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L] lungs : structure and function

Lungs evolved as efficient gas-exchanging apparatus

UPPER AIRWAYS Conducting airways (2cm2 cross-section)
* up to 23 bifurcations, trachea, bronchi, bronchioles

LOWER AIRWAYS Gas exchange (75m2 cross-section)

* respiratory bronchioles, 300 million alveoli

Large mucosal surface
* 9000 L of air per 24hr at rest
» filtration of entire cardiac output.
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Table 1 List of lung diseases from the American Lung Association and their relations to host defense

Relation to host

Name of the lung disease Definition of disease defense
Acute bronchitis Inflammation of the bronchial tubes Usually direct
Asbestosis Scarring of lung tissue as a result of breathing in asbestos fibers Pathway involved
Asthma A lung disease that makes it harder to move air in and out Pathway involved
Bronchiolitis An inflammation of the bronchioles Pathway involved
Bronchopulmonary A lung disease that occurs most often in premature babies Indirect
dysplasia
Byssinosis A lung disease caused by exposure to dusts from cotton processing, hemp, and flax | Pathway involved
Chronic bronchitis Chronic inflammation of the airways or bronchial tubes Pathway involved
Coccidioidomycosis An infection of the lungs caused by inhaling spores of the fungus Coccidioides immitis | Direct
Chronic obstructive Also known as emphysema and chronic bronchitis Pathway involved
pulmonary disease
Cryptogenic organizing A disease in which the bronchioles and alveoli become inflamed with connective Pathway involved
pneumonia tissue
Cystic fibrosis An inherited disease that causes thick, sticky mucus in the lungs, pancreas, and Pathway involved
other organs
Emphysema A lung disease that makes it hard to breathe Pathway involved
Hantavirus pulmonary A disease that comes from contact with infected rodents or their urine, droppings, | Direct
syndrome or saliva
Histoplasmosis An infection in the lungs caused by inhaling the spores of the fungus Histoplasma Direct
capsulatum
Human metapneumovirus | Infections that cause colds, pneumonia or bronchitis Direct

Hypersensitivity A disease in which lungs become inflamed when a patient breathes in certain Pathway involved
pneumonitis fungal dusts
Influenza A serious respiratory illness caused by infection with three influenza virus families: | Direct
A, B orC
Lung cancer The second most commonly diagnosed cancer and the most common cause of Pathway involved
cancer death
Lymphangiomatosis A disease of the lymphatic system Indirect
Mesothelioma An uncommon form of cancer that involves the mesothelium None
Nontuberculous An infection caused by mycobacteria that are found in water and soil and only Direct
mycobacterium infect some people
Pertussis A respiratory infection caused by the bacteria Bordetella pertussis Direct
Pneumoconiosis An occupational lung disease caused by inhaling coal dust Indirect
Pneumonia A common lung infection caused by bacteria, a virus, or fungi Direct
Primary ciliary dyskinesia Blockage and infections caused when mucus accumulates due to cilia dysfunction Direct
Pulmonary fibrosis A disease marked by scarring in the lungs Direct
Pulmonary vascular disease | A disease that affects the blood circulation in the lungs None
Respiratory syncytial virus The most common cause of bronchiolitis and pneumonia in children younger than | Direct
age one in the United States
Sarcoidosis A disease caused by small areas of inflammation Direct
Severe acute respiratory A disease caused by a group of viruses called the coronaviruses Direct
syndrome
Silicosis A disease caused by inhaling tiny bits of silica Direct
Tuberculosis A common infectious disease caused by various mycobacteria, usually Direct

Mycobacterium tuberculosis Hashemi S.M.




L] why study lung immunology

Global burden of disease

Rank % total
1. pnheumonia 8.15
b. COPD* 2.77
/. tuberculosis 2.1
30. asthma 0.78

*chronic obstructive pulmonary disease

Ashley RV. 2000 Economic Perspectives on Vaccine Needs
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PARTICLE

SIZE HOST DEFENSES
. (diameter)
AMBIENT AIR
DUST >10p

ANATOMIC BARRIORS
ANGULATION OF AIRWAYS
MUCO-CILIARY CLEARANCE
COUGH

S-1gA

NOXIOUS GASES /"
~MICRO-ORGANISMS - -~

J AIR-EXCHANGE SURFACE

SURFACTANT
OPSONINS-1gG, FIBRONECTIN
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Fig. 1. Spacial relationship of host defenses along the respiratory tract. From ALVE R MACROPHAGES
the site of air intake at the nose and mouth, conducting airways carry armbient air, <0.51 PMN'S
airborne particles, and microbes to the alveolar surface where air exchange (stays in gaseous PLASMA COMPONENTS

