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Abstract
Background: New anti-IL-5 antibodies, mepolizumab and 
benralizumab, have recently been approved for severe asth-
ma, sharing the same inclusion criteria. Objective: To con-
tribute on biomarkers research leading to the personalized 
choice, we investigated L-selectin, Krebs von den Lungen 
(KL-6), and lymphocyte subsets as bioindicators of airway 
hyper-responsiveness and remodeling. Materials and Meth-
ods: A cohort of 28 patients affected by severe eosinophilic 
asthma were treated with anti-IL-5 drugs. According to clin-
ical parameters, patients were subdivided into early and par-
tial responders. Lymphocytes subsets were analyzed through 
flow cytometry, while KL-6 and sL-selectin were analyzed on 
serum samples. Clinical, functional, and immunological data 
at baseline (T0), after 1 month (T1), and 6 months of therapy 
were collected in a database. Results: All treated patients 
showed an increase in the percentage of forced expiratory 
volume in the first second (FEV1) and FEV1/forced vital ca-
pacity ratio and a decrease of peripheral eosinophils for both 
drugs after 1 month of treatment. Mepolizumab-treated pa-

tients also showed decreased CD8+ and NKT-like cell per-
centages and a significant increase in sL-selectin concentra-
tions between T0 and T1. Stratifying the cohort of our pa-
tients in early and partial responders at T0, they showed a 
reduction of peripheral eosinophils, sL-selectin and KL-6, 
while no differences were found at T0 between early and 
partial responders patients treated with benralizumab. Con-
clusions: This real-life study provides new insights for the 
personalized approach to severe asthma therapy. Although 
preliminary, the results indicate that besides eosinophils, 
KL-6 and sL-selectin are useful as biomarkers of early re-
sponse that can also involve in the pathogenesis of severe 
asthma. © 2020 S. Karger AG, Basel

Introduction

Severe asthma is defined as asthma requiring high-
dose inhaled corticosteroids (ICS and/or OCS), long-act-
ing inhaled beta 2 agonists, and other agents (e.g., anti-
leukotrienes) to be clinically controlled [1]. However, de-
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spite the clinical control of treatments and management 
of comorbidities, severe asthma can remain uncontrolled 
with increasing risks of drug-related adverse effects [2]. 
Most patients undergo an impairment of quality of life, 
and pulmonary function tests (PFTs) reveal a significant 
obstructive impairment of the lung function volume [3]. 
Although pathogenic mechanisms of these impairments 
are not well known, recent studies suggest of the involve-
ment of specific endotypes (atopic, non-atopic eosino-
philic, neutrophilic, paucigranulocytic, and mixed) and 
stimulates the research of new and therapeutic approach-
es [4, 5].

The best known pathogenic mechanism involved in 
severe asthma development is mediated by eosinophils 
and IL-5 [6]. New anti-eosinophilic monoclonal antibod-
ies, mepolizumab and benralizumab, have recently been 
approved to reduce exacerbations and to improve lung 
function in patients with severe and uncontrolled asthma 
with eosinophilic inflammation [7–9]. The 2 drugs have 
different mechanisms of action: mepolizumab blocks the 
activity of circulating cytokine IL-5 and benralizumab in-
terferes with the IL-5 receptor alpha (IL-5Rα) of eosino-
phils [10, 11]. Although the role of the 2 drugs in remod-
eling or modulating the hyper-responsiveness of airways 
in severe asthma patients were partially investigated, they 
are very effective in reducing eosinophils in the periph-
eral blood, airways, and bone marrow [12–14]. In par-
ticular, mepolizumab does not abolish eosinophil perox-
idase staining in the lung tissue, indicating that after me-
polizumab, there are still products of eosinophil 
degranulation in the tissue [15].

In asthma, it has been found that L-selectin (a mole-
cule mediating leukocyte rolling and promoting their mi-
gration into airways) plays a crucial role in the develop-
ment and control of airway hyper-responsiveness. Actu-
ally, the L-selectin expression by T cells is greatly increased 
in asthma patients [16].

