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Introduction

PREFACE

The American Lung Association and its medical arm, the Amer-
ican Thoracic Society, have defined their national mission as the
conquest of lung disease and the promotion of lung heaith. Con-
quest of lung disease requires knowledge for prevention, treat-
ment, and cure, and this can be accomplished only by research.
In this document we set forth the most urgent needs for research.
We propose research at several different levels: basic laboratory
studies; clinical investigation, which includes psychiatric and be-
havioral; epidemiologic research, and preventive programs —in
the belief that the ultimate eradication of lung diseases will re-
quire new knowledge in all of these areas. New understanding
in lung disease is a product of the international effort in research.
The American Lung Association and the American Thoracic So-
ciety have long been major contributors to that effort through
scientific journals, the largest international meeting devoted to
the reporting of results of lung research, their role as advocate
and consultant to federal agencies concerned with health, and
direct support for research and training of medical scientists.

In this context and under the leadership of the president of
the American Thoracic Society at that time, Dr. James Crapo,
a task force of pulmonary scientists and clinicians was convened
in October 1992 to prepare a document to crystallize present and
future trends in research in the lung that might prove to be of
major significance to gain the scientific insights that can cure
lung disease. The task force with its 19 members represented a
broad range of interests in lung disease.

This report is selective in the subject matter; it focuses on the
recognition of major problems in lung disease and possible path-
ways to their solution. After an introductory section on the struc-
tural/functional relationships of the normal lung (Section I), the
report delineates some of the disease categories that the task force
deemed to be of high priority for targeting in the next decade
(Section II). In this section, each disease is discussed briefly in
terms of its state of understanding and the specific areas of in-
vestigation that offer potential for new insights. Section III
describes special areas of research identified by their potential
for major progress, such as the search for etiologies, the role of
genetics, mediators of injury, environmental lung disease, ther-
apeutic strategies, and clinical care. Section I'V offers recommen-
dations for implementation with respect to training of pulmonary
scientists and opportunities for collaboration among government,
universities, and industry. Section V discusses the potential con-
tribution of lung research to improve heaith.

This document is intended to be helpful to members of legis-
latures and their staffs, federal granting agencies for biological
research, and the media as well as constituent organizations of
the American Lung Association and the American Thoracic So-
ciety. It is hoped that this document will provide a framework
against which to measure progress in the fight against lung dis-
ease in the coming decade.

LUNG DISEASE IN THE UNITED STATES
Comparative Statistics

Each year approximately 300,000 Americans die of lung disease.
Diseases of the lung are the third most frequent cause of death,
responsible for one in seven deaths. The death rate from lung
disease in America is climbing sharply, while deaths from heart
disease and cancer are decreasing (Figure 1). Between 1979 and
1989 the lung disease death rate rose by 17.7% while the death
rate from heart disease dropped 21.9%. However, in addition to
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lung disease as a cause of death, it is a cause for chronic illness
in some 25 million people, resulting in a total cost each year that
is estimated to be as high as $50 billion.

Lung cancer is the most common fatal malignancy in the
United States and was responsible for 137,150 deaths in the United
States in 1989. In 1992 there were 146,000 deaths, and 168,000
new cases were predicted (Figure 2). Chronic obstructive lung
disease (COPD) afflicts 14.6 million Americans, which represents
an increase of 41% over the past decade. Included in this num-
ber are about 2 million Americans with emphysema and 12.6 mil-
lion with chronic bronchitis with airway obstruction. Asthma
occurs in approximately 12 million people in the United States.
As shown in Figure 3, data from the National Center for Health
Statistics show doubling of deaths from asthma from 1979-1991,
with a higher mortality among females than males.

The Spectrum of Lung Disease

Lung disease constitutes a spectrum of conditions that can com-
promise the functions of the lung, either acutely with reversibil-
ity or chronically with constant compromise of daily life. Prom-
inent among such diseases of the lung are lung cancer, COPD
(emphysema and chronic bronchitis), asthma, influenza, pneu-
monia, and tuberculosis.

Acute lung injury resulting in acute respiratory failure is called
acute respiratory distress syndrome in newborns or adults. Cys-
tic fibrosis is a hereditary disorder occurring in about one in ev-
ery 2,000 births of white children and one in about 17,000 African-
Americans, so about one in 20 Americans of European descent
are carriers of the gene. The number of patients with cystic fibrosis
is increasing because survival has been lengthened.

Approximately 800,000 people in the United States are infected
with the human immunodeficiency virus, and 200,000 are diag-
nosed as having AIDS. The lungs are a common site of oppor-
tunistic infections in AIDS patients with agents such as pneu-
mococcus, Pneumocystis carinii, and tuberculosis as well as
chronic bronchitis and fungal infections.

Approximately 10,000 patients per year are afflicted with a
disease called interstitial fibrosis, resulting in scarring of alveoli.
In some patients this results from sarcoid, but in most patients
the inciting cause is unknown.

Trend in Age-adjusted Lung Disease Deaths

Rate per 100,000 population
80

Lung Disease includes
75 - Pneumonia and Influenza
- COPD. asthma and alied conadons
- Cancer of the trachea. bronchus and ung
- Bronchtis and bronchiolts
70 - Tuberculosis

65
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Year 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

‘ I 616 645 631 638 662 674 698 703 705 725 725 743 737 724

Figure 1. An increase of approximately 17.5% occurred in the age-
adjusted death rate from the lung diseases shown in the period 1979
to 1992.
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RESPIRATORY CANCER
ESTIMATED NEW CANCER CASES BY SEX
1983-1994
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Figure 2. A steady increase in cases of respiratory tract cancer has
occurred from 1983-1994. The increase in cases among females ex-
ceeds that among males.

In recent years, abnormalities in the central nervous system
control of ventilation have been described and include condi-
tions such as sudden infant death syndrome (SIDS) and sleep
disturbed breathing (SDB), sometimes called sleep apnea. Of the
39,655 infants who died in 1989 in the United States, 5,634, or
one in seven (14.2%), succumbed to SIDS. Approximately 3 to
4% of the adult U.S. population suffers from SDB.

The incidence of influenza varies with the intensity of epi-

2mics from one year to another. Within the period from 1970
10 1990, it ranged from a low of 33 episodes per 100 persons (1982)
to a high of 43.4 per 100 persons (1990). With respect to pneu-
monia, the rate of occurrence in 1970 was 1.5 episodes per 100
persons, which was the same as that for 1990.

Occupational Lung Disease

A number of diseases of the lung occur as a result of exposure
to materials at work. For example, in 1990 there were approxi-
mately 16,000 lung cancer deaths attributable to inhalation of
carcinogens in the workplace. Some of these substances include
asbestos, which is recognized to cause lung cancer, mesotheli-
oma, and progressive scarring of lung tissue. Other substances
include textile dusts, such as hemp, flax, and cotton, coal dust,
which causes black lung, and silica, which causes fibrosis of the
lung, as well as substances that are suspected to be causes of lung
cancer, such as arsenic, chloroethers, chromates, ionizing radia-
tion, nickel, polynuclear aromatic hydrocarbons, and allergens,
which trigger allergic reactions and may cause asthma in suscep-
tible workers.

It is apparent from the above statistics that the diseases of
the lung cause substantial mortality and morbidity in our popu-
lation. Understanding the fundamental cellular and molecular
mechanisms of lung diseases will enable us to prevent and cure
lung disease. Medical science is also at a stage where understand-
ing of pathological mechanisms at the cellular and subcellular
level can provide knowledge that is applicable to many different
disease processes. In the subsequent pages of this task force re-
sort, certain lung diseases have been singled out because of the

1arked impasse in knowledge concerning cause and the oppor-

tunities provided by intensified research. Specific areas of research
that seem especially advantageous to provide new and impor-
tant insights to address all lung diseases have been selected and
will be discussed later.
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Figure 3. Reported asthma deaths doubled from 1979 to 1992, with
deaths among females exceeding that among males.

THE LUNGS AND RESPIRATORY SYSTEM

The lungs and the associated process of respiration constitute
an organ system that is critical to the function and viability of
all other organ systems of the body. Oxygen is essential for the
chemical reactions that sustain life, and the lungs are specifi-
cally structured to extract that oxygen and also to return the prod-
uct of oxygen metabolism in the form of carbon dioxide to the
external atmosphere.

The excretion of carbon dioxide by the lungs not only elimi-
nates a byproduct of metabolism but also is necessary to main-
tain the internal chemical environment of all the cells of the body.
Carbon dioxide in solution is an acid, and the proportion of car-
bon dioxide as gas in solution and as a chemical reactant in the
form of bicarbonate determines the acidity of all fluids that bathe
the cells of the body. In this regard, the lungs are the regulator
of the chemical milieu of the whole organism.

The structures within the lung itself, which bring about this
exchange of vital gases, are remarkably simple in their gross ar-
chitecture but extraordinarily complex in their structure and func-
tion at the cellular and subcellular level. The lungs and respira-
tory system under normal circumstances operate with remarkable
ease and efficiency, and there is no conscious awareness of the
breathing process as the normal individual goes through normal
daily activity. It is only when the respiratory system is com-
promised by disease or stressed by physical exertion that the act
of breathing reaches human consciousness. The symptom of this
consciousness is shortness of breath, or dyspnea, which is one
of the most common complaints in clinical medicine because the

lungs and respiratory system are so vulnerable to dysfunction
in disease.

Structure and Function of the Lungs

The lungs are composed of two major functional units: (/) the
conducting airways or bronchi, which provide two-way exchange
of gases with the outside atmosphere, and (2) 300 million or so
air sacs or alveoli, which are the microscopic terminals of air-
ways in the lung. It is here that oxygen diffuses into the blood
for delivery to the rest of the body, and carbon dioxide, a major
byproduct of metabolism, is returned via the bloodstream to the
alveoli for removal.

The complexity of the lungs and respiratory system in carry-
ing out their vital function arises from the intricate cellular and
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tissue elements in the conducting airways and the alveoli. The
bronchi, down to the smallest branches, must maintain patency
during inflation and deflation of the lungs and allow the enor-
mous volumes of atmospheric gases to move in and out of the
airways and alveoli through a lifetime, while at the same time
overcoming the hazards of exposure to atmospheric particulates
and chemical contaminants. The cells that line bronchi down
to the alveoli are topped by a mucus blanket, which is propelled
to the throat by a system of microscopic cilia. This system must
function efficiently at all times to maintain the working integrity
of the airway conducting system. When functional integrity of
the airways is compromised, as occurs in diseases such as asthma,
bronchitis, emphysema, or cystic fibrosis, there are dire conse-
quences for lung function and the whole organism.

One of the most pervasive environmental contaminants that
adversely affects lung function is tobacco smoke. Exposure to
tobacco smoke is a leading cause of chronic bronchitis, pulmo-
nary emphysema, and carcinoma of the lung as well as a major
irritant for asthma and an important risk factor for cardiovas-
cular diseases such as coronary atherosclerosis and hypertension.
We have yet to fully understand the precise chemical-molecular
mechanisms by which tobacco smoke injures cells to produce
cancer and chronic bronchitis. However, we are now beginning
to understand the link between tobacco smoke exposure and pul-
monary emphysema through tissue-degrading enzymes in the
lungs, which cause destruction of alveoli.

