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Abstract

Objectives. Toll-like receptors (TLRs) are the crucial compo-
nents of host defenses and supposed to play a role in nasal
inflammation such as chronic rhinosinusitis and seasonal
allergic rhinitis. This study was performed to investigate the
expression patterns of TLRs and related cytokines in persis-
tent allergic rhinitis (PER).

Study Design. Experimental study of human nasal tissue.
Setting. Academic medical center.

Subjects and Methods. Nasal biopsy specimens were obtained
from 21 patients with PER and 21 controls from December
2012 to September 2013. Messenger RNA (mRNA) expres-
sion of TLRI-9, interleukin (IL)-I, IL-6, IL-8, IL-12, inter-
feron (IFN)-a, and tumor necrosis factor (TNF)-a was
determined by quantitative reverse transcription polymerase
chain reaction. The cellular localizations as well as protein
expression of TLR2 and TLR4 were further detected by
immunohistochemistry and Western blotting, respectively.

Results. TLRI-9 mRNA could be determined in nasal mucosa.
Compared with the controls, mRNA expression of only TLR2
and TLR4 was significant higher in patients with PER (P < .05).
In addition, mMRNA expression of IL-6 and IL-8, but not IL-1, IL-
12, IFN-a, and TNF-a, was upregulated in patients with PER vs
control subjects (P < .05). However, these increased cytokines
were not correlated with either TLR2 or TLR4 in patients with
PER. Protein expression of TLR2 and TLR4 was consistent with
mRNA levels (P < .05). The cellular distributions of TLR2 and
TLR4 were localized in nasal epithelium, subepithelial glands and
capillary endothelial cells, and immune cells.

Conclusion. TLR2 and TLR4 are increased in patients with
PER and may be one of the major contributors to the per-
sistence and aggravation of allergic inflammation in PER.
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llergic rhinitis (AR) is IgE mediated and character-

ized by accumulation of Th2 cytokines and eosino-

phil inflammation of the nasal mucosa.' Allergic
rhinitis is subdivided into intermittent AR (IAR) and persis-
tent AR (PER) according to the duration of symptoms.
Intermittent AR is defined as experiencing symptoms for
<4 days a week or <4 consecutive weeks, whereas PER is
termed as symptoms occurring for more than 4 days a week
and more than 4 consecutive weeks. This classification has
been widely accepted and applied.” As the most common
chronic allergic and upper respiratory disease, AR remains
an important health problem with increasing prevalence and
causes considerable loss of quality of life and significant
socioeconomic burden.’> The exact pathogenesis of AR is
so far largely unknown; however, the growing evidence is
suggestive of a causative relationship between innate immu-
nity and AR.?

Toll-like receptors (TLRs), known as pattern recognition
receptors (PRRs), are the crucial components of the innate
immune system.® Toll-like receptors can recognize pathogen-
associated molecular patterns (PAMPs), which are conserved
and considered essential for the survival of pathogens and trig-
ger a cascade of downstream signaling to induce host defense
response.’
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Table I. Clinical Characteristics of Patients with Persistent Allergic Rhinitis.

Patient No. Age, y Asthma Aeroallergens (Category and Grade)
| 20 No Der f 3+, Der p 3+, Cat dander +

2 34 No Der f2+, Der p 3+

3 22 Yes Der f4+, Der p 4+

4 35 No Der f3+, Der p 3+

5 22 No Der f2+

6 37 No Der f3+, Der p 3+

7 42 No Der f 3+, Der p 3+, Cat dander +, Dog dander +, Blattella germanica+
8 26 No Der f 3+, Der p 3+, Cat dander +, Dog dander +, A elatior+
9 28 Yes Der f 3+, Der p 3+, Cat dander+, Dog dander+, B germanica 2+, Alternaria alternate+,

A elatior +, Artemisia vulgaris +

10 35 No Der f 2+, Der p+, B germanica+

I 27 No Der f+, Der p 2+

12 37 No Der f 2+, Der p+

13 40 No Der f2+, Der p 2+

14 32 No Der f2+, Der p 3+

15 35 No Der f3+, Der p 4+

16 24 No Der f 2+, B germanica 2+

17 27 No Der f 3+, Der p 3+, Cat dander +, Dog dander +

18 29 No Der f2+, Der p 2+

19 45 No Der f 2+, B germanica+

20 36 No Der f 4+, Der p 3+

21 22 Yes Der f 3+, Der p 3+, Cat dander +, Dog dander +

Abbreviations: Der f, Dermatophagoides farinae; Der p, Dermatophagoides pteronyssinus.

