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Abstract:

Objective Mepolizumab, a humanized anti-interleukin-5 monoclonal antibody, is effective for treating
eosinophilic severe asthma. However, there is a need for more biomarkers that can predict the patient re-
sponse to mepolizumab before starting therapy. This study aimed to identify a new biomarker in the serum
that is able to accurately predict the responsiveness to mepolizumab.

Methods This study enrolled 11 patients who had all been diagnosed with severe eosinophilic asthma and
were then administered mepolizumab every 4 weeks for at least 4 months. Blood samples were collected, and
pulmonary function tests and questionnaires were administered at baseline and after 4, 8 and 16 weeks of
treatment. The response to mepolizumab was then assessed based on the difference in the Asthma Quality of
Life Questionnaire (AQLQ) score after 16 weeks of mepolizumab therapy compared with that at baseline. Pa-
tients with an increase in the AQLQ score of more than 0.5 were defined as responders. The cytokine levels
in the blood were measured by LUMINEX 200 and ELISA.

Results There were 6 responders and 5 non-responders. The responders showed a significantly lower serum
level of chemokine (C-C motif) ligand 4/macrophage inflammatory protein-1f (CCL4/MIP-1B) at baseline
compared to the non-responders. Receiver operating characteristic curves to distinguish responders from non-
responders using the baseline serum CCL4/MIP-1f level showed a good area under the curve of 0.9. The
non-responders showed a significant increase in the level of CCL4/MIP-1f after 4 weeks compared to the
baseline.

Conclusion A low baseline serum CCL4/MIP-1f level may be useful for predicting a good mepolizumab
response in severe eosinophilic asthma.
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asthma, in addition to the earlier development of inhaler
therapy, have succeeded in improving the QOL of even se-
vere asthma patients. Today, we have a few biological drugs
that neutralize the inflammatory molecules involved in the
pathogenesis of type 2 inflammation, namely, IgE,
interleukin-5 (IL-5), IL-4 and IL-13, and there are several

Introduction

Severe asthma patients are reported to make up from 5 to
10% of asthma patients, and they have a very poor
QOL (1, 2). Severe asthma has negative socioeconomic ef-

fects because it requires special medical care, including hos-
pitalization and intensive care of such patients; this disease
therefore remains a big problem for respiratory medicine
clinics (3). However, recent advances in the treatment of

drugs to choose from for treating severe asthma besides sys-
temic steroid use (4).

On the other hand, physicians often agonize over which
biologic to choose as a first-line therapy for each pa-
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tient (5, 6). Indeed, there are few biomarkers to suggest
which drug would most benefit the patient to be treated. For
example, an analysis of the EXTRA omalizumab study
showed that the peripheral blood eosinophil count and frac-
tional exhaled nitric oxide (FeNO) level at baseline may
predict responsiveness to omalizumab as assessed by the
rate of asthma exacerbation during the first year of treat-
ment (7). In addition, we recently reported that the baseline
serum C-X-C motif chemokine 10 (CXCL10) and IL-12 lev-
els may be good biomarkers for predicting the responsive-
ness of severe asthmatics to omalizumab (8). In addition to
the difficulty in deciding which biological drug to use, bi-
ologics often show a gradual effect so that patients have to
continue receiving them for a long time to clearly identify
their efficacy. The guidelines recommend trying them for at
least four months to see if the asthma symptoms im-
prove (9, 10). Since these drugs are expensive and some-
times do not provide commensurate advantages to the pa-
tients, there is a strong need for good biomarkers that pre-
dict the patients responsiveness to them.

One biologic used for severe asthma is mepolizumab, a
humanized anti-IL-5 monoclonal antibody that is character-
ized by its efficacy in treating eosinophilic
asthma (11-13). The baseline blood eosinophil count is re-
ported to predict responsiveness to mepolizumab ther-
apy (14, 15). In addition, we showed that the baseline
Siglec-8 expression may predict responsiveness to mepolizu-
mab (16). Since IL-5 plays a pivotal role in the pathogenesis
of eosinophilic asthma as one of the most potent activators
of eosinophils, it is logical that the baseline blood eosinophil
count would predict responsiveness to mepolizumab. Simi-
larly, since Siglec-8 has the opposite effect on eosinophil
survival to that of IL-5, it is easy to imagine that the serum
level of soluble Siglec-8 can also predict responsiveness to
mepolizumab.

