200

National Heart and
Lung Institute at
Imperial College,
London SW3 6LY, UK
D F Rogers

Centre for
Cardiopulmonary
Biochemistry and
Respiratory Medicine,
University College
London Medical
School, London WC1E
6]J, UK

G J Laurent

Correspondence to:
Dr D F Rogers.

Thorax 1998;53:200-203

New 1deas on the pathophysiology and treatment

of lung disease

D F Rogers, G J Laurent

Abstract

There is a continuing need for develop-
ment of new treatments for lung disease.
Basic scientific investigations are identi-
fying novel targets for the development of
new approaches to therapy of a range of
respiratory conditions. Coupled with the
advances in technology being harnessed
by the pharmaceutical and biotechnologi-
cal industries, there is now an impressive
range of potential treatments including
gene therapy, not just for cystic fibrosis
but also for a range of inflammatory lung
conditions, anti-cytokine and anti-
adhesion molecule approaches, and tar-
geting of intracellular signal transduction
pathways including cyclic AMP metabo-
lism, tyrosine kinases and MAP Kkinases.
“01d” molecules such as heparin and
secretory leukoprotease inhibitor (SLPI)
are demonstrating new beneficial activi-
ties. Simple molecules such as nitric oxide
(NO) gas may be involved in the patho-
physiology of different airway conditions.
It is an exciting time for respiratory
science and a time for optimism for those
seeking new approaches to the treatment
of lung diseases.

(Thorax 1998;53:200-203)
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Science Matters finishes this month after a two
year run. During that time we have been
treated to a range of short articles with new
viewpoints on lung diseases from asthma and
ARDS to pulmonary fibrosis and hypertension.
Each article showed that science mattered in
understanding pathophysiology and in deter-
mining rational approaches to therapy. Because
of the diversity of the articles we thought it
would be helpful to new readers of Thorax, and
as an aide mémoire to regular readers, to
collate and review the articles to identify unify-
ing themes. We also take this opportunity to
thank all our contributors for their sterling
efforts in adhering to our editorial demands for
the short focused articles which made the
series accessible to a wide audience. We also
thank our specialist reviewers for ensuring sci-
entific accuracy and our group of informed-
but-non-specialist referees who ensured the
“readability” of the articles.

Gene therapy

Gene therapy is the newest approach to
treatment of lung disease. The rationale behind
somatic gene therapy is the replacement,

modification, or suppression of the gene(s)
considered responsible for the pathophysiology
of a given clinical condition. The lung provides
a particularly attractive target for gene therapy
because of its accessibility through the airways
or the vasculature. Alpha, -antitrypsin defi-
ciency and cystic fibrosis are the two most
common fatal single gene defects involving the
lung in Western communities. The genetic
defect in both conditions is well characterised
which has led to these diseases being the front
runners in lung directed gene therapy. In cystic
fibrosis four “preliminary” studies have so far
been published on topical delivery of the
CFTR (cystic fibrosis transmembrane con-
ductance regulator) gene to the airways, with
more reported successes than failures in
correcting the transepithelial chloride (CI)
transport defect.' Progress is steady and
encouraging. Problems with existing vectors—
the inflammatory but efficient adenoviral
vectors versus the less efficient but safer
cationic liposome vectors—may be overcome
by new vectors such as adeno-associated virus
or viral liposomes. Experimental studies indi-
cate that only about 8% of cells need to be
“corrected” to counter the ClI transport defect,
and only 5% of normal CFTR mRNA needs to
be expressed to increase Cl transport mark-
edly. Re-evaluation of a number of assump-
tions, including alternative end points to CI”
transport (such as bacterial adherence) and the
optimal target for gene delivery (surface
epithelium versus submucosal glands), should
focus future studies with a view to hastening
the advent of gene therapy for cystic fibrosis.

