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Abstract

Background: Allergic rhinitis (AR) is regarded as a prevalent and non-infectious inflammation in nasal mucosa, and astragalus
polysaccharide (APS) could mitigate inflammation.

Objectives: Herein, this study probed the specific mechanism of APS in inflammatory responses in AR.

Methods: Firstly, AR guinea pig models were established through the stimulation and sensitization of ovalbumin (OVA)
and received APS treatment. Changes in nasal symptoms were assessed through counting the sneezing and rubbing times
of guinea pigs. The change patterns of OVA-specific immunoglobulin-E (OVA-slgE), OVA-specific immunoglobulin-G|
(OVA-slgG1), tumor necrosis factor (TNF)-o, and interleukin (IL)-6 in guinea pig serum were identified. Meanwhile,
the levels of IL-17, transforming growth factor (TGF)-B, IL-10, and forkhead box protein P3 (Foxp3) in the guinea pig
tissues or serum were examined, and CD25"Foxp3*Treg or CD4*ILI7*ThI7 cell proportion was detected.
Afterwards, nuclear factor-kappa B (NF-kB) expression in guinea pig nasal mucosa tissues were examined. Rescue exper-
iments were designed to probe the role of NF-kB overexpression in inflammatory responses and Treg/Th|7 imbalance in
AR guinea pigs.

Results: APS treatment reduced sneezing and rubbing times of AR guinea pigs and suppressed OVA-sIg, OVA-slgGl,
TNF-o, and IL-6 levels in guinea pig serum, and meanwhile, increased CD25*Foxp3*Treg cell proportion while reduced
CD4*ILI7*Th17 cell proportion in AR guinea pig serum or tissues, in a dose-dependent manner. NF-kB was highly-
expressed in AR guinea pigs and down-regulated after APS treatment. NF-kB overexpression facilitated inflammatory
responses and Treg/Th|7 imbalance in AR.

Conclusion: APS reduced Treg/Th|7 imbalance via suppressing NF-kB expression, thereby ameliorating inflammatory
responses in AR.
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inflammatory mediators released from eosinophils, mast cells,
lymphocytes, and epithelial cells are primary contributors to
the induction of AR inflammatory responses.® On a separate
note, Treg/Th17 cell dynamic balance which is strictly regu-
lated under normal conditions is crucial to immune homeosta-
sis, and Treg/Thl7 imbalance would trigger a series of
abnormal immune responses, thereby inducing inflammation
and autoimmune disorders.*> Moreover, Treg/Th17 imbal-
ance is proposed as a one pathogenesis of AR and is closely
implicated in AR progression.® Hence, it is prudent and imper-
ative to conduct an in-depth investigation on inflammatory
responses and Treg/Th17 imbalance in AR.

Polysaccharide, a carbohydrate chain bound by
glycosidic bonds, is classified as a type of macromolecular
polymer consisting of over 10 monosaccharides.’
Polysaccharide from plants confers various roles in anti-
oxidation, anti-inflammation and anti-aging.®® Astragalus
polysaccharide (APS), as the primary bioactive ingredient
of Astragalus membranaceus, possesses multiple physiolog-
ical and pharmacological functions, and anti-inflammatory/
oxidant effects on various diseases and cancers.'° Notably,
APS could mitigate inflammation-related symptoms in
nasal mucosa area of AR rats.'! Nonetheless, the role of
APS in AR-induced Treg/Th17 imbalance remains elusive.

In addition, previous study has elucidated that APS exerts
its functions via modulating transcription factors (TFs) in dis-
eases, such as osteoarthritis, ulcerative colitis, and
Alzheimer’s disease.'>'* Nuclear factor-kappa B (NF-kB)
is regarded as one of critical and pleiotropic TFs that could
modulate genes and affect various biological processes,
including immune responses, cellular growth and matura-
tion."> Besides, NF-kB is previously proven to accelerate
transcription of gene encoding pro-inflammatory cytokine
and is correlated with the pathogenesis and progression of
inflammation-related disorders, such as inflammatory bowel
disease and AR.'®'7 Furthermore, NF-xB activated by
pro-inflammatory cytokines modulates miR-34a, thus dis-
turbing Treg/Th17 balance in autoimmune diseases.'®
Therefore, NF-kB was introduced as a focus in our study.

Given the abovementioned evidence, we raised a hypoth-
esis that APS may alleviate inflammatory responses in AR
through improving NF-kB-mediated Treg/Th17 imbalance,
and accordingly set out to explore the functions of APS on
AR as a promising direction for AR treatment.

Materials and Methods

Experimental Animals

All animal experiments were conducted with the approval of
the protocols ratified by the Animal Ethics Council of The
Affiliated Traditional Chinese Medicine Hospital of
Southwest Medical University, and in conformity with the
Guidelines for the Care and Use of Laboratory Animals."
Guinea pigs (aged 6-7 weeks and weighing 240 g +30 g;

Guangdong Institute for Drug Control, Guangzhou, China;
SYXK (Guangdong) 2020-0241) were fed with a standard
diet and raised under 12-h light/dark cycles. The guinea
pigs received experimental treatments after 1 week of adap-
tive feeding.

