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Abstract

Background: 1L-5 activates awf3, integrin on blood eosinophils in vitro. Eosinophils in

bronchoalveolar lavage (BAL) following segmental antigen challenge have activated 3,-integrins.

Objective: To identify roles for IL-5 in regulating human eosinophil integrins in vivo.

Methods: Blood and BAL eosinophils were analyzed by flow cytometry in ten subjects with allergic
asthma who underwent a segmental antigen challenge protocol before and after anti-IL-5

administration.

Results: Blood eosinophil reactivity with monoclonal antibody (mAb) KIM-127, which recognizes
partially activated B,-integrins, was decreased after anti-IL-5. Before anti-IL-5, surface densities of
blood eosinophil 3,, o, and o, integrin subunits increased modestly post-challenge. After anti-IL-
5, such increases did not occur. Before or after anti-IL-5, surface densities of 3,, o, o, and op and
reactivity with KIM-127 and mAb CBRM1/5, which recognizes high-activity ayf3,, were similarly
high on BAL eosinophils 48 h post-challenge. Density and activation state of 3;-integrins on blood
and BAL eosinophils were not impacted by anti-IL-5, even though anti-IL-5 ablated a modest post-
challenge increase on blood or BAL eosinophils of P-selectin glycoprotein ligand-1 (PSGL-1), a
receptor for P-selectin that causes activation of B;-integrins. Forward scatter of blood eosinophils
post-challenge was less heterogeneous and on the average decreased after anti-IL-5; however,
anti-IL-5 had no effect on the decreased forward scatter of eosinophils in post-challenge BAL
compared to eosinophils in blood. Blood eosinophil KIM-127 reactivity at the time of challenge

correlated with the percentage of eosinophils in BAL post-challenge.
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Conclusion and Clinical Relevance: IL-5 supports a heterogeneous population of circulating
eosinophils with partially activated [3,-integrins and is responsible for upregulation of ,-integrins
and PSGL-1 on circulating eosinophils following segmental antigen challenge but has minimal
effects on properties of eosinophils in BAL. Dampening of B,-integrin function of eosinophils in
transit to inflamed airway may contribute to the decrease in lung inflammation caused by anti-IL-

5.

Keywords eosinophils, integrins, PSGL-1, forward scatter, IL-5, blood, bronchoalveolar lavage,

segmental lung antigen challenge

Abbreviations AgPD,,, provocative dose of antigen producing a 20% fall in FEV; BAL,
bronchoalveolar lavage; CBU, cumulative breath units; CD, cat dander; F, female; FEV,, forced
expiratory volume in 1 s; gMCF, geometric mean channel fluorescence; HDM, house dust mite;
LPR, late-phase response; M, male; mAb, monoclonal antibody; ND, not determined; PC,,,
provocative concentration of methacholine producing a 20% fall in FEV; PSGL-1, P-selectin

glycoprotein ligand-1; RW, ragweed; % pred., percentage of the predicted value.

Introduction

Eosinophilic airway inflammation is characteristic of asthma [1-7]. Arrest of eosinophils in
vessels and their extravasation into the airway wall and through the bronchial tissue and
epithelium to the airway lumen are mediated by integrins [8-11]. Integrins are heterodimers of a
and 3 subunits [12, 13]. Eosinophils possess a unique repertoire of seven integrins, a1, aeP,

o P2, P2, 0xPB2, P2, and a4, each of which interacts with counter-receptors on other cells or

ligands deposited as part of extracellular matrix [10]. Whether a given pair of integrin and ligand

© 2012 Blackwell Publishing Ltd



participates in adhesion and migration depends on the cell surface density of the integrin, the
density of the ligand, and the activation state of the integrin [14-16]. Integrins exist in bent
inactive and various extended active conformations, including an intermediate-activity extended
conformation with a partially occluded ligand-binding “head piece” and a high-activity extended
conformation with a more open “head-piece”, swung-out hybrid domain, and separation of the
“legs” of the two subunits [17-19]. Integrin activation states can be monitored by conformation-

specific monoclonal antibodies (mAbs)[20, 21].

In vitro, B,-integrins, including o, (CD11b/CD18), are activated on blood eosinophils in
response to IL-5 [10, 22-24]. IL-5 and the IL-5-related cytokines IL-3 and GM-CSF also upregulate
surface expression of ay, and B, subunits [25]. ayf3; mediates adhesion of IL-5-stimulated blood
eosinophils or bronchoalveolar lavage (BAL) eosinophils purified after segmental lung antigen
challenge (a model of allergic airway inflammation) to diverse ligands, including ICAM-1,
fibrinogen, and vitronectin [10, 23, 26]. Whereas adhesion of unstimulated purified blood
eosinophils to VCAM-1 is mainly mediated by o4f3;, adhesion of BAL eosinophils or IL-5-stimulated
blood eosinophils to VCAM-1 also involves owf3; [10, 23, 26]. Studies in mice indicate that both [3;-
and B,-integrins play important roles in directing eosinophils to the lung [8, 11]. Consistent with
the in vitro adhesion data, 3,-integrins are activated on human BAL eosinophils but not blood
eosinophils as assessed by staining with mAb24 [27], which recognizes the high-activity
conformation of the 3, subunit in B,-integrins [17, 18, 28]. MAb24 reactivity and surface
expression of B,-integrins on BAL eosinophils correlate with the concentration of IL-5 in BAL fluid

