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Abstract: Mepolizumab is an anti-interleukin-5 (IL-5) humanized monoclonal antibody that 

has been recently approved as an add-on biological treatment for severe eosinophilic asthma, 

by both the US Food and Drug Administration (FDA) and the European Medicines Agency 

(EMA). Moreover, mepolizumab is also currently included within the step 5 of the Global 

Initiative for Asthma guidelines, as an add-on therapy for severe uncontrolled asthma. The 

relevant therapeutic benefits detectable in patients with refractory eosinophilic asthma receiving 

mepolizumab depend on the pivotal pathogenic role played by IL-5 in these subjects. Indeed, 

IL-5 is the key cytokine responsible for maturation, activation, proliferation, and survival of 

eosinophils. Therefore, IL-5 represents a strategic molecular target for anti-eosinophilic treat-

ments. By selectively inhibiting the biological actions of IL-5, mepolizumab provides a valuable 

therapeutic option for patients with severe eosinophilic asthma, refractory to standard treatments 

including inhaled and even systemic corticosteroids. In particular, the very important advantages 

linked to the use of mepolizumab in these difficult-to-treat asthmatic individuals have been well 

documented by several different trials performed worldwide.
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Introduction
Asthma is a chronic disease of the airways, characterized by recurrent episodes of 

wheezing, dyspnea, cough, and chest tightness, which is sustained by inflammatory and 

structural changes responsible for airflow limitation and bronchial hyperresponsiveness 

to a wide range of environmental stimuli.1,2 In particular, asthma can be stratified 

across several phenotypes and endotypes, featured by distinct clinical and pathobio-

logical expressions, as well as by different responses to pharmacological treatments.3,4 

Many subjects with asthma are quite well controlled by standard therapies based on 

inhaled corticosteroids and β
2
-adrenergic bronchodilators, to which oral leukotriene 

inhibitors and inhaled anticholinergics may eventually be added.5,6 Nevertheless, some 

patients with severe asthma need additional biological therapies because, in spite of 

an optimized standard treatment, they still experience uncontrolled symptoms and 

recurrent exacerbations, often requiring prolonged courses of oral corticosteroids. 

It has been well known for a long time that airway eosinophilic inflammation can be 

associated with either allergic or non-allergic asthma, as well as with severe and fatal 

disease.7–10 In patients with eosinophilic asthma, eosinophils accumulate within the 

bronchial tract where they release cytotoxic proteins, lipid mediators, cytokines, and 

chemokines that significantly contribute to airway inflammation and remodeling.11 
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Eosinophilic asthma is characterized by high eosinophil 

levels in induced sputum and peripheral blood. Airway 

eosinophilia can be detected in .50% of asthmatic patients, 

and elevated eosinophil counts are associated with frequent 

asthma exacerbations, as well as with a high degree of airflow 

limitation and disease severity.12 Hence, given the key role 

exerted by interleukin-5 (IL-5) in eosinophil biology, includ-

ing cell maturation in the bone marrow, recruitment to the 

inflamed tissues, activation, proliferation, and survival,13,14 

this cytokine is currently a very important molecular target 

for add-on biological therapies aimed to improve the control 

of difficult-to-treat eosinophilic asthma.15–20

Therefore, based on the above considerations, the aim of 

this review is to outline the role of IL-5 in eosinophilic asthma 

and to discuss the clinical effects and the place the anti-IL-5 

monoclonal antibody mepolizumab has in asthma therapy.

