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Summary 

Background: To explore the roles of Th2, Th17, and regula-
tory T (Treg) cells and their related cytokines and transcrip-
tional genes in the pathogenesis of allergic rhinitis (AR).
Methods: A total of 200 patients diagnosed with AR in our
hospital from October 2023 to October 2024 were random-
ly selected as the AR group. According to the visual ana-
logue scale (VAS) score, the AR group was further divided
into a mild allergic rhinitis group (MAR group) and a severe
allergic rhinitis group (SAR group). Moreover, 50 healthy
individuals who underwent physical examinations at the
Physical Examination Centre of Ordos Central Hospital
formed the healthy control group (HC group). Blood from
peripheral veins was drawn on the day of registration. The
Th17/Treg ratio and the proportions of helper T 2 (Th2),
helper T 17 (Th17), and regulatory T (Treg) cells among the
peripheral blood’s CD4+T cells were determined using flow
cytometry. The enzyme-linked immunosorbent assay (ELISA)
was used to determine the levels of interleukin-4 (IL-4), inter-
leukin-5 (IL-5), interleukin-10 (IL-10), and interleukin-17 (IL-
17) in the patients’ serum. The genes GATA-3 mRNA,
RORyt-mRNA, and FOXP3-mRNA’s relative expression lev-
els were assessed using real-time fluorescence quantitative
RT-PCR of peripheral blood mononuclear cells.
Results: The peripheral blood of AR patients had larger
Th2/Th17/Treg cell proportions and a higher Th17/Treg
ratio. The AR group presented greater differences (P<0.05),
and both were positively connected with the disease severity,
with the SAR group showing larger differences than the MAR

Kratak sadr`aj

Uvod: Cilj je bio da se ispita uloga Th2, Th17 i regulatornih
T (Treg) }elija i njihovih povezanih citokina i transkripcionih
gena u patogenezi alergijskog rinitisa (AR).
Metode: Za AR grupu je nasumi~no odabrano ukupno 200
pacijenata kojima je dijagnostifikovan AR u na{oj bolnici od
oktobra 2023. do oktobra 2024. godine. Prema rezultatu
vizuelne analogne skale (VAS), AR grupa je dalje podeljena
na grupu sa blagim alergijskim rinitisom (MAR grupa) i
grupu sa te{kim alergijskim rinitisom (SAR grupa).
Kontrolnu grupu (HC grupa) je ~inilo 50 zdravih ispitanika
koji su se javili na sistematski pregled u »Ordos Central
Hospital«. Krv je uzeta iz perifernih vena na dan regis-
tracije. Odnos Th17/Treg i proporcije pomo}nih T 2 (Th2),
pomo}nih T 17 (Th17) i regulatornih T (Treg) }elija me|u
CD4+T }elijama periferne krvi odre|en je pomo}u protoka
citometrije. Nivoi citokina IL-4, IL-5, IL-10 i IL-17 u serumu
odre|eni su ELISA metodom. Relativna ekspresija gena
GATA-3, RORyt i FOXP3 procenjena je kvantitativnim RT-
PCR u realnom vremenu na mononuklearnim }elijama pe -
riferne krvi.
Rezultati: Periferna krv pacijenata sa AR pokazala je ve}e
proporcije Th2/Th17/Treg }elija i vi{i Th17/Treg odnos.
AR grupa je pokazala ve}e razlike (P<0,05), a obe su pozi -
tivno povezane sa te`inom bolesti, pri ~emu je SAR grupa
pokazala ve}e razlike nego MAR grupa (P<0,05). Pacijenti
sa AR imali su ve}e nivoe IL-4, IL-5, IL-17 i IL-10 u perifer-
noj krvi. Te`ina bolesti pozitivno je povezana sa razlikama u
AR grupi (P<0,05) i SAR grupi (P<0,05) u pore|enju sa
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Introduction

When the body is exposed to allergens,
immunoglobulin E (IgE) levels rise, resulting in aller-
gic rhinitis (AR), a noninfectious illness of the nasal
mucosa (1–3). Hyperactivity of nasal mucosa secre-
tions, nasal congestion, and itching of the nose are
the primary clinical signs (4). In severe cases, it may
be accompanied by symptoms such as itchy, red and
swollen eyes and a reduced sense of smell. With the
promotion of urban greening, the area of urban veg-
etation has rapidly increased worldwide, and the bio-
diversity of ecosystems in major cities has also been
continuously enriched (4). Therefore, the prevalence
of AR has risen quickly globally. Incorrect! No refer-
ence source was found. It has suddenly become one
of the most common diseases seen in otorhinolaryn-
gology outpatient clinics. Its complex pathogenesis
remains a significant focus of immunological research
today and is gradually becoming an increasingly seri-
ous global public health issue (5–7).

Previous studies (8–10) and treatments for AR
have focused mainly on alleviating severe allergic
reactions in the nose through antihistamines, gluco-
corticoids, etc. However, the mechanism of AR occur-
rence is primarily based on atopic individuals’ inability
to establish standard immune tolerance after exposure
to allergens, which subsequently leads to an increase

in serum IgE and eventually triggers an allergic inflam-
matory response. The entire reaction process involves
the participation of various immune-inflammatory
cells. When the body is exposed to allergens, antigen-
specific CD4+ T cells are activated. Some activated
Th cells selectively migrate under the action of the
nasal-associated chemokine subnet and survive in
local tissues, thereby triggering inflammatory respons-
es. Another group of activated T cells, influenced by
inflammatory factors and continuous antigenic stimu-
lation, can differentiate into Th2 and Th17 cells, pro-
ducing a large number of cytokines. These elements
can mediate significant immunological responses and
include interleukin-4 (IL-4), interleukin-5 (IL-5), inter-
leukin-17 (IL-17), and interleukin-13, among others
(11). The production of IgE specific to antigens is
increased to regulate the onset and progression of
inflammatory reactions. But CD4+ T cells can also
develop into regulatory T (Treg) cells, which work by
preventing overreactions from the immune system. By
inhibiting the release of proinflammatory T cells and
inflammatory cytokines, it indirectly suppresses cell
differentiation, ultimately controlling inflammation
and alleviating AR symptoms (12).

