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subjects with asthma:
development of late ast

Sally E. Wenzel, MD,* Jay Y. Westcott, PhD,** and Gary L. Larsen, MD*

Denver, Colo.

Inflammatory mediators have been implicated in the pathogenesis of human asthma and have
been demonstrated to increase in bronchoalveolar lavage fluid during the time of the immediate
asthmatic response (IAR) after allergen instillation in the lungs. However, the relationship of
these mediators, measured early to the late asthmatic response (LAR), airway reactivity, and
clinical asthma, is unknown. In the present study, we evaluated mediator levels in
bronchoalveolar lavage fluid before and 5 minutes after allergen challenge from three subject

groups: atopic subjects without asthma (N =

7), atopic subjects with asthma and without LAR

((—) LAR) (N = 6), and atopic subjects with asthma and with LAR ({(+ ) LAR) (N = 6).
Subjects with asthma were differentiated into subjects with and without LARs based on at least a
15% decrease in FEV, between 3 to 8 hours postallergen inhalation. The mediators,
prostaglandin D, thromboxane B, leukotriene C, (LTC,), and histamine, were measured both
before and after allergen instillation. Baseline prechallenge levels were similar, except in the
case of LTC,. LTC, was detectable at baseline significantly more frequently in the atopic
subjects with asthma with and without LAR when these subjects were compared to the atopic
subjects without asthma (nine of 12 detectable versus one of seven detectable). In all groups,
significant increases in mediator levels were observed in the groups with asthma postallergen
challenge, compared to the atopic subjects without asthma. Atopic subjects with asthma and
without LAR had significantly higher levels of all four mediators after challenge than atopic
subjects with asthma and with LAR and atopic subjects without asthma. No correlation was
found between the mediator levels and airway physiology among any of the three groups.
Although atopic subjects with asthma and with LAR were more reactive to methacholine than
the other two groups, the difference did not reach significance. In addition, no correlation was
observed with cell counts, differentials, or proteins. It is hypothesized from these findings that
multiple factors are involved in the production of an LAR. These factors most likely include
mediator levels and underlying airway reactivity, with the more reactive airways requiring less
mediators for bronchoconstriction to occur. This finding implies that therapeutic options in
asthma should focus not only on blockage of mediator activity but also on reversal of underlying
airway hyperreactivity. (J ALLERGY CLIN IMMUNOL 1991 :87:540-8.)
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Abbreviations used

LAR: Late asthmatic response

IAR: Immediate asthmatic response
BALF: Bronchoalveolar lavage fluid
PGD,: Prostaglandin D,

Tx: Thromboxane
LTC,, LTE,, LTD,: Leukotrienes C,, E,, D,
PD,,: Provocative dose causing 20%
fall in FEV,

A variety of mediators have been implicated in the
pathogenesis of human asthma, but their role in the
production of the antigen-induced LAR is unknown.
In contrast, the contribution of mediators to the IAR
has been suggested by the presence of substances such
as histamine and PGD, in both BALF and serum.'*
In addition, both inhibitors and antagonists of a variety
of mediators present during the time of the IAR are
known to partially or completely block the IAR.” °
However, the relevance and/or necessity of the events
that constitute an IAR to the eventual production of
an LAR is controversial. Although it is possible that
mediators released during the IAR either directly
through continuous low level production or indirectly
through attraction and/or stimulation of other cells
induce the LAR, evidence to support this supposition
is lacking. It has recently been suggested that, in
sheep, the amount of sulfidopeptide leukotrienes gen-
erated during the IAR may determine whether an LAR
develops.” However, direct measurement of leuko-
trienes during the IAR was not performed. In contrast,
some investigators would argue that, when the IAR
is abolished physiologically by antihistamines or B-
agonists, the LAR will still occur or be accentuated
because of the larger antigen dose that can be admin-
istered in the presence of these agents.® This finding
suggests, at least, that a physiologic response is not
necessary during the IAR for an LAR to occur. How-
ever, these studies can not definitely conclude whether
the mediators produced during the IAR affect the
LAR. Although the effects of these drugs may block
the physiologic IAR, other cellular events, including
mediator release, may still occur during that time,
leading to the LAR.