post-segmental antigen challenge [27].
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To determine the role of IL-5 in humans in regulation of eosinophil integrins in vivo, we
used a blocking mAb to IL-5 (mepolizumab)[29-35] as a study reagent. We hypothesized that
administration of anti-IL-5 mAb prior to segmental antigen challenge would dampen upregulation
and activation of B,-integrins. To test this hypothesis, flow cytometric analyses of integrin surface
expression and activation were performed on blood or BAL eosinophils obtained following
segmental antigen challenge of asthmatic subjects, comparing results from challenges performed
before and after administration of anti-IL-5. We also analyzed eosinophil B;-integrins, which are
activated by P-selectin in vitro [24] and for which activation state correlates with eosinophil-bound
P-selectin in vivo [24, 36], and P-selectin glycoprotein ligand-1 (PSGL-1), an eosinophil receptor for
P-selectin [37]. Finally, because IL-5 has been shown to cause eosinophils in vitro to acquire
increased forward scatter [38], we analyzed scattering properties of eosinophils by flow cytometric

analysis before and after anti-IL-5 administration.

Methods

Subjects and screening

Ten subjects (Table I) with mild allergic asthma were studied at the University of Wisconsin
Asthma, Allergy and Pulmonary Research Unit. Due to safety considerations, and in keeping with
the primary objective of the study to use anti-IL-5 not as a therapeutic agent but as a strategy to
determine the in vivo effects of IL-5 on eosinophils, only subjects with mild allergic asthma were
enrolled. Subjects were screened as described before [27]. Subjects had a history of asthma based
on presence of symptoms such as cough, shortness of breath, wheeze, or chest tightness; a
positive skin-prick test to at least one aeroallergen; a pre-albuterol (180 ug) forced expiratory

volume in 1 s (FEV;) of 2 70% of the predicted value (% pred.); a post-albuterol FEV; of > 80%
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pred.; current or historical reversibility to albuterol of > 12% or a current or historical provocative
concentration of methacholine producing a 20% fall in FEV; (PC,0) of < 8 mg/ml; and an early FEV,
fall following whole-lung inhaled antigen challenge of > 20%. They had not received corticosteroids
or leukotriene inhibitors within one month of screening or omalizumab (anti-IgE) within nine
months of screening. Other exclusion criteria were concomitant use of any other mAb, respiratory
infection within four weeks of study, unstable asthma as indicated by increased symptoms or
increased 3-agonist use over the previous two weeks, pregnancy, smoking, major health problems
other than asthma, previous malignancy, and prior treatment with an anti-IL-5 mAb. At least four
weeks before bronchoscopy, subjects underwent a whole-lung inhaled antigen (house dust mite,
ragweed, or cat dander) challenge to determine the AgPD,, (the provocative dose of antigen
producing a 20% fall in FEV;) and the magnitude of early- and late-phase responses, as described
[27]. The study was reviewed and approved by the University of Wisconsin-Madison Health
Sciences Institutional Review Board. Informed written consent was obtained from each subject

before participation.

Segmental bronchoprovocation with allergen and BAL

Blood was obtained immediately pre-challenge (0 h). BAL was performed by instilling 160
ml sterile 0.9% NaCl, warmed to 37°C, into each of two segments, and BAL recovered from these
two segments was pooled for analysis [27]. A test dose of 1% of the subject’s AgPD,, was
administered into one segment via a wedged bronchoscope. When this dose was well tolerated, as
it was in all ten subjects, a dose of 20% of the AgPD,, was instilled in the second segment.
Bronchoscopy with BAL was repeated 48 h later with separate sampling of the two segments.

Results on BAL cells reported herein are on 48 h-samples from the segment that received 20%
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AgPD,q, except some of the results in Fig. 1, which includes data on BAL cells in the pooled sample

from the two segments at 0 h.

Cell counts

On the days of bronchoscopy, total BAL cell numbers were determined by
hematocytometer using Turk’s counting solution containing acetic acid and methylene blue as
before [39]. For differential BAL cell counts, two cytospins were prepared from each BAL cell
preparation and stained with the Wright-Giemsa-based Hema 3 system (Fisher Diagnostics,
Middletown, VA) and 500 cells per slide (1000 cells per sample) were counted. White blood cells
were determined in the research laboratory using a Coulter counter, and eosinophils were

enumerated by hematocytometer using phyloxin staining.

Anti-IL-5 administration

Four weeks after the first set of bronchoscopies, a single 750 mg dose of anti-IL-5
(mepolizumab, provided by GlaxoSmithKline, study No. MEA110170) was administered
intravenously. The peripheral blood eosinophil count was monitored weekly at the University of
Wisconsin Hospital and Clinics Core Laboratory as described [36]. If the eosinophil count
decreased to < 20% of the baseline value or to < 100 eosinophils/ul one month after anti-IL-5
administration, the subject underwent a second segmental antigen challenge. If not, the subject
received a second 750 mg i.v. dose of anti-IL-5, the eosinophil count was again monitored weekly,
and the challenge was performed one month after the second dose. Only one of the ten subjects

required a second dosing.
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Antibodies for flow cytometric analysis of eosinophils