occurs. Below the level of respiratory bronchioles in the terminal airways, the phase)
alveolar space, representing a surface area of ~100 m? exists. Particles inhaled VASO-ACTIVE MEDIATORS

with air either segregate at levels in the respiratory tree according to certain
aerodynamic dimensions or impact against the mucosa at branching points of the
trachea and bronchi. Microbes, especially the bacteria, are of a size (<3 um
diameter) that can reach the alveolar surface. Host defenses in the upper airways
principally consist of mechanical barriers (such as the larynx or air stream turbu-
lence at branching points) and the mucociliary clearance mechanism. Beyond the
level of the respiratory bronchioles, however, phagocytes and other soluble
factors (opsonins) are needed 1o cleanse the alveolar surface. (From Reynolds’

with DGTWISSION-) Hashemi S.M. Alcohol Clin Exp Res, Vol 19, No 1, 1995: pp 6-10 10

05-3p
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@X— Nasal filtering and humidification

N

|Cough reﬂexl

Mucoids ' Soluble antimicrobial proteins, e.qg.
e Lactoferrin
e Lysozyme

e Defensins

Cilia —

Goblet S

:ontadh' The beating cilia waft a layer of mucus and
ronchia attached particles upward and out of the
R respiratory tract: the 'muco-ciliary escalator’

cell

Injury to

mucosal Rapid migration of neutrophil
surface polymorphs induced by IL-8

and other factors produced by
the damaged cells

Fig. 13.1 Non-specific protective mechanisms in the airways.
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Air /| Airway
Dust ! S Submucosal cell
Noxious gases ’ (e

Microorganisms | .

Pollutants ’
Allergens

Host defences
Anatomical barriers:
epithelium, mucus
Angulation of airways
Mucociliary clearance
Surfactant

Alveolus Alveolar
macrophage

Host defences
Surfactant

Opsonins
Complement

Alveolar macrophages
Neutrophils

Alveolar

type | cell Alveolar

type Il cell

Figure 1 | Lung host-defence mechanisms. The lung is constantly challenged by inhaled
pathogens, pollutants and particles. Several different defence mechanisms contribute to lung
defence. These include filtration in the naso-oropharynx and conducting airways, sneezing,
coughing and mucociliary clearance. Small particles might reach the alveolar gas-exchange
regions of the lung. Host-defence functions in the peripheral air-spaces include surfactant, other
opsonins (such as immunoglobulins) and innate immune cells (including alveolar macrophages

11/8/2015 and neutrophils). SP-A, surfactant protein A; SP-D, surfactant protein D.
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Table 2 | First-line defence molecules produced by airway epithelial cells (AECs)

AEC-secreted product

a

Mucins

™ Syrfactant protein C

Surfactant protein A and surfactant protein D

(collectins)

Complement and complement cleavage products

Antimicrobial peptides (defensins, cathelicidins,

Action

Host defence; bind infectious agents

Maintenance of surfactant proteins; bind infectious agents

Opsonins for pathogen clearance; direct inhibition;

activate other immune cellular functions

Promote phagocytosis; bridging of innate and adaptive

immunity; resolution and repair

Direct antimicrobial action: effector molecules: activation

histatins, lysozyme, lactoferrin, SLPI, Elafin, PLUNC of adaptive immunity

and BPI)

Refs

85
85
86

87

88,89

BPI, bacterial permeability-increasing protein; PLUNC, palate, lung and nasal epithelium clones; SLPI, secretory leukoprotease inhibitor.

Alveolus

i

Alveolar 4 ”ﬂ — :

Type Il cevo,:\

Alvealar L < -
macrophag?'&_/‘"j—‘
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Direct bacterial killing

Bacleria ,
Lysis
SP-A Enhanced phagocytosis

by immune cells

@Kil«!ing

Alveolar macrophage
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Bacterium
Virus

Apoptoﬂc cell

! ! ! ! }

Aggregation Antimicrobial Increased phagocytosis Increased phagocytosis Regulation of
of pathogens activity and killing of apoptotic cells mediator production

e

Phagocyte Macrophage

Lysis

Cytokines  Reactive
species

Figure 3 | Functions of SP-A and SP-D. Surfactant protein A (SP-A) and SP-D bind to a variety of bacteria, viruses, allergens
and apoptotic cells and thereby function as opsonins to enhance the uptake of these cells and particles. Binding of the collectins
to pathogens occurs by various mechanisms. Some pathogens are aggregated by SP-A and/or SP-D. SP-A and SP-D also have
direct effects on immune cells and modulate the production of cytokines and inflammatory mediators.

