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Course Syllabus

This strand of the GEP course will be undertaken principally by self-directed learning using on-line materials drawn largely from the lecture material currently delivered to the first two years of the UG Course.  Question and Answer Sessions (Q&A) will be timetabled that will concentrate on specific areas requested by the students. 

Lead academics for the strands of the CMS Theme are as follows;

Proteins, Nucleic Acids and Gene Expression - Dr Mick Jones

Cellular Organisation of Tissues - Dr Anabel Varela Carver

Metabolism – Dr Katie Wynne and Professor Gary Frost

Cancer and the Cell Cycle - Professor Gerry Thomas and Dr Andy Porter

Depending upon which ‘lectures’ are to be delivered as SDL material (Self-Directed Learning) and which are to be given as traditional lectures/discussion sessions, then appropriate Q&A sessions will be timetabled to answer specific points raised by the students.

For these Q&A sessions to work productively will require students to email specific questions to the session academic well in advance of the session.  The sessions are not to be giving a lecture, but directed discussions to tackle specific areas in which the students are uncertain and want clarification and understanding.

Dr Jones will give an introductory lecture about the CMS Theme, and at the end of the theme, Exam Revision sessions, to assist in revision and studying practice exam questions, are planned.
It is expected that students will attend all timetabled sessions, including SDL revision sessions, lectures and small group tutorials.

The Genetics Module (lead - Dr Claire Shovlin) and the Haematology Module (lead - Dr Amin Rahemtulla) are part the CMS theme, and are included in the CMS examinations. Course Guides for these modules will be issued in the Spring Term.
Timetable

Please note that the Metabolism Groups and Room Allocations will be published on the teaching intranet in November.
	Date and campus
	Time
	Lecture Topic
	Lecturer

	Friday 14 October

HM lecture theatre 3
	11.00 - 12.00
	Introduction
	Dr Mick Jones

	Thursday 27 Oct

HM lecture theatre 3
	11.00 - 12.00
	Protein, Nucleic Acids and Gene Expression 
	Dr Mick Jones

	Thursday 3 Nov

HM lecture theatre 3
	11.00 - 12.00
	Tissues
	Dr Anabel Varela Carver

	Tuesday 22 Nov
HM lecture theatre 2
	12.15 - 13.15
	Blood and Blood Cells
	Dr Jasmina Saric

	Thursday 1 Dec

HM lecture theatre 2
	10.00 - 11.00
	DNA Damage and Repair 
	Dr Andy Porter

	Thursday 1 Dec

HM lecture theatre 2
	11.00 - 12.00
	Oncogenes and Tumour Suppressors 
	Dr Andy Porter

	Thursday 1 Dec

HM lecture theatre 3
	14.00 - 15.00
	Cell Behaviour 
	Dr Anabel Varela Carver

	Friday 2 December 
	14.00 - 16.00
	Integrative Metabolism


	Dr Katie Wynne & Prof Gary Frost

	Thursday 8 Dec
	9.00 - 10.00
	Metabolic pathways and ATP production 
	Dr Katie Wynne & Prof Gary Frost

	Monday 12 Dec
	16.00 - 17.00
	Mitochondria and Oxidative Phosphorylation
	Dr Katie Wynne & Prof Gary Frost

	Tuesday 13 Dec
	16.00 - 17.00
	Membranes and Vesicles 
	Dr Katie Wynne & Prof Gary Frost

	Friday 16 Dec
	14.00 - 15.00
	Diabetes: The Archetypal Metabolic Disease
	Dr Katie Wynne & Prof Gary Frost

	Friday 16 Dec
	15.00 - 16.00
	Inborn Errors of Metabolism
	Dr Katie Wynne & Prof Gary Frost

	Tuesday 3 Jan

HM lecture theatre 3
	10.00 - 12.00
	Cellular Pathology of Cancer 
	Prof Gerry Thomas

	Thursday 13 Jan

HM lecture theatre 2
	14.00 - 15.00
	Cancer as a disease – Colorectal and Breast Cancer 
	Prof Gerry Thomas

	Tuesday 17 Jan

HM lecture theatre 3
	14.00 - 15.00
	Cancer as a disease – Skin Cancer 
	Prof Gerry Thomas

	Thursday 19 Jan

CX, Drewe lecture theatre
	14.00 - 15.00
	Cancer as a disease – Leukaemia 
	Prof Gerry Thomas

	TBC
	 
	Cell Cycle and its Regulation  
	Dr Andy Porter

	TBC
	 
	Signalling Mechanisms 
	Dr Andy Porter


Learning outcomes

Introduction to Cells

· Outline the main components of prokaryotic and eukaryotic cells.

· Describe the features of the main types of infectious agents.

· Describe the constituents, properties and functions of cell membranes.

· Describe the constituents of blood and their function.

· Classify the main types of diseases and their effect on cells and tissues.

Nucleic Acids and Gene Expression

· Describe the structure of DNA and its packing into human chromosomes.

· Describe the cell cycle, mitosis and DNA replication in prokaryotes and in eukaryotes.

· Describe the organisation of a gene and the mechanism of transcription.

· Describe the main features of protein translation and the role of ribosomes.

· Explain how mutations may result in disease and the role of antibiotics in protein synthesis.

· Explain the main methods for DNA amplification and analysis.

Metabolism

· Understand the constituents of proteins, explain their assembly and structure and the forces that contribute to their stability.

· Describe the main processes and reactions involved in cellular energetics.

· Contrast glycolytic and oxidative metabolism and describe the functioning of mitochondria.

· Describe membrane constituents in various parts of the cell, and the synthesis and metabolism of fatty acids.

· Explain the structure and function of cholesterol, its implication in disease and possible pharmacological interventions. 

· Describe the dynamic properties of membranes and vesicles, and their role in excretion and absorption.

· Explain how activity affects metabolism in human tissues and describe the mechanisms which regulate energy utilisation.

Cellular Organisation of Tissues

· Describe the features of epithelial cells and of the extracellular matrix.

· Illustrate how epithelial cells have specialised functions, and describe their different patterns of cell division.

· Describe the structure and role of the extracellular matrix, and the structure and role of collagen in intracellular and extracellular structures.

· Describe the molecules of the extracellular matrix and the regulation of collagen assembly.

· Describe the composition of the main body fluids and the mechanisms which control their volume. 

· Describe the mechanisms of signalling along, and in between, excitable cells as well as the factors which control the amount of force exerted by a muscle.

· Explain how signals are transmitted between cells, and between the cell periphery and the nucleus.

Carcinogenesis 

· Understand the involvement of cellular processes in cancer, and describe the range of expertise required to develop treatments.

· Describe the main features of cancers from their epidemiological perspective in adults and children.

· Explain the relationship between radiation, carcinogens and DNA damage as well as the natural mechanisms of DNA repair.

· Describe the relationship between mutations, cancer and genetics and what distinguishes hereditable predisposition to cancer.

· Understand how disruption of the cell cycle leads to cancer and what the role of protooncogenes, oncogenes and tumour suppressor genes are.

· Describe how our understanding of the causes of cancer has led to the development of therapies, and their shortcomings.

The Cell Cycle 

· Describe the cell cycle, with reference to DNA and protein synthesis and control mechanisms and highlight the main differences between various tissues.

· Describe the mechanism of apoptosis and differentiate it from necrosis. 

· Understand the role of apoptosis in development.

· Describe the main signalling pathways that regulate gene activation and protein synthesis. Understand the role of oscillating signals.

· Understand the concepts of tumour suppressors, proto-oncogenes and cytoprotective pathways.

Cell Behaviour 

· Describe the roles of growth factors, cell contacts and tissue boundaries in the control of division of normal and transformed cells.

· Describe the mechanisms of cell locomotion, with reference to the three filament systems that define the cytoskeleton.

· Describe the various types of molecular motors and polymerisation engines that are responsible for biological movement at the cellular level. 

· Understand the molecular basis of muscle contraction. 

· Describe the mechanisms that control cell locomotion.

· Describe the mechanisms that control cytoskeletal processes occurring during cell locomotion, with reference to phosphorylation, secondary messengers and G-proteins. 

· Understand the role of metastasis in the development of cancer.

Cancer as a Disease 

· Understand the nomenclature that differentiates malignant and benign cancers, and their differentiation and development stage.

· Describe the microscopical features of carcinomas. 

· Describe the mechanisms of invasion and metastasis and the factors that affect sites of metastases.

· Explain the terms 'grading' and 'staging', the effect of tumours on hosts and host defence mechanisms against tumours.

· Describe epidemiological, genetic and clinical features of breast cancer and the main therapeutic avenues.

· Describe the epidemiology of skin cancer and the role of sunlight, and of the papilloma virus in the development of disease.

· Differentiate the different types of leukaemias and their presentation.

Metabolism

Objective

To give an overview of basic human metabolism

To contextualise these process in health and disease

This course should be viewed as a reinforcement of your pre-existing knowledge.  For this reason, the course is delivered using a combination of lectures and self-directed learning.

The year will be split into smaller groups, within which individuals or pairs will review the following topics.  The lecture material given by Dr James Pease will be used as a basic resource (accessible on blackboard).

The rooms for each lecture or groups session are shown on the attached spreadsheet. Group 1 will be in the room given in the column room 1 and group 2 in room 2 etc.  Tutors will be allocated to each group; their role is to ensure the process works efficiently and provide clinical perspective as required.

For each topic review, the individual or pair allocated to the task will produce a PowerPoint presentation lasting 20 minutes.  This presentation should cover the basic metabolism outlined in the learning objectives and provide clinical relevance by highlighting relevant pathological conditions. A 1-2 page handout of the presentation should be prepared for distribution to the group.  The presentation must be sent to the FEO for uploading to blackboard.