We have previously measured mediator levels in
BALF in atopic subjects with asthma and have dem-
onstrated large increases in histamine, PGD,, TX, and
LTC, after allergen challenge. The mediator levels in
BALF from atopic subjects with asthma were higher
after allergen challenge than levels in control subjects
that included nonatopic subjects with asthma, atopic
subjects without asthma, and normal subjects.” > ° It
was apparent from these studies that significant vari-
ability existed in the subjects with asthma regarding
the mediator levels, although the reason for this vari-
ability was not known. We speculated that a relation-
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ship existed between the amount of mediators released
during the time of the IAR and the subsequent pro-
duction of an LAR. Whether this relationship was
further influenced by the underlying airway reactivity,
the dose of allergen administered, or the amount of
physiologic response during the IAR was unknown.

To test this hypothesis, we recruited atopic subjects
with asthma and divided the subjects into two groups
based on the presence or absence of an LAR after
inhaled allergen challenge. After a 2 to 4-week re-
covery period, these subjects, as well as a control
group of atopic subjects without asthma, underwent
a bronchoscopy with local instillation of allergen. The
subjects were lavaged before and 5 minutes after the
challenge. The lavage fluid was analyzed for cell
counts, protein, histamine, and the eicosanoids,
PGD,, TX, and LTC,. Mediator levels were then com-
pared with the amount of allergen administered, air-
way reactivity measured before allergen challenge,
and the presence or absence of an LAR. The data
demonstrate that all subjects with asthma have an in-
crease in mediators after challenge compared to the
atopic control subjects without asthma but that sub-
jects without an LAR have significantly greater
amounts of mediators in BALF 5 minutes after antigen
challenge than those subjects with LAR.

MATERIAL AND METHODS
Patient selection

Three groups of volunteer nonsmoking subjects, between
18 and 50 years of age, were recruited for study. The groups
included atopic subjects without asthma, atopic subjects
with asthma and without LAR, and atopic subjects with
asthma and with LAR. Testing was done on 2 or 3 separate
days, during a period of 2 to 4 weeks. Day 1 consisted of
the initial clinical screening, allergen skin testing, and
methacholine challenge. This testing procedure was done
to determine clinical allergy and asthma history, allergen
sensitivity, and airway reactivity. Day 2 consisted of an
allergen-inhalation challenge, whereas day 3 consisted of
bronchoalveolar lavage before and after local allergen in-
stillation. Testing on day 2 was not performed in atopic
subjects without asthma because of concerns of the Insti-
tutional Review Board regarding the long-term effects of
allergen-inhalation testing on subjects without asthma. In
this study, clinical asthma was defined as a history of doc-
umented wheezing and/or cough responsive to bronchodi-
lators. A clinical history of specific precipitating allergens
included symptoms of wheezing or rhinitis seasonally to
weeds (fall), grasses (spring), trees (early spring), or the
production of the same symptoms by cats or molds for at
least 3 years. Skin testing was performed with diluent and
histamine controls in parallel with a battery of 10 allergens
common in Colorado. Testing was done by skin prick
method at a 1:10 (wt/vol) dilution of a variety of stock
solutions (Greer Laboratories, Lenoir, N.C.). A positive
response was considered to be a wheal of 5 by 5 mm.™ Any
one positive response determined the subject to be atopic.

