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Non-specific Physical & Chemical Defenses

« Barriers: skin, mucous membranes, stomach acid,
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» Expulsion: Coughing, sneezing, vomiting, diarrhea





The non-specific barriers are extremely important, but they represent just the first line of defense.

There are several simple physical and chemical barriers that constitute an important first line of defense.

Given the effectiveness of intact skin, our major vulnerabilities are:

The respiratory tract: we take air from the external environment into our respiratory tract and lungs continually - every minute, every hour, every day, as long as we live.

The gastrointestinal tract: we eat and drink every day, and this provides another potential portal for the entry of pathogens.

The genitourinary tract: the urethra and vagina are potential portals for entry of microbes, especially during sexual encounters

Even the eyes provide a portal of entry

These are our major vulnerabilities, but we have evolved non-specific defenses for these.

The mucous membranes of the eyes are bathed in tears, which contain an enzyme called lysozyme that attacks bacteria and helps protect the eyes from infection.

The hairs and mucus in our nose trap inhaled particles, and the walls of our respiratory tract are lined with cells that secrete mucus to trap particles and pathogens.

The cells lining the respiratory tract have cilia, hair-like projections that beat in a coordinated way to sweep mucus and entrapped particles up to the pharynx, where it can be swallowed or expectorated.

Coughing and sneezing can be thought of as mechanical means of expelling pathogens and noxious chemicals

Our digestive tract also provides barriers. The acid in the stomach and enzymes in the intestine destroy pathogens. The gastrointestinal tract also has cells that secrete mucus, which acts as a barrier.

The gastrointestinal tract is also surrounded by smooth muscle cells that propel the gastrointestinal contents in a wavelike fashion referred to as peristalsis. Noxious gastrointestinal contents can be expelled by diarrhea, which involves both increased flushing from the secretion of fluid into the GI tract and increases peristalsis. Vomiting is a complicated reflex that provides another means of expelling noxious materials

The urethra is periodically flushed by urine.

The acidic pH of the vagina makes it inhospitable for many pathogens.

Biological barriers: The normal bacteria on our skin and in our respiratory, digestive, and urogenital tracts protect us by competing with pathogens for attachment and essential nutrients.
The innate and adaptive immune systems provide additional important barriers to infection.

The immune system consists of innate immunity and adaptive immunity, two separate, but interacting and overlapping defensive systems that provide an additional array of defensive weapons. In addition, innate immunity and adaptive immunity are activated by recognition of molecular shapes that are "foreign" to our body. By distinguishing between "self" and "non-self" these systems are (normally) able to identify, destroy, and remove foreign cells, infectious agents, and large foreign molecules without directly attacking our own cells and tissues.

Innate (Natural) Immunity

Many bacteria, viruses, and protozoa have glycoproteins and glycolipids on their surface that have distinctive shapes (referred to as "pathogen-associated molecular patterns" or PAMPS) on their surface that enable them to be recognized in a non-specific way as "non-self" by the innate immune system. There are perhaps 100-200 of these PAMPs that have remained unchanged over the course of evolution, and they are molecular shapes that are not present in our tissues. The innate immune system has certain "sentinel cells (monocytes, macrophages, and specialized macrophages called dendritic cells) that have so-called toll-like receptors that bind to PAMPs, triggering rapid cellular responses directed against the pathogens. The responses include:

1- Phagocytosis and intracellular killing by dendritic cells, monocytes, and macrophages.

2- Recruitment of other inflammatory cells by secreting cytokines that activate other defensive cells and attract them to the site of invasion.

3- Communication with the adaptive immune system by presenting fragments of the pathogenic antigens to lymphocytes in order to activate them.

4- Triggering an inflammatory response

5- Triggering activation of the complement system

It is possible for a given PAMP to be present on a number of different types of the pathogen, and the innate system will respond to them in the same way without distinguishing among them. Consequently, the innate system is non-specific in how it recognizes and responds to pathogens. And this system is referred to as innate or natural immunity because the sentinel cells in the innate system will recognize a PAMP and respond to it on the first encounter.

