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Objective(s): Allergic rhinitis (AR) is a common hypersensitivity disease worldwide. Immunotherapy
has been performed as the best treatment for years. This study aimed to study the gene expression
pattern of immune system cells following an accelerated rush immunotherapy protocol (ARIT) in
patients with AR.

Materials and Methods: Fifteen patients with AR (15-55 years old) resident in Mashhad, Iran, with positive
prick test to regional aeroallergens (weed mix, grass mix, tree mix, and Salsola) enrolled in this study. All
patients were treated for three months with 3-day ARIT protocol between July 2015 and August 2016.
Clinical symptoms and quality of life were recorded by two questioners. The expression levels of FOXP3,
TGF-B, IL-10, IL-17, IL-4, and IFN-y genes in patient’s peripheral blood mononuclear cells were evaluated by
SYBR Green real-time RT-PCR technique.

Results: The severity of disease and quality of life showed significant improvement following ARIT
(P-value<0.05). Gene expression of IFN-y and IL-10 was increased whereas TGF-3 and IL-4 down-regulated,
following ARIT, but these changes were not significant. However, gene expression of FOXP3 and IL-17 was
significantly increased after intervention when compared with the baseline (P-value< 0.002).

Conclusion: Significant up-regulation of FOXP3 and IL-17 genes, additionally, a significant
improvement in the clinical signs following ARIT might be related to increases in HLA-DR- and FOXP3+
Treg population at the initiation phase of ARIT. Employing the flow cytometry technique to study the
phenotype of these cells is suggested for future studies.
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Introduction

Allergic rhinitis (AR) is a common IgE-mediated
hypersensitivity disease around the world, from which
approximately 10 to 20% of world population suffer,
and its prevalence is increasing, especially in industrial
societies (1). The cause of AR is chronic inflammation in
the upper respiratory tract due to inappropriate immune
system response to innocent environmental allergens
(2, 3). AR has four cardinal symptoms, including
watery rhinorrhea, nasal itching, nasal congestion, and
sneezing (4). It is not a life-threatening disease, but
has a negative impact on patients’ social relationships,
reduces patients’ self-confidence, disturbs sleep, causes
disorder in daily life performance, and overall reduces
patients’ quality of life (5).

Several immune cells and cytokines have a role in
AR pathogenesis. Imbalance in T CD4* lymphocyte,
which can differentiate into T helper type 1 and 2 (TH1
and TH2) plays a pivotal role in the pathogenesis of
allergic diseases (6). Unlike healthy people, the shift
of TH, to TH, in patients with AR is a well-established
immunological phenomenon (7, 8). TH1 produces
cytokines such as interferon gamma (IFN-y) and

mediates cellular immunity. Also, IFN-y has a reciprocal
effect on TH2 immune response as this cytokine inhibits
TH2 development and also abrogates IgE production by
B lymphocyte (9). On the other hand, TH2 lymphocytes
by producing cytokines such as interleukin-9 (IL-
9), interleukin-4 (IL-4), and interleukin-13 (IL-13)
orchestrate humoral immunity. TH2 cells by secreting
IL-4 and IL-13 induce B lymphocytes to change antibody
class to immunoglobulin E (IgE) isotype. So that, high
levels of serum IgE, in allergic individuals indirectly
indicate an increase in IL-4 level. Also, IL-4 accompanied
by IL-9 recruit inflammatory cells, including eosinophil
and mast cells to inflamed tissue (10, 11).

