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Role of periostin in evaluating the responsiveness of allergic patients to allergen-specific
immunotherapy
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Abstract
Objectives: Allergen-specific immunotherapy (AIT) has been considered the most effective treatment
for IgE mediated allergies, especially respiratory allergies. Several biomarkers have been developed to
evaluate the clinical efficacy of AIT, yet none of them have been thoroughly validated. So our objective
here is to investigate the usefulness of periostin as a biomaker for monitoring the efficacy of allergen
immunotherapy.
Materials and methods: This study included 46 healthy non-atopic volunteers and 46 patients   with
allergic rhinitis (AR). They were sensitized only to date palm pollen. The participants were tested by skin
prick test and total serum IgE levels were measured. Serum samples were collected from healthy subjects
and allergic patients before and after the one-year AIT. Serum levels of  periostin, eotaxin, and sIL-2R
were estimated by ELISA. Symptom scores in the allergic patients were also evaluated before and after
completing one year AIT.
Results: There is a significant increase in serum levels of IgE, periostin, sIL-2R, and eotaxin in allergic
patients as compared to healthy controls. Symptom scores, sIL-2R and serum periostin levels were
significantly decreased after one-year AIT in AR patients.
Conclusion: Periostin can be used as a biomarker to evaluate AIT efficacy in AR patients.
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Introduction
Allergen-specific immunotherapy (AIT) is the most
effective treatment for immunoglobulin E (IgE)
mediated diseases, especially allergic rhinitis (AR),
and asthma1. AIT is indicated in poorely controlled
AR where the specific allergens responsible for
the symptoms are known 2.   AIT is associated
with reduced symptoms, reduced need for rescue
medications, and improved quality of life 3. Also it can
prevent asthma onset in children with AR 4. It leads
to a state of desensitization or tolerance in treated

patients via induction of allergen-specific regulatory
T cells, switch from IgE to IgG isotypes especially
IgG4 which block allergen-IgE interactions, and
modulation of several cytokine and chemokine
responses5. As the current AIT efficacy is judged
mainly by the subjective assessment of symptoms6,
biomarkers are urgently needed to add objectivity to
the assessment. Furthermore, biomarkers can assist
in the development of treatment modalities. These
kinds of markers can be cellular (Tregs), humoral
(sIgG4 and sIgE), molecular (interleukins), or
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functional (IgE-FAB) 7. However, till now there is no
reliable biomarker to indicate the clinical efficacy of
AIT 5-8.
Periostin is a matricellular protein that is most likely
to be produced by fibroblasts9. Interestingly, periostin
was discovered as a novel mediator in allergic
diseases especially allergic airway diseases 10. It is
considered as a promising biomarker to determine the
efficacy of biologics of asthma-like omalizumab11,12.
In this work, we evaluated the role of periostin as
abiomarker in allergic patients before and after one
year of AIT.
Date palm pollen (Phoenix dactylifera , Pho d 2)
is a major cause of allergy throughout the world.
Date palm are commonly planted in the Middle
East, neighboring countries (Mediterranean, central
Africa, western Asia), Australia, and North America.
The most common offending allergens in Egypt
are house dust mites and tree pollen13. Herein we
investigated serum periostin level in AR patients
sensitized to date palm pollen only.
Materials and methods
Study design
This study included 46 healthy non-atopic volunteers
(ages 21-46 years, 20 females and 26 males) and
46 patients (ages 18–45 years, 19 females and 27
males) with allergic rhinitis (AR) to date palm
pollen. Subjects in the non-atopic group were
chosen on the basis of these criteria: no history of
allergic diseases, and negative skin prick test (SPT).
Patients in the allergic group were chosen on the
basis of these criteria: history of persistent rhinitis
for at least 2 years, positive SPT to date palm pollen
(Pho d 2) only (5-mm wheal) and no evidence of
treatment with AIT during the previous 10 years.
AR patients were enrolled from the Allergy and
Immunology Unit, Medical Microbiology and
Immunology Department, Faculty of Medicine,
Zagazig University, Egypt between September 2018
and September 2019. Flowchart for the study design
and follow-up is displayed in figure 1. Exclusion
criteria included previous treatment with allergen
immunotherapy, the use of immunosuppressive
drugs, and the presence of any contraindications to
AIT ; infectious disorders, autoimmune diseases,
malignancies or other inflammatory disorders.
Diagnosis of allergy
Diagnosis of allergy was verified firstly by a history