Animal Models and Processing

Based on the previously reported method,? the AR guinea
pig models were established using OVA to stimulate and
sensitize guinea pigs. In brief, guinea pigs of the OVA
group were sensitized through an intraperitoneal injection
of OVA (25 pg/guinea pig) 3 times a week for 2 consecutive
weeks. After 2 weeks, OVA solution (100 pg/guinea pig)
was dropped into the bilateral nasal cavities of guinea
pigs through micropipettes once a day for 1 consecutive
week. The guinea pigs were orally administered'' APS
with different concentrations (25, 50, and 100 mg/kg/
day)?'"*? or intranasally infused with lentivirus-packaged
oe-NF-kB daily 30 min prior to the intranasal OVA treat-
ment from the 22nd to 31st day. In order to ensure better
transfection efficiency, the guinea pigs were intranasally
infused with 4 pL lysophosphatidylcholine (1% w/v, phos-
phate buffered saline (PBS); Sigma-Aldrich, St. Louis, MO,
USA)23 before the infusion of lentiviral vectors, and after-
wards, guinea pigs in the lentivirus-treated group were
intranasally infused with 20 pL lentivirus-packaged
0e-NF-kB (1 x 10® TU/mL), guinea pigs in the negative
control group were intranasally infused with the same
dose of lentivirus-packaged oe-NC. Guinea pigs of sham
group received normal saline (NS) treatment.
Lentivirus-packaged oe-NF-kb and its negative control
0e-NC were supplied by GenePharma (Shanghai, China).

Assessment of Rhinitis Symptoms

After the final oral administration, all guinea pigs were put
into separate cages and then observed for 30 min, and the
sneezing and rubbing times of guinea pigs within 30 min
were recorded.

Enzyme-Linked Immunosorbent Assay (ELISA)

The guinea pigs were intraperitoneally injected with 40 mg/
kg pentobarbital sodium for anesthesia 24 h after the
symptom assessment. Guinea pig blood was harvested
through intraorbital venipuncture and were centrifuged at
1000 g at for 10 min to separate serum. Afterwards, the
levels of OVA-specific immunoglobulin-E (OVA-sIgE),
OVA-specific immunoglobulin-G1 (OVA-sIlgG1l), tumor
necrosis factor (TNF)-a, interleukin (IL)-1f, IL-6, IL-17,
transforming growth factor (TGF)-p, IL-10, and forkhead
box protein P3 (Foxp3) in the serum were examined by
ELISA based on the manufacturer’s instructions
(ThermoFisher Scientific, Waltham, MA, USA).
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Table I. qPCR Primers.

Forward Primer (5'-3')

Reverse Primer (5'-3')

IL-17 ATCAGGACGCGCAAACATG TGATCGCTGCTGCCTTCAC

TGF-B AGGGCTACCATGCCAACTTC CCACGTAGTAGACGATGGGC
IL-10 TAAT AAGCTCCAAGACCAAG TAGAATGGGAACTGAGGTATC
Foxp3 GCGCCCTCTTGGACAGC TTCTTTCCTGGGCACACTGG
GAPDH ACCACAGTCCATGCCATCAC TCCACCACCCTGTTGCTGTA

Quantitative Real-Time Polymerase Chain Reaction
(RT-Qper)

The levels of IL-17, TGF-p, IL-10, and Foxp3 in guinea
pig nasal mucosa tissues were examined via RT-qPCR.
Briefly, the guinea pigs were anesthetized through an intra-
peritoneal injection of 40 mg/kg pentobarbital sodium 24 h
after the symptom assessment, after which guinea pig nasal
mucosa tissues were taken out. The total RNA content in
guinea pig nasal mucosa tissues was separated using the
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and syn-
thesized into the complementary DNA using the cDNA
synthesis kits (Invitrogen) based on the manufacturer’s
instructions. RT-qPCR was conducted on StepOne
Real-time PCR system (Applied Biosystems, Foster City,
CA, USA). The primers of PCR are shown in Table 1.
The relative gene expression was analyzed using the
27AACt method, with GAPDH as the endogenous
reference.

Western Blot Analysis

The total protein content in guinea pig nasal mucosa
tissues was separated using protein extraction Kits
(Beyotime, Shanghai, China) and quantified using bicin-
choninic protein analysis kits (BCA; Pierce, Rockford,
IL, USA). Afterwards, the protein samples were subjected
to sodium dodecyl sulfate-polyacrylamide gel electropho-
resis and transferred to a polyvinylidene fluoride mem-
brane, after which the membrane was blockaded with
Tris-buffered saline with Tween-20 buffer (TBST) supple-
mented with 20 mM Tris—HCI, 5% skim milk, 150 mM
NaCl, and 0.05% Tween 20 (pH 7.5) at room temperature
for 2 h, incubated overnight at 4°C with rabbit anti-NF-xB
(bs-23217R, 1:500, Bioss Biotech, Beijing, China) and
rabbit anti-f-actin (bs-0061R, 1:500, Bioss Biotech), and
then incubated with goat anti-rabbit IgG (ab6721,
1:2000, Abcam, Cambridge, UK) at room temperature
for 2 h. The protein bands were developed with the help
of enhanced chemiluminescence (ECL) Western blotting
reagent (Millipore, Billerica, MA, USA) and quantified
using the ImagelJ software (National Institutes of Health,
Bethesda, MD, USA), with f-actin as the internal
reference.

Flow Cytometry

The collected guinea pig blood was added with heparin for
anticoagulation, and peripheral blood mononuclear cells
(PBMCs) were isolated from the heparinized blood samples,
after which isolated cells were rinsed with PBS for 3 times.
Subsequently, the surface of PBMCs was stained with
CD4-PE and CD25-PE, followed by cell staining using
anti-Foxp3  or anti-IL-17  staining  kits.  Finally,
CD4*IL-17*Th17 cells and CD25"Foxp3*Treg cells were
examined using a flow cytometer.