Another subset of T cells is regulatory T (Treg),
which by suppressing TH2 and TH1 cells response
inhibit the allergic and autoimmune reaction. These
CD4* T cells express Forkhead Box P3 (FOXP3), the
essential transcription factor for Tregs development,
and perform their immunomodulatory effects with
several mechanisms such as secretion of IL-10 and
Transforming Growth Factor 3 (TGF-) as suppressive
cytokines (12, 13). According to phenotype and function,
Treg cells can be classified in to three distinct subsets:
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) naive Treg (nTreg) with low expression of FOXP3
and CD45RA*, which develop in the thymus, II) effector
Treg (eTreg) that express FOXP3 highly with CD45RA,
III) CD45RA" Treg with low expression of FOXP3 that
secrete cytokines such as IL-17, IL-2, or IFN-y in an
inflammatory environment. Recently, investigators
demonstrated that IL-1B and IL-6 induce FOXP3 v
CD45RA" Treg to secrete IL-17, whereas TGF-$ has an
inhibitory effect on this Treg subset development (13).
Whereas, nTreg and eTreg have an immunomodulatory
effectontheimmune system; there is a controversy about
the inhibitory function of III Tregs population (FOXP3
low CD45RA) in a previous publication (14, 15).TH17
cells are another subset of CD4+ T lymphocytes that was
introduced in 2005. These cells produce inflammatory
cytokines such as IL-17A, IL-17F IL-21, Tumor Necrosis
Factor-alpha (TNF-a), and IL-22. IL-17 has a critical role
in airway inflammation in patients with AR (7, 16). IL-
17 produced mainly by TH17 cells, this inflammatory
cytokine recruits neutrophils to the respiratory tract in
the patients with AR. The correlation between serum IL-
17 levels and severity of allergic symptom in AR patients
has been shown in previous studies (17).

Management of AR diseases involves the change in
patient’s lifestyle, allergen avoidance, administration
of anti-inflammatory drugs, and lastly, allergen-
specific immunotherapy (ASIT) (1). ASIT with the
aim of achieving a long-term efficacy and symptom
improvement has been performed as the best treatment
for years. ASIT is divided into build-up and maintenance
phases. The build-up phase period in conventional
immunotherapy is 3-8 months and the range of build-
up phase in cluster immunotherapy is 4-8 weeks;
however, the costs and longevity of conventional and
cluster immunotherapies are the major drawbacks of
these protocols. Rush immunotherapy method (RIT)
tried to solve these problems by reducing the build-
up phase period to 1-3 days. Immunotherapy has
regulatory effects on the immune responses, which can
induce tolerance to allergens, but the immunological
mechanism of this treatment is not well known (18-20).
Gene expression assay is a powerful tool to study and
classify human diseases; this method helps investigators
in illustrating treatment efficacy and prediction of the
side effects (21). Employing this knowledge, this study
aimed to evaluate alteration in the expression of the genes
FOXP3, TGF-B, IL-17, IFN-y, IL-10, and IL-4 following
ARIT protocol in Iranian patients with allergic rhinitis.

Materials and Methods

Study population

Approval was obtained from the Ethics Committee of
Mashhad University of Medical Sciences, Mashhad, Iran,
and then this clinical trial study was recorded in Iranian
Registry of Clinical Trials (IRCT2017050723235N10).
Fifteen patients resident in Mashhad, Iran with AR (age
range: 15-55 years, mean age 31.3+10.9 years, 8 women,
7 men) who had a clinical history of AR and positive skin
prick test for four common regional aeroallergens (weed
mix, tree mix, grass mix , and Salsola), enrolled in this
study. Patients who had a history of autoimmune disease,
consumption of immunosuppressive drugs due to other
allergic diseases, pregnancy, immunocompromised
patients, patients who had uncontrolled allergic
asthma, and patients who suffered from malnutrition
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were excluded from the study. All patients gave written
informed consent before being included in the study.

Accelerated rush immunotherapy
Premedication

To reduce the risk of adverse events, three days before
Accelerated Rush Immunotherapy all patients received
prednisolone 30 mg/12 hr, ranitidine 150 mg/12 hr,
montelukast 10 mg/day, and fexofenadine 180 mg/12
hr as premedication.

Allergen extracts

ARIT according to patient’s prick test result was
performed by using four standard commercial extracts
including weed mix (nine patients), grass mix (one patient),
tree mix (one patient), and Salsola (four patient), which
provided by the Greer Company (www.greerlabs.com).

Immunotherapy protocol

All patients underwent ARIT with a three-day schedule,
while all of them were hospitalized for safety concern in
ARIT period. The details of three days ARIT is outlined in
Table 1. After reaching 0.5 ml of 1:1 V/V (maintenance
dose) and in the maintenance phase, patients received
one injection of maintenance dose, every month.

Clinical parameters
We used two standard questionnaires: Sino-
Nasal Outcome Test-22(SNOT-2)(22) and Mini

Rhinoconjunctivitis Quality of Life (mini-RQLQ) (23)
to evaluate patient’s allergy symptoms and quality of
life, before and three months after ARIT.