The advances made in gene therapy for cystic
fibrosis and other single gene defect conditions
have prompted interest in the possibility of
similar therapy for more complex pulmonary
conditions characterised by lung
inflammation.” Although seemingly less ame-
nable than cystic fibrosis to gene therapy,
chronic  obstructive  pulmonary disease
(COPD), adult respiratory distress syndrome
(ARDS), and asthma could be targets for ben-
eficial genetic modification of critical elements
of the inflammatory process. Inflammatory
lung conditions result from an imbalance
between injurious inflammatory mediators—
for example, neutrophil elastase and reactive
oxygen species—and endogenous cytoprotec-
tive mechanisms. Genetic intervention to
redress the balance might therefore prove
effective therapy. For example, overexpression
of anti-elastase genes could limit elastase
mediated lung damage in emphysema. Overex-
pression of genes encoding anti-inflammatory
cytokines such as IL-10 and of inhibitors of
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“inflammatory” transcription factors—for ex-
ample, IxBa, the inhibitor of NF-kB—are
other examples. The effectiveness of these
treatments in inflammatory lung disease will be
dependent, as is gene therapy for cystic fibrosis,
on selection of the appropriate cellular target,
an enormous challenge in itself, as well as on
refinements in delivery vectors, suppression of
host immune response, cell specificity and
nuclear targeting, and on clinical end point
selection.

Airway inflammation

Asthma is now viewed as an inflammatory air-
way disease and may even be specifically rede-
fined as an IL-5 driven eosinophilic bronchitis.’
Inhalation of allergen and the subsequent
allergic reaction in the lung leads to the
production of antibody and cytokines, includ-
ing IL-5. IL-5 is carried in the blood to the
bone marrow where it stimulates eosinophil
production. Eosinophils migrate to the lung
where they cause tissue damage resulting in
asthma. Consequently, inhibition of IL-5
production—for example, by specific targeting
of the IL-5 promoter or blocking of the effects
of IL-5 by development of receptor
antagonists—could be fundamental therapeu-
tic options in asthma. The simple gas nitric
oxide (NO) is increased in the exhaled air of
asthmatic patients compared with controls,
presumed to be a reflection of airway inflam-
mation, and is implicated in the pathophysiol-
ogy of asthma.* NO is generated from
L-arginine by three forms of NO synthase, two
of which are constitutive (¢cNOS) and one
inducible (iINOS). The suggestion is that the
NO generated by cNOS is beneficial in local
airway physiological control, but that the much
larger amounts of NO generated by iNOS are
detrimental by amplifying the inflammatory
response. Consequently, selective iNOS inhibi-
tors could have therapeutic anti-inflammatory
potential in asthma and such drugs are
currently in development.