FITC-conjugated anti-CD14 and anti-CD16 were used as previously described [24, 27, 36,
40] to discriminate eosinophils from monocytes and neutrophils, respectively. MAbs for
determination of integrin subunit density were anti-[3, (clone L130), anti-oy (LM11), anti-oy,
(Al111), anti-o,p, 2401, anti-B; mAb (MAR4), and PE-conjugated anti-ay, (D12). MAbs for detection
of active conformations of integrins were anti-§, KIM-127 and mAb24; anti-a,, CBRM1/5; and anti-
B1 N29, HUTS-21, and 9EG7. KPL-1 was used to determine P-selectin glycoprotein ligand-1 (PSGL-1)
density. PE-conjugated goat anti-mouse and anti-rat IgG Abs were used as secondary Abs, and
mouse 1gG; and rat IgG,, as isotype controls. PE-conjugated anti-oy, D12 was from BD Biosciences
(San Jose, CA). Commercial sources of other antibodies were as described before [23, 24, 26, 27,
36]. KIM-127 [41] was a gift from Nancy Hogg (Cancer Research UK London Research Institute,

London, UK).

Flow cytometry

Unfractionated cells were recovered from BAL pre- (at 0 h) and 48 h post-segmental
antigen challenge as described [27]. Blood was drawn into vacuum tubes containing CTAD (citrate,
theophylline, adenosine, and dipyrimadole) anticoagulant solution (BD Vacutainer Systems,
Franklin Lakes, NJ)[36] immediately pre- (at 0 h) and at 48 h post-segmental challenge. Whole
unfractionated blood (100 ul) and BAL cells (1 x 10° cells) were processed for flow cytometry, and
data were acquired and analyzed and are expressed as described [24, 27, 36]. The sensitivity of the
scatter detectors was set in a standardized manner. Blood and BAL cell samples were incubated
with primary mAbs as before [24, 27], except that for mAb KIM-127, for which the epitope is

temperature-dependent [41], and its isotype control, samples were incubated with primary mAb
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at 37°C. Forward and side scatter were analyzed from the dataset acquired from second tube run

on each sample.

Statistics

The Mann-Whitney U test was used to compare data between two groups. The Spearman
rank test was used to analyze correlations. A level of P < 0.05 was considered significant. Analyses

were performed using Prism (GraphPad, San Diego, CA).

Results

Subject characteristics at baseline and eosinophil numbers pre- and post-segmental lung antigen

challenge before and after anti-IL-5 administration

Flow cytometric analyses of blood and BAL cells were performed on ten subjects with mild
allergic asthma (Table 1) who underwent segmental lung antigen challenge before and after
administration of anti-IL-5 (mepolizumab). Before anti-IL-5 administration, mean concentration of
eosinophils in the circulation 48 h post-segmental antigen challenge was 510/ul (+ SEM of 80/ul);
after anti-IL-5 it was 40/l (£ 10/ul). Either before or after anti-IL-5, eosinophils were sparse (< 1%)
in BAL samples obtained at the time of segmental instillation of antigen (Fig. 1). The percentage of
eosinophils among BAL cells at 0 h, even in the absence of anti-IL-5, is known to be low; in an
earlier study we found a mean of 1.2% BAL eosinophils pre-segmental antigen challenge [39].
Without prior anti-IL-5, the percentage of eosinophils in BAL 48 h post-segmental challenge ranged
from 52% to 81% with a mean of 72%, and mean number of eosinophils per volume BAL fluid was

1.37 x 10°/ml (+ 0.35 x 10°/ml). After anti-IL-5, the percentage ranged from 4% to 49% with a
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mean of 31%, and the mean number of eosinophils was 0.28 x 10%/ml (£0.08 x 106/ml). The
percentage of BAL leukocytes that were eosinophils correlated with the concentration of blood
eosinophils before and after anti-IL-5 (r, = 0.88, P = 0.002 before anti-IL-5; r; = 0.72, P = 0.02 after

anti-IL-5).

Flow cytometric analyses of eosinophils in samples of blood obtained pre- (at 0 h)
segmental antigen challenge and in samples of blood and BAL obtained 48 h post-challenge are
shown in Table 2. The sets of data on the left and right were obtained before and after
administration of anti-IL-5. Data collected on pre-segmental antigen challenge BAL eosinophils are
not shown in Table 2, because an adequate number of flow cytometric events was obtained in the
before-anti-IL-5 sample of only a single subject (Fig. 1). As exemplified in Figs. 1 and 2, numbers of
eosinophils adequate for analysis were gated in blood samples and 48-h post-challenge 48 h BAL
samples. Analysis of the data revealed significant differences between some flow cytometric
signals of blood eosinophils at 0 and 48 h (*...*), blood and BAL eosinophils obtained at 48 h (t...1),
and eosinophils in corresponding samples obtained before and after anti-IL-5 (%...¥)(Table 2);

wereas for other signals no differences were found.

