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Abstract

Asthma is an important chronic disease affecting a lot of people worldwide. Treatment options for
asthma like biological agents are being developed more frequently nowadays. Despite a lot of treatment
options, some patients still remain symptomatic. As more and more practitioners choose treatment with
biologic agents as a convenient way of therapy, biologic agents and other valuable methods must be
discovered in order to cope with a growing number of treatment agents. This manuscript emphasizes on
new generation monoclonal human(ized) antibodies in asthmatics and off-label use . The first developed
biologic agent is the anti-immunoglobulin E monoclonal antibody called omalizumab. Currently it is an

approved treatment option for asthma.
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Introduction

Asthma is an important chronic disease affecting
a lot of people worldwide [1]. Treatment options for
asthma like biological agents are being developed more
frequently nowadays. Despite a lot of treatment options,
some patients still remain symptomatic. As more and
more practitioners choose treatment with biologic agents
as a convenient way of therapy, biologic agents and other
valuable methods must be discovered in order to cope with
a growing number of treatment agents. This special issue
emphasizes on new generation monoclonal human(ized)
antibodies in asthmatics [2-4].

The pathophysiological mechanisms underlying
asthma, which is a heterogeneous disease, are character-
ized by interactive responses among various cell types
and the hematopoietic cells of the adaptive and innate
immune systems. Frequently is conventional therapy
like inhaled steroids and beta-agonists sufficient for
asthma symptoms. However, a little minority of the
asthmatics is not controlled with conventional therapy.
Therefore are new treatment options essential for severe
asthmatic patients [5].

(Cent Eur J Immunol 2020; 45 (2): 195-201)

Anti-IL-5 molecules

Interleukins (IL) derived from T-helper-2 (Th2) cells
and innate lymphoid cells play an important role in the
pathogenesis of asthma. Monoclonal antibodies targeting
these cytokines as treatment for severe asthma are expect-
ed to be beneficial [6]. Eosinophilic inflammation is an im-
portant event in the pathogenesis of asthma. IL-5 is a key
cytokine that arranges eosinophil production, survival,
maturation and recruitment of eosinophils to the inflam-
mation [7]. Mepolizumab, reslizumab, and benralizumab
are new developed monoclonal antibodies that target the
cytokine IL-5. Mepolizumab and reslizumab have been ap-
proved by the US Food and Drug Administration (FDA)
for the treatment of patients with severe asthma with an eo-
sinophilic phenotype [8, 9]. Mepolizumab and reslizumab
binds directly to IL-5 ligand. These molecules effectively
decreased circulating and sputum eosinophil counts, but
they failed to improve airway mucosal eosinophilia, acute
exacerbation rates, lung function and symptom scores in
several studies. These disappointing results may be affect-
ed from inappropriate selection of the patients. In order
to overcome the probable mechanistic limitations of early
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anti-IL-5 agents, an anti-IL-5R monoclonal antibody was
developed and called as benralizumab. Benralizumab, pre-
viously known as MEDI-563, is a humanized recombinant
IgG1-k isotype monoclonal antibody. It was constructed
from the mouse anti-human IL-5Ra mAbs generated by
mice immunized with recombinant human IL-5Ra [10].
Clinical studies revealed that anti-IL-5 monoclonal thera-
pies for asthma could be safe for slightly improving FEV 1
(or FEV1% of predicted value), quality of life, and reduc-
ing exacerbations risk and blood and sputum eosinophils.
However these drugs have no significant effect on PEF,
and SABA rescue use. These may be a result of patient
selection. Further trials are required to clarify the optimal
antibody for different patients [7].

Anti-IL-4/IL-13 molecules

Another investigated cytokine important in the in-
flammatory pathways in the pathogenesis of asthma is
anti-IL-4. IL-4 is a pleiotropic cytokine secreted mainly
by activated T cells. Mast cells, basophils, and eosinophils
can also secret IL-4 [10, 11].