The timetable will be as follows:

	Date
	
	Topic

	02/12/2011

14.00 – 16.00


	Lecture 1

Topic 1

Topic 2
	Integrative Metabolism

Cellular Energetics

Metabolic pathways and ATP production (I)

	08/12/2011

9.00 – 10.00
	Topic 3

Topic 4
	Metabolic pathways and ATP production (II)

Metabolic pathways and ATP production (III)

	12/12/2011

16.00 – 17.00
	Topic 5

Topic 6
	Mitochondria and Oxidative Phosphorylation
Lipids and Membranes 

	13/12/2011

16.00 – 17.00
	Topic 7

Topic 8
	Membranes and Vesicles 

Cholesterol and Lipid Transport 

	16/12/2011

14.00 – 16.00
	Topic 9

Lecture 2

Lecture 3
	Human Metabolism and Energy Regulation 

Diabetes: The Archetypal Metabolic Disease

Inborn Errors of Metabolism


Learning Objectives

Topic 1: Cellular Energetics

a. Define the first and second Laws of Thermodynamics

b. Describe how oxidation and reduction involve the transfer of electrons

c. Explain the concept of free energy and how we can use changes in free energy to predict the outcome of a reaction

d. Draw the chemical structure of ATP and explain how it acts as a carrier of free energy and is used to couple energetically unfavourable reactions

e. Describe how enzymes act as catalysts of reactions with reference to the reaction catalysed by lysozyme

f. Outline the reaction catalysed by glucose-6-phosphatase and explain what clinical symptoms are linked to inherited deficiencies of this enzyme

g. Outline the differences between lock and key and induced fit models of substrate-enzyme interactions. 

h. Describe graphically, the effects of a) substrate concentration, b) temperature and c) pH on enzyme catalysed reactions

i. Illustrate the role of the coenzyme NAD in the reactions catalysed by glyceraldehyde-3-phosphate dehydrogenase, lactate dehydrogenase and malate dehydrogenase, referring to the biochemical changes involved in its reduction to NADH

j. Give two examples of the use of NADPH in reductive biosynthesis

Topic 2: Metabolic pathways and ATP production (I)

a. Sketch a cartoon of the three stages of cellular metabolism that convert food to waste products in higher organisms, illustrating the cellular location of each stage

b. Outline the metabolism of glucose by the process of glycolysis, listing the key reactions, in particular those reactions that consume ATP and those that generate ATP

c. Distinguish between the aerobic and anaerobic metabolism of glucose with reference to the enzymes involved and the comparative efficiencies of each pathway with respect to ATP generation

Topic 3: Metabolic pathways and ATP production (II)

a. Describe the reactions catalysed by lactate dehydrogenase and creatine kinase and explain the diagnostic relevance of their appearance in plasma

b. Outline the oxidative decarboxylation reaction catalysed by pyruvate dehydrogenase, with reference to the product and the five co-enzymes required by this enzyme complex

c. Describe the different processes by which the fatty acid palmitate and the amino acid alanine are converted into acetyl-CoA

d. Describe the metabolic defects associated with MCAD (Medium-chain acyl-CoA dehydrogenase) deficiency

Topic 4: Metabolic pathways and ATP production (III)

a. Outline the Krebs or TCA (tricarboxylic acid cycle) with particular reference to the steps involved in the oxidation of acetyl Co-A and the formation of NADH and FADH2 and the cellular location of these reactions 

b. Outline the mechanism by which mutations in the Succinate Dehydrogenase  B and D genes lead to disease?

c. Outline the glycerol phosphate shuttle and the malate-aspartate shuttle, in particular stating why these mechanisms are required

d. Calculate the theoretical maximum yield of ATP per glucose molecule oxidized by aerobic respiration and compare this to the theoretical maximum yield of ATP per molecule of palmitic acid

e. Understand the concept of transamination with reference to the malate-aspartate shunt

f. Explain in general term the relationship between TCA intermediates and those pathways involved in amino acids synthesis and breakdown

Topic 5: Mitochondria and Oxidative Phosphorylation

a. Outline the proposed evolutionary origins of mitochondria. 

b. Draw a cross sectional representation of a mitochondrion, and label its component parts. 

c. Describe the electron transport chain in Mitochondria with reference to the functions of coenzyme Q (ubiquinone) and cytochrome c. 

d. Outline the chemiosmotic theory. 

e. Describe how ATP synthase is able to generate and utilise ATP respectively, with reference to its structure.

f. Explain why carbon monoxide, cyanide, malonate and oliogomycin are poisonous in terms of their effects on specific components of the electron transport chain. 

g. Describe how oxidative phosphorylation can be measured experimentally.

h. Understand the difference between oxidative phosphorylation and substrate level phosphorylation

Topic 6: Lipids and Membranes

a. Describe the structure of: fatty acids, triglycerides, phospholipids, cholesterol, sphingomyelin

b. Give examples of how the lipid composition can differ for different cellular membranes, and indicate the significance of this

c. Explain why Sickle Cell Disease results in a defect of membrane flexibility

d. Outline the pathway for synthesis of fatty acids

e. Distinguish between the pathways for synthesis and metabolism of fatty acids in terms of: substrates and products, coenzymes used, carrier molecules, cellular location

f. Explain the physiological functions of cholesterol in membrane stability

g. Outline the synthesis of cholesterol from acetate

h. Outline the synthesis of bile acids and steroid hormones from cholesterol

Topic 7: Membranes and vesicles

a. Explain the terms “endocytosis” and “exocytosis”

b. Describe the pathway and cellular locations for synthesis, post-translational modification and exocytosis of a secreted protein

c. Distinguish “constitutive” and “regulated” secretion

d. Describe the process of receptor-mediated endocytosis and the roles played by endocytic vesicles, early endosomes, late endosomes, and lysosomes

e. Give a general description of the molecular mechanisms of vesicular transport within cells

f. Describe how cystic fibrosis and familial hypercholesterolemia are the result of defects in the secretory and endocytic pathways

Topic 8: Cholesterol and Lipid transport

a. Describe the mechanism of transport of cholesterol around the body and its uptake into cells

b. Draw a diagram of low density lipoprotein (LDL)

c. Explain why disturbances in cholesterol homeostasis cause disease

d. Review the mechanism of action of ezetimibe and statin drugs

Topic 9: Human metabolism and Energy regulation

a. Distinguish the features of metabolic activity in the following tissues: liver, brain, muscle, adipose tissue

b. Give four examples of extracellular hormones which act as metabolic regulators

c. Describe the changes in metabolic activity while eating and while fasting

d. Describe in general terms the relationship to glucose metabolism of: lipid synthesis and breakdown, amino acid synthesis and breakdown, synthesis of other components of macromolecules

e. Describe the metabolic processes during vigorous muscular activity and explain why acidosis can result

f. Explain the role of insulin in energy metabolism

SOLE Feedback – Cellular and Molecular Science
Please use these pages to record your evaluations of this course and its individual sessions and teachers.  This will help you to recall accurately when you complete the SOLE questionnaire (see Year Guide for a further description of SOLE and an example form).

Please answer all questions by selecting the response which best reflects your view.  After the questions there is an opportunity to comment on any aspects about which you feel strongly.


N/A
Strongly
Agree
Neutral
Disagree
Strongly


agree



disagree

1. By the end of the course, I think the aims and objectives 
□
□
□
□
□
□
will have been met.

2. Teaching and learning opportunities (e.g. lectures, 
□
□
□
□
□
□
small groups, practicals) for this module are suitable.

3. Appropriate resources (e.g. books, computers, 
□
□
□
□
□
□
lab equipment etc.) are available for this course.

4. Appropriate support materials (e.g. handouts, 
□
□
□
□
□
□
web pages, problem sheets) are available for this course.

5. I receive sufficient guidance and feedback. 
□
□
□
□
□
□
6. The workload on this module is manageable. 
□
□
□
□
□
□
7. Overall I am satisfied with this course. 
□
□
□
□
□
□
8. If you wish to make further comments about this course, please use the space below.
SOLE Feedback - Individual Lecturers

For each of the lecturers below, let us know whether or not you agree with the statement “OVERALL I AM SATISFIED WITH THIS LECTURER.  In particular, we want to know whether the lectures were well structured and whether concepts were explained clearly.

(Please note that for SOLE, a Lecturer’s name will only appear once. 
This template provides you the opportunity to record your comments about each lecture)

In SOLE, you will have an opportunity to comment on any aspects about which you feel strongly.  Please record comments separately on the page at the end of this lecture list and, at the end of the course, submit them online.

	
	N/A
	Strongly

agree
	Agree
	Neutral
	Disagree
	Strongly

disagree
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If you wish to make further comments, please use the space below
The Intranet and Blackboard
You will find much of the study guide on the intranet for the School of Medicine: https://education.med.imperial.ac.uk.  You will have to provide your Imperial username and password to gain access to it.  In addition to the study guide, material with timetables, tutorial groups, etc., the intranet provides the lecture handouts, the lectures’ learning objectives and the lecture material itself.  Various formats are used: PDF files, Word documents and PowerPoint presentations.

Web-streamed audio files of lectures are available to download on Blackboard.
You are also to be encouraged to use the Discussion Board inside the CMS module which you can access at http://learn.imperial.ac.uk 
Look at the intranet daily: the intranet is regularly updated, this Course Guide is not!

Dr Mick Jones

CMS Theme Leader

October 2011
Recommended Books and Websites

There is no single textbook, which covers the wide range of topics covered in CMS. 

The material can be assembled from several textbooks, but it is unlikely that anyone would want to buy books in all the categories listed below.  It is also unrealistic to plan to spend much of every day in the library and to have no books of your own at all.  Easy and free or inexpensive access to the internet also means that much of the information in textbooks can be found on the web.  Many governments (e.g. NHS direct: http://www.nhsdirect.nhs.uk/ ; National Institute of Health in the USA: http://health.nih.gov/ ), Scientific Journals (e.g. Nature: http://www.nature.com/) and universities have generally reliable free access web sites, as well as charities, drug companies and individuals.  However, the quality and relevance of the information is difficult to judge, and it is easy to get side-lined and to spend many hours surfing the net.  Relatively few of the web sites are addressed to medical students, and many of the hyperlinks point to primary research papers which may provide more information than you need, and in a format that may be difficult to decipher.

The information below is designed to help you in deciding what you may wish to buy for yourself, and to provide some guidance on what you will consult in the library or on the internet.  Some lectures and topic organisers recommend web sites.  In most cases several suggestions are made.  Do use the library to get to know a book before buying.  It is often worth considering purchasing a second hand copy from student exchanges or through the web (e.g. http://www.usedbooksearch.co.uk ; http://www.abebooks.co.uk etc.). 

Alberts, Bray, Hopkin, Johnson, Lewis, Raff, Roberts and and Walter: Essential cell biology: an introduction to the molecular biology of the cell, Garland Press Publishing ISBN 0-8153-3481-8 (2003)
Alberts, Johnson, Lewis, Raff, Roberts, Peter Walter: Molecular biology of the cell. Garland Science Publishing ISBN 0–8153–4072–9 (2002)
Emery and Malcolm: An Introduction to recombinant DNA in medicine, 2nd Edition. Wiley ISBN 0-471-93984-6 (1995) 
Pollard,Thomas D.;Earnshaw,William C., Cell biology, 2nd Ed. ISBN:1416022554; Saunder Elsevier, 2006
Medical dictionary

A problem in studying medicine is getting to grips with the nomenclature – there is as much new vocabulary as if you were learning a foreign language.  While many of the course guides will include glossaries and every textbook has an index, you are likely to find a medical dictionary a useful purchase.  There are some reasonable paperback ones around the, £10 mark including those from Collins and Oxford University Press.  Of course if a generous relative offers to buy you a present, go for one of the big expensive ones such as Dorland’s Illustrated Medical Dictionary by Dorland (Hardcover, 2003) or Stedman’s Medical Dictionary by Stedman (Hardcover, 1999) and it will remain a reference book for much of your career.