11/8/2015 Hashemi S.M. 18
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Table 2. Humoral substances produced by airway epithelial
cells upon recognition of the inhaled harmful factor

Inflammatory Chemotactic Antimicrobial
mediators factors agents
Cytokines LL-37/CAP-18* B-defensins
Chemokines B-defensins LL-37/CAP-18*
Leukotrienes Chemokines Lysozyme
Calprotectin Leukotrienes Lactoferrin

SPLI*

Elafin

Calprotectin
Phospholipase A2
SP-A, SP-D*
Anionic peptides

Abbreviations: LL-37/CAP-18, Cationic antimicrobial peptides;
CAP-18, Cationic antimicrobial protein-18; SLPI, secretory leu-
kocyte proteinase inhibitor; SP, Surfactant Protein.

Hashemi S.M.
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LV:\-{RSR W Major constituents of lung defences

@ Airways and their mucosa
Luminal defence mechanisms
Anatomical barrier
Cough
Mucociliary clearance
Secretory IgA
Lysozymes, lactoferring
Defensins
Epithelial cells
Epithelial barrier
Mucin release
Antimicrobial peptides
Bacterial receptors
Chemotactic factors
Growth factors; cytokines
Blood derived cells of the mucosa
Dendritic cells
Lymphocytes (T-cells; v8; NK cells)
B lymphocytes
Eosinophils; mast cells; basophils
Alveolar spaces
Pneumocyte types | and |l
Alveolar macrophages
Lymphocytes
Neutrophils
IgG and opsoning
Surfactant

11/8/2015 lg: immunoglobulin; NK: natural killepshemi s.v.
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Type Il pneumocyte
(surfactant- Alveolar
secreting cell) - epithelium
(wall)

Macrophage
Air space
within
alveolus

(a)

Type | pneumocyte

Capillary endothelium (wall)
Red blood cell

Alveolar fluid (with surfactant) i
Alveolar epithelium

' Basement membrane of .
Alveolus / 7 alveolar epithelium  Respiratory
" r

Interstitial space membrane

Basement membrane of
capillary endothelium

Capillary endothelium
Diffusion of O3
Diffusion of CO»

Red blood cell




@ Dust cells, also known as alveolar macrophage cells, help to keep the
alveoli clean of bacteria and small particulates.

Views of dust cells In the alveoli of the lungs.

11/8/2015 Hashemi S.M.
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alveolar macrophage

Sources .

 Bone marrow - monocyte -
macrophage

Function :

* Phagocytosis

* Immune-regulation
suppression - PGE2

« Immune-enhancement

- pro-inflammatory cytokines
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Figure 1| Antigen uptake and migratory patterns for immune induction in the lungs. Localimmune cells in the two
lung compartments showing capture of airborne antigens and subsequent recognition by T cells in the draining lymph
nodes. Luminal antigens are sampled by dendritic cells (DCs) that are located within the surface epithelium of the
bronchial mucosa (a) or in the alveoli (b). Antigen-bearing DCs upregulate CC-chemokine receptor 7 and migrate through
the afferent lymphatics to the draining lymph nodes and present antigenic peptides to naive antigen-specific T cells (c).
Activated T cells proliferate and migrate through the efferent lymphatics and into the blood via the thoracic duct.
Depending on their tissue-homing receptor profile, effector T cells will exit into the bronchial mucosa through
postcapillary venules in the lamina propria or through the pulmonary capillaries in the lung parenchyma (d), or
disseminate from the bloodstream throughout théiperiphéfalimmune system (for example, to other mucosal sites) (e).
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@ Human - CXCR1 and CXCR2 ligands: IL-8, GRO peptides, ENA-78
¥ Mouse - CXCR2 ligands: KC, MIP2
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Alveolar flooding

by Ken Beauchamp J. Clin. Invest.
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PULMONARY HOST DEFENSES

URT

Mechanical
Factors

Muco-ciliary
Transport

AERODYNAMIC

FILTRATION \

LYMPHOID
NODULE

ALVEOLUS
.’

Surfactant Lymphokines
Immunoglobulins

Complement

Chemotatic
Factors

CAPILLARY

Fig. 2. Factors responsible for clearance of bacteria (8) inhaled into the lungs
are quite different in the upper respiratory tract (URT) and in the lower respiratory
tract, herein represented by enlargement of an alveolus. A bacterium of critical
size that escapes mechanical removal from the URT and is deposited in an
alveolus may encounter surfactant {(secreted by type Il epithelial cells) and/or
immunoglobulins (antibodies) [secreted by B-lymphocytes (B LYM) or plasma

Hashemi S.M.
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i Mannose
receptor

