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Lymphocyte proliferative activity 

Humoral and cell-mediated immunity (CMI) are two major components of 

the innate and adoptive immune responses. Humoral immune response involves the 

synthesis and release of macromolecules, such as antibodies, cytokines, 

antimicrobial peptides, complement and acute phase proteins into the blood and 

other body fluids. In contrast, CMI is mediated by activated or sensitized 

reticuloendothelial (Phagocytic) and lymphoid (Lymphocytes) cells. Most 

immunological studies necessitate evaluation of both humoral and CMI responses. 

Humoral components can be easily monitored by use of precipitation, 

agglutination, neutralization and enzyme-linked immunosorbent assay (ELISA) 

methods. Assessment of CMI can be undertaken by in vivo, in situ and in 

vitro methods. Methods for in vitro evaluating the CMI are broadly grouped into 

the stimulation (e.g. leucocyte migration technique), proliferation, cytotoxicity and 

effector activity (cytokine expression) assays. 

The proliferation and/or cytotoxic assays is widely used for potency determination 

of vaccines, diagnosis of infectious disease, immune deficiencies and drug 

discoveries. In practical terms, cells are stimulating by mitogen, antigen, toxin or 

drug, which may cause the cell activation or death. Then measurement of 

proliferating and/or surviving cells is conventionally determined by radiometric or 

colorimetric (Dye based) assays. These procedures have widespread potential 

applications but still more problematic, due to the technical complexity and the 

needs for specialized equipment and reagents. 

The in vitro ability of peripheral blood lymphocytes (PBLs) proliferate in 

response to Ag or mitogen is one of the methods used for evaluating the 

immunocompetance of an individual. 

Proliferation of T – lymphocytes occur following a complex cascade of T – 

lymphocyte activation involving Ags, APCs, HLA glycoprotiens, and growth 

factors. An essential event in this cascade is the interaction of IL – 2 with specific 

receptors ( IL – 2 R ) appears only after interaction of the T cell with Ag and are up 
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regulate by IL-2 in an autocrine fashion . In addition to cellular IL – 2 R, soluble 

form of IL – 2 R (sIL2r) in supernatants of activated monocular cells has been 

identified. 

The lymphocyte proliferation assay is used as an in vitro surrogate, similar 

to the in vivo delayed-type hypersensitivity assay, to assess the overall quality and 

character of the cellular arm of the immune response. The lymphocyte proliferation 

assay is used to assess congenital immune deficiencies, transient immune 

compromised states, and more recently, the progressive immune deficiency of HIV 

infection 

  Proliferative response of PBMCs to nonspecific mitogens like PHA, PWM, 

ConA was analyzed in the studied subjects.  

 

Lymphocyte transformation (LTF) 

LTF can be induced by stimulation with mitogens or antigens or allogenic 

cells mixed lymphocyte culture (MLC) or mixed lymphocyte reaction (MLR). 

        Lymphocyte stimulation is an in vitro technique commonly used to assess 

cellular immune response in patients with immunodeficiency, autoimmunity, 

infectious disease and cancer. 

 

 

cell o commence that encourages a cell t chemical substanceis a  mitogenA 

. protein. A mitogen is usually some form of a mitosis, triggering division

Mitogenesis is the induction (triggering) of mitosis, typically via a mitogen.  

The treatment of lymphoid cells infected with certain non – specific 

mitogens led to greater expression of viral genomes, allowing identification of the 

residing virus in apparently negative cells. 

https://en.wikipedia.org/wiki/Cell_division
https://en.wikipedia.org/wiki/Cell_division
https://en.wikipedia.org/wiki/Chemical_substance
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Mitosis
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LymphocytesB can enter mitosis when they are activated by mitogens or antigens.  

matching their  antigenspecifically can divide when they encounter an  cells

undergo mitosis when stimulated by mitogens to produce  T cells. immunoglobulin

, lymphokinessmall lymphocytes that are then responsible for the production of 

which are substances that modify the host organism to improve its immunity. B 

cells, on the other hand, divide to produce plasma cells when stimulated by 

.  Mitogens are often antibodies, or immunoglobulinsmitogens, which then produce 

and thereby assess immune function. The most  lymphocytesused to stimulate  

commonly used mitogens in clinical laboratory medicine are: 

 

Name ?T cellsActs upon  ?B cellsActs upon  

phytohaemagglutinin(PHA)  yes no 

concanavalin A(conA)  yes no 

lipopolysaccharide(LPS)  no yes 

pokeweed mitogen(PWM)  yes yes 

 

 

. legumesfound in plants, especially  lectinis a Phytohaemagglutinin (PHA) 

PHA actually consists of two closely related proteins, called leucoagglutinin 

 agglutinatedicate these proteins . The letters E and L inE-PHA) and L-PHA(

binding-. Phytohaemagglutinin has carbohydrateeukocytesLand  rythrocytesE 

galactosespecificity for a complex oligosaccharide containing   

mannose, and cetylglucosamine-N  

and white  kidney beansIt is found in the highest concentrations in uncooked red 

), and it is also found in lower quantities in cannellinikidney beans (also known as 

), as Phaseolus vulgarisand other common beans ( green beanstypes of  many other

https://en.wikipedia.org/wiki/Lymphocytes
https://en.wikipedia.org/wiki/Lymphocytes
https://en.wikipedia.org/wiki/B_cells
https://en.wikipedia.org/wiki/B_cells
https://en.wikipedia.org/wiki/Antigen
https://en.wikipedia.org/wiki/T_cells
https://en.wikipedia.org/wiki/Antibody
https://en.wikipedia.org/wiki/Lymphokine
https://en.wikipedia.org/wiki/Antibodies
https://en.wikipedia.org/wiki/Immunoglobulin
https://en.wikipedia.org/wiki/Lymphocyte
https://en.wikipedia.org/wiki/T_cell
https://en.wikipedia.org/wiki/B_cell
https://en.wikipedia.org/wiki/Phytohaemagglutinin
https://en.wikipedia.org/wiki/Phytohaemagglutinin
https://en.wikipedia.org/wiki/Concanavalin_A
https://en.wikipedia.org/wiki/Concanavalin_A
https://en.wikipedia.org/wiki/Lipopolysaccharide
https://en.wikipedia.org/wiki/Lipopolysaccharide
https://en.wikipedia.org/wiki/Pokeweed_mitogen
https://en.wikipedia.org/wiki/Pokeweed_mitogen
https://en.wikipedia.org/wiki/Legumes
https://en.wikipedia.org/wiki/Lectin
https://en.wikipedia.org/wiki/Agglutination_(biology)
https://en.wikipedia.org/wiki/PHA-L
https://en.wikipedia.org/wiki/Leukocytes
https://en.wikipedia.org/wiki/Erythrocytes
https://en.wikipedia.org/wiki/Galactose
https://en.wikipedia.org/wiki/Mannose
https://en.wikipedia.org/wiki/N-acetylglucosamine
https://en.wikipedia.org/wiki/Kidney_bean
https://en.wikipedia.org/wiki/Cannellini
https://en.wikipedia.org/wiki/Phaseolus_vulgaris
https://en.wikipedia.org/wiki/Green_beans
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It has a number of  g.fava beans) such as Vicia faba( broad beanswell as 

.toxinigh doses, it is a physiological effects and is used in medical research. In h 

, and mitosisThe lectin has a number of effects on cell metabolism; it induces 

to proteins. It permeabilityaffects the cell membrane in regard to transport and  

types. red blood cellmost mammalian  agglutinates  

 

As a toxin, it can cause poisoning in monogastric animals, such as humans, 

through the consumption of raw or improperly-prepared kidney beans. Measured in 

haemagglutinating units (hau), a raw red kidney bean may contain up to 70,000 

hau. This can be reduced to safe levels by correct cooking (boiling for at least 30 

minutes at 100 °C/ 212 °F). Insufficient cooking, such as in a slow cooker at 80 °C/ 

176 °F, however, can increase this danger and raise the available hau up to 

fivefold.  

  

 karyotypeLymphocytes cultured with phytohaemagglutinin can be used for 

analysis. 

Philadelphia , codiscoverer of the Dr. Peter NowellPHA was discovered by 

in the 1960s. chromosome 

In vitro Lymphocyte transformation was performed by using culture of 

separated lymphocyte or whole blood. 

Lymphocyte transformation can be measured morphologically by examining 

the morphological changes of lymphocytes under oil immersion of the light 

microscope.  

 

https://en.wikipedia.org/wiki/Fava_beans
https://en.wikipedia.org/wiki/Broad_beans
https://en.wikipedia.org/wiki/Toxin
https://en.wikipedia.org/wiki/Mitosis
https://en.wikipedia.org/wiki/Semipermeable_membrane
https://en.wikipedia.org/wiki/Red_blood_cell
https://en.wikipedia.org/wiki/Agglutination_(biology)
https://en.wikipedia.org/wiki/Monogastric
https://en.wikipedia.org/wiki/Slow_cooker
https://en.wikipedia.org/wiki/Karyotype
https://en.wikipedia.org/wiki/Philadelphia_chromosome
https://en.wikipedia.org/wiki/Philadelphia_chromosome
https://en.wikipedia.org/wiki/Peter_Nowell
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Lymphocyte transformation assay by using Separated lymphocytes 

І. Lymphocyte separation 

 Peripheral blood mononuclear cells (PBMCs) will isolate by Ficoll- 

Hypaque density gradient method 

 The blood will dilute 1:1 with supplemented RPMI-1640 medium. 

*- 6 ml of diluted blood will overlaid with 3 ml of lymphoprep (2:1) by using 

sterile Pasteur pipette. 

*- The tubes will centrifuge at 2000 rpm for 30 minutes at room temperature.  

 

*- The supernatant will be discarded an*- The lymphocytes at the interface 

between the plasma layer and the lymphoprep layer will be collected (Fig.1), and 

washed by mixing them with an equal volume of supplemented RPMI-1640 

medium at 2000 rpm for 10 minutes. 

*- The supernatant will be discarded an the cell pellet will gently re-suspended in 

supplemented RPMI-1640 medium + 10% fetal calf serum. 

*- After three wash cycles, cells will be re-suspended in supplementedRPMI-1640 

medium + 10% FCS and the cells number and viability will determine by counting 

the cells in an improved Neubauer, counting chamber, and adjusted to 106 cell/ml 

RPMI-1640 suspension media . 
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Figure 1: The layers of blood after centrifugation 

 

 

Π. Viability test: 

 

 The viability was determined by trypan blue dye exclusion test as follows: 

5μl of cells suspension was added to 200 μl of 0.2% trypan blue dye, mixed, 

waited for 3 minutes and then the cells were counted by heamocytometer until 

having a minimum of 100 cells.  

 Living cells were not staining by trypan blue dye.  

                     

                    Viable cells counted  

 Viability =    ___________________________________χ   100 

                     Total cells count (viable & dead cells) 

 

The viability was always judged to be greater than 95% . 
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Preparation of the dye: 

 

 Reagents:  

 

Stock Solution  

0.2 gm Trypan Blue (Sigma Catalog # F-7378)  

99.8 ml Distilled Water  

0.2% Sodium Azide  

Working Solution  

0.43 gm Sodium Chloride (NaCl)  

9.58 ml Distilled Water  

2 ml Stock Solution  

Methods:  

 

Stock Solution (10x)  

1) Dissolve the trypan blue in the water.  

2) Filter with 0.45μm or 0.2μm filter to remove particles.  

3) Add 0.2% sodium azide to inhibit bacterial growth.  

 

 

Working Solution (2x)  

1) Make a 5x saline solution by dissolving the sodium chloride in 9.58 ml 

distilled water.  

2) Add 2ml Trypan Blue Stock Solution and mix well.  

 

 

Ш. Preparation of culture 

It will be carried out as follows  

* A volume of 2.75 ml of separated lymphocytes (1× 106 cell/ml RPMI 1640) will 

be cultured in sterile silicon coated tubes, using doplicate to each test. 

* A volume of 250μl of mitogen (PHA) will be added to one of these tubes (test) 

and the other  tube left without any addition of mitogen (control). 
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ІV. The procedure will; be completed for all tubes of both assays (whole blood 

and separated lymphocytes) as follows: 

The tubes will be incubated at 37◦C for 72 hours in humidified condition, 

containing 5% Co2; the tubes must be shaken every day. 

 At the end of the incubation time the cells will be sediment by centrifugation 

at 2000 rpm for 10 minutes. (For separated lymphocytes, the supernatant of 

cells will be collected and distributed in sterile Eppendorf tubes for all tubes 

(test and controls), then stored at -20◦C. 

 Five ml of hypotonic solution (KCl) will be added to the sedimented cells 

(Whole blood, Separated lymphocytes, and controls), then incubated at 37◦C 

for 50 minutes. 

 Centrifugation at 2000 rpm for 10 minutes. 

 Five ml of fixative solution will be added to the sedimented cells and kept in 

refrigerator at 4◦C for 10 minutes. 

 Washing up by fixation solution 3-4 times with centrifugation which will br 

repeated until colorless suspension of sediment cells formed. 

 One drop of sedimented cells will be dropped on two clean slides by using 

Pasteur pipette, left to dry at R.T., stained by giemsa stain for 10 minutes, 

washed by D.W. and examined microscopically under oil immersion lens by 

counting 200 cells. 

 The ratio of transformed cells will be calculated by the following equation: 

  

                                                     No. of transformed cells 

Transformed cells % =                                                          × 100 

                                                     Total No. of cells count 
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Lymphocyte transformation could be measured by estimating the morphological 

changes of separated lymphocyte (PBMCs) under oil emersion lens of the light 

microscope and the results were expressed as lymphoblast percentage from the 

total lymphocytes had been calculated. 

 

Nowadays using of electrochemical methods represents a very promising 

tool for the development of in vitro assays for evaluation of cell proliferation 

and viability.  Electrochemistry is branch of chemistry concern with the 

interaction of electrical and chemical effects. A large part of this field deals 

with the study of chemical changes caused by the passage of an electrical 

current and the production of electrical energy by chemical reaction. 

It is named electrochemistry because it's originated from the study of the 

movement of electrons in an oxidation–reduction reaction.  

 Electrochemical methods: are analytical techniques that use a measurement 

of potential, charge, or current to determine an analyte’s concentration or to 

characterize an analyte’s chemical reactivity. 

There are three electrochemical methods of analysis: potentiometry, 

coulometry, and voltammetry.  
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In situ hybridization 

In situ hybridization (ISH) is a type of hybridization that uses a labeled 

complementary DNA, RNA or modified nucleic acids strand (i.e., probe) to 

localize a specific DNA or RNA sequence in a portion or section of tissue (in situ), 

or, if the tissue is small enough (e.g., plant seeds, Drosophila embryos), in the 

entire tissue (whole mount ISH), in cells, and in circulating tumor cells (CTCs). 

This is distinct from immunohistochemistry, which usually localizes proteins in 

tissue sections. 

            

Particular sequences are identified within cells by taking advantage of a property 

of nucleic acids (i.e., their ability to specifically anneal to each other to form 

hybrids). This process can be used for two complementary strands of DNA, and for 

RNA-to-DNA and RNA-to-RNA combinations. Additionally, hybrids between 

natural and artificial nucleic acids are possible. After a labeled probe is annealed to 

matching sequences in fixed cells or tissue, the hybridized probe is visualized. 

When one of the two strands is labeled, the annealed hybrids can be detected by 

various methods, including isotopic and nonisotopic (fluorescent and 

nonfluorescent) approaches. 

 In situ hybridization was invented by Joseph G. Gall and Mary-Lou Pardue  in 

1969. 

In situ hybridization probes 

 Double-stranded DNA (dsDNA) probes 

 Single-stranded DNA (ssDNA) probes 

 RNA probes (riboprobes) 

 Synthetic oligonucleotides (PNA, LNA). 

https://en.wikipedia.org/wiki/Hybridisation_(molecular_biology)
https://en.wikipedia.org/wiki/Complementary_DNA
https://en.wikipedia.org/wiki/RNA
https://en.wikipedia.org/wiki/Hybridization_probe
https://en.wikipedia.org/wiki/Tissue_(biology)
https://en.wikipedia.org/wiki/In_situ
https://en.wikipedia.org/wiki/Drosophila
https://en.wikipedia.org/wiki/Immunohistochemistry
https://en.wikipedia.org/wiki/Joseph_G._Gall
https://en.wikipedia.org/wiki/Mary-Lou_Pardue
https://en.wikipedia.org/wiki/File:RNA_in_situ_hybridization_in_FFPE_samples.jpg
https://en.wikipedia.org/wiki/File:Multiplex_ViewRNA_FISH_Assay_in_Jurkat_and_HeLa_cells.jpg
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Labeling techniques 

 Radioactive isotopes 

o 
32

P 

o 
35

S 

o 
3
H 

 Non-radioactive labels 

o biotin 

o digoxigenin 

o fluorescent dye (FISH) 

Applications of In Situ Hybridization 

 Microbiology (classic target - 16S rRNA) - morphology and population 

structure of microorganisms 

 Pathology (pathogen profiling, abnormal gene expression) 

 Developmental biology (gene expression profiling in embryonic tissues) 

 Karyotyping and phylogenetic analysis (unique FISH patterns on 

individual chromosomes, chromosomal aberrations) 

 Physical mapping (mapping clones on chromosomes and direct 

assignment of mapped clones to chromosomal regions associated with 

heterochromatin or euchromatin). 

Fluorescence in situ hybridization 

 

Fluorescence in situ hybridization (FISH) is a cytogenetic technique that uses 

fluorescent probes that bind to only those parts of the chromosome with a high 

degree of sequence complementarity. It was developed by biomedical researchers 

in the early 1980s and is used to detect and localize the presence or absence of 

https://en.wikipedia.org/wiki/Cytogenetics
https://en.wikipedia.org/wiki/Hybridization_probe
https://en.wikipedia.org/wiki/Complementarity_(molecular_biology)
http://www.nature.com/scitable/topicpage/fluorescence-in-situ-hybridization-fish-327
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specific DNA sequences on chromosomes. Fluorescence microscopy can be used 

to find out where the fluorescent probe is bound to the chromosomes. FISH is often 

used for finding specific features in DNA for use in genetic counseling, medicine, 

and species identification. FISH can also be used to detect and localize specific 

RNA targets (mRNA, and miRNA) in cells, circulating tumor cells, and tissue 

samples. In this context, it can help define the spatial-temporal patterns of gene 

expression within cells and tissues. 

FISH is used by examining the cellular reproduction cycle, specifically interphase 

of the nuclei for any chromosomal abnormalities. This technique [FISH] allows the 

analysis of a large series of archival cases much easier to identify the pinpointed 

chromosome by creating a probe with an artificial chromosomal foundation that 

will attract similar chromosomes. The hybridization signals for each probe when a 

nucleic abnormality is detected. Each probe for the detection of mRNA is 

composed of 20 oligonucleotide pairs, each pair covering a space of 40–50 bp. For 

miRNA detection, the probes use proprietary chemistry for specific detection of 

miRNA and cover the entire miRNA sequence. 

Preparation and hybridization process – RNA 

Cells, circulating tumor cells (CTCs), or formalin-fixed paraffin-embedded (FFPE) 

or frozen tissue sections are fixed, and then permeabilized to allow target 

accessibility. FISH has also been successfully done on unfixed cells. A target-

specific probe, composed of 20 oligonucleotide pairs, hybridizes to the target 

RNA(s). Separate but compatible signal amplification systems enable the multiplex 

assay (up to two targets per assay). Signal amplification is achieved via a series of 

sequential hybridization steps. At the end of the assay the tissue samples are 

visualized under a fluorescence microscope. 

 

 

 

 

https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/DNA_sequence
https://en.wikipedia.org/wiki/Chromosome
https://en.wikipedia.org/wiki/Fluorescence_microscopy
https://en.wikipedia.org/wiki/MRNA
https://en.wikipedia.org/wiki/MiRNA
https://en.wikipedia.org/wiki/Gene_expression
https://en.wikipedia.org/wiki/Gene_expression
https://en.wikipedia.org/wiki/Circulating_tumor_cell


Lec 2: Immunotechnology     Post graduate students     2020-2021       Dr.Raghad H. Al-azzawi 

 

4 
 

Preparation and hybridization process – DNA 

  
Scheme of the principle of the FISH Experiment to localize a gene in the nucleus. 

First, a probe is constructed. The probe must be large enough to hybridize 

specifically with its target but not so large as to impede the hybridization process. 

The probe is tagged directly with fluorophores, with targets for antibodies or with 

biotin. Tagging can be done in various ways, such as PCR using tagged 

nucleotides. 

Then, an interphase or metaphase chromosome preparation is produced. The 

chromosomes are firmly attached to a substrate, usually glass. Repetitive DNA 

sequences must be blocked by adding short fragments of DNA to the sample. The 

probe is then applied to the chromosome DNA and incubated for approximately 12 

hours while hybridizing. Several wash steps remove all unhybridized or partially 

hybridized probes. The results are then visualized and quantified using a 

microscope that is capable of exciting the dye and recording images. 

If the fluorescent signal is weak, amplification of the signal may be necessary in 

order to exceed the detection threshold of the microscope. Fluorescent signal 

strength depends on many factors such as probe labeling efficiency, the type of 

probe, and the type of dye. Fluorescently tagged antibodies or streptavidin are 

bound to the dye molecule. These secondary components are selected so that they 

have a strong signal. 

Probe size is important because longer probes hybridize less specifically than 

shorter probes, "a short strand of DNA or RNA (often 10–25 nucleotides) which is 

https://en.wikipedia.org/wiki/Fluorescent_tag
https://en.wikipedia.org/wiki/Fluorophore
https://en.wikipedia.org/wiki/Antibodies
https://en.wikipedia.org/wiki/Biotin
https://en.wikipedia.org/wiki/PCR
https://en.wikipedia.org/wiki/Nucleotide
https://en.wikipedia.org/wiki/Interphase
https://en.wikipedia.org/wiki/Metaphase
https://en.wikipedia.org/wiki/Substrate_(biochemistry)
https://en.wikipedia.org/wiki/Microscope
https://en.wikipedia.org/wiki/Antibodies
https://en.wikipedia.org/wiki/Streptavidin
https://en.wikipedia.org/wiki/File:FISH_(Fluorescent_In_Situ_Hybridization).jpg
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complementary to a given target sequence, it can be used to identify or locate the 

target. The overlap defines the resolution of detectable features. For example, if the 

goal of an experiment is to detect the breakpoint of a translocation, then the 

overlap of the probes — the degree to which one DNA sequence is contained in the 

adjacent probes — defines the minimum window in which the breakpoint may be 

detected. 