A greater number of reliable biomarkers for predicting re-
sponsiveness to mepolizumab would help physicians decide
which drug should be used for each patient. Therefore, we
conducted the present study with the aim of identifying new
biomarkers in the blood at baseline, and we found that a
low baseline serum chemokine (C-C motif) ligand 4/macro-
phage inflammatory protein-1p (CCL4/MIP-1B) level was
useful for predicting a good mepolizumab response in severe
eosinophilic asthmatics.

severe

Materials and Methods

Subjects

The subjects consisted of 11 patients who had been diag-
nosed with severe eosinophilic asthma and were then treated
with mepolizumab for at least 4 months. The patients were
enrolled between August 2016 and July 2017 at National
Hospital Organization Tokyo National Hospital. Asthma was
diagnosed according to the criteria of the American Thoracic
Society (ATS). The study protocol was approved by the Eth-

ics Committee of Tokyo National Hospital, and written in-
formed consent was obtained from each of the subjects.

Data and sample collection

All the patients were administered mepolizumab by sc in-
jection every 4 weeks for at least 4 months. Blood samples
were collected at baseline and after 4, 8 and 16 weeks of
treatment. Serum was separated by centrifugation and kept
frozen at -20C until measurement of the serum cytokine
levels. The following clinical variables were determined at
baseline, and after 4, 8 and 16 weeks of mepolizumab ther-
apy: body mass index (BMI), peripheral blood eosinophil
count, serum IgE level, pre-bronchodilator pulmonary func-
tion, FeNO level, Asthma Control Questionnaire (ACQ)
score, Asthma Quality of Life Questionnaire (AQLQ) score
and visual analog scale (VAS) of asthma symptoms.

Responders and non-responders

The response to mepolizumab was assessed based on the
change in the AQLQ score after 16 weeks of mepolizumab
treatment relative to the baseline. Patients with an increase
of more than 0.5 were classified as responders, whereas oth-
ers were classified as non-responders.

Serum cytokine levels

Serum samples were assayed for 10 cytokines [IL-4, -5,
-9, -12; CXCLI10/interferon gamma-induced protein 10 (IP-
10), CCLIl1/eotaxin, interferon (IFN)-y, CCL4/MIP-1,
platelet-derived growth factor (PDGF)-BB and vascular en-
dothelial growth factor (VEGF)] by using Human Bio-Plex
Pro (BioRad Laboratories, Hercules, USA) and LUMINEX
200 (Luminex, Austin, USA) according to the manufactur-
ers’ instructions. IL-33 (assay range: 6.3-400 pg/mL), thy-
mic stromal lymphopoietin (TSLP) (assay range: 31.2-2,000
pg/mL) and chitinase 3-like 1 (CHI3 L1) (assay range: 62.5-
4,000 pg/mL) were measured using ELISA kits from R&D
Systems, and periostin (assay range: 20-2,000 pg/mL) was
measured using an ELISA kit from Shino-Test (Tokyo, Ja-
pan), each according to the manufacturer’s instructions.

Statistical analyses

Univariate analyses were performed using Student’s ¢ test
and the Mann-Whitney U test. Subgroups of patients were
compared using Fisher’s exact test. Changes in the overall
AQLQ score and the levels of biomarkers at different time
points were analyzed by the 2-way analysis of variance
(ANOVA). A receiver operating characteristic (ROC) analy-
sis was performed, and the area under each ROC curve
(AUC) was calculated. A two-tailed P-value of less than 5%
was considered to be statistically significant. All statistical
analyses were performed using GraphPad Prism version 7.0
for MAC OS X (GraphPad Software, San Diego, USA).
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Figure 1. Overall AQLQ scores during mepolizumab therapy. The overall AQLQ scores during

mepolizumab therapy are shown for all patients (A), responders (B) and non-responders (C). Re-
sponders and non-responders were defined by the increase in the AQLQ score at 16 weeks from
baseline (i.e., responders, 0.5<; and non-responders, <0.5). *p<0.05 vs. AQLQ overall score at base-