Activating Inhibitory
signal signal

Alveolar macrophage

Figure 3 | The balancing act of macrophage activation. Alveolar macrophage
activation and the initiation of inflammation involves a complex balancing act between
activating and repressing signals. On the one hand, Toll-like receptors (TLRs), along with
their co-receptors such as MD2 and CD14, recognize pathogen-associated molecular
patterns and receptors for inflammatory cytokines, such as tumour necrosis factor
(TNF), interleukin-1f (IL-1p) and interferon-y, which perpetuate inflammation. On the
other hand, mediators such as IL-10 and soluble or avp6 integrin-tethered transforming
growth factor-p (TGFpP) block pathways that lead to inflammation. Cell—cell interactions
with bronchial or alveolar epithelial cells also deliver inhibitory signals to alveolar
macrophages, for example, through CD200 receptor (CD200R), triggering receptor
expressed by myeloid cells 2 (TREM2) or signal-regulatory protein-a (SIRPa). Loss of the
ligands for the negative requlators, for example, following epithelial cell loss during
inflammation, will tip the balance towards alveolar macrophage activation. Conversely,
increased expression of the negative regulators and inhibition of TLR signalling
pathways, for example, in the resolution of inflammation, tips the balance towards the
repression of alveolar macrophages. IFNGR, interferon-y receptor, IL-1R, IL-1 receptor;
TGFBR, TGF receptor; TNFR, TNF receptor.
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Figure 1 | Distribution of dendritic cells in the lungs. Airway dendritic cells (DCs) are located as a network immediately above and beneath the basement
membrane, in between basal epithelial cells. Interstitial DCs (stained for CD11c) are composed of a B220*Gr-1* plasmacytoid DC subset and a B220- myeloid
DC subset. Their function can be suppressed by alveolar macrophages. Alveolar DCs can consistently be recovered by bronchoalveolar lavage in humans, rats
and mice, particularly when inflammation is induced. The function of these cells can similarly be suppressed by alveolar macrophages. Alveolar macrophages can
also directly suppress the function of T cells that are found in large numbers in the lung interstitium and alveolar compartment. Images reproduced from REF. 7 with
permission from American Association of Immunologists © 2003.
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Figure 2

Different dendritic cell (DC) subsets are present in the lungs of mice. In the absence of inflammation (#), the
lung contains two subsets of CD11cM conventional (¢)DCs (CD11b* in the lamina propria and CD11b~ in
the epithelial layer). A population of CD11¢4™ plasmacytoid (p)DCs can also be found in the conducting
airways. During inflammation (), additional CD11b* monocyte-derived DCs, expressing Ly6C and FceRI,
are recruited to the lungs.

Annu. Rev. Immunol. 2012.30:243-270.
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mast cells in lung tissue




mast cells

* protect against bacterial infection

* Mast cell produce TNFalpha on contact with bacterial
fimbriae (Klebsiella pneumoniae)

« TNF stimulates recruitment of neutrophils and
macrophages which engulf bacteria.

« Allergy and asthma

* Activated mast cells immediately release preformed,
granule associated inflammatory mediators (including
histamine, proteases, and heparin) and are induced to
generate lipid mediators (such as leukotrienes and
prostaglandins), chemokines, cytokines, and

* growth factors
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Both lung dendritic cells (DCs) and epithelial cells express pattern-recognition receptors (PRRs) and can be activated directly by
allergens. (#) In response to allergens, lung epithelial cells produce chemokines that attract immature conventional (¢)DCs and
inflammatory monocytes (CCL2, CCL20). Activated epithelial cells produce instructing cytokines (e.g., IL-1, GM-CSF, and TSLP)
and danger signals (ATP, uric acid) that favor DC maturation. Activated lung DCs then migrate to the draining mediastinal lymph
nodes, where they induce Th2 and Th17 responses. DCs receive help from basophils to sustain Th2 responses. DCs also play a
predominant role during the Th2 effector phase of asthma, when the lung is repeatedly exposed to allergens (5). During allergen
challenge, DCs could locally restimulate effector function in lung-resident lymphocytes or they could recruit effector Th2 cells through
CCL17 and CCL22 production. IgE-mediated allergen recognition enhances Th2 responses to inhaled allergens.
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Figure 4 | Role of airway dendritic cells during ongoing inflammation. The first cells that
recognize allergen are dendritic cells (DCs), epithelial cells and mast cells. These cells can all bind
allergen-specific IgE either through FceRI or CD23, possibly enhancing recognition of the allergen.

