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Background: High mobility group box 1 (HMGB1) acts as an inflammatory mediator initiator, and has shown to
increase in nasal secretions of allergic rhinitis (AR) patients. The purpose of the present study was to investigate
the association of HMGBI1 and its receptor, toll-like receptor (TLR) 4 with proinflammatory interleukins in AR
patients.

Methods: The interleukin (IL) —4, —5, —13, —17A, —10 in nasal lavage fluid and the serum IgE were examined
with enzyme-linked immunosorbent assay (ELISA) in 125 AR patients or 87 healthy subjects (as control). The
mRNA levels of HMGB1, receptor for advanced glycation end products (RAGE) and TLR 2, 3 and 4 were ex-
amined in these participants with real-time quantitative PCR (RT-qPCR) method. Spearman rank correlation was
adopted to analyze the relationship between any two factors of clinical characteristics and laboratory-examined
biomarkers.

Results: 1L-4, —5, —13 and —17A were significantly higher, whereas IL-10 was markedly lower in the nasal
lavage fluid samples from AR patients, compared with the control subjects. High expression of HMGB1, TLR2
and TLR4 were observed in the nasal brushing samples from these AR patients, whereas there was no significant
difference for the mRNA levels of TLR3 and RAGE. Besides, HMGB1/TLR4 mRNA levels correlated positively
with IL-4, —5, —13 and —17A, whereas negatively with IL-10. A linear regression of HMGB1/TLR4 was also
found positively with IL-4, —5 (only for TLR4), —13 or —17A, whereas negatively with IL-10.

Conclusion: High mRNA levels of HMGB1 and TLR4 were found in the nasal brushing samples in AR patients,
correlating positively with IL-4, —5, —13 or —17A, wheareas negatively with IL-10. HMGB1/TLR4 signaling
pathway might be well responsive targets as immunotherapy for allergic rhinitis.

1. Introduction

Allergic rhinitis (AR) is the most prevalent atopic disease in the
world, affecting 10-40% of the population [1,2]. It is characterized by
an IgE-mediated inflammation of the mucous membranes lining the
nose, in response to an allergen exposure [3], and is clinically defined
as a chronic upper respiratory disease, with nasal obstruction, sneezing,
rhinorrhea, and suspected allergen-associated pruritus. There is a high
comorbidity of AR with asthma [4] and a mutual promotion to the
disease progression for each other [5]. Post-exposure to allergens, the
nasal mucosa initiates series of pathophysiological processes, such as
the activation and migration of effector cells, the release of mediators,
chemokines and cytokines from inflammatory cells, and the damage to
the nasal epithelium and nerve endings [6]. Highly-sensitive type 2, 1,

and 17 T-helper (Th) cells play central roles in the pathogenesis of al-
lergic airway inflammation [7,8]. Th2 cells-secreted interleukin (IL) 4,
IL-5, and IL-13 amplify allergic inflammation; Th1 cells-secreted in-
terferon (IFN) promote neutrophil infiltration [9]; Th17 cells-produced
IL-17A, Th17F, and IL-21 enhance the development of chronic airway
inflammation. On the other side, reduced activity of regulatory T cells
(Treg) and regulatory B cells (Breg) were observed in AR [10,11].
Therefore, proinflammatory factors mediate the development and the
persistence of nasal inflammation, including AR [12]. However, the
orchestrating signaling pathways underlining these processes were not
fully understood.

High mobility group box 1 (HMGB1) is a nucleus-abundantly-ex-
pressed non-histone chromosomal binding protein, acts as an initiator
of inflammatory factors [13]. HMGB1 can be modified into three
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Table 1
Clinical characteristics and the average levels of laboratory factors.

