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ABSTRACT  

Rationale: In severe asthmatics with persistent airway eosinophilia, blockade of the 

eosinophilopoietin, interleukin-5 has significant steroid sparing effects and attenuates blood 

and sputum eosinophilia. The contribution of local maturational processes of progenitors 

within the airways relative to the recruitment of mature cells from the peripheral circulation 

to airway eosinophilia in these patients is not known. We hypothesize that local 

eosinophilopoietic processes may be the predominant process that drives persistent airway 

eosinophilia and corticosteroid requirement in severe asthmatics. 

Methods: In a cross-sectional study, the number and growth potential of eosinophil-lineage 

committed progenitors (EoP) were assayed in 21 severe eosinophilic asthmatics, 19 mild 

asthmatics, 8 COPD patients and 8 normal subjects. The effect of anti-IL-5 treatment on 

mature eosinophils and EoP numbers was made in severe eosinophilic asthmatics who 

participated in a randomized clinical trial of mepolizumab (sub-study of a larger GSK 

sponsored global phase III trial, MEA115575) where subjects received mepolizumab (100 

mg, n=9) or placebo (n=8), as six monthly subcutaneous injections.  

Results: Mature eosinophil and EoP numbers were significantly greater in the sputum of 

severe asthmatics compared with all other subject groups. In colony forming assays, EoP 

from blood of severe asthmatics demonstrated a greater response to IL-5 than mild 
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asthmatics. Treatment of severe asthmatics with mepolizumab significantly attenuated blood 

eosinophils and increased EoP. There was however no significant treatment effect on mature 

eosinophils, sputum EoP numbers or the prednisone maintenance dose.      

Conclusions: Patients with severe eosinophilic asthma have an exaggerated 

eosinophilopoeitic process in their airways. Treatment with 100 mg sub-cutaneous 

mepolizumab significantly attenuated systemic differentiation of eosinophils, but did not 

suppress local airway eosinophil differentiation to mature cells. Targeting IL-5 driven 

eosinophil differentiation locally within the lung maybe of relevance for optimal control of 

airway eosinophilia and asthma. 

 

INTRODUCTION 

Asthma is a chronic inflammatory disease of the airways that is well controlled by 

inhaled therapy in most patients (1). However, a subset of patients continues to have 

symptoms despite being on high doses of oral corticosteroids and although fewer than 10% of 

total asthma sufferers, this group accounts for over half the costs related to asthma care (2). In 

prednisone-dependent asthmatics with airway eosinophilia, sputum eosinophils are increased 

when asthma is uncontrolled (3) or severe (4) and decreased when asthma is controlled (5). In 

these patients, treatment strategies that aim to control airway eosinophilia are steroid-sparing, 

effective at decreasing asthma exacerbations and cost-effective in improving asthma control 

(6-8). It is therefore important to investigate the pathobiological processes that promote 

airway eosinophilia in order to develop effective treatment strategies for severe eosinophilic 

asthma.   

Eosinophil differentiation and maturation from CD34+ hematopoietic progenitors 

(HPC) occurs largely in the bone marrow stimulated by the eosinophilopoietin, interleukin-5 

(IL-5) (9) (10). The IL-5 receptor is comprised of a unique binding α-chain and a common 
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signaling β-chain that is shared with IL-3 and GM-CSF (11). Up-regulation of IL-5Rα on 

CD34+ cells, as determined by flow cytometry occurs at an early stage in eosinophil 

development and denotes the phenotype of eosinophil-lineage committed progenitor cells 

(EoP) (12, 13). Precursor cells  can also be enumerated in semi-solid cultures as 

eosinophil/basophil colony forming units (Eo/B-CFU) where each colony represents the 

outgrowth of daughter cells from a single precursor (14) or by sequential 

immunocytochemistry and in situ hybridization as CD34 immunopositive/ IL-5Rα mRNA+ 

cells in tissue (15).  