IL-5 and eosinophilic asthma
Within the airways of patients with eosinophilic asthma, IL-5 

is mainly produced by Th2 cells, group 2 innate lymphoid 

cells (ILC2), mast cells, natural killer T (NKT) cells, and 

eosinophils themselves.21–25 In allergic asthmatic subjects 

the bone marrow reacts to allergen challenge by increasing 

eosinophil production, and in patients manifesting both 

early and late asthmatic reactions, this event is associated 

with higher IL-5 mRNA levels than individuals experi-

encing only immediate bronchial responses.26 In addition 

to the effects induced within the bone marrow, IL-5 also 

appears to be able to promote eosinophil maturation locally 

in the airways, as shown by the enhanced amounts of IL-5, 

eosinophil progenitors, and mature eosinophils detectable 

in the induced sputum of allergic patients who experience 

both early and late asthmatic responses.27 With regard to 

the induction of bronchial eosinophilic infiltration and 

airway hyperresponsiveness, IL-5 exerts synergistic actions 

with potent eosinophil chemoattractants such as eotaxins 

1, 2, and 3.14 Moreover, in comparison to control subjects 

and patients with mild persistent asthma, significantly higher 

concentrations of IL-5 and eotaxins have been detected in 

the induced sputum obtained from individuals manifesting 

acute asthmatic exacerbations.28 IL-5 and eotaxins synergize 

in eliciting eosinophil recruitment within the bronchial tree, 

especially when exacerbations of asthma occur; this effect is 

likely due at least in part to the antiapoptotic action exerted 

by IL-5 on eosinophils.29,30 Indeed, IL-5 concentrations in 

induced sputum resulted to be inversely correlated with 

the number of eosinophils undergoing apoptosis in patients 

with exacerbations of asthma, as well as in subjects with 

stable disease. IL-5 plays a pivotal pathobiologic role also in 

patients with non-allergic, late-onset eosinophilic asthma.31 

In such patients ILC2, rather than Th2 cells, are the main 

cellular source of IL-5.32

IL-5 exerts its biological actions via stimulation of the 

IL-5 receptor expressed by eosinophils and, to a lesser extent, 

also by basophils. This receptor consists of an IL-5-specific 

α subunit (IL-5Rα) and a non-specific βc chain (Figure 1) 

that interact with IL-5, interleukin-3 (IL-3), and granulocyte-

macrophage colony stimulating factor (GM-CSF).33,34 In the 

absence of IL-5, IL-5Rα is associated with the intracellular 

tyrosine kinase Janus kinase (JAK)2, and the βc subunit is 

complexed with JAK1.35 When IL-5 binds to IL-5Rα, this 

interaction triggers the assembly of a functional IL-5Rα-βc 

receptor unit that drives the activation of a complex 

signal transduction network, including several different 

components.15,36,37 In particular, upon IL-5-mediated activa-

tion, JAK2 in turn stimulates the transcriptional functions of 

signal transducers and activators of transcription (STAT)1, 

3, and 5, which increase the expression rates of several genes 

implicated in eosinophil proliferation such as pim-1 and 

cyclin D3 (Figure 1).38,39 Furthermore, JAK2 cooperates with 

Lyn and Raf-1 kinases in mediating the antiapoptotic effect 

induced by IL-5 on eosinophils, resulting in a significant 

prolongation of their survival.40 Raf-1 also contributes to 

promote the activation and degranulation of eosinophils.40

Within the signaling pathways activated by IL-5, key 

functions are also exerted by downstream intracellular kinases 

such as mitogen-activated protein kinases (MAPK) and 

phosphoinositide 3-kinase (PI3K) (Figure 1). In particular, 

Raf-1-dependent stimulation of the ERK (extracellular 

signal-regulated kinases) subgroup of MAPK plays a central 

role as trigger of c-fos gene transcription and eosinophil 

maturation, proliferation and survival, as well as inducer of 

leukotriene C
4
 release.41–44 Moreover, the p38 subgroup of 

MAPK stimulates, also via activation of the transcription 

factor nuclear factor-κB (NF-κB), eosinophil expression of 

pro-inflammatory cytokines, and eosinophil adhesion and 

recruitment involved in allergic inflammation.44–46 IL-5-

dependent binding of eosinophils to intercellular adhesion 

molecule-1 (ICAM-1) is also mediated by PI3K-induced 

activation of ERK1/2 and protein kinase C (PKC).47

Therefore, because of the key functions exerted by IL-5 

in eosinophil biology, this cytokine and its receptor are 

very important molecular targets for the development of 

biological therapies focused on the management of eosino-

philic asthma.2,17 Indeed, using murine models of experi-

mental asthma, some preclinical investigations showed that 
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the anti-IL-5 antibody TRFK-5 abrogated the eosinophilic 

