Allergic pathologic processes

General characteristics of allergic reactions

Allergy (hypersensibility) represents exaggerated and qualitatively modified sensibility and reactivity of the body, as a response to antigenic and hapten substances, developed on the basis of immunological reactions associated with cellular injuries, inflammation and necrosis. 

Injurious immune reactions, called hypersensitivity, are the basis of the pathology associated with immunologic diseases.

Therefore, even if allergic reactions have on the basis physiological and immunological mechanisms, they represent pathologic processes with adverse outcomes and consequences that are harmful for the organism.

This term arose from the idea that individuals who have been previously exposed to an antigen manifest detectable reactions to that antigen and are therefore said to be sensitized. Hypersensitivity implies an excessive or harmful reaction to antigen. 

There are several important general features of hypersensitivity disorders:

• Hypersensitivity reactions can be elicited by exogenous environmental antigens (microbial and nonmicrobial) or endogenous self antigens.

 Humans live in an environment teeming with substances capable of eliciting immune responses. Exogenous antigens include those in dust, pollens, foods, drugs, microbes, and various chemicals. The immune responses against such exogenous antigens may take a variety of forms, ranging from annoying but trivial discomforts, such as itching of the skin, to potentially fatal diseases, such as bronchial asthma and anaphylaxis. Some of the most common reactions to environmental antigens cause the group of diseases known as allergy. Immune responses against self, or autologous, antigens, result in autoimmune diseases.

• Hypersensitivity usually results from an imbalance between the effector mechanisms of immune responses and the control mechanisms that serve to normally limit such responses. In fact, in many hypersensitivity diseases, it is suspected that the underlying cause is a failure of normal regulation. We will return to this concept when we consider autoimmunity.

• The development of hypersensitivity diseases (both allergic and autoimmune) is often associated with the inheritance of particular susceptibility genes. HLA genes and many non-HLA genes have been implicated in different diseases; specific examples will be described in the context of the diseases.

• The mechanisms of tissue injury in hypersensitivity reactions are the same as the effector mechanisms of defense against infectious pathogens. The problem in hypersensitivity is that these reactions are poorly controlled, excessive, or misdirected (e.g., against normally harmless environmental and self antigens). 

         Allergic reactions contain in their pathogeny two types of immunological processes – humoral and cellular. Allergic reactions, which have on the basis humoral immune reactions, represent the immediate hypersensibility; allergic reactions having on the basis cellular immune reactions represent late hypersensibility. Since both, immune and allergic reactions have a common pathogenic substrate, when appreciating the biological essence of these reactions may appear some difficulties. When differentiating immune reactions and allergic reactions there are some criteria to be taken in consideration: so, reactions of the body triggered by heterogeneous antigen, that have the goal of  antigenic homeostasis reestablishment and are qualitatively and qualitatively adequate to antigen and have a protective character – these represent immune reactions; reactions that are similar to the immune once, but are inadequate quantitatively and qualitatively to antigen (hyperergic), that overcome the reasonable measure for protection of the body and lead to cellular injuries, are called allergic reactions. Briefly we can state that allergic reactions are immune reactions that cause cellular injuries, inflammation, and necrosis.
Etiology of allergy. Characteristics of allergens

Substances of antigenic and hapten nature, that trigger allergic reactions, are called allergens. Allergens represent the same antigens, but they don’t produce physiological immune reactions but pathologic allergic reactions. So, all characteristics of antigens refer to allergens also.

Antigens, or immunogens, are substances foreign to the host that can stimulate an immune response. These foreign molecules are recognized by receptors on immune cells and by proteins, called antibodies or immunoglobulins, that are secreted in response to the antigen. Antigens include bacteria, fungi, viruses, protozoa, and parasites. Non-microbial agents such as plant pollens, poison ivy resin, insect venom, and transplanted organs can also act as antigens. Most antigens are macromolecules, such as proteins and polysaccharides, although lipids and nucleic acids occasionally can serve as antigens.

Antigens, which in general are large and chemically complex, are biologically degraded into smaller chemical units or peptides. These discrete, immunologically active sites on antigens are called antigenic determinants, or epitopes. It is the unique molecular shape of an epitope that is recognized by a specific immunoglobulin receptor found on the surface of the lymphocyte or by an antigenbinding of a secreted antibody. A single antigen may contain multiple antigenic determinants, each stimulating a distinct clone of lymphocytes to produce a unique type of antibody. For example, different proteins that comprise a virus may function as unique antigens, each of which contains several antigenic determinants. Hundreds of antigenic determinants are found on structures such as the bacterial cell wall.

Smaller substances (molecular masses <10,000 daltons) usually are unable to stimulate an adequate immune response by themselves. When these low-molecular-weight compounds, known as haptens, combine with larger protein molecules, they function as antigens. The proteins act as carrier molecules for the haptens to form antigenic hapten–carrier complexes. An allergic response to the antibiotic penicillin is an example of a medically important reaction due to hapten–carrier complexes. Penicillin (molecular mass of approximately 350 daltons) is normally a non-antigenic molecule. However, in some individuals, it can chemically combine with body proteins to form larger complexes that can then generate a potentially harmful immune allergic response.

Classification of allergens:

According to their origin there can be recognized: 

a. Exogenic allergens –from the environment pass in the organism; 

b. Endogenic allergens – substances from bodies composition; endogenic allergens are also called – auto-allergens.

Exogenic allergens are divided in:

1. house-keeping allergens

2. industrial allergens

3. drugs

4.vegetal allergens 

5. infectious allergens 

6. parasite allergens

Endogenic allergens are divided in:

1.Native natural allergens – represent normal components of the body, toward which the organism didn’t produce immune tolerance during ontogenesis;

2.Acquired allergens – non-infectious (natural antigens, normal body structures which were denaturized by physical, chemical factors or combined with other exogenous substances);
3.Infectious allergens – natural antigens proper for the body, associated with microorganisms, microbial toxins etc.

According to their chemical composition allergens can be divided in: 

a) simple proteins

b) nucleoproteins

c) polysaccharides 

d) lipopolysaccharide

e) simple organic substances

f) anorganic substances

g) chemical elements

Some of the enumerated allergens are complete, that can produce allergic reactions by themselves, while others are incomplete (hapten) that can cause allergic reactions only if associated with the organism’s proteins, forming complex, conjugated antigens.

According to their way of entrance into the body allergens can be:

a. Inhaled allergens, or respiratory allergens (solid aerosols, perfumes etc.) penetrate via the airways and cause, especially, allergic diseases of the respiratory apparatus (rhinitis, bronchial asthma etc.); 

b. Alimentary allergens – components of alimentary products, penetrating via enteral way, producing first of all allergic reactions of the GIT, but by protruding the natural barriers they can reach the internal medium and thus affect other organs;

c. Contact allergens – pass through the teguments – skin and mucosa and produce local allergic reactions;

d. Iatrogenic, parenteral, injected allergens – substances administrated directly into the internal medium by subcutaneous, intramuscularly, intravenous route with therapeutic or prophylactic goal. 