CMS – Glossary of terms

This list was compiled to help students who have queries in relation to terminology met in the CMS course, particularly those without a background of A-level biology. If you find frequent problems with understanding terminology it may be worth considering investing in a medical dictionary. Other sources are the index of your favourite textbook, or asking tutors and demonstrators. If you come across words that you think are particularly prone to misunderstanding or confusion we would appreciate if you would let us know so that they can be included next year (e-mail to m.d.jones@imperial.ac.uk). Any additions made during the year will be added to the version of this glossary posted on the Intranet.

Abscess.  Localised collection of pus resulting from an inflammatory reaction, often provoked by bacteria.

Absorbance. Term used in spectrophotometry to measure the reduction in light of a particular wavelength passing through a sample, measured on a logarithmic scale. (Extinction and Optical Density or OD mean the same). If the Beer-Lambert Law is obeyed by the substance under test, absorbance is proportional to concentration of the absorbing substance meaning that spectrophotometry can be used to measure its concentration or changes that occur during an enzyme reaction.   See also practical B1.

Acantholysis.  Separation of individual cells of the epidermis, often resulting in a bulla (blister)

Acanthosis.  Increased thickness of the stratum spinosum of the epidermis.

Achalasia.  Failure of a gut sphincter (usually) to relax causing dilatation proximally.

Achlorhydria.  Lack of gastric acid secretion.

Acidic Stains. Histological stains that are negatively charged at the pH used for staining are said to be acidic.  Eosin is an acidic stain.

Acinus. Group of secretory cells emptying into a common duct (From the Latin, "a cluster of berries").

Acquired Immune Deficiency Syndrome (AIDS). The result of infection with Human Immunodeficiency Virus (HIV). The virus infects CD4 T cells and the numbers of these fall with time eventually leading to immuno-incompetence and thus opportunistic infections at which time the condition is known as AIDS.

Acquired.  Due to an event after birth (contrast with congenital).

Active transport.   Active carrier-mediated transport involving transport of a substance across a membrane.  

Acute.  Appearing rapidly (e.g. acute inflammation), but not necessarily severe as in common usage (contrast with chronic).

Acute phase proteins. Proteins secreted by the liver and found in the blood in elevated amounts shortly after an inflammatory stimulus such as may result from infection. An example is C-reactive protein.

Adaptive immune response (or specific immune response). The response of antigen-specific lymphocytes to an antigen. It takes several days to develop and results in the proliferation of lymphocytes with the ability to deal with the specific offending antigen but not any other antigens and with the development of memory cells specific for the antigen in question.

Adenocarcinoma.  Tumour of glandular or secretory epithelium. The prefix adeno- refers to glands. See also carcinoma.

Adenoma.  Benign glandular neoplasm. The suffic –oma is often used to mean a lump or mass in relation to tumours 

Adenosis.  Glandular proliferation. The suffix –osis is often used to mean a state or condition, usually pathological (e.g. osteoporosis, lipidosis).

Adhesion molecules. Molecules promoting the interaction of two cell types or of a cell to extracellular matrix proteins. 

Adhesion.  Abnormal band or layer of connective tissue fixing two or more normally separate structures (e.g. between loops of bowel after peritonitis).

Adrenergic nerves. Sympathetic neurons which release adrenaline and noradrenaline from their terminals.

Aetiology.  Cause of a disease.

Affinity. The strength of binding of a ligand with its receptor (e.g. antigenic determinant/epitope with its binding site on an antibody).

Agglutination. Sticking together of cells (e.g. red blood cells) into irregular clumps.

Agonal.  Terminal event, immediately prior to death.

Allergy.  Excessive and/or inappropriate immunological reaction to an environmental antigen (allergen) as in hay fever, allergic asthma and some adverse drug reactions.

Alpha helix. A pattern of folding of a protein where the structure is stabilised by hydrogen bonds between atoms of the carboxyl and amine groups of the amino acids (also known as a secondary structure motif). The chain is twisted into a helix with hydrogen bonding between successive turns. Another example of this type of is the beta sheet.

Alternative pathway of complement activation. A component of innate (non-specific) immunity which results in coating of pathogen surfaces with complement protein C3b.

Amino acid. The repeating unit of a protein, which is a carboxylic acid with an amino group at the adjacent (alpha) carbon. The remainder of the molecule is variable and gives the property of the particular amino acid. The covalent link between the carboxyl group of one amino acid and the amine group of the next is called a peptide bond. 20 amino acids are coded for by DNA, and others can be formed by further chemical modification. See practical B2.

Amniocentosis. A method of sampling fetal tissue for prenatal diagnosis. A sample of the amniotic fluid surrounding the fetus is removed with a syringe, using ultrasound imaging for guidance. This fluid will contain fetal cells which can be analysed for their genetic content.

Amyloid.  Insoluble extracellular material of variable composition (e.g. immunoglobulin light chains, amyloid protein A) causing hardening, enlargement and malfunction of the organs in which it is deposited.

Anaemia. Low haemoglobin concentration in the blood. (Prefix ana- = absence, suffix –aemia = of the blood)

Anaphylatoxins. Peptides generated during complement activation (e.g. C3a, C4a and C5a) which attract inflammatory cells to the site of the initial insult.

Anaplasia.  Lack of differentiated features, usually in a tumour (i.e. anaplastic tumour).

Aneuploidy. Abnormal number of chromosomes in cells. For example individuals with Down’s syndrome have three copies of chromosome 21 instead of the normal two.

Aneurysm.  Abnormal permanent dilatation of a blood vessel or part of a heart chamber.

Angiitis.  Inflammation of a blood vessel. (The suffix –itis refers to an inflammatory condition).

Anisocytosis.  Abnormal variation in size of red blood cells.

Ankylosis.  Fusion of a joint, resulting in its impaired mobility.

Annular.  Encircling the circumference of a hollow tube (e.g. annular carcinoma of the colon).

Anoxaemia. Symptoms typical of oxygen shortage in the blood (for example, those arising in altitude sickness).

Anoxia.  Lack of oxygen.

Antibodies (also known as immunoglobulins). Plasma proteins that have unique structures which allow them to bind to a specific protein or other chemical (the antigen). The region of the antigen bound is the epitope. Antigens can induce B lymphocytes to differentiate into cells (plasma cells) that secrete antibodies, which then circulate in the blood and other body fluids.  Blood serum which contains antibodies raised in response to a specific antigen constitutes an antiserum. Antibodies help to neutralise pathogens and antibody bound in this way may activate the complement system or label pathogens for uptake and destruction by macrophages.

Antigen. Any molecular feature that an immune system regards as foreign. Antigens stimulate an immune response and this response often includes the production of an antibody specific for the antigen (name means antibody-generating).

Antigen binding site. The surface on the antibody which binds to the antigen.

Antigen presentation. The process whereby peptides derived from degraded antigens are displayed at the surface of cells in association with MHC molecules.

Antigenic determinant. Surface region on an antigen which binds to an antibody binding site. It is also known as an epitope.

Antigenic drift. The process whereby point mutations in the genes for surface molecules of pathogens cause small changes in the antigenic structure of these antigens.

Antigenic shift. A radical change in the nature of the surface proteins on a pathogen. It often leads to an epidemic, as the immune system is not able to mount an effective immune response to the new antigen.

Antigen-presenting cells. Cells that degrade and process antigens and present peptide fragments at their surfaces in association with MHC molecules. They include dendritic cells, macrophages, and B-lymphocytes.

Antiserum. The fluid component of clotted blood from an individual who has been exposed to a particular antigen. The serum may contain many antibodies each specific to various epitopes on the surface of the antigen.

Anucleate.  without a nucleus

Apical membrane. Epithelial cells that line ducts (and tracts) often have a columnar or pyramidal shape.  The membrane at their apex (the apical membrane) normally borders on the duct lumen.

Aplasia.  Failure of growth of a tissue (e.g. aplastic anaemia).

Apoptosis. Form of cell death in which an internal death program is activated by the cell. It involves a characteristic pattern of DNA degradation by endogenous endonucleases and nuclear disintegration. Proliferating lymphocytes undergo high rates of apoptosis during development and during immune responses.

Arteriosclerosis.  Hardening of the arteries caused by any condition.

Arteritis.  Inflammation primarily within the wall of arteries (e.g. polyarteritis nodosa).

Ascites.  Abnormal accumulation of fluid in the peritoneal cavity.

Asphyxia.  Consequence of suffocation or mechanically impaired respiration.

Atelectasis.  Failure to expand, usually of the lung.

Atheroma.  Condition characterised by the focal accumulation of lipid in the intima of arteries causing their lumen to be narrowed, their wall to be weakened and predisposing to thrombosis.

Atherosclerosis.  Atheroma causing hardening of arteries.

Atopy.  Partly genetic tendency to make IgE to common environmental proteins such as house-dust mite or grass pollen ‘allergens’. Atopic individuals may develop allergic diseases such as asthma, rhinitis and dermatitis.

Atresia.  Embryological failure of formation of the lumen of a normally hollow viscus, or duct (e.g. biliary atresia).

Atrophy.  Pathological or physiological cellular or organ shrinkage.

Autocrine.  Characteristic of a cell responding to growth factors, cytokines, etc. produced by itself (contrast with endocrine and paracrine); when unregulated, a feature of neoplasia. Interleukin-2, which stimulates T-cell proliferation, is an autocrine hormone.
Autoimmunity.  Abnormal state in which the body’s immune system reacts against its own tissues or constituents.

Autolysis.  Digestion of tissue by the enzymes contained within it.

Autopsy.  Synonymous with necropsy or postmortem examination (autopsy = ‘to see for oneself’ rather than relying on signs and symptoms).

Autosome. One of the chromosomes present as two similar versions in a diploid cell (i.e. any chromosome which is not a sex chromosome).

B cells.  lymphocytes that make immunoglobulin (antibody); can also present antigens

B lymphocytes or B cells. Major class of lymphocytes which carry immunoglobulin of a particular specificity on their surface. When they interact with the antigen to which the immunoglobulin can bind, the B-cells are stimulated to divide and differentiate, forming antibody-producing cells and memory cells.

Bacteraemia.  Presence of bacteria in the blood.

Bacteriuria.  Presence of bacteria in the urine.

Basal lamina. The layer of connective tissue which underlies an epithelium. It includes the molecules laminin and type IV collagen. (It is sometimes alternatively called a basement membrane).

