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Describe the possible complications of blood transfusion
· Occur in up to 20% of transfusions (usually mild / self-limited)

Immediate transfusion reactions

Immunological
· Acute haemolytic transfusion reaction

· Usually ABO incompatibility

· Fatal in 1:100 000 transfusions 

· Clinical – fever, chills, low back pain, SOB, burning at infusion site, Hypotension, bleeding, respiratory failure, ATN

· Febrile nonhaemolytic transfusion reaction

· Incidence 1:200 transfusions

· Occurs during transfusion, or within few hours

· Temp rises ≥ 1 degree, rigors

· Antigen-antibody reaction (among plasma, platelets, WBCs)

· More likely with multiple transfusions or in multiparous females

· Usually mild

· Allergic transfusion reaction

· Incidence 1%

· Due to exposure to plasma proteins

· More likely in those with IgA deficiency

· Clinical – skin erythema, urticaria, pruritus, bronchospasm, vasomotor instability

· Rarely anaphylaxis

· Severity is NOT dose-related – therefore can complete transfusion

· Transfusion-related acute lung injury (Noncardiogenic pulmonary oedema)

· 1:5000 transfusion

· Due to incompatibility of passively transfused WBCs, antibodies

· Occurs within 4 hours

· Respiratory distress, fevers, rigors, Tachycardia

· Resolves over few days

Nonimmunological

· Bacterial contamination

· Hypervolaemia

· Extravascular haemolysis (in spleen) – less common

· Usually Rhesus incompatibility

· Asymptomatic

· Rarely haemoglobinaemia / haemoglobinuria

· Poor Hb rise from transfusion

· Massive transfusion complications

· Metabolic complications (hypothermia, acidosis, increased K, citrate)
Delayed Reactions

Immunological
· Delayed haemolytic reaction

· 7-10 days after transfusion

· Antigen-antibody reaction

· Slow drop in Hb

· Coomb's changes from negative to positive

· Asymptomatic

· Alloimmunisation

· Graft vs Host disease

· > 90% mortality

· Due to nonirradiated cellular blood components, transfused into immunocompromised patient

· Immunologically competent lymphocytes attack host tissues, and cause bone marrow aplasia

Nonimmunological
· Iron overload

· Infections

· HIV 1:150 000

· HCV 3:10 000

· HBV 1: 50 000

· HTLV 1:70 000-100 000

· CMV

· Rare – EBV, Syphilis, Malaria, Toxoplasmosis, Bacterial infection

Massive Transfusion
· Replacement of blood volume within 24 hours

· Bleeding

· Mild drop in platelets

· Platelet dysfunction

· Coagulation factor deficiency 

· Citrate toxicity – decreased Ca / Mg, Alkalosis

· Acidosis

· Increased K

· Hypothermia

· Hypervolaemia

· Immunosuppression
What features differentiate benign vs malignant tumours?
· Appearance (Morphology)

· Behaviour

· Differentiation

· Rate of growth

· Local invasion

· Metastases

Differentiation
· “Extent to which tumour cells resemble comparable normal cells”

· Benign = usually well differentiated

· Malignant = range from well to poorly differentiated

Rate of growth
· Malignant grow more rapidly

Local Invasion
· Benign = most have capsule (condensed connective tissue), and do not penetrate this

· Malignant = invasive, infiltrating, and destroying normal tissues (carcinoma in situ is the preinvasive stage)

Metastases
· “Growth of secondary tumour masses that are discontinuous with the primary tumour”

· Most important feature distinguishing benign vs malignant

· 3 routes of spread

· Spread into body cavities (eg. Peritoneal seeding)

· Invasion of lymphatics

· Haematogenous spread, to lungs, liver, brain, bones

Describe the means and steps in metastasis
· “Growth of secondary tumour masses that are discontinuous with the primary tumour”

· Most important feature distinguishing benign vs malignant

· 3 routes of spread

· Spread into body cavities (eg. Peritoneal seeding)