General pathogenesis of allergic reactions

Classification of hypersensitivity diseases 

Hypersensitivity diseases can be classified on the basis of the immunologic mechanism that mediates the disease.
Table 1. Types of allergic reaction according to mechanisms of development
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This classification is of value in distinguishing the manner in which the immune response causes tissue injury and disease, and the accompanying pathologic and clinical manifestations. However, it is now increasingly recognized that multiple mechanisms may be operative in any one hypersensitivity disease. The main types of hypersensitivity reactions are the following:

• In immediate hypersensitivity (type I hypersensitivity), the injury is caused by TH2 cells, IgE antibodies, and mast cells and other leukocytes. Mast cells release mediators that act on vessels and smooth muscle and proinflammatory cytokines that recruit inflammatory cells.

• In antibody-mediated disorders (type II hypersensitivity), secreted IgG and IgM antibodies injure cells by promoting their phagocytosis or lysis and injure tissues by inducing inflammation. Antibodies may also interfere with cellular functions and cause disease. without tissue injury

• In immune complex–mediated disorders (type III hypersensitivity), IgG and IgM antibodies bind antigens usually in the circulation, and the antigen-antibody complexes deposit in tissues and induce inflammation. The leukocytes that are recruited (neutrophils and monocytes) produce tissue damage by release of lysosomal enzymes and generation of toxic free radicals.

• In cell-mediated immune disorders (type IV hypersensitivity), sensitized T lymphocytes (TH1 and TH17 cells and CTLs) are the cause of the tissue injury. TH2 cells induce lesions that are part of immediate hypersensitivity reactions and are not considered a form of type IV hypersensitivity.

In the evolution of all allergic reactions there are several essential processes: 

1. Sensibilization or sensitisation (immunological stage)

2. Synthesis of allergic mediators (pathochemical stage)

3. Manifestations of allergic reaction (physiopathological stage)
4. Hyposensibilization (desentitisation).

Sensitization – represents increased body sensibility to allergen (from normal to hyper-sensibilization) with formation of sensitized immune cells or immunoglobulins.

Synthesis and release of allergic mediators – involves releasing from cells, activation or newly synthesis of biologic active substances with pathogenic role in allergic reactions development. 

Manifestations of allergic reactions – are determined by the action of allergic mediators on specific cell receptors with subsequent effects.
Hyposensibilization – represents decreased body sensibilization for a specific allergen. Hypo-sensibilization can be spontaneous (ex: over time when the allergen is absent the intensity of allergic reaction can be diminished) or induced in cases when there is repeated action of specific allergen in exaggerated amounts.

General pathogenesis of immediate I, II, III allergic reactions

According to pathologic mechanisms the evolution of allergic reaction has several stages: 

1. Immunologic stage (stage of sensibilization) 

2. Pathochemical stage, (release of biological active substances)

3. Pathophysiologic stage (clinical manifestations).

 
In some allergic reactions there is possible a short-term desensibilization, followed by hypersensibilization.

I. Immunologic stage  includes the following sequence of processes:

1. Primary penetration of exo-allergen into the organism or formation of endo-allergens;

2. Allergen contact with histiophagocytic system cells, or other antigen-presenting cells, followed by the allergen processing, and their presentation to T-lymphocytes;

3. B-cell activation by T lymphocytes, with blast-transformation, proliferation and immune clone formation of B-lymphocyte stimulated by antigen;

4.B-lymphocyte differentiation into plasma cells that synthesize IgE and IgG4 in reactions of type I or IgM and IgG responses in type II, III and V;

5.  Ig association with Fc receptors of basophiles and mast cells in allergic reactions type I, or free circulation in type II, III, V reactions.

Sensibilization is increasing of the normal reaction to the allergen (the primary contact) to exacerbated (from repeated contact).

In this context, during immediate type allergic reactions, sensitized body is different from the non-sensitized only by the presence of allergen-specific immunoglobulins - which are fixed on mast cells and basophils or are in free circulation.

Sensitization is the period of allergy latency, because, until the repeated contact with the same allergen, it does not manifest clinically. Only by serological reactions can be detected specific antibodies for free circulation, or those fixed on basophils and mast cells. This latency period will last until the body's repeated contact with the same allergen which caused sensitization. 

Sensitization is submitted to the same laws as primary immunization: become apparent at low doses of antigen, depends on the immunogenicity of allergen; The first signs of sensitization (specific antibodies) occur over 4-5 days after inoculation of  antigens, and peak sensitization occurs at 12th - 14th day. Maximum duration of sensitization is due to immunological memory and can be lifelong. 

Sensitization occurred at the allergen administration - is called active sensitization.  Sensitization achieved by transfer of immunoglobulins from actively sensitized animal to non-sensitized animals (not contacted with relevant allergen) is called passive sensitization.

Passive sensitization differs from the active: occurs over 2-4 hours after the transfer of Ig (time necessary to their fixation on mast cells); lasts up to 2-4 months (the time of transferred-IgE catabolism), does not reappear (lack of immunological memory).  

II. Pathochemical stage – release, activation or synthesis of chemical mediators from altered cells or immune cells as a result of interaction between antigen and antibogy.

III. Physiopathologic stage – the stage of clinical manifestation, physiopathologic effects launched by the mediators action, formed in pathochemical stage, action upon specific reactive structures.

General pathogenesis of type IV allergic reactions (delayed hypersensitivity)

In the evolution of all delayed allergic reactions (Type IV) there can be distinguished three stages:

I. Immunologic stage:

1.  primary entrance of exoallergen into the organism or formation of endoallergen;

2. allergen contact with histiophagocytic system cells or other antigen- presenting cells, processing of allergen and presenting to T-cells;

3. T-cells activation by allergen – blast-transformation, proliferation and formation of immunologic clone of T-cells activated by antigen and marked by specific receptors for it;

Lymphocytes bearing specific receptors are called sensitized lymphocytes  and constitute the cellular substrate of delayed allergic reactions. The sequence of processes listed here - is the phenomenon of sensitization of the body to the allergen   and consist in increased reaction to allergen - from normal (the primary contact) to exacerbated (from repeated contact). Thus, the sensitized body differs from the non-sensitized only by the presence of sensitized T lymphocytes - the outer surface of which are set for allergen specific receptors. Thus, the process of sensitization is similar immune-genesis. 