Basic stains. Histological stains that are positively charged at the pH used for staining are said to be basic.  In general, these stains (e.g. methylene blue, haematoxylin) stain components such as nucleic acids which are negatively charged at this pH. These components are said to be basophilic.

Benign.  Relatively harmless though usually not without risk of serious consequences if untreated; as in benign hypertension (mild blood pressure elevation associated with insidious tissue injury), and benign neoplasm (tumour that does not invade or metastasise); (contrast with malignant).

Beta sheet. A secondary structure motif of proteins, involving hydrogen bonds between atoms of the peptide bonds of adjacent linear stretches of sequence arranged in parallel or antiparallel. See also alpha helix.

Biopsy.  The process of removing tissue , or a piece of tissue removed during life for diagnostic purposes.
Bone marrow. The site where all circulating blood cells are produced, being derived from replication of progenitor cells.

Bronchiectasis.  Permanent abnormal dilatation of bronchi.

Bulla.  An abnormal thin-walled cavity filled with liquid (e.g. bulla of skin) or gas (e.g. emphysematous bulla of lung).

C1 inhibitor (C1INH). A protein which inactivates the activated complement complex C1s:C1r. Deficiency in C1INH causes the disease hereditary angioedema.

C3 convertase. An enzyme generated on the surface of pathogens during complement activation. Its action results in the deposition of large quantities of C3b (an opsonin) molecules on the pathogen surface and the release of the anaphylatoxin C3a.

Cachexia.  Extreme wasting of the body often associated with a malignant neoplasm.

Calcification.  Process occurring naturally in bone and teeth, but abnormally in some diseased tissues (dystrophic calcification) or as a result of hypercalcaemia (‘metastatic’ calcification).

Calculus.  Stone (e.g. gallstone). The suffix –lithiasis is used to indicate formation of calculi (e.g. cholelithiasis for gallstones).

Callus.  1. New immature bone formed within and around a bone fracture; 2. patch of hard skin formed at the site of repeated rubbing (also referred to as a “callosity”)

Cancer.  A general term, in the public domain, usually implying any malignant tumour.

Carbuncle.  Large pus-filled swelling, usually on the skin, often discharging through several openings and invariably due to a staphylococcal infection.

Carcinogenesis.  Mechanisms of the causation of malignant neoplasms (usually not just carcinomas).

Carcinoma. The name given to tumours arising from uncontrolled division of epithelial cells. In the same way a sarcoma is a cancer of mesenchymal cells (connective and skeletal tissues), a lymphoma of lymphocytes, a leukaemia of leukocyte precursors, a neuroblastoma of neuron precursors and a glioma of glial cells.

Caseation.  Type of necrosis, characteristically associated with tuberculosis, in which the dead tissue has a cheesy structure-less consistency.

CD.  Cluster of differentiation (or designation); a standard numerical coding scheme for antigens borne by different types and sub-types of leukocytes and some other cells; used for identification of these cells by immunological methods.

CD3. Signal transduction molecular complex found on the surface of T cells in association with the T cell receptor.

CD4.  protein on surface of T lymphocytes that binds to class II MHC

CD8.  protein on surface of T lymphocytes that binds to class I MHC

Cell line. Cells that can be grown indefinitely out of the body, in tissue culture.  The cells have identical properties, having been derived from just one original cell. See also practical MDL2-3 Mitosis.

Cell-mediated immunity. The part of the adaptive immune response in which antigen-specific T cells play the main role.

Cellulitis.  Diffuse acute inflammation of the skin caused by streptococcal infection.

Centromere. Part of the divided chromosome containing little or no "information" DNA.  At mitosis it is concerned with attachment (via the kinetochores) to the mitotic spindle.

Cerebrovascular accident (CVA).  Cerebral infarction, or haemorrhage within or around the brain. Synonymous with ‘stroke’.

Cestode.  A tapeworm.

Chemokines. Chemoattractive proteins made by many cell types that cause cell recruitment to inflamed tissues

Chemotaxis.  Process whereby a cell moves towards a chemical stimulus

Cholestasis.  Reduced or absent bile flow, thus leading to jaundice (cholestatic jaundice).

Cholinergic nerves. Neurons that release the neurotransmitter acetylcholine at their terminals.  Good examples are the motor neurons that innervate skeletal muscle.

Chondrocyte/Chondroblast. Chondrocyte, a cell living within a lacuna in the cartilage matrix; chondroblast, a cartilage matrix-forming cell.

Chorionic villus sampling. A method of obtaining fetal material for prenatal diagnosis. The chorionic villi are part of the placenta which is genetically fetal tissue; a small sample can be biopsied under guidance of ultrasound imaging and analysed for genes or enzymes.

Chromatids. At the beginning of mitosis each condensed chromosome is seen to be composed of duplicate strands joined at their centromeres. Each strand is a chromatid.

Chromatolysis (of nucleus).  Dissolution of the nucleus evident from the loss of its staining characteristics.

Chromosomes. Nuclear structures containing the DNA in which most of the cell's hereditary information is encoded. The packaging of DNA into chromosomes involves proteins called histones.  In eukaryotes the full complement of information (the genome) is divided between several chromosomes. In prokaryotes it is contained within a single, circular structure.

Chronic.  Persisting for a long time (e.g. chronic inflammation) (contrast with acute).

Cilium/flagellum. Cell surface specialisations capable of beating strongly, driven by the microtubules they contain. (There is no structural difference between a cilium and a flagellum: the terminology historically differs according to the tissue). Examples are the cilia on the respiratory epithelium which beat to move mucus out of the lungs and airways, and the flagellae that provide the swimming movement of sperm. 

Cirrhosis.  Irreversible architectural disturbance of the liver characterised by nodules of hepatocytes with intervening fibrosis; a consequence of many forms of chronic liver injury.

Cisterna. A closed, membrane-limited system, sometimes tubular, sometimes sac-like in form (see endoplasmic reticulum).

Classical pathway of complement activation. Initiated by antibody bound to antigen (contrast alternative pathway, above).. 

Clone of cells. A number of identical cells which have arisen by cell division from a single precursor cell.

Clot.  Blood coagulated outside the cardiovascular system or after death (contrast with thrombus).

Coagulation.  Solidification of material (e.g., blood coagulation, coagulative necrosis).

Coarctation.  Congenital narrowing of the aorta.
Complement. A collection of plasma proteins which act together to attack pathogens. Complement activation, initiated by antibody or by the alternative (antibody-independent) pathway leads to opsonisation of pathogens, release of anaphylatoxins and an attack on the pathogen's membrane.

Complementarity determining regions (CDRs). The hypervariable regions in the variable parts of immunoglobulin light and heavy chains involved in binding to antigen. Corresponding regions are also found in the variable regions of T cell receptors.

Complications.  Events secondary to the primary disorder (e.g. complicated fracture involves adjacent nerves and/or vessels; cerebral haemorrhage is a complication of hypertension).

Compound.  Involving more than one structure (e.g. compound naevus involves dermis and epidermis; compound bone fracture is associated with traumatic defect in the overlying skin).

Condyloma.  Warty lesion often on genitalia.

Congenital.  Condition attributable to events prior to birth, not necessarily genetic or inherited.

Congestion.  Engorgement with blood.

Connective tissues. Tissues that connect and maintain the structural integrity of the body.  They are derived form embryonic mesenchyme and are typified by a large amount of extracellular material (the matrix within which the constituent cells reside).

Consolidation.  Solidification of lung tissue, usually by an inflammatory exudate; a feature of pneumonia.

Constant regions. Term used in relation to immunoglobulin and T cell receptors.  All members of an immunoglobulin class have the same constant region coded for by a single gene.

Co-transport or secondary transport.  A transport mechanism in which a carrier molecule for a substance (for example, glucose or an amino acid) is driven by the Na+ electrochemical gradient.  “Downhill” transport of Na+ into the cell provides the energy for “uphill” transport of glucose or an amino acid.  ATP hydrolysis is not directly involved in the transport process.

C-reactive protein. An acute phase protein which binds to the C-polysaccharide of certain bacteria making them more likely to be taken up by phagocytes. Bound CRP can also activate the classical pathway of complement activation.

Cyst.  Cavity with an epithelial lining and containing fluid or other material (contrast with pseudocyst).

Cytokine receptors. Receptors for cytokines and interaction with cytokines may promote proliferation, differentiation or death in the target cell.

Cytokines. Small proteins produced by T cells that act as signals to other cells of the immune system or structural cells by interacting with surface receptors (e.g. IL-1, IL-3, IL-4, IL-5, IL-10 and IFN)

Cytokinesis. Follows mitosis, when the inward movement of the cell surface forms an invaginating furrow to divide the cell in two.

Cytopathic (virus effect).  Causing cell injury, not necessarily lethal.

Cytoplasmic basophilia. In cells synthesising large amounts of protein, the cytoplasm stains strongly with basic stains.  The "cytoplasmic basophilia", as it is called is due primarily to the large amounts of messenger RNA and ribosomal RNA within the cytoplasm of these cells.

Cytoskeleton. Intracellular components which support and determine cell shape and form.  There are three important filament types, each with associated proteins. They are microtubules, actin filaments and intermediate filaments.

Cytotoxic T-cell. T lymphocytes that can kill other cells, usually those that have been invaded by intracellular pathogens like viruses.  They recognise MHC1-peptide complexes on the surfaces of the infected cell. 

Cytotoxic.  Causing cell injury, not necessarily lethal.

Cytotoxins. Proteins like perforins or granzymes.  They are made by cytotoxic T cells and destroy target cells.

Decilitre (abbreviated dl). Volume of 10-1 litre 

Decilitre or dl  10-1 litre 

Degeneration.  Disorder, not otherwise classified, characterised by loss of structural and functional integrity of an organ or tissue.

Demyelination.  Loss of myelin from around nerve fibres.

Dendritic cells.  Professional antigen presenting cells (APC) present in tissues which capture, process and present antigens to T cells. ‘Mature’ once antigen is captured and migrate to regional lymph nodes.

Dendritic cells. Antigen-presenting cells which are potent stimulators of the T cell response.

Dermis. A connective tissue layer situated under epidermis of the skin.

Diapedesis.  Passage of blood cells through the blood vessel wall between endothelial cells into the perivascular tissue; characteristic of inflammation.

Diapedesis.  passage of cells within the blood through the blood vessel wall

Diaphysis. Shaft of a long bone. The head is the epiphysis.

Differentiation.  1. Embryological process by which a tissue develops special characteristics; 2. pathological — degree of morphological resemblance of a neoplasm to its parent tissue.

Diffuse.  Affecting the tissue in a continuous or widespread distribution. (contrast with focal)

Diffusion.  Random collisions and intermingling of molecules as a result of their continuous thermally induced random motion.  Results in movement of molecules down their concentration gradient.

