, membranes, 

microbeads 

Coat eg. collagene, gelatin,  

Feeder layer  

Matrigel, Biomatrix 

Tempreature 

 pH (indicator+buffer) 

Oxigen/CO2 

concentration 

 Humidity 

 Osmolarity 

Static or dynamic 

culture 

Table 8.1 Environmental conditions for cell culture. 

 

For the culture of animal cells, liquid or less frequently, especially for hematopoietic cells culture, semi-

solid (semi-liquid) medium is used. These are synthetic media, with an exactly known composition, 

containing all the necessary salts, amino acids, vitamins, carbohydrates, nucleotides. The 

carbohydrate providing energy is most commonly glucose, fructose or less often galactose. The 
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average sugar content is 1.0-4.5g / l. Higher sugar content is usually required by the rapidly 

proliferating tumor or embryonic cells, cells of high-level glycolytic activity or by cells rapidly 

metabolizing glucose. In addition, some buffers (eg HEPES and NaHCO3) and an indicator (usually 

phenol red) are also present in the medium. The role of the latter one is to blunt and then follow up pH 

changes occurring due to cell metabolism. The optimum pH is 6.8 to 7.2 for most cell cultures. 

Since for normal cell functions certain proteins (eg. growth factors etc.) and lipids are also needed, 

they have to be provided, usually by the addition of animal serum. For most animal and human cells, a 

5-10% fetal bovine serum (FBS) [fetal calf serum (FCS)] containing culture medium is sufficient. We 

use non-human serum, because the availability of human serum is limited and its safety risk is also 

higher. In addition, antibody content of fetal serum is negligible, and the complement system is easily 

eliminated via heat inactivation. Being non-synthetic additives, the exact composition of sera can vary 

from batches to batches; therefore they might contain growth promoting and inhibitory factors in 

variable proportion, so it is advisable to test samples of certain batches of sera in the desired cell 

cultures before purchase. Although serum is derived from purpose-bred flocks and, to avoid microbial 

(bacteria – mycoplasma, too –, viruses, fungi and prions) contamination of cell cultures, it is strictly 

and carefully controlled, the use of sera from areas such as South America, where BSE never occurs, 

is recommended for the most sensitive cell cultures. Due to these characteristics / problems, the use 

of synthetic – that is of known composition – serum replacement mixtures is getting more and more 

intensive, the widespread use of which is inhibited by their very high price. In many cases, a so-called 

conditioned medium is also used, which is nothing more than a "used" medium collected from a cell 

culture, in which different, even not yet chemically defined molecules are found, secreted by the cells. 

It is used as an adjunct of the fresh, synthetic culture medium for more successful cultivation of the 

same or another cell type. 

In cell culture, cells use the available nutrients of the medium, and the metabolites they produce are 

also released into the medium. The resulting "depleted" culture medium is to be removed usually 

every 2-3 days and replaced with fresh one, this is called medium change. 

Since the above conditions are suitable for prokaryotic bacteria as well, it needs particular care to 

avoid contamination. In other words, strict sterile environment (sterile workspace provided by safety 

cabinets, so-called laminar boxes / hoods), and sterile solutions and tools are necessary for the 

successful culturing of cells. 

Concerning physical parameters, 37
o
C and 5% CO2 atmosphere of 80-90% humidity is best for the 

majority of cells. This is ensured by so-called CO2 incubators. O2 concentration is not a limiting factor 

because the atmospheric O2 concentration is ample for most cells. On the other hand, ~ 5% CO2 

concentration to be found in the body, meaning that it is needed by cells, is many times higher than 

the typical atmospheric concentration (0.035 %) of carbon dioxide. In some cases, for example in 

molecular biology, for specific transfection systems (Ca-precipitation) lower CO2 concentration than the 

usual 5% is desirable. 

Nowadays disposable plastic dishes, eg. Petri dishes, flasks are used to culture cells in. Their capacity 

and surface area (in case of monolayer cultures) depends on the experimental setting, varying from 
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very small microwells of 200 to 800l to cell factories of several liters capacity. The surface of the 

commercially available dishes is pre-treated (tissue culture treated) in such a way as to ensure the 

most favorable adhesive surface for the majority of cell types. However, some cells are sensitive to the 

presence of an appropriate extracellular matrix, therefore culture diches coated by different matrix 

components (eg. collagen, laminin, ornithine etc.) are available. In the case of well-proliferating cells 

growing in monolayer, the surface may also be limiting, as there will not be enough space for them, so 

we will eventually need to split the cultures, this is the so-called subcultivation or passage. This 

means that cells are enzymatically (by eg. tryipsin or trypsin-EDTA) removed from the surface. In the 

case of some primary cell cultures, which are not embryonic but derived from adult cells, the 

extracellular matrix generated by the cells can be rich in collagen; for subcultivation here an enzyme 

mixture is used which may also contain collagenase and DNase. The latter is needed to break down 

the any potentially present DNA released from dead cells. There are usually fast-growing, for example 

tumor-derived cell cultures, when passages are carried out by 0.02% EDTA solution, so a simple Ca2
+
 

chelator is an appropriate solution. For the most sensitive cells, or when cell surface molecules 

present in small quantities are to be analysed, we can choose various commercially available, non-

enzymatic systems for the above purposes. When the cells detach from the surface – this is verified 

by microscope – further digestion needs to be aborted. To do so, we can apply a fairly expensive but 

specific trypsin inhibitor, or, to be more cost-effective, proteins in excess i.e. a serous medium used for 

that cell type. Having centrifuged the suspension of generated cells and discarded the supernatant 

ones, we get rid of not only the enzyme mixture used, but also the cell debris. Fresh medium is added 

to the pellet of isolated cells, so new cultures can be established. 

 

8.3. Changes in cell number and cell counting 

In different experimental settings it is important to place the same number of cells into parallel 

cultures, since this is the only way we can obtain statistically valuable and reliably comparable results. 

To do so, we need to calculate the number of cells in the suspension (either grown in suspension from 

the beginning, or take from the original monolayer to make a suspension during subcultivation). This is 

traditionally done by using a hemocytometer, although more recently different other devices are also 

used for this purpose. From the number of cells counted in the hemocytometer, the number of cells / 1 

ml suspension can be calculated (Figure 8.1). The number of living cells is more important than the 

total cell number, so it must be determined first. The amount of live cells is most often determined by 

the trypan blue exclusion mehod. When using 0.04% trypan blue solution to dye cells (1:10 is the cell 

suspension-dye ratio), only the dead (non-viable) cells are stained, as the cell membrane of live cells 

is not permeable to the dye. (In this case, the formula used to determine the total number of cells has 

a 10x factor (beacuse of the the dye dilution).) 

Thus, the number of cells in 1 ml = the number of non-blue (viable) cells seen within the triple lines 

bounded area in the hemocytometer x 10
4
 x 10. 
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Figure 8.1 Burker-chamber and the method of cell counting (quantification). 

 

Counting by hemocytometer is time-consuming, requires more experience and is susceptible to 

subjective judgement of the individual as for – eg. in a clumping tendency of a cell type – what we 

count, and whether the operator knows how to separate the cells from the small cell groups. However, 

the automated cell counters work in a quite strict size range (eg. based on conductivity and light 

scattering) and therefore any larger cell outside this range – eg. elongated cells in the anaphase of cell 

division or aneuploid or polyploid mutant cells – are excluded, so a heterogeneous cell population may 

be treated as homogeneous. On the other hand, automated counters do not observe morphological 

changes / differences in the cell population caused by toxicity or a certain treatment. Thus, the cell 

quantification method must be always chosen according to the given lab's needs, the competence of 

the staff using that cell type (eg. suspension cultures of hematopoietic cells are more suitable for 

automated counting) and the direction of experiments. 
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8.4. Cell separation and selection 

The initial primary culture is often heterogeneous, as the original tissue can contain multiple cell types, 

but for the analyses or experiments only a specific cell type would be needed. To separate the 

different cell types either 

antibodies produced against 

some specific cell surface 

markers of the given cell type 

are used, or the cell types are 

separated according to their 

size by density gradient 

centrifugation. In this latter 

case, mostly Ficoll
®
, a high 

molecular-weight, branched, 

neutral, water-soluble 

polysaccharide mixture is used 

to create the density gradient. 

(Figure 8.2) 

 

Figure 8.2 Density gradient separation of white blood cells / 

lymphocytes, monocytes.

 

The most common antibody-based procedure is a positive or negative selection by MACS microbeads 

(Figure 8.3), when antibody-labeled magnetic particles bind to cell surface markers so then cells are 

magnetically marked.  

 

Figure 8.3 The principle of magnetic selection. 
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This labelling does not change any structure or function or activity of the candidate cell. During 

negative selection, sample cells are separated in a column put into a MACS magnetic separator. 

While the magnet-bound labelled cells will not be needed any more, the unlabelled cells of the flow-

through fraction can be used for further analysis. Basically, the sample hase been cleaned of 

disturbing, unwanted cells. In the case of positive selection, the labelled cells of the sample put into 

the magnetic separator will be needed. In this case, the flow-through fraction is removed, and then the 

column is pulled out from the separator. Thus, outside the magnetic field, the magnetically labelled 

cells flow back to the bottom of the tube, where this enriched fraction can be collected and used for 

further studies. 

In addition, there is another antibody-based method where rosette formation is also suitable for 

separating the desired cell types of bone marrow or peripheral blood (Figure 8.4). For this a specific 

tetrameric antibody complex is used (eg. RosetteSep
®
), which creates crosslinks between the 

unwanted cells and the red blood cells. Groups of these crosslinked cells are visible as rosettes in light 

microscope, hence the name of the procedure. After the subsequent density separation, rosettes are 

sedimented at the bottom of the centrifuge tube and the desired cells can be collected from above 

them, from the density equivalent position, for further testing. Similarly, FACS procedure using labelled 

antibodies is also good to separate the desired cells (see Chapter 5). 

 

Figure 8.4 Cell separation based on rosette formation. 

 

Methods for the selective propagation of different lymphocytes from amongst white blood cells are 

also available. Since peripheral blood lymphocytes are in G0 phase of the cell cycle, their transmission 

from G0 to G1 phase, the so-called blast transformation of either T- or B-lymphocytes, and thereby their 

amplification is possible with suitable inducing agents (eg. ConA or LPS) (Table 8.2). 
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Mitogen Target cell 

Concanavalin A (ConA) 
T cells 

Phytohaemagglutinin (PHA) 

Pokeweed mitogen, PWM) T and B cells 

Lipopolysaccharide (LPS) B cells 

Table 8.2 Mitogens 

 

Although the procedure is similar to the antigen-induced T cell proliferation, it is non-specific, since in 

this case all T cells are blast-transformed, not only the antigen specific ones. The blast transformation 

of lymphocytes induced by plant lectin (phytohaemagglutinin, PHA) is used in routine chromosome 

testing. The relatively painless, simple blood sampling from peripheral blood and the subsequent 48-

72 hour-long culture of the lymphocytes can result in many dividing lymphoblasts. Thus, the required 

amount of metaphases for karyotyping is quickly available. 

There is a simple procedure for the separation of certain bone marrow-derived cell populations, based 

on the different cell adhesion characteristics of the individual cell types. In this case, the freshly 

isolated bone marrow monocyte – macrophage populations adhere relatively quickly to the bottom of 

the culture dish, while the lymphocytes, granulocytes do not. Consequently, after a few hours of 

incubation the culture medium can be removed to get rid of the non-adherent cells, and the 

macrophage enriched fraction further cultured. 

 

8.5. The use of cell cultures 

Tissue culture techniques are especially important because they help us reduce the number of animal 

studies and replace the ethically, morally and legally not feasible human trials. The experiments are 

accurately planned and reproducibly feasible. Variety of cells and tissues separated from the complex 

interactions of the whole organism are good for testing many cellular functions, even specific 

physiologic functions of differentiated cells can be studied in them. However, it can also be a limitation 

of in vitro methods, because the behavior of cells in the body is affected by many other cells / cell 

types, therefore the resulting data cannot be directly referred to in-vivo conditions. To solve this 

problem, there is an increasing use of so-called co-cultivation systems, where different cell types 

separated from each other in space – by a membrane insert – are cultured together and thus the 

interaction of cells mediated by soluble molecules becomes traceable. 

It needs further consideration that in cell lines, especially after prolonged culture time, significant 

accumulation of mutations and selection can occur. Today we can say that some cell lines can evolve 

spontaneously in vitro, so the application of the same cell line is not necessarily a standard system. It 

is known that some of the widely used cell lines can be characterized by a so-called modal 

chromosome number, which is the specific chromosome number in culture, and it may differ from the 

chromosome number of that species. In the case of CHO cell line, this number is 20 (although the 

chromosome set of Chinese hamster is 2n = 22 and in HeLa cells it is 56, which is far from the normal 

human chromosome number, where 2n = 46). 
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Due to the above mentioned facts, recently increased attention has been paid to primary cell cultures 

and cell strains. Today, more and more cell banks store and distribute such cells / cell strains, since 

their properties are closer to normal cells. 

8.5.1. Determination of plating efficiency 

Plating efficiency (PE) is a measure of the number of cell colonies originating from a single plated cell. 

Due to its sensitivity, the method is useful to determine the nutritional requirements of certain cell 

types, to control the suitability of different batches of sera, or even to measure cytotoxicity. 

PE = the number of colonies / number of plated cells x 100. 

8.5.2. Determination of cell proliferation / multiplication  

The proliferating ability of cells is checked when we want to test the effect of different substances – 

cytokines, growth factors primarily added to the cultures – or in experimental systems to detect the 

effect of test-material. There are a number of different methods for measuring cell proliferation and its 

conterpart – cytotoxicity. 

The procedures can be direct, when the cell count is determined either by a hemocytometer and 

checked directly under a microscope, or by an automated cell counter. Another group is the indirect 

methods, when we follow either the incorporation of a radioactive isotope or changes in the metabolic 

activity of a cellular enzyme. 

From amongst the indirect methods, the best known and the oldest is the thymidine incorporation 

assay. In this case, radiolabelled H
3
-thymidine is used. Thymidine incorporates into the newly 

synthesized DNA strands during DNA replication, therefore the incorporation will be proportionate to 

the number of DNA replications, and thus the number of divisions. From the lysates of treated and 

untreated cells, the amount of radioactivity in the test material is determined by scintillation- / γ-counter 

so we can deduce the effect of the test material on cell proliferation. 

In recent years there has been a tendency to replace radioactive materials with non-radioactive ones, 

therefore several new cell proliferation assays with different operating principles have been developed. 

One of these is based on the 5-bromo-deoxyuridine (BrdU) incorporation. BrdU is a thymidine 

analog, which integrates into the DNA during the S-phase. It is followed by immunocytochemistry 

using a labelled anti-BrdU antibody, then the ratio of labelled and unlabelled cells, and thus the effect 

of the treatment will be shown – without cell lysis. Recently, a fluorochrome (5-ethynilil-2-

deoxyuridine)-labelled nucleoside is used, so there is no need even for an antibody to monitor 

proliferation changes directly. 

In contrast, the other large group of indirect proliferation assays measures changes in the activity of 

mitochondrial enzymes. During MTT assay the water-soluble MTT (a tetrazolium salt) molecule is 

converted to insoluble purple-brown formazan in live cells due to mitochondrial enzyme 

(dehydrogenase) activity. After solubilization and photometry at 570 nm, the concentration of formazan 

is measured, which is proportional to the number of living cells. 

However, it is important to remember that cell number determinations based on metabolic changes 

are advisable to be verified by some direct or nucleoside-analogue based indirect procedure because 
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it is possible that the test material, directly influencing the mitochondrial enzyme, wil reduce the 

formazan amount without reducing the number of cells. Nevertheless, it should be emphasized that 

the number of cells might drop simply because of the test material being toxic, so the decrease of cell 

number is not the consequence of a proliferation loss, but is due to the death of cells. 

8.5.3. Cytotoxicity measurement 

Although cell proliferation and cell death are related phenomena, depending on the experimental 

purposes and the test-material, either the living cells are important during the assays, or, as in testing 

new anticancer agents, the rate of cell death is in the foreground. In some of the above mentioned cell 

proliferation assays, starting from a known number of cells, we can conclude both the number of 

proliferating, that is live cells, and that of the dead cells (eg. the plating efficiency or the MTT assay). 

Another type of the cytotoxicity tests is based on the control of cell membrane integrity. One example 

is the already mentioned trypan blue staining used for cell counting, where only cells with no intact 

membrane are stained, or the propidium iodide staining discussed in connection with flow 

cytometry, when the dye penetrates through the dead cell’s membrane only. Other methods of 

cytotoxicity check the membrane transport of materials which are not active within cell but active 

outside of it, or vice versa. Such is the lactose dehydrogenase, or the live- or dead-cell proteases. 

In case of adherent cells, the newest methods include a procedure based on the measurement of 

electrical impedance (eg. ECIS, see in Chapter 9), when rather the kinetics of cell death are seen, not 

just the end result; in other words, the decrease in impedance is resulting from the increase in the 

number of dead, unadherent cells. 

8.5.4. Production of monoclonal antibodies 

 

Figure 8.5 The selection of hybrid cells 
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Suspension cell cultures have paramount importance in the production of monoclonal antibodies. In 

this process antibody-producing B cells are isolated from the spleen of the appropriate antigen-

immunized animals, then these cells are fused using polyethylene glycol or Sendai virus (cell 

membrane destabilizing agents) with myeloma cells of unlimited reproductive capacity (B cell line). 

These myeloma cells alone do not produce antibodies against the antigen, and lack either HGPRT 

(hypoxanthine-guanine phosphoribosyl transferase) or TK (thymidine kinase) enzyme. From amongst 

the resulting hybrid cells, some will have infinite proliferative capacity, as well as the ability to produce 

antibody (hybridoma). Such hybrid cells are propagated separately from non-hybrid cells in a so-called 

HAT selection procedure (Figure 8.5). During selection, the cells are placed into hypoxanthine-

aminopterin-thymidine (HAT) medium. In this selection medium the partner cells of the hybridization 

die because 

1) spleen-derived B cells only have a limited number of DNA replication (DNA synthesis) (primary 

cell culture). 

2) in mutant cells of myeloma origin, the alternative pathway of DNA synthesis does not work due to 

the absence of TK or HGPRT, and the classic way DNA synthesis is inhibited by aminopterin. 

Thus, in the HAT medium, only hybrid cells survive because they are heterozygous for either the 

HGPRT or TK, thus they are capable of alternative DNA synthesis and so cellular proliferation. 

Next, by single-cell cloning and a subsequent ELISA, producers of the antibody-binding site (epitope) 

specific (monospecific) antibody are sorted out from among the hybridoma cells, and their mass 

culture in bioreactors allows monoclonal antibody production in large amounts. 

 

8.6. Specific types of cultures 

Although the traditional Petri dish or tissue culture flask match the experiment / test study objective in 

most cases, there are cases when an extremely large number of cells of one cell type is needed. 

Depending on the type of culture – adherent or suspension – different cost-effective devices have 

been developed. This means that millions of cells can be maintained in relatively few culture medium, 

serum and other additives. Such devices are the so-called spinner flasks in the case of suspension 

cultures, or the so-called roller bottles in the case of adherent cultures. In the first case, there is a 

central magnetic stirrer shaft and side arms for the addition and removal of cells and medium. The 

inoculated spinner flask is placed on a stirrer mixing the cells and culture medium evenly and 

continuously, so each cell will be supplied with enough nutrients. In the second case, the adherent 

cells are grown on the cylindrical inner surface of the culture dish which provides a relatively large 

adhesive surface for them. The roller bottles are revolved slowly, so the cells attached to the inner 

surface are bathed in a relatively small amount of medium, which then forms a liquid film above the 

cells. This ensures that cells are continuously receiving the nutrients they need, while not allowed to 

dry out. In both cases, the scaling up is possible with a very good cell / culture medium rate. A special 

case of scale-up is the culture on microbeads (eg. Cytodex). These small micro-carrier beads are 30-

100m in diameter and the surface area of 2g of beads is equivalent with 15 small roller bottles. So 

extreme increase of the culture surface is owing to these beads, and when the microbeads are used in 
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spinner flasks, the yield of cells will be further extended, since the culture medium flows, therefore the 

cells growing on the surface of beads can evenly take up and release substances. 

The use of static and dynamic cell factories is based upon similar principles. In this case, the 

continuous exchange of respiratory gases is provided, too. 

Bioreactors are used for the production of monoclonal antibodies in mass amount, or for scaling up 

genetically engineered eukaryotic cells to produce recombinant proteins such as insulin, growth 

hormone etc. In modern medicine the liver cell-reactors can play an important role when, in the 

absence of donor organs, these dynamic cultures may be used for detoxifying a patient's blood, 

thereby extending his / her life until the donor organ arrives. 

The semi-solid medium is a methylcellulose-based semi-fluid medium, which does not allow the 

adhesion of cells to the surface of the dish, but it provides nutrients and mimics the environment of the 

bone marrow, therefore it is generally used for culturing hematopoietic stem cells. 

When bone marrow stem cells are culivated in semi-solid medium supplemented by appropriate 

cytokines, the differentiating hematopoietic cells will appear in specific order. First the erythroid 

progenitors, then the multipotent progenitor = GEMM (granulocyte, erythrocyte, monocyte, 

macrophage) colonies appear, eventually narrowing down the developmental potential to the unipotent 

cell colonies, containing only one cell type eg. monocyte or macrophage. 

For the embryonic stem cell cultures, different and advanced cultivation techniques are needed. In this 

case, stem cells are grown on the top of another, either irradiated or MMC (mitomycin C) treated 

proliferation inhibited cell layer. This so-called feeder layer produces necessary factors – cytokines, 

growth factors – to maintain the undifferentiated, pluripotent state of embryonic stem cells without 

outgrowing the desired stem cells. The greatest problem of this system was / is that both the mouse 

and human embryonic stem cells were cultured in the presence of a mouse fibroblast feeder layer. 

The resulting risk of xenogeneic contamination of human embryonic stem cells is the greatest obstacle 

for their therapeutic application. Therefore, instead of a murine feeder layer, well-defined synthetic 

extracellular matrices are used now. 

 

8.7. Examination of cells of suspension cultures  

 

Figure 8.6 Changes in cell number with time 

 

The best time to examine cell cultures is the 

log (logarithmic) phase (Figure 8.6), when 

cell number is exponentially growing. Prior to 

this, after starting the culture, cells are in the 

so-called lag (delayed) phase when, 

following subcultivation, they regenerate, grow 

and then begin to proliferate.

 After the log phase, there is a plateau phase when nutrients and the free adhesive surface are slowly 

running out, consequently cell proliferation slows down and then stops, and the number of cells 
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remains constant for a short while. If there is no medium change or the cells are not passaged into 

new dishes, the last, so-called death phase is induced when cells begin to die and the cell number is 

declining. 

Adherent cells can be examined in situ with immunocytochemistry or cytological stainings in light 

microscopes. To examine live, adherent cell cultures, the inverted (light) microscope (Figure 8.7) or 

videomicroscopy are used. In contrast, to be able to investigate cells growing in suspension under 

light microscope, the cells are transferred to glass slides. Such processes are the smear- or thick drop 

preparations and cytospinning. 

 

Figure 8.7 The principle of the inverted microscope 

 

When making a cell smear (Figure 8.8), usually there 

are a large number of cells in the starting cell 

suspension, and a small amount of this sample is 

dropped to a glass slide. This droplet is then spread into 

a single-cell-layer with the help of another slide. In the 

case of thick drop preparation, the initial cell 

suspension is of small cell number, so a small volume 

of this is simply dropped onto the microsopic glass 

slide. 

For cytospinning – depending on the density of cell 

suspension – a smaller or larger volume of sample is 

loaded into a special L-shaped funnel, from which all 

cells as a ca. 0.5cm diameter patch are trasferred by 

the centrifugal force onto the surface of a microscopic 

slide placed behind the funnel. Cells taken to a slide by 

any of the above mentioned procedures are allowed to 

dry and then fixated, and after applying the appropriate 

method (eg. cytological staining, 

immunocytochemistry), they can be tested in the 

microscope.  

 

Figure 8.8 Steps of cell smear preparation



8.8. Experimental and clinical applications of cell culture 

We can investigate the cells of cultures in a variety of ways (Table 7.3) ranging from conventional light 

and electron microscopic techniques to the modern molecular biological methods carried out to study 

eg. gene expression. Cell culture methods made the study of embryonic, adult, and finally induced 

pluripotent stem cells possible. The differentiated stem cells, and specific or even genetically modified 

/ corrected cells amplified by cell culture opened wide horizons for the traditional or gene therapy of 

various human diseases. 

 

Environmental interactions 

 Infections (virus, bacteria, parasite) 

 Toxicology 

 Immunology 

 Carcinogenesis 

 Biotransformation of xenobiotics 

 Genetics 

 Transformation 

 Cell Fusion 

 Cell Cycle 

 Cell Biology 

 Cell-cell and cell-matrix interactions 

 Gene expression 

 Cell proliferation 

 Differentiation 

 Cell migration, invasion 

 Intracellular activity 

 DNA transcription 

 RNA metabolism 

 Protein synthesis 

 Intermediate metabolism 

 Biotechnology / Tissue Engineering 

 Production of cytokines / growth factors, hormones, antibodies  

 Artificial tissue 

Table 8.3 Applications of cell culture. 
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9. MIGRATION OF IMMUNE COMPETENT CELLS, HOMING 

AND EXTRAVASATION IN INFLAMMATION 
(LÁSZLÓ KŐHIDAI) 

 

 

 

 

9.1. Introduction 

Migratory behaviour of cells is one of the most essential cell physiological moieties of both unicellular 

and higher ranked organisms. The ability for active locomotion in cells representing primitive, early 

phases of cellular phylogeny has contributed to cells being able to distinguish between vital 

substances (e.g. food particles) and harmful, toxic agents in a sensible and efficient level. According to 

the theory of signal selection, receptors of molecular signals triggering cellular movement, as well as 

their intracellular signalling mechanisms have contributed to the fact that our cells are able to detect 

advantageous or harmful signals of their environment, and the big groups of the identical signalling 

mechanisms have also been separated. Molecules having special influence on the biochemical 

processes were selected from the simple food molecules, and big families of signalling molecules (e.g. 

hormones, cytokines, lectins) were formed, which could determine several normal and pathological 

reactions of the multicellular / human organisms.   

Migration belongs, as a significant member, to the system of molecular networks described recently. 

This essential cell physiological reaction is a regulatory element of such activities as fertilization or 

angiogenesis, and migratory activity is also present in several basic processes of pathology and 

clinical sciences (inflammation, metastasis formation of tumors, atherosclerosis), as well as being a 

target reaction in some forms of therapy (selective drug delivery).  

The objective of the following short summary is to give a schematic review on cell migration itself as a 

fundamental phenomenon of biology, and summarize the most important aspects of migration in 

immunology, pathology and clinics. At the end of the chapter, some methods are presented which are 

dedicated to measuring migratory responses of cells in laboratory practice.  