II. Pathochemical stage start up at the repeated contact of the sensibilized organism with the allergen and consists of release, activation or chemical mediators synthesis form sensibilized lymphocytes.

III.Physiopathologic stage – clinical manifestations – physiopathologic effects launched by mediator release in pathochemical stage.

Immediate (Type I) hypersensitivity

Immediate, or type I, hypersensitivity is a rapid immunologic reaction occurring in a previously sensitized individual that is triggered by the binding of an antigen to IgE antibody on the surface of mast cells. 

      These reactions are often called allergy, and the antigens that elicit them are allergens. Immediate hypersensitivity may occur as a systemic disorder or as a local reaction. The systemic reaction most often follows injection of an antigen into a sensitized individual (e.g., by a bee sting), but can also follow antigen ingestion (e.g., peanut allergens). Sometimes, within minutes the patient goes into a state of shock, which may be fatal. Local reactions are diverse and vary depending on the portal of entry of the allergen. They may take the form of localized cutaneous rash or blisters (skin allergy, hives), nasal and conjunctival discharge (allergic rhinitis and conjunctivitis), hay fever, bronchial asthma, or allergic gastroenteritis (food allergy). Many local type I hypersensitivity reactions have two well-defined phases. The immediate reaction is characterized by vasodilation, vascular leakage, and depending on the location, smooth muscle spasm or glandular secretions. These changes usually become evident within minutes after exposure to an allergen and tend to subside in a few hours. In many instances (e.g., allergic rhinitis and bronchial asthma), a second, late-phase reaction sets in 2 to 24 hours later without additional exposure to antigen and may last for several days. This late-phase reaction is characterized by infiltration of tissues with eosinophils, neutrophils, basophils, monocytes, and CD4+ T cells, as well as tissue destruction  typically in the form of mucosal epithelial cell damage.
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Figure 1.  Sequence of events in immediate (type I) hypersensitivity.
Immediate hypersensitivity reactions are initiated by the introduction of an allergen, which stimulates TH2 responses and IgE production in genetically susceptible individuals. IgE binds to Fc receptors (FcεRI) on mast cells, and subsequent exposure to the allergen activates the mast cells to secrete the mediators that are responsible for the pathologic manifestations of immediate hypersensitivity
Activation of TH2 Cells and Production of IgE Antibody The first step in the generation of TH2 cells is the presentation of the antigen to naive CD4+ helper T cells, probably by dendritic cells that capture the antigen from its site of entry. For reasons that are still not understood, only some environmental antigens elicit strong TH2 responses and thus serve as allergens. In response to antigen and other stimuli, including cytokines such as IL-4 produced at the local site, the T cells differentiate into TH2 cells. The newly minted TH2 cells produce a number of cytokines upon subsequent encounter with the antigen; as mentioned earlier, the signature cytokines of this subset are IL-4, IL-5, and IL-13. IL-4 acts on B cells to stimulate class switching to IgE and promotes the development of additional TH2 cells. IL-5 is involved in the development and activation of eosinophils, which are important effectors of type I hypersensitivity. IL-13 enhances IgE production and acts on epithelial cells to stimulate mucus secretion. In addition, TH2 cells (as well as mast cells and epithelial cells) produce chemokines that attract more TH2 cells, as well as other leukocytes, to the reaction site.

Sensitization and activation of mast cells. Because mast cells are central to the development of immediate hypersensitivity, we first review some of their salient characteristics. Mast cells are bone marrow–derived cells that are widely distributed in the tissues. They are abundant near blood vessels and nerves and in subepithelial tissues, which explains why local immediate hypersensitivity reactions often occur at these sites. Mast cells have cytoplasmic membrane-bound granules that contain a variety of biologically active mediators, described later. The granules also contain acidic proteoglycans that bind basic dyes such as toluidine blue. (Mast in German refers to fattening of animals, and the name of these cells came from the erroneous belief that their granules fed the tissue where the cells were located.) As is detailed next, mast cells (and their circulating counterpart, basophils) are activated by the cross-linking of high-affinity IgE Fc receptors; in addition, mast cells may also be triggered by several other stimuli, such as complement components C5a and C3a (called anaphylatoxins because they elicit reactions that mimic anaphylaxis), both of which act by binding to receptors on the mast cell membrane. Other mast cell secretagogues include some chemokines (e.g., IL-8), drugs such as codeine and morphine, adenosine, melittin (present in bee venom), and physical stimuli (e.g., heat, cold, sunlight). Basophils are similar to mast cells in many respects, including the presence of cell surface IgE Fc receptors as well as cytoplasmic granules. In contrast to mast cells, however, basophils are not normally present in tissues but rather circulate in the blood in extremely small numbers. Similar to other granulocytes, basophils can be recruited to inflammatory sites.

Mast cells and basophils express a high-affinity receptor, called FcεRI, which is specific for the Fc portion of IgE and therefore avidly binds IgE antibodies. IgE-coated mast subsequent encounter with the specific antigen. When a mast cell, armed with IgE antibodies previously produced in response to an antigen, is exposed to the same antigen, the cell is activated, leading eventually to the release of an arsenal of powerful mediators responsible for the clinical features of immediate hypersensitivity reactions. In the first step in the sequence of mast cell activation, the antigen binds to the IgE antibodies previously attached to the mast cells. Multivalent antigens bind to and cross-link adjacent IgE antibodies. The underlying Fcε receptors are brought together, and this activates signal transduction pathways from the cytoplasmic portion of the receptors. These signals lead to the production of mediators that are responsible for the initial, sometimes explosive, symptoms of immediate hypersensitivity, and they also set into motion the events that lead to the late-phase reaction.

Mediators of immediate hypersensitivity

Mast cell activation leads to degranulation, with the discharge of preformed (primary) mediators that are stored in the granules, and de novo synthesis and release of secondary mediators, including lipid products and cytokines.

Preformed mediators. Mediators contained within mast cell granules are the first to be released and can be divided into three categories:

• Vasoactive amines. The most important mast cell-derived amine is histamine. Histamine causes intense smooth muscle contraction, increased vascular permeability, and increased mucus secretion by nasal, bronchial, and gastric glands.

• Enzymes. These are contained in the granule matrix and include neutral proteases (chymase, tryptase) and several acid hydrolases. The enzymes cause tissue damage and lead to the generation of kinins and activated components of complement (e.g., C3a) by acting on their precursor proteins.

 
• Proteoglycans. These include heparin, a well-known anticoagulant, and chondroitin sulfate. The proteoglycans serve to package and store the amines in the granules.
Lipid Mediators. The major lipid mediators are arachidonic acid–derived products. Reactions in the mast cell membranes lead to activation of phospholipase A2, an enzyme that converts membrane phospholipids to arachidonic acid. This is the parent compound from which leukotrienes and prostaglandins are produced by the 5-lipoxygenase and cyclooxygenase pathways, respectively.

