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Abstract 
Allergic rhinitis (AR) is the inflammation of nasal mucosa due to the type 1 
hypersensitivity reactions mediated by immunoglobulin E (IgE) and triggered 
by certain allergens. The latest concept in allergic disease is the role of regula-
tory T cells (Treg). Interleukin-2 enhances the function and survival of Treg 
to perform its function as a controller of effector for forming a tolerant system 
by suppressing and regulating the homeostasis system. Treg has a transcrip-
tion factor FoxP3 which plays a role in developing major function of Treg and 
progression to produce IL-10 and TGF-β. The atopic diseases are caused by a 
deficiency of Treg. The new perspective is low-dose IL-2 therapy towards au-
toimmune disease and allergic inflammation. Low-dose IL-2 therapy requires 
further clinical studies to optimize the dose, time, and the schedule of the IL-2 
treatment. FoxP3 has the potential to assist in evaluating the active process of 
immunological process, which cannot be evaluated by Th1 and Th2 markers, 
and FoxP3 can be a successful immunotherapy marker. 
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1. Introduction 

Allergic rhinitis (AR) is an inflammatory disease caused by allergic reactions in 
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atopic patients which previously sensitized at the same allergen, and the release 
of a chemical mediator in the event of re-exposure with specific allergens [1]. AR 
symptoms are itchy nose, sneezing, nasal congestion, and rhinorrhea after ex-
posed by allergens mediated by immunoglobulin E (IgE) [2]. 

Allergic rhinitis develops from environment, immunologic and genetic roles 
[3]. Allergic rhinitis is not a dangerous disease, but its symptoms can affect a 
quality of life [4]. Allergic rhinitis is an unusual disease for people with the age 
of below 5 years old [5], with the peak incidence occurred between 17 and 22 
years old [6] [7]. The impacts of allergies on the economy are increasing as well. 
Between 2000 and 2005, the cost of treating AR almost doubled from $6.1 billion 
to $11.2 billion, with more than a half of the money spent on prescription medi-
cations [8]. The costs that related to the lost productivity, the missed of jobs, and 
also health care costs incurred by exacerbation of coexisting medical conditions 
which caused by allergy are more difficult to quantify [9]. 

Immunological understanding is important in understanding the pathophysi-
ology, diagnosis, and treatment of the disease. Allergic rhinitis is a disease with 
symptoms that comes from immunologic abnormalities [1]. The theory of Im-
munology in AR disease continues to grow. At first, it related to the under-
standing of the role of Th1 and Th2, afterwards the latest concept of allergic dis-
ease continues to the role of regulatory T cells (Treg). Treg produced cytokines 
interleukin-10 (IL-10) and Transforming Growth Factor-β (TGF-β) [10]. IL-10 
and TGF-β play a role in suppressing specific immune responses Th1 and T2 
[11]. Treg reflecting the transcription of forkheadbox factor (FoxP3) that con-
tributes to the development and function of Treg. Treg in its function and sur-
vival requires the interleukin-2 (IL-2) [12]. 

This paper will discuss the role of IL-2 and FoxP3 that affect the pathogenesis 
of AR. The purpose of this paper is to describe the role of cytokines so that can 
be considered as the therapy or a sign of the success of the therapy. 

2. Discussion 
2.1. Pathogenesis of Allergic Rhinitis 

Allergic reaction is an inflammatory disease begins with the stage of sensitization 
and the followed by allergic reactions [13]. Allergic reactions consist of two 
phases; first, the rapid allergic reaction, it starts from the contact with the aller-
gens that lasts up to 1 hour thereafter; second, the slow-phase allergic reaction, 
lasts for 2 - 4 hours with the peak of 6 - 8 hours (hyperreactivity phase) after ex-
posed by the allergens, it may last up to 24 - 48 hours [14]. The pathogenesis of 
AR is divided into sensitization and elicitation phases that can be distinguished 
over the activation and effector stage [15]. 

2.1.1. Sensitization Phase 
All human nasal mucosa exposed by various particles such as pollen, dust, ani-
mal skin flakes and other proteins inhaled with hot air. Macrophages or mono-
cytes acts as an Antigen Presenting Cells (APCs), will process allergens and 
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present some peptides from allergens on the major histocompatibility complex 
(MHC) class II molecule. APC will migrate to adenoid, tonsils or lymph nodes 
which are then presented on Th0 cells [14]. 

