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Background
Asthma is a prevalent debilitating airway disease, with a tremendous effect
worldwide. Fungi and their spores are identified as major culprits in allergic
asthma (AA) etiology. Peripheral blood neutrophils and interleukin 17 (IL-17),
which are considered crucial players in both bronchial asthma and host defense
mechanisms against fungi, increase concomitantly; moreover, certain subsets of
neutrophils express and even release IL-17.
Objectives
In this study, we sought to determine the peripheral frequency of certain neutrophil
subpopulations, expressing both CD177 and IL-17, among AA patients, particularly
those with fungal allergy.
Methods
This observational study comprised 40 patients with AA (age range 19–60 years)
and 20 age-matched and sex-matched healthy controls (age range 20–55 years).
All patients had positive allergy skin prick test results, and accordingly, they were
further subdivided into two groups (18 reactive to fungal allergens and 22 to other
aeroallergens). The frequency of IL-17+CD177+ neutrophils in the peripheral blood
was assessed by flow cytometry in all studied participants.
Results
The authors observed significantly increased frequency of circulating IL-
17+CD177+ neutrophils among AA patients (especially mild to moderate cases)
compared with healthy controls (43.3±13.9 vs 15.3±4.8). On the contrary, and
surprisingly, patients with fungal allergy and those without did not show any
difference with respect to this neutrophil subpopulation (44.6±14.4 vs 42.2±13.7).
Conclusion
Despite limited sample size, we reported elevated IL-17+CD177+ neutrophil
proportion in all AA, regardless of fungal aeroallergenicity. This observation
points to a role played by this neutrophil subpopulation in asthma
pathophysiology, especially the allergic phenotype, and hopefully offer a new
therapeutic approach in asthma management.
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Introduction
Bronchial asthma is a chronic inflammatory disease of
the airways, with increasing prevalence worldwide. It
is characterized by bronchial hyper-responsiveness and
variable airflow obstruction. Asthmamanifests clinically
as recurrent episodes of wheezing, breathlessness,
chest tightness, and cough [1]. One of the strongest
identifiable risk factor for the development of asthma
is atopy; the link between asthma and atopy is
unquestioned, where various allergens are known to be
major triggers of asthma [2–4]. Fungi and their spores
are regarded as the principal aeroallergens inducing
asthma, as they exist ubiquitously indoors and
outdoors [5]. Among atopic individuals, those who
have respiratory allergy to molds are ∼20–30% [6].
ished by Wolters Kluwer - M
The close relationship between asthma and fungi is
well recognized, and the correlation between visible
domestic mold growth and wheezing attacks in
children is evident [7,8]. Being allergic to fungi
significantly affects the development, persistence, and
severity of allergic asthma (AA) [9,10].

It is now well established from a variety of studies
that AA is more heterogeneous and complex than mere
T-helper 2 (Th2) mechanisms. These studies revealed
edknow DOI: 10.4103/ejim.ejim_123_19
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that non-Th2 factors such as interleukin (IL)-17 and
neutrophils are frequently found in the lungs of
patients with asthma, particularly those with severe
asthma [11]. IL-17 expression is increased in the lung,
sputum, and bronchoalveolar lavage fluid in patients
with asthma [12]. Besides CD4+IL-17A+cells, serum
IL-17 levels were found to be high as well in persistent
asthmatic patients rather than intermittent asthmatics
[13]. IL-17 is also critically important in host defense
against fungal pathogens at mucosal barrier sites,
especially in the lung [14]. Likewise, neutrophils are
considered one of the essential components of the
innate immune system involved in binding and
killing of various fungi [15].

IL-17 is produced by multiple cells, including activated
CD4+ T cells [16], γδ T cells [17], Th17 [18], and
neutrophils. IL-17 release from neutrophils has been
detected in several mouse models of infectious and
autoimmune inflammation [19,20], in human
psoriatic lesions [21], and in patients with corneal
ulcers caused by filamentous fungi [22]. Furthermore,
recently, Ramirez-Velazquez et al. [23] reported that
CD177+ neutrophils were able to express IL-17 in
asthmatic patients. CD177 is a glycoprotein expressed
in blood specifically by neutrophils, neutrophilic
metamyelocytes, and myelocytes [24]. CD177 plays
an important role in neutrophil transmigration
through the endothelium [25], and the circulating
levels of CD177+ neutrophils are augmented in severe
inflammatory conditions [26,27], which facilitates
increased neutrophil tissue infiltration in these
conditions [28].

