Lecture 7
Lung Cell Biology

Professor Terry Tetley (t.tetley@imperial.ac.uk) 

Learning objectives 

These refer to both the lecture and related tutorial; the intranet slides complement these objectives.

1. Know the structure of the mucosa (epithelium + underlying matrix) from the large conducting airways through to the alveoli.

2. Know the cell biology and function of the mucociliary escalator in normal lung defence and against inhaled toxins and micro-organisms.

3. Know the role of Clara cells (non-ciliated secretory epithelial cells) and alveolar type II cells in lung defence and repair.

4 Know the role of the alveolar macrophage and polymorphonuclear neutrophil in normal lung and after inhalation of cigarette smoke, particles, microbes, noxious gases etc.

5. Know the role of the interstitial cells in connective tissue synthesis (brief).

6.
Know what pathology causes obstructive lung disease, especially the role of uncontrolled inflammation, abnormal tissue repair and mucous production (tutorial).

Goblet cells: large, central small airways

· Normally about 1/5 of the epithelial cells. 

· Synthesise and secrete mucus. 

· Mucus is complex, very "thin" sol phase overlays cells, thick gel phase at air    interface.

·   Mucus contains:

Mucin proteins, proteoglycans and gycosaminoglycans, released from goblet cells and seromucouse glands. Give mucus viscoelasticity

Serum-derived proteins, such as albumin and alpha 1-antitrypsin, also called alpha 1-proteinase inhibitor, an inhibitor of polymorphonuclear neutrophil proteases. Combats microorganism and phagocyte proteases

Antiproteases synthesised by epithelial cells e.g. secretory leucoprotease inhibitor. Combats microorganism and phagocyte proteases

Antioxidants from the blood and synthesised by epithelial cells and phagocytes - uric acid and ascorbic acid (blood), glutathione (cells). Combats inhaled oxidants e.g. cigarette smoke, ozone. Also counteracts excessive oxidants released by activated phagocytes
· In smokers, goblet cell number at least doubles; secretions increase in quantity and are thicker. Traps cigarette smoke particles but also harbours microorganisms, enhancing chances of infection.

Ciliated cells: large, central, small airways

· Normally approximately 80% of epithelial cells.

· Cilia beat metasynchronously. Imagine a field of corn with wind blowing to form "flow waves". 

· Tips of cilia in sol phase of mucus pushes mucus towards epiglottis. Usually swallowed, but often expectorated.

· Ciliated cells severely depleted in smokers with bronchitis. Reduced mucus clearance, bronchitis and respiratory infections occur. However, extend into bronchioles of smokers, even though reduced in larger airways.

Clara cells; non ciliated secretory epithelial cells, large, central, small airways, bronchi and bronchioles.

· Although found in most conducting and transitional airways, they increase proportionally distally. The bronchi and bronchioles are enriched by these cells.

· A major role is xenobiotic metabolism. ie metabolism of "foreign" compounds deposited by inhalation.

· Contain phase I and phase II enzymes.

· Phase I enzymes incude cytochrome P450 oxidases. Unfortunately, although these enzymes are designed to metabolise foreign compounds into a format that enables phase II enzymes to react and neutralise the toxic agent, they often activate a precarcinogen to a carcinogen.

· e.g: Benzo(a)pyrene (BP) is a precarcinogen in the particulate tar phase of cigarette smoke. One cytochrome P450, labelled CYPIA1 (also called aryl hydrocarbon hydroxylase), oxidases BP to benzo(a)pyrene diol epoxide (BPDE) which is a potent carcinogen. Smokers with lung cancer have a polymorphism of CYPIA1 that results in high levels (extensive metabolism).

· Phase II enzymes include glutathione S-transferase, which enables conjugation of BPDE to a small molecule that neutralises its activity. Some individuals are "null" for glutathione S-transferase ie they do not synthesise glutathione transferase and cannot neutralise BPDE. Consequently, if an individual who smokes has the CYPIA1 extensive metaboliser gene and the null glutathione gene they are 40 times more likely to get lung cancer!!