IL-4 is important in inducing IgE isotype switch-
ing, T cell polarization into Th2 cells, and generation of
IL-4, IL-5, and IL-13 by Th2 cells. IL-4Ra is expressed
on CD4+ and CD8+ T cells, B cells, macrophages, lung
epithelial cells, airway goblet cells, and smooth muscle
cells [11]. There is a functional homogeniety between
IL-4 and IL-13. IL-4 can activate a heterodimeric recep-
tor complex consisting of the IL-4 receptor a-subunit
(IL-4Ra) and a C subunit. IL-13 can activate the IL.-4Ra

and the IL-13 receptor al-subunit (IL-13Ral) [5].
Both IL-4 and IL-13 can bind to heterodimeric com-
bination of the a-subunit of the IL-13 receptor and the
a-subunit of the IL-4 receptor. And this leads to sig-
naling of both IL-4 and IL-13. Therefore will blocking
IL-4R a with an antibody of this receptor chain expected
to block the effects of both IL-4 and IL-13 [6].

Pascolizumab and VAK694 are anti-IL-4 neutraliz-
ing monoclonal antibodies. Also IL-4 receptor antagonist
drugs like dupilumab, pitrakinra and AMG-317 have been
discovered. Even a recombinant [L-4Ra that captures sol-
uble IL-4 and prevents their binding to IL-4 receptors, has
been developed. It is called altrakincept. However, further
research on this drug was discontinued by its manufac-
turer, since the phase 3 clinical trial failed to confirm its
earlier promising results. Since there is a high redundancy
of IL-4 and IL-13 signaling, blocking of both IL-4 and
IL-13 has been expected to be more efficient [11]. Dup-
ilumab is a drug that inhibits signaling from IL-4 and
IL-13 concomitantly. It is a molecule that binds to the al-
pha subunit of the IL-4 receptor. Phase II trials for dupi-
Iumab showed that asthma exacerbations were decreased in
patients using this drug [12, 13]. Dupilumab also improved
lung function. It reduced the inhaled corticosteroid dose in
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the patient group. There was also an associated reduction
in fractional exhaled nitric oxide with reduced serum con-
centrations of Th2-associated inflammatory markers such
as CCL17 (TARC), CCL26 (eotaxin-3), and IgE [6]. These
results are promising and further clinical trials will us show
us the long-term efficacy of dupilumab [11].

Another similar drug that targets IL-4 is pitrakinra.
It is a recombinant human IL-4 variant that competitively
inhibits IL-4Ra to interfere with the actions of both IL-4
and IL-13. Studies on this competitive antagonist called
pitrakinra revealed that it leads to significant reduction in
asthma exacerbations and improves asthma symptoms in
patients with eosinophilia [14]. Pitrakinra also attenuated
the late-phase asthmatic response to allergen challenge
in patients with mild atopic asthma [6]. The other drug
called AMG317 was evaluated in another phase II trial
in approximately 300 patients with moderate to severe
asthma. Weekly injections over 12 weeks were well tol-
erated but did not have significant effects on the Asthma
Control Questionnaire score (ACQ score; the primary
outcome) [14].

IL-13 shares 30% homology with IL-4. IL-13 is secreted
by Th2 cells, ILC2s, mast cells, basophils, and eosinophils.
IL-13 has the potential to increase goblet-cell differentia-
tion, and activation of fibroblasts. IL-13 production can
induce an increase in bronchial hyperresponsiveness, and
switching of B-cell antibody production towards IgE [6].
IL-13 is similar to IL-4 and uses the same signaling path-
ways. The high-affinity receptor of IL-13 is a heterodimer of
IL-4Ra/IL-13Ral. IL-13Ral is present on eosinophils,
B cells, monocytes, macrophages, smooth muscle cells, lung
epithelial cells, airway goblet cells, and endothelial cells.
Biologicals that target IL-13 are anti-IL-13 mAbs: anruk-
inzumab, dectrekumab, GSK679586, IMA-026, lebrikizum-
ab, RPC-4046, and tralokinumab [11].