Th2 effector cells are the primary T lymphocytes
that mediate type II immune responses. During the
pathogenesis of AR, when the body comes into con-
tact with allergens, antigen-presenting cells on the

group (P<0.05). AR patients had higher peripheral blood
levels of IL-4, IL-5, IL-17, and IL-10. The severity of the dis-
ease was positively associated with differences in the AR
group (P<0.05) and the SAR group (P<0.05) compared to
the HC group and the MAR group, respectively. Patients with
AR had higher relative expression levels of the transcription
genes FoxP3, RORyt, and GATA-3 in their peripheral blood
mononuclear cells. The AR group showed more differences
than the HC group (P<0.05), while the SAR group showed
more differences than the MAR group (P<0.05). These dif-
ferences were all positively connected with illness severity.
The relative expression level of GATA-3 mRNA and the
serum levels of IL-4 and IL-5 were positively associated with
Th2 cells. Th17 cells showed a favourable correlation with
both the relative expression level of RORyt-mRNA and the
content of serum IL-17. Treg cells showed a favourable cor-
relation with both the relative expression level of FoxP3
mRNA and the serum IL-10 levels. Binary logistic regression
analysis revealed that an increase in the proportion of Th2
and Th17 cells, a continuous increase in the Th17/Treg
ratio, an increase in the concentrations of IL-4, IL-5, and IL-
17; and an increase in the relative expression levels of GATA-
3 mRNA and RORyt-mRNA transcriptional genes were risk
factors for SAR.
Conclusions: A persistently elevated Th17/Treg ratio in AR
patients indicates progressive exacerbation of AR. The rel-
ative expression levels of the transcription genes GATA-3,
RORyt-mRNA, and FoxP3-mRNA in peripheral blood
mononuclear cells lead to increases in the proportions of
Th2, Th17, and Treg cells.
Keywords: allergic rhinitis, cytokine level, Th2 cell,
Th17 cell, Treg cell, correlation analysis

HC grupom i MAR grupom, respektivno. Pacijenti sa AR su
imali ve}e relativne nivoe ekspresije transkripcionih gena
FoxP3, RORyt i GATA-3 u mononuklearnim }elijama peri -
ferne krvi. AR grupa je pokazala vi{e razlika nego HC grupa
(P<0,05), dok je SAR grupa pokazala vi{e razlika nego
MAR grupa (P<0,05). Sve ove razlike bile su pozitivno
povezane sa te`inom bolesti. Relativni nivo ekspresije
GATA-3 mRNA i nivoi IL-4 i IL-5 u serumu pozitivno su
povezani sa Th2 }elijama. Th17 }elije pokazale su povoljnu
korelaciju sa relativnim nivoom ekspresije RORyt-mRNA i
sadr`ajem IL-17 u serumu. Treg }elije pokazale su povoljnu
korelaciju sa relativnim nivoom ekspresije FoxP3 mRNA i
nivoom IL-10 u serumu. Binarna logisti~ka regresiona ana -
liza pokazala je da pove}anje proporcije Th2 i Th17 }elija,
kontinuirano pove}anje Th17/Treg odnosa, pove}anje
koncentracija IL-4, IL-5 i IL-17, kao i pove}anje relativnih
nivoa ekspresije GATA-3 mRNA i RORyt-mRNA predstav -
ljaju faktore rizika za SAR.
Zaklju~ak: Stalno povi{en Th17/Treg odnos kod pacijenata
sa AR ukazuje na progresivno pogor{anje bolesti. Relativni
nivoi ekspresije transkripcionih gena GATA-3, RORyt-
mRNA i FoxP3-mRNA u mononuklearnim }elijama peri -
ferne krvi dovode do pove}anja proporcija Th2, Th17 i
Treg }elija.

Klju~ne re~i: alergijski rinitis, nivo citokina, Th2 }elija,
Th17 }elija, Treg }elija, analiza korelacije
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mucosal surface take up and process peptide sub-
stances from allergens and present them to the major
histocompatibility complex (13–15). Ultimately,
immature CD4+ T cells are induced to differentiate
into Th2 cells with allergen specificity. Activated Th2
cells interact with B cells by releasing inflammatory
cytokines, activating B cells and inducing plasma cells
to produce allergen-specific IgE. Eventually, various
inflammatory cells, such as dendritic cells,
macrophages, and eosinophils, are recruited into the
nasal mucosa, ultimately leading to an inflammatory
response in the nasal mucosa. The zinc finger tran-
scription factor GATA binding protein 3 (GATA-3), a
transcriptional gene expressed explicitly by Th2 cells
(16). It can mediate the expression of Th2 cells and
ultimately aggravate the allergic reaction of AR.
Therefore, Th2 cells, as the primary effector cells trig-
gering allergic responses in AR, have received close
attention from scholars.

Th17 cells are a T-cell lineage distinct from Th2
cells and are currently regarded as a novel type of
proinflammatory CD4+ T effector cell. They mobilise
innate immunity and trigger tissue inflammation by
secreting cytokines such as IL-17 and interleukin-22,
thereby leading to immune responses. According to
recent studies (17–19), Th17 cells and their cytokines
are implicated in the development of allergy disorders
and contribute to their pathogenesis through
immunomodulation. Th17 cells function mainly by
generating proinflammatory cytokines such as IL-17
and interleukin-22 during the pathogenesis of AR.
When Th17 cells are activated, specific cytokines,
such as IL-17 and interleukin-22, act on various
inflammatory cells, promoting the recruitment of
neutrophils and macrophages. This leads to an
inflammatory response in the tissue. The human
genome contains retinoid-associated orphan receptor
g), a member of the nuclear receptor superfamily. The
RORyt subtype plays a crucial role in promoting the
differentiation of CD4+ T cells into Th17 cells and
promoting the secretion of inflammatory mediators
such as IL-17 by Th17 cells. 

Treg cells, a subset of CD4+ T lymphocytes, are
essential members of the immunomodulatory cell
family. Their ability to suppress immune responses
can maintain self-tolerance and fine-tune immune
responses. During the pathogenesis of AR, Treg cells
can also play a regulatory role (20). Treg cells exert
immune regulation through contact-dependent inter-
cellular crosstalk mechanisms and secrete cytokines
with anti-inflammatory signal transduction properties
(21). Treg cells have a distinctive transcriptional gene
called forkhead box protein P3 (FoxP3), which can
control the normal physiological processes of Treg
cells and encourage their differentiation. Regulatory
T (Treg) cells secrete a particular cytokine called inter-
leukin-10 (IL-10), which has strong anti-inflammatory
properties and can interact with other immune system
cells.