In medicine, FISH can be used to form a diagnosis, to evaluate prognosis, or to 

evaluate remission of a disease, such as cancer. Treatment can then be specifically 

tailored. A traditional exam involving metaphase chromosome analysis is often 

unable to identify features that distinguish one disease from another, due to subtle 

chromosomal features; FISH can elucidate these differences. FISH can also be 

used to detect diseased cells more easily than standard Cytogenetic methods, which 

require dividing cells and requires labor and time-intensive manual preparation and 

analysis of the slides by a technologist. FISH, on the other hand, does not require 

living cells and can be quantified automatically, a computer counts the fluorescent 

dots present. 

Species identification 

FISH is often used in clinical studies. If a patient is infected with a suspected 

pathogen, bacteria, from the patient's tissues or fluids, are typically grown on agar 

to determine the identity of the pathogen. Many bacteria, however, even well-

known species, do not grow well under laboratory conditions. FISH can be used to 

detect directly the presence of the suspect on small samples of patient's tissue. 

FISH can also be used to compare the genomes of two biological species, to 

deduce evolutionary relationships. Bacterial FISH probes are often primers for the 

16s rRNA region. 

FISH is widely used in the field of microbial ecology, to identify 

microorganisms. Biofilms, for example, are composed of complex (often) multi-

species bacterial organizations. Preparing DNA probes for one species and 

performing FISH with this probe allows one to visualize the distribution of this 

specific species within the biofilm. Preparing probes (in two different colors) for 

https://en.wikipedia.org/wiki/Chromosomal_translocation
https://en.wikipedia.org/wiki/Diagnosis
https://en.wikipedia.org/wiki/Prognosis
https://en.wikipedia.org/wiki/Remission_(medicine)
https://en.wikipedia.org/wiki/Cancer
https://en.wikipedia.org/wiki/Cytogenetic
https://en.wikipedia.org/wiki/Clinical_study
https://en.wikipedia.org/wiki/Pathogen
https://en.wikipedia.org/wiki/Species_(biology)
https://en.wikipedia.org/wiki/Evolution
https://en.wikipedia.org/wiki/16s_rRNA
https://en.wikipedia.org/wiki/Microbial_ecology
https://en.wikipedia.org/wiki/Microorganisms
https://en.wikipedia.org/wiki/Biofilms
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two species allows visualize/study co-localization of these two species in the 

biofilm, and can be useful in determining the fine architecture of the biofilm. 

 

Chromogenic in situ hybridization 

Chromogenic in situ hybridization (CISH) is a cytogenetic technique that 

combines the chromogenic signal detection method of immunohistochemistry 

(IHC) techniques with in situ hybridization. It was developed around the year 2000 

as an alternative to fluorescence in situ hybridization (FISH) for detection of HER-

2/neu oncogene amplification. CISH is similar to FISH in that they are both in situ 

hybridization techniques used to detect the presence or absence of specific regions 

of DNA. However, CISH is much more practical in diagnostic laboratories because 

it uses bright-field microscopes rather than the more expensive and complicated 

fluorescence microscopes used in FISH.  

Principle 

 In Situ Hybridization was made, using the high specificity of complementary 

nucleic acid binding to identify the infectious agents in tissue sections, to localize 

gene expression within individual cells, or to detect specific DNA sequences in the 

genome of the cells. 

 The method involved deproteinization of fixed tissue sections mounted on 

slides, hybridization of the target nucleic acid sequence with a RNA probe labeled 

with biotin, and detection of the hybridized probe by adding enzyme- conjugate 

streptavidin-AP followed by adding a suitable enzyme substrate (single component 

BCIP/NBT solution) which produced an intense blue signal appeared at the 

specific site of the hybridized probe that was visible by light microscopy. 

 This streptavidin-AP conjugate directly linked to the biotinylated probe, 

providing a rapid and highly sensitive detection method. 

 

 

 

https://en.wikipedia.org/wiki/Immunohistochemistry
https://en.wikipedia.org/wiki/Immunohistochemistry
https://en.wikipedia.org/wiki/Fluorescence_in_situ_hybridization
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Buffers, Solutions, and Reagents 

1- Citric Buffer PH 6.0 

 10 ml of 100X concentrated citric buffer will be diluted in 1000 ml of 

distilled water. The resulting 1X citric buffer will ready to use, and stored at room 

temperature. 

2- Proteinase K 

 10X concentration of proteinase K solution: 

The entire contents (2ml) vials of the DNase and (RNase free dilution buffer) will 

be added (to reconstitute the proteinase K) to the vial containing the lyophilized 

proteinase K powder (4mg), and was mixed gently. The resulting 10X concentrated 

proteinase K solution will be divided into small aliquots and stored frozen at -

20◦C. 

 1X concentration of proteinase K solution: 

The 10 fold concentrated proteinase K will be diluted by adding 1 part of 10X 

concentrated solution to 9 parts of distilled water. The resulting 1X proteinase K 

solution will ready to use, and was stable at room temperature. Each 1 ml of 1X 

proteinase K solution should be sufficient for using on 5-10 slides. 

3-Protein Block Buffer 

 50 ml of 20X concentrated protein block buffer will be diluted in 1000ml of 

distilled water. The resulting 1X protein block buffer will ready to use, and stored 

at 4◦C. 

4- Detergent Wash Buffer 

 50 ml of 20X concentrated detergent wash buffer should be added to 1000ml 

of distilled water. The resulting 1X detergent wash buffer was ready to use, and 

stored at room temperature. 

5- Probe 

 The probe will be diluted to 7% by adding 7μl of the probe to 93μl of 

hybridization solution that is sufficient for 10 slides, for each slide 10μl. 
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 The 100μl of the 7% probe will be prepared in eppendroff tube that placed in 

the oven at 75◦C for 5-minutes (for RNA probe). Then the eppendroff tube will be 

immediately placed in crushed ice till adding the probe to the dried tissue.  

Assay Procedure 

Tissue Preparation 

 The slices were backed (after positioning the sections of liver biopsy on 

slides treated with egg albumin to adhere the tissues) in a vertical position at 

70◦C for 1 hour or 60-65◦C overnight. 

 The tissue sections should be deparaffinised by immersing the slides 

sequentially in the following solutions at room temperature for the indicated 

times: 

Xylene ----------------------------- 3 minutes in the oven, then 2 minutes outside the 

oven 

100% Ethanol---------------------- 5 minutes 

95% Ethanol ----------------------- 5 minutes 

70% Ethanol ----------------------- 5 minutes 

Deionized distilled water--------- 2 minutes 

 The slides were placed in the boiling citric buffer (1X) for 3 minutes, boiled 

by hot plate. 

 The slides were immediately transferred to deionized distilled water at 20-

25◦C and washed three times for 2 minutes each, then, the slides were dried. 

 

 Enough (1X) proteinase K was added to cover the tissue sections and 

incubated for 10 minutes at 37◦C. 

 The slides were washed in deionized distilled water for 3 times, 2minutes 

each. 

 The slides were dehydrated by immersing them sequentially in the following 

solutions at room temperature for the indicated times: 

70% Ethanol------------------------- 1 minutes 
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95% Ethanol------------------------- 1 minutes 

100% Ethanol------------------------ 1 minutes 

 The slides were dried by incubating them at 37◦C for 5 minutes.  

* The dried slides could be stored dry for up to one month after tissue preparation. 

Hybridization and Detection 

* The tissue sections should not be allowed to dry out at any time during the 

dehydration and staining procedure. 

* Protein block and detergent wash buffer need to be prewarmed at 37◦C before 

use. 

* All reagents that used during hybridization and detection should be warmed at 

room temperature before use. 

 The working cRNA probe/ hybridization solution was added to the tissue 

sections. A cover slip was placed over each slide. Positive and negative 

tissue controls and positive control probe should be included. 

 The slides were placed in an oven at 70◦C for 8-10 minutes in humidity 

chamber partially opened to denature the secondary structure of RNA. 

 The slides were placed in humidity chamber and incubated at 37◦C for 

overnight to allow hybridization of the probe with the target nucleic acid. 

 The slides were soaked in 1X detergent wash buffer at 37◦C until the cover 

slips fall down. 

 1-2 drops of RNase A (15μ/ml) were added to tissue section, incubate at 

37◦C (in humidity chamber) for30 minutes. 

 The slides were washed by protein block (prewarmed) at 37◦C for 3 minutes, 

3-times. 

 The excess of buffer was wiped off carefully from around the tissue sections. 

Then 1-2 drops of conjugate were added to tissue sections and incubated at 

37◦C for 20 minutes (in humidity chamber). 

 The slides were rinsed in detergent wash buffer for 5 minutes. 
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 The excess of buffer was wiped off carefully from around the tissue sections. 

Then, 1-2 drops of substrate were added to tissue sections and incubated at 

room temperature for 20 minutes in dark place. 

* A blue colored precipitate was formed at the site of the probe in positive cells. 

 The excess reagent was tapped off, and the slides were rinsed in 2-3 changes 

of distilled water. 

 The slides were counterstained by using Nuclear Fast Red (NFR) for 30 

seconds to study morphology. 

 The slides were rinsed in distilled water for 1 minute. 

 The slides were dehydrated by sequentially dipping the slides in graded 

alcohols: 95% ethanol, then twice in 100% ethanol, and then in xylene. 

 The slides were mounted by DPX. 

 The cells were examined microscopically under oil emmersion lens for 

scoring. 

Probe design 

Probe design for CISH is very similar to that for FISH with differences only in 

labelling and detection. FISH probes are generally labelled with a variety of 

different fluorescent tags and can only be detected under a fluorescence 

microscope, whereas CISH probes are labelled with biotin or digoxigenin and can 

be detected using a bright-field microscope after other treatment steps have been 

applied. 

 CISH probes are approximately 20 nucleotides in length and are designed for 

DNA targets. They are complementary to the targeted sequence and bind to it after 

a denaturation and hybridization step. Only a few CISH probes are available 

commercially, so for most applications they have to be extracted, amplified, 

sequenced, labelled and mapped from bacterial artificial chromosomes (BACs). 

BACs were developed during the Human Genome Project as it was necessary to 

isolate and amplify short fragments of human DNA for sequencing purposes.  

 

 

https://en.wikipedia.org/wiki/Bacterial_artificial_chromosome
https://en.wikipedia.org/wiki/Human_Genome_Project
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Preparation of tissue, hybridization of probes, and detection 

For CISH to work optimally, chromosomes must be in either interphase or 

metaphase. Tissue samples are securely attached to a surface, which is usually a 

glass slide, with paraffin. The tissue samples must then be washed and heated 

several times to remove any paraffin before the hybridization step. After this, the 

sample has to undergo pepsin digestion to ensure the target is accessible. As a final 

step, 10–20 μL of probe is added, the sample is covered with a coverslip which is 

sealed with rubber cement, and the slide is heated to 97 °C for 5–10 minutes to 

denature the DNA. The slide is then placed in a 37 °C oven overnight so that the 

probe can hybridize. On the next day, the sample is washed and a blocker for 

nonspecific protein binding sites is applied. If horseradish peroxidase (HRP) is 

going to be used, the sample must be incubated in hydrogen peroxide to suppress 

endogenous peroxidase activit. If biotin was used as a probe label, non-specific 

binding sites must first be blocked using bovine serum albumin (BSA).  Then, 

HRP-conjugated streptavidin is used for detection. HRP then converts 

diaminobenzidine (DAB) into an insoluble brown product, which can be detected 

in a bright-field microscope under 40- to 60-fold magnification. A counterstain 

such as hematoxylin and eosin can be used to make the product more visible.  

 

https://en.wikipedia.org/wiki/Horseradish_peroxidase
https://en.wikipedia.org/wiki/Bovine_serum_albumin
https://en.wikipedia.org/wiki/Streptavidin
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Flow cytometry technique 

In biotechnology, flow cytometry is a laser- or impedance-based, biophysical 

technology employed in cell counting, cell sorting, biomarker detection and protein 

engineering, by suspending cells in a stream of fluid and passing them by an 

electronic detection apparatus. It allows simultaneous multiparametric analysis of 

the physical and chemical characteristics of up to thousands of particles per 

second. 

History 

The first impedance-based flow cytometry device, was in 1953.  

Mack Fulwyler was the inventor of the forerunner to today's flow cytometers - 

particularly the cell sorter in 1965 with his publication.  

The first fluorescence-based flow cytometry device was developed in 1968 by 

Wolfgang first commercialized in 1968/69 by German developer and 

manufacturer. At that time, absorption methods were still widely favoured by 

other scientists over fluorescence methods. 

 Soon after, flow cytometry instruments were developed, including the 

Cytofluorograph (1971) from Bio/Physics Systems Inc.  

The first label-free high-frequency impedance flow cytometer based on a 

patented microfluidic "lab-on-chip", was introduced by Amphasys (2012). 

Modern flow cytometers are able to analyze several thousand particles every 

second, in "real time," and can actively separate and isolate particles having 

specified properties. A flow cytometer is similar to a microscope, except that, 

instead of producing an image of the cell, flow cytometry offers "high-throughput" 

(for a large number of cells) automated quantification of set parameters. To 

analyze solid tissues, a single-cell suspension must first be prepared. 

 

https://en.wikipedia.org/wiki/Biotechnology
https://en.wikipedia.org/wiki/Laser
https://en.wikipedia.org/wiki/Electrical_impedance
https://en.wikipedia.org/wiki/Cell_counting
https://en.wikipedia.org/wiki/Cell_sorting
https://en.wikipedia.org/wiki/Biomarker
https://en.wikipedia.org/wiki/Protein_engineering
https://en.wikipedia.org/wiki/Protein_engineering
https://en.wikipedia.org/wiki/Cell_(biology)
https://en.wikipedia.org/wiki/Multivariable_analysis
https://en.wikipedia.org/wiki/Chemical
https://en.wikipedia.org/wiki/Absorption_(electromagnetic_radiation)
https://en.wikipedia.org/wiki/Impedance_flow_cytometry
https://en.wikipedia.org/wiki/Microscope
https://en.wikipedia.org/wiki/Quantification_(science)
https://en.wikipedia.org/wiki/Biological_tissue
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Modular design, up to 4 lasers and 14 colors 

 

A flow cytometer has five main components: 

 a flow cell - liquid stream (sheath fluid), which carries and aligns the cells so 

that they pass single file through the light beam for sensing 

 a measuring system - commonly used are measurement of impedance (or 

conductivity) and optical systems - lamps (mercury, xenon); high-power 

water-cooled lasers (argon, krypton, dye laser); low-power air-cooled lasers 

(argon (488 nm), red-HeNe (633 nm), green-HeNe, HeCd (UV)); diode 

lasers (blue, green, red, violet) resulting in light signals 

 a detector and Analogue-to-Digital Conversion (ADC) system - which 

generates forward-scattered light (FSC) and side-scattered light (SSC) as 

https://en.wikipedia.org/wiki/Mercury_(element)
https://en.wikipedia.org/wiki/Xenon
https://en.wikipedia.org/wiki/Argon_laser
https://en.wikipedia.org/wiki/Krypton_laser
https://en.wikipedia.org/wiki/Diode_laser
https://en.wikipedia.org/wiki/Diode_laser
https://en.wikipedia.org/wiki/File:FACS-toestel.JPG
https://www.thermofisher.com/iq/en/home/global/forms/attune-nxt-interactive-demo-video.html
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well as fluorescence signals from light into electrical signals that can be 

processed by a computer 

 an amplification system - linear or logarithmic 

 a computer for analysis of the signals. 

The process of collecting data from samples using the flow cytometer is termed 

'acquisition'. Acquisition is mediated by a computer physically connected to the 

flow cytometer, and the software which handles the digital interface with the 

cytometer. The software is capable of adjusting parameters (e.g., voltage, 

compensation) for the sample being tested, and also assists in displaying initial 

sample information while acquiring sample data to ensure that parameters are 

set correctly. 

Modern instruments usually have multiple lasers and fluorescence detectors. The 

current record for a commercial instrument is ten lasers
 
and 18 fluorescence 

detectors. 

Fluidics 
The purpose of the fluidics system is to transport particles in a fluid stream to the 

laser beam for interrogation. For optimal illumination, the stream transporting the 

particles should be positioned in the center of the laser beam. In addition, only one 

cell or particle should move through the laser beam at a given moment. 

To accomplish this, the sample is injected into a stream of sheath fluid within the 

flow chamber. The flow chamber in a benchtop cytometer is called a flow cell and 

the flow chamber in a stream-in-air cytometer is called a nozzle tip. The design of 

the flow chamber causes the sample core to be focused in the center of the sheath 

fluid where the laser beam will then interact with the particles. Based on principles 

relating to laminar flow, the sample core remains separate but coaxial within the 

sheath fluid. The flow of sheath fluid accelerates the particles and restricts them to 

the center of the sample core. This process is known as hydrodynamic focusing.  

 

https://en.wikipedia.org/wiki/Linear
https://en.wikipedia.org/wiki/Logarithmic_scale
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Figure :Hydrodynamic focusing of the sample core through a nozzle tip 

 

Data analysis: 

Gating 

The data generated by flow-cytometers can be plotted in a single dimension, to 

produce a histogram, or in two-dimensional dot plots or even in three dimensions. 

The regions on these plots can be sequentially separated, based on fluorescence 

intensity, by creating a series of subset extractions, termed "gates." Specific gating 

protocols exist for diagnostic and clinical purposes especially in relation to 

hematology. 

The plots are often made on logarithmic scales. Because different fluorescent dyes' 

emission spectra overlap, signals at the detectors have to be compensated 

electronically as well as computationally. Data accumulated using the flow 

cytometer can be analyzed using software, e.g., WinMDI, Flowing Software, and 

web-based Cytobank (all freeware). Once the data is collected, there is no need to 

stay connected to the flow cytometer and analysis is most often performed on a 

separate computer.  

 

https://en.wikipedia.org/wiki/Dimension
https://en.wikipedia.org/wiki/Histogram
https://en.wikipedia.org/wiki/Intensity_(physics)
https://en.wikipedia.org/wiki/Medical_guidelines
https://en.wikipedia.org/wiki/Hematology
https://en.wikipedia.org/wiki/Freeware
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Computational analysis 

Recent progress on automated population identification using computational 

methods has offered an alternative to traditional gating strategies. Automated 

identification systems could potentially help findings of rare and hidden 

populations. Collaborative efforts have resulted in an open project called FlowCAP 

(Flow Cytometry: Critical Assessment of Population Identification Methods) to 

provide an objective way to compare and evaluate the flow cytometry data 

clustering methods, and also to establish guidance about appropriate use and 

application of these methods. 

 

 

Scattered and emitted light signals are converted to electronic pulses that can be 

processed by the computer. 
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Fluorescence-activated cell sorting (FACS) 

Fluorescence-activated cell sorting (FACS) is a specialized type of flow 

cytometry. It provides a method for sorting a heterogeneous mixture of biological 

cells into two or more containers, one cell at a time, based upon the specific light 

scattering and fluorescent characteristics of each cell. It is a useful scientific 

instrument as it provides fast, objective and quantitative recording of fluorescent 

signals from individual cells as well as physical separation of cells of particular 

interest. The technique was expanded by Len Herzenberg, who was responsible for 

coining the term FACS.  

The cell suspension is entrained in the center of a narrow, rapidly flowing stream 

of liquid. The flow is arranged so that there is a large separation between cells 

relative to their diameter. A vibrating mechanism causes the stream of cells to 

break into individual droplets. The system is adjusted so that there is a low 

probability of more than one cell per droplet. Just before the stream breaks into 

droplets, the flow passes through a fluorescence measuring station where the 

fluorescent character of interest of each cell is measured. An electrical charging 

ring is placed just at the point where the stream breaks into droplets. A charge is 

placed on the ring based on the immediately prior fluorescence intensity 

measurement, and the opposite charge is trapped on the droplet as it breaks from 

the stream. The charged droplets then fall through an electrostatic deflection 

system that diverts droplets into containers based upon their charge. In some 

systems, the charge is applied directly to the stream, and the droplet breaking off 

retains charge of the same sign as the stream. The stream is then returned to neutral 

after the droplet breaks off. 

Labels 

Fluorescent labels 

A wide range of fluorophores can be used as labels in flow cytometry. 

Fluorophores, or simply "fluors", are typically attached to an antibody that 

recognizes a target feature on or in the cell; they may also be attached to a 

chemical entity with affinity for the cell membrane or another cellular structure. 

https://en.wikipedia.org/wiki/Cells_(biology)
https://en.wikipedia.org/wiki/Scattering
https://en.wikipedia.org/wiki/Scattering
https://en.wikipedia.org/wiki/Fluorescent
https://en.wikipedia.org/wiki/Leonard_Herzenberg
https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Diameter
https://en.wikipedia.org/wiki/Oscillation
https://en.wikipedia.org/wiki/Electric_charge
https://en.wikipedia.org/wiki/Electrostatic_deflection
https://en.wikipedia.org/wiki/Cell_membrane
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Each fluorophore has a characteristic peak excitation and emission wavelength, 

and the emission spectra often overlap. Consequently, the combination of labels 

which can be used depends on the wavelength of the lamp(s) or laser(s) used to 

excite the fluorochromes and on the detectors available. The maximum number of 

distinguishable fluorescent labels is thought to be 17 or 18, and this level of 

complexity necessitates laborious optimization to limit artifacts, as well as 

complex deconvolution algorithms to separate overlapping spectra. Flow 

cytometry uses fluorescence as a quantitative tool; the utmost sensitivity of flow 

cytometry is unmatched by other fluorescent detection platforms such as confocal 

microscopy. Absolute fluorescence sensitivity is generally lower in confocal 

microscopy because out-of-focus signals are rejected by the confocal optical 

system and because the image is built up serially from individual measurements at 

every location across the cell, reducing the amount of time available to collect 

signal. 