Diploid. Containing two complete sets of chromosomes.

Disease.  Abnormal state causing or capable of causing ill health.

Diversity (D) gene segments. Short DNA sequences that code for the part of an immunoglobulin heavy chain between the sections coded for by the V and J genes.

Diverticulum.  Abnormal hollow pouch communicating with the lumen of the structure from which it has arisen.

Dysplasia.  Abnormal growth and differentiation of a tissue; in epithelia, often a feature of the early stages of neoplasia.

Dystrophy.  Abnormal development or degeneration of a tissue (e.g. muscular dystrophy, dystrophic calcification).

Ectasia.  Abnormal dilatation (e.g. lymphangiectasia dilatation of lymphatics).

Ectopic.  Tissue or substance in or from an inappropriate site (but not by metastasis).

Effusion.  Abnormal collection of fluid in a body cavity (e.g. pleura, peritoneum, synovial joint).

Electron microscopy (EM). A method of microscopic imaging using electrons instead of light, which results in much greater resolution. It cannot be carried out on living cells since the electron beams require a vacuum. The two main types are transmission EM where electrons pass right through the specimen which must therefore be extremely thin, and scanning EM where scattering of electrons at a surface is detected but the beam must be scanned across the sample to build up a complete image of the surface. 

Elliptocyte. Elliptically shaped cell, normally used to describe shape of red cells on diagnostic examination.

Embolus.  Solid (e.g. thrombus) or fluid (e.g. gas, fat) mass mobile within a blood vessel and capable of blocking its lumen.

Emphysema. Characterised by the formation of abnormal thin-walled gas-filled cavities; pulmonary emphysema — in lungs, ‘surgical’ emphysema in connective tissues.

Empyema.  Cavity filled with pus (e.g. empyema of the gallbladder).

Endocardium. Cell layer lining the interior of the heart. It is an endothelium (equivalent of tunica intima of blood vessels).

Endocrine.  Characteristic of cells producing hormones which circulate in the blood stream and have distant effects (contrast with autocrine and paracrine).

Endocytosis. The mechanism of uptake of macromolecular material into a cell from the outside. It typically involves formation of a coated pit on the plasma membrane, which buds off into the cytoplasm to form a coated vesicle which delivers its contents to an endosome. From here material may be passed on to a lysosome or the Golgi apparatus, or recycled back to the plasma membrane.

Endoplasmic reticulum (ER). A cell organelle in the form of interconnecting cisternae (flattened spaces).  Depending on the presence or absence of ribosomes it is classified as rough or smooth ER.  The function is the synthesis of components for membranes and for extracellular secretion.

Endothelium. The internal layer of cells lining the cardiovascular system and lymphatic vessels.

Endotoxins. Substances released when certain bacterial cells are damaged. They may be potent inducers of cytokine release.

Eosinophilia. Increased number of eosinophils in the blood.

Eosinophils. White blood cells which may attack larger pathogens by releasing the contents of intracellular vesicles.

Epidermis. Outside layer of the skin consisting of multiple strata of epithelial cells.  As the more superficial cells are sloughed away they are continuously replaced from below by the division of stem cells within the more basal (germinative) layers.

Epiphysis. Expanded end part of a long bone which is formed from a separate centre of ossification and later fuses with the shaft (or diaphysis).

Epithelioid.  Histologically resembling epithelium; specifically as in epithelioid cells which are derived from macrophages and a distinctive feature of granulomas.

Epithelium (plural: epithelia). Cells organised in a continuous sheet. The cells are supported on one side by a basal lamina and attached to each other by cell junctions.  Most epithelia line body surfaces, cavities or tubes and thus act as interfaces between different body compartments.  They usually have specialised functions including secretion, absorption or protection.  Epithelia are sometimes classified according to the shape of their cells (columnar, cuboidal or squamous), whether they consist of one or several layers of cells (simple or stratified), and their special properties (e.g. ciliated, keratinising). See practical A4.

Epitope. Surface patch on an antigen to which the antibody-binding site of an immunoglobulin can bind.

Eponym.  Name of a disease, etc. derived from its association with a person (e.g. Cushing’s disease) or place.

Erosion.  Loss of superficial layer (not full-thickness) of a surface (e.g. gastric erosion).

Erythema.  Abnormal redness of skin due to increased blood flow.

Erythroblast. Developing cells in bone marrow that eventually lose their nuclei and give rise to mature enucleate erythrocytes.

Erythrocyte.  red blood cell 

Erythrocyte. Greek term, same as red cell. In adult mammals these lack nuclei but are packed with haemoglobin.

Erythropoeisis.  process of red blood cell production

Essential. Term used about disease without evident antecedent cause; synonymous with primary and idiopathic.

Eukaryotes. Organisms and cells in which the genome is contained within a special compartment, the nucleus.  A highly organised cytoplasmic compartment containing organelles is also a characteristic eukaryotic feature.

Exocrine. Exocrine secretory cells release their secretory product into ducts lined with epithelia, while endocrine cells usually direct their released secretory product towards the blood stream.  Endocrine secretions always include hormones.

Exocytosis. The process of secreting macromolecular material from a cell. In the case of proteins, this will be synthesised at the rough endoplasmic reticulum modified at the Golgi apparatus. It may then be directly transferred to the plasma membrane and secreted (constitutive secretion), or stored in secretory granules and only secreted following an external signal (regulated secretion). Exocytotic secretion involves fusion of a membrane-enclosed intracellular vesicle with the plasma membrane, followed by the opening of the vesicle and the emptying of its contents to the outside.

Extrinsic.  1. Outside the structure and, for example, compressing it (e.g. tumour outside the intestine, but compressing it and causing intestinal obstruction); 2. cause external to the body (e.g. extrinsic allergic alveolitis); (contrast with intrinsic).

Exudate.  Extravascular accumulation of protein-rich fluid due to increased vascular permeability as in inflammation (contrast with transudate).

Fab. Stands for Fragment antigen binding. Immunoglobulins each have at least two Fab regions, each of which carries an antigen-binding site.

Facilitated diffusion.  Passive carrier-mediated transport involving transport of a substance down its concentration gradient across a membrane.

Fc. Stands for Fragment crystalline and is a part of the immunoglobulin molecule which is the same in structure for all members of that class of immunoglobulins.

Femtolitre (abbreviated fl). Volume of 10-15 litre  

Femtolitre or fl  10-15 litre  

Fibrinogen. Blood protein which is converted into fibrin when blood clots to form the solid substance of a clot.

Fibrinoid.  Resembling fibrin (e.g. fibrinoid necrosis).

Fibrinous.  Rich in fibrin (e.g. fibrinous exudate).

Fibroblasts. Type of cells inhabiting the connective tissues of the body. Fibroblasts are responsible for synthesising and secreting extracellular components such as collagen and proteoglycans, and they survive well and actively proliferate in tissue culture. 

Fibroid.  Benign smooth-muscle tumour (leiomyoma) commonly arising from uterine myometrium.

Fibrosis.  Process of depositing excessive collagen in a tissue.

Fistula.  Abnormal connection between one hollow viscus and another or with the skin surface.

Fluke.  A trematode (flatworm) of the order Digenea.

Focal.  Localised abnormality (contrast with diffuse).

Forme fruste.  Early stage of a disease, either at diagnosis or interrupted by treatment, before it has developed a complete set of characteristics.

Formed Elements.  cellular parts of blood

Fungating.  Forming an elevated growth, usually neoplastic (and usually malignant) and often ulcerated.

Ganglion. 1. In pathology, a cystic lesion containing mucin-rich fluid associated with a joint or tendon sheath. 2. In neuroscience the same word refers to a widened region of a nerve containing nerve cell bodies (e.g. dorsal root ganglion, autonomic ganglion)

Gangrene.  Bulk necrosis of tissues; ‘dry’ gangrene — sterile; ‘wet’ gangrene — with bacterial putrefaction.

Gene segments. Widely separated stretches of DNA which have to undergo recombination during B lymphocyte differentiation. The recombination event creates the coding region for the variable part of either a heavy or light chain.

Genotype.  1. Genetic constitution of an individual; 2. Classification of organisms according to their genetic characteristics (contrast with serotype).

Germ cells.  Cells giving rise to gametes (sperm or ova) and thus contributing to heredity. Gametes are haploid and capable of uniting with corresponding cell from opposite sex. The majority of cells in the body do not have this property and are known as somatic cells.
Germinal centres. Sites in lymphoid tissues where there is intense B lymphocyte division and somatic hypermutation in the V regions of immunoglobulin genes.

Giant cell.  Abnormally large cell, often multinucleated.

Glial cells. The main class of cells in the nervous system besides neurons. Cancer of glial cells is called a glioma.

Gliosis.  Increase in glial fibres, within the central nervous system; analogous to fibrosis elsewhere in the body.

Goblet cell. A mucus secreting cell found within a columnar epithelium. It typically looks paler than the surrounding cells and (with a little imagination) can be seen to have a shape resembling an old fashioned drinking goblet.

Goitre.  Enlarged thyroid gland.

Golgi apparatus. A cell organelle, usually found in the perinuclear region, consisting of a stack of flattened cisternae.  It carries out chemical modifications (e.g. glycosylation) of substances synthesised in the endoplasmic reticulum, such as proteins destined for secretion.

Granulation tissue.  Newly formed connective tissue often found at the edge or base of ulcers and wounds, comprising capillaries, fibroblasts, myofibroblasts and inflammatory cells embedded in mucin-rich ground substance.

Granulocyte-macrophage colony stimulating factor. Cytokine which stimulates the growth and differentiation of monocyte and myeloid cell lines.

Granuloma.  An aggregate of epithelioid macrophages/histiocytes, often including giant multinucleate cells also derived from macrophages.

Gumm.  Focal necrotic lesion in tertiary stage of syphilis.

Haematocrit.  relative volume of blood which is the Formed Elements (%)

Haematoma.  Localised collection of blood or blood clot, usually within a solid tissue.

Haemoglobin.  protein that makes Erythrocytes red and carries the oxygen

Haemoglobin. Protein that makes erythrocytes red and carries the oxygen

Haemoglobinopathy.  condition where an abnormal Haemoglobin is present

Haemopoiesis (or haematopoiesis). The process of blood cell formation

Haemostasis. Process by which blood loss is reduced or stopped after a haemorrhage. It may be natural (e.g. by vascular spasm and blood coagulation) or artificial (e.g. by ligating a blood vessel).
Haploid. Possession of a single set of chromosomes (e.g. in a gamete).

Heavy chain. The larger of the two types of chain possessed by immunoglobulins and this chain determines the class of immunoglobulin.

Helper CD4 T cells. These promote the growth and differentiation of B lymphocytes. Some differentiated B cells produce large quantities of antibody and others become memory cells.