Spirometry (Eagle II, Warren E. Collins, Inc., Braintree,
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TABLE |. Subject data

J. ALLERGY CLIN. IMMUNOL.
FEBRUARY 1991

Allergen*
Methacholinet PD,, wheal diameter
Age* {mg/ml) FEV,/FVC* {mm)
Atopic
Without asthma 31 £ 4 1 =43 60f7>8.0 90.4 = 1.8 121 = 1.4
Asthma (—LAR) 28 + 3 0.23 (0.03 — 1.47% 72.0 = 5.5¢ 1.2 + 1.6
Asthma (+ LAR) 354 0.09 (0.03 - 0.3)% 65.8 + 4.8% 107 + 1.9
*Mean + SEM.

tGeometric mean with range.
tp < 0.05 compared to atopic subjects without asthma.

Mass.) was performed before methacholine challenge. If
the FEV, was >60% of predicted, the subject proceeded to
the methacholine challenge. The methacholine challenge
consisted of the inhalation of doubling concentrations of
methacholine (from 0.3 to 16 mg/ml) from a DeVilbiss
nebulizer (DeVilbiss Corp., Somerset, Pa.) until the FEV,
decreased by 20% or more, as previously described.'’ Five
vital capacity breaths with inhalation of diluent or metha-
choline were followed in 5 minutes by measurement of the
FEV,. When the FEV, fell by 20% or greater, or the maximal
dose was reached, testing was stopped, and the (PD,,) was
determined by extrapolation from the dose-response curve
(Table I).

Nineteen subjects were entered into the study at this point.
Twelve subjects met criteria for asthma and proceeded to
day 2 of the study. Seven subjects served as atopic control
subjects with no clinical history of asthma or increased
airway reactivity. As previously mentioned, these subjects
did not undergo day 2 testing. The 12 subjects with asthma
underwent allergen-inhalation challenge as follows: The-
ophylline preparations were held for 24 hours before study,
whercas (3-agonists were stopped 8 hours before challenge.
No subject was taking inhaled or oral steroids or cromolyn.
All subjects began the study between 7 and 7:30 am. The
subjects inhaled logarithmically increasing concentrations
of allergen beginning at 1:1,000,000 and proceeding to
1:100 (wt/vol). If the FEV, did not fall by 20% or greater
at 1:100, that dose was repeated. At each point, the patient
inhaled 10 tidal volume breaths from a Hudson (Hudson
Respiratory Care, Inc., Temecula, Calif.) nebulizer. The
FEV, was measured at S-minute intervals until the maximum
drop was measured (as evidenced by an increase in the FEV,
of 5% or more from the previous level). If the FEV, had
not fallen by 20% after 15 minutes, the next concentration
was administered.

Once a 20% drop in FEV, was measured, spirometry was
performed at 15-minute intervals for the first hour and then
hourly for the next 12 hours. An LAR was defined as a 15%
or greater fall in FEV, from the prechallenge baseline oc-
curring between 3 to 12 hours after challenge.

Subjects were excluded from the study if they were preg-
nant, had a history of heart disease, were currently receiving
steroids of any kind, or were receiving allergen immuno-

therapy. All subjects were tested out of the respective al-
lergen season or after attempts to minimize environmental
(i.e., cat) exposure. All subjects gave informed consent,
and the study was approved by the National Jewish Insti-
tutional Review Board.