Anti-IL-5 administration results in loss of the KIM-127 activation-sensitive [,-integrin epitope on

blood eosinophils

Administration of anti-IL-5 was associated with changes in eosinophil surface expression of
the epitope for mAb KIM-127 (Table 2), which recognizes 3, -integrins with intermediate or high
activation [17, 18, 42]. Diminished reactivity, 0.6-fold on the average of the value before anti-IL-5
(Table 2), was statistically significant in analyses of blood samples obtained at 0 h with a trend at

48 h (0.5-fold of the value before anti-IL-5; 0.05 < P > 0.10) (Table 2). No significant differences of
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the average expression of the epitope for CBRM1/5, which recognizes o of highly active o3,
[43], were found on blood eosinophils pre- or post-antigen challenge either before or after anti-IL-
5, although the variability among samples was considerable (Table 2). The effect of anti-IL-5 on
KIM-127 reactivity indicates that IL-5 provides a tonic signal to blood eosinophils in vivo that

results in intermediate activation of 3,-integrins.

Anti-IL-5 blunts upregulation of ayf; and o5, on blood eosinophils following segmental antigen

challenge

Before anti-IL-5 administration, segmental lung antigen challenge was associated with
modest increases of surface expression of ,, oy, and o on blood eosinophils at 48 h compared to
pre-challenge; these differences were significant (Table 2). After anti-IL-5, these increases did not
occur, and surface [3,, o, and o, on blood eosinophils at 48 h were significantly lower than before
anti-IL-5 (0.8-, 0.9-, and 0.9-fold of the 48-h values before anti-IL-5, respectively) (Table 2).
Significantly different (0.8-fold of the value before anti-IL-5, P < 0.01) oy expression on blood
eosinophils at 48 h after anti-IL-5 compared to before anti-IL-5 was also observed with directly PE-
labeled different anti-a, mAb clone D12 (data not shown). There was no effect of segmental
antigen challenge or anti-IL-5 on the low blood eosinophil surface expression of o (Table 2). The
fourth B,-integrin a—subunit, o, was not analyzed. These results indicate that in addition to
causing steady-state intermediate activation of [3,-integrins, IL-5 mediates modest upregulation of

surface densities of a3, and o2 in response to segmental antigen challenge.

© 2012 Blackwell Publishing Ltd



Activation and expression levels of BAL eosinophil fB,-integrins are equivalent before and after anti-

IL-5

[B,-integrins were upregulated and activated on BAL eosinophils obtained 48 h post-
segmental antigen challenge compared to blood eosinophils at the same time-point; these
changes were not influenced by anti-IL-5 (Table 2). Thus, KIM-127 and CBRM1/5 reactivities were
5- to 11-fold and 3- to 7-fold higher, respectively, on BAL eosinophils than on blood eosinophils at
the same time, and the high signals on BAL eosinophils were the same before and after anti-IL-5
(Table 2). For BAL eosinophils, we were able to test mAb24, which recognizes [3, in highly active [3,-
integrins [17, 18, 28]. The mAb24 epitope is cation-dependent [44], precluding its use with the
blood samples, which were collected in a chelating anticoagulant. MAb24 reactivity of BAL
eosinophils was high, as described previously [27], and not significantly changed after anti-IL-5
(Table 2). BAL eosinophils had 1.1- to 1.5-fold higher surface expression of 3,, o, and o, than
blood eosinophils in samples obtained 48 h post- challenge (Table 2). Such increases were evident
before and after anti-IL-5 with no indication that anti-IL-5 attenuated the levels on BAL
eosinophils. Similar 1.6- to 1.8-fold, higher oy, expression on BAL eosinophils compared to on
blood eosinophils (P < 0.001 both before and after anti-IL-5) was also observed with the PE-labeled
anti-a,, mAb clone D12, also with no effect of anti-IL-5 (data not shown). The density of o, which
did not change on blood eosinophils after segmental antigen challenge, was 10-18-fold higher on

BAL eosinophils than blood eosinophils both before and after anti-IL-5 administration (Table 2).

In the single sample in which there were adequate eosinophils in BAL at 0 h before anti-IL-
5 (Fig. 1A), eosinophils had intensity of o, level similar to those at 48 h post-challenge (Fig. 1B,D).

The same was true for intensity of CBRM1/5. These limited observations indicate that BAL
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eosinophils pre-segmental antigen challenge may have 3,-integrins that are as upregulated and

activated pre-antigen challenge as post-challenge.

Anti-IL-5 has no effect on the activation and expression levels of [;-integrins on blood or BAL

eosinophils

In contrast to effects on [3,-integrins on blood eosinophils, anti-IL-5 had no effect on
eosinophil B;-integrin activation and expression levels on blood or BAL eosinophils (Table 2).
Before anti-IL-5, blood eosinophils had detectable reactivity with mAb N29. N29 recognizes the
intermediate and high-activity conformation of 3;-integrins and is the ; counterpart of KIM-127.
The N29 epitope has been mapped to the PSI domain of the 3; subunit and the KIM-127 epitope
has been mapped to the 2" EGF-like domain of the B, subunit; these locations are spatially very
close [10, 20, 45-48]. N29 reactivity was similar on blood and airway eosinophils obtained at 48 h
(Table 2), as observed before [27]. Reactivities of mAbs HUTS-21 and 9EG7, which recognize the
high-activity conformation of 3, integrins [10, 20, 47, 49, 50], were 2- to 5-fold higher on BAL
eosinophils than on blood eosinophils, with no attenuating effect of anti-IL-5 on the increases

(Table 2).