In assessing EoPs, it has become evident that the development of eosinophilic 

airway inflammation in asthma is associated with the ability of the bone marrow and affected 

tissues to support the mobilization, proliferation and local differentiation of EoP (16). In mild 

allergic asthmatics, bone marrow-derived IL-5 responsive EoP are elevated in blood (17), 

mucosa of the upper and lower airways and airway secretions of allergic asthmatics (15, 18-

20) and have been shown to correlate with asthma severity (15). Following allergen or IL-5 

inhalational challenge of atopic asthmatics, the number of airway EoP is further enhanced 

and precedes the development of airway eosinophilia (21-23). In allergic rhinitis patients, 

local IL-5-dependent differentiation of EoP was observed when nasal biopsies were cultured 

ex vivo with IL-5 or ragweed allergen resulting in a reduction in CD34
 
immunopositive/IL-

5Rα mRNA
+
 cells and a concurrent increase in the number of MBP immunoreactive cells 

(24). This showed that local differentiation, termed in situ eosinophilopoiesis, could rapidly 

increase mucosal levels of mature eosinophils during an inflammatory response (24). In all, 

these data support the view that local maturational processes promote development of 

eosinophilia in the lung and that targeting local IL-5 driven expansion of EoP may be an 

important strategy to control persistent eosinophilia in severe asthmatics.  
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In mild asthmatics, clinical studies with intravenous administration of high doses of 

mepolizumab (750 mg), a humanized monoclonal antibody that binds and inactivates IL-5 

caused a complete maturational arrest of eosinophils in the bone marrow and blood but only 

partially depleted mature eosinophils in the bronchial mucosa (25, 26). This was associated 

with a significant, albeit incomplete, attenuation of EoP numbers within the bronchial mucosa 

suggesting that local IL-5-driven differentiation may play an important contributory role in 

the development of airway eosinophilia. Furthermore, this may explain findings from a study 

where anti-CCR3 treatment failed to clear luminal airway eosinophils in moderately severe 

asthmatics, likely because the treatment did not attenuate local differentiation reflected in the 

lack of effect of the drug on sputum levels of either EoP or mature eosinophils (27). Although 

a number of studies have reported that anti-IL-5 therapy attenuates blood eosinophilia in 

severe asthmatics with eosinophilic bronchitis, the effect of treatment on systemic versus 

local eosinophilopoietic processes within this endotype of patients remains unknown (8, 28-

31).  

The current study has investigated the contribution of in-situ eosinophilopoesis in 

asthmatics with persistent airway eosinophilia despite treatment with potent anti-

inflammatory therapy. We hypothesize that local maturation rather than systemic recruitment 

of mature cells may contribute to ongoing airway eosinophilia and corticosteroid treatment 

requirement in severe asthma. The aims of the current study were to 1) to compare EoP 

numbers in severe prednisone-dependent asthmatics with mild asthmatics, COPD subjects 

and normal healthy volunteers, and 2) to investigate in a randomized, double-blind, placebo-

controlled parallel group clinical trial of severe prednisone-dependent asthmatics, the effect 

of mepolizumab treatment delivered subcutaneously, on local and systemic 

eosinophilopoietic processes.  
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METHODS 

Subjects for cross-sectional study 

For the baseline cross-sectional study of progenitor cell populations, sputum and blood 

samples were collected from severe prednisone-dependent eosinophilic asthmatics (n=21), 

mild atopic asthmatics (n=19), subjects with chronic obstructive pulmonary disease (COPD; 

n=8) and non-atopic healthy controls (n=8). All except COPD subjects were current non-

smokers (<10/pack year) and all were healthy for 4 weeks prior to the study and provided 

written informed consent. Subject characteristics are summarized in Table 1. All 

experimental procedures were reviewed and approved by the Institutional Research Ethics 

Board. 

 All severe asthmatics included in this baseline cross-sectional study fitted the 

inclusion criteria for the GSK sponsored MEA115575 sub-study and samples were collected 

at visit 1 prior to steroid reduction (study design - supplemental Figure S1). A sub-set of 

these subjects was randomized into the clinical sub-study described below.   

 

Randomized clinical trial and Study Design 

The results for mepolizumab treatment described herein are a sub-study of a GSK sponsored 

global phase III trial, MEA115575 (30). Seventeen subjects who consented to participate and 

were eligible for inclusion in MEA115575 were invited to participate in the sub-study that 

investigated the effect IL5 blockade on local and systemic eosinophil differentiation in severe 

prednisone-dependent asthma. The subject characteristics are summarized in Table 2.  

