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                                      PATHOPHYSIOLOGY 

UNIT-I: BASIC PRINCIPLES OF CELL INJURY AND CELL ADAPTION. 

Introduction to Pathology (Greek Word): 

Pathos = Suffering 

 Logos = Study 

Definition: It is the scientific study of structure and function of the body in disease 

(Or) 

Pathology consists of the abnormalities that occur in normal anatomy and physiology leading to disease. 

It mainly involves the investigation of the causes of disease and associated changes at the levels of cells, 

tissues, and organs, which in turn give rise to the presenting signs and symptoms of the patient. 

Important terms in pathology and medicine:  

1) Patient: Is the person affected by disease.  

2) Lesions: Are the characteristic changes in tissues and cells produced by disease in an individual (or) 

experimental animal. 

 3) Morphology: It consists of examination of diseased tissues (Blood & Urine Tests)  

4) Etiology: Includes the underlying causes and modifying factors. (Why of Disease) Eg: Diseases with 

unknown etiology: Hypertension, Diabetes, Cancer etc. 

 5) Pathogenesis: Refers to the steps in the development of disease. (How of Disease) 

Cell Injury 

Definition: It is defined as a variety of stresses a cell encounters as a result of changes in its Internal and 

external environment. 



Examples of Acquired causes: Hypoxia & Ischemia : Due to ↓ Blood Supply, Heart & Lung diseases or 

Anaemia.   

Physical Agents: Eg Road Accidents, Extreme Heat & Cold, Electricity Radiation etc., Chemical & 

Drugs: Eg Chemical poisons like Cyanide, Arsenic, Mercury, strong acids, insecticides, pesticides, 

alcohol, narcotic drugs etc.,  

Microbial agents: Eg Bacteria, Viruses, Fungi etc., 

 Immunological agents: Used in Autoimmune disorders.  

Nutritional derangements: Nutritional deficiency (Anaemia, Marasmus, Kwashiorkor etc.,) 

Aging: Eg Inability to repair in cellular aging. 

 Psychogenic diseases: (Depression, Schizophrenia) Eg Drug addiction, Alcoholism, Smoking results in 

liver damage, Chronic bronchitis, Lung Cancer etc., 

 Iatrogenic Causes: Errors due to Physician (Unwanted Prescription) 

 Idiopathic diseases: Diseases/Disorders due to Unknown causes Eg: Hypertension, Cancer, Diabetes etc., 

Cellular Adaptations to Stress: Adaptations are reversible changes in the number, size, phenotype, 

metabolic activity, or functions of cells in response to changes in their environment. 

Physiologic adaptations: Usually represent responses of cells to normal stimulation by hormones (Eg: The 

hormone-induced enlargement of breast and uterus during pregancy.) 

 Pathologic adaptations: are responses to stress that allow cells to modulate their structure and function 

and thus escape injury. 

 Types of Cellular adaptations: 

 Hypertrophy (Increase in Cell size) 

 Hyperplasia (Increase in Cell number) 

 Atrophy & (Decrease in Cell size or Cell shrinkage)  

 Metaplasia (Change of one form of cell to other, Eg: Columnar epithelium to Simple Squamous 

epithelium.) 

Hypertrophy: E.g. Cardiac hypertrophy & Enlargement of uterus and Breast in Pregnancy. 



Atrophy: Due to decreased workload or decreased metabolic activity. 

ROS (Reactive o2 Species) 

 ROS are o2 derived free radicals (Free radicals are special type of molecules that have an unpaired 

electron in their outer orbit.) Causes of free radical generation: Via normal reduction and oxidation 

reactions (o2 - , H2O2, OH-) Ionization radiations .Eg: X-rays etc., Inflammation Metabolism of 

exogenous molecules Metals. 

Morphology of Reversible Cell Injury 

The two main morphological correlates of reversible cell injury are: 

 Cellular Swelling: it is the result of failure of energy dependent ion pumps in the plasma membrane, 

leading to an in ability to maintain ionic and fluid homeostasis. Cellular swelling the first manifestation of 

almost all forms of cell injury to cells is a reversible alteration that may be difficult to appreciate with the 

light microscope, but it may be apparent at the level of the whole organ. 

 Eg: It causes increase in weight of organ. 

Fatty change: It occurs in hypoxic injury and in various formsof toxic or metabolic injury and is 

manifested by the appearance of small or large lipid vacuoles in the cytoplasm. It is principally 

encountered in cells participating in fat metabolism (e.g., hepatocytes, myocardial cells) and is also 

reversible. 

 Other morphological characteristic includes: Plasma membrane blebbing and loss of microvilli, 

Mitochondrial swelling, Dilation of the ER, Eosinophilia. Morphology of Irreversible Cell Injury 

Autolysis (i.e. self-digestion) is disintegration of cell by its own hydrolytic enzymes liberated from 

lysosomes. Autolysis is rapid in some tissues rich in hydrolytic enzymes such as in the pancreas, and 

gastric mucosa; intermediate in tissues like the heart, liver and kidney; and slow in fibrous tissue. 

  Heterolysis is disintegration of cell by the hydrolytic enzymes liberated from inflammatory mediators 

like Neutrophils etc., Necrosis is a series of morphological changes which occurs in a lethally injured cell. 

Apoptosis is also known as Programmed Cell death. Morphology of Necrosis  

 Necrosis is the type of cell death that is associated with loss of membrane integrity and leakage of 

cellular contents resulting in dissolution of cells, largely resulting from the degradative action of enzymes 



on lethally injured cells. (Or) It is a spectrum of morphological changes that follow cell death in living 

due to progressive degradation action of enzyme (present with in the cell) on lethally injured cell.   

Morphological changes are due to: 

 1) Intracellular protein denaturation. E.g. Both structural and functional proteins. 

 2) Enzymatic digestion of severely injured cell. E.g. Leading to Autolysis & Heterolysis. 

 3) Loss of integrity of plasma membrane of necrotic cell. Necrosis is characterized by changes in the 

cytoplasm and nuclei of the injured cells. 

Cytoplasmic changes: Necrotic cells show increased eosinophilia. Compared with viable cells, the cell 

may have a more glassy, homogeneous appearance, mostly because of the loss of glycogen particles. 

Myelin figures are more prominent in necrotic cells than during reversible injury. 

   Necrotic cells are characterized by discontinuities in plasma  and organelle membranes, marked dilation 

of mitochondria, disruption of lysosomes.   

Nuclear changes: Nuclear changes due to breakdown of DNA and chromatin. 

 It includes:  

Pyknosis: Characterized by nuclear shrinkage and increased basophilia. 

 Karyorrehexis: Fragmentation of Nucleas Karyolysis: Fading of basophilia & chromatin. 

 Fates of necrotic cells: Necrotic cells may persist for some time or may be digested by enzymes and 

disappear. Dead cells may be replaced by myelin figures, which are either phagocytosed by other cells or 

further degraded into fatty acids. 

 Morphologically, there are six types of necrosis 

 1) Coagulative necrosis: Characteristic of Infarcts 

2) Liquefactive necrosis. 

3) Gangrenous necrosis. 

4) Caseous necrosis. 

5) Fat necrosis. 



6) Fibrinoid necrosis. 

Apoptosis 

• Apoptosis is a pathway of cell death in which cells activate enzymes that degrade the cells’ own nuclear 

DNA and nuclear and cytoplasmic proteins. 

 • The plasma membrane of the apoptotic cell remains intact, but the membrane is altered in such a way 

that the cell and its fragments become avid targets for phagocytes.  

• Apoptotic cell death does not elicit an inflammatory reaction in the host 

 • In contrast to Necrosis, Apoptosis takes place in both physiologic and pathologic situations. Were the 

prior occurs only in pathological conditions.  

• This process helps to eliminate unwanted cells by an internally programmed series of events effected by 

dedicated gene products. It serves several vital functions and is seen under various settings. During 

development for removal of excess cells during embryogenesis  

To maintain cell population in tissues with high turnover of cells, such as skin, bowels.  

To eliminate immune cells after cytokine depletion, and autoreactive T-cells in developing thymus. 

 To remove damaged cells by virus 

 To eliminate cells with DNA damage by radiation, cytotoxic agents etc. Hormone-dependent involution - 

Endometrium, ovary, breasts etc. Cell death in tumors. 

ABNORMALITIES IN LIPOPROTENAEMIA 

Lipoprotein:  Lipids absorbed from the diet and synthesized by the liver and adipose tissue must be 

transported between various cells and organs for utilization and storage.  

 Lipids are insoluble in water, the problem of transportation in the aqueous plasma is solved by 

associating non polar lipids (triacylglycerol's and cholesteryl esters) with amphipathic lipids 

(phospholipids and cholesterol) and proteins to make watermiscible lipoproteins. 

Definition: 



 A lipoprotein is a biochemical assembly that contains both proteins and lipids , bound to the 

proteins , which allow fats to move through the water inside and outside cells.  The proteins serve 

to emulsify the lipid molecules. 

 Many enzymes, transporters, structural proteins, antigens, and toxins are lipoproteins. 

Structure :  Lipoproteins consist of a nonpolar core and a single surface layer of amphipathic  lipids 

 The non polar lipid core consists of mainly triacylglycerol and cholesteryl ester and is surrounded 

by a single surface layer of amphipathic phospholipid and cholesterol molecules  

 These are oriented so that their polar groups face outward to the aqueous medium.   

 The protein moiety of a lipoprotein is known as an apolipoprotein or apoprotein. 

CLASSIFICATION: 

Lipoproteins can be classified in three ways 

1) Based on density They are separated by Ultracentrifugation. Depending upon the floatation constant 

(Sf), 

 Five major groups of lipoproteins have been identified that are important physiologically and in clinical 

diagnosis. 

 (i) Chylomicrons, 

 (ii) VLDL 

 (iii) IDL  

(iv) LDL 

 (v) HDL 

(i) Chylomicrons, -derived from intestinal absorption of triacylglycerol and other lipids; -Density < 0.95 

while -mean diameter 100- 500 nm 

 (ii) Very low density lipoproteins (VLDL), -derived from the liver for the export of triacylglycerol; -

density 0.95- 1.006 -mean diameter 30-80 nm. 

 (iii) Intermediate density lipoproteins (IDL) - derived from the catabolism of VLDL, -density 1.006-

1.019 -mean 25-50nm. 



iv) Low-density lipoproteins (LDL), -representing a final stage in the catabolism of VLDL; -

density1.019-1.063 -mean diameter 18-28 nm  

(iv) High-density lipoproteins (HDL), -involved in cholesterol transport and also in VLDL and 

chylomicron metabolism. -Density 1.063-1.121 -mean diameter 5-15 nm. 

2) Based on electrophoretic mobilities Lipoproteins may be separated according to their electrophoretic 

properties into - pre β, β, and broad beta lipoproteins. The mobility of a lipoprotein is mainly dependent 

upon protein content. Those with higher protein content will move faster towards the anode and those 

with minimum protein content will have minimum mobility. 

2) Based on electrophoretic mobilities (contd.)  HDL are -α , VLDL pre- β, LDL-β , and IDL are broad 

beta lipoproteins.  Free fatty acid and albumin complex although not a lipoprotein is an important lipid 

fraction in serum and is the fastest moving fraction.  Chylomicrons remain at the origin since they have 

more lipid content.  VLDLs with less protein content than LDL move faster than LDL, this is due to 

nature of apoprotein present. 

3) Based on nature of Apo- protein content  One or more apolipoproteins (proteins or polypeptides) are 

present in each lipoprotein.   

 The major apolipoproteins of HDL (α-lipoprotein) are designated A. 

 The main apolipoprotein of LDL (β -lipoprotein) is apolipoprotein B (B-100), which found also 

in VLDL.   

 Chylomicrons contain a truncated form of apo B (B-48) that is synthesized in the intestine, while 

B-100 is synthesized in the liver.   

 Apo E is found in VLDL, HDL, Chylomicrons, and chylomicron remnants. 

Function of LDLs : 

Low density lipoprotein is sometimes called "bad cholesterol" in actuality, LDLs: 

 Are the principal cholesterol and fat transporter in human blood that carries 

 cholesterol from the liver to the body tissues and cells.  

 Despite cholesterol's negative reputation, it's nevertheless an important biomolecule that serves a 

number of vital purposes in the body. 

 Appropriate levels of LDL cholesterol can positively impact health in many ways. 



 In metabolism their function is mediating by cellular uptake via receptor mediated endocytosis 

followed by lysosomal degradation , and is strongly dependent on the lipid distribution . 

 -Apart from their well-established role as lipid transporter,  LDL particles are intimately involved 

in the progression of cardiovascular diseases such as atherosclerosis or stroke,  which are among 

the most prevalent causes of death.  

 Raised plasma levels of LDL are linked to an increased risk for disease. 

Metabolism of LDL : -  

                                  About 40 to 60% of all LDL are cleared by the liver in a process mediated by apo B 

and hepatic LDL receptors.  

-The rest are taken up by either hepatic LDL or non-hepatic non-LDL (scavenger) receptors. 

 .Hepatic LDL receptors are down-regulated by :  delivery of cholesterol to the liver by chylomicrons. and 

by increased dietary saturated fat. 

 They can be up-regulated by decreased dietary fat and cholesterol. .Non-hepatic scavenger receptors,  

most notably on macrophages. 

  take up excess oxidized circulating LDL not processed by hepatic receptors. 

  Monocytes rich in oxidized LDL migrate into the sub-endothelial space and become macrophages.  

These macrophages are then take up more oxidized LDL and form foam cells within atherosclerotic 

plaques .  

 -The size of LDL particles varies from large and buoyant to small and dense. 

 -Small, dense LDL is especially rich in cholesterol esters, It is associated with metabolic disturbances 

such as hypertriglyceridemia and insulin resistance . 

HDL: 

 HDL type is the smallest of the lipoprotein particles. 

 It is the densest because it contains the highest proportion of protein to lipids. 

 Its most abundant apolipoproteins . 

FUNCTION OF HDL : 

 High density lipoprotein (HDL) particles are protective particles that have functions in the body. 



 They play a key role in protecting against heart disease via their role in reverse cholesterol 

transport, or the transport of excess cholesterol out of the body. 

 Are also part of the innate immune system due to their ability to bind a number of toxic 

substances in the blood.   

 Are Reverse Cholesterol Transport . 

 Aid Esterification of cholesterol, (through the action of LCAT). 

 Are also a reservoir of apoproteins that can be transferred to other lipoproteins. 

Synthesis of HDL:  

o HDL is synthesized and secreted from both liver and intestine . 

o However, apo C and apo E are synthesized in the liver and transferred from liver HDL to 

intestinal HDL when the latter enters the plasma.  

o A major function of HDL is to act as a repository for the apo C and apo E required the 

metabolism of chylomicrons and VLDL. 

o Nascent HDL consists of discoid phospholipid bilayer containing apo A and free 

cholesterol. 

 LCAT and the LCAT activator apo A-I—bind to the discoidal particles, and the surface 

phospholipid and free cholesterol are converted into cholesteryl esters and lysolecithin . 

 The nonpolar cholesteryl esters move into the hydrophobic interior of the bilayer, 

whereas lysolecithin is transferred to plasma albumin.  

 Thus, a nonpolar core is generated, forming a spherical, pseudomicellar HDL covered by 

a surface film of polar lipids and apolipoproteins. 

 This aids the removal of excess unesterified cholesterol from lipoproteins and tissues . 

Hyperlipoproteinemia: 

 It is also known as hyperlipidaemia or hyperlipoproteinemia. 

 In this case it is defined as a presence of raised or abnormal levels of lipids and/or lipoproteins in 

the blood.  

 This is abnormality is common in the general population, and is one of the most important 

modifiable risk factors for coronary heart disease (CHD). 

 Dyslipidaemia is generally characterized by increased fasting concentrations of total cholesterol 

(TC), LDL cholesterol (LDL-C), and triglycerides (TG), in conjunction with decreased 

concentrations of HDL cholesterol (HDL-C). 



 On diagnosing hyperlipoproteinemia, hyperlipidaemic status should be evaluated to determine 

whether it is primary lipoprotein disorder or secondary to any of a variety of metabolic diseases.   

 The diagnosis of primary hyperlipoproteinemia is made after secondary causes have been 

excluded. 

Hereditary Hyperlipoproteinemia's: 

 Familial Lipoprotein lipase deficiency (Type I Hyperlipoproteinemia). 

 Characterized by high levels of chylomicrons and triglycerides and a deficiency of lipoprotein 

lipase, an enzyme that accelerates the breakdown of lipoproteins.   

 Disease onset is usually in infancy.   

 Type 1 has a pure elevation of triglycerides in the chylomicron fraction.  These people sometimes 

get pancreatitis and abdominal pains, but they do not seem to have an increase in vascular 

disease. 

 `Type II Familial hypercholesterolemia’s: 

  Type II, broken into two subtypes, type II-a and type II-b. 

   Have elevated cholesterol.  Some have elevated triglycerides also. 

 The familial (genetic) versions of Type 2 often develop xanthomas, which are yellow fatty 

deposits under the skin of the knuckles, elbows, buttocks or heels.  

 They may also have xanthelasmas, smaller yellow patches on the eyelids. 

 Both subtypes display high levels of blood cholesterol. 

 People with type II-b also have high levels of triglycerides in their blood.  

 Disease onset is usually after age 20. 

DYSBETALIPOPROTEINEMIA: 

 Also called broad beta disease `Accumulation of IDL, VLDL and chylomicron remnant. 

  Elevated level of total cholesterol and triglycerides 

   The disorder caused by Apo-E or Apo-E receptor. 

  Diabetes, hypothyroidism are associated with type III disorders. 

  Type 3 appears in one in 10,000 people and elevates both triglycerides and cholesterol with 

consequent vascular disease, Disease onset is usually in adults. 

Abetalipoproteinemia: 

 Elevates only triglycerides and does not increase the risk of vascular disease 

  Genetic defect in the synthesis of Apo-B.   



 Both chylomicron and VLDL are affected. 

  Fat malabsorption occurs because chylomicron can not be formed by intestine. 

  Disease onset is usually during puberty or early adulthood.  

  Multiple type hyperlipoproteinemia Increased level of VLDL and LDL which is resulted from 

the overproduction of VLDL.  

 The biochemical defect is unknown. 

Secondary hyperlipoproteinemia: 

 Diabetes mellitus, because it alters the way the body handles its energy needs, also affects the 

way it handles fats.  

 The result is elevated triglycerides and reduced HDL cholesterol. 

 This effect is amplified by obesity  `Hypothyroidisms a common cause of lipid abnormalities. 

 The thyroid hormone affects the rate of many chemical processes in the body, including the 

clearing of fats from the blood. 

 The consequence is usually an elevation of cholesterol   

 Kidney disease affects the blood's proteins and consequently the composition of the fat packages. 

 It usually raises the LDLs  Liver disease, depending on its stage and severity, can raise or lower 

any of the blood fats  Alcohol raises triglycerides 

 Cigarettes smoking lowers HDL cholesterol, as does malnutrition and obesity. 

 Glycogen storage disease, and congenital biliary atresia. 

 Usually high lipid levels are asymptomatic  

  Occasionally when fat levels are high, it can be deposited in skin and tendons forming bumps 

called xanthomas (eyes and Achilles tendon)  

 Very high triglyceride levels may cause liver to enlarge   

 High lipids increase the risk of developing pancreatitis, which causes severe abdominal pain and 

is sometimes fatal  Human coronary atherosclerosis is a chronic inflammatory disease that is 

superimposed on a background of lipid abnormalities .  

  Proinflammatory oxidized low-density lipoprotein (LDL) may be a unifying link between lipid 

accumulation and inflammation in the vessel wall.  

  In humans, oxidized LDL in plasma and within atherosclerotic lesions is strongly associated with 

coronary artery disease, acute coronary syndromes, and vulnerable plaques. 

Factors: 

 Levels of lipoproteins and lipids (LDL) increase slightly with age. 



  Other factors associated with increase of these are:  

  ◦familial history.  

  ◦Obesity. 

 ◦diet high in saturated fat . 

  ◦Inactivity. 

 ◦alcohol consumption. 

GLYCOGEN INFILTRATION AND GLYCOGEN STORAGE DISEASES 

Glycogen:- 

 Glycogen, an important energy source, is found in most tissues, but is especially abundant in liver 

and muscle.   

 In the liver, glycogen serves as a glucose reserve for the maintenance of normoglycemia.  In 

muscle, glycogen provides energy for muscle contraction. 

 

Glycogen storage disease is the result of defects in the processing of glycogen synthesis or breakdown 

within muscles, liver, and other cell types the GSDs can be divided in three main groups: those affecting 

liver, those affecting muscle, and those which are generalized. 

The liver glycogenoses: 

 GSD I 

 GSD III  

 GSD IV  

 GSD VI  

 GSD IX 

 GSD 0. 

GSD l(Von Gierke Disease): 

                    Caused by deficiency of the of glucose-6- phosphatase (G6Pase)   

                    People with Type I GSD are able to store glucose as glycogen but not able to release it 

normally, with time the stores of glycogen build up in the liver causing the liver to swell (hepatomegaly).  



Symptoms : 

 Enlarged liver 

   Low blood sugar (during fasting ) 

   High levels of lactate, fats, and uric acid in the blood 

   Impaired growth and delayed puberty 

  TREATMENT:-Initially glucose via a nasogastric tube. 

 As children get older, glucose is replaced with cornstarch taken orally. 

GSD lll(Cori disease): 

GSD III is caused by a deficiency of glycogen debrancher enzyme activity. The normal structure of 

glycogen has branches. In GSD III, glycogen is able to be partially broken down to release some glucose. 

However, the remaining glycogen that is not completely broken down has short outer chains and collects 

in the liver, muscle, and heart. The build-up of this atypical form of glycogen can cause damage to 

tissues. 

Symptoms : Swollen abdomen, low blood sugars on fasting,growth delayed during childhood.  

Secondary symptoms Problems with muscle weakness. 

 Diagnosis:- liver biopsies. Biopsy of the liver shows inflammatory changes (swollen liver cells) with 

great elevations of abnormalstructured glycogen content and a deficiency of the debrancher enzyme 

(GDE). 

 Treatment:- protein supplements for muscle disorder. 

GSD lV(Andersen disease): 

GSD IV is caused by a deficiency of glycogen branching enzyme. The normal structure of glycogen is 

formed by branches. The absence of glycogen branching enzyme leads to formation of glycogen with 

fewer branch points and longer outer chains than normal 

             Abnormally structured glycogen forms. 

Symptoms : 

Growth delay in childhood 



 Enlarged liver 

  Progressive cirrhosis of the liver (which may lead to liver failure)  May affect muscles and heart in late-

onset type 

  Treatment: - No treatment apart from liver transplantation has been found to prevent progression of the 

disease. 

 Most children with this condition die before two years of age. 

GSD VI(Hers disease):  

                  GSD VI is one of the least severe forms of GSD  GSD VI is caused by a deficiency of liver 

phosphorylase enzyme, which helps with the breakdown of glycogen to glucose. Due to the inability to 

breakdown glycogen to glucose and the resulting storage of extra glycogen in the liver. 

Symptoms :-Hepatomegaly  

 hypoglycaemia   

 growth retardation 

 hyperlipidaemia. 

  Diagnosis :-blood sugar testing 

 Cholesterol testing 

 liver function tests may also be seen 

 Treatment: Need frequent feeding to avoid hypoglycemia. 

GSD IX(Phosphorylase Kinase Deficiency): 

 GSD type IX is a disorder in which the body cannot break down glycogen People with GSD IX 

are deficient in an enzyme called phosphorylase kinase (PhK). A deficiency in PhK causes 

glycogen to accumulate in various tissues including liver, muscle, red blood cells, and sometimes 

in the heart. 

 Phosphorylase kinase (PhK) is a specific protein kinase which activates glycogen phosphorylase 

to release glucose-1-phosphate from glycogen. 



Symptoms:-People with GSD IX develop enlarged livers and may have low blood sugar due to inability 

to breakdown glycogen  

 Diagnosis: - Blood profiling  Biopsy of liver 

  Treatment:- It can be prevented by maintaining a high carbohydrate (starchy foods) diet, adequate 

amounts of protein in the diet, and avoiding long periods of not eating. 

GSD 0(Glycogen Synthase Deficiency): 

GSD 0 is caused by a deficiency of glycogen synthase (GS), a keyenzyme of glycogen synthesis. 

Consequently, patients with GS deficiency have decreased liver glycogen concentration, resulting in 

fasting hypoglycaemia. 

Symptoms:- 

 Before breakfast drowsiness 

 Tiredness 

 looking pale 

 vomiting. 

 Secondary symptoms: Quick to tire, muscle cramps. 

Diagnosis :-  Blood tests 

  Blood glucose: hypoglycaemia is likely 

  Liver function tests: monitoring for hepatic failure 

  Treatment :-  cornstarch to reduce overnight hypoglycemia. 

INFLAMMATION 

What is inflammation? 

A normal response of living tissues to injury. It prepares the tissue for healing and repair. 

Ultimate goal is to replace injured tissue. 

EFFECT OF INFLAMMATION: 



The four principal effects of inflammation  rubor, 

  tumor, 

 calor and 

  dolor 

 Those were described nearly 2,000 years ago by the Roman Aulus Cornelius Celsus, more commonly 

known as Celsus. 

Redness (rubor) An acutely inflamed tissue appears red, due to dilatation of small blood vessels within 

the damaged area (hyperemia). 

 Swelling (tumor) Swelling results from edema, the accumulation of fluid in the extravascular space as 

part of the inflammatory fluid. 

Heat (calor) Increase in temperature is readily detected in the skin. It is due to increased blood flow 

(hyperemia) through the region, resulting in vascular dilation and the delivery of warm blood to the area. 

 Pain (dolor) Pain results partly from the stretching and distortion of tissues due to inflammatory edema. 

Loss of function (functio laesa) Loss of function, a wellknown consequence of inflammation, was added 

by Virchow (1821-1902) to the list of features described in Celsus’ written work. 

INFLAMMATORY RESPONSES: 

Leukocytosis  White blood cell count increased above the normal range  It is not a disorder or a disease, 

but a sign of illness.  

 IL-1 and TNF reach the bone marrow and cause accelerated release of leucocytes into the circulation. 

Endotoxemia  Bacteria enter blood stream & release endotoxin  WBC react to the presence of bacteria 

and release inflammatory substanceexcessive cytokine production  Endotoxemia specifically refers to 

circulating gram-negative bacterial toxic products (LPS).  There are some cell wall products released 

from gram-positive bacteria that can have a similar toxic effect. 

Fever 

         Fever is a common systemic response to inflammation 



 The elevation of body temperature is thought to improve the efficiency of leukocyte killing and may also 

impair the replication of many invading organisms. 

Type of Inflammation: 

Inflammation is divided into Acute and Chronic type….. 

 Acute inflammation: The inflammation process which starts immediately is called acute inflammation. 

Cardinal Signs of acute inflammation 

 • Redness (rubor)  

• Swelling (tumor) 

 • Heat (calor)  

• Pain (dolor) 

 • Loss of function (functio laesa) 

Acute inflammation: 

• Main components: –Vascular changes 

• Vasodilation 

• Vascular permeability  

• Increased adhesion of white blood cells – Cellular events 

• Cellular recruitment and activation of neutrophils (polymorphonuclear leukocytes). 

1. Vasodilation: - The reactions of blood vessels - Alterations in vascular caliber (diameter) - Causes 

decrease in blood pressure 

 2. Vascular leakage and edema: - The accumulation of fluid and proteins of plasma in the extravascular 

tissues (interstitium) 

 3. Leukocyte emigration to extravascular tissues  

             A. Margination and rolling 

             B. Activation and adhesion 



              C. Transmigration. 

1. Vasodilation:  

• Change in vessel flow – NO, histamineèvascular smooth muscleè vasodilationèincreased blood flow 

(heat & redness) – Stasis: slowed blood flow, hyperviscosity – Margination of circulating leukocytes & 

endothelial activation  

• Followed by increased permeability of the vasculature – Formation of an early transudate (protein-poor 

filtrate of plasma) gives way to exudate (protein-rich filtrate) into extracellular tissues. 

Features of chronic inflammation: 

• Chronic inflammation = long duration  

• Components: – Lymphocyte, plasma cell, macrophage (mononuclear cell) infiltration. 

CHRONIC INFLAMMATION AND CANCER: 

                     The normal end result of inflammation is that any damaged tissue or damaged DNA is 

repaired, the inflammatory response is quenched, and healing takes place. However, during active 

inflammation the cellular microenvironment is highly reactive and unstable attributable to the combined 

effects of the many and abundant reactive oxygen and nitrogen species, cytokines, chemokines, reactive 

aldehydes, and growth factors that are present. 

1.Reactive Oxygen and Nitrogen Species: 

Most of the literature agrees that the sustained generation of free radicals such as the reactive oxygen 

species 

  hydroxyl radical (OH·) and superoxide (O2·) and the reactive nitrogen species 

  nitric oxide (NO·) and peroxynitrite (ONOO·). 

2.Macrophages  Macrophages in particular are important tumor infiltrating cells that affect tumor growth 

and metastasis.   

 They are found in 2 different polarization states known as M1 and M2.  

 M1 macrophages produce interleukin 12 and promote tumoricidal responses, 

 The mechanisms governing macrophage polarization are unclear. 



 Another inducible enzyme with carcinogenic properties that is active within inflamed and 

malignant tissues is cyclooxygenase-2 (COX-2). 

 The mechanism by which inflammation causes cancer can be modeled as consisting of an 

intrinsic and extrinsic pathway.  

 The intrinsic pathway is activated by oncogene activation and tumor suppressor gene inactivation.  

An example of this is the inflammatory infiltrate noted in human breast cancer described by 

Virchow in 1863. 

 The extrinsic pathway is one of inflammation that increases the risk of cancer at certain 

anatomical sites such as the colon, pancreas, prostate.  

 Many of the signaling pathways involved in inflammation and normal healing also play a dual 

role in providing survival and proliferative signals to initiated cells that lead to cancer promotion 

and progression.  

 The Mitogen Activated Protein Kinase (MAPK) pathway also has a well-recognized dual role in 

cancer development and in inflammation. 

UNIT-II:DISEASES OF IMMUNITY 

INTRODUCTION TO T AND B CELLS: 

B cells, also known as B lymphocytes, are a type of white blood cell of the lymphocyte subtype.[1] They function in 

the humoral immunitycomponent of the adaptive immune system by secreting antibodies.[1] Additionally, B cells present 

antigen (they are also classified as professional antigen-presenting cells (APCs)) and secrete cytokines.[1] In mammals, B 

cells mature in the bone marrow, which is at the core of most bones.[2] In birds, B cells mature in the bursa of Fabricius, a 

lymphoid organ. (The "B" from B cells comes from the name of this organ, where it was first discovered by Chang and 

Glick,[2] and not from bone marrow as commonly believed.) 

B cells, unlike the other two classes of lymphocytes, T cells and natural killer cells, express B cell receptors (BCRs) on 

their cell membrane.[1] BCRs allow the B cell to bind to a specific antigen, against which it will initiate an antibody 

response. 

Development[edit] 

B cells develop from hematopoietic stem cells (HSCs) that originate from bone marrow.[3] HSCs first differentiate 

into multipotent progenitor(MPP) cells, then common lymphoid progenitor (CLP) cells.[3] From here, their development 

into B cells occurs in several stages (shown in image to the right), each marked by various gene expression patterns 

and immunoglobulin H chain and L chain gene loci arrangements, the latter due to B cells undergoing V(D)J 

recombination as they develop.[4] 
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Early B cell development: from stem cell to immature B cell 

B cells undergo two types of selection while developing in the bone marrow to ensure proper development. Positive 

selection occurs through antigen-independent signaling involving both the pre-BCR and the BCR.[5][6] If these receptors do 

not bind to their ligand, B cells do not receive the proper signals and cease to develop.[5][6] Negative selection occurs 

through the binding of self-antigen with the BCR; If the BCR can bind strongly to self-antigen, then the B cell undergoes 

one of four fates: clonal deletion, receptor editing, anergy, or ignorance (B cell ignores signal and continues 

development).[6] This negative selection process leads to a state of central tolerance, in which the mature B cells don't bind 

with self antigens present in the bone marrow.[4] 

To complete development, immature B cells migrate from the bone marrow into the spleen as transitional B cells, passing 

through two transitional stages: T1 and T2.[7] Throughout their migration to the spleen and after spleen entry, they are 

considered T1 B cells.[8] Within the spleen, T1 B cells transition to T2 B cells.[8] T2 B cells differentiate into either 

follicular (FO) B cells or marginal zone (MZ) B cells depending on signals received through the BCR and other 

receptors.[9] Once differentiated, they are now considered mature B cells, or naive B cells.[8] 

Activation[edit] 

B cell activation occurs in the secondary lymphoid organs (SLOs), such as the spleen and lymph nodes.[1] After B cells 

mature in the bone marrow, they migrate through the blood to SLOs, which receive a constant supply of antigen through 

circulating lymph.[10] At the SLO, B cell activation begins when the B cell binds to an antigen via its BCR. [11] Although the 

events taking place immediately after activation have yet to be completely determined, it is believed that B cells are 

activated in accordance with the kinetic segregation model, initially determined in T lymphocytes. This model denotes that 

before antigen stimulation, receptors diffuse through the membrane coming into contact with Lck and CD45 in equal 

frequency, rendering a net equilibrium of phosphorylation and non-phosphorylation. It is only when the cell comes in 

contact with an antigen presenting cell that the larger CD45 is displaced due to the close distance between the two 

membranes. This allows for net phosphorylation of the BCR and the initiation of the signal transduction pathway. Of the 

three B cell subsets, FO B cells preferentially undergo T cell-dependent activation while MZ B cells and B1 B cells 

preferentially undergo T cell-independent activation.[12] 
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B cell activation: from immature B cell to plasma cell or memory B cell 

B cell activation is enhanced through the activity of CD21, a surface receptor in complex with surface 

proteins CD19 and CD81 (all three are collectively known as the B cell coreceptor complex).[13] When a BCR binds an 

antigen tagged with a fragment of the C3 complement protein, CD21 binds the C3 fragment, co-ligates with the bound 

BCR, and signals are transduced through CD19 and CD81 to lower the activation threshold of the cell.[14] 

T cell-dependent activation[edit] 

Antigens that activate B cells with the help of T-cell are known as T cell-dependent (TD) antigens and include foreign 

proteins.[1] They are named as such because they are unable to induce a humoral response in organisms that lack T 

cells.[1] B cell response to these antigens takes multiple days, though antibodies generated have a higher affinity and are 

more functionally versatile than those generated from T cell-independent activation.[1] 

Once a BCR binds a TD antigen, the antigen is taken up into the B cell through receptor-mediated endocytosis, degraded, 

and presented to T cells as peptide pieces in complex with MHC-II molecules on the cell membrane.[15] T helper (TH) cells, 

typically follicular T helper (TFH) cells, that were activated with the same antigen recognize and bind these MHC-II-

peptide complexes through their T cell receptor (TCR).[16] Following TCR-MHC-II-peptide binding, T cells express the 

surface protein CD40L as well as cytokines such as IL-4 and IL-21.[16] CD40L serves as a necessary co-stimulatory factor 

for B cell activation by binding the B cell surface receptor CD40, which promotes B cell proliferation, immunoglobulin 

class switching, and somatic hypermutation as well as sustains T cell growth and differentiation.[1] T cell-derived cytokines 

bound by B cell cytokine receptors also promote B cell proliferation, immunoglobulin class switching, and somatic 

hypermutation as well as guide differentiation.[16] After B cells receive these signals, they are considered activated.[16] 

Now activated, B cells participate in a two-step differentiation process that yields both short-lived plasmablasts for 

immediate protection and long-lived plasma cells and memory B cells for persistent protection.[12] The first step, known as 

the extrafollicular response, occurs outside lymphoid follicles but still in the SLO.[12] During this step activated B cells 

proliferate, may undergo immunoglobulin class switching, and differentiate into plasmablasts that produce early, weak 

antibodies mostly of class IgM.[17] The second step consists of activated B cells entering a lymphoid follicle and forming 

a germinal center (GC), which is a specialized microenvironment where B cells undergo extensive proliferation, 

immunoglobulin class switching, and affinity maturation directed by somatic hypermutation.[18] These processes are 

facilitated by TFH cells within the GC and generate both high-affinity memory B cells and long-lived plasma 

cells.[12] Resultant plasma cells secrete large amounts of antibody and either stay within the SLO or, more preferentially, 

migrate to bone marrow.[18] 

T cell-independent activation[edit] 

Main article: T independent antigen (TI) 

Antigens that activate B cells without T cell help are known as T cell-independent (TI) antigens[1] and include foreign 

polysaccharides and unmethylated CpG DNA.[12] They are named as such because they are able to induce a humoral 

response in organisms that lack T cells.[1] B cell response to these antigens is rapid, though antibodies generated tend to 

have lower affinity and are less functionally versatile than those generated from T cell-dependent activation.[1] 

https://en.wikipedia.org/wiki/Complement_receptor_2
https://en.wikipedia.org/wiki/CD19
https://en.wikipedia.org/wiki/CD81
https://en.wikipedia.org/wiki/B_cell#cite_note-13
https://en.wikipedia.org/wiki/B_cell#cite_note-14
https://en.wikipedia.org/w/index.php?title=B_cell&action=edit&section=3
https://en.wikipedia.org/wiki/B_cell#cite_note-:0-1
https://en.wikipedia.org/wiki/B_cell#cite_note-:0-1
https://en.wikipedia.org/wiki/B_cell#cite_note-:0-1
https://en.wikipedia.org/wiki/Receptor-mediated_endocytosis
https://en.wikipedia.org/wiki/Proteolysis
https://en.wikipedia.org/wiki/MHC_class_II
https://en.wikipedia.org/wiki/B_cell#cite_note-15
https://en.wikipedia.org/wiki/T_helper_cell
https://en.wikipedia.org/wiki/Follicular_B_Helper_T_cells
https://en.wikipedia.org/wiki/T_cell_receptor
https://en.wikipedia.org/wiki/B_cell#cite_note-:9-16
https://en.wikipedia.org/wiki/CD154
https://en.wikipedia.org/wiki/Interleukin_4
https://en.wikipedia.org/wiki/Interleukin_21
https://en.wikipedia.org/wiki/B_cell#cite_note-:9-16
https://en.wikipedia.org/wiki/CD40_(protein)
https://en.wikipedia.org/wiki/Cell_growth
https://en.wikipedia.org/wiki/Immunoglobulin_class_switching
https://en.wikipedia.org/wiki/Immunoglobulin_class_switching
https://en.wikipedia.org/wiki/Somatic_hypermutation
https://en.wikipedia.org/wiki/B_cell#cite_note-:0-1
https://en.wikipedia.org/wiki/Cytokine_receptor
https://en.wikipedia.org/wiki/B_cell#cite_note-:9-16
https://en.wikipedia.org/wiki/B_cell#cite_note-:9-16
https://en.wikipedia.org/wiki/B_cell#cite_note-:8-12
https://en.wikipedia.org/wiki/B_cell#cite_note-:8-12
https://en.wikipedia.org/wiki/B_cell#cite_note-17
https://en.wikipedia.org/wiki/Germinal_center
https://en.wikipedia.org/wiki/Affinity_maturation
https://en.wikipedia.org/wiki/B_cell#cite_note-:10-18
https://en.wikipedia.org/wiki/B_cell#cite_note-:8-12
https://en.wikipedia.org/wiki/B_cell#cite_note-:10-18
https://en.wikipedia.org/w/index.php?title=B_cell&action=edit&section=4
https://en.wikipedia.org/wiki/T_independent_antigen_(TI)
https://en.wikipedia.org/wiki/B_cell#cite_note-:0-1
https://en.wikipedia.org/wiki/B_cell#cite_note-:8-12
https://en.wikipedia.org/wiki/B_cell#cite_note-:0-1
https://en.wikipedia.org/wiki/B_cell#cite_note-:0-1


As with TD antigens, B cells activated by TI antigens need additional signals to complete activation, but instead of 

receiving them from T cells, they are provided either by recognition and binding of a common microbial constituent 

to toll-like receptors (TLRs) or by extensive crosslinking of BCRs to repeated epitopes on a bacterial cell.[1] B cells 

activated by TI antigens go on to proliferate outside lymphoid follicles but still in SLOs (GCs do not form), possibly 

undergo immunoglobulin class switching, and differentiate into short-lived plasmablasts that produce early, weak 

antibodies mostly of class IgM, but also some populations of long-lived plasma cells.[19] 

Memory B cell activation[edit] 

Memory B cell activation begins with the detection and binding of their target antigen, which is shared by their parent B 

cell.[20] Some memory B cells can be activated without T cell help, such as certain virus-specific memory B cells, but 

others need T cell help.[21] Upon antigen binding, the memory B cell takes up the antigen through receptor-mediated 

endocytosis, degrades it, and presents it to T cells as peptide pieces in complex with MHC-II molecules on the cell 

membrane.[20] Memory T helper (TH) cells, typically memory follicular T helper (TFH) cells, that were derived from T cells 

activated with the same antigen recognize and bind these MHC-II-peptide complexes through their TCR.[20] Following 

TCR-MHC-II-peptide binding and the relay of other signals from the memory TFH cell, the memory B cell is activated and 

differentiates either into plasmablasts and plasma cells via an extrafollicular response or enter a germinal center reaction 

where they generate plasma cells and more memory B cells.[20][21] It is unclear whether the memory B cells undergo further 

affinity maturation within these secondary GCs.[20] 

B cell types[edit] 

 Plasmablast - A short-lived, proliferating antibody-secreting cell arising from B cell differentiation.[1] Plasmablasts 

are generated early in an infection and their antibodies tend to have a weaker affinity towards their target antigen 

compared to plasma cell.[12] Plasmablasts can result from T cell-independent activation of B cells or the extrafollicular 

response from T cell-dependent activation of B cells.[1] 

 Plasma cell - A long-lived, non-proliferating antibody-secreting cell arising from B cell differentiation.[1] There is 

evidence that B cells first differentiate into a plasmablast-like cell, then differentiate into a plasma cell.[12] Plasma 

cells are generated later in an infection and, compared to plasmablasts, have antibodies with a higher affinity towards 

their target antigen due to affinity maturation in the germinal center (GC) and produce more antibodies. [12] Plasma 

cells typically result from the germinal center reaction from T cell-dependent activation of B cells, however they can 

also result from T cell-independent activation of B cells.[19] 

 Lymphoplasmacytoid cell - A cell with a mixture of B lymphocyte and plasma cell morphological features that is 

thought to be closely related to or a subtype of plasma cells. This cell type is found in pre-malignant and 

malignant plasma cell dyscrasias that are associated with the secretion of IgM monoclonal proteins; these dyscrasias 

include IgM monoclonal gammopathy of undetermined significance and Waldenström's macroglobulinemia.[22] 

 Memory B cell - Dormant B cell arising from B cell differentiation.[1] Their function is to circulate through the body 

and initiate a stronger, more rapid antibody response (known as the anamnestic secondary antibody response) if they 

detect the antigen that had activated their parent B cell (memory B cells and their parent B cells share the same BCR, 
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thus they detect the same antigen).[21] Memory B cells can be generated from T cell-dependent activation through both 

the extrafollicular response and the germinal center reaction as well as from T cell-independent activation of B1 

cells.[21] 

 Follicular (FO) B Cell (also known as a B-2 cell) - Most common type of B cell and, when not circulating through the 

blood, is found mainly in the lymphoid follicles of secondary lymphoid organs (SLOs). [12] They are responsible for 

generating the majority of high-affinity antibodies during an infection.[1] 

 Marginal zone (MZ) B cell - Found mainly in the marginal zone of the spleen and serves as a first line of defense 

against blood-borne pathogens, as the marginal zone receives large amounts of blood from the general 

circulation.[23] They can undergo both T cell-independent and T cell-dependent activation, but preferentially undergo 

T cell-independent activation.[12] 

 B-1 cell - Arises from a developmental pathway different from FO B cells and MZ B cells.[24] In mice, they 

predominantly populate the peritoneal cavity and pleural cavity, generate natural antibodies (antibodies produced 

without infection), defend against mucosal pathogens, and primarily exhibit T cell-independent activation.[24] A true 

homologue of mouse B-1 cells has not been discovered in humans, though various cell populations similar to B-1 

cells have been described.[24] 

 B-2 cell - FO B cells and MZ B cells.[24] 

 Regulatory B (Breg) cell - An immunosuppressive B cell type that stops the expansion of pathogenic, pro-

inflammatory lymphocytes through the secretion of IL-10, IL-35, and TGF-β.[25] Also, it promotes the generation 

of regulatory T (Treg) cells by directly interacting with T cells to skew their differentiation towards Tregs.[25] No 

common Breg cell identity has been described and many Breg cell subsets sharing regulatory functions have been 

found in both mice and humans.[25] It is currently unknown if Breg cell subsets are developmentally linked and how 

exactly differentiation into a Breg cell occurs.[25] There is evidence showing that nearly all B cell types can 

differentiate into a Breg cell through mechanisms involving inflammatory signals and BCR recognition. 

 

B cell-related pathology[edit] 

Autoimmune disease can result from abnormal B cell recognition of self-antigens followed by the production of 

autoantibodies.[26] Autoimmune diseases where disease activity is correlated with B cell activity 

include scleroderma, multiple sclerosis, systemic lupus erythematosus, type 1 diabetes, and rheumatoid arthritis.[26] 

Malignant transformation of B cells and their precursors can cause a host of cancers, including chronic lymphocytic 

leukemia (CLL), acute lymphoblastic leukemia (ALL), hairy cell leukemia, follicular lymphoma, non-Hodgkin's 

lymphoma, Hodgkin's lymphoma, and plasma cell malignancies such as multiple myeloma, Waldenström's 

macroglobulinemia, and certain forms of amyloidosis. 

MHC PROTEINS OR TRANPLANTATION ANTIGENS: 
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The major histocompatibility complex (MHC) is a set of cell surface proteins essential for the acquired 

immune system to recognize foreign molecules in vertebrates, which in turn determines histocompatibility. The 

main function of MHC molecules is to bind to antigensderived from pathogens and display them on the cell 

surface for recognition by the appropriate T-cells.[1] MHC molecules mediate interactions of leukocytes, also 

called white blood cells (WBCs), which are immune cells, with other leukocytes or with body cells. The MHC 

determines compatibility of donors for organ transplant, as well as one's susceptibility to an autoimmune 

disease via crossreacting immunization. The human MHC is also called the HLA (human leukocyte antigen) 

complex (often just the HLA). The MHC in mice is called the H-2 complex or H-2. 

In a cell, protein molecules of the host's own phenotype or of other biologic entities are continually synthesized 

and degraded. Each MHC molecule on the cell surface displays a molecular fraction of a protein, called 

an epitope.[2] The presented antigen can be either self or non-self, thus preventing an organism's immune 

system targeting its own cells. In its entirety, the MHC population is like a meter indicating the balance of 

proteins within the cell. 

The MHC gene family is divided into three subgroups: class I, class II, and class III. Class I MHC molecules 

have β2 subunits so can only be recognised by CD8 co-receptors. Class II MHC molecules have β1 and β2 

subunits and can be recognised by CD4 co-receptors. In this way MHC molecules chaperone which type of 

lymphocytes may bind to the given antigen with high affinity, since different lymphocytes express different T-

Cell Receptor (TCR) co-receptors. 

Diversity of antigen presentation, mediated by MHC classes I and II, is attained in at least three ways: (1) an 

organism's MHC repertoire is polygenic (via multiple, interacting genes); (2) MHC expression 

is codominant (from both sets of inherited alleles); (3) MHC gene variants are highly polymorphic (diversely 

varying from organism to organism within a species).[3] Major histocompatibility complex and sexual 

selection has been observed in male mice making mate choices of females with different MHCs and thus 

demonstrating sexual selection.[4] Also, at least for MHC I presentation, there has been evidence of antigenic 

peptide splicing which can combine peptides from different proteins, vastly increasing antigen diversity.[5] 

In Immunity[edit] 

Of the three MHC classes identified, attention commonly focuses on classes I and II. By interacting 

with CD4 molecules on surfaces of helper T cells, MHC class II mediates establishment of specific 

immunity (also called acquired immunity or adaptive immunity). By interacting with CD8 molecules on surfaces 

of cytotoxic T cells, MHC class I mediates destruction of infected or malignant host cells, the aspect of specific 

immunity termed cellular immunity. (The other arm of specific immunity is humoral immunity, whose relation to 

MHC is more indirect.) 

Functions[edit] 

MHC is the tissue-antigen that allows the immune system (more specifically T cells) to bind to, recognize, and 

tolerate itself (autorecognition). MHC is also the chaperone for intracellular peptides that are complexed with 
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MHCs and presented to T cell receptors (TCRs) as potential foreign antigens. MHC interacts with TCR and its 

co-receptors to optimize binding conditions for the TCR-antigen interaction, in terms of antigen binding affinity 

and specificity, and signal transduction effectiveness. 

Essentially, the MHC-peptide complex is a complex of autoantigen/alloantigen. Upon binding, T cells should in 

principle tolerate the auto-antigen, but activate when exposed to the allo-antigen. Disease states occur when 

this principle is disrupted. 

Antigen presentation: MHC molecules bind to both T cell receptor and CD4/CD8 co-receptors on T 

lymphocytes, and the antigen epitope held in the peptide-binding groove of the MHC molecule interacts with 

the variable Ig-Like domain of the TCR to trigger T-cell activation[9] 

Autoimmune reaction: Having some MHC molecules increases the risk of autoimmune diseases more than 

having others. HLA-B27 is an example. It is unclear how exactly having the HLA-B27 tissue type increases the 

risk of ankylosing spondylitis and other associated inflammatory diseases, but mechanisms involving aberrant 

antigen presentation or T cell activation have been hypothesized. 