 

9.2. Main types of cell migration 

Migratory behaviour of the cells is classified in several ways in science. One of the most frequently 

used classification is the distinction made between kinesis and taxis. (i) Kinesis is a migratory 

response, when the direction of migration is not influenced by vectorial concentration of the inducer 

stimuli, it is a random response. (ii) In taxis, the presence of the concentration gradient of the inducer 

is significant, the displacement of the cell is vectorial (Figure 9.1.). 
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Figure 9.1. Main types of cell migration in prokaryotic and eukaryotic cells 

 

Different types of ’kinesis’ are distinguished according to whether (i) speed (orto~), (ii) frequency 

(klino~) or (iii) direction (chemo~) is the characteristic element of the complex migratory response. 

In ’taxis’ we distinguish (i) chemotaxis – the gradient of the inducer chemical is solved in the fluid 

phase; (ii) haptotaxis – the gradient of the inducer is associated with biological surfaces (e.g. 

endothels in blood vessels); (iii) necrotaxis – inducer materials are released from necrotic or apoptotic 

cells. (Figure 9.2). 

 

Figure 9.2 Migratory responses of eukaryotic cells induced by chemical substances 
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9.3. Molecules inducing chemotaxis 

According to their effects on migratory cells, these substances are classified into two groups:  

(i) chemoattractants – they elicit migratory responses of cells via increasing concentration gradient, 

they are considered as advantageous materials by the cells 

(ii) chemorepellents – these molecules elicit migration via decreasing concentration gradient, they 

are regularly considered as harmful materials to the cell 

The substances that trigger chemotaxis have a very wide range of characters. Very simple and small 

molecules (ions, amino acids) can be as strong chemoattractants / chemorepellent as the relatively big 

molecules (chemokines, synthetic drugs). 

Characterization of chemotactic substances in biology and particularly in physiology, pathology and 

immunology has proved that there are professional chemoattractant molecules (e.g. formyl-Met-Leu-

Phe, chemokines, complement 5a). However, there is a wide range of molecules the primary function 

of which is other than the induction of chemotaxis, and they still show chemoattractant / 

chemorepellent activity in some cells or special conditions (e.g. hormones). 

The well-known 

representatives of the 

professional chemoattractants 

are chemokines. Four sub-

classes of chemokines (C, 

CC, CXC and CX3C) are 

formed upon the presence of 

the peptide structure-

determining elements: one or 

two disulphide bridges and 

the distance between the two 

central cysteins. 

With respect to their function, 

the CX3C sub-class has a 

special character as its C-

terminal domain is 

hydrophobic, which provides 

the possibility to be anchored 

into the surface membrane 

and to work as haptotactic 

ligands (Figure 9.3). 

 

 

Figure 9.3 Classification of 

chemokines upon their 

molecular structure 
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9.4. Chemotaxis receptors 

On the diverse levels of phylogeny, different ligand-membrane receptor interactions have been 

selected as the most effective molecular mechanisms triggering chemotaxis. In prokaryotes, the most 

effective chemotaxis receptors are transmembrane proteins (Asp-receptor, Tar-receptor), showing 

high affinity to relatively simple/small ligands (sugars, amino acids or their di- and trimers). Their four 

structurally distinct functional domains are: (i) ligand-binding domain extending to the extracellular 

space; (ii) „coiled coil” domain; (iii) a domain responsible for the activation of the receptor by binding of 

methyl groups and (iv) cytoplasmic domain responsible for starter phosphorylatoin of chemotaxis 

proteins of cytosol. Dimerization of chemotaxis receptors, which is frequently described at higher 

levels of phylogeny (e.g. chemokine receptors), is still present in bacteria and provides higher activity 

of signalling. 

In surface membranes of eukaryotic model cells and especially in several human cells, we can 

distinguish a group of chemotaxis receptors which specifically bind to the short peptides containing 

formyl methionine (e.g. formyl-Met-Leu-Phe), released in bacterial infections. These receptors belong 

to the 7TM receptor family and their ligand-binding is highly dependent upon the interaction between 

the ligand and the extracellular loops 1 and 2 of the receptor. Besides, the glycosylated extracellular 

sequence of the transmembrane domain 1 is still significant.  

C5a peptide is bound by a similar 7TM receptor, however, in this case the extracellular peptide loop 3 

and the domain 1 are responsible for binding. The intracellular signalling of the above mentioned two 

chemotaxis receptors is triggered by their intracellular C terminal part, which is associated with trimer 

G proteins. The most significant pathways of the intracellular chemotactic signalling network are PLC-

PIP2-IP3-Ca
2+

; Ras/Raf-MEK1/MEK2-ERK1/ERK2; MEKK-MEK3-p38-MAPK. 

 

Figure 9.4 Signal transmission of chemokine receptors  

 

Chemokine receptors are classified as 7TM receptors, too. The extracellular N terminal part of the 

receptor and the extracellular peptide loop 2 are significant in chemokine binding. In this case, the 
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intracellular signalling is triggered by a trimer G protein, however, in chemokine receptors a DRY (Asp-

Arg-Tyr) peptide motif of intracellular loop 2 is also required. Activation of the receptor by GTP is 

helped by the intracellular C terminal part of the receptor – following association with beta-arrestin, a 

phosphorylation of the C terminal part generates the next signal. (Figure 9.4) glycosaminogylcans 

(GAGs) located on the extracellular membrane were also reported as significant members of 

chemokine-chemokine receptor interactions, as GAGs stabilize the ligand-receptor complex.   

 

9.5. Motile cells and forms of their migration in human body 

 

Figure 9.5 Main types of migration described in human 

 

In higher levels of phylogeny, several cells are described as target cells of chemokines. In 

physiological and clinical aspects, the most important targets are: neutrophil granulocytes, monocytes, 

lymphocytes eosinophil granulocytes and the endothel of blood vessels. 

The most significant migratory mechanisms of vertebrates are: 

(i) Mesenchymal migration – The polarization of migrating cells is determined by the polarized 

expression of integrins and the release of proteases acting extracellularly. 

(ii) Ameboid migration – A classical form of migration when the digestion of the extracellular 

scaffold has no significant role.  
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(iii) Cluster or cohort migration – A form of collective migration which was only described in the last 

decade. In this case, a group of cells anchored by cell junctional structures migrate together. 

This form of migration can be observed in morphogeny of embryonal tissues (endothel) and in 

some tumor growth, too (Figure 9.5). 

 

9.6. Cellular motility and immune responses 

In the immune system there are several cells possessing migratory behaviour, however, lymphocytes 

and dendritic cells (DC) are the best examples of the versatility of the process and the complexity of 

their cellular regulation. By this comparison we can follow the path of DC progenitors – immature DCs 

–, mature antigen presenting DCs which start from the bone marrow and arrive, via non-lymphoid 

tissues, to the immune organs (e.g. lymph nodes). Figure 9.6 shows the above described process, 

which covers another significant migratory pathway – the circulation and migration of active T cells 

between the organs. 

 

Figure 9.6 Main migratory pathways of dendritic cells and lyphocytes 

9.6.1. Transendothelial migration of lyphocytes 

The process outlined above is embodied in a much more subtle picture for each tissue spaces. In 

immunological and pathological processes, the most important surface where migration takes place is 

the endothel of blood vessels. Vectorial migrations (homing, inflammatory processes) of several cell 
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populations use these huge surfaces furnished with locally expressed membrane components (e.g. 

adhesion molecules) and inducer factors of fluid phase (e.g. chemokines or bacterial peptides). 

In postcapillary venules, the phases of lymphocytic transmigration are accompanied by the following 

molecular interactions (Figure 9.7):  

1. Rolling – interaction of selectins with sialomucins (or with integrin alpha4beta1, alpha4beta7)  

2. Activation – chemokines are presented by the proteogylcanes of heparane sulphates (HSPG) 

on the surface of the endothel; lymphocytes are activated via chemokine receptors induced by  

chemokines of the endothel 

3. Adhesion – activation results in lymphocytes with increased affinity and avidity integrins on 

their surface. These integrins are able to associate with their ligands (ICAM, VCAM etc.) 

expressed on the surface endothel. This interaction makes the adhesion firm.   

4. Diapedesis – new molecular interactions develop with junctional adhesion molecules (JAM, 

PECAM-1=CD31), which results in the opening of interendothelial gaps and enables the 

transmigration of lymphocytes.   

 

Figure 9.7 Main steps of transendothelial migration of lymphocytes 

 

Migration of lymphocytes is controlled by adhesion molecules, chemokines and chemokine receptors. 

Homing of the naive T cells and their recirculation through secondary immune organs are possible 

pathways of migration as they express integrin alpha4beta7 in mucosa and L-selectin in lymph nodes. 

Migration of activated T cells to the site of inflammation is guided by several interactions of ligand-

receptor pairs like: selectin-sialomucin, integrin alpha4beta1-VCAM-1, integrin alpha4beta1-CS-1 and 

CD44-hyaluronic acid. The homing signature of memory T cells is a specific protein profile of the 

surface membrane, composed of adhesion molecules and chemokine receptors, which help the 

selective and tissue-specific migration of these cells. 

L selectin and alpha5beta7 integrin are co-expressed in naive B cells. These molecules enable naive 

B cells to reach mucosa and peripheral lymph nodes. Reactions running in the germinal centers of 

Peyer plaques result in the expression of alpha4beta7 integrin in memory B cells. Part of these 

memory cells is differentiated to IgA producing plasma cells, while the majority of the B cells is derived 
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from the lymph nodes and differentiated to IgG producing plasma cells. The latter cells express 

CXCR4, alpha4beta1 integrin and LFA-1, which are essential for homing to the bone marrow where 

they will transform into ’long-lived plasma cells’. 

9.6.2. Migratory pathways of dendritic cells 

Following the efflux of dendritic cells (DC) from the bone marrow, they reach their target organs / 

tissues via circulatory system. Among target organs, thymus, lymph nodes, spleen and the skin are of 

special importance. The plasmocytoid DCs reach all four organs mentioned above, while thymus and 

spleen receive conventional DCs (cDC), and arrive in lymph nodes and skin as precursor DCs. In 

the different organs, proper targeting of DCs is ensured by identical receptor-ligand interactions. In 

lymph nodes and thymus, the VLA4-VCAM1 and the PSLG-1 – CD62 (E/P) interactions have 

underlined significance, in the follicles of spleen the CXCR5-CXCL13, in the white pulp periarteriolar 

sheats the CCR7-CCL19/CCL21 interactions are the most characteristic ones. In the skin (and in 

inflammatory processes) a long list of molecular interactions is available, however, the most 

characteristic ones are PSLG-1 – CD62 (E/P), CXCR1-fractalcine, CCR6-CCL20 and CCR2-CCL2 

relations. 

In lymph nodes and skin, we can find good examples for molecular-level regulation of cell migration 

(Figure 9.8). 

 

Figure 9.8 Migration of dendritic cell in the lymph node 
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(i) DCs arrive in lymph nodes via afferent lymphatic vessels (ii) to the space of subcapsular sinus, then 

their migration to the cortex is guided by the CCR7-CCL21 and CCR8-CCL1 chemokine receptor-

chemokine interactions. (iii) When DCs reach the perifollicular space, their migration is directed by the 

CXCR5-CXCL13 chemokine receptor-chemokine interaction to the T- and B-cell-rich areas of the 

follicles. (iv) In the T-cell-rich zones the CCR7 positive DCs are accumulated around the high 

endothelial venules (HEV), the migration of which is triggered by the released CCL19 and CCL21 in 

the HEV area. (v) In the area of the efferent lymphatic vessels, sphingosine 1-phosphate works as an 

„exit signal”, while the above mentioned CCL19 and CCL21 act as retention signals on DCs. 

The skin provides another very good example of the migrating DCs of the immune system, however, 

in this case the DCs migrate in long distances: they patrol in the superficial epithelial layers of the skin 

and, as a consequence of antigen stimuli, they reach central parts of the immune system by active 

migration. 

In physiological conditions, DCs of the epithelium are significant members of the immune system, 

being sensible to the molecules released from the cells attacked by microbes. These molecules 

(TNFa, IL-1b, PAMP) act as migratory signals on DCs. In the initial part of the above mentioned 

process E-cadherin linkages of DCs are unsealed and the cells become mobile. The next step is the 

breakdown of the basal membrane and its associated extracellular matrix elements by matrix metallo 

proteinases (MMP2, MMP9). At the same time, on the frontal part of the migrating DCs chemokine 

receptors are expressed (CXCR4, CCR7, CCR8), which are able to detect very low concentrations of 

the adequate chemokines (CXCL12, CCL21, CCL1), this way regulating the direction of migration. 

Under the skin, DCs arrive into the connective tissue where their target is the endothel of the afferent 

lymphatic vessels. Here the guiding signal relations are CCR7-CCL21, VLA-4 – VCAM-1, LFA-1-

ICAM-1 and the above mentioned sphingosine 1-phosphate. Besides, the promiscuous chemokine 

receptor D6 of endothel also plays a significant role. The terminal step of the cascade is the 

internalisation of DCs into the lumen of lymphatic vessel where again CCL21 will promote their 

migration. 

 

9.7. Techniques for measurement of cellular motility 

As it has been presented in the chapters above, recording and measurement of cell migration allows 

us to analyse several changes in cell physiological conditions which are significant in immunology. By 

these measurement we can (i) isolate populations and sub-populations of cells; (ii) determine 

migratory activity of cell populations with reference ligands (e.g. IL8, fMLF); (iii) analyse chemotactic 

effects of body fluids or substances isolated from these fluids; (iv) carry out impact assessment of 

novel drug candidates or other significant substances with potential medical applications. Selection of 

the corresponding model-cells and the appropriate techniques requires great caution: although the list 

of the available techniques is wide, only a few techniques could provide the most appropriate 

responses to the well-formulated questions. 

Figure 9.9 shows the two fundamentally different systems used to measure chemotaxis based on 

diverse migratory behaviour of cells (e.g. 2- or 3-dimensional forms of migration). In the reversible 
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systems cells are located in a space where they are free to change the direction of migration up to the 

end of the assay, while in irreversible systems the choice of reversal migration is minimal as the 

cells and the attractant molecules are isolated by filters. In these systems, the stability of concentration 

gradients determines the optimal time of incubation which ranges from 10 min up to 24 hours. It is 

essential to know the optimal incubation time for each type of molecule to be tested: as soon as 

equalization of concentration gradient is completed, the system will no longer measure chemotaxis but 

chemokinetic responsiveness. 

 

Figure 9.9 Main types of systems used to measure chemotaxis 

 

There are several techniques dedicated to measuring the activity of migrating cells and the inducibility 

of chemotaxis. The information provided by the techniques and their efficacy is not always in 

proportion: the technique offering maximum information (Dunn chamber) allows measurement of 

relatively few cells, while receptor binding assays provide only a single data, although the number of 

measured cells is over 10
6
. 

As the facts above suggest, multi parametric assays are the most effective, applying different 

techniques to evaluate substances or chemotactic responsiveness of model cells. In the following 

section you can find examples of the most frequently used technical approaches of the problem, and 

we will draw the reader’s attention to the available literature in the field. 

9.7.1. Reversible systems  

This group of techniques can measure migratory responses of cells moving by cilia, flagella or 

pseudopodia of ameboid movement. 

According to the references, the longest stable concentration gradients (about 24 hours) are provided 

by Dunn chamber (Figure 9.10.). The figure shows the cross-section of the chamber which is 

composed of two ring-shaped containers. The migration of cells takes place on the connecting bridge. 



The concentration gradient 

develops on the tiny fluid layer 

which connects the two containers 

and the number of positive 

responder cells is also counted in 

this part of the chamber. 

 

Figure 9.10 Structure of Dunn 

chamber 

 

The agar-plate technique is one of the oldest techniques to detect displacement of cells on surfaces 

(Figure 9.11). The presented method is only a representative one, there are several others dealing 

with channels and wells in the agar layer. The basic theory of the present one can be deducted from 

other similar techniques of immunology, where interactions of antibody and antigen take place in the 

agar. In the present case, the cells to be tested are placed into a central well, while substance to be 

tested and a control material are loaded on the two sides. The cells migrating mainly under the agar 

layer and the changing symmetry of a cloud-like pattern show whether the substance is working as an 

attractant or a repellent one. By measuring distances on the cloud-like pattern (see dA and dC), we can 

also turn the assay into a quantitative one. 

 

Figure 9.11 Three-hole agar plate technique for measurement of chemotaxis 

 

Capillary techniques are frequently used to evaluate chemotaxis of cells migrating with cilia or 

flagellum in the free and undivided fluid phase. In general, these assays use vertically arranged two-

chamber systems, where the cells to be tested are placed into the lower chamber and the test 

substance is applied in the upper chamber which is a capillary. The attractant or repellent effect is 
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determined by counting cells in the capillary and relating this data to a reference value. Accuracy of 

the method can be significantly increased when micropipettes working with microlitre precision fluid 

volumes are used as capillary part of the system.   

Application of serial chemotaxis assays is increasing in the everyday practice as their accuracy 

ensures high efficacy of the measurements. In recent years, two dedicated chemotaxis chambers 

have appeared on the market (ibidi
®
 GmbH, Germany), which can measure chemotactic responses of 

cells migrating of surfaces (-slide) and in semi-fluid conditions (-slide 3D) (Figure 9.12). The 

essence of the chambers is a system of communicating channel and two chambers, where the 

continuous exchange of gaseous materials is provided by a special plastic coverslip. The cells are 

loaded into the central channel while the two chambers are filled with the test and the reference 

substances. After 12-24 hours of incubation, on the two sides of the channel we can measure 

significant differences in cell numbers. Application of video-microscopy and cell-tracking are also 

viable ways of evaluating chemotactic responses of cells. 

 

Figure 9.12 Structure of ibidi® chemotaxis chamber (A) and the principle of its operation (B, C) 

9.7.2. Irreversible systems 

Probably the Boyden-chamber described by Stephen Boyden in 1962 is the most frequently applied 

technique to measure chemotaxis (Figure 9.13). It is also a two-chamber assay, where the chambers 

are isolated by a filter with a proper pore size. The cells are placed into the upper chamber while the 

test substance is in the lower one. Cells cross the filter by active migration as they detect the 

concentration gradients developed in the pores of the filter. The Boyden-chamber is available not only 

as a single one but also in multi-96-well (high throughput system – HTS) for, making it possible to test 

samples in the required high number of parallels. For evaluation of the migratory responses, 

oculometric counting, detection of cell-specific enzymes (e.g. mt-dehydrogenase by MTT assay) or 

measurement of ATP levels are the most frequently applied methods. The disadvantage of the 

Boyden-chamber is that the evalution represents only a single measuring point, therefore reliable 

results could be obtained only when we evaluate several parallels. 



 

 

 

Figure 9.13 Structure of the 

Boyden-chamber and the 

principle of its operation. 

The right panel shows cells 

migrating through the pores 

of filter 

 
Disadvantages of the Boyden-chamber discussed above are expected to be eliminated by the 

transwell assay in 6-12-14-96 well capacity designs. Its principle is similar to the Boyden-chamber: it 

also has two chambers isolated by a filter. Cell number in the lower chamber or in the filter itself shows 

the positive responsiveness of cells, evaluation of the filter is similar to a histological section. 

Disadvantage of this technique is that it is very hard to equalize the fluid levels in the two chambers. 

Even a barely visible difference might result in undesired transient fluid flows that can contaminate the 

cell-rich compartment with high concentrations of test substance or break the development of 

concentration gradient. 

The most recent technique in this field, the Chemo Tx assay (NeuroProbe, USA) combines the 

advantageous moieties of the Boyden-chamber and the transwell systems. The hermetically sealed 

space eliminates any undesired flows. The reusable (multiwell) variant of the chamber (Figure 9.14. 

Left panel) is the conventional type, while a disposable chamber is also available since 2008 (Figure 

9.14. Right panel). Evaluation of the chambers is similar to the techniques described at the Boyden-

chamber. 

 

Figure 9.14 Multiwell chemotaxis assay and Chemo Tx technique 
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9.7.3. In vivo techniques 

Matrigel is a concentrate of extracellular matrix (ECM), which is frequently used as an artificial tissue 

and network for migratory cells of whole animal experiments. This jelly-like material is used by the so-

called disc assays, when a plastic ring sealed by filters and filled by Matrigel is implanted into the 

animal’s body. Migration of cells into the disc usually takes several days, after which the cell number 

or ratio of different cell populations is determined in the removed disc. Table 9.1 shows that, in 

addition to the mixture of ECM-composing Matrigel, there are several growth factors, too. These 

components are present in significant concentrations to elicit biological effects, however, in some 

experimental cases this kind of content can be explicitly detrimental. Recognition of these 

circumstances has led to the introduction of “growth factor reduced” GFR-Matrigels on the market. As 

data suggest, the product is not free of growth factors even in this case, but it is understandable as 

these factors are responsible for the enhanced chemoattractant character of Matrigel, and work as 

humoral angiogenic elements on cells migrated into the gel. 

 

Growth factor 
Concentration 

in Matrigel 

Concentration 

in GFR Matrigel 

EGF 0.5-1.3 ng/ml < 0.5 ng/ml 

bFGF < 0.1-0.2 pg/ml n.d. 

NGF < 0.2 ng/ml < 0.2 ng/ml 

PDGF 5-48 pg/ml < 5 pg/ml 

IGF-1 11-24 ng/ml 5 ng/ml 

TGF-b 1.7-4.7 ng/ml 1.7 ng/ml 

GFR – growth factor reduced; n.d. – non detectable 

Table 9.1 Growth factor content of Matrigel products 

 

Another ingenious in vivo technique is when Sephadex beads are introduced into the peritoneal cavity 

of the animal. The beads induce the plates of peritoneum, and migrating cells are accumulated in the 

peritoneal fluid. As the material of beads is a dextran gel, it has high surface binding capacity. In 

chemotaxis assays, these binding properties are used to trigger the migration of special subgroups of 

cells (eg. lymphocytes) by ligands associated to the surface of the beads. The incubation time is 6-

48h, for evaluation the drained peritoneal fluid is used. 

Wound-healing assays are also discussed in this part, however, they are regularly considered as an 

independent form of chemotaxis assays. Generally confluent epithelial layers are used in these 

probes, where the speed of “healing” (two wound margins getting closer and closer to each other) is 

recorded after “wounding”. The original way of “wounding” applied pipette tips to scratch lines. A more 

recent and reliable method can prepare wounds by a single well-controlled displacement of a 24-48-96 

needle platform. In the last 5 years – similarly to the two-chamber assays –, high throughput 

techniques have been getting into the focus. Short impulses of an appropriate current are also able to 

form “wounds” in cell layers. For evaluation of these assays, impedance-based techniques are applied 

(see below). 
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9.7.4. Recent techniques 

In the introduction of the above mentioned impedance based measurements, the equipment (ECIS) 

developed by the Nobel laureate Ivar Giaver was a pioneer one. This technique is dedicated to 

measuring cell adhesion as well as the migratory behaviour of cells. The principle of the method is that 

the cells stuck onto the surface of measuring electrodes work as insulators in AC, and result in 

increased ohmic resistance (R) and impedance (Z) as well. Based on this phenomenon, the adhesive 

character of cells or its inducibility / inhibition is well detectable. The method can also register the fine 

fluctuation of the impedance, which is a good mirror of micromotion of cells. One of the main values of 

this technique is that measurements run in real-time and we can follow changes for several days in a 

sample (Figure 9.15). 

 

Figure 9.15 Theoretical principles of ECIS. The method helps to evaluate the level of coverage of 

electrode (cell number) and the cell-cell connections (barrier function) (top panel); measurements are 

carried out on small surface electrodes in 8-16-96 well platforms (left bottom panel); by this technique 

it is easy to distinguish the differences in adhesion dynamics, as well as the identical motions of the 

cells (right bottom panel). 

 

As further development of the above technique, different HTS systems have been designed (e.g. 

xCELLigence – Roche), the principle of which is derived from the Boyden-chamber. In these systems, 

the isolator filters of the two chambers are furnished with electrodes, which makes it possible to 

register the transmigration of cells by the generated electric signals. The measured impedance values 

are in good correlation with the number of cells crossing the membrane. 
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Application of point-shaped electrodes has enabled the technique to remove cells above the electrode 

(see wound-healing assays). As it is easy to follow and register the dynamics of cell migration into the 

cell-free surface, this way of evaluation represents the most objective tool for the measurement of 

wound-healing assays. 

One basic requirement of the objective chemotaxis assays is the development of consistent gradients 

in the fluid phase. Tools of the novel technique, microfluidics could help to achieve these standards. In 

the present case, polydimethylsiloxane (PDMS) is used to form channel systems which can dilute 

the test substance with high accuracy. PDMS technique is the fundamental element of building “lab-

on-chip” systems, too, which enables the implementation of whole laboratory work-flows in a slide 

dimension analyzer unit. The assay shown on Figure 9.16 is a PDMS based system (see lower panel 

with steps of fabrication), composed of two horizontally arranged chambers and a connective channel 

with a pressure sensible late on the top of it. Having loaded the two chambers, an adjustable negative 

pressure is applied via central channel. By changing the pressure we can adjust the mixing rate of the 

attractant and the slope of the concentration gradient. After the development of the gradient, the cells 

are also loaded and their concentration dependent migration can be examined.      

 

Figure 9.16 Chemotaxis chamber developed by PDMS technique.  

The main steps of fabrication of the profiles using masks and PDMS are shown on the bottom panel. 

 

Intravital microscopy (IVM) is also well adaptable to studying migrating cells. The technique is 

suitable for the investigation of whole animals or large organs in vivo, without the application of 

fixatives or anticoagulants. The heart of the technique is the combination of an extremely high shutter 

speed camera with a computer which provides the possibility to register especially vascular events like 

adhesion of cells to the vascular endothel and transmigration. 
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At the end of this chapter you can find one of the most sophisticated and sensible techniques for 

studying the displacement of cells – traction force microscopy (TFM) (Figure 9.17). Theoretical basics 

of the technique are derived from recording forces generated between the migrating cell and the 

surface. This means that focal contacts of the cell are the points where the forces are exerted onto the 

layer below the cell. These interactions can be measured by a multitude of microneedles, the direction 

of their bending is identical with the negative vector of migration, while the level of bending is identical 

with the force generated. The dimension of the forces measured by this technique is on nN scale in 

the case of human neutrophyl granulocytes (PMN). 

 

Figure 9.17 Vectors of forces registered by traction force microscopy (TFM) in migrating cell (A); 

distribution of these forces on different parts of the migrating cell (B); interaction of migratory cell and 

microneedles (C and right bottom panel).  

9.7.5. Technique associated with migration assays 

The investigation of migrating cells obviously does not only mean recording and evaluation of the 

migratory response, but also molecular level detection of receptors and ligands, as well as genome 

and transcriptome level analysis of the responsible genes. In the case of RNA expression, in the 

RNase protection assay (RPA) technique first the RNA is hybridized to its labelled antisense. Then 

an RNase is applied to eliminate the single stranded RNAs from the sample. This way it is easy to 

isolate the double stranded and labelled RNA molecules from the other components. Dealing with 

RPA, several kits are available including kits for chemokine families and chemokine receptors, too. 
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9.8. Questions 

1) Which kinds of migratory responses are present in the human body?  