Hernia.  Abnormal protrusion of an organ, or part of it, outside its usual compartment.

Heterologous.  1. Transplantation or transfusion in which the donor and recipient are of different species (synonymous with xenogeneic); 2. Tissue not normally present at that site (contrast with homologous).

Hinge region. Part of an immunoglobulin molecule approximately half way along the heavy chain which gives the molecule considerable conformational flexibility. 

Histamine.  Signalling molecule stored in mast cell granules and released when antigen binds to the surface IgE of the cell.  Histamine promotes vasodilatation and smooth muscle contraction.

Histiocyte.  Macrophage within tissue.

Homologous.  1. Transplantation or transfusion in which the donor and recipient are of the same species (synonymous with allogeneic); 2. Tissue normally present at that site (contrast with heterologous).

Hormones. Molecules responsible for carrying messages between different tissues. Hormones are secreted by endocrine cells and are carried to their target cells by the blood and other body fluids.

Human immunodeficiency virus (HIV). A retrovirus, which infects CD4 T cells, causes their depletion and eventually AIDS.

Humoral immunity. The part of the adaptive (specific) immune response mediated by antibodies.

Hyaline.  Amorphous texture, sometimes due to the deposition or accumulation of intra- or extracellular material (e.g. amyloid, Mallory’s hyalin).

Hydrocele.  Fluid-filled cavity, especially surrounding a testis.

Hydrophilic/hydrophobic. Water attracting/water repelling.

Hyperaemia.  Increased blood flow, usually through a capillary bed as in acute inflammation.

Hyperchromatic.  Increased histological staining, usually of nucleus.

Hyperkeratosis. Formation of excess keratin on the surface of stratified squamous epithelium (e.g. epidermis).

Hyperplasia.  Enlargement of an organ, or a tissue within it, due to an increase in the number of cells.

Hypersensitivity. Excessive or inappropriate reaction to an environmental agent, often mediated immunologically (see allergy).

Hypertonic.  A solution in which cells shrink.  Final volume less than original volume.

Hypertrophy.  Enlargement of an organ, or part of it, due to an increase in the size of cells.

Hypervariable regions. Part of immunoglobulins: the regions in the variable parts of light and heavy chains which are involved in antigen binding.

Hypotonic. A solution in which cells swell.  Final volume greater than original volume.
Hypoxia.  Reduction in available oxygen.

Iatrogenic.  Caused by medical intervention (e.g. adverse effect of a prescribed drug).

Idiopathic.  Unknown cause; synonymous with primary, essential and cryptogenic.

Immune response. The defensive response made by a host to infection by a pathogen.

Immune system. Overall term for the cells and molecules involved in an immune response.

Immunity. The ability to resist an infection.

Immunoglobulins. Plasma proteins also known as antibodies.  They are found of the surface of B lymphocytes and are secreted by plasma cells.  

Immunology. The study of the defence system against infection.

Impermeable.  Refers to a membrane not permitting passage of a particular substance.
Impermeant.  Refers to a substance not able to pass through a membrane.

In vitro/In vivo. From the Latin, in vitro = "in glass", in vivo = "in life".  "In vitro" refers to biological materials studied outside the body, in the laboratory.

Incompetence.  Used in relation to a heart valve. Allowing regurgitation when valve is closed.

Infarction.  Death of tissue (an infarct) due to insufficient blood supply.

Infiltrate.  Abnormal accumulation of cells (e.g. leukocytes, neoplastic cells) or acellular material (e.g. amyloid) in a tissue.

Inflammation. The accumulation of fluid, plasma proteins and white cells which accompanies a local infection or injury.

Inflammatory CD4 T cells. These activate macrophages when they come into contact with MHC-antigen fragment complexes on the macrophage cell surface.

Innate immunity. The rapid, non-specific arm of the immune system which does not increase in effectiveness on repeated exposure to a particular pathogen.

Integrins. Cell surface proteins involved in cell-cell and cell-matrix interactions.

Intercalated discs. Specialised plasma membrane junctional areas that connect cardiac muscle cells in series.  They include desmosomal and gap junctional components.

Interferons. Cytokines that help cells to resist viral infection.

Interleukins. Cytokines produced by leucocytes.

Interstitial fluid. The portion of the extracellular fluid that surrounds and bathes most of  the body’s cells.

Intrinsic.  1. Within a structure rather than compressing it from without; 2. defect without obvious external cause (e.g. intrinsic asthma); (contrast with extrinsic).

Intussusception.  Invagination or telescoping of a tubular structure, especially bowel.

Invasion.  Property of malignant neoplastic cells enabling them to infiltrate normal tissues and enter blood vessels and lymphatics.

Involution.  Reduction in size of an organ or part of it; may be physiological (e.g. shrinkage of thymus gland before adulthood).

Ischaemia.  An inadequate blood supply to an organ or part of it 

Isotonic.  A solution in which cell volume is unchanged.
J gene segments. Small sections of DNA which code for part of the variable regions of immunoglobulin light and heavy chains.

Junctional diversity. Variation created by the imprecise recombination of the V, D and J gene segments coding for the variable parts of immunoglobulin molecules.

Karyolysis.  Disintegration of the nucleus.

Karyorrhexis.  Nuclear fragmentation seen in necrotic cells.

Karyotype. The number and morphological characteristics of the chromosomes of a cell. In the diploid somatic cells of an individual the karyotype is constant. Individual chromosomes at metaphase are recognised by their relative size and shape, and by the characteristic banding due to certain stains.

Keratinisation.  Production of keratin by normal or neoplastic stratified squamous epithelium.

Keratosis.  Excess keratin.

Koilocytosis. Vacuolation of the cells of stratified squamous epithelium (e.g. skin, cervix) often characteristic of human papillomavirus infection.

Latent (interval).  Period between exposure to the cause of a disease and the appearance of the disease itself (e.g. incubation period).

Lesion.  Any abnormality associated with injury or disease.

Leukaemia.  Neoplastic proliferation of white blood cells; classified into acute and chronic types, according to onset and likely behaviour, and from the cell type (e.g. lymphocytic, granulocytic).

Leukocyte (or leucocyte). General term (from the Greek) for a white blood cell, a nucleated cell of the peripheral blood. Leukocytes include granular forms or granulocytes (neutrophils, eosinophils and basophils) and the non-granular lymphocytes and monocytes. 

Leukocytosis.  Excessive number of white blood cells (leukocytes).

Leukopenia.  Lack of white blood cells. The suffix –penia means deficiency 

Lipids. A heterogenous class of structural types most easily defined as those molecules in biological material which are extractable by non-polar solvents (i.e. "fat solvents" like ether and chloroform).

Lipo-.  Prefix—of adipose tissue (e.g. lipoma, benign adipose tumour).

Lobar.  Affecting a lobe of an organ, especially of lung as in lobar pneumonia.

Lumen. The space inside a cavity or tube surrounded by an epithelium.

Lymph nodes. Secondary lymphoid organs where adaptive (specific) immune responses are initiated.  Antigen is delivered to B-lymphocytes which present antigen and are then stimulated by interaction with T-helper cells to divide and differentiate.

Lymphocyte. Free cell, 8 to 16 (m in diameter, with a large nucleus surrounded by a small pale-staining cytoplasm. The lymphocyte is a major participant in all kinds of immune response and a major constituent of the blood and lymphatic tissues (such as lymph node, thymus, spleen and tonsil). Classified into B lymphocytes (responsible for generating the humoral or antibody- related response) and the thymus-derived T lymphocytes (important in cell-mediated immune responses).

Lymphocytosis. Increased number of lymphocytes in the blood.

Lymphoma.  Primary malignant neoplasm of lymphoid tissue classified according to cell type.

Lysis.  Dissolution or disintegration of a cell, usually as a result of chemical effects.

Macrocytic. Characterised by large cells. For example macrocytic anaemia, an anaemia characterised by large red blood cells.

Macrophages. Mononuclear phagocytic cells which are important in innate (non-specific) immunity and which also act as antigen-presenting cells.  Their activation leads to the destruction of the pathogens that they have phagocytosed. They are largely derived from the monocytes of the blood and are part of the "mononuclear phagocyte" system.

Major histocompatibility complex (MHC). A group of proteins which combine with antigen peptides and are presented on a cell surface as the MHC-peptide complex. These complexes are recognised by T cell receptors.

Malformation.  Congenital structural abnormality of the body.

Malignant.  Condition characterised by relatively high risk of morbidity and mortality (e.g. malignant hypertension—high blood pressure leading to severe tissue damage; malignant neoplasm— invasive neoplasm with risk of metastasis); (contrast with benign).

Mannose binding protein. An acute phase protein which opsonises pathogens by binding to their cell surface carbohydrates.  It is part of the innate immune system and its binding to a pathogen can activate complement.

Margination. Gathering of leukocytes on endothelial surface of capillaries and venules in acute inflammation.

Mast cells. Cells with surface-bound IgE molecules found in connective tissues.  The binding of antigen to this surface IgE leads to mast cell degranulation and the release of histamine.

Meiosis. The process of division that reduces a diploid chromosome number to the haploid amount present in germ cells (ova and sperm).

Melanoma.  Tumour of melanocytes.

Membrane attack complex (MAC). Terminal complex resulting from complement activation.  The complex forms a pore in the pathogen membrane which leads to cell death.

Mesenchymal cells. Cells derived from mesenchyme, tissue of the embryonic mesoderm. They form connective and skeletal tissues, muscle and blood vessels. Cancer of such cells is described as sarcoma.

Mesothelium. A name for the epithelial cell layer derived from embryonic mesoderm which lines the peritoneum, pericardium or pleural cavity.

Metaplasia.  Reversible change in the character of a tissue from one mature cell type to another.

Metastasis.  Process by which a primary malignant neoplasm gives rise to secondary tumours (metastases) at other sites most commonly by lymphatic, vascular or transcoelomic spread.

MHC. major histocompatibility complex proteins on antigen presenting cells that pick up peptides from antigens and bind TcR and CD4 (Class II MHC) or CD8 (Class I MHC) on T cells

Microcytic. Characterised by small cells. For example microcytic anaemia, an anaemia characterised by small red blood cells

Microvillus (plural: microvilli). Small surface projections on the surface of a cell, containing small bundles of actin filaments. Some epithelial cells have abundant microvilli on their apical surface to maximise the area for absorption: this region is known as a brush border from its appearance.

Mitosis. The process of division that maintains the same (diploid) chromosome number in the progeny as in the parent cell. 

Monoclonal.  Attributable to a single clone of cells and thus more characteristic of a neoplasm than of a reactive process (contrast with polyclonal).

Monocytes. Precursors of macrophages.

Monocytosis. Increased number of monocytes in the blood.