Patients with severe asthma often have elevated lev-
els in sputum despite therapy with high dose inhaled or
oral corticosteroids. Lebrikizumab is one of the many hu-
manized monoclonal antibodies that have been developed
to specifically bind to IL-13 and inhibit its function [14].
In a randomized, double-blind, placebo-controlled study
were 219 asthma patients observed and evaluated whether
the drug lebrikizumab could alter the course of asthma.
Lebrikizumab treatment was associated with improved
lung function. Patients with high pretreatment levels of
serum periostin had greater improvement in lung function
with lebrikizumab. This therapy needs futher evaluation
before being utilized in clinics [15]. Another monoclonal
antibody called tralokinumab, an investigational human
IL-13-neutralising immunoglobulin G4 monoclonal anti-
body, has been evaluated in adults with moderate to severe
uncontrolled asthma despite controller therapies. Patients
were randomly assigned to receive tralokinumab or place-
bo subcutaneously every 2 weeks for 13 weeks. Although
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it had an acceptable safety and tolerability, it did not re-
duce asthma exacerbations [16].

Antithymic stromal lymphopoietin

Thymic stromal lymphopoietin (TSLP) is an epithelial
cell derived cytokine that may trigger allergic inflamma-
tion and, thus, play a role in allergic asthma [17]. It is an
epithelial-derived cytokine and makes its effect through its
receptor, TSLP-R, which is a heterodimeric receptor that
consists of the IL-7 receptor alpha chain (IL-7Ra) and the
TSLP receptor alpha chain 1 (TSLPRa). In hematopoiet-
ic cells, TSLP-R is mainly expressed in DCs, monocytes,
B cells, T cells, NK cells, invariant natural killer T iNKT)
cells, eosinophils, basophils, and mast cells [11].

A human anti TSLP monoclonal immunoglobulin
G2 lambda (AMG 157) that binds human TSLP and pre-
vents receptor interaction was assessed in a trial. Ran-
domly assigned 31 patients with mild allergic asthma
received AMG 157 (700 mg) or placebo intravenously,
once a month for three doses. The primary outcome, the
maximum percentage decrease in the FEV during the late
asthmatic response was 45.9 percent less in the AMG 157
group than the placebo group on day 84. AMG 157 re-
duced allergen induced bronchoconstriction and airway
inflammation. No serious adverse effects were reported.
Further studies on this drug are planned to clarify its use
in clinical practice [17].

Anti-IL-9 monoclonal antibody

IL-9 is a Th2 cytokine and a T cell and mast cell
growth factor. Anti-IL-9 antibody-treatment has been
shown to protect from allergen-induced airway remod-
eling, with a concomitant reduction in mature mast cell
numbers and activation. It can also decrease expression
of the profibrotic mediators transforming growth factor
TGF)-b1, vascular endothelial growth factor (EGF), and fi-
broblast growth factor-2 (FGF-2) in the lung. The function
of IL-9 in allergy has been investigated for its pleiotropic
activities on cell types associated with allergic diseases
including Th2 lymphocytes, mast cells, B cells, eosino-
phils, and airway epithelial cells. An anti-IL-9 monoclonal
antibody (MEDI-528) has been studied in a clinical trial
on 327 asthmatic subjects. Patients were randomized to
receive placebo or one of three doses of MEDI-528 (dos-
age 30, 100, or 300 mg s.c. twice weekly for 4 weeks) in
addition to their usual asthma medications. The addition of
MEDI-528 to existing asthma controller medications did
not improve ACQ-6 scores, asthma exacerbation rates, or
FEV1 values. Further clinical trials are needed to explore
this drug for altering the course of asthma. Thus, the po-
tential clinical benefit of targeting IL-9 or its receptor in
the treatment of asthma remains to be shown in further
studies [5].
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Anti-IL-2 antibody

Allergen exposure can stimulate IL-2 and its receptor
expression (IL -2R) a chain (sCD25) in airways of patients
with severe asthma. Daclizumab is a humanized monoclo-
nal antibody that binds specifically to the a subunit (CD25)
of the high-affinity IL-2R, and inhibits IL-2 binding and
its biological activity. Daclizumab can inhibit various T
cell functions, including T cell proliferation and cytokine
production. It has been investigated in a randomized con-
trolled study. The drug has the potential to improve pul-
monary function and asthma control in patients moderate
to severe chronic asthma [18]. The risk of immunosuppres-
sion in clinical practice needs to be clarified.