Isotope labeling 

Mass cytometry overcomes the fluorescent labeling limit by utilizing lanthanide 

isotopes attached to antibodies. This method could theoretically allow the use of 40 

to 60 distinguishable labels and has been demonstrated for 30 labels. Mass 

cytometry is fundamentally different from flow cytometry: cells are introduced 

into a plasma, ionized, and associated isotopes are quantified via time-of-flight 

mass spectrometry. Although this method permits the use of a large number of 

labels, it currently has lower throughput capacity than flow cytometry. It also 

destroys the analysed cells, precluding their recovery by sorting.  

Sorting 

In most applications, after a particle exits the laser beam, it is sent to waste. Sorting 

allows us to capture and collect cells of interest for further analysis. Once 

collected, the cells can be analyzed microscopically, biochemically, or 

functionally. Not all benchtop flow cytometers are equipped with a sorting feature; 

however, they can be upgraded to perform this function. 

Applications 

https://en.wikipedia.org/wiki/Excited_state
https://en.wikipedia.org/wiki/Emission_(electromagnetic_radiation)
https://en.wikipedia.org/wiki/Deconvolution
https://en.wikipedia.org/wiki/Confocal_microscopy
https://en.wikipedia.org/wiki/Confocal_microscopy
https://en.wikipedia.org/wiki/Confocal_microscopy
https://en.wikipedia.org/wiki/Confocal_microscopy
https://en.wikipedia.org/wiki/Lanthanide
https://en.wikipedia.org/wiki/Plasma_(physics)
https://en.wikipedia.org/wiki/Time-of-flight_mass_spectrometry
https://en.wikipedia.org/wiki/Time-of-flight_mass_spectrometry
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The technology has applications in a number of fields, including molecular 

biology, pathology, immunology, plant biology and marine biology. It has broad 

application in medicine (especially in transplantation, hematology, tumor 

immunology and chemotherapy, prenatal diagnosis, genetics and sperm sorting for 

sex preselection). Also, it is extensively used in research for the detection of DNA 

damage, caspase cleavage and apoptosis. In marine biology, the autofluorescent 

properties of photosynthetic plankton can be exploited by flow cytometry in order 

to characterise abundance and community structure. In protein engineering, flow 

cytometry is used in conjunction with yeast display and bacterial display to 

identify cell surface-displayed protein variants with desired properties. 

 

 Clinical Applications  

 
          Diagnosis of Haematological Malignancies 

Detection of Minimal Residual Disease  

Lymphocyte Subset Enumeration  

Analysis of DNA Ploidy and Cell Cycle  

Efficacy of Cancer Chemotherapy  

Reticulocyte Enumeration  

Platelet Function Analysis  

Cell function Analysis  

Applications of Transfusion Medicine  

Applications in Organ Transplantation  

Cell Preparation for Flow Cytometry 
 

1. Cell Preparation of Tissue Culture Cells  

 

For the preparation of single cells derived from tissue culture cell lines. 

Single cells must be suspended at a density of 10
5
-10

7
 cells/ml to keep the 

narrow bores of the flow cytometer and its tubing from clogging up. The 

https://en.wikipedia.org/wiki/Molecular_biology
https://en.wikipedia.org/wiki/Molecular_biology
https://en.wikipedia.org/wiki/Pathology
https://en.wikipedia.org/wiki/Immunology
https://en.wikipedia.org/wiki/Plant_biology
https://en.wikipedia.org/wiki/Marine_biology
https://en.wikipedia.org/wiki/Medicine
https://en.wikipedia.org/wiki/Sperm_sorting
https://en.wikipedia.org/wiki/Sex_preselection
https://en.wikipedia.org/wiki/Plankton
https://en.wikipedia.org/wiki/Yeast_display
https://en.wikipedia.org/wiki/Bacterial_display
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concentration also influences the rate of flow sorting, which typically 

progresses at 2,000-20,000 cells/second. Phosphate Buffered Saline (PBS) is 

a common suspension buffer. 

2. Cell Preparation from Lymphoid Tissue  

3. Cell Preparation from Non-Lymphoid Tissue  

4. Isolation of PBMC from whole blood  
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Cluster of differentiation 

The cluster of differentiation (cluster of designation or classification 

determinant) (often abbreviated as CD) is a protocol used for the identification 

and investigation of cell surface molecules providing targets for 

immunophenotyping of cells. In terms of physiology, CD molecules can act in 

numerous ways, often acting as receptors or ligands (the molecule that activates a 

receptor) important to the cell. A signal cascade is usually initiated, altering the 

behavior of the cell. Some CD proteins do not play a role in cell signaling, but 

have other functions, such as cell adhesion. CD for humans is numbered up to 400 

(As of April 2020). 

Nomenclature 

The CD nomenclature was proposed and established in the 1st International 

Workshop and Conference on Human Leukocyte Differentiation Antigens 

(HLDA), which was held in Paris in 1982. This system was intended for the 

classification of the many monoclonal antibodies (mAbs) generated by different 

laboratories around the world against epitopes on the surface molecules of 

leukocytes (white blood cells).  

Cell populations are usually defined using a '+' or a '-' symbol to indicate whether a 

certain cell fraction expresses or lacks a CD molecule. For example, a "CD34+, 

CD31-" cell is one that expresses CD34, but not CD31. This CD combination 

typically corresponds to a stem cell, as opposed to a fully differentiated endothelial 

cell. Some cell populations can also be defined as 
hi

, 
mid

 or 
low

(alternatively 
bright

, 
mid

 

or 
dim

), indicating an overall variability in CD expression, particularly when 

compared to other cells being studied. A review of the development of T cells in 

the thymus uses this nomenclature to identify cells transitioning from 

CD4
mid

/CD8
mid

 double positive cells to CD4
hi
/CD8

mid
. 

Human Leukocyte Differentiation Antigen Workshops 

Since 1982 there have been nine Human Leukocyte Differentiation Antigen 

Workshops culminating in a conference 

https://en.wikipedia.org/wiki/Cell_surface_molecule
https://en.wikipedia.org/wiki/Immunophenotyping
https://en.wikipedia.org/wiki/Receptor_(biochemistry)
https://en.wikipedia.org/wiki/Ligand_(biochemistry)
https://en.wikipedia.org/wiki/Cell_adhesion
https://en.wikipedia.org/wiki/List_of_human_clusters_of_differentiation
https://en.wikipedia.org/wiki/Leukocyte
https://en.wikipedia.org/wiki/Antigen
https://en.wikipedia.org/wiki/Paris,_France
https://en.wikipedia.org/wiki/Monoclonal_antibodies
https://en.wikipedia.org/wiki/Epitope
https://en.wikipedia.org/wiki/White_blood_cell
https://en.wikipedia.org/wiki/CD34
https://en.wikipedia.org/wiki/CD31
https://en.wikipedia.org/wiki/Stem_cell
https://en.wikipedia.org/wiki/Endothelial_cell
https://en.wikipedia.org/wiki/Endothelial_cell
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workshop Host Time CDs assigned Number of CDs assigned 

HLDA 1 Pairs 1982 CD1-w15 15 

HLDA 2 Boston 1984 CD16-w26 11 

HLDA 3 Oxford 1987 CD27-45 19 

HLDA 4 Vienna 1989 CD46-w78 35 

HLDA 5 Boston 1993 CD79-w109 62 

HLDA 6 Kobe 1996 CD110-166 52 

HLDA 7 Harrogate 2000 CD167-247 81 

HLDA 8 Adelaide 2004 CD248-339 93 

HLDA 9 Barcelona 2010 CD340-364 20 

HLDA 10 Wollongong 2014 CD365-371 7 

 

Methods of CD determination: 

1-ELISA 

 

2- Immunomagnetic Beads 

Immunomagnetic beads are magnetic beads which are coated with antibodies 

against antigens expressed on target cells. Examples include MACS (Miltenyi 

Biotech, Germany) and Dynabeads (Life Technologies, Carlsbad, CA, USA). In 

this procedure, the beads are incubated with blood samples which may or may not 

have undergone prior enrichment strategies. Two common purification methods 

are used: positive selection, where the target cells are bound by the beads and 

magnetically enriched; or negative selection, where non-target cells are bound by 

the beads and removed magnetically, reducing the amount of 'contaminating' cells 

and increases the relative fraction of the target cell population. CTCs isolated by 

immunomagnetic methods could be further studied for more detailed 

characterization. 

http://www.sinobiological.com/human-leukocyte-differentiation-antigen-workshop-1.html
http://www.sinobiological.com/human-leukocyte-differentiation-antigen-workshop-2.html
http://www.sinobiological.com/human-leukocyte-differentiation-antigen-workshop-3.html
http://www.sinobiological.com/human-leukocyte-differentiation-antigen-workshop-4.html
http://www.sinobiological.com/human-leukocyte-differentiation-antigen-workshop-5.html
http://www.sinobiological.com/human-leukocyte-differentiation-antigen-workshop-6.html
http://www.sinobiological.com/human-leukocyte-differentiation-antigen-workshop-7.html
http://www.sinobiological.com/human-leukocyte-differentiation-antigen-workshop-8.html
http://www.sinobiological.com/human-leukocyte-differentiation-antigen-workshop-9.html
http://www.sinobiological.com/human-leukocyte-differentiation-antigen-workshop-10.html
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MACS 

Using MACS, CTC was identified from the CD45-negative cell population in the 

peripheral blood in 37% of renal cell carcinoma patients. The presence of CTC was 

found to be associated with advanced tumor stage and more aggressive tumors. 

Furthermore, detailed analyses indicated that half of patients with CTC developed 

distant metastases or died of renal cell carcinoma within 2 years.[109] Besides 

showing a potential for clinical utility, MACS has also been used for elucidation of 

cellular pathways important for survival of disseminated tumor cells (DTCs). In a 

recent report, DTCs isolated from the bone marrow of gastric cancer patients by 

MACS was found to have significantly decreased expression of microRNA-144 

(miR-144). In gastric cancer patients, downregulation of miR-144 expression in 

cancer tissues was associated with poor prognosis. It is believed that disseminated 

cancer cells in bone marrow survive by downregulation of miR-144, resulting in 

upregulation of Z finger X-chromosomal protein (ZFX) expression and implicating 

a pivotal role for the miR-144-ZFX axis in gastric cancer progression. 

 

List of human clusters of differentiation 

The following is a list of human clusters of differentiation (or CD) molecule’s.  

CD1* MHC-like molecule that presents lipid molecules 

CD1a 

CD1a (Cluster of Differentiation 1a), or T-cell surface glycoprotein CD1a, is a human protein encoded by 

the CD1A gene. An antigen-presenting protein that binds self and non-self lipid and glycolipid antigens 

and presents them to T-cell receptors on natural killer T-cells. 

CD1b 

T-cell surface glycoprotein CD1b. Expressed on cortical thymocytes, certain T-cell leukemias and other 

tissues. 

CD1c T-cell surface glycoprotein CD1c. 

CD1d 

T-cell surface glycoprotein CD1d encoded by the CD1D gene. CD1d-presented lipid antigens activate a 

special class of T cells, known as natural killer T (NKT) cells, through the interaction with the T-cell 

receptor present on NKT membranes 

CD1e T-cell surface glycoprotein CD1e is a protein in humans encoded by the CD1E gene. 

CD2 

a type I transmembrane protein found on thymocytes, T cells, and some natural killer cells that acts as a 

ligand for CD58 and CD59 and is involved in signal transduction and cell adhesion; expressed in T-cell 

acute lymphoblastic leukemia and T-cell lymphoma. 

CD3* the signaling component of the T cell receptor (TCR) complex 
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https://en.wikipedia.org/wiki/T_cell
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https://en.wikipedia.org/wiki/Protein
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CD3d T-cell surface glycoprotein CD3 delta chain 

CD3e T-cell surface glycoprotein CD3 epsilon chain 

CD3g T-cell surface glycoprotein CD3 gamma chain 

CD4 

a co-receptor for MHC Class II (with TCR, T-cell receptor); found on the surface of immune cells such as 

T helper cells, monocytes, macrophages, and dendritic cells. Used by HIV to enter T cells: in HIV 

infection. CD8+ cytotoxic T cells recognize and kill infected cells hence they are predominantly for 

protection against intracellular pathogens, eg viruses, and some bacteria, ie Rickettsiae 

CD5 

a type I transmembrane protein found on T cells, thymocytes, and some B cells that is a ligand for CD72 

and is involved in cellular activation or adhesion; expressed in B-cell chronic lymphocytic leukemia and 

T-cell lymphoma. 

CD6 

adhesion molecule linking developing thymus-cells to thymus epithelial cells; co-stimulator to mature T 

cells; binds CD166 

CD7 

a type I transmembrane protein found on thymocytes, some T cells, monocytes, natural killer cells, and 

hematopoietic stem cells; expressed in patients with mycosis fungoides, some patients with T-cell acute 

lymphoblastic leukemia, and a few patients with acute nonlymphocytic leukemia 

CD8* 

a co-receptor (with TCR, T-cell receptor) for MHC Class I; mostly found on cytotoxic T cells, but also on 

natural killer cells, cortical thymocytes, and a subset of myeloid dendritic cells. In HIV infection, CD8+ 

cytotoxic T cells recognise and kill infected CD4+ helper T cells, which are critical for the body's 

immunity. In HBV infection CD8+ cytotoxic T cells are involved in liver injury by killing infected cells 

and by producing antiviral cytokines capable of purging HBV from viable hepatocytes. There are two 

isoforms of the protein, alpha and beta, each encoded by a different gene (below). 

CD8a 

T-cell surface glycoprotein CD8 alpha chain. Identifies cytotoxic/suppressor T-cells that interact with 

MHC class I bearing targets 

CD8b T-cell surface glycoprotein CD8 beta chain. 

CD9 

a member of the Tetraspanin superfamily expressed in a variety of cells, including: pre B cells, 

eosinophils, basophils and platelets. 

CD10 

a type II transmembrane protein found on pre-B cells, germinal-center B cells, some neutrophils, kidney 

cells, T-cell precursors, and epithelial cells that acts as a zinc metalloprotease cleaving peptide bonds on 

the amino side of hydrophobic amino acids; expressed in acute lymphocytic leukemia and follicular-

center-cell lymphomas. 

CD11a 

Integrin Alpha L (ITGAL), the alpha subunit of LFA-1, a membrane glycoprotein that provides cell-cell 

adhesion by interaction with ICAM-1 

CD11b 

Integrin Alpha M (ITGAM); the alpha subunit of Mac-1 (Macrophage-1 antigen), the CR3 complement 

receptor which consists of CD11b and CD18. CR3 is a human cell surface receptor, found on 

polymorphonuclear leukocytes (mostly neutrophils), NK cells, and mononuclear phagocytes like 

macrophages, which is capable of recognizing and binding to many molecules found on the surfaces of 

invading bacteria. Binding to the receptor causes phagocytosis and destruction of the foreign cell. 

CD11c 

Integrin Alpha X (ITGAX), the alpha subunit of (iC3b) receptor 4 (CR4). It is a type I transmembrane 

protein found on monocytes, macrophages, neutrophils, and some B cells that induces cellular activation 

and helps trigger neutrophil respiratory burst; expressed in hairy cell leukemias, acute nonlymphocytic 

leukemias, and some B-cell chronic lymphocytic leukemias. Also one of the defining markers for dendritic 

cells and hairy cell leukemia cells. 

CD11d Integrin alpha-D - ITGAD. Integrin alpha-D/beta-2 is a receptor for ICAM3 and VCAM1. May play a role 
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in the atherosclerotic process such as clearing lipoproteins from plaques and in phagocytosis of blood-

borne pathogens, particulate matter, and senescent erythrocytes from the blood. 

CD13 

a zinc metalloproteinase, also known as aminopeptidase N, which is found naturally on myelomonocytic 

cells from early differentiation through maturity; usually present on acute myeloid leukemia blasts and 

rarely found in some forms of lymphoma and lymphocytic leukemia 

CD14 a membrane protein found on macrophages which binds to bacterial lipopolysaccharide. 

CD15 

a carbohydrate adhesion molecule (not a protein) that mediates phagocytosis and chemotaxis, found on 

neutrophils; expressed in patients with Hodgkin disease, some B-cell chronic lymphocytic leukemias, 

acute lymphoblastic leukemias, and most acute nonlymphocytic leukemias. It is also called Lewis x and 

SSEA-1 (stage specific embryonic antigen 1) and represents a marker for murine pluripotent stem cells, in 

which it plays an important role in adhesion and migration of the cells in the preimplantation embryo. 

CD16* FcγRIII, a low-affinity Fc receptor for IgG. Found on NK cells, macrophages, and neutrophils. 

CD16a 

Low affinity immunoglobulin gamma Fc region receptor III-A encoded by the FCGR3A gene. Mutations 

in the gene associated with immunodeficiency, particularly severe Epstein Barr virus and HPV infections. 

CD16b 

Low affinity immunoglobulin gamma Fc region receptor III-B encoded by the FCGR3B gene. Expressed 

by neutrophils and stimulated eosinophils 

CD17 possible role in phagocytosis. Bacteria binding. 

CD18 Integrin Beta 2 chain (ITGB2). Adhesion and signaling in the hematopoietic system. 

CD19 

B-lymphocyte surface antigen B4, component of the B-cell co-receptor; highly represented in B-cell 

malignancies, CD19 is the target of several CAR-T and mAb cancer drugs in development eg Juno 

JCAR015, Kite KTE-C19 CAR, Novartis CTL019, Morphosys MOR208, Macrogenics MGD011, 

Affirmed AFM11 

CD20 

a type III transmembrane protein found on B cells that forms a calcium channel in the cell membrane 

allowing for the influx of calcium required for cell activation; expressed in B-cell lymphomas, hairy cell 

leukemia, and B-cell chronic lymphocytic leukemia. Important for therapy of those diseases, as antibodies 

against CD20 exist: eg Rituximab and Ofatumumab, with several more in development. Similarly, anti-

CD20 monoclonal antibody Ocrelizumab is in trials for multiple sclerosis. 

CD21 

CR2, a type I transmembrane protein found in the cytoplasm of pre-B cells and on the surface of mature B 

cells, follicular dendritic cells, pharyngeal and cervical epithelial cells, some thymocytes, and some T cells 

that plays a role in signal transduction; expressed in hairy cell leukemia, B-cell lymphoma, and some T-

cell acute lymphocytic leukemias. Receptor for complement (C3d) and Epstein-Barr virus (EBV). 

CD22 

a sugar binding transmembrane protein that specifically binds sialic acid with an immunoglobulin (Ig) 

domain located at its N-terminus. It is a member of the immunoglobulin superfamily and the SIGLEC 

family. CD22 functions as an inhibitory receptor for B cell receptor (BCR) signalling. Like CD19, CD22 is 

a cell surface marker for lymphocytes that is present on most B cell malignancies, including acute 

lymphoblastic leukemia and various subtypes of non-Hodgkin lymphoma, including diffuse large B-cell 

lymphoma. CD22 expression has been shown to be maintained in acute lymphoblastic leukemia that has 

lost CD19, making anti-CD22 a potential combination or follow on therapy for anti-CD19 therapy. Anti-

CD22 monoclonal antibodies have been developed, without much success yet; currently Juno Therapeutics 

has an anti-CD22 CAR-T in development. 

CD23 

a type II transmembrane protein found on mature B cells, monocytes, activated macrophages, eosinophils, 

platelets, and dendritic cells that enhances capture and processing of antigen complexed with IgE. 

CD24 a glycoprotein expressed at the surface of most B lymphocytes and differentiating neuroblasts. This gene 
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encodes a sialoglycoprotein that is expressed on mature granulocytes and in many B cells. The encoded 

protein is anchored via a glycosyl phosphatidylinositol (GPI) link to the cell surface. Is also known as Heat 

Stable Antigen (HSA). 

CD25 

a type I transmembrane protein present on activated T cells, activated B cells, some thymocytes, myeloid 

precursors, and oligodendrocytes that associates with CD122 to form a heterodimer that can act as a high-

affinity receptor for IL-2; expressed in most B-cell neoplasms, some acute nonlymphocytic leukemias, and 

neuroblastomas. 

CD26 Membrane-bound protease. T-cell costimulatory molecule. Cell adhesion molecule 

CD27 

TNF-receptor (Tumor necrosis factor receptor superfamily member 7). Present on the surface of resting 

memory B cells. Binds to ligand CD70. Celldex has an agonist anti-CD27 mAb, CDX-1127, in early stage 

trials, which activates T-cells by substituting for CD70 and may have anti-tumour effects. Human B and T 

cell lymphomas often express CD27 at high levels. 

CD28 

costimulatory receptor present on all T-cells. It functions by binding one of two possible costimulatory 

ligands, CD80 (B7.1) or CD86 (B7.2), thus eliciting a costimulatory effect on the T-cell 

CD29 AKA integrin beta-1 - a cell adhesion molecule. 

CD30 

a type I transmembrane protein present on activated T and B cells that may play a role in cell activation 

and/or differentiation; expressed in Hodgkin disease, some T-cell lymphomas, and anaplastic large cell 

lymphomas. 

CD31 PECAM-1, a cell adhesion molecule on platelets and endothelial cells 

CD32A** 
FcγRII-a, a receptor for the Fc (constant) region of immunoglobulin G (IgG). Of the related pair FCGR2A 

and FCGR2B (CD32B), the 'A' type is considered the activating isoform. 

CD32B**  

FcγRII-b, a receptor for the Fc (constant) region of immunoglobulin G (IgG). Of the related pair FCGR2A 

(CD32A) and FCGR2B, the 'B' type is considered the inhibitory isoform. Ligation of CD32B on B cells 

downregulates antibody production and may, in some circumstances, promote apoptosis. Co-ligation of 

CD32B on dendritic cells inhibits maturation and blocks cell activation. 

