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ksthma is an inflammatory disorder of unknown cause; it is ex- 
ceedingly common, with 5-7Vo of the population in the United 
States and Europe suffering from this disorder (1-3). We now 
recognize three distinct components to asthma: the asthma at- 
tack, i.e, an episode of airway obstruction that resolves sponta- 
neously or as a result of treatment; hyplerresponsivenas of the 
airways to a variety of provocative stimuli; and persistent, though 
poorly defined, "inflammation" of the airways. Indeed, there is 
good reason to believe that the "airway inflammation" of asthma 
is linked to the biology of airway obstruction and hyper- 
responsiveness, but the nature of these links has remained elu- 
sive (4-7). 

MAIING INFIAMMATION AND THE CLINICAL ASTHMA 
PHENOWPE: THE MEmNG OF TWO CULTURES 

As we make progress understanding the primal nature of the ab- 
normalities of the aisway ia asthma, researchers have been work- 
ing hard to link the identified inflammatosy abnormalities to 
the clinicall phenotype that we recognize as asthma. This has not 
been easy because it requires interactions between two previously 
very distinct cultures. On the one hand, there are individuals who 
have been involved in studying the biology of asthma from the 
perspective of the pulmonary physician and biologist. On the 
other are individuals whose primary interest has been in various 
aspects of the inflammatory response and the mechanisms that 
initiate and perpetuate this response Only rareiy do investiga- 
tors from these distinct research areas interact. 

AT$ A!iTHMA WORKSHOP-NOVEMBER 1993 

As part of its leadership role in working to establish the cause, 
and possibly a cure, for asthma, the A m d m  Thoracic Society 
sponsored a workshop in the fall of 1993 in which investigators 
who were working on the biology of asthma met with indivi- 
duals whose primary interests were in the biology of the Inflam- 
matory response To achieve this goal the conference organizing 
committee identified a group of individuals whose scientific wn- 
tributions are considered either outside of or on the edge of 
a d m a  research. They also identified a group of scientists whose 
primary field of endeavor had been in asthma research. 

Conference Structure 

Four sessions were held, during which various specific compo- 
nents of asthma were considered. First, we considered the mech- 
anisms that initiate and perpetuate the inflammation that is 
known to exist in the asthmatic airway. Second, effector mecha- 
nisms that could dink specific aspects of the inflammatory re- 
sponse to alterations in the asthmatic airway were addressed. 
Third, the role of nunmuscular mechanisms in causing airway 
obstruction in asthma was discussed. Fourth, we considered the 
progress that could likely result from dissecting the mechanisms 
of asthma using the same type of genetic approaches that had 
been applied by others ta understanding other complex disorders. 
To more widely disseminate the information that was comuni-  
cated in these sessions, workshop chairs and discussants have 
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prepared summaries of the salient issues that were discussed in 
each session. These summaries follow this introduction. Hw- 
ever, since jntegntion at some level has alrcady occurred, brief 
precis of each area is presented below. 

Lymphocyte4 and Airway Inflammation in Asthma 

There ate a nurnbw of distinct components of the airway inflam- 
mation recognized in asthma, as shown in the Figure Our cur- 
rent understanding is that lymphocytes bearing the TRI pbena- 
type, which respond to stimulation with antigens generally 
considered among those in the "allergic repertoire," populate the 
airway jn individuals with asthma. When aaivated, these cells 
secrete a limited panel of cytokines, including I L 4  and IL-5. 
Thse  two cytokines are of particular importance because they 
are thought to drive the differentiation and maturation of mast 
cells and eosinophils. Because mast cells and eosinophils are 
known to be present in the asthmatic airway at increased density 
and h u s e  these cells have the capacity to produce ef faor  mol- 
ecules that could lead to development of the asthmatic pheno- 
type, the presence of these cytokjnes is thought to be critical to 
the asthmatic response. Another critical aspect of the presence 
of the TH, cytokine panel is that, in the presence of antigen of 
the appropriate type, a microenvironment is created that drives 
the differentiation of B cells with the capacity to produce IgE. 
Since, it is known that the presence of IgE at eIevated levels Is 
associattd with the presence of asthma, there is reason to believe 
that thwe cytokines are of primal importance to asthma biol- 
ogy. Busse and colleagues (7) summarize the discussions in re- 
gard to the role of T and B cells in initiating and perpetuating 
the asthmatic response. 

Effector Mechanisms in Asthma 

The presence of primed cells in the airways alone is not enough 
to initiate an asthmatic response The cells in the airway must 
be activated, and the molecules that they secrete or synthesize 
as a s ~ u l t  of this activation lead to many of the phenotypical 
changes in asthma. Numerous such mechanisms have been iden- 
tified and may be of importance in asthma biology. Because of 
the limited time available for discussion at the meeting, only six 
distinct effector mechanisms were discussed (Table). 

We now know that the high-affmity IgE receptor is an im- 
portant link between the presence of specific antigen in the 
micrmvironmeni and activarion of mast cells and perhaps other 
cells. Antigen-specific IgE binds to effector cells via specific IgE 
receptors; when antigen binds an adequate number of thae rtcep 
tors to initiate receptor clustering, signal transduction occuts. 
The molecular nature of the IgE receptor is clearly defined; it 
is composed of four chains: an a chain, a B chain, and two y 
chains. It i s  known that the u chain binds I s ,  while it is thought 
that the y chains are the units that initiate intracellular signal 
transdudon; however, the specific mechanisms of transducrion 
are not established. 