· Invasion of lymphatics

· Haematogenous spread, to lungs, liver, brain, bones

Steps in metastases
1. Epithelial cell transformation

2. Clonal expansion, diversification

3. Adhere to / invade basement membrane

4. Pass through extracellular matrix

5. Invade into blood vessels / lymphatics

6. Tumour cell embolus

7. Adhere to basement membrane of blood vessel at distant site

8. Extravasate into tissue (metastatic deposit)

· Invasion of extracellular matrix

· Tumour cells bind to laminin / fibronectin via cell surface receptors

· Cells secrete proteolytic enzymes – this creates pathways for migration

· Tumour cells migrate

· Autocrine motility factors

· Cleavage products of matrix

· Tumour cells form emboli by aggregation, and adhering to leucocytes and platelets – this gives some protection against antitumour cells

· Site of lodgment is influenced by 

· Vascular / Lymphatic drainage from primary site

· Interaction of tumour cells with receptors on organs

· Microenvironment (eg. Many protease inhibitors)

What types of carcinogens do you know?
· Chemical

· Radiation

· Oncogenic viruses

Chemicals
· Can cause initiation or promotion of cancer cells

· Initiation = induction of irreversible genome changes

· No growth autonomy, but gives rise to tumours if appropriately stimulated

· Promotion = tumour induction in previously initiated cells.  Does not affect DNA

· Most chemicals are procarcinogens – require activation by cytochrome P450 system.

· Because they target the DNA, if ability to repair DNA is impaired (eg. Xeroderma pigmentosum), they have increased risk

· Alter 2 types of genes 

· Proto-oncogenes

· Recessive cancer genes

· The test for carcinogenicity of a chemical is Ames test – tests ability to induce mutations in Salmonella

· Types of chemicals

· Alkylating agents (eg. Cyclophosphamide)

· Aromatic hydrocarbons (in cigarette smoke)

· Azo dyes (Beta naphthylamine, used in rubber industries)

· Naturally occurring agents (eg. Aflatoxin from Aspergillus)

· Nitrosamines / Amides (synthesized in GIT from nitrites)

· Miscellaneous (Asbestos, vinyl chloride, nickel)

Radiation
· UV rays

· Damage to DNA by pyrimidine dimmers

· Immunosuppression

· Ionising radiation

· Miners of radioactive cores

· Therapeutic radiation

· Most common = myeloid leukaemias, thyroid Ca in children

· Less common = breast, lung

· Least common = skin, bone, gut

· Cause direct mutations, and free radical formation

· Particulate radiation is worse than electromagnetic

Oncogenic viruses
· DNA viruses

· HPV types 16 & 18 – cause >90% of cervical SCC

· EBV – Burkitt’s lymphoma, Nasopharyngeal Ca

· HBV – HCC

· Mechanism

· Integration with host cell genome

· Early genes produce proteins which target nucleus (stimulate action of normal growth-promoting nuclear proteins, or neutralise growth-inhibitory molecules produced by “cancer suppressor genes”)

· RNA viruses

· Retroviruses, containing 3 sets of genes

· Acute transforming retroviruses (unable to replicate)

· Slow transforming retroviruses (able to replicate)

· HTLV-1 causes leukaemia / lymphoma of CD4+ T cells

What do you know about oncogenes?
· Genes whose products are associated with neoplastic transformation

· Proto-oncogenes are normal cellular genes that affect growth & differentiation

· Converted to oncogenes by transduction into retroviruses or in situ changes (conversion to cellular oncogenes)

· Oncogenes promote growth by

· Encoding growth factors

· Encoding growth factor receptors that have increased / decreased activity

· Encoding membrane proteins critical to signal transduction

Proto-oncogenes

· 4 groups

· Growth factors (eg. sis)

· Protein tyrosine kinases (eg. abl causes CML)

· GTP binding proteins (eg. ras causes many cancers)

· Nuclear proteins (eg. myc causes Burkitt’s, small cell Ca, neuroblastoma)

· Activated to oncogenes by

· Point mutation (sometimes due to chemical carcinogens)