Seventeen volunteers with prednisone-dependent severe asthma with persistent blood 

eosinophilia as defined per protocol (30) were recruited to a four-center, randomized, double-

blind, placebo-controlled parallel group sub-study (described in supplemental Figure S1). 

Sputum eosinophilia was not an inclusion criterion. The sub-study included venous blood and 
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sputum sampling for EoP, and mature eosinophil enumerated at Visit 1 (pre-treatment, steroid 

dose not optimized), Visit 4 (steroid dose optimized and 4 weeks after first injection) and 

Visit 9 (4 weeks after the last injection). Following a corticosteroid optimization period of 3 - 

8 weeks in duration, subjects were randomized to receive either mepolizumab (100 mg) or 

placebo by subcutaneous injection. Subsequent injections were administered every 4 weeks.  

In this study, 9 subjects received mepolizumab (administered in six monthly 

subcutaneous injections of 100 mg each) and 8 patients received placebo. Two subjects in the 

placebo group withdrew early due to unrelated illness and these data were not included in the 

final analyses of the sub-study. 

 

Methods for enumerating progenitor cells by flow cytometry (supplemental Figure S2) and 

methylcellulose culture and clinical outcomes are described in the online supplement.  

 

Statistical analyses 

Baseline clinical and laboratory data are expressed as mean (±SEM) unless otherwise 

stated. Within-group comparisons were made using a paired t-test for normally distributed 

data or the Wilcoxon rank test for non-normally distributed data. Between-group comparisons 

were made using the Mann Whitney U test for non-normally distributed data or unpaired t-

test for normally distributed data. A MANOVA test was performed to assess eosinophil 

colony counts in blood methylcellulose cultures and Tukey’s post-hoc analyses. Post-hoc 

tests were carried out for planned comparisons that were determined a priori. A two-sided P 

value of 0.05 was considered to indicate statistical significance. All analyses were performed 

using the PRISM software, version 6.    
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Role of the sponsors 

For the MEA115575 sub-study the academic investigators designed the protocol in 

collaboration with employees of GlaxoSmithKline. GSK sponsored the larger randomized 

clinical trial (MEA115575) for which GlaxoSmithKline supplied the study drug and collected 

and analyzed the data. The GSK funded sub-study sputum samples were collected from 4 

centers in Canada and samples were sent to the Firestone Institute for Respiratory Health for 

processing and analyses. All authors contributed to interpretation of the data. The study was 

approved by the hospital’s research ethics board. All patients provided written informed 

consent. ClinicalTrials.gov number, NCT01691508. 

 

RESULTS 

Increased Luminal Eosinophil Progenitor Cells in Severe Asthmatics  

In the baseline cross-sectional study, COPD subjects were included as a non-

eosinophilic airways disease comparator and mild asthmatics were included as a disease-

severity control group to severe asthmatics. There were significantly great numbers of mature 

eosinophils in blood and sputum from severe eosinophilic asthmatics compared to mild 

asthmatics, COPD and normal healthy volunteers (Table 3). While hemopoietic progenitor 

cell numbers (HPC; CD34+45+) in blood did not differ between the subject groups, in 

sputum, HPC numbers from severe asthmatics were significantly greater than COPD and 

normal subjects. The number of EoP (CD34+45+IL5Rα+ cells) in blood from severe 

asthmatics was significantly greater than normal and COPD subjects but not mild asthmatics. 

In sputum, EoP from severe asthmatics were significantly greater than all other groups 

including patients with mild asthma where the proportional frequency of EoP was 10-fold 

higher (Table 3).   
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In 14 day methylcellulose colony assays, circulating progenitors from severe 

eosinophilic asthmatics showed a significantly greater clonogenic response than mild 

asthmatic subjects when cultured with IL-5 (1 and 10 ng/ml) (Figure 1a). IL-5-, but not 

diluent-, stimulated growth of Eo/B-CFU from severe asthmatics was significantly attenuated 

in the presence of an optimal concentration of an IL-5 receptor blocking antibody (20ng/ml). 

These data demonstrate the specificity of IL-5 driven outgrowth of EoP in methycellulose 

cultures (Figure 2).  