Among the 10 TLRs identified in humans, corresponding
PAMPs have been confirmed for TLR1 to TLR9. Previous
studies have demonstrated messenger RNA (mRNA) expres-
sion of these TLRs in cultured nasal epithelial cells and
nasal tissues.*'? On the other hand, protein expression is
relatively lacking or mostly detected by immunohistochem-
istry. In patients with chronic sinonasal inflammation,
higher levels of TLR2 and TLR4 were observed and associ-
ated with bacterial biofilms in sinonasal biopsy specimens.'?
Research on TLRs and seasonal AR has shown increased
protein expression of TLR2, TLR3, and TLR4 following
allergen challenge and elevated mRNA expression of TLR3
during pollen season than in healthy volunteers."* However,
a reduced presence of TLR2 mRNA has been observed in
patients with perennial AR.'?

In the present study, we investigated the mRNA expres-
sion of TLR1-9 and related cytokines in the nasal mucosa
from patients with PER and further analyzed the protein
expression and cellular localizations of TLR2 and TLR4 in
the nasal tissues of patients with PER in comparison with
the controls.

Materials and Methods

Study Subjects

This study was approved by the ethics committee of
Nanjing Medical University, and all participants gave their
written informed consent.

A total of 21 patients with PER (mean age, 31.2 years; age
range, 20-45 years; 12 male and 9 female) were enrolled con-
secutively at the Department of Otorhinolaryngology, the First
Affiliated Hospital, Nanjing Medical University. The diagnosis
of PER was made according to the international guideline
“Allergic Rhinitis and its Impact on Asthma (ARIA) 2008
Update™ as well as the Chinese guideline of AR.>'> Atopic
status was evaluated with ImmunoCAP assays by screening
for serum-specific IgE (sIgE) to common aeroallergens, includ-
ing Dermatophagoides farinae (Der f), Dermatophagoides
pteronyssinus (Der p), cat and dog dander, Blattella germa-
nica, Alternaria alternate, Ambrosia elatior, and Artemisia vul-
garis (Phadia, Uppsala, Sweden). Data of the patients’
characteristics are included in the Table I. Twenty-one control
subjects (mean age, 32.5 years; age range, 22-42 years; 14
male and 7 female) were patients undergoing septoplasty and
had no clinical features of allergic diseases with negative sIgE
to the above allergens. Subjects who had taken glucocorticoids
within 4 weeks, Hl-antihistamines, or leukotriene modifiers
within 2 weeks were excluded.

Biopsy specimens were taken from the inferior turbinate
tissues of both PER and control groups during septoplasty.
Fifteen samples from both PER and control groups were
divided into 2 parts for quantitative reverse transcription
polymerase chain reaction (RT-PCR) and Western blotting,
respectively. Six samples from each group were fixed in for-
maldehyde solution and later embedded in paraffin for
immunohistochemical study.
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RNA Extraction, Reverse Transcription, and
Quantitative PCR

Total RNAs of samples were extracted using Trizol reagent
(Invitrogen, Carlsbad, California), and 1 g total RNA was
reverse-transcribed to complementary DNA (cDNA) with
the oligo(dT) primer by the Transcriptor First Strand cDNA
Synthesis kit (Roche, Indianapolis, Indiana). Quantitative
PCR (qPCR) was carried out with specific primers (Table
2) and the SYBR Premix Ex Taq kit (Applied Biosystems,
Foster City, California) using the ABI 7900HT Real-Time
PCR System (Applied Biosystems). The relative level of
mRNA was assessed using the comparative cycle threshold
(Ct) method. B-Actin was used as a calibrator for each
primer.