infiltration of the airways elicited by allergenic challenge.48 

Furthermore, TRFK-5 suppressed airway eosinophilia and 

the correlated bronchial hyperresponsiveness experimen-

tally induced in a monkey model of asthma.49 Subsequently, 

other biological drugs targeted to either IL-5 (mepolizumab 

and reslizumab) or its receptor (benralizumab) were devel-

oped and investigated in several clinical studies.16,50,51

Efficacy and safety of mepolizumab 
as an add-on biological treatment 
for severe asthma
Mepolizumab (SB-240563) is a humanized IgG1/k monoclonal 

antibody, which selectively binds with high affinity to IL-5 

(Figure 2), thus preventing its interaction with IL-5Rα.52–54 

In particular, mepolizumab was generated by grafting anti-

human IL-5 antigen recognition sites from murine origin onto 

a human IgG1 heavy chain.55 Mepolizumab target (ie, IL-5) 

is a 134-amino acid dimeric glycoprotein with a four-helix 

bundle motif, which consists of a 52-kDa homodimer.56,57 

Mepolizumab specifically binds to the α-chain of IL-5 with 

an IC
50

 of ,1 nM, a dissociation constant of 4.2 pM, and 

a stoichiometry of 2.2, so that two IL-5 dimers are cross-

linked by two molecules of mepolizumab.56,58 Therefore, via 

this mechanism of action, mepolizumab effectively inhibits 

Figure 1 Signal transduction pathways underlying the biological actions exerted by IL-5 on eosinophils.
Notes: The interaction of IL-5 with the α subunit of the IL-5 receptor (IL-5Rα) aggregates and stimulates the receptor complex consisting of both IL-5Rα and βc subunits. 
This event is responsible for the following involvement of multiple signaling pathways mediated by JAK/STAT interactions, as well as by activation of MAPK, PI3K, and NF-κB. 
The biologic actions of these kinases and transcription factors converge to induce the expression of key genes implicated in maturation, survival, degranulation, adhesion, and 
chemotaxis of eosinophils. See “IL-5 and eosinophilic asthma” section for additional information.
Abbreviations: IL-5, interleukin-5; JAK, Janus kinase; MAPK, mitogen-activated protein kinases; NF-κB, nuclear factor-κB; PI3K, phosphoinositide 3-kinase; STAT, signal 
transducers and activators of transcription.

βα

κ

Figure 2 Mechanism of action of mepolizumab. Mepolizumab binds with high affinity 
to IL-5, thus preventing its interaction with the IL-5 receptor expressed by eosinophils 
and, to a lesser extent, also by basophils.
Abbreviation: IL-5, interleukin-5.
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IL-5 ligation to IL-5Rα. This very specific binding pattern 

probably explains the relative lack of relevant side effects of 

mepolizumab. Indeed, because of its highly selective inter-

action with IL-5, mepolizumab does not appear to interfere 

with the biological activities of other cytokines.