CD33 

a marker of unknown function found on immature myeloid cells, including acute myeloid leukemia blasts 

and mature monocytes. Anti-CD33 monoclonal antibodies are extensively used for the diagnosis of all 

types of AMLs. 

CD34 

stem cell marker, adhesion, found on hematopoietic precursors (found in high concentrations in umbilical 

cord blood), capillary endothelium, and embryonic fibroblasts 

CD35 Complement receptor 1 (C3b/C4b receptor) 

CD36 Platelet glycoprotein IV or IIIb (GP IV / GP IIIb) 

CD37 

A leucocyte restricted tetraspanin expressed primarily in B cells, but also found on T cells, Monocytes and 

Granulocytes. 

CD38 

involved in ecto-ADP-ribosyl cyclase and cell activation on many hematopoietic, plasma, and B & T 

activated cells; marker increases with HIV seroconversion, coexpression with CD8 associated with 

progression (indicates persistent viral stimulation). Some antibodies targeting CD38 are being tested in 

multiple myeloma and non-Hodgkin's lymphoma eg Daratumumab or Celgene's MOR202. 

CD39 

Also known as Ectonucleoside triphosphate diphosphohydrolase 1 (ENTPD1). Hydrolyzes nucleotide 

substrates at extremely high turnover rates, converting ATP directly into AMP without releasing ADP. 

Forms oligomers that are essential for its enzymatic activity. 

CD40 

A costimulatory protein found on antigen presenting cells. CD40 combines with its ligand CD154 

(CD40L) on T cells to induce antibody isotype switching in B cells. Under investigation as an antibody 
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target for solid tumor (eg Roche RG7876). 

CD41 

Integrin subunit αIIb; Gene ITGA2B. Glycoprotein IIb (GPIIb): Component of the integrin αIIbβ3 (GPIIb-

IIIa) fibrinogen receptor; major role is in platelet aggregation.[1] Mutations in ITGA2B can be causative for 

Glanzmann thrombasthenia. 

CD42* 

the platelet Glycoprotein Ib/V/IX complex(GPIb/V/IX). Expressed on platelets and is a late, specific 

marker of megakaryocyte differentiation. The Glycoprotein Ib/V/IX complex is essential for normal 

haemostasis; deficiency results in Bernard-Soulier Syndrome, a syndrome of thrombocytopenia and giant 

platelets. 

CD42a Platelet glycoprotein IX (GPIX) encoded by the GP9 gene. 

CD42b Platelet glycoprotein Ib alpha chain encoded by the GP1BA gene. 

CD42c Platelet glycoprotein Ib beta chain encoded by the GP1BB gene. 

CD42d Platelet glycoprotein V encoded by the GP5 gene. 

CD43 CD43 is a sialomucin. 

CD44 

A family of matrix adhesion molecules formed by alternative mRNA splicing, that adhere to hyaluronate, 

collagen, laminin, and fibronectin. Helps maintain polarization of epithelial cells. Found on bone marrow 

stromal cells and many other cells. 

CD45 

leucocyte common antigen, a type I transmembrane protein present on all hemopoietic cells except 

erythrocytes that assists in cell activation; expressed in lymphomas, B-cell chronic lymphocytic leukemia, 

hairy cell leukemia, and acute nonlymphocytic leukemia. 

CD46 

Inhibitory complement receptor which is ubiquitously expressed on human cells. Binding site for viral H 

(Hemagglutinin) protein. 

CD47 

Membrane protein, which is involved in the increase in intracellular calcium concentration that occurs 

upon cell adhesion to extracellular matrix. Binds to TSP-1 and SIRPa (CD172A). Tumor cells can evade 

macrophage phagocytosis through CD47 expression. An experimental drug from Trillium, SIRPαFc, 

targets CD47 thus allowing macrophages to destroy tumor cells in acute myeloid leukemia. 

CD48 

CD48 is a human protein encoded by the CD48 gene. It is a universal cell membrane molecule present on 

all leukocytes. 

CD49a Integrin alpha 1 subunit. 

CD49b Very late antigen (VLA) alpha 2 chain; found on platelets and activated B and T cells. 

CD49c 

Very late antigen (VLA) alpha 3 chain; found on nonhematopoietic bone marrow cells. Receptor for 

collagen, laminin, fibronectin, and thrombospondin. 

CD49d 

Integrin alpha 4 subunit. Unlike other integrin alpha chains, alpha 4 neither contains an I-domain, nor 

undergoes disulfide-linked cleavage. 

CD49e 

Integrin alpha 5 subunit. Alpha chain 5 undergoes post-translational cleavage in the extracellular domain 

to yield disulfide-linked light and heavy chains that join with beta 1 to form a fibronectin receptor. 

CD49f Integrin alpha 6 subunit. 

CD50 Intercellular adhesion molecule 3 encoded by the ICAM3 gene. 

CD51 

CD51 is a type I integral membrane glycoprotein, known as vitronectin receptor α chain, or integrin αV. It 

forms heterodimer with integrin β1 (CD29), β3 (CD61), β5, β6, or β8. CD51 contains two disulfide-linked 

subunits of 125 kD and 24 kD, and is expressed on endothelial cells, fibroblasts, macrophages, platelets, 

osteoclasts, neuroblastoma, melanoma, and hepatoma cells.[2] 

CD52 CAMPATH-1 antigen encoded by the CD52 gene. 
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CD53 

A leucocyte restricted tetraspanin expressed by B cells, T cells, dendritic cells, monocytes, NK cells and 

Granulocytes. 

CD54 

Intercellular adhesion molecule -1 (ICAM-1): facilitates adhesion between leukocytes to endothelial cells 

during the immune and inflammatory responses 

CD55 

Complement Decay-Accelerating Factor (DAF): regulatory factor in one of the three pathways of the 

immune system complement cascade 

CD56 

140 kD isoform of NCAM (neural cell adhesion molecule), a marker for natural killer cells and some T-

lymphocytes 

CD57 

Is expressed by Natural Killer Cells subsets of T cells, B Cells, and Monocytes. Represents a carbohydrate 

epitope that contains a sulfoglucuronyl residue. 

CD58 

a membrane protein present on many hemopoietic cells and fibroblasts that acts as a ligand for CD2 and 

may be involved in T-cell function. 

CD59 

Membrane attack complex inhibition factor (MACIF); MAC-inhibitory protein (MAC-IP); Antigen 

MEM43; Protectin: Immune system complement cascade regulatory factor; Homologous restriction 

factor(HRF) 

CD60a GD3 ganglioside 

CD60b 9-O-acetyl-GD3 ganglioside 

CD60c 7-O-acetyl-GD3 ganglioside 

CD61 

Integrin subunit β3; Gene ITGB3. Glycoprotein IIIa (GPIIIa): Component of the integrin αIIbβ3 (GPIIb-

IIIa) fibrinogen receptor; major role is in platelet aggregation.[1] Mutations in ITGB3 can be causative for 

Glanzmann thrombasthenia. 

CD62E E-selectin is a cell adhesion molecule expressed only on endothelial cells activated by cytokines. 

CD62L L-selectin is a cell adhesion molecule found on leukocytes. 

CD62P  

P-selectin is a cell adhesion molecule (CAM) found in granules in endothelial cells (cells lining blood 

vessels) and activated platelets. 

CD63 Member of the Tetraspanin family expressed in activated platelets, monocytes and macrophages. 

CD64a 

Commonly known as Fc-gamma receptor 1 (FcγRI) with high-affinity to IgG. CD64 is found on 

macrophages and monocytes. 

CD65 Ceramide-dodecasaccharide; VIM-2 

CD65s Sialylated-CD65; VIM2 

CD66a CEACAM1 (Carcinoembryonic antigen-related cell adhesion molecule 1) 

CD66b CEACAM8 (Carcinoembryonic antigen-related cell adhesion molecule 8) 

CD66c CEACAM6 (Carcinoembryonic antigen-related cell adhesion molecule 6) 

CD66d CEACAM3 (Carcinoembryonic antigen-related cell adhesion molecule 3) 

CD66e CEACAM5 (Carcinoembryonic antigen-related cell adhesion molecule 5) 

CD66f 

Pregnancy-specific beta-1-glycoprotein 1 encoded by the PSG1 gene. Produced in high quantity during 

pregnancy. 

CD68 

110 kDa highly glycosylated transmembrane protein which is mainly located in lysosomes. Present in 

macrophages in many human tissues including Kupffer’s cells and macrophages in the red pulp of the 

spleen, in lung alveoli, in lamina propria of the gut, and in the bone marrow. Used as immunocytochemical 

marker for staining of monocytes/macrophages. 
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CD69 An early activation marker on T cells and NK cells. 

CD70 Expressed on highly activated lymphocytes (like in T- and B-cell lymphomas). Its ligand is CD27. 

CD71 

Transferrin receptor (Transferrin receptor protein 1 - TfR1), mediates cellular uptake of iron. Ubiquitously 

expressed on dividing, normal (haematological precursors) and malignant cells. Currently investigated as a 

target for an antibody ("probody") drug conjugate from Cytomx / Abbvie to treat various cancers. 

CD72 Mediator of B-cell - T-cell interactions 

CD73 

Also known as 5'-ribonucleotide phosphohydrolase. Is expressed on subsets of B-cells and T-cells, 

endothelial cells, pericytes, follicular dendritic cells, fibroblasts, epithelial cells, cardiomyocytes, neurons, 

osteoblasts and trophoblasts. Is also expressed on and used as an identification marker of Mesenchymal 

Stem Cells. Catalyzes the conversion of AMP to bioactive adenosine at neutral pH. Also has functions 

independent of its enzyme activity and can transmit potent activation signals in T-cells when ligated by 

antibodies. Upon binding of the antibody on lymphocytes, but not on endothelial cells, CD73 delivers a 

tyrosine phosphorylation inducing signal. Also functions as a cell adhesion molecule and mediates 

lymphocyte binding to endothelial cells and adhesion between B-cells and follicular dendritic cells 

CD74 

Transmembrane protein that assists and maintains the assembly of MHC-II complexes in the ER until its 

loaded with peptide in Endosomes. Present in all professional APCs expressing MHC-II. It is more 

commonly named "Invariant chain" and coded in the HLA-II gene cluster. 

CD75 lactosamines 

CD75s alpha-2;6-sialylated lactosamines 

CD77 ceramide trihexoside 

CD79A 

Also known as B-cell antigen receptor complex-associated protein alpha chain and MB-1 membrane 

glycoprotein, is a protein that in humans is encoded by the CD79A gene. Together with CD79B, forms a 

dimer associated with the formation of the B-cell antigen receptor (BCR), enabling a cell to respond to the 

presence of antigens on its surface. 

CD79B 

Also known as B-cell antigen receptor complex-associated protein beta chain, is a protein that in humans is 

encoded by the CD79B gene. Together with CD79A, forms a dimer associated with the formation of the 

B-cell antigen receptor (BCR), enabling a cell to respond to the presence of antigens on its surface. Roche 

is developing an antibody drug conjugate (RG7596) targeting CD76b in certain types of Non-Hogdkin 

Lymphoma. Macrogenics has started pre-clinical studies into a drug (MGD010) targeting CD79b and 

CD32b. 

CD80 

when bound to CD28 on T-cells, can provide the costimulatory effect; also referred to as B7.1, one of the 

B7 molecules. Causes up-regulation of a high affinity IL-2 receptor allowing T cells to proliferate. 

CD81 

A tetraspanin expressed in a wide variety of tissues, which plays an important role in B cells as part of the 

B cell co-receptor complex with CD19, Leu 13 and CD21. Also expressed in T cells, NK cells, Dendritic 

cells, Monocytes and blood progenitors. 

CD82 

Member of the tetraspanin family of transmembrane proteins. Broad tissue distribution including B cells, T 

cells, Granulocytes, Monocytes and CD34+ progenitors. 

CD83 

a 45 kDa transmembrane glycoprotein of the Ig superfamily. Expressed on cultured dendritic cells, 

interdigitating, follicular, and circulating dendritic cells as well as some proliferating lymphocyte of all 

human cell lines. Functionally unclear, but can serve as a useful marker for mature human blood dendritic 

cells. 

CD84 

SLAM family member 5 (SLAMF5 - Signaling lymphocytic activation molecule 5) encoded by the CD84 

gene. Plays a role as adhesion receptor. 

https://en.wikipedia.org/wiki/CD69
https://en.wikipedia.org/wiki/CD70
https://en.wikipedia.org/wiki/CD27
https://en.wikipedia.org/wiki/CD71
https://en.wikipedia.org/wiki/Transferrin
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Antibody-drug_conjugate
https://en.wikipedia.org/wiki/CD72
https://en.wikipedia.org/wiki/CD73
https://en.wikipedia.org/wiki/5%27-ribonucleotide_phosphohydrolase
https://en.wikipedia.org/wiki/B-cells
https://en.wikipedia.org/wiki/T-cells
https://en.wikipedia.org/wiki/Endothelial_cells
https://en.wikipedia.org/wiki/Pericytes
https://en.wikipedia.org/wiki/Follicular_dendritic_cells
https://en.wikipedia.org/wiki/Fibroblasts
https://en.wikipedia.org/wiki/Epithelial_cells
https://en.wikipedia.org/wiki/Cardiomyocytes
https://en.wikipedia.org/wiki/Neurons
https://en.wikipedia.org/wiki/Osteoblasts
https://en.wikipedia.org/wiki/Trophoblasts
https://en.wikipedia.org/wiki/Mesenchymal_Stem_Cell
https://en.wikipedia.org/wiki/Mesenchymal_Stem_Cell
https://en.wikipedia.org/wiki/Lymphocytes
https://en.wikipedia.org/wiki/Endothelial_cells
https://en.wikipedia.org/wiki/Lymphocyte
https://en.wikipedia.org/wiki/Endothelial_cells
https://en.wikipedia.org/wiki/B-cells
https://en.wikipedia.org/wiki/Follicular_dendritic_cells
https://en.wikipedia.org/wiki/CD74
https://en.wikipedia.org/wiki/MHC-II
https://en.wikipedia.org/wiki/Endoplasmic_reticulum
https://en.wikipedia.org/wiki/Endosome
https://en.wikipedia.org/wiki/Antigen-presenting_cell
https://en.wikipedia.org/wiki/Invariant_chain
https://en.wikipedia.org/wiki/Human_leukocyte_antigen
https://en.wikipedia.org/w/index.php?title=CD75&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=CD75s&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=CD77&action=edit&redlink=1
https://en.wikipedia.org/wiki/CD79A
https://en.wikipedia.org/wiki/CD79B
https://en.wikipedia.org/wiki/CD79B
https://en.wikipedia.org/wiki/CD79A
https://en.wikipedia.org/wiki/Antibody-drug_conjugate
https://en.wikipedia.org/wiki/Non-Hodgkin_lymphoma
https://en.wikipedia.org/wiki/Non-Hodgkin_lymphoma
https://en.wikipedia.org/wiki/CD32B
https://en.wikipedia.org/wiki/CD80
https://en.wikipedia.org/wiki/B7_(protein)
https://en.wikipedia.org/wiki/CD81
https://en.wikipedia.org/wiki/Tetraspanin
https://en.wikipedia.org/wiki/B_cell
https://en.wikipedia.org/wiki/B_cell
https://en.wikipedia.org/wiki/T_cells
https://en.wikipedia.org/wiki/NK_cells
https://en.wikipedia.org/wiki/Dendritic_cells
https://en.wikipedia.org/wiki/Dendritic_cells
https://en.wikipedia.org/wiki/Monocytes
https://en.wikipedia.org/wiki/CD82
https://en.wikipedia.org/wiki/Tetraspanin
https://en.wikipedia.org/wiki/B_cells
https://en.wikipedia.org/wiki/T_cells
https://en.wikipedia.org/wiki/T_cells
https://en.wikipedia.org/wiki/Granulocytes
https://en.wikipedia.org/wiki/Monocytes
https://en.wikipedia.org/wiki/CD34
https://en.wikipedia.org/wiki/CD83
https://en.wikipedia.org/wiki/CD84


Lec 4: Immunotechnology     Post graduate students     2020-2021     Dr.Raghad H. Al-azzawi 

 

10 
 

CD85A LILRB3 - Leukocyte immunoglobulin-like receptor subfamily B member 3 

CD85B LILRB6 - Leukocyte immunoglobulin-like receptor subfamily B member 6 

CD85C 

LILRB5 - Leukocyte immunoglobulin-like receptor subfamily B member 5. Detected in natural killer 

(NK) cells. 

CD85D LILRB2 - Leukocyte immunoglobulin-like receptor subfamily B member 2 

CD85F  LILRB7 - Leukocyte immunoglobulin-like receptor subfamily B member 7 

CD85G LILRA4 - Leukocyte immunoglobulin-like receptor subfamily A member 4 

CD85H LILRA2 - Leukocyte immunoglobulin-like receptor subfamily A member 2 

CD85I LILRA1 - Leukocyte immunoglobulin-like receptor subfamily A member 1 

CD85J LILRB1 - Leukocyte immunoglobulin-like receptor subfamily B member 1 

CD85K LILRB4 - Leukocyte immunoglobulin-like receptor subfamily B member 4 

CD85M LILRP2 LILRA5 - leukocyte immunoglobulin-like receptor subfamily A (without TM domain); member 5 

CD86 

when bound to CD28 on T-cells, can provide the costimulatory effect; also referred to as B7.2, one of the 

B7 molecules. Causes up-regulation of a high affinity IL-2 receptor allowing T cells to proliferate. 

CD87 

also referred to as the urokinase type plasminogen activator receptor, provides a binding point for 

urokinase type plasminogen activator 

CD88 C5a receptor 

CD89 FcalphaRI - receptor for IgA 

CD90 Thy-1 Thymus cell antigen. 

CD91 

Low density lipoprotein (LDL) receptor-related protein 1 (LRP1) (also known as α2-macroglobulin 

receptor), a major endocytotic receptor with over 35 known ligands including amyloid precursor protein 

(APP), ApoE, and many proteins involved with protease regulation 

CD92 Choline transporter-like protein 1 (CTL1) encoded by the SLC44A1 gene 

CD93 Complement component C1q receptor (C1QR1) encoded by the CD93 gene 

CD94 

Natural killer cells antigen CD94, encoded by the KLRD1 gene. Plays a role as a receptor for the 

recognition of MHC class I HLA-E molecules by NK cells and some cytotoxic T-cells. 

CD95 

Fas Receptor, encoded by FAS gene; receptor for Fas ligand (CD178 - FASLG), an extrinsic apoptotic 

signal i.e. Fas ligand binding to Fas receptor leads to apoptosis - death of the cell. Fas ligand/receptor 

interactions play an important role in the regulation of the immune system and the progression of cancer. 

CD96 

CD96 is a transmembrane glycoprotein that has three extracellular immunoglobulin-like domains and is 

expressed by all resting human and mouse NK cells. CD96 main ligand is CD155. CD 96 has 

approximately 20% homology with CD226 and competed for binding to CD155 with CD226. 

CD97 

CD97 antigen encoded by the CD97 gene. Receptor potentially involved in both adhesion and signaling 

processes early after leukocyte activation. Plays an essential role in leukocyte migration 

CD98 

is a glycoprotein that is a heterodimer composed of SLC3A2 and SLC7A5 that forms the large neutral 

amino acid transporter (LAT1). LAT1 is a heterodimeric membrane transport protein that preferentially 

transports branched-chain (valine, leucine, isoleucine) and aromatic (tryptophan, tyrosine) amino acids. 

LAT is highly expressed in brain capillaries (which form the blood–brain barrier) relative to other tissues. 

A functional LAT1 transporter is composed of two proteins encoded by two distinct genes:4F2hc/CD98 

heavy subunit protein encoded by the SLC3A2 gene CD98 light subunit protein encoded by the SLC7A5. 

CD99 Also known as MIC2 or single-chain type-1 glycoprotein, is a heavily O-glycosylated transmembrane 
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protein. Unusually for a gene present on the X chromosome, the CD99 gene does not undergo X 

inactivation. It is expressed on all leukocytes but highest on thymocytes and is believed to augment T-cell 

adhesion and apoptosis of double positive t cells. It also participates in migration and activation. Also used 

to distinguish between various hematological malignancies. 

CD100 Also known as semaphorin 4D and is known as a potent proangiogenic molecule. 

CD101 

Also known as IGSF2 or V7. It participates in human T-cell activation and is expressed by human skin 

dendritic cells 

CD102 Intercellular adhesion molecule 2, encoded by ICAM2 gene. 

CD103 

A type I transmembrane protein present on intestinal intraepithelial lymphocytes, some circulating 

leukocytes, and some T cells that facilitates adhesion to epithelia; expressed in hairy cell leukemia and 

some B-cell chronic lymphocytic leukemias. 

CD104 

Integrin beta-4 (ITB4), encoded by the ITGB4 gene; receptor for laminin; structural role in epithelial cells; 

required for regulation of keratinocyte polarity and motility 

CD105 

Endoglin, a regulatory component of the TGF-beta receptor-cell complex. Mediates cellular response to 

TGFbeta. 

CD106 VCAM-1; Alpha 4 beta 1 ligand. Adhesion molecule involved in white blood cell migration. 

CD107* Found on Platelets 

CD107a Lysosome-associated Membrane Protein 1 (LAMP1) 

CD107b Lysosome-associated Membrane Protein 2 (LAMP2) 

CD108 

Semaphorin-7A, encoded by SEMA7A gene; also known as the John-Milton-Hagen (JMH) blood group 

antigen, a glycoprotein expressed on activated lymphocytes and erythrocytes 

CD109 

r150, Gov alloantigen, an accessory receptor of the TGF-beta signaling pathway. Mediates cellular 

response to TGFbeta. Presents Gov alloantigens and ABH blood antigens. 

CD110 

Thrombopoietin receptor (TPOR), encoded by the MPL (myeloproliferative leukemia virus) gene; 

mutations in gene associated with forms of anemia, myelofibrosis and thrombocythemia. 