· Translocations

· Placed next to promoter / enhancer

· Combines with another gene to produce new protein

· Gene amplification

What are some effects of tumours?
· Local = mass effect

· Hormonal – tumours of endocrine gland (especially benign tumours) excrete hormones

· Cachexia – due to

· loss of appetite

· infections (Immunosuppressed) - NB Infection is the commonest form of death

· bleed from ulcerative lesions

· TNF alpha from activated macrophages – mobilizes body fat

· Paraneoplastic syndromes = syndromes not directly related to the spread of the tumour or elaboration of hormones indigenous to the tissue from which the tumour arose

· Endocrinopathies (eg. small cell Ca produces ACTH – Cushing’s)

· Hypercalcaemia – bony resorption secondary to PTH related peptide or TNF alpha (also due to bony mets, but this is not paraneoplastic)

· Acanthosis nigricans – verrucous pigmented lesion of skin, associated with visceral malignancy

· Finger clubbing / Hypertrophic osteoarthropathy (assoc. with lung Ca)

· Thrombosis – thromboplastic substances produced by tumour cells

What is the difference between anaphylactic and anaphylactoid reactions
· An anaphylactic reaction is an acute hypersensitivity reaction (Type I or immediate hypersensitivity reaction).

· Mediators = histamine and leukotrienes are released from the mast cells (mediated by IgE)

· Anaphylactoid reaction = direct release of mediators from the mast cells by the action of the causative drug or agent. (not mediated by IgE) 

· Both reactions have similar symptoms because they are both caused by the same mediators released from mast cells.

	
	Anaphylactic
	Anaphylactoid

	· Prior exposure to the antigen
	· Yes
	· No

	· Can reaction occur on the first exposure to the antigen
	· No
	· Yes

	· Reaction mediated by IgE attached to mast cells
	· Yes
	· Not IgE mediated

	· Severity
	· Often severe and may be fatal
	· Generally less severe (but fatal reactions have occurred)

	· Relation to the dose of antigen
	· Reaction not related (ie. All-or-nothing)
	· Reaction often related (graded response)


Describe the Hypersensitivity Reactions

OR How does IgE mediated anaphylaxis occur
· Type I (Anaphylactic type) – eg. anaphylaxis

· Type II (Cytotoxic) – eg. Transfusion reactions, ITP


· Type III (Immune complex mediated) – eg. Serum sickness, vasculitis, arthus reaction

· Type IV (cell mediated) – eg. TB / Mantoux, graft rejection

Type I

· IgE mediated – with re-exposure of sensitized individuals, antigen binds to IgE on mast cells, causing release of preformed primary mediators or synthesis of secondary mediators

· Primary mediators (degranulation)

· Onset 5-30 mins

· Duration 60 mins

· Histamine

· Eosinophil chemotactic factors

· Neutrophil chemotactic factors

· Granule matrix mediators

· Secondary mediators

· Leukotriene B4 - chemotactic

· Leukotriene C4, D4, E4 – more potent than histamine

· Prostaglandin D2 

· Platelet Activating Factor

· Systemic anaphylaxis

· Local anaphylaxis (atopy) – urticaria, angioedema, rhinitis, asthma

Type II

· Mediated by antibodies

· Other injuries secondary to

· Complement-dependent reactions

· Transfusion reactions, Erythroblastosis foetalis, ITP, haemolytic anaemia, agranulocytosis, drug reactions

· Antibody-dependent cell mediated cytotoxicity

· Parasitic infections, Tumours, Graft rejection

· Antireceptor antibodies (eg. Myaesthenia)

Type III
· Mediated by antigen-antibody complexes

· Exogenous or endogenous antigens

· Activates various mediators, particularly complement

· Systemic immune complex disease – complexes form in circulation, and deposit systemically

· Acute serum sickness

· Chronic serum sickness (eg. with SLE)