Some early clinical trials, carried out in heterogeneous 

populations of patients with mild or moderate chronic 

persistent asthma, showed that mepolizumab significantly 

decreased eosinophil numbers in both blood and induced 

sputum.59–61 However, these effects were not associated 

with relevant changes in asthma symptoms, lung function, 

bronchial hyperresponsiveness, and activation status of 

T lymphocytes. In particular, when administered at a single 

intravenous dose of 10 mg/kg, mepolizumab did not improve 

the late asthmatic reaction to allergen challenge and the bron-

chial response to histamine in subjects with mild asthma.59 

Furthermore, in patients with moderate persistent asthma 

receiving a monthly intravenous dose of 250 or 750 mg for 

3 months, mepolizumab did not lower exacerbation rates, 

did not increase either forced expiratory volume in 1 second 

(FEV
1
) or peak expiratory flow (PEF), and did not improve 

the overall quality of life (QoL).60

Subsequently, mepolizumab was evaluated by Haldar 

et al and Nair et al in small groups of subjects with carefully 

selected phenotypes of chronic severe asthma, characterized 

by recurrent exacerbations and bronchial eosinophilia refrac-

tory to both inhaled and systemic corticosteroids.62,63 Taken 

together, the results of these two small targeted trials showed 

that mepolizumab effectively reduced asthma exacerbations 

and eosinophil levels in both blood and induced sputum. 

In addition to these effects, given at a monthly intravenous 

dosage of 750 mg for 4 months, mepolizumab also sig-

nificantly decreased prednisone consumption and slightly 

enhanced FEV
1
 values.63 Further important information 

was gained by the longer study conducted by Haldar et al.62 

In this trial, mepolizumab was delivered for 1 year through 

12 monthly intravenous infusions of 750 mg. Chest imaging 

performed by CT (computed tomography) scans obtained 

before and after treatment demonstrated that when compared 

with placebo, mepolizumab significantly reduced airway 

wall thickness and total wall area.62 Therefore, these results 

suggest that mepolizumab can possibly affect bronchial 

remodeling, an airway structural feature that is especially 

relevant in severe asthma. Such findings thus confirmed pre-

vious observations reported by Flood-Page et al, who showed 

that mepolizumab was able to decrease the deposition of 

extracellular matrix proteins in the reticular basement mem-

brane of bronchial mucosa and also to reduce the levels of 

transforming growth factor-β1 (TGF-β1) in bronchoalveolar 

lavage fluid (BALF).64 Hence, the potential anti-remodeling 

action of mepolizumab is very likely due to its capability of 

depleting eosinophils, which are prominent cellular sources 

of TGF-β1, one of the most important growth factors con-

tributing to airway structural changes in asthma.65

The results reported by Haldar and Nair have been further 

corroborated by the large, multicenter, Phase IIb/III DREAM 

(Dose Ranging Efficacy And safety with Mepolizumab in 

severe asthma) study, carried out by Nair et al in more than 

600  patients with severe, exacerbation-prone and eosino-

philic asthma, who were randomly assigned to four groups 

receiving at 4-week intervals 13 intravenous infusions of 

placebo or one of three doses of mepolizumab (75, 250, or 

750 mg).63 At all dosages used, mepolizumab effectively 

lowered blood and sputum eosinophil counts, as well as the 

frequency of asthma exacerbations by 39%–52%, regardless 

of IgE levels and atopic status.66 However, no significant 

improvements in either asthma symptoms or lung func-

tion were detected. Interestingly, the enrolment criteria of 

this trial were based on the presence of a blood eosinophil 

count .300 cells/µL. Indeed, this inclusion parameter is 

easily and routinely measurable, thereby being much better 

assessable than the rather complex-to-perform cellular 

analysis of induced sputum, often not feasible in a real-life 

setting because of obvious requirements for a greater extent 

of technical and interpretative expertise. In addition, airway 

eosinophilic inflammation was also documented by one or 

more criteria at study entry or in the previous year, including 

a sputum eosinophil count of $3%, a fractional exhaled nitric 

oxide (FeNO) concentration of $50 ppb (parts per billion), 

or a quick deterioration of asthma control after a 25% or less 

reduction in regular maintenance therapy with inhaled or 

oral corticosteroids. An important finding of this study was 

the close relationship between blood eosinophil count and 

therapeutic efficacy. In particular, no efficacy was observed 

in patients with a blood eosinophil count ,150 cells/µL. This 

result was instrumental in establishing entry criteria for the 

Phase III trials. The findings of DREAM study are consistent 

with those of a recent metaanalysis, referring to seven ran-

domized and placebo-controlled studies, which investigated 

the effects of intravenous mepolizumab, thus concluding that 

this anti-IL-5 antibody decreased the risk of exacerbations 

and improved QoL in patients with eosinophilic asthma, but 

did not significantly affect symptoms and lung function.67

In 2014, the results of two other trials about the efficacy of 

mepolizumab in patients with severe eosinophilic asthma who 

had experienced more than two exacerbations in the previous 
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year despite the use of high doses of inhaled corticosteroids, 

associated with additional anti-asthma drugs, were published. 

