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Abstract For examining the effects of recombinant human(rh) [L-5inhalation on changes of activ—
ity and number of circulating eosinophils in allergic asthmatics, as well as concentrations of serum
Iz E, a randomized double-blind, placebo—controlled study design was employed, in which each sub—
ject acted as his or her own control Fight nonsmoking patients with allergic asthma were adminis—
tered thIL-5 by nebulization, total blood nuclear cell counts and differentials, as well as concentra—
tions of ECP and IgE in serum were determined before, and at 2h, 24 h, 48 h after inhalation, re-
spectively. Eosinophil numbers and ECP levels within the control group did not appear to change
from baseline at any time throughout the study. eosinophil numbers from baseline(3. 6= 1. K 10'/
mL) to 6. 3= 1.2 10 /mL( P < 0.01) at 24 h, and to 5. 75 0. ¥ 10 /mL( P < 0. 01) at 48h
after I1=5 inhalation. Accom panying this significant blood eosinophilia was a significant elevation of
serum ECP levels. Compared with baseline value (6. 3F 1. 1 pg/mL), inhalation of IL-5 lead to
ECP levels increase with time, reaching 17. 6= 2 8 pg /mL at 24 h (P < 0.01) ; and this elevated
ECP levels lasted at least 48h ( 18 H= 2. 9 pg/mL, P < 0. 01) . IL-5 inhalation had no significant
effect of levels of serum total IgE. our findings provided direct evidence that I1=5 not only induced
a significant blood eosinophilia, but also resulted in the activation of circulating eosinophils.
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Bronchial asthma, even mild asthma, is associat—

ed with persistent inflammation of the bronchial mu-
. o . . S [F 4

cosa characterized by infiltration of eosmophllsIF |

This inflammation has been suggested to be responsi—

ble for airway hyperreacﬁvitylsj. One of these
eosinophilic proteins, eosinophil cationic protein
(ECP), has been documented to be increased in the
airway and circulation in asthma " "', Furthermore,
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both circulating eosinophil numbers and serum ECP
levels and their interrelationship may be of value in as—
sessing the severity of asthma'" .

A number of cytokines with selective actions on
eosinophils have been identified, including interleukin
(IL) 3. II-5, and granulocyte-macrophage colony—
stim ulating factor. One of the most important is 1L-5
w hich promotes terminal differentiation of the commit—
ted eosinophil pre(:utsor[()] as well as enhancing the ef-
fector capacity of mature eosinophil™'. I1L-5 also pro—

1
] , and selec—

longs the survial of eosinophil in vitro''
tively enhances eosinophil degranulation, antibody—de—

pendent cytotoxicity'*!. Tt has been demonstrated that
cell and
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serum ECP concentrations were both significantly in-
creased in asthma, particularly in acute severe asthma,
moreover, signficant correlations were observed be—
tween IL-5 expression and ECP levels'. By topical
instillation of recombinant human (rth) I1-5into the
lower aitways, we recently indicated that IL-3 is capa—
ble of increasing ECP levels in bronchoalveolar lavage
(BAL) fluid in allergic asthmatics'"'.  The present
study was conducted to investigate the effects of in—
haled rhIL-5 on changes of numbers of eosinophils in
circulation, as well as concentrations of ECP and total

IgE in serum in patients with allergic bronchial asth—

ma.
2 Methods
2.1 Subjects

Eight nonsmoking asthmatics were enrolled in
this study ( Table 1). Asthma was defined as a clinical
history of intermittent chest tightness, wheeze,
cough, or shortness of breath, and documented re-
versible airflow limitation either spontaneously or with
treatment in the preceding year (20% change in FEV1
or peak expiratory flow PEF). All patients had mild
atopic asthma, with baseline forced expiratory volume
in 1 s (FEV1) greater than 70 of predicted value,
requiring only intermittent use of inhaled 32 -agonists.
All patients had a provocative concentration of metha—
choline producing a 200 fall in FEV1 (PCxo-Mch) <
8 mg /mL.  Each patient had one or more documented
positive skin prick test responses to aeroallergens.
None had received inhaled or oral corticosteroids in the
previous 3 months. Any subjects with a history sug—
gestive of a viral upper respiratory tract infection with—
in the 4 weeks preceding or during the study were ex—
cluded.