· Local immune complex disease – focal formation / deposition of complexes

· Localised vasculitis / necrosis

· Arthus reaction – intradermal complex deposition

Type IV
· Initiated by sensitized T cells

· Delayed type hypersensitivity

· triggered by antigen in association with class II major histocompatibility complexes

· mediated by CD4+ TH cells

· eg. Mantoux, reaction to fungi, protozoa, parasites, contact skin sensitivity, graft rejection

· T cell-mediated cytotoxicity

· Recognize antigen in association with class I MHCs

· Mediated by CD8+ Tc cells

· Eg. response to viral infections, tumour cells and graft rejection

How does transplant rejection occur?
· CD8+ and CD4+  T cells react to processed Major Histocompatibility Antigens in the graft – this causes

· Direct Tc-mediated cytolysis

· Microvascular injury

· Tissue ischaemia

· Macrophage-mediated destruction

· Cell-mediated rejection

· Interstitial mononuclear cell infiltrate (macrophages, plasma cells, CD4+ and CD8+ T cells)

· Responds promptly to immunosuppression

· Antibody-mediated responses

· Initial endothelial cell injury, and subsequent vasculitis

· Responds poorly to immunosuppression

· Hyperacute rejection

· If recipient previously sensitized to antigen (by blood transfusion, pregnancy, certain infections)

· Occurs in minutes to 1-2 days

· Preformed circulating antibodies fix to antigen – complement and antibody-derived cellular toxicity

· Microscopically a type III hypersensitivity reaction – Ig / complement in vessel walls, endothelial injury, microthrombi, neutrophil infiltrates, arteriolar fibrinoid necrosis

· Acute rejection

· Within a few days, or after cessation of immunosuppression

· Cellular and humoral mechanisms

· Micro = thickened arteriolar intima, Ig and complement deposits, fibroblasts, smooth muscle cells, foamy macrophages, concentric luminal narrowing

· Subacute vasculitis more common – repeated bouts of clinical rejection, causing decreased organ function

· Chronic rejection

· Months-years

· Progressive organ dysfunction

· Micro = intimal fibrosis, mononuclear interstitial infiltrate, occasionally superimposed acute arteritis

How do autoimmune reactions occur?
· Due to a breakdown in self-tolerance.  Tolerance develops by

· Clonal deletion – immature T cells against self antigens are deleted during development.  B cells are rendered unresponsive but not actually deleted, as self-tolerance is predominantly T cell mediated.

· Suppressor T cells

· Types of autoimmune reaction

· Humoral and cellular immune reactions, including hypersensitivity types II-IV

· Primary immune reaction (ie. Not secondary to tissue damage from another cause)

Causes
· Activation of nontolerant B cells

· Self antigens modified by drugs or micro-organisms

· Organisms triggering antibodies which cross-react with host antigen

· Direct polyclonal B cell activation (T cell independent) – bacterial lipopolysaccharide, EBV

· Anti-idiotype antibodies – ie. Antibodies against antihormone antibodies (these mimic the hormone and stimulate or suppress hormone receptor)

· Emergence of previously sequestered antigens (eg. sperm, myelin) – no tolerance developed because they were protected from immune reactions

· There are genetic and environmental components

· May be tissue specific (eg. thyroiditis) or systemic (eg. SLE)

Describe the process of cellular immunity and the interaction between T & B cells
· Antigen is presented to T cell by macrophage, which triggers T cell proliferation

· Release of activated T cells into circulation

· T lymphocyte memory cells formed

· Receptor molecules on T cell surface bind antigen

· Variable unit (similar to variable portion of antibody) is bound firmly to cell membrane

Helper T cells (TH)
· Most numerous

· Major regulator of immune functions

· Form lymphokines, which act on immune cells and bone marrow cells

· IL-2, 3, 4, 5, 6

· GM-CSF

· Gamma interferon

· Functions of lymphokines

· Stimulate growth and proliferation of Tc and Ts cells

· Mostly Il-2, also IL-4 & 5

· Stimulate B cell growth and differentiation into plasma cells

· All lymphokines, especially IL-4, 5, 6

· Activate macrophage system, activating phagocytosis, and slow/stop migration (ie. Hold macrophages in the inflamed area)