The marked increase in sputum EoP in severe asthmatics suggests that extramedullary 

eosinophilopoietic processes may be an important pathological process contributing to 

persistent airway eosinophilia (Table 1). To test this hypothesis, we investigated the effect of 

blockade of interleukin-5 activity on local and systemic levels of EoP and mature eosinophils 

in severe prednisone dependent asthmatics. (Study design – supplemental Figure S1) 

 

Effect of mepolizumab treatment on mature eosinophils in the blood and sputum 

Blood eosinophils levels at the beginning of the study (visit 1: V1) were comparable 

between the mepolizumab and placebo treated groups (Figure 3). Following treatment with 

mepolizumab but not placebo (V1 versus V9) there was a significant decline in the number of 

mature eosinophils circulating in the blood (Figure 3). 

At V1, sputum eosinophil levels were comparable in the mepolizumab- and placebo- 

treatment group (V1 drug: 7.4±3.3% vs V1 placebo: 22.4± 8.6%, p=0.08) (Figure 3). 

Following treatment with mepolizumab there was a trend for a reduction in sputum levels of 

eosinophils, although this effect was not statistically significant when either percent values 

were compared (V9 drug: 3.9±3.0% vs placebo: 17.3± 10.5%, p=0.19) (Figure 3), or ratios to 

baseline were compared as V9/V1 (drug vs placebo, median and range: 21.95 (3.2-49.08%) 

vs 11.67 (0 -75%, respectively), P=0.73). 
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Effect of mepolizumab treatment on eosinophils progenitors in the blood and sputum  

By flow cytometry, we found a significant increase in blood levels of EoP expressed 

as a proportion of the total progenitor cell numbers when baseline (V1) levels were compared 

to the end treatment (V9) in the mepolizumab but not the placebo treated group (Figure 4). 

Similar findings were observed when absolute numbers of blood EoP were compared, 

discounting the effect of changes in total leukocyte cell counts contributing to proportional 

increases in blood EoP.   In contrast, treatment with mepolizumab had no effect on sputum 

levels of EoP when pre-treatment levels were compared to post-treatment levels (Figure 4). In 

addition, no statistically significant changes were found when mepolizumab induced changes 

were compared to the placebo control group (Figure 4). 

In methycellulose culture assays, compared to pre-treatment levels there was a 

significant increase in Eo/B-CFU grown with IL-5 (0.1 ng/ml) in the mepolizumab-treated 

but not the placebo treated group (Figure5). Similar trends were observed in the Eo/B-CFU 

grown in diluent and in higher doses of IL-5 (1 and 10 ng/ml) in the mepolizumab-treated 

group (supplemental Figure S3). Similar culture assays were not performed on sputum 

extracted cells due to the lack of sterility of the sample and the low cell recovery.  

 

Clinical Outcomes: Steroid sparing effect, asthma control and airway function  

The steroid sparing effect and ACQ data have previously been reported in the main 

global clinical trial report by Bel et al.(30). For the cohort of subjects included in this study,  

the steroid dose was reduced compared to pre-treatment levels in the mepolizumab treated 

group(V1 vs V9 drug: 15(7.5-25) vs 5(0-20) mg; placebo: 15(7.5-30) vs 15 (7.5-25). 

However, when the prednisone dose was expressed as % reduction of the optimized steroid 

dose (V4), this effect was not significant (drug: 33±22% vs. placebo: -3±8.3%, P=0.23). The 

ACQ data showed an improvement in asthma control score when pre-treatment baseline 
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levels (V1) were compared to end of treatment (V9) in the mepolizumab treated group (drug: 

1.9±0.4 vs 0.8±0.4 ACQ Score) but not in the placebo-treated group (placebo: 1.6±0.2 vs 

1.9±0.4 ACQ score) . FEV1 (% predicted) showed modest changes that were not statistically 

significant when V1 levels were compared to V9 levels in the mepolizumab treated group 

(drug: 46.4±5.6 vs 54.8±7.9%; placebo: 52.1±6.9 vs 54.1±9% predicted). In addition, no 

significant difference was observed when changes in the drug-treated group were compared 

to the placebo-treated group.  There were 6 eosinophilic asthma exacerbations in the 6 

patients who received placebo and completed the study. In comparison 4 of the 9 patients 

who received mepolizumab and completed the study had an eosinophilic asthma 

exacerbations and one patient had a neutrophilic asthma exacerbation. 