• Leukotrienes. Leukotrienes C4 and D4 are the most potent vasoactive and spasmogenic agents known. On a molar basis, they are several thousand times more active than histamine in increasing vascular permeability and causing bronchial smooth muscle contraction. Leukotriene B4 is highly chemotactic for neutrophils, eosinophils, and monocytes. 

• Prostaglandin D2. This is the most abundant mediator produced in mast cells by the cyclooxygenase pathway. It causes intense bronchospasm as well as increased mucus secretion.

• Platelet-activating factor (PAF). PAF  is a lipid mediator produced by some mast cell populations but it is not derived from arachidonic acid. It causes platelet aggregation, release of histamine, bronchospasm, increased vascular permeability, and vasodilation. Its role in immediate hypersensitivity reactions is not well  established.
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Figure 2.  Mast cell mediators
 Upon activation, mast cells release various classes of mediators that are responsible for the immediate and late-phase reactions. PAF, Platelet-activating factor

Late-phase reaction

In the late-phase reaction, leukocytes are recruited that amplify and sustain the inflammatory response without additional exposure to the triggering antigen. Eosinophils are often an abundant leukocyte population in these reactions. They are recruited to sites of immediate hypersensitivity by chemokines, such as eotaxin, and others that may be produced by epithelial cells, TH2 cells, and mast cells. The TH2 cytokine IL-5 is the most potent eosinophil-activating cytokine known. Upon activation, eosinophils liberate proteolytic enzymes as well as two unique proteins called major basic protein and eosinophil cationic protein, which damage tissues. It is now believed that the late-phase reaction is a major cause of symptoms in some type I hypersensitivity disorders, such as allergic asthma. Therefore, treatment of these diseases requires the use of broad-spectrum anti-inflammatory drugs, such as steroids, rather than anti-histamine drugs, which are of benefit in the immediate reaction as occurs in allergic rhinitis (hay fever). 

Susceptibility to immediate hypersensitivity reactions is genetically determined. An increased propensity to develop immediate hypersensitivity reactions is called atopy. Atopic individuals tend to have higher serum IgE levels and more IL-4–producing TH2 cells than does the general population. A positive family history of allergy is found in 50% of atopic individuals. The basis of familial predisposition is not clear, but studies in patients with asthma reveal linkage to polymorphisms in several genes. Some of these genes are located in the chromosome 5q31 region; these include genes encoding the cytokines IL-3, IL-4, IL-5, IL-9, IL-13, and GM-CSF. This locus has attracted great attention because of the known roles of many of these cytokines in the allergic reaction, but how the disease associated polymorphisms influence the development of allergies is not known. Linkage has also been noted to 6p, close to the HLA complex, suggesting that the inheritance of certain HLA alleles permits reactivity to certain allergens.

Environmental factors are also important in the development of allergic diseases. Exposure to environmental pollutants, which is common in industrialized societies, is an important predisposing factor for allergy. In fact, it is known that dogs and cats diverged from humans about 95 million years ago and chimpanzees only about 4-5 million years ago, suggesting that chimps share more genes with us than do dogs and cats. Nevertheless, dogs and cats, who live in the same environment as humans, develop allergies and chimps do not. This simple observation suggests that environmental factors may be more important in the development of allergic disease than genetics. Viral infections of the airways are important triggers for bronchial asthma, an allergic disease affecting the lungs . Bacterial skin infections are strongly associated with atopic dermatitis. It is estimated that 20% to 30% of immediate hypersensitivity reactions are triggered by non-antigenic stimuli such as temperature extremes and exercise, and do not involve TH2 cells or IgE; such reactions are sometimes called non-atopic allergy. It is believed that in these cases mast cells are abnormally sensitive to activation by various nonimmune stimuli.  

Systemic anaphylaxis

Systemic anaphylaxis is characterized by vascular shock, widespread edema, and difficulty in breathing. It may occur in sensitized individuals in hospital settings after administration of foreign proteins (e.g.,antisera), hormones, enzymes, polysaccharides, and drugs (e.g., the antibiotic penicillin), or in the community setting following exposure to food allergens (e.g., peanuts, shellfish) or insect toxins (e.g., those in bee venom). Extremely small doses of antigen may trigger anaphylaxis, for example, the tiny amounts used in skin testing for various forms of allergies. Because of the risk of severe allergic reactions to minute quantities of peanuts, U.S. agencies are considering a ban on peanut snacks served in the confined quarters of commercial airplanes. Within minutes after exposure, itching, hives, and skin erythema appear, followed shortly thereafter by a striking contraction of respiratory bronchioles and respiratory distress. Laryngeal edema results in hoarseness and further compromises breathing. Vomiting, abdominal cramps, diarrhea, and laryngeal obstruction follow, and the patient may go into shock and even die within the hour.

The risk of anaphylaxis must be borne in mind when certain therapeutic agents are administered. Although patients at risk can generally be identified by a previous history of some form of allergy, the absence of such a history does not preclude the possibility of an anaphylactic reaction.

Local immediate hypersensitivity reactions

About 10% to 20% of the population suffers from allergies involving localized reactions to common environmental allergens, such as pollen, animal dander, house dust, foods, and the like. Specific diseases include urticaria, allergic rhinitis (hay fever), bronchial asthma, and food allergies; these are discussed elsewhere in this text.

Antibody-mediated (Type II) hypersensitivity

Antibodies that react with antigens present on cell surfaces or in the extracellular matrix cause disease by destroying these cells, triggering inflammation, or interfering with normal functions. The antibodies may be specific for normal cell or tissue antigens (autoantibodies) or for exogenous antigens, such as chemical or microbial proteins, that bind to a cell surface or tissue matrix. The antibody-dependent mechanisms that cause tissue injury and disease. These reactions are the cause of several important diseases.