Tissue allorecognition: MHC molecules in complex with peptide epitopes are essentially ligands for TCR. T 

cells become activated by binding to the peptide-binding grooves of any MHC molecule that T cells were not 

trained to recognize during thymus positive selection. 

Lymphocytes[edit] 

As a lineage of leukocytes, lymphocytes reside in peripheral lymphoid tissues, including lymphoid 

follicles and lymph nodes, and include B cells, T cells, and natural killer cells (NK cells). B cells, which 

act specifically, secrete antibody molecules, but do not bind MHC. T cells, which act specifically, as well as NK 

cells, which act innately, interact with MHC. NK cells express Killer Ig-like receptors (KIRs) that bind to MHC I 

molecules and signal through ITIM (immunoreceptor tyrosine inhibition motif) recruitment and activation of 

protein tyrosine phosphatases. This means in contrast to CD8/TCR interaction that activates Tc lymphocytes, 

NK cells becomes deactivated when bound to MHC I. When MHC class I expression is low, as is typically the 

case with abnormal cell function during viral infection or tumourigenesis, NK cells lose the inhibitory KIR signal 

and trigger programmed cell deathof the abnormal cell. NK cells thus help prevent progress of cancerous cells 

by contributing to tumor surveillance. 

MHC class II[edit] 

Main article: MHC class II 

MHC class II can be conditionally expressed by all cell types, but normally occurs only on professional antigen-

presenting cells (APCs): macrophages, B cells, and especially dendritic cells (DCs). An APC takes up 

an antigenic protein, performs antigen processing, and returns a molecular fraction of it—a fraction termed 

the epitope—and displays it on the APC's surface coupled within an MHC class II molecule (antigen 

presentation). On the cell's surface, the epitope can be recognized by immunologic structures like T cell 

receptors(TCRs). The molecular region which binds to the epitope is the paratope. 
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On surfaces of helper T cells are CD4 receptors, as well as TCRs. When a naive helper T cell's CD4 molecule 

docks to an APC's MHC class II molecule, its TCR can meet and be imprinted by the epitope coupled within the 

MHC class II. This event primes the naive helper T cell. According to the local milieu, that is, the balance 

of cytokines secreted by APCs in the microenvironment, the naive helper T cell (Th0) polarizes into either a 

memory Th cell or an effector Th cell of phenotype either type 1 (Th1), type 2 (Th2), type 17 (Th17), or 

regulatory/suppressor (Treg), as so far identified, the Th cell's terminal differentiation. 

MHC class II thus mediates immunization to—or, if APCs polarize Th0 cells principally to Treg cells, immune 

tolerance of—an antigen. The polarization during primary exposure to an antigen is key in determining a 

number chronic diseases, such as inflammatory bowel diseases and asthma, by skewing the immune response 

that memory Th cells coordinate when their memory recall is triggered upon secondary exposure to similar 

antigens. (B cells express MHC class II to present antigen to Th0, but when their B cell receptors bind matching 

epitopes, interactions which are not mediated by MHC, these activated B cells secrete 

soluble immunoglobulins: antibody molecules mediating humoral immunity.) 

MHC class I[edit] 

Main article: MHC class I 

MHC class I occurs on all nucleated cells and also in platelets—in essence all cells but red blood cells. It 

presents epitopes to killer T cells, also called cytotoxic T lymphocytes(CTLs). A CTL expresses CD8 receptors, 

in addition to TCRs. When a CTL's CD8 receptor docks to a MHC class I molecule, if the CTL's TCR fits the 

epitope within the MHC class I molecule, the CTL triggers the cell to undergo programmed cell death 

by apoptosis. Thus, MHC class I helps mediate cellular immunity, a primary means to address intracellular 

pathogens, such as viruses and some bacteria, including bacterial L forms, bacterial genus Mycoplasma, and 

bacterial genus Rickettsia. In humans, MHC class I comprises HLA-A, HLA-B, and HLA-C molecules. 

Genes[edit] 

MHC gene families are found in all vertebrates, though they vary widely. In humans, the MHC region occurs on 

chromosome 6, between the flanking genetic markers MOG and COL11A2 (from 6p22.1 to 6p21.3 about 29Mb 

to 33Mb on the hg38 assembly), and contains 224 genes spanning 3.6 megabase pairs (3 600 000 

bases).[10] About half have known immune functions. 

The same markers in the gray short-tailed opossum (Monodelphis domestica), a marsupial, span 3.95 Mb, 

yielding 114 genes, 87 shared with humans.[11] Marsupial MHC genotypicvariation lies between eutherian 

mammals and birds, taken as minimal MHC encoding, but is closer in organization to that of nonmammals, and 

MHC class I genes of marsupials have amplified within the class II region, yielding a unique class I/II region.[11] 

Class III functions very differently from class I and class II, but its locus occurs between the other two classes, 

on chromosome 6 in humans, and are frequently discussed together. 
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Class Encoding Expression 

I 

(1) peptide-binding proteins, which select short sequences of 

amino acids for antigen presentation, as well as (2) molecules 

aiding antigen-processing (such as TAP and tapasin). 

One chain, called α, whose 

ligands are the CD8 receptor—

borne notably by cytotoxic T 

cells—and inhibitory receptors 

borne by NK cells 

II 

(1) peptide-binding proteins and (2) proteins assisting antigen 

loading onto MHC class II's peptide-binding proteins (such 

as MHC II DM, MHC II DQ, MHC II DR, and MHC II DP). 

Two chains, called α & β, whose 

ligands are the CD4 receptors 

borne by helper T cells. 

III 

Other immune proteins, outside antigen processing and 

presentation, such as components of the complement 

cascade (e.g., C2, C4, factor B), the cytokines of immune 

signaling (e.g., TNF-α), and heat shock proteins buffering cells 

from stresses 

Various 

Proteins[edit] 

MHC proteins have immunoglobulin-like structure. 

 

MHC class I protein molecule 
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Class I[edit] 

Main article: MHC class I 

MHC I occurs as an α chain composed of three domains—α1, α2, and α3. The α1 rests upon a unit of the non-

MHC molecule β2 microglobulin(encoded on human chromosome 15). The α3 domain is transmembrane, 

anchoring the MHC class I molecule to the cell membrane. The peptide being presented is held by the floor of 

the peptide-binding groove, in the central region of the α1/α2 heterodimer (a molecule composed of two 

nonidentical subunits). The genetically encoded and expressed sequence of amino acids, the sequence of 

residues, of the peptide-binding groove's floor determines which particular peptide residues it binds.[12] 

 

MHC class II protein molecule 

Classical MHC molecules present epitopes to the TCRs of CD8+ T lymphocytes. Nonclassical 

molecules (MHC class IB) exhibit limited polymorphism, expression patterns, and presented antigens; this 

group is subdivided into a group encoded within MHC loci (e.g., HLA-E, -F, -G), as well as those not 

(e.g., stress ligands such as ULBPs, Rae1, and H60); the antigen/ligand for many of these molecules remain 

unknown, but they can interact with each of CD8+ T cells, NKT cells, and NK cells. 

Class II[edit] 

Main article: MHC class II 

MHC class II is formed of two chains, α and β, each having two domains—α1 and α2 and β1 and β2—each 

chain having a transmembrane domain, α2 and β2, respectively, anchoring the MHC class II molecule to the 

cell membrane.[13] The peptide-binding groove is formed of the heterodimer of α1 and β1. 

MHC class II molecules in humans have five to six isotypes. Classic molecules present peptides to CD4+ 

lymphocytes. Nonclassic molecules, accessories, with intracellular functions, are not exposed on cell 
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membranes, but in internal membranes in lysosomes, normally loading the antigenic peptides onto classic 

MHC class II molecules. 

Class III[edit] 

Class III molecules have physiologic roles unlike classes I and II, but are encoded between them in the short 

arm of human chromosome 6. Class III molecules include several secreted proteins with immune functions: 

components of the complement system (such as C2, C4, and B factor), cytokines (such as TNF-α, LTA, and 

LTB), and heat shock proteins. 

Antigen processing and presentation[edit] 

 

MHC class I pathway: Proteins in the cytosol are degraded by the proteasome, liberating peptides internalized 

by TAPchannel in the endoplasmic reticulum, there associating with MHC-I molecules freshly synthesized. MHC-I/peptide 

complexes enter Golgi apparatus, are glycosylated, enter secretory vesicles, fuse with the cell membrane, and externalize 

on the cell membrane interacting with T lymphocytes. 

Peptides are processed and presented by two classical pathways: 

 In MHC class II, phagocytes such as macrophages and immature dendritic cells take up entities 

by phagocytosis into phagosomes—though B cells exhibit the more 
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general endocytosis into endosomes—which fuse with lysosomes whose acidic enzymes cleave the 

uptaken protein into many different peptides. Via physicochemical dynamics in molecular interaction with 

the particular MHC class II variants borne by the host, encoded in the host's genome, a particular peptide 

exhibits immunodominance and loads onto MHC class II molecules. These are trafficked to and 

externalized on the cell surface.[14] 

 In MHC class I, any nucleated cell normally presents cytosolic peptides, mostly self peptides derived from 

protein turnover and defective ribosomal products. During viral infection, intracellular microorganism 

infection, or cancerous transformation, such proteins degraded in the proteosome are as well loaded onto 

MHC class I molecules and displayed on the cell surface. T lymphocytes can detect a peptide displayed at 

0.1%-1% of the MHC molecules. 

 

Peptide binding for Class I and Class II MHC molecules, showing the binding of peptides between the alpha-helix walls, 

upon a beta-sheet base. The difference in binding positions is shown. Class I primarily makes contact with backbone 

residues at the Carboxy and amino terminal regions, while Class II primarily makes contacts along the length of the residue 

backbone. The precise location of binding residues is determined by the MHC allele.[15] 

Table 2. Characteristics of the antigen processing pathways 

Characteristic MHC-I pathway MHC-II pathway 

Composition of the 

stable peptide-MHC 

complex 

Polymorphic chain α and β2 

microglobulin, peptide bound to α 

chain 

Polymorphic chains α and β, peptide binds to 

both 

Types of antigen 
All nucleated cells Dendritic cells, mononuclear phagocytes, B 

lymphocytes, some endothelial cells, 
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presenting cells (APC) epithelium of thymus 

T lymphocytes able to 

respond 
Cytotoxic T lymphocytes (CD8+) Helper T lymphocytes (CD4+) 

Origin of antigenic 

proteins 

cytosolic proteins (mostly 

synthetized by the cell; may also 

enter from the extracellular 

medium via phagosomes) 

Proteins present 

in endosomes or lysosomes (mostly 

internalized from extracellular medium) 

Enzymes responsible for 

peptide generation 
Cytosolic proteasome 

Proteases from endosomes and lysosomes 

(for instance, cathepsin) 

Location of loading the 

peptide on the MHC 

molecule 

Endoplasmic reticulum Specialized vesicular compartment 

Molecules implicated in 

transporting the 

peptides and loading 

them on the MHC 

molecules 

TAP (transporter associated with 

antigen processing) 
DM, invariant chain 

T lymphocyte recognition restrictions[edit] 

Main article: MHC restriction 

In their development in the thymus, T lymphocytes are selected to recognize MHC molecules of the host, but 

not recognize other self antigens. Following selection, each T lymphocyte shows dual specificity: The TCR 

recognizes self MHC, but only non-self antigens. 

MHC restriction occurs during lymphocyte development in the thymus through a process known as positive 

selection. T cells that do not receive a positive survival signal — mediated mainly by thymic epithelial cells 

presenting self peptides bound to MHC molecules — to their TCR undergo apoptosis. Positive selection 
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ensures that mature T cells can functionally recognize MHC molecules in the periphery (i.e. elsewhere in the 

body). 

The TCRs of T lymphocytes recognise only sequential epitopes, also called linear epitopes, of only peptides 

and only if coupled within an MHC molecule. (Antibody molecules secreted by activated B cells, though, ligate 

diverse epitopes—peptide, lipid, carbohydrate, and nucleic acid—and recognize conformational epitopes, 

which have three-dimensional structure.) 

In sexual mate selection[edit] 

Main article: Major histocompatibility complex and sexual selection 

See also: Interpersonal compatibility 

MHC molecules enable immune system surveillance of the population of protein molecules in a host cell, and 

greater MHC diversity permits greater diversity of antigen presentation. In 1976, Yamazaki et al demonstrated 

a sexual selection mate choice by male mice for females of a different MHC. Similar results have been 

obtained with fish.[16] Some data find lower rates of early pregnancy loss in human couples of dissimilar MHC 

genes.[17] 

MHC may be related to mate choice in some human populations, a theory that found support by studies by 

Ober and colleagues in 1997,[18] as well as by Chaix and colleagues in 2008.[19] However, the latter findings 

have been controversial.[20] If it exists, the phenomenon might be mediated by olfaction, as MHC phenotype 

appears strongly involved in the strength and pleasantness of perceived odour of compounds from sweat. Fatty 

acid esters—such as methyl undecanoate, methyl decanoate, methyl nonanoate, methyl octanoate, and methyl 

hexanoate—show strong connection to MHC.[21] 

In 1995, Claus Wedekind found that in a group of female college students who smelled T-shirts worn by male 

students for two nights (without deodorant, cologne, or scented soaps), by far most women chose shirts worn 

by men of dissimilar MHCs, a preference reversed if the women were on oral contraceptives. [22] Results of a 

2002 experiment likewise suggest HLA-associated odors influence odor preference and may mediate social 

cues.[23] In 2005 in a group of 58 subjects, women were more indecisive when presented with MHCs like their 

own,[24] although with oral contraceptives, the women showed no particular preference.[25] No studies show the 

extent to which odor preference determines mate selection (or vice versa). 

IMMUNE TOLERANCE: 

Immune tolerance, or immunological tolerance, or immunotolerance, is a state of unresponsiveness of the 

immune system to substances or tissue that have the capacity to elicit an immune response in given organism. 

It is induced by prior exposure to that specific antigen[1][2] and contrasts with conventional immune-mediated 

elimination of foreign antigens(see Immune response). Tolerance is classified into central 

tolerance or peripheral tolerance depending on where the state is originally induced—in the thymus and bone 
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marrow(central) or in other tissues and lymph nodes (peripheral). The mechanisms by which these forms of 

tolerance are established are distinct, but the resulting effect is similar. 

Immune tolerance is important for normal physiology. Central tolerance is the main way the immune system 

learns to discriminate self from non-self. Peripheral tolerance is key to preventing over-reactivity of the immune 

system to various environmental entities (allergens, gut microbes, etc.). Deficits in central or peripheral 

tolerance also cause autoimmune disease, resulting in syndromes such as systemic lupus 

erythematosus,[3] rheumatoid arthritis, type 1 diabetes,[4] autoimmune polyendocrine syndrome type 1 (APS-

1),[5] and immunodysregulation polyendocrinopathy enteropathy X-linked syndrome (IPEX),[6] and potentially 

contribute to asthma, allergy,[7] and inflammatory bowel disease.[4] And immune tolerance in pregnancy is what 

allows a mother animal to gestate a genetically distinct offspring with an alloimmune response muted enough to 

prevent miscarriage. 

Tolerance, however, also has its negative tradeoffs. It allows for some pathogenic microbes to successfully 

infect a host and avoid elimination.[8] In addition, inducing peripheral tolerance in the local microenvironment is 

a common survival strategy for a number of tumors that prevents their elimination by the host immune system. 

Central tolerance[edit] 

Central tolerance refers to the tolerance established by deleting autoreactive lymphocyte clones before they 

develop into fully immunocompetent cells. It occurs during lymphocyte development in 

the thymus[14][15] and bone marrow for T and B lymphocytes, respectively. In these tissues, maturing 

lymphocytes are exposed to self-antigens presented by medullary thymic epithelial cells and thymic dendritic 

cells, or bone marrow cells. Self-antigens are present due to endogenous expression, importation of antigen 

from peripheral sites via circulating blood, and in the case of thymic stromal cells, expression of proteins of 

other non-thymic tissues by the action of the transcription factor AIRE. 

Those lymphocytes that have receptors that bind strongly to self-antigens are removed by induction of 

apoptosis of the autoreactive cells, or by induction of anergy, a state of non-activity.[16] Weakly autoreactive B 

cells may also remain in a state of immunological ignorance where they simply do not respond to stimulation of 

their B cell receptor. Some weakly self-recognizing T cells are alternatively differentiated into natural regulatory 

T cells (nTreg cells), which act as sentinels in the periphery to calm down potential instances of T cell 

autoreactivity (see peripheral tolerance below).[2] 

The deletion threshold is much more stringent for T cells than for B cells since T cells alone can cause direct 

tissue damage. Furthermore, it is more advantageous for the organism to let its B cells recognize a wider 

variety of antigen so it can produce antibodies against a greater diversity of pathogens. Since the B cells can 

only be fully activated after confirmation by more self-restricted T cells that recognize the same antigen, 

autoreactivity is held in check.[16] 

This process of negative selection ensures that T and B cells that could initiate a potent immune response to 

the host's own tissues are eliminated while preserving the ability to recognize foreign antigens. It is the step in 

lymphocyte education that is key for preventing autoimmunity (entire process detailed here). Lymphocyte 
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development and education is most active in fetal development, but continues throughout life as immature 

lymphocytes are generated, slowing as the thymus degenerates and the bone marrow shrinks in adult life. 

Peripheral tolerance[edit] 

Peripheral tolerance develops after T and B cells mature and enter the peripheral tissues and lymph nodes.[2] It 

is established by a number of partly overlapping mechanisms that mostly involve control at the level of T cells, 

especially CD4+ helper T cells, which orchestrate immune responses and give B cells the confirmatory signals 

they need in order to produce antibodies. Inappropriate reactivity toward normal self-antigen that was not 

eliminated in the thymus can occur, since the T cells that leave the thymus are relatively but not completely 

safe. Some will have receptors (TCRs) that can respond to self-antigens that: 

 are present in such high concentration outside the thymus that they can bind to "weak" receptors. 

 the T cell did not encounter in the thymus (such as, tissue-specific molecules like those in the islets of 

Langerhans, brain, or spinal cord not expressed by AIRE in thymic tissues). 

Those self-reactive T cells that escape intrathymic negative selection in the thymus can inflict cell injury unless 

they are deleted or effectively muzzled in the peripheral tissue chiefly by nTreg cells (see central 

tolerance above). 

Appropriate reactivity toward certain antigens can also be quieted by induction of tolerance after repeated 

exposure, or exposure in a certain context. In these cases, there is a differentiation of naïve CD4+ helper T 

cells into induced Treg cells (iTreg cells) in the peripheral tissue or nearby lymphoid tissue (lymph nodes, 

mucosal-associated lymphoid tissue, etc.). This differentiation is mediated by IL-2 produced upon T cell 

activation, and TGF-β from any of a variety of sources, including tolerizing dendritic cells (DCs), other antigen 

presenting cells, or in certain conditions surrounding tissue.[8] 

Treg cells are not the only cells that mediate peripheral tolerance. Other regulatory immune cells include T cell 

subsets similar to but phenotypically distinct from Treg cells, including TR1 cells that make IL-10 but do not 

express Foxp3, TGF-β-secreting TH3 cells, as well as other less well-characterized cells that help establish a 

local tolerogenic environment.[17]B cells also express CD22, a non-specific inhibitor receptor that dampens B 

cell receptor activation. A subset of B regulatory cells that makes IL-10 and TGF-β also exists.[18] Some DCs 

can make Indoleamine 2,3-dioxygenase (IDO) that depletes the amino acid tryptophan needed by T cells to 

proliferate and thus reduce responsiveness. DCs also have the capacity to directly induce anergy in T cells that 

recognize antigen expressed at high levels and thus presented at steady-state by DCs.[19] In 

addition, FasL expression by immune privileged tissues can result in activation-induced cell death of T cells.[20] 

nTreg vs. iTreg cells[edit] 

The involvement of T cells, later classified as Treg cells, in immune tolerance was recognized in 1995 when 

animal models showed that CD4+ CD25+ T cells were necessary and sufficient for the prevention of 

autoimmunity in mice and rats.[17] Initial observations showed removal of the thymus of a newborn mouse 
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resulted in autoimmunity, which could be rescued by transplantation of CD4+ T cells. A more specific depletion 

and reconstitution experiment established the phenotype of these cells as CD4+ and CD25+. Later in 2003, 

experiments showed that Treg cells were characterized by the expression of the Foxp3 transcription factor, 

which is responsible for the suppressive phenotype of these cells.[17] 

It was assumed that, since the presence of the Treg cells originally characterized was dependent on the 

neonatal thymus, these cells were thymically derived. By the mid-2000s, however, evidence was accruing of 

conversion of naïve CD4+ T cells to Treg cells outside of the thymus.[8] These were later defined as induced or 

iTreg cells to contrast them with thymus-derived nTreg cells. Both types of Treg cells quieten autoreactive T 

cell signaling and proliferation by cell-contact-dependent and -independent mechanisms including:[21] 

 Contact-dependent: 

 Granzyme or perforin secretion upon contact 

 Upregulation of cAMP after contact, inducing anergy (reduced proliferation and IL-2 signaling) 

 Interaction with B7 on T cells 

 Downregulation of CD80/CD86 costimultory molecules on antigen presenting cells upon 

interaction with CTLA-4 or lymphocyte function-associated antigen 1 (LFA-1) 

 Contact-independent 

 Secretion of TGF-β, which sensitizes cells to suppression and promotes Treg-like cell 

differentiation 

 Secretion of IL-10 

 Cytokine absorption leading to cytokine deprivation-mediated apoptosis 

nTreg cells and iTreg cells, however, have a few important distinguishing characteristics that suggest 

they have different physiological roles:[8] 

 nTreg cells develop in the thymus; iTreg cells develop outside the thymus in chronically inflamed 

tissue, lymph nodes, spleen, and gut-associated lymphoid tissue (GALT). 

 nTreg cells develop from Foxp3- CD25+ CD4+ cells while iTreg cells develop from Foxp3+ CD25- 

CD4- cells (both become Foxp3+ CD25+CD4+). 

 nTreg cells, when activated, require CD28 costimulation, while iTreg cells require CTLA-

4 costimulation. 

 nTreg cells are specific, modestly, for self-antigen while iTreg cells recognize allergens, 

commensal bacteria, tumor antigens, alloantigens, and self-antigens in inflamed tissue. 

Tolerance in physiology and medicine[edit] 
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Allograft tolerance[edit] 

Immune recognition of non-self-antigens typically complicates transplantation and engrafting of foreign 

tissue from an organism of the same species (allografts), resulting in graft reaction. However, there 

are two general cases in which an allograft may be accepted. One is when cells or tissue are grafted 

to an immune-privileged site that is sequestered from immune surveillance (like in the eye or testes) 

or has strong molecular signals in place to prevent dangerous inflammation (like in the brain). The 

second is when a state of tolerance has been induced, either by previous exposure to the antigen of 

the donor in a manner that causes immune tolerance rather than sensitization in the recipient, or after 

chronic rejection. Long-term exposure to a foreign antigen from fetal development or birth may result 

in establishment of central tolerance, as was observed in Medawar's mouse-allograft experiments.[1] In 

usual transplant cases, however, such early prior exposure is not possible. Nonetheless, a few 

patients can still develop allograft tolerance upon cessation of all exogenous immunosuppressive 

therapy, a condition referred to as operational tolerance.[22][23] CD4+ Foxp3+ Treg cells, as well as 

CD8+ CD28- regulatory T cells that dampen cytotoxic responses to grafted organs, are thought to play 

a role.[16] In addition, genes involved in NK cell and γδT cell function associated with tolerance have 

been implicated for liver transplant patients.[23] The unique gene signatures of these patients implies 

their physiology may be predisposed toward immune tolerance. 

Fetal development[edit] 

The fetus has a different genetic makeup than the mother, as it also translates its father's genes, and is thus 

perceived as foreign by the maternal immune system. Women who have borne multiple children by the same 

father typically have antibodies against the father's red blood cell and major histocompatibility complex (MHC) 

proteins.[2] However, the fetus usually is not rejected by the mother, making it essentially a physiologically 

tolerated allograft. It is thought that the placental tissues which interface with maternal tissues not only try to 

escape immunological recognition by downregulating identifying MHC proteins but also actively induce a 

marked peripheral tolerance. Placental trophoblast cells express a unique Human Leukocyte Antigen (HLA-G) 

that inhibits attack by maternal NK cells. These cells also express IDO, which represses maternal T cell 

responses by amino acid starvation. Maternal T cells specific for paternal antigens are also suppressed by 

tolerogenic DCs and activated iTregs or cross-reacting nTregs.[24] Some maternal Treg cells also release 

soluble fibrinogen-like proteins 2 (sFGL2), which suppresses the function of DCs and macrophages involved in 

inflammation and antigen presentation to reactive T cells[24] These mechanisms altogether establish an 

immune-privileged state in the placenta that protects the fetus. A break in this peripheral tolerance results in 

miscarriage and fetal loss.[25] (for more information, see Immune tolerance in pregnancy). 

The microbiome[edit] 

The skin and digestive tract of humans and many other organisms is colonized with an ecosystem of 

microorganisms that is referred to as the microbiome. Though in mammals a number of defenses exist to keep 

the microbiota at a safe distance, including a constant sampling and presentation of microbial antigens by local 
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DCs, most organisms do not react against commensal microorganisms and tolerate their presence. Reactions 

are mounted, however, to pathogenic microbes and microbes that breach physiological barriers. Peripheral 

mucosal immune tolerance, in particular mediated by iTreg cells and tolerogenic antigen-presenting cells, is 

thought to be responsible for this phenomenon. In particular, specialized gut CD103+ DCs that produce 

both TGF-β and retinoic acid efficiently promotes the differentiation of iTreg cells in the gut lymphoid 

tissue.[8] Foxp3- TR1 cells that make IL-10 are also enriched in the intestinal lining.[2] Break in this tolerance is 

thought to underlie the pathogenesis of inflammatory bowel diseases like Crohn's disease and ulcerative 

colitis.[4] 

Oral tolerance and hypersensitivity[edit] 

See also: Goblet cell § Role in oral tolerance 

Oral tolerance refers to a specific type of peripheral tolerance induced by antigens given by mouth and 

exposed to the gut mucosa and its associated lymphoid tissues.[13] The hypo-responsiveness induced by oral 

exposure is systemic, and can reduce hypersensitivity reactions in certain cases. Records from 1829 indicate 

that American Indians would reduce contact hypersensitivity from poison ivy by consuming leaves of related 

Rhus species; however, contemporary attempts to use oral tolerance to ameliorate autoimmune diseases like 

rheumatoid arthritis and other hypersensitivity reactions have been mixed.[13] The systemic effects of oral 

tolerance may be explained by the extensive recirculation of immune cells primed in one mucosal tissue in 

another mucosal tissue, allowing extension of mucosal immunity.[26] The same probably occurs for cells 

mediating mucosal immune tolerance. 

Oral tolerance may depend on the same mechanisms of peripheral tolerance that limit inflammation to bacterial 

antigens in the microbiome, since both involve the gut-associated lymphoid tissue. It may also have evolved to 

prevent hypersensitivity reactions to food proteins.[27] It is of immense immunological importance, since it is a 

continuous natural immunologic event driven by exogenous antigen. 

Allergy and hypersensitivity reactions in general are traditionally thought of as misguided or excessive reactions 

by the immune system, possibly due to broken or underdeveloped mechanisms of peripheral tolerance. 

Usually, Treg cells, TR1, and Th3 cells at mucosal surfaces suppress type 2 CD4 helper cells, mast cells, 

and eosinophils, which mediate allergic response. Deficits in Treg cells or their localization to mucosa have 

been implicated in asthma and atopic dermatitis.[28] Attempts have been made to reduce hypersensitivity 

reactions by oral tolerance and other means of repeated exposure. Repeated administration of the allergen in 

slowly increasing doses, subcutaneously or sublingually appears to be effective for allergic rhinitis.[29] Repeated 

administration of antibiotics, which can form haptens to cause allergic reactions, can also reduce antibiotic 

allergies in children.[30] 

The tumor microenvironment[edit] 

Immune tolerance is an important means by which growing tumors, which have mutated proteins and altered 

antigen expression, prevent elimination by the host immune system. It is well recognized that tumors are a 

complex and dynamic population of cells composed of transformed cells as well as stromal cells, blood vessels, 
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tissue macrophages, and other immune infiltrates.[9][31] These cells and their interactions all contribute to the 

changing tumor microenvironment, which the tumor largely manipulates to be immunotolerant so as to avoid 

elimination. There is an accumulation of metabolic enzymes that suppress T cell proliferation and activation, 

including IDO and arginase, and high expression of tolerance-inducing ligands like FasL, PD-1, CTLA-4, 

and B7.[9][20] Pharmacologic monoclonal antibodies targeted against some of these ligands has been effective in 

treating cancer.[32]Tumor-derived vesicles known as exosomes have also been implicated promoting 

differentiation of iTreg cells and myeloid derived suppressor cells (MDSCs), which also induce peripheral 

tolerance.[9][33] In addition to promoting immune tolerance, other aspects of the microenvironment aid in immune 

evasion and induction of tumor-promoting inflammation. 

Tradeoffs between immune tolerance and resistance[edit] 

Immune tolerance contrasts with resistance. Upon exposure to a foreign antigen, either the antigen is 

eliminated by the standard immune response (resistance), or the immune system adapts to the pathogen, 

promoting immune tolerance instead. 

Resistance typically protects the host at the expense of the parasite, while tolerance reduces harm to the host 

without having any direct negative effects on the parasite.[35] Each strategy has its unique costs and benefits for 

host fitness:[34] 

 

Costs Benefits 

Elimination 

(resistance) 

 Pain, swelling, and disruption of tissue 

function by inflammation. 

 Tissue damage by inflammatory 

mediators (immunopathology) 

 High energy cost 

 Risk of autoimmunity, hypersensitivity, 

allergy 

 Reduces pathogen burden 

 Neutralizes toxins and eliminates 

dangerous organisms 

 Prevents parasitism 

Tolerance 

 Direct damage by pathogen (toxins, 

digestion, etc.) 

 Energy and resources lost to pathogen 

 Reduced tissue damage from 

immune response 

 Less selection pressure on 

pathogens for resistance 

 Promotes commensalism 

 Lower energy cost 

Evolution works to optimize host fitness, so whether elimination or tolerance occurs depends on which would 

benefit the organism most in a given scenario. If the antigen is from a rare, dangerous invader, the costs of 

tolerating its presence are high and it is more beneficial to the host to eliminate it. Conversely, if experience (of 
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the organism or its ancestors) has showed that the antigen is innocuous, then it would be more beneficial to 

tolerate the presence of the antigen rather than pay the costs of inflammation. 

Despite having mechanisms for both immune resistance and tolerance, any one organism may be overall more 

skewed toward a tolerant or resistant phenotype depending on individual variation in both traits due to genetic 

and environmental factors.[35] In mice infected with malaria, different genetic strains of mice fall neatly along a 

spectrum of being more tolerant but less resistant or more resistant but less tolerant.[38] Patients with 

autoimmune diseases also often have a unique gene signature and certain environmental risk factors that 

predispose them to disease.[2] This may have implications for current efforts to identify why certain individuals 

may be disposed to or protected against autoimmunity, allergy, inflammatory bowel disease, and other such 

diseases. 

HYPERSENSITIVITY: 

Hypersensitivity (also called hypersensitivity reaction or intolerance) refers to undesirable reactions 

produced by the normal immune system, including allergies and autoimmunity. They are usually referred to as 

an over-reaction of the immune system and these reactions may be damaging, uncomfortable, or occasionally 

fatal. Hypersensitivity reactions require a pre-sensitized (immune) state of the host. They are classified in four 

groups after the proposal of P. G. H. Gell and Robin Coombs in 1963. 

Coombs and Gell classification[edit] 

Comparison of hypersensitivity types 

Type Alternative names 
Often mentioned 

disorders 
Mediators Description 

I Allergy (immediate) 

 Atopy 

 Anaphylaxis 

 Asthma 

 Churg-Strauss 

Syndrome 

 IgE 

Fast response which 

occurs in minutes, rather 

than multiple hours or 

days. Free antigens cross 

link the IgE on mast cells 

and basophils which 

causes a release of 

vasoactive biomolecules. 

Testing can be done via 

skin test for specific IgE.[2] 
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II 

Cytotoxic, antibody-

dependent 

 Autoimmune 

hemolytic anemia 

 Rheumatic heart 

disease 

 Thrombocytopenia 

 Erythroblastosis 

fetalis 

 Goodpasture's 

syndrome 

 Graves' disease *see 

type V explanation 

below 

 Myasthenia 

gravis *see type V 

explanation below 

 IgM or IgG 

 Complement 

 MAC 

Antibody (IgM or IgG) 

binds to antigen on a 

target cell, which is 

actually a host cell that is 

perceived by the immune 

system as foreign, leading 

to cellular destruction via 

the MAC. Testing includes 

both the direct and indirect 

Coombs test.[3] 

III 

Immune 

complex disease 

 Serum sickness 

 Rheumatoid arthritis 

 Arthus reaction 

 Post streptococcal 

glomerulonephritis 

 Membranous 

nephropathy 

 Reactive arthritis 

 Lupus nephritis 

 Systemic lupus 

erythematosus 

 Extrinsic allergic 

alveolitis(hypersensiti

vity pneumonitis) 

 IgG 

 Complement 

 Neutrophils 

Antibody (IgG) binds to 

soluble antigen, forming a 

circulating immune 

complex. This is often 

deposited in the vessel 

walls of the joints and 

kidney, initiating a local 

inflammatory reaction.[4] 

IV 

Delayed-type 

hypersensitivity,[2][3]cell-

mediated immune 

memory response, 

antibody-independent 

 Contact dermatitis, 

including Urushiol-

induced contact 

dermatitis (poison ivy 

rash). 

 Mantoux test 

 T-cells 

Helper T cells (specifically 

Th1 helper t cells) are 

activated by an antigen 

presenting cell. When the 

antigen is presented again 

in the future, the memory 

Th1 cells will activate 
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 Chronic transplant 

rejection 

 Multiple sclerosis[5] 

 Coeliac disease 

 Hashimoto's 

thyroiditis - Some type 

2. Mostly type 4. 

macrophages and cause 

an inflammatory response. 

This ultimately can lead to 

tissue damage.[6] 

V 

Autoimmune disease, 

receptor mediated (see 

below) 

 Graves' disease 

 Myasthenia gravis 

 IgM or IgG 

 Complement  

HYPRESENSITIVITY TYPE I: 

Type I hypersensitivity (or immediate hypersensitivity) is an allergic reaction provoked by reexposure to a 

specific type of antigen referred to as an allergen.[1] Type I is not to be confused with type II, type III, or type 

IV hypersensitivities, nor is it to be confused with Type I Diabetes or Type I of any other disease or reaction. 

Exposure may be by ingestion, inhalation, injection, or direct contact. 

In type 1 hypersensitivity, B-cells are stimulated (by CD4+TH2 cells) to produce IgE antibodies specific to an 

antigen. The difference between a normal infectious immune response and a type 1 hypersensitivity response 

is that in type 1 hypersensitivity, the antibody is IgE instead of IgA, IgG, or IgM. During sensitization, the IgE 

antibodies bind to FcεRI receptors on the surface of tissue mast cells and blood basophils.[2] Mast cells and 

basophils coated by IgE antibodies are "sensitized". Later exposure to the same allergen cross-links the bound 

IgE on sensitized cells, resulting in anaphylactic degranulation, which is the immediate and explosive release of 

pharmacologically active pre-formed mediators from storage granules and concurrent synthesis of inflammatory 

lipid mediators from arachidonic acid;[3] some of these mediators include histamine, leukotriene (LTC4 and 

LTD4 and LTB4), and prostaglandin, which act on proteins (e.g., G-protein coupled receptors) located on 

surrounding tissues.[3] The principal effects of these products are vasodilation and smooth-muscle contraction. 

Type 1 hypersensitivity can be further classified into immediate and late-phase reactions. The immediate 

hypersensitivity reaction occurs minutes after exposure and includes release of vasoactive amines and lipid 

mediators, whereas the late-phase reaction occurs 2–4 hours after exposure and includes the release 

of cytokines.[4] 

List of a few mediators released by mast cells in type 1 hypersensitivity and their actions 

Vasodilation and increased permeability 
 Histamine 

 PAF 
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 Leukotriene C4, D4, and E4 

 Prostaglandin D2 

 Neutral proteases 

Smooth muscle spasm 

 Histamine 

 PAF 

 Leukotriene C4, D4, and E4 

 Prostaglandin 

Leukocyte extravasation  

 Cytokines (e.g. chemokines and TNF) 

 Leukotriene B4 

 Chemotactic factors for neutrophils and eosinophils 

Unless otherwise specified, the reference for this table is: [5] 

The reaction may be either local or systemic. Symptoms vary from mild irritation to sudden death 

from anaphylactic shock. 

Treatment and prognosis 

Treatment usually involves adrenaline (epinephrine), antihistamines, and corticosteroids. 

If the entire body is involved, then anaphylaxis can take place, which is an acute, systemic reaction that can 

prove fatal. 

Some examples: 

 Allergic asthma 

 Allergic conjunctivitis 

 Allergic rhinitis ("hay fever") 

 Anaphylaxis 

 Angioedema 

 Urticaria (hives) 

 Eosinophilia 

 Penicillin allergy 

 Cephalosporin allergy 

 Food allergy 

 Sweet itch 
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HYPERSENSITIVITY TYPE II: 

In type II hypersensitivity (also tissue-specific, or cytotoxic hypersensitivity)[1] the antibodies produced by 

the immune response bind to antigens on the patient's own cell surfaces. The antigens recognized in this way 

may either be intrinsic ("self" antigen, innately part of the patient's cells) or extrinsic (adsorbed onto the cells 

during exposure to some foreign antigen, possibly as part of infection with a pathogen). These cells are 

recognized by macrophages or dendritic cells, which act as antigen-presenting cells. This causes a B 

cell response, wherein antibodies are produced against the foreign antigen. 

An example of type II hypersensitivity is the ABO blood incompatibility where the red blood cells have different 

antigens, causing them to be recognized as different; B cell proliferation will take place and antibodies to the 

foreign blood type are produced. IgG and IgM antibodies bind to these antigens to form complexes that activate 

the classical pathway of complement activation to eliminate cells presenting foreign antigens. That is, 

mediators of acute inflammation are generated at the site and membrane attack complexescause cell lysis and 

death. The reaction takes hours to a day. 

Type II reactions can affect healthy cells. Examples include red blood cells in autoimmune[2] hemolytic 

anemia and acetylcholine receptors in myasthenia gravis. 

Another example of type II hypersensitivity reaction is Goodpasture's syndrome where the basement 

membrane (containing collagen type IV) in the lung and kidney is attacked by one's own antibodies.[3] 

Another form of type II hypersensitivity results from misdirected antibody-dependent cell-mediated 

cytotoxicity (ADCC). Here, native cells exhibiting the foreign antigen are tagged with antibodies (IgG or IgM). 

These tagged cells are then recognised by natural killer cells (NK) and macrophages (recognised via IgG 

bound (via the Fc region) to the effector cell surface receptor, CD16 (FcγRIII)), which in turn kill these tagged 

cells. 

HYPERSENSITIVITY TYPE III: 

Type III hypersensitivity occurs when there is accumulation of immune complexes (antigen-

antibody complexes) that have not been adequately cleared by innate immune cells, giving rise to 

an inflammatory response and attraction of leukocytes. Such reactions may progress to immune complex 

diseases. 

Signs and symptoms[edit] 

Type III hypersensitivity occurs when there is an excess of antigen, leading to small immune complexes being 

formed that fix complement and are not cleared from the circulation. It involves soluble antigens that are not 

bound to cell surfaces (as opposed to those in type II hypersensitivity). When these antigens bind antibodies, 

immune complexes of different sizes form.[1] Large complexes can be cleared by macrophages but 

macrophages have difficulty in the disposal of small immune complexes. These immune complexes insert 
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themselves into small blood vessels, joints, and glomeruli, causing symptoms. Unlike the free variant, a small 

immune complex bound to sites of deposition (like blood vessel walls) are far more capable of interacting with 

complement; these medium-sized complexes, formed in the slight excess of antigen, are viewed as being 

highly pathogenic.[2] 

Such depositions in tissues often induce an inflammatory response,[3] and can cause damage wherever they 

precipitate. The cause of damage is as a result of the action of cleaved complement anaphylotoxins C3a and 

C5a, which, respectively, mediate the induction of granule release from mast cells (from which histamine can 

cause urticaria), and recruitment of inflammatory cells into the tissue (mainly those with lysosomal action, 

leading to tissue damage through frustrated phagocytosis by PMNs and macrophages).[4] 

 

Immune Complex Glomerulonephritis, as seen in Henoch-Schönlein purpura; this is an example of IgA involvement in a 

nephropathy 

The reaction can take hours, days, or even weeks to develop, depending on whether or not there 

is immunological memory of the precipitating antigen. Typically, clinical features emerge a week following initial 

antigen challenge, when the deposited immune complexes can precipitate an inflammatory response. Because 

of the nature of the antibody aggregation, tissues that are associated with blood filtration at 

considerable osmotic and hydrostatic gradient (e.g. sites of urinary and synovial fluid formation, kidney 

glomeruli and joint tissues respectively) bear the brunt of the damage. 

Hence, vasculitis, glomerulonephritis and arthritis are commonly associated conditions as a result of type III 

hypersensitivity responses.[5] 

As observed under methods of histopathology, acute necrotizing vasculitis within the affected tissues is 

observed concomitant to neutrophilic infiltration, along with notable eosinophilic deposition (fibrinoid necrosis). 

Often, immunofluorescence microscopy can be used to visualize the immune complexes.[5] Skin response to a 

hypersensitivity of this type is referred to as an Arthus reaction, and is characterized by local erythema and 

some induration. Platelet aggregation, especially in microvasculature, can cause localized clot formation, 

leading to blotchy hemorrhages. This typifies the response to injection of foreign antigen sufficient to lead to the 

condition of serum sickness.[4] 

Examples[edit] 
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Some clinical examples: 

Disease Target antigen Main effects 

Systemic lupus erythematosus  Nuclear antigens 

 Nephritis 

 Skin lesions 

 Arthritis 

Rheumatoid Arthritis  

Antibody complexes: specifically IgM 

to IgG  Arthritis 

Post-streptococcal glomerulonephritis  Streptococcal cell wall antigens 
 Nephritis 

Polyarteritis nodosa  Hepatitis B virus surface antigen 
 Systemic vasculitis 

Reactive arthritis  Several bacterial antigens 
 Acute arthritis 

Serum sickness  Various 

 Arthritis 

 Vasculitis 

 Nephritis 

Arthus reaction  Various 
 Cutaneous vasculitis 

Farmer's Lung  

Inhaled antigens (often mould or hay 

dust) 

 Alveolar 

inflammation 

Henoch–Schönlein purpura (IgA 

vasculitis) 
Unknown, likely respiratory pathogen  Purpura 

 Glomerulonephritis 

HYPERSENSITIVITY TYPE IV: 

Type 4 hypersensitivity is often called delayed type hypersensitivity as the reaction takes several days to 

develop. Unlike the other types, it is not antibody-mediated but rather is a type of cell-mediated response. 

CD4+ Th1 helper T cells recognize foreign antigen in a complex with the MHC class II major histocompatibility 

complex on the surface of antigen-presenting cells. These can be macrophages that secrete IL-12, which 

stimulates the proliferation of further CD4+ Th1 cells. CD4+ T cells secrete IL-2 and interferon gamma, inducing 

the further release of other Th1 cytokines, thus mediating the immune response. Activated CD8+ T cells destroy 

target cells on contact, whereas activated macrophages produce hydrolytic enzymes and, on presentation with 

certain intracellular pathogens, transform into multinucleated giant cells. 
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Examples 

Disease Target antigen Effects 

Allergic contact 

dermatitis[1]
 

Environmental chemicals, 

like urushiol (from poison ivy and poison oak), 

metals (e.g. nickel), topical medication 

epidermal necrosis, inflammation, skin 

rash, and blisters 

autoimmune 

myocarditis[1]
 

Myosin heavy chain protein Cardiomyopathy  

Diabetes mellitus 

type 1[1]
 

Pancreatic beta cell proteins 

(possibly insulin, glutamate decarboxylase) 
Insulitis, beta cell destruction 

Granulomas[2]
 Various, depending on underlying disease 

Walled off lesion 

containing macrophages and other 

cells 

Some peripheral 

neuropathies 
Schwann cell antigen Neuritis, paralysis 

Hashimoto's 

thyroiditis[1]
 

Thyroglobulin antigen 
Hypothyroidism, hard goiter, 

follicular thymitis 

Inflammatory bowel 

disease[1]
 

Enteric microbiota and/or self antigens 

Hyperactivation of T-cells, cytokine 

release, recruitment of macrophages 

and other immune cells, inflammation 

Multiple sclerosis[1]
 Myelin antigens (e.g., myelin basic protein) Myelin destruction, inflammation 

Rheumatoid Possibly collagen and/or citrullinated self Chronic arthritis, inflammation, 
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arthritis[1]
 proteins destruction of articular cartilage and 

bone 

Tuberculin reaction 

(Mantoux test)[3] 
Tuberculin 

Induration and erythema around 

injection site indicates previous 

exposure 

An example of a tuberculosis (TB) infection that comes under control: M. tuberculosis cells are engulfed 

by macrophages after being identified as foreign, but due to an immuno-escape mechanism peculiar to 

mycobacteria,[4] TB bacteria are able to block the fusion of their enclosing phagosome with lysosomes which 

would destroy the bacteria. Thereby TB can continue to replicate within macrophages. After several weeks, the 

immune system somehow [mechanism as yet unexplained] ramps up and, on stimulation with IFN-gamma, the 

macrophages become capable of killing M. tuberculosis by forming phagolysosomes and nitric oxide radicals. 

The hyper-activated macrophages secrete TNF-α which recruits multiple monocytes to the site of infection. 

These cells differentiate into epithelioid cells which wall off the infected cells, but results in 

significant inflammation and local damage 

HYPERSENSITIVITY TYPE V: 

This is an additional type that is sometimes (especially in the UK) used as a distinction from Type 2.[7] 

Instead of binding to cell surfaces, the antibodies recognise and bind to the cell surface receptors, which either 

prevents the intended ligand binding with the receptor or mimics the effects of the ligand, thus impairing cell 

signaling.[citation needed] 

Some clinical examples: 

 Graves' disease 

 Myasthenia gravis 

 

The use of Type 5 is rare. These conditions are more frequently classified as Type 2, though sometimes they 

are specifically segregated into their own subcategory of Type 2. 

ALLERGY DUE TO FOOD: 

A food allergy is an abnormal immune response to food.[1] The signs and symptoms may range from mild to 

severe.[1] They may include itchiness, swelling of the tongue, vomiting, diarrhea, hives, trouble breathing, or low 

blood pressure.[1] This typically occurs within minutes to several hours of exposure.[1] When the symptoms are 

severe, it is known as anaphylaxis.[1] Food intolerance and food poisoning are separate conditions.[1] 
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Common foods involved include cow's milk, peanuts, eggs, shellfish, fish, tree nuts, soy, wheat, rice, 

and fruit.[1][2][4] The common allergies vary depending on the country.[1] Risk factors include a family history 

of allergies, vitamin D deficiency, obesity, and high levels of cleanliness.[1][2] Allergies occur 

when immunoglobulin E (IgE), part of the body's immune system, binds to food molecules.[1] A protein in the 

food is usually the problem.[2] This triggers the release of inflammatory chemicals such 

as histamine.[1] Diagnosis is usually based on a medical history, elimination diet, skin prick test, blood tests for 

food-specific IgE antibodies, or oral food challenge.[1][2] 

Early exposure to potential allergens may be protective.[2][3] Management primarily involves avoiding the food in 

question and having a plan if exposure occurs.[2] This plan may include giving adrenaline (epinephrine) and 

wearing medical alert jewelry.[1]The benefits of allergen immunotherapy for food allergies is unclear, thus is not 

recommended as of 2015.[5] Some types of food allergies among children resolve with age, including that to 

milk, eggs, and soy; while others such as to nuts and shellfish typically do not.[2] 

In the developed world, about 4% to 8% of people have at least one food allergy.[1][2] They are more common in 

children than adults and appear to be increasing in frequency.[2] Male children appear to be more commonly 

affected than females.[2] Some allergies more commonly develop early in life, while others typically develop in 

later life.[1] In developed countries, a large proportion of people believe they have food allergies when they 

actually do not have them.[6][7][8] The declaration of the presence of trace amounts of allergens in foods is not 

mandatory in any country, with the exception of Brazil. 

Signs and symptoms[edit] 

Food allergies usually have a fast onset (from seconds to one hour) and may include:[12] 

 Rash 

 Hives[12] 

 Itching of mouth, lips, tongue, throat, eyes, skin, or other areas[12] 

 Swelling (angioedema) of lips, tongue, eyelids, or the whole face[12] 

 Difficulty swallowing[12] 

 Runny or congested nose[12] 

 Hoarse voice[12] 

 Wheezing and/or shortness of breath[12] 

 Diarrhea, abdominal pain, and/or stomach cramps[12] 

 Lightheadedness[12] 

 Fainting[12] 

 Nausea[12] 

 Vomiting[12] 

In some cases, however, onset of symptoms may be delayed for hours.[12] 
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Symptoms of allergies vary from person to person. The amount of food needed to trigger a reaction also varies 

from person to person. 