Each alveolus, approximately one third of a millimeter in di-
ameter, provides an interface between atmospheric air and blood
separated by an alveolar-capillary membrane. The total diffus-
ing surface of this membrane in the human lung is equivalent
to the surface area of a tennis court. Special epithelial cells on
the alveolar side and endothelial cells on the capillary side to-
gether constitute a gas-exchanging membrane of approximately
two thousandths of a millimeter in thickness. The tenuousness
of this membrane makes lung injury in this location a frequent
consequence in a number of diseases that do not primarily in-
volve the lung, such as infection in the blood or other organs,
heart failure, and kidney failure as well as bodily trauma and
respiratory exposure to toxins in the industrial or household en-
vironment. This form of injury to the lung, called acute respi-
ratory distress syndrome, causes failure of the gas-exchanging
function of the lungs and has multiple etiologies.

The architectural shape and patency of alveoli is preserved
by a special chemical called lung surfactant, which lines the al-
veolar spaces. This lipid substance is manufactured by certain
alveolar celis and counteracts the natural surface tension of wa-
ter, which is high enough to collapse alveoli and make them func-
tionless. Premature infants are often incapable of synthesizing
surfactant and therefore suffer respiratory failure at birth. In-
haled synthetic surfactants have proved a breakthrough in treat-
ment of this disorder.

The Lungs and Cardiovascular System

The lungs are functionally interposed between the right and left
chambers of the heart. The lung vasculature has great capacity
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and therefore functions at a pressure of approximately one tenth
that of the pressure in systemic arteries, despite receiving the to-
tal cardiac output of blood during each heartbeat. The large vas-
cular capacity of the lung allows the lung to continue to func-
tion at a low vascular pressure even during the high blood flows
of marked exercise or after surgical excision of lung tissue. How-
ever, under certain pathological conditions, where low concen-
trations of oxygen exist in alveoli from lung disease or from resid-
ing at high altitude, the blood vessel walls constrict and become
thickened, and pulmonary vascular hypertension occurs. In this
circumstance pulmonary hypertension compromises the func-
tion of the right side of the heart and causes heart failure. Un-
derstanding the molecular mechanisms that cause pulmonary
hypertension continues to be a major target of the research of
physiologists and cell biologists. Also, when the left side of the
heart fails, the lung vasculature is exposed to higher pressures,
and fluid moves across the walls of pulmonary capillaries into
alveoli and seriously compromises lung function. The cellular
and structural determinants of fluid exchange in the lungs is an
area of central importance in understanding the lung as a major
organ of the circulation.

Nonrespiratory Functions of the Lung

Understanding the cellular and molecular characteristics of the
cells and tissues that constitute the bronchi and alveoli and main-
tain the functional integrity of the lung is critical to defining the
causes of diseases of the lung as well as their prevention and treat-
ment. In addition, in the last two decades there has developed
an increasing awareness of the broad range of functions carried
out by cells that reside in the lung but are not directly involved
in the exchange of oxygen and carbon dioxide. There are 40 differ-
ent cell types in the lung. Some cells, such as alveolar macro-
phages, are guardians against bacterial infection or particulates
and inhabit the lungs in large numbers. These cells are not only
scavengers of invaders of the lung via the airway or blood stream
but also are essential links in immune responses of the lung and
the whole body. Endothelial cells, which line the blood vessels
of the lung, contain enzymes that control blood pressure and
blood vessel caliber in the entire body. The role of alveolar mac-
rophages in AIDS and the infections of the lungs associated with
AIDS, such as pulmonary tuberculosis, are some of the new im-
portant challenges of pulmonary medicine.

The understanding of the functions of the myriad cells and
their molecular constituents is now a major frontier of pulmo-
nary science and will continue to be in the future. More detailed
insights regarding the directions of this research and the prom-
ise of this research for human health, as applied through clinical
care, will be described in the subsequent pages of this report.
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Disease Targets for the Coming Decade

In this section certain lung diseases have been singled out for
discussion because of the marked impasse in knowledge concern-
ing fundamental pathogenetic mechanisms and the perceived op-
portunities provided by intensified research. In the interests of
conserving length, this statement focuses on certain diseases to
the exclusion of others. By so doing, there was no intent to down-
grade in importance those specific diseases not mentioned. Within
each disease discussed, certain aspects have been selected for com-
ment, and no attempt has been made to thoroughly describe the
disease in all its aspects.

ASTHMA
The Compiexity of the Asthmatic State

Asthma is a complex inflammatory disease of the bronchi. Epi-
sodic coughing, wheezing, sensations of chest tightness, and dys-
pnea characterize this disease. Publications of the Expert Panel
Report of the National Heart, Lung, and Blood Institute of the
National Institutes of Health emphasize early and aggressive
treatment for asthma. Furthermore, these reports have refocused
the treatment of asthma from relieving bronchospasm to reduc-
ing inflammation.

The natural history and prognosis for patients with asthma
is varied. The majority of asthma starts in childhood, but new
asthma occurs in every decade of life. Childhood asthma gener-
ally improves by young adulthood; however, severe asthma in
childhood may persist through adulthood or may recur later in
life. In the United States, asthma prevalence, morbidity, and mor-
cality are all on the increase, and the reasons for this are poorly
understood.

Risk Factors and Unknowns of Therapy

Risk factors for asthma include genetic transmission, allergy, re-
spiratory infections, indoor and outdoor air pollution, occupa-
tional exposures, and possibly, dietary factors. The interrelation-
ship of these risk factors is still unclear. Present thinking is that
several genes are involved and that the combination of these genes
with exposure to allergens (primarily indoor allergens) determines
whether clinical asthma develops.

Although many drugs exist to treat asthma, the mechanisms
and sites of action are relatively unknown. Currently, large doses
of inhaled anti-inflammatory drugs are recommended during ex-
acerbations of asthma to attempt to reduce or eliminate the use
of oral steroids. Little definitive information exists on the long-
term side effects of inhaled corticosteroids, although at a dose
< 800 ng/d, they appear safe.

With respect to therapy of asthma, research in behavioral
science is critically needed to increase patient compliance with
effective medications, reverse severe attacks, and prevent attacks
by self-management programs. In addition, psychological and
educational factors such as personal or family disturbance, poor
understanding of asthma, or cultural and socioeconomic bar-
riers to treating asthma interfere with asthma management and
increase both morbidity and mortality. Prevention of asthmatic
attacks may require daily medications. This is difficult in chil-
dren who may not understand the importance of prevention when
they are breathing well. Population-based clinical and epidemi-

slogic studies are critically needed to identify risk factors in

“—asthma. Another need is to identify patients at risk for worsen-

ing or exacerbations of disease. It is of particular importance
to determine the predictors of recurrence in patients who pres-
ent to emergency facilities with clinical asthma. In this regard,

of special concern is the heightened prevalence of asthma as well
as morbidity and mortality of asthma among African Americans.
Complete understanding of the causes of this disproportionate
prevalence is lacking. Research on predictors of recurrence, in-
cluding social and cultural factors, could reduce such recurrent
morbidity.

The improvement of drug delivery systems to deposit more
medication in peripheral airways with little systemic absorption
is a major clinical need in asthma. This is especially important
in infants and elderly people who are not capable of performing
inhalation therapy. Also, little is known about the long-term safety
and efficacy of medications, especially in children who may be
using them lifelong. Answers to some basic questions, such as
the effects of anti-inflammatory agents on lung growth in chil-
dren, are critically needed.

The Need for Definition of Biological Causes

Even though it is commonly stated that asthma is a hereditary
disease, little has been accomplished to identify the genetic de-
fect in the biochemical abnormalities that result in clinical asthma.
The development of a reliable genetic marker that may control
asthma, e.g., IgE, is needed, especially for children who may be
predisposed to become asthmatic. Identification of predisposed
patients would enhance preventive measures to minimize risk fac-
tors.

Basic research is urgently needed into the controllers of the
asthmatic inflammatory process. We know little about how al-
lergens such as pollens are presented to the reticuloendothelial
system and what role T cells and other lymphoid tissue play in
the onset of bronchial inflammation. Little is known about how
the inflammatory process in patients with acute and chronic
asthma differs from inflammatory responses to viral and bac-
terial infections. Also, the up and down regulatory control of
receptors, especially on macrophage and activated dendritic cells,
along with the role of IgE in the cellular responses in asthmatic
attacks are not understood.

Data suggest that macrophages and interferon are important
in downregulation of lymphoid tissue. It has even been proposed
that a failure of this downregulation perpetuates the asthmatic
attack; however, thereis no firm supportive evidence at this time.

The role of the pulmonary circulation in asthma is also poorly
understood. How does pulmonary vascular smooth muscle re-
spond to mediators that are released during the asthmatic attack?

There is evidence that the regulation of neural impulses is
changed in patients with asthma, especially during acute attacks.
Substance P activity is increased in patients with fatal asthma,
possibly due to an increased production of substance P, upregu-
lation of substance P receptors, or inhibition of neutral endopep-
tidases that catabolize the mediators. A better understanding of
these mechanisms and the use of some of the new substance P
receptor antagonists deserve consideration in the future manage-
ment of asthma.

The mechanisms responsible for chronic inflammation in
asthma are poorly understood. Currently, it is believed that al-
veolar macrophages normally have a suppressive effect on T-lym-
phocyte proliferation. The mechanisms of this suppressive ac-
tivity and its function in asthmatic patients are unknown. This
suppressive effect of macrophages may be defective in patients
with asthma.

Acute respiratory viral infections are frequently associated with
exacerbations of asthma, and it remains possible that viruses may
genetically alter target cells, resulting in persistent abnormali-
ties of immunoregulation.
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Summary and Recommendations

1. Asthma is a complex inflammatory disease involving many
types of cells. Little is known about the initiating steps in this
inflammatory process, i.e., how antigens present to T lympho-
cytes and the interactions between genetic factors and environ-
mental factors.

2. Further research into the genetic factors that contribute to
asthma and into the controllers of the inflammatory response
is critically needed.

3. Population-based epidemiologic studies should be done to fur-
ther define the risk factors for the development of asthma
and for excess asthma mortality and morbidity.

4. Improved techniques to enhance patient management and im-
prove physician education are needed, as well as the develop-

ment of targeted drugs that reduce complications of steroid
therapy.
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LUNG CANCER
The Biological Basis of Carcinogenesis

Of all cancers, lung cancer is the leading cause of death world-
wide. The preponderance of lung cancer is attributable to ciga-
rette smoking, and cessation of smoking would dramatically re-
duce the incidence of lung cancer. However, the control of lung
cancer and other cancers in humans will not be possible until
the basic biological mechanisms that initiate tumors and cause
progression are understood.

Carcinogenesis, or the development of cancers, is a multistep
sequence in which cells accumulate multiple genetic alterations.
Fortunately, there is a growing body of data to elucidate the na-
ture of this genetic damage. A very attractive hypothesis states
that activated proto-oncogenes and/or inactivated tumor-suppres-
sor genes are the forces driving a normal cell to become a malig-
nant one. For example, if the ras oncogene is activated, and the
P33 tumor suppressor gene is inactivated, a colon or lung tumor
is far more likely to develop. Mechanisms believed to induce aber-
rant expression of proto-oncogenes are gene amplification, chro-
mosomal translocation, or gene rearrangement.

Precisely how radiation, chemicals, and environmental agents
induce crucial mutations at the gene level must be determined.
Ongoing research in this field has shown that tumor cells have
escaped normal growth controls. A number of these critical
growth-controlling factors are programmed by the sort of on-
cogenes just discussed. Thus far, this knowledge has been estab-
lished through studies of basic molecular biology. By further basic
study several therapeutic strategies may be developed to block
proto-oncogene expression. One such approach at present is treat-
ment with antisense oligonucleotides which bind specifically to
the suspected cancer-causing oncogene.