 

DISCUSSION 

Eosinophil progenitor cells have been demonstrated in the airways, blood and bone 

marrow of patients with mild atopic asthma (21, 32). However, there is no information on the 

numbers, clonogenic potential, or clinical relevance of these lineage-committed progenitors 

in patients with severe prednisone-dependent eosinophilic asthma. We show for the first time, 

in a cross-sectional study, a marked luminal increase in EoP in severe asthmatics compared to 

subjects with mild atopic asthma, COPD and normal healthy controls. In clonogenic assays, 

circulating progenitors from severe asthmatics demonstrated a greater IL-5-driven 

proliferative potential (that could be attenuated by an anti-IL5 antibody, in vitro) compared to 

cells from mild atopic asthmatics. Persistence of EoP in sputum despite anti-IL5 therapy was 

associated with persistence of sputum mature eosinophils and lower prednisone-sparing 

effect. These observations support the view that IL-5-driven in situ eosinophilopoiesis is 

clinically relevant in modulating airway eosinophilia and clinical response to anti-eosinophil 

therapies. 
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In a randomized placebo-controlled clinical trial of mepolizumab administered in 6 

monthly subcutaneous injections of 100 mg each, we found that there was a rapid and 

sustained reduction in blood levels of mature eosinophils and an associated increase in 

eosinophil progenitors in prednisone dependent severe eosinophilic asthmatics. In contrast, 

there was no significant treatment effect on sputum levels of mature eosinophils or their 

precursors in these subjects. The observed dissociation between luminal and systemic effects 

of this treatment suggest that in situ differentiation may be the predominant process 

contributing to persistent airway eosinophilia. For the optimal control of symptoms and 

exacerbations, we propose that local eosinophilopoietic processes this should be considered 

as an important therapeutic target in severe eosinophilic asthmatics.   

Clinical trials evaluating the therapeutic relevance of anti-IL5 biologics over the past 

decade have been variously successful with recent studies indicating that this therapy is most 

effective in severe asthmatics with eosinophil-driven airway inflammatory disease (33, 34). 

Two independent small group studies showed that treatment with monthly intravenous 

infusions of mepolizumab (750 mg iv) in this endotype of patients was steroid sparing, 

associated with 84% reduction in exacerbations and improved asthma control (28, 35). 

Importantly, Nair et al, showed that these clinical outcomes were associated with a significant 

attenuation of both blood and sputum eosinophil numbers (8). Subsequent studies have 

endeavored to optimize the dose and delivery platforms for mepolizumab (29-31). In the 

recent study, Bel et al., showed that monthly subcutaneous injections of a lower dose of 

mepolizumab (100 mg sc) attenuated the exacerbation rates by 32% and were steroid-sparing 

in severe eosinophilic asthmatics (30) albeit to a lower level that those reported by Nair et al. 

(750 mg, i.v.) (8). A sub-group of 17 patients from this trial consented to participate in a sub-

study investigating the effect of mepolizumab treatment on local and systemic 

eosinophilopoietic processes. 
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The systemic reduction of mature blood eosinophils from the current study is 

consistent with a previous study by Menzies-Gow et al., that demonstrated a significant 

reduction of circulating mature eosinophil numbers as a result of maturational arrest of 

eosinophils at the myelocyte and metamyelocyte stage within the bone marrow following 

intravenous treatment with mepolizumab (750 mg) in asymptomatic mild asthmatics  (26). In 

addition, our findings of increased blood EoP numbers, determined by flow cytometry and 

colony-forming assays, align with the view of systemic arrest of eosinophil maturation by 

anti-IL-5 treatment. That IL-5 can upregulate its own receptor expression on CD34+ cells 

predicts that anti-IL-5 therapy would attenuate EoP numbers (36). However eosinophil-

lineage commitment involving the earliest expression of IL-5Rα on CD34+ cells is controlled 

by a delicate combinatorial balance between the threshold expression levels of fate-

determining transcription factors including CCAAT/enhancer binding protein (C/EBP), 

GATA-1 (a zinc finger family member), PU.I (an Ets family member) and friend of GATA 

(FOG) which serve as master regulators for eosinophil-lineage commitment from common 

myeloid precursors (37). Little is known about upstream activators of these transcription 

factors, although these events precede up-regulation of IL-5 receptor α chain (IL-5Rα) 

surface expression on CD34+ cells which in turn acts as a permissive rather than instructive 

signal for IL-5 mediated terminal differentiation of EoP. This may explain the observed effect 

of anti-IL-5 therapy which arrested terminal differentiation of eosinophils thus explaining the 

observed reduction in mature eosinophil and increased EoP numbers in the blood.    