The allergens induce the release of prostaglandins (such as prostaglandin D,, PGD,), leukotrienes (LTC,
and LTD,), histamine, chemokines (such as CC-chemokine ligand 17, CCL17 and CCL22), cytokines
(such as interleukin-4, IL-4 and tumour-necrosis factor, TNF), neuropeptides and complement-
breakdown products, which attract circulating DCs to the mucosa and influence DC function. Together,
these mediators also induce smooth-muscle contraction, goblet-cell hyperplasia and changes to the
vessel wall. In the case of house dust mite allergens, the epithelium releases granulocyte-macrophage
colony-stimulating factor (GM-CSF), leading to local activation of DC function. At the same time, the
Der p1 allergen activates DCs to produce CCL17 and CCL22, leading to the local attraction of T helper 2
(T,,2) cells that express CC-chemokine receptor 4 (CCR4) and possibly CCR8. Both processes occur
preferentially in house dust mite atopics, but not in non-atopic individuals. The attracted T 2 cells can
directly mediate their effector function when activated by antigen-presenting cells (APCs), but fail to
proliferate locally. The allergen also induces the migration of allergen-loaded DCs to the draining lymph
nodes by increased expression of CCR7, which is required for homing to the T-cell area. In these areas,
DCs attract recirculating resting central memory T,.2 cells and possibly some naive allergen-specific

T cells, inducing their proliferation and further differentiation to T 2 cells. Effector T2 cells are
generated that are biased to migrate to the inflamed lung tissue, in which they collaborate with locally
activated T2 cells to orchestrate eosinophilic inflammation. ICAM, intercellular adhesion molecule;
VCAM, vascular-cell adhesion molecule. asnemi
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FIGURE 19-4 Mast cell activation. Antigen binding to IgE cross-
links FceRI molecules on mast cells, which induces the release of media-
tors that cause the hypersensitivity reaction (A, B). Other stimuli,
including the complement fragment C5a, can also activate mast cells. A
light photomicrograph of a resting mast cell with abundant purple-
staining cytoplasmic granules is shown in C. These granules are also
seen in the electron micrograph of a resting mast cell shown in E. In
contrast, the depleted granules of an activated mast cell are shown in
the light photomicrograph (D) and electron micrograph (F). (Courtesy of
Dr. Daniel Friend, Department of Pathology, Brigham and Women'’s Hospital
and Harvard Medical School, Boston, Massachusetts.)
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FIGURE 19-6 Biologic effects of mediators of immediate hypersensitivity. Mast cells and basophil mediators include biogenic

amines and enzymes stored preformed in granules as well as cytokines and lipid mediators, which are largely newly synthesized on cell activation.

The biogenic amines and lipid mediators induce vascular leakage, bronchoconstriction, and intestinal hypermotility, all components of the immediate

response. Cytokines and lipid mediators contribute to inflammation, which is part of the late-phase reaction. Enzymes probably contribute to tissue

damage. Activated eosinophils release preformed cationic proteins as well as enzymes that ?]re toxic to parasites and host cells. Some eosinophil
11/8/2015 granule enzymes probably contribute to tissue damage in chronic allergic diseases. Hashemi 5.M.



EARLY RESPONSE
7

Mast cell
/ A\ N\

Histamine

AY
Leukotrienes
Prosmglamilins Leukotrienes

Vasodilation

Recruitment of inflammatory cells

@ — @ Inflammatory
Broncho- cells (eosinophils;

constriction == ®®

Mucus

y

— .\\ secretion @
. Mucous )
i )

glands i ﬁ
|

(@ / f
e
\H\ N\ Blol)} vessel \

neutrophils)

Thickened
basement
membrane |

Curschmann's y
|
l_//

AN >
/ //
N [
N |
N
N |
- |
|
| _—
[
EARLY RESPONSE (minutes) | LATE RESPONSE (hours)
[
Histamine Vasodilation | IL4, TNF-0, LTCy Increased endothelial cell adhesion
Prostaglandins Bronchoconstriction | PAF, IL-5, ECF Leukocyte migration
Leukotrienes Mucus secretion | IL4, IL-5 Leukocyte activation
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represented at the top. The effects of various mediators on an airway, represented in cross-section, are illustrated in the center and also described
in the text. Hashemi S.M.

45



BTopd

-

R P TR D T
Sy, o {".'&mw
3 o >

e e

iy 2o '.:".- /S
0 o '.s

by s

- 2}

Excess Smooth

mucus  muscle cell inflammatory  basement
secretion hypertrophy infiltration with membrane
lymphocytes