Determining Carcinogenicity

To establish which substances cause cancer and which do not
requires sophisticated and expensive epidemiology and carcinoge-
nicity testing. Common environmental comaminants_such as
aflatoxin, benzene, and asbestos fibers are proven carcinogens.
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But other equally pervasive materials such as ozone and other
oxidant gases, manmade mineral fibers, silica particles, and a
myriad of additional suspected carcinogens require evaluation.
Epidemiologists will be required to determine which populations
are exposed to putative cancer-causing agents and if there is risk
to the exposure.

Toxicologists will expose experimental animals to suspected
agents, establish correlations with human disease, and provide
early-warning systems to avoid human exposures. Cell biologists
must continue efforts to find the mechanisms of cancer devel-
opment in the context of human disease and animal testing. For
example, investigators have postulated that exposures to high con-
centrations of some agents cause cancer by stimulating persis-
tent cell proliferation, which may not occur at concentrations
to which humans are exposed. If true, such testing will give falsely
positive indications of carcinogenicity at the low concentrations
to which human populations may be exposed. But this surely
is not the whole story for two reasons: (/) there are chemicals
that clearly cause gross toxicity, including cell proliferation, and
do not induce tumors; and (2) there are known carcinogens that
exert effects in the absence of overt toxicity. It is essential that
this fundamental issue be elucidated. Epidemiology and carcino-

gen testing currently are at the heart of cancer research and must
be supported.

Promising Areas of Research in Lung Cancer

There are two emerging areas that deserve expanded support for
lung cancer research. One is termed “molecular epidemiology,”
and the other is “immunotoxin therapy.” The former uses the
burgeoning information on oncogenes and tumor-suppressor
genes to establish “biomarkers” that can be implicated in the gen-
esis of human lung cancer. A promising approach is case-control
studies to explore the relationship between risk of lung cancer
and genotype at specific gene loci. If lung cancer is already pres-
ent, prognosis can be determined. One such study has shown that
individuals with a rare allele for the oncogene H-ras-| are at in-
creased risk for developing nonadenocarcinomatous lung tumors,
but individuals exhibiting the L-myc genotype show no such risk.
Research must be supported to learn whether these biomarkers
provide keys to exposure to carcinogens, risks of those exposures,
diagnoses, and prognoses.

If lung tumors do develop, it seems feasible to treat some forms
by means of “immunotoxin” injection. In a most promising se-
ries of studies, investigators have fused a cell-killing bacterial
toxin to an antibody that binds specifically to tumor cells. After
internalization of the toxin, the targeted tumor cells are killed,
and the cancers in mice regress. It is imperative that fundamen-
tal strategies to establish risks of cancer and potential cures be
funded consistently and at effective levels.

As noted above, the preponderance of lung cancer is caused
by smoking. Yet millions of Americans continue to smoke and,
especially in the developing world, the prevalence of smoking
grows. The observation that 50% of all Americans who have
smoked have quit is testament to the effectiveness of multifaceted
campaigns to alter human behavior. In this regard, important
research objectives include identifying methods to help addicted
smokers quit, to recruit health professionals to counsel and sup-
port smoking cessation, and, more broadly, to seek economic
and political measures to reduce smoking worldwide.

Summary and Recommendations

1. Lung cancer is now the leading cause of cancer deaths world-
wide. .

2. The fundamental mechanisms initiating lung tumors remain
unknown. However, studies of the multistep sequences that
induce genetic alterations in cells that lead to cancer are prom-
ising and should be expanded.
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3. Fundamental strategies to establish the risks of carcinogenic
agents for lung cancer, such as “molecular epidemiology,” as
well as new technologies for treatment, such as “immuno-
toxins,” should be strongly supported.

. Research on smoking cessation is needed to continue to iden-
tify clinical, public health, and political-economic approaches
to promoting nonsmoking.
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TUBERCULOSIS
Present Status and Identification of Research Needs

The incidence of tuberculosis in the United States decreased about
5% per year every year until 1984, when the decline leveled off.
In 1988, the incidence increased for the first time in this century,
and 26,283 new cases were reported in 1991, the largest number
since 1981 and the highest case rate since 1983. The highest case
rates are in New York state and Washington, D.C., followed by

= California and Hawaii. Case rates are increasing rapidly for young

minorities, indicating that recent transmission of infection is oc-
curring in this group. It is estimated that human immunodefi-
ciency virus (HIV) infection accounts for about half the number
of excess cases that have occurred since 1984; the other half are
due to all other factors, including inadequate tuberculosis con-
trol programs.

It is predicted that the incidence of tuberculosis will continue
to increase in the United States for the remainder of the 1990s
and perhaps beyond. Increasingly, these new patients will har-
bor multidrug-resistant organisms, especially those who are liv-
ing in large urban ghettos. Prison populations will show marked
increases in incidence because the practice of clustering young
men or women who are HIV-positive and test positive to the tuber-
culin skin test is certain to accelerate the tuberculosis problem
for prisoners, prison workers, and the families and contacts of
both. This will not be a small public health problem because about
22 million U.S. citizens are jailed each year. If case rates for tuber-
culosis continue to climb at the same rate as now until the year
2000, the direct treatment costs are estimated to be $2.2 billion,
not including the major expenditures required to reconstruct
hospitals, jails, and prisons to reduce airborne transmission.

Overall, the research needs in tuberculosis are many. Research
is needed to develop cost-effective means of control, treatment,
prevention, and surveillance of tuberculosis; improved methods
of complying with treatment through behavioral research; new
diagnostic tests to identify tuberculosis infection and to more
rapidly identify Mycobacterium tuberculosis in clinical speci-
mens; environmental controls to reduce transmission of tuber-

- culosis; new drugs working through new understanding of the

structure and metabolism of M. tuberculosis; applications of mo-
lecular genetics to drug action and resistance; and better under-
standing of the factors of virulence.

Within this context, certain aspects of research on the etio-

1719

logic agent and on the host deserve emphasis. Investigation on
the etiologic agent should be markedly accelerated, for herein
lies the key to the long-term control of tuberculosis. Techniques
of molecular biology should be applied to study the genome of
the tubercle bacillus. Genes that encode for cell wall structure
and cell wall synthesis, drug susceptibility, and virulence should
be given highest priority. It is probable that there are multiple
virulence factors and that these substances modulate intracellu-
lar and extracellular events that promote the viability of the or-
ganism by resisting phagocytosis and aiding its persistence within
the macrophage after phagocytosis. Virulent strains persist within
the macrophage in part because of failure of the phagosome or
the engulfing compartment for the bacterium to fuse with the
lysosome or metabolic compartment of the cell where the or-
ganism is destroyed. Perhaps molecular messengers elaborated
by the tubercle baciilus prevent this fusion. These messengers
must be described if vaccine development is to succeed.

Tubercle Bacillus Drug Susceptibility and Resistance

The genes that encode for drug susceptibility to various an-
timicrobials should be described. Although isoniazid has been
used to treat tuberculosis since 1951, its mechanism of action
remains unknown. If known, the next step would be to synthe-
size related molecules that could have antimycobacterial activ-
ity against strains resistant to isoniazid. Recently, a large 4.2 kilo-
base (kb) chromosomal deletion has been found that is associated
with resistance to isoniazid, although most isoniazid-resistant
strains do not show this deletion. This is a major discovery that
opens the door for investigation into isoniazid’s mechanism of
action.

Drug testing for susceptibility and resistance of M. tubercu-
losis is time consuming, expensive, and requires weeks to accom-
plish. Methods for rapidly determining drug susceptibility are
needed urgently. When the genes encoding for drug resistance
are identified, targets can be developed for these genes and poty-
merase chain reaction (PCR) techniques can be devised to deter-
mine the presence or absence of these genes in a clinical isolate
within 24 h.

New drugs effective against the tubercle bacillus are urgently
needed. Pharmaceutical firms have given this need a low priority
because the potential for financial return is small. Accordingly,
the government must give financial support for this work. A first
step would be to systematically test available antimicrobial agents
that have never been tested for activity against M. tuberculosis.
This process is now under way.

The most effective long-range approach to devising new drugs
is to improve understanding of the physiology and molecular me-
tabolism of the tubercle bacillus. Such knowledge will lead to
targeted action of drugs at key sites in the metabolic chain to
induce death of the tubercle bacillus.

Host Factors in Tuberculosis

Research on host factors that determine resistance and suscepti-
bility to tuberculosis has been better funded than any other area
concerning tuberculosis. There is a large body of information
about phagocytosis, cytokines, and humoral antibody responses.
There is evidence in the mouse model for a gene, designated Beg,
that encodes for susceptibility to tuberculosis —it is located on
chromosome 1 in the mouse, and there is evidence that the same
gene is located on chromosome 2 in the human. In all probabil-
ity there are numerous host genes, perhaps 100 or more, that work
together to determine susceptibility to tuberculosis. 1t is urgent
that many of these genes be investigated. A start would be to
locate and fully describe the Bcg gene in the mouse and then
in the human. Success in this area will increase the possibility
for the development of a potent tuberculosis vaccine.
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Epidemiology of Tuberculosis

The epidemiology of tuberculosis is not understood as well as
it must be if innovative public health measures are to be devel-
oped to control tuberculosis. It is possible now to “fingerprint”
each wild strain of M. tuberculosis. Each strain that is not epi-
demiologically related to any other gives a unique fingerprint.
This fact provides the most powerful epidemiologic tool ever de-
veloped for tuberculosis, vet it is hardly used. Its use must be
promoted by developing rapid and inexpensive methods for fin-
gerprinting each isolate. It should be a goal to fingerprint every
new isolate in the United States each year, and it should be done
rapidly and inexpensively. These data will provide a wealth of
information about the epidemiology of tuberculosis and can
markedly advance the development of a rational control program.

A Vaccine for Tuberculosis

The long-range solution for tuberculosis control worldwide is
the development of a tuberculosis vaccine. The BCG vaccine,
developed in the first part of this century when knowledge of
immunology and mycobacteriology was primitive, is weak or not
effective among many population groups at greatest risk, i.e.,
Asians and blacks. Development of an effective vaccine first re-
quires a knowledge base about the organism and the host. These
needs have been outlined previously. We must identify virulence
factors along with the genes that encode for human susceptibil-
ity, and we must understand how the tubercle bacillus “orches-
trates the macrophage” so that it can persist and replicate within
the cell. When some of this is understood, a rational plan for
vaccine development will follow.

While we await the development of a tuberculosis vaccine,
research is needed to improve screening and identification of those
exposed to tuberculosis, along with prophylactic and curative
treatments. Tuberculosis is more prevalent among low-income
and socially distressed groups within our population, where ac-
cess to screening, prophylaxis, and treatment are often com-
promised. Therefore, methods are needed to improve dissemi-
nation of these measures to these populations.

Summary and Recommendations

1. The incidence of tuberculosis will continue to increase in the
United States for the remainder of the decade and continues
to be a major health problem requiring larger support for re-
search.

2. Research is needed to develop cost-effective means of con-
trol, treatment, prevention, and surveillance of tuberculosis.
This effort involves methods of improving treatment compli-
ance through behavioral research.

3. Information gained by molecular genetics is needed concern-
ing tubercle bacillus drug susceptibility and resistance, includ-
ing development of new methods for rapid detection of the
tubercle bacillus and its drug susceptibility.