Anti-IL-5 blunts PSGL-1 upregulation on blood and BAL eosinophils following segmental antigen

challenge

In vitro, eosinophil B;-integrins are activated to a N29-positive conformation by P-selectin
interacting with eosinophil PSGL-1, whereas P-selectin does not activate eosinophil B,-integrins

[24]. Prior to administration of anti-IL-5, there was a modest but significant 1.1-fold increase in
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PSGL-1 expression on blood eosinophils at 48 h (Table 2) and a similar modest significant 1.1-fold
increase in PSGL-1 expression on BAL eosinophils compared to blood eosinophils at 0 h (P < 0.05).
After anti-IL-5, expression on both blood and BAL eosinophils at 48 h was 0.9-fold of values before
anti-IL-5, differences that were significant (Table 2). Although PSGL-1 was highly expressed in all
situations, the minor but significant changes attributable to anti-IL-5 are noteworthy because,

unlike changes in 3,-integrins, the changes were manifest on both blood and BAL eosinophils.

Forward scatter of blood eosinophils following segmental antigen challenge is decreased by anti-IL-

5

As mentioned in the Introduction, IL-5 increases eosinophil forward light scattering in vitro
[38]. Such an increase may be indicative of shape change or increased cell size of leukocytes [51,
52] and is possibly associated with migratory capacity [53]. Comparing blood samples before and
after anti-IL-5, after anti-IL-5 mean forward scatter at 48 h post-challenge was 0.9-fold the value
before anti-IL-5, a difference that was significant (Table 2). In contrast, there were no changes
related to anti-IL-5 in side scatter (Table 2), which reports leukocyte granularity [54]. Forward and
side scatter of BAL eosinophils were 0.7- to 0.8-fold of the values of blood eosinophils and

scattering values were not affected by anti-IL-5 (Table 2).

Because forward scatter and ,-integrin activation of blood eosinophils are both
influenced by anti-IL-5, we examined whether there were correlations between KIM-127 reactivity
and forward scatter for the group as a whole and for cells in individual samples. Mean reactivity
with KIM-127 for individuals did not correlate with mean forward scatter (r, =-0.03, P=0.93 and r,
=0.11, P =0.71 for all data points at 0 and 48 h, respectively; r; =-0.18, P=0.66 and r, =-0.54, P =

0.24 before anti-IL-5; and r, =-0.41, P = 0.35 and r, = 0.22, P = 0.66 after anti-IL-5). In dot plots of
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KIM-127 reactivity versus forward scatter in individual subjects at 0 h (Fig. 2A) there was a
decrease in the KIM-127 signal after anti-IL-5 (purple) compared to before anti-IL-5 (green), as
described above, but no evident difference in forward scatter before and after anti-IL-5. At 48 h
before anti-IL-5, blood eosinophils were more heterogeneous than at 0 h within an envelope that
includes cells with higher forward scatter (Fig. 2B, green). KIM-127 reactivity appeared equal
throughout the population, i.e., not higher on the cells with greater forward scattering. This was
confirmed by dividing the population in two subpopulations based on forward scatter. The
subpopulation with the higher forward scatter values did not have significantly different reactivity
with KIM-12, nor with CBRM1/5 or mAbs detecting total [3,, aw, or a, than the subpopulation with
lower forward scatter (not shown). After anti-IL-5 at 48 h, the heterogeneity and high forward
scattering cells were not found (Fig. 2B, purple). Thus, absence of increased scattering
heterogeneity and cells with higher forward scattering account for the significant decrease in
mean forward scatter after anti-IL-5 as compared to before anti-IL-5 at 48 h (Table 2). BAL
eosinophils had lower forward scatter than blood eosinophils in addition to having higher KIM-127
signal, and there was no difference in forward scatter comparing samples obtained before and

after anti-IL-5 (Fig 2C, compare green and purple).

KIM-127 activation-sensitive f,-integrin epitope expression on blood eosinophils correlates with

eosinophil numbers in BAL

Because mean KIM-127 epitope expression was decreased on blood eosinophils after
administration of anti-IL-5 and there were decreased percentages of BAL eosinophils at 48 h, we
examined whether these parameters correlated among subjects. Before anti-IL-5, KIM-127

reactivity on blood eosinophils at 0 h correlated significantly with BAL eosinophil percentage
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(Table 3). After anti-IL-5, these parameters did not correlate. ay, a,, B,, or B levels or N29
reactivity of blood eosinophils at 0 h did not correlate with BAL eosinophils. Signals on blood
eosinophils at 48 h, including KIM-127, did not correlate (Table 3). The results indicate that partial
activation of 3,-integrins on blood eosinophils at baseline, presumably due to exposure to IL-5 in
the bone marrow or the circulation, is associated with enhanced eosinophil recruitment to the

airway over the 48 h post-challenge.

Discussion

We administered IL-5 blocking antibody to subjects with mild allergic asthma to learn the
role of IL-5 in regulation of human eosinophil integrins in vivo. Anti-IL-5 significantly decreased
circulating eosinophil expression of the intermediate-activity conformation of 3,-integrins
recognized by mAb KIM-127. However, there was no significant effect of anti-IL-5 on the average
reactivity of blood eosinophils with CBRM1/5, which recognizes high-activity conformation of ayf3,
that is induced by treatment of purified blood eosinophils in vitro with IL-5, 5-50 ng/ml [22, 23].
Before anti-IL-5 administration, KIM-127 reactivity of blood eosinophils at baseline correlated
significantly with percentage of eosinophils in BAL 48 h post-segmental antigen challenge. The
results indicate that IL-5 at the concentration of ~10 pg/ml found in the serum of subjects with
atopic asthma [55] supports tonic partial activation or “priming” [56] of B,-integrins on circulating

eosinophils and such activation is associated with eosinophil recruitment to the airway.