Opsonization and phagocytosis

Phagocytosis is largely responsible for depletion of cells coated with antibodies. Cells opsonized by IgG antibodies are recognized by phagocyte Fc receptors, which are specific for the Fc portions of some IgG subclasses. In addition, when IgM or IgG antibodies are deposited on the surfaces of cells, they may activate the complement system by the classical pathway. Complement activation generates by-products, mainly C3b and C4b, which are deposited on the surfaces of the cells and recognized by phagocytes that express receptors for these proteins. The net result is phagocytosis of the opsonized cells and their destruction. Complement activation on cells also leads to the formation of the membrane attack complex, which disrupts membrane integrity by “drilling holes” through the lipid bilayer, thereby causing osmotic lysis of the cells. This mechanism of killing is probably effective only with cells that have thin cell walls, such as Neisseria bacteria. Antibody-mediated destruction of cells may occur by another process called antibody-dependent cellular cytotoxicity (ADCC). Cells that are coated with IgG antibody are killed by a variety of effector cells, mainly NK cells and macrophages, which bind to the target by their receptors for the Fc fragment of IgG, and cell lysis proceeds without phagocytosis. The contribution of ADCC to common hypersensitivity diseases is uncertain. Clinically, antibody-mediated cell destruction and phagocytosis occur in the following situations: (1) transfusion reactions, in which cells from an incompatible donor react with and are opsonized by preformed antibody in the host; (2) hemolytic disease of the newborn (erythroblastosis fetalis), in which there is an antigenic difference between the mother and the fetus, and IgG antierythrocyte antibodies from the mother cross the placenta and cause destruction of fetal red cells; (3) autoimmune hemolytic anemia, agranulocytosis, and thrombocytopenia, in which individuals produce antibodies to their own blood cells, which are then destroyed ; and (4) certain drug reactions, in which a drug acts as a “hapten” by attaching to plasma membrane proteins of red cells and antibodies are produced against the drug-protein complex. 

Inflammation 

When antibodies deposit in fixed tissues, such as basement membranes and extracellular matrix, the resultant injury is due to inflammation. The deposited antibodies activate complement, generating by-products, including chemotactic agents (mainly C5a), which direct the migration of polymorphonuclear leukocytes and monocytes, and anaphylatoxins (C3a and C5a), which increase vascular permeability. The leukocytes are activated by engagement of their C3b and Fc receptors. This results in the production of other substances that damage tissues, such as lysosomal enzymes, including proteases capable of digesting basement membrane, collagen, elastin, and cartilage, and reactive oxygen species.

Antibody-mediated inflammation is the mechanism responsible for tissue injury in some forms of glomerulonephritis, vascular rejection in organ grafts, and other disorders.

Cellular Dysfunction

In some cases, antibodies directed against cell surface receptors impair or dysregulate function without causing cell injury or inflammation. For example, in myasthenia gravis, antibodies reactive with acetylcholine receptors in the motor end plates of skeletal muscles block neuromuscular transmission and therefore cause muscle weakness. The converse (i.e., antibody-mediated stimulation of cell function) is the basis of Graves disease. In this disorder, antibodies against the thyroid-stimulating hormone receptor on thyroid epithelial cells stimulate the cells, resulting in hyperthyroidism.
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Figure 3. Mechanisms of antibody-mediated injury
A, Opsonization of cells by antibodies and complement components and ingestion by phagocytes. B, Inflammation induced by antibody binding to Fc receptors of leukocytes and by complement breakdown products. C, Antireceptor antibodies disturb the normal function of receptors. In these examples, antibodies to the acetylcholine (ACh) receptor impair neuromuscular transmission in myasthenia gravis, and antibodies against the thyroid stimulating hormone (TSH) receptor activate thyroid cells in Graves disease.

Immune complex–mediated (Type III) hypersensitivity

Antigen-antibody complexes produce tissue damage mainly by eliciting inflammation at the sites of deposition. The pathologic reaction is usually initiated when antigen combines with antibody in the circulation, creating immune complexes that typically deposit in vessel walls. Less frequently, the complexes may be formed at sites where antigen has been “planted” previously (called in situ immune complexes). The antigens that form immune complexes may be exogenous, such as a foreign protein that is injected or produced by an infectious microbe, or endogenous, if the individual produces antibody against self antigens (autoimmunity). Examples of immune complex disorders and the antigens involved are listed in Table 4. Immune complex–mediated diseases tend be systemic, but often preferentially involve the kidney (glomerulonephritis), joints (arthritis), and small blood vessels (vasculitis), all of which are common sites of immune complex deposition.

•  Systemic immune complex disease. Acute serum sickness is the prototype of a systemic immune complex disease; it was once a frequent sequela to the administration of large amounts of foreign serum (e.g., serum from immunized horses used for protection against diphtheria). In modern times the disease is infrequent, and usually seen in individuals who receive antibodies from other individuals or species. Nevertheless, it is an informative model that has taught us a great deal about systemic immune complex disorders. The pathogenesis of systemic immune complex disease can be divided into three phases (Fig. 6).

1. Formation of immune complexes. The introduction of a protein antigen triggers an immune response that results in the formation of antibodies, typically about a week after the injection of the protein. These antibodies are secreted into the blood, where they react with the antigen still present in the circulation and form antigenantibody complexes.

2. Deposition of immune complexes. In the next phase the circulating antigen-antibody complexes are deposited in various tissues. The factors that determine whether immune complex formation will lead to tissue deposition and disease are not fully understood, but the major influences seem to be the characteristics of the complexes and local vascular alterations. In general, complexes that are of medium size, formed in slight antigen excess, are the most pathogenic. Organs where blood is filtered at high pressure to form other fluids, like urine and synovial fluid, are sites where immune complexes become concentrated and tend to deposit; hence, immune complex disease often affects glomeruli and joints.

3. Inflammation and tissue injury. Once immune complexes are deposited in the tissues, they initiate an acute inflammatory reaction. During this phase (approximately 10 days after antigen administration), clinical features such as fever, urticaria, joint pains (arthralgias), lymph node enlargement, and proteinuria appear. Wherever complexes deposit the tissue damage is similar. The mechanisms of inflammation and injury were discussed above, in the discussion of antibody mediated injury. The resultant inflammatory lesion is termed vasculitis if it occurs in blood vessels, glomerulonephritis if it occurs in renal glomeruli, arthritis if it occurs in the joints, and so on. It is clear that complement-fixing antibodies (i.e., IgG and IgM) and antibodies that bind to leukocyte Fc receptors (some subclasses of IgG) induce the pathologic lesions of immune complex disorders. The important role of complement in the pathogenesis of the tissue injury is supported by the observations that complement proteins can be detected at the site of injury and, during the active phase of the disease, consumption of complement leads to a decrease in serum levels of C3. In fact, serum C3 levels can in some cases, be used to monitor disease activity.  If the disease results from a single large exposure to antigen, such as acute serum sickness, the lesions tend to resolve as a result of catabolism of the immune complexes. A form of chronic serum sickness results from repeated or prolonged exposure to an antigen. This occurs in several diseases, such as systemic lupus erythematosus (SLE), which is associated with persistent antibody responses to autoantigens. In many diseases, the morphologic changes and other findings suggest immune complex deposition but the inciting antigens are unknown. Included in this category are membranous glomerulonephritis and several vasculitides.
• Local immune complex disease (Arthus Reaction)

The Arthus reaction is a localized area of tissue necrosis resulting from acute immune complex vasculitis, usually elicited in the skin. The reaction can be produced experimentally by intracutaneous injection of antigen in a previously immunized animal that contains circulating antibodies against the antigen. As the antigen diffuses into the vascular wall, it binds the preformed antibody, and large immune complexes are formed locally. These complexes precipitate in the vessel walls and cause fibrinoid necrosis, and superimposed thrombosis worsens the ischemic injury.
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Figure 4.  Immune complex disease.
The sequential phases in the induction of systemic immune complex–mediated diseases (type III hypersensitivity).
T Cell–mediated (Type IV) hypersensitivity

The cell-mediated type of hypersensitivity is caused by inflammation resulting from cytokines produced by CD4+ T cells and cell killing by CD8+ T cells. CD4+ T cell–mediated hypersensitivity induced by environmental and self antigens is the cause of many chronic inflammatory diseases, including autoimmune diseases. CD8+ cells may also be involved in some of these autoimmune diseases and may be the dominant effector cells in certain reactions, especially those that follow viral infections. 