2) Which are the most significant groups of chemoattractants in the human body? 

3) What are the most important structural and functional differences between the chemokine sub-

classes? 

4) What kind of signalling mechanism(s) are characteristic to the chemokine receptors?  

5) Please give the definition of ‘Collective migration’.  

6) What are the most important receptor-ligand interactions in regulating DC migration in lymph 

nodes?  

7) Which are the chemotaxis assays where evaluation is possible even on HTS level?  

8) Is the human body furnished with chemotaxis receptors specific to bacterial peptides?  

9) Which are the theoretical principles of ECIS technique?   

10) Please give example(s) for the ‘lab-on-chip’ based measurement of migration. 
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10. AUTOANTIBODIES; HLA TYPING  
(GYÖRGY NAGY, ZSUZSANNA PÁL) 

 

 

 

 

10.1. Autoantibodies and their detection 

10.1.1. Production and characteristics of autoantibodies 

The mechanism of antibody diversification, a characteristic of germinal-center B cells, provides us with 

effective and pathogen-specific defence against evading microorganisms. During B cell activation, 

antibodies are endowed with greater affinity to the pathogen with the aid of somatic hypermutation, 

while isotype switching to IgG, IgA and IgE provides these antibodies with different effector functions. 

This effective protection against pathogens is a two-edged-sword, as the massive production of 

antibodies may also give rise to the generation of autoantibodies.  

Autoantibodies are produced in all of us. However, only 5% of the people develop an autoimmune 

disease. Autoimmunity is a complex procedure where genetic, environmental, hormonal and 

epigenetic factors all play a role. Autoantibodies can be divided into two main groups: natural and 

pathological autoantibodies. Natural autoantibodies are produced mainly by B1 cells (CD5+ and CD5- 

also). They can be found in large quantities in human blood serum and react mostly with proteins with 

vital functions that are evolutionarily conserved. Natural autoantibodies (NAbs) serve to defend self-

structures and take part in building the immunological homunculus, as well as serving as the first 

defence line against invading pathogens. Nabs are mostly IgM or IgA isotypes and somatic 

hypermutation is not characteristic or is limited. B-1a cells migrate from the embryonic liver to the 

peritoneal or pleural cavities, where they undergo limited proliferation just enough to compensate for 

the dead cells, and produce antibodies in a constant manner. 

In contrast, pathological autoantibodies are produced by B2 cells. There is strong evidence that these 

antibodies are produced locally, and ectopic germinal centres can be identified e.g. in the synovial 

membrane in case of rheumatoid arthritis, or in the thymus in case of myasthenia gravis. In multiple 

sclerosis, intrathecal IgG production can be detected in cerebrospinal fluid. Pathological 

autoantibodies have high affinity and undergo class switch DNA recombination to IgG, IgA, but can 

also remain IgM. The concentration of these antibodies can be high in blood serum. As there is a 

latency between the production of these antibodies and the damage of the target organ, most of the 

cells of the specific organ have to be damaged in order for noticeable functional loss to develop (e.g. 

in case of the pancreas islet β-cells in type I diabetes mellitus). Antibodies can often be detected in the 

serum prior to the manifestation of the full-blown autoimmune disease. Thus the detection of 

pathological antibodies can have a prognostic value, as well as aiding the diagnosis. The changes in 

the serum concentration of the antibodies may also be useful in estimating the efficiency of therapy.  

The production of autoantibodies can be triggered in multiple ways. Infection can cause the induction 

of the development of autoantibodies by the following mechanisms:  
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1. Molecular mimicry, where some epitopes of the pathogen resemble those of self-proteins. An 

example for this mechanism is the development of an autoimmune polyneuropathy, Guillane-

Barre syndrome after Campylobacter jejuni infection.  

2. Infections can also induce the overexpression of MHCII molecules or co-stimulating factors. In 

this case, the antigen stimulus that would not be enough to provoke an immune response by 

itself, is enhanced, and this may activates Th cells that would not be activated under normal 

conditions.  

3. Some viral or bacterial agents, such as the Epstein-Barr virus induce the polyclonal activation 

of B cells, while bacterial superantigens may cause polyclonal T cell activation.  

Defects of antigen processing or presentation may also result in the development of autoimmunity, 

e.g. Bechterew’s disease (see later). Myasthenia gravis is a rare autoimmune disease of the 

neuromuscular junction, where autoantibodies are directed against different components of the 

skeletal muscle. By inhibiting neuromuscular transmission, these antibodies cause pathological 

muscle weakness, the main characteristic of this disease. The thymus plays a vital role in the 

pathogenesis of myasthenia gravis. Young patients often have thymus hyperplasia, while thymoma 

can be found in 8-10% of the patients. In case of patients with thymus hyperplasia, sensitization 

against the nicotinic AChR occurs, while in thymomas a defect of thymic selection mechanisms can be 

observed, resulting in the migration of autoreactive T cell to the periphery. Even a single genetic error 

can cause dysfunction in the thymic development of cells: mutation of the AIRE gene in a recessive 

form results in APECED (autoimmune polyendocrinopathy, candidiasis, ectodermal dysplasia) 

syndrome. Inappropriate removal of apoptotic cells may cause the release of intracellular antigens, 

which may result in the production of anti-double stranded DNA (dsDNA) in systemic lupus 

erythematosus (SLE). The use of some medication, such as procainamid or hydralasin, may also lead 

to drug-induced SLE due to the altered expression of some DNA methylases. DNA methylases modify 

the methylation status of DNA, and thus modulate the expression of genes that may play a role in 

disease development in an epigenetic manner. Liberation of sequestered antigens may also lead to 

autoimmunity e.g. in the case of sympathetic ophthalmopathy.  

Dysfunction of regulatory T cells (Treg) may also contribute to the evolvement of autoimmune 

diseases. Mutation of the Foxp3 gene, which is characteristically expressed in Tregs, leads to the 

autoimmune syndrome IPEX (immunedysregulation, polyendocrinopathy, enteropathy X-linked). 

Interestingly, mutations of the key regulatory molecule of B cell antibody diversification, activation-

induced cytidine deaminase (AID), not only results in hyperIgM syndrome; in AID knock-out mice 

autoimmune diseases also occurs more frequently compared to wild-type mice.  

Figure 1 demonstrates a possible mechanism of autoantibody production. Several proteins can be 

released from an apoptotic cell which may elicit an autoimmune reaction, e.g. proteins in coiled-coil 

conformation. These molecules may function in the same manner as a non-self antigen by activating 

immature dendritic cells. Two autoantigens, histidyl-transfer RNA synthetase (His-RS in the figure) 

and asparaginyl-transfer RNA synthetase (Asn-RS), acting through the CC-chemokine receptor 5 

(CCR5) or 3, may lead to the maturation of immature dendritic cells probably together with other 

chemokines and cytokines. Mature dendritic cells in turn can promote the production of 
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autoantibodies, both in a T cell-dependent and independent manner (BAFF: B cell activating factor, 

APRIL: a proliferation-inducing ligand). 

10.1.2. Characteristics of autoimmune diseases 

Autoimmune diseases can be classified into two main groups according to the affected organ: 

systemic or organ-specific. The most prevalent systemic autoimmune disorders are Sjögren’s 

syndrome, rheumatoid arthritis (RA), and SLE. Antibodies detected in organ-specific autoimmune 

diseases mainly cause the damage of one organ e.g. the thyroid gland is affected owing to the 

thyreoid-stimulating hormone receptor antibody (anti-TSHR) in Hashimoto thyroiditis, or the skeletal 

muscle in myasthenia gravis owing to anti-AChR antibodies. The two antibodies mentioned above are 

also examples of the mechanisms in which autoantibodies may modulate the function of the affected 

organs: while the anti-TSHR antibody stimulates the TSH receptors, resulting in hyperthyreoidism 

(gain-of-function), anti-AChR antibodies inhibit neuromuscular transmission (loss-of-function). 

Depending on the isotype of the autoantibody, the mechanism of destruction also varies. Anti-AChR 

antibodies belong to the IgG1 or IgG3 isotypes, which are capable of activating complement, but can 

also take part in the induction of ADCC or enhance the uptake of receptors into the muscle cells. In 

another serotype of myasthenia gravis, antibodies are directed against a different muscle component, 

muscle-specific kinase (MuSK). These antibodies are IgG4 and cannot activate complement due to a 

posttranslational modification. Here the damage is probably due to the enhanced degradation of 

MuSK.  

In systemic autoimmune diseases, multiple autantibodies can be present, however, autoantibody 

production can also be observed in infections, though these latter autoantibodies may never cause 

autoimmunity per se.  

If an autoimmune disorder is suspected, a clinician may ask for the screening of the most common 

autoantibodies of the given disease. However, the presence of autoantibodies in the serum may not 

be specific for an autoimmune disease; serological results should always be evaluated together with 

the symptoms and complaints of the patient.  

In the following sections we will present the different detection methods of autoantibodies through the 

examples of two systemic autoimmune disorders (SLE and RA) and an organ specific disorder 

myasthenia gravis. 

10.1.2.1. Systemic lupus erythematosus (SLE) 

SLE mainly affects women in their reproductive years (20-50 years). Though autoimmune disorders 

affect women in a larger proportion than men, this characteristic is the most pronounced in SLE where 

the women:men ratio is 9:1. Disease prevalence in women is 1:800-1000, but numbers are increasing. 

SLE is the prototype of immune complex diseases. Symptoms can vary largely according to the 

affected organ. They can involve arthritis, pleuritis and pleural oedema, arrhythmia, fever, fatigue, 

butterfly-erythema, nephritis, anaemia, Raynauds phenomenon, symptoms of damage in the central 

nervous system due to vasculitis (inflammation of the vasculature). Multiple autoantibodies can be 

present: e.g. antinuclear antibodies (ANA), rheumatoid factor (RF), anti-C1q (complement), anti-red 
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blood cell antibody, antibodies against double-stranded DNA (anti-ds-DNS) (Figure 10.1), but 

cryoglobulins (complexes consisting of immunoglobulins that precipitate at lower temperatures from 

the serum) can also be detected in some cases. 

 

Figure 10.1 Laboratory markers for following the course of SLE 

10.1.2.2. ANA 

Antinuclear antibodies (ANA, also called ANF or antinuclear factor in the past) are a group of 

antibodies which are directed against different components of the cell nucleus. These can be identified 

not only in SLE, but also in various different autoimmune diseases and infections. Some antibodies 

e.g. anti-chromatin, anti-dsDNA, anti-histon, anti-Sm (=anti-Smith, against snRNP proteins) can be 

characteristic to SLE, while anti-U1RNP (against snRNP) or anti-Scl-70 (against topoisomerase 1), 

and anti-centomer antibodies can frequently be detected in scleroderma, SS-A and SS-B antibodies 

can be found in Sjögren’s syndrome, and  anti-Jo1 (against histidin tRNS ligase) antibodies are 

frequent in  polymyositis.  

The presence of these antibodies can be shown with indirect immunfluorescence (IIF), however, 

precise titers can be measured with ELISA.  

Indirect immuneflourescence using the HEP2 (epidermoid carcinoma, larynx, human, HeLa markers) 

cell-line is a screening test for antinuclear antibodies. Diluted serum from the patient is added to the 

cells, bound antibodies of the serum are shown by fluorescent-labelled anti-human IgG. In this test, 

the dilution of the serum must be given, the staining pattern (nucleolar, granular, homogenous, 

peripheral) must be determined, as well as the exact nucleus component the antibody is directed 

against. If the serum dilution is under 1:40, a positive reaction is normal, at 1:160 dilution laboratories 

calibrate the test so that 5% of the normal population also gives a positive result (this also means that 

if someone is positive at this dilution, but has no clinical symptoms, and the staining pattern is 

granular, the reaction is very likely to be false-positive). The determination of the staining pattern is 

also essential as it can give further information on the diagnosis of the disease: e.g. anti-dsDNA 

antibodies give a homogenous staining pattern, and are a characteristic of SLE, while anti-histone 

antibodies give a peripheral staining (SLE, scleroderma), granular staining can be seen when e.g. 

antibodies against nuclear riboproteins are present in the examined serum (in SLE, scleroderma, 
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mixed connective tissue disease, Sjögren’s syndrome), but a granular staining pattern can be non-

specific, as it can also be found in the healthy population or after viral infections. Anti-topoisomerase 

antibodies give a nucleolar staining pattern e.g. in scleroderma. IIF can also be used to detect organ-

involvement (e.g. skin or kidney involvement) in SLE from the biopsy sample of the given organ.   

If the screening test is positive, antigen specific tests have to be performed to determine the exact 

protein to which the antibody is produced. This can be achieved by performing ELISA, immune 

diffusion, Western-blot analysis etc. As there is a section describing these techniques in detail, we will 

not discuss these procedures here.  

However, to reach a diagnosis, not only the detection of autoantibodies is useful, but changes in titers 

of some antibodies can also give information of the activity of the disease or the effectivity of therapy. 

For example in SLE, if the titers of anti-dsDNA antibodies decrease, and the levels of serum 

complements increase in parallel, then the disease is in remission, our therapy is effective. The 

presence of other antibodies, such as those produced against chromatin, can be detected more 

frequently in lupus nephritis, thus their presence is a prognostic factor for kidney involvement. 

10.1.2.3. The characteristics and detection of cryoglobulins 

Cryoglobulins are circulating immunoglobulins which precipitate if the temperature is below 37°C, but 

dissolve again after heating.  

It is important to state that cryoglobulins are not specific for autoimmune diseases, they can also be 

detected in malignant haematological diseases and infections, such as hepatitis C virus infection.  

They can be divided into the following subgroups: 1. monoclonal IgG, 2. polyclonal IgG and 

monoclonal IgM, 3. polyclonal IgM rheumatoid factor.  

The detection of cryoglobulins was labor- and time-consuming in the past. The serum was separated 

at 37°C, after which it was stored at 4°C for 2-7 days. If a precipitate could be observed, the serum 

was centrifugated at 4°C, the supernatant was eliminated and substituted with saline and heated to 

37°C. If the precipitate was solubilised at 37°C, then it was cryoglobulin.  

Nowadays cryoglobulins can be demonstrated by immunoelectrophoresis or immunofixation. Using 

these methods, the subtype of the examined cryoglobulin can also be determined, and the procedures 

take only a few hours.  

Some autoantibodies also have a predictive value in SLE, as they can be demonstrated years before 

the first clinical manifestation of the disease can be observed. Anti-Ro (=SSA) antibodies can be 

present 10 years, anti-dsDNA antibodies 2.5 years, while anti-Sm antibodies a few months before the 

first symptoms of SLE.  

10.1.2.4. Rheumatoid arthritis (RA) 

Rheumatoid arthritis is an autoimmune inflammation of the synovial membranes, which may cause the 

destruction of joints and severe disability. Prevalence of the disease is 1:100 among adults in North-

America and Europe. The disease is a systematic autoimmune disorder, as extraarticular 

manifestations (pericarditis, lung fibrosis, sicca syndrome, polyneuropathy) can also be present, 

especially in seropositive patients. The most common antibodies in this disease are ANA, RF and anti-



cyclic citrullinated peptide 

antibodies (anti-CCP) 

(Figure 10.2.). However, 

recently even more 

antibodies have been shown 

to be characteristic to this 

disease in some patients, 

e.g. antibodies against 

citrullinated vimentin and 

citrullinated α-enolase have 

also been demonstrated.  

 

Figure 10.2 Citrullination 

It can be seen that from the above list there are several antibodies in RA against citrullinated peptide 

epitopes. Citrullination is a posttranslational modification, specific tRNA for citullin is not present in 

humans, so citrullin aminoacid cannot be built into the polypeptide chain. Citrullin is produced from 

arginine through an enzymatic reaction catalyzed by the peptidyl-arginyl-deiminase (PAD) enzyme. 

Several animal models indicate that arthritis can be induced by citrullinated antigens. Though the 

precise mechanism is not yet known, smoking is a risk factor for developing RA. It has also been 

shown that smoking induces the citrullination of peptides, which may be the reason for this risk 

elevating effect.  

Anti-CCP antibodies have a diagnostic value especially in early RA. However, the serum levels of this 

antibody do not correlate with disease activity. Rheumatoid factor (RF) is an antibody against the 

immunoglobulin (Figure 10.3.), and can be found in up to 80% of RA patients. However, its presence 

is not specific for RA, it can also be 

detected in other autoimmune 

diseases, and infections can also 

increase its serum levels. 

Furthermore, RF can be positive in 

up to 10% of the healthy adult 

population. If, however, the RF 

levels are elevated in an RA patient, 

disease progression is more 

destructive and severe. Two 

methods are widely used for the 

detection of RF (of course, several  

 
Figure 10.3 Rheuma factor (IgM) complexed with its 

autoantigen (IgG) 

other methods could also be used, e.g. ELISA):  

1. Latex agglutination test: The serum of interest is mixed with latex beads coated with human 

antibodies (IgG). If RF is present in the sample, the beads agglutinate. This method is used for 

screening.  

The previously used Rose-Waaler test is similar, here sheep red blood cells are used instead 

of latex beads.  
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2. Nephelometry (this is widely used in clinical practice): Human IgG is added to the examined 

serum. If the blood contained RF, then complexes are formed, which dispergate the laser 

beam in the nephelometer in a different way than if they were not present. The more RF the 

tested sample contained, the more dispersed the light will be, this is detected by the 

nephelometer.  

Anti-CCP antibodies can be found in 65% of the patients, however, its specificity is 95%. Anti-CCP 

antibodies of the serum can be measured by ELISA.  

As in SLE, the frequent autoantibodies, RF and anti-CCP, can be present years before the first 

manifestation of RA symptoms. The presence of both antibodies is highly sensitive and specific for 

RA.  

10.1.2.5. Organ specific autoimmune diseases 

Organ specific autoimmune diseases include e.g. autoimmune thyreoiditis, pemphigus vulgaris or 

myasthenia gravis.  

In myasthenia gravis anti-AChR antibodies can be found in 70-90% of the patients. These can be 

detected with radioimmunoprecipitation assay. Labelled antigen (in this case 
125

I alpha-bungarotoxin 

labelled AChR) is added to the examined serum sample. If anti-AChR antibody is present, this creates 

a complex with the labelled antigen, which can be precipitated with anti-human IgG. The non-bound 

antigen is then washed out, the radioactive precipitate can be measured with a γ-counter (Figure 

10.4). 

 

Figure 10.4 Principle of the radio immunoassay (RRA) 

Anti-thyreoperoxidase antibodies, characteristic of Hashimoto’s thyreoditis, can be detected by radio-

immunoassay in the clinical practice (see earlier chapters).  

Nowadays the complexity of the humoral immune response can be characterized by antigen arrays. 

The basis of the method is the following: potential epitopes of a given autoimmune disease are 

hybridized to a plastic or glass plate. Non-specific binding is inhibited by preincubation with bovine 
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serum albumin (BSA). Then patient serum is given to the plates for a couple of hours. After washing, 

fluorochrome-labelled anti-human IgG or IgM is added to the plates. The colour intensities are 

measured by a photometer and analyzed. In this way, more epitopes playing a potential role in a 

disease can be examined at the same time. Furthermore, by analyzing epitopes with a role in multiple 

autoimmune diseases, these other diseases can also be screened. Nowadays novel arrays are also 

under construction, which could not only measure the presence of an antibody, but their complement 

activating effect and the function of these antibodies can also be tested.  

 

10.2. HLA typing 

HLAs are part of the major histocompatibility complex. The human HLA genes are localized on the 

short arm of chromosome 6. The major function of the proteins encoded by these genes is to regulate 

the identification of self and non-self proteins. MHC genes can be classified into two groups (Figure 

10.5):  

 

Figure 10.5: Classification of MHC genes 

 

- MHC I: The HLA A, B, C genes belong to this group. They are expressed on the surface of every 

nucleated cell together with the beta2-microglobulin protein (its gene is localized on human 

Chromosome 15). These proteins present self-proteins to CD8+ T cells. 

- MHC II molecules consist of 5 groups, of which the last two are non-significant: DR, DQ, DP, DM 

and DO. The protein products are expressed on the surface of antigen presenting cells (APC) and 

are made up from an α and a β chain. The β chain contains a hypervariable region. The protein 

complex presents non-self antigens to CD4+ T helper cells, and thus takes part in the initiation of 

a general immune response.   
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10.2.1. The nomenclature of the HLA system 

The nomenclature of the HLA system changes with the evolvement of the typing methods. In the past, 

serological methods were used, however, due to the rapid evolution of molecular techniques, 

nowadays molecular methods are used more widely (see later).  

HLA-A: HLA- A locus 

HLA-A1: serologically defined antigen. Serological methods are not acceptable for fine typing. 

HLA-A1*: the star indicates the allele determined by molecular biology techniques.  

HLA-A1*0101 –4 digits after the star: gives better resolution between the sequence variations 

and alleles, results in aminoacid change  

HLA-A1*010101-6 digit resolution: sequence variation which does not result in an aminoacid 

change 

HLA-A1*01010101-8 digit resolution-sequence variation in the introns or regulatory regions 

10.2.2. Methods for HLA-typing 

10.2.2.1. Serological 

This was the „gold standard” in the past, today it is substituted by molecular genetic methods.  

 Using complement-dependent cytotoxicity: Live lymphocytes are isolated from the patient e.g. 

by a Ficoll gradient. Microlymphocytotoxicity test: Lymphocytes are incubated with anti-HLA 

antibodies e.g. anti-HLA-DR. If HLA-DR is expressed on the surface of the lymphocyte, the 

antibody will bind to it. Complement-containing substance, mostly rabbit serum is given to the 

above system. The antibody bound to the surface of the cell will activate the complement, which 

results in the lysis of the cell, consequently the membrane becomes permeable to certain dyes 

e.g. triptane blue. These stained cells can be examined under a microscope (Figure 10.6). 

 

Figure 10.6 Microlymphocytotoxicity test (Terasaki) 
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Advantages of this method: it is cheap and does not need expensive equipment. Disadvantages 

are the need for a lot of blood and the need for live lymphocytes. For rare HLA types the 

appropriate typing antibody is not necessarily available at all times.  

 Mixed Lymphocyte Culture: Lymphocytes of two individuals (e.g. a patient and a laboratory-

cultured known HLA type e.g. HLA-Dw expressing lymphocyte population) are mixed in a Petri 

dish and incubated together for a couple of days in culture. If the unknown (patient) lymphocyte 

does not carry HLA-Dw on its surface, which can be found on the test lymphocyte, then the 

lymphocyte will become activated and will proliferate. The rate of proliferation can be measured 

with thymidine incorporation (Figure 10. 7). 

 

Figure 10.7 Mixed Lymphocyte Culture 

 

Today this method is used only for determining MHC class II HLA. It has many disadvantages, as it 

needs a constant cell culture apparatus, as a homogenous typing lymphocyte population has to be 

kept in culture constantly. The method also involves working with radioactivity. However, it still has a 

role in cell and tissue transplantation.  

10.2.2.2. Molecular methods 

The isolation of high-quality genomic DNA is needed for all of the following methods. At the end of the 

1980s, restriction fragment length polymorphism (RFLP) was the main method used, however, from 

the 90s PCR-based methods became the methods of choice.  

 RFLP: Quantitative data can be gained of the given genetic polymorphism by analysing the 

length of the restricted fragments. Restriction enzymes identify a given, 4-8 nucleotide-long 

sequence within the DNA, and cut at a well-defined point within this region. If there is only one 

nucleotide difference between two DNA molecules in the restriction sequence, the enzyme will 

not cut one of the DNAs, and there will be a difference in the length of the fragments between 

the two samples.  

 PCR SSOP (Sequence Specific Oligonucleiotide Probes): Specific oligonucleotide probes are 

attached to a nylon membrane. Labelled DNA from the patient is added to the membrane (in 
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detail: DNA from the patient is amplified by PCR with a biotinylated primer pair, which will serve 

as the labelling, this is then hybridized with the membrane containing the oligonucleotide 

probes. Non-specific binding is washed out and streptavidin-HRP enzymatic reaction is done for 

visualization of the results). 

Advantages: only a small amount of blood is needed, there is no need to separate live cells, it 

can be done the next day, a lot of samples can be tested together at the same time. 

Disadvantage: high-quality DNA is needed, the exact sequences must be known. 

 Sequence specific primers: SSP: SSP can be used for typing both HLA classes I and II. The 

primers used are planned so that they only amplify specific alleles. The PCR product is run on 

an agarose gel, where the fragments of different length are separated according to their size. 

The size is determined by the use of molecular weight markers.  

 Sequence Based Typing (SBT): After PCR amplification, the PCR product is sequenced, the 

base order is then compared to sequences registered in international databases. 

See the details in other subjects, including Genetics and genomics. 

10.2.3. Tissue and organ transplantation 

Tissue transplantation is sometimes the last chance for the patient in many diseases, such as 

malignant haematological diseases, end-stage kidney disease, severe cardiomyopathies etc. 

Nowadays there is a possibility for the transplantation of various organs (cornea, heart, liver, lung, 

pancreas, intestines, bone marrow, skin, tendons, kidney), and the number of these is increasing day 

by day. It would be ideal to find a donor whose HLA constellation is completely identical with the 

patient’s. However, except for the rare cases of identical twins or HLA-identical siblings, this can rarely 

be achieved. Though it is very important to search for a HLA-identical donor, in the case of some 

tissues it is acceptable if one HLA is different (mismatch), and this does not influence the survival of 

neither the tissue nor the patient significantly, thus in very severe cases this can be a realistic 

alternative. Since one inherits HLA haplotypes from the parents, there is a 25% chance that one’s 

siblings will have the same HLA constellation, providing that the parents are the same. In malignant 

haematological diseases, identical blood group is also not necessary, as the bone marrow of the 

recipient is completely destroyed due to irradiation, and the donor cells will repopulate the bone 

marrow. However, because the endothelial cells of blood vessels also carry blood-group antigens, this 

could induce a graft-versus-host reaction, hence the patient must receive immunosupressive 

treatment after the transplantation. In case of kidney transplantation, both the HLA I and HLA II 

antigens play a vital role, besides the need for a donor with an identical blood group. Here the HLA-

DR genes have to be completely identical. The more HLA mismatches are found between the donor 

and recipient, the higher the chance is for the development of a severe graft-versus-host reaction.  

10.2.4. Rheumatoid arthritis genetic and HLA association 

In rheumatoid arthritis (RA), the HLA association is very strong, up to 30% of the patients are 

HLADRB1 positive. This is the strongest genetic association in case of RA, though in the era of 

genome-wide association studies (GWAS), more and more genes are found that contribute to the 
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development of this disease. However, the HLA-DRB1 allele shows the strongest association with RA: 

in the third variable region of the DRβ1 chain, the sequence of the 70-74 aminoaids (QKRAA and 

QRRAA) is the same in both RA associated HLA-DRB1*01 and HLADRB1*04 alleles. This 

susceptibility locus is termed „shared epitope”. However, various other gene polymorphisms have also 

been found that show association with RA e.g. protein thyrosine phosphatase non-receptor 22 

(PTPN22, which is the component of a T cell receptor signalling pathway) or Cytotoxic T-lymphocyte 

antigen 4 (CTLA-4, which is expressed on T-helper cells, and inhibits their activation). Polymorphisms 

of both of these genes are associated with multiple autoimmune diseases. 