line. AQLQ: Asthma Quality of Life Questionnaire

Table 1. Baseline Characteristics of the Patients, Stratified by the Change in the AQLQ Score at 4
Months.
Characteristic Responders Non-responders p value
n 6 5
Age (years) 59.67+17.42 53.4+23.31 0.62
Gender (male/female) 3/3 0/5
BMI (kg/m?) 20.98+1.67 24.26+6.63 0.27
Disease duration (years) 26.5+17.83 16+9.59 0.27
Smoking index 165+159.1 80+80 0.67
FeNO level (ppb) 112.8+69.14 57.18+39.45 0.20
Blood eosinophil count (/uL) 590.3+346.5 467+303.7 0.55
Blood neutrophil count (/uL) 4,082+510.5 4,543+1,063 0.69
Total serum IgE (IU/mL) 137.3+99.5 162.2+207.3 0.80
FEV| (% predicted) 65.3+20.7 75.6+15.1 0.38
FEV (L) 1.46+0.61 1.49+0.54 0.94
AQLQ overall score 4.6+0.76 4.6+0.76 0.88
Asthma VAS score (cm) 3.3£3.61 5.46+3.32 0.33
OCS use (%) 1(16.7) 2 (40)
High-dose ICS use (%) 6 (100) 5 (100)
LABA use (%) 6 (100) 5 (100)
LAMA use (%) 3(50) 2 (40)
LTRA use (%) 5(83.3) 4 (80)
Theophylline use (%) 4 (66.7) 4 (80)

Use of other biologics within previous three months (%)

1, omalizumab (16.7) 1, omalizumab (20)

Values are presented as the mean+SD.

AQLQ: Asthma Quality of Life Questionnaire, FEVy: forced expiratory volume in 1 s, OCS: oral corticosteroid, ICS: inhaled
corticosteroid, LABA: long-acting beta-agonists, LAMA: long-acting muscarinic antagonists, LTRA: leukotriene receptor antag-

onists

Results

Baseline characteristics of the patients, stratified by
their response to mepolizumab therapy

All 11 patients with eosinophilic severe asthma showed a
significant improvement in the AQLQ score after 4 weeks of
mepolizumab therapy (Fig. 1A). However, after both 8 and
16 weeks, although some of the participants showed an im-

provement in terms of an elevated AQLQ score, none of
them showed a significant improvement in the overall
AQLQ score relative to the baseline. Therefore, we divided
the patients into responders and non-responders based on an
improvement in the AQLQ score of more or less than 0.5
after 16 weeks (Fig. 1B, C). There were 6 responders and 5
non-responders, and the responders showed a significant in-
crease in the AQLQ score after both 4 and 16 weeks
(Fig. 1B) while the non-responders showed no apparent
change in the AQLQ score (Fig. 1C).
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Table 2. Clinical Outcomes of the Patients, Stratified by the Change in the AQLQ Score

after 4 Months.
Characteristic Responders Non-responders  p value
n 6 5
SACQ score (Baseline-at 4 months) 1.2+1.11 -0.2+0.60 0.03
S6FeNO level (ppb, at 4 months-baseline) -48.7+47.02 -6.33+20.46 0.14
Sblood eosinophil count (/uL, at 4 months-baseline) -546.5+£348.3 -390.4+261.3 0.43
Stotal serum IgE (IU/mL, at 4 months-baseline) -54.83+45.73 -92.0£167.2 0.61
FEV| (% predicted, at 4 months) 79.73+13.84 79.42+24.66 0.98
OFEV | (% predicted, at 4 months-baseline) 14.47+£9.97 3.86x12.15 0.15
FEV (L, at 4 months) 1.81+0.60 1.54+0.64 0.48
S6FEV, (L, at 4 months-baseline) 0.35+0.33 0.05+0.21 0.11
Values are presented as mean+SD.
ACQ: Asthma Control Questionnaire, FEV: forced expiratory volume in 1 s
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Figure 2. The baseline serum cytokine levels and the ratio of CCL4/MIP-1§3 (CCL4) to periostin in
responders and non-responders to mepolizumab therapy. The baseline serum cytokine levels and the
ratios are shown for responders (circles) and non-responders (squares) to mepolizumab therapy. Bars

represent the mean+SEM. *p<0.05.

The baseline characteristics of the patients in both subject
groups are shown in Table 1. The groups showed no signifi-
cant difference in regard to age, BMI, disease duration,
smoking index, baseline FeNO level, baseline blood eosino-
phil or neutrophil counts, baseline serum IgE level, baseline
FEV1, baseline AQLQ score, baseline VAS of asthma symp-
toms or baseline asthma therapy, including oral corticoster-
oid use (Table 1). On the other hand, the clinical outcomes
of the two groups seemed to closely reflect the change in
the AQLQ score (Table 2). Responders showed a signifi-
cantly decreased ACQ score compared to non-responders.
Although the decreases in the FeNO level and blood eosino-
phil count, and the increases in % predicted FEV, and FEV,,
did not reach statistical significance, the degree of decrease/
increase tended to be larger among the responders. Collec-
tively, the change in the AQLQ score seemed to be a reason-

able basis for judging the response to mepolizumab (Ta-
ble 2).