CD4+ T cell–mediated inflammation

In CD4+ T cell–mediated hypersensitivity reactions, cytokines produced by the T cells induce inflammation that may be chronic and destructive. The prototype of T cell–mediated inflammation is delayed-type hypersensitivity (DTH), a tissue reaction to antigens given to immune individuals. In this reaction, an antigen administered into the skin of a previously immunized individual results in a detectable cutaneous reaction within 24 to 48 hours (hence the term delayed, in contrast to immediate hypersensitivity). Both TH1 and TH17 cells contribute to organ-specific diseases in which inflammation is a prominent aspect of the pathology. The inflammatory reaction associated with TH1 cells is dominated by activated macrophages, and that triggered by TH17 cells has a greater neutrophil component. The inflammatory reactions stimulated by CD4+ T cells can be divided into sequential stages.

Activation of CD4+ T cells. As described earlier, naive CD4+ T cells recognize peptides displayed by dendritic cells and secrete IL-2, which functions as an autocrine growth factor to stimulate proliferation of the antigen responsive T cells. The subsequent differentiation of antigen-stimulated T cells to TH1 or TH17 cells is driven by the cytokines produced by APCs at the time of T-cell activation. In some situations the APCs (dendritic cells and macrophages) produce IL-12, which induces differentiation of CD4+ T cells to the TH1 subset. IFN-γ produced by these effector cells promotes further TH1 development, thus amplifying the reaction. If the APCs produce inflammatory cytokines such as IL-1, IL-6, and a close relative of IL-12 called IL-23, these stimulate differentiation of T cells to the TH17 subset. Some of the differentiated effector cells enter the circulation and may remain in the memory pool of T cells for long periods, sometimes years.
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Figure 5. Mechanisms of T cell–mediated (type IV) hypersensitivity reactions. 

A, CD4+ TH1 cells (and sometimes CD8+ T cells, not shown) respond to tissue antigens by secreting cytokines that stimulate inflammation and activate phagocytes, leading to tissue injury. CD4+ TH17 cells contribute to inflammation by recruiting neutrophils (and, to a lesser extent, monocytes). B, In some diseases, CD8+ cytotoxic T lymphocytes (CTLs) directly kill tissue cells. APC, Antigen presenting cell.
Responses of differentiated effector T cells. Upon repeat exposure to an antigen, TH1 cells secrete cytokines, mainly IFN-γ, which are responsible for many of the manifestations of delayed-type hypersensitivity. IFN-γ-activated (“classically activated”) macrophages are altered in several ways: their ability to phagocytose and kill microorganisms is markedly augmented; they express more class II MHC molecules on the surface, thus facilitating further antigen presentation; they secrete TNF, IL-1, and chemokines, which promote inflammation (Chapter 3); and they produce more IL-12, thereby amplifying the TH1 response. Thus, activated macrophages serve to eliminate the offending antigen; if the activation is sustained, continued inflammation and tissue injury result. Activated TH17 cells secrete IL-17, IL-22, chemokines, and several other cytokines. Collectively, these cytokines recruit neutrophils and monocytes to the reaction, thus promoting inflammation. TH17 cells also produce IL-21, which amplifies the TH17 response.

Clinical examples of CD4+ T cell–mediated inflammatory reactions. The classic example of DTH is the tuberculin reaction, which is produced by the intracutaneous injection of purified protein derivative (PPD, also called tuberculin), a protein-containing antigen of the tubercle bacillus. In a previously sensitized individual, reddening and induration of the site appear in 8 to 12 hours, reach a peak in 24 to 72 hours, and thereafter slowly subside. Morphologically, delayed-type hypersensitivity is characterized by the accumulation of mononuclear cells, mainly CD4+ T cells and macrophages, around venules, producing perivascular “cuffing”. In fully developed lesions, the venules show marked endothelial hypertrophy, reflecting cytokine mediated endothelial activation. With certain persistent or non-degradable antigens, such as tubercle bacilli colonizing the lungs or other tissues, the infiltrate is dominated by macrophages over a period of 2 or 3 weeks. With sustained activation, macrophages often undergo a morphologic transformation into epithelioid cells, large epithelium-like cells with abundant cytoplasm. A microscopic aggregation of epithelioid cells, usually surrounded by a collar of lymphocytes, is referred to as a granuloma. This pattern of inflammation, called granulomatous inflammation , is typically associated with strong TH1-cell activation and high-level production of cytokines such as IFN-γ. It can also be caused by indigestible foreign bodies, which activate macrophages without eliciting an adaptive immune response.
Contact dermatitis is a common example of tissue injury resulting from DTH reactions. It may be evoked by contact with urushiol, the antigenic component of poison ivy or poison oak, and presents as a vesicular dermatitis. It is thought that in these reactions, the environmental chemical binds to and structurally modifies some self proteins and peptides derived from these modified proteins are recognized by T cells and elicit the reaction. Chemicals may also modify HLA molecules, making them appear foreign to T cells. The same mechanism is responsible for most drug reactions, among the most common immunologic reactions of humans. In these reactions, the drug (often a reactive chemical) alters self proteins, including MHC molecules, and the “neoantigens” are recognized as foreign by T cells, leading to cytokine production and inflammation. These often manifest as skin rashes. CD4+ T cell–mediated inflammation is the basis of tissue injury in many organ-specific and systemic autoimmune diseases, such as rheumatoid arthritis and multiple sclerosis, as well as diseases probably caused by uncontrolled reactions to bacterial commensals, such as inflammatory bowel disease.