When FoxP3 is expressed at a high level, the
inhibitory function of Treg cells is also enhanced (22).
On the one hand, by secreting a large amount of IL-
10, it can target antigen-presenting cells and inhibit
their release of proinflammatory cytokines (23).
Additionally, it can prevent CD4+ T cells from devel-
oping in a way that promotes inflammation, weaken
the production of inflammatory mediators, and allevi-
ate inflammatory responses.

To establish a new theoretical basis for the clini-
cal assessment of disease progression in AR patients
and for timely adjustment of treatment plans, this
study investigated the expression and significance of
Treg, Th2, and Th17 cells, as well as their associated
cytokines, in the peripheral blood. The findings also
provide novel insights that may guide future AR ther-
apies.

Materials and Methods

Research subjects and groups

A total of 200 AR patients diagnosed at our hos-
pital’s outpatient department from October 2023 to
October 2024 were randomly selected as the AR
group. Using the visual analogue scoring method
(VAS score) for AR patients: A score of 0 indicates no
symptoms, 1 to 3 indicates mild symptoms, 4 to 7
indicates moderate symptoms, and 8 to 10 indicates
severe symptoms. Patients in the AR group with a
score of 0–3 were classified as the mild allergic rhini-
tis (MAR) group, while those with a score of 4–7 were
classified as the mild to moderate/severe allergic
rhinitis (MSAR) group. Patients with a score of 8–10
were classified as the severe allergic rhinitis (SAR)
group. Based on the number of cases and disease
severity, the MSAR and SAR groups were combined
into a single SAR group. Within this, there were 91
cases in the MAR group and 91 cases in the SAR
group. Additionally, 50 healthy individuals who under-
went examinations at our hospital’s physical examina-
tion centre formed the healthy control (HC) group.
Their routine blood tests, IgE results, etc., showed no
abnormalities, and they were carefully screened
according to the exclusion criteria before inclusion.

This study was approved by the ethics commit-
tee of our hospital (Approval Number: HKYS-2025-
A0172). 

Inclusion criteria

(1) Compared with the relevant diagnostic crite-
ria: (I) Symptoms: ocular symptoms, including weep-
ing, eye itching, and redness, may accompany two or
more symptoms, such as nasal congestion, paroxys-
mal sneezing, and clear nasal discharge. These symp-
toms may occur daily or persist for more than an hour.
(II) Physical signs: Commonly, the nasal mucosa



appears pale and swollen, with watery discharge in
the nasal cavity. (III) Allergen testing: At least one
allergen tests positive in the skin prick test, serum IgE,
or the nasal provocation test.

(2) Patients who have been diagnosed with AR
by a clinical physician and have not received antihist-
amines, immunosuppressants or other drugs (refer-
ring to drugs that may affect the measurement values
of T cells and related factors).

Exclusion criteria

The exclusion criteria for diseases that may
affect the measurement values of T cells and their
related factors were as follows: (1) Exclusion of aller-
gen tests and negative serum IgE; and (2) Excluding
allergic airway conditions such as asthma and a histo-
ry of upper respiratory tract infections within the pre-
vious two weeks.

Experimental methods

Observation indicators

Based on the information collection and epi-
demiological investigation forms of the AR patients,
the clinical data, including sex, age, symptoms, and
signs, were collected and recorded. On the day of
enrollment, the VAS score was calculated based on
the onset of symptoms. At the same time, venous
blood was collected from an empty stomach for rou-
tine blood and IgE measurements, and the measure-
ment results were recorded. At the same time, gener-
al information, such as sex and age, of the HCs was
recorded.

Specimen collection and processing

Each research participant had three tubes of
venous blood drawn from the elbow at enrolment.
The first tube used an EDTA anticoagulant vacuum
blood collection tube to collect 2 millilitres (mL) of
blood. Peripheral blood mononuclear cells were
repeatedly inverted and mixed before extracting total
ribonucleic acid (RNA). The extracted RNA was
placed in centrifuge tubes (Eppendorf tubes, EP
tubes). After proper labelling, the samples were
stored at -80 °C in a freezer. In the second group, vac-
uum blood collection tubes with separation gels and
coagulants were used to collect 2 mL of venous
blood. IL-4, IL-5, IL-17, and IL-10 concentrations
were measured consistently after gathering all sam-
ples. For the third group, 2 mL of venous blood was
drawn using heparin anticoagulant vacuum blood col-
lection tubes. 

Using flow cytometry, the percentage of Th2
cells in the peripheral blood 

Four microlitres of leukocyte activation cocktail
(stimulant) were added at the bottom of the test tube,
which was then placed on a shaking mixer and thor-
oughly vortexed to mix the anticoagulant whole blood
and the leukocyte activation cocktail. Two millilitres of
BD Multitest IMK Lysing Solution (10× Concentrate)
were added to the incubated test tube. It was then
carefully vortexed and left in the dark for ten minutes
at room temperature. Afterwards, the test tube was
placed in the centrifuge and spun horizontally for five
minutes at 1500 RPM at room temperature. To pre-
pare the cell suspension, 100 mL were thoroughly vor-
texed, followed by the addition of 10 mL of FITC-con-
jugated mouse anti-human CD4 antibody. The
mixture was left to incubate in the dark for 15 min-
utes. Next, 500 mL of fixation/permeabilisation solu-
tion was added to fix the cells and permeabilise their
membranes. The mixture was thoroughly mixed, then
centrifuged horizontally for five minutes at room tem-
perature at 1500 RPM, and the supernatant was dis-
carded.

Detection of serum IL-4 and IL-5 via enzyme-
linked immunosorbent A-screening (ELISA)

(1) IL-4 standard: Centrifuge at 1000 RPM for 1
min before opening the cap. One millilitre of the uni-
versal diluent for the standards and samples was
added to the freeze-dried standard, which was
allowed to stand for 15 minutes until fully dissolved,
after which it was gently mixed (with a concentration
of 500 pg/mL). Multiple dilutions were then carried
out, and the concentrations of each tube of solution
obtained were 100, 50, 25, 12.5, 6.25, 3.125, 1.56,
and Opg/mL (Opg/mL refers to the blank well).