The observed dissociation between the systemic and local airway effects of 

mepolizumab therapy suggest that local maturation rather than systemic recruitment of 

mature cells may be the  predominant process promoting persistent airway eosinophilia in 

severe asthmatics. This is in line with studies that have shown significant modulation of local 

airway eosinophilia in asthmatics using biologics that targeted IL-5, (26) (38) while those that 
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targeted the recruitment of mature eosinophils by chemoattractants such as eotaxin were 

ineffective (27). There may, however, be several alternate explanations for the lack of a 

significant attenuation of airway levels of mature eosinophils and their precursors following 

mepolizumab therapy. Firstly, this may be due to the small sample size of the current study. 

However a report by Dasgupta et al has shown that examining 6 subjects in each group is 

adequate to detect a 50% reduction in sputum eosinophils numbers (39) and this analysis was 

based on fluctuations in airway eosinophils in the mepolizumab treatment study performed by 

Nair et al (8).  Secondly, reduced bioavailability of mepolizumab within the tissue mucosa 

consequent to the lower dose of drug (100 mg sc) used in this study may have contributed to 

this effect although this requires further investigation in severe asthmatics. The argument 

against this is that even with high doses of mepolizumab (750 mg iv) while systemic levels of 

eosinophils fell precipitously, levels of mature eosinophils and CD34+IL-5Rα mRNA+ cells 

in the bronchial mucosa were only modestly attenuated (26). The compensatory effect of 

eosinophilopoietic cytokines produced locally within the tissue may have counteracted the 

effect of anti-IL-5 (26). It has been shown that CD34
+
 cells appearing in sputum of allergic 

asthmatic subjects post-allergen challenge stain positively for intracellular IL-5 and IL-13 

suggesting that precursor cells may themselves act as pro-inflammatory effectors in the 

microenvironment of the inflamed tissue, being able to autologously replenish IL-5 depleted 

by antibody treatment(40).  

Irrespective of the mechanism of persistent airway eosinophilia, our observations 

suggest that control of airway eosinophilia may be necessary to obtain optimum clinical 

benefits. While the larger clinical trial demonstrated a significant prednisone sparing effect, 

this was not apparent in this sub-study in which sputum eosinophils and eosinophil 

progenitors were not adequately controlled. 
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In conclusion, the findings of this study suggest that local maturation from eosinophil 

precursors may play an important role in promoting airway eosinophilia in severe prednisone 

dependent asthmatics. Further studies that investigate targeting local molecular mechanisms 

that ameliorate in-situ eosinophil differentiation within the lung may help to address  whether 

controlling airway tissue and luminal eosinophilia is relevant to achieving good asthma 

control and to prevent exacerbations, in addition to controlling blood eosinophilia, in patients 

with severe prednisone-dependent asthma. 
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FIGURE LEGENDS 

Figure 1: Increased clonogenic potential of progenitor cells from blood of severe versus mild 

asthmatics. (a) Blood derived progenitors were cultured in methylcellulose culture with 

diluent or IL-5. Compared to mild asthmatics (open bars, n=5), progenitor cells from severe 

asthmatics (closed bars, n=7) showed a greater proliferative potential in IL-5 stimulated 

conditions (*p<0.05 within group comparison to diluent; #p<0.05 between group 

comparisons).  
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Figure 2:  Attenuation of Il-5 driven clonogenic expandsion of EoP by anti-IL5 In blood from 

severe asthmatics (n=5), IL-5 stimulated Eo/B-CFU colony growth was inhibited in the 

presence of an optimal concentration of IL-5R blocking antibody (20 ng/ml). This 

demonstrates the specificity of IL-5 driven eosinophilopoietic potential of progenitor cells 

from severe asthmatics. Data are presented as mean ± SEM. 