· These cells also make and release high levels of antiproteases (see above).

· They also synthesise and secrete lysosyme - yes, an enzyme that can lyse microorganisms.

Alveolar type II epithelial cells: also called type II pneumocytes found only in the alveoli

· Synthesise and secrete the phospholipid-rich (90% total weight) surface active material, pulmonary surfactant, that prevents lung collapse on expiration. It also has immunological functions.

· Precursor of alveolar epithelial type I cells. Divide and differentiate to replace damaged type I cells.

· Synthesise and secrete antiproteases (see above).

Alveolar macrophages: enriched in lower respiratory tract, but found throughout

· Form about 90% of total phagocytic cells in normal lung. Increase 5-10-fold in smokers lungs.

· Important scavenging cells; phagocytose debris and microorganisms.

· Send "messages" to blood/lymphatic system to sequester other inflammatory cells (e.g. neutrophils, lymphocytes) to lungs during infection or as a result of toxicant deposition/inhalation.

· Synthesise and secrete proteases to digest unwanted debris, attack organic material etc.

· Generate oxidants during phagocytosis and on activation to kill infecting organisms etc

· Generate antioxidants such as glutathione to neutralise oxidative molecules that might be inhaled or generated during infection etc

· Like Clara and type II cells, contain enzymes that metabolise toxicants.

Polymorphonuclear neutrophils: found throughout the airways.

· Usually only about 5% of lower respiratory tract phagocytes. Increase significantly in number, 5-10-fold and proportionally (up to 30% of total phagocytes)  in smokers and more so during infection. 

· Higher proportion in conducting/large airways. About 30% of total phagocytes normally, up to 70% in smokers. Absolute number also goes up, about 5-fold.

· Store high levels of potent proteases in granules. These are released on activation. Smokers lungs contain high levels of these released proteases.

· Release very potent oxidative molecules such as hydroxyl anions during activation.

Smoking, CYP Polymorphisms and Carcinogenicity 
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FIG. 1. Organization of airways in human lung, showing
assignment to generations (z) of dichotomous branching
in the symmetric typical path model.
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If CYPIA1 polymorphism is "rapid metaboliser" phenotype, high levels of carcinogenic BPDE are generated. If this is insufficiently inactivated by conjugation e.g. with glutathione by glutathione transferase, as happens with null phenotype i.e. no glutathione transferase, chances of DNA adduct formation with BPDE increases massively, 40-fold increase in chance of a smoker getting lung cancer

Mechanisms involved in the pathology of COPD – two videos + tutorial discussion session

COPD – Chronic obstructive lung disease

Affects 15-20% of smokers. Mixture of diseases. Bronchitis, small airways disease and emphysema. May exist together, but also separately. Usually takes many years to develop and become clinically important.

Chronic bronchitis – large/central airways affected, copious mucus production for three months of the year. Airways obstructed by mucus and thickened mucosal cell layer.

Small airways disease – the small airways become blocked/obstructed due to mucus secretion and stenosis/narrowing of airway wall due to fibrosis.

Emphysema – destruction of the respiratory tissue (especially the respiratory bronchioles of smokers) by proteolytic enzymes leads to loss of connective tissue scaffold, basement membrane “cement” and normal cell organisation. Loss of surface area and elastic recoil. Loss of vascular tissue. Gas exchange severely compromised. Affects fewer, about 10% of smokers.

[image: image1.png]FIG. 3. Scanning electron micrograph of aci-
nus from human lung silicon rubber cast. Part
of the alveolar ducts (ad) and sacs (as) were
trimmed off to expose transitional bronchiole
(tb) and respiratory bronchioles (rb). Note
dense packing of alveoli. Scale mark repre-
sents 1 mm. (From ref. 9.)




[image: image2.png]FIG. 2. Resin cast of a human lung, showing
the branching pattern of the bronchial tree (B)
which originates from the trachea (T). In the left
lung the pulmonary arteries (PA) and veins (PV)
are filled as well. The inset shows the periph-
eral airway branching at higher power. (From
ref. 10.)
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