(2) IL-5 standard: Centrifuge at 1000 RPM for 1
min before opening the cap. A 0.8 mL volume of the
universal diluent for the standards and samples was
added to the freeze-dried standard, which was
allowed to stand for 15 minutes until fully dissolved,
after which it was gently mixed (with a concentration
of 1000 pg/mL). Multiple dilutions were then carried
out. The final concentrations of each tube of solution
obtained were 1000, 500, 250, 125, 62.5, 31.25,
15.6, and Opg/mL (Opg/mL refers to the blank well).

CD3: PerCP-Cy5.5 anti-human CD3 (Clone
UCHT1; BioLegend, catalogue # 300430; Dilution:
1:50)

CD4: APC-Cy7 anti-human CD4 (Clone RPA-
T4; BioLegend, catalogue # 300518; Dilution:
1:100)

CD25 (for Treg): PE-Cy7 anti-human CD25
(Clone BC96; BioLegend, catalogueue # 302612;
Dilution: 1:50).
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Th2 Panel: IL-4, PE anti-human IL-4 (Clone
MP4-25D2; BioLegend, catalogue # 500804;
Dilution: 1:20);

Th17 Panel: IL-17A, FITC anti-human IL-17A
(Clone BL168; BioLegend, catalogue # 512304;
Dilution: 1:20);

Treg Panel: FoxP3, Alexa Fluor 488 anti-human
FoxP3 (Clone 236A/E7; eBioscience, catalogue #
53-4776-42; Dilution: 1:50);

Isotype Control (for Treg): Alexa Fluor 488
Mouse IgG1 k Isotype Ctrl (Clone P3.6.2.8.1;
eBioscience, catalogue # 53-4714-42; Dilution:
1:50) 

Data processing and statistical analysis

The data were processed using SPSS 26.0 sta-
tistical software and plotted with GraphPad Prism 9.0.
Means ± standard deviations were used to represent
measurement data that conforms to a normal distri-
bution. The measurement data did not follow a nor-
mal distribution. Two groups were compared using
the Mann-Whitney U test. The c2 test was employed
to compare the groups, and count data were
expressed as the total number of cases. The risk fac-
tors for the occurrence of SAR were examined using
binary logistic regression analysis and Spearman cor-
relation analysis.

Results

General data comparison

The AR group included 200 patients, with an
average age of 15 (10, 32) years, 99 females and
101 males. Forty males and 51 females, ages 17 (11,
33), were part of the MAR group. The age distribu-
tion of the SAR group was 14 (8, 30) years, with 61
men and 48 females. With an average age of 16.25
years (range: 13 to 24.25), the 50 participants in the
HC group were divided into 22 females and 28
males. Following analysis, neither the age composi-
tion nor the sex composition ratio differed statistically
significantly across the groups (P>0.05). Monocytes
(MONO), lymphocytes (LYM), eosinophils (EO), neu-
trophils (NEU), basophils (BASO), and white blood
cells were significantly higher in the AR group than in
the HC group, as were IgE levels. The AR group out-
performed the HC group in terms of both the red
blood cell distribution width (RDW) and the white
blood cell (WBC) count. There were statistically signif-
icant differences in WBC, LYM, MONO, EO, BASO,
RDW and IgE (P<0.05), whereas there was no statis-
tically significant difference in NEU. Compared with
those in the SAR group, only RDWs in the MAR group
were significantly different (P<0.05), whereas Tables
I and II showed no statistically significant changes in
the other indices (P>0.05).

Comparison of the proportion of Th2 cells in the
peripheral blood of each group

The proportions of Th2 cells in each group are
shown in Table III. The AR group had considerably
higher values (P<0.05) than the HC group. The SAR
group exhibited significantly higher values (P<0.05)
than the MAR group.

Flow cytometry detection showed that the pro-
portion of Th2 cells (CD4+IL-4+) in the peripheral
blood of patients with allergic rhinitis (AR) was signif-
icantly higher than that of the healthy control group
(HC group) (P<0.05), and this proportion increased
in a gradient with the severity of the disease. Pairwise
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Main experimental instruments and consumables

Instruments and 
consumables Manufacturer

10 mL micro sampler
2–20 mL micro sampler

20–200 mL micro sampler
100–1000 mL micro sampler
Medical frozen storage box

(hycd-282a)
Ultra low temperature storage

box (Haier dw-86l578j)
Biosafety cabinet 
(bsc-1804 II B2)

Thermostatic water 
bath box

Normal temperature bench 
top high speed centrifuge

5415d
Low speed centrifuge

Vortex mixer oscillating mixer
Facsc Calibur automatic flow

cytometry analyser
Abi7500 real time fluorescent
quantitative PCR instrument
FC type microplate reader

Bc-6800 automatic blood cell
analyser

Cobas E601 automatic 
electrochemiluminescence

immunoassay analyser
Disposable human venous
blood sample collection 

container
1.5 mL centrifuge tube
10 mL, 20 mL, 200 mL, 

1000 mL sterile cartridge 
suction head

BD TrucountTM Tubes
10 mL round bottom 

centrifugal tube with cover

Eppendorf, Germany
Eppendorf, Germany
Eppendorf, Germany
Eppendorf, Germany

Qingdao Haier Special
Electrical Appliance Co., Ltd

Qingdao Haier Special
Electrical Appliance Co., Ltd
Suzhou Antai Air Technology

Co., Ltd
Shanghai Fuma Experimental

Equipment Co., Ltd
Eppendorf, Germany

Anhui Zhongke Zhongjia
Scientific Instrument Co., Ltd

Labnet, USA
Becton Dickinson

Thermo Fisher Biochem

Thermo, USA
Nanjing Mindray Biomedical

Electronics Co., Ltd
Roche Diagnostics

Weihai Weigao blood collection
consumables Co., Ltd

Ranjeco Technology Co., Ltd
Jiangsu Kangjian medical 

supplies Co., Ltd

Becton Dickinson
Ranjeco Technology Co., Ltd



6 Yao et al.: Cytokine levels in allergic rhinitis

Table II General data between the MAR group and the SAR group.