Taken together, these observations make it reasonable to
suppose that neutrophils may be activated in
the circulation of AA with increased expression of
surface molecules CD177 and IL-17. Hence, the main
objective of this work was to determine if the fraction of
IL-17+CD177+ neutrophils might be increased in AA
patients, especially those with fungal allergy.
Materials and methods
Participants and recruitment
We enrolled 40 asthmatic participants fulfilling Global
initiative for Asthma (GINA) criteria for asthma
diagnosis [29]. Only skin prick test (SPT)-positive
patients were selected, with an age range of 19–60
years. We further subdivided our patients into two
groups according to SPT results: 18 (45%) patients had
positive results for common fungal aeroallergens such
as Candida, Aspergillus spp., Alternaria spp.,
Cladosporium spp., and Penicillium spp., whereas 22
(55%) had negative results for fungi but positive for
other aeroallergens. Patients were recruited from the
allergy outpatient clinic at Ain Shams University
Hospital during the period from November 2014 to
December 2015.

We excluded individuals with severe dermatographism,
smokers, ex-smokers, and those who gave history of
respiratory tract infection in the past month before
the study. Patients taking corticosteroids, long-acting
β2-agonists, antileukotriene, or antihistamines a
month before the study were excluded. Another 20
healthy controls were enrolled; they were age and sex
matched and of the same social class as far as possible.
Controls had no history of allergy or symptoms
suggestive of bronchial asthma, with negative
allergen SPT result (except only one individual) and
with the same exclusion criteria as patients. The Ethics
Committee of Ain Shams University approved the
study, and each participant gave written informed
consent. All procedures performed in this study were
in accordance with the ethical standards of Ain Shams
University Ethics Committee and with the 1964
Helsinki declaration and its later amendments or
comparable ethical standards.
Study design
All the patients were subjected to detailed history and
clinical examination. Spirometric measurements were
performed as described in other studies [30,31], and
asthma grading was done according to GINA criteria
[29].We also performed SPTs and collected peripheral
blood for complete blood picture, serum total
immunoglobulin (Ig)E levels, and flow cytometry for
IL-17+CD177+ neutrophils %.
Skin prick test
All participants underwent SPT using a panel of the
commonest fungal aeroallergens, such as Candida,
Aspergillus spp., Alternaria spp., Cladosporium spp.,
and Penicillium spp., and other aeroallergens, such as
mites, pollens, cat hair, dog hair, horse hair, and
cockroach. Histamine and saline were positive and
negative controls, respectively. A mean wheal 3mm in
diameter larger than the negative control was considered
to be positive. Atopy was defined as a positive SPT to at
least one of the allergens in the panel.
Total serum immunoglobulin E and eosinophil count
Serum total IgE Ab level in serum was measured by
enzyme-linked immunosorbent assay (ELISA;
Euroimmun AG, Lübeck, Germany). Values were
interpreted as the following: negative (<100 kU/l),
low positive (100–500 kU/l), and high positive
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(>500 kU/l). Count of eosinophils was done using
Fuchs-Rosenthal counting chamber (Hausser
Scientific, PA, USA).
Isolation of neutrophils from peripheral blood
mononuclear cells
Isolation of neutrophils was done from whole blood
sample which is heparinized, by sedimentation of
red blood cell with dextran 1%. This is followed by
Ficoll-Hypaque (Lonza, Greenwood, SC, USA)
density gradient centrifugation and hypotonic lysis of
erythrocyte as previously described [32]. Cell viability
exceeded 98% as detected by trypan blue dye exclusion
test. By Wright-Giemsa staining, neutrophil
percentage was greater than 95% in the suspension.
Flow cytometry for detection of interleukin-17 and
CD177 expression on neutrophils
Using 1ml lysing solution, cell populations from each
respective sample were lysed followed by PBS wash,
and then centrifugation was performed for 3min at
1500 g (3200 rpm). Staining the cell pellet was done
using combinations of the following antibodies (5 μl
each): fluorescein isothiocyanate-labeled antihuman
CD177 (BioLegend, San Diego, CA, USA) and
phycoerythrin-labeled antihuman IL-17
(MiltenyiBiotec, Bergisch Gladbach, Germany).
Then incubation of the cells for thirty minutes was
done in the dark at room temperature after light vortex,
followed by a single wash with PBS. Data acquisition
and analyses were done on EPICS XL flow cytometer
(Coulter Electronics, Hialeah, FL, USA) utilizing
SYSTEM II version 3 software with a standard
three-color filter configuration. Gating of
neutrophils was determined according to their
forward and side scatter properties, and CD177-
positive neutrophils were gated out of total
granulocytes. IL-17 expression was specified as a
percentage of gated CD177-positive neutrophils.
Statistical analysis
The collected data were revised, coded, tabulated, and
introduced to the computer using Statistical package for
Table 1 Demographic data and skin test reactivity to fungal
aeroallergens in the study population