In severe asthma, the airway remodeling usually con-
sists of abnormal changes of cells with thickness of the 

walls and scarred [13]. A target of remodeling and dis-
eases activity widely investigated among fibrotic lung  
diseases is KL-6 [17–19]. Serum KL-6 is a mucin-like gly-
coprotein, over-expressed in alveolar epithelial cells, re-
flecting alveolar damage and regeneration of type II 
pneumocytes [20, 21].

As a rule, mepolizumab and benralizumab show a 
good safety profile, favorable clinical efficacy, and allow 
alternative treatment options for hyper-eosinophilic pa-
tients [22–25]. However, there are no reliable predictive 
markers to select patients for mepolizumab versus ben-
ralizumab (sharing the same prescription criteria) and to 
detect the response of each patient to treatments with 
these drugs [26–28].

To contribute on possible biomarker research leading 
to the personalized choice of the drug, we investigated a 
group of patients with severe eosinophilic asthma, treated 
with benralizumab and mepolizumab. L-selectin and 
KL-6 were analyzed as bioindicators of airways hyper-
responsiveness and remodeling and in phenotype pa-
tients, according to their answer to the treatment.

Materials and Methods

Study Design and Population
A cohort of 28 patients (age 54.4 ± 13.4 years) affected by severe 

eosinophilic asthma were treated with anti-IL-5 biological therapy: 
20 (72%) with mepolizumab (100 mg s.c. every 4 weeks) and 8 
(28%) with benralizumab (100 mg s.c. every 8 weeks). All patients 
were Caucasians and gave their written informed consent to par-
ticipate in the study, which was approved by our Local Ethics Com-
mittee OSS-REOS (12908). There were no statistical differences in 
age, gender distribution, and smoking habits between the 2 groups 
of treated patients (Table 1), and they showed similar functional 
and immunological data before starting the mepolizumab and 
benralizumab therapy. The diagnosis of severe eosinophilic asth-
ma, according to guidelines [1], and the monitoring of all patients 
were performed at the Siena University Regional Referral Centre 
for Rare Lung Diseases from January 2018 to March 2020. Patients 
were followed up for at least 6 months and stratified as (a) “partial 
responders” (those with a reduction in exacerbation ≥50%, requir-

Table 1. Demographic characteristics of our cohort of severe eosinophilic patients

Mepolizumab-treated  
patients 
(n = 20)

Benralizumab-treated  
patients 
(n = 8)

p values

Age 56.3±11.8 50.5±16.1 ns
Gender (F/M) 13/7 4/4 ns
Smoking habits (former-current/never) 12/8 6/2 ns
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ing maintenance with oral corticosteroids [mOCS] or a ≥50% re-
duction in prednisolone dose); (b) “early responders” (patients 
without exacerbation and off mOCS at 6 months of follow-up) 
[29]. All patients tolerated the therapy without any major side ef-
fects and clinical, functional, and immunological data at baseline 
(T0), after 1 month (T1), and 6 months of therapy (T6 the latter 
only for mepolizumab treated patients) were collected in a data-
base.

Pulmonary Function Tests
PFTs were performed according to the ATS/ERS standard pa-

rameters [30] using the Jaeger body plethysmograph with correc-
tions for temperature and barometric pressure. Forced expiratory 
volume in the first second (FEV1) and FEV1/forced vital capacity 
(FVC) index were expressed as ml and percentage of predicted 
values, respectively, and FEV1/FVC index was expressed as per-
centages.