of exposure to date palm pollen, family history for
allergic diseases and careful clinical examination.
AR patients recorded the nasal symptoms of
rhinorrhea, sneezing, itching and obstruction before
and after completing one year AIT. The following
scale was used for each symptom scoring: 0 = no
symptom, 1 = mild (symptom was of short duration
and not annoying), 2 = moderate (symptom was
frequently annoying but not interfering with normal
daily activity or sleep), or 3 = severe (symptom
interfered with normal daily activity or sleep). The
total nasal symptom score (TNSS) was the sum of
the scores for the individual symptoms. TNSS values
(0–12) were categorized as mild (0–4), moderate
(5–8), and severe (9–12) 14. Patients are allowed to
take oral second-generation H1-antihistamine as
needed for severe allergic rhinitis symptoms. Oral or
local corticosteriods were permitted on a restricted
basis, after consulting with the study physician, for
temporary relief of intolerable symptoms and its use
was recorded on the diary card15.
Skin prick test
After that skin prick test (SPT) was done by utilizing
apanel containing house dust mites (Der p 1 and
Der f 1), tobacco leaf, ryegrass, cottonwood mix,
Aspergillus species mix, Ash mix, and date palm
pollen (Pho d 2) (AL, Allergy Laboratories, Inc.,
USA). SPTs were performed at the volar site of
the forearm by the application of one drop of each
allergen extract to the skin, at least 3 cm apart.
Histamine was used as positive control (AL, Allergy
Laboratories) and saline as negative control. The
sensitivity of the skin test was estimated by the size
of the wheal after 20 min. A wheal diameter 3 mm or
greater, accompanied by erythema, was deﬁned as a
positive reaction, according to a previously validated
protocol16.
Quantification of serum levels of periostin, eotaxin,
and sIL-2R
Serum samples were collected from the healthy
control subjects and from AR patients before and
after the one-year immunotherapy for quantification
of periostin, eotaxin, and sIL-2R by ELISA(Abcam,
Cambridge, UK) according to the manufacturer’s
guidance. Written instructions were given to
the patients about the treatment processes. All
participants have been informed about the aim and
the whole investigation procedures of the study as
can be seen in Figure 1, and written consents were
taken as well. We were able to recruit about 95% of
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the study participants (44 AR patients) after one year
immunotherapy. These missed cases were due to
noncompliance to the subcutaneous immunotherapy
and some had devolped an illness during the study
period which interfered with the immunotherapy.
Allergen specific immunotherapy (AIT)
The patients were given subcutaneous injections
of standardized date palm pollen (Pho d 2) extracts
followed the manufacturers’ instructions as follow
subcutaneous injections in the posterior portion of the
middle third of the upper arm with a 1-mL syringe,
were administered twice weekly up to a maintenance
dose, afterthat injections were administered twice
monthly. The injection period of AIT lasted about 12
months and the maximum tolerated dose of 1:1,000
of 5 % (Pho d 2) pollen extracts preparation was
attained in 9 months. Patients were asked to remain
under supervision after the injection for a minimum
of 30 min to report any symptoms they may have
experienced1.

Figure 1: Flowchart for the study design and follow-up
during the study period of one-year immunotherapy.

(n=46) and allergic patients (n=46) as regard serum
levels of IgE, periostin, sIL-2R, and eotaxin are
shown in table 1. There is significant increase in
serum levels of IgE, periostin, sIL-2R, and eotaxin in
allergic patients as compared to healthy controls with
no significant difference between the two groups as
regard age and sex.
Table 1: Difference between healthy non-atopic
volunteers and allergic patients as regard serum
levels of IgE, periostin, sIL-2R, and eotaxin.
Healthy non-atopic
volunteers

Allergic
patients

N (female/male)

46 (20/26)

46 (19/27)

Mean age
years (range)

37.7 (21-46)

34.04 (18-45)

0.28

Mean total IgE
kU/L (range)

19.5 (6-98)

272 (13-825)

0.001

Mean Periostin
concentration
ng/ml (range)

31 ( 14 - 46)

59 (19-125)

0.0001

Mean sIL-2R
concentration
pg/ml (range)

1860 (1055-2006)

2324 (11552977)

0.001

Mean eotaxin
concentration
pg/ml (range)

109 (60-170)

175 (83-349)

0.0001

p

The changes in symptom scores after 1 year of AIT
in AR patients are presented in Figure 2. All patients
were symptomatic with a mean TNSS of 9.2 ± 2.11
at day 0. TNSS scores decreased significantly after
one year of AIT (p=0.001) with a mean 2.86 ± 1.42
(Figure 2) and the most common symptom was
rhinorrhea (75 %).

Statistical analysis
Data was analysed by Graph Pad Prism 8 (San Diego,
California, USA) and was presented as means and
range. Student›s t-test was applied when2 two values
were compared and Chi-square test x
was used
to compare two groups regarding the distribution of
different variables. Probability values (p) of <0.05
were considered significant. The sample size was
calculated by the open epi program with a confidence
level of 95 % and power of 80%.

( )

Results
Difference between healthy non-atopic volunteers
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Figure 2: Changes of symptom scores in AR patients
after 1 year of AIT.

Bangladesh Journal of Medical Science Vol. 21 No. 01 January’22

Serum periostin level of AR patients at the beginning
of the study was 59.63 ± 21.53 and decreased
significantly (p=0.0001) after one year of SIT with a
mean 37.68 ± 12.51 (Figure 3).

the biomarker role of serum level of periostin.
According to our results, periostin can be used in
evaluating the response of allergic patients to allergen
immunotherapy.
The European Academy of Allergy and Clinical
Immunology (EAACI) had recognized the need for
developing new biomarkers to aid in monitoring
the clinical efficacy of AIT and established a task
force to review all the candidate biomarkers in
trials. However, the resulting report stated that no
biomarker indicative of clinical efficacy has so far
been identified and validated 3,8.