The study protocol was approved by the Ethics
P. R
China, and all subjects provided written consent.
Table 1 Characteristics of the asthmatic subjects

Committee of Guangxi Medical University,

Subject Age  Sex Atopy IgE FEV %  PCy-Mch
No. (a) (IU/mL) predicted (mg/mL)
1 58 M+ 199 97 1.27
2 38 M+ 520 108 0.09
3 43 M+ 178 39 0.17
4 39 F o+ 442 96 2.53
5 27 F o+ 248 110 5.12
6 19 M+ 968 82 0. 62
7 42 M+ 113 103 2.58
8 35 F + 104 99 1.26

M eant SEM 38t 4 347 103 98t 3 0. 92& 1. 64

*  Geom etric mear= geometric SEM.

2.2 Study design

A randomized doubleblind, placebo—controlled
study design was employed, in which each subject act-
ed as his or her own control.

At a preliminary visit, a full history and examina—
tion was performed and skin prick tests to a panel of
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common aeroallergens were carried out. At the same
time, blood was taken for measuring total nuclear
blood cells and cell differentials, and concentrations of
ECP and total IgE; methacholine challenge test was
also done. The following afternoon (24h after baseline
measurements) 10 g of thIL-5 ( Genzyme Co.,
Boston, M A) in vehicle (0. 1% bovine serum albumin
in 0. % saline) or vehicle only was inhaled as a 0.5
mL nebulized solution, the chamber was refilled twice
with 0. 5 mL vehicle, and the nebulization was kept
running to scavenge any remaining thIL=5. The dose
of thIL-5 was based upon a preliminary study involv—
ing two asthmatic patients.

Blood cytology, concentrations of ECP and total
IeE were measured at 2h, 24 h, and 48 h after thein—
halation of thIL-5 or vehicle.
allowed to elapse between the two inhalation, and the
order of inhalation of thIL-5 or vehicle was random—
ized.
2.3 Blood samples

Venous blood samples were obtained from each
subject. Samples were collected in either ethylenedi—
aminetetraacedtic acid ( EDTA) —reated tubes for total
and differential blood cell counts or untreated tubes to
obtain sera for determining ECP and total IgE levels,
and sera were stored at— 70C for later determination.
Total cells were counted with a hemocytometer and
different cell counts were made from blood smears
stained with Diff-Quik Staining( Sigma Chemical Com—
pany, St Luwois, Mo). Blood smears were counted
blind in coded random order by two independent ob—
servers, using a light microscope. A total of 300 cells
were enum erated for differential cell counts in identify—
ing monocytes, neutrophils, lymphocytes, eosinophils
and basophils, and absolute numbers of each cell type
were calculated. The interobserver varied < 8 .
2.4 ECP assay

Serum samples stored at — 70C were thawed.
Levels of ECP in serum were determined with ECP
Fluoroimmunoassay kits ( Pharmacia AB, Uppsala,
Sweden) on the procedures recommended by the man—

At least 4 weeks were

ufactures, with result expressing in pg/mL. Assay
sensitivity for ECP was 2 pg /mL.
2.5 Total IgE assay

Concentrations of total IgE in serum were deter—
mined with total lg E enzyme immunoassay test kits
( Golden Bridge International Inc. , WA) on the pro—
cedures recommended by the manufactures, with re-
sulte expressing in IU/mI. The minimum detectable
concentration of IgE by this assay was established to
be 5 TU /mL.
2. 6 Satistical analysis

All data were presented as mean=® standard er—
ror of mean (SEM). Measures variance( ANOV A) for
data were conformed to be in a normal distribution, to
be a nonparametric distribution by Friedman & test
(confirmed by the Shapiro-Wilk W test). Pairedt test

was used to compare data obtained at the same time
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points betw een the two inhalations.