It is noteworthy that HLADRB1 is a risk factor for anti-CCP positive RA, both by itself, and additively 

with smoking, which is also a risk factor of RA. In addition, some polymorphisms of the PTPN22 gene 

also predispose to RA by themselves.  

10.2.5. Spondylitis ankylopoetica (SPA, Bechterew’s disease) 

Spondylitis ankylopoetica is an inflammatory disease, which affects axial joints such as small joints of 

the spine, and causes long and painful calcification of the joints. This results in restricted movements 

of the spine and severe handicap. A characteristic radiological sign of the disease is the so-called 

“bamboo spine”, which is the result of the fusion of ossificated joints. The disease shows familial 

aggregation and HLA association is very typical, up to 90% of the Caucasian patients are HLAB7 

positive. However, the presence of antibodies is not characteristic. The prevalence of the disease is 

0.25-0.5%. SPA mainly affects men under 40 years (the disease is seven times more frequent in men 

than in women). Patients complain about lower back pain, which is typically more severe when resting 

or in the mornings after waking up, while the pain decreases if the patient moves. The calcification of 

the tendons and joints is a long procedure. The disease may show other symptoms, e.g. the pain of 

other tendons and joints, aortic valve insufficiency and iritis.  

The function of HLA-B27 in SPA has been studied in rodent models, where it has been shown that 

rats harbouring the HLAB27 transgen (meaning that they have an extra HLAB27 gene) is susceptible 

to a Bechterew-like disorder. However, if these rats are crossed with a rat population that does not 

harbour the other significant component of the MHC I molecule, β2-microglobulin, the offsprings will 

still develop arthritis. Furthermore, if CD8+ T cells are depleted in the HLA B27 transgen rats, their 

symptoms will not be cured. These experiments show that cytotoxic T cells are not the major factors 

that promote the development of SPA, and HLAB27 can be expressed even without β2-microglobulin 

and cause disease by itself. What can be the explanation for this phenomenenon? The heavy chain of 

the HLA-B27 molecule can be misfolded. The synthesis and coupling of the heavy chain to β2-

microglobulin is achieved in the endoplasmatic reticulum (ER) before it is transported to the cell 

surface. The misfolding of the protein, due to the production of aberrant inter- and intra-disulphide 

bridges, occurs in the ER before its coupling to β2-microglobulin. This protein with the altered structure 

is linked to the BiP chaperone and is accumulated in the ER. This accumulation evokes an ER stress 

reaction, which may result in the activation of a procedure termed „unfolded protein response”. This 

mechanism is mediated by CD4+ T cells, not CD8+ ones (Figure 10.8). 
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Figure 10.8 The altered expression of HLA-B27 in SPA 

 

HLA genes may show strong association with other diseases as well (see Table). Such diseases are 

insulin-dependent diabetes mellitus, RA or Bechterew’s disease. However, HLA association can vary 

in the different disease subtypes. Anti-AChR positive myasthenia patients show different association 

than MuSK positive cases, which supports the notion that these subtypes of the same disease have 

different pathomechanisms. Narcolepsy is a neurological sleep disorder characterized by acute REM 

phases, causing the patient to fall asleep uncontrollably in the most bizarre situations; sleep paralysis 

means that the patient cannot move for a couple of minutes after waking up; cataplexy causes stress-

induced atonia of the muscles and hypnagog hallucinations (hallucinations during the REM phase of 

sleep). Although the etiology of the disease is not yet known, antibodies against orexin have been 

found, implying that the disease may have an immunological background. Nevertheless, the HLA 

system does not only play a role in autoimmunity, but also in organ and tissue transplantation (see 

above), and forensic medicine e.g. paternity tests. 
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11. HIPERSENSITIVITY REACTIONS I: ALLERGY  
(MARIANNA CSILLA HOLUB) 

 

 

 

 

Hypersensitivity reactions are classified into four types by Gell and Coombs. This classification was 

developed according to the type of immune response to the cells involved and to the effector 

mechanism responsible for cell and tissue injury. Recent clinical medicine – just like this paper – 

generally uses this classification, however, this categorization may change as we are getting to know 

the triggering causes and molecular mechanisms of hypersensitivity reactions. For example British – 

not American – literature often mentions an additional Type V category, which is a subcategory of 

Type II reaction in the original classification. 

Table 11.1 summerizes the Gell and Coombs classification of the four hypersensitivity reactions. 

type Reaction Time  

I.: allergic- anaphylactic IgE mediated antigen-antibody 

reaction 
> 30 minutes 

II.: cytotoxic Cell or matrix associated 

antigens connecting IgG 
Hours 

III. Immune complex Tissue deposition of circulating 

immuncomplexes 
Hours 

IV. Cell mediated T cell response to antigens 1-3 days 

Table 11.1 The four types of hipersensitivity reactions 

 

The greater the numbering of the types, the longer it takes for symptoms to develop after exposure to 

antigen. Therefore Type I is called immediate, while Type IV is called delayed type hypersensitivity. 

The severity and development of the clinical symptoms is inversely proportional to the numbering. This 

means that the symptoms induced by an immediate reaction might even lead to death within minutes. 

Therefore, the physician has a very short time to control and reduce symptoms. 

 

11.1. Sequence of events in immediate hypersensitivity reaction / 
allergic disease  

The main biological effect of an allergen is that it induces IgE-mediated, Th2 type immune 

response, causing an inflammatory reaction in general. 

 

1. phase: senzitisation: (in patients with strong genetic predisposition) 

The most characteristic parameters of the allergen are as follows: 

 it is typically presented to the immune system at very low doses (e.g. it has been estimated that 

the maximum exposure of a person to the common pollen allergens in ragweed (Artemisia 

artemisiifolia) does not exceed 1 μg per year) 
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 unprocessed, intact molecule 

 usually soluble molecule with low molecular weight, that is often carried on desiccated particles, 

where they are very stable. A good example for this is the most common allergen component of 

mite feces, Der p1 with a molecular weight of 15 kD (Named after the Latin name of house dust 

mite – Dermatophagoides species)  

 it is generally introduced to the organism on contact with the mucosa (e.g. mucosa of the 

airways), where the soluble allergen elutes from the particle. Many allergens are enzymes that 

facilitate the transmucosal penetration. The already mentioned Derp 1 allergen-component of 

dust mite extract is a cysteine proteinase causing disruption of cellular contacts between airway 

epithelial cells. It degrades tight junction molecules (occludin, ZO-1) and zonula adherens 

molecules (E-cadherin), thus increasing mucosal permeability, and facilitating allergen transport 

to the subepithelial zone, to dendritic cells. 

Allergens may facilitate not only easier access to the body, but also the uptake of the antigen, antigen 

presentation and T cell activation. Owing to its proteolytic property, the house dust mite allergen Der 

p1 induces epithelial cells through the activation of PAR-2 (protease activated receptor 2) molecule, to 

produce pro-inflammatory cytokines (IL-6, IL-8, GM-CSF). This microenvironment is favorable for 

inducing inflammatory reaction. Apart from allegrens, the excretum of the house dust mite contains 

molecules serving as adjuvants that facilitate the uptake by dendritic cells. These adjuvant molecules 

can be bacterial DNA or endotoxin. If TLR-4-inducing endotoxin is predominant, it promotes a Th2-

type response, whereas the predominance of TLR-9 activating hypomethylated DNA leads to Th1-type 

response. So allergens can promote their uptake either by dendritic cells (or other APCs) or by the 

allergen specific B cells.  

The presentation of the processed allergen to appropriate Th2 cells leads to the production of IL-4 and 

IL-13.  

In the microenvironment of allergen specific B cells, IL-4 and IL-13 trigger immunoglobulin class-

switch: IgE type antibody is produced. 

 

Figure 11.1 Senzitisation phase of allergy 
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IgE binds to its receptors. FcɛRI is a high affinity receptor for IgE, it is expressed on mast cells, 

basophils, eosinophils and dendritic cells. FcɛRII is low affinity receptor for IgE, it is found on the 

surface of B cells. The latter one serves as an autocrine costimulatory receptor stimulating IgE 

production further. (Figure 11.1) 

Allergen Der p1 is also a good example: apart from stimulating epithelial cells, it plays a direct role in 

the activation of B cells and T cells (by proteolytic cleavage of CD23 on B cells and CD25 on T cells.) 

Certain allergens, such as Der p1, are capable of inducing degranulation of mast cells and basophils, 

and release of IL-4 and IL-13 in an IgE-independent way.  

2. phase: Immediate reaction: 

There are allergen specific IgE memory B cells and memory T cells (in order to co-stimulate) in the 

organism. Subsequent repeated contact with the allergen boosts the activation of these cells, which 

leads to the generation of an increased amount of IgE. (Figure 11.2) 

Immediate reaction is triggered by the allergens that connect to the IgE molecules bound on the 

surface of mast cells. The cross-linkeage of FcRs by the same allergen causes degranulation of mast 

cells. The released preformed (e.g. histamine) and de novo synthesized (e.g. leukotrienes) mediators 

act locally on the tissue. The main effects of these mediators are:  

 increasing vascular permeability  

 inducing constriction of smooth muscles  

 increasing mucous production  

 recruiting inflammatory cells to the site of allergen exposure.  

3. phase: Late reaction:  

Late allergic reaction is developed hours (2-24 hours) after the exposure of the allergen. (Figure 11.2). 

On the one hand, mast cells respond to the allergen not only by degranulation and release of 

lipidmediators but also by altered gene-expression. This causes the synthesis and release of Th2 

cytokines and chemokines that are responsible for maintaining the process.  

On the other hand, IL-5 released by allergen specific Th-cells and activated mast cells induces tissue 

eosiniphilia. Eosinophils produce additional proinflammatory mediators – leukotrienes, eosinophilic 

cationic proteins, eosinophilic peroxidase and further IL-13 and IL-5. 

 

Figure 11.2 Effector phase of allergic reaction 
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11.1.1. Symptoms of allergy 

The type and the site of entry of the allergen determines the course of an allergic response. It is 

summerized in Table 11.2. 

 

SYNDROME COMMON 

ALLERGENS 

SITE OF ENTRY RESPONSE 

acut urticaria 

(nettle rash) 

insect sting, 

latex 

skin increased blood flow, 

increased local vascular 

permeability 

food allergy peanut, 

fish, 

seafood, 

cow’s milk, 

egg 

ingestion vomiting 

diarrhea 

pruritis (itching) 

urticaria (hives) 

anaphylaxis (rare) 

allergic rinitisz 

(hay fever) 

pollen, 

dustmite feces 

inhalation nasal mucosal edema 

nasal mucous membrane 

irritation 

allergic asthma animal hair, 

pollen, 

dustmite feces 

inhalation narrowing of the airways 

increased mucus secretion 

airway inflammation 

systemic 

anaphylaxis 

drugs, 

animal toxins, 

peanut 

intravanous or 

direct absorption 

through oral 

mucosa 

increased systemic 

vascular permeability 

tracheal occlusion 

circulatory collapse 

death 

Table 11.2 Types of allergy 

11.1.2. Substances responsible for the development of allergic 
syndromes  

The effects of the degranulation of mast cells depend on the tissue environment:  

 In the gastro-intestinal tract it is accompanied by vomiting, diarrhea, abdominal cramps as a result 

of increased mucous secretion and peristalsis.   

 In the airways it is accompanied by bronchospasm, increased mucous secretion, which leads to 

cough, chest tightness and wheeze.  

 Allergic mediators effect the vascular system, as well: increase vascular permeability and blood 

flow, which results in the generation of tissue oedema, inflammation, and cause more effective 

transport of antigens to the lymph nodes. 

 

Formation of urticaria and angioedema are good examples for how the same effects (fluid 

extravasation) cause various histological changes in different tissue environments. Both yield the 

same: there appear transient, pruritic, red wheals with raised intended borders. Urticaria is the 

oedema of the dermis, while angioedema is the oedema of the subcutaneous tissue. (Figure 11.3)  



169 
 

 

Figure 11.3 Formation of urticaria: increased vascular permeability due to histamine causes oedema 

of the dermis. 

 

Allergens getting into the circulation can cause anaphylaxis. It is a generalized allergic reaction 

involving two or more systems:   

 Systemic increased vascular permeability is resulted in drop of blood pressure, the oedema may 

lead to swelling of various tissues (e. g. tongue), the oxigenisation of tissues is decreased, all 

these together causing circulatory collapse and syncope. 

 Constriction of the airway smooth muscles is resulted in bronchospasm, wheezing and shortness 

of breath. 

 Due to the constriction of the smooth muscles of the gastrointestinal tract vomiting and/or diarrhea 

occure. 

11.1.2.1. Substances released by the mast cell 

 enzymes: 

eg. tryptase, chimase, due to which remodelling of connective tissue matrix takes place, 

bronchodilating peptides are degraded, and bronchospasm is developed as a consequence.  

 toxic mediators:  

eg. histamine, which increases vascular permeability, smooth muscle constriction and causes 

itching in skin; 

eg. heparin, that acts as an anticoagulant, preventing blood clotting.  

 cytokines: e.g. IL-4, IL-13, which are Th2 stimulatory cytokines;  

eg. IL-5, that acts as eosinophil stimulator;  

eg. TNF- alpha, that is a proinflammatory cytokine acting on endothelial cells and various 

immune cells. 

 chemokines: eg. CCL3, that recruits monocytes, macrophages and neutrophils. 
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 lipidmediators:  

eg. leukotrienes, which induce smooth muscle constriction, increase vascular permeability and 

mucous secretion as well;  

eg. PAF (platelet activating factor), that recruits leukocytes, and activates neutrophils, 

eosinophils and platelets. 

11.1.2.2. Receptors 

Substances released during allergic reaction exert their effects via receptors, often strengthening each 

others. 

Histamine receptors are present in the skin, gastrointestinal tract, heart, vascular system, pulmonary 

smooth muscle, bone marrow cells, spleen cells, peripheral sensory neurons as well. In the allergic 

reaction three different receptors of the histamine take place: 

- main effects through H1 receptor: increased mucous production, increased heart rate, increased 

vascular permeability and constriction of airway smooth muscle. 

- main effects through H2 receptor: vasodilatation and increased airway mucus secretion  

- main effects through H4 receptor: itching, recruitment of inflammatory cells by direct chemotaxis of 

eosinophils, dendritic cells and mast cells. 

(H3 receptor, that is localized in the central nervous system, plays no role in the allergic reaction.)  

Lipid mediators (prostaglandine, leukotriene) in allergic reaction exert their effects through receptors, 

which are found in the skin, pulmonary smooth muscles and vascular system. The most serious 

consequence of their effect is the contraction of pulmonary smooth muscles, and they also increase 

vascular permeability – in addition to the effects of histamine –, and thus play role in formation of 

hives. 

11.1.3. Allergic cross-reactivity 

 

Figure 11.4 Example for cross reactivity between food and non-food allergens: the same hevein 

domain is found in class I chitinase in vegetables and in latex. 
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The immune system cannot differentiate between different proteins, if they strongly resemble / are 

related to each other. The most frequent allergic cross-reactions develop to latex and fruit, and to 

pollen and fruit.  

Some examples:  

Beech tree pollen – apple, pear, peach, peanut, walnut, celery 

Grass pollen – orange, watermelon, tomato, peanut 

Latex – banana, avocado, kiwi, chestnut, papaya, fig (Figure11.4). 

70 % of the food-allergy sufferers have oral allergy syndrome (O.A.S.) due to cross-reactivity. 

In primary (Class 1) food allergy the senzitizer and the elicitor allergen is the same. The allergen 

enters the body orally, senzitizes as a food allergen and provokes reaction upon subsequent exposure 

to it.  

In secondary (Class 2) food allergy the senzitizer and the elicitor allergens are different. The senzitizer 

is not a foodstuff, it enters the body through the skin or by inhalation. The orally introduced non-

senzitizer, but molecularly very similar food allergen can trigger the allergic reaction upon cross-

reactivity to the senzitizer one. A frequent secondary food allergy causing substance, as a common 

„environmental factor” of health-care workers, is latex. Latex is found in natural rubber, which is the 

most common material of medical examination gloves. The allergen of the latex is the chitin binding 

domain called hevein. It is found in class I chitinase enzymes of many fruits – such as avocado – as 

well. Such evolutionary conservative, ubiquitously distributed allergens are called pan-allergens 

(Greek prefix "pan" means "all"). 

11.1.4. Food intolerance and food allergy  

Food components often elicit allergic reaction, but it is very similar to the symptoms of the so-called 

food intolerance. Food intolerance is not identical with food allergy.  

1. Hypersensitivity, if immune system plays role in the reaction: 

- True hypersensitivity to foods is mostly IgE-mediated reaction, in which IgE triggers degranulation of 

mast cells. This type of food allergy, as we have seen previously, can be primary or secondary. 

- However, there is non-IgE-mediated hypersensitivity as well. Gluten sensitive enteropathy is T cell 

mediated food allergy. (See later in Chapter Type IV hypersensitivity) 

2. Intolerance, if the immune system plays no role in the reaction:  

- A non-immune mediated food hypersensitivity may cause anaphylactoid reaction. In this case, the 

triggering foodstuff is capable of inducing direct mast cell or basophil degranulation. This is the so-

called pseudoallergy. (See following paragraph) 

- Food intolerance can occur without mast cell degranulation.  

One example is sensitivity to cow’s milk. The onset of true milk allergy is in infancy, and is triggered by 

the cow’s milk protein (casein). Milk intolerance or lactose intolerance is a hypersensitivity to the sugar 

in milk (lactose). It is caused by the inability to digest lactose by the enzyme lactase. Lactase 

deficiency develops naturally because after two years of age the body decreases the production of it.   

A genetic polymorphism in the regulatory region of the lactase gene is responsible for lactase 

persistence (lactose digesting ability) in adulthood.  
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11.1.5. Anaphylactic vs. Anaphylactoid reaction 

The immune system in pseudoallergy is excluded from the generation of symptoms, because the 

triggering substance is capable of inducing direct mast cell or basophil degranulation, thus causing 

histamine release.  

Hence the response is elicited when the body first encounters the antigen. The following table 

summerizes the most common substances that trigger an anaphylactic or anaphylactoid reaction. 

 

Anaphylactic / Allergic/ IgE-mediated 

 

Anaphylactoid direct mast cell secretion 

/ pseudoallergy 

• Foods (particularly nuts and seafood)  

• Drugs (particularly beta-lactam 

antibiotics)  

• Insect stings/bites (bees, wasps and 

fire ants)  

• Latex  

 

• Drugs (particularly nonsteroidal anti-

inflammatory agents (NSAIDs), aspirin, opioids) 

• Radiographic contrast media (CT/MR) 

• High histamine-containing food (red wine), 

bacterial toxins generated from histidine 

(scombroid fish - fish that were inadequately 

refrigerated or preserved after being caught) 

Figure 11.3 The most common substances triggering anaphylactic and anaphylactoid reaction 

11.1.5.1. Drug-induced pseudoallergy 

Medically, CT and MRI examinations are considered high risk factors in this regard. The intravenous 

administration of contrast media causes anaphylactoid reaction in 10% of the patients. The exact 

molecular mechanism is not yet known, presumably the ionic composition of the contrast media, its 

chemotoxicity and osmotoxicity influence the stability of cell membranes of various cells, including 

mast cells, and this leads to release of vasoactive substances.  

Rarely, non-steroidal anti-inflammatory drugs (e.g. ibuprofen) and acetylsalisylic acid (e.g. aspirin) can 

cause anaphylactoid reactions. These anti-inflammatory drugs inhibiting cyclo-oxigenase-1 (COX-1) 

block the synthesis of prostaglandine. It is thought that this inhibition results in the shunting of 

arachidonic acid metabolism toward the 5-lipoxygenase pathway, resulting in the increased release of 

pro-inflammatory leukotrienes (LT-A4, -B4,-C4, -D4). Some synthetic food coloring dyes chemically 

similar to such drugs (e.g. Tartrazin/E102) can give the same reaction.  

11.1.5.2. Food-induced pseudoallergy 

Histamine rich foods e.g. red wine can cause pseudoallergy. In healthy individuals histamine is 

degraded by deamination. DAO (diamine oxidase) is the main enzyme for the metabolism of ingested, 

extracellular histamine. It is expressed most abundantly in the small intestine, therefore inhibiting 

transepithelial permeation of diatery histamine. In individuals with impaired DAO-activity (or if DAO is 

completely absent) diatery histamine uptake is increased, and histamine enters the circulation. In the 

blood it provokes the same effects as endogenously released histamine. The impaired activity or 

absence of DAO can be congenital enzyme deficiency or can be associated with inflammatory 

gastrointestinal disease (e.g. Crohn’s disease). Under these pathological conditions, altered 

enterocytes may produce less amount of DAO. Rarely alcohol (e.g. red wine) or drugs (e.g. 
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cephalosporins) that block DAO are responsible for the decreased histamine metabolizing capacity. 

Histamine intolerance, as a genetically determined DAO deficiency, is a metabolic disease. It has 

been shown, that certain SNPs (single nucleotide polymorphisms) in the DAO gene are associated 

with various gastrointestinal diseases, which provides an evidence for a genetic predisposition in 

some individuals with histamine intolerance. 

(The other enzyme that metabolizes histamine, HNMT (histamine-N-methyltransferase), is a cytosolic 

protein that is expressed in the greatest amount in the liver. HNMT deaminates histamine in the 

intracellular space of cells that formerly have taken it up it.) 

In some improperly stored food, the histamine content can rise to such high levels that it causes 

histamine poisoning even in healthy persons with normal DAO activity. The most common example for 

it is scombroid fish poisoning. Although the symptoms are the same as in true fish/seafood allergy, it is 

not an IgE mediated protein-allergen provoked hypersensitivity. In fish poisoning bacterial 

decarboxylation of histidine, naturally found on fish, into histamine, takes place. It occurs at 

temperatures higher than 15°C. (Since histamine is a heat-resistant molecule, once it is produced, it 

cannot be removed either by cooking, freezing or smoking.) 

From a practical, clinical point of view, it is essential that CT and MRI contrast media can not be used 

for patients with histamine-intolerance, or if it is necessary, only after proper antihistamine treatment. 

11.1.5.3. Pseudoallergy induced by physical factors and emotional stress-

induced pseudoallergy 

Pseudoallergy can be caused by physical factors: exercise, heat, cold, as well as stress. In all cases, 

degranulation of mast cells is in the background, but the exact mechanism of action is still unknown. 

The symptoms are never as serious as in case of factors that enter the body passing through the 

mucosa, such as drugs or foods. The symptoms mostly appear as hives. 

The development of the exercise-induced, so-called cholinerg urticaria is basically related to the 

thermoregulatory process of the body. Its name, cholinerg, is based on empirical factors, since in 

these patients acetylcholin injection also triggers hives. However, it is still not known what the role of 

acetylcholin is in the development of the symptoms.  

Cold-allergy can be provoked by contact with any cold physical agent: apart from cold weather, air-

conditioning, ingestion of cold food or drink, swimming in cold water, even cold sweat on skin. The 

mechanism why the mast cell membrane is destabilized is still not known. Its oppositeis heat allergy, 

which is provoked by contact with fluids etc. above 43C, also in an unknown way. Pseudoallergy that 

is caused by emotional stress and psychological pressure is very rare. 

11.1.6. Sunlight allergy 

It is worth dealing with sunlight allergy in a separate paragraph, because though it is triggered by a 

physical factor, it causes IgE mediated mast cell degranulation. The photoallergens include a broad 

spectrum (290-800 nm), and subtypes of it are distinguished by the wavelength that triggers the 

reaction. It seems that radiation acts on a photosensitive molecule, and creates a chemical in the body 

causing allergic reaction, that manifests in urticaria. 
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11.2. Diagnosis of allergy 

Diagnostic tests detect the substances released by the mast cells, or the allergen specific IgE 

antibodies. 

In case of IgE-independent pseudoallergy, apart from detection of mast cell degranulation, 

simultanous detection of serum DAO level can also be done. 

In current clinical practice, the most common allergy tests are the following:  

1. serum tryptase assay - measurement of serum levels of tryptase released from mast cells. It 

peaks one hour after an anaphylactic/ anaphalactoid reaction and remains elevated for 

approximately six hours. 

2. urine histamine assay (histamine elevation is transient in serum, too short lived to assay) 

3. skin testing / Prick testing: Epicutaneous or intradermal application of a sensitizer in vivo 

demonstrates the rate of mast cell degranulation. 

Formerly allergen was introduced with a syringe needle, today there are many alternatives for it. 

The skin is generally pricked through the drop of a tiny amount of allergen using the tip of a Prick 

lancet (Morrow-Brown lancet). A current trend of skin testing is when the skin of the patient is 

scratched by a multiheaded device, loading different allergen extracts simultaneously on it. (e.g. 

Multi-test http://www.lincolndiagnostics.com/)  

In each case, both a negative and a positive control is included in skin testing. The negative 

control is a glycerol-saline solution (generally PBS), the positive control solution contains 

histamine in 1,8 mg/ml. A general skin test screens with 8-40 antigen panel, including extracts of 

regional tree, grass and weed pollens, epidermals (cat, dog, feathers), dust mite mix, cockroach, 

moulds. Besides standard tests, there are special allergen-tests as well. (For example tests for 

food allergy involve antigens of milk, egg-white, soy, rice, wheat, rye, potato, sesame, oats, 

sesame, grape, pear, strawberry, raspberry, banana, kiwi, celery, paprika, latex, tomato, beef, 

chicken, pork, lamb, tuna, cod, herring, shrimp, mussels, peanut, hazelnut, brazil nut, almond, 

pistachio, pecan and cashew). 

About 15 minutes after the skin pricks, the signs of allergic reaction are observed. The 

degranulation of mast cells leads to the development of a raised, red, itchy bump (wheal). The 

bump's size is measured: the reaction is positive if the diameter of the wheal is larger than 3 mm. 

Test results are graded 0 to 4+, see table below.  

+++ = wheal size same as positive control glycerinated histamine 1.8mg/ml 

++++ = wheal larger than control 

++ = wheal 2/3 of control 

+ = wheal 1/3 of control 

 
There are some allergies that can only be detected by this method (eg. sun allergy), but 

substances causing IgE-independent direct mast cell degranulation also give this reaction. .  

The presence of allergen-specific IgE in patient's serum can be detected in many ways: 

4. RAST (RadioAllergoSorbent Test): measurement of allergen-specific IgE in vitro.  

RAST is a solid-phase technic in which allergens are coupled to a paper disc.  

http://www.lincolndiagnostics.com/
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The dipstick is placed in the patients blood. The coupled allergens bind to the IgE in the sera of 

patients, which in turn binds to radioisotope-labeled anti-IgE antibodies. Gamma counter scores th 

binding of radioactive IgE. (Class 0 to Class 5) 

RAST testing has advantages over skin-prick testing: much more antigens can be tested at the 

same time, and it does not have any risk of adverse reaction, being a very safe way to detect food 

and drug allergies. 