CD111 

Nectin-1 or Herpesvirus entry mediator C (HveC), encoded by the PVRL1 (Poliovirus receptor-related 

protein 1) gene. Key role in cellular entry of Herpes simplex virus. 

CD112 

Nectin-2 or Herpesvirus entry mediator B (HveB), encoded by the PVRL2 (Poliovirus receptor-related 

protein 2) gene. Involved in entry for some herpes simplex strains and pseudorabies. Variations in gene 

linked to severity of multiple sclerosis. 

CD113 Nectin-3, encoded by the PVRL3 (Poliovirus receptor-related protein 3) gene. Role in cell-cell adhesion 

CD114 

Granulocyte colony-stimulating factor receptor (GCSFR), encoded by the CSF3R gene; essential for 

granulocytic maturation 

CD115 

a cell-surface protein encoded, in humans, by the CSF1R gene. Also known as colony stimulating factor 1 

receptor (CSF1R) and/or as macrophage colony-stimulating factor receptor (M-CSFR). It is a receptor, 

known to be expressed on monocytes and macrophages, for a cytokine called colony stimulating factor 1 

(CSF1) and also interleukin 34 (IL34). Binding to CSF1 and IL34 ligands activate CSF1R, promoting 

survival and activity of monocytes and macrophages. Five Prime has an early stage drug, FPA008, that 

blocks CSF1R in the hope of treating macrophage-dependent diseases including cancers and rheumatoid 

arthritis - in trials with Nivolumab. Roche also has an experimental anti-CD115 mAb, Emactuzumab.[3] 

CD116 

Granulocyte-macrophage colony-stimulating factor receptor subunit alpha (GMR-alpha); encoded by the 

CSF2RA gene 
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CD117 

c-kit, the receptor for Stem Cell Factor, a glycoprotein that regulates cellular differentiation, particularly in 

hematopoiesis 

CD118 Leukemia inhibitory factor receptor, encoded by the LIFR gene; signal-transducing molecule 

CD119 

Interferon gamma receptor 1, encoded by the IFNGR1 gene; receptor for interferon gamma - two receptors 

bind one interferon gamma dimer. 

CD120* a receptor for Tumour Necrosis Factor, an inflammatory cytokine 

CD120a 

Tumor necrosis factor receptor superfamily member 1A (TNFR1), encoded by TNFRSF1A gene. Familial 

hibernian fever is caused by mutations in this gene. 

CD120b 

Tumor necrosis factor receptor superfamily member 1B (TNFR2), encoded by TNFRSF1B gene. 

Constituent of the drug Enbrel, used to treat rheumatoid arthritis. 

CD121a Interleukin-1 receptor type 1, encoded by IL1R1 gene; cytokine receptor 

CD121b Interleukin-1 receptor type 2, encoded by IL1R2 gene; cytokine receptor 

CD122 beta subunit of IL-2 receptor 

CD123 

Also known as interleukin-3 receptor (IL-3R), is a molecule found on cells which helps transmit the signal 

of interleukin-3, a soluble cytokine important in the immune system. It is found on pluripotent progenitor 

cells, induces tyrosine phosphorylation within the cell, and promotes proliferation and differentiation 

within the hematopoietic cell lines. 

CD124 

Interleukin-4 receptor subunit alpha; encoded by IL4R gene. Receptor for both interleukin 4 and 

interleukin 13 

CD125 Interleukin-5 receptor subunit alpha; encoded by IL5RA gene. 

CD126 Interleukin-6 receptor subunit alpha; encoded by IL6R gene. 

CD127 the IL-7 receptor alpha chain 

CD129 Interleukin-9 receptor; encoded by IL9R gene 

CD130 Interleukin-6 receptor subunit beta (IL6RB); encoded by IL6ST gene; signal-transducing molecule 

CD131 

Cytokine receptor common subunit beta; encoded by CSF2RB gene; high affinity receptor for interleukin-

3, interleukin-5 and granulocyte-macrophage colony-stimulating factor. Gene mutation can cause a rare 

lung disorder. 

CD132 

Cytokine receptor common subunit gamma, or gamma subunit of IL-2 receptor (IL2RG). Gene mutation 

can cause rare x-linked immunodeficiency. 

CD133 

Prominin-1, (PROM1 gene); a hematopoietic and CNS stem cell marker. A 5 transmembrane domain 

protein. Also known as AC133. Gene mutations can cause various retinal diseases. Also found in various 

body fluids such as cerebrospinal fluid, saliva, seminal fluid and urine. 

CD134 

Tumor necrosis factor receptor superfamily member 4 (TNFRSF4), also known as OX40; a T-cell 

secondary costimulatory molecule which enhances proliferation, cytokine production and survival; its 

ligand OX40L, or CD252, binds to OX40 receptors on T-cells, preventing them from dying and 

subsequently increasing cytokine production. Without CD28, OX40 expression is delayed and reduced. 

OX40 also binds TRAF2, 3 and 5 and PI3K. OX40 gene mutations can cause a type of immunodeficiency. 

Roche has an experimental monoclonal antibody in development that targets OX40 (RG7888); anti-OX40 

functions as an agonist antibody, which results in activation rather than blockade of the OX40 signaling 

pathway upon receptor binding; Medimmune AstraZeneca is developing 3 drugs targeting OX40 in in 

colorectal, prostate, breast, and head and neck cancers; MEDI6383, MEDI0562, and MEDI6469 

CD135 Also known as fms-like tyrosine kinase receptor-3 (Flt3) or fetal liver kinase-2 (Flk2); A cytokine receptor 
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for Flt3 ligand (Flt3L) important in early hematopoiesis. Gene may be involved in acute myelogenous 

leukemia (AML). 

CD136 Macrophage-stimulating protein receptor, (MST1R gene); binds to MST1 ligand; 

CD137 

Tumor necrosis factor receptor superfamily member 9 (TNFRSF9), a member of the tumor necrosis factor 

(TNF) receptor family, also known as 4-1BB and Induced by Lymphocyte Activation (ILA). Targeted by 

Bristol Myers' Urelumab, a CD137 agonist antibody, in early trials with anti-PDL1 (CD274) mAbs; 

activating CD137 stimulates an immune response, in particular a cytotoxic T cell response, against tumor 

cells, though liver toxicity can be a problematic side effect. Pfizer also has an early-stage 4-1BB agonist 

(PF-2566) in early stage combination trials. 

CD138 

a plasma cell-surface glycoprotein, known as syndecan-1. Syndecan functions as the alpha receptor for 

collagen, fibronectin and thrombospondin. 

CD139 not assigned 

CD140A 

also known as Platelet-derived growth factor receptor, alpha (PDGFRA); a protein in humans encoded by 

PDGFRA gene. A cell surface tyrosine kinase receptor for members of the platelet-derived growth factor 

family. 

CD140B  

also known as Platelet-derived growth factor receptor, beta (PDGFRB); a protein in humans encoded by 

PDGFRB gene. A cell surface tyrosine kinase receptor for members of the platelet-derived growth factor 

family. 

CD141 

Thrombomodulin or BDCA-3, an integral membrane protein. On endothelial cells, it is involved in 

anticoagulation. It also occurs, with unknown function, on a very rare subtype of dendritic cells. 

CD142 Tissue factor, a major initiator of blood-clotting 

CD143 Angiotensin-converting enzyme  

CD144 

VE-Cadherin, a calcium-dependent adhesion molecule at intercellular junctions, found mainly in the 

vascular endothelium. Recent research indicates that CD144 may be present on some leucocytes as well. 

CDw145 not assigned ? 

CD146 

Cell surface glycoprotein MUC18; encoded by MCAM (Melanoma cell adhesion molecule) gene; 

expression may allow melanoma cells to interact with cellular elements of vascular system, thus enhancing 

tumor spread 

CD147 Neurothelin. An extracellular matrix metalloproteinase inducer. 

CD148 Receptor-type tyrosine-protein phosphatase eta; encoded by PTPRJ gene; 

CD150 

Signaling lymphocytic activation molecule; encoded by SLAMF1 gene; important in bidirectional T-cell 

to B-cell stimulation; acts as a receptor for measles virus 

CD151 

Tetraspanin with a wide tissue distribution, including platelets, Megakaryocytes, Granulocytes and 

erythroleukemia. 

CD152 

Also called Cytotoxic T-lymphocyte antigen-4 (CTLA-4). Expressed in CD4+ T Lymphocytes but also 

found in some B Lymphocytes. Binds to CD80 and CD86 receptors with a higher affinity than CD28, and 

inhibits T cell activation. Targeted by drugs such as Ipilimumab for melanoma and other cancers. 

CD153 

Tumor necrosis factor ligand superfamily member 8; encoded by TNFSF8 gene; CD30 ligand; induces 

proliferation of T-cells. 

CD154 

The ligand for CD40. This is a costimulatory molecule that plays many roles, best known for activating B 

cells but also known to induce the activation of an APC in association with T cell receptor stimulation by 

MHC molecules on the APC. 
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CD155 The poliovirus receptor, a protein that in humans that is encoded by the PVR gene. Also known as Necl5. 

CD156* A member of A Disintegrin And Metalloprotease family 

CD156a Disintegrin and metalloproteinase domain-containing protein 8; encoded by ADAM8 gene 

CD156b Disintegrin and metalloproteinase domain-containing protein 17; encoded by ADAM17 gene 

CD156c Disintegrin and metalloproteinase domain-containing protein 10; encoded by ADAM10 gene 

CD157 

BST1 Bone marrow stromal cell antigen-1 is a stromal cell line-derived glycosylphosphatidylinositol-

anchored molecule that facilitates pre-B-cell growth. The deduced amino acid sequence exhibits 33% 

similarity with CD38. BST1 expression is enhanced in bone marrow stromal cell lines derived from 

patients with rheumatoid arthritis. 

CD158* 

Killer cell immunoglobulin-like receptors (KIR) with two extracellular domains, variously expressed on 

NK cells. CD158a is KIR2DL1, CD158b is KIR2DL3, CD158d is KIR2DL4. Innate and Bristol Myers are 

testing monoclonal antibody Lirilumab, which binds to KIR2DL1 (CD158A) and KIR2DL2/3, thus 

blocking the interaction of KIR receptors with their HLA-C ligands, and preventing the inhibitory signal 

triggered by this interaction. Thus the cytotoxicity of NK cells is enhanced. 

CD158A 

Killer cell immunoglobulin-like receptor 2DL1; encoded by KIR2DL1 gene; receptor on natural killer 

cells for HLA-C alleles; inhibits the activity of NK cells thus preventing cell lysis. 

CD158B1  

Killer cell immunoglobulin-like receptor 2DL2; encoded by KIR2DL2 gene; receptor on NK cells for 

HLA-Cw1, 3, 7, and 8 allotypes; inhibits activity of NK cells thus preventing cell lysis 

CD158B2  

Killer cell immunoglobulin-like receptor 2DL3; encoded by KIR2DL3 gene; receptor on natural killer 

cells for HLA-C alleles; inhibits activity of NK cells thus preventing cell lysis 

CD158C  

Putative killer cell immunoglobulin-like receptor like protein KIR3DP1; encoded by KIR3DP1 gene; 

expressed in peripheral blood cells 

CD158D 

Killer cell immunoglobulin-like receptor 2DL4; encoded by KIR2DL4 gene; receptor on NK cells for 

HLA-C alleles; inhibits NK cell activity thus prevents cell lysis. 

CD158E1 

Killer cell immunoglobulin-like receptor 3DL1; encoded by KIR3DL1 gene; receptor on natural killer 

(NK) cells for HLA Bw4 allele; inhibits NK cell activity thus prevents cell lysis. 

CD158E2 

Killer cell immunoglobulin-like receptor 3DS1; encoded by KIR3DS1 gene; receptor on natural killer 

(NK) cells for HLA-C alleles; does not inhibit activity of NK cells. 

CD158F1  

Killer cell immunoglobulin-like receptor 2DL5A; encoded by KIR2DL5A gene; inhibits NK cell activity 

thus prevents cell lysis. ** 

CD158F2 
Killer cell immunoglobulin-like receptor 2DL5B; encoded by KIR2DL5B gene; inhibits NK cell activity 

thus prevents cell lysis. ** 

CD158G 

Killer cell immunoglobulin-like receptor 2DS5; encoded by KIR2DS5 gene; receptor on natural killer 

(NK) cells for HLA-C alleles; does not inhibit activity of NK cells. 

CD158H 

Killer cell immunoglobulin-like receptor 2DS1; encoded by KIR2DS1 gene; receptor on natural killer 

(NK) cells for HLA-C alleles; does not inhibit activity of NK cells. 

CD158I 

Killer cell immunoglobulin-like receptor 2DS4; encoded by KIR2DS4 gene; receptor on natural killer 

(NK) cells for HLA-C alleles; does not inhibit activity of NK cells. 

CD158J 

Killer cell immunoglobulin-like receptor 2DS2; encoded by KIR2DS2 gene; receptor on natural killer 

(NK) cells for HLA-C alleles; does not inhibit activity of NK cells. 

CD158K 

Killer cell immunoglobulin-like receptor 3DL2; encoded by KIR3DL2 gene; receptor on natural killer 

(NK) cells for HLA-A alleles; inhibits activity of NK cells thus prevents cell lysis 
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CD159a 

NKG2-A/NKG2-B type II integral membrane protein; encoded by KLRC1 gene; receptor for recognition 

of MHC class I HLA-E molecules by NK cells and some cytotoxic T-cells 

CD159c NKG2-C type II integral membrane protein; encoded by KLRC2 gene 

CD160 

CD160 expression is tightly associated with peripheral blood NK cells and CD8 T lymphocytes with 

cytolytic effector activity. In tissues, CD160 is expressed on all intestinal intraepithelial lymphocytes. 

CD160 shows a broad specificity for binding to both classical and nonclassical MHC class I molecules. 

CD161 

Killer cell lectin-like receptor subfamily B member 1; encoded by KLRB1 gene; inhibitory role in natural 

killer cell cytotoxicity 

CD162 P-selectin glycoprotein ligand 1; encoded by SELPLG gene; also receptor for enterovirus 71 

CD163 

M130; HbSR; RM3/1 antigen. A glycoprotein endocytic scavenger receptor for haptoglobin-hemoglobin 

complexes. Found specifically on monocytes/macrophages and some dendritic cells. Involved in anti-

inflammatory processes. Soluble form shed upon Toll-like receptor activation. 

CD164 

Sialomucin core protein 24 (MUC24) or endolyn; encoded by CD164 gene; implicated in hematopoiesis, 

prostate cancer metastasis and infiltration of bone marrow by cancer cells 

CD165 

SN2, cell surface glycoprotein used to monitor platelet function; strongly expressed on T cell type acute 

lymphoblastic cells and most platelets 

CD166 activated leukocyte cell adhesion molecule (ALCAM); ligand for CD6 and involved in neurite extension 

CD167a 

Epithelial discoidin domain-containing receptor 1, encoded by DDR1 gene; tyrosine kinase that functions 

as cell surface receptor for fibrillar collagen; abundant in some carcinomas; 

CD167b 

Discoidin domain-containing receptor 2, encoded by DDR2 gene; tyrosine kinase that functions as cell 

surface receptor for fibrillar collagen and regulates cell differentiation, remodeling of the extracellular 

matrix, cell migration and cell proliferation. Required for normal bone development; mutations in gene can 

cause a form of dwarfism. 

CD168 

Hyaluronan mediated motility receptor (RHAMM), encoded by HMMR gene; over expressed in some 

cancers. 

CD169 

Sialoadhesin[4] (SN); encoded by SIGLEC1 gene; a cell adhesion protein on macrophages that binds to 

sialic acids 

CD170 

Sialic acid-binding Ig-like lectin 5 or SIGLEC5; putative adhesion molecule that mediates sialic-acid 

dependent binding to cells 

CD171 

Neural cell adhesion molecule L1, encoded by L1CAM gene; cell adhesion molecule with important role 

in development of nervous system; involved in neuron-neuron adhesion, neurite fasciculation, outgrowth 

of neurites, etc. Binds to axonin on neurons. Gene mutations can cause hydrocephalus. Juno Therapeutics 

has an experimental anti-CD171 CAR-T therapy in development to treat Neuroblastoma. 

CD172a 

Tyrosine-protein phosphatase non-receptor type substrate 1, also known as SIRPa (Signal Regulatory 

Protein Alpha); acts as inhibitory transmembrane receptor with CD47 resulting in inhibition of 

phagocytosis ("don't eat me"), stimulation of cell-cell fusion, and T-cell activation. Component of 

SIRPaFc, an experimental drug aimed at AML 

CD172b 

Signal-regulatory protein beta-1, encoded by SIRPB1 gene. Immunoglobulin-like cell surface receptor 

involved in the negative regulation of receptor tyrosine kinase-coupled signaling processes. Participates 

also in the recruitment of tyrosine kinase SYK. 

CD172g Signal-regulatory protein gamma (or beta-2), encoded by SIRPG or SIRPB2 gene. Binds with CD47. 

CD173 Blood Group H[5]
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CD174 

Fucosyltransferase 3 (Lewis FT), enzyme encoded by FUT3 gene; may be involved in blood group Lewis 

determination 

CD175 Tn antigen[6] 

CD175s Sialyl-Tn antigen[7] (STN) 

CD176 

TF[8] or Thomsen–Friedenreich antigen is a disaccharide found on cell surfaces and released into 

circulation in many cancers. 

CD177 

CD177 antigen expressed by CD177 gene; also polycythemia rubra vera 1 (PRV1) or NB1 glycoprotein 

(NB1 GP). Highly expressed in normal bone marrow, also in granulocytes of patients with polycythemia 

vera (PV) and with essential thrombocythemia (ET) 

CD178 

Fas ligand (FasL) is a type-II transmembrane protein belonging to the tumor necrosis factor (TNF) family. 

Its binding with its receptor Fas (CD95) induces apoptosis. Fas ligand/receptor interactions play an 

important role in the regulation of the immune system and the progression of cancer. 

CD179a 

Immunoglobulin iota chain, encoded by VPREB1 gene; associates with Ig-mu chain to form complex 

expressed on surface of pre-B-cells; presumably regulates Ig gene rearrangements during B-cell 

differentiation. 

CD179b Immunoglobulin lambda-like polypeptide 1, encoded by IGLL1 gene; critical for B-cell development 

CD180 

CD180 antigen or LY64, encoded by CD180 gene; may cooperate with MD-1 and TLR4 to mediate innate 

immune response to bacterial lipopolysaccharide in B-cells 

CD181 

CXC chemokine receptor type 1, encoded by CXCR1 gene (old name IL8RA); receptor to interleukin-8. 

Blocking CXCR1 can inhibit some cancers 

CD182 CXC chemokine receptor type 2, encoded by CXCR2 gene (old name IL8RB); receptor for interleukin-8 

CD183 

CXC chemokine receptor type 3, encoded by CXCR3 gene; receptor for CXCL9, CXCL10 and CXCL11 

and mediates the proliferation, survival and angiogenic activity of human mesangial cells; implicated in a 

wide variety of diseases 

CD184 

CXC chemokine receptor type 4, encoded by CXCR4 gene; receptor for chemokine Stromal Derived 

Factor 1 (CXCL12 or SDF-1); involved in mesenchymal stem cell homing and migration; acts as a 

coreceptor (with CD4) for HIV-1 

CD185 

CXC chemokine receptor type 5, encoded by CXCR5 (or Burkitt lymphoma receptor 1, BLR1) gene; may 

have a regulatory function in Burkitt lymphoma 

CD186 

CXC chemokine receptor type 6, encoded by CXCR6 gene; a G-protein-coupled receptor for the 

chemokine CXCL16; used as a coreceptor by SIVs and strains of HIV-2 and m-tropic HIV-1 

CD187 not assigned 

CD188 not assigned 

CD189 not assigned 

CD190 not assigned 

CD191 

CC chemokine receptor type 1, also Macrophage inflammatory protein 1-alpha receptor, encoded by 

CCR1 gene; affects stem cell proliferation 

CD192 

CC chemokine receptor type 2, encoded by CCR2 gene; receptor for CCL2, CCL7 and CCL13 

chemokines; alternative coreceptor with CD4 for HIV-1 infection 

CD193 

CC chemokine receptor type 3, encoded by CCR3 gene; eosinophil eotaxin receptor; alternative coreceptor 

with CD4 for HIV-1 infection 
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CD194 

CC chemokine receptor type 4, encoded by CCR4 gene; high affinity receptor for CCL17, CCL22 and 

CKLF1 chemokines; could mediate hippocampal-neuron survival 

CD195 

CC chemokine receptor type 5, encoded by CCR5 gene; a beta chemokine receptor to which the natural 

chemokine ligands RANTES and macrophage inflammatory protein bind. It is commonly used by HIV as 

a co-receptor to enter its target cells. 

CD196 CC chemokine receptor type 6, encoded by CCR6 gene; receptor for MIP-3-alpha or LARC 

CD197 

CC chemokine receptor type 7, encoded by CCR7 gene; a beta chemokine receptor to which chemokines 

involved in the migration of T lymphocytes across high endothelial venules bind. 

CDw198 CC chemokine receptor type 8, encoded by CCR8 gene; receptor for CCL1; coreceptor for HIV-1 

CDw199 

CC chemokine receptor type 9, encoded by CCR9 gene; a beta chemokine receptor involved in mucosal 

immunity. The specific ligand of this receptor is CCL25. 

CD200 

Also known as OX-2, a type-1 membrane glycoprotein belonging to the immunoglobulin superfamily. 

May regulate myeloid cell activity and delivers an inhibitory signal for the macrophage lineage in diverse 

tissues. CD200 is overexpressed by many different types of hematological and solid tumors. Biotech 

company Trillium has developed an investigative anti-CD200 monoclonal antibody. 

CD201 

Endothelial protein C receptor (EPCR), also known as activated protein C receptor (APC receptor), is a 

protein encoded by the PROCR gene. Mutations in this gene have been associated with venous 

thromboembolism, myocardial infarction and late fetal loss during pregnancy. The protein is also involved 

in Plasmodium falciparum malaria as subtypes of the P. falciparum erythrocyte membrane protein 1 

(PfEMP1) family use EPCR of the host as a receptor. 