The atopic patients have T cells receptor (TCR) in the Th0 lymphocytes, with 
CD4 molecules that can recognize the peptides presented by the APCs. The si-
multaneous contacts happened between TCR and CD4 molecules with MHC 
class II molecule, CD28 and B7, and the accessory molecules in T cells with li-
gand in the APCs triggered a series of activities in cell membranes, cytoplasmic 
and nuclei of T cells resulting in the production of cytokines. The releases of 
APCs towards cytokines such as IL-1 will activate Th0 to proliferate into Th1 and 
Th2. Th2 produces various cytokines such as IL-3, IL-4, IL-5, and IL-13 [14] [15]. 

The continues low-dose allergen exposure in atopic patient and allergen 
presentation by APCs cells to B cells is accompanied by the effect of IL-4 and 
IL-13 cytokines followed by their receptor on the surface of B lymphocytes, then 
stimulates B lymphocyte cells to become active and will produce an increasing 
amount of IgE. The IgE’s production is spread freely in the circulation, and some 
of them bind to its receptor with high affinity on the surface of basophils and 
mast cells. Mast cells then enter the post-capillary of venous in the mucosa 
which then leaves the circulation and enter the tissues including the mucosa and 
sub-mucosa of the nasal. In such conditions, a person can be referred as a sensi-
tive or sensitized person, in which gives a positive result on the skin test [14] 
[15]. 

2.1.2. Elicitation Phase 
The first stage of the elicitation phase is the activation stage. At the activation 
stage, sensitized patient in which in the condition of re-exposure with an aller-
gen similar to the previous exposure to the nasal mucosa, there may be a bond 
between two adjacent IgE molecules on the surface of the mast or basophil cell 
with the cross-linking allergen. The interaction between IgE that related to the 
surface of mast cells or basophils (with these same allergens) triggers the activa-
tion of guanosine triphosphate (GTP) binding (G) protein which activates 
phospholipase C enzyme to catalyze phosphatidylinositol biphosphate (PIP2) 
into inositol triphosphate (IP3) and diacylglycerol (DAG) on PIP2 membrane. 
Inositol triphosphate causes the release of calcium intra-cell (Ca2+) ions from the 
endoplasmic reticulum. Calcium ions in the cytoplasm activate several enzymes 
such as phospholipase-A and Calcium-calmodulin complex that activate the 
myosin light chain kinase enzyme. Furthermore, Calcium ions and DAG to-
gether with the phospholipid membrane activate the protein kinase C. As a re-
sult of this activity, the formation of lipid mediators belonging to newly formed 
mediators such as prostaglandin D2 (PGD2), leukotriene C4 (LTC-4), platelet 
activating factor (PAP) and exocytosis of mast cell granules containing chemical 
mediators known as preformed mediators histamine, tryptase and bradykinin 
[14] [15]. 

Histamine is an important chemical mediator that is released by mast cells 
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because histamine can lead to more than 50% of allergic reaction symptoms of 
the nose (sneezing, rhinorrhea, itchy nose and stuffy nose). Histamine has a di-
rect effect on the endothelium that increases capillary permeability that causes a 
transudation process that will aggravate the symptoms of rhinorrhea. Histamine 
bonding to nociceptic type C receptors in the nasal mucosa derived from Trige-
minal nerve causes itching in the nose and stimulates the onset of sneezing. The 
effect of histamine on the gland (due to parasympathetic reflex activation) has 
the effect of increasing gland secretion causing serous rhinorrhea symptoms. 
Furthermore, histamine also causes symptoms of nasal congestion it causes va-
sodilation of blood vessels, transudation to the interstitial resulting nasal mucosa 
and especially edema turbinate. Symptoms that immediately arise after the ex-
posure to allergens are called fast phase reactions or immediate phase reactions. 
Released histamine from mast cells will be metabolized by histamine N-methyl 
transferase (HMT) in both epithelial and endothelial cells [14] [15]. 