Mononuclear cells.  Vague histological term for leukocytes with a single nucleus in contrast to polymorphonuclear leukocytes.

Mucocele.  Mucus-filled cyst or hollow organ (e.g. mucocele of the gallbladder).

Mural.  On the wall of a hollow structure (e.g. mural thrombus on the inner wall of the left ventricle after myocardial infarction).

Mutation.  Alteration in the base sequence of DNA, possibly resulting in the synthesis of an abnormal protein product; often an early stage in carcinogenesis.

Myocardium. The muscular layer of the heart. Myocardial infarction (commonly known as heart attack) is a process involving a loss of blood supply to a region of heart muscle resulting in irreversible tissue damage.

Myxoid.  A degenerative process with extracellular accumulation of mucins.

Naevus.  Coloured lesion on skin, often congenital, most commonly consisting of melanin-containing cells, but may be vascular, etc.

Natural killer cells (or NK cells). Lymphocytes capable of destroying virus-infected cells non-specifically and also certain tumour cells.

Necrosis.  Pathological cellular or tissue death in a living organism, irrespective of cause (compare with apoptosis, gangrene and infarction).

Nematode.  A roundworm.

Neoplasm.  New growth. Abnormal and uncoordinated tissue growth persisting after withdrawal of the initiating cause (synonymous in modern usage with ‘tumour’).

Neurogenic.  Disorder attributable to interruption of nerve supply (e.g. neurogenic atrophy of muscle)

Neurons. Nerve cell. Most neurons have a cell body (containing the nucleus) which gives rise to a single axon and a variable number of dendrites. Signals are received from other neurons forming synapses with a dendrite or the cell body. Axons terminate at synapses with other neurons or with muscles; conduction of an impulse along the axon induces the release of a neurotransmitter at the synapse.

Neutropenia. Decreased number of neutrophils in the blood.

Neutrophilia. Increased number of neutrophils in the blood.

Neutrophils (or polymorphonuclear leukocytes). Phagocytes which engulf and destroy extracellular pathogens.

NK cell. natural killer cell

Normocytic. Normal sized cells (typically used to describe characteristic of red blood cells on diagnostic examination).

Nucleoside/nucleotide. Constituents of nucleic acids. A base complexed to a sugar is known as a nucleoside, but if one or more phosphate groups is also present it becomes a nucleotide. ATP is a nucleotide. See also Tutorial 2.

Nucleus. The organelle in eukaryotic cells which contains the genetic material. DNA is complexed with proteins as chromatin, and the nucleus also contains one or more nucleoli (singular nucleolus) which are the sites of ribosome assembly. The nucleus is surrounded by a double membrane structure called the nuclear envelope within which are nuclear pores through which substances (including mRNA) pass to or from the cytoplasm.

Occult.  Abnormality present, but not observable.

Oedema.  Abnormal collection of fluid within or, more usually, between cells e.g. in acute inflammation.

Omental fat. The omentum is a structure in the abdominal cavity lying immediately anterior to the intestines. It is a usual site of deposition of metabolisable fat.

Oncogene.  A mutated gene expressed in tumours and responsible for their autonomous growth.

Oncogenesis.  Mechanisms of the causation of tumours (almost synonymous with carcinogenesis).

Opportunist infection.  Usually harmless, but causing disease in an individual with impaired immunity or some other susceptibility.

Opsonin.  a substance that enhances phagocytosis (e.g. antibody, complement)

Opsonisation. The coating of a pathogen with a protein or proteins which bind to receptors on phagocytes leading to the ingestion of the pathogen by phagocytic cells.

Organelle. Membrane-limited compartments responsible for specific cellular functions.  Interdependent with the cell as a whole but may contain DNA partially coding for itself (e.g. mitochondria).

Osmolarity. A measure of the concentration of solute particles in a solution

Osmosis.  Movement of water across a membrane down its own concentration gradient toward the area of higher osmolarity.

Papillary.  Surface of a lesion characterised by numerous folds, fronds or villous projections.

Papilloma.  Benign neoplasm of non-glandular epithelium (e.g. squamous cell papilloma).

Paracrine.  Characteristic of neighbouring cells of different types influencing each other by secretion of cytokines, growth factors or hormones (contrast with autocrine and endocrine).

Parasite.  Organism living on or in the body (the host) and dependent on it for nutrition.

Parenchyma. A name for the tissue components which make up the morphological and functional parts of an organ.  Parenchymal cells refers to the functional cells of a particular organ (e.g. hepatocytes in liver).

Parietal. Next to, or forming part of, a structure.

Pathogenesis.  Mechanism through which the cause (aetiology) of a disease produces the clinicopathological manifestations.

Pathogenicity.  Ability (high, low, etc.) of a micro-organism to cause disease.

Pathogens. Micro-organisms which can cause a disease when they infect a host.

Pathognomonic.  Pathological feature characteristic of a particular disease.

Pedunculated.  On a stalk (contrast with sessile).

Peptic (ulcer).  Due to the digestive action of gastric secretions.

Perforin. A protein produced by cytotoxic T cells and NK cells which can create pores in the cell being attacked.

Pericardium. Double membranous sac which surrounds the heart. The layer on the heart is the visceral and that external to the heart is parietal. Layers are separated by the pericardial cavity.

Permeable. Refers to a membrane permitting passage of a particular substance.

Permeant.  Refers to a substance able to pass through a membrane

Phagocytosis. Ingestion of micro-organisms or other particles by a cell, especially neutrophil polymorphonuclear leukocytes and macrophages. The particles are taken up into a membrane-bound body called a phagosome, which then fuses with a lysosome.

Phlebitis.  Inflammation of a vein.

Phlebothrombosis.  Venous thrombosis.

Phospholipid. Like most lipids, phospholipids are built upon the 3-carbon unit of glycerol.  Two of these carbons are associated with long fatty acid chains (and these chains are usually different from each other) while the third carbon is associated with a polar group that contains phosphate.  The polar group carries (or can accept) an electrical charge and is therefore hydrophilic. An example is phosphatidylcholine where the polar group contains the quaternary ammonium compound choline.

Phosphorylation. A reaction mediated by a group of enzymes called protein kinases, which transfer a phosphate group from a donor (usually ATP) to an acceptor protein.  When phosphorylated, the functional properties of the acceptor protein are altered.  The reaction can be reversed by a group of enzymes known as phosphatases.

Picogram or pg. 10-12 g 

Plasma cell. An activated B lymphocyte, responsible for synthesising and secreting large amounts of antibody. They are found in bone marrow, lymph nodes and spleen. The antibody synthesised by each plasma cell is specific for a particular antigen.

Plasma. The liquid part of the blood in which the Formed Elements are suspended

Plasma-liquid part of the blood in which the Formed Elements are suspended

Platelets. Enucleate discoid constituents of peripheral blood. Injury to the wall of a blood vessel stimulates platelets to secrete a variety of active agents that together cause blood clotting.  Stimulated platelets change shape and become contractile during clot formation. Sometimes also known as thrombocytes.

Pleurisy.  Painful inflammation of the pleura.

PMN.   polymorphonuclear leucocytes.  Phagocytic white cells that circulate in blood and increase during bacterial infections.

Pneumoconiosis.  Lung disease due to dust inhalation.

Pneumonia.  Inflammation of the lung.

Polar molecules. Molecules which have within them an uneven distribution of electrical charge possess an "electrical dipole moment" and are called polar molecules.  Because of these uneven charge they are able to form hydrogen bonds with water molecules and are thus hydrophilic. Non-polar molecules (or non-polar regions of molecules) are hydrophobic.

Polyclonal.  Indicative of more than one cell clone; feature of reactive rather than neoplastic proliferations (contrast with monoclonal)

Polycythaemia.  Excessive number of red blood cells.

Polymorph. Short for polymorphonuclear leukocyte. Name applies to the phagocytic neutrophilic leukocytes (also known as neutrophils). Constitute around 70% of white blood cells. 

Polyp.  Sessile or pedunculated protrusion from a body surface.

Primary active transport.  An active carrier-mediated transport system in which energy is directly required (usually from ATP hydrolysis) to operate the carrier and move the transported substance against its concentration gradient (or for an ion, its electrochemical gradient).

Primary immune response. The part of the adaptive immune response which occurs on initial exposure to an antigen.

Primary.  1. Initial event without apparent antecedent cause, synonymous with essential or idiopathic (e.g. primary hypertension); 2. a neoplasm arising in the organ in which it is situated; (contrast with secondary).

Prodromal.  Any feature heralding the appearance of a disease.

Prognosis.  Probable length of survival or disease-free state, especially after diagnosis and treatment of malignant neoplasms (e.g. 60% 5-year survival).

Prokaryotes. Cells such as bacteria in which the genetic material lies free within cell (i.e. there is no nucleus).

Prolapse. Protrusion or descent of an organ or part of it from its normal location (e.g. prolapsed intervertebral disc, rectal prolapse).

Properdin.  Substance which stabilises the C3b/Bb complement protein complex on the surface of bacterial cells.

Proteasome. Multisubunit proteinase complex involved in the processing of (host and) viral proteins prior to presentation of MHC-peptide complexes.

Pseudocyst.  Cavity with a distinct wall but lacking an epithelial lining (contrast with cyst).

Pseudomembrane.  ‘False’ membrane consisting of inflammatory exudate rather than epithelium.

Punctum.  Small orifice, especially where an epidermal cyst communicates with the skin surface.

Purine/pyrimidine. The two types of base in DNA or RNA. Both are heterocyclic aromatic groups (i.e. containing both C and N in their rings). Purines (A,G) have a double ring, pyrimidines (C,T,U) a single ring. See also tutorial 2.

Purpura.  Small haemorrhages into the skin.

Pus. Creamy material consisting of neutrophil polymorphs, in various stages of disintegration, and tissue debris.

Pustule.  Small abscess on skin.

Putrefaction.  Decomposition or rotting of dead tissue due to bacterial action, often accompanied by unpleasant odours.

Pyaemia.  Pus-inducing organisms in the blood.

Pyknosis.  Shrinkage of nucleus in a necrotic cell.

Pyogenic.  Inducing or forming pus (e.g. pyogenic bacteria).

RAG-1 and RAG-2. Enzymes coded for by Recombination Activation Genes.  These proteins catalyse the recombination events which occur in the differentiation of B cells and T cells.

Reactive (process).  Reversible response to an external stimulus.

Receptor mediated endocytosis. Mechanism of internalisation of molecules bound to cell surface receptors to create vesicles called endosomes.

Recessive.  Characteristic of a gene of which both copies are necessary for it to be expressed.

Recombination. Exchange of blocks of genes between the two homologous chromosomes, occurring during meiosis. The frequency of recombination between two positions on the chromosome depends on the distance those genes are apart, providing a method of deriving genetic maps.