Preparation and Storage of PBMCs
Cytofluorimetric analysis was performed at baseline and after 

1 month of therapy for all patients. Blood collection tubes were 
available at 6 months for mepolizumab-treated patients. Experi-
ments were performed at Siena University in the respiratory dis-
eases lab, Respiratory Diseases and Lung Transplant Unit, from 
January 2019 to March 2020. Lymphocyte subset percentages in 
PBMCs from these patients were determined by flow cytometric 
analysis. The peripheral blood samples were collected after 8-h 
fasting in a tube containing EDTA anticoagulants (BD Vacutain-
er® EDTA Tubes, BD Biosciences, San Jose, CA, USA) and pro-
cessed within 8 h. Briefly, a layer of blood was added to 15-mL 
Ficoll Histopaque®-1077 (Sigma-Aldrich, Inc., St. Louis, MO, 
USA) in a conical 50-mL tube and centrifuged for 30 min at 3,000 
rpm in a swinging-bucket rotor without brake. The mononuclear 
cell layer was transferred to a new conical 50-mL tube (Corning® 
50 mL centrifuge tubes, Sigma-Aldrich, Inc.), adding 15 mL RPMI 
1640 medium (Gibco® – Thermo Fisher Scientific, Inc., Waltham, 

MA, USA), and centrifuged at 1,500 rpm for 10 min. Supernatant 
was carefully removed, and the cells were stored in liquid nitrogen 
till the end of the experiments.

T Lymphocyte Detection by Flow Cytometry
Blood samples were processed by flow cytometry using a panel 

of monoclonal antibodies (BD MultitestTM 6-color TBNK, San 
Jose, CA, USA), including FITC-labeled CD3, PE-labeled CD16 
and CD56, PerCP-Cy5.5-labeled CD45, PE-Cy7-labeled CD4, 
APC-labeled CD19, and APC-Cy7-labeled CD8. Briefly, a total of 
106 cells were stained with 20 μL of antibody cocktail for 30 min. 
Washing was performed with 1 mL RPMI 1640, followed by cen-
trifuging for 10 min at 1,500 rpm. The supernatant was discarded 
and the cell pellet resuspended in 400 μL RPMI medium. At least 
100,000 events were read by flow cytometer for each sample. Data 
were analyzed using DIVA software (BD Biosciences, San Jose, 
CA, USA). Lymphocytes were distinguished on the basis of for-
ward versus side scatters, and additional gating was applied using 
side scatters versus CD45 to distinguish lymphocytes from cell de-
bris. Specific panels were subsequently assessed to identify T lym-
phocytes, B lymphocytes, and NK cells. T-lymphocyte subpopula-
tions were gated in order to distinguish CD3+CD4+ (T-helper), 
CD3+CD8+ (T-cytotoxic), and CD3+ CD16/56+ (NKT) cells.

Serum Soluble L-Selectin Detection Analysis
Blood samples obtained before starting the therapy and after 1 

month of follow-up were collected for all patients until the analysis 
were done. Serum soluble L-selectin quantification was performed 
by bead-based multiplex LEGENDplexTM analysis (LEGEND-
plexTM Adhesion Molecule Panel [Biolegend]) according to the 
manufacturer’s instructions. Reactions were run in duplicate. The 
minimum detectable concentration is 88.7 ± 47.9 pg/mL. Analysis 
was performed with BD FACSCanto II flow cytometer (BD Biosci-
ences, San Jose, CA, USA). Data were processed by LEGENDplex 
V8.0 software (Biolegend), and concentrations were expressed in 
ng/mL.

Table 2. Functional, immunological, and serum analysis in patients at T0 and T1 in mepolizumab- and benralizumab-treated patients

Mepolizumab group Benralizumab group

T0 T1 p values T0 T1 p values

Functional parameters
FEV1, % 84.4±26.6 87.1±21.5 0.04 81.3±25 89.7±15 0.04
FEV1, mL 2,558.86±886 2,820±960.7 0.0037 2,607.5±1,067.3 2,747.1±847.6 0.005
Tiffeneau index 69.4±12.4 72.8±10.26 0.04 66±8.4 70.5±9 0.04

Peripheral eosinophilia, cells/mm3/% 915±617/11.4±6.5 140±83.5/1.6±1.2 <0.0001 718±49/8.2±4.6 0/0 <0.0001
sL-selectin, ng/mL 1,442±1,003 630±413 0.0012 1,173±683 1,360.3±1,289 ns
KL-6, U/mL 332.7±124 310.7±107.1 ns 334.6±76.8 329.1±88.3 ns
Lymphocytes immunophenotyping