5. Lateral-flow immunochromatography: Rapid visual screening test for the detection of allergen-

specific IgE antibodies in human serum (in vivo) 

The method is also discussed in Chapter 2. In this case, the solubilized detector molecule is the 

allergen-extract that binds to the allergen-specific IgE in the patient’s blood. Then capillary action 

draws the fluid mixture to move up the membrane until it reaches the capture molecule, which is 

an anti-IgE antibody. If the test is positive, a colored line develops. 

6. Allergen microarrays: Recombinant allergens that contain most of the relevant epitopes that are 

present in various allergen sources can be produced by molecular cloning. The recombinant 

allergen molecules can be used to establish multi-allergen test systems, such as allergen 

microarrays. The recombinant antigen epitopes are printed on a glass plate, incubated with serum 

IgE, then detected by fluorescently labeled anti-human IgE. The fluorescence intensity is read, 

and a software evaluates the data. This high-throughput assay rapidly measures allergen-specific 

IgE in sera and explores the relative allergenicity of different allergen fractions. (i.e. in case of a 

pollen: surface, cytoplasmic, commercial extracts). Therefore, this assay facilitates the 

determination of the reactivity profile of an allergic patient. (Figure 11. 5.)  

 

Figure 11.5: Determination of reactivity profile by allergen microarray 

 



176 
 

7. Immuno RCA (rolling circle DNA amplification): using rolling circle amplification (RCA) is a kind of 

method of moleculargenetics (see in Genetics). Immuno RCA can simultaneously detect allergen-

specific IgEs for multiple allergens in patient’s samples using a specific microarray system. In this 

array, a reporter antibody conjugated to an oligonucleotide binds to a serum IgE that is captured 

on a solid surface by a capture anti-human-IgE antibody.  

 

11.3. Therapy of allergy 

A patient can be oligosensitized, who is sensitized against few allergen molecules, or polysensitized, 

who is polysensitized against a great variety of immunologically unrelated allergen molecules, 

respectively. 

In oligosenzitized patients avoidance of allergen, hyposensitization / desensitization therapies, in 

polysensitized patients drug therapy can be carried out. 

11.3.1. Drug therapy 

Drug therapy is used for inhibition of mast cell degranulation, for blocking the effects of released 

mediators, or for returning the already developed symptoms. (Figure 11.6) Depending on the severity 

of hypersensitivity, different drugs should be applied according to a treatment protocol.  

 Adrenaline / epinephrine: It is the most important drug, which must be administered immediately in 

anaphylaxis. Epinephrine is the unique physiological antagonizing substance that reverses the 

effects of histamine and thereby anaphylaxis.  

It decreases membrane permeability and suppresses any further release of mediators by 

increasing cAMP levels in mast cells. 

Epinephrin effects the same target cells as histamine. 

It has alpha-agonist effects: it contracts blood vessels, reverses peripheral vasodilatation and 

vascular permeability, raises blood-pressure, reduces oedema, and stops itching and hives. 

Through beta-adrenergic receptor it relaxes smooth muscles - widens air passages in the lung, 

relieves gastrointestinal cramping; makes the heart pump faster. 

Adrenaline (epinephrine) needs to be readministered every 10 to 15 minutes in order to keep on 

reversing the effects of the released histamine.  

 Antihistamines: they are histamine receptor-binding antagonists, that block the action of histamine 

on target cells, and protect the tissues from its effects. Since antihistamines do not stop the 

allergic reaction or the anaphylaxis, they should be used 2-3 days after epinephrine treatment of 

the acute anaphylactic event. 

 Glucocorticoids: glucocorticoids are general immunosuppressors and have anti-inflammatory 

effect (independently from the cause of inflammation). They act by inhibiting genes that code for 

the cytokines (IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-8 and IFN-γ) involved in inflammation. They inhibit 

chemotaxis, adhesion and transmigration of inflammatory cells and leokocytes.   

Molecular mechanisms of their anti-inflammatory actions: 

1. inhibition of the expression of multiple inflammatory genes  
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2. stimulation of the synthesis of annexin-1 (lipocortin-1) of innate immune cells. Annexin-1 acts on 

paracrine and autocrine way as well. By blocking Phospholipase-A2 it inhibits the synthesis of 

eicosanoids, such as prostaglandines and leucotrienes.   

 Calcium and sodium cromoglycate: mast cell membrane stabilizers, inhibit degranulation. 

 Leukotriene antagonists: lipoxygenase-inhibitors, reducing the production of leukotrienes 

 

Figure 11.6 Drug therapy in allergy: How the different drugs inhibit mast cell degranulation / 

substances released. (The physiological effects of adrenaline / epinephrine are not shown in the 

figure, see text) 

11.3.2. Immunotherapy: (Hyposensitization / desensitization) 

 Allergen-specific immunotherapy (SIT):  

Antigen-targeted immunotherapy is suitable in case of patients with established allergy only for 

one / few allergens.  

By this process, a tiny amount of highly diluted allergen-extract is administered most often as a 

subcutaneous injection (SCIT). Then serial injections of increasing amounts of allergens are 

injected. The process involves one or two injections per week and lasts for three to six months, 

until the amount of the allergen reaches a maintenance dose. The duration of the follow-up phase 

in total is 3-6 years. In this phase the patient gets the highest amount of the allergen repeated 

periodically. SIT (even the injection of the lowest dose of the allergen) is always carried out under 

strict medical supervision in hospital, due to the risk of an accidentally developed anaphylaxis. 

SIT modifies either cellular or humoral responses to allergen too, it is resulted in the development 

of immune tolerance against the allergen. In the lack of inflammatory stimuli, dendritic cells (DCs) 

which meet the allergen are partially matured. These DCs have a tolerogenic influence on the 

differentiation of T cells in lymph nodes. It is resulted in the generation of peripheral, IL-10 and 
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TGF-beta producing regulatory T cells (Tr1). Therefore, the ratio of the DC-induced allergen-

specific T cell population is changed, the ratio of allergen specific Th2 cells decreases. Apart from 

Tr1 cells, innate cells of the immune system also increase the production of IL-10 and TGFbeta. 

These regulatory cytokines presumably contribute to immunoglobulin isotype switching to IgA and 

IgG. These immunoglobulins compete with IgE for allergen-binding (blocking antibodies), thereby 

inhibit allergen exposure on cells, that have FcR, and inhibit IgE-mediated allergic reaction. 

An alternative way of allergen-specific immunotherapy is the so-called sublingual immunotherapy 

(SLIT), when allergen is administered orally. The process has been found more safe than SCIT, 

causing anaphylaxis less frequently. However, its efficacy is less in adults compared to infants, 

with whom SLIT is very successful, for example in case of cow’s milk allergy. A large proportion of 

children under age 7 „grow out” of their food allergies (cow’s milk, strawberry…). It may happen 

due to the continuous presence of low doses of allergens that facilitate the generation of natural 

oral tolerance. Since immune system of infants is unmatured, orally administered cow’s milk in 

increasing doses facilitates the generation of this natural tolerance. (Figure 11.7). 

 

Figure 11.7 Allergen specific desensitization therapy: Repeated administration of the sensitizing 

allergen induce the increased production of allergen specific IgG, which are competing with IgE for 

the allergen binding (blocking antibodies). 

 

 Prophylactic vaccination: it is the immunotherapy of the future. In infants hypoallergenic allergen 

extracts induce the generation of allergen-specific IgG antibodies in high levels, which will form 

complexes with allergens and thus probably prevent sensitization and production of allergen-

specific IgE. Thereby IgE level remains low even in the presence of natural allergen. 

 Monoclonal antibody therapy: monoclonal specific antibodies bind to and neutralize the effects of 

IgE or allergy-related cytokines. Monoclonal IgE specific antibody (Omalizumab) is already 

available in clinical practice, but it can be administered only for asthmatic patients (with severe 

allergic asthma), for whom glucocorticoid therapy is not effective.   
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11.4. Questions 

11.4.1. True allergic reaction  

1) When does sensitisation happen? 

2) Why are swelling of the face, tightness of the throat and vomiting symptoms of an immediate 

allergic reaction?  

3) What is the name of marked swelling of eyes and neck with a generalised urticarial eruption? 

4) Why is the patient administered adrenaline (epinephrine) following the reaction? 

5) Why is glycocorticoid administered? 

6) Why is antihistamine administered? 

7) Why can the allergic incident be repeated hours after antigen exposure? 

11.4.2. Diagnosis 

8) What do the elevated levels of serum tryptase and urine histamine show? 

11.4.3. Therapy  

9) Why is it good that there is a rise in IgG levels of patients’ sera following desensitisation?  
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12. HYPERSENSITIVITY REACTIONS II: TYPE II-IV 

HYPERSENSITIVITY REACTIONS  
(MARIANNA CSILLA HOLUB) 

 

 

 

 

Type II and type III hypersensitivity reactions are also based upon antibody-antigen interactions. 

However, the formed immune-complexes are generated in different ways. In case of type II, antibodies 

bind to fixed antigens on particular cells or in extracellular tissues, while in case of type III reaction, the 

antigen is a cell-independent soluble substance, so the formed antigen-antibody complexes are 

circulating in blood. 

 

12.1. Type II hypersensitivity reaction 

Antibody-mediated diseases are produced either by antibodies that bind to antigens on particular cells 

or in extracellular tissues, or by antigen-antibody complexes that form in the circulation and are 

deposited in vessel walls. 

Type II reaction is produced by IgG antibodies that bind to antigens on particular cells or in 

extracellular tissues. The antigens can be extrinsic, meaning that it comes from the outside and is 

absorbed onto host cells, tissue surfaces during exposure; or they can be intrinsic, naturally occuring 

antigens. Antibodies against tissue antigens cause disease by three main mechanisms:  

 The antibody-coated cells become sensitive to complement mediated lysis, to antibody dependent 

cellular cytotoxicity (ADCC) and to the phagocytosis by phagocytes that express Fc receptors and 

complement receptors, since both antibodies and certain complement components opsonize cells. 

All of these effector mechanisms lead to the destruction of the cell. 

 Immobile immune complexes deposited in tissue induce frustrated phagocytosis of recruited 

neutrophils and macrophages. The released lysosomal products, including lytic enzymes and 

reactive oxygen species cause injury of not only a unique cell population, but of the tissue in the 

wider surroundings.  

 In certain cases antibodies may inhibit or stimulate the normal function of the antigen expressing 

cell (eg. blocking autoantibodies against acetylcholine-receptor inhibits acetylcholine binding in 

Myasthenia gravis (MG)). In such cases direct tissue damage can also occur. (For example in MG, 

complement mediated damage of postsynaptic end plate causes loss of acetylcholine receptors, 

which leads to insufficiency in depolarization.) 

12.1.1. Type II hypersensitivity to an extrinsic antigen (examples) 

12.1.1.1. Neonatal haemolytic anaemia 

It is also called erythroblastosis fetalis, when abnormal breakdown of red blood cells takes place in 

newborns. In the first pregnancy foetal red blood cells with paternal antigens can enter the circulation 
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of the mother through placenta. These cells are sensed as non-self by the maternal immune system. 

The mother starts to create antibodies against these antigens, which in a subsequent pregnancy enter 

the foetus transplacentally and mediate damage of foetal red blood cells, resulting in haemolytic 

disease of the foetus/newborn. Sensitization of the mother can occur anytime „foreign” blood mixes 

with the mother’s blood, for example at former miscarriage, induced abortion, even blood transfusion. 

In these cases red blood cells of the first (alive) foetus may be targets of the antibody mediated 

damage. 

The leading cause of neonatal haemolytic anaemia is Rh incompatibility between mother and foetus. 

Antigens of the Rh blood group system are encoded by RHD and RHCE genes. The dominant D allele 

of RHD encodes the D protein, which determines whether one is Rh+ or Rh−, while RHCE encodes 

non-RhD proteins. In the Caucasian population the most common Rh haplotype is DCE (D+).    

Less commonly, ABO and Kell (CD238) blood group incompatibility can cause foetal haemolysis (less 

than 1% of births), but symptoms are milder and do not worsen by further pregnancies.  

Newborn jaundice is caused by increased amount of bilirubin due to haemolysis. The liver is incapable 

of removing bilirubin to the bile, which causes yellow pigmentation of the skin. (High concentration of 

bilirubin is toxic and causes brain damage.) Phototherapy of newborns induces rapid breakdown of the 

bilirubin.  

12.1.1.2. Type II hypersensitivity in case of organ transplant 

Transfusion reaction occurs if ABO blood type of a donor and a recipient mismatch. 

Allogenic HLA of the donor, as an antigen, induces hyperacute graft rejection of an organ transplant.  

12.1.1.3. Drug – induced type II hypersensitivity 

In drug induced hypersensitivity reactions drug molecules are adsorbed to the cellular components of 

the blood and create a new antigenic complex in combination with the membrane. 

- Haemolytic anaemia: the drugs or 

metabolites that connect to the 

erythrocyte membrane are generally 

penicillin derivatives (also tetracyclines)  

- Thrombocytopenia: The drugs or 

metabolites which connect to the 

thrombocyte membrane are generally 

quinines. 

- Agranulocytosis: the drugs or 

metabolites that connect to the 

granulocytes are generally pyrazolones. 

 

Figure 12.1 An example for drug-

induced type II hypersensitivity 



12.1.2. Type II hypersensitivity induced by intrinsic antigen-
autoantibody complex (examples) 

12.1.2.1. Goodpasture syndrome  

In this disease the antibody binds to the Goodpasture antigen that is found in the kidney and the lung. 

This antigen is a component of the alpha-3 chain of collagen type IV and is expressed on the 

basement membrane of the glomeruli and alveoli, therefore these organs are affected by the damage.  

12.1.2.2. Myasthenia gravis (MG) 

Blocking/inhibitory antibody against acetylcholine receptor (AchR) binds to the receptor on the 

postsynaptic membrane of neuromuscular junctions, causing neuromuscular blockade. As the disease 

is often associated with thymic tumors, it is assumed that a postulated cause of the generation of 

autoantibodies is the tumor-like overexpression of a homologous protein to acetylcholine receptor in 

thymus. The exact cause and mechanism has not yet been determined, but is hypothesised that 

myoid cells of the thymus sensitize T-cells, which in turn help the activation of B-cells producing high 

affinity AchR-specific IgG antibodies. This hypothesis is supported by in vitro experiment, in which 

cultivated thymic cells derived from MG patients were able to induce the production of anti-AchR 

antibodies. In 1:8 ratio babies of MG mothers show transient symptoms of MG (for 2- 3 weeks) that is 

caused by the transpacental transfer of antibodies from the mother.  

12.1.2.3. Graves’ - Basedow disease 

A stimulating antibody against TSH-receptor mimics TSH; thereby it induces overfunction of thyroid 

gland, which leads to hyperthyreosis. These stimulating antibodies transfer from the mother to the 

foetus via the placenta, as well. Therefore it is particularly important to monitor antibody and hormone 

levels of such mothers during pregnancy. 

12.1.3. Diagnosis 

1. Detection of deposited antibodies on target cells (in the body of newborn / transfused or 

transplanted patient / drug-treated patient / MG or Grave’s patient.) 

By direct agglutination test:  

- Coombs test or DAT (direct antiglobulin test): 

The antibody-covered cells react with Coombs reagent and then agglutinate. (The Coombs 

reagent is goat serum containing anti-human IgG/IgM/C3 antibodies) 

- Micro-column test: 

The antibody coated cells are loaded into the micro-column, in which there is a high density 

medium containing anti-human IgG/IgM/C3 antibodies. During centrifugation the antibody-

coated cells are caught by the antibodies. During the next centrifugation steps these 

agglutinates are not able to pass through a sepharose gel matrix in the bottom of the column. 

The antibody covered cells remain on the surface of the gel matrix.   
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2. Detection of antibodies circulating in the blood (serum antibodies in the body of expecting mother / 

transplant recipient / drug treated patient)  

By indirect agglutination test: 

- Indirect Coombs test:  

Rh+/donor blood sample is added to the serum containing antibodies. If, in the presence of 

Coombs reagent, agglutination of red blood cells occurs, it indicates the presence of 

antibodies in questioned serum. 

12.1.4. Therapy 

The primary aim of therapy is to avoid antibody-antigen interaction. The folloeing two examples 

illustrate how the symptoms can be eliminated by immunological interventions.  

1. Prophylactic anti-D (immunoglobulin against Rh-factor) therapy of pregnant mothers involves 

intramuscular administration of anti-D IgG for Rh negative mothers within 72 hours of childbirth or 

after spontaneous or induced abortion. Anti-D immunoprophylaxis can be carried out after the 12
th
 

week of gestation during subsequent pregnancies. By this passive immunization foetal red blood 

cells, which may enter the circulation of the mother, will be covered by anti-D antibody that 

induces the possible effector mechanisms as follows (Figure12.2): 

- Interaction of anti-D coated foetal red blood 

cells with FcγRI and FcγRIIIa on maternal 

macrophages leads to phagocytosis and 

destruction of the cells, so the foetal cell will 

not get in contact with Rh specific B cells of 

the mother. 

- In case the foetal cells do meet the specific 

maternal B cells, B cells remain anergic, since 

all D antigens are masked with administered 

anti-D. 

-  In case maternal B cells connect to the 

corresponding Rh epitope on foetal red blood 

cells, the anti-D antibodies (IgG) will inhibit 

the activation of maternal B cells by negative 

antibody feedback mechanism.  

 

Figure 12. 2 Negative costimulatory effect of 

anti-D immunoglobulin 

2. In case of inhibitory and stimulating autoantibodies, the causes (generation of autoantibodies) 

cannot yet be diminished. 

For MG patient’s, removal of the thymus (thymectomy) is one type of treatment, in other cases 

administration of drugs such as cholinesterase inhibitors can cure the symptoms. In severe forms 

of myasthenia gravis, the autoantibodies are removed from the patient’s circulation by 

plasmapheresis, or intravenous antibodies are administered to inhibit the effects of AchR-

autoantibodies. Of course, there are several other, non-immunological medications to relieve 

symptoms of MG.   



184 
 

12.2. Type III hypersensitivity (immune complex diseases) 

The antigens of immune complexes can be either exogenic, such as drugs or infectious agents, or 

endogenic, such as DNA in systemic lupus erythematosus (SLE). The amount of antigens generally 

excesses the amount of antibodies specific for them. 

Antibody with low affinity favours the formation of immune complex: low affinity antibody is less 

efficient in immune elimination, which favours its production, persistence and ability of immune 

complex formation. 

The size of immune complexes also influences the effects of the complex. Large complexes, in case 

of equilibrium of antibody-antigen amount, are removed by the phagocytes. In antibody excess, the 

formed small complexes do not tend to deposit in vessel walls.  

Generation of tissue damaging immune complexes: 

 They are generated in the circulation, and then deposited in vascular walls. Immune 

complexes with cationic antigens connect to the negative charged anionic sites of the 

basement membrane in vessel walls and renal glomeruli with increased avidity. The degree of 

deposition depends not only on the size, but also on the type of antibody in immune complex. 

The most typical and most effective antibody class concerning tissue damage is IgG. 

Sometimes IgM, rarely IgA occurs in immune complexes. 

 They can be formed in situ, next to the tissue-site where the generation of an antigen takes 

place.  

Deposition of immune complexes generates an inflammatory response, which has been shown to be 

mainly complement mediated. The activated complement system generates active peptides, such as 

C5a, which increases vascular permeability, induces vasodilatation and recruits inflammatory cells. 

Recruited neutrophils, basophils and macrophages bind to immune complexes through Fc receptors 

and become activated, as well as thrombocytes. Thrombocytes, mast cells and basophils release 

vasoactive amines which further increase vascular permeability, neutrophils and macrophages 

respond by frustrated phagocytosis. The released toxic agents damage local environment of the 

immune complex and lead to the damage of blood vessels. The mechanism of tissue injury is 

independent from the site of immune complex deposition. 

The consequences of tissue damage depend on the site of immune complex deposition. According to 

the frequency of the incidence of immune complex depositions, the most affected tissue is the skin, 

then the kidney, the gastrointestinal tract and the joints, and least the central nervous system. If the 

immune complex is deposited in blood vessel walls, it causes the inflammation called vasculitis. In 

case of immune complex deposition along the basal membrane of the kidney, glomeruli 

glomerulonephritis, while in case of depositions along the synovial membranes of joints, arthritis is 

induced.  

Examples for type III hypersensitivity diseases: 

 Arthus reaction – IgG immune complex-mediated disease, occurs usually in the skin.  
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 Henoch–Schönlein purpura – affects the vasculature of the skin and kidney, by IgA-immune 

complex. 

 After infections – e.g. post streptococcal glomerulonephritis or endocarditis caused by immune 

complex with group A beta-hemolytic streptococci, which is responsible for causing sore 

throat.  

 SLE – chronic systemic autoimmune disease, affecting the skin, kidney, joints, heart and the 

serous membranes.   

 Acute serum disease – systemic disease due to the deposition of IgG-immune complexes, 

which results in vasculitis, glomerulonephritis, arthritis. 

12.2.1. Example for local immune complex disease 

Farmer’s lung - this disease usually occurs among agricultural workers, especially among diary and 

grain farmers who are exposed daily to dust from fodder, hence the name.  

The typical antigen causing the disease is a bacterium – Thermoactinomyces –, inhaled from the 

mouldy hay. Contrary to type I hypersensitivity, in this case the antigen is found in large quantities in 

the environment of the patient. 

Symptoms of the disease: (local) inflammation of the lung tissue (pneumonitis).  

For immunological diagnosis, tests that detect both the presence of antibodies and the bacterial 

antigen in the blood, are used, for example: 

 Immunodiffusion: precipitation assay  

 Complement fixation 

 Latex agglutination 

12.2.2. Example for acute systemic immune complex disease 

Serum sickness: 

The causative can be a drug e.g. penicillin. 

The symptoms develop within 7-10 days after the initial antigen exposure: vasculitis, 

glomerulonephritis and arthritis. 

For immunological diagnosis the same tests are used as previously discussed in 12.2.1. 

12.2.3. Example for chronic immune complex disease 

Systemic lupus erythematosus (SLE) is one of the best characterized immune complex diseases, in 

which pathological autoantibodies bind to soluble nuclear autoantigens. The causatives, the symptoms 

and immunological diagnosis of SLE are discussed in details in Chapter 10.  

Since in cases of type I, type II and type III hypersensitivity reactions antibodies play an equal role in 

mediating the effector mechanisms, and in each cases the same molecule can act as the triggering 

http://www.mrmason.ca/SecondYear/IMG_3190.jpg
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antigen (eg. penicillin), it is important to see the main differences of these mechanisms. It is 

summarized in Table 12.1. 

 

Type III. drug-induced serum 

sickness 

Type I. drug allergy Type II. drug-induced 

anaemia 

Penicillin 

 

Penicillin 

 

Penicillin 

 

Penicillin-protein 

 

Penicillin-protein 

 

Penicillin-red blood cell 

 

IgG 

 

IgE 

 

IgM, IgG 

 

IgG immune complex 

In circulation 

 

IgE-mast cell 

 

Complement 

 

Deposition and tissue injury Systemic anaphylaxis Red blood cell lysis 

 

Table 12.1 Type I-III hypersensitivity 

12.2.4. Therapy  

Besides various anti-inflammatory drug treatments, elimination of the offending antigen or removal of 

the antigenic source gives the best results. In acute severe situations, plasmapheresis is used to 

remove not only circulating immune complexes, but other immunoglobulins, complement, 

autoantibodies, cytokines, which take place in the formation of the disease. In chronic situations (eg. 

SLE) where the elimination of autoantigens is impossible, therapeutic blocking antibodies (B cell 

blockers, CD40L blockers) can be applied, by which the number of B cells, including autoantibody 

producing B cells, can be reduced. Early pre-clinical trials are being tested, which aim to establish 

tolerance against the yet known antigens. 

 

12.3. Type IV hypersensitivity – Delayed type hypersensitivity 

It is a late type reaction, because the symptoms appear more than 12 hours, typically days after the 

antigen exposure. 

Instead of connecting to antibodies, the antigen induces cellular immune response: the responding 

cells are CD4+ Th1 (rarelyTh2), CD8+ Tc cells, macrophages and basophils.   

During sensitization, CD4+ Th1 cells are activated. The antigen recognizing Th1 cells release 

cytokines (IFN-gamma, IL-2, TNF-beta, TNF-alfa, GM-CSF, IL-3) to stimulate activation and 

accumulation of macrophages and cytotoxic T cells at the site of antigen exposure. These cellular 

contributors release factors damaging the tissue. 

The following table summarizes the characteristics of the three subtypes of type IV hypersensitivity: 
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SYNDROME ANTIGEN SYMPTOMS 

Late type 

hypersensitivity 

Proteins: 

Insect protein 

Mycobacterial protein 

(tuberculin, lepromin) 

Local skin swelling: 

Erythema (redness) 

Induration (hardening) 

Cellular infiltration 

Dermatitis 

Contact hypersensitivity 

Haptens: 

Pentadeca-catechol (poison ivy) 

Paraphenylene diamine (hair stain) 

Metallic ions: Nickel, Chromium 

Local skin reaction: 

Erythema 

Cellular infiltration 

Blisters 

Intra-epidermal foci 

Gluten sensitive 

enteropathy/ Celiac 

disease/ flour sensitivity 

Gliadin (grain protein) 

Atrophy of microvilli in the small 

intestine 

Malnutrition 

Damaged exocrine secretion of 

pancreas 

Table 12.2 Subtypes of type IV hypersensitivity 

12.3.1. Delayed type hypersensitivity (DTH) skin test  

In clinical practice these skin tests are used to monitor if prior exposure to an infection has occurred. If 

the organism has met with the infectious agent’s antigen, there is an intense skin reaction given by T-

memory cell-mediated immunity. (The test does not show whether the patient is currently infected with 

the pathogen or there was a previous exposure to the antigen.) Several skin tests are used: in 

Mantoux or tuberculin-test infection with Mycobacterium tuberculosis (TB), in lepromin test infection 

with Mycobacterium leprae (leprosy), in histoplasmin-test infection with Histoplasma capsulatum (the 

most common cause of fungal respiratory infections), in candisin test infection with Candida albicans 

is detected respectively. 

Example for DTH skin-testing: tuberculin test / Mantoux test (Figure 12.3) 

It is used to detect TB infection. 

Previous BCG vaccination may cause 

a positive reaction to the TB skin test. 

The size of a TB skin test reaction in a 

BCG-vaccinated person does not 

determine if the reaction is caused 

by latent TB infection or the prior BCG 

vaccination.  

 

 

 

Figure 12.3 

Tuberculin test / Mantoux test 

 
 

http://www.cdc.gov/tb/topic/basics/default.htm#ltbi2


In the test, a small amount of a special, non-infecting antigen derivative of M. tuberculosis is injected 

under the skin (intracutan) of the patient. Two different non-infecting tuberculin derivatives are used: 

Old Tuberculin (OT) and Purified Protein Derivative (PPD). OT is culture supernatant of in vitro 

cultivated M. tuberculosis. PPD is the preferred testing substance; it is also precipitated from a filtrate 

of tubercle bacillus grown on a special medium. Due to the accumulation of immune cells, there will (or 

will not) appear a swelling indicating inflammation at the test site. The size of induration (palpable, 

raised, hardened area) is recorded in mm after 48-72 hours of antigen injection (when the size of the 

induration is maximal). In persons who have not been exposed to TB, it does not exceed 5 mm, 

redness is not measured. Induration greater than or equal to 10 mm is considered a positive skin test. 