Serious danger regarding allergies can begin when the respiratory tract or blood circulation is affected. The 

former can be indicated through wheezing and cyanosis. Poor blood circulation leads to a weak pulse, pale 

skin and fainting.[13] 

A severe case of an allergic reaction, caused by symptoms affecting the respiratory tract and blood circulation, 

is called anaphylaxis. When symptoms are related to a drop in blood pressure, the person is said to be 

in anaphylactic shock. Anaphylaxis occurs when IgE antibodies are involved, and areas of the body that are not 

in direct contact with the food become affected and show symptoms.[14] Those with asthma or an allergy to 

peanuts, tree nuts, or seafood are at greater risk for anaphylaxis.[15] 

Cause[edit] 

Although sensitivity levels vary by country, the most common food allergies are allergies 

to milk, eggs, peanuts, tree nuts, seafood, shellfish, soy, and wheat.[16] These are often referred to as "the big 

eight".[17] Allergies to seeds — especially sesame — seem to be increasing in many countries.[18] An example an 

allergy more common to a particular region is that to rice in East Asia where it forms a large part of the diet.[19] 

One of the most common food allergies is a sensitivity to peanuts, a member of the bean family. Peanut 

allergies may be severe, but children with peanut allergies sometimes outgrow them.[20] Tree nuts, including 

cashews, Brazil nuts, hazelnuts, macadamia nuts, pecans, pistachios, pine nuts, coconuts, and walnuts, are 

also common allergens. Sufferers may be sensitive to one particular tree nut or to many different 

ones.[21] Also, seeds, including sesame seeds and poppy seeds, contain oils where protein is present, which 

may elicit an allergic reaction.[21] 

Egg allergies affect about one in 50 children but are frequently outgrown by children when they reach age 

five.[22] Typically, the sensitivity is to proteins in the white, rather than the yolk.[21] 

Milk from cows, goats, or sheep is another common food allergen, and many sufferers are also unable to 

tolerate dairy products such as cheese. A small portion of children with a milk allergy, roughly 10%, have a 

reaction to beef. Beef contains a small amount of protein that is also present in cow's milk.[23] 

Seafood is one of the most common sources of food allergens; people may be allergic to proteins found 

in fish, crustaceans, or shellfish.[24] 

Other foods containing allergenic proteins include soy, wheat, fruits, vegetables, maize, spices, synthetic and 

natural colors,[citation needed] and chemical additives. 

Balsam of Peru, which is in various foods, is in the "top five" allergens most commonly causing patch test 

reactions in people referred to dermatology clinics.[25][26][27] 
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Sensitization[edit] 

An Institute of Medicine report says that food proteins contained in vaccines, such as gelatin, milk, or egg can 

cause sensitization (development of allergy) in vaccine recipients, to those food items.[28] 

Atopy[edit] 

Food allergies develop more easily in people with the atopic syndrome, a very common combination of 

diseases: allergic rhinitis and conjunctivitis, eczema, and asthma.[29] The syndrome has a strong inherited 

component; a family history of allergic diseases can be indicative of the atopic syndrome.[medical citation needed] 

Cross-reactivity[edit] 

Some children who are allergic to cow's milk protein also show a cross-sensitivity to soy-based 

products.[30] Some infant formulas have their milk and soy proteins hydrolyzed, so when taken by infants, 

their immune systems do not recognize the allergen and they can safely consume the product. Hypoallergenic 

infant formulas can be based on proteins partially predigested to a less antigenic form. Other formulas, based 

on free amino acids, are the least antigenic and provide complete nutritional support in severe forms of milk 

allergy. 

People with latex allergy often also develop allergies to bananas, kiwifruit, avocados, and some other foods.[31] 

Pathophysiology[edit] 

 

A histamine, the structure shown, causes a person to feel itchy during an allergic reaction. A common medication to stop this 

is an antihistamine, which fights the histamines in the person's system. 

Conditions caused by food allergies are classified into three groups according to the mechanism of the allergic 

response:[32] 

1. IgE-mediated (classic) – the most common type, occurs shortly after eating and may 

involve anaphylaxis. 

2. Non-IgE mediated – characterized by an immune response not involving immunoglobulin E; may occur 

some hours after eating, complicating diagnosis 

3. IgE and/or non-IgE-mediated – a hybrid of the above two types 
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Allergic reactions are hyperactive responses of the immune system to generally innocuous substances. When 

immune cells encounter the allergenic protein, IgE antibodies are produced; this is similar to the immune 

system's reaction to foreign pathogens. The IgE antibodies identify the allergenic proteins as harmful and 

initiate the allergic reaction. The harmful proteins are those that do not break down due to the strong bonds of 

the protein. IgE antibodies bind to a receptor on the surface of the protein, creating a tag, just as a virus or 

parasite becomes tagged. Why some proteins do not denature and subsequently trigger allergic reactions and 

hypersensitivity while others do is not entirely clear.[33] 

Hypersensitivities are categorized according to the parts of the immune system that are attacked and the 

amount of time it takes for the response to occur. The four types of hypersensitivity reaction are: type 1, 

immediate IgE-mediated; type 2, cytotoxic; type 3, immune complex-mediated; and type 4, delayed cell-

mediated.[34] The pathophysiology of allergic responses can be divided into two phases. The first is an acute 

response that occurs immediately after exposure to an allergen. This phase can either subside or progress into 

a "late-phase reaction" which can substantially prolong the symptoms of a response, and result in tissue 

damage. 

Many food allergies are caused by hypersensitivities to particular proteins in different foods. Proteins have 

unique properties that allow them to become allergens, such as stabilizing forces in their tertiary and 

quaternary structures which prevent degradation during digestion. Many theoretically allergenic proteins cannot 

survive the destructive environment of the digestive tract, thus do not trigger hypersensitive reactions.[35] 

Acute response[edit] 

 

Degranulation process in allergy. 

1 — antigen 

2 — IgE antibody 

3 — FcεRI receptor 

4 — preformed mediators (histamine, proteases, chemokines, heparin) 

5 — granules 

6 — mast cell 

7 — newly formed mediators (prostaglandins, leukotrienes, thromboxanes, PAF) 

In the early stages of allergy, a type I hypersensitivity reaction against an allergen, encountered for the first 

time, causes a response in a type of immune cell called a TH2 lymphocyte, which belongs to a subset of T 
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cells that produce a cytokine called interleukin-4 (IL-4). These TH2 cells interact with other lymphocytes called B 

cells, whose role is the production of antibodies. Coupled with signals provided by IL-4, this interaction 

stimulates the B cell to begin production of a large amount of a particular type of antibody known as IgE. 

Secreted IgE circulates in the blood and binds to an IgE-specific receptor (a kind of Fc receptor called FcεRI) 

on the surface of other kinds of immune cells called mast cells and basophils, which are both involved in the 

acute inflammatory response. The IgE-coated cells, at this stage, are sensitized to the allergen.[36] 

If later exposure to the same allergen occurs, the allergen can bind to the IgE molecules held on the surface of 

the mast cells or basophils. Cross-linking of the IgE and Fc receptors occurs when more than one IgE-receptor 

complex interacts with the same allergenic molecule, and activates the sensitized cell. Activated mast cells and 

basophils undergo a process called degranulation, during which they release histamineand other inflammatory 

chemical mediators (cytokines, interleukins, leukotrienes, and prostaglandins) from their granules into the 

surrounding tissue causing several systemic effects, such as vasodilation, mucous secretion, nerve stimulation, 

and smooth-musclecontraction. This results in rhinorrhea, itchiness, dyspnea, and anaphylaxis. Depending on 

the individual, the allergen, and the mode of introduction, the symptoms can be system-wide (classical 

anaphylaxis), or localized to particular body systems; asthma is localized to the respiratory system and eczema 

is localized to the dermis.[36] 

Late-phase response[edit] 

After the chemical mediators of the acute response subside, late-phase responses can often occur due to the 

migration of other leukocytessuch as neutrophils, lymphocytes, eosinophils, and macrophages to the initial site. 

The reaction is usually seen 2–24 hours after the original reaction.[37] Cytokines from mast cells may also play a 

role in the persistence of long-term effects. Late-phase responses seen in asthma are slightly different from 

those seen in other allergic responses, although they are still caused by release of mediators from eosinophils, 

and are still dependent on activity of TH2 cells.[38] 

Diagnosis[edit] 

 

Skin testing on the arm is a common way for detecting an allergy, but it is not as effective as other tests. 

https://en.wikipedia.org/wiki/T_cell
https://en.wikipedia.org/wiki/Cytokine
https://en.wikipedia.org/wiki/Interleukin-4
https://en.wikipedia.org/wiki/Lymphocytes
https://en.wikipedia.org/wiki/B_cell
https://en.wikipedia.org/wiki/B_cell
https://en.wikipedia.org/wiki/Fc_receptor
https://en.wikipedia.org/wiki/Fc%CE%B5RI
https://en.wikipedia.org/wiki/Mast_cell
https://en.wikipedia.org/wiki/Basophil
https://en.wikipedia.org/wiki/Food_allergy#cite_note-Janeway-36
https://en.wikipedia.org/wiki/Degranulation
https://en.wikipedia.org/wiki/Histamine
https://en.wikipedia.org/wiki/Cytokine
https://en.wikipedia.org/wiki/Interleukin
https://en.wikipedia.org/wiki/Leukotriene
https://en.wikipedia.org/wiki/Prostaglandin
https://en.wikipedia.org/wiki/Granule_(cell_biology)
https://en.wikipedia.org/wiki/Vasodilation
https://en.wikipedia.org/wiki/Mucous_membrane
https://en.wikipedia.org/wiki/Nerve
https://en.wikipedia.org/wiki/Smooth_muscle
https://en.wikipedia.org/wiki/Rhinorrhea
https://en.wikipedia.org/wiki/Dyspnea
https://en.wikipedia.org/wiki/Anaphylaxis
https://en.wikipedia.org/wiki/Dermis
https://en.wikipedia.org/wiki/Food_allergy#cite_note-Janeway-36
https://en.wikipedia.org/w/index.php?title=Food_allergy&action=edit&section=8
https://en.wikipedia.org/wiki/Leukocyte
https://en.wikipedia.org/wiki/Neutrophil
https://en.wikipedia.org/wiki/Lymphocyte
https://en.wikipedia.org/wiki/Eosinophil
https://en.wikipedia.org/wiki/Macrophage
https://en.wikipedia.org/wiki/Food_allergy#cite_note-37
https://en.wikipedia.org/wiki/Asthma
https://en.wikipedia.org/wiki/Food_allergy#cite_note-38
https://en.wikipedia.org/w/index.php?title=Food_allergy&action=edit&section=9
https://en.wikipedia.org/wiki/File:Allergy_skin_testing.JPG


 

Patch test 

Diagnosis is usually based on a medical history, elimination diet, skin prick test, blood tests for food-specific 

IgE antibodies, or oral food challenge.[1][2] 

 For skin-prick tests, a tiny board with protruding needles is used. The allergens are placed either on the 

board or directly on the skin. The board is then placed on the skin, to puncture the skin and for the 

allergens to enter the body. If a hive appears, the person is considered positive for the allergy. This test 

only works for IgE antibodies. Allergic reactions caused by other antibodies cannot be detected through 

skin-prick tests.[39] 

Skin-prick testing is easy to do and results are available in minutes. Different allergists may use different 

devices for testing. Some use a "bifurcated needle", which looks like a fork with two prongs. Others use a 

"multitest", which may look like a small board with several pins sticking out of it. In these tests, a tiny amount of 

the suspected allergen is put onto the skin or into a testing device, and the device is placed on the skin to prick, 

or break through, the top layer of skin. This puts a small amount of the allergen under the skin. A hive will form 

at any spot where the person is allergic. This test generally yields a positive or negative result. It is good for 

quickly learning if a person is allergic to a particular food or not, because it detects IgE. Skin tests cannot 

predict if a reaction would occur or what kind of reaction might occur if a person ingests that particular allergen. 

They can, however, confirm an allergy in light of a patient's history of reactions to a particular food. Non-IgE-

mediated allergies cannot be detected by this method. 

 Patch testing is used to determine if a specific substance causes allergic inflammation of the skin. It tests 

for delayed food reactions.[40][41][42] 

 Blood testing is another way to test for allergies; however, it poses the same disadvantage and only 

detects IgE allergens and does not work for every possible allergen. Radioallergosorbent testing (RAST) is 

used to detect IgE antibodies present to a certain allergen. The score taken from the RAST is compared to 

predictive values, taken from a specific type of RAST. If the score is higher than the predictive values, a 

great chance the allergy is present in the person exists. One advantage of this test is that it can test many 

allergens at one time.[43] 

A CAP-RAST has greater specificity than RAST; it can show the amount of IgE present to each 

allergen.[44] Researchers have been able to determine "predictive values" for certain foods, which can be 
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compared to the RAST results. If a person's RAST score is higher than the predictive value for that food, over a 

95% chance exists that patients will have an allergic reaction (limited to rash and anaphylaxis reactions) if they 

ingest that food.[citation needed] Currently, predictive values are available for milk, egg, peanut, fish, soy, and 

wheat.[45][46][47] Blood tests allow for hundreds of allergens to be screened from a single sample, and cover food 

allergies as well as inhalants. However, non-IgE-mediated allergies cannot be detected by this method. Other 

widely promoted tests such as the antigen leukocyte cellular antibody test and the food allergy profile are 

considered unproven methods, the use of which is not advised.[48] 

 Food challenges test for allergens other than those caused by IgE allergens. The allergen is given to the 

person in the form of a pill, so the person can ingest the allergen directly. The person is watched for signs 

and symptoms. The problem with food challenges is that they must be performed in the hospital under 

careful watch, due to the possibility of anaphylaxis.[49] 

Food challenges, especially double-blind, placebo-controlled food challenges, are the gold standard for 

diagnosis of food allergies, including most non-IgE-mediated reactions, but is rarely done.[50] Blind food 

challenges involve packaging the suspected allergen into a capsule, giving it to the patient, and observing the 

patient for signs or symptoms of an allergic reaction. 

The best method for diagnosing food allergy is to be assessed by an allergist. The allergist will review the 

patient's history and the symptoms or reactions that have been noted after food ingestion. If the allergist feels 

the symptoms or reactions are consistent with food allergy, he/she will perform allergy tests. Additional 

diagnostic tools for evaluation of eosinophilic or non-IgE mediated reactions include endoscopy, colonoscopy, 

and biopsy. 

Differential diagnosis[edit] 

Important differential diagnoses are: 

 Lactose intolerance generally develops later in life, but can present in young patients in severe cases. It is 

due to an enzyme deficiency (lactase) and not allergy, and occurs in many non-Western people. 

 Celiac disease. While it is caused by a permanent intolerance to gluten (present in wheat, rye, barley and 

oats), is not an allergy nor simply an intolerance, but a chronic, multiple-organ autoimmune 

disorder primarily affecting the small intestine.[51][52][53] 

 Irritable bowel syndrome 

 C1 Esterase inhibitor deficiency (hereditary angioedema), a rare disease, generally causes attacks of 

angioedema, but can present solely with abdominal pain and occasional diarrhea. 

Prevention[edit] 
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Breastfeeding for more than four months may prevent atopic dermatitis, cow's milk allergy, and wheezing in 

early childhood.[54] Early exposure to potential allergens may be protective.[2] Specifically, early exposure to 

eggs and peanuts reduces the risk of allergies to these.[3] 

To avoid an allergic reaction, a strict diet can be followed. It is difficult to determine the amount of allergenic 

food required to elicit a reaction, so complete avoidance should be attempted. In some cases, hypersensitive 

reactions can be triggered by exposures to allergens through skin contact, inhalation, kissing, participation in 

sports, blood transfusions, cosmetics, and alcohol.[55] 

Inhalation exposure[edit] 

Allergic reactions to airborn particles or vapors of known food allergens have been reported as an occupational 

consequence of people working in the food industry, but can also take place in home situations, restaurants, or 

confined spaces such as airplanes. According to two reviews, respiratory symptoms are common, but in some 

cases there has been progression to anaphylaxis.[56][57] The most frequent reported cases of reactions by 

inhalation of allergenic foods were due to peanut, seafood, legumes, tree nut, and cow’s milk.[56]Steam rising 

from cooking of lentils, green beans, chickpeas and fish has been well documented as triggering reactions, 

including anaphylactic reactions.[56][58] One review mentioned case study examples of allergic responses to other 

foods, including examples in which oral consumption of the food is tolerated.[56] 

Treatment[edit] 

The mainstay of treatment for food allergy is total avoidance of the foods identified as allergens. An allergen 

can enter the body by consuming a food containing the allergen, and can also be ingested by touching any 

surfaces that may have come into contact with the allergen, then touching the eyes or nose. For people who 

are extremely sensitive, avoidance includes avoiding touching or inhaling the problematic food. Total avoidance 

is complicated because the declaration of the presence of trace amounts of allergens in foods is not mandatory 

(see regulation of labelling). 

If the food is accidentally ingested and a systemic reaction (anaphylaxis) occurs, then epinephrine should be 

used. A second dose of epinephrine may be required for severe reactions. The person should then be 

transported to the emergency room, where additional treatment can be given. Other treatments 

include antihistamines and steroids.[59] 

Epinephrine[edit] 

 

Epinephrine autoinjectors are portable single-dose epinephrine-dispensing devices used to treat anaphylaxis. 

Epinephrine (adrenaline) is the first-line treatment for severe allergic reactions (anaphylaxis). If administered in 

a timely manner, epinephrine can reverse its effects. Epinephrine relieves airway swelling and obstruction, and 
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improves blood circulation; blood vessels are tightened and heart rate is increased, improving circulation to 

body organs. Epinephrine is available by prescription in an autoinjector.[60] 

Antihistamines[edit] 

Antihistamines can alleviate some of the milder symptoms of an allergic reaction, but do not treat all symptoms 

of anaphylaxis.[61]Antihistamines block the action of histamine, which causes blood vessels to dilate and 

become leaky to plasma proteins. Histamine also causes itchiness by acting on sensory nerve terminals. The 

most common antihistamine given for food allergies is diphenhydramine. 

Steroids[edit] 

Glucocorticoid steroids are used to calm down the immune system cells that are attacked by the chemicals 

released during an allergic reaction. This treatment in the form of a nasal spray should not be used to treat 

anaphylaxis, for it only relieves symptoms in the area in which the steroid is in contact. Another reason steroids 

should not be used is the delay in reducing inflammation. Steroids can also be taken orally or through injection, 

by which every part of the body can be reached and treated, but a long time is usually needed for these to take 

effect.[62] 

Epidemiology[edit] 

The most common food allergens account for about 90% of all allergic reactions;[63] in adults they include 

shellfish, peanuts, tree nuts, fish, and egg.[64] In children, they include milk, eggs, peanuts, and tree nuts.[64] Six 

to 8% of children under the age of three have food allergies and nearly 4% of adults have food allergies.[64] 

For reasons not entirely understood, the diagnosis of food allergies has apparently become more common in 

Western nations recently.[65] In the United States, food allergy affects as many as 5% of infants less than three 

years of age[66] and 3% to 4% of adults.[67] A similar prevalence is found in Canada.[68] 

About 75% of children who have allergies to milk protein are able to tolerate baked-in milk products, i.e., 

muffins, cookies, cake, and hydrolyzed formulas.[69] 

About 50% of children with allergies to milk, egg, soy, peanuts, tree nuts, and wheat will outgrow their allergy 

by the age of 6. Those who are still allergic by the age of 12 or so have less than an 8% chance of outgrowing 

the allergy.[70] 

Peanut and tree nut allergies are less likely to be outgrown, although evidence now shows[71] that about 20% of 

those with peanut allergies and 9% of those with tree nut allergies will outgrow them.[72] 

In Japan, allergy to buckwheat flour, used for soba noodles, is more common than peanuts, tree nuts or foods 

made from soy beans. 
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Genetically modified food[edit] 

There are concerns that genetically modified foods, also described as foods sourced from genetically modified 

organisms (GMO), could be responsible for allergic reactions, and that the widespread acceptance of GMO 

foods may be responsible for what is a real or perceived increase in the percentage of people with 

allergies.[103][104][105] One concern is that genetic engineering could make an allergy-provoking food more allergic, 

meaning that smaller portions would suffice to set off a reaction.[105] Of the food currently in widespread GMO 

use, only soybeans are identified as a common allergen. However, for the soybean proteins known to trigger 

allergic reactions, there is more variation from strain to strain than between those and the GMO 

varieties.[104] The same review quoted a 2016 U.S. National Academy of Sciences report that concluded, “The 

committee did not find a relationship between consumption of GE foods and the increase in prevalence of food 

allergies."[104] 

A second concern is that genes transferred from one species to another could introduce an allergen in a food 

not thought of as particularly allergenic. Research on an attempt to enhance the quality of soybean protein by 

adding genes from Brazil nuts was terminated when human volunteers known to have tree nut allergy reacted 

to the modified soybeans.[103] A second example was the 1998 introduction of a Bacillus thuringiensis gene 

coding for Cry9c protein into Starlink brand corn to provide insect resistance. The U.S. Environmental 

Protection Agency had restricted its use to corn intended as animal feed, but in 2000 it was found in the human 

food supply, leading to first a voluntary and then a FDA mandated recall, referred to as the StarLink corn 

recall.[106] At present, prior to a new GMO food receiving government approval, certain criteria need to be met. 

These include: Is the donor species known to be allergenic? Does the amino acid sequence of the transferred 

proteins resemble the sequence of known allergenic proteins? Are the transferred proteins resistant to 

digestion - a trait shared by many allergenic proteins?[104] Finally, there are requirements in some countries and 

recommendations in others that all foods containing GMO ingredients be so labeled, and that there be a post-

launch monitoring system to report adverse effects (much there exists in some countries for drug and dietary 

supplement reporting).[103] According to a 2015 report from the Center for Food Safety, 64 countries require 

labeling of GMO products in the marketplace. 

ALLERGY DUE TO DRUGS: 

About 10% of people report that they are allergic to penicillin; however, 90% turn out not to be.[45] Serious 

allergies only occur in about 0.03%.[45] 

Toxins interacting with proteins[edit] 

Another non-food protein reaction, urushiol-induced contact dermatitis, originates after contact with poison 

ivy, eastern poison oak, western poison oak, or poison sumac. Urushiol, which is not itself a protein, acts as 

a hapten and chemically reacts with, binds to, and changes the shape of integral membrane proteins on 

exposed skin cells. The immune system does not recognize the affected cells as normal parts of the body, 

causing a T-cell-mediated immune response.[46] Of these poisonous plants, sumac is the most virulent.[47] The 
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resulting dermatological response to the reaction between urushiol and membrane proteins includes redness, 

swelling, papules, vesicles, blisters, and streaking.[48] 

Estimates vary on the percentage of the population that will have an immune system response. Approximately 

25 percent of the population will have a strong allergic response to urushiol. In general, approximately 80 

percent to 90 percent of adults will develop a rash if they are exposed to .0050 milligrams (7.7×10−5 gr) of 

purified urushiol, but some people are so sensitive that it takes only a molecular trace on the skin to initiate an 

allergic reaction.[49] 

Genetics[edit] 

Allergic diseases are strongly familial: identical twins are likely to have the same allergic diseases about 70% of 

the time; the same allergy occurs about 40% of the time in non-identical twins.[50] Allergic parents are more 

likely to have allergic children,[51] and those children's allergies are likely to be more severe than those in 

children of non-allergic parents. Some allergies, however, are not consistent along genealogies; parents who 

are allergic to peanuts may have children who are allergic to ragweed. It seems that the likelihood of 

developing allergies is inherited and related to an irregularity in the immune system, but the specific allergen is 

not.[51] 

The risk of allergic sensitization and the development of allergies varies with age, with young children most at 

risk.[52] Several studies have shown that IgE levels are highest in childhood and fall rapidly between the ages of 

10 and 30 years.[52] The peak prevalence of hay fever is highest in children and young adults and the incidence 

of asthma is highest in children under 10.[53] 

Overall, boys have a higher risk of developing allergies than girls,[51] although for some diseases, namely 

asthma in young adults, females are more likely to be affected.[54] These differences between the sexes tend to 

decrease in adulthood.[51] 

Ethnicity may play a role in some allergies; however, racial factors have been difficult to separate from 

environmental influences and changes due to migration.[51] It has been suggested that different genetic loci are 

responsible for asthma, to be specific, in people of European, Hispanic, Asian, and African origins.[55] 

Hygiene hypothesis[edit] 

Main article: Hygiene hypothesis 

Allergic diseases are caused by inappropriate immunological responses to harmless antigens driven by a TH2-

mediated immune response. Many bacteria and viruses elicit a TH1-mediated immune response, which down-

regulates TH2 responses. The first proposed mechanism of action of the hygiene hypothesis was that 

insufficient stimulation of the TH1 arm of the immune system leads to an overactive TH2 arm, which in turn 

leads to allergic disease.[56] In other words, individuals living in too sterile an environment are not exposed to 

enough pathogens to keep the immune system busy. Since our bodies evolved to deal with a certain level of 

such pathogens, when they are not exposed to this level, the immune system will attack harmless antigens and 

thus normally benign microbial objects—like pollen—will trigger an immune response.[57] 
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The hygiene hypothesis was developed to explain the observation that hay fever and eczema, both allergic 

diseases, were less common in children from larger families, which were, it is presumed, exposed to more 

infectious agents through their siblings, than in children from families with only one child. The hygiene 

hypothesis has been extensively investigated by immunologists and epidemiologists and has become an 

important theoretical framework for the study of allergic disorders. It is used to explain the increase in allergic 

diseases that have been seen since industrialization, and the higher incidence of allergic diseases in more 

developed countries. The hygiene hypothesis has now expanded to include exposure to symbiotic bacteria and 

parasites as important modulators of immune system development, along with infectious agents. 

Epidemiological data support the hygiene hypothesis. Studies have shown that various immunological and 

autoimmune diseases are much less common in the developing world than the industrialized world and that 

immigrants to the industrialized world from the developing world increasingly develop immunological disorders 

in relation to the length of time since arrival in the industrialized world.[58] Longitudinal studies in the third world 

demonstrate an increase in immunological disorders as a country grows more affluent and, it is presumed, 

cleaner.[59] The use of antibiotics in the first year of life has been linked to asthma and other allergic 

diseases.[60] The use of antibacterial cleaning products has also been associated with higher incidence 

of asthma, as has birth by Caesarean section rather than vaginal birth.[61][62] 

Stress[edit] 

Chronic stress can aggravate allergic conditions. This has been attributed to a T helper 2 (TH2)-predominant 

response driven by suppression of interleukin 12 by both the autonomic nervous system and the hypothalamic–

pituitary–adrenal axis. Stress management in highly susceptible individuals may improve symptoms.[63] 

Other environmental factors[edit] 

International differences have been associated with the number of individuals within a population have allergy. 

Allergic diseases are more common in industrialized countries than in countries that are more traditional 

or agricultural, and there is a higher rate of allergic disease in urban populations versus rural populations, 

although these differences are becoming less defined.[64] 

Alterations in exposure to microorganisms is another plausible explanation, at present, for the increase 

in atopic allergy.[32] Endotoxin exposure reduces release of inflammatory cytokines such as TNF-

α, IFNγ, interleukin-10, and interleukin-12 from white blood cells (leukocytes) that circulate in 

the blood.[65] Certain microbe-sensing proteins, known as Toll-like receptors, found on the surface of cells in the 

body are also thought to be involved in these processes.[66] 

Gutworms and similar parasites are present in untreated drinking water in developing countries, and were 

present in the water of developed countries until the routine chlorinationand purification of drinking water 

supplies.[67] Recent research has shown that some common parasites, such as intestinal 

worms (e.g., hookworms), secrete chemicals into the gut wall (and, hence, the bloodstream) that suppress the 

immune system and prevent the body from attacking the parasite.[68] This gives rise to a new slant on the 

hygiene hypothesis theory—that co-evolution of humans and parasites has led to an immune system that 
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functions correctly only in the presence of the parasites. Without them, the immune system becomes 

unbalanced and oversensitive.[69] In particular, research suggests that allergies may coincide with the delayed 

establishment of gut flora in infants.[70] However, the research to support this theory is conflicting, with some 

studies performed in China and Ethiopia showing an increase in allergy in people infected with intestinal 

worms.[64] Clinical trials have been initiated to test the effectiveness of certain worms in treating some 

allergies.[71] It may be that the term 'parasite' could turn out to be inappropriate, and in fact a hitherto 

unsuspected symbiosis is at work.[71] For more information on this topic, see Helminthic therapy. 

Several medications may be used to block the action of allergic mediators, or to prevent activation of cells 

and degranulation processes. These include antihistamines, glucocorticoids, epinephrine (adrenaline), mast 

cell stabilizers, and antileukotriene agents are common treatments of allergic diseases.[99] Anti-

cholinergics, decongestants, and other compounds thought to impair eosinophil chemotaxis, are also 

commonly used. Although rare, the severity of anaphylaxis often requires epinephrine injection, and where 

medical care is unavailable, a device known as an epinephrine autoinjector may be used. 

AUTOIMMUNITY 

CRITERIA FOR AUTOIMMUNITY: 

Defining criteria for autoimmune diseases (Witebsky's postulates revisited) ... With new 

knowledge gained from molecular biology and hybridoma technology, as well as the original 

Witebsky postulates, we propose that three types of evidence can be marshalled to establish 

that a human disease is autoimmune in origin. 

 Classification of Autoimmune Disease: 

This is by no means a complete listing, and whether certain diseases are strictly, primarily, or partially 

autoimmune is always arguable. Most of those below either are associated with host serum antibody 

elevations, immunoprotein deposits in host tissue, prominently elevated numbers of tissue eosinophiles, or 

increased infiltration of target tissues by lymphocytes. By these host reactions, target tissues undergo injury 

which may or may not be stoppable and from which they may or may not be able to recover. [about 

autoimmune disease]...[a decision tree for fluorescent ANA test results] 

 Endocrine organ specific autoimmune diseases: 

o adrenal gland: Addison's disease 

o broncho-pulmonary airways: allergic asthma 

o ovaries: premature ovarian failure 

o pancreatic islets of Langerhans: 
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 acanthosis nigricans associated insulin-resistant diabetes 

 ataxia telangiectasia associated insulin-resistant diabetes 

o parathyroid glands: hypoparathyroidism 

o thyroid gland: Hashimoto's autoimmune thyroiditis; Graves disease; primary myxedema 

There is a definite interrelationship between the various endocrine organs and pernicious anemia 

with atrophic gastritis.  Patients with autoimmune thyroiditis have a 10% incidence of pernicious 

anemia, compared with 0.2% in the general population.  The incidence of antiparietal cell 

antibodies in patients with autoimmune thyroiditis is 30%, and 50% of patients with pernicious 

anemia have thyroid antibodies.  The antibody reactivity in this group is organ specific.  The 

lesions are localized to the specific organ, as in Hashimoto's thyroiditis.  
 

 Systemic autoimmune diseases (the "lupus group"): 

o Lupus erythematosus 

o Mixed connective tissue disease 

o Drug-induced lupus 

o Sjogren's syndrome 

o Scleroderma/CREST syndrome 

o Dermatomyositis/polymyositis and here 

o Rheumatoid arthritis 

Of the many autoimmune disease, there are remarkable overlaps at each end of the spectrum.  For 

example, thyroid autoantibodies occur with high frequency in patients with pernicious anemia who have 

stomach autoimmunity.  These patients have a higher incidence of thyroid autoimmunity than the 

normal population.  The cluster of rheumatologic diseases at the other end of the spectrum also shows 

significant overlap.  Features of rheumatoid arthritis may be associated with the clinical picture of SLE.  

In these diseases, immune complexes are deposited systemically in the kidneys, joints, and skin. This 

second group of diseases induces autoantibodies directed against nuclear and cytoplasmic antigens that 

are neither organ nor species specific. 

 

 Organ system autoimmune diseases: 
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o Liver: 

 autoimmune chronic active hepatitis 

 primary biliary cirrhosis 

o Muscle: 

 myasthenia gravis 

o Blood: 

 autoimmune hemolytic anemia 

 autoimmune leukopenia 

 autoimmune thrombocytopenia 

o Gastrointestinal: 

 atrophic gastritis of autoimmune type (leads to pernicious anemia) 

 ulcerative colitis (IBD-UC) 

 Crohn's disease (IBD-C) 

 food protein intolerance enteropathies (such as gluten sensitive enteropathy 

[GSE, celiac disease, celiac sprue] 

o Nervous system: 

 demyelinating diseases (eg, multiple sclerosis), amyotrophic lateral sclerosis, 

sensor motor neuropathy 

 myasthenic syndromes 

1. occular myasthenia 

2. myasthenia gravis 

3. Lambert-Easton paraneoplastic myasthenic syndrome 

3. stiff person (stiff man) syndrome: antibody mediated chronic near total body 

cramp. 

 Guillain-Barre syndrome 

 Progressive multifocal leukoencephalopathy 

 paraneoplastic syndromes 

 transverse myelitis 

 Bickerstaff's postinfectious brainstem encephalitis 

o Kidney: 

 Goodpasture's syndrome 
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 Immune complex glomerulonephritis (many different types, including 

poststreptococcal, cryoglobulin, DNA-anti-DNA in SLE, etc) 

o Skin: 

 Pemphigus vulgaris 

 Bullous pemphigoid 

 Cicatricial pem 

 Dermatitis herpetiformis 

 Vitiligo 

 Other autoimmune diseases: 

o Wegener's granulomatosis 

o Spontaneous male infertility 

 

Mechanisms of Autoimmunity: 

Autoimmunity is generally defined as a phenomenon in which antibodies or T cells react with 

autoantigens. Autoimmunity induces autoimmune diseases. Recent studies have revealed that 

such autoantibodies or autoreactive T cells exist even in healthy individuals. The immune system 

has various mechanisms to suppress the immune response to the self, and the disturbance of 

these mechanisms results in autoimmune diseases. 

Autoimmunity and Autoimmune Diseases The conventional clonal deletion theory assumes that 

the immune system definitely distinguishes between self and non-self, and that autoreactive B 

and T cell clones are eliminated before they mature. However, recent studies have demonstrated 

that this theory, although basically correct, does not always hold true. B and T cells that react 

with autoantigens exist in the peripheral blood of healthy individuals. For example, T cells that 

react with autoantigens, such as myelin basic protein (MBP) of myelin sheath and type II 

collagen of cartilage, can be separated from the peripheral blood of healthy individuals. 

Furthermore, autoimmune diseases such as thyroiditis can be induced in normal animals by 

immunizing them with organ-specific antigens such as thyro- globulin, indicating that 

lymphocytes that react with the autoantigens exist in normal animals. Therefore, it is believed 

that the existence of autoantibodies or autoreactive T cells is not enough to elicit autoimmune 

diseases. In addition, it has been recently speculated that auto-reactivity at a low level is 



physiological and necessary for a normal immune response. It has been reported that the weak 

reactivity to autoantigens presented by major histocompatibility complexes (MHC; for humans, 

HLA) might be necessary for the survival of peripheral mature T cells and maintenance of 

homeostasis. Considering these factors, it is important to distinguish specific autoimmune 

responses that cause various autoimmune diseases from the existence of autoreactive 

lymphocytes or simple autoimmune response. For example, injection of spermatozoa into an 

animal results only in the production of autoantibodies against spermatozoa, but it does not cause 

any disease. However, the immunization of an animal with spermatozoa mixed with an adjuvant 

that strongly stimulates an immune response results in autoimmune testitis. Therefore, 

autoimmune diseases are distinguished from mere autoimmune response not by the 

presence/absence of autoimmune response, but by the different quality and quantity of the 

autoimmune response. Autoimmune diseases are divided into two groups: the organ-specific 

autoimmune diseases, in which the target antigens and the tissue disorders are localized in one 

organ, and the systemic autoimmune diseases, in which the response to a certain type of antigens 

that are expressed widely in the body, such as an intranuclear antigen and multiple organs are 

involved. There are several autoimmune diseases that stand between these two groups. It remains 

unclear whether these two groups of autoimmune diseases result from the same or substantially 

different mechanisms. Mechanisms of Immunological Tolerance Immunological tolerance is 

defined as a state in which the immune system does not positively respond to autoantigens. The 

concept of immunological tolerance for autoreactive T and B cells has been changing rapidly as 

new experimental systems have been established. T cells, which play a central role in acquired 

immunity, undergo clonal deletion by apoptosis when they are exposed to a sufficient amount of 

autoantigens in the thymus where they differentiate. This is called central tolerance. It has been 

revealed recently that some molecules previously considered to be expressed only in a specific 

organ are also expressed in medullary epithelial cells of the thymus. This indicates that the 

thymus is intended to express as many autoantigens as possible in the body to induce tolerance 

for them. However, this mechanism is limited by the fact that not all autoantigens are expressed 

in the thymus. Furthermore, T cells that weakly react with autoantigens can migrate into 

peripheral tissue. Each antigen should have multiple amino acid sequences that can bind to 

antigen-presenting MHC molecules. These sequences are called epitopes or antigenic 

determinants. However, some epitopes are not presented as antigens under usual conditions 



probably due to the relationship with other epitopes or proteolysis in the cells. Such epitopes are 

called “cryptic epitopes,” which means hidden antigenic determinants. T cells cannot become 

tolerant to them.1) T cells that migrate into peripheral tissues undergo clonal deletion by 

apoptosis in the similar way as in the thymus when the stimulus of autoantigens is strong. When 

the stimulus is not strong enough, T cells undergo clonal anergy (clonal paralysis). When the 

amount of autoantigens is further reduced, T cells become ignorant (non-tolerant and 

unresponsive). In this regard, it is important that naïve T cells circulate only in lymphoid organs 

without entering other organs to maintain the state of ignorant. 

It has also been reported that tolerance may be actively suppressed by regulatory T cells. Recent 

studies have reported T cells with various regulatory functions, including those that produce 

cytokines with suppressive effects, such as interleukin (IL)-10 and transforming growth factor 

(TGF)-, and those that have CD4 and CD25 surface markers and provide suppressive effect 

through cell-cell contact. These various suppressive T cells may play different roles, depending 

on the activation of autoreactive T cells. Thus, autoreactive T cells are under substantially 

different conditions of tolerance, depending on the quality and quantity of autoantigens. For 

example, many autoantigens are too isolated from the immune system to activate potential 

autoreactive T cells. Autoantigens expressed on non-hematopoietic cells may not stimulate T 

cells because they do not have costimulatory molecules. Another mechanism has also been 

revealed in which the lymph nodes around organs have dendritic cells that take antigens to 

induce tolerance of autoreactive T cells in the steady state condition. B cells have been reported 

to undergo anergy in response to soluble autoantigens and clonal deletion in response to stronger 

autoantigens, such as those on cell surfaces in the bone marrow where they differentiate. B cells 

that strongly react with soluble antigens such as self-molecules at the germinal center of 

peripheral tissues are also deleted through apoptosis. B cells have been reported to cause a 

phenomenon called receptor editing in which B cells that react with an autoantigen rearrange the 

gene of the antigen receptor (immunoglobulin) once again to make another non-autoreactive 

receptor. 

Mechanism of Initiation of Autoimmunity: 

It is generally believed that autoimmunity is triggered by the development or activation of CD4 

helper T cells that react with a specific autoantigen. Based on various evidence, it is now 



proposed that a specific antigenic stimulus is the first trigger of autoimmunity. This is called the 

“single initiating antigen hypothesis”.2) For example, molecular mimicry in which immune 

response occurs to both an external microbial antigen and an autoantigen because of their 

homology is considered one of the mechanisms of initiating autoimmunity. Microbial infection 

may initiate autoimmune response not only through molecular mimicry, but also with polyclonal 

activation and release of isolated autoantigen. Lipopolysaccharide (LPS), a product of infectious 

microbes, bacterial DNA, and viruses serve as an adjuvant to immune response. They bind to 

Toll-like receptors (TLRs) on the surface of macrophages or dendritic cells to stimulate natural 

immunity and inflammatory cytokine production, enhancing immune response by increasing the 

expression of MHC antigen or co-stimulatory molecules, such as B7-2 and OX40L. These 

responses are usually helpful for inducing acquired immunity, but may stimulate potential 

autoreactive T cells. Through these processes, it is also possible that cryptic epitopes not 

expressed under usual conditions are expressed to trigger an autoimmune response. Non-

infectious factors are also considered as a trigger of autoimmunity. For example, estrogen 

exacerbates systemic lupus erythematosus (SLE) in a mouse model, while drugs, such as 

procaine amide and hydralazine, induce the production of antinuclear antibodies, causing an 

SLE-like pathologic state. The amount of iodine intake is an important environmental factor in 

autoimmune thyroid disease. 

Mechanisms of Development of Autoimmune Diseases: 

Triggering autoimmunity alone probably results in a transient event and is insufficient to induce 

autoimmune disease. Studies in mouse models have shown that CD4 T cells may be required to 

complete the pathological state of most autoimmune diseases. Animal experiments have 

demonstrated that the onset of autoimmune diseases can be suppressed by removing or inhibiting 

the function of CD4 cells with anti-CD4 monoclonal antibodies. Furthermore, the importance of 

antigen-specific CD4 cells in pathological autoimmune condition has been suggested from the 

association with MHC class II antigens (such as DR antigen of HLA in humans), infiltration of 

CD4 cells in many organ-specific autoimmune diseases, and production of autoantibodies of IgG 

type. Although various factors are associated with the progression of autoimmune diseases, one 

of the important phenomena is epitope spreading. Epitope spreading refers to a phenomenon in 

which autoantigens (antigen determinants) detected by T and B cells increase during the process 

from the initial activation of autoreactive lymphocytes to the chronic phase. This concept is 



important for explaining, for example, the mechanism by which autoimmune response induced 

by one cryptic epitope leads to complete autoimmune response. Both B and T cells are involved 

in this phenomenon. Particularly, B cells play an important role as antigenpresenting cells for T 

cells. In contrast, a study using non-obese diabetic (NOD) mice as a type I diabetes model 

showed that autoimmune disease may progress through the avidity maturation and selective 

expansion of a particular antigen-specific T cell clone.  

We have also shown from the analyses of T cell clonality infiltrating into organs that reactive 

epitope is not always spread during the progress of a disease. Probably, such positive and 

negative balance of immune responses with regard to reactive epitopes may be involved in the 

persistence and progression of autoimmune diseases. 

TRANSPLANTATION AND IMMUNOLOGIC TOLERANCE: 

Successful allogeneic hematopoietic stem cell transplantation (HSCT) and solid organ transplantation 

requires a certain degree of immune tolerance development against allogeneic antigens. Achievement of 

immune tolerance may prevent a host versus graft reaction, which leads to graft rejection and failure, as 

well as preventing a graft versus host reaction, which results in graft versus host disease (GVHD) in 

recipients of HSCT. Induction of immune tolerance decreases the risk of acute and chronic graft rejection 

after solid organ transplantation and can improve transplanted organ survival. Lymphocytes, specifically 

T lymphocytes, play a critical role in allograft rejection, graft failure, and GVHD. Therefore, in this 

review we will focus on T cell tolerance. 

T Cell Tolerance and Thymopoiesis 

Our immune system is very adaptive, able to mount an immune response to varying immunological 

targets. In some conditions the immune system becomes unresponsive to certain antigens 1. T cell 

tolerance occurs by two different mechanisms. The first is the depletion of self-reactive T cells during 

their maturation in the thymus; only 1-2 % of thymocytes are able to reach a mature T cell status before 

they are released from the thymus. T cell clonal deletion is defined as the death of T cells with TCRs 

recognizing host antigens, which is the main tolerance mechanism during T cell development in the 

thymus 1,2. 

The second mechanism is the suppression/elimination of self-reactive mature T cells in the periphery; 

which involves either immunologically active suppressive cells such as regulatory T cells or the 

inactivation of autoreactive T cell clones by inhibitory molecules3. If T cells are unable to proliferate and 
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produce cytokines such as IL-2 or IL-4 in response to antigens, they may become anergic (non-

responsive) to those antigens. Sometimes suppressor/regulatory cells cause anergy or clonal deletion of T 

cells by secreting inhibitory cytokines or inducing T cell apoptosis in the periphery. 

The central tolerance mechanism of thymic maturation will be discussed first, followed by the 

mechanisms of peripheral tolerance. 

T cell development -Thymic Education/Maturation 

T cell development begins after the entry of T cell precursors into the thymus. In mice, cell surface 

markers define multiple types of lymphoid precursors with T cell lineage potential; these include common 

lymphoid progenitors (CLP1 and CLP2), circulating T cell precursors (CTPs), early thymic precursors 

(ETPs) and early lymphoid precursors (ELPs) 4-9. The ability of circulating progenitors to migrate within 

the thymus is tightly regulated and requires the CC chemokine receptors CCR7 and CCR9, CD44, α4 and 

β2 integrins, and P-selectin glycoprotein ligand-1 (PSGL1) (reviewed in 8). Lymphoid precursors from the 

BM migrate to the thymus and then will undergo subsequent differentiation under the control of factors 

including Interleukin-7 (IL-7) and Notch-1 10. A small group of ETPs demonstrate both T and B cell 

developmental potential in the thymus. However, most of the ETPs lose their B potential and require 

Notch signaling for T cell development 11,12. Progression beyond the DN3 stage depends on Notch-1 

activation, which controls survival and proliferation through the DN3 transition to double positive (DP) 

cells in cooperation with pre-TCR signaling 13-15. DN thymocytes develop T-cell receptor (TCR) β- and α- 

locus rearrangements in the DN3 and DN4 stages. They then, start to express CD4 and CD8 as 

characterized by CD4+/8+ double-positive (DP) expression along with modest αβ TCR expression. Petrie 

et al. demonstrated that cultured immature thymocytes originally expressing specific TCR alpha and beta 

chains may lose surface expression of the original TCR alpha, but not beta chains 16. These data provide 

evidence that TCR alpha gene rearrangement continues even after surface expression of a TCR alpha/beta 

heterodimer, up until positive selection 16-18. This process is controlled by recombinant activator gene 

(RAG) expression 19, that starts in CD25+ double negative thymocytes through DP thymocytes. 

Interestingly, RAG reinduction occurs in the DP stage which is required for mature T cell 

development 19 (Figure 1). 

Human T cell development in the thymus 

In humans, the phenotype of lymphoid precursors is different from that detected in mice. Human stem 

cells express CD34, whereas in mice, lineage negative, SCA-1 and c-Kit positive cells contain true stem 

cells. These CD34+ precursors seed the thymus and differentiate into multiple lineages, including T, B 
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and NK cells 20,21. Lin- CD34+ CD10+ CD24- progenitors with a low myeloid potential have been 

reported to generate B, T, and natural killer lymphocytes and co-express recombination activating gene 1 

(RAG-1), terminal deoxynucleotide transferase (tdt), PAX5, interleukin 7 receptor alpha, and CD3ε. 

These progenitors are present in both cord blood and BM, but can also be found in the peripheral blood 

and thymus throughout life 22. 

Positive Selection 

All thymocytes undergo positive and negative selection during their maturation in the thymus 2. The 

average DP cell life span is 3-4 days. The fate of each DP cell depends upon the ability of its newly 

rearranged TCR to appropriately interact with MHC molecules. Most MHC molecules display self-

peptides and positive selection involves the recognition of the MHC-self peptide complex 23. More than 

95% of DP cells do not have any specificity to an MHC ligand, and these thymocytes die by neglect 

instead of positive selection 24,25. A small proportion of DP cells are able to bind an MHC ligand with mild 

avidity; this induces DP maturation to the CD4+ or CD8+ single-positive (SP) stage 24. 

T cell clonal deletion in the thymus; Negative Selection 

Intra-thymic T cell tolerance occurs via deletion of T cell clones autoreactive to self-antigens presented 

by hematopoietic cells and thymic epithelial cells 26,27. If the T cell receptor has high affinity to self-

antigens (self MHC and peptide complex), this leads to the deletion of thymocytes by apoptosis 28,29. 

Thymocytes that express a low affinity TCR survive and continue to the next maturation step. The 

difference between low affinity and high affinity TCRs is critical for thymocyte fate but the mechanisms 

of this discrimination are not clearly documented 2,24. Fas is a member of the TNF receptor family and 

plays a role in the development of apoptosis in semi-mature medullary thymocytes 30, which is dependent 

upon specific antigen concentration in in vivo murine models 31. Strong TCR ligation stimulates rapid 

onset of Fas-dependent apoptosis of naïve T cells 32. The second required signal of negative selection is 

costimulation, especially interaction between antigen presenting cells (APC) and CD28 33,34. In the 

absence of costimulation, anti-TCR antibody stimulation results in significant apoptosis of thymocytes 33. 

Further studies in mice lacking B7-1 (CD80) and/or B7-2 (CD86) demonstrated a role for both B7-1 and 

B7-2 in negative selection. CD28 mediates these B7-dependent signals that promote negative selection 35. 

CTLA-4 delivers signals that inhibit selection, suggesting that CTLA-4 and CD28 have opposing 

functions in negative selection 35. Thymic medullary tissue is an APC-rich area in which thymocytes 

interact with varying costimulatory molecules (such as CD80 and CD86) that are expressed on thymic 

epithelial cells (TEC) and thymic dendritic cells, suggesting their involvement in negative selection. On 
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the other hand, high-level TCR signaling results in apoptosis through the Fas/FasL pathway 32,36, which 

occurs in the thymic cortex (Figure 1). In the last decade a new transcriptional regulator was discovered in 

the thymus, named Autoimmune Regulator (AIRE) 37. Aire is primarily expressed in medullary thymic 

epithelial cells. It promotes self-tolerance by inducing transcription of a wide array of tissue-specific 

antigens (TSAs) in the thymus and plays a critical role in negative selection (reviewed in 38). In the 

absence of functional AIRE, medullary TECs express a severely restricted array of self-antigens which 

results in severe autoimmune disease 37,38. The role of Aire has not been defined in post-transplant 

tolerance. 