CD45 19.1±5.4 17.9±7.4 ns 24.5±11.8 28.5±1.3 ns
CD3 81.8±8.5 79.5±7.7 ns 81.6±5 76±6.7 ns
CD4 47.9±12 53.5±8.4 ns 58.5±3.4 52±10 ns
CD8 31.7±14 24±8 0.03 20.5±8.6 22±4.8 ns
CD19 7.8±5.2 8.3±5.7 ns 8.5±3.1 10.7±2 ns
NK 9.9±5.8 13±16 ns 10.7±6.9 11.1±3.4 ns
NKT-like 12.21±8.7 8.4±8.3 0.02 15.6±23 15.1±6 ns
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Krebs von Den Lungen-6 Assay
Krebs von den Lungen-6 was measured in serum by KL-6 re-

agent assay (Fujirebio Europe, UK) as previously reported [31]. 
The principle of the assay is agglutination of sialylated carbohy-
drate antigen in samples with KL-6 mAb by antigen-antibody re-
action. The change in absorbance reflects KL-6 concentrations. 
The detection limit of the assay is 13.47 U/mL consistent with the 
guidelines in the CLSI Protocol EP17-A. KL-6 concentrations in 
samples were expressed in IU/mL.

Statistical Analysis
The results (expressed as mean ± SD or median and interquar-

tile range) were not normally distributed, and the χ2 test was used 
for categorical variables. The Mann-Whitney U test comparison 
was used for comparative analysis between mepolizumab- and 
benralizumab-treated patients and between “early responders” 
and “partial responders” patients treated with mepolizumab. We 
also performed the logistic regression in order to verify the re-
sponse to mepolizumab therapy. In the logistic regression, early 
responses were tested as dependent variable, while KL-6, periph-
eral eosinophils, and sL-selectin were tested as independent vari-
ables. We also assessed the validity of variables used to distinguish 
early and partial responders by areas under curves (AUCs) in the 
receiver operating characteristic (ROC). Sensitivity, specificity, 
and positive and negative predictive values were calculated for cut-
offs of the different variables. The Youden index (J = max [sensi-
tivity + specificity − 1]) was used to establish the best cutoffs for 
the prediction of response to treatment.

The statistical significance (p < 0.05) of differences between dif-
ferent times of treatments was assessed with the Wilcoxon 
matched-pairs signed rank test. Statistical analysis and graphic 
representation were performed by GraphPad Prism 8.0 software.

Results

Functional and Immunological Parameters
Table 2 reports functional and immunological param-

eters, including peripheral blood eosinophils and KL-6 

and sL-selectin concentrations at time 0 and time 1 in 
benralizumab and mepolizumab populations. FEV1 (in 
mL and %) and FEV1/FVC ratio significantly increased 
after 1 month of mepolizumab or benralizumab therapy 
associated with a significant decrease of peripheral eo-
sinophilia (in cells/mm3 and %).

Mepolizumab-treated patients also showed significant 
decrease of CD8+ and NKT-like cells percentages be-
tween T0 and T1 and a concomitant significant increase 
in L-selectin concentrations (Fig. 1).

After 6 months of mepolizumab treatment (T6), PFTs, 
immunological data, KL-6 concentrations, and number 
of eosinophils were available for 14 patients. The results 
showed significant decrease of peripheral eosinophils and 
significant increase of FEV1/FVC ratio and FEV1 (%). 
The peripheral percentages of NKT-like cells resulted in 
a significantly decrease after 6 months of mepolizumab 
treatment, as reported in online suppl. Table 1 (see www.
karger.com/doi/10.1159/000508936 for all online suppl. 
material).