In particular, the double-blind Phase III SIRIUS (SteroId 

ReductIon with mepolizUmab Study) study was carried out 

by Bel et al in 135 patients with severe eosinophilic asthma 

requiring a daily oral corticosteroid therapy as maintenance 

treatment for at least 6 months. The patients were randomly 

assigned to receive either placebo or a low subcutaneous dose 

(100 mg) of mepolizumab every 4 weeks for 20 weeks.68 

When compared with placebo, mepolizumab provided 

an oral glucocorticoid-sparing effect consisting of a 50% 

reduction of prednisone dosage. Moreover, mepolizumab 

also lowered asthma exacerbations and improved QoL and 

symptom control. The larger MENSA (MEpolizumab as 

adjunctive therapy iN patients with Severe Asthma) study 

was conducted by Ortega et al, who recruited 576 subjects 

with severe eosinophilic asthma on treatment with high doses 

of inhaled corticosteroids, aged between 12 and 82 years, 

and had experienced at least two exacerbations during the 

previous year, which required a systemic glucocorticoid 

therapy while they were receiving treatment with at least 

880 µg/day of fluticasone propionate or equivalents, as well 

as with at least 3 months of treatment including an additional 

controller drug.69 Moreover, all patients had to have an 

eosinophil count of at least 150 cells/µL in peripheral blood 

at screening, and at least 300 cells/µL at some time during the 

previous year. Furthermore, the enrolled patients were char-

acterized by FEV
1
 values ,80% and 90% predicted for adults 

and adolescents under the age of 18 years, respectively. Other 

study requirements included FEV
1
 reversibility of .12%, 

and/or FEV
1
 variability .20% between two clinical visits in 

the past 12 months, and/or a positive response to a bronchial 

challenge with either methacholine or mannitol during the 

previous year. In comparison with placebo, administration 

of mepolizumab every 4 weeks for 32 weeks, at dosages of 

75 mg intravenously or 100 mg subcutaneously, induced sig-

nificant decreases in asthma exacerbation rates of either 47% 

or 53%, respectively. Moreover, both drug doses elicited sig-

nificant improvements in QoL. Similar to SIRIUS study, the 

MENSA trial also documented a modest FEV
1
 increase.68,69 

Subsequently, mepolizumab was given subcutaneously, at 

a dosage of 100 mg every 4 weeks for a further 52 weeks 

period, to 651 patients who had previously completed 

either SIRIUS or MENSA investigations.70 This open-label, 

Phase IIIb extension study, named COSMOS, showed that the 

clinical improvements induced by mepolizumab, including 

significant decreases in both annual rate of asthma exacerba-

tions and daily intake of oral corticosteroids, were durable 

over time.70 More recently, the randomized, double-blind, 

placebo-controlled, Phase IIIb MUSCA study was carried 

out in 146 centers across the world.71 Five hundred and fifty-

one subjects aged at least 12 years with severe eosinophilic 

asthma, who had experienced at least two exacerbations 

during the previous year, were randomly assigned to receive 

either 100 mg of subcutaneous mepolizumab (274 patients) 

or placebo (277 patients) every 4  weeks for 24 weeks. 