Statistical Analysis

Data analysis and graphing were performed using the
SPSS21.0 software (IBM SPSS Statistics, Chicago, IL,
USA) and GraphPad Prism 8.0 software (GraphPad
Software Inc., San Diego, CA, USA). Measurement data
were indicated as mean + standard deviation and in compli-
ance with the normal distribution and the homogeneity of
variance. The #-test was employed to assess data between
two groups; one-way ANOVA was adopted for comparisons
among multiple groups; Tukey’s multiple comparisons test
was employed for the post-hoc test; the p value was obtained
from the two-sided test, and a value of p < 0.05 was regarded
statistically significant and p < 0.01 was regarded highly stat-
istically significant.

Results

AR Guinea Pigs Presents with Treg/Th|7 Imbalance
and Inflammatory Responses

Initially, OVA was used to stimulate and sensitize guinea
pigs to establish the AR guinea pig models. Afterwards,
the sneezing and rubbing times of guinea pigs were
counted, which showed that the sneezing and rubbing times
of AR guinea pig were increased (p <0.05, Figure 1(A)
and (B)). Meanwhile, OVA-sIgE and OVA-slgGl1 levels in
AR guinea pig serum were increased (p < 0.05, Figure 1(C)
and (D)), and TNF-a and IL-6 levels in the serum were ele-
vated (p < 0.05, Figure 1(E) and (F)). Preceding studies pro-
posed that AR induced Treg/Th17 imbalance.®** As a result,
levels of the Treg cell cytokines IL-10 and Foxp3 as well as
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Figure |. Ar guinea pigs presents with Treg/Th |7 imbalance and inflammatory responses. The AR guinea pig models were established using
OVA to stimulate and sensitize guinea pigs. (A—B) The sneezing and rubbing times of guinea pigs were counted; (C—F) ELISA was conducted
to examine the concentrations of OVA-sIgk, OVA-slgG |, TNF-o, and IL-6 in guinea pig serum; (G—J) RT-qPCR was performed to identify the
mRNA levels of IL-10, Foxp3, IL-17, and TGF-f in guinea pig tissues; (K—N) ELISA was used to examine the concentrations of IL-10, Foxp3,
IL-17, and TGF-B in guinea pig serum; (O-P) Flow cytometry was conducted to detect CD25"Foxp3*Treg or CD4"ILI7*ThI7 cell

percentage in the guinea pig serum; N = 6, data in panels A-F and K-P were expressed as mean =+ standard deviation; data in panels A—P were

analyzed using the

t-test; **p < 0.01.

the Th17 cell cytokines IL-17 and TGF-P in guinea pig
tissues or serum were examined. The testing results revealed
that IL-10 and Foxp3 levels were declined whereas IL-17 and
TGF-f levels were increased (p < 0.05, Figure 1(G) to (N)).

The testing results

of flow cytometry

showed that

CD25*Foxp3*Treg cell percentage in AR guinea pig
serum was decreased while CD4TL17"Th17 cell percentage
was increased (p < 0.05, Figure 1(O) and (P)). Together, the
above findings indicated that AR guinea pigs developed
Treg/Th17 imbalance and inflammatory responses.
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Figure 2. APS ameliorates inflammatory responses in AR guinea pigs. AR guinea pigs were treated with different concentrations of APS
(Low (L): 25 mg/kg/day; Medium (M): 50 mg/kg/day; High (H): 100 mg/kg/day). A-B: The sneezing and rubbing times of guinea pigs were

counted; C—F: ELISA was performed to identify the concentrations of OVA-sIgkE, OVA-slgG |, TNF-q, and IL-6 in guinea pig serum; N=6,
data in panels A-F were expressed as mean + standard deviation; data in panels A—F were analyzed using one-way ANOVA, followed by

Tukey’s post-hoc test; *p < 0.05 and **p < 0.01.

APS Ameliorates Inflammatory Responses in AR
Guinea Pigs

Existing study mentioned that APS could alleviate AR symp-
toms,"" but its specific mechanism remains to be studied. To
further explore the role of APS in AR, AR guinea pigs were
treated with different concentrations of APS. The testing
results revealed that APS reduced the sneezing and rubbing
times of guinea pigs in a dose-dependent manner (p < 0.05,
Figure 2(A) and (B)). In addition, APS dose-dependently
suppressed OVA-sIgE and OVA-slgGllevels (p <0.05,
Figure 2(C) and (D)), and TNF-a and IL-6 levels in AR
guinea pig serum (p<0.05, Figure 2(E) and (F)).
Collectively, the above results suggested that APS could mit-
igate inflammatory responses in AR guinea pigs.

APS Reduces Treg/Th17 Imbalance in AR Guinea Pigs

Subsequently, we determined to probe the effects of APS on
Treg/Th17 cell imbalance in AR guinea pigs. Firstly, the

detection results showed that, after APS treatment, IL-10
and Foxp3 levels in the guinea pig tissues and serum were
up-regulated while IL-17 and TGF-p levels were down-
regulated, and the above changes were dose-dependent
(p <0.05, Figure 3(A) to (H)). Flow cytometry showed that
APS treatment increased CD25*Foxp3*Treg cell percentage
while decreased CD4"IL17*Th17 cell percentage in a dose-
dependent manner (p < 0.05, Figure 3(I) and (J)). Altogether,
the above results indicated that APS could reduce Treg/Th17
imbalance in AR guinea pigs. And APS concentration (H)
with better effect on alleviating AR was adopted for subse-
quent experiments.