CD202b 

Angiopoietin-1 receptor, TEK or TIE2;[9] encoded by the TEK gene. TEK receptor tyrosine kinase is 

expressed almost exclusively in endothelial cells. The ligand for the receptor is angiopoietin-1. Defects in 

TEK are associated with inherited venous malformations; the TEK signaling pathway appears to be critical 

for endothelial cell-smooth muscle cell communication in venous morphogenesis. TEK is closely related 

to the TIE receptor tyrosine kinase 

CD203c 

Ectonucleotide pyrophosphatase/phosphodiesterase family member 3 (ENPP3); this protein belongs to a 

series of ectoenzymes involved in hydrolysis of extracellular nucleotides, which possess ATPase and ATP 

pyrophosphatase activities and are type II transmembrane proteins. Found in uterus, basophils, and mast 

cells. 

CD204 

Macrophage scavenger receptor 1 (MSR1) or SCARA1; able to mediate endocytosis of modified low 

density lipoproteins (LDLs); group implicated in macrophage-associated physiological and pathological 

processes including atherosclerosis, Alzheimer's disease and host defense. 

CD205 

Also known as Lymphocyte antigen 75 (LY75), a protein that in humans is encoded by the LY75 gene. 

Also known as DEC-205. 

CD206 

Also known as mannose receptor C type 1 (MC1) and present on the surface of macrophages, immature 

dendritic cells, and surface of skin cells such as human dermal fibroblasts and keratinocytes. Additional 

functions include clearance of glycoproteins from the circulation. 

CD207 

Langerin is a type II transmembrane, C-type lectin receptor on Langerhans cells. Also known as C-type 

lectin domain family 4 member K. Langerin is localized in the Birbeck granules, organelles present in the 

cytoplasm of Langerhans cells. 

CD208 

Also known as Lysosome-associated membrane glycoprotein 3 (LAMP3). A protein that in humans is 

encoded by the LAMP3 gene. 

CD209 DC-SIGN, C-type lectin receptor found on dendritic cell subsets 
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CD210 

Interleukin-10 receptor subunit alpha (IL10RA gene) is shown to mediate the immunosuppressive signal of 

interleukin 10 and thus inhibit synthesis of proinflammatory cytokines. Mutations in the gene implicated in 

forms of inflammatory bowel disease 

CDw210a  

Interleukin-10 receptor subunit alpha (IL10RA gene) is shown to mediate the immunosuppressive signal of 

interleukin 10 and thus inhibit synthesis of proinflammatory cytokines. Mutations in the gene implicated in 

forms of inflammatory bowel disease.[10] 

CDw210b 

Interleukin-10 receptor subunit beta (IL10RB gene); required for activation of cytokines: IL10, IL22, IL26, 

IL28, and IFNL1. Mutation in the gene associated with a form of IBD.[11] 

CD211 not assigned 

CD212 

IL12RB1 - Interleukin 12 receptor, beta 1; a subunit of the interleukin 12 receptor. Lack of expression 

found to result in the immunodeficiency of patients with severe mycobacterial and Salmonella infections 

CD213a1 

IL13RA1 - Interleukin 13 receptor, alpha 1; a subunit of the interleukin 13 receptor. This protein has been 

shown to bind tyrosine kinase TYK2, and thus may mediate signaling processes that lead to the activation 

of JAK1, STAT3 and STAT6 induced by IL13 and IL4 

CD213a2 IL13RA2 - Interleukin-13 receptor subunit alpha-2 

CD214 not assigned 

CD215 IL15RA - Interleukin 15 receptor, alpha subunit 

CD216 not assigned 

CD217 IL17R - Interleukin-17 receptor; a cytokine receptor which binds interleukin 17A. 

CD218a IL18R1 - interleukin-18 receptor 1 

CD218b 

IL18RAP - Interleukin 18 receptor accessory protein. Variants at IL18RAP have been linked to 

susceptibility to Coeliac disease. 

CD219 not assigned 

CD220 

The insulin receptor (INSR) is a transmembrane receptor with intrinsic tyrosine kinase activity whose 

ligand is insulin. It plays a crucial role in the regulation of various metabolic pathways, as well as 

regulating aspects of the cell cycle, such as cellular growth, differentiation, and apoptosis. Mutations in the 

insulin receptor have been found to be associated with both Type 1 and Type 2 Diabetes Mellitus. 

CD221 IGF-I-receptor (IGF1R) - insulin-like growth factor 1 receptor 

CD222 

IGF2R - Insulin-like growth factor 2 receptor, also called the cation-independent mannose-6-phosphate 

receptor (CI-MPR) 

CD223 

Lymphocyte Activation Gene 3 (LAG3), an inhibitory (checkpoint) receptor on immune system T-cells. 

LAG3 is the target of early-stage drugs for cancer and autoimmune disorders; IMP321 is a soluble version 

of LAG3, developed by Prima, while BMS-986016 (from Bristol Myers) and GSK2831781 (Glaxo) are 

anti-LAG3 monoclonal antibodies. 

CD224 GGT1 - Gamma-glutamyltransferase 1 

CD225 

IFITM1 - Interferon-induced transmembrane protein 1. IFITM proteins have been identified as antiviral 

restriction factors for influenza A virus replication 

CD226 

A co-stimulatory molecule found on Natural Killer Cells, also potentially responsible for cellular adhesion 

between a NK cell and its cytolytic target. 

CD227 

MUC1 - Mucin 1, cell surface associated or polymorphic epithelial mucin (PEM) is a mucin encoded by 

the MUC1 gene in humans. The protein serves a protective function by binding to pathogens and also 

functions in a cell signaling capacity. Used in histopathology, where it is known as EMA (epithelial 
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membrane antigen), to identify various tumours etc. 

CD228 Melanotransferrin (MFI2). This protein is a cell-surface glycoprotein found on melanoma cells 

CD229 LY9 - T-lymphocyte surface antigen; SLAMF3 

CD230 

PRNP - Major prion protein or PrP, for prion protein or protease-resistant protein). More than 20 

mutations in the PRNP gene have been identified in people with inherited prion diseases. 

CD231 

Tetraspanin-7 - TSPAN7. The associated gene is linked to X-linked mental retardation and 

neuropsychiatric diseases such as Huntington's chorea, fragile X syndrome and myotonic dystrophy. 

CD232 

Plexin-C1[12] (PLXNC1 gene); also called Virus-encoded semaphorin protein receptor (VESPR); Receptor 

for several virus semaphorins. 

CD233 

known as SLC4A1 (solute carrier family 4 member 1), anion exchanger 1 (AE1) or band 3 (BND3); 

present in the principal acid secreting cell of the kidney and red blood cells 

CD234 

DARC - Duffy antigen/chemokine receptor; located on the surface of red blood cells; receptor for the 

human malarial parasites Plasmodium vivax and Plasmodium knowlesi. 

CD235a Glycophorin A, a protein on blood cells; GYPA 

CD235b Glycophorin B (MNS blood group); GYPB 

CD236 Glycophorin C - GYPC 

CD237 not assigned 

CD238 Kell blood group - KEL 

CD239 LU - Lutheran blood group; Basal cell adhesion molecule (BCAM) 

CD240CE RHCE - Blood group Rh(CE) polypeptide. 

CD240D 

RHD - Rh blood group, D antigen, also known as Rh polypeptide 1 (RhPI). The RhD erythrocyte 

membrane protein is the Rh factor antigen of the Rh blood group system. 

CD241 

RHAG - Rh-associated glycoprotein is an ammonia transporter protein encoded by the RHAG gene. 

Mutations in this gene can cause stomatocytosis. 

CD242 known as ICAM4 (Intercellular Adhesion Molecule-4) or LW (Landsteiner-Wiener blood group) 

CD243 

known as ABCB1 (ATP-binding cassette sub-family B member 1), P-glycoprotein 1 (permeability 

glycoprotein, P-gp or Pgp) or MDR1 (multidrug resistance protein 1); an important protein of the cell 

membrane that pumps many foreign substances out of cells. 

CD244 

Also known as 2B4, it encodes a cell surface receptor expressed on natural killer (NK) cells (and some T 

cells) mediating non-major histocompatibility complex (MHC) restricted killing. Thought to modulate 

NK-cell cytolitic activity. 

CD245[13]
 not assigned ? 

CD246 

ALK - Anaplastic lymphoma kinase or ALK tyrosine kinase receptor. ALK plays an important role in the 

development of the brain. Several ALK-inhibitor drugs are used to treat lung cancer. ALK is also 

overexpressed in several other tumours. 

CD247 CD3-ZETA - T-cell surface glycoprotein CD3 zeta chain 

CD248 

Endosialin is a member of the “Group XIV”, a novel family of C-type lectin transmembrane receptors 

which play a role not only in cell-cell adhesion processes but also in host defence 

CD249 

Glutamyl aminopeptidase - ENPEP. The enzyme degrades vasoconstricting angiotensin II into angiotensin 

III and so helps to regulate blood pressure. 

CD250 not assigned 
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CD251 not assigned 

CD252 

OX40L or TNFSF4 (tumor necrosis factor (ligand) superfamily, member 4), the ligand for CD134 (OX40) 

and expressed on cells such as DC2s (a subtype of dendritic cells) enabling amplification of Th2 cell 

differentiation. 

Various single nucleotide polymorphisms (SNPs) of the OX40L gene have been identified, some 

associated with systemic lupus erythematosus, but not atherosclerosis. 

CD253 

TRAIL (TNF-related apoptosis-inducing ligand), or TNFSF10 (tumor necrosis factor (ligand) superfamily, 

member 10). TRAIL is a cytokine produced by most normal tissue cells, causing apoptosis primarily in 

tumor cells by binding to certain death receptors. The target of several anti-cancer therapeutics since mid-

1990s, but these have not shown significant survival benefit. 

CD254 

RANKL (Receptor activator of nuclear factor kappa-B ligand), tumor necrosis factor ligand superfamily 

member 11 (TNFSF11), TNF-related activation-induced cytokine (TRANCE), osteoprotegerin ligand 

(OPGL), and osteoclast differentiation factor (ODF). 

RANKL affects the immune system and controls bone regeneration. Targeted by mAb drug Denosumab to 

treat osteoporosis. 

CD255 not assigned 

CD256 

APRIL (proliferation-inducing ligand) or TNFSF13 (tumor necrosis factor ligand superfamily member 

13); a protein of the TNF superfamily recognized by the cell surface receptor TACI (CD267) - both found 

to be important for B cell development 

CD257 

BAFF (B-cell activating factor) or TNFSF13B (tumor necrosis factor ligand superfamily member 13B). 

This cytokine is a ligand for receptors TNFRSF13B/TACI (CD267), TNFRSF17/BCMA (CD269), and 

TNFRSF13C/BAFF-R (CD268). Expressed in B cell lineage cells, and acts as a potent B cell activator 

CD258 

LIGHT (homologous to Lymphotoxin, exhibits Inducible expression and competes with HSV 

Glycoprotein D for binding to Herpesvirus entry mediator, a receptor expressed on T lymphocytes), or 

TNFSF14 (tumor necrosis factor superfamily member 14); a secreted protein of the TNF superfamily; 

recognized by herpesvirus entry mediator, HVEM or CD270, thus aka HVEML. Also interacts with decoy 

receptor 3, BIRC2, TRAF2 and TRAF3. 

CD259 not assigned 

CD260 not assigned 

CD261 

Death receptor 4 (DR4), TRAIL receptor 1 (TRAILR1) and tumor necrosis factor receptor superfamily 

member 10A (TNFRSF10A); a cell surface receptor of the TNF-receptor superfamily that binds TRAIL 

(CD253) and mediates apoptosis. 

CD262 

Death receptor 5 (DR5), TRAIL receptor 2 (TRAILR2) and tumor necrosis factor receptor superfamily 

member 10B (TNFRSF10B); a cell surface receptor of the TNF-receptor superfamily that binds TRAIL 

(CD253) and mediates apoptosis. 

CD263 

Decoy receptor 1 (DCR1), TRAIL receptor 3 (TRAILR3) and tumor necrosis factor receptor superfamily 

member 10C (TNFRSF10C); a human cell surface receptor of the TNF-receptor superfamily; not capable 

of inducing apoptosis, and thought to function as an antagonistic receptor that protects cells from TRAIL-

induced apoptosis 

CD264 

Decoy receptor 2 (DCR2), TRAIL receptor 4 (TRAILR4) and tumor necrosis factor receptor superfamily 

member 10D (TNFRSF10D); a human cell surface receptor of the TNF-receptor superfamily; does not 
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induce apoptosis, and plays inhibitory role in TRAIL-induced cell apoptosis 

CD265 

RANK (Receptor Activator of Nuclear Factor κ B), TRANCE Receptor or TNFRSF11A; member of the 

tumor necrosis factor receptor (TNFR) molecular sub-family. RANK is the receptor for RANK-Ligand 

(RANKL). It is associated with bone remodeling and repair, immune cell function, lymph node 

development, thermal regulation, and mammary gland development 

CD266 

TNFRSF12A (Tumor necrosis factor receptor superfamily member 12A), or Tweak-receptor (TweakR). 

Receptor for TWEAK ligand. 

CD267 

Transmembrane activator and CAML interactor (TACI), or tumor necrosis factor receptor superfamily 

member 13B (TNFRSF13B); a transmembrane protein of the TNF receptor superfamily found 

predominantly on the surface of B cells, which are an important part of the immune system. TACI 

recognizes three ligands: APRIL (CD256), BAFF (CD257) and CAML. TACI controls T cell-independent 

B cell antibody responses, isotype switching and B cell homeostasis. TACI mutations are associated with 

immunodeficiency; a significant proportion of CVID patients have TACI mutations. 

CD268 

BAFF receptor (B-cell activating factor receptor, BAFF-R), or tumor necrosis factor receptor superfamily 

member 13C (TNFRSF13C). TNFRSF13C is a membrane protein of the TNF receptor superfamily which 

recognizes BAFF. 

CD269 

Also known as B-cell maturation antigen (BCMA or BCM) or tumor necrosis factor receptor superfamily 

member 17 (TNFRSF17). Protein encoded by the TNFRSF17 gene. This receptor is preferentially 

expressed in mature B lymphocytes, and may be connected to leukemias and lymphomas. BCMA is 

brightly expressed on most multiple myeloma cells and hence of interest as a target for CART therapy.[14] 

Bluebird and Celgene currently have an anti-BCMA early-stage product, bb2121, due to start trials for 

multiple myeloma in 2016.[15] 

CD270 

Herpesvirus entry mediator (HVEM), or tumor necrosis factor receptor superfamily member 14 

(TNFRSF14); a human cell surface receptor of the TNF-receptor superfamily. Binding of HSV viral 

envelope glycoprotein D (gD) to CD270 shown to be part of viral entry mechanism. Interacts with TRAF2, 

TNFSF14 (CD258) and TRAF5. BTLA (CD272) is a ligand for HVEM. 

CD271 is the p75 Nerve Growth factor receptor (NGFR) 

CD272 

BTLA (B- and T-lymphocyte attenuator); expression induced during activation of T cells. Like PD1 and 

CTLA4, BTLA interacts with a B7 homolog, B7H4. However, unlike PD-1 (CD279) and CTLA-4 

(CD152), BTLA displays T-Cell inhibition via interaction with tumor necrosis family receptors (TNF-R), 

not just the B7 family of cell surface receptors. BTLA is a ligand for HVEM (CD270). BTLA-HVEM 

complexes negatively regulate T-cell immune responses. BTLA activation inhibits the function of CD8+ 

cancer-specific T cells. 

CD273 

PDL2 or PDCD1LG2 (Programmed Cell Death 1 Ligand 2); on Dendritic cells, Macrophages etc. Ligand 

for PD-1 (CD279) 

CD274 

PDL1 or PDCD1L1 (Programmed Cell Death 1 Ligand 1); expressed on T cells, NK cells, macrophages, 

myeloid DCs, B cells, epithelial cells, and vascular endothelial cells and others. Ligand for PD1 (CD279) 

and also CD80 (B7-1). Formation of PD1/PDL1 or B7-1/PDL1 complexes transmit an inhibitory signal 

reducing proliferation of CD8+ T cells at lymph nodes. Anti-PDL1 drugs like Atezolizumab, currently in 

trials for bladder cancer, work by preventing the inhibition of T-cells. 

CD275 ICOSLG or ICOS ligand. 

CD276 

CD276 (aka B7-H3), an immune checkpoint molecule, is expressed by some solid tumours and is the 

target of anticancer candidates such as Macrogenics' MGA271 
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CD277 aka Butyrophilin subfamily 3 member A1 (BTN3A1) 

CD278 

Inducible T-cell costimulator (ICOS) is an immune checkpoint protein; a CD28-superfamily costimulatory 

molecule expressed on activated T cells; thought to be important for Th2 cells. Used as a biomarker in 

Ipilimumab treatment. 

CD279 

PD-1 or PDCD1 (Programmed Cell Death 1); cell surface receptor which binds to PD-L1 and PD-L2 

ligands; functions as immune checkpoint with important role in down regulating immune system by 

preventing T-cell activation. Targeted by Nivolumab, Pembrolizumab and other monoclonal antibodies in 

a new class of cancer drugs. 

CD280 Mannose receptor C type 2 (MRC2) 

CD281 

TLR1; a member of the Toll-like receptor family (TLR) of pattern recognition receptors of the innate 

immune system. TLR1 recognizes pathogen-associated molecular pattern with a specificity for gram-

positive bacteria; found on the surface of macrophages and neutrophils; interacts with TLR2 (CD282). 

CD282 

Toll-like receptor 2 (TLR2); plays a role in the immune system. TLR2 is a membrane protein, recognizing 

bacterial, fungal, viral, and certain endogenous substances and passing on appropriate signals to the cells 

of the immune system. 

CD283 

Toll-like receptor 3 (TLR3); abundantly expressed in placenta and pancreas, and restricted to the dendritic 

subpopulation of leukocytes. It recognizes dsRNA associated with viral infection, and induces activation 

of IRF3, unlike all other Toll-like receptors which activate NF-κB. IRF3 ultimately induces the production 

of type I interferons, and thus may play role in defense against viruses 

CD284 

Toll-like receptor 4 (TLR4 or TOLL). It detects lipopolysaccharide from Gram-negative bacteria and is 

thus important in the activation of the innate immune system. Various μ-opioid receptor ligands have been 

found to possess action as agonists or antagonists of TLR4, with opioid agonists such as morphine being 

TLR4 agonists. 

CD285 not assigned 

CD286 

Toll-like receptor 6 (TLR6). This receptor functionally interacts with TLR2 (CD282) to mediate cellular 

response to bacterial lipoproteins. 

CD287 not assigned 

CD288 

Toll-like receptor 8 (TLR8); Genetic variants in TLR8 have recently been linked to susceptibility to 

pulmonary tuberculosis. 

CD289 Toll-like receptor 9 (TLR9). TLR9 recognizes unmethylated CpG sequences in DNA molecules 

CD290 

Toll-like receptor 10 (TLR10); most highly expressed in lymphoid tissues such as spleen, lymph node, 

thymus, and tonsil 

CD291 not assigned 

CD292 Bone morphogenetic protein receptor, type IA (BMPR1A) 

CDw293 

Bone morphogenetic protein receptor type-1B (BMPR1B); Mutations in the associated gene have been 

linked with primary pulmonary hypertension. 

CD294 

Prostaglandin D2 receptor 2 (DP2) or GPR44; a human protein encoded by the PTGDR2 gene. The DP2 

pathway has been suggested as a potential target for baldness treatment. 

CD295 

Leptin receptor (LEPR or OBR); LEPR functions as a receptor for the fat cell-specific hormone leptin. 

Variations in the leptin receptor have been associated with obesity and increased susceptibility to 

Entamoeba histolytica infections. 

CD296 ADP-ribosyltransferase 1 (ART1 gene);[16][17] 
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CD297 Ecto-ADP-ribosyltransferase 4 (ART4) 

CD298 Sodium/potassium-transporting ATPase subunit beta-3 (ATP1B3); 

CD299 

C-type lectin domain family 4 member M (CLEC4M) or LSIGN (liver/lymph node-specific intracellular 

adhesion molecules-3 grabbing non-integrin); 

CD300A CMRF35H, present on monocytes, neutrophils, and some T and B lymphocytes 

CD300C  CMRF35A 

CD301 

CLEC10A (C-type lectin domain family 10 member A). Members of this family share a common protein 

fold and have diverse functions, such as cell adhesion, cell-cell signalling, glycoprotein turnover, and roles 

in inflammation and immune response. 

CD302 

CD302 is a C-type lectin receptor involved in cell adhesion and migration, as well as endocytosis and 

phagocytosis. 

CD303 

BDCA-2, a type II C-type lectin (CLEC4C) which is involved in endocytosis of antigens for processing in 

plasmacytoid dendritic cells. Activation decreases type I interferon production. 

CD304 

Neuropilin-1 (NP-1), NRP1 or BDCA-4, has a wide range of functions. On neurons, it is a receptor for 

axon growth guidance class-3 semaphorins SEMA3A and plexin-1, on endothelial and some tumor cells it 

is a VEGF165 receptor, and on plasmacytoid dendritic cells it has a similar role to CD303 but does not 

decrease interferon production upon activation. 

CD305 

LAIR1, (Leukocyte-associated immunoglobulin-like receptor 1) is an inhibitory receptor found on 

peripheral mononuclear cells, including NK cells, T cells, and B cells. Inhibitory receptors regulate the 

immune response to prevent lysis of cells recognized as self. 

CD306 

LAIR2, (Leukocyte-associated immunoglobulin-like receptor 2) is a member of the immunoglobulin 

superfamily. The function of this protein is unknown, though it is thought to be secreted and may help 

modulate mucosal tolerance. 

CD307 FCRL5, (Fc receptor-like protein 5) 

CD307a FCRL1, (Fc receptor-like protein 1) 

CD307b FCRL2, (Fc receptor-like protein 2) 

CD307c FCRL3, (Fc receptor-like protein 3) 

CD307d FCRL4, (Fc receptor-like protein 4) 

CD307e FCRL5, (Fc receptor-like protein 5) 

CD308 not assigned 

CD309 Kinase insert domain receptor, (KDR), a type III tyrosine kinase receptor involved in angiogenesis. 