Immunohistochemical Staining

After deparaffinization and hydration, the tissue sections (5
pm) were incubated in 3% H,O, for 30 minutes at room
temperature to block endogenous peroxidase. After blocking
with normal serum from secondary antibody, sections were
stained with a polyclonal rabbit anti-human antibody
against TLR2 (dilution 1:800) or TLR4 (dilution 1:800)
(LifeSpan Biosciences, Seattle, WA) at 4°C overnight. The
tissue sections were then incubated with horseradish peroxi-
dase (HRP)-labeled goat anti—rabbit IgG antibody
(Zhongshan Golden Bridge, Beijing, China) for 30 minutes,
followed by 3,3’-diaminobenzidine for 5 minutes at room
temperature. Finally, the sections were counterstained with
hematoxylin and mounted. Negative controls were pro-
cessed using rabbit serum or 0.01 M phosphate-buffered
saline (PBS) instead of primary antibody.

Protein Extraction and Western Blotting Analysis

The tissues were homogenized using autoclaved scissors at
4°C with a total protein extraction kit (KeyGEN Biotech,
Nanjing, China). The homogenates were then centrifuged
at 10,000 X g for 5 minutes. The supernatants were trans-
ferred to a new tube and protein concentrations were deter-
mined using bicinchoninic acid (BCA) protein assay Kkits
(Thermo Scientific, Waltham, MA). Equal amounts of pro-
tein (30 mg) were loaded on 8% sodium dodecyl sulfate—
polyacrylamide gel -electrophoresis (SDS-PAGE) gels.
Following electrophoresis, proteins were transferred to
polyvinylidene difluoride (PVDF) membranes. Membranes
were blocked and incubated with a polyclonal rabbit anti—
human antibody against TLR2 (dilution 1:1000) or TLR4
(dilution 1:1000) (LifeSpan Biosciences) and a monoclonal
mouse anti—3-actin (dilution 1:2000) (Cell Signaling
Technology, Beverly, MA) at 4°C overnight. PVDF mem-
branes were incubated with anti—rabbit [gG-HRP antibody
(Cell Signaling Technology) for 1 hour at room tempera-
ture. Immunoblots were probed using ECL Plus chemilu-
minescence kits (Thermo Scientific) and visualized using a
Molecular Imager Gel DocTM XR+ imaging system (Bio-
Rad Laboratories, Hercules, CA). Data were analyzed
using Image Lab 3.0 software (Bio-Rad).

Table 2. Primers Used for Quantitative Polymerase Chain
Reaction of TLRs and Cytokines.

Genes Primer (5'-3") Product Size, bp

TLRI  (s) AGATTTCTTGCCACCCTACTG 122
(a) GCTCAACCCCAGAAATTTTAG

TLR2  (s) TTATCCAGCACACGAATACACAG 106
(a) AGGCATCTGGTAGAGTCATCAA

TLR3  (s) CCAAGCCTTCAACGACTGAT 203
(a) TTCCAGAGCCGTGCTAAGTT

TLR4  (s) TCCATAAAAGCCGAAAGGTG 106
(a) CTGAGCAGGGTCTTCTTCAC

TLR5  (s) TGCCTTGAAGCCTTCAGTTATG 77
(a) CCAACCACCACCATGATGAG

TLR6  (s) AGATTTCTTGCCACCCTACTG 75
(a) GCTCAACCCCAGAAATTTTAG

TLR7  (s) TTATCCAGCACACGAATACACAG 79
(a) AGGCATCTGGTAGAGTCATCAA

TLR8  (s) CCAAGCCTTCAACGACTGAT 143
(a) TTCCAGAGCCGTGCTAAGTT

TLRY  (s) CTGCCTTCCTACCCTGTGAG 138
(a) GGATGCGGTTGGAGGACAA

IL-1 (s) ATGATGGCTTATTACAGTGGCAA 132
(a) GTCGGAGATTCGTAGCTGGA

IL-6 (s) CTCAGCCCTGAGAAAGGAGA 101
(a) TTTCAGCCATCTTTGGAAGG

IL-8 (s) TTTTGCCAAGGAGTGCTAAAGA 194
(a) AACCCTCTGCACCCAGTTTTC

IL-12 (s) CCTTGCACTTCTGAAGAGATTGA 181
(a) ACAGGGCCATCATAAAAGAGGT

IFN-oc  (s) ATTTCTGCTCTGACAACCTC 127
(a) CGAAGCTGGACAAACACAGA

TNF-a (s) ATCTACTCCCAGGTCCTCTTC 78
(a) GATGCGGCTGATGGTGTG

B-Actin (s) GCCAACCGCGAGAAGATG 102

(a) ACGGCCAGAGGCGTACAG

Abbreviations: IFN, interferon; IL, interleukin; TLR, Toll-like receptor; TNF,
tumor necrosis factor.