 

Figure 3: Blood and sputum eosinophil counts. Following treatment with mepolizumab there 

was a significant decline in circulating levels of mature eosinophils while the numbers in the 

placebo treatment group remained unchanged. Treatment with mepolizumab treatment did 

not significantly attenuate sputum eosinophil levels compared to placebo treatment arm and 

no significant between group effect was found.  Data are presented as mean ± SEM. 

 

Figure 4: EoP enumeration by FACS. Blood and sputum eosinophil-lineage committed 

progenitors (EoP) were enumerated by flow cytometry (CD34+45+IL5Rα+ cells and 

expressed as a percentage of the total hematopoietic progenitor cell population (CD34+45+ 

cells). Compared to baseline screening levels, a significant increase in blood levels of EoP 

was observed post-treatment in the mepolizumab but not placebo treated group. In contrast, 

drug treatment had no effect on sputum levels of EoP using a similar comparison. 

 

Figure 5: EoP clonogenic assay. Blood eosinophil progenitor cells (EoP) were enumerated 

by clonogenic expansion in methylcellulose culture. Compared to pre-treatment levels there 

was a significant increase in Eo/B-CFU grown with sub-optimal dose of IL-5 (0.1 ng/ml) in 

the drug but not the placebo treated group. These data suggest that inhibition of IL-5-driven 

terminal differentiation of eosinophils results in the increased circulating levels of EoP. 

 

Table 1: Baseline Subject Characteristics for EoP Enumerations 

Characteristic Severe 

Asthmatics 

(n=21) 

Mild Atopic 

Asthmatics 

(n=19) 

COPD  

 

(n = 8) 

Normals 

  

(n = 8) 

Age, years 50.1 ± 2.7 29.9 ± 3.9 64.2 ± 5.4* 31.3 ± 4.5 

Gender, % male 53.3 46.7 85.7 42.9 

BMI, kg·m
2
 29.4 ± 1.3 24.3 ± 1.2 26.7 ± 4.6 27.2 ± 5.2 

Pulmonary function      

Pre-bronchodilator     

FEV1, L  1.7 ± 0.2* 3.7 ± 0.2 1.4 ± 0.8* 3.4 ± 1.1 

FEV1 % predicted  52.2 ± 4.1* 95.0 ± 3.4 40.4 ± 20.1* 101.8 ± 15.2 

FVC, L  2.9 ± 0.2* 4.8 ± 0.2 2.6 ± 0.7* 4.4 ± 1.1 

FVC % predicted 67.7 ± 3.3* 103.8 ± 3.0 56.4 ± 13.8* 114.6 ± 15.2 

FEV1/FVC %  61.4 ± 3.2* 76.5 ± 1.8 63.2 ± 23.8 82.4 ± 19.0 

 

Comorbidities 

    

Hypertension, n % 20.0 0.0 25.0 0.0 

Hyperlipidemia, n % 20.0 0.0 25.0 0.0 
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Severe eosinophilic asthmatics had pre-bronchodilator FEV1<80% predicted, >12% 

reversibility of FEV1 upon challenge with short-acting bronchodilator, PC20 <8mg/ml, at least 

6 months history of treatment with oral steroids (5-35 mg daily prednisone or equivalent), 

inhaled corticosteroids (>880mcg/day) and eosinophilic inflammation determined by blood 

eosinophils ≥150/µl currently or <300/µl within the past 12 months. Mild atopic asthmatics 

were skin prick test positive, FEV1≥70% predicted, >12% reversibility of FEV1, PC20≤16 

mg/ml, and were steroid-naïve with infrequent use of inhaled ß2-agonists. Subjects with 

COPD were skin prick test negative, FEV1<70% predicted, <12% reversibility of FEV1. 

Normal healthy controls (n=8) were skin prick test negative, FEV1≥70% predicted, baseline 

PC20>16 mg/ml. Values are expressed as mean ± SD  

* Significant difference (p<0.05) compared to normal subjects 

 

 

Table 2: Baseline Demographic and Clinical Characteristics of Severe Asthmatics 

Patients in Mepolizumab Treatment Study 

 

 

Characteristics 

 

Mepolizumab  

 

Placebo 

  

Pt. Number n=9 n=6 

Age (yrs) 50.1 ± 14.5 48.8 ± 5.9 

Gender M=3, F=6 M=5, F=1 

Duration of Asthma (yrs) 21.1 ± 11.7 10.3 ± 6.3 

Prednisone (mg/day) 