CD310 not assigned 

CD311 not assigned 

CD312 

EMR2, (EGF-like module-containing mucin-like hormone receptor-like 2) is a protein encoded by the 

ADGRE2 gene. EMR2, a member of the adhesion GPCR family, is expressed by monocytes/macrophages, 

dendritic cells and all types of granulocytes and is closely related to CD97. 

CD313 not assigned 

CD314 

KLRK1 or NKG2D is a transmembrane protein belonging to the CD94/NKG2 family of C-type lectin-like 

receptors. NKG2D is encoded by KLRK1 gene in the NK-gene complex (NKC) on chromosome 12 in 

humans. In humans it is expressed by NK cells, γδ T cells and CD8+ αβ T cells. NKG2D recognizes 

induced-self proteins from MIC and RAET1/ULBP families which appear on the surface of stressed, 
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malignant transformed, and infected cells. Thought important in viral control as some viruses have adapted 

mechanisms to evade NKG2D responses. Also, tumor cells that can evade NKG2D responses are more 

likely to propagate. 

CD315 PTGFRN, (Prostaglandin F2 receptor negative regulator), found to interact with CD9 and CD81 

CD316 IGSF8, (Immunoglobulin superfamily member 8) 

CD317 

Tetherin or BST2 (bone marrow stromal antigen 2), is a lipid raft associated protein. Expressed in mature 

B cells, plasma cells, plasmacytoid dendritic cells, and many other cells, only as a response to stimuli from 

IFN pathway. Known to block many types of enveloped viruses by tethering the budding virus like 

particles (VLPs) and inhibiting them from leaving the cell surface. 

CD318 

CDCP1, (CUB domain-containing protein 1) and Trask (Transmembrane and associated with src kinases). 

The phosphorylation of CDCP1 is seen in many cancers, including some pre-invasive cancers as well as in 

invasive tumors and in tumor metastases. The functional implications of CDCP1 phosphorylation in 

tumors is currently under investigation. 

CD319 SLAMF7, a marker of normal plasma cells and malignant plasma cells in multiple myeloma. 

CD320 8D6A 

CD321 F11R (F11 Receptor), or JAM1 (Junctional adhesion molecule A) 

CD322 

JAM2 (Junctional adhesion molecule B). Acts as an adhesive ligand for interacting with a variety of 

immune cell types and may play a role in lymphocyte homing to secondary lymphoid organs. 

CD323 not assigned 

CD324 

A tumor-suppressor gene encoded by the CDH1 (gene) gene also known as Cadherin-1, CAM 120/80, 

epithelial cadherin (E-cadherin) or uvomorulin. Mutations (loss) in this gene are correlated with gastric, 

breast, colorectal, thyroid, and ovarian cancers. 

CD325 

CDH2, Cadherin-2, N-cadherin or neural cadherin (NCAD). It is a transmembrane protein expressed in 

multiple tissues and functions to mediate cell-cell adhesion. In cardiac muscle, N-cadherin is an integral 

component in adherens junctions residing at intercalated discs, which function to mechanically and 

electrically couple adjacent cardiomyocytes. Alterations in expression and integrity of N-cadherin protein 

has been observed in various forms of disease, including human dilated cardiomyopathy. 

CD326 

Epithelial cell adhesion molecule (EpCAM) or Tumor-associated calcium signal transducer 1 (TACSTD1). 

Expressed on epithelial cells and on many tumors; used as a target for anti-tumor drugs. CD326 is 

expressed in pluripotent stem cells. 

CD327 SIGLEC6, (Sialic acid-binding Ig-like lectin 6) 

CD328 SIGLEC7, (Sialic acid-binding Ig-like lectin 7) 

CD329 SIGLEC9, (Sialic acid-binding Ig-like lectin 9) 

CD330 not assigned 

CD331 

FGFR1 (Fibroblast growth factor receptor 1). A receptor tyrosine kinase whose ligands are specific 

members of the fibroblast growth factor family. FGFR1 has been shown to be associated with Pfeiffer 

syndrome. Mutations in the associated gene have also been associated Jackson-Weiss syndrome, Antley-

Bixler syndrome, Trigonocephaly, osteoglophonic dysplasia, squamous cell lung cancer and autosomal 

dominant Kallmann syndrome and may be associated with cleft lip and/or palate. Somatic mutations of the 

FGFR1 gene occurs in several diseases including breast and lung cancers. Experimental drug Lucitanib 

from Clovis targets FGFR1, which is over-expressed on some tumor cells causing increased proliferation. 

CD332 FGFR2 (Fibroblast growth factor receptor 2). FGFR2 has important roles in embryonic development and 

https://en.wikipedia.org/wiki/PTGFRN
https://en.wikipedia.org/wiki/PTGFRN
https://en.wikipedia.org/wiki/IGSF8
https://en.wikipedia.org/wiki/IGSF8
https://en.wikipedia.org/wiki/Tetherin
https://en.wikipedia.org/wiki/Tetherin
https://en.wikipedia.org/wiki/CDCP1
https://en.wikipedia.org/wiki/CDCP1
https://en.wikipedia.org/wiki/CD319
https://en.wikipedia.org/wiki/SLAMF7
https://en.wikipedia.org/wiki/CD320
https://en.wikipedia.org/wiki/CD321
https://en.wikipedia.org/wiki/F11_receptor
https://en.wikipedia.org/wiki/JAM2
https://en.wikipedia.org/wiki/JAM2
https://en.wikipedia.org/wiki/CD324
https://en.wikipedia.org/wiki/CDH1_(gene)
https://en.wikipedia.org/wiki/CDH2
https://en.wikipedia.org/wiki/CDH2
https://en.wikipedia.org/wiki/CD326
https://en.wikipedia.org/w/index.php?title=CD327&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=SIGLEC6&action=edit&redlink=1
https://en.wikipedia.org/wiki/SIGLEC7
https://en.wikipedia.org/wiki/SIGLEC7
https://en.wikipedia.org/wiki/SIGLEC9
https://en.wikipedia.org/wiki/SIGLEC9
https://en.wikipedia.org/wiki/CD331
https://en.wikipedia.org/wiki/Fibroblast_growth_factor_receptor_1
https://en.wikipedia.org/wiki/CD332


Lec 4: Immunotechnology     Post graduate students     2020-2021     Dr.Raghad H. Al-azzawi 

 

25 
 

tissue repair, especially bone and blood vessels. Mutations are associated with numerous medical 

conditions including abnormal bone development (e.g. craniosynostosis syndromes) and cancer. Five 

Prime has a monoclonal antibody, FPA144, in early stage trials, that targets FGFR2b (a form of FGFR2), 

to treat gastric tumours that overexpress FGFR2b, by preventing binding of certain FGFs to FGFR2b. 

CD333 

FGFR3 (Fibroblast growth factor receptor 3). Defects in the FGFR3 gene have been associated with 

several conditions, including achondroplasia/hypochondroplasia, thanatophoric dwarfism, seborrheic 

keratosis, bladder cancer and craniosynostosis 

CD334 

FGFR4 (Fibroblast growth factor receptor 4). Although specific function is unknown, overexpressed in 

gynecological tumor samples, suggesting a role in breast and ovarian tumorigenesis. 

CD335 Also known as NCR1 or NKp46 

CD336 NCR2 (Natural cytotoxicity triggering receptor 2) 

CD337 

Also known as Natural cytotoxicity triggering receptor 3 NCR3 or NKp30. Protein that in humans is 

encoded by the NCR3 gene. 

CD338 

ABCG2 (ATP-binding cassette sub-family G member 2) or BCRP (Breast Cancer Resistance Protein). 

This protein functions as a xenobiotic transporter which may play a role in multi-drug resistance to 

chemotherapeutic agents. Significant expression observed in placenta, and role protecting fetus from 

xenobiotics in maternal circulation. Also protective roles in blocking absorption at the apical membrane of 

the intestine, blood-testis barrier, blood–brain barrier, and membranes of hematopoietic progenitor and 

other stem cells. At apical membranes of liver and kidney, enhances excretion of xenobiotics. In lactating 

mammary gland, role in excreting vitamins such as riboflavin and biotin into milk. 

CD339 

JAG1 (Jagged 1). One of five cell surface proteins (ligands) that interact with 4 receptors in the 

mammalian Notch signaling pathway. The JAG1 gene is expressed in multiple organ systems in the body 

and causes the autosomal dominant disorder Alagille syndrome (ALGS) resulting from loss of function 

mutations within the gene. Up regulation of JAG1 has been correlated with both poor overall breast cancer 

survival rates and an enhancement of tumor proliferation in adrenocortical carcinoma patients 

CD340 

Receptor tyrosine-protein kinase erbB-2, HER2 (human epidermal growth factor receptor 2) or HER2/neu. 

Overexpression plays a role in certain types of breast cancer. It is a biomarker target for breast cancer 

drugs such as Herceptin. 

CD344 

FZD4 (Frizzled-4) a receptor in WNT-signalling pathway and for Norrin. FZD4 signaling induced by 

Norrin regulates vascular development of vertebrate retina and controls important blood vessels in the ear. 

CD349 

FZD9 (Frizzled-9) a receptor in WNT-signalling pathway. The FZD9 gene is located within the Williams 

syndrome common deletion region of chromosome 7, and heterozygous deletion of the FZD9 gene may 

contribute to the Williams syndrome phenotype. FZD9 is expressed predominantly in brain, testis, eye, 

skeletal muscle, and kidney 

CD351 FCAMR, (Fcα/μR), an Fc receptor that binds IgM with high affinity and IgA with a 10-fold lower affinity. 

CD352 

SLAMF6, (Signaling lymphocytic activation molecule family member 6), expressed on Natural killer 

(NK), T, and B lymphocytes. 

CD353 SLAMF8, (Signaling lymphocytic activation molecule family member 8), expressed in lymphoid tissues. 

CD354 TREM1, Triggering receptor expressed on myeloid cells 1. 

CD355 

Cytotoxic and regulatory T-cell molecule, encoded by CRTAM gene. Strongly expressed in spleen, 

thymus, small intestine, peripheral blood leukocyte and in Purkinje neurons in cerebellum. 

CD357 

TNFRSF18, Tumor necrosis factor receptor superfamily member 18, activation-inducible TNFR family 

receptor (AITR) or Glucocorticoid-induced TNFR-related protein (GITR). This receptor has increased 
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expression upon T-cell activation, and is thought to play a key role in dominant immunological self-

tolerance maintained by CD25+/CD4+ regulatory T cells. There are several anti-GITR agonist antibodies 

in early-stage development. Activating the GITR receptor is thought to increase the proliferation and 

function of effector T cells, particularly in combination with anti-PDL1 antibodies. As of 2015, TG 

Therapeutics and Five Prime / Inhibrx have clinical stage antibodies; Merck (MK4166), Medimmune 

AstraZeneca (MEDI1873), and the company GITR (TRX518) have antibodies in phase 1 trials for solid 

tumors. 

CD358 

Death receptor 6 (DR6) or tumor necrosis factor receptor superfamily member 21 (TNFRSF21), it 

activates the JNK and NF-κB pathways and is mostly expressed in the thymus, spleen and white blood 

cells. 

CD360 

IL21R (Interleukin 21 receptor). It is a cytokine receptor for interleukin 21 (IL21). It transduces the growth 

promoting signal of IL21, and is important for the proliferation and differentiation of T cells, B cells, and 

natural killer (NK) cells. The ligand binding of this receptor leads to the activation of multiple downstream 

signaling molecules, including JAK1, JAK3, STAT1, and STAT3. 

CD361 Also known as EVI2B. 

CD362 Also known as SDC2, Syndecan-2 . 

CD363 

S1PR1 (Sphingosine-1-phosphate receptor 1) or EDG1. It is a G-protein-coupled receptor which binds the 

bioactive signaling molecule sphingosine 1-phosphate (S1P). S1PR1 activation is involved in immune cell 

regulation and development; vascular growth and development during embryogenesis; motility of cancer 

cells; it is also over-expressed in MS lesions. Receptos Celgene has a drug in development, Ozanimod, 

which modulates S1P1R1 in the treatment of immune-inflammatory diseases MS and ulcerative colitis. It 

is believed to work by interfering with S1P signaling, blocking the lymphocyte response to lymph node 

exit signals by sequestering them within the nodes, and thus reducing circulating lymphocytes and anti-

inflammatory activity by inhibiting cell migration to sites of inflammation. 

CD364 Peptidase inhibitor 16, or Cysteine-rich secretory protein 9 (CRISP-9) encoded by PI16 gene 

CD365 

HAVCR1 (Hepatitis A virus cellular receptor 1) or TIM-1 (T-cell immunoglobulin and mucin domain 1). 

Plays critical roles in regulating immune cell activity especially in response to viral infection including 

HAV, Ebola and Dengue. TIM-1 is also involved in allergic response, asthma, and transplant tolerance. 

CD366 

Also known as HAVCR2 (Hepatitis A virus cellular receptor 2) or TIM-3 (T-cell immunoglobulin and 

mucin domain 3). TIM3 is under investigation as a cancer immune checkpoint target as it may function as 

a T cell inhibitory receptor and is expressed on CD8+ T cells and Tregs, both involved in 

immunosupression. Enumeral / Merck is studying a co-blockade of PD1 and TIM3 pathways; Novartis is 

also testing an anti-TIM3 therapy with MBG453 (2015). 

CD367 Also known as CLEC4A. C-type lectin domain family 4 member A. 

CD368 Also known as CLEC4D. 

CD369 Also known as CLEC7A. C-type lectin domain family 7 member A or Dectin-1 

CD370 Also known as CLEC9A . 

CD371 Also known as CLEC12A, C-type lectin domain family 12 member A.[18] 
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Chromogenic in situ hybridization  

Chromogenic in situ hybridization (CISH) is a cytogenetic technique that 

combines the chromogenic signal detection method of immunohistochemistry 

(IHC) techniques with in situ hybridization. It was developed around the year 2000 

as an alternative to fluorescence in situ hybridization (FISH) for detection of HER-

2/neu oncogene amplification. CISH is similar to FISH in that they are both in situ 

hybridization techniques used to detect the presence or absence of specific regions 

of DNA. However, CISH is much more practical in diagnostic laboratories because 

it uses bright-field microscopes rather than the more expensive and complicated 

fluorescence microscopes used in FISH.  

Principle 

 In Situ Hybridization was made, using the high specificity of complementary 

nucleic acid binding to identify the infectious agents in tissue sections, to localize 

gene expression within individual cells, or to detect specific DNA sequences in the 

genome of the cells. 

 The method involved deproteinization of fixed tissue sections mounted on 

slides, hybridization of the target nucleic acid sequence with a RNA probe labeled 

with biotin, and detection of the hybridized probe by adding enzyme- conjugate 

streptavidin-AP followed by adding a suitable enzyme substrate (single component 

BCIP/NBT solution) which produced an intense blue signal appeared at the 

specific site of the hybridized probe that was visible by light microscopy. 

 This streptavidin-AP conjugate directly linked to the biotinylated probe, 

providing a rapid and highly sensitive detection method. 

 

 

 

Buffers, Solutions, and Reagents 

1- Citric Buffer PH 6.0 
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 10 ml of 100X concentrated citric buffer will be diluted in 1000 ml of 

distilled water. The resulting 1X citric buffer will ready to use, and stored at room 

temperature. 

2- Proteinase K 

 10X concentration of proteinase K solution: 

The entire contents (2ml) vials of the DNase and (RNase free dilution buffer) will 

be added (to reconstitute the proteinase K) to the vial containing the lyophilized 

proteinase K powder (4mg), and was mixed gently. The resulting 10X concentrated 

proteinase K solution will be divided into small aliquots and stored frozen at -

20◦C. 

 1X concentration of proteinase K solution: 

The 10 fold concentrated proteinase K will be diluted by adding 1 part of 10X 

concentrated solution to 9 parts of distilled water. The resulting 1X proteinase K 

solution will ready to use, and was stable at room temperature. Each 1 ml of 1X 

proteinase K solution should be sufficient for using on 5-10 slides. 

3-Protein Block Buffer 

 50 ml of 20X concentrated protein block buffer will be diluted in 1000ml of 

distilled water. The resulting 1X protein block buffer will ready to use, and stored 

at 4◦C. 

4- Detergent Wash Buffer 

 50 ml of 20X concentrated detergent wash buffer should be added to 1000ml 

of distilled water. The resulting 1X detergent wash buffer was ready to use, and 

stored at room temperature. 

5- Probe 

 The probe will be diluted to 7% by adding 7μl of the probe to 93μl of 

hybridization solution that is sufficient for 10 slides, for each slide 10μl. 

 The 100μl of the 7% probe will be prepared in eppendroff tube that placed in 

the oven at 75◦C for 5-minutes (for RNA probe). Then the eppendroff tube will be 

immediately placed in crushed ice till adding the probe to the dried tissue.  
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Assay Procedure 

Tissue Preparation 

 The slices were backed (after positioning the sections of liver biopsy on 

slides treated with egg albumin to adhere the tissues) in a vertical position at 

70◦C for 1 hour or 60-65◦C overnight. 

 The tissue sections should be deparaffinised by immersing the slides 

sequentially in the following solutions at room temperature for the indicated 

times: 

Xylene ----------------------------- 3 minutes in the oven, then 2 minutes outside the 

oven 

100% Ethanol---------------------- 5 minutes 

95% Ethanol ----------------------- 5 minutes 

70% Ethanol ----------------------- 5 minutes 

Deionized distilled water--------- 2 minutes 

 The slides were placed in the boiling citric buffer (1X) for 3 minutes, boiled 

by hot plate. 

 The slides were immediately transferred to deionized distilled water at 20-

25◦C and washed three times for 2 minutes each, then, the slides were dried. 

 

 Enough (1X) proteinase K was added to cover the tissue sections and 

incubated for 10 minutes at 37◦C. 

 The slides were washed in deionized distilled water for 3 times, 2minutes 

each. 

 The slides were dehydrated by immersing them sequentially in the following 

solutions at room temperature for the indicated times: 

70% Ethanol------------------------- 1 minutes 

95% Ethanol------------------------- 1 minutes 

100% Ethanol------------------------ 1 minutes 
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 The slides were dried by incubating them at 37◦C for 5 minutes.  

* The dried slides could be stored dry for up to one month after tissue preparation. 

Hybridization and Detection 

* The tissue sections should not be allowed to dry out at any time during the 

dehydration and staining procedure. 

* Protein block and detergent wash buffer need to be prewarmed at 37◦C before 

use. 

* All reagents that used during hybridization and detection should be warmed at 

room temperature before use. 

 The working cRNA probe/ hybridization solution was added to the tissue 

sections. A cover slip was placed over each slide. Positive and negative 

tissue controls and positive control probe should be included. 

 The slides were placed in an oven at 70◦C for 8-10 minutes in humidity 

chamber partially opened to denature the secondary structure of RNA. 

 The slides were placed in humidity chamber and incubated at 37◦C for 

overnight to allow hybridization of the probe with the target nucleic acid. 

 The slides were soaked in 1X detergent wash buffer at 37◦C until the cover 

slips fall down. 

 1-2 drops of RNase A (15μ/ml) were added to tissue section, incubate at 

37◦C (in humidity chamber) for30 minutes. 

 The slides were washed by protein block (prewarmed) at 37◦C for 3 minutes, 

3-times. 

 The excess of buffer was wiped off carefully from around the tissue sections. 

Then 1-2 drops of conjugate were added to tissue sections and incubated at 

37◦C for 20 minutes (in humidity chamber). 

 The slides were rinsed in detergent wash buffer for 5 minutes. 

 The excess of buffer was wiped off carefully from around the tissue sections. 

Then, 1-2 drops of substrate were added to tissue sections and incubated at 

room temperature for 20 minutes in dark place. 

* A blue colored precipitate was formed at the site of the probe in positive cells. 
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 The excess reagent was tapped off, and the slides were rinsed in 2-3 changes 

of distilled water. 

 The slides were counterstained by using Nuclear Fast Red (NFR) for 30 

seconds to study morphology. 

 The slides were rinsed in distilled water for 1 minute. 

 The slides were dehydrated by sequentially dipping the slides in graded 

alcohols: 95% ethanol, then twice in 100% ethanol, and then in xylene. 

 The slides were mounted by DPX. 

 The cells were examined microscopically under oil emmersion lens for 

scoring. 

Probe design 

Probe design for CISH is very similar to that for FISH with differences only in 

labelling and detection. FISH probes are generally labelled with a variety of 

different fluorescent tags and can only be detected under a fluorescence 

microscope, whereas CISH probes are labelled with biotin or digoxigenin and can 

be detected using a bright-field microscope after other treatment steps have been 

applied. 

 CISH probes are approximately 20 nucleotides in length and are designed for 

DNA targets. They are complementary to the targeted sequence and bind to it after 

a denaturation and hybridization step. Only a few CISH probes are available 

commercially, so for most applications they have to be extracted, amplified, 

sequenced, labelled and mapped from bacterial artificial chromosomes (BACs). 

BACs were developed during the Human Genome Project as it was necessary to 

isolate and amplify short fragments of human DNA for sequencing purposes.  

 

 

Preparation of tissue, hybridization of probes, and detection 

For CISH to work optimally, chromosomes must be in either interphase or 

metaphase. Tissue samples are securely attached to a surface, which is usually a 

https://en.wikipedia.org/wiki/Bacterial_artificial_chromosome
https://en.wikipedia.org/wiki/Human_Genome_Project
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glass slide, with paraffin. The tissue samples must then be washed and heated 

several times to remove any paraffin before the hybridization step. After this, the 

sample has to undergo pepsin digestion to ensure the target is accessible. As a final 

step, 10–20 μL of probe is added, the sample is covered with a coverslip which is 

sealed with rubber cement, and the slide is heated to 97 °C for 5–10 minutes to 

denature the DNA. The slide is then placed in a 37 °C oven overnight so that the 

probe can hybridize. On the next day, the sample is washed and a blocker for 

nonspecific protein binding sites is applied. If horseradish peroxidase (HRP) is 

going to be used, the sample must be incubated in hydrogen peroxide to suppress 

endogenous peroxidase activit. If biotin was used as a probe label, non-specific 

binding sites must first be blocked using bovine serum albumin (BSA).  Then, 

HRP-conjugated streptavidin is used for detection. HRP then converts 

diaminobenzidine (DAB) into an insoluble brown product, which can be detected 

in a bright-field microscope under 40- to 60-fold magnification. A counterstain 

such as hematoxylin and eosin can be used to make the product more visible.  