12.3.2. Contact hypersensitivity / Contact dermatitis 

In contact dermatitis, haptens are associated with epidermal proteins and these conjugates sensitize 

the skin. 

The most common causes of contact dermatitis are: 

 metals, e.g. cobalt in tanned leather, or nickel in bijoux jewellery, 

 plant derived chemicals, e.g. urushiol (pentadecylcatechol) in poison ivy or primin in primrose, 

 synthetic chemicals, e.g. paraphenylene diamine (abbreviated as well to PPD, do not confuse 

with purified protein derivative of tuberculin) that intensifies the colour of dyes in cosmetics 

and textiles. 

Dendritic cells take up these coupled antigens and present to CD4+ and CD8+ T cells, which upon 

activation become hapten-peptide specific effector T cells and migrate from lymph nodes to the skin. 

At the subsequent antigen exposure, the same hapten-peptides elicit the activation of these local 

effector T cells, localized within the skin, and therefore a local inflammation is created. 

Example for the diagnosis of contact dermatitis: Epicutaneous skin-testing (Patch test)  

In case of epicutaneous skin-test, a patch infiltrated with substances is placed usually on the upper 

back, with the help of adhesive tapes. After 48 hours the tapes are removed, and the reading of the 

reaction is taken. Further readings are taken 96 hours later (4 to 6 days after antigen exposure). 

The standard diagnostic sets involve the most common allergens (e.g. European Standard series of 

22 allergens, but other series include International Standard, Belgium Standard, Finnish Standard, 

GIRDCA Series, Korean Standard, North American Series, Swedish Standard and Hungarian 

Standard). There are special sets as well, for example dental patch panel is suitable for monitoring 

sensitivity for substances derived from the mint plant, for Hexylresorcinol used for plaque control in 

toothpastes, for rosin, the sticky substance in dental floss, for Cocamidopropyl betaine in mouthwash 

etc. Patch tests can be performed with any form of drugs, dyes, fragrances, food additives, 

disinfectants etc. Finn Chamber is the mostly used patch test device, with which antigens can be 

loaded in standard amount and distribution onto the skin. The reaction is scored from 0 to 4+, 

according to the degree of redness and blistering. 

http://dermnetnz.org/dermatitis/plants/mint.html
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12.3.3. Gluten sensitive enteropathy  

A 33 aminoacid long peptide derived from gluten is responsible for triggering hypersensitivity. Gluten 

is a protein composite of gliadin and glutelin found in wheat, barley, rye and oats. 

Digestion of the gliadin results in the generation of a 33 aminoacid peptide that is deaminated by 

enzyme tissue transglutaminase (tTG), thus generating acidic, negatively charged residues of glutamic 

acid. Certain MHC molecules on APCs in the lamina propria prefer such negatively charged residues 

(HLA-DQ2, orDQ8), therefore deaminated gliadin elicits a stronger T cell response in persons having 

such HLA-haplotype. The activated gluten reactive lymphocytes then generate cytokines, such as 

interferon-γ, which promote inflammatory process in the intestine that results in the damage of the villi, 

causing enteritis and celiac. Upon inflammatory stimuli plasma cells of the inflamed region of the 

intestine start to produce antibodies, including autoantibodies associated with the disease.  

When disease is suspected, serological and many other non-immunological investigations are used to 

establish diagnosis.   

Serological tests and celiac disease-specific antibody test used in diagnosis of gluten sensitive 

enteropathy:  

The tests aim at the detection of IgA or IgG type antibodies in serum against: 

 gliadin (AGA)  

 deaminated gliadin peptide (a-DGP)  

It is important to detect antibodies generated by the immune response against gliadin, in order 

to separate the disease from other, gluten-independent enteropathies, which might show 

similar intestinal villous atrophy. 

 endomysium (EMA)  

Endomysium is a protein of the smooth muscle connective tissue in the intestine. In case of 

damage in the wall of the intestine, immune system starts to generate autoantibodies against 

endomysium.  (EMA antibodies are also being detected in biopsy samples of intestine)  

 transglutaminase (a-tTG) 

(Self) transglutaminase in association with (non-self) gliadinpeptide forms a network, so the 

resulting conjugate forms a very stable autoantigen.  

Anti-tTG and anti-EMA antibodies indicate the same tissue damage. 

The amount of the antibodies in the blood correlates with the severity of the disease and predicts the 

course of the disease. 

IgA antibodies are more specific because they are generated by local mucosal plasma cells, detection 

of IgG type antibodies is done as a complement of IgA investigation.  

12.3.4. Therapy 

The most effective therapy is the avoidance of the causing agents, e.g. avoiding contact with metal or 

gluten-free diet. Besides anti-inflammatory drug therapy, immunological therapy, such as the inhibition 

of T cell response with immunosuppressive drugs (cyclosporine), is also used. In addition, each year 

new substances are developed in order to inhibit T cell response, e.g. targeting and blocking B7 
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costimulatory molecules or blocking IL-2 receptor. The newest trend in therapeutical trials is the 

induction of tolerance of pathogenic T cells, but there are no clinical data avaible for it. 
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13. IMMUNOLOGICAL THERAPIES  
(GYÖRGY NAGY, ÉVA PÁLLINGER, ZSUZSANNA PÁL) 

 

 

 

 

The aim of medication is prevention (to avoid a disease) or treatment (to treat a disorder), and the aim 

of treatment is the elimination of disease causing effects. One of the principal precepts of medical 

ethics is “Primum non nocere”, namely “First, do no harm”. 

Although drug discovery tends towards the development of drugs without any side effects, no such 

thing has been found yet. Effects and side effects are inseparables but in every choice the effect has 

priority. The human genome project (HUGO), which was completed in 2003, changed the targeting in 

drug development: it enables the finding of genetic roots and molecular basis of diseases, and the 

processing of new targeting strategies.  

Targeted molecular therapy is based on this molecular „fingerprint”.  

 

13.1. Fundamental conceptions 

13.1.1. Immunotherapy (biological therapy, biotherapy) 

Immunotherapy is the treatment of diseases by modifying the immune response. Immunotherapies 

can be classified on the basis of their effects: while activation therapy amplifies or enhances the 

immune response, suppression immunotherapy reduces or suppresses it.  

13.1.2. Biological response modifiers (BRMs) 

Biological response modifiers are substances that stimulate the body's response to infection and other 

pathological diseases. These molecules are produced naturally in the organism, but their physiological 

concentration is low. Since they can be synthesized in laboratory in large amounts, they are widely 

used for treatment.  

13.1.3. Nanotechnology in medicine 

Nanotechnology is the engineering of functional systems at molecular or atomic level (in the range of 

nanometers). The medical application of nanotechnology is the nanomedicine. Nanomedicine has two 

main applications: 1) the advanced drug delivery systems and 2) the in vivo imaging. The aim of 

medical nanotechnology is to optimize the therapeutic efficacy of (traditional) drugs by improving 

pharmacokinetics (drug absorption and tissue redistribution). In this concept, nanotechnology focuses 

on targeted drug delivery. The primary advantages of nano-biotechnologies in drug delivery include: 

1) more specific drug targeting, 2) reduction in toxicity while maintaining therapeutic effects, and 3) 

greater safety and biocompatibility. 

Multimodularity and multifunctionality are common features of nano-drugs. The external „coat” of 

nano-drugs consists of water-soluble modules with different functions. Traditional drugs bound to the 
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surface or placed inside are responsible for vulnerary effects. Complementary modules help 

absorption and metabolism, improve tissue distribution and guarantee specific targeting.  

Nanoparticles can be labeled with signal devices, such as fluorescent dyes, which facilitate the follow-

up of their effects. 

This technology opens new fields in the medication of neuropsychiatric disorders, because it enables 

the transport of drugs through the blood-brain barrier. 

13.1.4. Biological drugs (biologics) 

Biological drugs are therapeutic agents that are produced by biologic processes, rather than 

chemically synthesized (e.g. recombinant DNA technology -genetic engineering-; biological 

manufacturing). Biologics may also be isolated from a variety of natural sources, such as human and 

animal tissues or microorganism. Biologics can be composed of sugar, proteins, nucleic acids or 

complex combinations of these substances, but most often they are proteins. 

 

13.2. Targeted molecular therapy 

Targeted therapy implies drugs that have specific molecular targets. They inhibit or interfere with 

specific molecular pathways shown to be important in pathological cells, e.g. cancer cells. The aim of 

targeted therapy is to kill abnormal cells while sparing normal cells. Targeted therapy is more effective 

and has fewer side effects than traditional treatment. 

By contrast, traditional cancer therapeutics (chemotherapy drugs) targets the phenotypic features of 

cancer cells, principally their rapid cell division. The lower specificity of chemotherapy results in severe 

toxic side effects by killing normal but rapidly dividing cells.  

The two main categories of targeted therapy are the following: 1) small-molecules; 2) monoclonal 

antibodies. Small-molecules (<500 daltons) are typically able to diffuse into cells and can act on their 

targets. They focus on proteins that are involved in cell signaling pathways, which form a complex 

communication system that regulates basic cellular functions, such as proliferation, movement, cell 

responses to specific external stimuli, and cell death. By blocking these signals, targeted therapies 

can help stop cancer progression and may induce cancer cell death through apoptosis.  

13.2.1. Drug delivery 

Most of the conventional drugs are transferred in blood. Their tissue distribution (transferring from 

intravascular space to extravascular spaces) is regulated by many factors. In some cases the in vivo 

effectiveness of drugs decreases compared to the in vitro studies, because of the limitation to target 

their designated area. Consequently, higher dosage has to be given to patients, which results in more 

intense side effects. Therefore, the necessity of developing new targeted drug systems in therapy has 

been expressed. The aims are better delivery and targeting, which can reduce drug toxicity (working at 

specific sites) and provide more efficient drug distribution (transfer drugs to “anatomic extremities” of 
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body such as blood brain barrier, etc). In these systems drugs are assisted by specific delivery 

products to enable them to reach their desired site. 

13.2.1.1. Monoclonal antibody-mediated drug delivery 

Monoclonal antibodies coupled with radioactive substances, drugs or toxins are molecular homing 

devices. They carry therapeutic drugs directly to the site of action. The main advantages of these 

systems are reduced systemic toxicity and improved therapeutic index. Usually their side effects 

depend on6 the attached active ingredients (Figures 13.1-2).  

 

Figure 13.1 Monoclonal antibody-mediated drug delivery 

 

 

Figure 13.2 An effect of neutralizing antibody: competition with the ligand 
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Conjugated monoclonal antibodies can be classified by the types of materials coupled to the 

immunoglobulins: 

Radioimmunotherapy (RIT) 

uses antibodies labeled with 

radionuclides to deliver 

cytotoxic radiation to the target 

cells (e.g. Ibritumomab tiuxetan: 

anti-CD20 conjugated to a 

molecule that chelates Yttrium-

90., Tositumomab: anti-CD20 

covalently bound to the 

radionuclide 
131

I) (Figure 13.3).  

 

Figure 13.3 The principle of the radioimmune therapy 

Chemoimmunotherapy is the 

combination of chemotherapy 

and immunotherapy. In this 

case, monoclonal antibodies 

are conjugated with 

chemotherapeutic drugs (e.g. 

CHOP combined with rituximab 

(anti-CD20) for the treatment of 

B-cell non-Hodgkin lymphomas. 

CHOP consists of 

Cyclophosphamide, 

Hydroxydaunorubicin (also 

called doxorubicin), Oncovin 

(vincristine) and Prednisone.). 

The clinical utility of some anti-

tumor antibodies can be 

dramatically improved by 

attaching toxins. This is the so-

called immunotoxin therapy 

(Figures 13.4-5).   

Different types of toxins can be 

used, such as bacterial toxins 

(e.g. diphtheria toxin, 

pseudomonas exotoxin) or 

plant toxins (ricin A, saporin).  

 

Figure 13.4 The principle of the immunotoxin therapy 

 

Figure 13.5 Liposomal drug delivery 



One of the clinical applications of immunotoxin therapy is the treatment of acute myelogenous 

leukemia with gemtuzumab ozogamicin, which is an anti-CD33 monoclonal antibody linked to a 

cytotoxic agent from the class of calicheamicins. 

13.2.1.2. Peptide drug delivery 

In most cases the target molecules of drugs are located inside the cells, so transferring drug into the 

cytoplasm is the principal task of targeted therapies. Cell-penetrating peptides (CPPs) are short 

peptides that facilitate the cellular uptake of various molecules, such as drugs, small chemical 

compounds, signal devices or nucleic acid fragments. Some of the medical applications of CPPs are 

as follows:  

1) Biological imaging:  

A) CPP can transport contrast agents across plasma membrane that are able to label the 

tumor cells. (Contrast agents are substances used to enhance the contrast of structures or 

fluids within the body in medical imaging, e.g. enhancing the visibility of blood vessels in 

tumors.)  

B) Quantum dots (luminescent semiconductor nanocrystals) conjugated to CPPs are able to 

cross the highly impermeable blood-brain barrier;  

C) Molecular beacons (stem-loop hairpin-structured oligonucleotides) attached to CPPs can 

visualize RNA in living cells, e.g. detect viral infection in real time. 

2) Molecular Radiotherapy (in oncology):  

Radioimmunoconjugates can access intracellular target molecules upon conjugation to CPPs. 

Internalization improves their retention and effectiveness.    

13.2.1.3. Chemotactic drug targeting 

During chemotactic drug targeting, the active migratory behaviour of the target cells is used to achieve 

targeted effects. The components of the therapeutic conjugates are as follows: 1) carrier (also 

promoting internalization) 2) chemotactically active ligands (acting on target cells: chemoattractants or 

chemorepellents) 3) drug and 4) spacer.  

13.3. Immunotherapy 

Immunotherapy means the treatment of diseases by modifying the immune response. Immunotherapy 

can be classified on the bases of its effects: 1) activation therapy enhances or amplifies the immune 

response, while 2) suppression immunotherapy reduces or inhibits it. Both activation and suppression 

therapies can be mediated by exogenous substances (passive immunotherapy) or realized by the 

action of the immune system (active immunotherapy). 

13.3.1. Active immunotherapy 

Active immunotherapies trigger the patient’s immune system to respond. Active immunotherapy can 

be developed by the induction of a target molecule (e.g. vaccination), by the stimulation of immune 
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response (e.g. enhancement of antigen presentation) or by the inhibition of the immunoregulatory 

mechanisms (e.g. tolerance induction). The most important clinical applications of active 

immunotherapy are acute and chronic infections and cancers. 

13.3.2. Preventive (prophylactic) vaccines 

Prophylactic vaccines induce specific immunity, in an effort to protect against infectious diseases. 

Most of the preventive vaccines are administered before the patients have been infected with 

pathogens, although some post-exposure prophylactic vaccines are also used. E.g. post-exposure 

prophylaxis (PEP) of rabies within 14 days of infection provides complete protection against the 

disorder. Prophylactic vaccines against infectious diseases are highly effective in drastically reducing 

the incidence and morbidity of many life-threatening pathogens such as smallpox, viral poliomyelitis 

etc. Vaccines are most successful in cases in which acute natural infection leads to long-lasting 

protective immunity if the patient survives the initial infection. It means that the best vaccines are live, 

attenuated viruses, which closely mimics natural infections. 

Effects of viruses that cause chronic infections differ from those that cause acute infections. Therefore, 

vaccines that mimic natural infections and are effective in acute infections, are not able to induce 

adequate protection against chronic viral disorders (such as HBV, HIV, HPV, etc). 

Effective vaccination could be accomplished either prophylactically or therapeutically. Prophylactic 

vaccines establish an early immune advantage via the generation of preexisting vaccine-induced 

immune memory. Therapeutic vaccines increase the strength or the quality of immune response.  

Treating cancer with vaccines has been a challenging field of investigation. Two types of cancer 

vaccination can be differentiated: 1) prophylactic / preventive vaccination and 2) therapeutic 

vaccination. Prophylactic cancer vaccines prevent infections with cancer-causing viruses (e.g. HPV 

vaccine and Hepatitis B vaccine), while therapeutic vaccines treat the existing malignant disorders.  

Therapeutic cancer vaccines have been proposed to overcome the weak immune response against 

tumor-associated antigens (TAAs), including cell-based vaccines, DNA- or RNA-based vaccines, 

protein- or peptide-based vaccines and vector-based vaccines. The goal of these vaccinations is the 

activation of antigen-presenting cells (APCs) and the stimulation of an antigen-specific cytotoxic T 

lymphocyte-(CTL-) mediated immune response. 

13.3.3. Therapeutic vaccines 

The aim of the development of therapeutic vaccines is the effective treatment of chronic disorders, like 

tumors, autoimmune diseases, AIDS, tuberculosis, malaria etc. These vaccines decrease the 

symptoms via the induction of therapeutic antibodies. Usually those antigens are used for vaccinations 

that are the targets of monoclonal antibody therapies. One of the most difficult problems in developing 

therapeutic vaccines is the lack of adjuvants, the substances that make vaccines more effective.  

An example for therapeutic vaccinations:  
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COPAXONE® (TEVA) is an effective therapeutic vaccine for the reduction of the frequency of 

relapses in relapsing-remitting multiple sclerosis. This vaccine contains a synthetic copolymer, the so-

called glatiramer acetate, which is very similar to the myelin basic protein. Although its mechanism of 

action is unknown, it is well administered that glatiramer shifts the population of T cells from pro-

inflammatory Th1 cells to regulatory Th2 cells that suppress the inflammatory response and induces 

the differentiation of glatiramer-specific regulatory T cells. 

13.3.3.1. Enhancing the effectiveness of therapeutic vaccines 

13.3.3.1.1. Adjuvants 

An effective vaccine needs to mimic as close as possible the ‘real’ biological entity from which it is 

derived (i.e. pathogen, cancer cell) in order to be recognized by the host immune system as real 

‘danger’. This danger signal will initiate the cascade of molecular and cellular events inducing several 

levels of crosstalk between the two arms (innate and adaptive) of the immune system for an effective 

immune response and the development of immunological memory. The aim of vaccination is the 

induction of long-term protective immunity. Enhancer molecules can be used for increasing the 

effectiveness of vaccination, because the immunogenicity of natural and recombinant proteins is 

weak. 

Adjuvants can enhance the effectiveness of vaccines via the induction of both humoral and cellular 

immune responses. Aluminum hydroxide gels and aluminum phosphate gels are the most often used 

adjuvants, however, water-oil emulsions can also be used. Adjuvants may exert their activities in the 

following ways: (1) enhancing the presentation of the antigen; (2) optimizing the antigen uptake; (3) 

changing the distribution of antigens (targeting specific cells); (4) potentiating / modulating the immune 

responses (regulation of both quantitative and qualitative aspects of the immune responses); (5) the 

protection of the antigen from degradation and elimination. The actions of adjuvants are antigen-

independent. Adjuvants can stimulate myeloid cells through their TLRs. TLR2/TLR4 induced activation 

results in TNF-α secretion, iNOS expression and the migration of APCs (DCs and macrophages). 

TNF-α secretion enhances the effects of chemotherapeutic drugs through the increase of the vascular 

permeability of tumor-vessels. Increased production of NO caused by the upregulation of iNOS 

induces apoptosis in chemotherapy resistant cancer cells. The enhancement of DCs and 

macrophages exhibits antigen presentation and tumor-specific cytotoxic T cell responses in the tumor 

infiltrated tissues. Parenteral TLR2/4 agonists enhance the survival of patients with cancer relapse 

states. The developments of TLR4 and TLR7 containing nanoparticle-based vaccines, which can 

induce long-lasting protective immunity, are based on these results.  

A new era in vaccine development is the use of liposomes as vehicles. Liposomes enhance the effects 

of immunomodulators and the presentation of vaccine antigens. 

13.3.3.1.2. Enhancing the functions of APCs 

The effectiveness of cancer-vaccines can be increased by the activation of APCs such as dendritic 

cells. This can be achieved in several ways: 1) inducing DC differentiation by growth factors, 2) 

enhancing the DC induced T lymphocyte activity (induction of co-stimulatory pathways or inhibition of 
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inhibitory signals) 3) increasing the antigen presentation processes (filling DCs with synthetic peptides; 

induction of DC-cancer cell fusion, etc). 

13.3.3.1.3. Enhancing the activity of cytotoxic T cells 

Therapeutic effectiveness may be enhanced by the activation of TAA (tumor-associated antigens) 

specific cytotoxic T lymphocytes. Two strategies can be differentiated: 1) stimulation through T cell 

receptor, 2) co-stimulation. Activation through TCR is based on epitope mapping and epitope 

engineering. 

13.3.3.2. Cytokines in active immunotherapy 

Immunoregulatory cytokines are potential therapeutic agents e.g. in cancer treatment. They can 

potentiate anti-tumor immune responses or can act directly on cancer cells. E.g. TNF and IFN 

enhance MHC expression of tumor cells, which results in their better recognition by immune cells.  On 

the other hand, TNF or TRAIL can induce apoptosis of malignant cells. IL-2, IL-4, IFN- and IL-12 

enhance the cytotoxic activity of tumor-specific Tc lymphocytes.  

Cytokines are also used in adoptive immunotherapies. 

13.3.3.3. Tolerance induction 

Immunological tolerance is the antigen induced inhibition of immune response. Although 

physiologically it is induced by „self-structures”, it can also be developed against foreign antigens. E.g. 

some bacteria (e.g. Mycobacterium leprae) and viruses defend themselves by tolerance induction 

against host immune response. Tolerance induction was first used for the protection of transplanted 

tissues. Nowadays it is accepted in the treatment of immune hyperactive states, like autoimmunity or 

allergy. Immunological tolerance can be induced by 1) depletion of T cells by monoclonal antibodies 

(e.g. anti-CD3 mAb treatment), 2) inhibition of co-stimulation (anti-CTLA-4 treatment), 3) dosing 

soluble antigens, 4) inhibition of cytolytic T lymphocytes and NK cells by soluble HLA-I, 5) formation of 

mixed chimerism, 6) induction of regulatory T cells. 

13.3.3.4. Cell-based immunotherapies 

Better understanding of the cellular and molecular mechanisms of anti-tumor immunity results in new 

therapeutic methods which are based on the transformation of cancer associated immune cells. These 

cell-based immunotherapies can be divided into three groups according to their mechanism of action: 

1) enhancement of anti-tumor effector responses, 2) use of bispecific monoclonal antibodies, 3) 

inhibition of cancer induced immunotolerance.  

13.3.3.4.1. Bispecific antibodies 

Bispecific monoclonal antibodies (bMAbs) are artificial proteins. They are composed of the fragments 

of two different monoclonal antibodies, so they can bind two different types of antigens. The most 

widely used application of this approach is in cancer immunotherapy, where bMAbs simultaneously 

bind to a cytotoxic T lymphocyte and a target (tumor) cell.  
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13.3.3.4.2. Inhibition of tumor induced immunotolerance 

Local immunotolerance may be induced: 1) by the modification of cell surface antigens of cancer cells 

(enhancing their immunogenicity), 2) by the regulation of inhibitory mechanisms of tumor infiltrating 

lymphocytes (inhibition of the functions of regulatory T cells; inhibition of CTLA-4 mediated negative 

co-stimulatory signals). 

 

13.4. Passive immunotherapy 

Passive immunotherapies are comprised of antibodies or other immune system components that are 

made outside of the body (i.e. in the laboratory) and administered to patients to provide immunity 

against a disease, or to help them fight off an infection. 

13.4.1. Monoclonal antibodies in the therapy 

Monoclonal antibodies act in the same way as natural antibodies. These unconjugated, purified mAbs 

can be used for both the inhibition and the activation of the immune system. The therapeutic 

effectiveness of these 

mAbs can be enhanced by 

chemical modi-fications: 

e.g. by the conjugation of 

different molecules, such 

as toxins, radioactive 

isotopes ( and  

radiation), drugs or 

immunomodulators 

(cytokines). Bispecific 

mAbs are the special 

forms of them. (Figure 

13.6)  

Figure 13.6 Mechanism of action of bispecific antibodies 

 

13.4.1.1. Production of monoclonal antibodies 

„Antibody producing factory” 

Monoclonal antibodies can be produced by hybridoma technology. This technology was the most 

important discovery in the 1970’s. Georges Köhler, César Milstein, and Niels Kaj Jerne developed it in 

1975 and they shared the Nobel Prize in Physiology or Medicine in 1984 for this discovery. This 

technique enables the unlimited production of highly specific monoclonal antibodies. 

Hybridomas are created by fusing myeloma cells (malignant, immunoglobulin producing B cells) with 

the spleen cells of a mouse that has been immunized with the desired antigen. Myelomas are 

immortal, and they synthesize antibodies. The modified mouse myeloma clones that are used for 
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hybridoma cells have lost their ability to produce their “own” antibodies. After fusion with spleen cells, 

they will synthesize only those antibodies the genes of which came from sensitized spleen cells 

(antigen-specific B cells). In hybridomas the myeloma cells contribute to the capacity for survival, 

whereas the spleen cells direct the synthesis of antibodies with the preselected specificity. The 

selected myeloma cells lack their hypoxanthine-guanine phosphoribosyltransferase (HGPRT) gene, so 

they are sensitive to the HAT medium (hypoxanthine-aminopterin-thymidine medium). The specificity 

and the isotype of the antibodies produced by the hybridoma are dependent on splenic B cells.   

Cell fusion is usually induced by polyethylene glycol (PEG), but electric and magnetic fields can also 

be used for it. PEG induces cell agglutination and cell-to-cell contact, leading to subsequent cell 

fusion. The efficiency of cell fusion is generally 1-2%. It means that fused cells have to be incubated in 

HAT medium for roughly 10 to 14 days. Aminopterin blocks the pathway that allows for nucleotide 

synthesis, so unfused myeloma cells will die as they cannot produce nucleotides either by the de novo 

or by the salvage pathways (because they lack HGPRT). Unfused B cells will die as they have a short 

life span. By the use of HAT medium, only B cell-myeloma hybrids can survive. 

After the characterization of antibody production of hybridomas by ELISA systems or by FACS, they 

can be cloned and grown.  

Antibody-producing factories can be developed in several ways: 1) in vitro culturing of hybridoma cells, 

2) application of bioreactors, 3) inoculation of hybridoma cells into research animals. (See Chapter 8)  

The role of genetic engineering in the production of monoclonal antibodies 

In the therapeutic use of murine monoclonal antibodies, two major problems have been identified: 1) 

they do not always trigger the appropriate human effector systems of complement and Fc receptors; 

2) the therapeutic window is short because murine antibodies are recognized by human anti-murine-

antibodies (HAMA). To solve these problems, chimeric and humanized antibodies have been 

developed by genetic engineering. In chimeric antibodies, the mouse heavy- and light-chain variable 

region (V-region) sequences are joined onto human heavy-chain and light-chain constant regions (C-

regions). In humanized antibodies the antigen-binding complementarity determining regions (CDRs) 

are murine, while the rest of the antibody, including the V-region framework regions (FRs), is human 

(Figure 13.7). 