The second stage of the elicitation phase is the effector stage. In the effector 
stage, the release of cytokine and endothelial activation give a result in slow 
phase reaction soon after the immediate phase. Slow-phase reactions occur in 
some patients (30% - 35%) of allergic rhinitis that occurred between 4 - 6 hours 
after the allergen exposure and persisting for 24 - 48 hours. Slow-phase reactions 
is the occurrence of various kinds of inflammatory cells, especially eosinophil 
cells as major effector cells in chronic allergic reactions such as allergic rhinitis 
and bronchial asthma. Eosinophil cells in the movement of blood circulation to 
tissue or location of allergies influenced by chemotactic factors, through several 
stages such as the migration of the eosinophil cells from the middle to the edge 
of the blood vessel wall and begin to reversible bend with endothelial inflamma-
tion (rolling), followed by attachment to blood vessel walls mediated by the in-
teraction of endothelial adhesion molecules such as inter cell adhesion mole-
cule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) that are spe-
cific to the attachment of eosinophil cells because the eosinophil cells express 
VLA-4 to be administered with VCAM-1. ICAM-1 is also expressed by the nasal 
mucosal epithelial cells patients with allergic rhinitis who get specific persistent 
allergen exposure and become the basic concept of minimal persistent inflam-
mation (MPI) seen in allergic rhinitis to house dust mites (HDM) in symp-
tom-free [15] [16]. Eosinophil was first reported by Paul Ehrlich (1879) on the basis 
of specific behavior toward painting. The role of eosinophil as pro-inflammatory in 
chronic allergic disease is the subject of basic research in therapy. Eosinophil in 
the form of progenitors is derived from the bone marrow, and then the peri-
pheral blood is found in the nasal mucosa of allergic rhinitis patients. Eosinophil 
in peripheral blood is found in small blood cells (1%) and has a short half-life (8 
- 18 hours). In the nasal mucosa of allergic rhinitis patients, eosinophil cells play 
the important role in the pathophysiological changes of allergic rhinitis. This 
because the content of various chemical mediators such as major basic protein 
(MBP), eosinophil cationic protein (ECP), eosinophil derived neurotoxin (EDN) 
and eosinophil peroxidase (EPO) which have the effect of disaggregation and 
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desquamation of the epithelium, cell death, mucosal and mucosal inactivation 
cell damage due to free radicals [15] [16]. The pathogenesis of Allergic rhinitis 
can be seen in Figure 1. 

2.2. Immunological Role in AR 

Immunologic role in AR is about Th1 and Th2 cells balances. Most individuals 
do not trigger a strong response of Th2 cells to environmental antigens. In atop-
ic patients, a strong response to Th2 that produces cytokines interleukin-4 (IL-4) 
and interleukin-13 (IL-13) stimulates B lymphocytes to transform into plasma 
cells that then produce IgE [14] [15]. Thus, the basis of AR treatment is aimed at 
altering the direction of the T cell response apart from the Th2 dominance or the 
loose antibody response of IgE by triggering tolerance to T cells against specific 
allergens or stimulating Treg [12]. The concept of immune response is influ-
enced by the balance between activation receptors and inhibition for all lym-
phocyte populations including natural killer (NK) cells, B lymphocytes cells and 
T lymphocytes cells. In T cells, the best known inhibitory receptor is cytotoxic T 
lymphocyte associated antigen-4 (CTLA-4) and programmed death protein-1 
(PD-1). Treg plays a role in suppressing the immune response and maintaining 
self-tolerance [12]. Allergic rhinitis patients with atopic history indicate Treg de-
ficiency [17]. 

Treg produces an interleukin-10 (IL-10) and Transforming Growth Factor-β 
(TGF-β) cytokine that implies an immune response, with a forkhead box  

 

 
Figure 1. Pathophysiology of allergic rhinitis (Adapted from Cretios, 1998). 
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transcription factor (FoxP3) that plays a role in Treg function. Treg itself in 
function and survival requires interleukin-2 [12]. 

2.2.1. Regulator T Cell (Treg) 
Treg was originally known as suppressor T cells, and known as one of the sub-
population of T cells. Treg has a proportion of 5% - 10% in the CD4 population 
in the blood circulation as well as those homing in the secondary lymphoid or-
gans [12]. Treg morphology does not show a large difference compared to other 
T cells, but in general Treg has a size slightly smaller than other lymphocytes 
[18]. Treg is divided into two types namely natural regulatory T cells (nTreg) 
and induced T-cell regulator (iTreg) which acts as an immune tolerant [12]. 