Bronchoalveolar chalienge and lavage

At least 2 weeks after allergen-inhalation and methacho-
line challenge, subjects returned to the hospital for bron-
choalveolar lavage. Respiratory medications were withheld
as for the allergen-inhalation challenge. If the FEV, varied
<10% from baseline, bronchoscopy was performed follow-
ing previously described guidelines.'? Premedication con-
sisted of intramuscular atropine (0.6 mg) and codeine (30
mg). Intravenous access, oxygen therapy, and oximetry
monitoring were maintained throughout the procedure. Just
before bronchoscopy, subjects received 1 to 2 mg of intra-
venous midazolam. Once again, all studies were begun be-
tween 7 and 7:30 aM. Airway anesthesia consisted of li-
docaine (4%) aerosolized to the upper airways, posterior
pharynx, and epiglottis. The bronchoscope (Olympus BR
4B; Olympus Corp. of America, New Hyde Park, N.Y.)
was passed nasally, and lidocaine (2%) was delivered di-
rectly onto the vocal cords before passage into the lungs.
Once in the lungs, | to 2 ml of lidocaine (2%) was used at
the carina and again just before the wedge. After wedging
in a fourth to fifth order bronchus of the lingula, four aliquots
(37 ml) of sterile saline at 37° C were instilled through the
bronchoscope and sequentially removed under gentle man-
ual aspiration. The bronchoscope was then repositioned in
a corresponding subsegment of the right lung. Five milli-
liters of allergen to which the subjects demonstrated skin
sensitivity were instilled at varying concentrations, depend-
ing on allergen-inhalation challenge (in the subjects with
asthma) or skin testing (in the subjects without asthma).
The subjects with asthma received 5 ml of a tenfold lower
concentration than that which caused a 20% decrease in
the FEV, on inhalational challenge with five subjects with-
out LAR receiving 1:1000 and one receiving 1:10,000;
three subjects with LAR receiving 1:1000, one receiving
1:10,000 and two subjects receiving 1 : 100,000. The atopic
subjects without asthma received allergen based on skin
testing data. A concentration of 1: 10,000 was administered
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to subjects with wheals >15 mm and 1:1000 was admin-
istered for wheals 10 to 15 mm. In the group studied, five
received 1:1000 and two subjects received 1:10,000. Sub-
jects with asthma and without LAR received ragweed
(N = 1) or cat allergen (N = 5), whereas subjects with
asthma and LAR were administered timothy grass (N = 2),
Alternaria (N = 1), and cat allergen (N = 3). Atopic sub-
jects without asthma received either ragweed (N = 3) or
timothy grass allergen (N = 4). Mean wheal diameters with
range, as an indication of allergen sensitivity, are listed in
Table 1. All measurements were obtained at a 1: 10 dilution
with the skin prick method. Antigens were distributed as
noted for the bronchoalveolar challenge. Although the
amount of antigen administered to the atopic subjects with-
out asthma is somewhat arbitrary, in view of the fact that
allergen inhalational studies were not performed, we be-
lieved it was the best indication of allergen sensitivity that
we had available. The amount administered was very similar
to, if not higher than, that administered to the two groups
with asthma.

Processing of BALF

The four BALF aliquots collected before and after aller-
gen challenge were combined immediately after the pro-
cedure. The pre- and postallergen lavage samples were then
centrifuged at 4° C to separate fluid from cells. A portion
of each supernatant was aliquoted into 2 vol of iced meth-
anol and frozen at —70° C. The remainder was stored at
—70° C for analysis of protein and histamine. Cell counts
and viability testing were performed with a hemacytometer
and trypan blue exclusion staining, with results expressed
as viable cells per milliliter of lavage fluid. Differentials
were done with a Diff-Quik stain (American Scientific Prod-
ucts, McGraw Park, Il11.) and counting 200 cells.

Analytical methods

Protein was analyzed with a modified Lowry technique.*
Histamine was assayed by a modification of the single iso-
tope radioenzymatic technique previously described,' *
which is sensitive to 100 pg/ml. This method used histamine
N-methyltransferase prepared from rat kidneys. ** Intra-assay
variation was <10%.