Responders showed a lower baseline CCL4/MIP-13
level in the serum

Fig. 2 shows the baseline cytokine levels and the ratio of
CCL4/MIP-1 to periostin. The responders showed a signifi-
cantly lower level of CCL4/MIP-1f at baseline compared to
the non-responders, while none of the other cytokines
showed a statistically significant difference between the re-
sponders and non-responders (Fig. 2). It is noteworthy, how-
ever, that the responders tended to show higher levels of two
Th2 cytokines, namely, periostin and IL-4. The ratio of
CCL4/MIP-1 to periostin was significantly lower in the re-
sponders compared to the non-responders. The responders
also tended to show a higher level of PDGF, although the
difference was not statistically significant.
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Figure 3. Change in the serum cytokine levels in both responders and non-responders who under-
went mepolizumab therapy. The serum cytokine levels at baseline and after 1, 4, 8 and 16 weeks in
responders (white circles) and non-responders (black circles) are shown. Bars represent the

mean+SEM. *p<0.05 vs. the baseline level.

Changes in the serum cytokine levels during the 16
weeks of mepolizumab therapy

Changes in the serum cytokine levels during the mepoli-
zumab therapy were analyzed in all patients (Supplementary
material). No cytokine showed a significant change from the
baseline except for PDGF, which was significantly increased
after 8 weeks of treatment.

When the responders and non-responders were separately
analyzed for changes in the serum cytokine levels, the non-
responders showed a significantly increased level of CCL4/
MIP-1f after 4 weeks compared to the baseline (Fig. 3).
Neither the responders nor non-responders showed a signifi-
cant change in any of the other cytokines. Interestingly, the
responders’ CCL4/MIP-1f level remained low throughout
the treatment (Fig. 3). In addition, the levels of CCL11/eo-
taxin and periostin remained high and the level of CXCL10/
IP-10 remained low throughout the treatment in the respond-
ers, although without any statistical significance (Fig. 3).

Discussion

We found that a low baseline serum level of CCL4/MIP-1
B may predict a good response to mepolizumab as evaluated
by an improvement in the AQLQ score after 4 months of
treatment. In addition, the level of serum CCL4/MIP-1f in
non-responders to mepolizumab was significantly increased
at 4 weeks after the initiation of mepolizumab therapy,
whereas the CCL4/MIP-1f level in the responders remained
low throughout the treatment.

At present, there is no good biomarker for predicting re-
sponsiveness to mepolizumab other than the blood eosino-

phil count, which has been shown to predict the treatment
response in two large mepolizumab clinical trials (11, 13).
The finding that the blood eosinophil count is able to pre-
dict responsiveness to mepolizumab is reasonable because
mepolizumab is targeted to inhibit IL-5, one of the most
powerful potentiators of eosinophils, from binding to IL-5
receptor (17). On the other hand, since the serum level of
IL-5 is basically low, as demonstrated in the present study
(Fig. 2), and no relationship was reported between the se-
rum IL-5 level and the clinical parameters for asthma (18),
IL-5 itself may not be a good candidate marker for predict-
ing the response to mepolizumab therapy. It seems logical
that patients with more eosinophils have eosinophilic inflam-
mation and that blocking the activity of IL-5 by mepolizu-
mab suppresses eosinophilic inflammation by inhibiting the
activation and survival of eosinophils. However, it still
seemed desirable to identify a better and more convenient
marker that predicts responsiveness to mepolizumab because
today we have various other powerful biological agents, i.e.,
omalizumab, benralizumab and dupilumab, that can be used
to treat severe asthma.