4. Atuberculosis vaccine is the long-range solution for tubercu-
losis control worldwide, but its development is hampered by
a persistent lack of basic knowledge of the tubercle bacillus
and its interaction with host cells.
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CHRONIC OBSTRUCTIVE PULMONARY DISEASE
COPD Defined

Chronic obstructive pulmonary disease (COPD) is a term used
to describe a form of abnormal lung function attributed to air-
flow obstruction in bronchi. Within the category of COPD there
are two disease processes: chronic bronchitis and pulmonary em-
physema. Bronchitis has been defined by the World Health Or-
ganization as chronic or recurrent excess mucus secretion into
the bronchial tree on most days for at least 3 mo of the year for
at least two successive years. Pulmonary emphysema is defined
as enlargement and destruction of the alveolar-containing por-
tions of the lung. While pure forms of chronic bronchitis and
emphysema occur clinically, most often both diseases are pres-
ent in the same patient.

COPD causes shortness of breath or dyspnea, which can re-
sult in total disability. Chronic bronchitis results from inflam-
mation, and often infection, of bronchi, which in turn causes
cough and daily production of sputum. In the pure form of pul-
monary emphysema, cough and sputum may be absent. COPD
results in abnormally low levels of oxygen in the arterial blood
and, in the advanced stages, causes an increase in carbon diox-
ide in the blood and tissues. When either disease is advanced
and arterial blood oxygen levels are low, pulmonary hyperten-
sion develops from hypoxia, and the chambers of the right side
of the heart are strained by working against the high blood pres-
sure in the lungs. The chambers of the right side of the heart
enlarge and fail (cor pulmonale) so that patients suffer both re-
spiratory and cardiac failure.

Chronic bronchitis and emphysema differ from asthma be-
cause the airway obstruction is constant, less episodic, associated
with smoking, and usually is not linked with allergic phenomena.
In pure form, asthma usually occurs in the younger age groups,
while COPD occurs in the older patient. Cystic fibrosis, on the
other hand, causes bronchial obstruction because of an inherited
abnormality in bronchial mucus secretion, a wholly different
mechanism than occurs in either asthma or COPD.

Approximately 14.6 million Americans suffer from COPD,
of which 12.6 million have chronic bronchitis and 2 million have
emphysema. The prevalence of these diseases is even greater out-
side of the United States.

For at least 25 yr, cigarette smoking has been recognized as
the most important cause of chronic bronchitis and emphysema.
The evidence linking cigarette smoking to mortality and meas-
ures of morbidity in COPD, such as diagnosed disease, respira-
tory symptoms, reduced pulmonary function, disability, absence
because of illness, reduced quality of life, and reduced life ex-
pectancy, is overwhelming. Continued progress in our understand-

ing of how to induce nonsmoking will greatly reduce the burden
of COPD.

The Protease-Antiprotease Hypothesis

One of the most significant breakthroughs in the field of COPD
research in the past 30 yr was the discovery of a close association
between an inherited deficiency of a protein in the blood called
o,-antitrypsin, which inhibits proteases capable of degrading al-
veolar tissue and the occurrence of pulmonary emphysema clin-
ically among family members. While smoking exacerbates this
form of emphysema, the disease occurs in the absence of smok-
ing. The recognition of the occurrence of pulmonary emphysema
in association with a major protease enzyme inhibitor was com-
bined with a large body of experimental evidence that demon-
strates that proteases, particularly those that can degrade lung
elastin, can produce experimental emphysema in animals, and
that such proteases reside in the white blood cells of the body.
It has further been discovered that tobacco smoking diminishes
the inhibitory function of a,-antitrypsin in the lung by inducing
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a chemical change in the protein, and also that tobacco smoking
reduces resynthesis of lung elastin after degradation.

These observations provide a mechanism for the development
of pulmonary emphysema by an imbalance between protease in-

“~— hibitors and the burden of proteases in the lung. In the inherited

o,-antitrypsin deficiency, the deficiency is genetically determined.
In usual pulmonary emphysema from exposure to cigarette
smoking, a reduced inhibitory function of a,-antitrypsin is in-
duced by a chemical effect while also increasing the protease bur-
den on the lung from white blood cells residing in the lung.

Opportunities for Progress

Recognizing the role of cigarette smoking and possibly early bron-
chial obstruction in the etiology of COPD as well as the conse-
quences of imbalances between destructive proteases in the lung
and the inhibition of such proteases, a number of research in-
itiatives should be undertaken in the coming decade. In some
instances these initiatives, such as the Lung Health Study of the
NIH, have aiready begun and should be pursued further. The
following are recommended:

Summary and Recommendations

1. Analysis of the effects of bronchodilator therapy and of smok-
ing cessation on the natural history of chronic obstructive lung
disease, particularly between the ages of 35 and 59, as is be-
ing done in the Lung Health Study, should continue to be sup-
ported and extended.

2. Since inflammation in bronchi is a factor in early COPD, the
effects on the natural history of COPD of anti-inflammatory
agents should be studied in clinical trials.

3. The effects of intravenous a,-antitrypsin replacement on the
clinical course of the inherited form of «;-antitrypsin defi-
ciency and emphysema should continue to be evaluated by
the national registry and deserves long-term NIH support.

4. The pharmacologic development of wholly synthetic or nat-
ural inhibitors produced by recombinant techniques should
be encouraged because such agents, made available for safe
and economically practical use, may benefit patients with
COPD due to smoking as well as those with inherited defi-
ciency of a,-antitrypsin. Well-supported, large-scale clinical
trials will eventually be required to evaluate the efficacy of
such agents.

5. The development of a reliable marker to identify the pres-
ence of alveolar destruction in early or established pulmo-
nary emphysema is essential to evaluate pathogenic factors
in the natural history of COPD but also the efficacy of ther-
apeutic agents that may come on line.

6. Because marked differences exist in the individual clinical re-
sponses to the effects of cigarette smoking on the lungs and
their susceptibility to chronic bronchitis and emphysema in
the population at large, there is a need for characterization
of genetic links through family studies of patients with COPD.

7. Further development of effective smoking cessation techniques
should be supported.
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DISORDERS OF RESPIRATORY CONTROL
AND BREATHING DURING SLEEP

Clinical Syndromes

An important subset of breathing disorders is related not to ab-
normal structure of the lungs themselves but to inadequate ven-
tilatory efforts caused by disease of the muscles of breathing or
disorder of the nervous system that controls breathing. Abnor-
malities in breathing and of the exchange of oxygen occur in a
wide variety of common and rare diseases of this group. These
include muscular dystrophies, motor neuron disease, apnea of
premature infants, and sudden infant death syndrome. In recent
years a common and serious disorder, obstructive sleep apnea
syndrome, has been described and studied.

Obstructive sleep apnea (OSA) is a syndrome characterized
by snoring during sleep, interrupted breathing that causes reduc-
tions in blood oxygen during sleep, severe sleep fragmentation,
and excessive daytime sleepiness. It is a common disorder, with
current estimates of the prevalence in the United States ranging
from 7 to 18 million people. The syndrome ranges from mild to
severe. The severely affected patient will have serious daytime
hypersomnolence, which impairs function in the workplace, in-
terpersonal relationships, and daily activities, such as driving an
automobile. Milder forms present as abnormal daytime sleepi-
ness. Certain risk factors for the syndrome have been defined.
While the syndrome is most commonly diagnosed among male
subjects in the fifth through seventh decades of life, an impor-
tant subset includes young children with enlargement of tonsils
and adenoids. Various structural defects affecting the upper air-
way, such as craniofacial abnormalities, predispose to the OSA
syndrome. Approximately two thirds of adult patients are mildly
to moderately obese. The syndrome is more prevalent among
black Americans and those who regularly use alcohol.

The basic disorder is a narrowing and eventual closure of the
upper airway during sleep. When the upper airway is narrowed,
the result is snoring and frequent reductions in breathing rate
and depth, which result in inadequate gas exchange and reduc-
tion of oxygen content of the blood. When the narrowing pro-
gresses to obstruction, the oxygen content of the blood drops
abruptly, often to dangerous levels. Episodes such as this are ter-
minated by arousals, which are followed by resumption of sleep,
with the cycle repeating. The major consequences of OSA, there-
fore, are from sleep deprivation and reduction of oxygen con-
tent of the blood. '

Consequences of Obstructive Sleep Apnea

Few definitive data are available describing the natural history
of OSA. Health consequences related to OSA are hypertension,
coronary artery disease, myocardial infarction, stroke, and neu-
ropsychiatric problems, including depression, cognitive dysfunc-
tion, sexual dysfunction, and injury due to accidents. In fact,
recent studies suggest that the rate of automobile accidents among
sufferers of OSA is 5 to 7 times that of the general population.
Cardiovascular diseases are a major complication, with the prev-
alence of hypertension and coronary artery disease estimated to
be 3 to 4 times greater than in the general population.

Data concerning the total cost to society of this illness are
still fragmentary. However, the costs related to laboratory test-
ing, therapy with nasal continuous positive pressure breathing
(CPAP), and surgical therapy have been estimated to be $275
million annually. If all subjects with severe OSA were to be iden-
tified and receive appropriate medical therapy, the annual cost
in health care services would approach $3 billion. The indirect
costs related to loss of productivity range in the tens of billions.

Directions for Research
Research related to this syndrome has focused on two key issues
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in its pathogenesis: abnormalities of the structure of the upper
airway and abnormally low activity of pharyngeal dilator mus-
cles during sleep. Animal models have shown that upper airway
patency is determined by a balance of forces predisposing to-
ward collapse and dilatation. The understanding that the upper
airway functions as a variable resistor has been of great advan-
tage in devising rational therapies. Study of influences on the
motor output to the dilator muscles, primarily the genioglossus
muscle (the tongue), has shown that low levels of oxygen and
carbon dioxide in the blood increase motor output to the mus-
cles, while respiratory depressants, including drugs and alcohol,
decrease motor output.

Much work is now in progress defining the motor control of
the genioglossus. Recent evidence suggests that neurotransmit-
ters such as serotonin and TRH may play critical roles in its mo-
tor nucleus and that the cells innervating the tongue may have
key characteristics that distinguish them from other motor neu-
rons. Work is also in progress concerning the effects of sleep it-
self on the neural output to the upper airways. The profound
decrease and fragmentation of motor output to the genioglossus
during rapid eye movement (REM) sleep, along with fragmenta-
tion of this output, probably plays a critical role in generating
apnea during REM sleep. Motor output to the genioglossus dur-
ing slow wave sleep also has certain special characteristics, in-
cluding a relatively high threshold for carbon dioxide.

Much work has been done to define those structural features
of the upper airway that predispose to the syndrome. Imaging
studies have demonstrated decreased pharyngeal size in patients
with OSA compared with normal subjects. In this regard, the
role of obesity as a risk factor may be increased fat in the upper
airway with subsequent narrowing.

Approaches to Therapy

Treatment has been directed at stimulation of the dilator mus-
cles and maintenance of patency of the upper airway. Stimula-
tion has been attempted with a variety of drugs, and there is some
evidence that the tricyclic antidepressants may be useful, espe-
cially in obstructions related to REM sleep. The most successful
mechanical treatment has been the application of CPAP. This
technique increases the air pressure in the upper airway and is
generally successful in substantially ameliorating the obstruc-
tive syndrome. However, it is cumbersome, requiring the wear-
ing of an ungainly, noisy appliance during sleep. Not all patients
can tolerate the device and, even among those who can, long-
term compliance rarely exceeds 85%. Surgery has been directed
toward providing a fixed enlargement of the upper airway. Vari-
ous approaches have been used; none has been effective in more
than 50% of the cases. Recent data suggest that special presurgi-
cal evaluation can identify those patients in whom the surgery
will be effective.