Natural Treg (nTreg) is derived from the process of selection of immature T 
cells in the thymus organ. Immature T cells sustains selection in the thymus in 
the form of a negative selection of immature T cells that have T cell receptor 
(TCR) with high avidity against self-antigen with deletion or apoptosis and posi-
tive selection with receptor changes and the formation of nTreg. A small pro-
portion of immature T cells with high self antigen of TCR passes the negative 
selection in the thymus entering the peripheral circulation. Treg subsequently 
played a part in suppressing the escaped portion as a tolerant immune function. 
Tregs derived from CD4+ naïve T cells in peripheral lymphoid organs may form 
after an inflammatory response and are referred to as inducible Treg (iTreg) as 
adaptations of antigenic exposure. iTreg is also called adaptive or peripheral 
Treg. Treg expresses the CD25 molecule, called CD4+ CD25+ Treg. The CD25 
molecule is an alpha chain of IL-2 receptor that has a high affinity for IL-2, and 
it is owned by a majority of Treg. Treg has several other markers including ex-
pression of CTLA-4, GITR, OX40, and L-selectin (CD62L) [12]. Treg has a tran-
scription factor called FoxP3 derived from the forkhead box transcription factor 
family, an important transcription factor in majority of Treg in development and 
function [12]. 

T cell lymphocyte CD+ CD25+ that expressing FoxP3 written as T cells regula-
tors FoxP3+ CD4+ CD25+ [11]. Survival and function of Treg depend on IL-2 cy-
tokines. Interleukin-2 activates transcription factor signal transducers and acti-
vation of trancriptations-5 (STAT5), then STAT5 increases the expression of 
FoxP3 [12]. Activation of Treg requires Transforming Growth factor-β (TGF-β) 
to enable the FoxP3 transcription factor for the development and function of the 
majority of Treg. Elimination or blockade signal of TGF-β in T cells leads to 
systemic inflammatory diseases caused by un-control of leucocyte activity and 
reduced function of Treg [12]. 

Foxp3 levels in patients with symptomatic atopic were lower than those of 
asymptomatic atopic patients, but serum levels of IFN-γ, total IgE, and eosino-
phil were relatively similar [17] [19] [20]. FoxP3 expression increased signifi-
cantly in patients with allergic rhinitis who received specific immunotherapy 
(SIT) sublingual pollen for 2 years [21]. There is a positive correlation between 
the increasing expression of FoxP3 and the increasing of IL-10 and TGF-β in 
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that study [21]. Measurement of FoxP3 levels has the potential to assist in eva-
luating the active process of immunological processes, which can’t be evaluated 
by Th1 and Th2 markers [17] [20]. 

Treg undergoes the activation directly will suppress B-cell activity, inhibiting 
proliferation and differentiation of natural killer cells (NK). Treg produces cyto-
kines IL-10, and TGF-β and reduces APCs stimulation against T cells. Treg with 
IL-2R that has a high affinity for IL-2 leads to more consumption and reduces 
the need for other cells, resulting in decreased proliferation and differentiation 
of cells whose development requires IL-2 [12]. 

Treg found no difference in the amount of allergen dust mite atopic and 
non-atopic patients. The atopic diseases are cause only by a deficiency of Treg 
[17]. Treg deficiency can lead to autoimmune and inflammatory diseases [22]. In 
a genetic-based study, there was an association of AR with FoxP3 genetic poly-
morphisms in the homozygous allele [23]. 

2.2.2. Interleukin-2 (IL-2) 
Interleukin-2 is produced by CD4+, CD8+, activated T cells, dendritic cells (DC), 
natural killer (NK) cells and NKT cells [1]. IL-2 have monomer structure with 
molecular weighted 14-17 kD and receptor (trimeric receptor); 2Rα IL-2Rβ and 
γc [12]. 

This protein is produced by activated T cells by antigen signals, co-stimulators 
and cytokines. The signals continue and stimulate the transcription of the IL-2 
gene through the transcription factor nuclear factor of activated T cell (NFAT). 
Interleukin-2 is rapidly excreted within 1 to 2 hours after the recognize antigen, 
peaks at approximately 8 to 12 hours and decreases within 24 hours. IL-2 pro-
duction occurs in multiple signaling pathways and each channel plays an im-
portant role for the activation of multiple signaling pathways [12]. 