Variables Asthmatic
patients

Healthy
controls

P
value

Number 40 20

Age (years) 42.3±12.0 41.9±10.8 0.894¶

Sex (male/female) 24/16 13/7 0.707§

Fungal allergy
(+/–)

18/22 1/19 0.002§

Data were expressed as mean±SD or ratio. ¶Unpaired test. §χ2-
tests.
Social Science (SPSS l5.0.l for windows, 2001; SPSS
Inc., Chicago, Illinois, USA). The demographic and
laboratory data were shown as mean±SD or ratio
and compared among groups by the unpaired
Student’s t-test. χ2-test was used for relationship
between two qualitative variables. Analysis of variance
test was applied to assess the statistical significance of
the difference between more than two study group
means. Post-hoc test was used for comparisons of all
possible pairs of group means. Logistic regression
procedure was performed to determine whether the
likelihood of atopic asthma could be predicted from
the independent variables, including IL-17+CD177+

neutrophil frequency.
Results
A total of 60 participants were enrolled in this study, of
whom 40 were patients with allergic bronchial asthma
(24 males and 16 females; mean age: 42.3±12.0 years)
and 20 were healthy controls (13 males and seven
females; mean age: 41.9±10.8 years). Demographic
characteristics and SPT reactivity to fungal and other
aeroallergens in both groups are presented in Table 1.
IL-17+CD177+ neutrophil frequency in patients with
allergic bronchial asthma vs healthy controls
The frequency of CD177+ neutrophils expressing the
IL-17 was significantly higher in asthmatic
participants (n=40) compared with controls (n=20)
(P<0.05), and as predicted, significant differences in
mean serum total IgE and mean forced expiratory
volume in first second % between patients and
controls were observed as well. However, no
differences were seen in the percentage of serum
neutrophils or eosinophils between participants with
asthma and controls, as shown in Table 2.
IL-17+CD177+ neutrophil frequency among asthmatic
patients with different asthma severity grades
We categorized asthma severity in our patients
according to GINA criteria: 14 (35%) patients had
mild persistent asthma (mean age: 46.8±9.9 years), 17
Table 2 Laboratory data of asthmatic patients and healthy
controls

Variables Asthmatic
patients

Healthy
controls

P value

Serum neutrophils% 59.7±12.9 55.2±13.3 0.203¶

IL17+CD177+

neutrophils%
43.3±13.9 15.3±4.8 0.0001¶

Serum total IgE 728.3±603.8 194.8±108.4 0.0001¶

Serum eosinophils% 2.9±2.2 2.2±0.9 0.146¶

FEV1% 70.8±12.3 102.6±5.2 0.0001¶

Data were expressed as mean±SD. FEV, forced expiratory volume
in first second; Ig, immunoglobulin; IL, interleukin. ¶Unpaired test.



Figure 1

IL-17+CD177+ neutrophils were recognized within granulocytes by size (forward scatter), complexity (side scatter), and IL-17 and CD177
expression. IL, interleukin.