Sample collection

In the present study, the 5 cc peripheral blood samples
were collected from patients in a tube with Ethylene
Diamine Tetra Acetic Acid (EDTA) as an anticoagulant, at
the two-time-points: before(0) and three months after
intervention (3). The blood samples were centrifuged
for 5 min at 2500 RPM, then the total RNA was extracted
from the buffy coat layer and cDNA synthesis was
performed using commercial kits (www.thermofisher.
com) according to manufacturer’s instruction.

SYBR green real-time PCR

SYBR Green real-time polymerase chain reaction
technique (RT-PCR) was recruited for evaluation of
gene expression of cytokines IL-4, IL-17, IL-10, TGF-§,
and IFN-y, and transcription factor FOXP3 before and
three months after ARIT. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was used as the internal
reference gene. The sequence of specific primers is listed
in Table 2. Amplification was carried out on Rotor-Gene
model Q cycler using Takara Master Mix (#RR820L). The
total reaction volume was 10 pl, but target genes were
studied at two different cycling condition as follows:

1- Initial denaturation 10 min at 95 °C, 40 cycles
consisted of 10 sec at 95 °C, 30 sec at 60 °C, and 20 sec
at 72 °C, for TGF-B, IL-10, IL-4, IFN-y, and GAPDH genes.

2- Initial denaturation 2 min at 120 °C, 50 cycles
consisted of 15 sec at 95 °C, 15 sec at 60°C, and 20 sec at
72 °C, for IL-17 and FOXP3 genes.

In order to verify the specificity of our primers
and following amplification, analysis of the melting
curve (60 to 95 °C) and agarose gel electrophoresis
were performed. Also, the amplicon of all genes was
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Table 1. Three-days accelerated rush immunotherapy schedule for ARIT

First day
Interval (min) Dose (ml) Concentration (v/v)
00:00 0.05 1:102000
00:15 03 1:10@000
00:30 0.1 1:1@000
00:30 0.3 1:1000
60:00 0.1 1:100
60:00 03 1:100
60:00 0.1 1:10
60:00 0.2 1:10

Second day
Interval (min) Dose (ml) Concentration (v/v)
00:00 0.2 1:10
60:00 0.4 1:10
60:00 0.05 1:1

Third day
Interval (min) Dose (ml) Concentration (v/v)
00:00 0.1 1:1
60:00 0.3 1:1
60:00 0.5 1:1

ARIT: Accelerated Rush Immunotherapy

Table 2. Specific primers sequences to evaluate the gene expression for IFN-vy, IL-4, IL-10, IL-17, TGF-, and FOXP3

Name Accession Number Product Primer Sequence
Length
GAPDH NM_001289746.1 101bp Forward 5-CACTAGGCGCTCACTGTTCTC-3’
Reverse 5’-CCAATACGACCAAATCCGTTGAC-3’
IFN-y NM_000619 124 bp Forward 5-GAGTGTGGAGACCATCAAGGAAG-3’
Reverse 5-TGCTTTGCGTTGGACATTCAAGTC-3’
1L-4 NM_000589 108 bp Forward 5’-CCGTAACAGACATCTTTGCTGCC-3’
Reverse 5-GAGTGTCCTTCT CATGGTGGCT-3’
IL-10 NM_000572 126 bp Forward 5-TCTCCGAGATGCCTTCAGCAGA-3’
Reverse 5-TCAGACAAGGCTTGGCAACCCA-3’
1L-17 NM_002190 156 bp Forward 5-CGGACTGTGATGGT CAACCTGA-3’
Reverse 5-GCACTTTGCCTCCCAGATCACA-3’
TGF-B NM_000660 122bp Forward 5-TACCTGAACCCGTGTTGCTCTC-3’
Reverse 5-GTTGCTGAGGTATCGCCAGGAA-3
FOXP3 NM_001114377 128bp Forward 5-GGCACAATGTCTCCTCCAGAGA-3’
Reverse 5’-CAGATGAAGCCTTGGTCAGTGC-3’

TGF-B: Transforming Growth Factor 3

sequenced to verify the specificity of primers. At last,
the relative gene expressions before and three months
after ARIT were calculated using the 2-¢2D method (24).