Peripheral Tolerance 

After positive and negative selection, mature T cells are released from the thymus into the peripheral 

circulation and secondary lymphoid organs. Negative selection in the thymus effectively deletes 

thymocytes that have high affinity TCR to self-peptide-MHC complexes. Peripheral immune tolerance 

mechanisms are critical for controlling mature T cells with low/moderate affinity TCRs to self 

MHC/peptide complexes (reviewed in 3). Small amounts of T lymphocytes escape selection in the 

thymus; these can be eliminated in the periphery by deletion. Induced anergy and/or suppression by other 

immunologically active cells (regulatory cells/suppressor cells) also play roles in lessening the effects of 

these self-reactive T cell clones that escaped thymic selection. 

Peripheral Deletion 

Varying levels of antigenic stimulation of mature T cells in the periphery can result in T cell clonal 

deletion. A small amount of antigenic stimulation can induce T cell tolerance by partial down-regulation 

of T cell receptors (TCR) on self-reactive CD8+ cells 39. However, T cell apoptosis is generally required 

for the induction of peripheral transplant tolerance 40. Clonal deletion of autoreactive T cells occurs 

through apoptosis via activation of the Fas/FasL pathway and the Bim dependent mitochondrial 

pathway 3. Tissue-associated self-antigens can be cross-presented by APCs to naïve CD8+ T cells 41, 

which creates the potential for the development of autoimmunity. However, cross-presentation of self-

antigen also leads to deletion of those autoreactive CD8+ T cells42. Davey et al. showed that self-tolerance 

can be maintained by the deletion of activated CD8+ T cells via Bim activation, which leads to BCL-2 

inhibition and apoptosis of T cells 43. Bim deficient and Fas deficient (lpr/lpr) mice show defective 

peripheral tolerance induction, leading to massively increased size of their lymph nodes and spleen and 

development of autoimmunity, suggesting that both molecules play a role in peripheral deletion of T 

cells 44,45. 
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T cell Anergy and Costimulatory Signals 

T cell activation requires two signals: i) TCR signal ii) costimulatory signal. T cells are not able to mount 

an immune response without a second costimulatory signal. CD28 is the main co-stimulatory receptor and 

has two ligands, B7.1 (CD80) and B7.2 (CD86), that are expressed on APCs (Figure 2). CD28 signals are 

critical for T cell activation, proliferation and survival after T cell interaction with APCs 46. CD28 

activation results in increased expression of cyclins and cyclin dependent kinases (cdk), downregulation 

of cdk inhibitor cdk27kip1 and upregulation of glucose metabolism through phosphoinositol 3-kinase 

(PI3K) and Akt activation 47-50. CD28 controls T cell survival by enhancing BCLXL expression in T cells, 

which prevents T cell death from apoptotic signals such as Fas activation or IL-2 withdrawal 51. 

Activation of T cells in the absence of CD28 results in an anergic state (reviewed in 52) with defective 

phospholipase activation and intracellular calcium mobilization 53, which is also associated with increased 

levels of the cdk inhibitor p27kip1 50,54. Importantly, blockage of CD28/B7 interaction promotes transplant 

tolerance in animal models 55. 
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Figure 2 

T Cell-APC interaction with costimulatory molecules. CTLA-4; Cytotoxic T- Lymphocyte Antigen 4, TCR; T cell 

receptor, MHC; Major histocompatibility molecules, ICOS; Inducible T-cell costimulator, PD-1; Programmed 

death-1, PD1-L; Programmed death-1 ligand. 

Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4) and Inhibition of CD28 Costimulatory Signal 

CTLA-4, a member of the immunoglobulin superfamily, was the first inhibitory molecule discovered, and 

has a similar structure to CD28. Both molecules bind to CD80 and CD86 on antigen-presenting cells. 

Lack of CTLA-4 results in severe lymphoproliferative disease and lethality in rodents 56. CTLA-4 inhibits 

CD28 dependent T cell activation, cell cycle progression and IL-2 production of T cells 57,58. Interestingly, 

CTLA-4 inhibition is more pronounced after initiation of T cell activation and anti-CTLA-4 antibody 

activity is optimized with continuous CD28 signaling, suggesting that upregulation of CTLA-4 is CD28 

dependent 58. 

CTLA-4 has a significantly higher binding affinity for the B7 molecules than that of CD28 and acts as a 

competitive antagonist of CD28 52. The presence of inhibitory effects of CTLA-4 in CD28 deficient mice 

demonstrates that CTLA-4 can function independently from CD28 59. This inhibitory function of CTLA-4 

is mediated by its cytoplasmic tail which interacts with other T cell signaling molecules including 

tyrosine kinases, MAP kinases and the PKB/AKT pathway (reviewed in 52). CTLA-4 Ig is a soluble form 

of the extracellular domain of CTLA-4, which binds B7 with high avidity, and treatment with CTLA- 4 Ig 

results in immunosuppression with decreased T cell dependent antibody secretion 60. Treatment with 

CTLA-4 Ig in conjunction with BM transplantation induces long-term allograft survival and donor 

unresponsiveness in murine models 61. 

Programmed Death-1 (PD-1)/PD-1 Ligands 

PD-1 (CD279) is a member of the CD28 family that is expressed on activated T, B, and myeloid cells. 

PD-1 ligands (PD-L1 and PD-L2) are expressed on T cells, B cells, antigen-presenting cells, endothelial 

cells, and tumor tissues. PD-L1 (CD274, B7-H1), a transmembrane glycoprotein belonging to the 

immunoglobulin (Ig) superfamily plays an integral role in the regulation of immune tolerance and 

homeostasis. PD-1/PD-L1 interactions lead to inhibitory signals, and ligation of PD-1 occurs during 

autoimmunity, allergy, allograft rejection, antitumor immunity, and chronic virus infection 62-64. PD-1 KO 

mice develop autoimmunity suggesting that PD-1 has a role in immune tolerance 65,66. PD-1 is expressed 

on T cells after activation and delivers co-inhibitory signals via an immunoreceptor tyrosine-based switch 

motif in the cytoplasmic domain 67,68. The ability of PD-1 to block T cell activation requires receptor 
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ligation, suggesting that co-localization of PD-1 with CD3 and/or CD28 may be necessary for inhibition 

of T cell activation 68. PD-1 signals interfere with CD28 mediated activation of phosphatidylinositol-3-

kinase (PI3K) and subsequently inhibit interleukin-2 production resulting in an anergic state in T 

lymphocytes 69. PD-1 has been recently shown to play a role in control of homeostatic proliferation of 

CD8+ T cells in lymphopenic hosts by inducing apoptosis of T cells 70. Interestingly, peripheral deletion 

of alloreactive CD8+ T cells is related to the PD-1/PD-L1 pathway, but tolerization of CD4+ T cells 

occurs independently from this pathway in murine transplant models 71. PD-L1 also interacts with CD80 

to inhibit T cell activation 72 and this interaction is required for maintenance of peripheral tolerance 73. 

Mice deficient for the PD-L1 gene or wild-type mice treated with anti–B7-H1 blocking monoclonal 

antibody (mAb) exhibit exacerbated autoimmuninty associated with activation of self-reactive CD4+ and 

CD8+ T cells 74,75. PD-L2 is a second ligand for PD-1 which inhibits activation of and cytokine production 

by T cells 76. The role of PD-L2 in the development of post transplant tolerance is not clearly documented. 

PD-L2 may limit CD8+ T cell proliferation in recipients of HSCT 77. 

CD40/CD40L Pathway 

CD40 and its ligand CD154 (CD40L) are members of the tumor necrosis factor (TNF)/TNF-receptor 

family. CD40 is constitutively expressed on APCs such as B cells, macrophages, dendritic cells, and 

thymic epithelium, but can also be found on endothelial cells and fibroblasts. CD154 (CD40L) is 

expressed on activated T cells and NK cells 78,79. Signaling through CD40/CD154 is critical for activation 

of B and dendritic cells. CD40 ligation leads to secretion of IL-1, TNF-α, and IL-12, and to endothelial 

cell secretion of monocyte chemotactic factors 80,81. Signaling downstream of the CD40 molecules is 

mediated by TRAFs and leads to the activation of NFκB, which results in the upregulation of MHC 

molecules and co-stimulatory molecules in B cells (reviewed in 82). CD154 is rapidly induced on CD4+ 

and some CD8+ T cells following T cell activation after stimulation with cognate antigen. CD40/CD40L 

activation primarily provides a costimulatory signal to the APC rather than to the T cell, but eventually T 

cells are indirectly stimulated after APC activation 83. The blockage of the CD40/CD40L pathway alone 

or in combination with CTLA-Ig results in tolerance to MHC-mismatched skin and cardiac grafts in 

murine models 84,85. Moreover, treatment with anti-CD154 antibody with or without CTLA-Ig prevents 

acute allograft rejection in non-human primates. 

Suppression of immune responses; regulatory cells 

The suppressive functions of T cells on the immune system has been known since the 1970s 88, but a clear 

definition of T regulatory cells was not achieved until the mid 90s. Regulatory T cells (Treg) play a major 
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role in the development of tolerance by suppression of immune responses (reviewed in 89). Other 

immunologically active cells can also suppress immune responses including NK-T cells, double negative 

(CD4-CD8-), CD8+CD28- cells, and veto cells. 

Regulatory T Cells 

Regulatory T cells were first defined as CD4+CD25+ double positive cells with suppressive functions on 

immunological response in rodents 90. Approximately 5-10 % of peripheral CD4+ cells express IL-2 

receptors on their surface. The depletion of CD4+CD25+ cells results in development of autoimmune 

disease 91,92. Normally, the thymus produces immunoregulatory CD4+CD25+ T cells that are anergic to 

TCR stimulation and are able to suppress proliferation of other T cells 93. They might have intermediate 

affinity to MHC/peptide resulting in an escape from negative selection in the thymus 94. 

Naturally occurring Treg specifically express a transcription factor (Foxp3), which is the main inducer, 

regulator, and survival factor in Treg development and function 95,96. Only CD4+CD25+ single positive 

thymocytes exhibit expression of Foxp3 in the thymus. Foxp3 transduced CD4+CD25- cells are capable 

of suppressing other T cells and autoimmune colitis in murine models 95. Retroviral transduction of Foxp3 

into CD25- T cells upregulates CD25 and CTLA-4 expression on their surface. CD4+CD25+ cells are 

increased in Foxp3 transgenic mice and other T cell subsets also gain suppressive properties in the 

presence of over-expression of Foxp3 97. Naïve T cells in the periphery can also acquire Foxp3 expression 

and suppressive function in conditions such as chronic antigenic stimulation in the presence of 

transforming growth factor (TGF)-β1 98-100. TGF-β1 signaling is required for the maintenance of immune 

suppressive activity and expansion of regulatory T cells 101,102. Interestingly TGF-β1 deficient mice have a 

reduced number of peripheral Treg while preserving normal thymic Tregdevelopment. A defect in TGF-

beta-mediated signaling in Treg is associated with a decrease in Foxp3 expression and suppressor 

activity 102. Other types of T regulatory cells can be induced in the periphery in the presence of 

interleukin-10 (IL-10) 103, called Tr1 cells. Tr1 cells secrete IL-10 and TGF-β1 and their suppressive 

activities are independent of Foxp3 expression 104. Both naturally occurring Treg cells and Tr1 cells are 

hyporesponsive to stimulation of their TCR but can slowly proliferate in presence of IL-2. Recently, 

CD8+ Foxp3+ Treg have been shown to have a suppressive function in autoimmune disorders and after 

allergen immunotherapy as well as in GVHD 105-107. 

Function of regulatory T cells 

CD4+CD25+ T cells suppress the proliferation of CD4+ as well as CD8+ T cells, which requires direct 

cell contact with Treg 108. Survival and function of Treg is dependent on presence of IL-2; IL-2 deficient 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514882/#R89
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514882/#R90
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514882/#R91
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514882/#R92
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514882/#R93
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514882/#R94
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514882/#R95
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514882/#R96
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514882/#R95
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514882/#R97
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514882/#R98
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514882/#R100
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514882/#R101
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514882/#R102
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514882/#R102
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514882/#R103
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514882/#R104
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514882/#R105
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514882/#R107
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514882/#R108


mice develop lymphoproliferation and severe autoimmune disease 109,110. Expression of IL-2R (CD25) on 

their surface and signaling through IL-2R is required for optimum T regulatory function 111. Treg are 

anergic after stimulation and therefore, IL-2 secretion from conventional T cells is critical for 

development of suppressive activity of Treg. 112,113. The crosstalk between T effector cells and T regulatory 

cells is shown in Figure 3. As mentioned above, IL-10 is required for Tr1 development in the periphery. 

Interestingly, CD4+CD25+Treg suppressive function in vitro does not require IL-10 and TGF-β1 secretion, 

as has been shown with suppressor T cells from IL-10-deficient and TGF-β1 deficient mice, which seem 

to suppress effectively 108,114,115. On the other hand CD4+CD25+ Treg can secrete IL-10 in vivo and 

autoimmunity can be suppressed by regulatory cells through IL-10 secretion 116. Treg interaction with 

CD80/CD86 through the CTLA-4 molecule may lead to suppression of effector T cells 117. Interaction of 

CTLA-4 expressing Treg with APCs induces the activation of indoleamine 2,3-dioxygenase (IDO), which 

results in both a local deprivation of tryptophan and the production of inhibitory molecules known as 

kynurenines 118,119 (Figure 3). CTLA-4 expressing CD4+CD25+ regulatory cells show a stronger 

suppressive activity than their CTLA-4- counterparts 120. Moreover, blocking CTLA-4 on Treg can abrogate 

the suppression of T effectors 121. CD28-deficient CD25+ CD4+ T cells can also suppress activation of 

normal T cells, indicating that CD28 is not required as a costimulatory molecule for activation of the 

regulatory T cells. Treg may also act as cytotoxic T cells that expresses granzyme A after activation and are 

able to kill activated CD4+ and CD8+ T cells by a perforin dependent mechanism 122. 
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Transplant tolerance and T regulatory cells 

CD4+CD25+ T cells play a role in regulating the allo response and tolerance induction. Depletion of 

CD25+ T cells results in faster rejection of allogeneic skin grafts and increases graft versus host disease 

(GVHD) related mortality in murine models 90,123. The presence of CD4+CD25+ T cells in in vitro mixed 

lymphocte reaction cultures can induce tolerance to alloantigen 124. Infusion of CD4+CD25+ regulatory T 

cells after stem cell transplantation decreased GVHD related mortality in recipients of allogeneic 

HSCT 123,125. Treg induce tolerance to minor histocompatibility antigen-mismatched skin grafts 126,127 and are 

involved in tolerance and prevention of graft rejection after organ transplant 128-130. Treg may be a long-

awaited T cell population for adoptive therapy to induce tolerance in clinical settings specifically after 

transplantation (reviewed in 131). Hippen and coworkers from University of Minnesota reported large scale 

expansion of human natural regulatory cells from peripheral blood with well-preserved suppressive 

function 132. The same group also showed that the infusion of ex vivo expanded Treg into adults 

transplanted with umbilical cord blood is safe and might be able to prevent GVHD in clinical settings 133. 

Finally Di Lanni and colleagues evaluated the effects of pre-transplant adoptive transfer of 

Treg lymphocytes in 28 patients with haploidentical HSCT. They found that Treg infusion prevented 

GVHD, promoted immune reconstitution and improved immunity to opportunistic infections 134. These 

data suggest that adoptive therapy with donor derived Treg can prevent GVHD after allogeneic HSCT. 

Other suppressive cells 

Natural Killer (NK)-T Cells 

These are T cells that express NK cell associated markers (CD16 and CD56 in humans, NK1.1, DX5 in 

mouse) together with T cell markers and TCR αβ on their surface. NK-T cells secrete high levels of IL-4 

and IFN-γ. In mice, NK1 T cells express a restricted TCR repertoire with an invariant TCR alpha chain 

and recognize the products of the conserved family of MHC class I-like CD1 genes 135. The presence of 

allogeneic donor NK1.1+ TCRα+ T cells in the BM can protect mice against lethal GVHD in recipients of 

allogeneic HSCT 136. Total lymphoid irradiation (TLI) can induce tolerance after organ and HSC 

transplantation by selectively increasing NK-T cells in the host 137. Host conditioning with TLI and ATG 

prevents GVHD by an NK-T cell dependent mechanism 138. Recent reports suggest that NK-T cells 

promote immune tolerance through an interaction with Treg by increasing expression of negative 
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costimulatory molecules (like PD-1) on Treg, which is mostly dependent on enhanced IL-4 secretion by 

NK-T cells 139. Taken together, NK-T cells play a specific role in immune tolerance and strategies to 

enrich NK-T cells can induce transplant tolerance. Cytokine stimulation with IFN-γ, IL-2 and anti-CD3 

expands human CD3+ CD56+ NK-T cells, and these cells show MHC-independent cytotoxicity (cytokine 

induced killer cells-CIK). The safety and feasibility of CIK cell infusion have been shown after 

autologous HSCT 140. Adoptive immunotherapy with CIK cells induces anti-tumor responses with 

minimal GVHD in patients with relapsed hematological malignancies after allogeneic HSCT 141 

Veto cells 

Veto activity was defined in 1980 by Miller as the capacity to suppress cytotoxic T lymphocyte (CTL) 

precursors directed against antigens expressed on veto cells, but not against third party antigens 142,143. 

Interestingly, the most potent veto cell activity was found in CD8+ CTL lines or clones 144,145. The 

specificity of the veto effect mediated by CTL clones is antigen specific and MHC restricted. Veto 

activity occurs by apoptosis through the Fas/FasL pathway 145,146. Other cells, including varying BM 

subsets, have been reported to have veto activity and augment immune tolerization 147-149. Murine and 

human hematopoietic stem cells also have veto cell activity 150,151, and tolerance can be induced by using 

high doses of stem cells especially in MHC-mismatched donor/host combinations (reviewed in 152. 

Megadose human CD34+ stem cells have been successfully used in haploidentical transplantation, which 

results in high-level engraftment of MHC disparate stem cells  

Inducing tolerance; clinically applicable strategies 

Multiple strategies have been explored to optimize immune tolerance after transplantation. T cell 

depletion is one of the well-known strategies to enhance immune tolerance and decrease graft versus host 

disease. Increased susceptibility to infections and increased relapse have been observed after T cell 

depletion in recipients of allogeneic HSCT. 

Pre or post-transplant chemotherapy can be used to induce immune tolerance to transplanted organs or to 

the host. Cyclophosphamide (CTX) is a well-known chemotherapeutic agent; preclinical and clinical 

studies demonstrated that pre or post-transplant CTX promotes immune tolerance in recipients of 

allogeneic HSCT 154-156. Recent studies have demonstrated that in particular post-transplant 

cyclophosphamide can improve engraftment and reduce GVHD 157. This topic is discussed in detail in 

another section in this issue. 
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Generation of mixed chimerism is another strategy that has been explored in clinical settings. As 

previously discussed, intrathymic clonal deletion is one of the main mechanisms leading to the 

development of transplant tolerance. Combining thymic irradiation with T cell depleting antibodies 

results in a multi-lineage mixed chimerism and skin graft tolerance without GVHD in recipients of MHC-

mismatched BMT in murine models 158,159. Addition of CTX to conditioning protocols with TI provides 

successful engraftment and long-term chimerism in fully-MHC mismatched murine BMT recipients. 

Durable chimerism after transplantation prevents chronic rejection and induces graft survival as shown in 

experimental animal models 160. This strategy was successfully translated to the clinic to induce organ 

tolerance in recipients of both BM and kidney transplantation 161-163. A similar strategy combining kidney 

transplantation and Hematopoietic stem cell transplantation has been reported with durable chimerism and 

donor specific tolerance 164. Interestingly, immunosuppression was discontinued one year after transplant 

in patients who achieved durable chimerism after HSC+ facilitating cell (FC) infusion. BM derived FC 

were initially identified as CD8+ cells that did not express TCR on their surface and enhanced 

engraftment of allogeneic HSC 148. Subsequently, FCs were shown to be predominantly composed of a 

plasmacytoid precursor dendritic cell subpopulation that produces IFN-alpha and TNF-alpha, and can be 

activated by toll-like receptor (TLR)-9 ligand stimulation, and expanded by Flt-3 ligand 165. 

Selective removal of allo-reactive T cells is another approach to decrease GVH reaction and induce 

tolerance after stem cell transplantation. The T cell proliferation that occurs in haplotype-mismatched 

mixed lymphocyte reactions provides a platform for elimination of allo-reactive T cells. An immunotoxin 

coupled to a T cell activation marker (CD25) successfully depletes allo-reactive T cells without having 

any harmful effects on stem cells 166. The same group reported successful ex vivo depletion of host-

reactive donor T cells from peripheral blood stem cell (PBSC) transplant allografts using an anti-CD25 

immunotoxin, while the remaining T cell population had an intact third-party response in most cases 167. 

However, possible depletion of CD4+CD25+ regulatory cells by this method raised a concern regarding 

the induction of long-term immune tolerance and efficacy in the mitigation of GVHD risk. A non-FCR 

binding anti-CD3 antibody has been used to induce apoptosis in selectively antigen–activated and cycling 

T cell populations 168. This antibody might have a role in the therapy of GVHD 169,170but it has not yet been 

reported as a tolerance-inducing agent in clinical trials. Campath is an antibody against CD52 that was 

evaluated in recipients of renal allografts and found to be ineffective for inducing tolerance despite 

successful T cell depletion 171,172, suggesting that the degree of T cell depletion may not always be 

correlated with better tolerance to alloantigens. 

Many challenges to optimize transplant tolerance remain 173. Many successful preclinical studies in mice 

and rats have not resulted in positive results when translated to humans 174. Large animal models including 
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nonhuman primate models are necessary to confirm the studies done in rodents. A number of examples 

teach us to be careful in designing early stage clinical trials. One such example is a first in human clinical 

trial with a CD28 superagonist, which resulted in life-threatening cytokine storm following administration 

of this agent to normal healthy volunteers 175. In this clinical trial, the superagonist antibody was used at a 

small fraction of the dose that was used safely in nonhuman primates. The difference in CD28 

superagonist binding affinity in humans and non-human primates might explain the disparity in severe 

side effects. Anti-CD154 antibody administration has also induced unexpected side effects including 

thrombosis, which precludes conducting further clinical trials of this agent 176,177. The lack of standardized 

clinical tests for the evaluation of immune tolerance is another problem in developing clinical trials. 

ALLOGRAFT REJECTION: 

"Host-versus-graft disease" redirects here. For the condition in which transplanted cells attack the recipient's 

cells, see Graft-versus-host disease. 

Transplant rejection 

 

Micrograph showing lung transplant rejection. Lung biopsy. H&E 

stain. 

Specialty Emergency medicine  

Transplant rejection occurs when transplanted tissue is rejected by the recipient's immune system, which 

destroys the transplanted tissue. Transplant rejection can be lessened by determining the molecular similitude 

between donor and recipient and by use of immunosuppressant drugs after transplant. 

Pretransplant rejection prevention[edit] 

Main article: Histocompatibility 

The first successful organ transplant, performed in 1954 by Joseph Murray, involved identical twins, and so no 

rejection was observed. Otherwise, the number of mismatched gene variants, namely alleles, encoding cell 
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surface molecules called major histocompatibility complex (MHC), classes I and II, correlate with the rapidity 

and severity of transplant rejection. In humans MHC is also called human leukocyte antigen (HLA). 

Though cytotoxic-crossmatch assay can predict rejection mediated by cellular immunity, genetic-expression 

tests specific to the organ type to be transplanted, for instance AlloMap Molecular Expression Testing, have a 

high negative predictive value. Transplanting only ABO-compatible grafts (matching blood groups between 

donor and recipient) helps prevent rejection mediated by humoral immunity. 

ABO-incompatible transplants[edit] 

Main article: ABO-incompatible transplantation 

Because very young children (generally under 12 months, but often as old as 24 months [2]) do not have a well-

developed immune system,[3] it is possible for them to receive organs from otherwise incompatible donors. This 

is known as ABO-incompatible (ABOi) transplantation. Graft survival and patient mortality is approximately the 

same between ABOi and ABO-compatible (ABOc) recipients.[4] While focus has been on infant heart 

transplants, the principles generally apply to other forms of solid organ transplantation.[2] 

The most important factors are that the recipient not have produced isohemagglutinins, and that they have low 

levels of T cell-independent antigens.[3][5] UNOS regulations allow for ABOi transplantation in children under two 

years of age if isohemagglutinin titers are 1:4 or below,[6][7] and if there is no matching ABOc 

recipient.[6][7][8] Studies have shown that the period under which a recipient may undergo ABOi transplantation 

may be prolonged by exposure to nonself A and B antigens.[9] Furthermore, should the recipient (for example, 

type B-positive with a type AB-positive graft) require eventual retransplantation, the recipient may receive a 

new organ of either blood type.[2][7] 

Limited success has been achieved in ABO-incompatible heart transplants in adults,[10] though this requires that 

the adult recipients have low levels of anti-A or anti-B antibodies.[10]Kidney transplantation is more successful, 

with similar long-term graft survival rates to ABOc transplants.[7] 

Immunologic mechanisms of rejection[edit] 

Rejection is an adaptive immune response via cellular immunity (mediated by killer T cells inducing apoptosis 

of target cells) as well as humoral immunity (mediated by activated B cells secreting antibody molecules), 

though the action is joined by components of innate immune response (phagocytes and soluble immune 

proteins). Different types of transplanted tissues tend to favor different balances of rejection mechanisms. 

Immunization[edit] 

An animal's exposure to the antigens of a different member of the same or similar species is allostimulation, 

and the tissue is allogenic. Transplanted organs are often acquired from a cadaver (usually a host who had 

succumbed to trauma), whose tissues had already sustained ischemia or inflammation. 
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Dendritic cells (DCs), which are the primary antigen-presenting cells (APCs), of the donor tissue migrate to the 

recipient's peripheral lymphoid tissue (lymphoid follicles and lymph nodes), and present the 

donor's self peptides to the recipient's lymphocytes (immune cells residing in lymphoid tissues). Lymphocytes 

include two classes that enact adaptive immunity, also called specific immunity. Lymphocytes of specific 

immunity T cells—including the subclasses helper T cells and killer T cells—and B cells. 

The recipient's helper T cells coordinate specific immunity directed at the donor's self peptides or at the 

donor's Major histocompatibility complex molecules, or at both. 

Immune memory[edit] 

When memory helper T cells' CD4 receptors bind to the MHC class II molecules which are expressed on the 

surfaces of the target cells of the graft tissue, the memory helper T cells' T cell receptors (TCRs) can recognize 

their target antigen that is presented by the MHC class II molecules. The memory helper T cell subsequently 

produces clones that, as effector cells, secrete immune signalling molecules (cytokines) in approximately the 

cytokine balance that had prevailed at the memory helper T cell's priming to memorize the antigen. As the 

priming event in this instance occurred amid inflammation, the immune memory is pro-inflammatory. 

Cellular immunity[edit] 

As a cell is indicated by the prefix cyto, a cytotoxic influence destroys the cell. Alloreactive killer T cells, also 

called cytotoxic T lymphocytes (CTLs), have CD8 receptors that dock to the transplanted tissue's MHC class I 

molecules, which display the donor's self peptides. (In the living donor, such presentation of self antigens 

helped maintain self tolerance.) Thereupon, the T cell receptors (TCRs) of the killer T cells recognize their 

matching epitope, and trigger the target cell's programmed cell death by apoptosis. 

Humoral immunity[edit] 

Developed through an earlier primary exposure that primed specific immunity to the nonself antigen, a 

transplant recipient can have specific antibody crossreacting with the donor tissue upon the transplant event, 

a secondary exposure. This is typical of minor blood group exposure (e.g. Kell) following allogenic blood 

transfusion or trauma during pregnancy. At secondary exposure, these crossreactive antibody molecules 

interact with aspects of innate immunity—soluble immune proteins called complement and innate immune cells 

called phagocytes—which inflames and destroys the transplanted tissue. 

Antibody[edit] 

Secreted by an activated B cell, then called plasma cell, an antibody molecule is a soluble immunoglobulin (Ig) 

whose basic unit is shaped like the letter Y: the two arms are the Fab regions, while the single stalk is the Fc 

region. Each of the two tips of Fab region is the paratope, which binds a matching molecular sequence and its 

3D shape (conformation), altogether called epitope, within the target antigen. 
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Opsonization[edit] 

The IgG's Fc region also enables opsonization by a phagocyte, a process by which the Fc receptor on the 

phagocyte—such as neutrophils in blood and macrophages in tissues—binds the antibody molecule's FC stalk, 

and the phagocyte exhibits enhanced uptake of the antigen, attached to the antibody molecule's Fab region. 

Complement cascade[edit] 

When the paratope of Ig class gamma (IgG) binds its matching epitope, IgG's Fc region conformationally shifts 

and can host a complement protein, initiating the complement cascade that terminates by punching a hole in a 

cell membrane. With many holes so punched, fluid rushes into the cell and ruptures it. 

Cell debris can be recognized as damage associated molecular patterns (DAMPs) by pattern recognition 

receptors (PRRs), such as Toll-like receptors (TLRs), on membranes of phagocytes, which thereupon secrete 

proinflammatory cytokines, recruiting more phagocytes to traffic to the area by sensing the concentration 

gradient of the secreted cytokines (chemotaxis). 

Tissue Mechanism 

Blood Antibodies (isohaemagglutinins) 

Kidney Antibodies, cell-mediated immunity (CMI) 

Heart Antibodies, CMI 

Skin CMI 

Bonemarrow CMI 

Cornea Usually accepted unless vascularised: CMI 

Medical categories[edit] 

Initiated by preexisting humoral immunity, hyperacute rejection manifests within minutes after transplant, and if 

tissue is left implanted brings systemic inflammatory response syndrome. Of high risk in kidney transplants is 

https://en.wikipedia.org/w/index.php?title=Transplant_rejection&action=edit&section=9
https://en.wikipedia.org/wiki/Opsonization
https://en.wikipedia.org/wiki/Phagocyte
https://en.wikipedia.org/wiki/Fc_receptor
https://en.wikipedia.org/wiki/Neutrophils
https://en.wikipedia.org/wiki/Macrophages
https://en.wikipedia.org/w/index.php?title=Transplant_rejection&action=edit&section=10
https://en.wikipedia.org/wiki/Complement_cascade
https://en.wikipedia.org/wiki/DAMPs
https://en.wikipedia.org/wiki/Pattern_recognition_receptors
https://en.wikipedia.org/wiki/Pattern_recognition_receptors
https://en.wikipedia.org/wiki/Toll-like_receptors
https://en.wikipedia.org/wiki/Phagocytes
https://en.wikipedia.org/wiki/Cytokine
https://en.wikipedia.org/wiki/Concentration_gradient
https://en.wikipedia.org/wiki/Concentration_gradient
https://en.wikipedia.org/wiki/Chemotaxis
https://en.wikipedia.org/wiki/Antibodies
https://en.wikipedia.org/wiki/Cell-mediated_immunity
https://en.wikipedia.org/w/index.php?title=Transplant_rejection&action=edit&section=11
https://en.wikipedia.org/wiki/Humoral_immunity
https://en.wikipedia.org/wiki/Systemic_inflammatory_response_syndrome
https://en.wikipedia.org/wiki/Kidney


rapid clumping, namely agglutination, of red blood cells (RBCs or erythrocytes), as an antibody molecule binds 

multiple target cells at once. 

While kidneys can routinely be obtained from human donors, most organs are in short supply leading to 

consideration of xenotransplants from other species. Pigs are especially likely sources for xenotransplants, 

chosen for the anatomical and physiological characteristics they share with humans.[11] However, the 

sugar galactose-alpha-1,3-galactose (αGal) has been implicated as a major factor in hyperacute rejection 

in xenotransplantation. Unlike virtually all other mammals, humans and other primates do not make αGal, and 

in fact recognize it as an antigen.[12] During transplantation, xenoreactive natural antibodies recognize αGal on 

the graft endothelium as an antigen, and the resulting complement-mediated immune response leads to a 

rejection of the transplant.[13] 

Acute rejection[edit] 

Developing with formation of cellular immunity, acute rejection occurs to some degree in all transplants, except 

between identical twins, unless immunosuppression is achieved (usually through drugs). Acute rejection begins 

as early as one week after transplant, the risk being highest in the first three months, though it can occur 

months to years later. Highly vascular tissues such as kidney or liver often host the earliest signs—particularly 

at endothelial cells lining blood vessels—though it eventually occurs in roughly 10 to 30% of liver transplants, 

and 10 to 20% of kidney transplants. A single episode of acute rejection can be recognized and promptly 

treated, usually preventing organ failure, but recurrent episodes lead to chronic rejection. It is believed that the 

process of acute rejection is mediated by the cell mediated pathway, specifically by mononuclear macrophages 

and T-lymphocytes. 

Chronic rejection[edit] 

 

Micrograph showing a glomeruluswith changes characteristic of a transplant glomerulopathy. Transplant glomerulopathy is 

considered a form of chronic antibody-mediated rejection. PAS stain. 

The term chronic rejection initially described long-term loss of function in transplanted organs via fibrosis of the 

transplanted tissue's blood vessels. This is now chronic allograft vasculopathy, however, leaving chronic 

rejection referring to rejection due to more patent aspects of immunity. 

Chronic rejection explains long-term morbidity in most lung-transplant recipients,[14][15] the median survival 

roughly 4.7 years, about half the span versus other major organ transplants.[16] In histopathology the condition 
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is bronchiolitis obliterans, which clinically presents as progressive airflow obstruction, often 

involving dyspnea and coughing, and the patient eventually succumbs to pulmonary insufficiency or secondary 

acute infection. 

Airflow obstruction not ascribable to other cause is labeled bronchiolitis obliterans syndrome (BOS), confirmed 

by a persistent drop—three or more weeks—in forced expiratory volume (FEV1) by at least 20%.[17] BOS is seen 

in over 50% of lung-transplant recipients by 5 years, and in over 80% by ten years. First noted is infiltration 

by lymphocytes, followed by epithelial cell injury, then inflammatory lesions and recruitment 

of fibroblasts and myofibroblasts, which proliferate and secrete proteins forming scar tissue.[18] Generally 

thought unpredictable, BOS progression varies widely: lung function may suddenly fall but stabilize for years, or 

rapidly progress to death within a few months. Risk factors include prior acute rejection 

episodes, gastroesophageal reflux disease, acute infections, particular age groups, HLA mis-matching, 

lymphocytic bronchiolitis, and graft dysfunction (e.g., airway ischemia).[19] 

Rejection due to non-adherence[edit] 

One principal reason for transplant rejection is non-adherence to prescribed immunosuppressant regimens. 

This is particularly the case with adolescent recipients,[20] with non-adherence rates near 50% in some 

instances.[20] 

Rejection detection[edit] 

Diagnosis of acute rejection relies on clinical data—patient signs and symptoms but also calls on laboratory 

data such as blood or even tissue biopsy. The laboratory pathologist generally seeks three 

main histological signs: (1) infiltrating T cells, perhaps accompanied by infiltrating eosinophils, plasma cells, 

and neutrophils, particularly in telltale ratios, (2) structural compromise of tissue anatomy, varying by tissue 

type transplanted, and (3) injury to blood vessels. Tissue biopsy is restricted, however, by sampling limitations 

and risks/complications of the invasive procedure.[21][22][23] Cellular magnetic resonance imaging (MRI) of immune 

cells radiolabeled in vivo might—similarly to Gene Expression Profiling (GEP)—offer noninvasive testing.[24][25] 

Rejection treatment[edit] 

Hyperacute rejection manifests severely and within minutes, and so treatment is immediate: removal of the 

tissue. Chronic rejection is generally considered irreversible and poorly amenable to treatment—only 

retransplant generally indicated if feasible—though inhaled ciclosporin is being investigated to delay or prevent 

chronic rejection of lung transplants.Acute rejection is treated with one or several of a few strategies. Despite 

treatment, rejection remains a major cause of transplant failure.[26] 
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Immunosuppressive therapy[edit] 

A short course of high-dose corticosteroids can be applied, and repeated. Triple therapy adds a calcineurin 

inhibitor and an anti-proliferative agent. Where calcineurin inhibitors or steroids are contraindicated, mTOR 

inhibitors are used. 

Immunosuppressive drugs: 

 Corticosteroids 

 Prednisolone 

 Hydrocortisone 

 Calcineurin inhibitors 

 Ciclosporin 

 Tacrolimus 

 Anti-proliferatives 

 Azathioprine 

 Mycophenolic acid 

 mTOR inhibitors 

 Sirolimus 

 Everolimus 

Antibody-based treatments[edit] 

Antibody specific to select immune components can be added to immunosuppressive therapy. 

The monoclonal anti-T cell antibody OKT3, once used to prevent rejection, and still occasionally used to treat 

severe acute rejection, has fallen into disfavor, as it commonly brings severe cytokine release syndrome and 

late post-transplant lymphoproliferative disorder. (OKT3 is available in the United Kingdom for named-patient 

use only.) 

Antibody drugs: 

 Monoclonal anti-IL-2Rα receptor antibodies 

 Basiliximab 

 Daclizumab 

 Polyclonal anti-T-cell antibodies 

 Anti-thymocyte globulin (ATG) 

 Anti-lymphocyte globulin (ALG) 

 Monoclonal anti-CD20 antibodies 

 Rituximab 
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Blood transfer[edit] 

Cases refractory to immunosuppressive or antibody therapy are sometimes treated with photopheresis, or 

extracorporeal photoimmune therapy (ECP), to remove antibody molecules specific to the transplanted tissue. 

Marrow transplant[edit] 

Bone marrow transplant can replace the transplant recipient's immune system with the donor's, and the 

recipient accepts the new organ without rejection. The marrow's hematopoietic stem cells—the reservoir 

of stem cells replenishing exhausted blood cells including white blood cells forming the immune system—must 

be of the individual who donated the organ or of an identical twin or a clone. There is a risk of graft-versus-host 

disease (GVHD), however, whereby mature lymphocytes entering with marrow recognize the new host tissues 

as foreign and destroy them. 

Gene therapy[edit] 

Gene therapy is another method that can be used. In this method, the genes that cause the body to reject 

transplants would be deactivated. Research is still being conducted, and no gene therapies are being used to 

date to treat patients. Current research tends to focus on Th1 and Th17 which mediate allograft rejection via 

the CD4 and CD8 T cells. 

TRANSPLANTATION ANTIGENS: 

 Transplantation is a act of transferring cells, tissue, or organ from one site to another 

 Graft : Implanted cell, tissue or organ 

 Donor : Individual who provides the graft 

 Recipient or host : Individual who receives the graft 

CLASSIFICATION OF GRAFTS: 

1) AUTOGRAFT: 

 Self tissue is transferred from one body site to another 

 Antigen present in autograft is same as that present in body 

 So immune system recognizes the autograft antigen as a self antigen 

 No immune response is elicited  

 Autograft survive through out the life 
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                           Eg., 

                                   - Transferring healthy skin to burned area,  

                                   - Use of healthy blood vessels to replace blocked coronary arteries,  

                                   - Plastic surgery of skin. 

 

2) ISOGRAFT: 

 It is also called syngraft  

 Tissue is transferred between genetically identical individuals of same species 

 In isograft the histo compatibility antigens are identical hence the graft survives and not 

rejected. 

 Eg in human isograft can be performed between two twins. 

3) ALLOGRAFT: 

 Tissue is transferred between two genetically different members of same species 

 In allograft histocompatibility antigens are dissimilar hence immune response is elicited 

and graft is rejected  

 Eg., In humans graft is transferred from one individual to another. 

4) XENOGRAFT: 

 Tissue is transferred between two different species 

 Eg., Graft of human transferred to animal 

 In xenografts histocompatibility complex antigens are so different that the graft is more 

vigorously rejected. 

THE IMMUNOLOGY OF ALLOGENIC TRANSPLANTATION: 

• Alloantigens elicit both cell-mediated and humoral immune responses.  

• Recognition of transplanted cells that are self or foreign is determined by polymorphic genes 

that are inherited from both parents and are expressed co-dominantly. 



ALLOGRAFT REJECTION DISPLAY SPECIFICITY AND MEMORY: 

 Rate of allograft rejection varies according to tissue involved 

 Skin graft are rejected faster than other tissue organ kidney or heart 

 If inbred mouse of strain A is grafted with skin from strain B , Primary graft rejection 

occur called first set rejection 

 When again strain A is grafted with skin from strain B , Secondary graft rejection occur 

called second set rejection. 

RECOGNITION OF ALLOANTIGENS: 

 Direct recognition of Alloantigens 

 host T cells recognize intact allo-MHC molecules on the surface of the donor cell 

 host T cells see allo-MHC molecule  allo-peptide as being equivalent in shape to self-

MHC  foreign peptide and hence recognize the donor tissue as foreign 

 This pathway is the dominant pathway. 

 

 Indirect recognition of Alloantigens 

 Donor MHC is processed and presented by recipient APC  

 Basically, donor MHC molecule is handled like any other foreign antigen. 

ACTIVATION OF ALLOREACTIVE T CELLS AND REJECTION OF ALLOGRAFTS: 

 Donor APCs migrate to regional lymph nodes and are recognized by the recipient’s T 

cells 

 Alloreactive T cells in the recipient may be activated and they migrate into the graft and 

cause graft rejection 

EFFECTOR MECHANISMS OF ALLOGRAFT REJECTIONS; 

 Used by immune system to reject allograft 

 It is based on histopathological features or time duration of rejection after transplantation 



 There are three type of patterns: 

 Hyperacute Rejection 

 Acute Rejection 

 Chronic Rejection 

ACQUIRED IMMUNO DEFICIENCY SYNDROME (AIDS): 

Human immunodeficiency virus infection and acquired immune deficiency syndrome (HIV/AIDS) is a 

spectrum of conditions caused by infection with the human immunodeficiency virus (HIV).[9][10][11] Following initial 

infection, a person may not notice any symptoms or may experience a brief period of influenza-like 

illness.[5] Typically, this is followed by a prolonged period with no symptoms.[6] As the infection progresses, it 

interferes more with the immune system, increasing the risk of developing common infections such 

as tuberculosis, as well as other opportunistic infections, and tumors that rarely affect people who have working 

immune systems.[5] These late symptoms of infection are referred to as acquired immunodeficiency syndrome 

(AIDS).[6] This stage is often also associated with unintended weight loss.[6] 

HIV is spread primarily by unprotected sex (including anal and oral sex), contaminated blood 

transfusions, hypodermic needles, and from mother to child during pregnancy, delivery, or 

breastfeeding.[12] Some bodily fluids, such as saliva and tears, do not transmit HIV.[13] Methods of prevention 

include safe sex, needle exchange programs, treating those who are infected, and male circumcision.[5]Disease 

in a baby can often be prevented by giving both the mother and child antiretroviral medication.[5] There is no 

cure or vaccine; however, antiretroviral treatment can slow the course of the disease and may lead to a near-

normal life expectancy.[6][7] Treatment is recommended as soon as the diagnosis is made.[14] Without treatment, 

the average survival time after infection is 11 years.[15] 

In 2016, about 36.7 million people were living with HIV and it resulted in 1 million deaths.[16] There were 300,000 

fewer new HIV cases in 2016 than in 2015.[17] Most of those infected live in sub-Saharan Africa.[5] From the time 

AIDS was identified in the early 1980s to 2017, the disease has caused an estimated 35 million deaths 

worldwide.[18] HIV/AIDS is considered a pandemic—a disease outbreak which is present over a large area and 

is actively spreading.[19] HIV originated in west-central Africa during the late 19th or early 20th century.[20] AIDS 

was first recognized by the United States Centers for Disease Control and Prevention (CDC) in 1981 and its 

cause—HIV infection—was identified in the early part of the decade.[21] 

HIV/AIDS has had a great impact on society, both as an illness and as a source of discrimination.[22] The 

disease also has large economic impacts.[22] There are many misconceptions about HIV/AIDS such as the 

belief that it can be transmitted by casual non-sexual contact.[23] The disease has become subject to 

many controversies involving religion including the Catholic Church's position not to support condom use as 

prevention.[24] It has attracted international medical and political attention as well as large-scale funding since it 

was identified in the 1980s.[25] 

here are three main stages of HIV infection: acute infection, clinical latency and AIDS.[1] 
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Acute infection 

 

Main symptoms of acute HIV infection 

The initial period following the contraction of HIV is called acute HIV, primary HIV or acute retroviral 

syndrome.[2][26] Many individuals develop an influenza-like illness or a mononucleosis-like illness 2–4 weeks 

after exposure while others have no significant symptoms.[27][28] Symptoms occur in 40–90% of cases and most 

commonly include fever, large tender lymph nodes, throat inflammation, a rash, headache, tiredness, and/or 

sores of the mouth and genitals.[26][28] The rash, which occurs in 20–50% of cases, presents itself on the trunk 

and is maculopapular, classically.[29] Some people also develop opportunistic infections at this 

stage.[26] Gastrointestinal symptoms, such as vomiting or diarrhea may occur.[28] Neurological symptoms 

of peripheral neuropathyor Guillain–Barré syndrome also occurs.[28] The duration of the symptoms varies, but is 

usually one or two weeks.[28] 

Due to their nonspecific character, these symptoms are not often recognized as signs of HIV infection. Even 

cases that do get seen by a family doctor or a hospital are often misdiagnosed as one of the many 

common infectious diseases with overlapping symptoms. Thus, it is recommended that HIV be considered in 

people presenting with an unexplained fever who may have risk factors for the infection.[28] 

Clinical latency 

The initial symptoms are followed by a stage called clinical latency, asymptomatic HIV, or chronic 

HIV.[1] Without treatment, this second stage of the natural history of HIV infection can last from about three 

years[30] to over 20 years[31] (on average, about eight years).[32] While typically there are few or no symptoms at 

first, near the end of this stage many people experience fever, weight loss, gastrointestinal problems and 

muscle pains.[1] Between 50 and 70% of people also develop persistent generalized lymphadenopathy, 

characterized by unexplained, non-painful enlargement of more than one group of lymph nodes (other than in 

the groin) for over three to six months.[2] 
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Although most HIV-1 infected individuals have a detectable viral load and in the absence of treatment will 

eventually progress to AIDS, a small proportion (about 5%) retain high levels of CD4+ T cells (T helper cells) 

without antiretroviral therapy for more than 5 years.[28][33] These individuals are classified as "HIV controllers" 

or long-term nonprogressors(LTNP).[33] Another group consists of those who maintain a low or undetectable 

viral load without anti-retroviral treatment, known as "elite controllers" or "elite suppressors". They represent 

approximately 1 in 300 infected persons.[34] 

Acquired immunodeficiency syndrome 

 

Main symptoms of AIDS. 