Median 

Range 

 

15.0 

7.5 – 25.0 

 

15.0 

7.5 – 30.0 

ǂ
 ICS Dose (Total daily dose) 

Median 

Range 

 

2000 

1000 – 2500 

 

1000 

500 - 1500 

Long-acting β agonist  

(no. of patients) 9.0 6.0 

Leukotriene-receptor antagonist  

(no. of patients) 4.0 3.0 

Blood Eos x10
6
/ml   

 

Smoking Status 

    

Current, n % 0.0 0.0 66.7 0.0 

Ex-smoker, n % 53.0 0.0 33.3 16.7 

      Non-smoker, n % 47.0 100.0 0.0 83.3 

Cigarette pack-years  2.9 ± 1.0 0.0 60.6 ± 22.3* 1.3 ± 2.2 

 

Statin use, n % 

 

20.0 

 

0.0 

 

16.7 

 

0.0 
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Median 

Range 

0.4 

0.03 – 0.75 

0.44 

0.33 – 0.51 

Sputum Eos (%) 

Median 

Range 

 

4.5 

0 – 28.5 

 

16.3 

3.3 – 50.4 

FEV1 % predicted  (pre-BD) 46.4  ± 15.8 52.1  ± 15.4 

FEV1 Abs (L) 1.43 ± 0.34 1.98 ± 0.65 

FVC (L)  2.29 ± 0.52 3.33± 0.51 

FEV1/FVC (%) 67.79 ± 15.38 57.84 ± 12.93 

FEV1 reversibility (%) 22.37 ± 8.46 15.6 ± 1.52 

 

* Plus-minus values are mean ± SD. Values are those recorded at the time of screening unless 

otherwise stated. No significant differences between the groups for any of the variables. 

FEV1 denotes forced expiratory volume in 1 second.
 ǂ
 Dose of inhaled corticosteroid is the 

equivalent of inhaled fluticasone. *P<0.05 for between group comparisons.
 

 

 

Table 3: Increased Luminal Eosinophil Progenitor Cells in Severe Asthma  

 
SEVERE ASTHMA  MILD ASTHMA COPD NORMALS 

 
n=21 n=19 n=8 n=8 

BLOOD 
  

 
 

Eosinophils  
( per mm

3
)  920 ± 250*ǂ$ 270 ± 60* 220 ± 40 70 ± 10 

HPC 
Cells/10

6
 WBC) 

1436 ± 201 2093 ± 427 1726 ± 151 1131 ± 227 

EoP 
(Cells/10

6
 WBC)  213 ± 54*

$  293 ± 194* 12.6 ± 3.9 38 ± 26 

EoP 
(% of total HPC) 13.9 ± 1.9%*

$ 10 ± 6%* 1.75 ± 0.48% 3.0 ± 2.6% 

SPUTUM 
  

 
 

TCC 

(x10
6
/ml) 

11.8±4.7*ǂ 4.86±2.82* 5.89±3.22* 2.75±2.33 

Eos  
(% of TCC) 14 ± 3.4%*ǂ$ 8.9 ± 1.9%* 4.4 ± 2% 1.1 ± 0.5% 

HPC 
Cells/10

6
 WBC) 

9997 ± 2530*
$  8270 ± 1230* 2154 ± 1140 1805 ± 930 

EoP 
(Cells/10

6
 WBC)  6621 ± 2000*ǂ$ 631 ± 341*  30 ± 17 9 ± 5 

EoP 
(% of total HPC) 70.1 ± 6.3%*ǂ$ 6 ± 2%* 3.4 ± 2.8% 3.4 ± 2.8% 
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In a baseline study hematopoietic progenitor cells (HPC; CD34+45+ cells) and Eosinophil-

lineage committed progenitor cells (EoP; CD34+45+IL5Rα+ cells) were enumerated in blood 

and sputum samples by flow cytometry. Baseline subject characteristics of each group are 

listed in Table 1. Data are expressed as mean±SD; *(p<0.05) compared to normal controls; ǂ 
(p<0.05) severe asthmatics compared to mild asthmatics; 

$
 (p<0.05) severe asthmatics 

compared to COPD. 
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Figure 2 
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Fig 3 
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Fig. 4 
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Fig 5  

 

 

  