The a ~ t i ~ t i o n  of wfls via the IgE receptor results in the re- 
lease of a number of physiologicalIy active biomolecuIes, includ- 
ing 5-lipoxygenase products and proteases. Five-lipoxygenme 
products are derived from arachidonic acid released from mern- 
b m e  phospholipids, which are subsequently lipoxygenated. Five- 
lipoxygenation of amchidonic acid requires the participation af 
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Figure 1. Potential schema of events leading to asthma. The inflam- 
matory wents are shown in t he  top portion of the figure while effec- 
tor mechanisms are shown below. 

an 18kD i n t e r n  membrane protein found in the perinuclear 
membranes of a large number of cells. When cells are activated, 
5-lipoxygenase is translocated to the perinuclear membrane and 
initiates its catalytic activity. Among the products that wentu- 
alIy derive from 5-lipoxygenation of arachidonic acid are the cys- 
teinyl leukotrienes; there is abundant evidence that these prod- 
ucts are important molecules effecting bronchoconstdction in 
asthma. Mast cell proteases are also released with celIular acti- 
vation. Although two major classes of protease, chymase and 
tryptase, have been designated in humans, there is a w i d e  variety 
of such proteases inmice, and it seems likely that a broad reper- 
toire may be e v e n t d y  discovered in humans. The endogenous 
substrates or the biologic actions of these proteases in asthma 
are not known. There is a more well-established role for proteases 
that are preswt in the microenvironment but are not secreted 
by activated cells. Among these proteases, neutral endopeptidase 
(E.C.3.4.24.11 or NEP) is known to be a major enzyme of im- 
portance in limiting the biological activity of small peptide medi- 
ators such as substance P or newkinin A. The mechanisms that 
control the expression of NEP are now in part understood, and 
their potential role in modulating asthmatic airway responses is 
becoming better established. 

The b-adrenergic receptor and nitric oxide represeat two ef- 
fector mechanisms that are important in modifying rhe biology 
of an asthmatic responsa The moledar biology of the Padre- 
nergic receptor is now established in detail, as well as how each 
of the domains of this receptor interact to traduce  a biological 
effect. An important area of new understanding is how inherited 
abnormalities of she 8-adrenergic receptor may alter its ability 
to transduce signals. Indeed, there is data suggesting that inherit- 
ing alleles that encode for altered forms of the B-adrenergjc recep- 
tor is associated with a decreased biologic response to receptor 
stimulation. Among molecules with the capacity to mcdulatt the 
asthmatic response, nitric oxide has been recently recognized as 
a potent biologic modifier. The mechanisms of action of nitric 
oxide as well as the potential for endogenously synthesized ni- 
tric oxide to modify asthma biology are just beginning to be un- 
derstood Indeed, there are data consistent with both a 
homeostatic role and a prophIogistic role for nitric oxide. Fur- 
ther information concerning each of thest effector systems can 
be found in the papers presented by Drazen and colleagues and 
Liggett and colleagues, which follow in this workshop report. 

Nonmuscular Aimay Obstruction 

Smooth muscle constriction can lead to airway obstruction;, haw- 

TABLE 1 

ASTHMATIC EFFECTOR MECHANISMS CONSIDERED 
AT M E  ATS ASTHMA WORKSHOP* 

-. 

1. The IgF &eptor 
2. Fiw-Jiporygenase products 
3. Mast cell proteases 
4. Peptidases degrading peptide mcdirton 
5. Nitric oxide 
6. The B receptor 

This list is not meant to be exhaush:  rather, h r t  tWcm rncrhanismrmrr d-m- 
en k a u s e  of recent advances in undersmnding thrtr potential importance in asthma. 

ever, we are just beginning to understand the relevance of non- 
muscular airway obstruction. The importance of airway wall 
remodeling with thickening of the airway wall due to infiltration 
with inflammatory cells and alteration in the amount and type 
of collagen deposited in the m y  is reflected in the enhanced 
degree of obstruction that is observed for a given level of smooth 
muscle activation in the remodeled wall. Another way for the 
wall to be thickened and hence the lumen obstructed is through 
the engorgement of the bronchial blood vessels. Indeed, such en- 
gorgement couid account for a significant component of asth- 
matic airway narrowing under certain circumstances. The im- 
portance of intraluminal fluids, including rnuwsubstances in 
asthma, is not well established. Nevertheless, data have shorn 
that the presence of mucus in the airway will obstruct the  airway 
and make it more difficult far individuals to clear seretions from 
their airways. Boucher and colleagues summarize tbe discussions 
in regard to the role of nonmuscular airway obstruction in 
asthma. 

Asthma Genetia 
Not much definitive is known about asthma genetics, but cur- 
rent data indicate that it is a compltx disorder resulting from 
the actions and interactions of a number of distink gene prod- 
ucts. However, at the same time as our ability to cleanly define 
the asthma phenotype has imprawd, more c~nprehensive link- 
age maps of the human genome have been created. Improved 
phenotypid assignment coupled with molecular linkage tech- 
niques holds the promise of identifying gwaic loci, and per- 
haps wenmally the specific genes, linked to asthma. T h e  paper 
p m t e d  by Bleecker and colleagues summarizes the discussions 
regarding asthma genetics. 

SUMMARY 
Most attendees agred that the workshop achieved its goal of 
bringing together individuals with a m b e r  of distinct scim- 
tific approaches to consider new ways of thinking about asthma. 
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