AR Group HC Group x2/Z value P value

Gender (Cases)

Male 40 (44%) 61 (56%)
2.86 0.091

Female 51 (56%) 48 (44%)

Age (Years) 17 (11, 33) 14 (8, 30) -1.688 0.091

IgE (IU/mL) 194.5 (68.16, 449.7) 201.9 (78.735, 421.2) -0.06 0.952

WBC (109/L) 7.58 (6.29, 8.66) 7.36 (5.935, 8.275) -1.293 0.196

NEU (109/L) 3.76 (2.92, 4.52) 3.44 (2.71, 4.425) -1.479 0.139

EO (109/L) 0.45 (0.25, 0.7) 0.42 (0.3, 0.725) -0.031 0.976

BASO (109/L) 0.05 (0.04, 0.07) 0.06 (0.04, 0.075) -0.544 0.586

LYM (109/L) 2.47 (1.965, 3.13) 2.59 (1.965, 3.13) -0.157 0.875

MONO (109/L) 0.45 (0.38, 0.54) 0.45 (0.38, 0.525) -0.653 0.514

RDW(%) 13.10 (12.5, 13.4) 13.90 (13.5, 14.6) -8.855 <0.001

Table I General data between AR group and HC group.

AR Group HC Group x2/Z value P value

Gender (Cases)

Male 101 (50.5%) 28 (56.0%)
0.484 0.529

Female 99 (49.5%) 22 (44.0%)

Age (Years) 15 (10, 32) 16 (13, 24.25) -0.033 0.974

IgE (IU/mL) 199.65 (74.8, 426.4) 18.99 (10.51, 31.87) -9.564 <0.001

WBC (109/L) 7.450 (6.113, 8.378) 6.490 (5.908, 7.133) -3.831 ≤0.001

NEU (109/L) 3.610 (2.755, 4.488) 3.555 (3.145, 4.140) -0.175 0.861

EO (109/L) 0.430 (0.283, 0.708) 0.125 (0.060, 0.173) -8.533 ≤0.001

BASO (109/L) 0.050 (0.040, 0.070) 0.025 (0.018, 0.040) -7.462 <0.001

LYM (109/L) 2.570 (2.008, 3.140) 2.275 (1.868, 2.665) -2.778 0.005

MONO (109/L) 0.455 (0.380, 0.530) 0.340 (0.260, 0.450) -4.584 ≤0.001

RDW (%) 13.50 (13.03, 14.20) 12.550 (12.28, 12.8) -7.586 <0.001

Table III Comparison of Th2 Cells in the peripheral blood of each group.

AR Group HC Group MAR Group SAR Group

Th 2 (%) 0.32 (0.183, 0.538) 0.22 (0.09, 0.403) 0.29 (0.14, 0.42) 0.36 (0.22, 0.605)

Z value -2.805 - -3.283

P value 0.005 - ≤0.001
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comparisons between groups showed that the MAR
group had a significantly higher value than the HC
group (P<0.001), the SAR group had a greater
increase than the HC group (P<0.001), and the pro-
portion of Th2 in the SAR group was significantly
higher than that in the MAR group (P<0.01). This
changing trend was significantly positively correlated
with the mRNA expression of the key transcription
factor GATA-3 in Th2 cells and the levels of serum IL-
4 and IL-5, confirming that the increase in the pro-
portion of Th2 cells is the core immune feature of the
progression of AR. Binary Logistic regression analysis
further confirmed that the continuous rise in the pro-
portion of Th2 cells was an independent risk factor for
severe AR (OR=3.82, 95%CI: 1.96–7.45, P<0.001).

Comparison of the serum IL-4 and IL-5 levels in
each group

Tables IV–V display the IL-4 and IL-5 level detec-
tion results for each group. The AR group had con-
siderably higher values (P<0.05) than the HC group.
The SAR group’s results were substantially higher
(P<0.05) than those of the MAR group.

The levels of serum IL-4 and IL-5 in patients
with allergic rhinitis (AR) were significantly higher
than those in the healthy control group (HC group)
(P<0.05), and their concentrations increased in a
gradient with the severity of the disease. The concen-
trations of IL-4 and IL-5 in the healthy control group

were 0.036 (0.025, 0.054) pg/mL and 0.022
(0.008, 0.031) pg/mL, respectively. The intergroup
comparison revealed a highly significant difference
between the MAR group and the HC group (IL-4:
P<0.001; IL-5: P<0.001), with the increased ampli-
tude in the SAR group being greater than that in the
HC group (P<0.001). The levels of IL-4 and IL-5 in
the SAR group were significantly higher than those in
the MAR group (P<0.01). 

Comparison of the relative expression levels of
the GATA-3 mRNAs in each group

The detection results of the relative expression
levels of the GATA-3 mRNAs in each group are
shown in Table VI. The AR group had significantly
greater values than did the HC group (P<0.05).
Compared with the MAR group, the SAR group had
significantly greater values (P<0.05).

Fluorescence quantitative PCR detection
showed that the relative expression level of the Th2
key transcription factor GATA-3 mRNA in peripheral
blood mononuclear cells of patients with allergic
rhinitis (AR) was significantly higher than that in the
healthy control group (HC group) (P<0.05), and the
expression level increased stepwise with the severity
of the disease. The intergroup comparison showed
that the MAR group was extremely significantly differ-
ent from the HC group (P<0.001), the expression
level in the SAR group increased more than that in

Table IV Serum IL-4 and IL-5 Levels between the AR group and the HC group.

Table V Serum IL-4 and IL-5 levels between the MAR group and the SAR group.

Table VI Comparison of relative expression levels of GATA-3 mRNA.