Adaptive (Acquired) Immunity

Cells of the lymphatic (or lymphoid) system provide adaptive immunity, which, unlike innate immunity, is highly specific in its ability to recognize and defend against specific foreign agents using both cellular weapons (e.g., cytotoxic T-lymphocytes) and humoral weapons (antibodies manufactured by plasma cells). The lymphatic system is distinct from the arterial and venous systems, but like them, it consists of a complex network of vessels (lymphatic ducts), and the distribution of the lymphatic network often runs in parallel with the arterial and venous systems. Along the lymphatic vessels, there are intermittent lymph nodes, which filter lymph and also house many defensive cells (leukocytes or "white blood cells") and provide a site where the various leukocytes can communicate with one another. When fighting an infection, nearby lymph nodes often become enlarged due to aggregation and increased the production of leukocytes and removal of foreign material. Filtered lymph eventually is emptied into the subclavian vein where it mixes with blood and contributes to the plasma fraction of blood. The thymus and the spleen are also important components of the lymphatic system. The lymphatic system, thymus, and spleen play important roles in immune function, but cellular elements of the immune system are the real "soldiers" in the battle against foreign agents.
Cells of the Innate and Adaptive Immune Systems

 1- The cells of the innate and adaptive immune systems originate in the bone marrow where hematopoitic stem cells give rise to two lines of cells:

2- Myeloid cells: These give rise to red blood cells, platelets, and the cells of the innate immune system.

3- Lymphoid cells: These give rise to cells essential to adaptive immunity: T-lymphocytes, B-lymphocytes, and natural killer cells.
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1- Myeloid Cells of the Innate Immune System

1- Red blood cells contain the protein hemoglobin, which facilitates the transportation of oxygen throughout the body.

2- Platelets Myeloid progenitor cells also produce megakaryocytes, large precursors of platelets. Megakaryocytes fractionate into many small membranc-bound pieces of cytoplasm, known as platelets. Platelets are important participants in blood clotting, and they become activated whenever there is a breach in the endothelial lining of a blood vessel.

3- Neutrophils circulate in blood. When an injury or tissue invasion with a forgein agent occurs, local mediators secrete cytokines that make local capillary endothelias cells change shape and express adhesion molecules. Neutrophils adhere to the endothelium and and then migrate beneath it, following chemoattractant molecules. At the site of inflammation, neutrophils kill pathogens by phagocytosis.

4- Eosinophils particpate in immune reactions to parasites and they are also mediators of allergic reactions and in asthma. When activated, they release cytoplasmic granules containing mediators of inflammation.

5- Basophils and their tissue counterparts, mast cells, also participate in allergic reactions and in defense against parasitic infections. These cells also have receptors that bind the IgE antibodies that participate in asthmatic and other allergic reactions. When antigens or allergens cross-link these IgE antibodies, basophils and mast cells release cytokines, histamine, and heparin as inflammatory mediators.

6- Monocytes and macrophages are phagocytic cells that can engulf and enzymatically break down microorganisms and foreign material.

7- Dendritic cells are a special type of macrophage found in tissues in contact with the outside environment (e.g., skin, and epithelial linings of the nose, respiratory tree, and gastroinestinal and uro-genital systems). Dendritic cells serve a sentinel function by engulfing cells and material, breaking it down, and then displaying components on their cell surface. As a result, they are often referred to as "antigen-presenting cells" or APCs. Once they engulf cells or material, they migrate to a local lymph node, bringing them into contact with other T lymphocytes and B lymphocytes. If lymphocytes have receptors that match the molecular shapes being displayed on the dendritic cell, they become activated.
2- Lymphoid Cells of the Adaptive Immune System)

1- Natural killer (NK) cells are lymphocytes attack cells that have defective markers of "self." Each of us has a unique set of major histocompatibility complex (MHC) antigens on all of our cells that identify us as unique individuals (except identical twins, who have the same set of MHC antigens). If the MHC antigens on some of our cells are absent because of transformation to cancer or infection by certain virsuses, NK cells will attack those cells and destroy them. NK cells are armed with secretory granules with potent chemicals that can destroy cells. Both NK cells and cytotoxic T-cells and attack and kill abnormal cells, but NK cells attack cells that are missing the appropriate MHC identification, while cytotoxic T-lymphocytes attack cells displaying fragments of a specific antigen.

2- Helper T cells, or Th cells, coordinate immune responses by communicating with other cells. Helper T-lymphocytes play a key role in orchestrating the adaptive immune response to a foreign agent. Keep in mind that there are many helper T-cells, each with a receptor for a specific epitope (foreign molecular shape). If a T-helper cell comes into contact with a dendritic cell that is displaying (presenting) an antigen or epitope that it recognizes, the helper T-cell will become activated, and it will replicate to create clones of itself, and these will secrete cytokines that activate cytotoxic T-lymphocytes and/or B-lymphocytes. There are two types of helper T-cells -

A- Th1 helper cells promote an inflammatory response and activate cytotoxic T-lymphoyctes that will attack foreign cells with the foreign antigen

B- Th2 helper cells actibvate B-lymphocytes, which transform into plasma cells that produce antibodies againt the foreign antigen.