and eosinophils

FIGURE 19-9 Histopathologic features of bronchial asthma. Atopic bronchial asthma results from repeated immediate hypersensitivity
reactions in the lungs with chronic late-phase reactions. A cross-section of a normal bronchus is shown in A; a bronchus from a patient with asthma
is shown in B. The diseased bronchus has excessive mucus (M) production, many submucosal inflammatory cells (including eosinophils), and smooth
muscle (SM) hypertrophy, and many more goblet cells than in the normal bronchus (black arrows in insets). (From Galli SJ, M Tsai, and AM Piliponsky.
The development of allergic inflammation. Nature 454:445-454, 2008. Courtesy of G. J. Berry, Stanford University, California.)
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Fig. 14.16 Morphological evidence of
chronic inflammation in the airways
of an asthmatic patient. Panel a
shows a section through a bronchus of
a patient who died of asthma; there is
almost total occlusion of the airway by
a mucus plug. In panel b, a close-up
view of the bronchial wall shows injury
to the epithelium lining the bronchus,
accompanied by a dense inflammatory
infiltrate that includes eosinophils,
neutrophils, and lymphocytes.
Photographs courtesy of T. Krausz.
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Pathogen ' Allergen

response | Th2 Lung/ BALT

Pathogen response
clearance { Inflammation
Macrophage AHR
activity

GALT/MLN

Small intestine

® e "e @ Probiotic bacteria

FIGURE 1. Proposed gut-lung axis of probiotic action. Microbes in the intestine are sampled by DCs either directly from the lumen or
following transf(’)cation through M ce]lls’ to the GALT. A combination of signals from the microbes results in phenotypic changes in the DCs
and the production of Th1 type and/or regulatory mediators. IL-12 promotes Th1 cells and activation and IFN-y production by NK cells.
Regulatory cytokines such as IL-10, TGF-B, and the activation of IDO and subsequent ]i)lroduction of immunoactive KYNs promotes
Tregs and depletes Th2 cells. Following immune challenge in the airway, cells activated in the GALT and MLN traffic to the respiratory
mucosa where they promote protective and antiinflammatory responses. AHR = airway hyperresponsiveness; BALT = bronchus-associated
lymphoid tissue; DC = dendritic cell; GALT = gut-associated lymphoid tissue; IDO = indolamine 2.3 dioxygenase; IFN = interferon;
Kyn = kynurenine; MLN = mesenteric lymph node; NK=natural killer; TGF = transforming growth factor; Th="T helper; Treg = regulatory
T cell.

www.chestpubs.org CHEST/139/4/APRIL, 2011 903
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Figure 2 | Overview of immune defects caused by smoking in the lungs.
Cigarette smoke has both pro-inflammatory and immunosuppressive effects
on the immune system. Acute effects of smoke on macrophages and epithe-
lial cells promote inflammation by inducing the recruitment of cells from the
microcirculation to the lungs. At the same time, cigarette smoke impairs
innate defence mechanisms that are mediated by macrophages, epithelial
cells, dendritic cells (DCs) and natural killer (NK) cells, thereby increasing the
risk, severity and duration of infection. The transition to a more severe expres-
sion of smoking-associated disease is marked by the impaired ability of
macrophages to kill bacteria or viruses, the loss of the ability to remove dead
cells, the degradation and chemical modification of the extracellular matrix,
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the increasing retention of oligoclonally expanded CD8* T cells and the
induction of interleukin-17 (IL-17)-secreting effector T cells. After long-term
exposure to cigarette smoke, lymphoid aggregates with T cells and B cell
zones may form at the site, supporting the production of pathogenic auto-
antibodies and driving autoimmune disease. Loss of mucosal defences can
lead to bacterial colonization (as occurs in around 30% of long-term smokers
with chronic obstructive pulmonary disease (COPD)). Concurrently somatic
mutations in the epithelium and alteration of macrophage phenotype
promote inflammation and the development of cancer (carcinoma in situ)
that has a high chance of metastatic spread. CTL, cytotoxic T lymphocyte;
TAM, tumour-associated macrophage; T, 17, T helper 17; T, o regulatory T.
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Figure 2 | Simplified schematic of the mechanism by which cigarette smoke might cause COPD. Neutrophils and macrophages accumulate in

the lungs of smokers, leading to inflammation and the release of cellular products, such as enzymes that break down collagen and elastin in the lung and/or
stimulate mucus production, resulting in emphysema and/or chronic bronchitis, respectively. COPD, chronic obstructive pulmonary disease; ECM,
extracellular matrix.
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Figure 3 | Respiratory virus infection and susceptibility to secondary bacterial
infection. Multiple distinct mechanisms have been postulated to account for the
increased susceptibility to bacterial superinfection and bacterial pneumonia following
infection with respiratory viruses such as type A influenza viruses. Influenza virus infection
induces the production of type | interferons (IFNs), which inhibit the recruitment of
circulating neutrophils and macrophages to the lung following bacterial challenge.
Type lIFNs also inhibit the differentiation of antibacterial T helper 17 (T ,17) cells from
naive T cells (T,0 cells) or other T, cell types (such as T and T2 cells)*'? and thereby
potentiate host susceptibility to secondary bacterial infection. IFNy production by
influenza virus-specific effector T cells decreases the expression of macrophage receptor
with collagenous structure (MARCQO) by alveolar macrophages and inhibits the ingestion
of bacteria by these cells. Moreover, interleukin-10 (IL-10) production by influenza
virus-specific effector T cells may inhibit the ability of innate immune cells, in particular
macrophages, to kill bacteria. Finally, the direct interaction and/or infection of innate
immune cells— such as macrophages, neutrophils and natural killer (NK) cells—with
influenza virus suppresses the ability of these cells to take up and kill bacteria.
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World Tuberculosis Day