The eicosanoids, PGD,, TX, and LTC,, were measured
with enzyme immunoassays as previously described.'
[FHILTE, (15,000 disintegrations per minute; 79 pg, New
England Nuclear, Boston, Mass.) was added to each BALF
sample as a marker for leukotriene recovery being used
instead of ["H]JLTC, because of the lower mass added with
the [*H]LTE,. Eicosanoids were partially purified with oc-
tadecysilyl Sep-Pak (Waters Associates, Milford, Mass.)
cartridges. Prostanoids were eluted in 5 ml of 1% metha-
nol/ethyl acetate, whereas leukotrienes were eluted in 5 ml
of 80% methanol/water. Previously, recovery of radiola-
beled prostanoids was found to be 80% to 92% in a similar
set of samples.® In the present sample, recovery was >80%
for peptidoleukotrienes. Samples were then evaporated un-
der negative pressure and redissolved in a phosphate-buffer
for analysis by enzyme immunoassays. Samples for PGD,
were first derivitized to PGD,-methoximine with the pre-
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viously described method.'” The prostanoid assays used rab-
bit polyclonal antibodies, which were the gifts of Dr.
Jacques Maclouf (INSERM, Paris, France), whereas LTC,
was measured with a mouse monoclonal antibody with
100% cross-reactivity to LTD,, 55% LTC,, and 51% LTE,
(Advanced Magnetics, Boston, Mass.).”® Enzyme tracers
were purchased from Cayman Chemicals (Ann Arbor,
Mich.). Prior studies of the peptidoleukotrienes with high-
performance liquid chromatography and a second leuko-
triene antibody, more specific for LTC,, confirmed that most
leukotrienes present were LTC,.° In this study, leukotrienes
measured are expressed as immunoreactive LTC,. Quanti-
tation of LTC, in BALF was corrected for recovery of
[*HILTE, through the Sep-Pak.

Statistical analysis

All results were expressed as mean + SEM or geometric
mean with range. When the levels of the mediators were
below the sensitivity level of the assay, the levels were
reported in the text and graphically as “nondetectable.” La-
vage results were evaluated as “per milliliter” of lavage fluid,
as in previous studies.” *° Statistical analysis was performed
with one-way analysis of variance with the Dunnett method
for repeated measures.' Chi-square analysis was used to
compare the two groups (subjects with asthma versus with-
out) when nondetectable levels in one of the two groups
made comparisons of the means impractical. This was done
by analyzing the proportions of detectable to nondetectable
levels in each group. Results were analyzed between groups
before and after allergen challenge. Correlation analysis was
used to compare physiologic parameters, such as FEV, (per-
cent predicted) and methacholine PD,, with mediator levels.
Statistical significance was defined at p < 0.05, unless it is
otherwise noted.

RESULTS
Physiologic parameters

As has been reported by other investigators,* sub-
jects with LARs tended to be more reactive than sub-
Jects without LARs (Table I). However, statistical sig-
nificance for this parameter was not reached (p =
0.28). Significant differences in FEV,/FVC and FEV,
(percent of predicted) were observed between the
groups with and without asthma (p < 0.05) (Table
I), but not between subjects with asthma with and
without an LAR.

Lavage resuits

As noted in the METHODS section, the percent
volume of return in both groups with asthma was
significantly less than that from the atopic group with-
out asthma, both before and after allergen instillation.
However, there were no significant differences be-
tween the two groups with asthma when groups were
compared to each other or when the volumes before
allergen challenge are compared to after allergen chal-
lenge (Table II).

There were no significant differences among the
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TABLE Il. Lavage data
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Protein {(mg/ml)

Volume (ml) Cells/ml ( x 10%)
Atopic
Without asthma
Before 84 = 8 10.5 + 5.6 129 - 20
After 89 + 4 6.1 + 1.7 95 - 12
Asthma (— LAR)
Before 56 + 11* 94 + 2.0 130 ~ 23
After 47 = 9% 9.6 + 4.6 163 = 3
Asthma (+ LAR)
Before 56 + 5% 105 = 2.8 214 2 &Y
After 47 = 8* 537+ 1.8 157 = 32
All values, mean * SEM.
*p < 0.05 compared to atopic subjects without asthma.
TABLE lll. Bronchoalveolar cell differentials preallergen chalienge
Total celis Macrophages Neutrophils Eosinophils Lymphocytes
Group {x10% {as % of total)
Atopic
Without asthma
Before 10.5 = 5.6 94 + | I =1 3+ 2=
After 6.1 1.7 92 = 1 1 + 1 2+ 2 + 2
Asthma (—LAR)
Before 94 =20 9N =2 2 =1 4 = | 4 %2
After 9.6 + 4.6 89 = 1| 1 =1 3+t 7+
Asthma (+ LAR)
Before 10.5 = 2.8 88 + 2 2 +1 5+2 S§5+3
After 57+ 1.8 90 + 1 3+ 3+ 1 AR |

All numbers, mean = SEM.

three groups when either total cell counts per milliliter
of lavage fluid or protein levels were compared (Table
II). Cell differentials were not significantly different
between any group or before challenge to after aller-
gen challenge. The pre- and postchallenge differen-
tials are listed in Table III.