Statistical Analysis

Statistical analyses were performed using SAS software
9.1.3 (SAS Institute, Cary, North Carolina). Comparisons
between 2 groups were analyzed using the Mann-Whitney
U test for mRNA expression and unpaired Student ¢ test
with equal variance for protein expression. Correlations
were calculated using the Spearman test. P < .05 was con-
sidered statistically significant.

Results
MRNA Expression of TLR1-9 and Related Cytokines

TLR1-9 mRNA were confirmed by real-time PCR and
could be detected in nasal tissues from both PER and con-
trol groups. As shown in Figure |1, only TLR2 and TLR4
mRNA were significant higher in patients with PER than
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Figure |. Messenger RNA (mRNA) expression of Toll-like recep-
tors | to 9 (TLRI-9) in nasal mucosa from patients with persistent
allergic rhinitis (PER) and the controls. Data are presented as the
mean *= SEM. *P < .05 compared with the controls.
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Figure 2. The messenger RNA (MRNA) expression of cytokines
in nasal mucosa from patients with persistent allergic rhinitis (PER)
and the controls. Data are presented as the mean = SEM.*P <.05
compared with the controls. IFN, interferon; IL, interleukin; TNF,
tumor necrosis factor.

that in controls (P = .029 and P = .019, respectively).
Interleukin (IL}-6 and IL-8 mRNA, but not IL-1, IL-12,
interferon (IFN)-«, and tumor necrosis factor (TNF)-«
mRNA, were upregulated in patients with PER compared
with the controls (P = .033 and P = .014, respectively)
(Figure 2). However, the mRNA expression of IL-6 was
not correlated with either TLR2 (» = 0.339, P = .216) or
TLR4 (r = 0.1, P = .723). The similar results were observed
with regard to IL-8 and TLR2/TLR4 mRNA (r = —0.386, P =
156; r=—0.357, P = .191).

Immunohistochemical Staining

The inferior turbinates from patients with PER and controls
showed positive staining for TLR2 and TLR4 as indicated
by the brownish color (Figure 3). The immunoreactivities
of TLR2 were noted in epithelial lining, as well as sube-
pithelial vascular endothelium, glandular cells, and immune

Figure 3. Immunocytochemical location of Toll-like receptor 2
(TLR2) in the nasal tissues from the controls (A) and patients with
persistent allergic rhinitis (PER) (C), as well as Toll-like receptor 4
(TLR4) in the controls (B) and patients with PER (D). Positive
staining is indicated as brown (400X).

cells in the nasal tissues from the controls and patients with
PER. Staining in similar locations was also observed for
TLR4 in the controls and patients with PER.

Western Blotting Analysis

The immunohistochemical results of TLR2 and TLR4 pro-
teins were determined using Western blotting. Anti-TLR2
antibodies detected a single immunoreactive band of 110
kDa protein in inferior turbinate tissues from 2 groups.
Also, anti-TLR4 antibodies were detected as 110 kDa in the
protein extract from both groups. We compared the levels
of protein expression between the 2 groups. Consistent with
the real-time PCR analysis, the protein levels of both TLR2
and TLR4 in the inferior turbinate tissues of the PER group
were significantly higher than that of the controls (P = .01
and P = .017, respectively). The results are summarized in
Figure 4.

Discussion

As an IgE-mediated, type 1 hypersensitivity reaction to
inhaled antigens, AR is characterized by an immunologic
cascade.'® The involvement of adaptive immunity in the
development of nasal allergic inflammation has been previ-
ously documented, which is associated with nasal itching,
sneezing, and late-phase reactions.” The innate immune
system regulates the adaptive immunity through TLR sig-
naling pathways and downstream cytokines to activate T
and B lymphocytes to generate specific immune responses.
Accordingly, TLRs play a prominent role in both innate and
adaptive immune systems.'”"'®

In this study, we first confirmed the expression of TLRI1-
9 mRNA in nasal mucosa from both patients with PER and
the controls and found TLR2 and TLR4 mRNA were signifi-
cantly higher in patients with PER in comparison with the
controls. Therefore, we directly determined the levels of
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Figure 4. Western blotting analysis of Toll-like receptor (TLR2) (A) and Toll-like receptor 4 (TLR4) (B) proteins in nasal mucosa from
patients with persistent allergic rhinitis (PER) and the controls. Data are presented as the mean = SEM. *P < .05.