It was somewhat of a surprise that a low baseline level of
CCLA4/MIP-1pB would be found useful for predicting the effi-
cacy of mepolizumab, since we measured several more-
clearly understood Thl and Th2 cytokines in the present
study, i.e., IL-4, 5, 9, periostin, CCL11/eotaxin and IFN-y.
In addition, CCL4/MIP-1f has yet not been fully character-
ized in the field of asthma. CCL4/MIP-18 is a ligand for C-
C chemokine receptor type 5 (CCRS), is a potent chemokine
that attracts mainly macrophages and CD4-positive T cells,
and also works as an activator for natural killer cells (19).
Its receptor, CCRS, is highly expressed on memory Thl
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cells, which are reported to play an important role in certain
phenotypes of asthma as well as in mouse models of
asthma (20-23). In a murine model of asthma, the expres-
sion of CCRS was induced, and the abrogation of CCRS
was found to be effective for treating allergic inflammation,
thus resulting in an improved pulmonary function. There are
other ligands for CCRS, namely CCL5/RANTES and CCL3/
MIP-1a, which may be the main players in CCR5-activated
asthma. In contrast to the field of allergy or type 2 inflam-
mation, CCL4/MIP-1p3 has been categorized as a Thl cy-
tokine and it has been shown to increase during viral infec-
tions, including respiratory syncytial virus (RSV) infec-
tion (24-27). We have to note that in the present study set-
ting, we could not find a negative correlation between the
level of CCL4/MIP-1 and type 2 biomarkers, namely,
blood eosinophils, FeNO or IgE.

Based on the knowledge that eosinophilic inflammation,
for which mepolizumab is likely to be chosen, is a type 2
inflammation, we imagine that such eosinophilic inflamma-
tion would show decreased levels of Thl cytokines, includ-
ing CCL4/MIP-1f. In fact, another Thl cytokine, CXCL10/
IP-10, tended to be lower and Th2 cytokines such as CCL
11/eotaxin, IL-4, IL-5 and periostin tended to be higher in
the responders, although without any statistical significance
(Fig. 2). Thus, our present results may indicate that mepoli-
zumab therapy is effective for type 2 inflammation-dominant
asthma and that a low serum level of CCL4/MIP-1p, a Thl
cytokine, is a reliable marker for accurate prediction of re-
sponders. In contrast, neutrophilic inflammation was re-
ported in another phenotype of asthma (28). Although neu-
trophils are also potent producers of CCL4/MIP-1p (29), we
found no difference in the number of peripheral blood neu-
trophils between the responders and non-responders (Ta-
ble 1).

A time-course analysis of serum cytokines found that
PDGF increased during mepolizumab treatment, regardless
of its efficacy (Supplementary material). Due to PDGF’s
role in activating eosinophils (30, 31), anti-IL-5 therapy with
mepolizumab might have had a negative feedback effect that
resulted in an enhanced production of PDGF. It was interest-
ing to find a significant elevation of serum CCL4/MIP-1j in
the non-responders (Fig. 3). The serum level of CCL4/MIP-
1B seemed to be higher at each time point, which was there-
fore indicative of a non-Th2 dominant pattern of asthma in
those non-responders (Fig. 3).

Some of the limitations associated with this study include
the small number of participants and the fact that the study
was conducted at only one hospital. Since we attempted to
divide such a small population into two groups, there may
have been a placebo effect or an effect arising from the
baseline asthmatic condition. In addition, since we per-
formed analyses as initially planned before conducting this
research, we did not correct for multiple cytokine compari-
sons; accordingly, our results may have a reduced impact. A
larger study needs to be performed among multiple hospi-
tals, with more participants, to conclude that a low serum

level of CCL4/MIP-1J is a useful and reliable biomarker for
predicting responsiveness to mepolizumab. In addition, since
there are several biologics for severe asthma today, the se-
rum levels of cytokines have to be compared in patients on
other drugs at baseline and after therapy in order to apply
the findings to precision medicine. Larger prospective stud-
ies are necessary to further clarify the importance of CCL4/
MIP-1f as a predictor of a mepolizumab response and to
elucidate the roles of cytokines-including CCL4/MIP-1f3-in
the pathogenesis of severe asthma.

In conclusion, a low baseline serum CCL4/MIP-1§ level
predicted a good response to mepolizumab therapy in
eosinophilic severe asthma, and the serum level of PDGF in-
creased in all patients after 8 weeks of therapy. Today, sev-
eral biological drugs are available for the treatment of
eosinophilic severe asthma, and there is a need for reliable
biomarkers to achieve precision medicine. Larger studies are
required to elucidate the clinical usefulness and establish the
cut-off values for serum CCL4/MIP-1p to be used in clinical
settings.
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