Mediator levels

Each of the four mediators was measured both be-
fore and after allergen challenge. Atopic subjects with
asthma both with and without LARs tended to have
higher baseline levels of mediators (except for PGD,)
than atopic subjects without asthma. LTC, was often
below detection in baseline samples but was detectable
in five of six subjects with asthma and without an
LAR, four of six subjects with asthma with an LAR,
and only in one of seven atopic subjects without

asthma (p < 0.04 by chi-square analysis for atopic
subjects with asthma versus atopic subjects without
asthma). After allergen challenge, BALF collected
from atopic subjects with asthma both with and with-
out LAR had significant increases in all four mediators
compared to atopic subjects without asthma and preal-
lergen challenge (Fig. 1). When the postallergen chal-
lenge levels were compared between the two atopic
groups with asthma, in the case of all four mediators,
the levels were significantly higher in those sub-
jects without LARs than in those subjects with an
LAR.

Correiation analysis

In an effort to correlate physiologic changes with
mediator levels, the levels of each mediator were com-
pared both pre- and postallergen challenge with
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FIG. 1. Concentrations in BALF pre- and postendobronchial allergen challenge from atopic sub-
jects with asthma and with and without LAR, and from atopic control subjects without asthma.
A, Histamine. B, LTC,. C, PGD,. D, TX. Atopic subjects without LAR have significantly elevated
levels of all mediators measured compared to atopic subjects without asthma and atopic subjects

with asthma and with LAR.

methacholine PD,,, FEV, (percent of predicted), and
FEV,/FVC. In addition, volume of return and cell
counts were compared to these same physiologic pa-
rameters.

Preallergen challenge. No significant correlations
were observed in preallergen challenge between me-
diators and physiologic parameters. In contrast, strong
correlations were observed between volume of re-
turn and prechallenge FEV,/FVC (r* = 0.476;p =
0.0008), as well as FEV, prechallenge (percent of
predicted) (r* = 0.407; p = 0.0025). Although cell-
number prechallenge correlated with FEV, (> =

0.28; p = 0.02), there was no significant correlation
with mediator levels.

Postallergen challenge. No significant correlations
were observed in postallergen challenge between
amount of mediators measured and airway reactivity
or degree of obstruction. There was no statistical cor-
relation between the size of the immediate wheal ob-
served on allergen skin testing or the amount of al-
lergen instilled and the amount of mediators released
after challenge. Likewise, the size and duration of the
JAR after the inhalational antigen challenge did not
correlate with mediator levels.
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DISCUSSION

In the present study, we have demonstrated that a
significant difference exists in the amount of mediators
measured in the lungs soon after allergen instillation
in those subjects with and without an LAR. Previ-
ously, we had demonstrated that, in atopic subjects
with asthma, histamine, LTC,, PGD,, and TX were
increased in postallergen challenge compared to in-
creases in control subjects that included normal sub-
jects, atopic subjects without asthma, and nonatopic
subjects with asthma. This study further demonstrates
that lesser amounts of all four of these mediators are
measured in those subjects with an LAR than in those
subjects without an LAR.