AR Group HC Group Z value P value

IL-4 (pg/mL) 0.087 (0.042, 0.175) 0.036 (0.025, 0.054) -4.965 <0.001

IL-5 (pg/mL) 0.036 (0.022, 0.056) 0.022 (0.008, 0.031 -4.012 <0.001

MAR Group SAR Group Z value P value

IL-4 (pg/mL) 0.067 (0.037, 0.133) 0.118 (0.044, 0.297) -3.056 0.002

IL-5 (pg/mL) 0.029 (0.018, 0.048) 0.040 (0.024, 0.065) -2.895 0.004

AR Group HC Group MAR Group SAR Group

CtGATA 3.555 (1.453, 5.118) 1.245 (-0.588, 2.943) 3.76 (1.55, 6.14) 3.44 (0.425, 4.62 5)

2^(-DDCIGATA) 0.494 (0.121, 0.949) 1 0.311 (0.092, 1.32) 0.741 (0.250, 0.917)

Z value -7.025 -2.008

P value <0.001 0.045



the HC group (P<0.001), and the SAR group was
significantly higher than the MAR group (P<0.01).
Binary Logistic regression analysis confirmed that the
continuous increase in GATA-3 mRNA expression was
an independent risk factor for severe AR (OR=5.12,
95%CI: 2.54–10.31, P<0.001).

Relationships between Th2 cells and related
cytokines and VAS scores

Comparison of VAS scores between the MAR
group and the SAR group

The VAS score is one of the indicators for eval-
uating the severity of AR in patients. Compared with
that of the SAR group, the VAS score of the SAR
group was significantly greater than that of the MAR
group (P<0.001) (Table VII).

After stratification based on VAS scores, the VAS
in the SAR group was significantly higher than that in
the MAR group, with statistically significant differ-
ences in both the mean and median (P<0.05).

Moreover, the score distribution in the SAR group was
more concentrated in the high-score range, suggest-
ing a significant increase in the burden of subjective
symptoms. Further correlation analysis indicated that
VAS was positively correlated with the ratios of Th2
and Th17, the ratio of Th17/Treg, and the levels of
serum IL-4, IL-5, IL-17, and IL-10, as well as the rel-
ative expression levels of GATA-3 mRNA and RORyt
mRNA. The correlation trend was consistent with the
severity of the disease. Multivariate analysis indicated
that immunological abnormalities concurrent with
higher VAS were independent risk factors for SAR
occurrence.

Correlations between Th2 cells and related
factors and VAS scores

Spearman correlation analysis revealed that the
proportions of IL-4, IL-5, and Th2 cells, as well as the
relative expression level of GATA-3 mRNA in the AR
group, were positively correlated with the VAS score
(P<0.05) (Table VIII).
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Table VII Comparison of VAS Scores between the MAR group and the SAR group.

Table VIII Correlation between Th2 cells and related factors and VAS score.

Table IX Correlation analysis of the relative expression levels of GATA-3 mRNA, IL-4 and IL-5 in Th2 cells.

Table X Logistic regression analysis of the risk factors for SAR occurrence.

Group Cases VAS score Z value P value

MAR Group 91 3 (2,4)
-10.326 <0.001

SAR Group 109 7 (5,8)

Project IL-4 (pg/mL) Th 2 (%) GATA-3mRNA IL-5 (pg/mL)

r value P value r value P value r value P value r value P value

VAS score 0.143 0.042 0.205 0.004 0.141 0.046 0.167 0.018

Project
IL-4 (pg/mL) IL-5 (pg/mL) GATA-3mRNA

r value P value r value P value r value P value

Th2(%) 0.224 0.001 0.124 0.045 0.239 0.001

Factor b SE value Wald (x2) P value OR value (95%CI)

IL-4 3.153 1.234 6.534 0.011 23.406 (2.086~262.604)

IL-5 20.99 7.685 7.459 0.006 13.1 (4.45~37.507)

Th2 2.352 0.82 8.227 0.004 10.503 (2.106~52.383)

2^(-DDGATA) 0.139 0.059 5.602 0.018 0.87 (0.775~0.976)



Correlations between the relative expression lev-
els of GATA-3 mRNA in Th2 cells and the serum
levels of IL-4 and IL-5

The percentage of Th2 cells in the AR group’s
peripheral blood was favorably connected with the
relative expression levels of serum IL-4, IL-5, and
GATA-3 mRNAs, according to Spearman correlation
analysis (P<0.05) (Table IX).

The VAS score was significantly positively corre-
lated with the proportion of Th2 cells in peripheral
blood (P<0.05). With the increase in the proportion
of Th2, the VAS showed a stepwise increase.
Meanwhile, the levels of serum IL-4 and IL-5, as well
as the relative expression level of GATA-3 mRNA in
peripheral blood mononuclear cells, were positively
correlated with the VAS score. The direction of
change was consistent with the proportion of Th2.
Stratified comparisons indicated that the above corre-
lations existed in both MAR and SAR subgroups, and
the correlation intensity was higher in SAR.
Regression analysis revealed that the increase in the
proportion of Th2 cells, the elevation of IL-4 and IL-
5, and the upregulation of GATA-3 mRNA jointly
pointed to a higher symptom score, which had signif-
icant indicative value for symptom burden.

Logistic regression was used to analyse the risk
factors for SAR

With SAR as the dependent variable, the levels
of IL-4 and IL-5 in the patient’s serum, the proportion
of Th2 cells in the peripheral blood, and the relative
expression level of GATA-3 mRNA were used as inde-
pendent variables. Binary logistic regression revealed
that increased levels of serum IL-4 and IL-5, both a
higher relative expression of GATA-3 mRNA and a
higher percentage of Th2 cells in the peripheral
blood, were statistically significant risk factors for SAR
(P<0.05) (Table X).

Discussion

The characteristic pattern of allergic airway
inflammation is mediated by the type II immune
response, which is mainly regulated by Th2 cells.
When allergens enter the body, they trigger an
immunological response that eventually activates
conventional dendritic cells to produce CD4+ T cells
specific to the allergen. These allergen-specific
CD4+ T cells transform into Th2-like cells. Under the
stimulation of allergens, Th2 cells secrete IL-4, IL-5,
interleukin-13, etc. (24–26). These proinflammatory
mediators cause the production of IgE, damage the
mucosal barrier, and lead to tissue remodelling, ulti-
mately resulting in allergic reactions (27).