3- Cytotoxic T-cells look for antigen fragments bound to MHC molecules, and if the MHC molecule is displaying fragments that match the receptors for a given cytotoxic T-cell, the T-cell will attack that cell.

4- Plasma cells When activated, B-lymphocytes transform into plasma cells, which synthesize antibodies specific for the antigen identified on the foreign agent.

The adaptive system differs from the innate system in several ways:

It is slower to respond. Many cells of the innate system are present in tissues, and they react quickly to foreign agents. The adaptive immune cells are present in lymphatic organs and circulating in the blood, and activation of the adaptive system requires a sequence of steps in order to create the highly specific clones needed to combat the foreign agent.

It is highly specific, recognizing foreign shapes on a particular foreign agent; it even distinguishes, for example, between specific strains of influenza viruses. In contrast, the innate immune system recognizes broad categories of pathogens based on "pathogen-associated molecular patterns" or PAMPS)

Once exposed to a specific foreign agent, the adaptive immune system develops immunologic "memory" (i.e., it adapts or "learns") which enables it to respond to subsequent infections with the same agent much more rapidly and vigorously. The innate system does not adapt in this way; each time a foreign agent breaches the skin or mucosal barriers, it responds promptly, but to the same extent as it did on previous occasions.

Pattern recognition receptors (PRRs) its proteins play a crucial role in the innate immune system, consider as host sensors to detect molecules of pathogens, expressed by innate immune cells, such as dendritic cells, macrophages, monocytes, neutrophils and epithelial cells.

1- The microbe-specific molecules that are recognized by a given PRRs are pathogen-associated molecular patterns (PAMPs) are associated with microbial pathogens and include bacterial carbohydrates (such as lipopolysaccharide or LPS, mannose), nucleic acids (such as bacterial or viral DNA or RNA), bacterial peptides (flagellin, microtubule elongation factors), peptidoglycans and lipoteichoic acids (from Gram-positive bacteria), N-formylmethionine, lipoproteins and fungal glucans and chitin.
2- Damage-associated molecular patterns (DAMPs) endogenous danger molecules (known as stress signals) that are released from damaged or dying cells and activate the innate immune system by interacting with pattern recognition receptors (PRRs). Although DAMPs contribute to the host's defense, they promote pathological inflammatory responses. Recent studies have suggested that various DAMPs, such as high-mobility group box 1 (HMGB1), S100 proteins, and heat shock proteins (HSPs), are increased and considered to have a pathogenic role in inflammatory diseases, and also include uric acid and extracellular ATP, among many other compounds. Increased serum levels of these DAMPs have been associated with many inflammatory diseases, including sepsis, arthritis, atherosclerosis, lupus, Crohn’s disease and cancer. Therapeutic strategies are being developed to modulate the expression of these DAMPs for the treatment of these diseases.
A- Membrane-bound PRRs

1- Toll-like receptors (TLR) – are essential components of the innate immune response, these are type 1 transmembrane receptors that have an extracellular domain which detects infecting pathogens. TLR1, 2, 4, and 6 recognize bacterial lipids, TLR3, 7 and 8 recognize viral RNA, TLR9 recognizes bacterial DNA, and TLR5 and 10 recognize bacterial or parasite proteins. Upon detection of a pathogen, the intracellular domain of these receptors (TIR domain) initiates the activation of signalling pathways such as NF-kappa B pathway that stimulates the production of co-stimulatory molecules and cytokines involved in anti-microbial defense and inflammation.
        The TLR signaling
All the TLRs, except TLR3, can signal through MyD88. However, TLR2 and TLR4 require TIRAP to recruit MyD88. In turn, MyD88 recruits IRAK1 and IRAK4 which dissociate from MyD88 following phosphorylation. Next, IRAK1 and IRAK4 interact with TRAF6 which in turn activates the NFkB pathway, AP1, and IRF5, ultimately stimulating the transcription of inflammatory cytokines.
2- C-type lectin receptors (CLR) - CLRs can be grouped as either group I mannose receptor family e.g. CD206 or group II asialoglycoprotein receptor family e.g. CD209 (DC-SIGN). Mannose is commonly found on viruses, mycobacteria, and fungi, whereas fucose is common for bacteria and parasites (helminths), and glucans are present on mycobacteria and fungi (Dectin-1 is a C-type lectin glucan receptor).