HOW TB IS
Tuberculosis (TB) is an airborne infectious disease that is TRASMITTED

preventable and curable. World TB Day, which falls on March TBi dth
24 each year, is designed to build public awareness that Sheair vllshs;:e:eoplen:lvji%:
tubera'llosis rema.ins an epi.demtc in much of the world, the disease cough, sneeze,
mostly in developing countries talk or spit, they propel
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Fig. 13.4 Mechanisms of T-cell-dependent granuloma formation.
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Figure 2

Th1 cells and granuloma formation. (#) Schematic representation of granuloma structure: An infected macrophage is surrounded by
many cell types such as uninfected macrophages, Th1 cells, B cells, and neutrophils. (5) Functions of Th1 cells in tuberculosis: Th1 cells
activate macrophages via cytokines such as TNF-a and IFN-y. Activated macrophages kill bacteria through nitric oxide, reactive
nitrogen intermediates, and reactive oxygen species (see text for details).
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FIGURE 1 | Dynamics of granuloma formation and pathology in
tuberculosis. M. tuberculosis (Mtb) elicits a local inflammatory infiltrate
which may give rise to (i) protective immunity, (i) balanced inflammation
(i.e., control of Mtb growth with little tissue damage), or (iii) endobronchial
transmission following granuloma necrosis. The depicted types of organized
granulomas are idealized and represent stages of a pathophysiological

continuum. At the same time, they represent stages of the Mtb life cycle
with either retarded growth or metabolic adaptation within the
granulomatous lesion, or recrudescence and spreading to the next host
following granuloma disruption. Italics indicate typical cellular and humoral
mediators involved in granuloma differentiation which are addressed in more
detail in the text.
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Fig. 13.2 Patterns of respiratory infection associated with specific immunodeficiencies. CMV, Cytomegalovirus; HIV, human
immunodeficiency virus.
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+ (subepithelial)

++

++ (and activated)
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b
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No change
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Figure 3 | Contrasting histopathology of asthma and chronic obstructive pulmonary disease (COPD). A small airway
from a patient who died from asthma and a similar sized airway from a patient with severe COPD are shown. There is an
infiltration of inflammatory cells in both diseases. The airway smooth-muscle cell layer is thickened in asthma but only to
aminimal degree in COPD. The basement membrane is thickened in asthma due to collagen deposition (subepithelial
fibrosis) but not in COPD, whereas in COPD collagen is deposited mainly around the airway (peribronchiolar fibrosis). The
alveolar attachments are intact in asthma, but disrupted in COPD as a result of emphysema. Images courtesy of Dr J. Hogg
(Vancouver, Canada). Other differences in the cellular infiltrate in the two diseases are also shown. ND, not determined;

T.1,type 1 cytotoxic T, T 1, T helper 1.
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Inhaled allergens
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Antlbody L-5
productlon IL-4
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| Eosinophilic inﬂammatlon|
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Figure 1 | Inflammatory and immune cells involved in asthma. Inhaled allergens
activate sensitized mast cells by crosslinking surface-bound IgE molecules to release
several bronchoconstrictor mediators, including cysteinyl leukotrienes and
prostaglandin D,. Epithelial cells release stem-cell factor (SCF), which is important for
maintaining mucosal mast cells at the airway surface. Allergens are processed by myeloid
dendritic cells, which are conditioned by thymic stromal lymphopoietin (TSLP) secreted
by epithelial cells and mast cells to release the chemokines CC-chemokine ligand 17
(CCL17) and CCL22, which act on CC-chemokine receptor 4 (CCR4) to attract T helper 2
(T, 2)cells. T 2 cells have a central role in orchestrating the inflammatory response in
allergy through the release of interleukin-4 (IL-4) and IL-13 (which stimulate B cells to
synthesize IgE), IL-5 (which is necessary for eosinophilic inflammation) and IL-9 (which
stimulates mast-cell proliferation). Epithelial cells release CCL11, which recruits
eosinophils via CCR3. Patients with asthma may have a defect in requlatory T (Tee,) cells,
which may favour further T, 2-cell Pmlﬁggﬁgiﬁ& N
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Cigarette smoke
(and other irritants)