Statistical analysis

The SPSS version 16.0 statistic software package was
used for statistical analysis. Kolmogorov-Smirnov test
was used to compare data distribution at first, then the
unpaired student’s t-test was performed to compare the
means of relative gene expression change before and
after the intervention. A P-value less than 0.05 (P<0.05)
was considered statistically significant. The data were
presented as the mean#standard error of the mean (SEM).
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Clinical efficacy of ARIT

The mean of SNOT-22 questioner score in 15
patients before ARIT was 45.7+4.9, and three months
after ARIT significantly decreased to 20.7+3.3
(P-value<0.001), indicating an improvement of Sino-
Nasal allergic symptoms (Figure 1-A). The mean of mini-
RQLQ questioner score at the baseline was 38.13+4.90
and three months after ARIT significantly decreased
to 13.63%+1.83 (P-value<0.001), reduction in mini-
RQLQ questioner score after treatment indicates an
improvement of patients’ daily performance and quality
of life (Figure 1-B).
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Figure 1. The SNOT-22 (A) and mini-RQLQ (B) questioners score
before and three months after ARIT questioners

SNOT: sino-nasal outcome test; RQLQ: Rhinoconjunctivitis Quality of
Life

Relative gene expression
Gene expression of FOXP3, IL-10, and TGF-f before and
after ARIT

This study considered FOXP3, IL-10, and TGF-3 genes
as Tregs representatives. Three months after ARIT,
FOXP3 and IL-10 gene expression increased 4.3 fold and
1.01 fold, respectively, but only FOXP3 gene alteration
was statistically significant (P-value<0.001) (Figures
2A and 2B). On the other hand, TGF-f3 gene expression
declined 0.24 fold, compared with baseline, but this
decline was not significant (P-value>0.05) (Figure 2C).

IFN-y relative gene expression
To assess the ARIT effect on TH1 cells, we used the
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Figure 3. Relative [FN-y expression before and after ARIT
ARIT: Accelerated Rush Immunotherapy
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Figure 2. The relative expression levels of FOXP3 (A), IL-10 (B), and
TGF-B (C) genes at baseline and three months after ARIT

ARIT: Accelerated Rush Immunotherapy; TGF-f: Transforming Growth
Factor

relative expression of IFN-y as a key cytokine of these
cells. Before the intervention, the mean of IFN-y gene
expression was 0.10+0.02 (mean+SEM) and three months
after ARIT it increased to 0.12+0.04 and overexpressed
1.2 fold compared to baseline, although this alteration
was not significant (P-value>0.05). (Figure 3).
IL-4 relative gene expression

Before ARIT the mean expression level of IL-4
was 0.11+0.05 and 3 months after ARIT it changed to
0.09+£0.06, but this down-regulation was not significant
(P-value>0.05)(Figure 4).

IL-17 relative gene expression
Inthe presentstudy,IL-17 asaninflammatory cytokine
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Figure 5. Relative IL-17 gene expression at the baseline and 3 months
after ARIT
ARIT: Accelerated Rush Immunotherapy

was considered a signature cytokine of the TH17 cell.
The relative expression of IL-17 was upregulated to 2.7
fold change compared to baseline. The mean expression
of IL-17 before ARIT was 2.58+0.46 and this value
significantly increased to 5.41+1.02 at the end of the
study (Figure 5).

The alteration of competent immune cell gene

Iran ] Basic Med Sci, Vol. 22, No. 9, Sep 2019

expression in the peripheral blood cells of Iranian
patients with AR who underwent ARIT was studied.
Immunotherapy was performed with modified protocol
by the allergist in the allergy ward of Ghaem Hospital,
in Mashhad University of Medical Sciences, Iran. Three
months after ARIT, our results demonstrated that this
treatment, significantly decreases the allergic symptoms
and improves quality of life in patients with AR (P>0.05),
also our data indicated that the expression of FOXP3 and
IL-17 genes had a significant rise in patient’s peripheral
blood samples, three months after ARIT compared to
baseline. We observed down-regulation of TGF-f3 and
IL-4 genes and up-regulation of IFN-y in the peripheral
blood samples, although these alterations were not
statistically significant.

