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DEFENSE MECHANISMS
A.
Aerodynamic Filtration
i)
Nose ‑ Filtration is initiated in the nose, where particles greater than 10/m are removed.  The coarse hairs in the anterior nares remove the very large particles.  The surface area then increases markedly over the turbinates, which, combined with the narrow width of the airstream at this point, provides maximal opportunity for impaction of particles in the nasal mucous.  This area is provided with a rich population of mucous glands and goblet cells.  At the nasopharynx, the airstream must make a 90N change in direction, causing the remainder of the large particles to impact on the posterior pharyngeal mucosa.

ii)
Bronchi ‑ As the airstream proceeds into the bronchial segments, there is a pronounced decrease in flow as a result of the large increase in cross sectional area.  It is in this region the particles of 5 ‑ 0.2m are removed, due to sedimentation and impaction.  Because of the low flow, the particles tend to fall to the mucous floor, as the gravitational forces act upon their mass density.

The cough reflex is a major protective mechanism of the lung.  During the cough maneuver, the intrapleural pressure can be raised to over 10 cm Hg, causing partial collapse of the major extrapulmonary airways.  This is most noticeable in the trachea, which demonstrates at least partial membranous wall invagination.  The constricted lumen results in a very high linear velocity, which may approach the speed of sound.  The secretions within the airway now occupy a large volume and can be propelled towards the pharynx.  Because of low flow rates in the smaller airways, such a mechanism cannot operate, but the high transpulmonary pressures may result in a milking action on the airways propelling the mucus into the larger bronchi.

The mucociliary escalator is a major protective mechanism in the bronchial tree.  From proximal trachea to terminal bronchioles, the epithelium is pseudostratified tall columnar and ciliated in type.  The respiratory mucus is produced by submucosal glands and by goblet cells, which distally decrease in number.  Each ciliated cell contains approximately 200 cilia, with an average length of 6m.  Each cilium contains longitudinal contractile elements in a 9+2 arrangement.  The peripheral fibres join towards the basal ends and, by means of advanced matrix, mesh with the basal body.  Ciliary motion is in one plane, with a fast effector stroke and a slower recovery stroke.  The cilia beat in a bi‑layer of mucus, with the apices in contact with the superficial gel layer only at the peak of the power stroke.  This glycoprotein is produced by the submucosal glands and the goblet cells.  The lower, or peri‑ciliary layer, is known as the sol layer.  Although of unknown origin, it may be secreted by bronchiolar cells, may result from the liquifaction of the gel phase, or may be due to active water transport across the epithelium.  Apart from transport of impacted particles, the mucus acts to absorb noxious bases, which come into contact with the mucus and thus partially prevent alveolar damage.  This action, however, allows continued contact of the gas up the tracheo‑bronchial epithelium.  This is important in the inhalation of gases, such as NO2 and H2S, which form their acids after interaction with water.  It may also be an important factor in carcinogenesis.

Ciliary dysfunction can be seen in many disease states, including the congenital states, such as Kartagener's syndrome, but is probably most common due to cigarette smoke.

B.
Cellular Action
The small particles of 0.5‑0.1 m are able to pass the bronchial defense mechanisms and enter into the alveoli.  Here, the major defense mechanism is the alveolar macrophage.  It acts to isolate and detoxify particles, as well as acting as a vehicle for their removal.  The alveolar macrophage is derived from the bone marrow monocyte.  It is a large cell, with plentiful cytoplasm and contains a large number of lysosomal granules.  The removal of the particle by the macrophage may take place by two major routes:  migration from the alveolus up to the terminal bronchioles onto the escalator, or movement to the lymphatics.  This is easily remembered by thinking where the carbon pigment is deposited in the lung;  along the area of the terminal bronchioles in the centre of the lobule, or the anthracotic pigment noted on the subpleural surface of the lung.

Pneumoconioses
Definition:
Dust in the lung.  Fumes are usually included in this discussion.