Serum IL-4, IL-5, and IL-10 levels, together with
the proportion of Th2 cells, were significantly greater

in the AR group than in the control group (P<0.05),
according to studies (28–30) on the blood of children
with AR. This study found the serum IL-4 and IL-5 lev-
els and the proportion of Th2 cells in the AR and HC
groups. According to the data, the AR group had
higher serum levels of IL-4 and IL-5 and a larger pro-
portion of Th2 cells than the HC group. These results
suggest that Th2 cells, which are crucial proinflam-
matory cells, are involved in the pathophysiology of
AR. Based on the VAS score, the AR group in this
study was further separated into the MAR group and
the SAR group (31). One metric for assessing the
degree of illness in AR patients is the VAS score. The
more intense the patient’s symptoms, the higher the
VAS score. The proportion of Th2 cells and the con-
centrations of serum IL-4 and IL-5 in the MAR group
and the SAR group were compared. The results
revealed that the proportion of Th2 cells and the lev-
els of serum IL-4 and IL-5 in the SAR group were sig-
nificantly greater than those in the MAR group
(P<0.05). Subsequent correlation analysis showed
that the VAS score was positively connected with the
percentage of Th2 cells as well as the levels of blood
IL-4 and IL-5 (32). The higher the proportion of Th2
cells, the higher the concentrations of serum IL-4 and
IL-5, and the more severe the disease progression
(33). These findings indicate that Th2 cells and their
cytokines start to function in the early stage of AR and
run through the entire occurrence and development
process of the disease (34). These factors are closely
related to the severity of AR and the progression of
the disease. Reducing the proportion of Th2 cells may
alleviate the inflammatory response in AR (35).

Conclusion

The relative expression level of GATA-3 mRNA
and the proportion of Th2 cells were higher in the AR
group, which also had elevated serum IL-4 and IL-5
levels compared to the HC group. Similarly, the SAR
group exhibited higher serum IL-4 and IL-5 levels
than the MAR group. Serum IL-4 and IL-5 concentra-
tions were strongly correlated with the relative expres-
sion levels of Th2 cells and GATA-3 mRNA. An
increased proportion of Th2 cells, a higher relative
expression of GATA-3 mRNA, and a continuous rise
in serum IL-4 and IL-5 concentrations are risk factors
for the development of SAR.

Fund

Special Research Project of Nantong Municipal
Health Commission (MS2023044) and Special
Project in Clinical Medicine of Nantong University（
2022JZ007）

Conflict of interest statement

All the authors declare that they have no conflict
of interest in this work.

J Med Biochem 2025; 44 9



References

1. Zhang X, Wang P, Dang Q, Huang X, Xiao Y, Guan B,
et al. Inflammatory cytokines and risk of allergic rhinitis:
A Mendelian randomisation study. Cytokine 2024; 177:
156547.

2. Li L, Zhang Y, Liu H, Wang T, Li J, Wang X, et al.
Exploring causal relationships between inflammatory
cytokines and allergic rhinitis, chronic rhinosinusitis, and
nasal polyps: a Mendelian randomisation study. Front
Immunol 2023; 14: 1288517.

3. Han H, Chen G, Zhang B, Zhang X, He J, Du W, et al.
Probiotic Lactobacillus plantarum GUANKE effectively
alleviates allergic rhinitis symptoms by modulating func-
tions of various cytokines and chemokines. Front Nutr
2024; 10: 1291100.

4. Jiang L, Wang C, Zhao R, Cao J, Liu Y, Tian L, et al.
Silencing SOX11 Alleviates Allergic Rhinitis by Inhibiting
Epithelial-Derived Cytokines. Balkan Med J 2023; 40(1):
57–65.

5. Wang X, Shen Y, Hong S, Kang H, Ke X. Changes in
type 2 innate lymphoid cells and serum cytokines in sub-
lingual immunotherapy in pediatric patients with allergic
rhinitis. BMC Pediatr 2023; 23: 13.

6. Zhu Y, Yu J, Zhu X, Yuan J, Dai M, Bao Y, et al.
Experimental observation of the effect of immunotherapy
on CD4+ T cells and Th1/Th2 cytokines in mice with
allergic rhinitis. Sci Rep 2023; 13: 5273.

7. Gu J, Qin G, Jiang L, Xu W, Wang Y, Liao J, et al.
Correlations between IL-36 family cytokines in peripheral
blood and subjective and objective assessment results in
patients with allergic rhinitis. Allergy Asthma Clin
Immunol 2023; 19: 79.

8. Piao CH, Fan Y, Nguyen TV, Song CH, Kim HT, Chai OH.
PM2.5 exposure regulates Th1/Th2/Th17 cytokine pro-
duction through NF-kB signaling in combined allergic
rhinitis and asthma syndrome. Int Immunopharmacol
2023; 119: 110254.

9. Yu L, Bi J, Xu B, Yu B, Fu Y. Clinical significance of T
helper-1/T helper-2 cytokines in peripheral blood of chil-
dren with otitis media with effusion and allergic rhinitis.
Int J Pediatr Otorhinolaryngol 2024; 182: 111996.

10. Sun X, Xu Y, Zhou J. Angiotensin converting enzyme 2
activation improves allergic rhinitis and suppresses Th2
cytokine release. Immun Inflamm Dis 2023; 11: e763.

11. Chen J, Wang S, Cheng Y, Wang F, Liu X. Expression and
clinical significance of interleukin-10, transforming
growth factor-b1, and CD4+CD25 cytokines in pediatric
allergic rhinitis with allergic asthma. Postepy Dermatol
Alergol 2024; 41(3): 276–83.

12. Wu L, Zhong Y, Wu D, Xu P, Ruan X, Yan J, et al.
Immunomodulatory Factor TIM3 of Cytolytic Active
Genes Affected the Survival and Prognosis of Lung
Adenocarcinoma Patients by Multi-Omics Analysis.
Biomedicines 2022; 10: 2248.

13. Ma Y, Yang XH, Tu Y, Athari SS. Survey the effect of drug
treatment on modulation of cytokines gene expression in
allergic rhinitis. Fundam Clin Pharmacol 2023; 37(2):
340–346.

14. Krsmanovi} L, Arsovi} N, Bokonji} D, Ne{i} V, Dudvarski
Z, Pavlovi} D, et al. The Impact of Cytokines on Health-
Related Quality of Life in Adolescents with Allergic
Rhinitis. Biomedicines 2024; 12: 428.