CD8+ T cell–mediated cytotoxicity. In this type of T cell–mediated reaction, CD8+ CTLs kill antigen-expressing target cells. Tissue destruction by CTLs may be an important component of some T cell–mediated diseases, such as type 1 diabetes. CTLs directed against cell surface histocompatibility antigens play an important role in graft rejection, to be discussed later. They also play a role in reactions against viruses. In a virus-infected cell, viral peptides are displayed by class I MHC molecules and the complex is recognized by the TCR of CD8+ T lymphocytes. The killing of infected cells leads to the elimination of the infection, but in some cases it is responsible for cell damage that accompanies the infection (e.g., in viral hepatitis). Tumor-associated antigens are also presented on the cell surface, and CTLs are involved in the host response to transformed cells. The principal mechanism of T cell–mediated killing of targets involves perforins and granzymes, preformed mediators contained in the lysosome-like granules of CTLs. CTLs that recognize the target cells secrete a complex consisting of perforin, granzymes, and other proteins which enters target cells by endocytosis. In the target cell cytoplasm, perforin facilitates the release of the granzymes from the complex. Granzymes are proteases that cleave and activate caspases, which induce apoptosis of the target cells. Activated CTLs also express Fas ligand, a molecule with homology to TNF, which can bind to Fas expressed on target cells and trigger apoptosis. CD8+ T cells also produce cytokines, notably IFN-γ, and are involved in inflammatory reactions resembling DTH, especially following virus infections and exposure to some contact sensitizing agents.
Autoimmune diseases

Immune reactions against self antigens— autoimmunity — are an important cause of certain diseases in humans, estimated to affect at least 1% to 2% of the US population. A growing number of diseases have been attributed to autoimmunity. It should be noted, however, that the mere presence of autoantibodies does not indicate an autoimmune disease exists. Autoantibodies can be found in the serum of apparently normal individuals, particularly in older age groups. Furthermore, innocuous autoantibodies are sometimes produced after damage to tissues and may serve a physiologic role in the removal of tissue breakdown products. How, then, does one define pathologic autoimmunity? 

Ideally, at least three requirements should be met before a disorder is categorized as truly caused by autoimmunity: (1) the presence of an immune reaction specific for some self antigen or self tissue; (2) evidence that such a reaction is not secondary to tissue damage but is of primary pathogenic significance; and (3) the absence of another well-defined cause of the disease. 

Similarity with experimental models of proven autoimmunity is also often used to support this mechanism in human diseases. Disorders in which chronic inflammation is a prominent component are sometimes grouped under immune-mediated inflammatory diseases; these may be autoimmune, or the immune response may be directed against normally harmless microbes such as gut commensal bacteria. The clinical manifestations of autoimmune disorders are extremely varied. 

On one end are conditions in which the immune responses are directed against a single organ or tissue, resulting in organ-specific disease, and on the other end are diseases in which the autoimmune reactions are against widespread antigens, resulting in systemic or generalized disease. Examples of organ-specific autoimmune diseases are type 1 diabetes mellitus, in which the autoreactive T cells and antibodies are specific for β cells of the pancreatic islets, and multiple sclerosis, in which autoreactive T cells react against central nervous system myelin. The best example of systemic autoimmune disease is SLE, in which a diversity of antibodies directed against DNA, platelets, red cells, and protein-phospholipid complexes result in widespread lesions throughout the body. In the middle of the spectrum falls Goodpasture syndrome, in which antibodies to basement membranes of lung and kidney induce lesions in these organs. It is obvious that autoimmunity results from the loss of self-tolerance, and the question arises as to how this happens. Before we look for answers to this question, we review the mechanisms of immunologic tolerance to self antigens. 
Autoimmunity arises from a combination of the inheritance of susceptibility genes, which may contribute to the breakdown of self-tolerance, and environmental triggers, such as infections and tissue damage, which promote the activation of self-reactive lymphocytes . The genetics, as well as the gene-environment interactions, are complex and difficult to dissect, because of which much remains unknown about the enigma of autoimmunity. Nevertheless, some interesting clues have begun to emerge with the development of better technologies for defining genetic susceptibility and for studying patients.

 It is thought that susceptibility genes and environmental triggers induce a number of changes that contribute to the development of autoimmunity:

• Defective tolerance or regulation. Fundamental to the development of autoimmune diseases is a failure of the mechanisms that maintain self-tolerance. As discussed later, some clues about how these mechanisms might be disrupted have come from the analysis of patients  with rare inherited autoimmune disorders and from gene knockout mice that develop autoimmune lesions. However, despite the advances in understanding mechanisms of immune tolerance and regulation, it is not known why these may become defective in the majority of common autoimmune diseases.

• Abnormal display of self antigens. Abnormalities may include increased expression and persistence of self antigens that are normally cleared, or structural changes in these antigens resulting from enzymatic modifications or from cellular stress or injury. If these changes lead to the display of antigenic epitopes that are not expressed normally, the immune system may not be tolerant to these epitopes, thus allowing anti-self responses to develop.

• Inflammation or an initial innate immune response. As discussed earlier, the innate immune response is a strong stimulus for the subsequent activation of lymphocytes and the generation of adaptive immune responses. Microbes or cell injury may elicit local inflammatory reactions resembling innate immune   responses, and these may be critical inducers of the autoimmune disease. Although these are appealing hypotheses, which of these abnormalities actually play a role in a specific autoimmune disease in humans remains largely a matter of speculation.

•
Role of susceptibility genes

Most autoimmune diseases are complex multigenic disorders. It has been known for decades that autoimmunity has a genetic component. The incidence of many autoimmune diseases is greater in twins of affected individuals than in the general population, and greater in monozygotic than in dizygotic twins, proof that genetics contributes to the development of these disorders.

Association of HLA alleles with disease. Among the genes known to be associated with autoimmunity, the greatest contribution is that of HLA genes . The most striking of these associations is between ankylosing spondylitis and HLA-B27; individuals who inherit this class I HLA allele have a 100-200 fold greater chance (odds ratio, or relative risk) of developing the disease compared with those who do not carry HLA-B27. Many autoimmune diseases are associated with different class II HLA alleles. Although it is reasonable to postulate that these associations reflect the ability of some HLA molecules to display self peptides, it has been difficult to show that disease associated HLA molecules do so any better or worse than molecules that are not associated with autoimmunity. Thus, the mechanisms underlying these disease associations remain poorly understood. It is also important to understand that different HLA alleles may contribute to a disease but their presence is not, by itself, the cause of any disease. Thus, in the example of HLA-B27, the vast majority of individuals who inherit this allele never develop ankylosing spondylitis. In addition to autoimmune diseases, some inherited errors of metabolism, such as 21-hydroxylase deficiency and hereditary hemochromatosis, are also associated with particular HLA alleles (HLA-BW47 and HLA-A, respectively). However, in these cases, the mutated genes causing 21-hydroxylase deficiency and hereditary hemochromatosis happen by chance to be located in the MHC locus, and the linked HLA alleles are innocent bystanders that are not culpable in either of these diseases.