TLR2 and TLR4 proteins from the same subjects using
Western blotting. In line with mRNA expression, both TLR2
and TLR4 proteins were significantly higher in the nasal
mucosa of patients with PER than those of the controls.

The nasal cavity is often the key interface of interaction
between the environment and the host, and the innate immu-
nity of the nasal mucosa provides the first line of defense
against extraneous pathogens. Among the TLR family, TLR2
recognizes cell wall products of Gram-positive bacteria, viral
hemagglutinin protein, and many fungal PAMPs, while
TLR4 responds to Gram-negative bacteria as well as compo-
nents of viruses and fungi.'” Both TLR2 and TLR4 have
been shown to recognize a relatively wider spectrum of
PAMPs than other TLRs, which may contribute to signifi-
cantly upregulated expression of TLR2/TLR4.

To our knowledge, we have provided the first demonstra-
tion of the expression pattern of TLRs in patients with PER.
In this study, patients with PER were primarily sensitive to
house dust mites (Der f'and Der p), which are the most pre-
valent allergens in daily life.*® Previous studies in seasonal
AR have shown reductions in TLR4 and TLR9*' or an
increase in only TLR3 expression during pollen season.'*
On the other hand, TLR2 has been reported to be decreased
in patients with perennial AR.'> AR was previously divided
into seasonal, perennial, and occupational diseases, based on
the time and type of exposure; however, those subclasses
are not synonymous with IJAR/PER and gradually have been
replaced by the new classification.”** Consequently, we sur-
mise that the inconsistency in TLR expression between our
study and the above-mentioned studies may be due to the
classification differences.

In addition, the cellular locations of TLR2 and TLR4 deter-
mined by immunohistochemical staining showed immunoreac-
tivity not only in nasal epithelium but also in subepithelial
glands and capillary endothelial cells, as well as various
immune cells, mainly including eosinophils, lymphocytes, and

plasmacytes. This distribution is consistent with previous
findings, 13142324

We also detected relevant downstream cytokines of TLR
signaling and found increases only in IL-6 and IL-8 mRNA in
patients with PER compared with the controls. Unfortunately,
these increased cytokines were not correlated with either
TLR2 or TLR4 mRNA in patients with PER. This profile
might reveal that TLR is one of the participants in the complex
interplay among various factors in the local nasal environment
of PER, but it is not the only contributor.

TLRY has been used as a promising target for intervention
and treatment of allergic disease in animal models and clinical
trials because of its ability to mediate a Thl-dominant
response to reverse an allergic phenotype.'®*> However, con-
flicting results of TLR2 and TLR4 have been observed regard-
ing the induction of proallergic Th2 type of cytokines,
including IL-5 and IL-13.* Low concentration of lipopolysac-
charide (LPS) may induce MyD88-independent Th2 activation,
whereas a higher concentration induces a MyD88-dependent
Thl response.’**” Further study suggests that TLR4 signaling
is critically involved in Th2 but not Thl sensitization to
inhaled antigens.?® Moreover, as reported in mouse model sys-
tems, extracts from house dust mites have proven to trigger
AR via activating TLR2-dependent signaling and result in
allergic asthma via TLR4-dependent signaling, respectively.”’
Thus, the upregulated expression of TLR2/TLR4 may be
induced by indoor allergens such as house dust mites, which
are extremely difficult to avoid and might lead to aggravating
the allergic inflammation of the nose.

Conclusion

We confirmed TLR1-9 mRNA and related cytokines (IL-1,
IL-6, IL-8, IL- 12, IFN-«, and TNF-a) in the nasal mucosa,
further demonstrated the increases in mRNA as well as pro-
tein expressions of TLR2 and TLR4 in patients with PER,
and localized the cellular distributions of TLR2 and TLR4
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in the nasal tissues. TLR2 and TLR4 may be one of the
major contributors to the persistence and aggravation of
allergic inflammation in PER.
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