The significance of increased mediator levels in the
airways on the production of an LAR has been con-
troversial. Some investigators have measured small
increases in histamine, LTB,, and LTC,. in blood or
lavage in subjects with LAR,*-** whereas other in-
vestigators have been unable to do so.™ Several me-
diators, including histamine, leukotrienes, and TX,
have been reported to be increased at the time of the
late-phase reaction after nasal-antigen challenge and
cutaneous challenge.** ** Also, pharmacologic studies
with a variety of mediator inhibitors have been in-
conclusive.* ¥’

Whether the mediators present at the time of the
LAR or the physiologic changes occurring then are at
all controlled by events occurring during the IAR is
unknown. In this regard, Abraham’ proposed that “the
late response to inhaled antigen is dependent on mech-
anisms initiated during the acute allergic reaction.”
His work was done in sheep with a variety of inhibitors
and antagonists. No direct measurement of mediators
was performed. However, based on his findings, he
believed leukotriene generation during the AR con-
trolled the LAR. The current study attempted to eval-
uate that hypothesis in human subjects with asthma
and with and without LARs, whereas mediator lev-
els were being directly measured during the time of
the 1AR.

Although we had demonstrated large increases in
mediator levels 5 minutes postendobronchial allergen
instillation, there had always been wide ranges of
levels measured, with only minimal relation to phys-
iologic parameters during the IAR.® Since there did
not appear to be a relationship of mediator levels to
the physiologic IAR, we elected to evaluate possible
relationships to subsequent LAR production and air-
way reactivity. It became apparent that, in contrast to
speculation based on observations in sheep, lower
levels of mediators were measured in subjects with
LARs compared to subjects without LARs. Since ac-
tual mediator levels were not performed in the studies

J. ALLERGY CLIN. iIMMUNOL.
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summarized by Abraham,” other reasons than differ-
ences in mediator levels could explain these results in
sheep. Certainly pharmacologic blockers would be ¢i-
fective, regardless of the absolute level of mediators
being blocked. The equivalent dose that caused an
LAR in dual responding sheep caused only an lAR in
single responders, implying that other factors. such
as underlying airway reactivity, are also invoived.

In a similar fashion, it is well-known that subjects
with asthma and with LARs are likely to be more
reactive to nonspecific bronchial challenge than those
subjects without LAR. This nonspecific increase in
airway reactivity to substances such as histamine may
imply an alteration in the receptors on the smooth
muscle of the airways themselves, or the accessibility
of the receptors to the mediators, which allows smaller
doses of stimulus to produce the same effects.

Although our results may at first appear unexpected,
they are not without precedent. Howarth ct al.”™ mea-
sured histamine in blood after allergen inhalation and
was able to demonstrate that the more reactive the
airways, the lesser the amount of mediators that was
measured in the blood. Similarly, we have demon-
strated that, although urinary LTE. levels at postal-
lergen challenge relate to the size of the IAR. they
are also influenced by the underlying airway reactiv-
ity. Again, the more reactive the subject. the less LTE,
was measured in association with the physiologic
changes observed.” Unfortunately. little was known
about the clearance and metabolism of histamine or
LTE, in these studies; therefore. those more reactive
subjects may actually have altered metabolism and
clearance rather than decreased production.

The current study extends these results to BALF
collected 5 minutes postallergen challenge in which
the potential for interference by metabolism may be
slightly less. The reasons for the decreased levels of
mediators observed in subjects with an LAR may be
multitudinal. We were concerned that mediator levels
might reflect larger doses of antigen administered,
resulting in larger IARs and LARs. To evaluate this
concern, we correlated the amount of antigen admin-
istered with the size of the IAR and LAR and percent
drop in FEV,. No relationship was observed, and all
subjects dropped a similar amount in FEV, during the
IAR, (—=)LAR,32%to41% dropin FEV,; ( +) LAR,
23% to 42% drop. There was no difference in skin
reactivity to antigen among the groups, with the atopic
subjects without asthma actually the most reactive
(Table I). Likewise, there was no significant differ-
ence between the amount of antigen administered to
any of the groups. Correlation analyses between the
four mediators and the amount of antigen administered
did not demonstrate any significant correlations. In a
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similar vein, it is possible that the mediators measured
are not important in the LAR.