Anti-GATA3-spesific DNAzyme

Approximately half of the asthmatic patients exhibit
a Th2 type in response to allergen exposure. This Th2 en-
dotype is characterized by a predominant activation of Th2
cells that produce cytokines such as IL-4, IL-5, and IL-13.
The expression and production of all these Th2 cytokines
have been shown to be controlled by the zinc finger tran-
scription factor GATA3, which is essential for Th2-cell
differentiation and activation. It is considered to be the
master transcription factor of the Th2 pathway of immune
activation. Therefore could be interventions to disrupt
this immune network, a synthetic DNA molecule (DNA-
zyme), that binds to GATA3 messenger RNA and cleaves
it, a solution. This synthetic molecule called SBO10 could
significantly attenuate both late and early asthmatic re-
sponses after allergen provocation in patients with allergic
asthma. Biomarker analysis after this drug showed an at-
tenuation of Th2-regulated inflammatory responses [19].

Anti-IL-17 antibody

Although half of the asthma patients exhibit a Th2 type
endotype, some remaining patients exhibit a Th17 driven
endotype. This subpopulation is characterized with a Th17
driven inflammation. Th17 cells can contribute to airway
hyperresponsiveness by recruiting both eosinophils and
neutrophils. Therefore has ben IL-17 receptor blocking
suggested to beneficial in asthma treatment [20].

Biologicals targeting IL-17 include an anti-IL-17A
mADbD: secukinumab and an anti-IL-17 receptor mAb:
brodalumab. Although the inhibition of IL-17 receptor
A had no effect on subjects with asthma as a whole, a sub-
group analysis showed an effect with uncertain signifi-
cance. Further studies are needed to determine the role
of secukinumab in asthma [11]. Brodalumab (AMG 827)
is a human, anti-IL-17RA immunoglobulin G2 (IgG2)
monoclonal antibody that binds with high affinity to hu-
man IL-17RA, blocking the biologic activity of IL-17A,
-17F, -17A/F heterodimer, and -17E (IL-25). Broda-
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lumab can block IL-25 activity and IL-17A and IL-17F.
In a randomized controlled study were 302 patients taking
this drug evaluated and at the end of the study there was
no evidence for an effect of brodalumab in these patients.
Further studies may clarify the potential of this drug [20].

Anti TNF antibodies

In addition, human(ized) monoclonal antibodies (HMA)
evaluated for the treatment of severe persistent asthma
(SPA), but not approved after Phase II trial are as follows;
Infliximab (recombinant human—murine chimeric anti-TNFa
monoclonal antibody Infliximab), etanercept (soluble TNFa
receptor fusion protein), and golimumab (fully human TN-
Fa-blocking antibody) [5]. The expression of TNF alfa is
increased in asthma in association with airway neutrophilia.
Berry and colleagues have demonstrated that the TNF-a axis
is upregulated in patients with refractory asthma, as evi-
denced by the increased expression of membrane-bound
TNF-a, TNF receptor 1, and TNF-a— converting enzyme
by peripheral-blood monocytes [21]. Treatment with goli-
mumab did not demonstrate a favorable risk-benefit pro-
file in patients with severe persistent asthma [22]. A study
with etanercept showed a small decrease in asthma exacer-
bations was observed in a randomized placebo controlled
study [23]. In a case-series report was it told that in severe,
uncontrolled, steroid-dependent asthma infliximab could re-
duce exacerbations and hospitalizations [24]. In some severe
refractory asthma endotypes anti-TNFa therapy may have
arole. However, it should be kept in mind that these agents
have some safety concerns and should used carefully only
in some severe refractory asthma endotypes [5].

Anti-IgE

The first developed biologic agent is the anti-immu-
noglobulin E monoclonal antibody called omalizumab.
Currently it is an approved treatment option for asthma [5].

The other human(ized) promising monoclonal antibody
drug developed, but not approved yet is ligeluzimab. Lige-
luzimab binds with very high affinity to the Ce3 domain of
IgE. Ligeluzumab may provide longer supression of IgE.
Trials with this biologic agent are ongoing [5].