—
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Figure 2 | Inflammatory and immune cells involved in chronic obstructive
pulmonary disease (COPD). Inhaled cigarette smoke and other irritants activate
epithelial cells and macrophages to release several chemotactic factors that attract
inflammatory cells to the lungs, including CC-chemokine ligand 2 (CCL2), which acts on
CC-chemokine receptor 2 (CCR2) to attract monocytes, CXC-chemokine ligand 1
(CXCL1) and CXCL8, which act on CCR2 to attract neutrophils and monocytes (which
differentiate into macrophages in the lungs) and CXCL9, CXCL10 and CXCL11, which act
on CXCR3 to attract T helper 1 (T 1) cells and type 1 cytotoxic T(T.1) cells. These
inflammatory cells together with macrophages and epithelial cells release proteases,
such as matrix metalloproteinase 9 (MMP9), which cause elastin degradation and
emphysema. Neutrophil elastase also causes mucus hypersecretion. Epithelial cells and
macrophages also release transforming growth factor-f (TGFp), which stimulates
fibrablast proliferation, resulting in fibrosis in the small airways.
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@ Table 13.1 Respiratory infections classified according

to site and pattern of infection

Incidence and

pattern of Predisposing
Site Organism infection factors
Upper Viral Common
respiratory — colds
tract
Bacterial Less common Physical
— sinusitis damage
Viral infection
Immune
dysfunction
Lower Viral Pneumonia Immune
respiratory —rare in adults  dysfunction
tract
Bronchiolitis
due to
respiratory
syncytial virus
common in
children
Bacterial Common Age
Smoking
Immune

dysfunction
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Fig. 13.3 A classification of
granulomatous lung diseases.

Granulomatous diseases

Pathology

|Cause I | Infective |Non—infective
Tuberculosis E— I
Leprosy
Foreign body
Talc —
| Hypersensitivity I
Extrinsic
allergic alveolitis
Berylliosis

| Vasculitis I

Granulomatosis with polyangitis
(previously Wegeners)

Churg-Strauss syndrome | Unknown I

Sarcoidosis
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Table 13.5 Major causes of interstitial lung disease and

pulmonary fibrosis

Systemic autoimmune diseases

Inorganic dusts
* Asbestos
» Silica

Hypersensitivity to known inhaled antigens
» Extrinsic allergic alveolitis
* Berylliosis

Drug hypersensitivity/toxicity
» Cytotoxic drugs (e.g. bleomycin)
* Paraquat poisoning

* Drugs associated with eosinophilic pneumonia (e.g.

nitrofurantoin)
* Methotrexate

Pulmonary eosinophilia

Granulomatous diseases
* Sarcoidosis
* Tuberculosis

Idiopathic interstitial pneumonias

Hashemi S.M.
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Pulmonary eosinophilia

Pneumonic

Pneumonia with blood
eosinophilia

Bronchopulmonary

Asthma with blood
eosinophilia

e Aspergillus fumigatus e Parasites
e Unknown causes Nematodes
Microfilariae
e Drugs and toxins
Busulphan
e Vasculitis
Churg-Strauss syndrome
e |diopathic eosinophilic
pneumonia

Fig. 13.7 Classification and causes of pulmonary eosinophilia.
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Asthma

Drug-induced lung diseases &
reactions

Hypersensitive pneumonitis
ABPA

Lung Tuberculosis

Sarcoidosis
Autoimmune-Mediated Diseases

Pulmonary Vasculitis
Syndromes
Antiphospholipid Syndrome

Idiopathic Pulmonary Fibrosis

Pulmonary Eosinophilic Syndromes

| type

Cytotoxic type
CMI

Type lll immune complexes & CMI
Type | & Type Il

CMI
CMI

Immune Complexes

type lli
Autoimmune,
type Il & type Il

ACA & other types APL - antibodies
Unknown etiology

Elevated Eo in blood and in situ
Eo0>1500/mms3

IgE mediated

The drug is a hapten — Ab or
sens. Ly

Exposure to exogenous allergen

Granulomatous inflammation
Multiple pathogenesis

Different lung involvement

Rare are diagnosed

at time

Primary or end - stage of the
inflammation in the lung
Pulmonary infiltrates

9 clinical forms



& hypersensitivity immune responses

All 4 types of Gel and Coombes hypersensitivity diseases are
represented in the lung

Type 1 atopic asthma IgE antibody
Type 2 Goodpasteur's syndrome Ig6G anti-basement memb
Type 3 allergic alveolitis immune-complex disease

Type 4 pulmonary tuberculosisactivated macrophages



& protective immune responses




& Immunologic Methods for Diagnosis
In Lung Diseases