 

 

https://en.wikipedia.org/wiki/Horseradish_peroxidase
https://en.wikipedia.org/wiki/Bovine_serum_albumin
https://en.wikipedia.org/wiki/Streptavidin
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IMMUNITY



IMMUNITY

• ACTIVE: individual makes his/her own
antibodies.

• PASSIVE: individual is given ready-made
antibodies.



Phagocytosis

1) A phagocyte moves towards a group of 
bacteria, and flows around them.

2) The phagocyte´s cell membrane fuses 
together, enclosing bacteria in a vacuole.

3) Enzymes are secreted into the vacuole, which 
digest bacteria.

4) Soluble substances diffuse from the vacuole 
into the phagocyte´s cytoplasm.



Resistance:  Ability to ward off disease.

– Nonspecific Resistance:  Defenses that protect 
against all pathogens.

– Specific Resistance: Protection against specific
pathogens.

Susceptibility:  lack of resistance.



Stages of Phagocytosis
1. Chemotaxis:  Phagocytes are chemically attracted to 

site of infection.

.Adherence:  Phagocyte plasma membrane attaches to 
surface of pathogen or foreign material.  

• Adherence can be inhibited by capsules (S. pneumoniae) or 

M protein (S. pyogenes).

• 2. Opsonization:  Coating process with opsonins that 

facilitates attachment.  

– Opsonins include antibodies and complement proteins.



Stages of Phagocytosis (Continued)
3.  Ingestion:  Plasma membrane of phagocytes 

extends projections (pseudopods) which engulf the 
microbe.  Microbe is enclosed in a sac called 
phagosome.

4.  Digestion:  Inside the cell, phagosome fuses with 
lysosome to form a phagolysosome.  

Lysosomal enzymes kill most bacteria within 30 
minutes and include:

• Lysozyme:  Destroys cell wall peptidoglycan

• Lipases and Proteases

• RNAses and DNAses

After digestion, residual body with undigestable
material is discharged.



Process of Phagocytosis



Role of Neutrophils

• 60 x 106/minute released into circulation

• max 10 hours (1/2 life = 7 hours)

• RBC 90 x 106/minute - live 70 days



Factor affect PMN

• Stress

• injury

• infection

•  cytokines 



Calcuate phagocytic cells

• Flow Cytometry

– Cell numbers

– Cell function



Isolation of macrophages

1. Fill a 5-ml syringe with rpmi media. inject 2 ml of the solution per 
mouse into the peritoneal cavity. Be sure to avoid the bladder. Allow 
inflammatory response to proceed for 4 days, then euthanize mice by 
rapid cervical dislocation.

2. Soak the abdomen of each mouse with 70% alcohol and then make a 
small incision along the midline with sterile scissors. 

3. Using the same syringe and needle, aspirate fluid from peritoneum. 
Move needle away from the viscera to cause tenting of the 
peritoneal wall, and withdraw peritoneal fluid slowly.



5. Centrifuge the peritoneal exudate cells (PEC) in a refrigerated 
centrifuge 10 min at 1000 rpm in Eppendorf 4◦C. Discard 
supernatant and resuspend cell pellet in cold rpmi media Count 
cells a hemacytometer first diluting 20 μl of cell suspension into 180 
μl of rpmi and then applying 10 μl to a hemacytometer.

6. To obtain monolayers of peritoneal macrophages, the cell 
concentration is adjusted to 1.5 × 106 .The cells are allowed to 
adhere to the substrate by culturing them 2 hr at 37◦C. Non 
adherent cells are removed by gently washing three times with 
warm PBS. At this time, cells should be greater than 90% 
macrophages. Macrophages can be maintained for several days.



Lymphoprep™
Lymphoprep™ is a density gradient medium 
recommended for the isolation of mononuclear 
cells (MNCs) from peripheral blood, cord blood, 
and bone marrow by exploiting differences in 
cell density. Granulocytes and erythrocytes have 
a higher density than MNCs and therefore 
sediment through the Lymphoprep™ layer 
during centrifugation. This method has been 
found to be rapid, simple and reliable, and gives 
excellent results with blood samples from most 
normal individuals

and patients.



SEPARATION PRINCIPLE:

Differences in cell density are exploited to separate 
granulocytes and erythrocytes from MNCs. 
Granulocytes and erythrocytes have a higher 
density at the osmotic pressure of Lymphoprep™, 
and they sediment through the Lymphoprep™ layer 
during centrifugation. The polysaccharide in 
Lymphoprep™ enhances erythrocyte aggregation, 
thereby increasing erythrocyte sedimentation. 
MNCs, with lower densities, remain at the 
plasma:Lymphoprep™ interface.



Polymorphonuclear leukocyte in vitro 
phagocytosis

• In vitro phagocytosis assay was conducted 
1:10 (neutrophil:bacteria), using the PMN cell 
suspension (2.5 x 106 cells/ml), obtained from 
blood.

• S. aureus bacterial suspension was heat 
inactivated and adjusted to 2 x 108 CFU/ml 
(0.5 OD at 550 nm).



• In vitro phagocytosis assay was performed 
with 0.1 ml of bacterial suspension and 0.1 ml 
of blood neutrophil suspension.

• Samples were incubated 30 minat 37 ºC.

• Phagocytosis index (PHI) was estimated as the 
mean number of phagocyted S. aureus uptake 
per neutrophil, counting 200 PMN cells was 
considered as the percentage of phagocyting

• neutrophils by microscope field.
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Immune and assay

• “Immuno” refers to an immune response that 

causes the body to generate antibodies, 

and

• “assay” refers to a test. Thus, an immunoassay 

is a test that utilizes immunocomplexing when 

antibodies and antigens are brought together



Introduction

• An immunoassay is a test that uses antibody and     

antigen complexes as a means of generating a   

measurable result. 

• An antibody:antigen complex is also known as an 

immuno-complex.



• Immunoassays are different from other types 

of laboratory tests, such as colorimetric tests, 

because they use antibody:antigen 

complexes to generate a signal that can be 

measured. 

• In contrast, most routine clinical chemistry 

tests utilize chemical reactions between the 

reagent (a solution of chemicals or other 

agents) and patient sample to generate a test 

result



• The animals produce the antiserum - just as a 

human would - as a defense mechanism when 

exposed to an antigen.

• Antiserum contains a mixture of antibodies, 

each of which may bind to different antigen

binding sites, or epitopes.



• Immunoassays utilize one or more select 

antibodies to detect analytes of interest. The 

analytes being measured may be those

that are naturally present in the body (such as 

a thyroid hormone), those that the body

produces but are not typically present (such as 

a cancer antigen), or those that 

do not naturally occur in the body (such as an 

abused drug).



• In immunoassays, both monoclonal and polyclonal

antibodies are used for detecting antigens, each with 

specific strengths for particular applications.

• Immunoassays that detect antibodies in patient sera 

are likely to involve detection of polyclonal 

antibodies generated by the patient’s immune 

system.



Examples of a label

• All immunoassays require the use of labeled 

material in order to measure the amount of 

antigen or antibody present. 

• Examples of a label include a radioactive 

compound, an enzyme that causes a change of 

color in a solution, or a substance that produces 

light. 

• The label can be applied during the manufacture 

of the reagent to either the antibody (Ab*, see 

Figure   1-5) or antigen (Ag*, see Figure 1-6).





Competitive Format

• In competitive formats, 

• unlabelled analyte (usually antigen) in the test 

sample is measured by its ability to compete 

with labeled antigen in the immunoassay.

• The unlabeled antigen blocks the ability of the 

labeled antigen to bind because that binding site 

on the antibody is already occupied. 



One step competitive format

• In the one step competitive format (see Figure 1-8), 

both the labeled antigen reagent (Ag*) and the 

unlabeled specimen (or test sample analyte) compete 

for a limited amount of antibody.



Two step competitive format

• In the two step competitive format, the antibody 
concentration of the reaction solution is present in 
excess in comparison to the concentration of 
antigen. Antibody reagent is first incubated with 
specimen containing antigens of interest; then in 
the second step, labeled antigen is added. 
Remember that in the competitive format, less 
bound labeled antigen indicates more antigen 
present in the test sample. Two step competitive
assay formats provide several fold improved assay 
sensitivity compared to one step assay formats.





Noncompetitive (Sandwich) Method

• Noncompetitive assay formats generally provide the 

highest level of assay sensitivity and specificity and 

are applied to the measurement of critical analytes 

such as cardiac and hepatitis markers. This format is 

referred to as a “sandwich” assay because analyte is 

bound (sandwiched) between two highly specific 

antibody reagents (Figure 1-10).





Noncompetitive assay

• Noncompetitive assay formats can also utilize either 
one step or two step methods, as with the 
competitive assay.

• The two step assay format employs wash steps in 
which the sandwich binding complex is isolated and

washed to remove excess unbound labeled reagent 
and any other interfering substances.

• The two step noncompetitive format usually offers 
the highest specificity and sensitivity of all the

• assay formats discussed here.
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• Interference in immunoassays is a serious but 

underestimated problem Interference is defined as “the 

effect of a substance present in the sample that alters 

the correct value of the result, usually expressed as 

concentration or activity, for an analyte”

• Interference can be analyte-dependent or analyte–

independent and it may increase (positive interference) 

or decrease (negative interference) the measured result. 

The common interferences of hemolysis, icterus, lipemia, 

effects of anticoagulants and sample storage are 

independent of the analyte concentration. Analyte-

dependent interferences in immunoassays are caused 

by interaction between components in the sample with 

one or more reagent antibodies. 



• They include heterophilic antibodies, 

human anti-animal antibodies, auto-

analyte antibodies, rheumatoid factor and 

other proteins. Interferences may lead to 

falsely elevated or falsely depressed 

analyte concentration depending on the 

nature of the interfering antibody or the 

assay design

• Interference can have important clinical 

consequences and may lead to 

unnecessary clinical investigation as well 

as inappropriate treatment with potentially 

unfavorable outcome for the patient



• Endogenous interfering substances can occur in both 

healthy and pathological patient samples. Sample 

properties are unique for each patient. Interference is 

caused by interaction with one or more steps in the 

immunoassay procedure and the analyte concentration or 

the antibody binding is influenced.

• Exogenous interferences are any interference caused by 

the introduction of external factors or conditions, in vivo or 

in vitro, not normally present in native, properly collected 

and stored samples.. For example, hemolysis, lipemia, 

icterus, blood collection tube additivesdrugs, herbal 

medicines, nutritional supplements, sample storage and 

transport are all exogenous interferences that can 

adversely affect immunoassays). 



• Cross-reactivity is the most common 

interference in immunoassays, but mostly 

in competitive assays. It is a non-specific 

influence of substances in a sample that 

structurally resemble the analyte (carry 

similar or the same epitopes as the 

analyte) and compete for binding site on 

antibody, resulting in over- or 

underestimation of analyte concentration.



• Blood collection tubes are not inert containers but have several 

constituents, including substances in and/or applied to rubber stoppers, 

tube wall material, surfactants, anticoagulants, separator gels and clot 

activators that can potentially interfere with immunoassays). Many 

laboratories have converted from glass to plastic collection tubes for 

convenience. Plastic blood collection tubes have been shown to be suitable 

for routine clinical chemistry analytes, hormone analysis and therapeutic 

drug monitoring,\). But some low-molecular weight organic substances 

released by plastic tubes could interfere in some assays.

• The physical masking of the antibody by lipids and silicone oils present in 

some blood collection devices or tubes can physically interfere with Ag-Ab 

binding. The water-soluble silicone polymer coating the interior of serum 

separator tubes can interfere negatively with avidin-biotin binding in an 

IRMA for thyrotropin, prolactin, and hCG 

• Conversely, silicone formed a complex with C-reactive protein (CRP) that 

enhanced the Ag-Ab reaction in the Vitros CRP assay resulting in falsely 

elevated results

Blood collection



• For many immunoassays, serum is the matrix of choice; however, plasma 

can be a very useful alternative, as it eliminates the extra time needed for 

clotting, thereby reducing the overall pre-analytical time). Tubes 

containing anticoagulants must be filled to the mark, otherwise the 

concentration of the anticoagulants will be too high and this may affect the 

assay system, particularly the Ag-Ab characteristics. If several specimens 

are to be drawn at the same time the plain tube should always be first 

filled. The recommended order to fill being plain tube, citrate, lithium 

heparin, EDTA and finally fluoride/potassium oxalate. Care must still be 

taken to avoid cross-contamination between different additive tubes 

• Sample type can affect analyte concentration with different results for 

samples collected in lithium heparin, EDTA, and sodium 

fluoride/potassium oxalate or tubes without anticoagulant reported for 

some analytes, e.g., cardiac troponin, hormones

• If plasma is used for immunoassay, care must be taken to select the 

appropriate anticoagulant. Anticoagulants added to specimens in 

appropriate concentrations to preserve certain analytes, may cause 

problems with the assay of other analytes. Heparin may interfere with 

some antibody-antigen reactions.



• are mostly unaffected by hemolysis and icterus unlike other 

analytes measured by spectral or chemical means). However, 

hemolysis may be unacceptable for immunoassays of relatively 

labile analytes like insulin, glucagon, calcitonin, parathyroid 

hormone, ACTH and gastrin, due to the release of proteolytic 

enzymes from erythrocytes that degrade these analytes. 

• Samples with any sign of hemolysis www.intechopen.com 

Interferences in Immunoassays 49 are not acceptable for such 

assays. Because hemolysis may also interfere with some signal 

generation steps of different types of immunoassays, grossly 

hemolysed specimens should not be used. Lipemia can interfere in 

some immunoassays especially those using nephelometry and 

turbidimetry. Lipemia of serum or high levels of triglycerides, 

cholesterol or both may produce erroneous results in some assays 

by interfering with antigen binding, even when antibodies are linked 

to a solid support.



• Interferences by non-esterified fatty acids have been well 

documented for free thyroxine assays. Non-esterified 

fatty acids compete with thyroxine and its derivatives 

used as labels for endogenous protein binding sites and, 

depending on the assay format, may cause either falsely 

high or falsely low free thyroxine values. Binding of 

steroids may also be inhibited by non-esterified fatty 

acids. Hypertriglyceridaemia has been shown to cause 

falsely elevated results in some endocrine assays, using 

second antibody and polyethylene glycol separation 

techniques. Ideally, specimens should be collected from 

individuals following an overnight fast to reduce the 

immunoassay interference from lipids. Alternatively, 

ultracentrifugation but not dilution could be used to 

remove any excess lipids, or enzymatic cleavage by 

lipase may be used to treat samples before analysis. 

Excess bilirubin can also affect many different types of 

assays, including immunoassays



• Inappropriate specimen processing or storage can change the 

properties of a sample over time and affect immunoassay results. Most 

analytes are more stable when the sample is maintained in a cool or 

frozen condition. For some, especially the small peptide hormones, 

storage at -20°C and transportation in frozen state is necessary for 

reliable results. Such hormones include insulin, c peptide, gastrin, 

glucagon, ACTH and vitamin D

• For example, ACTH is reported to be stable in EDTA plasma at 4°C for 

only 18 hours compared with many other hormones that are stable for 

>120 hours

• Repeated freeze/thaw cycles can lead to denaturation, aggregation and 

loss of antigenicity of some proteins. Because EDTA chelates calcium 

and magnesium ions, which function as coenzymes for some 

proteases, blood specimens collected in EDTA are often more stable 

than serum or heparinized plasma. But elevated EDTA levels in the 

sample-reagent mixture, due to insufficient sample volume, can affect 

the activity of the alkaline phosphatase enzyme label used in 

chemiluminescence assays.

storge
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 Immunofluorescence is an antigen-antibody reaction
where the antibodies are tagged (labelled) with a
fluorescent dye and the antigen-antibody complex is
visualized using ultra-violet (fluorescent) microscope.
Fluorochromes are dyes that absorb ultra-violet rays and
emit visible light. This process is called fluorescence.
Commonly used fluorochromes are Acridine Orange,
Rhodamine, Lissamine and Calcofluor white. However,
these fluorochromes are used for general fluorescence.
When fluorescein (FITC) is excited by a blue (wavelength
488nm) light, it will emit a green (520nm) colour.
Phycoerythrin (PE) emits an orange (570nm) colour. The
fluorochromes commonly used in immunofluorescence
are fluorescein isothiocyanate (green) and and
tetramethyl rhodamine isothiocyanate (red).



 Direct immunofluorescence

 Indirect immunofluorescence

 Microimmunofluorescence





 This technique is used to detect antigen in

clinical specimens using specific

fluorochrome labeled antibody. The steps

involved are: Fixation of smear on the

slide, treating with labeled antibody,

incubation, washing to remove unbound

excess labeled antibody and visualization

under fluorescent microscope. When

viewed under fluorescent microscope



 Indirect immunofluorescence is employed to detect
antibodies in patient serum. The antigen on smear are
made to react with specific unlabeled antibody (raised
in mouse) and washed. The unbound antibody gets
washed off. The presence of specific mouse antibody
bound to the antigen on smear is detected by adding
another antibody. The second antibody is labeled anti-
gamma globulin (rabbit antibody against mouse
antibody) antibodies. This antibody binds to Fc portion of
first antibody and persists despite washing. The presence
of the second antibody is detecting by observing under
fluorescent microscope. It is often used to detect
autoantibodies. Commonly used in the detection of anti-
nuclear antibodies (ANA) found in the serum of patients
with SLE.





Advantage  and 

disadvantage of direct 

immunofluorecence

 Advantages of direct

immunofluorescence include shorter

sample staining times procedures.

 Disadvantages of direct

immunofluorescence include lower signal,

generally higher cost, less flexibility and

difficulties with the labeling procedure

when commercially labeled direct

conjugates are unavailable.



Advantage and 

Disadvantages of indirect 

immunofluorescence
 Advantages of indirect immunofluorescence

include greater sensitivity than direct
immunofluorescence. There is amplification of
the signal in indirect immunofluorescence
because more than one secondary antibody
can attach to each primary .

 Disadvantages of indirect
immunofluorescence include the potential for
cross-reactivity

indirect immunofluorescence



Autoimmune hepatitis

 The panel contains tests for a basic 

investigation. 

 ANA screen (HEp-2 cells), smooth muscle 

antibodies (SMA), SLA/LP, liver/kidney

 microsomes (LKM) and mitochondria 

(AMA). Expanded analysis: LKM-1, LC-1,

 Mitochondria type M2.



Analyses:
Anti-transglutaminase IgA
anti-enodomysium IgA
anti-deamidated gliadin (DGP)
 IgG, IgA quantifi cation.

 Indication
 Suspicion of coeliac disease or 

dermatitis herpetiformis.



Clinical background

 Celiac disease (gluten intolerance) is defi ned as a

typical mucosal change of the

 small intestine, caused by gluten in the diet. In

”classical” coeliac disease the patient has diarrhea,

weight loss and various defi ciencies due to

inadequate nutrient uptake.

 Today milder forms of the disease are often

diagnosed with less serious symptoms, e.g.

abdominal pains, stomach gas, tiredness, anemia

and osteoporosis. About 1% of the population is

considered to suffer from the disease and it often

occurs together with other autoimmune diseases,

such as diabetes, autoimmune thyroid disease and

psoriasis. About 2-5% of the patients may have IgA

defi ciency. If this is the case,



 tests for IgG anti-tTG and IgG anti-gliadin should

be performed. In small children anti-gliadin may

be the only antibody. The fi nal diagnosis is made

through small intestine biopsy.

Celiac disease has strong genetic links to HLA-

DQ2 and HLA-DQ8. If both HLA markers are

negative, the diagnosis can almost be excluded.

Anti-tTG and anti-endomysium are considered to

have almost 100% sensitivity and specificity in

clinical coeliac disease. The level of the

antibodies often correlates with mucosal change

and therefore a lower sensitivity is observed early

in the disease and when there are minor

changes of the small intestine.

Clinical background



 This means that repeated testing has to be
done when screening early in the disease. The
antibodies normally disappear with gluten-
free diet

 Most patients with primary biliary cirrhosis
have antibodies against mitochondria (AMA
and M2).

 There is no specific serological marker for
primary sclerosing cholangitis, even if these
patients in 20-30% of the cases show a
positive ANA with a pattern of nuclear dots.

 Some patients have atypical ANCA with
immunofluorescence investigation

Clinical background
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Human Leukocyte Antigen

 Adaptive immunity, role of MHC (HLA)

 discovery of HLA genes

 structure of  HLA genes and molecules

 polymorphism of  HLA molecules

 nomenclature of HLA system

 HLA association with disease

 antigen presentation



MHC expression

Class I 

On all nucleated cells (no MHC on red blood cells, weak expression on cells in CNS)

Class II

Found on antigen presenting cells



HLA-Class III Genes

❖ Heat Shock Protein (HSP)70 

❖ Tumor Necrosis Factor (TNF)

❖ Fourth Component of Complement (C4A 
and C4B genes) 

❖ Second Component of Complement (C2)  

❖ BF 

❖ CYP21(21-hydroxylase which is an 
important enzyme in corticosteroid 
metabolism)



HLA Polymorphism and Nomenclature

HLA is extremely polymorphic. It is one of the most 

polymorphic genetic system in man. Associated with 

each of the loci is a set of  alleles, each of which give 

rises to the production of a unique antigenic specificity 

that is expressed on cell surface and that can be 

detected by specific antibodies or immunologically 

activated T cells.





HLA nomenclature