Further, anti-IL-5 abrogated the modest increases in surface expression of awf, and o3,
that occur 48 h post-segmental lung antigen challenge. We also found that anti-IL-5 abrogated the
appearance of a more heterogeneous population of circulating eosinophils post-segmental antigen

challenge with higher average forward scatter.
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We saw no effects of anti-IL-5 on activation of 3;-integrins or surface expression of o3,
on blood eosinophils. The results indicate that the in vivo roles of IL-5 in supporting integrin
steady-state partial integrin activation on circulating eosinophils and upregulation of surface
integrin expression in response to antigen challenge are specific for a3, and a,3,. We did not test

the effect of anti-IL-5 on expression of axf3, and ;.

In contrast to the effect on [3,-integrins on blood eosinophils, anti-IL-5 had no effect on the
pronounced activation of ;- and [3,-integrins and upregulation of a3, and o3, on airway
eosinophils recovered by BAL 48 h post-segmental antigen challenge. In addition, there was strong
expression of a3, on BAL eosinophils that was unaffected by anti-IL-5, and, based on a single
sample, likely is present in the absence of segmental antigen challenge. We interpret these results
as indicating exposure of eosinophils in the inflamed airway to a complex mix of cytokines,
chemokines, and other activating agents [27, 57, 58], in which IL-5 plays at most a minor role.
However, the possibility that anti-IL-5 does not block IL-5 produced locally in the lung cannot be
excluded. Antigen challenge per se and an antigen challenge-induced inflammatory milieu in the
airway are not the only possible causes of the BAL eosinophil phenotype. BAL eosinophils may also
be activated compared to blood eosinophils because of having undergone arrest, transendothelial
migration and encounters with adhesive ligands. Finally, a proportion of the BAL eosinophils may
originate from the tissue in addition to from the circulation. CD34+/IL-5 receptor-o mRNA+ cells,
described as potential eosinophil precursors, are present in the bronchial mucosa to a greater
degree in asthmatic subjects [59]. Although anti-IL-5 caused a decrease in the number of such
cells, that decrease was relatively small (30%) [32] compared to the usual decreases in circulating
eosinophils. Thus, after anti-IL-5, a greater proportion of the BAL eosinophils may originate from

such tissue-dwelling cells that have differentiated and migrated to the airway lumen.
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Bi-integrins, which were not affected by anti-IL-5, are activated on eosinophils by P-
selectin [24] via binding to its receptor, PSGL-1 [37]. We found that PSGL-1 expression on blood
eosinophils was modestly increased 48 h post-challenge and that anti-IL-5 caused a decrease in
PSGL-1 at 48 h. BAL eosinophils also had upregulated PSGL-1 compared to baseline blood
eosinophils at 0 h. In contrast to the lack of effect of anti-IL-5 on BAL eosinophil integrins, anti-IL-5
significantly decreased PSGL-1 on BAL eosinophils. Together, these results indicate that IL-5 is an in
vivo stimulator of upregulation of PSGL-1 on both blood and airway eosinophils following

segmental antigen challenge.

Post-challenge blood eosinophils following anti-IL-5 administration had lower forward
scatter than before anti-IL-5, possibly reflecting a less polarized cell shape or smaller cell size [51-
53]. Dot plots demonstrated that segmental antigen challenge elicits a diverse population of
circulating eosinophils in the absence of blocking antibody to IL-5. We speculate that the diverse
population arises from more dynamic eosinophil kinetics, with greater production and release
from the bone marrow coupled to greater movement of circulating eosinophils into the challenged
segments. The forward scatter increase and presence of the KIM-127 epitope on circulating
eosinophils may both be related to the well-described IL-5 priming of eosinophils for migration
and enhanced responsiveness to chemoattractants [56]. Airway eosinophils had both lower
forward and side scatter, presumably due to smaller cell size and lower granularity [51, 54]
resulting from additional stimuli encountered by eosinophils en route to or in inflamed airway.
Decreased granularity of BAL eosinophils has also been observed previously by electron

microscopy [60].
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An additional possible explanation to the observed effects is redistribution of eosinophils
among different pools in the body (e.g., bone marrow, circulating pool, marginated pool, lung,
spleen, liver, gastrointestinal tract, and thymus)[61-65]. For instance, decreases on blood
eosinophils may also be due to a situation after anti-IL-5 in which cells with higher signals were not
released from the bone marrow or marginated or extravasated to different degrees or with

different kinetics than in the absence of anti-IL-5.

In another study using mepolizumab, three infusions given with 4 weeks intervals resulted
in decreases in expression of tenascin, lumican, and procollagen | in the bronchial basement
membrane, number of transforming growth factor (TGF)-f1-expressing airway eosinophils, and
TGF-B1 concentration in BAL fluid two weeks after the last infusion [30]. In clinical studies, subjects
received mepolizumab monthly over five months or one year and experienced a decreased
number of exacerbations during the course of the studies, with differences between the treatment
and the control groups becoming apparent only after two months [33, 34]. In our study, effects
were observed in nine subjects on eosinophils one month after one dose of mepolizumab
administration. Even though one dose was sufficient to cause a change in the eosinophil
phenotype, a low number of circulating eosinophils and altered eosinophil phenotype may have to
be maintained for a longer time with repeated dosings in order to lead to changes in airway

remodeling and beneficial clinical effects.