Inhalation of particles can be divided into the type of particles:  either organic, or inorganic, and the type of reaction which is incited by the particle:  fibrogenic, or nonfibrogenic.

I
Organic Pneumoconioses
This is a group of diseases generally termed extrinsic allergic alveolitis.  It includes farmers' lung, mushroom workers' lung, pigeon breeders' lung, budgaders' lung and a host of other diseases.  These result from the inhalation of fungal particles, serum, or other proteins.  For example, farmers' lung is due to the inhalation of the spores of micropolysporum pheni, while pigeon breeder fanciers' disease is due to the inhalation of protein derived from the pigeon gut.

Alveolitis results from an immunological reaction to the inhaled particle.  The macrophage engulfs the particle and presents it to the lymphoid tissue within the lung, resulting in an increase in antibody formation and activated lymphocytes.  It appears to be a combination of types III and IV reactions.  The hallmark of the disease is a granulomatous inflammatory reaction, characterized by the cell of origin being the macrophage, with the formation of multi‑nucleated giant cells.  These granulomata are found along the area of the terminal bronchioles and are also present within the alveoli, indicating the inhaled nature of the disease.  Fluorescent staining will occasionally show IgG or IgM in the alveolar wall.

Clinical
X‑Ray shows a variable pattern with reticular or reticular nodular infiltrates.  Pulmonary function tests are again variable with combination of restrictive or obstructive disease, depending on the amounts of airway disease and interstitial infiltrates.  When removed from offending antigen, clinical recovery is rapid.  If long term exposure has occurred, interstitial fibrosis may result, and this disease is one of the causes of upper lobe honeycombing.

II
Inorganic Pneumoconioses
A.
Nonfibrogenic
This category is typified by coal miners' pneumoconiosis (so called black lung disease) and arc welders' pneumoconiosis.  In both of these diseases, the particles are engulfed by the macrophages and taken to the level of the terminal bronchioles, where at least some of them are deposited.  The surrounding alveoli are entirely normal and there is no alteration of gas exchange, or pulmonary mechanics.

B.
Fibrogenic
i)
Silicosis
Pure silica is Si bonded to 4 O (O‑Si‑O).  It is a common mineral, of which quartz is the pure form;  granite contains between 20‑70%, and slate 40%.  Silica dust may be encountered in almost any mining, quarrying, or tunnelling operation.  Other workers are sandblasters, pottery workers, foundry workers, or polishers (jewellers mop).

Silicosis is divided into three forms:

a)
acute silicosis, which takes place over 1‑2 years after a massive inhalation of submicroscopic particles;

b)
chronic (simple) silicosis, which takes place over 5‑10 years;

c)
progressive massive fibrosis.

The breech of the defense mechanism in silicosis is related to the interaction of the particle with the macrophage.

Mechanisms
The silicic acid residues bind to the membrane, causing membrane disruption.  When the lysosomal granule is ruptured, the enzymes are released into the cytoplasm, causing cell death.  The silica is released into the environment and the process recycles.  During the engulfment of the particles, the macrophages release chemotactic substances for other macrophages, as well as fibroblasts.  The continued turnover results in a high amount of fibroblastic stimulation and thus production of fibrous tissue.  The hallmark of silicosis is the silicotic macule.  These nodules have a characteristic whorled appearance and contain hyalinized collagen fibres centrally and fibroblasts at the periphery.  Complicated silicosis (PMF) is characterized by the confluence of large nodules.  Acute silicosis has a different appearance resembling pulmonary edema.