 

Figure 13.7 Schematic 

structure of genetically 

engineered antibodies 

and their nomenclature 

(endings): murine 

immunoglobulin – 

...omab, human 

immunoglobulin - 

...umab, chimera 

immunoglobulin - 

...ximab, humanized 

immunoglobulin - ... 

zumab



Humanized antibodies can also be produced by transgenic technology. In these cases, human 

antibody gene loci are inserted into mice (e.g. using the embryonic stem cell method), while their own 

genes for making antibodies are "knocked out". After immunization, these animals with the desired 

antigen will produce human, not mouse, antibodies against the antigen.  

13.4.1.2. Side effects of monoclonal antibodies 

Mouse antibodies are "seen" by the human immune system as foreign. Therefore they induce an 

immune response: 1) the human immune system will produce human anti-mouse antibodies (HAMA); 

2) immunological memory will be developed against them. Side effects may be: 1) severe acute 

hyperreactivity (anaphylactic shock); 2) quick elimination of therapeutic antibodies from the host; 3) 

formation of immune complexes that cause damage to the kidneys. 

13.4.1.3. Applications of monoclonal antibody therapy 

13.4.1.3.1. Therapeutic antibodies in rheumatology 

Today monoclonal antibodies are used in the everyday clinical practice. Oncology and rheumatology 

are the fields where biological therapies are most frequently used. Tumor necrosis factor (TNF) has a 

central role in the pathogenesis of several systemic autoimmune diseases, including rheumatoid 

arthritis (RA) and systemic lupus erythematosus (SLE). TNF is a proinflammatory cytokine which 

increases the inflammation in the synovial tissue. 

13.4.1.3.1.1 The pathogenesis of rheumatoid arthritis, the role of proinflammatory 
cytokines 

Rheumatoid arthritis is a systemic autoimmune disease, affecting predominantly the small joints of the 

hands and the feet. The symmetrical swelling and tenderness of the small joints is characteristical in 

RA. In addition to the small joints, the wrist, the elbow and the knee joints are also frequently affected. 

The increased production of proinflammatory cytokines leads to osteoclast activation and to the 

formation of erosions. Erosions can be seen on the X-ray and MRI images. 

The disease leads to the destruction of the affected joints; today RA is one of the most common 

reasons of work disability. In addition, the ongoing permanent inflammation leads to increased 

cardiovascular risk as well. Interestingly, this disease generally does not affect the spine (with the 

exception of the atlantoaxial joint, where the proliferating synovial tissue may lead to spinal cord 

compression). Female predominance is well known in RA, 60-70 percent of the patients are women. 

Usually the disease starts in 30-40 years old patients. Patients complain about the morning stiffness of 

the hands, and the duration of this correlates with the disease activity. Increased red blood cell 

sedimentation rate and increased CRP levels are frequent lab findings in RA. The high rheumatoid 

factor serum level and the increased production of antibodies against citrullinated proteins are also 

characteristical. Smoking is an important risk factor of RA. The most prominent proinflammatory 

cytokines in RA are: IL-1, IL-6, IL-17, IL-18, IL-33 and TNF, important anti-inflammatory cytokines are: 

the IL-10 and IL-35.  
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13.4.1.3.1.2 Central role of TNF in RA 

TNF, like other proinflammatory cytokines, helps to fight against different pathogens and inhibit tumor 

growth. William B. Coley was an American bone surgeon and researcher, a pioneer in 

immunotherapy. In the 1890s he developed a new method of cancer treatment, based on provoking 

an immune response to bacteria. 80 years later a protein closely related to his work was identified as 

TNF. Coley was convinced that he could effectively use bacteria to treat cancer and created a mixture 

of killed bacterial infusions. This infusion was administered by injection in increasing doses to induce 

fever. Once stimulated, he observed that the immune system was capable of eliminating cancer cells 

along with the infection. The identity of cachectin (isolated from the blood of patients with cancer) and 

TNF was published in 1985 in the Nature journal. 

TNF production is increased in systemic autoimmune diseases as well. Until the end of the 1990s 

glucocorticoids, non steroidal anti-inflammatory drugs and cytostatic drugs were used in the treatment 

of RA. The first attempts with a new approach (blocking cytokines with therapeutic antibodies) were 

performed at the end of 1980s. Professors Sir Ravinder Maini and Sir Marc Feldman observed that 

synovial samples (collected during knee surgery) of patients with RA continuously produce increased 

amount of interleukin-1 (IL-1). IL-1 has a main role in synovial inflammation and in the development of 

erosions in RA. Feldmann and Maini used different polyclonal antibodies to decrease the IL-1 

production in vitro. Anti-TNF antibodies were the most effective in decreasing IL-1 production of the 

synovial samples. This was the first experiment which supported the potential therapeutic role of anti-

TNF antibodies in RA. Later several clinical studies proved the outstanding efficiency of TNF blockers 

in decreasing inflammation and radiological progression in RA. Today TNF blockers are used on a 

daily basis worldwide, in the treatment of RA. Professor Feldmann and professor Maini received the 

Albert Lasker award for their pioneer work in the discovery of TNF blockade in the therapy of RA.    

13.4.1.3.1.3 Currently available TNF blockers 

There are 5 TNF blockers licensed in Hungary: 1: human and mouse chimeric monoclonal antibody 

infliximab (intravenous); 2: fully human monoclonal antibody adalimumab (subcutaneous); 3: 

polyethylene glycol conjugated human monoclonal antibody certolizumab pegol (subcutaneous); 4: 

fully human monoclonal antibody golimumab (subcutaneous); 5: soluble TNF receptor immunoglobulin 

fusion protein etanercept (subcutaneous). 

Currently about 3000 patients are treated with TNF blockers in Hungary. In accordance with the 

current recommendations, only those patients may receive biological therapy in Hungary whose 

treatment with classical disease modifying antirheumatic drugs (such as methotrexate) is not 

sufficiently effective.  

13.4.1.3.1.4 Side effects of TNF blockers 

The most important possible side effect of TNF blockers is that these medications predispose to 

different infections. Virtually all kind of infections may occur during TNF blockade, including bacterial, 

viral and fungal infections. Most frequently it is upper respiratory infections. According to recently 

published registry data (based on a large number of patients) this risk is minimal, in case of 

appropriate vigilance. Tuberculosis (especially extrapulmonary forms) is more frequent during TNF 
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blockade and it is a potentially serious side effect of the treatment. Therefore patients receiving 

biological therapy need continuous pulmonary care (visit every six months). TNF blockade decreases 

the defense of the host against tuberculosis bacteria by inhibiting interferon gamma production. 

Interferon gamma plays a central role in the granuloma formation; decreased interferon gamma 

production impairs granuloma formation leading to less efficient protection against tuberculosis. 

Tuberculin test is widely used to estimate the risk of tuberculosis. 5 Tuberculin units are injected 

intradermally (between the layers of dermis) and read 48 to 72 hours later (delayed type 

hypersensitivity).  A patient who has been exposed to the bacteria is expected to mount an immune 

response in the skin containing the bacterial proteins. The reaction is evaluated by measuring the 

diameter of induration across the forearm in millimeters. This method was developed by Robert Koch 

and Charles Mantoux. Negative tuberculin test does not rule out tuberculosis or positive test does not 

necessarily mean infection.  

13.4.1.3.1.5 TNF blockers in ankylosing spondylitis 

Ankylosing spondylitis (AS) is a chronic inflammatory disease of the spine. AS may also affect the 

shoulders, knees and the hips. AS may occur together with psoriasis or inflammatory bowel diseases. 

Bony bridges between the vertebrae are characteristical for this disease and this process may 

eventually lead to the fusion of the spine (bamboo spine). The inflammation of the sacroiliac joint 

(causing lower back pain) is generally an early event in this disease. While X-ray is not sensitive 

enough to diagnose sacroileitis, MRI is currently the most sensitive method for the detection of an 

early inflammation in the sacroiliac joint. TNF plays a central role in the pathogenesis of AS, and 

similarly to RA, anti TNF agents are highly effective in AS, as well. TNF blockers are also used in 

other diseases including psoriasis or Crohn’s disease. 

13.4.1.3.1.6 B lymphocyte depletion with anti CD20 monoclonal antibodies 

B lymphocytes play an important role in the pathogenesis of RA. In addition to the antibody 

production, B cells are antigen presenting cells and produce cytokines. Rheumatoid factor (RF) and 

antibodies against citrullinated proteins (anti-CCP) are prognostic factors in RA, but do not correlate 

with the clinical activity of the disease. Depletion of B lymphocytes by using rituximab is a highly 

effective therapeutic option in RA. The anti-CD20 monoclonal antibody (rituximab, human and mouse 

chimera, intravenous) depletes CD20 positive B cells. Rituximab induces antibody-dependent cell-

mediated cytotoxicity (ADCC), activates the complement system and may induce apoptosis. The 

generation of the CD20 B cells after rituximab therapy takes generally 3-5 months; this therapy is used 

every 6 months in RA. CD20 is not expressed in the early forms of B cell and on plasma cells, 

therefore the immunoglobulin levels will just slightly decrease during rituximab therapy. Similarly to the 

TNF blockers, the most important side effect of rituximab is the increased occurrence of infections.  

13.4.1.3.1.7 CTLA-4 immunoglobulin fusion protein as the inhibitor of T cell 
activation 

T lymphocytes are also important in the pathogenesis of RA. The peptide MHC complex of the antigen 

presenting cell (APC) binds to the T cell receptor during T cell activation. Co-stimulatory signals are 

also essential in T lymphocyte activation. CD28 of the T cell binds to the CD80/CD86 receptor of the 
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APC during co-stimulation. T lymphocyte activation leads to the expression of the CTLA4 protein, 

which binds to CD80/CD86 similarly to CD28, but delivers inhibitory signal to the T cell (CTLA4 binds 

to CD80/CD86 with 50 times higher affinity than CD28). Thus CTLA4 prevents the overactivation of T 

lymphocytes. Regulatory T cells 

continuously express CTLA4. The CTLA4 

immunoglobulin fusion protein abatacept 

(intravenous) binds to CD80/CD86 with 

high affinity and prevents T cell activation 

(Figures 13.9-10). Abatacept is also used 

as a therapeutic biologic agent in RA. 

Abatecept may also increase the 

occurrence of infections. 

 

 

 

Figure 13.9 Inhibition of T cell activation in 

RA by using a CTL4-immunoglobulin 

fusion protein 

 

 

Figure 13.10 The structure of CTL4-Ig fusion protein 
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14. SOME APPLICATIONS OF INFORMATICS IN 

IMMUNOLOGY 
(EDIT BUZÁS) 

 

 

 

 

The primary goal of this practice is to give an overall view on bioinformatics and Internet tools with 

relevance to immunology. 

The easiest way to access published literature in immunology is to visit the www.ncbi.nlm.nih.gov 

website. The National Center for Biotechnology Information (NCBI) has been established upon 

recognition of the significance of computational information processing in biomedical research in 1988 

within the US Government-supported National Institutes of Health (NIH), as part of the National Library 

of Medicine (NLM). Among others, NCBI establishes and maintains databases, and coordinates the 

accessibility of certain databases and software. By using standard databases, it enables deposition of 

data and data exchange among users. 

If we visit the NCBI website, at the top of the page can be found the „Search” dropdown menu, where 

we select PubMed database, which is the database of published literature in biomedicine. In the 

search window we can type the expression of choice to be found in the database. If we run a search 

for the term „immunity”, we get approximately 30 000 hits.  

If we click on the title of the publication at the top of the list, on a new page we can also read the 

abstract of the article. If we click on the icons that appear in the upper right corner of the page (e.g. 

„Free PubMed article in PubMed Central” or „Royal Society Publishing full text available”), we may 

download the full article. Not all publications can be downloaded freely; in these cases we can read 

the abstracts only. 

If we want to get some information on immunology journals, we can access the list of immunology 

journals using this link. By clicking on the name of the selected journal, we can directly enter the 

website of a given journal.  

We can also use meta-databases (such as immunology-related database of BioMed Central). At this 

site we can approach databases such as dbMinor (Minor Histocompatibility Knowledge Database) or 

the Defensins Knowledgebase. If we click on the name of the latter, we can access numerous pieces 

of information regarding defensins, and we can follow the growth of information in this field from year 

to year. Similarly, by entering the Minor Histocompatibility Antigen Database, we can obtain basic 

information with respect to minor histocompatibility antigens. 

Numerous allergen databases are available on the Internet. After entering a database, we may be 

asked to register, and thus we can use our own username and password. We may want to find 

information e.g. about the der p 1 allergen.  

Genetically modified strains of mice provide very important in vivo systems of immunological 

investigations. Knock-out of individual genes in these mouse strains enables studying the role of 

certain molecules. We can find the database of genetically modified mouse strains at the following 

site: http://www.knockoutmouse.org/. By entering the database we can select e.g. the beta 2 

http://www.ncbi.nlm.nih.gov/
http://chopo.pntic.mec.es/~biolmol/linkimmjour.htm
http://databases.biomedcentral.com/browsesubject/?sub_id=1009
http://www.lumc.nl/dbminor
http://defensins.bii.a-star.edu.sg/
http://www.knockoutmouse.org/
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microglobulin knockout (KO) mouse strains. Beta 2 microglobulin is known to associate with the alpha 

chains of MHC I and CD1 molecules. Its genetic absence results in the lack of functional MHCI 

molecules and deficiency of CD4-, CD8+ cytotoxic T cells.  

A database that may prove useful in everyday laboratory practice is the one of the commercially 

available antibodies (http://www.antibodyresource.com/). If we enter this site, we can access a large 

variety of companies. On their websites we can find their choice of antibodies in unconjugated or 

differentially conjugated forms (coupled with enzymes or dye molecules). We can also access 

companies which offer „custom antibody” services, producing antibodies against any antigen. They 

offer selection of specific determinants with the highest probable antigenicity based on bioinformatics 

predictions. They offer synthesis of haptens based on the prediction, and they use it to immunize 

animals to produce polyclonal and/or monoclonal antibodies as a service. Upon request, they also 

offer production of recombinant protein antigens to produce antibodies against them. As you can see, 

there are nearly 200 companies that offer custom antibody service. If, instead of „Custom antibody 

suppliers”, we select „Catalog antibody suppliers”, again a large variety of companies are listed there. 

If we click on the company „AbCam”, we can choose from among some 40 000 products that are 

categorized on the homepage of the company. One can find not only primary and secondary as well 

as isotype control antibodies, but also Custom Antibody Arrays. In this latter case the customer can 

select the immunoglobulins that are used in the arrays to be built, in order to test the samples sent by 

the customer for the investigation (>1x10
6
 from cells that results in >100 g protein extract, or >10 mg 

tissue samples, >20 microliter serum or >100 g of extracted proteins), and the company carries out 

the array-based analysis as a service.  

The IMGT (The International Immunogenetics Information System®) was established in 1989 by 

Marie-Paule Lefranc as an informatics system of immunoglobulins, T cell receptors, major 

histocompatibility complex molecules and proteins of the immunoglobulin and MHC superfamilies. The 

databases, web sources and online services serve many different demands.  

In the IMGT immunoglobulin structural database we can observe the CDR regions of certain 

monoclonal antibody light chain variable regions, e.g. in the case of 17B, 3D6 or 9E monoclonal 

antibodies. The amino acid sequences of the CDR1, CDR2 and CDR3 regions are indicated with 

colored letters. In brackets we find numbers, such as (27-38) that show the length of the CDR regions. 

For example, in maximal case, the 11 amino acid long CDR1 region of the antibody spans amino 

acids 27-38. The amino acid sequence may be e.g. ESVSSD, where the length of the CDR1 region is 

only 6 amino acids. On the same page we see that this region may be longer in the case of other 

antibodies. 

By clicking on this link, we can access a string of pearls (Collier-de-Perles) 2D model of antibodies in a 

schematic representation. The colored „pearls” indicate amino acids corresponding to the CDR 

regions.  

If we type in the light blue rectangle, we can change the length of the CDR3 regions, and by clicking 

on the draw button we can re-draw the model.  

The Immunepitope database (IEDB) contains the experimentally verified and characterized B- and 

T-cell epitopes, and results of the MHC-binding and MHC ligand elution experiments. Here we can find 

http://www.antibodyresource.com/
http://www.abcam.com/index.html?pageconfig=resource&rid=11932
http://www.imgt.org/IMGTinformation/CVMPL.html
http://www.imgt.org/IMGTrepertoire/2D-3Dstruct/#E
http://www.imgt.org/IMGTrepertoire/2D-3Dstruct/3Dstructures/IG/human/HuKappaProt.html
http://imgt.cines.fr/3Dstructure-DB/cgi/Collier-de-Perles.cgi
http://www.iedb.org/
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not only the molecular structures recognized by the adaptive immune system, but also the 

experimental conditions in which the data were obtained. This database contains epitopes recognized 

by the immune system of humans, non human primates, rodents, pigs, cats and other organisms. In 4 

years time, data from 180 978 experiments have been analyzed based primarily on published 

literature that represents ~99% of publicly available data. Besides, data of 129 186 experiments were 

directly sent by investigators to the database. 

IEDB also offers numerous prediction tools such as T cell epitope prediction, B cell epitope prediction 

and epitope analysis tools. In the latter case it also offers population frequency, epitope conservation 

test, and epitope cluster analysis and homology search option.   

By clicking on the link of MBIM (Microbiology and Immunology resources), we can access (among 

others) information regarding CD antigens (cluster of differentiation) from CD1 to CD247. In the meta-

database of the University of Pittsburgh and UPMC we can also find a high number of 

immunologically relevant databases and prediction servers, such as EVALLER that predicts the 

potential allergen nature of a protein. Also, we can find here the IIDB (The Innate Immune Database). 

Next we will demonstrate through an example the possibilities of investigating the antigenicity of a 

molecule. 

If we are interested in the autoantigens of rheumatoid arthritis, we can look for published information in 

the PubMed database. If we type in the search bar the terms „candidate autoantigens early 

rheumatoid arthritis”, then, we will find the following publication freely accessible through the Internet: 

Candidate autoantigens identified by mass spectrometry in early rheumatoid arthritis are chaperones 

and citrullinated glycolytic enzymes. Goëb V, Thomas-L'Otellier M, Daveau R, Charlionet R, 

Fardellone P, Le Loët X, Tron F, Gilbert D, Vittecoq O. Arthritis Res Ther. 2009;11(2):R38. Epub 2009 

Mar 10. (link) 

If we click on the title of this article, we can read the abstract in which we find alpha enolase among 

other autoantigens identified by using mass spectrometry. If we want to find further information about 

alpha enolase, all we have to do is to click on the link of the protein database „protein” here, on the 

NCBI homepage. If we search the term „alpha enolase” by typing it in the search bar, we get a high 

number of results. Let’s select alpha enolase of the Homo Sapiens species by clicking on it. A page 

opens (http://www.ncbi.nlm.nih.gov/protein/AAB88178.1) in which we find the locus of the gene of 

„alpha enolase”, the number of amino acids of the alpha enolase protein (366), the specification of a 

few important publications related to the molecule (title, authors, journal, year, volume, pages and link 

of the paper). Moreover, we can read information available regarding the domain structure of the 

molecule (e.g. locations of the "substrate binding pocket” or of the "metal binding site", finally, we find 

the complete amino acid sequence of the molecule. 

We might be interested if alpha enolase was a conserved protein, whether there are similar microbial 

sequences which might be capable of triggering autoimmunity by molecular mimicry. In order to 

answer this question, still in the NCBI homepage let us click on BLAST from the column of „Popular 

resources”. BLAST is a word composed of the initials of „Basic Local Alignment Search Tool”. BLAST 

enables sequence search and alignment on the basis of nucleotide or amino acid sequences. Once 

we have selected BLAST, we select the „Protein blast” from among the „Basic Blast” options. A 

http://pathmicro.med.sc.edu/links/immunol-link.htm
http://www.hsls.pitt.edu/obrc/index.php?page=immunology
http://bioinformatics.bmc.uu.se/evaller.html
http://bioinformatics.bmc.uu.se/evaller.html
http://db.systemsbiology.net/cgi-bin/GLUE/U54/IIDBHome.cgi
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed/19284558
http://www.ncbi.nlm.nih.gov/pubmed/19284558
http://www.ncbi.nlm.nih.gov/pubmed/19284558
http://www.ncbi.nlm.nih.gov/protein/AAB88178.1
http://blast.ncbi.nlm.nih.gov/
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window appears „Enter query sequence”, where we shall copy and paste the complete amino acid 

sequence from the previously visited page (http://www.ncbi.nlm.nih.gov/protein/AAB88178.1). The 

sequence lists 60 amino acids per row; the numbering at the beginning of each row does not interfere 

with BLAST search (thus, we can copy the complete sequence with the row numbering). We can start 

our search by clicking on the BLAST button at the bottom of the page. After a short while the results of 

the search will be displayed on our screen. The results are displayed graphically in the center of the 

screen (in a framed area). The continuous horizontal lines indicate complete amino acid sequence 

identities, suggesting at first glance that alpha enolase is a highly conserved protein.   

We can look for similar sequences in infectious agents that may, thus, induce autoimmunity by 

molecular mimicry: we copy the amino acid sequence of alpha enolase into the search box and we 

start BLAST search. As we have mentioned before, we find high number of 100% amino acid 

identities, however, there are no prokaryotic sequences among them. If we want to study the immune 

response towards alpha enolase, and we do not have purified or recombinant alpha enolase protein, 

we may test the T cell response by using synthetic peptide T cell epitopes. Which sequences should 

we use in synthetic peptide form? We can answer this question by visiting the CBS (Center of 

Biological Sequence Analysis, Denmark) website. We select the Prediction Server function, and e.g. 

by using the NetMHCII server, we carry out T cell epitope prediction. We can copy the amino acid 

sequence into the provided window, select certain HLA alleles, and we can also set the length of the 

peptide epitope. The software tests possible peptides and predicts their affinity to the given HLA 

molecule (strong binder, weak binder). The NetMHCII 2.2 Server predicts peptide binding to HLA-DR, 

HLA-DQ, HLA-DP molecules using artificial neural network-based prediction. Peptide binding may be 

predicted for 14 HLA-DR alleles (this covers the 9 known HLA-DR supertypes), as well as for 6 HLA-

DQ and 6 HLA-DP alleles. The predictions are expressed in nM IC50 (50% of the maximal inhibitory 

concentration), and are not only arranged hierarchically but also annotated as „strong binder, SB” or 

„weak binder, WB”.  

So let us copy and paste the complete amino acid sequence of alpha enolase from the 

http://www.ncbi.nlm.nih.gov/protein/AAB88178.1 page into the window at the NetMHCII 2.2 page, and 

select e.g. the HLA-DRB1*0404 allele (known to strongly associate with rheumatoid arthritis). We click 

on the little square next to the „sort by affinity” command, and after that, by clicking on the „submit” 

button, we send the task to the server of the CBS. The results of the prediction will be displayed in a 

form of a list in which the 15 amino acid long peptides (capable of binding to the selected MHC II 

molecule) are ranked on the basis of their binding affinity. It can be observed that the prediction only 

yielded in 5 SB peptides within the alpha enolase molecule. In number 1 position we find the 

EVILPVPAFNVINGG peptide that starts in the 43th amino acid position. On the basis of our prediction 

this is the strongest binder peptide of the molecule. The so called „core epitope” part of the peptide 

epitope is the VPAFNVING peptide; this is the shortest sequence that is minimally required for peptide 

recognition. On the ” N” and „C” termini of the core epitope we find the so called „flanking regions”, in 

which the type and presence of amino acids may influence peptide recognition, however, it is not a 

prerequisite of it. 

http://www.ncbi.nlm.nih.gov/protein/AAB88178.1
http://www.cbs.dtu.dk/
http://www.cbs.dtu.dk/services/
http://www.cbs.dtu.dk/services/NetMHCII/
http://www.ncbi.nlm.nih.gov/protein/AAB88178.1
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We have now selected the EVILPVPAFNVINGG peptide.  Similarly, we could perform the HLA binding 

prediction for other alleles e.g. for HLA-DRB1*0101. In this case we get the same sequence predicted 

to be the strongest binder within the alpha enolase molecule.  

The next question is: how can we step forward having this information?  

As one possibility, we can visit http://www.peptideresource.com/custom-peptide.html website, through 

which we can access companies that offer synthesis peptides. 

We may want to order not only the above alpha enolase peptide, but also control peptides of identical 

length and amino acid composition with random amino acid sequence or other, irrelevant peptides of 

other proteins. We can test the synthetic peptides in vitro: adding them to leukocytes isolated from 

patients and controls, we can test if they induce T cell proliferation and/or cytokine secretion in a 

disease-specific manner. In the latter case, blood cells of the donors (e.g. monocytes or dendritic cells 

present the antigen for the T cells). 

Another possible alternative is to order MHC tetramer (a complex of 4 MHC molecules, e.g.  HLA 

DRB1*0101) from a company that produces a construct in which the pockets of the 4 HLA molecules 

contains the peptide of our choice, and is also labeled fluorescently. T cells that bind the HLA 

tetramers can be easily detected in the peripheral blood: if the tetramer is labeled with red fluorescent 

dye, we can use green fluorescent label to identify T cells (e.g. anti-CD3 FITC) simultaneously.  

If we are interested in the B cell response to alpha enolase, we can run B cell epitope prediction at this 

link. B cell epitope prediction is based on the consensus results of several types of analysis (including 

antigenicity, hydrophobicity and hydrophilicity, flexibility of certain molecular regions, secondary 

structures,  turn structures as well as physicochemical properties of the protein. We can distinguish 

two types of B-cell epitopes: linear and conformational epitopes. If the 3D structure of the protein of 

interest is available, we can identify B cell epitopes e.g. on the basis of surface exposition. In this case 

we can display the structure of the predicted B cell epitope. Prediction of linear B cell epitopes can be 

ordered from the company as a service. Synthetic peptide made on the basis of their predictions, is 

available in different forms (e.g. conjugated with an indifferent protein KLH or biotin) and can be used 

not only for immunization but also for antibody testing e.g. in an ELISA system.  

Immune processes (such as viral infections or AIDS) may be simulated by bioinformatics tools. 

Through the Immungrid website we can select from simulations of virus, tumor, atherosclerosis and 

descriptive models. 

From among viral infections we can simulate influenza virus, HIV and EBV infections. In the case of 

tumor simulation we can simulate tumor growth and breast cancer.   