Regeneration.  Formation of new cells identical to those lost.

Regulatory T cells.  T cells that suppress other T cells; includes CD4+CD25+ T cells, IL-10 and TGF-β producing T cells 
Relapse.  Reappearance of the clinicopathological manifestations of a disease after a period of good health.

Remission.  Period of good health prior to possible relapse.

Repair.  Healing with replacement of lost tissue, but not necessarily by similar tissue.

Resolution. 1. A way of describing the detail visible in a microscope: it represents the closest two small objects can be without appearing to merge. It depends on a number of factors including the wavelength of light or electromagnetic radiation used; a major parameter is the numerical aperture of the objective lens.  2. In pathology, means the restoration of normality following a disease process.

Reticulocyte. Precursor form of red blood cell, normally not found frequently in circulating blood.

Reticulocytosis. Increased reticulocyte count in blood.

Ribosomes. Dense granular organelles (15-20 nm diameter) consisting of protein and RNA, the sites of protein synthesis.  They are either cytoplasmic or associated with rough endoplasmic reticulum.

Rouleaux. Describes red blood cells stacking together like piles of pennies.

Sarcoma.  Malignant connective tissue neoplasm.

Sclerosis.  Hardening of a tissue often due to deposition of excess collagen.

Secondary immune response. This occurs when an individual is exposed to an antigen for a second time.  The response is greater and more rapid than the primary immune response and the immunoglobulins produced have higher affinity for antigen.

Secondary.  1. Attributable to some known cause (e.g. secondary hypertension); 2. neoplasm formed by metastasis from a primary neoplasm; (contrast with primary).

Secretory component. A protein fragment bound to IgA molecules which facilitates their secretion onto epithelial surfaces.

Sense/antisense. Words describing the two complementary strands of DNA. The sense strand is the one that corresponds to the mRNA produced and translated into protein. It is thus the antisense strand which directs RNA synthesis during transcription, but nevertheless by convention it is always the sense strand which is given for a gene sequence. They can alternatively be described as coding and non-coding strands.

Septic.  Infected.

Septum.  Membrane or boundary dividing a normal or abnormal structure into separate parts.

Serous.  1. Serous exudate or effusion — containing serum or a fluid resembling serum; 2. serous cyst — containing fluid only resembling serum.

Serum. Plasma which has been allowed to clot, i.e. Plasma without Fibrinogen
Sessile (polyp).  With a broad base rather than a discrete stalk (contrast with pedunculated).

Shock.  State of cardiovascular collapse characterised by low blood pressure (e.g. due to severe haemorrhage).

Sickle cell. A red cell that is sickle-shaped or crescent-shaped. Typical of the genetic disease sickle cell anaemia.

Signs.  Observable manifestations of disease (e.g. swelling, fever, abnormal heart sounds).

Sinus (pathological).  Abnormal track (tract) leading from an abscess to the skin surface and often discharging pus.

Skeletal (voluntary) muscle. Voluntary muscles composed of long multinucleate fibres. Each fibre tapers at the ends and inserts directly into the anchoring connective tissues.  Both skeletal and cardiac muscles fibres are striated and in both of them the contractile unit is the sarcomere.

Smooth muscle. Involuntary muscle composed of bundles or sheets of individual, spindle-shaped cells.  As a sleeve-like layer surrounding blood vessels, smooth muscle controls the size of the lumen.  Around the tubular pathways of the intestines and reproductive tracts, smooth muscles may give rise to peristalsis, a synchronised flow of contraction that moves the luminal content along.

Somatic cells. All the cells of the body other than germ cells.

Somatic hypermutation. Mutation occuring within the genes encoding the variable regions of antibodies.  Some of these mutations lead to the generation of antibodies with higher affinities for antigen.

Somatic recombination. Process occuring in B cells to generate a contiguous coding region for the variable part of an antibody chain.

Spherocyte. A spherical cell (used to describe appearance of red blood cells on diagnostic examination).

Stasis.  Stagnation of fluid often due to obstruction (e.g. urinary stasis).

Steatorrhoea.  Excess fat in the faeces, a manifestation of intestinal malabsorption.

Steatosis.  Fatty change, especially in liver.

Stem cells  (Reserve cells). Undifferentiated cells of adult tissues retaining the capacity for continued mitosis.  They probably occur in all tissues where the differentiated cells need to be continuously replaced.  A good example is the stem cells of bone marrow which differentiate to form blood cells.

Stenosis   Narrowing of a lumen.

Stoma.  Any normal, pathological or surgically constructed opening between one hollow structure and another or the skin.

Strangulation.  Obstruction of blood flow by external compression (e.g. strangulated hernia).

Stroma.  A general term for the connective tissue components of an organ or other structure. 

Superantigens. Relatively non-specific stimulators of T cells which bind to the MHC-II molecules of antigen-presenting cells and the T cell receptor on T cells.

Suppuration.  Formation of pus; a feature of acute inflammation.

Symptoms.  The patient’s complaints attributable to the presence of a disease (e.g. pain, malaise, nausea).

Syncytium. A differentiated structure in which a number of cells have fused together so that several nuclei are present in a continuous cytoplasm. A skeletal muscle fibre is a syncytium.

Syndrome.  Combination of signs and symptoms characteristic of a particular disease, no one feature alone being diagnostic.

Systematic.  Concerning each body system separately.

Systemic.  Concerning all body systems as a whole.

T cell receptor. A protein found on the surface of T cells which recognises the MHC-peptide complexes displayed on the surfaces of antigen--presenting cells.

T cell, T lymphocyte. Lymphocytes which develop in the thymus.

Tamponade (cardiac).  Compression of heart, and therefore restriction of its movement, by excess pericardial fluid (e.g. haemorrhage, effusion) or by pericardial fibrosis (e.g. post-inflammatory scarring).

TcR.  T cell receptor surface protein that binds MHC complexed with peptide

Telangiectasia.  Dilated small blood vessels.

Teratoma.  Germ-cell neoplasm in which there are representatives of endoderm, ectoderm and mesoderm; usually benign in the ovary, and malignant in the testis.

Th1 cells.  Another name for inflammatory CD4 T cells. They typically make interferon (IFN)-α and tumour necrosis factor (TNF) and activate macrophages to kill intracellular pathogens and switch on IgG1 production from B cells.  

Th2 cells Another name for helper CD4 T cells. They make cytokines such as IL-4 and IL-5 and IL-13 which promotes growth, activity and survival of eosinophils and switch B cells to make IgE
Thrombocyte. Another name for platelet.

Thrombocytopenia. Reduced number of platelets in the blood.

Thrombocytosis. Increased number of platelets in the blood.

Thrombophlebitis.  Venous inflammation associated with a thrombus.

Thrombus.  Solid mass of coagulated blood formed within the circulation (contrast with clot).

Thymus. Organ in the chest responsible for T cell development.

Tolerance. Failure to respond to an antigen.  Tolerance of our own antigens is an important feature of the immune system and if this is lost an autoimmune disease results. 

Tonicity.  Defines the strength of a solution as it affects the volume of cells.  Volume here means the final volume.  There may be transient increases or decreases before the final volume is reached.

Toxaemia.  Presence of a toxin in the blood.

Toxin.  Substance having harmful effects, usually of bacterial origin by common usage.

Trabeculation.  Abnormal appearance of a surface characterised by ridges.

Transcellular fluid.  Includes cerebrospinal fluid (around the brain and spinal chord), ocular fluid (inside the eye), synovial fluid (within joints), etc.

Transcription. Copying a DNA sequence of a gene to RNA, by a process involving base pairing. It is initiated by a DNA region called the promoter, and this is regulated by transcription factors which control which genes are transcribed. The initial transcript is an exact copy of the DNA but the introns which do not code for protein are removed by splicing so that the final messenger RNA (mRNA) consists of exons spliced together.

Transcytosis. Process of transport through epithelial cells whereby macromolecules can be endocytosed from one face of the cell and exocytosed out of the other face. e.g. the passage of IgA molecules across an epithelium in combination with secretory component.

Transformation.  Process in which cells are converted from normal to neoplastic.

Transitional epithelium. A somewhat old-fashioned name for the special type of urinary epithelium found in the bladder and ureters.  It has the special property of forming an osmotic barrier between the urine and the rest of the body; it is also able to stretch without losing this property.

Translation. The process by which mRNA directs the synthesis of a protein. Nucleotides are read in successive 3-letter codons which each represent an amino acid according to the genetic code. These start with an initiation codon which is always AUG (coding for Methionine). The chain ends when a stop codon is reached. Translation is carried out on ribosomes using amino acids which are attached to transfer RNA (tRNA) molecules. See also practical B2.

Translocation.  Exchange of chromosomal segments between one chromosome and another.

Transudate.  Abnormal collection of fluid of low protein content due to either hypoproteinaemia or increased intravascular pressure in capillary beds (contrast with exudate).

Trauma.  Injury.

Trematode.  A flatworm.

Trisomy.  Presence of three copies of a particular chromosome in otherwise diploid cells (e.g. trisomy 21, in which there are three copies of chromosome 21, is a feature of Down’s syndrome).

Tumour necrosis factor (TNF). Cytokine produced by macrophages and T cells.

Tumour.  Abnormal swelling, now synonymous with neoplasm
Ulcer.  Full-thickness defect in a surface epithelium or mucosa.

Urethelium. Another term for the urinary epithelium.

Vaccination. Method used to stimulate the adaptive immune system to respond to a particular pathogen.  This is done by injecting a vaccine which may be a dead or attenuated form of the pathogen.

Variable (V) gene segment. Part of immunoglobin gene encoding most of the variable region of either light or heavy immunoglobulin chains.

Varicose.  Distended and tortuous, especially referring to a blood vessel (e.g. varicose vein).

Venereal.  Transmitted by sexual intercourse or intimate foreplay.

Vesicle.  A general name for a fluid-filled structure. May be used for small membrane-bound structures within the cytosol (e.g. secretory vesicles), or for larger structures in the body (e.g. a blister).

Villus. A finger like projection of tissue, such as those in the small intestine which increase the surface area for absorption of nutrients. It is lined by an epithelium. Villous is the corresponding adjective, meaning tissue characterised by the presence of  villi (e.g. villous adenoma of rectum).
Viraemia.  Presence of a virus in the blood.

Viral latency.  hidden presence of non-replicating viral DNA or RNA

Viral persistence.  continuous replication of live virus.

Virgin lymphocytes. Mature lymphocytes that have never been exposed to the particular antigen to which their surface IgM molecules can bind.

Virulence.  Relative ability to produce disease.

Volvulus.  Loop of twisted intestine.
Zymogen. Inactive enzyme precursor.
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