       CLR signaling

There are several types of signaling involved in CLRs induced an immune response, major connection has been identified between TLR and CLR signaling, therefore we differentiate between TLR-dependent and TLR-independent signaling. DC-SIGN leading to RAF1-MEK-ERK cascade, BDCA2 signaling via ITAM and signaling through ITIM belong among the TLR-dependent signaling. TLR-independent signaling such as Dectin 1, and Dectin 2 - mincle signaling lead to MAP kinase and NFkB activation.

B-Cytoplasmic (intracellular) PRRs

1- Nucleotide oligomerization (NOD) like receptors (NLR) - these include NODs (NOD1 and NOD2) which recognize bacterial peptidoglycan motifs and NALPs which also recognize microbial pathogens. These NLRs are involved in the regulation of inflammation and apoptosis.

2- Retinoic acid-inducible gene I (RIG-I) like receptors (RLR) - RIG-I, melanoma differentiation-associated gene 5 (MDA5) and DDX3 help recognize viral RNA. These receptors are RNA Helicases which activate antiviral signalling and LGP2.

C- Secreted PRRs

A number of PRRs can be secreted by cells, and bind directly to invading micro-organisms. Some examples of these proteins are collectins, pentraxins, ficolins, lipid transferases, peptidoglycan recognition proteins (PGRs) and the leucine-rich repeat receptor (LRR).

The Inflammatory Response

1) Binding of PAMPs to Toll-like Receptors

Injury to cells will prompt them to release chemical messengers, such as prostaglandins. In addition, the exterior surfaces of pathogens often have PAMPs on glycoproteins projecting from their surface or the flagella of motile pathogens. These PAMPs bind to toll-like receptors on macrophages, neutrophils, and dendritic cells, and they are also present in epithelial cells in the respiratory and gastrointestinal tracts. Binding of PAMPs to toll-like receptors in tissues is the alarm signal that triggers an inflammatory response, and PAMPs can also activate the complement system (which will be described later in this module.) Neutrophils are not normally present in tissues unless there is injury or infection, but neutrophils constantly circulate in the blood in large numbers. Nevertheless, macrophages are present in tissues, and always ready to respond.

2) Phagocytosis of Pathogens by Macrophages

Binding of a pathogen's PAMPs to the toll-like receptors on tissue macrophages activates them and initiates phagocytosiste annotation indicator of the pathogen. 

          Note also that some of the molecular fragments of the bacterium are combined with newly-synthesized MHC Class II molecules in the endoplasmic reticulum. This complex is then inserted in the macrophage's cell membrane, effectively "displaying" the pathogenic antigens on its surface. This is an important mechanism by which macrophages alert the adaptive immune system to the presence of a foreign agent.
3) Signaling to Other Cells

Biochemical signals are released from injured cells (e.g., prostaglandins) and mast cells (e.g., histamine) and from macrophages. Activation of macrophages by binding of PAMPs stimulates the synthesis and release of a variety of cytokines indicator and chemokines.
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4) Changes in Local Blood Vessels

The various signaling molecules that are released after injury or infection (prostaglandins, histamine, and cytokines) induce important changes in local capillaries. Cytokines diffuse to local capillaries and bind to receptors which induce changes in the endothelial cells lining local capillaries.
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Cytokines bind to receptors on endothelial cells of a nearby capillary. This causes expression of adhesion molecules on the luminal surface of the endothelial cells, and causes endothelial cells to change shape, creating gaps between them.
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Neutrophils circulating in blood briefly bind to the adhesion molecules and then migrate between the endothelial cells and following the trail of chemokines toward the site of infection. The gaps in the endothelium also allow fluid and proteins from blood to enter the tissue.
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Neutrophils kill the invading bacteria by phagocytosis aided by complement proteins which tag the bacteria to facilitate identification and phagocytosis of the pathogens. After phagocytosing bacteria, the neutrophils die. If the number of dead neutrophils is sufficiently large, a collection of pus forms.
5) Phagocytosis of Pathogens by Neutrophils

The overall response to a splinter is depicted in the illustration below on the left and the short video animation on the right.
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Signs of Inflammation

Some of the chemical messengers that are released during an inflammatory response dilate blood vessels and increase blood flow in the area of infection. The combination of increased blood flow and movement of white blood cells and fluid from the blood into the tissues cause local redness and swelling, and the release of prostaglandins, histamine, and other chemical signals caused localized tenderness and pain.