In Fig. 3, we summarize the results in a model for blood and airway eosinophil of, and
o integrins and PSGL-1 before and after anti-IL-5 administration. At baseline, blood eosinophils,
in the presence of or having been exposed to “tonic” concentrations of IL-5, carry intermediate-

activity KIM-127-reactive oyf3,, but on the average have no or only low levels of high-activity
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CBRM1/5-reactive ayf,. Following challenge, blood eosinophils are subject to modest
upregulation of amf2, auf,, and PSGL-1, and have high average forward scatter, due to exposure to
additional IL-5 in the bone marrow and/or circulation. Blood eosinophils carry intermediate-
activity o, that is induced by P-selectin and independent of IL-5. Airway eosinophils have high
owmP, activation state, presumably triggered by IL-5 family cytokines IL-3 and/or GM-CSF, high IL-5-
independent a,3; activation state, IL-5-dependent upregulated PSGL-1, and IL-5-independent low
forward scatter. Finally, even though P-selectin activates [3;-integrins [24] and the new data
indicate that IL-5 upregulates the P-selectin receptor PSGL-1, the PSGL-1 level present in the
absence of IL-5 seems sufficient for the [3;-integrin activation state observed on blood and airway
eosinophils, since ; activation was not affected by anti-IL-5. As blood eosinophil reactivity with
KIM-127 at baseline was decreased by anti-IL-5 and correlated with BAL eosinophil percentage,
one could speculate that the blood eosinophil KIM-127 signal may be a readout of in vivo IL-5

activity and may predict responsiveness to anti-IL-5.
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Figure Legends

Fig. 1. BAL cells pre- and post-segmental antigen challenge before and after anti-IL-5
administration. (Left panels, A-D) Dot plots of side scatter versus labeling with FITC-conjugated
anti-CD14 and anti-CD16 of unfractionated BAL cells from subject No. 1. (A) pre-segmental antigen
challenge before anti-IL-5, (B) 48 h post-segmental antigen challenge before anti-IL-5, (C) pre-
segmental antigen challenge after anti-IL-5, (D) 48 h post-segmental antigen challenge after anti-
IL-5. Gating (polygon area) was performed in the post-challenge samples (B,D), after which the
parameters were applied to the plots in A and C. Proportions of gated eosinophils are indicated in
the plots. (Right panels, E-H) Dot plots of labeling of the gated populations in A-D, respectively,
with FITC-conjugated anti-CD14 and anti-CD16 versus o integrin subunit detected with PE-

conjugated secondary antibody.

Fig. 2. Expression of epitope for mAb KIM-127 in intermediate- and high-activity ,-integrins
versus forward scatter of eosinophils before and after anti-IL-5 administration. Representative dot
plots of KIM-127 epitope expression versus forward scatter on blood eosinophils pre-segmental
antigen challenge (A) and on blood (B) and BAL (C) eosinophils 48 h post-segmental antigen
challenge before (green) and after (purple) anti-IL-5. Data acquisition time was 1 min, and thus the
number of dots varies according to the numbers of eosinophils. KIM-127 epitope expression on
blood eosinophils pre-segmental antigen challenge was significantly lower after anti-IL-5 than
before anti-IL-5 when these data were combined with data from the other subjects (Table 2).
Forward scatter of blood eosinophils 48 h post-segmental antigen challenge was significantly

lower after anti-IL-5 than before anti-IL-5 (Table 2).

© 2012 Blackwell Publishing Ltd



Fig. 3. Summary of activation states of a3, and a3, integrins, expression of P-selectin
glycoprotein ligand-1 (PSGL-1), and forward scatter of blood and airway eosinophils before and
after anti-IL-5 administration. The summary is based on present and published [24] data. Before
administration of anti-IL-5, blood eosinophils have IL-5-dependent intermediate-activity owf3,
integrin, have P-selectin-dependent intermediate-activity a,f3;, and acquire high PSGL-1
expression and high forward scatter, indicative of cell size and/or shape change, post-segmental
antigen challenge. Before anti-IL-5, airway eosinophils have high-activity owf3,, high-activity o4,
IL-5-dependent high PSGL-1 expression, and low forward scatter. After administration of anti-IL-5,
blood eosinophils have inactive a3, P-selectin-dependent intermediate-activity o3, integrin,
decreased PSGL-1 expression, and decreased forward scatter. After anti-IL-5, airway eosinophils
are the same as airway eosinophils before anti-IL-5 except for decreased PSGL-1 expression. Not
shown are the modest increases in total owf3, and o3, on blood eosinophils following segmental
antigen challenge that are lost after anti-IL-5 and more dramatic increases in ayf32, ou3,, and

especially ap[3; on airway eosinophils that are not affected by anti-IL-5.
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Tables

Table 1. Subject characteristics

Subject Age Sex | Antigen | PCy FEV, FEV, AgPD,, | LPR
(years) (mg/ml) ()] (% (CBU)
pred.)
1 23 M | HDM 0.4 3.5 75 3 yes
2 27 M | HDM 0.2 4.7 101 81 yes
3 31 M | CD 3.8 6.1 135 44 no
4 36 M | HDM 4.9 3.9 87 6 yes
5 22 M | HDM 2.9 4.3 83 10 no
6 27 F RW 5.3 2.7 95 3 no
7 27 M | RW 1.4 3.6 71 0.08 yes
8 19 M | HDM 11 4.9 103 50 yes
9 22 F HDM 0.2 3.8 108 51 no
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10 20 HDM 0.9 3.3 100 13 yes
Mean * SD or median 25+5 2.1 4.1 + 96 +18
(25" 75" percentiles) (0.3,5.1) | 1.0

Group data are presented as mean * SD if the variable is normally distributed and as median with

25" and 75™ percentiles if the variable is non-normally distributed.