Figure 2

IL-17+CD177+ neutrophil frequency among asthmatic patients with different asthma severity grades. IL, interleukin.
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Figure 3

IL-17+CD177+ neutrophil frequency in asthmatic patients classified
according to fungal aeroallergen sensitivity. IL, interleukin.

Table 3 Logistic regression analysis using interleukin
17+CD177+ neutrophils% and other parameters as candidate
predictors for allergic asthma

Predictors Odds ratio P 95% CI for
odds ratio

Positive fungal allergy 2.246 0.706 0.034 150.234

Serum neutrophils% 1.023 0.752 0.889 1.177

IL17+CD177+ neutrophils% 1.405 0.029 1036 1.905

Serum total IgE 1.009 0.149 0.997 1.022

Serum eosinophils% 5.934 0.154 0.513 68.639

CI, confidence interval; Ig, immunoglobulin; IL, interleukin.

938 The Egyptian Journal of Internal Medicine, Vol. 31 No. 4, October-December 2019
(42.5%) had moderate persistent asthma (mean age
38.1±12.7 years), and nine (22.5%) had severe
persistent asthma (mean age 43.4±12.1 years). IL-
17+CD177+ neutrophil frequency was significantly
higher in patients with mild to moderate asthma
compared with severe asthmatics (Figs. 1 and 2).
IL-17+CD177+ neutrophil frequency in asthmatic
patients classified according to fungal aeroallergen
sensitivity
To determine if the presence of fungal allergy
preferentially upregulates this distinct neutrophil
subpopulation, we further subdivided our AA
patients into two groups according to SPT reactivity
to fungal aeroallergens (18 with positive fungal allergy
vs 22 without). We assessed the frequency of CD177+

neutrophils expressing the IL-17 in both groups, and
surprisingly mean percentage of these cells was
comparable between both groups (44.6±14.4 vs 42.2
±13.7), with no statistically significant difference
(P>0.05) (Fig. 3).
IL-17+CD177+ neutrophils as a predictor of allergic
asthma
Lastly, we performed a logistic regression analysis
which showed that IL-17+CD177+ neutrophils is an
independent predictor of allergic asthma. The results
from this analysis are shown in Table 3. Results are
expressed as log odds with 95% confidence interval
(CI). As for IL17+CD177+ neutrophils%, odds ratio
was 1.405, with 95% CI, 1.036–1.905 (P<0.05).

Discussion
Many types of cells are involved in the pathophysiology
of asthma predominantly eosinophils, mast cells, CD4+

lymphocytes, and neutrophils [33]. In the current study,
we demonstrated a significantly higher percentage of
IL17+CD177+ neutrophils in the peripheral blood of
patients with AA compared with healthy controls.
Neutrophil has long been regarded as a mere
phagocytic cell, yet it is now known to be an
important participant in allergic process in general
and in bronchial asthma in particular. It releases
multiple mediators with subsequent potent effect on
asthmatic airways, resulting in nonresolving chronic
inflammation [34–36]. In asthmatics, IL-17 is
upregulated, as evidenced by elevated serum levels of
IL-17 and pulmonary IL-17 mRNA and protein
[37,38]. It triggers airway responsiveness [39,40] and
has an indirect role in bronchoconstriction, boosting the
proliferation and survival of human airway
smooth muscle cells in vitro [41]. IL-17 and
neutrophils are closely linked. Several human and
animal studies have declared neutrophils as a source of
IL-17 [20,23,42–44], besides recent evidence showing
IL-17-cytokine expression by CD177+neutrophils as
well [23].