If we select the descriptive models and from among them we pick „lymph node WITHOUT infection”, 

then click on the „view results” button, we can follow lymph node changes during the simulation. The 

different panels indicate the changes in the number of the DCs, B cells sand TH cells in accordance 

with time. AG indicates the time of the injection of the soluble antigen, or antigen loading of DC. As 

soon as the antigen reaches the lymph node, the density of lymphocytes increases due to the influx of 

B and T cells. Most antigens are taken up by the dendritic cells and B cells (as reflected by the sudden 

increase in the number of APCs). DCs induce a sudden TH cell proliferation (indicated by dotted lines 

in the TH panel). On the other hand, the increase in the number of B cells is delayed (dotted line in the 

http://www.peptideresource.com/custom-peptide.html
https://www.proimmune.com/ecommerce/page.php?page=bcellprediction&gclid=CPvQy5OwuqUCFdUx3wod_D67Zw
https://www.proimmune.com/ecommerce/page.php?page=bcellprediction&gclid=CPvQy5OwuqUCFdUx3wod_D67Zw
http://igrid-ext.cryst.bbk.ac.uk/immunogrid/site/simulators.php
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B panel) because of the fact that the T cells are waiting for co-stimulation. The immune system 

remains active until it detects new antigens: the total lymphocyte count increases 5 fold monotonously, 

and the cells undergo mitosis to support the available antigen-specific T cell pool (see the long dashed 

line in both T and B cell panels). 

We mentioned numerous immune system related diseases in this semester that are also described in 

the PMIM database (such as CGD, bronchial asthma and APECED syndrome). The database not only 

contains the brief description of these diseases, but it also summarizes their genetic backgrounds, and 

all this connects the chapters of immunology to those of genetics (to be discussed in the 2nd semester 

within the framework of the subject „Genomics”. The OMIM database can be reached through the 

NCBI homepage: from among the „popular resources” shown on the right hand side of the screen let 

us select OMIM (Online Mendelian Inheritance in Man). Here we can not only search individual 

diseases, but in the meantime we can obtain information whether a given molecule (or its gene) has 

been shown to associate with human diseases. Thus, remaining at our earlier example, we can type in 

the search box the term „alpha enolase”, and among numerous other relevant pieces of information 

we can read that it is one of the putative autoantigens of Hashimoto encephalopathy, too. However, 

there is no data on association of its genetic polymorphism with any human disease.  

 
 
 

http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/omim
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GLOSSARY 
(EDIT BUZÁS) 

 
 
alpha/beta T cells T lymphocytes that carry alpha/beta TCR on their surface. The majority of 

T cells falls into this category 

AIDS, Acquired immune 
deficiency syndrome  

A diseases that is mediated by the human immunodeficiency virus (HIV)  

A-CCP antibody Anti-cyclic citrullinated peptide antibody: an antibody reactive with synthetic 
cyclic citrullinated peptide. The elevated level of this antibody is highly 
characteristic for the majority of patients with rheumatoid arthritis.  

ACPA Anti-citrullinated protein antibody, its elevated level is characteristic for 
rheumatoid arthritis 

ACR criteria  The classification criterion system of the American College of 
Rheumatology (ACR) for the uniform diagnosis of patients with 
autoimmune diseases 

Adaptive immunity An immune response mediated by antibodies or T cells 

ADCC Antibody- Dependent Cell-Mediated Cytotoxicity, based on type II 
hypersensitivity reaction  

Adjuvant A substance added to the immunizing antigen which enhances the immune 
response to the antigen (e.g. Complete  Freund Adjuvant or Alumn) 

Adoptive immunity Immunity transferred from an immunized organism to a non-immunized 
one (e.g. by immune cells)  

A-dsDNA Anti-double stranded DNA antibody characteristic for autoimmune diseases 

Affinity Binding force between molecules (e.g. between an antigen and an 
antibody). It can be characterized by an association constant (Ka). 

Affinity chromatography A method used for antigen isolation (based on antigen-antibody 
interaction). 

Ag abbreviation for antigen 

Agglutination Aggregation reaction of antigens in the presence of antibodies (e.g. in the 
case of red blood cells or bacteria). 

AIDS Acquired Immunodeficiency Syndrome 

Active immunity Immunity that develops upon exposure of an organism to an antigen 

Acute phase proteins Serum proteins the level of which increases during inflammation or upon 
infection (e.g. C reactive protein) 

Allergen A substance that evokes allergic reactions (e.g. pollen)   

Allergy A reaction induced by allergens, associated by degranulation of basophils 
and mast cells. It is an IgE mediated type I hypersensitivity reaction. 
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Allogen Antigen of another individual of the same species 

Allograft Tissue/organ transplanted from a genetically non-identical member of a 
given species 

Alternative complement 
activation 

The most ancient path of complement activation. during which surface 
interactions trigger a series of enzyme reactions and thus, lead to 
complement activation. 

ANA Antinuclear antibody which react with components of the cell nucleus. It is 
characteristic for certain autoimmune diseases. 

Anaphylatoxin Peptides generated during complement activation (C3a and C5a) that 
cause mast cell degranulation and mediate chemotaxis of inflammatory 
cells. 

ANCA Anti-neutrophil cytoplasm antibody. It is characteristic for autoimmune 
diseases (e.g. autoimmune vasculitis). Most of them are IgG type 
antibodies reactive with anti-neutrophil granulocyte cytoplasm antigens. 
pANCA: perinuclear staining ANCA;  cANCA: granular cytoplasmic staining 
ANCA 

Anergy Unresponsiveness to an antigen. 

anti-ENA Anti-extractable nuclear antigen, antinuclear autoantibody  

Antigen Any substance that induces an immune response 

Antigen determinant  part of an antigen that induces a specific immune response (also referred 
to as epitope) 

Antigen presenting cell 
(APC) 

Cells that present antigen-derived peptides in the context of MHC 
molecules to T lymphocytes (dendritic cells, macrophages, B cells) 

Antihistamine Histamine antagonist that usually inhibits the binding of histamine to its 
receptors. 

anti-Jo1 Antinuclear antibody that reacts with histidine t RNA ligase (present e.g. in 
polymyositis and dermatomyositis) 

Anti-LA/SSB Antinuclear autoantibody (e.g. in Sjögren syndrome) 

Antinuclear antibody Autoantibodies that react with nuclear nuclear components (usually with 
nucleoproteins)  

anti –Sm (Smith antigen) Antinuclear antibody that reacts wit the core protein of snRNPs 

Anti-SSA    Also referred to as anti-Ro or anti-SSA/Ro or anti- Ro/SSA. Antinuclear 
autoantibody that is detected in several autoimmune diseases (e.g. in SLE) 

Antiserum  Human or animal derived blood serum that contains antibodies reactive 
with one or more antigens 

Antibody Immunoglobulin molecule that is capable to specifically bind to antigens 

Antitoxin Antibodies capable of neutralizing soluble toxins 

APC Antigen presenting cell  
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APS Anti-phospholipid syndrome (also referred to as ALPS), an autoimmune 
syndrome 

ASLT abbreviation of anti-streptolysin O test 

Atopy Predisposition for allergic hypersensitivity 

Autoantibody Antibody that reacts with a self antigen 

Autograft Tissue grafted within an individual from one place to another 

Avidity Combined strength of multiple bond interactions between an antigen with 
multiple binding sites and a polyvalent antibody  

Autoimmune disease A disease that develops on the basis of pathological self reactivity of the 
immune system 

Avidin A glycoprotein of egg white that binds biotin with high affinity 

BAL Bronchoalveolar lavage, a diagnostic procedure during bronchoscopy 
which involves squirting of fluid into the lung and then recollection of it for 
examination 

BALT Bronchial-Associated Lymphoid Tissue, a secondary lymphatic tissue 

B lymphocytes Lymphocytes that express cell surface immunoglobulins and are 
responsible for the antibody response 

BCG Bacillus Calmette Guérin – the key component of the anti-tuberculosis 
vaccine. Attenuated Mycobacterium tuberculosis var. bovis strain 

Bence-Jones proteins                 
(BJ proteins) 

Immunoglobulin light chains found in the urine of patients with multiple 
myeloma 

Blast cells In cytology a term used for precursor cells (partially differentiated, usually 
unipotent cells)  

Blast transformation A series of morphological and biochemical changes that are induced by a 
mitogen. It is characteristic for activated T or B cells 

Booster A repeated introduction of antigen into an organism (months-years after 
the primary sensitization). 

BSA Bovine Serum Albumin 

Cachectin A term used earlier for tumor necrosis factor (TNF)  

Carrier An immunogenic macromolecule, bound to a hapten and rendering it 
immunogenic 

Cationic peptides Antimicrobial, positively charged peptides 

Classical complement 
activation 

Enzyme reaction series triggered by an antigen-antibody complex that 
leads to the activation of the complement system 

Chemotaxis Migration of cells directed by the increasing concentration of a chemotactic 
substance 
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Complement fixation (CF) 
test 

An assay suitable for the detection of antibodies reactive to an antigen 

Complement system Serum proteins that activate each other in a cascade like manner leading 
to the lysis of pathogens, opsonization and induction of inflammation 

Coombs test A method used to detect IgG antibodies capable of binding to red blood 
cell surfaces (indirect and direct) 

C region  Constant region, the C terminal part of the immunoglobulin molecule 

Cross reaction Reaction of an antigen-specific antibody or T cell with a further antigen due 
to epitope similarity  

CRP C reactive protein, acute phase protein 

Cytokines Soluble polypeptides that mediate intercellular interactions and may 
regulate cell functions 

Cytotoxic T cell CD8+ T cell that kills other cells 

DAS Disease Activity Score used to characterize the activity of rheumatoid 
arthritis  

D-dimer Fibrin degradation product that is formed after the degradation of blot clot 
after fibrinolysis. It contains two, cross linked D fragment. 

Delayed - type 
Hypersensitivity 

Type IV, T cell mediated hypersensitivity reaction which usually takes 2-3 
days to develop 

Dendritic cell Heterogeneous cell type with cellular processes. It plays a distinguished 
role in the uptake and presentation of antigens to T cells (due to its high 
costimulatory and MHC molecule expression) 

Degranulation Release of cytoplasmic granules 

Diapedesis Exit of cells from the circulation and entry into the tissues through the blood 
vessel wall 

Disseminate intravascular 
coagulation (DIC) 

Intravascular activation of blood coagulation cascade which may lead to 
severe posttransfusional complications. 

Dysgammaglobulinemia  Pathological gamma globulin production; it usually represents selective 
immunoglobulin deficiency 

EIA Enzyme immunoassay (solid phase assay, one of its frequently used 
subtype is ELISA) 

ELISA  Enzyme-linked immunosorbent assay, a widely used assay that involves 
that use of 96 well polystyrene plates 

Endotoxins  Pathogenic lipopolysaccharide components of Gram-negative bacterial cell 
walls 

Eosinophilia  Increased eosinophil cell number (e.g. in the case of parasite infection and 
allergy) 

Epitope Antigen determinant 
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Epstein - Barr virus (EBV) Human herpes virus that causes Burkitt lymphoma and mononucleosis  

Erythema  Redness of the skin during inflammation 

Exotoxins Soluble toxin proteins produced usually by Gram-positive bacteria (e.g. 
botulinum toxin) 

Exudate Extracellular fluid produced during inflammation that contains proteins and 
cell debris 

Fab fragment  The monovalent antigen binding fragment of a partially digested 
immunoglobulin molecule. It consists of the N terminal parts of the light and 
heavy chains. 

FACS Fluorescence activated cell sorter, flow cytometer 

Fc receptor  A cell surface receptor that is capable of specific binding of the Fc regions 
of antibody molecules 

FITC Fluorescein isothiocyanate- green fluorescent dye 

Fluorescent antibody  Antibody to which a fluorescent dye is coupled chemically (e.g. FITC)  

Freund's adjuvant An adjuvant that either consists of oil or oil and heat killed Mycobacterium 
tuberculosis (incomplete and complete Freund adjuvants, respectively)  

Gamma/delta T cells T lymphocytes that express gamma and delta T cell receptor chains 

GALT Gut-associated lymphoid tissue, secondary immune organ 

Gamma globulins Group of serum proteins that migrate towards the catode during 
electrophoresis, and are predominantly composed of serum 
immunoglobulins 

Gammopathies Pathological alterations of gamma globulin levels 

Germinative center Areas of lymph nodes and the spleen that are characterized by B cell 
proliferation and differentiation   

Graft-versus-host reaction   A post- transplantation reaction during which the grafted T cells recognize 
and attack the recipient organism 

Gut-associated lymphoid 
tissue 

Secondary lymphatic tissue associated with the mucous membrane of the 
gastrointestinal tract. It includes Peyer's patches, appendix vermiformis 
and solitary lymphatic follicules of the mucous membrane. 

H-2 complex  Mouse MHC. It is located on murine chromosome 17. Its subregions are K, 
I and D 

Hapten  A small molecule that does not elicit an immune response on its own. 
However, when coupled to a carrier molecule, it becomes immunogenic. 

Heavy chain, H chain The long polypeptide chain of immunoglobulin molecules. The two identical 
heavy chains of the immunoglobulin molecule are connected by disulphide 
bridges. 

Helper T cells  The type of T cells the major function of which is to support the functions of 
other T cell, B cell or macrophages.  
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Hemagglutination  Agglutination of red blood cells 

Hemagglutinin Any molecule (e.g. antibody) that causes the agglutination of red blood 
cells.  

Hemolysin  Any substance that causes the lysis of red blood cells (it is usually an 
antibody) 

High endothelial venule 
(HEV).  

A postcapillary venule that is lined by special, cuboidal epithelial cells. 
Circulating immune cells exit the circulation and enter the secondary 
immune organs through the wall of them. 

Histamine Biogenic amine that is stored in the granules of basophils and mast cells. 
An inflammatory mediator and immune regulator 

Hisrtiocyte Tissue macrophage 

HIV Human Immunodeficiency Virus, a  lentivirus, causative agent of AIDS 

HLA Human Leukocyte Antigen – designation for human MHC 

Incidence The risk of new cases (number of newly diagnosed people) within a 
population within a period of time 

J chain Short glycopeptide that connects monomeric immunoglobulins in the IgM 
and IgA molecules 

Kupffer cell  The macrophage of live sinusoids 

Langerhans cell The dendritic cell type located among the keratinocytes of the skin 

Lectin carbohydrate binding protein (e.g. ConA) 

Leucopenia Pathological reduction of the blood leukocyte count 

Light chain (L chain)  Light chain, the short polypeptide chain of the immunoglobulin molecule 
that can be either of kappa or lambda type 

Lipopolysaccharide (LPS) Endotoxin of Gram-negative bacteria 

Lymphadenopathy   Pathological alteration of lymph nodes (usually enlargement) 

Lymphocytopenia Pathological reduction of the number of lymphocytes. Transient 
lymphocytopenia may be the result of recent infection or chemotherapy. 

Lymphokine-activated killer 
cells (LAK)  

Cytotoxic and NK cells that get activated in the in vitro presence of IL-2  

Lupus anticoagulant Also referred to as lupus antibody, LA or lupus inhibitor: antibody that 
reacts with plasma membrane phospholipids and proteins which has pro-
thrombotic effect. 

Macrophage  Monocyte derived large, phagocytic cell of the tissues 

Major histocompatibility 
complex (MHC)  

Polymorphic gene complex located on the short arm of the 6. human 
chromosome. It encodes for cell surface molecules that are responsible for 
rejection of tissues grafted from one individual to the other 
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MALT Mucosal Associated Lymphoid Tissue, a secondary lymphatic organ 

Mantoux test A skin test that involves the intradermal injection of that enables the 
assessment of T cell reactivity to Mycobacterial antigens 

Membrane attack complex 
(MAC)  

A multicomponent complement complex that is formed on the surface of 
the target cell; it forms a pore and causes lysis. 

Memory cell  Long lived T or B lymphocyte that is formed upon encounter with an 
antigen (during the primary immune response). Starting from them, the 
secondary immune response take shorter time to develop. 

Mitogen Any substance that induces the proliferation of resting cells 

Monoclonal antibody The product of a hybridoma generated by the somatic fusion of a single B 
cell/plasma cell and a tumor partner cell 

Monocyte  Large, circulating phagocytic cell, the precursor f tissue macrophages 

Monokine Cytokine produced by macrophages or monocytes 

Mononuclear phagocyte 
system 

A system composed of monocytes and macrophages differentiated from 
monocytes 

Morbidity The number of individuals that will develop a certain disease from among a 
given number of people 

Mortality The ratio of death cases compared to the number of disease cases  

Myeloma Plasma cell tumor 

Myeloma protein  Immunoglobulin produced by a myeloma cell 

Natural killer cell (NK)  Non-T, non-B lymphocyte that is capable of destroying virus infected or 
tumor cells 

NK Natural killer cell 

Nude mouse Mutant mouse strain that lacks thymus and fur 

Opportunistic pathogen  A microorganism with low virulence that does not infect healthy people, 
however it may cause disease in individuals with reduced immune 
functions 

Opsonization  Coating of the antigen (e.g. bacterium) to be phagocytosed by antibody or 
complement which facilitates phagocytosis 

Paracortex  T cell area located on the boundary of the cortex and medulla of lymph 
nodes 

Paratope Antigen binding site of an immunoglobulin which is complementary to the 
epitope 

Passive agglutination Agglutination of particles caused by antibodies reactive to antigens of the 
particle surface 

Passive immunization  Immunization of an organism by the transfer of antibodies or immune cells 
from another organism 
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Perforin  A molecule produced by T cells and NK cells that polymerizes and sinks 
into the membrane of target cells forming a pore  

Phytohemagglutinin (PHA) Plant derived lectin that has mitogenic effect 

Plasma cell Terminally differentiated B cell that is capable of producing soluble 
antibodies in large amounts 

Polyclonal gammopathy It is characterized by the presence of large amounts of immunoglobulin in 
the serum. The antibodies have different specificities and are products of 
different clones 

Polymorphonuclear 
leukocyte  

Leukocyte with granular cytoplasm. It can be neutrophil, basophil or 
eosinophil 

PPD Purified Protein Derivative, a synonym term for tuberculin. PPD is 
precipitate produced from the sterilized and concentrated filtrate of cultures 

Prevalence Frequency of cases with a given type of disease within a population 

Primary immunodeficiency Inherited immunodeficiency 

Primary immune organ  Site of maturation of lymphocytes (thymus and red bone marrow) 

Primary immune response Immune response that develops after the first encounter with the antigen 

PCT (procalcitonin) test Procalcitonin is the precursor of calcitonin, a molecule that is key regulator 
of Ca2+ homeostasis. Procalcitonin level is characteristically increased 
upon proinflammatory effects associated with bacterial infections, while its 
level does not show significant alterations during viral infections or non-
infectious inflammations. 

Predictive value In diagnostic tests the proportion of individuals correctly diagnosed based 
upon the positive results of the tests 

Predictive marker A marker that alone predicts e.g. the response to a therapy  

Prognostic value A value that by itself predicts the clinical course of a disease 

Radioallergo sorbent test 
(RAST) 

Radioimmunoassay that measures IgE reactive to a given antigen 

Radioimmunoassay (RIA) An antigen-antibody interaction based assay which involves the use of a 
radioactively labeled molecule 

Radioimmunosorbent test 
(RIST) 

Solid phase radioimmunoassay which detects very low amounts of IgE 

Raynaud phenomenon Episodic whitening of fingers and toes associated with vasospasm, 
induced by e.g. cold provocation or emotional stress. 

Reagin  A term used by allergologists for the IgE molecule 

Rejection Rejection of grafted tissues or organs due to humoral or cellular immune 
reactions 

Reticuloendothelial system 
(RES) 

A network composed of phagocyte cells. Most important members of it are 
macrophages. 
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SLEDAI Systemic Lupus Erythematosus Disease Activity Index 

Specifity During a diagnostic test it shows the % tested negative from among the 
tested healthy samples 

Secondary rejection An accelerated rejection of an allograft in the case of an already 
immunized recipient 

Secondary lymphatic 
organs 

The site of the encounter of B and T cells with antigen, the location of their 
activation, proliferation and differentiation on the effect of the antigen (e.g. 
spleen or lymph nodes). 

Sensitivity During a diagnostic test it shows the % of cases with the diseases tested 
positive with the test 

Sensitization Induction of an immune response with an antigen 

Serology Detection and measurement of antibodies 

Serum sickness Type III hypersensitivity reaction that develops after a foreign serum is 
introduced into an organism. It is due to the formation of immune 
complexes in the circulation that induce inflammation. It may develop after 
high dose foreign serum therapy (e.g. with horse serum) 

SRBC Sheep Red Blood Cells 

Splenomegaly Enlargement of the spleen that may associate with hemolytic anemia, 
portal hypertension, leukemia and lymphoma.  

Systemic lupus 
erythematosus (SLE) 

Systemic autoimmune disease 

T cell A lymphocyte type that develops in the thymus and carries T cell receptor 

T-dependent antigen  An antigen in the case of which T helper cell derived cytokines are required 

T-independent antigen An antigen in the case of which antibody production is achieved without T 
helper cell derived cytokines. Such antibodies are usually of IgM type. 

Titer Reciprocal value of the highest dilution at which immune reactivity can still 
be detected 

TNF blocker   TNF inhibition by monoclonal antibodies (e.g. Infliximab) or with receptor 
fusion protein (e.g. Etanercept) used as a biological therapy in various 
autoimmune diseases (such a sin rheumatoid arthritis)  

Tolerance Reduced or absent immune responsiveness to a given antigen 

Tuberculin Extract of Mycobacterium tuberculosis, M. bovis or M. avium (protein 
fraction) used in skin tests 

Vakcináció  Administration of an antigen/vaccine in order to induce a protective 
immunity against an infectious agent 

Variable region part of the B cell receptor (immunoglobulin) and T cell receptor the amino 
acid sequence of which changes from molecule to molecule 
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Vasculitis Collective term for heterogenous inflammatory diseases affecting blood 
vessel walls 

We (Westergren)  Extent of red blood cell sedimentation 

Xenograft Graft derived from a foreign species 
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ABBREVIATIONS 
 

 

 

7TM receptors:   Membrane receptor family composed of 7 transmembrane domains   

AChR:    Acetylcholin receptor 

ADC:    Analog-to-Digital Converter 

ADCC:    Antibody-dependent, cell-mediated cytotoxicity 

AID:    Activation induced cytidine deaminase 

AIRE:    Autoimmune regulator  

ANA:    Antinuclear antibody 

APC:    Antigen presenting cell 

APC:    Antigen presenting cell 

APECED:   Autoimmune polyendocrinopathy, candidiasis, ectodermal dysplasia 

APRIL:    A proliferation-inducing ligand 

BAFF:    B-cell activating factor 

BrdU:  Bromodeoxyuridine (5-bromo-2'-deoxyuridine = synthetic thymidine 

analog) 

CALLA: Common Acute Lymphocytic Leukemia Antigen  

CBA:    Cytometric Bead Array 

CCL19:    Macrophage inflammatory protein-3-beta (MIP-3-beta) 

CCL2:    Monocyte chemotactic protein-1 (MCP-1) 

CCL20:    Macrophage inflammatory protein-3 (MIP-3-alpha) 

CCL21:    Secondary lymphoid-tissue chemokine (SLC) 

CCP:    Cyclic citrullinated peptide  

CD:    Cluster of Differentiation  

CD:    Cluster of diversity 

CD62:    Selectin 

CPPs:    Cell penetrating peptides 

CTLA-4:   Cytotoxic T-lymphocyte antigen 4 

CXCL12:   Stromal cell-derived factor-1 (SDF) 

CXCL13:   B lymphocyte chemoattractant (BLC) 

DC:    Dendritic cell 

DNA:    Deoxyribonucleic acid 

EdU: 5-ethynyl-2’-deoxyuridine (synthetic thymidine analog) 

ELISA:    Enzyme linked immunoassay 

ER:    Endoplasmatic reticulum 

ERK:    Extracellular-signal-regulated kinase 

Fab:    Antigen-binding fragment of antibodies 

FACS:    Fluorescence-activated cell sorting  

FALS:     Forward angle light scatter  
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Fc:    Fragment crystallizable region of antibodies 

FCM:     Flow cytometry  

fMLF / fMLP:   Formyl Met-Leu-Phe 

FRET: Fluorescence resonance energy transfer 

FS / FSC:   Forward scatter  

GAG:    Glucose amino glycane 

GFP:     Green Fluorescent Protein 

gfp:    GFP gene 

HAMA:     Human anti-mouse antibodies 

HEp2:    Epidermoid carcinoma, larynx, human, HeLa markers 

HIV:    Human Immunodeficiency Virus  

HLA:    Human leukocyte antigen 

HLA:    Human leukocyte antigen 

HTS:    High throughput screening method 

HUGO:    Human Genome Project  

ICAM:    Intercellular adhesion molecule (CD54) 

Ig:    Immunoglobulin 

IL-1b:    Interleukin 1 beta

iNOS:    Inducible nitric oxide synthase 

IP3:    Inositol tris-phosphate 

IPEX:    Immune dysregulation, polyendocrinopathy, enteropathy, X-linked 

ITP: Idiopathic thrombocytopenic purpura (immune thrombocytopenic 

purpura or immune thrombocytopenia) 

JAM:    Junctional adhesion molecule 

LAD:    Leukocyte adhesion deficiency 

LFA-1:    Lymphocyte functionassociated antigen (CD11a/CD18) 

MAPK:    Mitogen-activated protein (MAP) kinase 

MDR:    Multidrug resistance 

MEK:    MAP kinase kinase 

MEK3:    MAP kinase kinase3 

MEKK:    MAP kinase kinase kinase 

MG:    Myasthenia gravis 

MRD:     Minimal residual disease 

MTT:    3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

MuSK:    Muscle specific kinase 

NAb:    Natural antibodies 

NK sejt:    Natural killer cell 

NO:    Nitric oxide 

PAD:    Peptidyl-arginyl-deiminase 

PAMP:    Pathogen-associated molecular pattern 
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PECAM-1:   Platelet endothelial cell adhesion molecule (CD31) 

PI:    Propidium iodide 

PIP2:    Phosphatidylinositol 4,5-bisphosphate 

PLC:    Phospholipase C 

PMT:    Photomultiplier tube 

PSLG-1:   P-selectin glycoprotein ligand-1 (CD162) 

PTPN22:   Thyrosine phosphatase non-receptor 22  

QC:    Quality control  

RA:    Rheumatoid arthritis 

RALS:    Right angle light scatter  

RF:    Rheumatoid factor 

RFLP:    Restriction fragment length polymorphism 

RNA:    Ribonucleic acid 

RNase:    Ribonuclease 

ROI:    Reactive oxygen intermediate 

SEREX:   Serological identification of recombinantly expressed clones  

SLE:    Systemic lupus erythematosus 

SNP:    Single nucleotide polymorphism 

SPA:    Spondylitis ankylopoetica 

SS / SSC:    Side scatter  

SSOP:    Sequence specific oligonucleotide probe 

SSP:    Sequence specific primer 

TLR:    Toll like receptor 

TNFa :    Tumor necrosis factor  

TSH:    Thyreoid stimulating hormone 

TSHR:    Thyreoid stimulating hormone receptor 

TUNEL:   Terminal DeoxynucleotideTransferase dUTP Nick End Labeling 

VCAM:    Vascular cell adhesion molecule (CD106) 

VLA4:    Very late antigen-4 = integrin alpha4beta1 (CD49d/CD29) 

 