Characteristics Ctr group (N = 87) AR group (N = 125)
Age (years) 28.32 + 5.3 29.63 * 5.09
Gender (%Male) 54.02 54.40

Weight (kg) 58.87 + 11.37 59.63 + 12.26
Height (cm) 166.07 + 10.94 165.52 + 10.16
IgE (KU/L) 1.26 = 0.17 2.52 = 0.54
1L-4 (pg/ml) 2.56 + 0.22 4.41 * 0.65
IL-5 (pg/ml) 1.67 = 0.14 2.88 + 0.45
1L-13 (pg/ml) 12.69 + 1.28 18.7 = 2.52
1L-17A (pg/ml) 9.69 = 0.95 14.41 = 212
IL-10 (pg/ml) 1.31 = 0.12 1.06 = 0.13
Nasal HMGB1 (AR/Ctrl) 1.00 = 0.15 1.43 = 0.32
Nasal RAGE (AR/Ctrl) 1.00 = 0.18 1.05 = 0.27
Nasal TLR2 (AR/Ctr]) 1.06 + 0.38 1.23 = 0.23
Nasal TLR3 (AR/Ctr]) 1.03 = 0.19 1.02 = 0.22
Nasal TLR4 (AR/Ctr]) 1.02 = 0.32 1.23 = 0.24

isoforms, termed all-thiol HMGB1, disulfide HMGB1 (partially oxi-
dized), and oxidized HMGB1 according to the status of its three redox-
sensitive cysteine residues (C23, C45, and C106) [14,15]. HMGB1 has
been reported to interact with its receptors, including the receptor for
advanced glycation end products (RAGE) and toll-like receptor (TLR) 2/
4, and to induce extracellular signal-regulated signaling, which triggers
cytokine production [16]. Studies have shown that the HMGB1 level in
nasal secretions of AR patients is significantly increased [17]. Glycyr-
rhizic acid (GLT) reduces the intensity of nasal allergies by binding to
HMGB1; budesonide nasal spray can also reduce the level of HMGBI in
the nasal secretions of AR patients. The GLT- or budesonide-mediated
HMGBI1 inhibition reduced the eosinophil activity and the release of
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inflammatory mediators in AR nasal mucosa and ameliorated nasal
symptoms [18,19]. In particular, dust mite allergen stimulated the nasal
mucosa of mice to produce a large amount of HMGB1, which induced
nasal allergies. The HMGB1- receptor for RAGE gene eliminates the
intensity of allergic rhinitis caused by dust mite stimulation in mice.
The severity of allergic rhinitis caused by dust mite stimulation is sig-
nificantly down-regulated in mice [18]. Therefore, we deduced that
HMGB1 might be an inflammation initiator to the nasal inflammation in
AR.

In the present study, we examined the interleukin (IL) —4, -5,
—13, —17A, —10 in nasal lavage fluid and the mRNA levels of
HMGB1, RAGE, TLR 2, 3 and 4 in the nasal brushing samples from AR
and control participants. Spearman rank correlation and linear regres-
sion were adopted to analyze the relationship between any two factors
of clinical characteristics and laboratory-examined biomarkers. Our
study implies that HMGB1/TLR4 signaling pathway might be well re-
sponsive targets as immunotherapy for allergic rhinitis.

2. Methods
2.1. Allergic rhinitis patients, nasal sample collection

One hundred and twenty-five allergic rhinitis patients and 87
healthy control subjects were enrolled for the present study, from 2016
May to 2018 August. Smoking habit, other acute or chronic infection or
inflammatory diseases in nasal or upper respiratory tract were excluded
for each participant. The diagnosis of each AR patient was made under
the guidance of the Allergic Rhinitis and its Impact on Asthma (ARIA)
guidelines-2016,/2010 revision [20,21]. Our study was approved by the
institutional ethics committees at China-Japan Union Hospital of Jilin

Fig. 1. Compare clinical characteristics be-
tween allergic rhinitis patients and healthy
control subjects. The age (A), weight (B), hight
(C) and serum IgE level (KU/L) (D) for allergic
rhinitis patients (N = 125) and normal control
subjects (N = 87) were plotted with violin plots.
A box plot inside violin plots was set to indicate
the maximum value, 75%-, 50%- and 25%-
quantile values and the minimum value were
indicated as the top whisker, the top border, the
middle line, the bottom border, and the bottom
whisker, respectively. The probability density of
different values was indicated by the curve,
outside the box plot, of a smoothed kernel den-
sity estimator. Statistical p values were anno-
tated respectively in each figure, and a statistical
significance was considered when a p-value less
than 0.05.
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University (Chang Chun, Jilin 130033, PR China). Every participant
was fully aware of this study and written informed consent was ob-
tained from each of them. The age, gender, height, and weight of each
participant was recorded in Table 1.