Acquired immunodeficiency syndrome (AIDS) is defined in terms of either a CD4+ T cell count below 200 cells 

per µL or the occurrence of specific diseases in association with an HIV infection. [28] In the absence of specific 

treatment, around half of people infected with HIV develop AIDS within ten years.[28] The most common initial 

conditions that alert to the presence of AIDS are pneumocystis pneumonia (40%), cachexia in the form of HIV 

wasting syndrome (20%), and esophageal candidiasis.[28] Other common signs include recurrent respiratory 

tract infections.[28] 

Opportunistic infections may be caused by bacteria, viruses, fungi, and parasites that are normally controlled 

by the immune system.[35] Which infections occur depends partly on what organisms are common in the 

person's environment.[28] These infections may affect nearly every organ system.[36] 

People with AIDS have an increased risk of developing various viral-induced cancers, including Kaposi's 

sarcoma, Burkitt's lymphoma, primary central nervous system lymphoma, and cervical cancer.[29] Kaposi's 

sarcoma is the most common cancer occurring in 10 to 20% of people with HIV.[37] The second most common 

cancer is lymphoma, which is the cause of death of nearly 16% of people with AIDS and is the initial sign of 
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AIDS in 3 to 4%.[37] Both these cancers are associated with human herpesvirus 8(HHV-8).[37] Cervical cancer 

occurs more frequently in those with AIDS because of its association with human 

papillomavirus(HPV).[37] Conjunctival cancer (of the layer that lines the inner part of eyelids and the white part of 

the eye) is also more common in those with HIV.[38] 

Additionally, people with AIDS frequently have systemic symptoms such as prolonged 

fevers, sweats (particularly at night), swollen lymph nodes, chills, weakness, and unintended weight 

loss.[39] Diarrhea is another common symptom, present in about 90% of people with AIDS.[40] They can also be 

affected by diverse psychiatric and neurological symptoms independent of opportunistic infections and 

cancers.[41] 

Transmission 

Average per act risk of getting HIV 

by exposure route to an infected source 

Exposure route Chance of infection 

Blood transfusion 90%[42] 

Childbirth (to child) 25%[43] 

Needle-sharing injection drug use 0.67%[42] 

Percutaneous needle stick 0.30%[44] 

Receptive anal intercourse* 0.04–3.0%[45] 

Insertive anal intercourse* 0.03%[46] 

Receptive penile-vaginal intercourse* 0.05–0.30%[45][47] 

Insertive penile-vaginal intercourse* 0.01–0.38%[45][47] 
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Receptive oral intercourse*§ 0–0.04%[45] 

Insertive oral intercourse*§ 0–0.005%[48] 

* assuming no condom use  

§ source refers to oral intercourse 

performed on a man 

HIV is transmitted by three main routes: sexual contact, significant exposure to infected body fluids or tissues, 

and from mother to child during pregnancy, delivery, or breastfeeding (known as vertical transmission).[12] There 

is no risk of acquiring HIV if exposed to feces, nasal secretions, saliva, sputum, sweat, tears, urine, or vomit 

unless these are contaminated with blood.[49] It is also possible to be co-infected by more than one strain of 

HIV—a condition known as HIV superinfection.[50] 

Sexual 

The most frequent mode of transmission of HIV is through sexual contact with an infected person.[12] Globally, 

the most common mode of HIV transmission is via sexual contacts between people of the opposite 

sex;[12] however, the pattern of transmission varies among countries. As of 2014, most HIV transmission in the 

United States occurred among men who had sex with men (83% of new HIV diagnoses among males aged 13 

and older and 67% of total new diagnoses).[51] In the US, gay and bisexual men aged 13 to 24 accounted for an 

estimated 92% of new HIV diagnoses among all men in their age group and 27% of new diagnoses among all 

gay and bisexual men.[51] About 15% of gay and bisexual men have HIV while 28% of transgender women test 

positive in the US.[51][52] 

With regard to unprotected heterosexual contacts, estimates of the risk of HIV transmission per sexual act 

appear to be four to ten times higher in low-income countries than in high-income countries.[53] In low-income 

countries, the risk of female-to-male transmission is estimated as 0.38% per act, and of male-to-female 

transmission as 0.30% per act; the equivalent estimates for high-income countries are 0.04% per act for 

female-to-male transmission, and 0.08% per act for male-to-female transmission.[53] The risk of transmission 

from anal intercourse is especially high, estimated as 1.4–1.7% per act in both heterosexual and homosexual 

contacts.[53][54] While the risk of transmission from oral sex is relatively low, it is still present.[55] The risk from 

receiving oral sex has been described as "nearly nil";[56] however, a few cases have been reported.[57] The per-

act risk is estimated at 0–0.04% for receptive oral intercourse.[58] In settings involving prostitution in low income 

countries, risk of female-to-male transmission has been estimated as 2.4% per act and male-to-female 

transmission as 0.05% per act.[53] 

Risk of transmission increases in the presence of many sexually transmitted infections[59] and genital 

ulcers.[53] Genital ulcers appear to increase the risk approximately fivefold.[53]Other sexually transmitted 
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infections, such as gonorrhea, chlamydia, trichomoniasis, and bacterial vaginosis, are associated with 

somewhat smaller increases in risk of transmission.[58] 

The viral load of an infected person is an important risk factor in both sexual and mother-to-child 

transmission.[60] During the first 2.5 months of an HIV infection a person's infectiousness is twelve times higher 

due to the high viral load associated with acute HIV.[58] If the person is in the late stages of infection, rates of 

transmission are approximately eightfold greater.[53] An HIV-positive person who has an undetectable viral load 

as a result of long-term treatment has effectively no risk of transmitting HIV sexually.[61] 

Commercial sex workers (including those in pornography) have an increased rate of HIV.[62][63] Rough sex can 

be a factor associated with an increased risk of transmission.[64]Sexual assault is also believed to carry an 

increased risk of HIV transmission as condoms are rarely worn, physical trauma to the vagina or rectum is 

likely, and there may be a greater risk of concurrent sexually transmitted infections.[65] 

Body fluids 

 

CDC poster from 1989 highlighting the threat of AIDS associated with drug use 

The second most frequent mode of HIV transmission is via blood and blood products.[12] Blood-borne 

transmission can be through needle-sharing during intravenous drug use, needle stick injury, transfusion of 

contaminated blood or blood product, or medical injections with unsterilized equipment. The risk from sharing a 

needle during drug injection is between 0.63 and 2.4% per act, with an average of 0.8%.[66]The risk of acquiring 

HIV from a needle stick from an HIV-infected person is estimated as 0.3% (about 1 in 333) per act and the risk 

following mucous membrane exposure to infected blood as 0.09% (about 1 in 1000) per act.[49] In the United 

States intravenous drug users made up 12% of all new cases of HIV in 2009,[67] and in some areas more than 

80% of people who inject drugs are HIV positive.[12] 
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HIV is transmitted in about 93% of blood transfusions using infected blood.[66] In developed countries the risk of 

acquiring HIV from a blood transfusion is extremely low (less than one in half a million) where improved donor 

selection and HIV screening is performed;[12] for example, in the UK the risk is reported at one in five 

million[68] and in the United States it was one in 1.5 million in 2008.[69] In low income countries, only half of 

transfusions may be appropriately screened (as of 2008),[70] and it is estimated that up to 15% of HIV infections 

in these areas come from transfusion of infected blood and blood products, representing between 5% and 10% 

of global infections.[12][71] Although rare because of screening, it is possible to acquire HIV from organ and 

tissue transplantation.[72] 

Unsafe medical injections play a significant role in HIV spread in sub-Saharan Africa. In 2007, between 12 and 

17% of infections in this region were attributed to medical syringe use.[73] The World Health Organization 

estimates the risk of transmission as a result of a medical injection in Africa at 1.2%. [73] Significant risks are also 

associated with invasive procedures, assisted delivery, and dental care in this area of the world.[73] 

People giving or receiving tattoos, piercings, and scarification are theoretically at risk of infection but no 

confirmed cases have been documented.[74] It is not possible for mosquitoes or other insects to transmit HIV.[75] 

Mother-to-child 

Main articles: HIV and pregnancy and HIV and breastfeeding 

HIV can be transmitted from mother to child during pregnancy, during delivery, or through breast milk, resulting 

in the baby also contracting HIV.[76][77] This is the third most common way in which HIV is transmitted 

globally.[12] In the absence of treatment, the risk of transmission before or during birth is around 20% and in 

those who also breastfeed 35%.[77] As of 2008, vertical transmission accounted for about 90% of cases of HIV 

in children.[77] With appropriate treatment the risk of mother-to-child infection can be reduced to about 

1%.[77]Preventive treatment involves the mother taking antiretrovirals during pregnancy and delivery, an 

elective caesarean section, avoiding breastfeeding, and administering antiretroviral drugs to the 

newborn.[78] Antiretrovirals when taken by either the mother or the infant decrease the risk of transmission in 

those who do breastfeed.[79] However, many of these measures are not available in the developing world.[78] If 

blood contaminates food during pre-chewing it may pose a risk of transmission.[74] 

If a woman is untreated, two years of breastfeeding results in an HIV/AIDS risk in her baby of about 17%. 

Treatment decreases this risk to 1 to 2% per year. Due to the increased risk of death without breastfeeding in 

many areas in the developing world, the World Health Organization recommends either: (1) the mother and 

baby being treated with antiretroviral medication while breastfeeding being continued (2) the provision of safe 

formula.[80] Infection with HIV during pregnancy is also associated with miscarriage.[81] 

Virology 

Main article: HIV 
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Diagram of a HIV virion structure 

 

Scanning electron micrograph of HIV-1, colored green, budding from a cultured lymphocyte. 

HIV is the cause of the spectrum of disease known as HIV/AIDS. HIV is a retrovirus that primarily infects 

components of the human immune system such as CD4+ T cells, macrophages and dendritic cells. It directly 

and indirectly destroys CD4+ T cells.[82] 

HIV is a member of the genus Lentivirus,[83] part of the family Retroviridae.[84] Lentiviruses share 

many morphological and biologicalcharacteristics. Many species of mammals are infected by lentiviruses, 

which are characteristically responsible for long-duration illnesses with a long incubation period.[85] Lentiviruses 

are transmitted as single-stranded, positive-sense, enveloped RNA viruses. Upon entry into the target cell, the 

viral RNA genome is converted (reverse transcribed) into double-stranded DNA by a virally encoded reverse 

transcriptase that is transported along with the viral genome in the virus particle. The resulting viral DNA is then 

imported into the cell nucleus and integrated into the cellular DNA by a virally encoded integrase and host co-

factors.[86] Once integrated, the virus may become latent, allowing the virus and its host cell to avoid detection 

by the immune system.[87] Alternatively, the virus may be transcribed, producing new RNA genomes and viral 

proteins that are packaged and released from the cell as new virus particles that begin the replication cycle 

anew.[88] 

HIV is now known to spread between CD4+ T cells by two parallel routes: cell-free spread and cell-to-cell 

spread, i.e. it employs hybrid spreading mechanisms.[89] In the cell-free spread, virus particles bud from an 

infected T cell, enter the blood/extracellular fluid and then infect another T cell following a chance 

encounter.[89] HIV can also disseminate by direct transmission from one cell to another by a process of cell-to-

https://en.wikipedia.org/wiki/Scanning_electron_micrograph
https://en.wikipedia.org/wiki/Lymphocyte
https://en.wikipedia.org/wiki/HIV
https://en.wikipedia.org/wiki/Retrovirus
https://en.wikipedia.org/wiki/Immune_system
https://en.wikipedia.org/wiki/Macrophage
https://en.wikipedia.org/wiki/Dendritic_cell
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-Alimonti-82
https://en.wikipedia.org/wiki/Genus
https://en.wikipedia.org/wiki/Lentivirus
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-ICTV61.0.6-83
https://en.wikipedia.org/wiki/Retroviridae
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-ICTV61.-84
https://en.wikipedia.org/wiki/Morphology_(biology)
https://en.wikipedia.org/wiki/Biology
https://en.wikipedia.org/wiki/Incubation_period
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-Levy-85
https://en.wikipedia.org/wiki/Sense_(molecular_biology)
https://en.wikipedia.org/wiki/RNA_virus
https://en.wikipedia.org/wiki/RNA
https://en.wikipedia.org/wiki/Genome
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Reverse_transcriptase
https://en.wikipedia.org/wiki/Reverse_transcriptase
https://en.wikipedia.org/wiki/Integrase
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-JASmith-86
https://en.wikipedia.org/wiki/Incubation_period
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-87
https://en.wikipedia.org/wiki/Transcription_(genetics)
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-88
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-Zhang-89
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-Zhang-89
https://en.wikipedia.org/wiki/File:HI-virion-structure_en.svg
https://en.wikipedia.org/wiki/File:HIV-budding-Color.jpg


cell spread.[90][91] The hybrid spreading mechanisms of HIV contribute to the virus's ongoing replication against 

antiretroviral therapies.[89][92] 

Two types of HIV have been characterized: HIV-1 and HIV-2. HIV-1 is the virus that was originally discovered 

(and initially referred to also as LAV or HTLV-III). It is more virulent, more infective,[93] and is the cause of the 

majority of HIV infections globally. The lower infectivity of HIV-2 as compared with HIV-1 implies that fewer 

people exposed to HIV-2 will be infected per exposure. Because of its relatively poor capacity for transmission, 

HIV-2 is largely confined to West Africa.[94] 

Pathophysiology 

Main article: Pathophysiology of HIV/AIDS 

 

HIV/AIDS explained in a simple way 

 

HIV replication cycle 

After the virus enters the body there is a period of rapid viral replication, leading to an abundance of virus in the 

peripheral blood. During primary infection, the level of HIV may reach several million virus particles per milliliter 

of blood.[95] This response is accompanied by a marked drop in the number of circulating CD4+ T cells. The 

acute viremia is almost invariably associated with activation of CD8+ T cells, which kill HIV-infected cells, and 
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subsequently with antibody production, or seroconversion. The CD8+ T cell response is thought to be important 

in controlling virus levels, which peak and then decline, as the CD4+ T cell counts recover. A good CD8+ T cell 

response has been linked to slower disease progression and a better prognosis, though it does not eliminate 

the virus.[96] 

Ultimately, HIV causes AIDS by depleting CD4+ T cells. This weakens the immune system and 

allows opportunistic infections. T cells are essential to the immune response and without them, the body cannot 

fight infections or kill cancerous cells. The mechanism of CD4+ T cell depletion differs in the acute and chronic 

phases.[97] During the acute phase, HIV-induced cell lysis and killing of infected cells by cytotoxic T 

cells accounts for CD4+ T cell depletion, although apoptosis may also be a factor. During the chronic phase, the 

consequences of generalized immune activation coupled with the gradual loss of the ability of the immune 

system to generate new T cells appear to account for the slow decline in CD4+ T cell numbers.[98] 

Although the symptoms of immune deficiency characteristic of AIDS do not appear for years after a person is 

infected, the bulk of CD4+ T cell loss occurs during the first weeks of infection, especially in the intestinal 

mucosa, which harbors the majority of the lymphocytes found in the body.[99] The reason for the preferential loss 

of mucosal CD4+ T cells is that the majority of mucosal CD4+ T cells express the CCR5 protein which HIV uses 

as a co-receptor to gain access to the cells, whereas only a small fraction of CD4+ T cells in the bloodstream do 

so.[100] A specific genetic change that alters the CCR5 protein when present in both chromosomes very 

effectively prevents HIV-1 infection.[101] 

HIV seeks out and destroys CCR5 expressing CD4+ T cells during acute infection.[102] A vigorous immune 

response eventually controls the infection and initiates the clinically latent phase. CD4+ T cells in mucosal 

tissues remain particularly affected.[102] Continuous HIV replication causes a state of generalized immune 

activation persisting throughout the chronic phase.[103] Immune activation, which is reflected by the increased 

activation state of immune cells and release of pro-inflammatory cytokines, results from the activity of several 

HIV gene products and the immune response to ongoing HIV replication. It is also linked to the breakdown of 

the immune surveillance system of the gastrointestinal mucosal barrier caused by the depletion of mucosal 

CD4+ T cells during the acute phase of disease.[104] 

Diagnosis 

Main article: Diagnosis of HIV/AIDS 
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A generalized graph of the relationship between HIV copies (viral load) and CD4+ T cell counts over the average course of 

untreated HIV infection. 

  CD4+ T Lymphocyte count (cells/mm³) 

  HIV RNA copies per mL of plasma 

Days after exposure needed for the test to be accurate[105] 

Blood test Days 

Antibody test (rapid test, ELISA 3rd gen) 23–90 

Antibody and p24 antigen test (ELISA 4th gen) 18–45 

PCR 10–33 

HIV/AIDS is diagnosed via laboratory testing and then staged based on the presence of certain signs or 

symptoms.[26] HIV screening is recommended by the United States Preventive Services Task Force for all 

people 15 years to 65 years of age including all pregnant women.[106] Additionally, testing is recommended for 

those at high risk, which includes anyone diagnosed with a sexually transmitted illness.[29] In many areas of the 

world, a third of HIV carriers only discover they are infected at an advanced stage of the disease when AIDS or 

severe immunodeficiency has become apparent.[29] 

HIV testing 

Most people infected with HIV develop specific antibodies (i.e. seroconvert) within three to twelve weeks after 

the initial infection.[28] Diagnosis of primary HIV before seroconversion is done by measuring HIV-RNA or p24 

antigen.[28] Positive results obtained by antibody or PCR testing are confirmed either by a different antibody or 

by PCR.[26] 

Antibody tests in children younger than 18 months are typically inaccurate due to the continued presence 

of maternal antibodies.[107] Thus HIV infection can only be diagnosed by PCR testing for HIV RNA or DNA, or 

via testing for the p24 antigen.[26] Much of the world lacks access to reliable PCR testing and many places 

simply wait until either symptoms develop or the child is old enough for accurate antibody testing.[107] In sub-

Saharan Africa as of 2007–2009, between 30 and 70% of the population were aware of their HIV status.[108] In 

2009, between 3.6 and 42% of men and women in Sub-Saharan countries were tested[108] which represented a 

significant increase compared to previous years.[108] 

Classifications 

Two main clinical staging systems are used to classify HIV and HIV-related disease for surveillance purposes: 

the WHO disease staging system for HIV infection and disease,[26] and the CDC classification system for HIV 

infection.[109] The CDC's classification system is more frequently adopted in developed countries. Since the 
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WHO's staging system does not require laboratory tests, it is suited to the resource-restricted conditions 

encountered in developing countries, where it can also be used to help guide clinical management. Despite 

their differences, the two systems allow comparison for statistical purposes.[2][26][109] 

The World Health Organization first proposed a definition for AIDS in 1986.[26] Since then, the WHO 

classification has been updated and expanded several times, with the most recent version being published in 

2007.[26] The WHO system uses the following categories: 

 Primary HIV infection: May be either asymptomatic or associated with acute retroviral syndrome.[26] 

 Stage I: HIV infection is asymptomatic with a CD4+ T cell count (also known as CD4 count) greater than 

500 per microlitre (µl or cubic mm) of blood.[26] May include generalized lymph node enlargement.[26] 

 Stage II: Mild symptoms which may include minor mucocutaneous manifestations and recurrent upper 

respiratory tract infections. A CD4 count of less than 500/µl.[26] 

 Stage III: Advanced symptoms which may include unexplained chronic diarrhea for longer than a month, 

severe bacterial infections including tuberculosis of the lung, and a CD4 count of less than 350/µl. [26] 

 Stage IV or AIDS: severe symptoms which include toxoplasmosis of the brain, candidiasis of 

the esophagus, trachea, bronchi or lungs and Kaposi's sarcoma. A CD4 count of less than 200/µl.[26] 

The United States Center for Disease Control and Prevention also created a classification system for HIV, and 

updated it in 2008 and 2014.[109][110] This system classifies HIV infections based on CD4 count and clinical 

symptoms, and describes the infection in five groups.[110] In those greater than six years of age it is:[110] 

 Stage 0: the time between a negative or indeterminate HIV test followed less than 180 days by a positive 

test 

 Stage 1: CD4 count ≥ 500 cells/µl and no AIDS defining conditions 

 Stage 2: CD4 count 200 to 500 cells/µl and no AIDS defining conditions 

 Stage 3: CD4 count ≤ 200 cells/µl or AIDS defining conditions 

 Unknown: if insufficient information is available to make any of the above classifications 

For surveillance purposes, the AIDS diagnosis still stands even if, after treatment, the CD4+ T cell count rises to 

above 200 per µL of blood or other AIDS-defining illnesses are cured. 

 

 

Prevention 
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Sexual contact 

Consistent condom use reduces the risk of HIV transmission by approximately 80% over the long 

term.[111] When condoms are used consistently by a couple in which one person is infected, the rate of HIV 

infection is less than 1% per year.[112] There is some evidence to suggest that female condoms may provide an 

equivalent level of protection.[113] Application of a vaginal gel containing tenofovir (a reverse transcriptase 

inhibitor) immediately before sex seems to reduce infection rates by approximately 40% among African 

women.[114] By contrast, use of the spermicide nonoxynol-9 may increase the risk of transmission due to its 

tendency to cause vaginal and rectal irritation.[115] 

Circumcision in Sub-Saharan Africa "reduces the acquisition of HIV by heterosexual men by between 38% and 

66% over 24 months".[116]Due to these studies, both the World Health Organization and UNAIDS recommended 

male circumcision in 2007 as a method of preventing female-to-male HIV transmission in areas with high rates 

of HIV.[117] However, whether it protects against male-to-female transmission is disputed,[118][119] and whether it is 

of benefit in developed countries and among men who have sex with men is undetermined.[120][121][122]The 

International Antiviral Society, however, does recommend it for all sexually active heterosexual males and that 

it be discussed as an option with men who have sex with men.[123]Some experts fear that a lower perception of 

vulnerability among circumcised men may cause more sexual risk-taking behavior, thus negating its preventive 

effects.[124] 

Programs encouraging sexual abstinence do not appear to affect subsequent HIV risk.[125] Evidence of any 

benefit from peer education is equally poor.[126] Comprehensive sexual education provided at school may 

decrease high risk behavior.[127][128] A substantial minority of young people continues to engage in high-risk 

practices despite knowing about HIV/AIDS, underestimating their own risk of becoming infected with 

HIV.[129] Voluntary counseling and testing people for HIV does not affect risky behavior in those who test 

negative but does increase condom use in those who test positive.[130] It is not known whether treating other 

sexually transmitted infections is effective in preventing HIV.[59] 

Pre-exposure 

Antiretroviral treatment among people with HIV whose CD4 count ≤ 550 cells/µL is a very effective way to 

prevent HIV infection of their partner (a strategy known as treatment as prevention, or TASP). [131] TASP is 

https://en.wikipedia.org/wiki/Condom
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-111
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-WHOCondoms-112
https://en.wikipedia.org/wiki/Female_condom
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-113
https://en.wikipedia.org/wiki/Tenofovir
https://en.wikipedia.org/wiki/Reverse_transcriptase_inhibitor
https://en.wikipedia.org/wiki/Reverse_transcriptase_inhibitor
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-VagGel2012-114
https://en.wikipedia.org/wiki/Spermicide
https://en.wikipedia.org/wiki/Nonoxynol-9
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-115
https://en.wikipedia.org/wiki/Circumcision
https://en.wikipedia.org/wiki/Sub-Saharan_Africa
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-116
https://en.wikipedia.org/wiki/World_Health_Organization
https://en.wikipedia.org/wiki/UNAIDS
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-117
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-118
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-118
https://en.wikipedia.org/wiki/Developed_countries
https://en.wikipedia.org/wiki/Men_who_have_sex_with_men
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-120
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-120
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-122
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-IAS2014-123
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-124
https://en.wikipedia.org/wiki/Abstinence-only_sex_education
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-125
https://en.wikipedia.org/wiki/Peer_education
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-pmid22641791-126
https://en.wikipedia.org/wiki/Sex_education
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-127
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-127
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-Patel2008-129
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-130
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-CochraneSTI2012-59
https://en.wikipedia.org/wiki/HIV/AIDS#cite_note-Anglemyer2013-131
https://en.wikipedia.org/wiki/File:AIDS_Clinic,_McLeod_Ganj,_2010.jpg


associated with a 10 to 20 fold reduction in transmission risk.[131][132] Pre-exposure prophylaxis (PrEP) with a 

daily dose of the medications tenofovir, with or without emtricitabine, is effective in a number of groups 

including men who have sex with men, couples where one is HIV positive, and young heterosexuals in 

Africa.[114] It may also be effective in intravenous drug users with a study finding a decrease in risk of 0.7 to 0.4 

per 100 person years.[133] 

Universal precautions within the health care environment are believed to be effective in decreasing the risk of 

HIV.[134] Intravenous drug use is an important risk factor and harm reduction strategies such as needle-

exchange programs and opioid substitution therapy appear effective in decreasing this risk.[135][136] 

Post-exposure 

A course of antiretrovirals administered within 48 to 72 hours after exposure to HIV-positive blood or genital 

secretions is referred to as post-exposure prophylaxis (PEP).[137] The use of the single 

agent zidovudine reduces the risk of a HIV infection five-fold following a needle-stick injury.[137] As of 2013, the 

prevention regimen recommended in the United States consists of three medications—

tenofovir, emtricitabine and raltegravir—as this may reduce the risk further.[138] 

PEP treatment is recommended after a sexual assault when the perpetrator is known to be HIV positive, but is 

controversial when their HIV status is unknown.[139] The duration of treatment is usually four weeks[140] and is 

frequently associated with adverse effects—where zidovudine is used, about 70% of cases result in adverse 

effects such as nausea (24%), fatigue (22%), emotional distress (13%) and headaches (9%).[49] 

Mother-to-child 

Programs to prevent the vertical transmission of HIV (from mothers to children) can reduce rates of 

transmission by 92–99%.[77][135] This primarily involves the use of a combination of antiviral medications during 

pregnancy and after birth in the infant and potentially includes bottle feeding rather than breastfeeding.[77][141] If 

replacement feeding is acceptable, feasible, affordable, sustainable, and safe, mothers should avoid 

breastfeeding their infants; however exclusive breastfeeding is recommended during the first months of life if 

this is not the case.[142] If exclusive breastfeeding is carried out, the provision of extended antiretroviral 

prophylaxis to the infant decreases the risk of transmission.[143] In 2015, Cubabecame the first country in the 

world to eradicate mother-to-child transmission of HIV.[144] 

Vaccination 

Currently, there is no licensed vaccine for HIV or AIDS.[7] The most effective vaccine trial to date, RV 144, was 

published in 2009 and found a partial reduction in the risk of transmission of roughly 30%, stimulating some 

hope in the research community of developing a truly effective vaccine.[145] Further trials of the RV 144 vaccine 

are ongoing.[146][147] 

Treatment 
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There is currently no cure or effective HIV vaccine. Treatment consists of highly active antiretroviral therapy 

(HAART) which slows progression of the disease.[148] As of 2010 more than 6.6 million people were taking them 

in low and middle income countries.[149] Treatment also includes preventive and active treatment of opportunistic 

infections. 

Antiviral therapy 

 

Stribild – a common once-daily ART regime consisting of elvitegravir, emtricitabine, tenofovir and the booster cobicistat 

Current HAART options are combinations (or "cocktails") consisting of at least three medications belonging to 

at least two types, or "classes," of antiretroviral agents.[150] Initially treatment is typically a non-nucleoside 

reverse transcriptase inhibitor (NNRTI) plus two nucleoside analog reverse transcriptase 

inhibitors (NRTIs).[151] Typical NRTIs include: zidovudine (AZT) or tenofovir (TDF) and lamivudine (3TC) 

or emtricitabine (FTC).[151] Combinations of agents which include protease inhibitors (PI) are used if the above 

regimen loses effectiveness.[150] 

The World Health Organization and United States recommends antiretrovirals in people of all ages including 

pregnant women as soon as the diagnosis is made regardless of CD4 count.[14][123][152] Once treatment is begun it 

is recommended that it is continued without breaks or "holidays".[29] Many people are diagnosed only after 

treatment ideally should have begun.[29] The desired outcome of treatment is a long term plasma HIV-RNA 

count below 50 copies/mL.[29] Levels to determine if treatment is effective are initially recommended after four 

weeks and once levels fall below 50 copies/mL checks every three to six months are typically 

adequate.[29] Inadequate control is deemed to be greater than 400 copies/mL.[29] Based on these criteria 

treatment is effective in more than 95% of people during the first year.[29] 

Benefits of treatment include a decreased risk of progression to AIDS and a decreased risk of death. [153] In the 

developing world treatment also improves physical and mental health.[154] With treatment there is a 70% 

reduced risk of acquiring tuberculosis.[150] Additional benefits include a decreased risk of transmission of the 

disease to sexual partners and a decrease in mother-to-child transmission.[150][155] The effectiveness of treatment 

depends to a large part on compliance.[29] Reasons for non-adherence include poor access to medical 

care,[156]inadequate social supports, mental illness and drug abuse.[157] The complexity of treatment regimens 

(due to pill numbers and dosing frequency) and adverse effects may reduce adherence.[158] Even though cost is 
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an important issue with some medications,[159] 47% of those who needed them were taking them in low and 

middle income countries as of 2010[149] and the rate of adherence is similar in low-income and high-income 

countries.[160] 

Specific adverse events are related to the antiretroviral agent taken.[161] Some relatively common adverse 

events include: lipodystrophy syndrome, dyslipidemia, and diabetes mellitus, especially with protease 

inhibitors.[2] Other common symptoms include diarrhea,[161][162] and an increased risk of cardiovascular 

disease.[163] Newer recommended treatments are associated with fewer adverse effects.[29] Certain medications 

may be associated with birth defects and therefore may be unsuitable for women hoping to have children.[29] 

Treatment recommendations for children are somewhat different from those for adults. The World Health 

Organization recommends treating all children less than 5 years of age; children above 5 are treated like 

adults.[164] The United States guidelines recommend treating all children less than 12 months of age and all 

those with HIV RNA counts greater than 100,000 copies/mL between one year and five years of age.[165] 

Opportunistic infections 

Measures to prevent opportunistic infections are effective in many people with HIV/AIDS. In addition to 

improving current disease, treatment with antiretrovirals reduces the risk of developing additional opportunistic 

infections.[161] Adults and adolescents who are living with HIV (even on anti-retroviral therapy) with no evidence 

of active tuberculosis in settings with high tuberculosis burden should receive isoniazid preventive 

therapy (IPT), the tuberculin skin test can be used to help decide if IPT is 

needed.[166] Vaccination against hepatitisA and B is advised for all people at risk of HIV before they become 

infected; however it may also be given after infection.[167] Trimethoprim/sulfamethoxazole prophylaxis between 

four and six weeks of age and ceasing breastfeeding in infants born to HIV positive mothers is recommended in 

resource limited settings.[168] It is also recommended to prevent PCP when a person's CD4 count is below 

200 cells/uL and in those who have or have previously had PCP.[169] People with substantial 

immunosuppression are also advised to receive prophylactic therapy 

for toxoplasmosis and MAC.[170] Appropriate preventive measures have reduced the rate of these infections by 

50% between 1992 and 1997.[171] Influenza vaccination and pneumococcal polysaccharide vaccine are often 

recommended in people with HIV/AIDS with some evidence of benefit.[172][173] 

Diet 

The World Health Organization (WHO) has issued recommendations regarding nutrient requirements in 

HIV/AIDS.[174] A generally healthy diet is promoted. Dietary intake of micronutrients at RDA levels by HIV-

infected adults is recommended by the WHO; higher intake of vitamin A, zinc, and iron can produce adverse 

effects in HIV positive adults, and is not recommended unless there is documented 

deficiency.[174][175][176][177] Dietary supplementation for people who are infected with HIV and who have inadequate 

nutrition or dietary deficiencies may strengthen their immune systems or help them recover from infections, 

however evidence indicating an overall benefit in morbidity or reduction in mortality is not consistent.[178] 
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Evidence for supplementation with selenium is mixed with some tentative evidence of benefit.[179] For pregnant 

and lactating women with HIV, multivitamin supplement improves outcomes for both mothers and children.[180] If 

the pregnant or lactating mother has been advised to take anti-retroviral medication to prevent mother-to-child 

HIV transmission, multivitamin supplements should not replace these treatments.[180] There is some evidence 

that vitamin A supplementation in children with an HIV infection reduces mortality and improves growth.[181] 

Alternative medicine 

In the US, approximately 60% of people with HIV use various forms of complementary or alternative 

medicine,[182] even though the effectiveness of most of these therapies has not been established.[183] There is not 

enough evidence to support the use of herbal medicines.[184] There is insufficient evidence to recommend or 

support the use of medical cannabisto try to increase appetite or weight gain.[185] 

Prognosis 

HIV/AIDS has become a chronic rather than an acutely fatal disease in many areas of the world.[186] Prognosis 

varies between people, and both the CD4 count and viral load are useful for predicted outcomes.[28] Without 

treatment, average survival time after infection with HIV is estimated to be 9 to 11 years, depending on the HIV 

subtype.[15] After the diagnosis of AIDS, if treatment is not available, survival ranges between 6 and 

19 months.[187][188] HAART and appropriate prevention of opportunistic infections reduces the death rate by 80%, 

and raises the life expectancy for a newly diagnosed young adult to 20–50 years.[186][189][190] This is between two 

thirds[189] and nearly that of the general population.[29][191] If treatment is started late in the infection, prognosis is 

not as good:[29] for example, if treatment is begun following the diagnosis of AIDS, life expectancy is ~10–

40 years.[29][186] Half of infants born with HIV die before two years of age without treatment.[168] 

The primary causes of death from HIV/AIDS are opportunistic infections and cancer, both of which are 

frequently the result of the progressive failure of the immune system.[171][192] Risk of cancer appears to increase 

once the CD4 count is below 500/μL.[29] The rate of clinical disease progression varies widely between 

individuals and has been shown to be affected by a number of factors such as a person's susceptibility and 

immune function;[193] their access to health care, the presence of co-infections;[187][194] and the particular strain (or 

strains) of the virus involved.[195][196] 

Tuberculosis co-infection is one of the leading causes of sickness and death in those with HIV/AIDS being 

present in a third of all HIV-infected people and causing 25% of HIV-related deaths.[197] HIV is also one of the 

most important risk factors for tuberculosis.[198] Hepatitis C is another very common co-infection where each 

disease increases the progression of the other.[199]The two most common cancers associated with HIV/AIDS 

are Kaposi's sarcoma and AIDS-related non-Hodgkin's lymphoma.[192]Other cancers that are more frequent 

include anal cancer, Burkitt's lymphoma, primary central nervous system lymphoma, and cervical cancer.[29][200] 

Even with anti-retroviral treatment, over the long term HIV-infected people may experience neurocognitive 

disorders,[201]osteoporosis,[202] neuropathy,[203] cancers,[204][205] nephropathy,[206] and cardiovascular 

disease.[162] Some conditions, such as lipodystrophy, may be caused both by HIV and its treatment.[162] 
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Epidemiology 

HIV/AIDS is a global pandemic.[208] As of 2016, approximately 36.7 million people have HIV worldwide with the 

number of new infections that year being about 1.8 million.[16] This is down from 3.1 million new infections in 

2001.[209] Slightly over half the infected population are women and 2.1 million are children.[16] It resulted in about 

1 million deaths in 2016, down from a peak of 1.9 million in 2005.[16] 

Sub-Saharan Africa is the region most affected. In 2010, an estimated 68% (22.9 million) of all HIV cases and 

66% of all deaths (1.2 million) occurred in this region.[210] This means that about 5% of the adult population is 

infected[211] and it is believed to be the cause of 10% of all deaths in children.[212] Here in contrast to other 

regions women compose nearly 60% of cases.[210] South Africa has the largest population of people with HIV of 

any country in the world at 5.9 million.[210] Life expectancy has fallen in the worst-affected countries due to 

HIV/AIDS; for example, in 2006 it was estimated that it had dropped from 65 to 35 years 

in Botswana.[19] Mother-to-child transmission, as of 2013, in Botswana and South Africa has decreased to less 

than 5% with improvement in many other African nations due to improved access to antiretroviral therapy.[213] 

South & South East Asia is the second most affected; in 2010 this region contained an estimated 4 million 

cases or 12% of all people living with HIV resulting in approximately 250,000 deaths.[211] Approximately 

2.4 million of these cases are in India.[210] 

In 2008 in the United States approximately 1.2 million people were living with HIV, resulting in about 17,500 

deaths. The US Centers for Disease Control and Prevention estimated that in 2008 20% of infected Americans 

were unaware of their infection.[214] As of 2016 about 675,000 people have died of HIV/AIDS in the USA since 

the beginning of the HIV epidemic.[52] In the United Kingdom as of 2015 there were approximately 101,200 

cases which resulted in 594 deaths.[215] In Canada as of 2008 there were about 65,000 cases causing 53 

deaths.[216] Between the first recognition of AIDS in 1981 and 2009 it has led to nearly 30 million 

deaths.[217]Prevalence is lowest in Middle East and North Africa at 0.1% or less, East Asia at 0.1% and Western 

and Central Europe at 0.2%.[211] The worst affected European countries, in 2009 and 2012 estimates, 

are Russia, Ukraine, Latvia, Moldova, Portugal and Belarus, in decreasing order of prevalence.[218] 

History 

 

The Morbidity and Mortality Weekly Report reported in 1981 on what was later to be called "AIDS". 

AIDS was first clinically observed in 1981 in the United States.[37] The initial cases were a cluster of injecting 

drug users and homosexual men with no known cause of impaired immunity who showed symptoms 

of Pneumocystis carinii pneumonia (PCP), a rare opportunistic infection that was known to occur in people with 

very compromised immune systems.[219] Soon thereafter, an unexpected number of homosexual men developed 

a previously rare skin cancer called Kaposi's sarcoma (KS).[220][221] Many more cases of PCP and KS emerged, 
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alerting U.S. Centers for Disease Control and Prevention (CDC) and a CDC task force was formed to monitor 

the outbreak.[222] 

In the early days, the CDC did not have an official name for the disease, often referring to it by way of the 

diseases that were associated with it, for example, lymphadenopathy, the disease after which the discoverers 

of HIV originally named the virus.[223][224] They also used Kaposi's sarcoma and opportunistic infections, the 

name by which a task force had been set up in 1981.[225] At one point, the CDC coined the phrase "the 4H 

disease", since the syndrome seemed to affect heroin users, homosexuals, hemophiliacs, and Haitians.[226][227] In 

the general press, the term "GRID", which stood for gay-related immune deficiency, had been 

coined.[228] However, after determining that AIDS was not isolated to the gay community,[225] it was realized that 

the term GRID was misleading and the term AIDS was introduced at a meeting in July 1982. [229] By September 

1982 the CDC started referring to the disease as AIDS.[230] 

In 1983, two separate research groups led by Robert Gallo and Luc Montagnier declared that a novel retrovirus 

may have been infecting people with AIDS, and published their findings in the same issue of the 

journal Science.[231][232] Gallo claimed that a virus his group had isolated from a person with AIDS was strikingly 

similar in shape to other human T-lymphotropic viruses (HTLVs) his group had been the first to isolate. Gallo's 

group called their newly isolated virus HTLV-III. At the same time, Montagnier's group isolated a virus from a 

person presenting with swelling of the lymph nodes of the neck and physical weakness, two characteristic 

symptoms of AIDS. Contradicting the report from Gallo's group, Montagnier and his colleagues showed that 

core proteins of this virus were immunologically different from those of HTLV-I. Montagnier's group named their 

isolated virus lymphadenopathy-associated virus (LAV).[222] As these two viruses turned out to be the same, in 

1986, LAV and HTLV-III were renamed HIV.[233] 

 

 

Origins 

 

Left to right: the African green monkey source of SIV, the sooty mangabey source of HIV-2 and the chimpanzee source 

of HIV-1 

Both HIV-1 and HIV-2 are believed to have originated in non-human primates in West-central Africa and 

were transferred to humans in the early 20th century.[20] HIV-1 appears to have originated in 

southern Cameroon through the evolution of SIV(cpz), a simian immunodeficiency virus (SIV) that infects 

wild chimpanzees (HIV-1 descends from the SIVcpz endemic in the chimpanzee subspecies Pan troglodytes 

troglodytes).[234][235] The closest relative of HIV-2 is SIV(smm), a virus of the sooty mangabey (Cercocebus atys 

atys), an Old World monkey living in coastal West Africa (from southern Senegal to western Côte 

d'Ivoire).[94] New World monkeys such as the owl monkey are resistant to HIV-1 infection, possibly because of a 
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genomic fusionof two viral resistance genes.[236] HIV-1 is thought to have jumped the species barrier on at least 

three separate occasions, giving rise to the three groups of the virus, M, N, and O.[237] 

There is evidence that humans who participate in bushmeat activities, either as hunters or as bushmeat 

vendors, commonly acquire SIV.[238] However, SIV is a weak virus which is typically suppressed by the human 

immune system within weeks of infection. It is thought that several transmissions of the virus from individual to 

individual in quick succession are necessary to allow it enough time to mutate into HIV.[239]Furthermore, due to 

its relatively low person-to-person transmission rate, SIV can only spread throughout the population in the 

presence of one or more high-risk transmission channels, which are thought to have been absent in Africa 

before the 20th century. 

Specific proposed high-risk transmission channels, allowing the virus to adapt to humans and spread 

throughout the society, depend on the proposed timing of the animal-to-human crossing. Genetic studies of the 

virus suggest that the most recent common ancestor of the HIV-1 M group dates back to circa 

1910.[240] Proponents of this dating link the HIV epidemic with the emergence of colonialism and growth of large 

colonial African cities, leading to social changes, including a higher degree of sexual promiscuity, the spread 

of prostitution, and the accompanying high frequency of genital ulcer diseases (such as syphilis) in nascent 

colonial cities.[241] While transmission rates of HIV during vaginal intercourse are low under regular 

circumstances, they are increased many fold if one of the partners suffers from a sexually transmitted 

infection causing genital ulcers. Early 1900s colonial cities were notable due to their high prevalence of 

prostitution and genital ulcers, to the degree that, as of 1928, as many as 45% of female residents of 

eastern Kinshasawere thought to have been prostitutes, and, as of 1933, around 15% of all residents of the 

same city had syphilis.[241] 

An alternative view holds that unsafe medical practices in Africa after World War II, such as unsterile reuse of 

single use syringes during mass vaccination, antibiotic and anti-malaria treatment campaigns, were the initial 

vector that allowed the virus to adapt to humans and spread.[239][242][243] 

The earliest well-documented case of HIV in a human dates back to 1959 in the Congo.[244] The earliest 

retrospectively described case of AIDS is believed to have been in Norway beginning in 1966.[245] In July 1960, 

in the wake of Congo's independence, the United Nations recruited Francophone experts and technicians from 

all over the world to assist in filling administrative gaps left by Belgium, who did not leave behind an African 

elite to run the country. By 1962, Haitians made up the second largest group of well-educated experts (out of 

the 48 national groups recruited), that totaled around 4500 in the country.[246][247] Dr. Jacques Pépin, 

a Quebecer author of The Origins of AIDS, stipulates that Haiti was one of HIV's entry points to the United 

States and that one of them may have carried HIV back across the Atlantic in the 1960s.[247] Although the virus 

may have been present in the United States as early as 1966,[248] the vast majority of infections occurring 

outside sub-Saharan Africa (including the U.S.) can be traced back to a single unknown individual who became 

infected with HIV in Haiti and then brought the infection to the United States some time around 1969.[249] The 

epidemic then rapidly spread among high-risk groups (initially, sexually promiscuous men who have sex with 

men). By 1978, the prevalence of HIV-1 among homosexual male residents of New York City and San 
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Francisco was estimated at 5%, suggesting that several thousand individuals in the country had been 

infected.[249] 

Society and culture 

 

Ryan White became a poster child for HIV after being expelled from school because he was infected.[250] 

AIDS stigma exists around the world in a variety of ways, including ostracism, rejection, discrimination and 

avoidance of HIV infected people; compulsory HIV testing without prior consent or protection of confidentiality; 

violence against HIV infected individuals or people who are perceived to be infected with HIV; and 

the quarantine of HIV infected individuals.[22] Stigma-related violence or the fear of violence prevents many 

people from seeking HIV testing, returning for their results, or securing treatment, possibly turning what could 

be a manageable chronic illness into a death sentence and perpetuating the spread of HIV.[251] 

AIDS stigma has been further divided into the following three categories: 

 Instrumental AIDS stigma—a reflection of the fear and apprehension that are likely to be associated with 

any deadly and transmissible illness.[252] 

 Symbolic AIDS stigma—the use of HIV/AIDS to express attitudes toward the social groups or lifestyles 

perceived to be associated with the disease.[252] 

 Courtesy AIDS stigma—stigmatization of people connected to the issue of HIV/AIDS or HIV-positive 

people.[253] 

Often, AIDS stigma is expressed in conjunction with one or more other stigmas, particularly those associated 

with homosexuality, bisexuality, promiscuity, prostitution, and intravenous drug use.[254] 

In many developed countries, there is an association between AIDS and homosexuality or bisexuality, and this 

association is correlated with higher levels of sexual prejudice, such as anti-

homosexual/bisexual attitudes.[255] There is also a perceived association between AIDS and all male-male 

sexual behavior, including sex between uninfected men.[252] However, the dominant mode of spread worldwide 

for HIV remains heterosexual transmission.[256] 

In 2003, as part of an overall reform of marriage and population legislation, it became legal for people with 

AIDS to marry in China.[257] 

In 2013 the U.S. National Library of Medicine developed a traveling exhibition titled, "Surviving and Thriving: 

AIDS, Politics, and Culture",[258] covering medical research, U.S. government's response, and personal stories 

from people with AIDS, caregivers, and activists.[259] 
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Economic impact 

 

Changes in life expectancy in some African countries, 1960–2012 

HIV/AIDS affects the economics of both individuals and countries.[212] The gross domestic product of the most 

affected countries has decreased due to the lack of human capital.[212][260] Without proper nutrition, health care 

and medicine, large numbers of people die from AIDS-related complications. They will not only be unable to 

work, but will also require significant medical care. It is estimated that as of 2007 there were 12 million AIDS 

orphans.[212] Many are cared for by elderly grandparents.[261] 

Returning to work after beginning treatment for HIV/AIDS is difficult, and affected people often work less than 

the average worker. Unemployment in people with HIV/AIDS also is associated with suicidal ideation, memory 

problems, and social isolation. Employment increases self-esteem, sense of dignity, confidence, and quality of 

life for people with HIV/AIDS. Anti-retroviral treatment may help people with HIV/AIDS work more, and may 

increase the chance that a person with HIV/AIDS will be employed (low quality evidence).[262] 

By affecting mainly young adults, AIDS reduces the taxable population, in turn reducing the resources available 

for public expenditures such as education and health services not related to AIDS resulting in increasing 

pressure for the state's finances and slower growth of the economy. This causes a slower growth of the tax 

base, an effect that is reinforced if there are growing expenditures on treating the sick, training (to replace sick 

workers), sick pay and caring for AIDS orphans. This is especially true if the sharp increase in adult mortality 

shifts the responsibility and blame from the family to the government in caring for these orphans.[261] 

At the household level, AIDS causes both loss of income and increased spending on healthcare. A study 

in Côte d'Ivoire showed that households having a person with HIV/AIDS spent twice as much on medical 

expenses as other households. This additional expenditure also leaves less income to spend on education and 

other personal or family investment. 

Criminal transmission 

Criminal transmission of HIV is the intentional or reckless infection of a person with the human 

immunodeficiency virus (HIV). Some countries or jurisdictions, including some areas of the United States, have 
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laws that criminalize HIV transmission or exposure.[277] Others may charge the accused under laws enacted 

before the HIV pandemic. 

Amyloidosis 

Amyloidosis is a group of diseases in which abnormal protein, known as amyloid fibrils, builds up in 

tissue.[4] Symptoms depend on the type and are often variable.[2] They may include diarrhea, weight loss, feeling 

tired, enlargement of the tongue, bleeding, numbness, feeling faint with standing, swelling of the legs, or 

enlargement of the spleen.[2] 

There are about 30 different types of amyloidosis, each due to a specific protein misfolding. [5] Some 

are genetic while others are acquired.[3] They are grouped into localized and systemic forms.[2] The four most 

common types of systemic disease are light chain (AL), inflammation (AA), dialysis (Aβ2M), and hereditary and 

old age (ATTR).[2] 

Diagnosis may be suspected when protein is found in the urine, organ enlargement is present, or problems are 

found with multiple peripheral nerves and it is unclear why.[2] Diagnosis is confirmed by tissue biopsy.[2] Due to 

the variable presentation, a diagnosis can often take some time to reach.[3] 

Treatment is geared towards decreasing the amount of the involved protein.[2] This may sometimes be achieved 

by determining and treating the underlying cause.[2] AL amyloidosis occurs in about 3–13 per million people per 

year and AA amyloidosis in about 2 per million people per year.[2] The usual age of onset of these two types is 

55 to 60 years old.[2] Without treatment, life expectancy is between six months and four years.[2] In 

the developed world about 1 per 1,000 people die from amyloidosis.[3]Amyloidosis has been described since at 

least 1639.[2] 

igns and symptoms[edit] 

 

Skin features of amyloidosis cutis dyschromica. Hyperpigmented and hypopigmented macules on (A) lower legs, (B) back 

and waist, (C) waist. (D) Individual blisters on upper arm 
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The presentation of amyloidosis is broad and depends on the site of amyloid accumulation. The kidney and 

heart are the most common organs involved. 

Amyloid deposition in the kidneys can cause nephrotic syndrome, which results from a reduction in the kidney's 

ability to filter and hold on to proteins. The nephrotic syndrome occurs with or without elevations in creatinine 

and blood urea concentration,[6] two biochemical markers of kidney injury. In AA amyloidosis, the kidneys are 

involved in 91–96% of people,[7] symptoms ranging from protein in the urine to nephrotic syndrome and 

rarely renal insufficiency. 

Amyloid deposition in the heart can cause both diastolic and systolic heart failure. EKG changes may be 

present, showing low voltage and conduction abnormalities like atrioventricular block or sinus node dysfunction. 

On echocardiography, the heart shows a restrictive filling pattern, with normal to mildly reduced systolic 

function.[6] AA amyloidosis usually spares the heart.[7] 

People with amyloidosis do not get central nervous system involvement but can develop sensory and 

autonomic neuropathies. Sensory neuropathy develops in a symmetrical pattern and progresses in a distal to 

proximal manner. Autonomic neuropathy can present as orthostatic hypotension but may manifest more 

gradually with nonspecific gastrointestinal symptoms like constipation, nausea, or early satiety.[6] 

Accumulation of amyloids in the liver can lead to elevations in serum aminotransferases and alkaline 

phosphatase, two biomarkers of liver injury, which is seen in about one third of people.[7] Liver enlargement is 

common. In contrast, spleen enlargement is rare, occurring in 5% of people. Splenic dysfunction, leading to the 

presence of Howell-Jolly bodies on blood smear, occurs in 24% of people with amyloidosis.[6] Malabsorption is 

seen in 8.5% of AL amyloidosis and 2.4% of AA amyloidosis. One suggested mechanism for the observed 

malabsorption is that amyloid deposits in the tips of intestinal villi (fingerlike projections that increase the 

intestinal area available for absorption of food), begin to erode the functionality of the villi, presenting a sprue-

like picture.[7] 

A rare development is a susceptibility to bleeding with bruising around the eyes, termed "raccoon-eyes", 

caused by amyloid deposition in the blood vessels and a reduced activity of thrombin and factor X, two clotting 

proteins that lose their function after binding with amyloid.[6] 

Amyloid deposits in tissue can cause enlargement of structures. Twenty percent of people with AL amyloidosis 

have a enlarged tongue, that can lead to obstructive sleep apnea, difficulty swallowing, and altered 

taste.[7] Tongue enlargement does not occur in ATTR or AA amyloidosis.[6] Enlarged shoulders, "shoulder pad 

sign", results from amyloid deposition in synovial space. Deposition of amyloid in the throat can cause 

hoarseness.[6] Aβ2MG amyloidosis (Hemodialysis associated amyloidosis) likes to deposit in synovial tissue, 

causing chronic synovitis, which can lead to repeated carpal tunnel syndrome.[7] 

Both the thyroid and adrenal gland can be infiltrated. It is estimated that 10–20% of individuals with amyloidosis 

have hypothyroidism. Adrenal infiltration may be harder to appreciate given that its symptoms of orthostatic 

hypotension and low blood sodium concentration may be attributed to autonomic neuropathy and heart 

failure.[6] 
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"Amyloid deposits occur in the pancreas of patients with diabetes mellitus, although it is not known if this is 

functionally important. The major component of pancreatic amyloid is a 37-amino acid residue peptide known 

as islet amyloid polypeptide or 'amylin.' This is stored with insulin in secretory granules in B cells and is co 

secreted with insulin." (Rang and Dale's Pharmacology, 2015.) 

Uncommonly, a collection of amyloid can grow large enough to be classed as an amyloidoma, a macroscopic 

lump of amyloid that can cause mass effect. 

Pathogenesis[edit] 

The cells in the body have two different ways of making proteins. Some proteins are made of one single piece 

or sequence of amino acids; in other cases, protein fragments are produced, and the fragments come and join 

together to form the whole protein. But such a protein can sometimes fall apart into the original protein 

fragments. This process of "flip flopping" happens frequently for certain protein types, especially the ones that 

cause amyloidosis. 