An initial objective of the current study was to assess
peripheral frequency of IL17+CD177+ neutrophils in
asthmatic patients, and it is worth mentioning that all
our patients were atopic with significantly high mean
serum total IgE. The studied patient group indeed
showed high frequency of CD177+ neutrophils
expressing IL-17. This association is corroborated by
the findings of previous work published byManise et al.
[45], who noted that sputum IL-17 levels were higher
in asthmatics with high IgE rather than asthmatics
with low IgE. Moreover, another study showed that in
response to Dermatophagoides farinae extract, IL-17
production by T cells was significantly induced in
atopic asthmatics when compared with nonatopic
asthmatics and normal controls [38]. Together, these
results suggest that IL-17 may play a role in AA. IL-17
stimulates the activation and proliferation of B cells,
thus promoting IgE production [46,47]. However,
this finding appeared not to be the case in two other
contradictory studies. Raedler et al. [48] in contrast to
our results, demonstrated highly increased IL-17
levels, in conjunction with neutrophil generation and
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recruitment, in children with nonallergic asthma
(NAA) vs controls, and slightly in those with
nonallergic vs AA, denoting that cellular
environment in the airway of NAA children is
predominantly neutrophilic. Fattahi et al. [49] as
well found higher IL-17 expression, mainly by
neutrophils, in bronchial specimens obtained from
nonatopic asthmatics compared with atopic
asthmatics. This inconsistency could be understood
by the well-described involvement of IL-17 in the
pathogenesis of nonatopic (neutrophil-dominant)
rather than atopic (eosinophil-dominant) asthma.

A study from Australia used a slight different approach
than ours, but its data are in accordance with our
findings. In murine models of allergic airways
disease, Essilfie et al. [50] have demonstrated
increased count and proportions of pulmonary
neutrophils releasing excessive IL-17 in Haemophilus
influenzae-infected allergic mice vs uninfected allergic
controls. Lung neutrophils isolated on day 1 also had
increased levels of IL-17 mRNA transcripts. This
raises the question of whether is it infection alone or
the synergistic effect of infection and allergy that is
responsible for the creation of this neutrophilic asthma
phenotype. H. influenzae infection alone induced
airway neutrophilia, IL-17 mRNA expression in the
lung, and increased percentages of neutrophils
producing IL-17 1 day after infection. These
changes are normal responses to infection; however,
after the primary insult, a persistent and long-lasting
airway inflammatory environment may result, with
subsequent development of neutrophilic asthma
upon allergen challenge. Moreover, a previous
research study by Li et al. [51] seems to be
consistent with our data. They observed significantly
increased percentage of IL-17RB+ granulocytes that
were of the type 2 myeloid (T2M) cells subtype (IL-
17Rb+CD177+CD11b+CD16+) in asthma patients vs
controls. However, the authors studied T2M cells,
which represents a separate subpopulation of
granulocytes, and their finding are in line with what
we detected, as T2M cells appear to be a steroid-
resistant cell population, similar to neutrophils. In
the same study, they found no correlation between
forced expiratory volume in first second and percentage
of T2M cells, similar to what we detected in our study
(data not shown). Furthermore, our results match those
published by Ramirez-Velazquez et al. [23] who
detected increased IL-17-producing peripheral blood
CD177+ neutrophils in AA patients compared with
healthy controls. In addition, they reported that the
percentage of CD177+IL-17+ neutrophils increased in
mild, moderate, and acute asthma in comparison with
healthy controls. The CD177+IL-17+ neutrophil
percentage was highest in patients diagnosed with
mild asthma, when compared with those with
moderate or acute asthma. Notably, we also detected
significantly high IL17+CDl77+ neutrophils% in the
peripheral blood of mild to moderate cases compared
with severe cases. The reason for this is not clear, but it
may have something to do with the vital role played by
this cell population in early phases of the disease. Or an
alternative explanation for this could be preferential
migration of these cells to the pulmonary tissues in
severe asthmatics. This hypothesis was supported by
Al-Ramli et al. [52] who detected higher number of
IL-17A+-positive cells in the bronchial submucosa of
adults with severe asthma compared with mild asthma
or controls. In spite of this, Andersson et al. [53] found
no difference in the number of IL-17A+-positive cells
in the bronchial adventitia between children with
severe therapy resistant asthma and controls,
attributing this to time of biopsy collection, being
taken during stable disease rather than following
challenge or during disease exacerbation. Moreover,
Doe et al. [54] observed no increase in IL-17A
expression in the bronchial submucosa of severe
asthmatics, and referred this to high dose inhaled
and/or oral corticosteroids given to participants with
severe asthma, which may have attenuated the IL-17A
expression in this group.

