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Respiratory Diseases

The respiratory system plays a vital role in delivering oxygen to the body — fuel for all the body's
functions. It also removes carbon dioxide waste, eliminates toxic waste, regulates temperature, and
stabilizes blood acid-alkaline balance (pH).

The lungs are the largest part of the respiratory system and have both "respiratory" and "non-
respiratory" functions. The respiratory function involves gas exchange — the transfer of oxygen
from the air into the blood and the removal of carbon dioxide from the blood. Non-respiratory lung
functions are mechanical, biochemical, and physiological. The lungs provide a defense against
bacterial, viral and other infectious agents; remove various metabolic waste products; control the
flow of water, ions, and large proteins across its cellular structures; and manufacture a variety of
essential hormones and chemical agents that have important biological roles.

Respiratory diseases can arise from a number of causes, including inhalation of toxic agents,
accidents, and harmful lifestyles, such as smoking. Infections, genetic factors, and anything else
that affects lung development, either directly or indirectly, can cause respiratory symptoms.
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Alpha-1-antitrypsin deficiency

Alpha-1-antitrypsin (AAT) is a protein that protects
the body from damage by its immune cells. Defi-
ciency of this protein leaves the lung, and occasion-
ally the liver, vulnerable to injury.

The lung is made of thin outpouchings called
alveoli. These contain air, and oxygen travels
across their walls into the bloodstream.

White blood cells release elastase, a powerful
enzyme that can fight infections. But it can also
attack normal tissues. If uncontrolled elastase is
released around alveoli, it would destroy their walls
and surrounding tissue, leaving areas of trapped air.
This abnormal accumulation of air in the lungs is
called emphysema and causes shortness of breath.

AAT inhibits elastase around normal tissue.
Deficiency is caused by mutations in the SERPINA1
gene, located on chromosome 14. This gene has
many different versions (alleles) that produce differ-
ent amounts of AAT. The M allele produces normal
levels of the AAT protein, the S allele produces
moderately low levels, and the Z allele produces
very low levels.

The alleles are expressed in a codominant
manner — that means that a person with MZ has
levels of AAT that are between the levels of those
people who have alleles MM or ZZ.

Individuals who have at least one normal allele
(MZ or MS) or two copies of S (SS) usually produce
enough AAT to protect the lungs but do have an
increased risk of lung disease. The risk is particu-
larly high if they smoke. Individuals who inherit the Z
allele from each parent (ZZ) have very low AAT and
are at a higher risk of developing emphysema and
liver disease.

There are over 70 known mutations that occur
at the SERPINA1 gene. A common mutation that
creates the Z allele involves a switch in amino acids
— glutamic acid is replaced by lysine at position
342 (Glu342Lys). The resulting AAT protein cannot

fold properly. This hinders its secretion from the
liver (which makes AAT) into the bloodstream
(which transports AAT to the lungs). The accumula-
tion of AAT complexes can damage the liver,
whereas the lack of AAT fails to stop the destruction
of lung tissue.

Treatment of AAT deficiency includes the stan-
dard treatment of emphysema (bronchodilators,
early use of antibiotics in infections) as well as the
more experimental therapies of correcting AAT lev-
els by replacing the protein. Gene therapy to
replace the defective SERPINA1 gene with a func-
tional copy is currently being investigated.

However, the most important part of treatment
of AAT deficiency is to avoid smoking. Affected indi-
viduals are far less likely to develop emphysema if
they do not smoke. Not only is smoking a lung irri-
tant, which attracts white blood cells (and therefore
neutrophil elastase) to the lungs, it also prevents
any AAT that is present in the lungs from working
properly.
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Important Links

Gene sequence
Genome view see gene locations
LocusLink [www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=5265] collection of gene-related information
BLink [www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=21361198&all=1] related sequences in different organisms

The literature
Research articles online full text
Books online books section
OMIM [http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=107400] catalog of human genes and disorders