A Japanese scholar, Sakaguch, discovered
CD4CD25'Treg cells in 1995 and explained the role of
these cell on body’s immune homeostasis, nowadays 22
subsetsofhumanTregcellshavebeendescribedaccording
to the expression of different surface markers (15,
25). FOXP3 as a specific transcription factor of Tregs
lineage was employed for monitoring nTreg (Natural
regulatory T cell) during immunotherapy in many
previous studies (6, 26, 27). Derivation from thymus and
high expression of FOXP3, are two specific characterizes
of nTregs. In the present study, we measured the impact
of ARIT on Treg by evaluating the FOXP3 expression at
three months following ARIT. In addition to the clinical
improvement, we observed up-regulation of FOXP3
gene expression (4.3 fold) three months after ARIT.
This finding resembled other studies that reported a
significant rising in FOXP3 expression in the patient
with AR one year after subcutaneous immunotherapy
(SIT)(25). Urra et al. reported insignificant increasing in
FOXP3 expression six months and one year after IT in the
patientwith AR (27). These datashowed thattheincrease
in peripheral Tregs and/or their function following ARIT
might be related to modulation of the immune response
pathway and improving clinical symptoms of patients.
According to earlier studies, Tr, is an inducible,
regulatory FOXP3" T cell that has an inhibitory effect
by secreting IL-10 and TGF-f cytokines predominantly
(28, 29). Tr, cells based on the expression of inducible
T-cell costimulator (ICOS) have been categorized in two
different subsets: I) iTreg ICOS*, which predominantly
secret IL-10 and II) and iTreg ICOS-, which perform
their suppressive role by producing TGF-B (18). The
decline of Tr, cells in the allergic patient compared to
healthy individuals was found in a previous study (30).
Our study, by evaluating gene expression of IL-10 and
TGF- B, tried to investigate the impact of ARIT on T reg.
IL-10 shows inhibitory effect on both TH1 and TH2 cells
(31). This study showed increases in the expression of IL-
10 three months after ARIT although this up-regulation
was not significant the result was in concordance with
results of previous studies (27) thatreported asignificant
increase in IL-10-producing CD4* T cells, six and twelve
months after IT(27). An Iranian study also reported a
significant increase in serum IL-10 levels, in AR patients,
six months after SLIT (32). Given that, increased ICOS*,
IL-10-secreting Tr, in peripheral blood of AR patients,
may be one of the immunological mechanisms of ARIT.
However, simultaneous monitoring of these cells by
two specific markers of Tr, cells, including ICOS and IL-
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10, employing flow cytometry is suggested for future
studies.

Alteration in TGF-$ in patients, which underwent IT,
is controversial. For example, liu et al. reported two-
fold overexpression of TGF- in a patient with AR three
months after IT. However, this rising was not significant
(18). While another study recorded significant increase
in TGF-f gene expression, six months after sublingual
immunotherapy (SLIT), in a patient with AR (33).
Contrary to the two above mentioned studies, we found
studies that reported no change in TGF-$ secretion
levels in AR patient PBMCs 1.5-2 years after IT (12).
The decline in TGF-$ gene expression in our patients
was not in concordance with our hypothesis, but the
assessment of TGF-3 gene expression by its own, in
whole blood cells may be not a good idea to monitor
ICOS Tr, function during ARIT On other hand, TGF-8
produced by other immune cells, such as TH2Z and
so decline in this cytokine gene expression might be
related to a decrease in number or function of TH2
cells.IL-17, as an inflammatory cytokine predominantly
is produced by TH17, and it is responsible for the
recruitment of neutrophils and eosinophils to inflamed
tissue (34). According to previous studies, IL-17 not only
has a positive correlation with the severity of allergic
symptoms, but also it can be used as a biomarker for
monitoring the efficacy of IT (35, 36). In the present
study, we examined the IL-17 expression before and
three months after the intervention, for evaluating the
impact of ARIT on TH17 cells. Surprisingly, and despite
significant clinical improvement three months after
ARIT, IL-17 gene expression was up-regulated markedly
as 2.7 fold-change compared to baseline. This finding
was contrary to earlier studies (36, 37) that reported
decreased TH17 count and IL-17 serum levels after
specific immunotherapy (SIT).