The fragments or actual proteins are at risk of misfolding as they are synthesized, to make a poorly functioning 

protein. This causes proteolysis, which is the directed breakdown of proteins by 

cellular enzymes called proteases or by intramolecular digestion; proteases come and digest the misfolded 

fragments and proteins. The problem occurs when the proteins do not dissolve in proteolysis because the 

misfolded proteins sometimes become robust enough so that they are not dissolved by normal proteolysis. 

When the fragments do not dissolve, they get spit out of proteolysis and aggregate to form oligomers. The 

reason they aggregate is that the parts of the protein that do not dissolve in proteolysis are hydrophobic β-

pleated sheets. They are usually sequestered in the middle of the protein, while parts of the protein that are 

more soluble are found near the outside. When they are exposed to water, these hydrophobic pieces tend to 

aggregate with other hydrophobic pieces. This ball of fragments gets stabilized by GAGs 

(glycosaminoglycans) and SAP (serum amyloid P), a component found in amyloid aggregations that is thought 

to stabilize them and prevent proteolytic cleavage. The stabilized balls of protein fragments are 

called oligomers. The oligomers can aggregate together and further stabilize to make amyloid fibrils. 

Both the oligomers and amyloid fibrils are toxic to cells and can interfere with proper organ function.[8] 

Diagnosis[edit] 

Diagnosis of amyloidosis requires tissue biopsy. The biopsy is assessed for evidence of characteristic amyloid 

deposits. The tissue is treated with various stains. The most useful stain in the diagnosis of amyloid is Congo 

red, which, combined with polarized light, makes the amyloid proteins appear apple-green on microscopy. 

Also, thioflavin T stain may be used.[9] 

Tissue can come from any involved organ, but in systemic disease the first-line site of the biopsy is 

subcutaneous abdominal fat, known as a "fat pad biopsy", due to its ease of acquisition versus biopsy of the 

rectum, salivary gland or internal organs. An abdominal fat biopsy is not completely sensitive, and sometimes, 
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biopsy of an involved organ (such as the kidney) is required to achieve a diagnosis.[9] For example, in AL 

amyloidosis only 85% of people will have a positive fatpad biopsy using Congo red stain.[6] By comparison, 

rectal biopsy has sensitivity of 74–94%.[7] 

The type of the amyloid protein can be determined in various ways: the detection of abnormal proteins in the 

bloodstream (on protein electrophoresis or light chain determination); binding of particular antibodies to the 

amyloid found in the tissue (immunohistochemistry); or extraction of the protein and identification of its 

individual amino acids.[9]Immunohistochemistry can identify AA amyloidosis the majority of the time, but can 

miss many cases of AL amyloidosis.[7] Laser microdissection with mass spectrometry is the most reliable 

method of identifying the different forms of amyloidosis.[10] 

AL is the most common form of amyloidosis, and a diagnosis often begins with a search for plasma cell 

dyscrasia, memory B cells producing aberrant immunoglobulins or portions of immunoglobulins. 

Immunofixation electrophoresis of urine or serum is positive in 90% of people with AL 

amyloidosis.[6] Immunofixation electrophoresis is more sensitive than regular electrophoresis but may not be 

available in all centers. Alternatively immunohistochemical staining of a bone marrow biopsy looking for 

dominant plasma cells can be sought in people with a high clinical suspicion for AL amyloidosis but negative 

electrophoresis.[6] 

ATTR, or familial transthyretin-associated amyloidosis, is suspected in people with family history of idiopathic 

neuropathies or heart failure who lack evidence of plasma cell dyscrasias. ATTR can be identified 

using isoelectric focusing which separates mutated forms of transthyretin. Findings can be corroborated by 

genetic testing to look for specific known mutations in transthyretin that predispose to amyloidosis.[6] 

AA is suspected on clinical grounds in individuals with longstanding infections or inflammatory diseases. AA 

can be identified by immunohistochemistry staining. 

Classification[edit] 

Historical classification systems were based on clinical factors. Until the early 1970s, the idea of a single 

amyloid substance predominated. Various descriptive classification systems were proposed based on the 

organ distribution of amyloid deposits and clinical findings. Most classification systems included primary 

(i.e., idiopathic) amyloidosis, in which no associated clinical condition was identified, and secondary 

amyloidosis (i.e., secondary to chronic inflammatory conditions). Some classification systems included 

myeloma-associated, familial, and localized amyloidosis. 

The modern era of amyloidosis classification began in the late 1960s with the development of methods to make 

amyloid fibrils soluble. These methods permitted scientists to study the chemical properties of amyloids. 

Descriptive terms such as primary amyloidosis, secondary amyloidosis, and others (e.g., senile amyloidosis), 

which are not based on cause, provide little useful information and are no longer recommended. 

The modern classification of amyloid disease tends to use an abbreviation of the protein that makes the 

majority of deposits, prefixed with the letter A. For example, amyloidosis caused by transthyretin is termed 

"ATTR". Deposition patterns vary between people but are almost always composed of just one amyloidogenic 
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protein. Deposition can be systemic(affecting many different organ systems) or organ-specific. Many 

amyloidoses are inherited, due to mutations in the precursor protein. 

Other forms are due to different diseases causing overabundant or abnormal protein production – such as with 

overproduction of immunoglobulin light chains (termed AL amyloidosis), or with continuous overproduction 

of acute phase proteins in chronic inflammation (which can lead to AA amyloidosis). 

About 60 amyloid proteins have been identified so far.[11] Of those, at least 36 have been associated with a 

human disease.[12] 

The names of amyloids usually start with the letter "A". Here is a brief description of the more common types of 

amyloid: 

Abbr. 
Amyloid 

type/Gene 
Description OMIM 

AL 
amyloid light 

chain 

AL amyloidosis / multiple myeloma. Contains immunoglobulin light-

chains (λ,κ) derived from plasma cells. 
254500 

AA SAA 

Serum amyloid A protein (SAA) is an acute-phase reactant that is 

produced in times of inflammation. 

 

Aβ β amyloid/APP Found in Alzheimer disease brain lesions. 605714 

ALECT2 LECT2 

In LECT2 amyloidosis, the LECT2 protein deposits in the kidneys and 

various other tissues but only kidneys show signs or symptoms; these 

are typical those of kidney failure.[13]  

ATTR transthyretin  

Transthyretin is a protein that is mainly formed in the liver that transports 

thyroxine and retinol binding protein.[6] A mutant form of a normal serum 

protein that is deposited in the genetically determined familial amyloid 

polyneuropathies. TTR is also deposited in the heart in wild-type 

transthyretin amyloidosis, also known as senile systemic 

amyloidosis.[14] Also found in leptomeningeal amyloidosis. 

105210 
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Abbr. 
Amyloid 

type/Gene 
Description OMIM 

Aβ2M β2microglobulin 

Not to be confused with Aβ, β2m is a normal serum protein, part of major 

histocompatibility complex (MHC) Class 1 molecules. Haemodialysis-

associated amyloidosis  

AIAPP amylin Found in the pancreas of people with type 2 diabetes. 

 

APrP prion protein 

In prion diseases, misfolded prion proteins deposit in tissues and 

resemble amyloid proteins. Some examples are Creutzfeldt–Jakob 

disease (humans), BSE or "mad cow disease" (cattle), 

and scrapie (sheep and goats). A recently described familial prion 

disease presents with peripheral amyloidosis causing autonomic 

neuropathy and diarrhea.[15] 

123400 

AGel GSN  Finnish type amyloidosis 105120 

ACys CST3 Cerebral amyloid angiopathy, Icelandic-type 105150 

AApoA1 APOA1 Familial visceral amyloidosis  105200 

AFib FGA  Familial visceral amyloidosis  105200 

ALys LYZ  Familial visceral amyloidosis  105200 

? OSMR  Primary cutaneous amyloidosis 105250 

ABri 
ITM2B  

Cerebral amyloid angiopathy, British-type 176500 
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Abbr. 
Amyloid 

type/Gene 
Description OMIM 

ADan Danish-type 117300 

APro prolactin Prolactinoma  

 

AKer keratoepithelin Familial corneal amyloidosis 

 

AANF 
atrial natriuretic 

factor 

Senile amyloid of atria of heart  

 

ACal calcitonin Medullary carcinoma of the thyroid  

 

As of 2010, 27 human and 9 animal fibril proteins were classified, along with 8 inclusion bodies.[16] 

Alternative[edit] 

An older clinical method of classification refers to amyloidoses as systemic or localised 

 Systemic amyloidoses affect more than one body organ or system. Examples are AL, AA and Aβ2m.[17] 

 Localised amyloidoses affect only one body organ or tissue type. Examples are Aβ, IAPP, Atrial natriuretic 

factor (in isolated atrial amyloidosis), and Calcitonin (in medullary carcinoma of the thyroid)[17] 

Another classification is primary or secondary. 

 Primary amyloidoses arise from a disease with disordered immune cell function, such as multiple 

myeloma or other immunocyte dyscrasias. 

 Secondary (reactive) amyloidoses occur as a complication of some other chronic inflammatory or tissue-

destroying disease. Examples are reactive systemic amyloidosis and secondary cutaneous amyloidosis.[17] 

Additionally, based on the tissues in which it is deposited, it is divided into mesenchymal (organs derived from 

mesoderm) or parenchymal (organs derived from ectoderm or endoderm). 

Treatment[edit] 
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Treatment depends on the type of amyloidosis that is present. Treatment with high dose melphalan, a 

chemotherapy agent, followed by stem cell transplantation has showed promise in early studies and is 

recommended for stage I and II AL amyloidosis.[10] However, only 20–25% of people are eligible for stem cell 

transplant. Chemotherapy and steroids, with melphalan plus dexamethasone, is mainstay treatment in AL 

people not eligible for transplant.[10] 

In AA, symptoms may improve if the underlying condition is treated; eprodisate has been shown to slow renal 

impairment by inhibiting polymerization of amyloid fibrils. 

In ATTR, liver transplant is a curative therapy[6] because mutated transthyretin which forms amyloids is 

produced in the liver. 

Support groups[edit] 

People affected by amyloidosis are supported by organizations, including the Amyloidosis Foundation, 

Amyloidosis Support Groups, and Amyloidosis Australia.[18][19] 

Prognosis[edit] 

Prognosis varies with the type of amyloidosis. Prognosis for untreated AL amyloidosis is poor with median 

survival of one to two years. More specifically, AL amyloidosis can be classified as stage I, II or III based on 

cardiac biomarkers like troponin and BNP. Survival diminishes with increasing stage, with estimated survival of 

26, 11 and 3.5 months at stages I, II and III, respectively.[10] 

Outcomes in a person with AA amyloidosis depend on the underlying disease and correlate with the 

concentration of serum amyloid A protein.[7] 

People with ATTR have better prognosis and may survive for over a decade.[6] 

Senile systemic amyloidosis was determined to be the primary cause of death for 70% of people over 110 who 

have been autopsied. 

INFECTIOUS DISEASES 

Sexually transmitted diseases: 

           HIV: Human immunodeficiency virus (HIV) is a type of virus called a retrovirus, which infects the 

human immune system (the system in the body which is in charge of fighting off illness). HIV may 

cause AIDS (a collection of diseases and symptoms) by eventually killing the white blood cells, which a healthy 

body uses to fight off disease. It is possible that a person can get infected with HIV if any body liquid with the 

virus gets into their body. The body liquids that carry HIV are blood, semen, liquid from the vagina, and breast 

milk. The liquids can go into the body through injured skin. The liquids can also enter through 

the mouth, eyes, nose, vagina, anus, or penis. However, though HIV might enter the body through any of these 

places, when people get HIV by having sex, the virus usually enters the body through the vagina or anus. 
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There are some common ways to get HIV: 

 A person with HIV can give a sexual partner the virus if they have unprotected sex. That means 

having sexual intercourse without a condom. 

 A person can get HIV if he or she uses the same needle as a person with HIV to inject drugs or get 

a tattoo. 

 A person may get HIV if he or she is stuck by a needle that was used on a patient with HIV. 

 Babies can get the virus from their mothers when they are born or when they are breastfeeding. A baby 

may be protected from getting HIV this way if their mother takes certain medications while she is pregnant. 

 Blood transfusions using infected blood products was a common cause of HIV. The blood had been taken 

from people with HIV infections. Now, in the developed world screening of blood products for HIV has 

mostly stopped this happening. However, people may still get HIV from blood transfusions in less-

developed countries if blood is not screened carefully. 

A person cannot get infected with HIV from non-sexual touching, like a hug or handshake, or touching 

someone else's saliva. A person cannot get HIV from an insect bite, a cough, or a sneeze.[1] People also cannot 

get HIV from touching light switches, using toilets, or drinking from the same glass as a person with HIV. 

Drug Treatment[change | change source] 

HIV causes a person to become more prone to illness, so infected people need treatment options. However, 

there is no cure for HIV. To help ease negative symptoms, drugs called anti-retroviral therapy (ART) are 

available. This treatment is also called high active anti-retroviral therapy (HAART). HAART treatment begins 

with one non-nucleoside reverse transcriptase inhibitor (NNRTI) and two nucleoside analogue reverse 

transcriptase inhibitors (NRTIs).[18] The NRTI drug could be named zidovudine (AZT), tenofovir (TDF), 

andlamivudine (3TC), or emtricitabine (FTC).[18] 

These drugs slow the progression of the HIV virus in the body.[18] Usually, these treatments consist of a 

combination of three or more drugs, and each drug performs a different job in fighting the virus. In general, 

HAART prevents the HIV from multiplying and destroying CD4 cells. CD4 cells are necessary to help protect 

the body from infections and cancer.[19]Since the HIV virus destroys CD4 cells, it causes people with HIV to be 

more prone to illness. 

It is recommended to start HAART if a person has HIV and has a CD4 cell count of less than or equal to 350 

cells/mm3. This number can be determined by a doctor.[18] A person’s age, sex, and other infections determine 

which treatment he or she should take.[18] These medication regimens can help HIV-infected people live longer, 

healthier lives, and can also help prevent the HIV from advancing to AIDS.[19] 
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Symptoms of acute HIV infection 

General treatment[change | change source] 

There has been controversy surrounding when the correct time to start therapy should be after a person 

discovers that he or she has HIV. Recently, the answer has been that earlier treatment is recommended.[20] This 

is because, first, effective therapy can prevent non-AIDS-related deaths. Second, therapy can prevent harm to 

a person’s immune system. Third, therapy can help prevent transmission of HIV to others, and can therefore 

reduce HIV prevalence overall.[20] Although there are some negative side effects of antiretroviral medications, 

the benefits of therapy usually outweigh the negative effects. 

Effects of therapy[change | change source] 

Patients on HAART have reported significant improvements in physical health, emotional health, mental health, 

and daily function compared to HIV-positive patients not yet on treatment.[21] Most research has occurred 

in developing countries, and little research has been done on the impacts of ART on household wellbeing.[21] 

Although HAART can be an effective means to treating HIV, there can be many negative side effects. Negative 

side effects can vary by drug, by ethnicity, and by drug interactions in the body. The following list contains the 

most common and serious negative side effects associated with HAART medications to treat HIV.[22] 

Nucleoside Reverse Transcriptase Inhibitors (NRTIs) 

 Lactic acidosis, hepatic steatosis, and body fat redistribution (lipodystrophy) 

 Fever, headache, rash, nausea, vomiting, diarrhea, fatigue 

Nonnucleoside Reverse Transcriptase Inhibitors (NNRTIs) 

 Rash, Stevens-Johnson syndrome, and toxic epidermal necrolysis 

 Fatigue, mood changes, liver function, insomnia 

 May have significant interactions with other drugs; dosage adjustments would be required 

Protease Inhibitors (PIs) 
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 Metabolic abnormalities including dyslipidemia, hyperglycemia, insulin resistance, and lipodystrophy 

 May increase risk of bleeding in hemophiliacs 

 Rash, diarrhea, vomiting, taste perversion, fatigue 

 May have significant interactions with other drugs; dosage adjustment would be required 

Fusion Inhibitors 

 Injection site reactions, neutropenia, increased frequency of pneumonia 

Chemokine Coreceptor Antagonists 

 Diarrhea, nausea, fatigue, dizziness, headache, liver function, joint pain 

Integrase Inhibitors 

 Nausea, diarrhea, headache, rash 

Pharmacokinetic Enhancers 

 Increased serum creatinine, proteinuria, nausea, diarrhea  

Gonorrhea: 

Gonorrhea is a disease. It is transmitted by having sex. It is among the most widespread sexually transmitted 

diseases. Gonorrhea is also sometimes called "the clap." Gonorrhea can be cured using antibiotics but the 

entire course of antibiotics must be used. 

Its presence was found up to 700 years ago. At that time, this disease was described by coming from the "Le 

Clapiers" part of the city of Paris. This part of the city was known to be where prostitutes lived.[1] 

It is caused by a bacterium, Neisseria gonorrheae. Since it is caused by a bacterium, it can be treated 

with antibiotics. The use of latex condoms when having sex can prevent it from spreading. Sometimes 

antibiotics do not cure gonorrheae. This is because the bacterium is becoming immune or resistant to the 

medicine. When this happens, the infection is more difficult to cure. 

Syphilis: 

Syphilis is a sexually transmitted infection caused by a bacterium called Treponema pallidum. Syphilis is 

usually spread by sexual contact. However, a fetus can get syphilis from its mother while she is pregnant or 

during childbirth. This is called congenital syphilis. 

There are four stages of syphilis: the primary, secondary, latent, and tertiary stages. In each stage, the signs 

and symptoms of syphilis are different. 

In the primary stage, a person usually just has a wound on their skin, called a "chancre." In the secondary 

stage, a person usually gets a rash. In the "latent" stage, syphilis has few or no symptoms. If syphilis reaches 
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the tertiary stage, which is the most severe, it causes many serious symptoms. These can include problems 

with the nervous system (the brain and nerves) and problems with the heart. Eventually, many people with 

tertiary syphilis will die if they do not get medical treatment. 

Syphilis is usually diagnosed with blood tests. The bacteria that causes syphilis can also be seen under 

a microscope. Most people who have syphilis can be treated and cured with antibiotics. 

By 1999, more than 12 million people around the world had gotten syphilis. More than 90% of these people 

(10.8 million) lived in the developing world.[1] Syphilis got much less common after penicillin became available in 

the 1940s. At that time, penicillin was used as a treatment for syphilis, and often cured the disease. However, 

since 2000, syphilis is becoming more common again.[1] 

Syphilis can be a very dangerous disease if it is not treated. Without treatment, 8% to 58% of people with 

syphilis die from the disease. Syphilis also makes a person two to five times more likely to get Human 

Immunodeficiency Virus (HIV). 

Primary stage[ 

After a person gets syphilis, the disease begins in the primary stage. A person gets syphilis by having sex with 

a person who has syphilis. Usually, the person who has syphilis has wounds on their genitals caused by 

syphilis. Touching these wounds during sex (including oral sexor anal sex) can give a person syphilis.[3] 

Later, a chancre (skin sore) usually appears at the place on the body that touched the infected wounds.[2] The 

chancre can be painful. The most common type of chancre gets bigger and bigger until it becomes an ulcer.[4] 

Chancres can appear in places other than the genitals. In women, chancres most often appear on the cervix - 

the bottom of the uterus. Some people get no chancres at all. Many people who have secondary syphilis (40–

85% of women and 20–65% of men) say they never had a chancre during the primary stage.[5] 

Around the place where syphilis entered the body, the lymph nodes usually get bigger[2] about 7 to 10 days 

after the chancre forms.[4] If the person does not get treatment, their wound(s) can last for three to six weeks.[2] 

Secondary stage 

If a person does not get treatment, syphilis will get worse. The secondary stage of syphilis will start about four 

to ten weeks after the person first got infected.[2] Secondary syphilis can cause many different symptoms. 

However, the most common three symptoms are:[5] 

 Sores on the mucous membranes (like the nose, throat, genitals, or anus)[5] 

 A rash on the chest, back, hands, and/or feet 

 Swollen lymph nodes 

All of the sores that people get during this stage can spread syphilis. The bacteria lives inside the wounds.[2][6] 

The symptoms of secondary syphilis usually get better after three to six weeks.[7] However, in about 25% of 

cases (1 out of every 4), these symptoms can return. 

https://simple.wikipedia.org/wiki/Nervous_system
https://simple.wikipedia.org/wiki/Brain
https://simple.wikipedia.org/wiki/Nerve
https://simple.wikipedia.org/wiki/Heart
https://simple.wikipedia.org/wiki/Therapy
https://simple.wikipedia.org/wiki/Blood_test
https://simple.wikipedia.org/wiki/Microscope
https://simple.wiktionary.org/wiki/cure
https://simple.wikipedia.org/wiki/Antibiotics
https://simple.wikipedia.org/wiki/Third_World
https://simple.wikipedia.org/wiki/Syphilis#cite_note-ST10-1
https://simple.wikipedia.org/wiki/Penicillin
https://simple.wikipedia.org/wiki/Syphilis#cite_note-ST10-1
https://simple.wikipedia.org/wiki/HIV
https://simple.wikipedia.org/wiki/HIV
https://simple.wikipedia.org/wiki/Sexual_intercourse
https://simple.wikipedia.org/wiki/Sex_organ
https://simple.wikipedia.org/wiki/Oral_sex
https://simple.wikipedia.org/wiki/Anal_sex
https://simple.wikipedia.org/wiki/Syphilis#cite_note-RedBookSyphilis-3
https://simple.wikipedia.org/wiki/Syphilis#cite_note-Kent08-2
https://simple.wikipedia.org/wiki/Ulcer
https://simple.wikipedia.org/wiki/Syphilis#cite_note-Pri2008-4
https://simple.wikipedia.org/wiki/Cervix
https://simple.wikipedia.org/wiki/Uterus
https://simple.wikipedia.org/wiki/Syphilis#cite_note-Sec2010-5
https://simple.wikipedia.org/wiki/Lymph_node
https://simple.wikipedia.org/wiki/Syphilis#cite_note-Kent08-2
https://simple.wikipedia.org/wiki/Syphilis#cite_note-Pri2008-4
https://simple.wikipedia.org/wiki/Syphilis#cite_note-Kent08-2
https://simple.wikipedia.org/wiki/Syphilis#cite_note-Kent08-2
https://simple.wikipedia.org/wiki/Syphilis#cite_note-Sec2010-5
https://simple.wikipedia.org/wiki/Mucous_membrane
https://simple.wikipedia.org/wiki/Anus
https://simple.wikipedia.org/wiki/Syphilis#cite_note-Sec2010-5
https://simple.wikipedia.org/wiki/Inflammation
https://simple.wikipedia.org/wiki/Syphilis#cite_note-Kent08-2
https://simple.wikipedia.org/wiki/Syphilis#cite_note-Kent08-2
https://simple.wikipedia.org/wiki/Syphilis#cite_note-Eye07-7


Latent stage 

In the latent stage of syphilis, a person has no symptoms, but blood tests show that he has syphilis.[3] Latent 

syphilis is described as either early or late. 

 The early latent stage: In the United States, latent syphilis is called "early" if it has been less than one year 

since the person had secondary syphilis.[7] In the United Kingdom, latent syphilis is called "early" if it has 

been less than two years.[4] 

 In this stage, the symptoms of secondary syphilis can still come back. 

 The late latent stage: People enter this stage when it has been more than one year (in the U.S.) or more 

than two years (in the U.K.) since they had secondary syphilis. 

 People in this stage have no symptoms, and do not spread syphilis as easily as people in the early 

latent stage 

URINARY TRACT INFECTIONS: 

A urinary tract infection (UTI) is an infection that affects part of the urinary tract.[1] When it affects the lower 

urinary tract it is known as a bladder infection (cystitis) and when it affects the upper urinary tract it is known 

as kidney infection(pyelonephritis).[9] Symptoms from a lower urinary tract include pain with urination, frequent 

urination, and feeling the need to urinate despite having an empty bladder.[1] Symptoms of a kidney infection 

include fever and flank pain usually in addition to the symptoms of a lower UTI.[9] Rarely the urine may 

appear bloody.[6] In the very old and the very young, symptoms may be vague or non-specific.[1][10] 

The most common cause of infection is Escherichia coli, though other bacteria or fungi may rarely be the 

cause.[2] Risk factors include female anatomy, sexual intercourse, diabetes, obesity, and family 

history.[2] Although sexual intercourse is a risk factor, UTIs are not classified as sexually transmitted 

infections (STIs).[11] Kidney infection, if it occurs, usually follows a bladder infection but may also result from 

a blood-borne infection.[12] Diagnosis in young healthy women can be based on symptoms alone.[4] In those with 

vague symptoms, diagnosis can be difficult because bacteria may be present without there being an 

infection.[13] In complicated cases or if treatment fails, a urine culture may be useful.[3] 

In uncomplicated cases, UTIs are treated with a short course of antibiotics such 

as nitrofurantoin or trimethoprim/sulfamethoxazole.[6] Resistance to many of the antibiotics used to treat this 

condition is increasing.[1] In complicated cases, a longer course or intravenous antibiotics may be needed.[6] If 

symptoms do not improve in two or three days, further diagnostic testing may be 

needed.[3] Phenazopyridine may help with symptoms.[1] In those who have bacteria or white blood cells in their 

urine but have no symptoms, antibiotics are generally not needed,[14] although during pregnancy is an 

exception.[15] In those with frequent infections, a short course of antibiotics may be taken as soon as symptoms 

begin or long-term antibiotics may be used as a preventative measure.[16] 

About 150 million people develop a urinary tract infection in a given year.[2] They are more common in women 

than men.[6] In women, they are the most common form of bacterial infection.[17] Up to 10% of women have a 
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urinary tract infection in a given year and half of women having at least one infection at some point in their 

lives.[4][6] They occur most frequently between the ages of 16 and 35 years.[6] Recurrences are 

common.[6] Urinary tract infections have been described since ancient times with the first documented 

description in the Ebers Papyrus dated to c. 1550 BC. 

SYMPTOMS: 

Lower urinary tract infection is also referred to as a bladder infection. The most common symptoms are burning 

with urination and having to urinate frequently (or an urge to urinate) in the absence of vaginal discharge and 

significant pain.[4] These symptoms may vary from mild to severe[9] and in healthy women last an average of 

six days.[17] Some pain above the pubic bone or in the lower back may be present. People experiencing an 

upper urinary tract infection, or pyelonephritis, may experience flank pain, fever, or nausea and vomiting in 

addition to the classic symptoms of a lower urinary tract infection.[9] Rarely, the urine may appear bloody[6] or 

contain visible pus in the urine.[19] 

Children 

In young children, the only symptom of a urinary tract infection (UTI) may be a fever. Because of the lack of 

more obvious symptoms, when females under the age of two or uncircumcised males less than a year exhibit a 

fever, a culture of the urine is recommended by many medical associations. Infants may feed poorly, vomit, 

sleep more, or show signs of jaundice. In older children, new onset urinary incontinence(loss of bladder control) 

may occur.[20] 

Elderly 

Urinary tract symptoms are frequently lacking in the elderly.[10] The presentations may be vague with 

incontinence, a change in mental status, or fatigue as the only symptoms,[9] while some present to a health care 

provider with sepsis, an infection of the blood, as the first symptoms.[6] Diagnosis can be complicated by the 

fact that many elderly people have preexisting incontinence or dementia.[10] 

It is reasonable to obtain a urine culture in those with signs of systemic infection that may be unable to report 

urinary symptoms, such as when advanced dementia is present.[21] Systemic signs of infection include 

a fever or increase in temperature of more than 1.1 °C (2.0 °F) from usual, chills, and an increased white blood 

cell count.[21] 

 

Cause 

Uropathogenic E. coli from the gut is the cause of 80–85% of community-acquired urinary tract 

infections,[22] with Staphylococcus saprophyticus being the cause in 5–10%.[4] Rarely they may be due 

to viral or fungal infections.[23] Healthcare-associated urinary tract infections (mostly related to urinary 
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catheterization) involve a much broader range of pathogens including: E. 

coli (27%), Klebsiella (11%), Pseudomonas (11%), the fungal pathogen Candida albicans (9%), 

and Enterococcus (7%) among others.[6][24][25] Urinary tract infections due to Staphylococcus aureus typically 

occur secondary to blood-borne infections.[9] Chlamydia trachomatis and Mycoplasma genitalium can infect the 

urethra but not the bladder.[26]These infections are usually classified as a urethritis rather than urinary tract 

infection. 

Sex 

In young sexually active women, sexual activity is the cause of 75–90% of bladder infections, with the risk of 

infection related to the frequency of sex.[4] The term "honeymoon cystitis" has been applied to this phenomenon 

of frequent UTIs during early marriage. In post-menopausal women, sexual activity does not affect the risk of 

developing a UTI.[4]Spermicide use, independent of sexual frequency, increases the risk of 

UTIs.[4] Diaphragm use is also associated.[27] Condom use without spermicide or use of birth control pillsdoes 

not increase the risk of uncomplicated urinary tract infection.[4][28] 

Women are more prone to UTIs than men because, in females, the urethra is much shorter and closer to 

the anus.[29] As a woman's estrogen levels decrease with menopause, her risk of urinary tract infections 

increases due to the loss of protective vaginal flora.[29] Additionally, vaginal atrophy that can sometimes occur 

after menopause is associated with recurrent urinary tract infections.[30] 

Chronic prostatitis in the forms of chronic prostatitis/chronic pelvic pain syndrome and chronic bacterial 

prostatitis (not acute bacterial prostatitis or asymptomatic inflammatory prostatitis) may cause recurrent urinary 

tract infections in males. Risk of infections increases as males age. While bacteria is commonly present in the 

urine of older males this does not appear to affect the risk of urinary tract infections.[31] 

Urinary catheters 

Urinary catheterization increases the risk for urinary tract infections. The risk of bacteriuria (bacteria in the 

urine) is between three and six percent per day and prophylactic antibiotics are not effective in decreasing 

symptomatic infections. The risk of an associated infection can be decreased by catheterizing only when 

necessary, using aseptic technique for insertion, and maintaining unobstructed closed drainage of the catheter.  

Male scuba divers using condom catheters and female divers using external catching devices for their dry 

suits are also susceptible to urinary tract infections. 

PNEUMONIA: 

Pneumonia is an inflammatory condition of the lung affecting primarily the small air sacs known 

as alveoli.[4][13] Typically symptoms include some combination of productive or dry cough, chest pain, fever, 

and trouble breathing.[2] Severity is variable.[2] 

Pneumonia is usually caused by infection with viruses or bacteria and less commonly by other microorganisms, 

certain medications and conditions such as autoimmune diseases.[4][5] Risk factors include other lung diseases 

such as cystic fibrosis, COPD, and asthma, diabetes, heart failure, a history of smoking, a poor ability to cough 
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such as following a stroke, or a weak immune system.[6] Diagnosis is often based on the symptoms 

and physical examination.[7] Chest X-ray, blood tests, and cultureof the sputum may help confirm the 

diagnosis.[7] The disease may be classified by where it was acquired with community, hospital, or health care 

associated pneumonia.[14] 

Vaccines to prevent certain types of pneumonia are available.[9] Other methods of prevention 

include handwashing and not smoking.[9] Treatment depends on the underlying cause.[15] Pneumonia believed 

to be due to bacteria is treated with antibiotics.[10] If the pneumonia is severe, the affected person is generally 

hospitalized.[15] Oxygen therapy may be used if oxygen levels are low.[10] 

Pneumonia affects approximately 450 million people globally (7% of the population) and results in about 

4 million deaths per year.[11][12] Pneumonia was regarded by William Osler in the 19th century as "the captain of 

the men of death".[16] With the introduction of antibiotics and vaccines in the 20th century, survival 

improved.[11] Nevertheless, in developing countries, and among the very old, the very young, and the chronically 

ill, pneumonia remains a leading cause of death.[11][17] Pneumonia often shortens suffering among those already 

close to death and has thus been called "the old man's friend". 

Signs and symptoms 

People with infectious pneumonia often have a productive cough, fever accompanied by shaking 

chills, shortness of breath, sharp or stabbing chest pain during deep breaths, and an increased rate of 

breathing.[8] In elderly people, confusion may be the most prominent sign.[8] 

The typical signs and symptoms in children under five are fever, cough, and fast or difficult breathing.[20] Fever 

is not very specific, as it occurs in many other common illnesses and may be absent in those with severe 

disease, malnutrition or in the elderly. In addition, a cough is frequently absent in children less than 2 months 

old.[20] More severe signs and symptoms in children may include blue-tinged skin, unwillingness to drink, 

convulsions, ongoing vomiting, extremes of temperature, or a decreased level of consciousness.[20][21] 

Symptoms frequency[19] 

Symptom Frequency 
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Bacterial and viral cases of pneumonia are usually present with 

similar symptoms.[22] Some causes are associated with classic, but non-

specific, clinical characteristics. Pneumonia caused 

by Legionella may occur with abdominal pain, diarrhea, or 

confusion.[23] Pneumonia caused by Streptococcus pneumoniae is 

associated with rusty colored sputum.[24] Pneumonia caused 

by Klebsiella may have bloody sputum often described as "currant 

jelly".[19] Bloody sputum (known as hemoptysis) may also occur 

with tuberculosis, Gram-negative pneumonia, lung abscesses and 

more commonly acute bronchitis.[21] Pneumonia caused 

by Mycoplasma pneumoniae may occur in association with swelling of 

the lymph nodes in the neck, joint pain, or a middle ear infection.[21] Viral 

pneumonia presents more commonly with wheezing than 

bacterial pneumonia.[22] Pneumonia was historically divided into "typical" 

and "atypical" based on the belief that the presentation predicted the underlying cause.[25] However, evidence 

has not supported this distinction, therefore it is no longer emphasized 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cough 79–91% 

Fatigue 90% 

Fever 71–75% 

Shortness of 

breath 
67–75% 

Sputum 60–65% 

Chest pain 39–49% 

https://en.wikipedia.org/wiki/Pneumonia#cite_note-WHOPrevent2012-22
https://en.wikipedia.org/wiki/Legionella
https://en.wikipedia.org/wiki/Diarrhea
https://en.wikipedia.org/wiki/Pneumonia#cite_note-23
https://en.wikipedia.org/wiki/Streptococcus_pneumoniae
https://en.wikipedia.org/wiki/Pneumonia#cite_note-24
https://en.wikipedia.org/wiki/Klebsiella
https://en.wikipedia.org/wiki/Pneumonia#cite_note-Tint10-19
https://en.wikipedia.org/wiki/Hemoptysis
https://en.wikipedia.org/wiki/Tuberculosis
https://en.wikipedia.org/wiki/Lung_abscess
https://en.wikipedia.org/wiki/Acute_bronchitis
https://en.wikipedia.org/wiki/Acute_bronchitis
https://en.wikipedia.org/wiki/Pneumonia#cite_note-Clinic2011-21
https://en.wikipedia.org/wiki/Mycoplasma_pneumoniae
https://en.wikipedia.org/wiki/Cervical_lymphadenopathy
https://en.wikipedia.org/wiki/Cervical_lymphadenopathy
https://en.wikipedia.org/wiki/Arthralgia
https://en.wikipedia.org/wiki/Arthralgia
https://en.wikipedia.org/wiki/Otitis_media
https://en.wikipedia.org/wiki/Pneumonia#cite_note-Clinic2011-21
https://en.wikipedia.org/wiki/Wheezing
https://en.wikipedia.org/wiki/Pneumonia#cite_note-WHOPrevent2012-22
https://en.wikipedia.org/wiki/Pneumonia#cite_note-M32-25


 

 

Cause 

 

Pneumonia is due to infections caused primarily by bacteria or viruses and less commonly 

by fungi and parasites. Although there are over 100 strains of infectious agents identified, only a few are 

responsible for the majority of the cases. Mixed infections with both viruses and bacteria may occur in roughly 

45% of infections in children and 15% of infections in adults.[11] A causative agent may not be isolated in 

approximately half of cases despite careful testing.[18] 

The term pneumonia is sometimes more broadly applied to any condition resulting in inflammation of the lungs 

(caused for example by autoimmune diseases, chemical burns or drug reactions); however, this inflammation is 

more accurately referred to as pneumonitis.[26][27] 

Conditions and risk factors that predispose to pneumonia 

include smoking, immunodeficiency, alcoholism, chronic obstructive pulmonary disease, asthma, chronic 

kidney disease, liver disease, and old age.[21][28] The use of acid-suppressing medications — such as proton-

pump inhibitors or H2 blockers — is associated with an increased risk of pneumonia.[29] Approximately 10% of 

people who require mechanical ventilation develop ventilator associated pneumonia,[30] and people with gastric 

feeding tube have an increased risk of developing of aspiration pneumonia.[31] For people with specific variants 

of FER gene, the risk of death is reduced in sepsis caused by pneumonia. However, for those 

with TLR6 variants, the risk of getting Legionnaires' disease is increased. 

TYPHOID: 

Typhoid fever, also known simply as typhoid, is a bacterial infection due to Salmonella typhi that causes 

symptoms.[3]Symptoms may vary from mild to severe and usually begin six to thirty days after 

exposure.[1][2] Often there is a gradual onset of a high fever over several days;[1] weakness, abdominal 

pain, constipation, and headaches also commonly occur.[2][6] Diarrhea is uncommon and vomiting is not usually 

severe.[6] Some people develop a skin rash with rose colored spots.[2] In severe cases there may be 

confusion.[6] Without treatment, symptoms may last weeks or months.[2] Other people may carry the bacterium 

without being affected; however, they are still able to spread the disease to others.[4] Typhoid fever is a type 

of enteric fever, along with paratyphoid fever.[3] 

The cause is the bacterium Salmonella Typhi, also known as Salmonella enterica serotype Typhi, growing in 

the intestines and blood.[2][6] Typhoid is spread by eating or drinking food or water contaminated with 

the feces of an infected person.[4] Risk factors include poor sanitation and poor hygiene.[3] Those who travel in 
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the developing world are also at risk.[6] Only humans can be infected.[4] Symptoms are similar to those of many 

other infectious diseases.[6] Diagnosis is by either culturing the bacteria or detecting the bacterium's DNA in the 

blood, stool, or bone marrow.[2][3][5] Culturing the bacterium can be difficult.[10] Bone marrow testing is the most 

accurate.[5] 

A typhoid vaccine can prevent about 40% to 90% of cases during the first two years.[7] The vaccine may have 

some effect for up to seven years.[3] It is recommended for those at high risk or people traveling to areas where 

the disease is common.[4] Other efforts to prevent the disease include providing clean drinking water, 

good sanitation, and handwashing.[2][4] Until it has been confirmed that an individual's infection is cleared, the 

individual should not prepare food for others.[2] The disease is treated with antibiotics such 

as azithromycin, fluoroquinolones or third generation cephalosporins.[3] Resistance to these antibiotics has 

been developing, which has made treatment of the disease more difficult.[3] 

In 2015, there were 12.5 million new cases worldwide.[8] The disease is most common in India.[3] Children are 

most commonly affected.[3][4] Rates of disease decreased in the developed world in the 1940s as a result of 

improved sanitation and use of antibiotics to treat the disease.[4] Each year in the United States, about 400 

cases are reported and it is estimated that the disease occurs in about 6,000 people.[6][11] In 2015, it resulted in 

about 149,000 deaths worldwide – down from 181,000 in 1990 (about 0.3% of the global total).[9][12] The risk of 

death may be as high as 20% without treatment.[4] With treatment, it is between 1 and 4%.[3][4] Typhus is a 

different disease.[13] However, the name typhoid means "resembling typhus" due to the similarity in symptoms. 

SIGNS AND SYMPTOMS: 

Classically, the course of untreated typhoid fever is divided into four distinct stages, each lasting about a week. 

Over the course of these stages, the patient becomes exhausted and emaciated.[15] 

 In the first week, the body temperature rises slowly, and fever fluctuations are seen with 

relative bradycardia (Faget sign), malaise, headache, and cough. A bloody nose (epistaxis) is seen in a 

quarter of cases, and abdominal pain is also possible. A decrease in the number of circulating white blood 

cells (leukopenia) occurs with eosinopenia and relative lymphocytosis; blood cultures are positive 

for Salmonella Typhi or S. paratyphi. The Widal test is usually negative in the first week.[16] 

 In the second week, the person is often too tired to get up, with high fever in plateau around 40 °C (104 °F) 

and bradycardia (sphygmothermic dissociation or Faget sign), classically with a dicrotic 

pulse wave. Delirium is frequent, often calm, but sometimes agitated. This delirium gives to typhoid the 

nickname of "nervous fever". Rose spots appear on the lower chest and abdomen in around a third of 

patients. Rhonchi are heard in lung bases. 

 The abdomen is distended and painful in the right lower quadrant, where borborygmi can be heard. 

Diarrhea can occur in this stage: six to eight stools in a day, green, comparable to pea soup, with a 

characteristic smell. However, constipation is also frequent. The spleen and liver are enlarged 

(hepatosplenomegaly) and tender, and liver transaminases are elevated. The Widal test is strongly 

positive, with antiO and antiH antibodies. Blood cultures are sometimes still positive at this stage. 
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 (The major symptom of this fever is that the fever usually rises in the afternoon up to the first and second 

week.) 

 In the third week of typhoid fever, a number of complications can occur: 

 Intestinal haemorrhage due to bleeding in congested Peyer's patches; this can be very serious, but is 

usually not fatal. 

 Intestinal perforation in the distal ileum: this is a very serious complication and is frequently fatal. It 

may occur without alarming symptoms until septicaemia or diffuse peritonitis sets in. 

 Encephalitis 

 Respiratory diseases such as pneumonia and acute bronchitis 

 Neuropsychiatric symptoms (described as "muttering delirium" or "coma vigil"), with picking at 

bedclothes or imaginary objects. 

 Metastatic abscesses, cholecystitis, endocarditis, and osteitis 

 The fever is still very high and oscillates very little over 24 hours. Dehydration ensues, and the patient 

is delirious (typhoid state). One-third of affected individuals develop a macular rash on the trunk. 

 Platelet count goes down slowly and risk of bleeding rises. 

 By the end of third week, the fever starts subsiding. 

Diagnosis[edit] 

Diagnosis is made by any blood, bone marrow or stool cultures and with the Widal test (demonstration 

of antibodies against Salmonella antigens O-somatic and H-flagellar). In epidemics and less wealthy countries, 

after excluding malaria, dysentery, or pneumonia, a therapeutic trial time with chloramphenicol is generally 

undertaken while awaiting the results of the Widal test and cultures of the blood and stool.[20] 

The Widal test is time-consuming, and prone to significant false positive results. The test may be also falsely 

negative in the early course of illness. However, unlike Typhidot test Widal test quantifies the specimen 

with titres. 

Typhidot is a medical test consisting of a dot ELISA kit that detects IgM and IgG antibodies against the outer 

membrane protein (OMP) of the Salmonella typhi. The typhidot test becomes positive within 2–3 days of 

infection and separately identifies IgM and IgG antibodies. The test is based on the presence of specific IgM 

and IgG antibodies to a specific 50Kd OMP antigen, which is impregnated on nitrocellulose strips. IgM shows 

recent infection whereas IgG signifies remote infection. The most important limitation of this test is that it is not 

quantitative and result is only positive or negative. 

The term 'enteric fever' is a collective term that refers to severe typhoid and paratyphoid. 
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Prevention[edit] 

 

Doctor administering a typhoid vaccination at a school in San Augustine County, Texas, 1943 

Sanitation and hygiene are important to prevent typhoid. Typhoid does not affect animals other than humans. 

Typhoid can only spread in environments where human feces are able to come into contact with food or 

drinking water. Careful food preparation and washing of hands are crucial to prevent typhoid. Industrialization, 

and in particular, the invention of the automobile, contributed greatly to the elimination of typhoid fever, as it 

eliminated the public health hazards associated with having horse manure in the public street which led to large 

number of flies.[22] According to statistics from the United States Centers for Disease Control and 

Prevention (CDC), the chlorination of drinking water has led to dramatic decreases in the transmission of 

typhoid fever in the United States. 

Vaccination[edit] 

Two typhoid vaccines are licensed for use for the prevention of typhoid:[7] the live, oral Ty21a vaccine (sold as 

Vivotif by Crucell Switzerland AG) and the injectable typhoid polysaccharide vaccine (sold as Typhim Vi by 

Sanofi Pasteur and 'Typherix by GlaxoSmithKline). Both are efficacious and recommended for travellers to 

areas where typhoid is endemic. Boosters are recommended every five years for the oral vaccine and every 

two years for the injectable form.[23][needs update] An older, killed-whole-cell vaccine is still used in countries where 

the newer preparations are not available, but this vaccine is no longer recommended for use because it has a 

higher rate of side effects (mainly pain and inflammation at the site of the injection).[24] 

To help decrease rates of typhoid fever in developing nations, the World Health Organization (WHO) endorsed 

the use of a vaccination program starting in 1999. Vaccinations have proven to be a great way at controlling 

outbreaks in high incidence areas. Just as important, it is also very cost-effective. Vaccination prices are 

normally low, less than US $1 per dose. Because the price is low, poverty-stricken communities are more 

willing to take advantage of the vaccinations.[25] Although vaccination programs for typhoid have proven to be 

effective, they alone cannot eliminate typhoid fever.[25] Combining the use of vaccines along with increasing 

public health efforts is the only proven way to control this disease.[25] 

Since the 1990s there have been two typhoid fever vaccines recommended by the World Health Organization. 

The ViPS vaccine is given via injection, while the Ty21a is taken through capsules. It is recommended only 

people 2 years or older be vaccinated with the ViPS vaccine and requires a revaccination after 2–3 years with a 

55–72% vaccine efficacy. The alternative Ty21a vaccine is recommended for people 5 years or older, and has 

a 5-7-year duration with a 51–67% vaccine efficacy. The two different vaccines have been proven as a safe 

and effective treatment for epidemic disease control in multiple regions. 
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Treatment[edit] 

The rediscovery of oral rehydration therapy in the 1960s provided a simple way to prevent many of the deaths 

of diarrheal diseases in general. 

Where resistance is uncommon, the treatment of choice is a fluoroquinolone such 

as ciprofloxacin.[21][28] Otherwise, a third-generation cephalosporin such as ceftriaxone or cefotaxime is the first 

choice.[29][30][31][32] Cefixime is a suitable oral alternative.[33][34] 

Typhoid fever, when properly treated, is not fatal in most cases. Antibiotics, such 

as ampicillin, chloramphenicol, trimethoprim-sulfamethoxazole, amoxicillin, and ciprofloxacin, have been 

commonly used to treat typhoid fever in microbiology.[35] Treatment of the disease with antibiotics reduces the 

case-fatality rate to about 1%.[36] 

Without treatment, some patients develop sustained fever, bradycardia, hepatosplenomegaly, abdominal 

symptoms and, occasionally, pneumonia. In white-skinned patients, pink spots, which fade on pressure, appear 

on the skin of the trunk in up to 20% of cases. In the third week, untreated cases may develop gastrointestinal 

and cerebral complications, which may prove fatal in up to 10–20% of cases. The highest case fatality rates are 

reported in children under 4 years. Around 2–5% of those who contract typhoid fever become chronic carriers, 

as bacteria persist in the biliary tract after symptoms have resolved.[37] 

Surgery[edit] 

Surgery is usually indicated in cases of intestinal perforation. Most surgeons prefer simple closure of the 

perforation with drainage of the peritoneum. Small-bowel resection is indicated for patients with multiple 

perforations. 

If antibiotic treatment fails to eradicate the hepatobiliary carriage, the gallbladder should be 

resected. Cholecystectomy is not always successful in eradicating the carrier state because of persisting 

hepatic infection. 

TUBERCULOSIS: 

Tuberculosis (TB) is an infectious disease usually caused by the bacterium Mycobacterium 

tuberculosis (MTB).[1] Tuberculosis generally affects the lungs, but can also affect other parts of the 

body.[1] Most infections do not have symptoms, in which case it is known as latent tuberculosis.[1] About 10% of 

latent infections progress to active disease which, if left untreated, kills about half of those infected. [1] The 

classic symptoms of active TB are a chronic cough with blood-containing sputum, fever, night sweats, 

and weight loss.[1] The historical term "consumption" came about due to the weight loss.[5] Infection of other 

organs can cause a wide range of symptoms.[6] 

Tuberculosis is spread through the air when people who have active TB in their lungs cough, spit, speak, 

or sneeze.[1][7] People with latent TB do not spread the disease.[1] Active infection occurs more often in people 

with HIV/AIDS and in those who smoke.[1] Diagnosis of active TB is based on chest X-rays, as well 
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as microscopic examination and culture of body fluids.[8]Diagnosis of latent TB relies on the tuberculin skin 

test (TST) or blood tests.[8] 

Prevention of TB involves screening those at high risk, early detection and treatment of cases, 

and vaccination with the bacillus Calmette-Guérin (BCG) vaccine.[9][10][11] Those at high risk include household, 

workplace, and social contacts of people with active TB.[11] Treatment requires the use of 

multiple antibiotics over a long period of time.[1] Antibiotic resistance is a growing problem with increasing rates 

of multiple drug-resistant tuberculosis (MDR-TB) and extensively drug-resistant tuberculosis (XDR-TB).[1] 

Presently, one-quarter of the world's population is thought to be infected with TB.[3] New infections occur in 

about 1% of the population each year.[12] In 2016, there were more than 10 million cases of active TB which 

resulted in 1.3 million deaths.[4] This makes it the number one cause of death from an infectious disease.[4] More 

than 95% of deaths occurred in developing countries, and more than 50% in India, China, Indonesia, Pakistan, 

and the Philippines.[4] The number of new cases each year has decreased since 2000.[1] About 80% of people in 

many Asian and African countries test positive while 5–10% of people in the United States population test 

positive by the tuberculin test.[13] Tuberculosis has been present in humans since ancient times.[14] 

igns and symptoms 

 

The main symptoms of variants and stages of tuberculosis are given,[15] with many symptoms overlapping with other 

variants, while others are more (but not entirely) specific for certain variants. Multiple variants may be present 

simultaneously. 