Serum IgE was collected from the peripheral venous blood (5mL)
without any anticoagulants, post standing at 4 °C for 4h and then post
the centrifuging with 1500g for 30 min. The nasal lavage was collected
with an atomized nasal washing machine (Neb-nid, Flaem Nuova SPA,
Italy), by filling and washing nasal cavity with 6 mL natural saline
(0.9%) [22]. The collected lavage samples were centrifuged at 4 °C with
3000g for 15 min to remove any cell debris and then were filtered with
a micro-filter (0.6 um, Millipore, Bedford, MA, USA) to remove mucus.
The supernatant was then collected and was stored at 4 °C within 12h
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Fig. 2. Different interleukin levels in the
nasal lavage fluid from allergic rhinitis pa-
tients and healthy control subjects. The nasal
lavage fluid was collected from allergic rhinitis
patients or healthy subjects and then was ex-
amined for the level of interleukin (IL)-4 (A), IL-
5 (B), IL-13 (C), IL-17A (D) or IL-10 (E). Data
were plotted with violin plots, in which, the
maximum value, 75%-, 50%- and 25%- quantile
values and the minimum value were indicated as
the top whisker, the top border, the middle line,
the bottom border, and the bottom whisker, re-
spectively of the box plot inside. The probability
density of different values was indicated by the
curve, outside the box plot. Statistical p values
were annotated, respectively in each figure.
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for the IL examination or was stored at —80 °C for further usage.

Post the nasal lavage collection; nasal brushing was performed with
a channel cleaning brush, which is designed for fiberoptic broncho-
scopes (model BW-15SH, Olympus, Japan). Nasal cells were collected
under direct visualization, using a headlamp, by a few backward-for-
ward and rotatory movements. The brushing sample adhering to the
brush was then resuspended in 2 mlL ice-cold natural saline and was
immediately for the mRNA isolation.

2.2. Engzyme-linked immunosorbent assay (ELISA) for interleukins

ELISA was performed with the commercial reagent kit (Qayee-Bio,
Shanghai, China) for IgE, IL-4, —5, —10, —13 or —17A under the
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Fig. 3. mRNA levels of HMGB1 and the receptors of HMGB1 in the nasal brushing samples from allergic rhinitis patients and normal control subjects. The mRNA
levels of the receptor for advanced glycation end-products (RAGE) (A), HMGB1 (B), toll-like receptor (TLR)2 (C), TLR3 (D), or TLR4 (E) in the nasal brushing samples
were quantified with real-time quantitative PCR. The mRNA level for each target was corrected with the relative level to B-actin and then was presented as the
relative level in AR group to control group. Data were plotted with violin plot. Statistical p values were annotated, respectively.

guidance of the manufacturer’s instructions. The examination for each
molecule was independently repeated for three times and was pre-
sented as an average level.

2.3. mRNA isolation and real-time quantitative PCR (RT-qPCR)

Rapid mRNA purified from total RNA: Dynabeads® mRNA
Purification Kit (Thermo Scientific, Rockford, IL, USA) was utilized to
isolate mRNA samples from the nasal brushing samples under the

guidance of the kit’s manual. The mRNA sample from each nasal
brushing sample was eluted from the filter with 60 ul sterile ultra-pure
water containing RNasin® Plus RNase Inhibitor (Promega, Madison, WI,
USA), and then was stored at —80 °C before use. Relative mRNA levels
of HMGB1, RAGE, TLR2, TLR3, and TLR4 were performed with the
specially paired primers for each target molecule and with the
QuantiTect SYBR Green PCR kit (QIAGEN GmbH, Hilden, Germany) on
LightCycler 2.0 (Roche Diagnostics, Mannheim, Germany) under the
condition suggested by the kit. The sequences of primers used here were
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Fig. 4. Correlation between the levels of ILs and the mRNA levels of HMGB1/TLR-4 from allergic rhinitis patients and healthy control subjects. Spearman
correlation was performed to analyze the correlation between every two items of the clinical characteristics, the nasal interleukin levels and the mRNA levels in the
nasal brushing samples from allergic rhinitis patients. R for every two factors was presented in each data cell, with the x-axis and y-axis labels, R?> > = 0.25 was set

as a threshold for a positive correlation.

available upon a request. 3-actin was taken as an internal mRNA con-
trol for each target molecule. The relative mRNA level of each molecule
was presented as a relative value to the B-actin value, and then relative
to the value in the control group.