At a more cellular level, there may be less mast
cells present in these individuals to respond to antigen,
or the mast cells may be down regulated, perhaps
because of chronic antigen exposure. Attempts to
quantify mast cells in a previous study were difficult
because of the very small numbers of mast cells pres-
ent in lavage fluid.? Therefore, observing differences
in numbers between groups would be impractical. We
have no supporting evidence for either down regula-
tion of receptors or decreased releasability of media-
tors at this stage. Furthermore, no significant differ-
ences between the two groups with asthma were dem-
onstrated when evaluation was made for any other cell
type. As previously mentioned, it is also possible rapid
metabolism and/or clearance of mediators or epithe-
lial permeability changes may decrease the levels of
mediators measured. Although the lack of difference
in protein values among groups speaks against per-
meability changes, only kinetic studies of lavage fluid
will fully address this issue.

In summary, we have demonstrated clear differ-
ences in levels of mediators in BALF found 5 minutes
after allergen instillation between subjects with and
without LAR. The low levels found in those subjects
without LAR would appear to indicate that the phys-
iologic response to allergen challenge is a complex
one, requiring mediator production in combination
with other, as yet incompletely, defined variable(s),
such as airway reactivity, to produce a physiologic
LAR. Defining the variables and their relationships in
future experiments will be important in furthering our
understanding of clinical asthma.
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Blood eosinophil number and activity in
relation to lung function in patients with
asthma and with eosinophilia

Emma Griffin, BSc,* Lena Hakansson, PhD,** Hans Formgren, MD,*

Kirsten Jorgensen, LT,* Christer Peterson, PhD,** and Per Venge, MD**
Are and Uppsala, Sweden

Blood eosinophil count, serum concentrations of eosinophil cationic protein (ECP), eosinophil
protein X (EPX), myeloperoxidase (MPO), and peak expiratory flow (PEF) rate were studied in
23 patients with severe labile asthma characterized by eosinophilia at the start and end of a
treatment period of 5 weeks. The mean blood eosinophil count was 808 x 10°/L at the start of
the treatment period. Serum ECP and EPX were significantly raised compared with that of the
references, whereas the mean serum MPO level was normal. The mean PEF was significantly
and negatively correlated to both blood eosinophil count and serum ECP and EPX, but the
predominant correlation was that between blood eosinophil count and PEF. At the end of the
treatment period. PEF had increased and the blood eosinophil count and serum ECP and EPX
were reduced when these values were compared with the values at the start of the treatment
period. There was a significant and negative correlation of mean PEF to serum ECP but not 1o
the blood eosinophil count. In individual subjects, the decreases in the blood eosinophil counts
and serum EPX were significantly correlated to the individual increases of mean PEF. In
conclusion, the present investigation indicates that in patients with asthma and pronounced
eosinophilia, the lung function of the patients was principally related to the number of
circulating eosinophils, whereas, when their eosinophilia was reduced to moderate levels, the
patient’s lung function was closer related to the activity of the eosinophils. (J ALLERGY CLIN

IMMUNOL. 1991.87:548-57.)

Eosinophilia is an outstanding feature in patients
with asthma.' A relationship has previously been dem-
onstrated between the number of eosinophils in the
blood and the lung function of the patients.>* Exten-
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Abbreviations used

ECP: Eosinophil cationic protein
EDN: Eosinophil-derived neurotoxin
EPO: Eosinophil peroxidase

EPX: Eosinophil protein X

MBP: Major basic protein
MPO: Myeloperoxidasc

PEF: Pecak expiratory flow

sive evidence has been presented to suggest that the
eosinophil is the major cell responsible for the inflam-
matory events occurring in asthma. Secretion of gran-
ular components is probably of considerable impor-
tance for the inflammatory effects of the eosinophils.
The major granule constituents are highly basic, cy-
totoxic proteins: ECP, EPO, EPX or EDN, and MBP.*