Websites
Patient information [http://www.nhlbi.nih.gov/health/public/lung/other/antitryp.htm]from National Heart, Lung and Blood Institute, NIH
MEDLINEplus [http://www.nlm.nih.gov/medlineplus/ency/article/000120.htm]Medical encylopedia from the National Library of
Medicine, NIH
Alpha-1 Association [http://www.alpha1.org/]Information and patient support

http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=SERPINA1
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=5265
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=21361198&all=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=alpha+1+antitrypsin%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=alpha+1+antitrypsin
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=107400
http://www.nhlbi.nih.gov/health/public/lung/other/antitryp.htm
http://www.nlm.nih.gov/medlineplus/ency/article/000120.htm
http://www.alpha1.org/
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Asthma

Asthma affects more than 5% of the population of
the US, including children. It is a chronic inflamma-
tory disorder of the airways characterized by cough-
ing, shortness of breath, and chest tightness. A
variety of "triggers" may initiate or worsen an
asthma attack, including viral respiratory infections,
exercise, and exposure to irritants such as tobacco
smoke. The physiological symptoms of asthma are
a narrowing of the airways caused by edema (fluid
in the intracellular tissue space) and the influx of
inflammatory cells into the walls of the airways.

Asthma is a what is known as a "complex" heri-
table disease. This means that there are a number
of genes that contribute toward a person's suscepti-
bility to a disease, and in the case of asthma, chro-
mosomes 5, 6, 11, 14, and 12 have all been
implicated. The relative roles of these genes in
asthma predisposition are not clear, but one of the
most promising sites for investigation is on chromo-
some 5. Although a gene for asthma from this site
has not yet been specifically identified, it is known
that this region is rich in genes coding for key
molecules in the inflammatory response seen in
asthma, including cytokines, growth factors, and
growth factor receptors.

The search for specific asthma genes is ongo-
ing. Assisting in this international human effort are
model organisms such as mice, which have similar

chromosomal architecture to our chromosome 5 site
on their chromosomes 11, 13, and 18. Further study
of the genes in these areas (and others) of the
human genome will implicate specific genes
involved in asthma and perhaps also suggest
related biological pathways that play a role in the
pathogenesis of asthma.

Important Links

Gene sequence
Genome view see gene locations
LocusLink [www.ncbi.nlm.nih.gov/LocusLink/list.cgi?Q=asthma&ORG=Hs&V=0] collection of gene-related information
BLink [www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4501969&org=1] related sequences in different organisms

The literature
Research articles online full text
Books online books section
OMIM [www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=600807] catalog of human genes and disorders

Websites
Global initiative for asthma [www.ginasthma.com:80/] a project conducted in collaboration with the National Heart, Blood and Lung
Institute, NIH, and the World Health Organization
National Heart, Blood and Lung Institute [www.nhlbi.nih.gov/health/public/lung/index.htm#asthma] information on asthma
MEDLINEplus [www.nlm.nih.gov/medlineplus/asthma.html] links on asthma compiled by the National Library of Medicine

http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=asthma
http://www.ncbi.nlm.nih.gov/LocusLink/list.cgi?Q=asthma&ORG=Hs&V=0
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4501969&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=asthma%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=asthma
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=600807
http://www.ginasthma.com:80/
http://www.nhlbi.nih.gov/health/public/lung/index.htm#asthma
http://www.nlm.nih.gov/medlineplus/asthma.html
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Cystic fibrosis

Cystic fibrosis (CF) is the most common fatal
genetic disease in the US today. It causes the body
to produce a thick, sticky mucus that clogs the
lungs, leading to infection, and blocks the pancreas,
stopping digestive enzymes from reaching the
intestines where they are required to digest food.

CF is caused by a defective gene, which codes
for a sodium and chloride (salt) transporter found on
the surface of the epithelial cells that line the lungs
and other organs. Several hundred mutations have
been found in this gene, all of which result in defec-
tive transport of sodium and chloride by epithelial
cells. The severity of the disease symptoms of CF is
directly related to the characteristic effects of the
particular mutation(s) that have been inherited by
the sufferer.