Mepolizumab induced an early and prolonged improvement 

in patients’ health-related quality of life (HRQOL) score, and 

this main finding was associated with relevant reductions in 

asthma exacerbations.72 Furthermore, post-hoc analyses of 

both SIRIUS and MENSA studies have recently shown, in 

patients with severe eosinophilic asthma, that mepolizumab 

treatment was effective at decreasing disease exacerba-

tions and improving asthma control and QoL, regardless 

of previous use of the anti-IgE monoclonal antibody 

omalizumab.72 With regard to the comparative evaluation of 

the therapeutic effects of mepolizumab and omalizumab in 

patients with severe eosinophilic allergic asthma, eligible to 

receive both treatments, a recent systematic literature review 

suggests that mepolizumab is at least as effective as omali-

zumab in preventing asthma exacerbations and improving 

lung function.73

All these trials outlined a very good profile of safety and 

tolerability for mepolizumab, which resulted to be similar 

to placebo with regard to side effects and adverse events.74,75 

The most common adverse events occurring during SIRIUS 

and MENSA studies were headache and nasopharyngitis.68,69 

In addition, during the MENSA trial a slightly higher per-

centage of injection-site reactions were observed using 

mepolizumab subcutaneously (9%), with respect to intrave-

nous administration (3%).69 The main aim of the COSMOS 

trial was to evaluate the long-term safety of mepolizumab; 

in particular, this study did not report any death or mepoli-

zumab-related anaphylactic reaction.70 The development of 

neutralizing anti-mepolizumab antibodies is a very rare event, 

which has been only sporadically reported.76 The long-term 

safety of mepolizumab was also confirmed by an open-label 

study performed in 78 patients with hypereosinophilic syn-

dromes, who experienced a good drug tolerance throughout 

a mean treatment period of 251 weeks.77

On the basis of the convincing evidence inferred from 

all these studies, in November 2015, mepolizumab became 

the first anti-cytokine biologic drug to be approved by the 

US Food and Drug Administration (FDA) as an add-on 

maintenance treatment for severe asthmatic patients, 

aged $12 years, with a documented eosinophilic phenotype. 
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Furthermore, mepolizumab has been recently included within 

the step 5 of GINA (Global Initiative for Asthma) guidelines 

as an add-on therapy for severe eosinophilic asthma, uncon-

trolled by standard treatments.6

Concluding remarks
A modern approach to treatment for severe asthma requires 

an accurate phenotypic characterization of asthmatic 

patients. In this regard, it is noteworthy that many subjects 

with eosinophilic asthma can be successfully treated with 

inhaled corticosteroids. However, despite the use of high 

dosages of these drugs, even when associated with recurrent 

and long-lasting courses of systemic corticosteroids, some 

patients with refractory eosinophilic asthma do not achieve 

an adequate control of their disease. Such subjects can thus 

significantly benefit from add-on biological therapies target-

ing IL-5, given the pivotal role played by this cytokine in 

inducing, maintaining, and amplifying airway eosinophilia. 

Within this context, mepolizumab is the most extensively 

evaluated anti-IL-5 monoclonal antibody, as well as the first 

one to be licensed for add-on treatment for severe eosino-

philic asthma.

No direct comparative evaluation has been made between 

mepolizumab and either the other IL-5 inhibitor reslizumab, 

or the IL-5Rα antagonist benralizumab. However, a recent 

global and indirect metaanalysis of 10 randomized placebo-

controlled trials, involving 3,421 patients, demonstrated no 

clear superiority of one of these three biologic drugs when 

appropriate dosages were compared.78 Indeed, mepolizumab, 

reslizumab, and benralizumab provided similar patterns of 

persistent symptom control and exacerbation rate reduction 

in patients with severe eosinophilic asthma. Of course, head-

to-head trials should be performed to directly compare the 

beneficial effects of mepolizumab with those induced by 

reslizumab and benralizumab.

The very good efficacy and safety profile of mepolizumab, 

emerging from several premarketing randomized controlled 

trials, makes this biologic drug particularly suitable for a wide 

diffusion among patients with difficult-to-treat eosinophilic 

asthma. Therefore, it is likely that the near future will include 

meaningful data from real-world, postmarketing studies 

that will further corroborate the very promising therapeutic 

features of mepolizumab.
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