Clinical
a)
Acute Silicosis ‑ X‑ray shows widespread involvement of both lungs by alveolar filling.  The course is rapidly downhill with respiratory failure within 5 years of exposure.  Pulmonary function shows a restrictive defect with decreased diffusing capacity.

b)
Simple Silicosis (chronic silicosis) ‑ X‑ray shows small rounded densities more prominent in the upper lobes.  Usually there is no symptomatology related to these nodules.  In advanced cases, there may be a slight reduction in vital capacity and compliance.  Symptoms are usually related to accompanying disease, such as bronchitis, emphysema and tuberculosis.

c)
Progressive Massive Fibrosis ‑ X‑ray usually on a background of simple silicosis there is massive scarring and contracture of a portion (often the whole lobe) of lung.  Signs are few, until the onset of bronchial distortion causing obstruction.  Advanced forms have decreased lung volumes and compliance.  The course is intermediate between chronic and acute forms, with patients dying in about 15 years from cardio‑pulmonary failure.  Twenty‑five percent have superinfection, with mycobacterium (often atypical).

ii)
Asbestosis
Asbestos is a fibrous silicate, usually being a silica bonded to a salt, such as any combination of Al, Mg, Ca, Fe.  There are two forms of asbestos:  serpentine and amphibole, each having different properties in inciting lesions.  Serpentine, also known as chrysotile, is the type of asbestos which is mined in the Cassiar Asbestos Mines in B.C.  It has a rather wavy configuration and hence its name.  The amphiboles have a rigid configuration.  They are subdivided into several subtypes, each with a different chemical composition:

a)
commercial ‑ crocidolite (cape blue), amosite (brown);

b)
noncommercial ‑ tremolite, actinolyte, anthophylite.

Both chrysotile and amphiboles have small mean mass diameters, although they may have a very long length.  Asbestos mining is a major industry, since asbestos is used widely because of its properties.  It is heat resistant and the amphiboles are also acid resistant.  It is an efficient thermal, acoustic and electrical insulator.  Asbestos is thus seen as a component of insulation, cement, tile, brakelinings and boards.  The noncommercial amphiboles are seen as contaminants in other mining activities, such as tremolite, seen as a contaminant of talc or of chrysotile asbestos.

Asbestos Disease
a)
pleural plaque;

b)
fibrosis (asbestosis);

c)
mesothelioma;

d)
lung cancer;

e)
neoplasms in other tissues.

The asbestos particle breaches the defense mechanism in the same way as the pure silica particle.  The hallmark of asbestos‑induced disease is the ferruginous, or asbestos body.  Since chrysotile tends to break up and remain uncoated, asbestos bodies are usually formed on an amphibole fiber.  The iron is encrusted on the fibre, probably through multiple transfers through the macrophages.

The mechanism of causation of pleural plaques is unknown, although it is speculated that it is due to macrophages stimulation of submesothelial fibroblasts.  The plaques are formed of acellular collagen and are asymptomatic.  Asbestosis is fibrosis of the alveoli, resulting in scarring, cyst formation and honeycombing.  Crocidolite is the most fibrogenic of the asbestos types.  Fibrosis is also directly related to both dose and length of exposure time and is due to macrophage stimulation of interstitial fibroblasts.  The immunological system may be involved, since 25% or patients with asbestosis have been found to have circulating ANA and RF, while exposed patients without asbestosis have levels seen in the general population.  Maculas, or nodules, such as those seen in silicosis are not produced and in fact none of the silicates produce nodules, but yield interstitial fibrosis instead.  The x‑ray  appearance is that of fibrosis,  more pronounced in the lower lobes.     A restrictive pattern of 

pulmonary function tests is found with low lung volumes and decreased compliance.  Patients complain of shortness of breath;  they may exhibit clubbing.

Mesothelioma is a malignancy of the pleura, which tends to encase the lung and viscera.  Crocidolite exposure is associated with mesothelioma in increased numbers over the other types.  Smoking is not an additive factor.

Lung carcinoma is increased with asbestos exposure to about 5 times the general population;  smoking increases this risk another 5 times.  No type of lung carcinoma is predominantly increased.

Neoplasms of the GI tract and larynx appear to occur in increasing frequency in asbestos exposed population.  The method of carcinogenesis in asbestos‑associated tumors is unknown.
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