Summary and Recommendations

1. Obstructive sleep apnea is a common disabling disorder that
may result in excess mortality and substantial morbidity.

2. Diagnosis and moderately effective therapy are available, but
both are cumbersome and expensive. Therapies are needed
to facilitate compliance and improve the quality of life.

3. The optimal therapy will likely be related to a highly specific
neuropharmacologic approach, which will allow selective stim-
ulation of the dilator muscles in the upper airway during sleep
and assure maintenance of its patency.

4. Research initiatives related to more sophisticated techniques
from neurophysiology and neuropharmacology should be
highly rewarding from both the scientific and health care points
of view.
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ACUTE RESPIRATORY DISTRESS SYNDROME IN ADULTS

Acute respiratory distress syndrome (ARDS) kills approximately
150,000 patients per year, many in the prime of life, and yet this
disease is relatively unknown by the public. In addition to the
poor outcome for treatment of patients with ARDS, the economic
cost of caring for such patients is enormous because it requires
the full armamentarium of technologic and personal care required
by intensive care units and, in some patients, chronic hospital-
ization after intensive care. ARDS is a syndrome that occurs in
a variety of clinical settings, often with associated dysfunction
of multiple organ systems, such as kidney, heart, liver, and cen-
tral nervous system. However, the two major factors that are
responsible for most cases of ARDS are infection and trauma.
While the processes of infection and trauma may occur outside
of the lung, cellular and molecular mechanisms consequent to
these two factors result in major failure of the respiratory system.

The alveolar capillary membrane of the lung, which separates
air from blood and across which the exchange of oxygen and
carbon dioxide takes place, is a fragile structure. Injury to al-
veoli and capillaries leads to loss of functional integrity of this
membrane, resulting in leakage of fluid into the membrane it-
self and other parts of the lung tissue, as well as alveoli, which
causes major interference with oxygenation of the blood. This
failure of oxygenation usually requires mechanical ventilatory
assistance to provide improved oxygenation and removal of car-
bon dioxide to sustain the life of the patient.

If we are to achieve progress in preventing and treating ARDS,
we must: (/) understand the cellular and biochemical mechanisms
that lead to injury to the alveolar capillary membrane as early
in the disease as possible, so that preventive measures can be in-
stituted (more definitive information is especially required of the
role of neutrophil oxidants and proteases in alveolar/capillary
injury; (2) understand the mechanisms at the molecular level that
alter the permeability to fluid exchange of the alveolar capillary
membrane, leading to lung edema; (3) understand the sequence
of cellular and biochemical factors that initiate repair of the lung,
which is often uncontrolled and leads to a stage of lung fibrosis
that induces its own compromises of function; (4) define the
agents of damage released by factors such as body trauma or
sepsis, which then initiate cellular and cytokine mechanisms to
injure the alveolar capillary membrane; and (5) understand the
needs of critical organs (brain, heart, liver, and kidneys) for blood
flow and oxygen in patients with ARDS. With such informa-
tion, strategies for assisted ventilation could be modified to op-
timize the balance between provision of gas exchange and in-
duction of ventilator-related lung damage. The therapeutic
potential of newer agents, such as inhaled nitric oxide, inhaled
surfactants, and protease inhibitors, requires thorough clinical
evaluation.

Clearly, progress in overcoming the devastating mortality of
ARDS cannot be achieved without greater understanding of the
fundamental cellular and biochemical mechanisms that set off
the syndrome and start it on its uncontrollable course. It is only
by definition of these factors through expanded research in this
field that we can devise specific countermeasures to overcome
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the agents of lung injury as early in the process as possible to
prevent or treat the disease before it becomes established.

‘'ummary and Recommendations

Acute respiratory distress syndrome is responsible for approx-
imately 150,000 deaths per year in the United States, yet there
is little public awareness of this disease.

2. Progress in preventing and treating ARDS is dependent on
an understanding of cellular and biochemical mechanisms that
lead to injury to the alveolar capillary membrane as early in
the disease as possible.

3. More definitive information is especially required on the role
of neutrophil oxidants and proteases in alveolar capillary mem-
brane injury, along with molecular mechanisms that alter the
permeability to fluid exchange of the alveolar capillary mem-
brane.

4. Understanding of this syndrome must extend to the sequence
of cellular and biochemical factors that lead to uncontrolled
repair of the lung and compromising lung fibrosis.

5. Enhanced understanding of the needs of critical organs such

as the brain, heart, liver, and kidneys for blood flow and oxy-

gen in ARDS is needed to better apply ventilator support while
limiting ventilator-related lung injury.
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ENVIRONMENTAL AND OCCUPATIONAL LUNG DISEASE

Environmental Hazards: Past and Future

As the 20th century ends, control of some lung diseases caused
by environmental and occupational agents seems imminent in
the United States. Research in this field has resulted in public
awareness and regulations, which have reduced the occurrence
of pneumoconioses caused by occupational exposure to inorganic
dusts and certain cancers, such as lung cancers caused by coke
oven emissions and mesothelioma caused by asbestos. Workplace
dust standards for organic dusts, such as those in the cotton tex-
tile industry, have substantially mitigated the adverse effects of
these exposures. Also, the concentrations of many outdoor air
pollutants have been lowered. Active smoking is declining, and
involuntary smoking is becoming more controlled in public lo-

itions and workplaces. The evidence from epidemiologic studies

“-ras been key in identifying the health risks posed by occupa-

tional and environmental agents and in guiding the development
of control strategies. Laboratory studies have examined cause-
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effect relationships and mechanisms of disease to provide de-
tails that complement the population-based studies.

However, it is important to understand that these successes
do not signal that research on the lung health risks of occupa-
tional and environmental agents is no longer needed. The health
risks from many other occupational and environmental exposures
remain to be defined. Significant questions remain about the
mechanisms by which nearly all of these agents cause disease.
These questions will be best resolved by research approaches that
integrate laboratory methods and population studies. The con-
trol strategies in place in the United States also need ongoing
research to ensure that the public health is being adequately pro-
tected. Complex controversies raised by the intersection of science,
regulation, law, and economics provide a mounting impetus for
research that would resolve pressing uncertainties.

We continue to find new lung health problems related to oc-
cupational and environmental agents as indoor and outdoor en-
vironments change and new occupational environments are
created. For example, occupational asthma is increasingly rec-
ognized as a worker health problem, and the list of causative
agents is growing quickly. As another example, gains made in
understanding and controlling outdoor pollutants have revealed
the public health significance of indoor pollutants, but research
on indoor air pollution is in its infancy. Current societal expec-
tations for comfortable and low-risk environments simply can-
not be met with our present knowiedge base on indoor air pol-
lution.

What Research Is Needed?

Etiology and cause-effect relationships. For a number of environ-
mental and occupational agents, causal links to disease are sus-
pected, but the evidence remains incomplete. As an example of
an environmental issue, the Environmental Protection Agency
is required by the 1990 Clean Air Act Amendments to consider
the health impacts of a large number of airborne chemicals
termed “air toxics.” The database on the effects of these agents
is incomplete, and control, if required, is certain to be very costly.
The database needs expansion, with information from both
population-based studies of exposure and possible effects and
laboratory studies of toxicity and the mechanisms of effects. As
an example, silica dust, a well-established occupational cause
of silicosis, is a possible risk factor for lung cancer. Because of
questions about the suitability of animal models for estimating
cancer risk in silica-exposed humans, it is likely that only epidemi-
ologic studies will improve our understanding of the actual can-
cer risk from silica exposures.

Cause-effect relationships are established through integration
of research using epidemiologic, clinical, and laboratory-based
approaches. Each of these scientific disciplines in the environ-
mental sciences needs to be maintained and fostered if public
health questions with regard to occupational and environmental
agents are to be answered.

Pathogenic mechanisms. At present, new techniques for inves-
tigating the mechanisms by which environmental and occupa-
tional agents cause lung disease are undergoing rapid develop-
ment. In addition to the advances of molecular and cellular
biology, modern toxicology includes techniques for assessing the
delivery of agents to sites of injury and measuring the ensuing
damage. We are learning how to extend these new techniques to
humans in the normal population as well as clinically. Using mo-
lecular epidemiology, biomarkers of exposure, susceptibility, and
response can gain a new level of understanding of disease patho-
genesis.

New laboratory and population studies need to be applied
to agents and diseases that have already been addressed using
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conventional epidemioiogic and toxicologic approaches, e.g., as-
bestos, asbestosis, and lung cancer, as well as to newer agents
and unknown responses. The application of the newer research
tools to well-characterized agents and diseases can provide an
important foundation of understanding that can then be extended
to defining the pathogenesis of other, lesser known agents and
diseases.

Risk assessment. The increasing use of risk assessment as a
tool for policy development has begun to drive both epidemio-
logic and laboratory investigations. Risk assessment can be sim-
plistically characterized as a four-step process: (/) hazard identi-
fication —is the agent hazardous? (2) exposure assessment — what
is the population pattern of exposure? (3) dose response assess-
ment — what is the relationship between dose and response? (4)
risk characterization — what is the risk posed to the population?
The risk assessment paradigm has brought new research needs,
particularly in the assessment of exposure and dose-response.
In fact, a new discipline of exposure assessment has been de-
fined over the last 10 yr. The techniques for dose-response as-
sessment are increasingly sophisticated, involving biomarkers and
pharmacokinetics in addition to more conventional toxicologic
and epidemiologic approaches.

Mixtures and multiple exposures. As we have better charac-
terized human exposures, the complexity of inhaled pollutant
mixtures has become apparent. We inhale mixtures of pollutants
that may combine to produce effects through synergism; more-
over, the same sites in the lung may be injured by multiple agents,
e.g., asbestos in the workplace and radon at home. While research
has tended to focus on a single agent or single disease, we need
to develop new, more holistic research models that address the
multiplicity of environmental and occupational insults to the lung
and their interactions. All researchers will acknowledge this need,
admitting that current, single-agent approaches are ultimately
unable to satisfactorily resolve the true problem of mitigating
risks from complex simultaneous and sequential exposures.

Summary and Recommendation

1. Although a considerable record of progress exists, there are
numerous issues concerning the causation of lung disease by
environmental and occupational exposures that remain to be
resolved. Satisfying the public demand for controlling health
risks in the workplace and general environment cannot be
achieved without continuing broadly based research involv-
ing multiple disciplines.

2. Epidemiologic studies form the cornerstone of identifying and
mitigating environmental and occupational health risks. The
continued importance of this discipline to resolving current
and future health issues must be recognized. To fulfill this
need, investigators must be attracted to the field, trained, and
supported.

3. It is critical to the resolution of environmental and occupa-
tional health issues that collaboration be fostered among the
disciplines of epidemiology, clinical (human exposure) studies,
and laboratory research. Few issues are likely to be resolved
solely by any one of these disciplines. The development of
noninvasive biomarkers of exposure and early (or subtle) ad-
verse effects, which can be used in population-based studies,
is one important goal of this collaboration.

References

1. Samet, J. M., F. F. Speizer, et al. 1993. Workshop on indoor air and
complex mixtures. Environ. Health Perspect. 101:143-204.

2. Health Effects Institute. June 1993. Research Priorities for Mobile Air
Toxics. Health Effects Institute, Cambridge, MA.

3. Dockery, D. W., A. Pope, IiI, X. Xu, J. D. Spengler, J. H. Ware, M. E.
Fay, B. G. Ferris, Jr, and F. E. Speizer. 1993. An association between
air poliution and mortality in six U.S. cities. V. Engl. J. Med. 329:
1753-1759.

AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 152

1995

4. Merchant, J. A., er al. 1990. Workshop on environmental and occupa-
tional asthma. Chest 98:1455-252S.

5. Bates, D. V., A. R. Gotsch, S. Brooks, P. J. Landrigan, J. L. Hankin-
son, J. A. Merchant, et al. 1992. Prevention of occupational lung dis-
ease: NHLBI Task Force on Research and Education for the Preven-
tion and Control of Respiratory Diseases. Chest 103(Supp!.):2155-301S.

PULMONARY VASCULAR DISEASE AND
LUNG TRANSPLANTATION

The lung has an extensive network of blood vessels to facilitate
transfer of oxygen in and carbon dioxide out of the body. A num-
ber of diseases impair the structure and function of these blood
vessels, leading to strain and failure of the right ventricle of the
heart as well as to low blood oxygen. Strain and failure of the
right ventricle (cor pulmonale) occurs as a consequence of chronic
hypoxia and lung disease. Cor pulmonale results from diverse
conditions, including chronic bronchitis and emphysema, throm-
boembolism, primary pulmonary hypertension, congenital heart
disease, and autoimmune diseases, such as systemic lupus ery-
thematosus, hypoventilation, and sleep apnea. The blood ves-
sels of the lung are also directly damaged in diverse conditions
such as ARDS and high-altitude pulmonary edema.

Much progress has been made in understanding and treating
pulmonary vascular disease, but much work remains. Research
involving the role of cytokines, growth factors, coagulation prod-
ucts, and the inflammatory mediators of macrophages and leu-
kocytes is leading to insights into abnormalities of the pulmo-
nary circulation. Studies of endothelial function and the control
of smooth muscle growth are beginning to yield insights with
therapeutic potential. Treatment of some forms of pulmonary
vascular disease with vasodilator and anti-inflammatory drugs
has led to improved quality of life and survival in many patients.
Especially noteworthy is nitric oxide by inhalation, which has
been found to be a potent, selective pulmonary vasodilator with
many potential applications to alleviate pulmonary hypertension
and improve oxygenation in acute lung injury. A striking exam-
ple of the success of multidisciplinary research is in the high cure
rate of thrombectomy in patients with cor pulmonale due to un-
resolved thromboembolism.

Lung transplantation has emerged as a successful therapy for
end-stage lung disease and especially pulmonary vascular disease.
Many of these patients are young women with primary pulmonary
hypertension. With improvements in understanding of lung pres-
ervation, the immunology of rejection, and prevention of infec-

tion, 1- and 2-yr suvival approaches 75% post-transplantation.

Many patients return to productive lives. Approximately 1,140
single- and double-lung transplants were performed in the United
States in 1993 compared with a total of about 1,600 from 1985
to 1991.

Summary and Recommendations

1. Right heart strain and failure occurs as a common and seri-
ous complication of many different diseases of the lung, due
to compromising effects on pulmonary blood vessels.

2. The cellular and molecular mechanisms that control blood
vessel structure and function in the lung are a critical area
of research that can lead to prevention and therapy of pulmo-
nary hypertension.

3. Lung transplantation continues to progress as a therapy for
irreversible end-stage lung disease. The immunologic basis of
chronic rejection is a major challenge.
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PEDIATRIC LUNG DISEASES

Morbidity and Mortality

Respiratory diseases of infancy and childhood are among the most
common causes for physician visits and are the most frequent
pediatric admission diagnoses to acute care hospitals (20% of
all admissions). These diseases account for more than 275 mil-
lion days of disability each year, cost billions of dollars of direct
and indirect health care costs per annum, and account for more
than 45% of all deaths in children under 1 yr of age. Ten to fif-
teen percent of all children develop a chronic lung disorder. There-
fore, enhanced understanding of the mechanisms involved with
these respiratory disorders would lead to better preventive strate-
gies, improved therapy, and a major improvement in the health
of infants and children with a marked decrease in morbidity and
mortality.

Approximately 25% of all infants develop an acute lower re-
spiratory tract illness, usually caused by viruses such as respira-
‘ory syncytial virus. Not only do these illnesses often produce

~_-crious acute medical problems, but they may be the precursors

for development of airway hyperreactivity and chronic lung dis-
ease such as asthma.

The Need for New Therapies

The development of new vaccines and antiviral drugs to prevent
and treat both acute and long-term respiratory problems as-
sociated with such infections is of utmost importance. Enhanced
understanding of the mechanisms involved in acute lower respi-
ratory tract illnesses in children should also improve therapy with
the use of anti-inflammatory and bronchodilator drugs as well
as other medications. Prevention strategies for lower respiratory
tract illnesses must include a broader understanding of the role
of nutrition, air pollution (especially parental smoking), day care,
allergies, and other societal, environmental, and familial factors
in contributing to the development and severity of such illnesses.
The development of artificial surfactants has already played

a major role in decreasing the morbidity of the common lung
disease of premature babies, infant respiratory distress syndrome,
also called hyaline membrane disease (HMD), but it is still un-
certain whether this new therapy will significantly decrease the
development of the chronic lung disease (commonly called bron-
chopulmonary dysplasia [BPD}) that follows HMD. Therefore,
other therapeutic approaches to both HMD and, subsequently,
BPD must be developed to decrease and eliminate the high mor-
bidity and mortality rates associated with these conditions. This
will require a better understanding of the mechanisms involved
in the development of both HMD and BPD. In addition to learn-
‘ng how to best use artificial surfactants to prevent HMD, we
Jso need to know how to enhance the neonate’s own production
~of surfactant and how possibly to delay destruction of both en-
dogenous and exogenous surfactant. The role of surfactant in
other lung diseases of infants and older children, such as meco-
nium aspiration, the “adult” respiratory distress syndrome, and
severe viral illnesses, needs to be elucidated. This will require a
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much better understanding of the metabolic and biochemical
workings of the lung.

Diseases of Prematurity and Infancy

Persistent fetal circulation (PFC) is another serious life-threaten-
ing condition found in premature babies and other neonates who
may suffer some insult to their lungs at the time of birth. The
basic mechanisms predisposing to this serious medical problem,
as well as the best strategies for prevention and treatment, are
not known. Because the mortality rate from PFC is quite high,
it is imperative that we understand how to prevent or treat this
condition.

Apnea of prematurity is a poorly understood entity that may
predispose to significant brain and other organ damage due to
low oxygen levels during periods of cessation of breathing. The
mechanisms producing apnea are not known. Similarly, the re-
lation of neonatal apnea and apparent life-threatening events in
somewhat older infants to sudden infant death syndrome is un-
known. The best methods of prevention and/or treatment for
these breathing disorders are currently not known.

Sudden infant death syndrome remains a major cause of in-
fant mortality. Current knowledge suggests that it is a respira-
tory disorder perhaps related to obstruction of airways and/or
to abnormalities of the control of respiration. Further under-
standing of the disease mechanisms involved in this syndrome
may allow us to identify high-risk infants and thereby prevent
sudden death.

Cystic Fibrosis

The recent discovery of the gene for cystic fibrosis and its abnor-
mal protein product has opened up new and exciting areas of
research that promise improved treatments and potential cure
for this highly lethal genetic disorder. However, better under-
standing of the pathophysiologic sequence of events is necessary
to develop appropriate therapeutic strategies. How Pseudomo-
nas aeruginosa, the most common bacterial pathogen, colonizes
the lung and produces lung damage, must be better understood
if we are to implement more effective therapies and determine
the optimal ways to use antibiotics, anti-inflammatory drugs,
drugs affecting water and electrolyte transport, and bronchodi-
lators.

Because the lung disease is present soon after birth, it is im-
perative to develop treatments applicable to young infants so that
lung disease can be prevented. We need sensitive, specific, rela-
tively noninvasive, and reproducible lung function tests applica-
ble to uncooperative subjects, such as infants and young chil-
dren. Advances in our understanding of the physiology of the
lung in early infancy as well as the recent development of some
new noninvasive tests opens up the possibility of establishing such
diagnostic and follow-up procedures. New therapeutic approaches
to the gastrointestinal and nutritional abnormalities of cystic
fibrosis must also be developed, based on enhanced understand-
ing of the disease mechanisms involved, to foster appropriate
growth of these patients.

AIDS in Infancy

AIDS in infancy is a serious problem that will increase in the
future. Therefore, we must discover improved treatments to pre-
vent the development or progression of AIDS in HIV-infected
infants to treat more effectively the various complications that
may develop, especially infections such as multiresistant tuber-
culosis and potentially to find treatment strategies to avoid HIV
infection of the fetus.

Other Diseases of Infancy and Childhood

Areas requiring extensive research to enhance our understand-
ing of disease mechanisms and to foster improved preventive and
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therapeutic approaches include: (/) the role of gastroesophageal
reflux in contributing to the development of acute and chronic
lung disease in childhood; (2) determining how extensive OSA
is in childhood and its potential contribution to behavior and
learning problems (in this regard, the importance of tonsillar and
adenoidal hypertrophy will need to be determined); (3) the mech-
anisms involved in the development of sinusitus, optimal treat-
ment for it, and the role of sinusitis in the development of lower
respiratory tract illnesses and airway hyperreactivity; and (4) the
role of prenatal insults (e.g., maternal smoking during pregnancy)
on lung growth and development and in the predisposition to
pulmonary diseases.

Summary and Recommendations

1. Respiratory diseases of infancy and childhood are among the
most common causes for physician visits and pediatric admis-
sions to acute care hospitals. Ten to fifteen percent of all chil-
dren develop a chronic lung disorder.

2. Approximately 25% of all infants develop an acute lower re-
spiratory tract viral illness such as that caused by respiratory
syncytial virus. These illnesses may be precursors for devel-
opment of airway hyperreactivity and asthma in later life.

3. Preventive strategies for lower respiratory tract illnesses must
include an understanding of the role of nutrition, air pollu-
tion (especially parental smoking), allergies, and other socie-
tal, environmental, and familial factors.

4. A number of diseases of prematurity and infancy, such as per-
sistent fetal circulation, apnea of prematurity, and Sudden In-
fant Death Syndrome have etiologies that are unknown, so
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that methods of prevention and treatment remain to be de-
fined.

5. The recent discovery of the gene for cystic fibrosis has opened
new. and exciting areas of research that promise treatments
and potential cures.

6. A major need in the investigation of pediatric lung disorders
is sensitive, specific, relatively noninvasive, and reproducible
lung function tests applicable to infants and young children.
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Opportunities for Research Enhancement

« New knowledge in biological science and knowledge of disease

move forward unevenly. Progress in clinical and biological science
depends not only on what is already known but also on new tools
that allow new strategies to be applied to problems. In this sec-
tion, certain areas have been highlighted that offer real prospects
for progress with intensive research efforts.

GENETIC MECHANISMS OF LUNG DISEASE
Genetic Predisposition versus Environmental Causes

In most diseases, genetic predisposition interacts with environ-
mental factors to produce the pathophysiology. For some lung
diseases, genetic factors predominate, as in cystic fibrosis (CF).
For other lung diseases, such as influenza, which is caused by
an infectious agent, environmental factors predominate. Yet even
in diseases that have a clear genetic cause, environmental fac-
tors may profoundly affect the course. For example, a CF pa-
tient who acquires Pseudomonas cepacia from the environment
has a fivefold greater chance of dying in the subsequent year than
an age-matched CF patient who escapes that infection. Similarly,
there appear to be constitutional differences in the response to
influenza infection that affect the morbidity and mortality from
the disease.