NF-xb Overexpression Reverses the Alleviative Effect
of APS on Inflammatory Responses in AR Guinea Pigs
Previous studies documented that NF-kB was prominently
expressed in AR,"” and NF-xB could mediate Treg/Th17

imbalance in various autoimmune diseases.'® Accordingly,
NF-xB expression in guinea pig nasal mucosa tissues were
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Figure 3. APS Reduces Treg/Th17 imbalance in AR guinea pigs. A-D: RT-qPCR was performed to examine the mRNA levels of IL-10,

Foxp3, IL-17, and TGF-B in the guinea pig tissues; E-H: ELISA was conducted to examine the concentrations of IL-10, Foxp3, IL-17, and
TGF-B in guinea pig serum; I-J: Flow cytometry was used to detect CD25%Foxp3*Treg or CD4"ILI7*Th17 cell percentage in guinea pig
serum; N =6, data in panels E-] were expressed as mean =+ standard deviation; data in panels A-] were analyzed using one-way ANOVA,
followed by Tukey’s post-hoc test; *p < 0.05 and **p < 0.01.
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Figure 4. NF-kB overexpression reverses the alleviative effects of APS on inflammatory responses in AR guinea pigs. The guinea pigs were
intranasally infused with lentivirus-packaged oe-NF-kB, with the infusion of oe-NC as the negative control. A—B: qRT-PCR and Western blot
were used to examine NF-kB expression in guinea pig nasal mucosa tissues; C—D: The sneezing and rubbing times of guinea pigs were

counted; E-H: ELISA was conducted to examine the concentrations of OVA-sIgE, OVA-slgG |, TNF-o, and IL-6 in guinea pig serum; N =6,
data in panels B-H were expressed as mean =+ standard deviation; data in panels A—H were analyzed using one-way ANOVA, followed by

Tukey’s post-hoc test; *p < 0.05 and **p < 0.01.

examined, which showed that NF-kB was up-regulated in
guinea pig AR models and down-regulated after APS treat-
ment (p <0.05, Figure 4(A) and (B)). Subsequently,
lentivirus-packaged oe-NF-kB was intranasally infused into
the guinea pigs to overexpress NF-kB (p<0.05,
Figure 4(A) and (B)), and then the guinea pigs were subjected
to a joint experiment with APS. Afterwards, NF-xB

overexpression increased the sneezing and rubbing times of
guinea pigs (p < 0.05, Figure 4(C) and (D)), and elevated
OVA-sIgE and OVA-sIgGl levels (p <0.05, Figure 4(E)
and (F)) and TNF-a and IL-6 levels (p < 0.05, Figure 4(G)
and (H)) in the serum. Overall, the above results showed
that NF-kB overexpression counteracted the alleviative
effect of APS on inflammatory responses in AR guinea pigs.
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NF-xb Overexpression Reverses the Alleviative Effect
of APS on Treg/Thl7 Imbalance

To further probe the effects NF-kB exerted on AR guinea pigs,
IL-10, Foxp3, IL-17 and TGF-f levels in guinea pig tissues
and serum were identified, which showed that NF-xB overex-
pression declined IL-10 and Foxp3 levels whereas increased
IL-17 and TGF-f levels (p <0.05, Figure 5(A) to (H)).
Additionally, the results of flow cytometry revealed that
NF-xB overexpression reduced CD25"Foxp3*Treg cell per-
centage but increased CD4'IL17"Thl7 cell percentage
(p <0.05, Figure 5(I) and (J)). To conclude, the above findings
indicated that NF-xB overexpression can reverse the improve-
ment of APS on Treg/Th17 imbalance in AR guinea pigs.

Discussion

AR is considered as a prevailing chronic inflammation disor-
der worldwide, and the overall incidence of AR is increasing
annually and varies by regions and by the gender and age of
the population.”> In addition, Treg/Th17 imbalance is
closely associated with inflammation-related ~diseases.”®
Mounting studies proved that polysaccharide derived from
plants not only possess anti-inflammatory activity, but also
affects Treg/Th17 imbalance.””>° Herein, our study high-
lighted that APS ameliorated AR inflammatory responses via
reducing NF-xB-mediated Treg/Th17 imbalance.

Th17 cells are known to produce pro-inflammatory cyto-
kines while Treg cells possess the opposite function through
secreting anti-inflammatory cytokines, and during inflam-
mation, Th17 cells account for a large proportion in Treg/
Th17 balance.’® Of note, Treg cell reduction and Thl17
cell amplification exist in AR patients and this imbalance
is correlated with AR progression.® On a separate note, a
former review by Rahim et al highlighted that extracts
derived from certain medicinal plants possess an anti-AR
effect.>’ APS derived from Astragalus membranaceus has
various pharmacological properties and is regarded as a
plant component with promising potential to improve or
treat multiple diseases.>? Furthermore, APS is used for
treating airway inflammation dominated by neutrophil and
eosinophils, and could attenuate allergic symptoms of
AR.''* However, the alleviating effects exerted by APS
on AR remains to be clarified. OVA is widely adopted to
induce the AR model, and OVA-sIgE up-regulation is
observed in AR.>** Consequently, we determined to estab-
lish AR guinea pig models through OVA stimulation and
sensitization to probe the specific roles of APS in AR.
Afterwards, OVA induction elevated the levels of
OVA-sIgE, OVA-slgG1, TNF-a, and IL-6, and meanwhile,
declined CD25*Foxp3* Treg cell percentage while elevated
CD4*IL17*Th17 cell percentage in AR guinea pig serum,
which indicated that AR guinea pigs developed Treg/Th17
imbalance and inflammatory responses. Subsequently, APS
with different concentrations was adopted to treat AR guinea

pigs, after which the sneezing and rubbing times of AR
guinea pigs were reduced, and the levels of OVA-sIgE,
OVA-slgGl, and pro-inflammatory cytokines were declined
in a dose-dependent manner. Relevant studies demonstrated
that APS could effectively alleviate inflammatory responses
induced by lipopolysaccharide in inflammatory osteolysis>”
and intestinal inflammatory damages in goslings,>® further
supporting that APS imparted an ameliorating role to inflam-
matory responses in AR guinea pigs.