The involvement of airway sensory nerves in
asthma has been a burning issue for over a
decade, and the debate continues.” C-fibres
(sensory nerves) which are sensitive to capsai-
cin, the pungent principle of hot peppers, con-
tain the peptide neurotransmitters substance P
(SP), neurokinin A (NKA), and calcitonin
gene-related peptide (CGRP). Laboratory ex-
periments have shown that activation of these
nerves or administration of sensory neuropep-
tides reproduces many aspects of the asthmatic
reaction including bronchoconstriction, vaso-
dilatation, plasma exudation and mucus secre-
tion, as well as effects on inflammatory cells.
There is some evidence that sensory nerves,
sensory neuropeptides, and receptors for SP
and NKA (tachykinin receptors) are increased
in asthmatic airways. Drugs which inhibit sen-
sory nerve activity could therefore be beneficial
in asthma. Tachykinin receptor antagonists are
already in clinical trial for asthma, with mixed
results. Drugs with a broader spectrum of
inhibitory action on airway nerves, including
cholinergic nerves, may have greater therapeu-
tic potential not only in asthma but in other
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“neurogenic” airway conditions such as
chronic bronchitis and rhinitis. For example,
drugs which open potassium (K*) channels
inhibit nerve activity.® In particular, the large
conductance calcium activated K* channel
(BK_,) mediates the inhibition of a number of
neurally active drugs. Selective openers of this
channel may therefore inhibit neurogenic
responses in asthma and chronic bronchitis,
and also have the added benefit of being bron-
chodilators. Phosphodiesterase (PDE) inhibi-
tor drugs are also bronchodilators because they
block the action of endogenous PDE and limit
the breakdown of intracellular cAMP.” The
accumulated cAMP induces relaxation of
airway smooth muscle. Importantly, PDE
inhibitors also have multiple anti-inflammatory
actions which, together with their bronchodila-
tor properties, would make them a panacea for
asthma. The challenge to drug development at
present is that PDEs comprise seven families of
isoenzymes, some of which include multiple
proteins encoded by distinct genes. PDE-3 and
PDE-4 are most relevant to the airways and
clinical trials using dual PDE-3/4 inhibitors to
maximise bronchodilator and anti-
inflammatory activity are underway. Unfortu-
nately, results to date are equivocal and
unwanted side effects, most notably nausea
and emesis, are prevalent. The hope is that
there may be an airway specific PDE isoform
against which PDE inhibitor drugs without
side effects could be developed.
Glucocorticosteroids are mainstay anti-
inflammatory therapy in asthma. In common
with many therapeutic agents, their precise
mechanism of action is incompletely defined
but involves suppression of proinflammatory
mediators and  upregulation of anti-
inflammatory proteins, one of which is lipo-
cortin 1.* Lipocortin 1 mediates the anti-
inflammatory effects of glucocorticosteroids
and in experimental systems has anti-
inflammatory effects. Consequently, inhaled
lipocortin 1 could have therapeutic potential,
although there are problems with instability
and bioavailability. Presently available syn-
thetic peptides are less potent than lipocortin 1
and will need to be superseded by compounds
which retain the biological activity of the
parent molecule. A more specific approach to
halting influx of inflammatory cells into the
airway interstitium is to prevent leucocytes
from leaving the vascular compartment.’ Se-
lectins are adhesion receptors on leucocytes
and endothelial cells which mediate the initial
binding of the leucocytes to the venular
endothelium. Binding is the essential first step
in leucocyte migration into the airway tissue.
Prevention of leucocyte emigration could be
useful in the treatment of a number of airway
conditions including fibrosing alveolitis and
asthma. Development of effective selectin
antagonists without immunosuppressive activ-
ity is the hurdle to overcome. The mast cell
product and anticoagulant heparin is recog-
nised as having anti-inflammatory potential,
including inhibition of leucocyte trafficking
across the endothelium." The latter activity is
due to an action on T cell heparinase rather
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than an antiselectin action. Inhaled heparin
inhibits experimentally induced asthmatic re-
sponses whilst topical administration inhibits
nasal inflammation. Heparin-like molecules
lacking anticoagulant activity could be anti-
inflammatory and also limit airways remodel-
ling. From the above, there are many possibili-
ties for new treatments for asthma and other
inflammatory lung diseases. It should be noted,
however, that investigation of airway epithelial
function and of the repair processes involved
after damage and shedding has led to the sug-
gestion that any therapy for asthma needs to
include epithelial cytoprotective activity."'

In respiratory distress syndrome (RDS) sur-
factant replacement is highly effective in treat-
ment of premature infants.”” In contrast,
surfactant replacement therapy in ARDS has
not been so successful, despite predictions that
it would be. The problem is that the clinical
studies performed thus far have been limited in
their design and lack the power to determine
whether or not surfactant therapy is useful in
ARDS. A prominent confounding aspect is the
unique composition of the surfactant of
individual patients. Identification of patients at
risk, from serum levels of surfactant proteins A
and B, with subsequent prophylactic delivery
of nebulised, complementary, “tailor made”
surfactant is required in future clinical investi-
gations of the usefulness of surfactant replace-
ment therapy in ARDS.

Bronchoalveolar lavage (BAL) has become a
routine clinical procedure for monitoring of
lung inflammatory indices in a variety of
conditions including allergic disease, asthma,
and during intensive care.”” However, the com-
position of BAL fluid is only a photographic
snapshot in time and is affected by a number of
factors. For example, the number of lym-
phocytes in BAL fluid is dependent upon the
rate of entry into, persistence in (local prolif-
eration versus apoptosis), and exit from the
bronchoalveolar space. Understanding of lym-
phocyte kinetics will further our understanding
of the pathophysiology of many inflammatory
lung diseases.

Secretory leukoprotease inhibitor (SLPI)
SLPI is another molecule—this time an endo-
genous one synthesised by the pulmonary
epithelium—which, like PDE inhibitors, has
multiple activity. Firstly, in partnership with
a,-proteinase inhibitor (a,-PI), SLPI is recog-
nised as a major component of the anti-
neutrophil elastase shield in the lung." SLPI
also has anti-HIV activity and is a broad spec-
trum antibiotic with antiretroviral, bactericidal,
and antifungal activity.”” Consequently, inhaled
recombinant SLPI (rSLPI) could have wide-
spread therapeutic potential in lung diseases in
which neutrophils are implicated in the aetiol-
ogy (including emphysema, chronic bronchitis,
cystic fibrosis, and ARDS), and as alternative
treatment for infection, especially where drug
resistance is limiting the usefulness of estab-
lished antibiotics.