3 Results

3.1 Effect of inhaled IL-5 on blood cytol ogy

All subjects tolerated the procedures without
complication. The effects of thIL-5 inhalation on
changes of blood cell population and cell differential
counts were shown in Table 2 and Figure 1. In this
study, vehicle challenge was not able to cause any
changes in total cell numbers, percentages of each cell
type, or absolute numbers of each cell type including
eosinophils in peripheral blood (all 7 < 0. 05). Blood
total cell numbers, as well as percentages of mono-—
cytes, neutrophils and lymphocytes were also non—
significantly increased at three occasions after I1-5 in—
halation compared with baseline (all?> 0. 05). How-
ever , there was an increase in percentages of circulat—
ing eosinophils after IL~5 inhalation, which increased
with time was significantly com paring to baseline value
or vehicle controls, respectively, reaching a maximum
at 24 h, and lasted less than 48 h (all P < 0.01).
Moreover, a similar increase in absolute numbers of
eosinophils in blood after IL-5 inhalation was ob-

serv ed.

Table 2 Comparison of total cell counts and differentials in
peripheral blood from all ergic asthmatics challenged with in-
terleukin-5 and vehicle control

Total cells Cell diff erentiak (o )
< 10° /mL) M ono cytes Neutrophils Lymphocytes FEosinophik

Group

Interleukin-5

Baseline 66.3-57 19506 657521 27.0E23 5415
2h 69.3-t 54 1.5505 65322 28 H 1.9 5H 12
24 h 68.9-58 1.8 0.7 645 3.6 24.8 2.4 9.6 1.5F
48h 68. 146 2607 61336 28.0825 86 1.5F

V ehicle

Basdine 66.3-49 20602 64320 288 1.7 50-1.2
2h 66.9-53 1.8 0.8 6465 1.9 28.4- 1.4 52513
24 h 67.3t 41 0.8 0.5 65422 27.8 1.7 5 H 1.3
48h 66.5- 4.5 1.6 05 63328 2.9-27 54 1.2

* Data were presented as meart: SEM (n= 8 for each group).

T Compared with baseline or vehicle controls, P < 0. 01 -

3.2 FEffects of inhaled IL-5S on ECP levels in serum

Baseline measurements of ECP before both chal-
lenge showed no significant difference in serum from
allergic asthmatics (6. 3= 1. 1 pg/mL with IL-5 and
6.8 1.2 pg/mL with vehicle, respectively, P >
0.05) (Figure 2). Concentrations of serum ECP
within the vehicle group had no change baseline
throughout the study (all P> 0.05). It meant vehicle
inhalation of asthmatics did not lead to elevations of
ECPlevelsin circulation. Serum ECP levels( 6. 8- 1. 3
pg /mL) at 2 h after IL-5 inhalation were still not dif-
ferent in baseline value (P > 0. 05). ECP levels in—
creased from baseline to a higher extent at 24 h (117. 8
4 2 8 pg/mL, P < 0.01) and at 48 h( 18 t= 2.9 pg/
mL, P < 0.01) after IL-5inhalation.

No significant difference in concentrations of ECP
between IL-5 and vehicle inhalation was observed at 2

h. However, ECP concentrations at 24 h and 48 h af-
Sl A 1999520 F 6K % 1

ter IL-5 inhalation were significantly higher as com-—
pared with their vehicle controls, respectively.
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Fig. 1 Comparnison of numbers of each type cell in blood

from eight allergic asthmatics challenged with recombinant hu-
man IL5 (N) or vehicle ((J). BI= baseline. * Compared
with baseline measurement or vehicle controls, P < 0. 01 . Pan-
el A: monocytes; Panel B neutrophils; Panel G lymphocytes;
Panel D eosinophils.