Anti-IgE: off-label use

Non-atopic asthma

The off-label use of omalizumab in patients with un-
controlled non-atopic asthma has resulted in a decrease in
exacerbation rates and improvement in asthma symptom
scores. In a study conducted in 2013, omalizumab was ad-
ministered to 266 patients with severe allergic asthma and
29 patients with non-atopic severe asthma for two years,
and the study found a decline in the exacerbation rate, in-
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crease in the quality of life, and significantly improved dis-
ease control in both groups [25-27]. In two studies which
used omalizumab in a group of patients with non-atopic se-
vere asthma, the authors observed downregulation of FcRI
expression in the basophils and increased FEV 1.

Nasal polyposis, allergic rhinitis, and allergic
bronchopulmonary aspergillosis

Allergic bronchopulmonary aspergillosis affects 7 to 9%
of patients with cystic fibrosis (CF) and 1 to 2% of patients
with asthma, posing a diagnostic challenge [28, 29]. Cases
series related to ABPA were first published in 2007. In a se-
ries of eight cases with cystic fibrosis and ABPA published
by Tanou et al. [30] in 2014, the authors reported increased
FEV1, improved respiratory symptoms, and reduced steroid
consumption. In a series of six cases with CF diagnosed
with ABPA published by Lehman et al. [31], the authors
reported improved symptoms in patients receiving omali-
zumab, whereas the efficacy of the treatment was less pro-
nounced in patients diagnosed with ABPA and long disease
duration and in patients who developed progressive lung
problems [31]. In a series of 14 patients with severe asthma
and ABPA in 2015, Aydin et al. [32] showed that 11 pa-
tients achieved complete and three patients achieved partial
response. The authors also reported an overall improvement
in the pulmonary functions and respiratory symptoms with
a statistically significant reduction in the use of oral corti-
costeroids (OCS) and number of disease episodes. Also, the
patients with a total immunoglobulin E (IgE) level of <1,000
1U showed a better response to omalizumab, compared to
those with a total IgE level of >1,000 IU. However, this
finding was found to have a low-evidence level, considering
the lack of large-scale, prospective case series and random-
ized and placebo-controlled studies.

Efficacy and safety of omalizumab were first evaluated
in a randomized, double-blind, placebo-controlled study
of 221 patients with seasonal allergic rhinitis in 2002 [33].
This study reported a significant symptomatic relief up to
48% in the combination treatment group (specific immu-
notherapy [SIT]+omalizumab), compared to SIT group
alone. A randomized study in Japan reported a significant
improvement in daily nasal and eye symptoms in patients
with seasonal allergic rhinitis receiving omalizumab [34].

In 2007, a randomized placebo-controlled study of
eight patients was the first to report reduced rates of post-
operative polyp recurrence in patients with atopic asthma
and nasal polyps (NP) [35]. In a study of 19 patients with
severe asthma and NP in 2011, Vennera et al. [36] re-
ported symptom reduction and disease stabilization with
the use of omalizumab treatment. In addition, Tajiri et al.
[37] evaluated omalizumab in patients with severe asthma
and NP, and reported significant improvements in nasal
symptoms, asthma control, and sinus tomography results.
However, not all studies were able to show the beneficial
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effects of the treatment. In a randomized, double-blind,
placebo-controlled study of patients with chronic rhinosi-
nusitis receiving omalizumab, Pinto et al. [38] showed
improvement in the Sino-Nasal Outcome Test (SNOT-20)
scores at three, five, and six months, although there was
no significant difference in the scores compared to the
control group. The aforementioned study did not observe
any changes in the quality of life, symptom scores, cellular
inflammation, nasal passage, and olfactory test parameters.