Association of non-MHC genes with autoimmune diseases. Genome-wide association studies and family studies have shown that multiple non-MHC genes are associated with various autoimmune diseases. Some of these genes are disease-specific, but many of the associations are seen in multiple disorders, suggesting that the products of these genes affect general mechanisms of immune regulation and self-tolerance. Three recently described genetic associations are especially interesting.
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Figure 6. Pathogenesis of autoimmunity. 
Autoimmunity results from multiple factors, including susceptibility genes that may interfere with selftolerance and environmental triggers (such as infections, tissue injury, and inflammation) that promote lymphocyte entry into tissues, activation of selfreactive lymphocytes, and tissue damage.
• Role of infections in autoimmunity

Autoimmune reactions may be triggered by infections.

Two mechanisms have been postulated to explain the link between infections and autoimmunity. First, infections may upregulate the expression of costimulators on APCs. If these cells are presenting self antigens, the result may be a breakdown of anergy and activation of T cells specific for the self antigens. Second, some microbes may express antigens that have the same amino acid sequences as self antigens. Immune responses against the microbial antigens may result in the activation of selfreactive lymphocytes. This phenomenon is called molecular mimicry. A clear example of such mimicry is rheumatic heart disease, in which antibodies against streptococcal proteins cross-react with myocardial proteins and cause myocarditis . More subtle molecular mimicry may be involved in classic autoimmune diseases as well.

Microbes may induce other abnormalities that promote autoimmune reactions. Some viruses, such as Epstein-Barr virus (EBV) and HIV, cause polyclonal B-cell activation, which may result in production of autoantibodies. The tissue injury that is common in infections may release self antigens and structurally alter these antigens so that they are able to activate T cells that would not be tolerant to these new, modified antigens. Infections may induce the production of cytokines that recruit lymphocytes, including potentially self-reactive lymphocytes, to sites of self antigens.

Infections may protect against some autoimmune diseases. Although the role of infections in triggering autoimmunity has received a great deal of attention, recent epidemiologic studies suggest that the incidence of autoimmune diseases is increasing in developed countries as infections are better controlled. In some animal models (e.g., of type 1 diabetes) infections greatly reduce the incidence of disease. The underlying mechanisms are unclear; one possibility is that infections promote low-level IL-2 production, and this is essential for maintaining regulatory T cells. Recently, there has been great interest in the idea that the normal gut and skin microbiome influences the development of autoimmunity. It is possible that different nonpathogenic microbes affect the relative proportions of effector and regulatory T cells, and shape the host response towards or away from aberrant activation. However, it is still not clear which microbes actually contribute to specific diseases in humans, or if the microbiome can be manipulated to prevent or treat these disorders. 

General features of autoimmune diseases

Diseases caused by autoimmunity have some important general features.

• Autoimmune diseases tend to be chronic, sometimes with relapses and remissions, and the damage is often progressive. One reason for the chronicity is that the immune system contains many intrinsic amplification loops that allow small numbers of antigen-specific lymphocytes to accomplish their task of eradicating complex infections. When the response is inappropriately directed against self tissues, the same amplification mechanisms exacerbate and prolong the injury. Another reason for the persistence and progression of autoimmune disease is the phenomenon of epitope spreading, in which an immune response against one self antigen causes tissue damage, releasing other antigens, and resulting in the activation of lymphocytes by these newly encountered epitopes.

• The clinical and pathologic manifestations of an autoimmune disease are determined by the nature of the underlying immune response. Some of these diseases are caused by autoantibodies, whose formation may be associated with dysregulated germinal center reactions. Most chronic inflammatory diseases are caused by abnormal and excessive TH1 and TH17 responses; examples of these diseases include psoriasis, multiple sclerosis, and some types of inflammatory bowel disease. CD8+ CTLs contribute to killing of cells, such as islet β cells in type 1 diabetes. In some autoimmune diseases, such as rheumatoid arthritis, both antibodies and T cell– mediated inflammation may be involved.
PRIMARY SJӦGREN SYNDROME represents a chronic autoimmune systemic disease characterized by lymphocytic inflammation and injury of the exocrine salivary and lacrimal glands leading to development of xerostomia (dry mouth) and xerophtalmia (dry eyes). Sjogren syndrome is an independent disorder. In 60% of cases it develops together with other autoimmune diseases: systemic lupus erythematous, scleroderma, rheumatoid arthritis, Hashimoto thyroiditis and others. On the basis of immunopathogenic mechanisms of this syndrome there is pathologic immune response to some changed antigens, possibly as result of virus action (retroviruses) or autoantigens resulted by viral action on autologous structures.

Pathogenetic mechanisms can be explained by two main autoimmune phenomena: infiltration with lymphocytes of exocrine glands and hyperreactivity of B lymphocytes. At the level of mouth mucosa there develop foci of infiltration with B, T-helper CD4 lymphocytes as well as glandular epithelium with expression of HLAII molecules, these giving to these cells the ability to act as antigen presenting cells (macrophages and NK lymphocytes are very rare). Salivary glands are infiltrated with lymphocytes, plasma cells, these intensifying proliferation of conjunctive tissue. Secretory function of submucous salivary gland is reduced, such developing xerostomia.

Above mentioned changes lead to dryness of the marginal mucosa and that of lip commissure. In this patient during mastication there is a burning sensation and pain, swallowing is disturbed, taste sensation is reduced, there is characteristic hypersensibility of hard tissues of the teeth. At the level of mouth mucosa can be found atrophic processes: disappearance of lingual relief, atrophy of tongue papilla. Frequently microbial strepto-staphilococcal infection, as well as fungal infection associate to these atrophic changes (in children frequently can be found Candida albicans).Gradually will develop parotitis and dental caries with rapid teeth loss. One of particularities of caries in this situation is it localization not just in typical places (concave surfaces of teeth) but also at the level of cario-resistant surfaces (smooth areas, convex surfaces, cutting edge of the teeth).

Paradentium involvement is characterized by local resorption of tissues under the influence of local traumatic factors (dental prosthesis, artificial tooth crowns). 

Gastrointestinal disorders are induced by development of dystrophic, atrophic and degenerative changes at the level of stomach and small intestine mucosa. There is reduction of gastric juice secretion. Atrophy of parietal cells of the stomach leads to aclorhydria with hypoacidity or anacidity of the stomach. Concomitantly in the stomach can develop pathogen flora, which will lead to intensification of putrefaction, fermentation. Intestinal absorption and digestion is disturbed as well. 

Eye involvement is characterized by xerophtalmia as result of reduced lacrimation, eye itching, photosensibility, can develop dry keratoconjunctivitis.