· Positive feedback on TH cells, especially IL2

Cytotoxic T cells (Tc)

1. Bind to cell containing the specific antigen

2. Secrete hole-forming proteins (perforins), which cause shift of fluid into the cell

3. Release cytotoxic substances into the attacked cell

· Can then release, and attack other cells

· Destroy

· Viral infected cells

· Cancer cells

· Transplant cells

· Other foreign cells

Suppressor T cells (Ts)
· Suppress Tc and TH (negative feedback on TH cells)

· Important role in immune tolerance (prevention of autoimmunity)
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Describe the process of humeral immunity and discuss the structure of antibodies
1. Antigen is presented to B lymphocyte by macrophage (TH cell also involved in B cell activation).

2. B cell enlarges (lymphoblast), then differentiates (plasmoblast), and ends up as plasma cell

3. Plasma cell divides every 10 hours, and produces gamma globulin antibodies rapidly (this continues for days to weeks until plasma cell dies)

4. Lymphoblast may become a new B lymphocyte similar to the original.  This produces moderate number of “memory cells”, which can travel to other sites in the body.  This allow more rapid / potent response with subsequent exposure to the same antigen

Antibodies
· Immunoglobulins – comprise 20% of plasma proteins

· Made up of pairs of heavy and light chains – usually 2 pairs, up to 10 pairs




Variable portion
· Variable portion – responsible for specificity of antibody

· Constant portion determines

· Diffusion ability
· Adherence to tissues

· Attachment to complement

· Antigen-antibody bond is noncovalent, but binds at so many sites that it is exceedingly strong

· Hydrophobic bond

· Hydrogen bond

· Ionic attractions

· Van der Waal forces

· 5 classes of antibody

· IgM – primary response antibody, with 10 binding sites

· IgG – 2 pairs of chains (ie. Bivalent, comprises 75% of antibodies)

· IgA

· IgD

· IgE – involved in allergic response (small numbers present)

· Mechanism of action of antibodies

· Direct action (only minor component)

· Agglutination

· Precipitation (complex is too large to stay in solution)

· Neutralisation (antibodies cover toxic sites on antigen)

· Lysis (some potent antibodies directly attack membranes)

· Complement mediated effect is responsible for most of the effect.

Where do you find macrophages, and how do they work
· Macrophages are part of the reticulendothelial system – large proportion bound to tissues, but can be mobilized if necessary

Types of Macrophage
· Histiocytes

· In skin and subcutaneous tissues

· Protect against superficial infection

· Macrophages of lymph nodes

· Line meshwork of sinuses

· Phagocytose particles entering via lymphatics

· Alveolar macrophages

· Components of alveolar walls

· Phagocytose inhaled particles

· If particle is digestible, macrophage digests it and releases products into lymphatics

· If particle is not digestible, macrophage forms “giant cell” capsule around it, until it is able to be dissolved (if ever) – eg. TB, silica, carbon

· Kupffer cells

· In liver sinuses

· Prevent bacteria from GIT entering systemic circulation

· Spleen and bone marrow

· Entrapped in reticular meshwork

· Phagocytose particles trapped by meshwork as blood flows through

· Tissue macrophages are 1st line of defense against infection

· Macrophage enlarges rapidly, then breaks off and becomes mobile

· Provides defense for 1st hour (until other defense mechanisms kick in)

· Mobile macrophages invade inflamed tissue, but as monocytes (immature) – takes at least 8 hours to become functional macrophages

· Phagocytic potential is much greater than that of neutrophils

· Produce TNF, IL1, GM-CSF, G-CSF, M-CSF – act on bone marrow to produce more neutrophils and monocytes

· Macrophage phagocytoses organism, and partially digests it – the antigenic products are then passed to nearby lymphocyte which becomes activated 

· Macrophage secretes IL1 – this promotes growth and reproduction of lymphocytes
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