Metapolizumab Treatment: “Early Responders” versus 
“Partial Responders”
Stratifying the cohort of our patients in “early respond-

ers” (n = 10) and “partial responders” (n = 10), at T0 they 
showed significant differences in peripheral eosinophils, 
sL-selectin, and KL-6 (Fig. 2). At T1, the “partial respond-
ers” group showed significant variations in peripheral eo-
sinophilia, sL-selectin concentrations, and percentages of 
NK cells, and the “early responders” showed significantly 
different values of peripheral eosinophilia, sL-selectin 
concentrations, percentages of NKT-like cells, KL-6, 
FEV1, and FEV1/FVC ratio.
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Benralizumab Treatment: “Early Responders” versus 
“Partial Responders”
No differences were found at T0 between 5 “early re-

sponders” and 3 “partial responders” patients treated 
with Benralizumab. At T1, the 2 groups showed statisti-
cally significant changes in peripheral eosinophilia (676 
± 365 cell mm−3 vs. 0 cell mm−3; p < 0.0001, 8.5 ± 4.1 vs. 
0%; p < 0.0001 in “partial responders,” and 760 ± 679 cell 
mm−3 vs. 0 cell mm−3; p < 0.0001, 8 ± 5.6 vs. 0%; p < 0.0001 
in “early responders”).

Predictor Biomarkers of Patients’ Responses to 
Mepolizumab Treatment
Patients treated with mepolizumab therapy were strat-

ified according to the clinical response, and ROC analysis 

was performed to identify baseline cutoff values of our 
proposed biomarkers to distinguish “early responders” 
from “partial responders” (Fig. 3a). The results showed 
better AUCs for “early responders” than for “partial re-
sponders”: for KL-6, AUC = 0.75, 95% CI: 0.53–0.97, p = 
0.004; peripheral eosinophils, AUC = 0.79, 95% CI: 0.57–
1, p = 0.04; FEV1/FVC ratio, AUC = 0.76, 95% CI: 0.53–
0.99, p = 0.005; and sL-selectin, AUC = 0.73, 95% CI: 
0.50–0.95, p = 0.003. In the logistic regression, the early 
response to mepolizumab therapy was tested as depen-
dent variable, while KL-6, peripheral eosinophils, and L-
selectin were tested as independent variables.

The combination of these biomarkers allowed an im-
proved identification of “early responders.” The ROC curve 
analysis of the model revealed an AUC of 0.8778 (95% CI: 
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Fig. 2. a Differences of eosinophils (%) at baseline (T0) in mepolizumab-treated patient subgroups: ER and PR. 
b Differences of sL-selectin (ng/mL) at baseline (T0) in mepolizumab-treated patient subgroups: ER and PR.  
c Differences of KL-6 (U/mL) at baseline (T0) in mepolizumab-treated patient subgroups: ER and PR. T0PR, 
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Fig. 3. a ROC curve analysis of KL-6 (blue), eosinophils (red), Tiffeneau index (black), and sL-selectin (Green) 
in discriminating early responders from partial responders in the mepolizumab group. b ROC curve analysis of 
logistic regression model: eosinophils, KL-6, and sL-selectin. ROC, receiver operating characteristic.
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0.72–1; negative predictive value (%): 77.78, positive pre-
dictive value (%): 80; p = 0.005) (Fig. 3b). A cutoff value of 
KL-6 more than 337 IU/mL had 70% sensitivity and 77.78% 
specificity; peripheral eosinophilia values higher than a cut-
off of 580 (cells/mm3) showed 80% sensitivity and 70% 
specificity. Finally, sL-selectin concentration higher than a 
cutoff of 1,051 (ng/mL) showed 70% sensitivity and 80% 
specificity facilitating the discrimination between “early re-
sponders” and “partial responders” patients.