Previous studies documented that polysaccharide from
Epimedium could reducing Th17 cell proportion but increas-
ing Treg cell proportion in aplastic anemia,”® and polysac-
charide from Inonotus obliquus could ameliorate Treg/
Th17 imbalance through down-regulating Th17 cell propor-
tion while upregulating Treg cell proportion in colitis.*’
Therefore, we speculated that APS may modulate Treg/
Th17 balance in AR guinea pigs. Then, the subsequent
results revealed that APS treatment upregulated IL-10 and
Foxp3 levels whereas downregulated IL-17 and TGF-f
levels, and increased CD25*Foxp3*Treg cell proportion
and decreased CD4"IL17*Th17 cell proportion. The study
reported by Zhao et al elucidated that APS treatment
rescued the reduction of Treg cells and declined IL-17
level in Peyer’s patches, thus alleviating colitis in rats.*®
However, conflicting studies elucidated the opposite trends
that APS could reduce Treg proportion in polymicrobial
sepsis and hepatocellular carcinoma,**** which may be due
to difference types of diseases. In turn, our findings suggested
that APS could increase Treg cell proportion and improve
Treg/Th17 imbalance in AR guinea pigs, for the first time.

Increasing studies proved that polysaccharide could mod-
ulate pro-inflammatory cytokines via regulate NF-kB-related
pathways.”*! Furthermore, NF-kB was upregulated in AR,"”
and participated in Treg/Th17 imbalance through modulating
Foxp3 expression.'® Hence, we determined to explore the
effects of NF-xB on the alleviating role of APS in AR.
Later, our experiments validated NF-kB upregulation in
nasal mucosal tissues of AR guinea pigs, and revealed that
APS could down-regulate NF-kB expression. On top of
that, NF-kB was overexpressed and underwent a joint exper-
iment with APS in AR guinea pigs. NF-kB overexpression
increased the sneezing and rubbing times of AR guinea
pigs, the levels of OVA-sIgE, OVA-sIgGl, and pro- inflam-
matory cytokines. In addition, its overexpression declined
IL-10 and Foxp3 levels but increased IL-17 and TGF-f
levels, and reduced CD25"Foxp3*Treg cell proportion
while increased CD4'IL17*Th17 cell proportion.
Preceding studies illustrated that APS exerted a protective
role against colitis through suppressing NF-kB activation,'®
and mitigated virus myocarditis via repressing TLR-4/
NF-kB p65 pathway.*? Besides, polysaccharide from inono-
tus obliquus promoted Treg/Thl7 balance via blocking
TLR4/NF-kB pathway in mice infected with Toxoplasma
gondii.** Altogether, it is plausible to suggest that NF-kB
overexpression could neutralize the improvements of APS
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on inflammatory responses and Treg/Th17 imbalance in AR
guinea pigs.

Conclusion

In summary, our findings revealed that APS promoted Treg/
Th17 balance via suppressing NF-kB expression in vivo,
thus reducing inflammatory responses in AR guinea pigs,
which may provide a therapeutic approach for alleviating
AR as well as inflammation-related diseases in the clinic.
However, though APS could modulate multiple TFs, we
only chose NF-kB as a focus for experimentations.
Additionally, we failed to explore the upstream or downstream
genes of NF-kB that may be implicated in the regulation of
APS in AR guinea pigs. Going forward, we shall probe the
regulatory effects exerted by APS on other genes in AR
guinea pigs, and further explore the target genes of NF-xB
involved in the treatment of APS on AR guinea pigs.

Availability of Data and Materials

The datasets used and/or analysed during the current study are avail-
able from the corresponding author on reasonable request.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work
was supported by the To study the intervention effect of Astragalus
polysaccharide (APS) on allergic rhinitis in guinea pigs based on
NF-xB pathway, (grant number No.5 [2019] of Southwest
Medical University).

ORCID iD

Lunkun Zhong https:/orcid.org/0000-0002-2877-402X

References

1. Schuler Iv CF, Montejo JM. Allergic rhinitis in children and
adolescents. Pediatr Clin North Am. 2019;66(5):981-993.
doi:10.1016/j.pcl.2019.06.004

2. Robles-Figueroa M, Bedolla-Barajas M, Morales-Romero J, et
al. Allergic Rhinitis is associated with loss of energy and concen-
tration difficulty: A Cross-sectional Study. Am J Rhinol Allergy.
2020;34(1):108-114. doi: 10.1177/1945892419877554

3. Drazdauskaite G, Layhadi JA, Shamji MH. Mechanisms of
allergen immunotherapy in allergic rhinitis. Curr Allergy
Asthma Rep. 2021;21(1):2. doi:10.1007/s11882-020-00977-7

4. Lee GR. The balance of Th17 versus treg cells in autoimmunity.
Int J Mol Sci. 2018;19(3):730. doi: 10.3390/ijms19030730.