Rogers, Laurent

Pulmonary hypertension

Pulmonary hypertension may be a primary
disease or a sequel to other cardiopulmonary
conditions, in particular chronic hypoxic lung
disease. In contrast to asthma, where increased
NO production is implicated in pathophysiol-
ogy (see above), reduced endothelial NO
production may contribute to pulmonary vaso-
constriction and vascular remodelling in pul-
monary hypertension.'® Clinical studies have
shown that inhaled NO is an effective and air-
way selective vasodilator in various forms of
pulmonary hypertension, although investiga-
tions into the toxicity of NO are required prior
to widespread and prolonged use. The vascular
remodelling may be the result of growth factors
which are endothelium-derived vasoconstric-
tors, in particular endothelin-1 and platelet-
derived growth factor.”” Whatever the growth
factor, the suggestion is that there are common
intracellular signal transduction mechanisms
which convert hypoxia into cell replication.
Identification of these pathways—whether in-
volving phosphoinositide metabolism, protein
kinase C (PKC), tyrosine kinases, or mitogen-
activated protein kinases (MAP kinases)—and
their inhibition by selective drugs might
interrupt the vicious circle between hypoxic
vasoconstriction and vascular remodelling.

Pulmonary fibrosis

Diffuse (interstitial) lung diseases including
pulmonary fibrosis are triggered by diverse fac-
tors including therapeutic drugs and exposure
to inorganic dusts or radiation. However, not
all exposed individuals develop fibrosis, which
indicates a genetic predisposition.'”® Genetic
polymorphisms and their risk factors for devel-
opment of pulmonary fibrosis are emerging.
Identification of patients with genetic suscepti-
bility would, theoretically, allow improved
monitoring of disease progression and the
initiation of early, and therefore most effective,
therapeutic intervention. One novel approach
to the treatment of pulmonary fibrosis is
anticytokine therapy.'’ The challenge to anticy-
tokine drug development is that a number of
cytokines are likely to be involved in the devel-
opment of fibrosis, including TGF-B, and
TNF-a, as well as blood-borne mediators and
products of the coagulation cascade. Possible
solutions are to block the action of multiple
cytokines simultaneously, or inhibit the actions
of several cytokines at different stages of the
disease process or, as in the approach to vascu-
lar remodelling above, target an intracellular
pathway common to a number of cytokines of
interest. A variety of anticytokine drugs are
available—for example, decorin, a natural
TGF-f inhibitor—and clinical trials with
rational end points are merited. Another
approach is to inhibit interactions between
lung cells and extracellular matrix.”® Lung cells
and their surrounding matrix play more than
mere structural and mechanical roles and,
instead, interact dynamically via cell surface
receptors, in particular the integrins, and
specific matrix elements. The interactions lead
to intracellular signal transduction, including
ras, PKC and MAP kinase pathways, leading to
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cytoskeletal reorganisation, cell spreading, and
migration. Drugs aimed at interfering with
these interactions—for example, integrin
blocking peptides—might have therapeutic
potential in pulmonary fibrosis.

Concluding remarks

Articles from international contributors to the
Science Matters series have highlighted how res-
piratory science in its many facets is flourishing
and identifying a range of possible targets for
new approaches to treatment of lung disease.
These advances, coupled with the technology
being harnessed by the pharmaceutical and
biotechnological industries, will provide a
range of pharmacological and immunological
tools. Developments in the “reductive” biologi-
cal sciences (molecular biology and cellular
chemistry) and the continuance of investiga-
tions in complex in vivo systems®' is a powerful
combination with which to test novel therapeu-
tic compounds. Only a very few of these will
emerge as new drugs in respiratory clinics.
Those that do make it to the market place will
add to or replace current drugs which,
although effective in many instances, are so
often inadequate. It is an exciting time for res-
piratory science and one for optimism for those
of us who wish to see new approaches to the
treatment of lung disease.

1 Middleton PG, Alton EWFW. Gene therapy for cystic fibro-
sis: which postman, which box? Thorax 1998;53:197-9.
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