In our study we found a significant increase in the
periostin serum levels of AR patients as compared
to healthy non atopic subjects and this results is
consistent with the previous studies which has
considered periostin as a novel mediator of allergic
Figure 3: Changes of serum periostin level in AR diseases such as asthma, and AR 9. Periostin has been
patients after 1 year of AIT.
utilized to stratify asthmatic patients into Th2-high
17
Serum eotaxin level has no significant change after and Th2-low groups . Interestingly, periostin is a
one year in AR patients (Figure 4A). As regard sIL- useful marker not only for the diagnosis of asthma but
2R, it showed a significant decrease in AR patients also for monitoring the efficacy of biologics because
with a mean (2324 ± 616.3, 1240 ± 454.9) before its level decreased after treatment of asthma patients
and after one year AIT respectively (Figure 4B) with omalizumab and rhinitis patients with house dust
mite sublingual immunotherapy 11,18. For AR patients,
(p<0.001).
periostin
production
was upregulated which
resulted in fibrosis and
remodelling of the nasal
mucosa10.
Moreover,
periostin
correlated
with the severity and
chronicity of AD; and
decreased significantly
after
treatment
of
AD patients with oral
antihistamines and topical
corticosteroids 19. In
advanced non–small-cell
Figure 4: Changes of serum eotaxin and sIL-2R level in AR patients (A, B) lung cancer, it was found
to be a reliable marker
after 1 year of AIT, respectively.
to predict chemotherapy
Ethical clearance
response and survival20.
All procedures were performed in accordance with Our results in not consistent with those of kim et
levels were not
the Declaration of Helsinki on the treatment of al. who found that serum periostin
21
associated
with
AR
in
children
.
This
difference may
human subjects. This study was approved by Zagazig
be due to serum periostin levels in non atopic adults
University Institutional Review Board, Egypt.
were significantly lower than non atopic children
so increased basal level of periostin may mask any
Discussion
increase in serum periostin level associated with
This study revealed a potential application of allergic disease22 . However, the role of periostin in
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monitoring the AIT response hasn’t been identified.
In the current study, we introduced periostin as a
new indicative biomarker for monitoring the clinical
efficacy of subcutaneous immunotherapy in AR
patients because we found that periostin decreased
significantly after one year of AIT in AR patients.
During the last few years, the research efforts have
recognized some biomarkers that could be helpful in
the clinical practice for the diagnosis and prognosis
of allergic airway diseases (e.g. IgE, IL-5, IL-6, IL13, eosinophils, periostin, eotaxin, and   sIL-2R).
However, the utility of these biomarkers in diagnosis,
prognosis and responsiveness to therapy is still
controversial23. In our study we measured the serum
level of eotaxin in both non atopic and AR subjects
and found a significant increase in eotaxin serum level
in AR patients. Eotaxin is a selective chemokine that
has an important role in the pathogenesis of allergic
airway diseases and the concordance between an
elevated serum level eotaxin and allergen exposure
has been implicated in different studies24. Our study
is consistent with these studies that utilized eotaxin
as a plasma marker of allergic inﬂammation and
mucosal eosinophil inﬁltration 25. In this study we
also found that there is a significant increase in sIL2R among AR patients as compared to healthy non
atopic subjects. Several reports have shown that
a soluble form of interleukin 2 receptor (sIL-2R)
may result from reactions of immunoregulatory and
inflammatory cells also a signiﬁcant elevation of sIL2R was observed in atopic dermatitis children 26. Our
results are in agree with these reports in that (sIL2R) can be utilized as a marker for allergic diseases27.
Our results showed that there is a significant decrease
in symptom scores following AIT treatment in AR
patients, which is consistent with other reports18,28.
In these reports, symptoms scores has decreased
significantly after long period treatment with AIT for
at least one year.
On one hand, earlier studies for monitoring the
immunotherapy efficacy were focused on circulating
antibodies, such as specific IgE and IgG antibody
level29,30. In these studies, variable responses had
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been observed in total and sIgE with no significant
changes during immunotherapy5,31. On the other
hand, other studies were focused on cell markers
and cytokines such as the regulatory cytokine
IL10, the inflammatory cytokine eotaxin, and sIL2R, an indicator of T cells activation5,32. However,
no clear relationship between serum cytokines
and the responsiveness of patients to AIT has been
demonstrated8. In this regard, we compared some of
these cellular biomarkers and cytokines with periostin
and found no significant change in eotaxin after one
year of therapy in AR patients.These findings were
consistent with a previously reported study33. We
further found a significant decrease in sIL-2R level
for AR patients after one year AIT which is consistent
with other previous studies 31,32,34.
Conclusion
We can conclude that periostin is an important and
novel biomarker for monitoring the clinical efficacy
of allergen immunotherapy in AR patients.
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