Identification of the genetic component, particularly for lung
diseases that are frequent or severe, could elucidate the patho-
physiology and might lead to interventions once the disease is
established or preventative measures before the disease progresses.
For example, not all heavy smokers develop chronic obstructive
lung disease. Definition of the genetic differences among smokers

- that predispose one person to develop emphysema while another

does not, might provide insight into the earliest stages of the dis-
ease and allow pharmacologic intervention. Asthma is a partic-
ularly common disease that clearly has familial traits, but for
which no genetic defect has been identified. The pattern of in-
heritance suggests that, in many families, more than one gene
may be involved in the predisposition to asthma. Identifying these
genes might allow better pharmacologic therapy or potential cures
with gene therapy.

Identifying the Abnormal Gene

Understanding the genetic basis of lung diseases requires several
general lines of investigation. First, the pathophysiology of a dis-
ease must be correlated with accompanying biochemical abnor-
malities, which provides a lead to a potential alteration in gene
structure or function that may contribute to the abnormal bio-
chemical processes. If the gene for such has been cloned, then
specific tests can be developed to determine whether abnormali-
ties in the function of the gene are present in the disease. On
the other hand, if there is strong evidence for a particular path-
way being aberrant in a disease, but the genes encoding for the
receptor, enzyme, etc., in these pathways have not been isolated,
then it is necessary to first clone these genes and to delineate
the relationship between the structure of the protein in question
and its function. At this point, appropriate studies can be un-
dertaken to assess gene defects in the disease. These efforts should
be directed in two areas: transgenic animal models and patient
population studies.

Transgenic animals (animals with experimentally altered gene
structure and functions) provide a powerful technique for test-
ing a hypothesis by either gene knockout or overexpression. The
use of tissue or cell-type specific promoters provides a method
of assessing gene function in the cell types of interest. This ap-
proach also allows development of animal models of disease. An-

imal models, such as for asthma, are desperately needed to fur-
ther research efforts in the pathogenesis of lung diseases.

Patient population studies using the candidate gene approach
involve assessing patients for defects in the particular gene of
interest, based on previous biochemical cues and cloning. Other
approaches include establishing links between certain chro-
mosomal markers and the presence of disease, even when the
precise gene of interest is not yet known. Once established, a more
detailed examination of these regions may result in identifica-
tion of specific gene mutations. These may be associated with
genes that encode for unknown proteins or proteins not suspected
based on biochemical studies to date.

New Approaches for Research in the
Genetics of Lung Disease

The approach for future research in the genetic basis of lung dis-
eases requires intensive efforts to define biochemical abnormal-
ities associated with pathophysiology, choosing candidate genes,
and cloning if necessary. Also, the molecular characteristics of
the gene and its encoded protein should be determined to assess
any gene abnormalities in patients and to develop transgenic an-
imal models. In tandem, linkage analysis with chromosomal
markers should be undertaken. Finally, the establishment of clin-
ically well-defined cohorts of related and unrelated patients is
necessary.

Current research in pulmonary diseases is lacking in several
of these areas. We recommend more intense investigation of the
cellular biology and biochemistry of lung diseases, which will
point toward specific pathways to be further explored by molec-
ular techniques. A greatly expanded effort then needs to be un-
dertaken to characterize or, if necessary, clone the appropriate
genes as indicated. Current basic research in this area is sorely
lacking in federally supported pulmonary research. For exam-
ple, less than 10% of the National Institutes of Health NHLBI-
or NIAID-funded grants for asthma are based on predominantly
molecular approaches. The search for the genetic basis of lung
disease, either by linkage analysis or specific gene assessment,
is also an area that is currently lacking. The effort that led to
the cloning and delineation of the gene defects in CF is an exam-
ple of how such efforts lead to a better understanding of a given
disease and to specific curative therapy. The technologies being
developed for the Human Genome Project, as well as the sequence
data resulting from this effort, provide additional opportunities
for determining genetic linkages to pulmonary diseases. Finally,
only a few transgenic models of pulmonary diseases have been
developed. We recommend a significant expansion of these ef-
forts as more genes become candidates for potential roles in lung
disease.

To fully implement this overall plan, large cohorts of well-
defined patients will be needed. We recommend the establish-
ment of a nationwide cooperative database of patients with se-
lected pulmonary diseases. Clinical characterization of patients
should be conducted with standardized approaches, so that ge-
netic abnormalities can be correlated with clinical features. Fi-
nally, blood and, where possible, tissue samples should be stored
from all patients and their family members for future genetic
analysis.

Summary and Recommendations

1. A significantly higher proportion of funds should be allocated
by government agencies to investigate the cellular biology and
biochemistry of lung diseases to identify and characterize the
appropriate genes involved in specific diseases of the lung.
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occurs after a “flu-like” illness, and many of the findings in the
disease are similar to that of infections. This i1s another disease
where studies of the cause of the disease are feasible and needed.

s—Adult Respiratory Distress Syndrome

In many instances, the initiating cause of adult respiratory dis-
tress syndrome is known. However, most individuals who have
these same exposures never develop lung disease. Studies are ur-
gently needed to discover the factors that determine individual
susceptibility to the development of this disease.

Summary and Recommendations

1. Studies that determine the specific causes of lung diseases are
timely and clearly needed. Studies of the cause of lung dis-
eases should be encouraged by granting agencies. Technolo-
gies have advanced sufficiently to make these studies feasible.

2. Training of new investigators interested in pursuing the cause
of lung diseases is clearly needed. This training may require
knowledge of molecular biology, epidemiology, and occupa-
tional medicine.

3. Studies of the cause of lung diseases should be highlighted
for the general public to increase support for research in gen-
eral. These studies are important because they can lead to the
cure of lung disease.
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MEDIATORS OF INJURY AND REPAIR: CYTOKINES

A marked increase of information has evolved in the last two
decades regarding cell-cell communication in biology and the
important role that cytokines play. Cytokines are chemical agents,
usually of protein structure and elaborated by cells that affect
the function of adjacent or distant cells and tissue. It is now un-
derstood that: (/) cytokines and interacting cytokine networks
are involved in almost all aspects of biologic homeostasis; (2)
regulated cytokine production is a part of normal metabolism,
growth, repair, and defense systems; and (3) disregulated cytokine
production is a significant factor in disease. Despite these new
insights, understanding of cytokines and cytokine biology can
be compared in many ways with that of the blind man and the
elephant. Numbers of investigators are describing toes, trunks,
and ears and demonstrating the role they play in selected func-
tions of the elephant; however, there are clearly areas that are
undescribed, and interrelationships between these areas are often
poorly appreciated. Thus, an effective appreciation of cytokines
and other mediators in the respiratory system will require data
gained from a number of different experimental and clinical sys-
tems. The outline below attempts to provide, in broad strokes,
areas where major gaps in knowledge presently exist, and spe-
cific examples are provided of particular relevance to pulmonary

‘iseases. The list of examples is not all-inclusive; they are cho-

~—sen for illustrative purposes only.

Basic Biology of Cytokines in the Lung

Information is required regarding the basic biology of Cytokines
in the lung. The questions that need to be addressed include:
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1. What are the cytokine profiles of the cells of the lung? What
cytokines do various cells make? What induces their produc-
tion? What are the cellular and molecular mechanisms of these
inductive processes? What is relative cytokine production in
isolated cells, co-cultures, organ constructs, intact organs, and
different regions of the respiratory tract?

2. What is the cytokine receptor profile of the cells of the lung?
Which cytokine receptors are expressed on the cells of the lung
and what regulates cytokine receptor expression?

3. What are the major and minor biologic effects of each cytokine
(with particular relevance to pulmonary cells and respiratory
biology)?

4. What are the effects of cytokines when administered in-
tratracheally, systemically, or produced in vivo in specific lo-
cations in the respiratory tract?

5. With what other cytokines, inflammatory mediators, and ma-
trix molecules does each mediator interact in mediating its
biologic effects? The ability of cytokines to interact with and
regulate the production of other mediators (prostaglandins,
tachykinins, leukotrienes, etc.) needs further investigation.

6. What are the cytokine networks responsible for and/or regulat-
ing major biologic phenomena in respiratory structures? For
example, what cytokin-cytokine and cytokin-cell interactions
are responsible for cell proliferation of T celis, B cells, macro-
phage-monocytes, mast cells, eosinophils, basophils, and ep-
ithelial cells, matrix production, cell-cell adherence, cell-matrix
adherence, and production of prostaglandins, leukotrienes,
tachykinins, and neuropeptides?

Cytokines in Normal Homeostasis

Analysis of the role of cytokines in disease must be predicated
on an understanding of the role that cytokines play in normal
growth, repair, and development. As a result, more detailed in-
formation is required of: (1) the sites, locations, and kinetics of
cytokine production in the normal and developing respiratory
system; (2) the sites, locations, and kinetics of alteration in recep-
tor expression in the normal and developing respiratory system;
and (3) the ability of cytokines administered or deleted at spe-
cific locations to alter normal homeostasis, growth, and devel-
opment.

Cytokines in Disease

A major issue in cytokine biology is the role that cytokines play
in disease. Particularly relevant is the differentiation of disregu-
lated cytokine production that is pathogenic from that which is
a physiologic response to the initial injury. As a result, additional
information is required regarding: (/) the site, location and ki-
netics of cytokine production in animal models of disease and
human disease; (2) the ability of mediators, alone and in combi-
nation with other cytokines and mediators of injury, to repro-
duce disease; (3) the ability of blocked production and/or effec-
tor function of cytokines to ameliorate diseases that exaggerate
cytokine production; and (4) the effect of cytokine replacement
on diseases having deficient cytokine production.

Etiology/Susceptibility

It is recognized that patients differ in individual susceptibility
to disease processes. The degree to which abnormalities in cy-
tokine production cause differences in the patterns of disease
or disease susceptibility has not been investigated. In this regard,
studies are required to determine the role that genetic alterations
in cytokine production play in susceptibility to diseases of the
bronchi and alveoli. If linkages exist between cytokine and
cytokine receptor, polymorphisms, and disease expression, par-
ticularly for diseases with genetic predispositions, such as asthma
and familial pulmonary fibrosis, such studies will be required
before attempts can be made to isolate the offending gene.
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firmed and development of the bases for future choices among
lifestyles, technologies, and regulatory strategies.

Summary and Recommendations

It seems certain that environmental and occupational factors
contribute to the occurrence and severity of lung disease caused
principally by other factors, such as lifestyle (e.g., smoking
and diet), genetics, infectious agents, etc. However, our pres-
ent understanding of the nature and magnitude of these ef-
fects and whether they are causal or contributory is rudimen-
tary. To mitigate the overall burden of lung disease and prevent
new risks in the future, it is critical that the relation of air-
borne contaminants to the expression of disease be better un-
derstood.

2. Research is needed that focuses on the contributions of mul-
tiple environmental and occupational factors to lung disease
rather than on the risk for expression of disease caused by
specific individual pollutants. The need will not be met by
assuming that the total contribution of these factors to dis-
ease equals the total of the risks estimated for each pollutant
individually.

3. Success in this field will depend on the combined collabora-

tive inputs of epidemiology, clinical medicine, human exposure

studies, and laboratory experimentation in concert with in-
formation from air sampling and analytical chemistry.
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THERAPEUTIC STRATEGIES
Control of Inflammation

Major advances over the past several years have dramatically en-
hanced understanding of a variety of lung diseases and provided
new opportunities for therapeutic intervention. For example, the
recognition that inflammation is integral to a much broader spec-
trum of lung diseases than suspected earlier has conceptually
altered therapy of some diseases. The best example in this cate-
gory is asthma. It is now known that the airway obstruction that
defines asthma is associated with inflammation in the lung. This
has several implications. Inflammation has received intense sci-
entific investigation by scientists in many disciplines, resulting
in major increases in understanding the process. Consequently,
it is known that cytokines, a variety of chemicals released from
inflammatory cells, mediate the effects of inflammation. Drugs
are being developed that alter release of these agents or their ac-
tion. These new categories of drugs may be applicable in asthma
and other inflammatory diseases of the lungs.