Atopic dermatitis and food allergy

In a series of three patients published in 2005, the authors
reported no response after four months of treatment [39],
while Lane et al. [40] published a series of three patients
in the same study period and reported successful treatment
outcomes of severe AD using omalizumab [40]. In addition,
a pilot study of 21 patients published in 2009 found a statis-
tically significant clinical improvement in all patients [41].
Another series of three patients published in 2011 reported
significant improvement in the Eczema Area and Severity In-
dex (EASI) and itching severity score in patients with severe
AD unresponsive to conventional treatment and those with
elevated IgE levels [42]. A study of 11 patients published
in the same year reported reduced SCORing Atopic Der-
matitis (SCORAD) scores, reduced symptoms, and signif-
icant improvement in the quality of life (3). The efficacy of
omalizumab was also evaluated in 20 adults with severe AD
in a prospective, 28-week, open-label study conducted by
Hotze et al. [43] in 2014. The authors reported no response
to treatment in seven patients harboring filaggrin gene mu-
tation (FLG), while there was a significant improvement in
the remaining eight patients. The authors also concluded that
the patients with FLG gene mutation were prone to achieve
lower response to omalizumab.

Furthermore, in food-related immunotherapy (IT) stud-
ies, omalizumab initiated before or received simultaneously
with the treatment facilitated the development of tolerance.
In a series of 11 patients with cow milk allergy scheduled
for IT, 10 patients tolerated daily intake of 8 g cow milk
after the initiation of omalizumab, nine weeks before IT,
and combination with IT treatment, thereafter [44]. Another
use of this treatment is to facilitate a rapid and safe transi-
tion to the maintenance phase in patients with food allergy
receiving oral IT [45]. Another use of the treatment in food
allergy is eosinophillic esophagitis developing in association
with multiple food allergies. Also, in a study administered
omalizumab to patients with eosinophillic esophagitis, the
authors found reduced allergic symptoms and improved
quality of life, although there was no change in endoscopic
and histologic characteristics of the disease [46].

Food allergy and anaphylaxis

Anaphylaxis can occur as a result of exposure to var-
ious allergens such as food, drug, and venom; however,
no triggering factor can be shown in some cases, of which
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the latter is known as idiopathic anaphylaxis. The patients
with elevated baseline tryptase levels or those diagnosed
with mastocytosis are expected to have higher rates of
anaphylaxis with a more aggressive course of disease.
In particular, patients with venom allergy on IT may expe-
rience some difficulties in switching to maintenance dose.
Severe anaphylactic episodes can be observed in patients
diagnosed with mastocytosis on IT due to venom allergy.
In addition, IT combined with omalizumab has enabled
a safe transition to the maintenance phase in this group
of patients [47-49]. Addition of omalizumab to rush and
ultra-rush venom IT protocols has increased the success of
IT and enabled a safer transition to the maintenance phase.
Another use of omalizumab is to prevent recurrent anaphy-
lactic episodes in patients who are unable to be controlled
with conventional therapies [50-55]. There are case reports
on the role of this treatment in preventing idiopathic ana-
phylactic episodes [56-58].

Several studies have reported asthma symptom control,
improved quality of life, and development of tolerance to
aspirin in two patients with the use of omalizumab in pa-
tients with aspirin-induced airway disease, nasal polyps, and
severe asthma [59, 60]. Two patients with recurrent insulin
allergy, despite the use of desensitization protocols, and one
patient of carboplatin allergy during carboplatin therapy due
to ovarian cancer successfully continued their treatment with
the addition of omalizumab to the treatment [61-63].

Conclusions

In conclusion, although omalizumab has been approved
for the treatment of severe allergic asthma and chronic id-
iopathic urticaria, it offers an off-label use as a final resort
in many allergic diseases. Recent studies have shown that
omalizumab is effective in treating bullous pemphigoid,
Stevens-Johnson syndrome (SJS)/toxic epidermal necrolysis
(TEN, Type-III/IV reaction, such as graft versus host dis-
ease), Netherton syndrome, asthma and chronic obstructive
pulmonary disease overlap syndrome (ACOS). Its effects on
soluble inflammatory markers, such as sCD200, sTRAIL,
hematopoietic cells, Th1/2 cytokines (CXCLS; IL-18; IL-4;
IL-5; IL17A), total antioxidant capacity, hydrogen peroxide,
malondialdehyde and total nitric oxide concentrations were
demonstrated in several studies [64-70)].

Monoclonal antibodies are a candidate for use in sev-
eral indications with the contribution of large-scale studies
to the literature in the near future.
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