3.3 [Effects of inhaled IL-5 on total IgE levels in
serum

As shownin Figure 3, baseline total IgE in serum
before both challenges showed no significant differ—
ence. Neither thII~5 nor vehicle inhalation made
serum IgE levels change th roughout the study (all P>
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0.05).
4 Discussion

Previous studies have demonstrated inverse rela—
tionships between blood eosinophil numbers and FEVi
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Fig. 2 Comparison of ECP levels in serum from eight al-
lergic asthmatics challenged with recombinant human IL-5 or

vehicle. *  Compared with baseline measurement or vehicle con—
trols, P < 0.01—— Vehicls —®— IL-5.
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Fg. 3 Comparison of total IgE levelsin serum from eight
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allergic asthmatics challenged with recombinant human IL-5 or
vehicle. —“— Vehicls —®— IL-5.
. . [15,16] . .
and airway responsiveness in asthmatics Serum
ECP levels have been demonstrated to be more closely
related to the lung function during the late asthmatic
reaction than the number of circulating eosinophils,
suggesting that the activity of the eosinophils might be
more important for the development of the late asth—
. . (1 crp
matic reaction than the number Griffin and
coworkers “ study indicated that in patients “with asth-
ma 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
patients “lung function was closer related to the activi-
. .1 120] S
ty of the eosinophils™'. Serum from asthmatics, in
comparison with thezsezgum of healthy subjects, has a
. I, .
higher level of IL-5""" And serum concentrations
of 1L-5 have been reported to be related with circulat—
. . . 23,241 .
ing eosinophil numbers . Lai and colleagues have
demonstrated that IL-5 gene expression in drculating
CD4 cells and serum ECP concentrations were both
significantly increased in asthma, particularly in acute
severe asthma, moreover, sigrificant correlations were
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observed between 1L-5 expression and ECP levels!"'.

Actually, IL-5 is of particular interest in the patho-
physiology of asthma as it is associated with
eosinophilic inflam mation.

The ability of IL=5 to induce an increase in num—
ber of circulating eosinophils has been previously
demonstrated in various animal models by several
eroups™ )

We have found that the total eosinophils ( BM K-
13 cells) and the activated eosinophils (EGZ  cells) in
bronchial mucosa, as well as the eosinophil numbersin
BAL fluid from IL-5-¢hallenged segments were signif-
icantly higher than those in vehicle—challenged seg-—

ments““.

Fosinophil activation assessed by secretion
of ECP was also increased significantly in bronchial
mucosa and BAL fluid. The results strongly suggested
that I1-5 was capable of inducing eosinophil infiltra—
tion into the asthmatic airways, as well as the activa—
tion of infiltrating eosinophils. In the present study,
our data extend these findings by observing the effects
of thII-5 challenge on the number of circulating
eosinophils and concentrations of serum ECP in allergic
asthmatics.

In this study, we observed that allergic asthmatics
had a proportion of blood eosinophils and serum ECP
concentrations even before thlL-5 challenge. thIL-5
inhalation had no effect on the changes of blood total
cells and percentages of monocytes, neutrophils, and
lymphocytes. In addition, a few basophils could be
seen in all blood smears studied, no increase in drcu—
lating basophils w as observed even after th IL=5 inhala—
tion. Of particular interest was the eosinophils increas—
es in circulation of asthmatic patients challenged with
rhIL-5. The changes were time—course—related, with a
most response at 24 h and last less than 48 h. Both
the percentage and the absolute number of circulating
eosinophils were significantly higher at 24 h and 48 h
after th1L-5 challenge than baseline measurement be-
fore challenge. We also found that serum ECP levels
were elevated in asthmatics by rthIL-5 inhalation in a
similar manner. Our results demonstrated that inhala—
tion of 10* g rhIL-5 in patients with allergic asthma
was able to not only increase eosino phils in circulation,
but also result in activation of increased circulating
eosinophils. In addition, in the same study design, we
have also found that rhIL-5 challenge could increase
airway responsiveness in patients with allergic
bronchial asthma, accompanying a significant
eosinophilia and elevated concentrations of ECPin in-
duced sputum (these findings would be reported sepa—
rately).