5. Zhang W, Liu X, Zhu Y, et al. Transcriptional and posttransla-
tional regulation of Th17/Treg balance in health and disease.

10.

12.

13.

14.

16.

17.

18.

19.

20.

Eur J Immunol.
202048794

2021;51(9):2137-2150.  doi:10.1002/eji.

. Fan Y, Yang C, Zhou J, et al. Regulatory effect of

glutathione on treg/Th17 cell balance in allergic rhinitis patients
through inhibiting intracellular autophagy. Immunopharmacol
Immunotoxicol. 2021;43(1):58-67. doi:10.1080/08923973.2020.
1850762

. YuY, Shen M, Song Q, Xie J. Biological activities and pharma-

ceutical applications of polysaccharide from natural resources:
a review. Carbohydr Polym. 2018;183:91-101. doi:10.1016/j.
carbpol.2017.12.009

. Wang L, Liu HM, Qin GY. Structure characterization and antiox-

idant activity of polysaccharides from Chinese quince seed meal.
Food Chem. 2017;234:314-322. doi:10.1016/j.foodchem.2017.
05.002

. Zhao Y, Liu X, Zheng Y, Liu W, Ding C. Aronia melanocarpa

polysaccharide ameliorates inflammation and aging in mice by
modulating the AMPK/SIRT1/NF-kappaB signaling pathway
and gut microbiota. Sci Rep. 2021;11(1):20558. doi:10.1038/
s41598-021-00071-6

Zhang G, Fang H, Li Y, et al. Neuroprotective effect of Astragalus
polysacharin on streptozotocin (STZ)-induced diabetic rats. Med
Sci Monit. 2019;25:135-141. doi:10.12659/MSM.912213

. XulJ, Zhang Q, Li Z, et al. Astragalus polysaccharides attenuate

ovalbumin-induced allergic rhinitis in rats by inhibiting NLRP3
inflammasome activation and NOD2-mediated NF-kappaB
activation. J Med Food. 2021;24(1):1-9. doi:10.1089/jmf.
2020.4750

Chen Y, Wang J, Li J, et al. Astragalus polysaccharide prevents
ferroptosis in a murine model of experimental colitis and human
Caco-2 cells via inhibiting NRF2/HO-1 pathway. Eur J
Pharmacol. 2021;911:174518. doi:10.1016/j.ejphar.2021.174518
Fan L, Li M, Cao FY, et al. Astragalus polysaccharide ame-
liorates lipopolysaccharide-induced cell injury in ATDCS
cells via miR-92a/KLF4 mediation. Biomed Pharmacother.
2019;118:109180. doi:10.1016/j.biopha.2019.109180

Qin X, Hua J, Lin SJ, et al. Astragalus polysaccharide alleviates
cognitive impairment and beta-amyloid accumulation in APP/
PS1 mice via Nrf2 pathway. Biochem Biophys Res Commun.
2020;531(3):431-437. doi:10.1016/j.bbrc.2020.07.122

. Thoma A, Lightfoot AP. NF-kB and inflammatory cytokine sig-

nalling: role in skeletal muscle atrophy. Adv Exp Med Biol.
2018;1088:267-279. doi:10.1007/978-981-13-1435-3_12

Lv J, Zhang Y, Tian Z, et al. Astragalus polysaccharides protect
against dextran sulfate sodium-induced colitis by inhibiting
NF-kappacapital VE, cyrillic activation. Int J Biol Macromol.
2017;98:723-729. doi:10.1016/j.ijbiomac.2017.02.024

Pan Z, Zhou Y, Luo X, et al. Against NF-kappaB/thymic
stromal lymphopoietin signaling pathway, catechin alleviates
the inflammation in allergic rhinitis. Int Immunopharmacol.
2018;61:241-248. doi:10.1016/j.intimp.2018.06.011

Xie M, Wang J, Gong W, et al. NF-kappaB-driven miR-34a
impairs Treg/Th17 balance via targeting Foxp3. J
Autoimmun. 2019;102:96-113. doi:10.1016/j.jaut.2019.04.018
Jones-Bolin S. Guidelines for the care and use of laboratory
animals in biomedical research. Curr Protoc Pharmacol. 2012;
Appendix 4(Appendix 4B). doi:10.1002/0471141755.pha04bs59.
Zhou YJ, Wang H, Sui HH, Li L, Zhou CL, Huang JJ.
Inhibitory effect of baicalin on allergic response in
ovalbumin-induced allergic rhinitis guinea pigs and