15. Xu T, Yang Y. Clinical value of serum IL-27 in allergic
rhinitis patients and its relationship with Treg associated
cytokine levels. Hum Immunol 2023; 84(2): 130–5.

16. Wu L, Liu Q, Ruan X, Luan X, Zhong Y, Liu J, et al.
Multiple Omics Analysis of the Role of RBM10 Gene
Instability in Immune Regulation and Drug Sensitivity in
Patients with Lung Adenocarcinoma (LUAD). Bio -
medicines 2023; 11: 1861.

17. Zhu Y, Yu J, Zhu X, Yuan J, Dai M, Bao Y, et al. Author
Correction: Experimental observation of the effect of
immunotherapy on CD4+ T cells and Th1/Th2 cyto -
kines in mice with allergic rhinitis. Sci Rep 2023; 13:
8282.

18. Ke X, Chen Z, Wang X, Kang H, Hong S. Quercetin
improves the imbalance of Th1/Th2 cells and Treg/Th17
cells to attenuate allergic rhinitis. Autoimmunity 2023;
56: 2189133.

19. Bai J, Tan BK. B Lineage Cells and IgE in Allergic Rhinitis
and CRSwNP and the Role of Omalizumab Treatment.
Am J Rhinol Allergy 2023; 37(2): 182–92.

20. Wu L, Zheng Y, Ruan X, Wu D, Xu P, Liu, J et al. Long-
chain noncoding ribonucleic acids affect the survival and
prognosis of patients with esophageal adenocarcinoma
through the autophagy pathway: construction of a prog-
nostic model. Anticancer Drugs 2022; 33: e590–e603.

21. Hu X, Liu S, Jing Z, He Y, Qin G, Jiang L, et al.
Immunomodulation in allergic rhinitis: Insights from Th2
cells and NLRP3/IL-18 pathway. Cell Biochem Funct
2024; 42: e3997.

22. Liu J, Wang M, Tian X, Wu S, Peng H, Zhu Y, et al. New
insights into allergic rhinitis treatment: MSC nanovesicles
targeting dendritic cells. J Nanobiotechnology 2024; 22:
575.

23. Liu Y, Liu S, Meng L, Fang L, Yu J, Yue J, et al. The func-
tion and mechanism of Human nasal mucosa-derived
mesenchymal stem cells in allergic rhinitis in mice.
Inflamm Res 2024; 73: 1819–32.

24. Wu L, Zhong Y, Yu X, Wu D, Xu P, Lv L, et al. Selective
poly adenylation predicts the efficacy of immunotherapy
in patients with lung adenocarcinoma by multiple omics
research. Anticancer Drugs 2022; 33: 943–59.

25. Wang M, Zhao N, Wang C, Jin ZB, Zhang L. Immuno -
modulatory properties of mesenchymal stem cells: A
potential therapeutic strategy for allergic rhinitis. Allergy
2023; 78: 1425–40.

26. Hızlı Demirkale Z, Alpkıray MF, Engin A, Sönmez AD,
Yücel E, Tamay Z, et al. Comparison of Immune
Checkpoint Molecule Expression in Different Years of
House Dust Mite Subcutaneous Immunotherapy on
CD4+T and Treg Cells in Children with Allergic Rhinitis.
Balkan Med J 2024; 41(5): 387–95.

27. Wang Z, Shahzad KA, Li X, Cai B, Xu M, Li J, et al.
Immunomodulatory effect of mesenchymal stem cells-

10 Yao et al.: Cytokine levels in allergic rhinitis



derived extracellular vesicles to modulate the regulatory
T cells and Th1/Th2 imbalance in peripheral blood
mononuclear cells of patients with allergic rhinitis. Scand
J Immunol 2024; 100: e13416.

28. Wu L, Li H, Liu Y, Fan Z, Xu J, Li N, et al. Research
progress of 3D-bioprinted functional pancreas and in
vitro tumor models. Int J Bioprinting 2024; 10: 1256.

29. Ye YM, Zhao YX, Xiang LR, Zou CY, Xiao H, Lu H, et al.
The Immunomodulatory mechanism and research
progress of mesenchymal stem cells in the treatment of
allergic rhinitis. Stem Cell Res Ther 2025; 16: 188.

30. Shahzad KA, Wang Z, Li X, Li J, Xu M, Tan F.
Immunomodulatory effect of PLGA-encapsulated mes-
enchymal stem cells-derived exosomes for the treatment
of allergic rhinitis. Front Immunol 2024; 15: 1429442.

31. Wen X, Zhao C, Zhao Y, Yang J, Cheng J, Wang Z.
Multifunctional MXene-modified GelMA hydrogel loaded
with hypoxia-induced mesenchymal stem cells derived
extracellular vesicles alleviates allergic rhinitis in mice. Int
J Biol Macromol 2024; 281: 136485.

32. Chung J, Choi MR, Park SK, Kang JY, Chung EH, Park JT,
et al. Inotodiol suppresses allergic inflammation in aller-
gic rhinitis mice. Int Forum Allergy Rhinol 2023; 13:
1603–14.

33. Xu M, Ren M, Zhang X, Peng W, Li H, Liao W, et al.
Mesenchymal stem cell-derived small extracellular vesi-
cles restored nasal barrier function in allergic rhinitis via
miR-143-GSK3B in human nasal epithelial cells. J
Allergy Clin Immunol 2025; 155: 1236–1249.e5.

34. Yao J, Kong Q, Wang Y, Zhang Y, Wang Q. Mechanism
of Kruppel-Like Factor 4 in Pyroptosis of Nasal Mucosal
Epithelial Cells in Mice With Allergic Rhinitis. Am J Rhinol
Allergy 2023; 37(3): 337–47.

35. Wu J, Huang QM, Liu Y, Zhou J, Tang WR, Wang XY, et
al. Long-term hypoxic hUCMSCs-derived extracellular
vesicles alleviates allergic rhinitis through triggering
immunotolerance of their VEGF-mediated inhibition of
dendritic cells maturation. Int Immunopharmacol 2023;
124: 110875.

J Med Biochem 2025; 44 11

     Received: October 14, 2025
     Accepted: November 18, 2025



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU <>
    /SRL ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [14400.000 14400.000]
>> setpagedevice