The exact mechanism by which inhaled IL-5 con-
tribute to blood eosinophilia is still unknown. It seems
likely that afteritis administered topically into the air—
ways, IL-5 penetrates into circulation through
bronchial mucosa as well as blood microvessel wall,
and then exerts its possible systemic hormoneike ac—
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tions. Collins and cow orkers have 1rep01"ted|27| that in-
travenous injection of IL-5 of guinea pigs stimulated a
significant increase in the numbers of drculating
eosinophils, and this increase in circulating eosinophils
corresponded with a reduction in the number of dis—
placeable eosinophils recovered after flushing out the
femur bone marrow cavity, suggesting that 11-5 acts
as a hormone to stimulate the release into the drcula-
tion of a rapidly mobilizable pool of bone marrow
eosinophils. Now that our present study provided im-
portant evidence that 1L-5 produced in the airways
may have systemic hormone-ike actions, we speculat-
ed that IL-5 was capable of stimulating the release of a
pool of mature eosinophils from the bone marrow into
the circulation in a similar manner. On the other
hand, IL-5 might be able to increase eosinophil differ—
entiation from bone marrow precursor cells, since IL-5
possesses this abi]jtylgl.

Imm unoglobin isotype switching to Ig E sy nthesis
is mainly mediated by IL—-4 and costimulatory signals
provided by CD4 T cels'. I1-5 has been reported to
enhance IL-4-dependent IgE lproduction™!. When
C57BL/6 mice were challenged with antigen trice a
week for 2 weeks, Chu et al”'found that lung tissue
IL-5 and IL-4 expressing cells increased in number,
which was similar to the profile of serum total Igk
production. And both IL-5 and IL-4 expressing cells
correlated with serum total Igk levels. This suggests
that IL-5, along with IL-4, could be a major modula—
tor of Iz E production in this sensitized mouse model.
In another animal expen'mentm], Coffman and col-
leagues have demonstrated that when BALB/c were
infected with the nematode Nippostrongyllus
brasiliensis, large numbers of eosinophils appeared in
ther blood and lungs and their serum IgE was in-
creased, injection of an anti—-IL-5 monoclonal antibody
completely suppressed the blood eosinophilia and the
infiltration of eosinophils in the lungs of parasitized
mice but had no effect on serum Igk; in contrast, an
antibody to I inhibited parasitedinduced IgE but
not the eosinophilia. These results indicate that 11-5 is
important in eosinophil production in vivo and that IgE
production is regulated by TL—4, not by IL-5. This in—
ability of anti4L-5 to inhibit the IgE response is con—
sistent with the findings in our present study, which
showed that rthIL-5 inhalation of atopic asthmatics was
not able to cause any changes in serum IgE levels in
the study, although a significant blood eosinophilia
and a marked elevation of serum ECP concentrations
were observed.

Eosinophils are known to secrete a number of ba—
sic protens, including major basic protein ( M BP),
ECP, Eosinophil<lerived neuroxin,
peroxidase that have profound effects on airway
cells! .
increases in

and eosinophil

Release of these products is associated with
vascular permeability, bronchocon—

striction, and destruction of airway epithelial cells .
SR AE 1999 2] F ok 1

In particular, M BP has been shown to cause airway

constriction and airway hy perresponsiveness”**!. In

addition, eosinophil activation also results in the re-
lease of a number of important lipid mediators, includ-
ing leukotriene Ci, which can contract airway smooth
muscle, and platelet-activating factor, which can con—
tract airway smooth muscle as well as increase
bronchial responsiveness”s] Thus, eosinophils possess
properties that can directly or indirectly cause airway
obstruction and promote bronchial hyperreactivity.
Since IL-5 is capable of increasing circulating
eosinophils, as well as the activation of eosinophils, it
is possible that 1L-5 exerts its biological effects in the
pathogenesis of asthma by means of a role for
eosinophils. Therefore, drugs that interfere with 1L-5
synthesis or IL-5 receptor antagonists could be benefi-
cial in the treatment of asthma.
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