Tuberculosis may infect any part of the body, but most commonly occurs in the lungs (known as pulmonary 

tuberculosis).[6]Extrapulmonary TB occurs when tuberculosis develops outside of the lungs, although 

extrapulmonary TB may coexist with pulmonary TB.[6] 
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General signs and symptoms include fever, chills, night sweats, loss of appetite, weight loss, 

and fatigue.[6] Significant nail clubbing may also occur. 

Pathogenesis 

 

Microscopy of tuberculous epididymitis. H&E stain 

About 90% of those infected with M. tuberculosis have asymptomatic, latent TB infections (sometimes called 

LTBI),[53] with only a 10% lifetime chance that the latent infection will progress to overt, active tuberculous 

disease.[54] In those with HIV, the risk of developing active TB increases to nearly 10% a year.[54] If effective 

treatment is not given, the death rate for active TB cases is up to 66%.[50] 

TB infection begins when the mycobacteria reach the alveolar air sacs of the lungs, where they invade and 

replicate within endosomes of alveolar macrophages.[13][55][56] Macrophages identify the bacterium as foreign and 

attempt to eliminate it by phagocytosis. During this process, the bacterium is enveloped by the macrophage 

and stored temporarily in a membrane-bound vesicle called a phagosome. The phagosome then combines with 

a lysosome to create a phagolysosome. In the phagolysosome, the cell attempts to use reactive oxygen 

species and acid to kill the bacterium. However, M. tuberculosis has a thick, waxy mycolic acid capsule that 

protects it from these toxic substances. M. tuberculosis is able to reproduce inside the macrophage and will 

eventually kill the immune cell. 

The primary site of infection in the lungs, known as the "Ghon focus", is generally located in either the upper 

part of the lower lobe, or the lower part of the upper lobe.[13] Tuberculosis of the lungs may also occur via 

infection from the blood stream. This is known as a Simon focusand is typically found in the top of the 

lung.[57] This hematogenous transmission can also spread infection to more distant sites, such as peripheral 

lymph nodes, the kidneys, the brain, and the bones.[13][58] All parts of the body can be affected by the disease, 

though for unknown reasons it rarely affects the heart, skeletal muscles, pancreas, or thyroid.[59] 

 

Robert Carswell's illustration of tubercle[60] 

Tuberculosis is classified as one of the granulomatous inflammatory diseases. Macrophages, T lymphocytes, B 

lymphocytes, and fibroblastsaggregate to form granulomas, with lymphocytes surrounding the infected 

macrophages. When other macrophages attack the infected macrophage, they fuse together to form a giant 

multinucleated cell in the alveolar lumen. The granuloma may prevent dissemination of the mycobacteria and 

provide a local environment for interaction of cells of the immune system.[61] However, more recent evidence 

suggests that the bacteria use the granulomas to avoid destruction by the host's immune system. Macrophages 

and dendritic cells in the granulomas are unable to present antigen to lymphocytes; thus the immune response 

is suppressed.[62] Bacteria inside the granuloma can become dormant, resulting in latent infection. Another 

feature of the granulomas is the development of abnormal cell death (necrosis) in the center of tubercles. To 

the naked eye, this has the texture of soft, white cheese and is termed caseous necrosis.[61] 
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If TB bacteria gain entry to the blood stream from an area of damaged tissue, they can spread throughout the 

body and set up many foci of infection, all appearing as tiny, white tubercles in the tissues.[63] This severe form 

of TB disease, most common in young children and those with HIV, is called miliary tuberculosis.[64] People with 

this disseminated TB have a high fatality rate even with treatment (about 30%).[21][65] 

In many people, the infection waxes and wanes. Tissue destruction and necrosis are often balanced by healing 

and fibrosis.[61] Affected tissue is replaced by scarring and cavities filled with caseous necrotic material. During 

active disease, some of these cavities are joined to the air passages (bronchi) and this material can be 

coughed up. It contains living bacteria, and thus can spread the infection. Treatment with 

appropriate antibiotics kills bacteria and allows healing to take place. Upon cure, affected areas are eventually 

replaced by scar tissue. 

LEPROSY: 

Leprosy, also known as Hansen's disease (HD), is a long-term infection by the bacterium Mycobacterium 

leprae or Mycobacterium lepromatosis.[3][4] Initially, infections are without symptoms and typically remain this 

way for 5 to 20 years.[3]Symptoms that develop include granulomas of the nerves, respiratory tract, skin, and 

eyes.[3] This may result in a lack of ability to feel pain, which can lead to the loss of parts of extremities due to 

repeated injuries or infection due to unnoticed wounds.[2]Weakness and poor eyesight may also be present.[2] 

Leprosy is spread between people and possibly from armadillos.[7] This is thought to occur through a cough or 

contact with fluid from the nose of an infected person.[7] Leprosy occurs more commonly among those living in 

poverty.[2] Contrary to popular belief, it is not highly contagious.[2] The two main types of disease are based on 

the number of bacteria present: paucibacillary and multibacillary.[2] The two types are differentiated by the 

number of poorly pigmented, numb skin patches present, with paucibacillary having five or fewer and 

multibacillary having more than five.[2] The diagnosis is confirmed by finding acid-fastbacilli in a biopsy of the 

skin or by detecting the DNA using polymerase chain reaction.[2] 

Leprosy is curable with a treatment known as multidrug therapy.[3] Treatment for paucibacillary leprosy is with 

the medications dapsone and rifampicin for six months.[2] Treatment for multibacillary leprosy consists 

of rifampicin, dapsone, and clofazimine for 12 months.[2] A number of other antibiotics may also be 

used.[2] These treatments are provided free of charge by the World Health Organization.[3] Globally in 2012, the 

number of chronic cases of leprosy was 189,000, down from some 5.2 million in the 1980s.[3][8][9] The number of 

new cases was 230,000.[3] Most new cases occur in 16 countries, with India accounting for more than half. [3][2] In 

the past 20 years, 16 million people worldwide have been cured of leprosy.[3] About 200 cases are reported per 

year in the United States.[10] 

Leprosy has affected humanity for thousands of years.[2] The disease takes its name from 

the Greek word λέπρᾱ (léprā), from λεπῐ́ς (lepís; "scale"), while the term "Hansen's disease" is named after the 

Norwegian physician Gerhard Armauer Hansen.[2]Separating people by placing them in leper colonies still 

occurs in places such as India,[11] China,[12] and Africa.[13] However, most colonies have closed, since leprosy is 

not very contagious.[13] Social stigma has been associated with leprosy for much of history, which continues to 

be a barrier to self-reporting and early treatment.[3] Some consider the word "leper" offensive, preferring the 
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phrase "person affected with leprosy".[14] It is classified as a neglected tropical disease.[15] World Leprosy 

Daywas started in 1954 to draw awareness to those affected by leprosy. 

Signs and symptoms 

 

The first noticeable sign of leprosy is often the development of pale or pinkish patches of skin that may be 

insensitive to temperature or pain.[17] This is sometimes accompanied or preceded by nerve problems including 

numbness or tenderness in the hands or feet.[17][18]Secondary infections, in turn, can result in tissue loss, 

causing fingers and toes to become shortened and deformed, as cartilage is absorbed into the body.[19][20][21] 

Approximately 30% of people experience nerve damage, and the nerve damage sustained is irreversible, even 

with treatment of the infection.[22] Damage to nerves may cause sensation abnormalities, which may lead to 

infection, ulceration, and joint deformity. 

Pathophysiology 

How the infection produces the symptoms of the disease is not known. 

Prevention[edit] 

Early detection of the disease is important, since physical and neurological damage may be irreversible even if 

cured. Medications can decrease the risk of those living with people with leprosy from acquiring the disease 

and likely those with whom people with leprosy come into contact outside the home.[50] However, concerns are 

known of resistance, cost, and disclosure of a person's infection status when doing follow-up of contacts. 

Therefore, the WHO recommends that people who live in the same household be examined for leprosy and be 

treated only if symptoms are present.[50] 

The Bacillus Calmette–Guérin (BCG) vaccine offers a variable amount of protection against leprosy in addition 

to its target of tuberculosis.[51] It appears to be 26 to 41% effective (based on controlled trials) and about 60% 

effective based on observational studies with two doses possibly working better than one.[52][53] Development of 

a more effective vaccine is ongoing. 

MALARIA: 

Malaria is a mosquito-borne infectious disease affecting humans and other animals caused by parasitic single-

celled microorganisms belonging to the Plasmodium group.[2] Malaria causes symptoms that typically 

include fever, tiredness, vomiting, and headaches.[1] In severe cases it can cause yellow skin, seizures, coma, 

or death.[1] Symptoms usually begin ten to fifteen days after being bitten by an infected mosquito.[2] If not 

properly treated, people may have recurrences of the disease months later.[2] In those who have recently 
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survived an infection, reinfection usually causes milder symptoms.[1] This partial resistancedisappears over 

months to years if the person has no continuing exposure to malaria.[1] 

The disease is most commonly transmitted by an infected female Anopheles mosquito.[2] The mosquito bite 

introduces the parasites from the mosquito's saliva into a person's blood.[2] The parasites travel to 

the liver where they mature and reproduce.[1]Five species of Plasmodium can infect and be spread by 

humans.[1] Most deaths are caused by P. falciparum because P. vivax, P. ovale, and P. malariae generally 

cause a milder form of malaria.[1][2] The species P. knowlesi rarely causes disease in humans.[2] Malaria is 

typically diagnosed by the microscopic examination of blood using blood films, or with antigen-based rapid 

diagnostic tests.[1] Methods that use the polymerase chain reaction to detect the parasite's DNA have been 

developed, but are not widely used in areas where malaria is common due to their cost and complexity.[5] 

The risk of disease can be reduced by preventing mosquito bites through the use of mosquito nets and insect 

repellents, or with mosquito control measures such as spraying insecticides and draining standing 

water.[1] Several medications are available to prevent malaria in travellers to areas where the disease is 

common.[2] Occasional doses of the combination medication sulfadoxine/pyrimethamine are recommended 

in infants and after the first trimester of pregnancy in areas with high rates of malaria.[2] Despite a need, no 

effective vaccine exists, although efforts to develop one are ongoing.[2] The recommended treatment for malaria 

is a combination of antimalarial medications that includes an artemisinin.[1][2] The second medication may be 

either mefloquine, lumefantrine, or sulfadoxine/pyrimethamine.[6] Quinine along with doxycycline may be used if 

an artemisinin is not available.[6] It is recommended that in areas where the disease is common, malaria is 

confirmed if possible before treatment is started due to concerns of increasing drug resistance.[2] Resistance 

among the parasites has developed to several antimalarial medications; for example, chloroquine-

resistant P. falciparum has spread to most malarial areas, and resistance to artemisinin has become a problem 

in some parts of Southeast Asia.[2] 

The disease is widespread in the tropical and subtropical regions that exist in a broad band around 

the equator.[1] This includes much of Sub-Saharan Africa, Asia, and Latin America.[2] In 2016, there were 216 

million cases of malaria worldwide resulting in an estimated 445,000 to 731,000 deaths. [3][4] Approximately 90% 

of both cases and deaths occurred in Africa.[7] Rates of disease have decreased from 2000 to 2015 by 

37%,[7] but increased from 2014 during which there were 198 million cases.[8]Malaria is commonly associated 

with poverty and has a major negative effect on economic development.[9][10] In Africa, it is estimated to result in 

losses of US$12 billion a year due to increased healthcare costs, lost ability to work, and negative effects on 

tourism. 

Signs and symptoms 
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Main symptoms of malaria[12] 

The signs and symptoms of malaria typically begin 8–25 days following infection;[12] however, symptoms may 

occur later in those who have taken antimalarial medications as prevention.[5] Initial manifestations of the 

disease—common to all malaria species—are similar to flu-like symptoms,[13] and can resemble other 

conditions such as sepsis, gastroenteritis, and viral diseases.[5] The presentation may 

include headache, fever, shivering, joint pain, vomiting, hemolytic anemia, jaundice, hemoglobin in the 

urine, retinal damage, and convulsions.[14] 

The classic symptom of malaria is paroxysm—a cyclical occurrence of sudden coldness followed by shivering 

and then fever and sweating, occurring every two days (tertian fever) in P. vivax and P. ovale infections, and 

every three days (quartan fever) for P. malariae. P. falciparum infection can cause recurrent fever every 36–48 

hours, or a less pronounced and almost continuous fever.[15] 

Severe malaria is usually caused by P. falciparum (often referred to as falciparum malaria). Symptoms of 

falciparum malaria arise 9–30 days after infection.[13] Individuals with cerebral malaria frequently 

exhibit neurological symptoms, including abnormal posturing, nystagmus, conjugate gaze palsy (failure of the 

eyes to turn together in the same direction), opisthotonus, seizures, or coma. 

Pathophysiology 

Malaria infection develops via two phases: one that involves the liver (exoerythrocytic phase), and one that 

involves red blood cells, or erythrocytes (erythrocytic phase). When an infected mosquito pierces a person's 

skin to take a blood meal, sporozoites in the mosquito's saliva enter the bloodstream and migrate to the liver 

where they infect hepatocytes, multiplying asexually and asymptomatically for a period of 8–30 days.[41] 

After a potential dormant period in the liver, these organisms differentiate to yield thousands of merozoites, 

which, following rupture of their host cells, escape into the blood and infect red blood cells to begin the 
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erythrocytic stage of the life cycle.[41] The parasite escapes from the liver undetected by wrapping itself in 

the cell membrane of the infected host liver cell.[42] 

Within the red blood cells, the parasites multiply further, again asexually, periodically breaking out of their host 

cells to invade fresh red blood cells. Several such amplification cycles occur. Thus, classical descriptions of 

waves of fever arise from simultaneous waves of merozoites escaping and infecting red blood cells.[41] 

Some P. vivax sporozoites do not immediately develop into exoerythrocytic-phase merozoites, but instead, 

produce hypnozoites that remain dormant for periods ranging from several months (7–10 months is typical) to 

several years. After a period of dormancy, they reactivate and produce merozoites. Hypnozoites are 

responsible for long incubation and late relapses in P. vivax infections,[38] although their existence in P. ovale is 

uncertain.[43] 

The parasite is relatively protected from attack by the body's immune system because for most of its human life 

cycle it resides within the liver and blood cells and is relatively invisible to immune surveillance. However, 

circulating infected blood cells are destroyed in the spleen. To avoid this fate, the P. falciparum parasite 

displays adhesive proteins on the surface of the infected blood cells, causing the blood cells to stick to the walls 

of small blood vessels, thereby sequestering the parasite from passage through the general circulation and the 

spleen.[44]The blockage of the microvasculature causes symptoms such as in placental malaria. [45] Sequestered 

red blood cells can breach the blood–brain barrier and cause cerebral malaria. 

DYSENTRY: 

Dysentery is an inflammatory disease of the intestine, especially of the colon, which always results in 

severe diarrhea and abdominal pains.[1][2][3] Other symptoms may include fever and a feeling of incomplete 

defecation. The disease is caused by several types of infectious pathogens such as bacteria, viruses and 

parasites 

Amoebic dysentery 

Amoebiasis also known as amoebic dysentery, is caused by an infection from the amoeba Entamoeba 

histolytica,[11] which is found mainly in tropical areas.[12] Proper treatment of the underlying infection of amoebic 

dysentery is important; insufficiently treated amoebiasis can lie dormant for years and subsequently lead 

to severe, potentially fatal, complications. 

When amoebae inside the bowel of an infected person are ready to leave the body, they group together and 

form a shell that surrounds and protects them. This group of amoebae is known as a cyst, which is then passed 

out of the person's body in the feces and can survive outside the body. If hygiene standards are poor — for 

example, if the person does not dispose of the feces hygienically — then it can contaminate the surroundings, 

such as nearby food and water. If another person then eats or drinks food or water that has been contaminated 

with feces containing the cyst, that person will also become infected with the amoebae. Amoebic dysentery is 

particularly common in parts of the world where human feces are used as fertilizer. After entering the person's 

body through the mouth, the cyst travels down into the stomach. The amoebae inside the cyst are protected 
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from the stomach's digestive acid. From the stomach, the cyst travels to the intestines, where it breaks open 

and releases the amoebae, causing the infection. The amoebae can burrow into the walls of the intestines and 

cause small abscesses and ulcers to form. The cycle then begins again. 

Bacillary dysentery 

Dysentery may also be caused by shigellosis, an infection by bacteria of the genus Shigella, and is then known 

as bacillary dysentery (or Marlow syndrome). The term bacillary dysentery etymologically might seem to refer 

to any dysentery caused by any bacilliform bacteria, but its meaning is restricted by convention 

to Shigella dysentery. 

Other bacterial diarrhea 

Some strains of Escherichia coli cause bloody diarrhea. The typical culprits are enterohemorrhagic Escherichia 

coli, of which O157:H7 is the best known. 

Treatment[edit] 

Dysentery is managed by maintaining fluids by using oral rehydration therapy. If this treatment cannot be 

adequately maintained due to vomiting or the profuseness of diarrhea, hospital admission may be required 

for intravenous fluid replacement. In ideal situations, no antimicrobial therapy should be administered until 

microbiological microscopy and culture studies have established the specific infection involved. When 

laboratory services are not available, it may be necessary to administer a combination of drugs, including 

an amoebicidal drug to kill the parasite, and an antibiotic to treat any associated bacterial infection. 

If shigellosis is suspected and it is not too severe, letting it run its course may be reasonable — usually less 

than a week. If the case is severe, antibiotics such as ciprofloxacin or TMP-SMX may be useful. However, 

many strains of Shigella are becoming resistant to common antibiotics, and effective medications are often in 

short supply in developing countries. If necessary, a doctor may have to reserve antibiotics for those at highest 

risk for death, including young children, people over 50, and anyone suffering from dehydration or malnutrition. 

Amoebic dysentery is often treated with two antimicrobial drugs such 

as metronidazole and paromomycin or iodoquinol.[13] 

The seed, leaves, and bark of the kapok tree have been used in traditional medicine by indigenous peoples of 

the rainforest regions in America, west-central Africa, and Southeast Asia to treat this disease.[14][15][16] Bacillus 

subtilis was marketed throughout America and Europe from 1946 as an immunostimulatory aid in the treatment 

of gut and urinary tract diseases such as rotavirus and Shigella,[17] but declined in popularity after the 

introduction of consumer antibiotics. 

HEPATITIS: 

Hepatitis is inflammation of the liver tissue.[3] Some people have no symptoms whereas others develop yellow 

discoloration of the skin and whites of the eyes, poor appetite, vomiting, tiredness, abdominal pain, 
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or diarrhea.[1][2] Hepatitis may be temporary (acute) or long term (chronic) depending on whether it lasts for less 

than or more than six months.[1][5] Acute hepatitis can sometimes resolve on its own, progress to chronic 

hepatitis, or rarely result in acute liver failure.[6] Over time the chronic form may progress to scarring of the 

liver, liver failure, or liver cancer.[3] 

The most common cause of hepatitis worldwide is viruses.[2][3] Other causes include heavy alcohol use, certain 

medications, toxins, other infections, autoimmune diseases,[2][3] and non-alcoholic 

steatohepatitis (NASH).[7] There are five main types of viral hepatitis: type A, B, C, D, and E.[3] Hepatitis A and E 

are mainly spread by contaminated food and water.[3] Hepatitis B is mainly sexually transmitted, but may also 

be passed from mother to baby during pregnancy or childbirth.[3] Both hepatitis B and C are commonly spread 

through infected blood such as may occur during needle sharing by intravenous drug users.[3] Hepatitis D can 

only infect people already infected with hepatitis B.[3] 

Hepatitis A, B, and D are preventable with immunization.[2] Medications may be used to treat chronic cases of 

viral hepatitis.[1]There is no specific treatment for NASH; however, a healthy lifestyle, including physical activity, 

a healthy diet, and weight loss, is important.[7] Autoimmune hepatitis may be treated with medications to 

suppress the immune system.[8] A liver transplant may also be an option in certain cases.[4] 

Worldwide in 2015, hepatitis A occurred in about 114 million people, chronic hepatitis B affected about 343 

million people and chronic hepatitis C about 142 million people.[9] In the United States, NASH affects about 11 

million people and alcoholic hepatitisaffects about 5 million people.[7][10] Hepatitis results in more than a million 

deaths a year, most of which occur indirectly from liver scarring or liver cancer.[3][11] In the United States, 

hepatitis A is estimated to occur in about 2,500 people a year and results in about 75 deaths.[12] The word is 

derived from the Greek hêpar (ἧπαρ), meaning "liver", and -itis (-ῖτις), meaning "inflammation".[13] 

Signs and symptoms[edit] 

 

Jaundiced eyes 

Hepatitis has a broad spectrum of presentations that range from a complete lack of symptoms to severe liver 

failure.[14][15][16] The acute form of hepatitis, generally caused by viral infection, is characterized by constitutional 

symptoms that are typically self-limiting.[14][15] Chronic hepatitis presents similarly, but can manifest signs and 

symptoms specific to liver dysfunction with long-standing inflammation and damage to the organ.[16][17] 

Acute hepatitis[edit] 

Acute viral hepatitis follows three distinct phases: 

1. The initial prodromal phase (preceding symptoms) involves non-specific and flu-like symptoms 

common to many acute viral infections. These include fatigue, nausea, vomiting, poor appetite, joint 

pain, and headaches.[14][15] Fever, when present, is most common in cases of hepatitis A and E.[14] Late 
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in this phase, people can experience liver-specific symptoms, including choluria (dark urine) and clay-

colored stools.[14][15] 

2. Yellowing of the skin and whites of the eyes follow the prodrome after about 1–2 weeks and can last 

for up to 4 weeks.[14][15] The non-specific symptoms seen in the prodromal typically resolve by this time, 

but people will develop an enlarged liver and right upper abdominal pain or discomfort.[14] 10–20% of 

people will also experience an enlarged spleen, while some people will also experience a mild 

unintentional weight loss.[14][16] 

3. The recovery phase is characterized by resolution of the clinical symptoms of hepatitis with persistent 

elevations in liver lab values and potentially a persistently enlarged liver.[14] All cases of hepatitis A and 

E are expected to fully resolve after 1–2 months.[14] Most hepatitis B cases are also self-limiting and 

will resolve in 3–4 months. Few cases of hepatitis C will resolve completely.[14] 

Both drug-induced hepatitis and autoimmune hepatitis can present very similarly to acute viral hepatitis, with 

slight variations in symptoms depending on the cause.[18][19] Cases of drug-induced hepatitis can manifest with 

systemic signs of an allergic reaction including rash, fever, serositis (inflammation of membranes lining certain 

organs), elevated eosinophils(a type of white blood cell), and suppression of bone marrow activity.[18] 

Fulminant hepatitis[edit] 

Fulminant hepatitis, or massive hepatic cell death, is a rare and life-threatening complication of acute hepatitis 

that can occur in cases of hepatitis B, D, and E, in addition to drug-induced and autoimmune 

hepatitis.[14][18][19] The complication more frequently occurs in instances of hepatitis B and D co-infection at a rate 

of 2–20% and in pregnant women with hepatitis E at rate of 15–20% of cases.[14][15] In addition to the signs of 

acute hepatitis, people can also demonstrate signs of coagulopathy (abnormal coagulation studies with easy 

bruising and bleeding) and encephalopathy (confusion, disorientation, and sleepiness).[14][15] Mortality due to 

fulminant hepatitis is typically the result of various complications including cerebral edema, gastrointestinal 

bleeding, sepsis, respiratory failure, or kidney failure.[14] 

Chronic hepatitis[edit] 

Acute cases of hepatitis are seen to be resolved well within a six-month period. When hepatitis is continued for 

more than six months it is termed chronic hepatitis.[20] Chronic hepatitis is often asymptomatic early in its course 

and is detected only by liver laboratory studies for screening purposes or to evaluate non-specific 

symptoms.[16][17] As the inflammation progresses, patients can develop constitutional symptoms similar to acute 

hepatitis, including fatigue, nausea, vomiting, poor appetite, and joint pain.[17] Jaundice can occur as well, but 

much later in the disease process and is typically a sign of advanced disease.[17] Chronic hepatitis interferes 

with hormonal functions of the liver which can result in acne, hirsutism (abnormal hair growth), 

and amenorrhea (lack of menstrual period) in women.[17] Extensive damage and scarring of the liver over time 

defines cirrhosis, a condition in which the liver's ability to function is permanently impeded.[16] This results in 

jaundice, weight loss, coagulopathy, ascites (abdominal fluid collection), and peripheral edema (leg 
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swelling).[17] Cirrhosis can lead to other life-threatening complications such as hepatic 

encephalopathy, esophageal varices, hepatorenal syndrome, and liver cancer.[16] 

Causes[edit] 

Causes of hepatitis can be divided into the following major categories: infectious, metabolic, ischemic, 

autoimmune, genetic, and other. Infectious agents include viruses, bacteria, and parasites. Toxins, 

drugs, alcohol, and non-alcoholic fatty liver disease are metabolic causes of liver injury and 

inflammation. Autoimmune and genetic causes of hepatitis involve genetic predispositions and tend to affect 

characteristic populations. 

Infectious[edit] 

Viral hepatitis[edit] 

Main article: Viral hepatitis 

Viral hepatitis is the most common type of hepatitis worldwide.[21] Viral hepatitis is caused by five different 

viruses (hepatitis A, B, C, D, and E).[14] Hepatitis A and hepatitis E behave similarly: they are both transmitted 

by the fecal–oral route, are more common in developing countries, and are self-limiting illnesses that do not 

lead to chronic hepatitis.[14][22][23] 

Hepatitis B, hepatitis C, and hepatitis D are transmitted when blood or mucous membranes are exposed to 

infected blood and body fluids, such as semen and vaginal secretions.[14]Viral particles have also been found in 

saliva and breastmilk. However, kissing, sharing utensils, and breastfeeding do not lead to transmission unless 

these fluids are introduced into open sores or cuts.[24] 

Hepatitis B and C can present either acutely or chronically.[14] Hepatitis D is a defective virus that requires 

hepatitis B to replicate and is only found with hepatitis B co-infection.[14] In adults, hepatitis B infection is most 

commonly self-limiting, with less than 5% progressing to chronic state, and 20 to 30% of those chronically 

infected developing cirrhosis or liver cancer.[25] However, infection in infants and children frequently leads to 

chronic infection.[25] 

Unlike hepatitis B, most cases of hepatitis C lead to chronic infection.[26] Hepatitis C is the second most 

common cause of cirrhosis in the US (second to alcoholic hepatitis).[27] In the 1970s and 1980s, blood 

transfusions were a major factor in spreading hepatitis C virus.[26] Since widespread screening of blood products 

for hepatitis C began in 1992, the risk of acquiring hepatitis C from a blood transfusion has decreased from 

approximately 10% in the 1970s to 1 in 2 million currently. 

Diagnosis[edit] 
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Predominantly elevated aminotransferase Cause 

ALT 

Chronic hepatitis B, C, and D 

Nonalcoholic liver disease 

Acute viral hepatitis 

Medications/toxins 

Autoimmune hepatitis 

Wilson's disease 

Alpha-1-antitrypsin deficiency 

Hemochromatosis 

Ischemic hepatitis (severe elevation up to thousands) 

AST 

Alcoholic liver disease 

Cirrhosis 

Diagnosis of hepatitis is made on the basis of some or all of the following: a patient's signs and symptoms, 

medical history including sexual and substance use history, blood tests, imaging, and liver biopsy.[27] In general, 

for viral hepatitis and other acute causes of hepatitis, the patient's blood tests and clinical picture are sufficient 

for diagnosis.[14][27] For other causes of hepatitis, especially chronic causes, blood tests may not be useful.[27] In 

this case, liver biopsy is the gold standard for establishing the diagnosis as histopathologic analysis is able to 
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reveal the precise extent and pattern of inflammation and fibrosis.[27] However, liver biopsy is typically not the 

initial diagnostic test because it is invasive and is associated with a small but significant risk of bleeding that is 

increased in patients with liver injury and cirrhosis.[60] 

Blood testing includes liver enzymes, serology (i.e. for autoantibodies), nucleic acid testing (i.e. for hepatitis 

virus DNA/RNA), blood chemistry, and complete blood count.[27] Characteristic patterns of liver enzyme 

abnormalities can point to certain causes or stages of hepatitis.[61][62]Generally, AST and ALT are elevated in 

most cases of hepatitis regardless of whether the patient shows any symptoms.[27] However, the degree of 

elevation (i.e. levels in the hundreds vs. in the thousands), the predominance for AST vs. ALT elevation, and 

the ratio between AST and ALT are informative of the diagnosis.[27] 

Ultrasound, CT, and MRI can all identify steatosis (fatty changes) of the liver tissue and nodularity of the liver 

surface suggestive of cirrhosis.[63][64] CT and especially MRI are able to provide a higher level of detail, allowing 

visualization and characterize such structures as vessels and tumors within the liver.[65] Unlike steatosis and 

cirrhosis, no imaging test is able to detect liver inflammation (i.e. hepatitis) or fibrosis.[27] Liver biopsy is the only 

definitive diagnostic test that is able to assess inflammation and fibrosis of the liver. 

UNIT-III:CANCER 

DIFFERENCES BETWEEN BENIGN AND MALIGNANT TUMORS: 

Definition of Benign Tumors: Noncancerous 

If the cells are not cancerous, the tumor is benign. It won't invade nearby tissues or spread to other areas 

of the body (metastasize). A benign tumor is less worrisome unless it is pressing on nearby tissues, 

nerves, or blood vessels and causing damage. Fibroids in the uterus or lipomas are examples of benign 

tumors. 

Benign tumors may need to be removed by surgery. They can grow very large, sometimes weighing 

pounds. They can be dangerous, such as when they occur in the brain and crowd the normal structures in 

the enclosed space of the skull. They can press on vital organs or block channels. Also, some types of 

benign tumors such as intestinal polyps are considered precancerous and are removed to prevent them 

becoming malignant. Benign tumors usually don't recur once removed, but if they do it is usually in the 

same place. 

Definition of Malignant Tumors: Cancerous 

Malignant means that the tumor is made of cancer cells, and it can invade nearby tissues. Some cancer 

cells can move into the bloodstream or lymph nodes, where they can spread to other tissues within the 
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body—this is called metastasis. Cancer can occur anywhere in the body including the breast, 

intestines, lungs, reproductive organs, blood, and skin. 

For example, breast cancer begins in the breast tissue and may spread to lymph nodes in the armpit if it's 

not caught early enough and treated. Once breast cancer has spread to the lymph nodes, the cancer cells 

can travel to other areas of the body, like the liver or bones. The breast cancer cells can then form tumors 

in those locations. A biopsy of these tumors might show characteristics of the original breast cancer 

tumor. 

Differences Between Benign and Malignant Tumors 

There are many important differences between benign and malignant tumors. Some of these include: 

 Growth rate: Malignant tumors may grow more rapidly than benign tumors, although there are 

slow-growing and fast-growing tumors in either category. 

 Ability to invade locally: Malignant tumors may invade the tissue around them. One of the most 

prominent hallmarks of cancer is penetration of the basal membrane that surrounds normal 

tissues. 

 Ability to spread at distance: Malignant tumors may spread to other parts of the body using the 

bloodstream or the lymphatic system. Malignant tumors may also invade nearby tissues and 

send out fingers into them, while benign tumors don't. Benign tumors only grow in the place 

where they started. 

 Recurrence: Benign tumors are easier to remove by surgery as they have clearer boundaries, 

and as a result, they are less likely to recur. If they do recur, it is only at the original site. 

Malignant tumors may have spread. As a result, they are more likely to recur and may recur in 

other sites, such as breast cancer recurring in the lungs or bones. 

 Cellular appearance: When a pathologist looks at tumor cells under a microscope, it is often 

obvious whether they are normal, benign cells or cancerous cells. Cancer cells often have 

abnormal chromosomes and DNA, making their nuclei larger and darker. They also often have 

different shapes than normal cells. However, sometimes the difference is subtle. 

 Systemic effects: While there are some benign tumors that secrete hormones, such as 

benign pheochromocytomas, malignant tumors are more likely to do so. Malignant tumors can 
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secrete substances that cause effects throughout the body, such as fatigue and weight loss. This 

is known as paraneoplastic syndrome. 

 Treatments: A benign tumor can usually be completely treated with surgery, although some 

may be treated with radiation therapy or medication. Some benign tumors are not treated as 

they are not posing any health risk. Malignant tumors may require chemotherapy, radiation 

therapy, or immunotherapy medications to eliminate cells that may be remaining or may have 

spread to other parts of the body. 

Can a Benign Tumor Turn Malignant? 

Some types of benign tumors only very rarely transform into malignant tumors. But some types, such 

as adenomatous polyps (adenomas) in the colon have a greater risk of transforming into cancer. That is 

why polyps, which are benign, are removed during colonoscopy. Removing them is one way of 

preventing colon cancer. 

It's not always clear-cut whether a tumor is benign or malignant, and your doctor may use several 

different factors to diagnose it as one or the other. You may end up with an uncertain diagnosis. Also, it is 

possible that a biopsy finds precancerous cells or misses the area where the cancerous cells are more 

prevalent. In these cases, what was thought to be benign might turn out to be malignant as it further grows 

and develops. 

HISTOLOGICAL DIAGNOSIS OF MALIGNANCY: 

Historically, histopathology and cytopathology have been the main tools utilised in the diagnosis of cancer. These 

techniques have evolved from an era of diagnosis based on haematoxylin and eosin (H&E) stained slides (Figure 1) 

to the current regular evaluation of tumours by immunocytochemistry (IHC) to confirm tumour histogenesis and 

subtype. In breast cancer, this means the routine IHC evaluation of hormone receptors (oestrogen (Figure 2) and 

progesterone receptors) as well as evaluation of HER2 expression (Figure 3) and Ki67 (a marker of tumour 

proliferation). These factors strongly influence prognosis and the selection of anti-cancer treatments. Molecular 

histopathology using in-situ hybridization (ISH) techniques also provides additional information influencing prognosis 

and treatment in breast cancer (Figure 4) and other cancers. More recently, gene profiling technology (Figure 5) has 

been used to define subgroups of breast cancer patients. For example, it has identified the Luminal-A breast cancer 

subtype for whom adjuvant chemotherapy is unlikely to be of benefit. These gene profiling techniques are likely to be 

used in the management of other tumours over coming years. 

Molecular and cytogenetic studies have demonstrated that the development and progression of human malignancies 

involves multiple genetic changes, and techniques identifying these changes have become major diagnostic tools in 

oncology. Studies have shown a specific gene translocation to characterise chronic myeloid leukaemia t(9;22) (Figure 
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6). Amplification and/or activation of tumour oncogenes such as c-myc, and deletion and/or inactivation of tumour 

suppressor genes such as p53 and Rb1, are identified with specific solid tumours. Cytogenetic results are 

increasingly important in confirming the diagnosis of malignancy and directing the optimum therapeutic strategy. 

Prostate-specific antigen (PSA): An elevated PSA level in the blood may indicate prostate cancer, but other 

conditions such as benign prostatic hyperplasia (BPH) and prostatitis can also raise PSA levels. PSA levels are used 

to evaluate how a patient has responded to treatment and to check for tumour recurrence. The use of PSA as a 

screening tool for prostate cancer remains controversial. 

Alpha-fetoprotein (AFP): This is normally elevated in pregnant women since it is produced by the foetus. In men, 

and in women who are not pregnant, an elevated level of AFP may indicate liver cancer or cancer of the testis or 

ovary. Noncancerous conditions such as chronic active hepatitis may also cause elevated AFP levels. 

Human chorionic gonadotropin (HCG): This is another substance that appears normally in pregnancy and is 

produced by the placenta. If pregnancy is ruled out, HCG may indicate cancer in the testis, ovary, liver, stomach, 

pancreas and lung. Marijuana use can also “falsely” raise HCG levels. 

Carcinoembryonic antigen (CEA): Colorectal cancer is the most common cancer where this tumour marker is used, 

but many other epithelial cancers can also raise levels. 

CA 125: Ovarian cancer is the most common cause of elevated CA 125, but cancers of the uterus, cervix, pancreas, 

liver, colon, breast, lung and digestive tract can also raise CA 125 levels through peritoneal involvement. Several 

noncancerous conditions can also elevate CA 125 (e.g. non-malignant ascites). CA 125 is mainly used to monitor the 

treatment of ovarian cancer. 

CA 19-9: This is associated with cancers in the colon, stomach, and bile duct. Elevated levels of CA 19-9 may 

indicate advanced cancer in the pancreas, but it is also associated with noncancerous conditions, including 

gallstones, pancreatitis, cirrhosis of the liver and cholecystitis. 

CA 15-3: This is most useful in evaluating the effect of treatment for women with advanced breast cancer. Elevated 

levels of CA 15-3 are also associated with cancers of the ovary, lung, and prostate, as well as noncancerous 

conditions such as benign breast or ovarian disease, endometriosis, pelvic inflammatory disease and hepatitis. 

Pregnancy and lactation also can raise CA 15-3 levels. 

There are many other markers used in monitoring specific cancers, e.g. calcitonin in medullary carcinoma of the 

thyroid, chromogranin-A (CgA) in neuroendocrine carcinoma, thyroglobulin in thyroid cancer, neuron specific enolase 

(NSE) in small cell carcinoma of the lung, immunoglobulins/light chains in multiple myeloma and beta-2-microglobulin 

in multiple myeloma and non-Hodgkin’s lymphoma. Lactate dehydrogenase (LDH) is a non-specific marker that is of 

prognostic significance in metastatic melanoma, small cell lung cancer, germ cell tumours of the testis/ovary, non-

Hodgkin’s lymphoma and neuroblastoma. 

INVATION AND METASTASIS: 

Cancer metastasis is the spread of cancer cells to tissues and organs beyond where the tumor originated 

and the formation of new tumors (secondary and tertiary foci) is the single event that results in the death 

of most patients with cancer. At the time of cancer diagnosis, at least half of the patients already present 



clinically detectable metastatic disease.1 A higher number of patients will also have micrometastases that 

would be beyond conventional detection techniques. Thus, metastasis is the most life threatening event in 

patients with cancer. The process is composed of a number of sequential events which must be completed 

in order for the tumor cell to successfully metastasize, the so called metastatic cascade. This process 

contributes to the complexity of cancer as a multiplex disease. During the metastatic cascade, changes in 

cell-cell and cell-matrix adhesion are of paramount importance.2 

The metastatic cascade can be broadly separated into three main processes: invasion, intravasation and 

extravasation. The loss of cell-cell adhesion capacity allows malignant tumor cells to dissociate from the 

primary tumor mass and changes in cell-matrix interaction enable the cells to invade the surrounding 

stroma; the process of invasion. This involves the secretion of substances to degrade the basement 

membrane and extracellular matrix and also the expression/ suppression of proteins involved in the 

control of motility and migration. The tumor must also initialize angiogenesis, without which the tumor 

would fail to develop, as local diffusion for transport of nutrients to and removal of waste products from 

the tumor site would suffice for tumors up to 2 mm in diameter.3 The blood vessel within the tumor's 

vicinity can then provide a route for the detached cells to enter the circulatory system and metastasize to 

distant sites; the process of intravasation.4,5 Interaction between the tumor cell and the surrounding stroma 

is extremely important in the development of tumor angiogenesis.6 Once the tumor cell has arrived at a 

likely point of intravasation, it interacts with the endothelial cells by undergoing biochemical interactions 

(mediated by carbohydratecarbohydrate locking reactions, which occur weakly but quickly) develops 

adhesion to the endothelial cells to form stronger bonds, and thus penetrates the endothelium and the 

basement membrane; the process of extravasation. The new tumor can then proliferate at this secondary 

focus. 

The metastatic cascade is therefore dependent on the loss of adhesion between cells, which results in the 

dissociation of the cell from the primary tumor, and subsequently the ability of the cell to attain a motile 

phenotype via changes in cell to matrix interaction. 

Cellular Junctions 

Epithelial cells are characterized by a remarkable polarization of their plasma membrane, evidenced by 

the appearance of structurally, compositionally, and functionally distinct surface domains. The cell to cell 

adhesion complex runs from the apical to the basal membranes and is composed of Tight Junctions (TJ), 

Adherens Junctions (AJ), Gap Junctions (GJ), Desmosomes and integrins (Fig. 1). 

https://www.ncbi.nlm.nih.gov/books/NBK164700/
https://www.ncbi.nlm.nih.gov/books/NBK164700/
https://www.ncbi.nlm.nih.gov/books/NBK164700/
https://www.ncbi.nlm.nih.gov/books/NBK164700/
https://www.ncbi.nlm.nih.gov/books/NBK164700/
https://www.ncbi.nlm.nih.gov/books/NBK164700/
https://www.ncbi.nlm.nih.gov/books/NBK164700/figure/ch5379.f1/?report=objectonly


 

Schematics showing the arrangement of cell-cell junctions and cell-matrix interactions. 

Tight Junctions (TJ) 

The permeability of epithelial and endothelial cells is governed by the TJ and they are located at the 

apical membrane of the cell,7-9 (Fig. 1). The TJ is a region where the plasma membrane of adjacent cells 

forms a series of contacts that appear to completely occlude the extracellular space thus creating an 

intercellular barrier and intramembrane diffusion fence.10 In epithelial cells the TJ functions in an 

adhesive manner and can prevent cell dissociation.11 TJ in endothelial cells function as a barrier through 

which molecules and inflammatory cells can pass. Interaction with and penetration of the vascular 

endothelium by dissociated cancer cells is an important step in the formation of cancer metastases. TJ are 

the first barrier that cancer cells must overcome in order to metastasize. We have previously demonstrated 

that TJ of vascular endothelium in vivo function as a barrier between blood and tissues against metastatic 

cancer cells.12 Early studies demonstrated a correlation between the reduction of TJ and tumor 

differentiation and experimental evidence has emerged to place TJ in the frontline as the structure that 

cancer cells must overcome in order to metastasize.12-15 Although a considerable body of work exists on 

TJ and their role in a number of diseases, following the early work of Martinez-Paloma16 and others,17,18 it 

is only in recent years that there has been an upsurge in studies investigating their possible role in 

tumorigenesis and metastasis. 
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There have now been numerous studies on colorectal cancer,19-21 pancreatic cancers22-24 and an increasing 

number of studies performed on breast cancer.25-27 Changes in both tumor and endothelial cells are 

necessary for successful growth and spread of cancer cells and these changes are somewhat similar. A 

change in cancer cells by upregulation or downregulation of relevant TJ proteins results in loss of cellcell 

association, cell contact inhibition, leading to uncontrolled growth, loss of adhesion to and degradation of 

the basement. These must be a concurrent loss of cellcell association in the endothelium and modulation 

of TJ proteins involved in facilitating the passage of the cancer cells through this barrier. 

HGF/SF (hepatocyte growth factor), a cytokine secreted by stromal cells and key to the development and 

progression of cancer, particularly during metastasis has been shown to be capable of modulating 

expression and function of TJ molecules in human breast cancer cell lines.28 HGF decreased trans-

epithelial resistance and increased paracellular permeability of human breast cancer cell lines, MDA-MB-

231 and MCF-7. Q-PCR showed that HGF modulated the levels of several TJ molecule (occludin, 

claudin-1 and -5, JAM-1 and -2) mRNA transcripts in MDA-MB-231 and MCF-7 cells. Such data shows 

that HGF disrupts TJ function in human breast cancer cells by effecting changes in the expression of TJ 

molecules at both the mRNA and protein levels and that regulation of TJ could be of fundamental 

importance in the prevention of metastasis of breast cancer cells. Regulation of vascular permeability is 

one of the most important functions of endothelial cells, and endothelial cells from different organ sites 

show different degrees of permeability.29 Tumor blood vessels are more permeable on macro-molecular 

diffusion than normal tissue vessels. However, the cause and mechanism of hyperpermeability of human 

vessels had not been clear. Tumor cells release a number of factors that can assist their transmigration 

through the endothelium after treating endothelial cells with conditioned media from a highly invasive 

and metastatic melanoma cell line,29 with TJ being irreversibly damaged (as assessed using TER-trans-

epithelial resistance). In fact, HGF has been shown to decrease TER and increase PCP (paracellular 

permeability) in human endothelial cells.8 

An increasing number of studies have shown that numerous TJ components are directly or indirectly 

involved in cancer progression including ZO-1, ZO-2, claudin-7, claudin-1 and occludin.25 When human 

tissues and breast cancer cell lines were amplified for functional regions of occludin, tumor tissues 

showed truncated and/or variant signals. There was also considerable variation in the expression of 

occludin in the 10 human breast cancer cell lines investigated. Western blotting demonstrated that 

variants in the MDA-MB-231 and MCF-7 human breast cancer cell lines did not fit the expected occludin 

signals for changes in phosphorylation status. Immunostaining showed similarly disparate levels of 

expression. Ribozyme knockdown resulted in increased invasion, reduced adhesion and significantly 

reduced TJ functions. Q-RT-PCR analysis of 124 tumor and 33 background human breast tissues showed 
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occludin to be significantly decreased in patients with metastatic disease. Immunohistochemical staining 

showed a decreased expression of occludin in the tumor sections. This study demonstrated for the first 

time that occludin is differentially expressed in human breast tumor tissues and cell lines. This loss of or 

aberrant expression has clear repercussions as to the importance of occludin in maintaining TJ integrity in 

breast tissues,25(Fig. 2). Highly differentiated adenocarcinomas with well developed TJ provide an 

important insight into the usefulness of TJ molecules and are possible prognostic indicators and future 

targets for therapy. In breast cancer, ZO-1 has been demonstrated to be decreased in poorly differentiated 

tumors and correlated with increasing Grade and TNM (tumor-nodal) status.30 There are a respectable 

number of reports describing the dysregulation of transmembrane proteins in human cancers and in cell 

lines. This dysregulation can be the result of both upregulation and downregulation of expression, 

epigenetic changes and changes in activation and location of the proteins. 

Cell-Matrix Interactions 

Controlled interaction between the cells and the extracellular matrix is essential for many processes, 

including normal development, migration and proliferation.31 Interaction between the cell and the matrix 

can occur through a number of routes; cell adhesion molecules (CAM) including integrins, selectins, 

cadherins, the Ig superfamily, CD44 and focal adhesions. 

Integrins 

Integrin-mediated adhesions to the extracellular matrix are among the first adhesion junctions where 

bidirectional signaling occurs.31 At the extracellular side integrins bind directly to the extracellular matrix 

which includes collagen, fibronectin and laminins etc. Cytoplasmic partners include talins, paxillin, focal 

adhesion kinase and linkage to α-actinin and actin-stress fibers. These focal adhesion complexes control a 

variety of signaling pathways regulated by the interplay with the extracellular partners. Substantial cross-

talk between the diverse cellcell and cellextracellular matrix junctions has been found, and the 

architecture of the epithelial monolayer is highly regulated by their concerted actions.31 

Cell Adhesion Molecules (CAM) 

Cell adhesion molecules (CAM) facilitate cellular processes such as cell proliferation, migration, and 

differentiation and are essential during development and for maintaining the integrity of tissue 

architecture in adults.62 CAMs include cadherins, integrins, selectins, and the immunoglobulin 

superfamily (IgSF). In normal tissue, CAM expression is tightly regulated. However, aberrant expression 

of CAMs disrupts normal cell-cell and cell-matrix interactions and can facilitate tumor formation and 

https://www.ncbi.nlm.nih.gov/books/NBK164700/
https://www.ncbi.nlm.nih.gov/books/NBK164700/figure/ch5379.f2/?report=objectonly
https://www.ncbi.nlm.nih.gov/books/NBK164700/
https://www.ncbi.nlm.nih.gov/books/NBK164700/
https://www.ncbi.nlm.nih.gov/books/NBK164700/
https://www.ncbi.nlm.nih.gov/books/NBK164700/
https://www.ncbi.nlm.nih.gov/books/NBK164700/


metastasis. A number of IgSF members have been identified as biomarkers for cancer progression and 

have also been associated with metastatic progression in a range of huma tumors.62 

CD44 

CD44 is a multifunctional cell surface adhesion molecule that is involved in cell-cell and cell-matrix 

interaction and has been implicated in tumor cell invasion and metastasis. In humans, the CD44 family is 

encoded by a single gene located on chromosome 11p13 and comprises at least 20 exons. Exons 15, 1618 

and 20, are spliced together to form a CD44 transcript that has become known as the standard isoform 

(CD44s). At least ten exons can be alternatively spliced and inserted into the standard isoform at an 

insertion site between exons 5 and 16 to give rise to variant isoforms of CD44. Thus, exons 615 are 

variant exons and are typically identified as v1v10.63 CD44 is the principal ligand for hyaluronic acid 

(HA), a major component of the extracellular matrix. However CD44 can also bind to other ECM 

components including collagen, fibronectin, laminin and non-ECM component such as osteopontin and 

serglycin. CD44 is expressed on a variety of cells and tissues including T- lymphocytes, B-cells, 

monocytes, granulocytes, erythrocytes, many epithelial cell types; Keratinocytes, chondrocytes, 

mesothelial and some endothelial cells. It is also expressed in many cancer cell types and their metastases 

in particular; high molecular weight forms of CD44 show restricted expression in tumors and may 

correlate with tumor development and metastasis and have potential diagnostic and prognostic value in 

some cancers. Additionally, it has been shown in experimental models that CD44 can inhibit tumor 

growth and metastatic spread. Further investigation is still needed but CD44 may yet prove to be a 

potential target for cancer therapy.63 

The importance of non-coding RNA transcripts in regulating microRNA (miRNA) functions, especially 

the 3' untranslated region (UTR), has been revealed in recent years. Genes encoding the extracellular 

matrix normally produce large mRNA transcripts including the 3UTR. How these large transcripts affect 

miRNA functions and how miRNAs modulate the extracellular matrix protein expression are largely 

unknown. Jeyapalan and Yang64 demonstrated that the overexpression of the CD44 3UTR results in 

enhanced cell motility, invasion and cell adhesion in human breast carcinoma cell line MDA-MB-231. 