Similarly, the definition of molecules on the surface of cells
known as adhesion molecules, which cause inflammatory cells
to stick and initiate the inflammatory process, provides an addi-
tional possibility for therapeutic intervention. Substances that
prevent these cell surface molecules from acting or forming may
modulate the process of inflammation and its consequences for
the lung. Numerous other specific examples exist based on the

inderstanding that inflammation occurs in a variety of lung dis-
eases and from increased fundamental understanding of inflam-
mation. As this area continues to be a focus of scientific interest
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with practical implications, new strategies for therapies in lung
diseases will also emerge.

Immunotherapy

Techniques for developing specific antibodies to different pro-
teins also promise new therapies in diseases of the lung. This ap-
proach, called immunotherapy, is beginning to be clinically ap-
plied, and its potential is almost limitless. The technology for
creating monoclonal antibodies makes it possible to devise very
specific agents and, in theory, to favorably manipulate the ther-
apeutic versus side effects. Many of the chemicals involved in
mediating abnormal lung function are proteins, and antibodies
can be made to virtually any protein. Thus, the entire area of
immunotherapy should emerge more strongly as an additional
therapeutic approach to several lung diseases.

Gene Therapy

As in many areas of science, the development of techniques for
manipulating nucleic acids (molecular biology) raises dramatic
new possibilities for the therapy of diseases of the lung. The popu-
lar press is constantly reporting the application of “gene ther-
apy” to humans. Recently, clinical trials in CF have been approved
and are under way in several institutions. The other principal
inherited disease of the lungs, a,-antitrypsin deficiency, which
results in early emphysema, might also be amenable to this ap-
proach. However, these are only beginning therapeutic applica-
tions of this enormously potent technology. It is likely over the
next several years that an entirely new area of pharmacology will
emerge in which drugs are developed that have their effect tar-
geted to altering how genes are expressed in the body. In addi-
tion, the techniques for delivering DNA to the cells of the lungs
in animals and humans to alter cellular function will permit ap-
plication of gene therapy in its broadest sense to diseases of the
lungs that are not a direct consequence of a genetic abnormality,
but for which this strategy could be effective.

These are some examples of promising biological approaches
that will substantively affect therapeutic strategies in lung dis-
eases in the coming years. As is the nature of science, it is impos-
sible to predict the scope of dramatic new possibilities that will
result from the accumulation of new knowledge about how the
lung works and how it fails to do so.

Summary and Recommendations

Three areas of promise in developing new strategies for therapy
of lung disease are (/) control of inflammation based on deeper
understanding of molecular and cellular mechanisms of causes
and consequences; (2) immunotherapy by the creation of spe-
cific antibodies to develop therapeutic agents that target benefi-
cial effects and avoid side effects; and (3) gene therapy to correct
inherited gene abnormalities but also to correct abnormal cellu-
lar function by altering gene expression in specific cells.
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Recommendations for Implementation

— TRAINING PHYSICIAN-SCIENTISTS

It is recommended that new initiatives be taken to encourage and
facilitate research training and career development of highly quali-
fied physician-scientists under the guidance of established basic
investigators. Support for this program should be structured to
artract mentors from a broad spectrum of scientific disciplines
to provide the most outstanding research training available. Simi-
larly, physicians interested in a basic research experience rele-
vant to the pulmonary area should be identified early in the course
of postgraduate clinical training to initiate scientific interactions
in parallel with clinical activities. Procedures for early identifi-
cation of such individuals should cross medical and scientific
disciplines to include pulmonary medicine as well as cardiology,
cardiothoracic surgery, immunology, human genetics, microbi-
ology, infectious diseases, and pathology. These efforts will con-
tribute to the goal of attracting trainees from diverse clinical dis-
ciplines to a long-term involvement in basic pulmonary research.

TRAINING BASIC SCIENTISTS IN PULMONARY RESEARCH

Advances in the understanding of lung diseases will require con-
tributions of individuals able to integrate concepts and ap-
proaches across a range of disciplines from molecular biology
to systemic function. The training of these investigators should
be supported by interdisciplinary programs that require exposure
to more than a single experimental approach. Parallel efforts must
be made to identify and attract established basic scientists to di-
rect their efforts to the training of pulmonary scientists, and to
apply the most advanced approaches and tools of their disciplines

-0 investigations relevant to pulmonary physiology and patho-

physiology. It is essential that the most outstanding basic scien-
tists recognize that pulmonary disease is an interesting and fruitful
area of investigation, and that the pulmonary community benefits
from the input of a diverse group of investigators in both research
and training activities. These goals can be supported through en-
hancement of several ongoing activities of agencies within the
NIH, EPA, American Lung Association, and American Heart
Association.

Funds should be provided to support increased numbers of
“nonpulmonary” speakers at the international meeting; the mem-
bership should be encouraged to identify such individuals and
encourage them to consider their work in a pulmonary context.
The editors of the Society’s journals should continue to invite
contributions from the scientific community as a whole in the
form of a review article, Update, or Perspective relevant to pul-
monary biology and medicine.

It is further recommended that funds be allocated to support
an early-stage career development award to facilitate the transi-
tion from clinical to research training. Stipend support should
be provided to the trainee at the NIH postdoctoral scale with
additional funds for tuition costs, if supplementary didactic train-
ing is appropriate. Further minimal funding should be available
to support the cost of supply expenses in the laboratory and to
provide limited salary support for the mentor. The latter recom-
mendations are intended to encourage and facilitate training op-
portunities in laboratories that lie outside the pulmonary arena.

SUPPORT FOR PREDOCTORAL PULMONARY SCIENTISTS

~—New efforts should be initiated to attract predoctoral M.D. and

Ph.D. scientists to pulmonary research early in their careers. It
is recommended that 2-yr, predoctoral summer fellowships for
medical students working in the pulmonary area be established
and funded at competitive stipend levels. Further funds should
be made available to enable medical students to take a year from
their medical education to engage in pulmonary research. Finally,
funds should be allocated to support predoctoral stipends for
advanced graduate students who are in the laboratory phases of
their training and have demonstrated a clear commitment to pul-
monary research. These relatively low-cost investments in early
research training relevant to the commitment to pulmonary re-
search should yield long-term benefits in terms of research in-
terests, expertise, and training in this group of developing inves-
tigators.

INTERACTIONS OF GOVERNMENT, UNIVERSITIES,
AND INDUSTRY IN RESEARCH

Research in biomedical science in the United States is conducted
and supported mainly by government agencies concerned with
basic science and health, universities and their affiliated health
care facilities, and the pharmaceutical industry. Within the past
decade, fine examples of lasting cooperative ventures and research
programs between universities and pharmaceutical manufacturers
have emerged, as well as support of clinical trials by government
and the pharmaceutical industry. For over five decades, co-activity
of government agencies and universities in the support of health-
related research has been the underpinning for training of bio-
medical scientists and the support of investigator-initiated re-
search in biomedical science in this country.

Within the past three decades, enormous growth and sophisti-
cation have evolved in the research capability of the pharmaceu-
tical industry and, in fact, this research capability has led to ma-
jor contributions to health care and to their preeminence as an
economic resource in the United States. Unique opportunities
exist, therefore, to strengthen the whole research enterprise in
the United States by recognizing what can be contributed by the
special capabilities that government, universities, and industry
can bring to the discovery of new knowledge and the application
of that knowledge to improve human health. In the coming de-
cades, opportunities must be created by the scientific commu-
nity, and particularly the voluntary health agencies such as the
American Lung Association and the American Heart Associa-
tion, to organize these distinct strengths into programs of research,
both basic and clinical, to improve the health of society. By ap-
propriate organization, such cooperative programs can be created
without sacrifice of standards of ethics or objectivity. The op-
portunities exist; we must work toward implementation.

Summary and Recommendations

1. New initiatives should be taken to encourage and facilitate
physicians/scientists and nonphysicians/scientists to train for
careers in research under highly qualified scientist-mentors.

2. Support for programs for predoctoral pulmonary scientists
should also be sought.

3. In the coming decades opportunities must be sought for closer
cooperation and research among government, universities, and
biomedical industry to allow each to manifest its special capa-
bilities to the national research enterprise.
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- Task Force Report Summary

The lungs, with their primary function of providing oxygen and
‘minating carbon dioxide, are essential to life. However, con-
“~stant contact with air externally and the entire bloodstream in-
ternally makes the lung particularly vulnerable to disease, which
may be initiated within the lung or within other organ systems.
Each year approximately 300,000 Americans die of lung disease,
and diseases of the lung constitute the third most frequent cause
of death. While deaths from heart disease and cancer are decreas-
ing, deaths from lung disease are increasing. Lung diseases oc-
cur as a broad spectrum ranging from acute illnesses such as in-
fluenza and pneumonia to chronic diseases such as asthma, lung
cancer, emphysema, chronic bronchitis, tuberculosis, and occupa-
tional lung disease.

In this report, some diseases were selected for fuller discus-
sion because of their high prevalence and morbidity and to deline-
ate specific needs that the task force discerned as being critical
to achieving significant progress. These diseases include asthma,
lung cancer, tuberculosis, COPD, disorders of respiratory con-
trol and breathing during sleep, acute respiratory distress syn-
drome in adults, and pediatric lung diseases, which include dis-
eases of prematurity and infancy, cystic fibrosis, and AIDS, and
pulmonary vascular disease. In each disease, specific areas are
identified where lack of information is hampering progress in
understanding and treatment, and recommendations are offered.

Specific areas of scientific research have been selected for more
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detailed discussion to indicate how new knowledge over the short
term may lead to major understanding of fundamental mecha-
nisms of pathogenesis that play a role in a number of different
diseases. Such areas are genetic mechanisms of disease, media-
tors of injury and repair (cytokines), research for specific etiolo-
gies of diseases, such as asthma, lung cancer, interstitial lung
disease, sarcoid, and occupational and environmental lung dis-
eases, and therapeutic strategies, such as control of inflamma-
tion, immunotherapy, and gene therapy, where genetic compo-
nents may be used to alter function of cells as well as correct
inherited gene defects.

The report also deals with the challenges faced by physicians
and the health care system in administering to patients with
chronic iliness. A deeper understanding of the behavioral com-
ponents of illness must be incorporated into therapy to provide
effective care to the whole patient.

Because successful research depends on talented investigators,
there is a critical need for attracting talented individuals to careers
in biomedical research, particularly with respect to lung disease.
This need extends to physician-scientists, clinical investigators,
and basic scientists.

Over the coming decades there is great opportunity for closer
cooperation in research among government agencies, universi-
ties, and biomedical industry to allow each to manifest its spe-
cial capabilities to the national research enterprise in coopera-
tive ventures rather than parallel efforts.

The final section deals with the impact of lung research on
human health and points out that the state of health can only
be maintained by the prevention and cure of disease, which in-
cludes, in large measure, diseases of the respiratory system. To
overcome disease, we must understand the mechanisms of dis-
ease, which can only be attained through the unwavering sup-
port of basic biological and clinical research. It is only through
such efforts that we can significantly improve human health and
control the mounting costs of health care to society.