The biological activity of IL-2 is to grow, maintain survival, and as a differen-
tiation factor of T cells that play an important role in responding and controlling 
the immune response. Because of this, IL-2 is called the T cell growth factor 
(TCGF) [12]. The activity occurs in the cell itself that secretes IL-2 and other ad-
jacent cells or functions can be referred to as autocrine and paracrine [12]. The 
survival function of IL-2 is by stimulating Bcl-2 protein which is an an-
ti-apoptotic protein [12]. The increasing secretion of IL-2, IL-2R expression, cy-
clin, decreased cell cyclin inhibitors result in cell proliferation, and with multiple 
mechanism T-cell differentiation [12]. The function of IL-2 is maintains the sur-
vival and function of Treg to suppress the immune response. In the deficiency 
condition levels of IL-2 and IL-2R do to proliferation and uncontrolled T cells 
and B cells, causing autoimmune disease [12]. 

In a study of low-dose IL-2 therapy for chronic graft Versus host disease pa-
tients occurred the increasing level of Treg [24]. Low-dose IL-2 therapy is also 
used as a clinical trial concept as specific therapy activates Treg and can control 
autoimmune and inflammatory diseases [22]. In a genetic-based study were 
found an increased risk of hay fever on G homozygous alleles IL-2-330 T/G [25]. 
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2.2.3. Interleukin-10 (IL-10) 
Interleukin-10 has a heterodimer structure with a molecular weight of 20.5 kD, 
has an IL-10R1 receptor and an IL-10R2 complex. IL-10 is produced from 
populations of some activated immune cells such as dendritic cells, Th1 cells, 
Th2 cells, macrophages, B cells and Tregs. Because IL-10 has properties inhibit-
ing macrophages and dendritic cells it is called negative feedback regulator [12]. 

The IL-10 expression is derived from the differentiation of Th naïve CD4 cells 
requiring receptor stimulation and inter-current transducer signals with tran-
scriptase activators (signal transducer and activated transcriptase (STAT)) and 
activation of the extracellular will be activated kinase receptor (ERK) receptor 
pathway. Th1 cells producing IL-10 require higher doses of antigen, IL-12, and 
STAT-4 signalling followed by re-stimulation to maximize IL-10 expression. Th2 
cells produced IL-10 require IL-4 and STAT-6 signals. Treg that produced IL-10 
requires FoxP3 and TGF-β. Treg1 cells (Tr1) are a Treg subset that produces a 
lot of IL-10 and TGF-β may decrease regulation of Th1 and Th2 responses [12] 
[26]. 

The biological activity of IL-10 inhibits the function of macrophages and den-
dritic cells. Interleukin-10 inhibits the production of IL-12, co-stimulator’s ex-
pression and class II MHC molecules by dendritic cells and macrophages, thus 
inhibiting T cell activation and terminating immune mediated reactions. Inter-
leukin-10 stimulates IFN-γ that plays an important role in innate and adaptive 
immune reactions to intracellular microbes. Interferon-γ also stimulates B cells 
to produce IgG [12]. 

A rare inherited autoimmune disease has been described in which mutations 
in the IL-10 receptor cause severe colitis that develops early in life, before 1 year 
of age. Knockout mice are lacking IL-10 ether in all cells or only in Treg also de-
velop colitis, probably as a result of uncontrolled activation of lymphocyte and 
macrophage reacting to enteric microbes. Because of these findings, we believe 
that this cytokine is especially importance for controlling inflammatory reaction 
in mucosal tissue, particularly in gastrointestinal tract [13]. Treg also plays a role 
in immunotherapy by secreting IL-10 and TGFβ, thus stimulating B cells to 
change immunoglobulin (Ig) classes towards IgG4 and IgA in Figure 2 [1] [27]. 
In a genetic-based study found an association of atopic patients 68% in allele G 
variant S138 receptor interleukin-10 [28]. 

2.2.4. Transforming Growth Factor-β (TGF-β) 
Transforming Growth Factor-β (TGF-β) is the first cytokine found in tumor 
cells that serve as in-vitro-tumor cell survival. Consisting of TGF-β1, TGF-β2 
and TGF-β3, most immune system cells synthesize TGF-β1. TGF-β1 is produced 
by Treg CD4+, activated macrophage cells and several other cells [12]. 