FEV, data are baseline values at screening.

AgPD,q, provocative dose of antigen producing a 20% fall in FEV,; CBU, cumulative breath units;

CD, cat dander; F, female; FEV4, forced expiratory volume in 1 s; HDM, house dust mite; LPR, late-

phase response (FEV, fall of > 15% 3-8 h from baseline after whole-lung inhaled antigen

challenge)[27]; M, male; PC,, provocative concentration of methacholine producing a 20% fall in

FEV,; RW, ragweed; % pred., percentage of the predicted value
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Table 2. Eosinophil expression and activation of 3,- and 3;-integrins, expression of PSGL-1, and

scatter pre- and post-segmental lung antigen challenge before and after anti-IL-5 administration.

Measurement Before anti-IL-5 After anti-IL-5
Blood BAL Blood BAL
eosinophils eosinophils | eosinophils eosinophils
0 h (pre- 48 h post- | 48 h post- 0 h (pre- 48 h post- | 48 h post-
challenge) | challenge | challenge challenge) | challenge | challenge

B, 1270+50 | 145050 | 1850 +30 1170+50 | 1180+60 | 178050
* *t t tF +

KIM-127 120 £ 20 170 +30 920+ 110 70+10 90 £30 960 + 130

(intermediate- ¥ T T ¥ T T

and high-activity

B2)

mAb24 ND ND 730+ 80 ND ND 800 £ 80

(high-activity 3,)

Ol 1360+100 | 1610 £50 | 2020 £ 30 1340+40 | 1370160 | 190070
* *t t tF +
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CBRM1/5 6020 8030 23070 3020 4020 280 +£90

(high-activity T T

owP2)

o 1060 +£40 | 1230+50 | 1380+50 | 1010+40 | 1080+60 | 135060
* *F T% T

Op 7010 80 +20 830+110 |50+10 50+10 890 + 90

t + T T

B4 510+ 40 600 £ 40 630+ 30 520+ 40 560 = 60 610 £ 30

N29 210+ 30 250 + 30 250 %20 200+ 30 220+ 40 270+ 30

(intermediate-

and high-

activity B4

HUTS-21 50+20 200 7010 30+10 20+10 70120

(high-activity B1) t t t t

9EG7 100 2010 40+£10 2010 10+0 5020

(high-activity B,) t t t t
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PSGL-1 164040 |1830+60 |1800+40 | 1560+40 | 1640+50 | 1700+ 30
* *t : ¥ ¥
Forward scatter | 360+20 |370£30 |270£20 |330+20 |320+10 |270%10
ti t t1 t
Side scatter 670+10 |680+10 |550+10 |690+20 |690+10 |540%10
t t t t

Flow cytometry was performed on blood eosinophils pre-segmental antigen challenge (0 h) and 48

h post-segmental antigen challenge and on BAL eosinophils 48 h post-segmental antigen challenge

before and after administration of anti-IL-5 (mepolizumab). Values shown are specific gMCF

(geometric mean channel fluorescence) for expression levels and mean signal intensity for scatter

(mean + SEM), n = 10 subjects.

ND, not determined; PSGL-1, P-selectin glycoprotein ligand-1.

Paired symbols indicate significant (P < 0.05) differences between: *...*blood eosinophils at 0 h

and blood eosinophils at 48 h, T...tblood eosinophils at 48 h and BAL eosinophils at 48 h, and

t...¥eosinophils in corresponding samples obtained before and after anti-IL-5 administration.

Therefore, an interpretation of the symbols requires examination of data in 2 different cells of the

table.
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Table 3. Correlations between blood eosinophil activation or expression of 3,- or 3;-integrins
and BAL eosinophil percentage 48 h after segmental antigen challenge before and after anti-IL-5

administration

Measurement Before anti-IL-5 After anti-IL-5
0 h (pre- 48 h post- 0 h (pre- 48 h post-
challenge) challenge challenge) challenge
rs P rs P rs P rs P
KIM-127 0.74 0.05 0.32 0.50 -0.31 0.50 -0.18 0.71

(intermediate- and high-

activity f3,)

B 0.62 0.09 0.05 0.91 -0.27 0.45 0.02 0.96
Olm -0.20 0.58 0.38 0.31 0.24 051 0.15 0.68
oy 0.41 0.25 0.35 0.36 0.22 0.58 -0.02 0.96
N29 030 041 0.33 0.39 0.28 043 0.12 0.76

(intermediate- and high-

activity B4

B4 0.25 049 -0.03 0.95 0.28 042 -0.12 0.75
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