They also found that expression of the CD44 3UTR enhances metastasis in vivo. Computational analysis 

indicated that miRNAs that interact with the CD44 3UTR also have binding sites in other matrix 

encoding mRNA 3UTRs, including collagen type 1α1 (Col1α1) repressed by miR-328 and fibronectin 

type 1 (FN1) repressed by miR-5123p, miR-491 and miR-671. Protein analysis demonstrated that 

expression of CD44, Col1a1, and FN1 were synergistically upregulated in vitro and in vivo upon 
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transfection of the CD44 3UTR. The non-coding 3UTR of CD44 interacts with multiple miRNAs that 

target extracellular matrix properties and thus can be used to antagonize miRNA activities.64 

CD44 is also a causal factor for tumor invasion, metastasis and acquisition of resistance to apoptosis. 

CD44 knockdown using inducible short hairpin RNA (shRNA) significantly reduces cell growth and 

invasion. Short hairpin RNA against CD44 and pGFP-V-RS-vector was used for knockdown of CD44 

expression in SW620 colon cancer cells. Short hairpin RNA against CD44 reduced the expression of 

CD44. Cell proliferation, migration and invasion were markedly inhibited and apoptosis was increased in 

shRNA CD44-transfected cells. Knockdown of CD44 decreased the phosphorylation of PDK1, Akt and 

GSK3β, and β-catenin levels. Decreased phosphorylated Akt led to an increase in phosphorylated FoxO1 

and induced cell cycle arrest in the G0-G1 phase and a decrease in the S phase. The levels of Bcl-2 and 

Bcl-xL expression were downregulated, while the levels of BAX expression and cleaved caspase-3, -8 

and -9 were increased. CD44 knockdown by way of shRNA inhibited cell proliferation and induced cell 

apoptosis which suggests that it could be used as a therapeutic intervention with the anti-survival/pro-

apoptotic machinery in human colon cancer.65 

Focal Adhesions 

Focal adhesion kinase (FAK), a crucial mediator of integrin and growth factor signaling, is a novel and 

promising target in cancer therapy. FAK resides within focal adhesions which are contact points between 

extracellular matrix (ECM) and cytoskeleton, and increased expression of the kinase has been linked with 

cancer cell migration, proliferation and survival.66 Migration is a coordinated process that involves 

dynamic changes in the actin cytoskeleton and its interplay with focal adhesions. At the leading edge of a 

migrating cell, it is the re-arrangement of actin and its attachment to focal adhesions that generates the 

driving force necessary for movement.67 Signaling by the FAK-Src complex plays a crucial role in 

regulating the formation of protein complexes at focal adhesions to which the actin filaments are attached. 

Cortactin, an F-actin associated protein and a substrate of Src kinase interacts with FAK through its SH3 

domain and the C-terminal proline-rich regions of FAK. Wang et al.67 showed that the 

autophosphorylation of Tyr(397) in FAK, which is necessary for FAK activation, was not required for the 

interaction with cortactin, but was essential for the tyrosine phosphorylation of the associated cortactin. 

At focal adhesions, cortactin was phosphorylated at tyrosine residues known to be phosphorylated by Src. 

The tyrosine phosphorylation of cortactin and its ability to associate with the actin cytoskeleton were 

required in tandem for the regulation of cell motility. Cell motility could be inhibited by truncating the N-

terminal F-actin binding domains of cortactin or by blocking tyrosine phosphorylation 

(Y421/466/475/482F mutation). In addition, the mutant cortactin phosphorylation mimic 
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(Y421/466/475/482E) had a reduced ability to interact with FAK and promoted cell motility. The 

promotion of cell motility by the cortactin phosphorylation mimic could also be inhibited by truncating its 

N-terminal F-actin binding domains. This suggests that cortactin acts as a bridging molecule between 

actin filaments and focal adhesions. The cortactin N-terminus associates with F-actin, while its C-

terminus interacts with focal adhesions. The tyrosine phosphorylation of cortactin by the FAK-Src 

complex modulates its interaction with FAK and increases its turnover at focal adhesions to promote cell 

motility.67 

Clinical Considerations 

A number of cell adhesion molecules have now become classed as clinical indicators and there is a clear 

trend toward using them for prognosis or diagnosis. The number of studies identifying these molecules as 

biomarkers are legion and cannot be thoroughly reviewed here. Some timely examples are as follows: The 

TJ transmembrane protein claudin-7 has achieved status as a prognostic indicator in invasive ductal 

carcinoma of the breast68 and is a candidate expression marker for distinguishing chromophobe renal cell 

carcinoma from other renal tumor subtypes, including the morphologically similar 

oncocytoma.69Moreover, decreased claudin-7 correlated with high tumor grade in prostate cancer70 and is 

able to regulate the expression of prostate specific antigen.71 When considering potential targets for 

therapy, claudin-1 has been found to act as a cancer invasion/metastasis suppressor in addition to its use 

as a prognostic predictor and potential drug treatment target for patients with lung adenocarcinoma.72 E-

Cadherin and vimentin have now been described predictive markers of outcome among patients with non-

small cell lung cancer treated with erlotinib. 

PATTERNS OF SPREAD: 

Cancer cells can spread to other parts of the body through the bloodstream or lymphatic system. There they 

can start to grow into new tumours. 

Cancers are named according to where they first started developing. For example, if you have bowel cancer 

that has spread to the liver, it's called bowel cancer with liver metastases or secondaries. It is not called liver 

cancer. This is because the cancerous cells in the liver are actually cancerous bowel cells. They are not liver 

cells that have become cancerous. 

diagram-showing-a-primary-and-secondary-cancer.jpg 
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In order to spread, some cells from the primary cancer must break away, travel to another part of the body and 

start growing there. Cancer cells don't stick together as well as normal cells do. They may also produce 

substances that stimulate them to move.  

The diagram below shows a tumour in the cells lining a body structure such as the bowel wall. The tumour 

grows through the layer holding the cells in place (the basement membrane).  

diagram-showing-a-malignant-tumour.jpg 

 

Some cells can break away and go into small lymph vessels or blood vessels called capillaries in the area. 

Spread through the blood circulation 

When the cancer cells go into small blood vessels they can then get into the bloodstream. They are called 

circulating tumour cells (or CTCs). 

https://www.cancerresearchuk.org/file/52686


Researchers are currently looking at using circulating tumour cells to diagnose cancer and avoid the need for 

tests such as biopsies. They are also looking at whether they can test circulating cancer cells to predict 

which treatments will work better.  

The circulating blood sweeps the cancer cells along until they get stuck somewhere. Usually they get stuck in a 

very small blood vessel such as a capillary. 

diagram-showing-a-cancer-cell-stuck-in-a-small-blood-vessel-

capillary.jpg 

 

Then the cancer cell must move through the wall of the capillary and into the tissue of the organ close by. The 

cell can multiply to form a new tumour if the conditions are right for it to grow and it has the nutrients that it 

needs. 

diagram-showing-how-cancer-cells-get-into-the-bloodstream.jpg 

 

This is quite a complicated process and most cancer cells don't survive it. Probably, out of many thousands of 

cancer cells that reach the bloodstream, only a few will survive to form a secondary cancer. 

Some cancer cells are probably killed off by the white blood cells in our immune system. Others cancer cells 

may die because they get battered around by the fast flowing blood. 
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Cancer cells in the circulation may try to stick to platelets to form clumps to give themselves some protection. 

Platelets are blood cells that help the blood to clot. This may also help the cancer cells to move into the 

surrounding tissues. 

Spread through the lymphatic system 

The lymphatic system is a network of tubes and glands in the body that filters body fluid and fights infection. It 

also traps damaged or harmful cells such as cancer cells.  

Cancer cells can go into the small lymph vessels close to the primary tumour and travel into nearby lymph 

glands. In the lymph glands, the cancer cells may be destroyed but some may survive and grow to form 

tumours in one or more lymph nodes. Doctors call this lymph node spread. 

Micrometastases 

Micrometastases are areas of cancer spread (metastases) that are too small to see. Some areas of cancer are 

too small to show up on any type of scan. 

For a few types of cancer, blood tests can detect certain proteins released by the cancer cells. These may give 

a sign that there are metastases in the body that are too small to show up on a scan. But for most cancers, 

there is no blood test that can say whether a cancer has spread or not. 

For most cancers, doctors can only say whether it is likely or not that a cancer has spread. Doctors base this 

on a number of factors: 

 previous experience – doctors collect and publish this information to help each other 

 whether there are cancer cells in the blood vessels in the tumour removed during surgery – if cancer 

cells are found then the cancer is more likely to have spread to other parts of the body 

 the grade of the cancer (how abnormal the cells are) – the higher the grade, the more quickly the 

cancer grows and the more likely for cells to spread 

 whether lymph nodes removed during an operation contained cancer cells – if the lymph nodes 

contained cancer cells this shows that cancer cells have broken away from the original cancer (but 

there is no way of knowing whether the cells have spread to any other areas of the body) 

This information is important in treating cancer. Doctors may offer extra treatment, such as chemotherapy, 

radiotherapy, biological therapy or hormone therapy if they suspect of micrometastases. The extra treatments 

may increase the chance of curing the cancer. 

 

 



DISTURBANCES OF GROWTH OF CELLS: 

ATROPHY Atrophy implies that an organ or cell has DECREASED in size. This means that it 

WAS full-grown and has now shrunken. We covered atrophy during the Cell Injury portion of 

this course, so this should be a review. HYPERTROPHY Hypertrophy happens when there is an 

increased demand on cells within an organ. Each cell becomes much larger. The classic example 

of hypertrophy happens in MUSCLE. When a muscle has to become stronger, each muscle cell 

expands, creating an overall increase in size of the muscle, but there is no increase in the number 

of cells. HYPERPLASIA HYPERPLASIA HYPERPLASIA Hyperplasia means in increase in 

the number of cells in an organ. For instance, when a mammary gland goes into lactation phase, 

the cells divide and multiply, making a bigger gland and also more cells. 1. Define atrophy, 

hypertrophy, and hyperplasia 2. Recognize and describe the lesions of agenesis, aplasia, and 

hypoplasia. 3 Developmental Disturbances (Anomalies) Developmental disturbances are often 

called anomalies. Both genetic and environmental causes are responsible for the anomalies 

acquired before an organ reaches its mature and adult form. Some inherited disorders are 

associated with well described chromosomal anomalies, which may or may not be associated 

with a genetic history. External (environmental) agents that act on the developing fetus to cause 

developmental anomalies are referred to as teratogens. Infections, a potential teratogen, may be 

transmitted from the mother and be potentially serious, especially if transmitted during early 

gestation. Types of Developmental Disturbances Hypoplasia, aplasia, and agenesis. An organ 

may never reach full size (hypoplasia), or may not develop at all (agenesis), or may develop but 

not be recognizable as the organ at all (aplasia). 4 Neoplasia Nomenclature Objectives Upon 

completion of this lesson, you will be able to: Neoplasia literally means “new growth” and when 

it occurs, the mass is called a neoplasm. There are many terms that are used when describing 

neoplasms. The definitions of these terms follow: 1. Tumor – simply means a localized swelling 

from any cause (but was initially used to denote the swelling associated with inflammation). As 

commonly used today, a tumor is a swelling or growth, but often implies that the growth is 

neoplastic. 2. Benign – a benign neoplasm is one that will always remain localized to the site at 

which it developed. This is not to imply that benign neoplasms cannot result in serious or fatal 

disease. For instance, a benign neoplasm in the brain can cause death. 3. Malignant – is a more 

aggressive neoplasm with the potential to invade tissues and to spread to distant sites (a process 

known as metastasis). 4. Cancer – synonymous with malignant neoplasm; often used in human 



medicine 5. Carcinogenesis - the process by which neoplasia occurs 6. Oncology - the study of 

neopla 5 So, all tumors are named according to their tissue or origin. The body has two main 

categories of types of tissues (epithelial and mesenchymal). In general, epithelial tissues are 

those that do body system functions, such as digestion, respiration, excretion, or are on surfaces. 

Mesenchymal are all the tissues in between – all connective tissue, muscle, bone, and blood. 

Neoplasms of epithelial origin: Adenoma - term applied to benign neoplasms of epithelial origin 

that form glandular patterns. They usually have well organized cells and they are not invasive 

(because they are BENIGN). Malignant epithelial neoplasms are called carcinomas; they are 

more disorganized and they can INVADE and may also METASTASIZE. 6 Neoplasms of 

mesenchymal tissue: Benign neoplasms of mesenchymal (connective) tissue are simply named 

by adding the suffix -oma to the proliferating cell type. 

 Fibroblast → → → → → → → → fibroma Fat cell → → → → → → → → → lipoma Blood 

vessel→ → → → → → → →hemangioma Lymphatic vessel →→ → → →→ lymphangioma 

Bone → → → → → → → → → osteoma Cartilage → → → → → → → → chondroma  

Malignant tumors of connective tissue are simply called sarcomas: hence fibrosarcoma, 

liposarcoma, hemangiosarcarcoma and so on. Fibroblast → → → → → → → → fibrosarcoma 

Fat cell → → → → → → → → → liposarcoma Blood vessel→ → → → → → → 

→hemangiosarcoma Lymphatic vessel →→ → → →→ lymphangiosarcoma Bone → → → → 

→ → → → → osteosarcoma Cartilage → → → → → → → → chondrosarcoma Some 

neoplasms with specialized names: Benign variety Malignant form Rhabdomyoma - benign 

tumor of striated (skeletal OR cardiac) muscle Rhabdomyosarcoma - malignant counterpart 

Leiomyoma - benign tumor of smooth muscle Leiomyosarcoma - malignant counterpart Benign 

melanoma – benign tumor of melanocytes Malignant melanoma – malignant counterpart 

Seminoma – benign tumor of seminiferous epithelium Malignant seminoma – malignant 

counterpart Plasmacytoma – benign tumor of plasma cells Multiple myeloma – malignant tumor 

of plasma cells 7 Some more neoplasms with specialized names:  Mast cell tumor – name given 

to both benign and malignant counterparts 

  Teratoma - a tumor derived from cells representing all three embryonal germ layers (e.g., an 

ovarian teratoma may contain skin, gut, and bone). Such tumors may be benign or malignant 



depending on the sex and species.  Leukemia - neoplastic cells originate in the bone marrow and 

circulate in the blood 

 8 Differences between Benign and Malignant Neoplasia Objectives Upon completion of this 

section you will be able to:  Neoplastic cells have certain characteristics that help us figure out 

whether they are 

 benign or malignant o Benign neoplasms are slow growing and expansile o Malignant 

neoplasms are rapidly growing and often associated with necrosis, as they outgrow their blood 

supply o Benign neoplasms are well differentiated – i.e. resemble the tissue of origin o 

Malignant neoplasms can be anaplastic – i.e. DON’T resemble the tissue of origin Comparison 

of benign and malignant neoplasms Feature Benign Malignant Growth Rate Slow Fast Mode of 

Growth Expansile Infiltrative General Effects 

* Uncommon Common Metastases (**) None Common Recurrence after removal Rare Common 

Gross: Capsule Common Uncommon Necrosis Rare Common  

*Some benign neoplasms may prove fatal because of their location (e.g. brain), secondary 

complications (excessive hemorrhage, blockage of intestinal tract, etc.). 

 ** Most reliable criterion Neoplasia is irreversible. Neoplastic growth is relentless. Once a cell 

is transformed into a neoplastic one, it never will be normal again. Growth controlling 

mechanisms present in normal cells are permanently impaired in neoplastic cells. 1. Be familiar 

with the difference between benign and malignant neoplasia 9 The doubling rate of benign cells 

is relatively slow. If it is not removed however, a neoplasm, even a benign one, has the potential 

to become very large. The growth rate is much faster in malignant neoplasms. Characteristics of 

benign neoplasms As benign neoplasms expand, they can compress surrounding tissues. Benign 

neoplasms do not penetrate (invade) adjacent tissues as they grow; they compress them. This 

growth pattern is known as expansile growth, like the expansion of a balloon. As compression 

occurs, a demarcation is formed between surrounding tissues and the neoplasm. Sometimes a 

fibrous connective tissue band surrounding the neoplasm -- a capsule --enhances the 

demarcation. At surgery the demarcation allows the removal of the lesion without much 

surrounding damage. Benign neoplasms do not have the capacity to invade or metastasize. 

Benign neoplasms never invade surrounding tissues; they never metastasize. When examined 

under the microscope, benign neoplasms are composed of well-differentiated neoplastic cells that 



resemble the tissue from which they originated. Cells of benign neoplasms stay attached to each 

other, they do not wander off. Because of their cohesiveness, they do not enter blood or 

lymphatic vessels to spread elsewhere. Characteristics of Malignant neoplasms Malignant 

neoplasms have the capacity to invade and metastasize. Malignant neoplasms grow rapidly and 

have the capacity to invade surrounding tissues. Because of this invasive growth pattern, they are 

not well demarcated from the surrounding tissues. 

Some effects of neoplasia on the host Benign Neoplasms Benign neoplasms may produce 

deformities. While benign neoplasms rarely threaten life, they can cause problems. Benign 

neoplasms often produce some sort of swelling either on the surface or within deeper tissues. 

Benign neoplasms may compress surrounding structures. As benign neoplasms enlarge they may 

compress some surrounding structure causing blockage or another problem. A benign tumor in 

the heart might compress the electrical system and lead to acute heart failure. A benign tumor in 

the brain could press on a critical structure and cause behavioral abnormalities or death. Benign 

neoplasms may cause bleeding, infection, or other complications. Occasionally, benign tumors 

may bleed, become infected, or otherwise exhibit adverse complications. Malignant Neoplasms 

Malignant neoplasms replace normal functioning tissues. Malignant neoplasms produce their 

devastating effects by replacing normal tissue. For example, if a malignancy spreads to bone 

marrow, normal blood-cell-producing cells are replaced with undifferentiated malignant cells 

incapable of producing blood cells. A patient's supply of red cells decreases causing anemia. The 

number of white blood cells 11 also decreases impairing the patient's immune system. It is no 

wonder that cancer patients often become weak and prone to fatal infections. Malignant 

neoplasms are often accompanied by a host of complications. A malignancy may outgrow its 

blood supply causing local tissue death (necrosis). Depending on its location (e.g. intestine) it 

may become infected. This plus a weakened (compromised) immune system may lead to an 

overwhelming fatal infection. Metastatic malignant neoplasms cause severe body wasting-

cachexia. Severe weakness, loss of weight, and generalized body wasting is considered to be 

characteristic of terminal cancer patients. The term for these changes is cachexia. This is 

characterized by loss of body fat and muscle, and reduced appetite. 

CLASSIFICATION OF TUMORS: 



During tumourigenesis cellular phenotype changes as mutations occur and accumulate. Most mutations 

result in functional loss. However, when mutations affect an inhibitory mechanism, the net result may be 

a gain of function. Typically in malignant cells such a loss results in increased proliferation and/or gain in 

the ability to invade surrounding structures or to spread from the tissue of origin (metastasize). In order to 

grow beyond a critical cell mass new blood vessels have to develop in the tumour (angiogenesis). 

Morphologically, tumour cells change their appearance at the cytological level (cellular atypia) and their 

growth pattern (dysplasia). Such gradual changes are typically seen in tumours of the colon where 

adenomas with different degrees of dysplasia or overt carcinomas are seen [1], occasionally in the same 

patient. Similarly, a gradual transition from normal to dysplastic to malignant growth can be seen in the 

enterochromaffin like (ECL) cells in the oxyntic mucosa [2] particularly after long-term hypergastrinemia 

in man [3] as well as animals [4]. It is well-known that the cells of highly malignant tumours may have 

changed so much that the cell of origin may be difficult to recognize in so-called dedifferentiated or 

anaplastic tumours. Often, however, parts of the tumour are more differentiated, and it is generally 

accepted that a tumour is classified according to its most differentiated part. There is, however, one 

exception to this classification, namely when a few neuroendocrine tumour cells are found among 

dedifferentiated and anaplastic tumour cells [5]. In such cases the tumours are classified according to the 

presumed origin of the majority of the cells, and the neuroendocrine differentiated tumour cells are 

neglected. These neuroendocrine tumour cells are considered to be the result of a neuroendocrine 

redifferentiation of an exocrine derived tumour cell [6,7]. 

Go to: 

Neuroendocrine tumours 

Neuroendocrine tumours are generally difficult to classify into benign or malignant tumours. Tumours 

with a highly differentiated and almost normal phenotype may prove to be malignant based upon the 

detection of local invasion or metastasis, which may be found years after removal of the initial tumour 

[9]. Thus, neuroendocrine tumours may morphologically look rather benign and grow slowly, but 

nevertheless they have the ability to metastasize. This property may be explained by an effect of their 

normal mediators on the surrounding tissues. Thus, these mediators like for instance histamine from the 

ECL cell, may dilate the vascular bed and at the same time increase the permeability of the capillaries 

making it easier for the tumour cells to gain access to the blood [10]. Moreover, histamine and other 

substances from neuroendocrine cells have a stimulatory effect on angiogenesis [11]. In other words, 

many of these neuroendocrine cells normally produce substances making it easier for these cells to grow 

and disseminate. This may also explain why such tumours may not need so many mutations and 
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accordingly not be so changed phenotypically as other tumours, while still having the ability to 

metastasize. 

In many tumours classified as adenocarcinomas based upon a glandular growth pattern and/or tumour 

cells positive for PAS or Alcian blue and thus believed to contain mucin, there are tumour cells with 

neuroendocrine properties [12]. These neuroendocrine cells are believed to be redifferentiated exocrine 

derived tumour cells [6,7]. Consequently, these cells do not have any implication for the classification of 

the tumour. However, when increasing the sensitivity of immunohistochemistry by tyramide signal 

amplification (TSA) [13], the number of chromogranin A (CgA) positive tumour cells are greatly 

increased [14]. CgA occurs exclusively in the neuroendocrine granules and such immunoreactivity is thus 

specific for neuroendocrine derived cells [15]. Thus, neuroendocrine tumour cells in anaplastic tumours 

may represent the most differentiated tumour cells in the dedifferentiated neuroendocrine tumour. If so, 

these tumours must have their origin in neuroendocrine cells, which have gradually become more 

malignant. In the oxyntic mucosa of the stomach the ECL cell has a key position in the regulation of acid 

secretion [16], and this cell is regulated both functionally as well as trophically by gastrin [16,17]. 

Tumours developing from the ECL cell are classified into three types according to presumed aetiology: 

groups I and II being related to hypergastrinemia whereas group III tumours apparently occur in 

normogastrinemic individuals [18]. Although group I ECLomas also obviously may become highly 

malignant [3], it is clear that the type III ECLomas generally are more malignant than those occurring in 

hypergastrinemic individuals [18]. This indicates that the ECL cells of the type III ECLomas must have 

become less gastrin dependent than normal ECL cells [19]. Nevertheless, ECL cell derived tumours 

induced by chronic hypergastrinemia [20] may also become increasingly malignant [3], and the gastric 

adenocarcinomas in patients with hypergastrinemia secondary to severe chronic atrophic gastritis may 

have been derived from the ECL cell and thus be misclassified neuroendocrine carcinomas [21]. The 

gastric carcinomas in patients with pernicious anaemia could be classified as neuroendocrine tumours 

after immunohistochemistry for CgA with the help of TSA technique [21]. The TSA technique improves 

the sensitivity without reducing the specificity since this depends on the specificity of the primary 

antibody only. Moreover, the signet ring tumour cells in gastric carcinomas, believed to be mucin 

producing, are positive for neuroendocrine markers [22]. It is worth recalling that PAS staining is not 

specific for mucin, since glycoproteins in general are stained by PAS [23]. Furthermore, many 

neuroendocrine cells normally, or in pathological conditions [24], produce glycohormones which may be 

classified as glycoproteins or glycopeptides. Finally, the secretogranins, being exclusively expressed in 

neuroendocrine cells, are also glycoproteins [25]. Accordingly, there is a misunderstanding that PAS 

positivity is specific for exocrine cells. Reclassification of malignant gastric tumours from 

adenocarcinomas of presumptive of exocrine origin into malignant neuroendocrine carcionomas has 
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previously been done in the tumours occurring spontaneously in mastomys [26], in rodents after life-long 

hypergastrinemia due to loxtidine dosing [27,28] and in man [29]. 

Many do not realize that neuroendocrine cells are multipotent [30]. Transformation of neuroendocrine 

cells in the bronchi into a squamous epithelium has been described in Syrian golden hamsters [31]. 

Moreover the squamous epithelial cancer cells in the bronchi may show neuroendocrine differentiation 

[32], suggesting that the two types of bronchial carcinomas most closely related to tobacco smoking, 

small cell and squamous cell carcinomas [33], both may originate from neuroendocrine cells. Thus, the 

tumourigenic substance(s) in tobacco smoke, which is neither nicotine [34] nor CO [35], may have its 

main effect on the bronchial neuroendocrine cells. Hitherto, the prevailing theory has been that 

neuroendocrine cells and tumours from neuroendocrine cells are derived from stem cells that differentiate 

into neuroendocrine cell type. However, it is well known that rodent neuroendocrine cells do proliferate 

[36] and also in man it is obviously difficult to explain how clusters of neuroendocrine cells (micro-

carcinoids) far from the proliferation zone of exocrine cells, can occur without self-replication. Moreover, 

we have been able to describe self-replication of neuroendocrine cells in cancer cells both in the prostate 

[37] and gastric carcinomas [14]. Very recently, indeed adult beta-cells of the islets of Langerhans were 

described to be formed by self-duplication rather than differentiation from stem-cell [38]. 

Go to: 

Classification of the cell of origin in cancers 

To make a correct classification of cellular origin of tumours it is necessary to use immunohistochemistry 

with antibodies directed against antigens with high specificity, and apply the methods with the highest 

sensitivity. Is it of importance to make a correct cellular classification of tumours? If the correct cellular 

classification of tumours does not give any indication of prognosis or treatment, it may be argued that the 

effort is pointless. This is, however, not true, since a correct cellular classification indicates the 

pathogenesis of the tumour and thus may be important for the prevention of the tumour based upon 

knowledge of the growth regulation of the cell of origin. Since the more differentiated type I gastric 

carcinoids are the most common type and gastrin plays such a dominant role in the trophic regulation of 

the ECL cell, hypergastrinemia will be expected to increase most tumours of ECL cell origin. Only ECL 

cell tumours with very early and activating mutations in the gastrin receptor can be assumed to be 

completely gastrin independent. What the case is in the so-called ECL cell tumours of type III [18] 

remains to be shown. On the other hand, somatostatin acting via the somatostatin subtype 2 receptor has a 

negative trophic effect on the ECL cell, which may be used to treat ECL cell derived carcinoids at an 

early stage [39]. Furthermore, gastrointestinal stromal tumours (GIST) derived from cells of Cajal, 
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possibly being of neural crest origin, may now be treated rather successfully with an inhibitor of a kinase 

[40], which regulates the proliferation of the Cajal cells. After such treatment became available, these 

types of tumours have been diagnosed more often. This is an example of a change in classification after 

an effective treatment of a sub-group of tumours has been recognized. Vice versa, a correct cellular 

classification of tumours in the future, including knowledge about genetic and cellular mechanisms 

regulating the growth of the cells, may be expected to tailor drug development and thus give rise to new 

treatment modalities. 

In conclusion, a correct classification of the cell of origin of carcinomas will greatly increase our 

biological understanding of carcinogenesis, give rise to new possibilities for prevention and early 

treatment, and possibly to tailor new drugs for the treatment of the tumours. 

GENERAL BIOLOGY O F TUMORS: 

Cancer systems biology encompasses the application of systems biology approaches to cancer research, in 

order to study the disease as a complex adaptive system with emerging properties at multiple biological 

scales.[1][2][3] Cancer systems biology represents the application of systems biology approaches to the analysis 

of how the intracellular networks of normal cells are perturbed during carcinogenesis to develop effective 

predictive models that can assist scientists and clinicians in the validations of new therapies and drugs. 

Tumours are characterized by genomic and epigenetic instability that alters the functions of many different 

molecules and networks in a single cell as well as altering the interactions with the local environment. Cancer 

systems biology approaches, therefore, are based on the use of computational and mathematical methods to 

decipher the complexity in tumorigenesis as well as cancer heterogeneity. [4] 

Cancer systems biology encompasses concrete applications of systems biology approaches to cancer 

research, notably (a) the need for better methods to distill insights from large-scale networks, (b) the 

importance of integrating multiple data types in constructing more realistic models, (b) challenges in translating 

insights about tumorigenic mechanisms into therapeutic interventions, and (d) the role of the tumor 

microenvironment, at the physical, cellular, and molecular levels.[5] Cancer systems biology therefore adopts 

a holistic view of cancer[6] aimed at integrating its many biological scales, including genetics, signaling 

networks,[7] epigenetics,[8] cellular behavior, histology, (pre)clinical manifestations and epidemiology. Ultimately, 

cancer properties at one scale, e.g., histology, are explained by properties at a scale below, e.g., cell behavior. 

Cancer systems biology merges traditional basic and clinical cancer research with “exact” sciences, such as 

applied mathematics, engineering, and physics. It incorporates a spectrum of “omics” technologies 

(genomics, proteomics, epigenomics, etc.) and molecular imaging, to generate computational algorithms and 

quantitative models[9] that shed light on mechanisms underlying the cancer process and predict response to 

intervention. Application of cancer systems biology include but are not limited to- elucidating critical cellular and 

molecular networks underlying cancer risk,initiation and progression; thereby promoting an alternative 
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viewpoint to the traditional reductionist approach which has typically focused on characterizing single molecular 

aberrations. 

Cancer systems biology finds its roots in a number of events and realizations in biomedical research, as well as 

in technological advances. Historically cancer was identified, understood, and treated as a monolithic disease. 

It was seen as a “foreign” component that grew as a homogenous mass, and was to be best treated by 

excision. Besides the continued impact of surgical intervention, this simplistic view of cancer has drastically 

evolved. In parallel with the exploits of molecular biology, cancer research focused on the identification of 

critical oncogenes or tumor suppressor genes in the etiology of cancer. These breakthroughs revolutionized our 

understanding of molecular events driving cancer progression. Targeted therapy may be considered the current 

pinnacle of advances spawned by such insights. 

Despite these advances, many unresolved challenges remain, including the dearth of new treatment avenues 

for many cancer types, or the unexplained treatment failures and inevitable relapse in cancer types where 

targeted treatment exists.[10] Such mismatch between clinical results and the massive amounts of data acquired 

by omics technology highlights the existence of basic gaps in our knowledge of cancer fundamentals. Cancer 

Systems Biology is steadily improving our ability to organize information on cancer, in order to fill these gaps. 

Key developments include: 

 The generation of comprehensive molecular datasets (genome, transcriptome, epigenomics, proteome, 

metabolome, etc.) 

 The Cancer Genome Atlas data collection[11] 

 Computational algorithms to extract drivers of cancer progression from existing datasets[12] 

 Statistical and mechanistic modeling of signaling networks[13] 

 Quantitative modeling of cancer evolutionary processes[6] 

 Mathematical modeling of cancer cell population growth[14] 

 Mathematical modeling of cellular responses to therapeutic intervention[15] 

 Mathematical modeling of cancer metabolism[9] 

The practice of Cancer Systems Biology requires close physical integration between scientists with diverse 

backgrounds. Critical large-scale efforts are also underway to train a new workforce fluent in both the 

languages of biology and applied mathematics. At the translational level, Cancer Systems Biology should 

engender precision medicine application to cancer treatment. 

SPREAD OF MALIGMANT TUMORS: 

Metastasis is a pathogenic agent's spread from an initial or primary site to a different or secondary site within 

the host's body;[1]it is typically spoken of as such spread by a cancerous tumor.[2] The newly pathological sites, 

then, are metastases (mets).[3][4] 

Cancer occurs after cells are genetically altered to proliferate rapidly and indefinitely. This uncontrolled 

proliferation by mitosisproduces a primary heterogeneic tumour. The cells which constitute the tumor eventually 
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undergo metaplasia, followed by dysplasia then anaplasia, resulting in a malignant phenotype. This malignancy 

allows for invasion into the circulation, followed by invasion to a second site for tumorigenesis. 

Some cancer cells known as circulating tumor cells acquire the ability to penetrate the walls 

of lymphatic or blood vessels, after which they are able to circulate through the bloodstream to other sites and 

tissues in the body.[5] This process is known (respectively) as lymphatic or hematogenous spread. After the 

tumor cells come to rest at another site, they re-penetrate the vessel or walls and continue to multiply, 

eventually forming another clinically detectable tumor.[citation needed] This new tumor is known as a metastatic 

(or secondary) tumor. Metastasis is one of the hallmarks of cancer, distinguishing it from benign tumors.[6]Most 

cancers can metastasize, although in varying degrees. Basal cell carcinoma for example rarely metastasizes.[6] 

When tumor cells metastasize, the new tumor is called a secondary or metastatic tumor, and its cells are 

similar to those in the original or primary tumor. This means that if breast cancer metastasizes to the lungs, the 

secondary tumor is made up of abnormal breast cells, not of abnormal lung cells. The tumor in the lung is then 

called metastatic breast cancer, not lung cancer. Metastasis is a key element in cancer staging systems such 

as the TNM staging system, where it represents the "M". In overall stage grouping, metastasis places a cancer 

in Stage IV. The possibilities of curative treatment are greatly reduced, or often entirely removed, when a 

cancer has metastasized. 

Signs and symptoms 

 

Cut surface of a liver showing multiple paler metastatic nodules originating from pancreatic cancer 

Initially, nearby lymph nodes are struck early.[7] The lungs, liver, brain, and bones are the most common 

metastasis locations from solid tumors.[7] 

 In lymph nodes, a common symptom is lymphadenopathy 

 Lungs: cough, hemoptysis and dyspnea[7] (shortness of breath) 

 Liver: hepatomegaly (enlarged liver), nausea[7] and jaundice[7] 

 Bones: bone pain,[7] fracture of affected bones[7] 

 Brain: neurological symptoms such as headaches,[7] seizures,[7] and vertigo[7] 

Although advanced cancer may cause pain, it is often not the first symptom. 
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Some patients, however, do not show any symptoms.[7] When the organ gets a metastatic disease it begins to 

shrink until its lymph nodesburst, or undergo lysis. 

Pathophysiology 

Metastatic tumors are very common in the late stages of cancer. The spread of metastasis may occur via the 

blood or the lymphatics or through both routes. The most common places for the metastases to occur are 

the lungs, liver, brain, and the bones.[8] 

Factors involved 

Metastasis involves a complex series of steps in which cancer cells leave the original tumor site and migrate to 

other parts of the body via the bloodstream, via the lymphatic system, or by direct extension. To do so, 

malignant cells break away from the primary tumor and attach to and degrade proteins that make up the 

surrounding extracellular matrix (ECM), which separates the tumor from adjoining tissues. By degrading these 

proteins, cancer cells are able to breach the ECM and escape. The location of the metastases is not always 

random, with different types of cancer tending to spread to particular organs and tissues at a rate that is higher 

than expected by statistical chance alone.[9] Breast cancer, for example, tends to metastasize to the bones and 

lungs. This specificity seems to be mediated by soluble signal molecules such 

as chemokines[10] and transforming growth factor beta.[11] The body resists metastasis by a variety of 

mechanisms through the actions of a class of proteins known as metastasis suppressors, of which about a 

dozen are known.[12] 

Human cells exhibit three kinds of motion: collective motility, mesenchymal-type movement, and amoeboid 

movement. Cancer cells often opportunistically switch between different kinds of motion. Some cancer 

researchers hope to find treatments that can stop or at least slow down the spread of cancer by somehow 

blocking some necessary step in one or more kinds of motion.[13] 

Cancer researchers studying the conditions necessary for cancer metastasis have discovered that one of the 

critical events required is the growth of a new network of blood vessels, called tumor angiogenesis.[14] It has 

been found that angiogenesis inhibitors would therefore prevent the growth of metastases.[6] 

Several different cell types are critical to tumor growth. In particular, endothelial progenitor cells have been 

shown to have a strong influence on the growth of tumor blood-vessels. Endothelial progenitor cells are also 

critical for metastasis and angiogenesis.[15][16] Endothelial progenitor cells are important in tumor growth, 

angiogenesis and metastasis, and can be marked using the Inhibitor of DNA Binding 1 (ID1). This novel finding 

meant that investigators gained the ability to track endothelial progenitor cells from the bone marrow to the 

blood to the tumor-stroma and even incorporated in tumor vasculature. Endothelial progenitor cells 

incorporated in tumor vasculature suggests that this cell type in blood-vessel development is important in a 

tumor setting and metastasis. Furthermore, ablation of the endothelial progenitor cells in the bone marrow can 

lead to a significant decrease in tumor growth and vasculature development. Therefore, endothelial progenitor 

cells are important in tumor biology and present novel therapeutic targets.[17] 
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NFAT transcription factors are implicated in breast cancer, more specifically in the process of cell motility as the 

basis of metastasis formation. Indeed, NFAT1 (NFATC2) and NFAT5 are pro-invasive and pro-migratory in 

breast carcinoma[18][19] and NFAT3 (NFATc4) is an inhibitor of cell motility.[20] NFAT1 regulates the expression of 

the TWEAKR and its ligand TWEAK with the Lipocalin 2 to increase breast-cancer cell invasion [21] and NFAT3 

inhibits Lipocalin 2 expression to blunt the cell invasion.[20] 

Epigenetic regulation also plays an important role in the metastatic outgrowth of disseminated tumor cells. 

Metastases display alterations in histone modifications, such as H3K4-methylation and H3K9-methylation, 

when compared to matching primary tumors.[22] These epigenetic modifications in metastases may allow the 

proliferation and survival of disseminated tumor cells in distant organs. 

Routes 

 

Main sites of metastases for some common cancer types. Primary cancers are denoted by "...cancer" and their main 

metastasis sites are denoted by "...metastases".[26] 

Metastasis occurs by the following four routes: 

Transcoelomic 

The spread of a malignancy into body cavities can occur via penetrating the surface of the peritoneal, pleural, 

pericardial, or subarachnoid spaces. For example, ovarian tumors can spread transperitoneally to the surface 

of the liver. 
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Lymphatic spread 

Lymphatic spread allows the transport of tumor cells to regional lymph nodes near the primary tumor and 

ultimately, to other parts of the body. This is called nodal involvement, positive nodes, or regional disease. 

"Positive nodes" is a term that would be used by medical specialists to describe regional lymph nodes that 

tested positive for malignancy. It is common medical practice to test by biopsy at least one lymph node near a 

tumor site when carrying out surgery to examine or remove a tumor. This lymph node is then called a sentinel 

lymph node. Lymphatic spread is the most common route of initial metastasis for carcinomas.[6] In contrast, it is 

uncommon for a sarcomato metastasize via this route. Localized spread to regional lymph nodes near the 

primary tumor is not normally counted as a metastasis, although this is a sign of a worse outcome. The 

lymphatic system does eventually drain from the thoracic duct and right lymphatic ductinto the systemic venous 

system at the venous angle and into the brachiocephalic veins, and therefore these metastatic cells can also 

eventually spread through the haematogenous route. 

 

Hematogenous spread 

This is typical route of metastasis for sarcomas, but it is also the favored route for certain types of carcinoma, 

such as renal cell carcinomaoriginating in the kidney. Because of their thinner walls, veins are more frequently 

invaded than are arteries, and metastasis tends to follow the pattern of venous flow. That is, hematogenous 

spread often follows distinct patterns depending on the location of the primary tumor. For example, colorectal 

cancer spreads primarily through the portal vein to the liver. 

Canalicular spread 

Some tumors, especially carcinomas may metastasize along anatomical canalicular spaces. These spaces 

include for example the bile ducts, the urinary system, the airways and the subarachnoid space. The process is 

similar to that of transcoelomic spread. However, often it remains unclear whether simultaneously diagnosed 

tumors of a canalicular system are one metastatic process or in fact independent tumors caused by the same 

agent (field cancerization). 

Organ-specific targets 

There is a propensity for certain tumors to seed in particular organs. This was first discussed as the "seed and 

soil" theory by Stephen Pagetover a century ago, in 1889. The propensity for a metastatic cell to spread to a 

particular organ is termed 'organotropism'. For example, prostate cancer usually metastasizes to the bones. In 

a similar manner, colon cancer has a tendency to metastasize to the liver. Stomach cancer often metastasises 

to the ovary in women, then it is called a Krukenberg tumor. 

According to the "seed and soil" theory, it is difficult for cancer cells to survive outside their region of origin, so 

in order to metastasize they must find a location with similar characteristics.[27] For example, breast tumor cells, 

which gather calcium ions from breast milk, metastasize to bone tissue, where they can gather calcium ions 
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from bone. Malignant melanoma spreads to the brain, presumably because neural tissue 

and melanocytes arise from the same cell line in the embryo.[28] 

In 1928, James Ewing challenged the "seed and soil" theory and proposed that metastasis occurs purely by 

anatomic and mechanical routes. This hypothesis has been recently utilized to suggest several hypotheses 

about the life cycle of circulating tumor cells (CTCs) and to postulate that the patterns of spread could be better 

understood through a 'filter and flow' perspective.[29] However, contemporary evidences indicate that the primary 

tumour may dictate organotropic metastases by inducing the formation of pre-metastatic nichesat distant sites, 

where incoming metastatic cells may engraft and colonise.[30] Specifically, exosome vesicles secreted by 

tumours have been shown to home to pre-metastatic sites, where they activate pro-metastatic processes such 

as angiogenesis and modify the immune contexture, so as to foster a favourable microenvironment for 

secondary tumour growth.[30] 

Metastasis and primary cancer[edit] 

It is theorized that metastasis always coincides with a primary cancer, and, as such, is a tumor that started from 

a cancer cell or cells in another part of the body. However, over 10% of patients presenting to oncology 

units will have metastases without a primary tumor found. In these cases, doctors refer to the primary tumor as 

"unknown" or "occult," and the patient is said to have cancer of unknown primary origin (CUP) or unknown 

primary tumors (UPT).[31] It is estimated that 3% of all cancers are of unknown primary origin.[32] Studies have 

shown that, if simple questioning does not reveal the cancer's source (coughing up blood—"probably lung", 

urinating blood—"probably bladder"), complex imaging will not either.[32] In some of these cases a primary tumor 

may appear later. 

The use of immunohistochemistry has permitted pathologists to give an identity to many of these metastases. 

However, imaging of the indicated area only occasionally reveals a primary. In rare cases (e.g., of melanoma), 

no primary tumor is found, even on autopsy. It is therefore thought that some primary tumors can regress 

completely, but leave their metastases behind. In other cases, the tumor might just be too small and/or in an 

unusual location to be diagnosed. 

Diagnosis 

The cells in a metastatic tumor resemble those in the primary tumor. Once the cancerous tissue is examined 

under a microscope to determine the cell type, a doctor can usually tell whether that type of cell is normally 

found in the part of the body from which the tissue sample was taken. 

For instance, breast cancer cells look the same whether they are found in the breast or have spread to another 

part of the body. So, if a tissue sample taken from a tumor in the lung contains cells that look like breast cells, 

the doctor determines that the lung tumor is a secondary tumor. Still, the determination of the primary tumor 

can often be very difficult, and the pathologist may have to use several adjuvant techniques, such 

as immunohistochemistry, FISH (fluorescent in situ hybridization), and others. Despite the use of techniques, in 

some cases the primary tumor remains unidentified. 
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Metastatic cancers may be found at the same time as the primary tumor, or months or years later. When a 

second tumor is found in a patient that has been treated for cancer in the past, it is more often a metastasis 

than another primary tumor. 

It was previously thought that most cancer cells have a low metastatic potential and that there are rare cells 

that develop the ability to metastasize through the development of somatic mutations.[33] According to this 

theory, diagnosis of metastatic cancers is only possible after the event of metastasis. Traditional means of 

diagnosing cancer (e.g. a biopsy) would only investigate a subpopulation of the cancer cells and would very 

likely not sample from the subpopulation with metastatic potential. 

ETIOLOGY: 

Etiology (/iːtiˈɒlədʒi/; alternatively aetiology or ætiology) is the study of causation, or origination. The word is 

derived from the Greek αἰτιολογία, aitiología, "giving a reason for" (αἰτία, aitía, "cause"; and -λογία, -

logía).[1] More completely, etiology is the study of the causes, origins, or reasons behind the way that things are, 

or the way they function, or it can refer to the causes themselves.[2] The word is commonly used in medicine, 

(where it is a branch of medicine studying causes of disease) and in philosophy, but also 

in physics, psychology, government, geography, spatial analysis, theology, and biology, in reference to the 

causes or origins of various phenomena. 

In the past, when many physical phenomena were not well understood or when histories were not 

recorded, myths often arose to provide etiologies. Thus, an etiological myth, or origin myth, is a myth that has 

arisen, been told over time or written to explain the origins of various social or natural phenomena. For 

example, Virgil's Aenead is a national mythwritten to explain and glorify the origins of the Roman Empire. 

In theology, many religions have creation myths explaining the origins of the world or its relationship to 

believers. 

Medicine 

In medicine, the etiology of an illness or condition refers to the frequent studies to determine one or more 

factors that come together to cause the illness. Relatedly, when disease is widespread, epidemiological studies 

investigate what associated factors, such as location, sex, exposure to chemicals, and many others, make a 

population more or less likely to have an illness, condition, or disease, thus helping determine its etiology. 

Sometimes determining etiology is an imprecise process. In the past, the etiology of a common sailor's 

disease, scurvy was long unknown. When large, ocean-going ships were built, sailors began to put to sea for 

long periods of time, and often lacked fresh fruit and vegetables. Without knowing the precise cause, Captain 

James Cook suspected scurvy was caused by the lack of vegetables in the diet. Based on his suspicion, he 

forced his crew to eat sauerkraut, a cabbage preparation, every day, and based upon the positive outcomes, 

he inferred that it prevented scurvy, even though he did not know precisely why. It took about another two 

hundred years to discover the precise etiology: the lack of vitamin C in a sailor's diet. 

PATHOGENISIS OF CANCER: 
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Cancer is fundamentally a disease of tissue growth regulation. In order for a normal cell to transform into a 

cancer cell, the genes that regulate cell growth and differentiation must be altered.[74] 

The affected genes are divided into two broad categories. Oncogenes are genes that promote cell growth and 

reproduction. Tumor suppressor genesare genes that inhibit cell division and survival. Malignant transformation 

can occur through the formation of novel oncogenes, the inappropriate over-expression of normal oncogenes, 

or by the under-expression or disabling of tumor suppressor genes. Typically, changes in multiple genes are 

required to transform a normal cell into a cancer cell.[75] 

Genetic changes can occur at different levels and by different mechanisms. The gain or loss of an 

entire chromosome can occur through errors in mitosis. More common are mutations, which are changes in 

the nucleotide sequence of genomic DNA. 

Large-scale mutations involve the deletion or gain of a portion of a chromosome. Genomic amplification occurs 

when a cell gains copies (often 20 or more) of a small chromosomal locus, usually containing one or more 

oncogenes and adjacent genetic material. Translocation occurs when two separate chromosomal regions 

become abnormally fused, often at a characteristic location. A well-known example of this is the Philadelphia 

chromosome, or translocation of chromosomes 9 and 22, which occurs in chronic myelogenous leukemia and 

results in production of the BCR-ablfusion protein, an oncogenic tyrosine kinase. 

Small-scale mutations include point mutations, deletions, and insertions, which may occur in 

the promoter region of a gene and affect its expression, or may occur in the gene's coding sequence and alter 

the function or stability of its protein product. Disruption of a single gene may also result from integration of 

genomic material from a DNA virus or retrovirus, leading to the expression of viral oncogenes in the affected 

cell and its descendants. 

Replication of the data contained within the DNA of living cells will probabilistically result in some errors 

(mutations). Complex error correction and prevention is built into the process and safeguards the cell against 

cancer. If a significant error occurs, the damaged cell can self-destruct through programmed cell death, 

termed apoptosis. If the error control processes fail, then the mutations will survive and be passed along 

to daughter cells. 

Some environments make errors more likely to arise and propagate. Such environments can include the 

presence of disruptive substances called carcinogens, repeated physical injury, heat, ionising radiation 

or hypoxia.[76] 

The errors that cause cancer are self-amplifying and compounding, for example: 

 A mutation in the error-correcting machinery of a cell might cause that cell and its children to accumulate 

errors more rapidly. 

 A further mutation in an oncogene might cause the cell to reproduce more rapidly and more frequently 

than its normal counterparts. 

 A further mutation may cause loss of a tumor suppressor gene, disrupting the apoptosis signaling pathway 

and immortalizing the cell. 
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 A further mutation in the signaling machinery of the cell might send error-causing signals to nearby cells. 

The transformation of a normal cell into cancer is akin to a chain reaction caused by initial errors, which 

compound into more severe errors, each progressively allowing the cell to escape more controls that limit 

normal tissue growth. This rebellion-like scenario is an undesirable survival of the fittest, where the driving 

forces of evolution work against the body's design and enforcement of order. Once cancer has begun to 

develop, this ongoing process, termed clonal evolution, drives progression towards more 

invasive stages.[77] Clonal evolution leads to intra-tumour heterogeneity (cancer cells with heterogeneous 

mutations) that complicates designing effective treatment strategies. 

Characteristic abilities developed by cancers are divided into categories, specifically evasion of apoptosis, self-

sufficiency in growth signals, insensitivity to anti-growth signals, sustained angiogenesis, limitless replicative 

potential, metastasis, reprogramming of energy metabolism and evasion of immune destruction. 
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