Fungi have been incriminated in allergic responses.
Airborne fungi and their products may contribute to
the evolution and aggravation of allergic airway
diseases [55,56]. A considerable amount of literature
has been published on the role of neutrophils as the
most important innate immune effector cells
controlling fungal infections, as well as IL-17
implication in antifungal immunity [57–60]. This
study was set out to evaluate IL-17+CD177+

neutrophil frequency in AA patients particularly
those with fungal allergy. Surprisingly, we did not
observe any significant difference between asthmatics
those with fungal allergy and those without. Our
finding does not support the previous research done
by Ramirez-Velazquez et al. [23] who revealed higher
percentage of peripheral CD177+IL-17+ neutrophils in
asthmatic patients allergic to fungi (four out of 17)
compared with AA reactive to other allergens.
Reviewing the literature, no other data were found
on this association between allergic fungal asthma and
CD177+IL-17+ neutrophils except by the same authors
who afterward detected elevated percentage of CD177+

CRTAM+ neutrophils in peripheral blood of AA
patients reactive to fungal and nonfungal
aeroallergens [61]. However, Ghosh et al. [62],
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using an Aspergillus fumigatus (Af) murine inhalation
model to mimic human fungal AA, found significantly
elevated IL-17A in JH-/- mice airways after fungal
challenge compared with BALB/c controls, pointing
to IL-17A involvement in fungal AA. Notably, IL-17
was not produced by T cells in this model, and although
its cellular source in JH-/- mice during Af infection was
not recognized, others cells including macrophages,
neutrophils, natural killer T cells, and mast cells could
produce IL-17 inAA[63,64]. In support of this,CD11b
Ly-6Gneutrophils have been identified byWerner et al.
[65] as one cell type capable of producing IL-17A in a
Dectin-1-dependent manner, during invasive lung
fungal infection with Af in mouse. IL-17 production
was impaired in dectin-1-deficient mice, and they were
unable to get rid of Af. This could suggest that fungal
allergens and their derivatives might stimulate
neutrophils through the dectin-1 receptor, provoking
IL-17 production and contributing to bronchial
inflammation during AA. Likewise, Inoue et al.
[66,67] reported that exposing the lungs of mice to
β-glucan isolated from Candida albicans induced
neutrophilic airway inflammation, concomitant with
augmented lung expression of IL-17A.As mentioned
before and contrary to the expectation, in the present
study, the percentage of IL-17+CD177+ neutrophils did
not differ between patients with positive fungal allergy
and those with nonfungal allergy. This finding does not
rule out thewell-accepted theory of proactive role played
by neutrophils and IL-17 in asthma and against
infections with molds. However, it is difficult to
explain this result, but it could be related to a small
sample size (since slightly higher percentage was shown
with fungal allergy); besides, this difference has been
shown in only one previous Mexican study [23],
therefore warranting future large-scale studies.
Whatever the case is, we undoubtedly demonstrated
significantly increased IL-17+CD177+ neutrophils in
patients with AA particularly those with mild to
moderate disease, and to note, this increase was not
augmented in those with fungal allergy. Finally, we
found IL-17+CD177+ neutrophil to be an
independent predictor of future AA development, and
to the best of our knowledge, this is the first time to be
demonstrated. This result was obtained by logistic
regression analysis (odds ratio=1.405, 95% CI:
1.036–1.905); consequently, this cell count might be
considered when evaluating patients at high risk of
developing AA.
Conclusion
In this study, we reported significantly elevated
percentage of circulating IL-17+CD177+ neutrophils
in patients with AA; this finding highlights the
potential role played by this novel cell subset in the
pathophysiology of AA. Despite these promising
results, a question remains unanswered, whether fungal
allergy in asthmatics is associated with expanded
IL-17+CD177+ neutrophils or not. Accordingly, future
studies on this topic are recommended.
Limitations of the current study
The major limitation of this study is being a single-
center observational one. Besides, it is unfortunate that
the study is based on a small sample of participants and
did not include a group of NAA patients to compare
their data with allergic group. In spite of its limitations,
the study certainly adds to our understanding of asthma
pathogenesis and offers some new insight into
therapeutic interventions.
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