In addition to TH17 other immune cells such
as memory TCD.", Tyd, natural killer (NK), and
macrophages also secret IL-17(38). So increased IL-
17 is not necessarily representative of TH17 function.
Also, a subtype of FOXP3* Tregs in inflammatory
condition can produce IL-17. These regulatory T cells
simultaneously express Retinoic acid-related Orphan
Receptors (RORYT), a specific transcription factor of
TH17 lineage, and chemokine receptor 6 (CCR6)(17).
New literature emphasizes that IL-17 secretor Treg cells
have human leukocyte antigen DR(HLA-DR) and in
proinflammatory condition (in presence of IL-1 and IL-
6) can secret IL-17. These TH17 Tregs are also blocked
with TGF-f (13).

In the present study, down-regulation of TGF-f
and overexpression of FOXP3 was observed three
months after ARIT, which might be facilitated condition
shifting towards HLA-DR' Treg subtype. Employing this
knowledge, the significant increase in the IL-17 gene
expression following ARIT might be related to the HLA-
DR  FOXP3+ Tregs subtype. Also, we evaluated the IL-17
expression, three months after ARIT, whereas previous
studies measured IL-17 at one or two years after IT. It
would be more likely that [L-17 is raised at the initiation
phase of ARIT and declines over time. To get a better
conclusion, we suggest measurement of serum IL-17
and RORYT as specific markers of TH17 cells in addition
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to IL-17 gene expression in a longer follow up period.

[FN-y is a well-known inflammatory cytokine that
secrets from TH1, and in many studies was employed
to evaluate TH1 activity during IT. In this study, we
evaluated TH1 response following ARIT, by evaluating
IFN-y gene expression before and three months after
ARIT. Although in our study gene expression of IFN-y
compared to baseline was increased (1.2 fold) following
ARIT, but this up-regulation was not significant.
Findings in the present study were similar to some
previous studies that reported no significant increase in
serum levels of IFN-y, fifteen months after IT (9), while
other studies have exhibited a significant increase in
IFN-y secretor T cells, three months after SLIT (39). A
possible reason that we could not determine statistical
significance in our result may be related to the small
size of samples or differentiation in IT protocols. Taken
together, we observed a shift towards the production
of IFN-y, whereas IL-4 as hallmark cytokine for TH2
was decreased. These data indicate a shift from TH2
to TH1 cells in the early phase of ARIT. However, the
small sample size or short period of ARIT follow up are
probably reasons that these results could not achieve
statistical significance.

Previous investigations reported an increase in IL-4
secreting T cells in peripheral blood of allergic patients
(28). IL-4, IL-5, and IL-13 are produced by TH2 type
cells and have cardinal roles in allergic rhinitis. TH2
cells by secreting IL-4 improve TH2 self-development
and also induce B lymphocytes to synthesis specific
IgE against allergens (9, 12). This study aimed to
investigate the changes in TH2 cells, by assessment of
IL-4 gene expression alteration in the peripheral blood
of patients with AR, before and three months after ARIT.
We observed IL-4 expression after ARIT decreased 0.76
fold compared to baseline, but this decline did not reach
statistical significance. Results of the present study are
similar to the findings of some earlier studies (37) that
demonstrated a significant decrease in IL-4 levels three
years after SLIT. Wei et al. (12) also addressed a decline
in IL-4 production by TH2 cells after SIT in children
with allergic asthma who underwent immunotherapy
for 1.5-2 year periods. Together, these data indicate that
IT in standard or accelerated protocols, might suppress
IL-4 expression and cause alleviation of allergic
symptoms. Some limitations of the present study need
to be considered: small pilot study sample size, financial
constraints for simultaneous assay of cell phenotypes,
especially RORyt and HLA-DR by the flow cytometry
technique, also measurement of the serum levels of
target cytokines.

Conclusion

A significant increase in the gene expression of
FOXP3 and IL-17 in parallel with remarkable clinical
improvement following the ARIT protocol might be
related to increases in HLA-DR FOXP3+ regulatory
subtype (IL-17 producer) at the initiation phase of ARIT.
Employing the flow cytometry technique to evaluate the
phenotype of regulatory T-cell subsets (especially HLA-
DR) as well as analysis of expression of FOXP3, RORYT,
and IL-17 genes with longer follow-up periods might be
a good choice for future studies.
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