TGF-β is synthesized in the inactive form in Golgi complex in the form of 
homodimer. The mature TGF-β1 is excreted into the extracellular by an enzy-
matic process which then binds to the receptor. The TGF-β1 receptor consists of 
TGF-βRI, TGF-ΒRII with transcription factor SMAD [12]. 

https://doi.org/10.4236/ijohns.2018.71002


B. S. R. Utomo et al. 
 

 

DOI: 10.4236/ijohns.2018.71002 15 Int. J. Otolaryngology and Head & Neck Surgery 
 

 
Figure 2. Potensial mechanism of conventional allergen immunotherapy. (Adapted from 
Robinson DS, Larche M, Durham SR, Treg and alleric disease. J Clin Invest 2004; 114: 
1389-1397). 

 
The function of TGF-β1 is to the in-vitro Treg growth by stimulating the ex-

pression of FoxP3. In mice that have lost TGF-β provide a picture of systemic 
inflammatory disease caused by uncontrolled leucocyte cell activity and lack of 
function of Treg [12]. TGF-β1 inhibits macrophage activity, other cells such as 
neutrophils and endothelial cells, and inhibits the activity of Th1 and Th2 cells. 
TGF-β1 stimulates the formation of IgA from B-cells seen in Figure 2. Immu-
noglobulin A is the antibody required for mucosal defence. TGF-β1 improves 
tissue repair after local immune reactions and relieves an immune reaction [12]. 
In a genetic-based study found genetic variation of IL-10 and TGF-β associated 
with AR susceptibility [29]. 

The following figure is explaining the role of interleukin-2 and FoxP3 in the 
pathogenesis of allergic rhinitis in Figure 3. 

3. Conclusions 

Interleukin-2 (IL-2) plays an important role in the pathogenesis of allergic rhini-
tis through Treg activation. Treg with IL-2R has a high affinity for IL-2, resulting 
in more consumption of IL-2 compared to other cells. Direct suppression results  
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Figure 3. Schematic of conceptual framework. 

 
from reduced supply of IL-2 in cells whose growth requires IL-2 cytokines result 
in decreased proliferation and differentiation of these cells. Increased levels of 
IL-2 will increase Treg activation. Treg activation produces IL-10 and TGF-β 
cytokines that suppress the immune system. Treg has a transcription factor 
FoxP3 is an important transcription factor in the development and function of 
the majority of Treg. Rhinitis allergy occurs Treg deficiency. The increase level 
of IL-2 can increase the level of FoxP3, Treg, IL-10 and TGF-β levels so as to 
maintain the balance of Th1 and Th2. 

Treatment of allergic rhinitis is based on Allergic Rhinitis and its Impact on 
Asthma (ARIA) 2008 [2]. Severe AR is an indication of immunotherapy [2]. 
Immunotherapy can produce tolerance to allergens with various mechanisms. 
Several studies of immunotherapy noted a shift in the profile of cytokines that 
produced Th2 to Th1 by producing IL-10 both local and systemic, and proving 
locally elevated only in the nose [30] [31] [32]. Tolerance occurs as a result of an 
increase from a specific allergen suppressor T cell, and Treg after immunothe-
rapy [33]. A new perspective of the therapeutic approach focuses on adminis-
tering IL-2 to inflamed tissue in autoimmune and allergic-induced inflammatory 
cases. Low-dose IL-2 therapy in chronic graft versus host disease increased Treg 
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[24]. However, low-dose IL-2 therapy requires further clinical studies to opti-
mize the dose, time and schedule of IL-2 administration to minimize the adverse 
effects of IL-2 [34]. Low-dose IL-2 therapy is a clinical trial concept as specific 
therapy activates Treg and can control autoimmune disease and inflammation 
[22]. 

FoxP3 expression increased significantly in patients with allergic rhinitis who 
received specific immunotherapy (SIT) sublingual pollen for 2 years. And there 
is a positive correlation between the increased expression of FoxP3 on increased 
IL-10 and TGF-β in the study [21]. Measurement of FoxP3 has the potential to 
assist in evaluating the active process of immunological processes, which can’t be 
evaluated by Th1 and Th2 markers [17] [20]. FoxP3 can be a successful marker 
of immunotherapy [20]. 
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