Discussion

This survey on 28 patients with severe eosinophilic 
asthma confirmed the safety and efficacy of the treatment 
with the new anti-IL-5 and anti-IL-5Rα monoclonal an-
tibodies mepolizumab and benralizumab. In agreement 
with literature data after a month of therapy, we recorded 
the improvement of their clinical status and functional 
parameters with significant increases of FEV1 and FEV1/
FVC ratio values and a decrease of peripheral eosinophil-
ia [23, 24, 32–34]. The role of eosinophils in severe asth-
ma and the capability of mepolizumab and benralizumab 
to markedly reduce blood eosinophils are well known. 
However, as previously reported, we found that the ben-
ralizumab treatment leads to the complete depletion of 
eosinophils [34–37]. Interestingly, the mepolizumab 
treatment changed values of sL-selectin, CD8+, and NKT-
like cells after the first dose.

CD8+T cells are an important source of type 2 cyto-
kines. They are insensitive to corticosteroids, and the in-
duction of asthma exacerbations is often mediated via 
corticosteroid-resistant pathways [36]. NKT-like cells are 
mainly reported in the lungs of severe poorly controlled 
asthma and play a potential role in airway hyper-reactiv-
ity, together with other Th2 cells or independently of 
adaptive immunity responses [37]. Hodge et al. [38] sug-
gested in poorly controlled asthma an altered expression 
of cytotoxic/pro-inflammatory mediators by different 
lymphocyte subsets such as CD8+ NK and NKT-Like 
cells. This immunological pattern of expression was pro-
posed as a marker of treatment responsiveness and/or 
risk of exacerbations [38]. In the context of NK and NKT-
like cells, Duvall et al. [39] pointed out that NK cells are 
altered in severe asthma.

In line with these data, our results reported an altered 
expression of CD8+ and NKT-like cells after mepolizum-
ab than benralizumab treatment. This difference, worth 
of further investigation, may be related to the differential 
molecular target of these 2 treatments.

The exact role of circulating adhesion molecules, in-
cluding sL-selectin is still controversial. However, we 
found significant changes in sL-selectin concentrations 
after the first month of mepolizumab therapy. According 
to Hamzaoui et al. [40], in severe asthma patients, circu-
lating soluble forms of these molecules may reflect differ-
ent inflammatory pathways and could be used to monitor 
the disease activity.

The stratification of our patient population showed 
that higher levels of peripheral eosinophils, sL-selectin, 
and KL-6 concentrations at baseline were associated 
with early response to mepolizumab treatment. Combi-
nation of these 3 blood biomarkers significantly im-
proved the identification of “early responders” patients. 
Comparisons between baseline values and those at T1 
showed that peripheral eosinophils and sL-selectin 
changed significantly in all patients, and in “early re-
sponders,” there was a significant increase of FEV1 and 
FEV1/FVC ratio and a decrease of KL-6 and NKT-like 
cells concentrations. In the benralizumab cohort, after 1 
month of therapy, the only difference between “early 
and partial responders” were eosinophils values. Unfor-
tunately, the small size of the cohort did not allow a bet-
ter evaluation of this aspect.

Although blood eosinophils and severe asthma fea-
tures are considered the best predictor biomarkers for 
anti-IL-5 and anti-IL-5Rα therapies, the detection of 
blood eosinophils has great limitation and does not sup-
port the clinicians in choosing the more suitable drug 
[38]. For the first time, this study identified sL-selectin as 
a marker of hyper-responsiveness and KL-6 as an indica-
tor of airway remodeling, suggesting a new panel of blood 
biomarkers discriminating “early responders” from “par-
tial responders” among severe eosinophilic asthma pa-
tients.

Conclusion

By stratifying a cohort of 28 severe eosinophilic asth-
ma patients treated with 2 new anti-IL-5 and anti-IL-5Rα 
monoclonal antibodies (mepolizumab and benralizum-
ab), this study provides new insights for the personalized 
approach to severe asthma therapy. Although prelimi-
nary, the results indicate that besides peripheral eosino-
phils (nowadays considered the best predictor biomark-
ers for anti-IL-5 and anti-IL-5Rα therapies), KL-6 and sL-
selectin are useful novel biomarkers of early response to 
mepolizumab (interfering with pathogenesis of severe 
asthma).
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