https://orcid.org/0000-0002-2877-402X
https://orcid.org/0000-0002-2877-402X
https://doi.org/10.1016/j.pcl.2019.06.004
https://doi.org/10.1177/1945892419877554
https://doi.org/10.1007/s11882-020-00977-7
https://doi.org/10.1007/s11882-020-00977-7
https://doi.org/10.1007/s11882-020-00977-7
https://doi.org/10.1007/s11882-020-00977-7
https://doi.org/10.3390/ijms19030730
https://doi.org/10.1002/eji.202048794
https://doi.org/10.1002/eji.202048794
https://doi.org/10.1080/08923973.2020.1850762
https://doi.org/10.1080/08923973.2020.1850762
https://doi.org/10.1016/j.carbpol.2017.12.009
https://doi.org/10.1016/j.carbpol.2017.12.009
https://doi.org/10.1016/j.foodchem.2017.05.002
https://doi.org/10.1016/j.foodchem.2017.05.002
https://doi.org/10.1038/s41598-021-00071-6
https://doi.org/10.1038/s41598-021-00071-6
https://doi.org/10.1038/s41598-021-00071-6
https://doi.org/10.1038/s41598-021-00071-6
https://doi.org/10.1038/s41598-021-00071-6
https://doi.org/10.12659/MSM.912213
https://doi.org/10.1089/jmf.2020.4750
https://doi.org/10.1089/jmf.2020.4750
https://doi.org/10.1016/j.ejphar.2021.174518
https://doi.org/10.1016/j.biopha.2019.109180
https://doi.org/10.1016/j.bbrc.2020.07.122
https://doi.org/10.1007/978-981-13-1435-3_12
https://doi.org/10.1007/978-981-13-1435-3_12
https://doi.org/10.1007/978-981-13-1435-3_12
https://doi.org/10.1007/978-981-13-1435-3_12
https://doi.org/10.1007/978-981-13-1435-3_12
https://doi.org/10.1016/j.ijbiomac.2017.02.024
https://doi.org/10.1016/j.intimp.2018.06.011
https://doi.org/10.1016/j.jaut.2019.04.018
https://doi.org/10.1002/0471141755.pha04bs59

648

American Journal of Rhinology & Allergy 36(5)

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

lipopolysaccharide-stimulated human mast cells. Inflamm Res.
2016;65(8):603-612. doi:10.1007/s00011-016-0943-0

Bing Z, Jin-Tao D, Feng L, Ba L, Ya-Feng L, Shi-Xi L. Effect
of Astragalus membranaceus in ovalbumin-induced allergic rhi-
nitis mouse model. Am J Rhinol Allergy. 2019;33(4):420-432.
doi:10.1177/1945892419839259

Meng X, Wei M, Wang D, et al. Astragalus polysaccharides
protect renal function and affect the TGF-beta/Smad signaling
pathway in streptozotocin-induced diabetic rats. J Int Med Res.
2020;48(5):030006052090361. doi:10.1177/0300060520903612
Lin H, Zheng C, Li J, Yang C, Hu L. Lentiviral shRNA against
KCa3.1 inhibits allergic response in allergic rhinitis and sup-
presses mast cell activity via PI3K/AKT signaling pathway.
Sci Rep. 2015;5(1):13127. doi:10.1038/srep13127

LiJ, Lin X, Liu X, Ma Z, Li Y. Baicalin regulates Treg/Th17 cell
imbalance by inhibiting autophagy in allergic rhinitis. Mol
Immunol. 2020;125:162—-171. doi:10.1016/j.molimm.2020.07.008
Bousquet J, Anto JM, Bachert C, et al. Allergic rhinitis. Nat Rev
Dis Primers. 2020;6(1):95. doi:10.1038/s41572-020-00227-0
Yan JB, Luo MM, Chen ZY, He BH. The function and role of
the Th17/Treg cell balance in inflammatory bowel disease. J
Immunol Res. 2020;2020:8813558.

Li Y, Li X, Chu Q, et al. Russula alutacea Fr. Polysaccharide
ameliorates inflammation in both RAW?264.7 and zebrafish
(Danio rerio) larvae. Int J Biol Macromol. 2020;145:740-
749. doi:10.1016/j.ijbiomac.2019.12.218

Zhang L, Zhang YD, Jiang M. [Effect and mechanism of epi-
medium polysaccharide on bone marrow hematopoietic func-
tion and Th17/Treg balance in aplastic anemia]. Zhongguo
Shi Yan Xue Ye Xue Za Zhi. 2021;29(5):1548-1554.

Zhang Y, Li H, Song L, et al. Polysaccharide from Ganoderma
lucidum ameliorates cognitive impairment by regulating the
inflammation of the brain-liver axis in rats. Food Funct.
2021;12(15):6900-6914. doi:10.1039/D1FO00355K

Liu YJ, Tang B, Wang FC, et al. Parthenolide ameliorates colon
inflammation through regulating Treg/Th17 balance in a gut
microbiota-dependent  manner.  Theranostics.  2020;10-
(12):5225-5241. doi:10.7150/thno.43716

Rahim NA, Jantan I, Said MM, Jalil J, Abd Razak AF, Husain
K. Anti-Allergic rhinitis effects of medicinal plants and their
bioactive metabolites via suppression of the immune system:
a mechanistic review. Front Pharmacol. 2021;12:660083.
doi:10.3389/fphar.2021.660083

Zheng Y, Ren W, Zhang L, Zhang Y, Liu D, Liu Y. A review of
the pharmacological action of Astragalus polysaccharide. Front
Pharmacol. 2020;11:349. doi:10.3389/fphar.2020.00349
Wang S, Sun Y, Zhang J, et al. Astragalus polysaccharides/chi-
tosan microspheres for nasal delivery: preparation, optimization,
characterization, and pharmacodynamics. Front Pharmacol.
2020;11:230. doi:10.3389/fphar.2020.00230

35.

36.

37.

38.

39.

40.

41.

42.

43.