CF research has accelerated sharply since the
discovery of CFTR in 1989. In 1990, scientists suc-
cessfully cloned the normal gene and added it to CF
cells in the laboratory, which corrected the defective
sodium chloride transport mechanism. This tech-
nique—gene therapy—was then tried on a limited

number of CF patients. However this treatment may
not be as successful as originally hoped. Further
research will be required before gene therapy, and
other experimental treatments, prove useful in com-
bating CF.

Important Links

Gene sequence
Genome view see gene locations
LocusLink [www.ncbi.nlm.nih.gov/LocusLink/list.cgi?Q=cystic%20fibrosis&ORG=Hs&V=0] collection of gene-related information
BLink [www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=6995996&org=1] related sequences in different organisms

The literature
Research articles online full text
Books online books section
OMIM catalog of human genes and disorders

Websites
Fact sheet [www.nhlbi.nih.gov/health/public/lung/other/cystfib.htm] from the National Heart, Lung and Blood Institute, NIH
The Cystic Fibrosis Foundation [www.cff.org/] information and links

http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=cystic%20fibrosis
http://www.ncbi.nlm.nih.gov/LocusLink/list.cgi?Q=cystic%20fibrosis&ORG=Hs&V=0
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=6995996&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=cystic%20fibrosis%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=cystic%20fibrosis
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=cystic%20fibrosis
http://www.nhlbi.nih.gov/health/public/lung/other/cystfib.htm
http://www.cff.org/


Genes and Disease Respiratory Diseases

6

Lung carcinoma, small cell

In the US, lung cancer is the most common cause
of cancer deaths among both men and women. In
fact, North Americans have the highest rates of lung
cancer in the world. In 1997, some 178,100 new
cases were diagnosed, and roughly 160,400 deaths
occurred from the disease. Sadly, the 5-year sur-
vival rate for persons with lung cancer is only 14%.
Since the 1940s, the increase in lung cancer mortal-
ity by gender has followed historic patterns of
smoking, with a 20-year time lag. About 90% of
male lung cancer deaths and 80% of female lung
cancer deaths are attributable to cigarette smoking.
Although smoking is by far the major risk factor for
lung cancer, certain industrial substances, such as
asbestos, and environmental factors can contribute.

Small cell lung carcinoma is distinctive from
other kinds of lung cancer (metastases are already
present at the time of discovery) and accounts for
approximately 110,000 cancer diagnoses annually.
A deletion of part of chromosome 3 was first
observed in 1982 in small cell lung carcinoma cell
lines.

As with other cancers, mutations in a variety of
molecules (oncogenes and tumor-suppressor
genes) that control cell growth and division are
observed, and no one mutation is likely to result in
cancerous growth. Basic research into the function
of these molecules—how and when they play their
role—should help the fight against lung, and other,
cancers and give clues to find appropriate thera-
pies.

Important Links

Gene sequence
Genome view see gene locations
LocusLink [www.ncbi.nlm.nih.gov/LocusLink/list.cgi?Q=lung+cancer&ORG=Hs&V=0] collection of gene-related information
BLink [www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4826696&org=1] related sequences in different organisms

The literature
Research articles online full text
Books online books section
OMIM catalog of human genes and disorders

Websites
CancerNet [cancernet.nci.nih.gov/] from the National Cancer Institute, NIH
American Cancer Society [www.cancer.org] research and patient support
Oncolink [oncolink.upenn.edu/] comprehensive cancer information from the University of Pennsylvania

http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=lung+cancer
http://www.ncbi.nlm.nih.gov/LocusLink/list.cgi?Q=lung+cancer&ORG=Hs&V=0
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4826696&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=lung+cancer%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=lung+cancer
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=lung+cancer
http://www.cancer.org