. Cetin A C, Ecevit MC, Gumustekin M, et al. Therapeutic

effects of melatonin on an ovalbumin-induced allergic rhinitis
model in rats. Auris Nasus Larynx. 2021;48(6):1109-1119.
doi:10.1016/j.an1.2021.04.010

Yang J, Qin L, Huang J, et al. Astragalus polysaccharide atten-
uates LPS-related inflammatory osteolysis by suppressing
osteoclastogenesis by reducing the MAPK signalling
pathway. J Cell Mol Med. 2021;25(14):6800-6814. doi:10.
1111/jcmm.16683

Luo D, Yang N, Liu Z, et al. Effects of astragalus polysaccha-
ride on intestinal inflammatory damage in goslings infected
with gosling plague. Br Poult Sci. 2021;62(3):353-360.
doi:10.1080/00071668.2020.1859094

Chen YF, Zheng JJ, Qu C, et al. Inonotus obliquus polysaccha-
ride ameliorates dextran sulphate sodium induced colitis
involving modulation of Th1/Th2 and Thl7/treg balance.
Artif Cells Nanomed Biotechnol. 2019;47(1):757-766. doi:10.
1080/21691401.2019.1577877

Zhao HM, Wang Y, Huang XY, et al. Astragalus polysaccha-
ride attenuates rat experimental colitis by inducing regulatory
T cells in intestinal Peyer’s patches. World J Gastroenterol.
2016;22(11):3175-3185. doi:10.3748/wjg.v22.i111.3175

Du X, Chen X, Zhao B, et al. Astragalus polysaccharides
enhance the humoral and cellular immune responses of hepatitis
B surface antigen vaccination through inhibiting the
expression of transforming growth factor beta and the fre-
quency of regulatory T «cells. FEMS Immunol Med
Microbiol. 2011;63(2):228-235. doi:10.1111/j.1574-695X.
2011.00845.x

Li Q, Bao JM, Li XL, Zhang T, Shen XH. Inhibiting effect of
Astragalus polysaccharides on the functions of CD4+CD25
highTreg cells in the tumor microenvironment of human
hepatocellular carcinoma. Chin Med J (Engl). 2012;125-
(5):786-793.

Guo X, Chen J, Yang J, et al. Seaweed polysaccharide mitigates
intestinal barrier dysfunction induced by enterotoxigenic
Escherichia coli through NF-kappaB pathway suppression in
porcine intestinal epithelial cells. J Anim Physiol Anim Nutr
(Berl). 2021;105(6):1063—-1074. doi:10.1111/jpn.13540

Liu T, Zhang M, Niu H, et al. Astragalus polysaccharide from
Astragalus melittin ameliorates inflammation via suppressing
the activation of TLR-4/NF-kappaB p65 signal pathway and
protects mice from CVB3-induced virus myocarditis. Int J
Biol Macromol. 2019;126:179-186. doi:10.1016/j.ijbiomac.
2018.12.207

XuL,YuY, SangR, et al. Inonotus obliquus polysaccharide pro-
tects against adverse pregnancy caused by toxoplasma gondii
infection through regulating Th17/Treg balance via TLR4/
NF-kappaB pathway. Int J Biol Macromol. 2020;146:832-840.
doi:10.1016/j.ijbiomac.2019.10.051


https://doi.org/10.1007/s00011-016-0943-0
https://doi.org/10.1007/s00011-016-0943-0
https://doi.org/10.1007/s00011-016-0943-0
https://doi.org/10.1007/s00011-016-0943-0
https://doi.org/10.1177/1945892419839259
https://doi.org/10.1177/0300060520903612
https://doi.org/10.1038/srep13127
https://doi.org/10.1016/j.molimm.2020.07.008
https://doi.org/10.1038/s41572-020-00227-0
https://doi.org/10.1038/s41572-020-00227-0
https://doi.org/10.1038/s41572-020-00227-0
https://doi.org/10.1038/s41572-020-00227-0
https://doi.org/10.1016/j.ijbiomac.2019.12.218
https://doi.org/10.1039/D1FO00355K
https://doi.org/10.7150/thno.43716
https://doi.org/10.3389/fphar.2021.660083
https://doi.org/10.3389/fphar.2020.00349
https://doi.org/10.3389/fphar.2020.00230
https://doi.org/10.1016/j.anl.2021.04.010
https://doi.org/10.1111/jcmm.16683
https://doi.org/10.1111/jcmm.16683
https://doi.org/10.1080/00071668.2020.1859094
https://doi.org/10.1080/21691401.2019.1577877
https://doi.org/10.1080/21691401.2019.1577877
https://doi.org/10.3748/wjg.v22.i11.3175
https://doi.org/10.1111/j.1574-695X.2011.00845.x
https://doi.org/10.1111/j.1574-695X.2011.00845.x
https://doi.org/10.1111/j.1574-695X.2011.00845.x
https://doi.org/10.1111/jpn.13540
https://doi.org/10.1016/j.ijbiomac.2018.12.207
https://doi.org/10.1016/j.ijbiomac.2018.12.207
https://doi.org/10.1016/j.ijbiomac.2019.10.051

	 Introduction
	 Materials and Methods
	 Experimental Animals
	 Animal Models and Processing
	 Assessment of Rhinitis Symptoms
	 Enzyme-Linked Immunosorbent Assay (ELISA)
	 Quantitative Real-Time Polymerase Chain Reaction (RT-Qpcr)
	 Western Blot Analysis
	 Flow Cytometry
	 Statistical Analysis

	 Results
	 AR Guinea Pigs Presents with Treg/Th17 Imbalance and Inflammatory Responses
	 APS Ameliorates Inflammatory Responses in AR Guinea Pigs
	 APS Reduces Treg/Th17 Imbalance in AR Guinea Pigs
	 NF-κb Overexpression Reverses the Alleviative Effect of APS on Inflammatory Responses in AR Guinea Pigs
	 NF-κb Overexpression Reverses the Alleviative Effect of APS on Treg/Th17 Imbalance

	 Discussion
	 Conclusion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /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
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