2.4. Statistical analysis

Statistical analysis was performed with SPSS (version 18.0, IBM
SPSS Inc. Armonk NY, USA) and with GraphPad Prism 6.0 (GraphPad
Software, Inc., La Jolla, California, USA). The unpaired t-test to analyze
the difference of each clinical characteristic or laboratory biomarker
between the two groups. The correlation and the regression between
any two items were performed with the spearman rank correlation or
linear regression. A statistical significance was considered when a p-
value less than 0.05.

3. Results

3.1. Clinical characteristics and the nasal levels of inflammatory
interleukins for allergic rhinitis (AR) patients

One hundred and twenty-five allergic rhinitis patients and 87

healthy control subjects that were enrolled from 2016 May to 2018
August included in this study. The percentage of males, the average
level/standard deviation of age (years), weight (kg) and height (cm) for
the participants in both groups were listed in Table 1. All values in both
groups were plotted with violin plot for age (Fig. 1A), wight (Fig. 1B),
hight (Fig. 1C) and serum IgE level (Fig. 1D), respectively. As indicated,
there was no significant difference in the age, weight and height be-
tween the two groups. A markedly high IgE level was observed for AR
patients.

The AR-associated ILs in nasal lavage fluid samples were quantified
with ELISA. It was indicated in Fig. 2 that all data were normally dis-
tributed for both groups. As shown in Table 1, there were significantly
higher levels of IL-4 (4.41 *= 0.65vs. 2.56 = 0.22), IL-5(2.88 + 0.45
vs. 1.67 = 0.14), IL-13 (18.7 = 2.52 vs. 12.69 * 1.28) and IL-17A
(14.41 = 2.12vs.9.69 = 0.95), whereas a markedly lower level of IL-
10 (1.06 *= 0.13vs. 1.31 * 0.12) in the AR group, compared with the
control group. The statistical significance was anatated, respectively in
Fig. 2A-E.
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Fig. 5. Linear regression analysis of nasal brushing HMGB1 mRNA with nasal lavage ILs. The association of nasal brushing HMGB1 mRNA with nasal lavage ILs
were analyzed via a linear regression model, in which, HMGB1 was taken as an independent variable and IgE or IL was taken as explanatory variables. The linear

regression function and the p-value were annotated, respectively.

3.2. High expression of HMGBI and its receptors in nasal brushing samples
from AR patients

Increased nasal secretion of HMGB1 has been observed for AR pa-
tients [17]. Targeted inhibition to HMGB1 was also indicated to
markedly ameliorate AR nasal symptoms [18,19]. To further in-
vestigate the possible role of HMGBI in the nasal inflammation of AR,
we examine the expression of HMGB1 and its major receptor of TLR2/4
and RAGE [16]. Here, we collected brushing samples from AR patients
and quantified the nasal HMGBI1 levels and then analyzed the asso-
ciation of nasal HMGBI level with IL secretion for AR patients. The
relative mRNA level of Nasal HMGB1 (AR/Ctrl) was 1.43 += 0.32 in AR
group, significantly higher than 1.00 = 0.15 in control group

(p < 0.001, Fig. 3A). Interestingly, the expression of HMGB1 receptors
varied in the nasal brushing samples. The RAGE mRNA level was not
different between AR and control groups (1.05 * 0.27 vs.
1.00 += 0.18, p = 0.07106, Fig. 3B). However, significantly higher le-
vels of TLR2 and TLR4, whereas not of TLR3, were observed in AR
patients, compared with control subjects (Fig. 3C-E).

3.3. Association of nasal brushing HMGBI1 and its receptors with nasal
lavage ILs in AR patients

To investigate the role of HMGBI for the nasal secretion of ILs for
the AR patients, we then performed the spearman rank correlation for
every two factors of the clinical characteristics and laboratory
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analyzed via a linear regression model, in which, TLR4 was taken as an independent variable and IgE or IL was taken as explanatory variables. The linear regression

function and the p-value were annotated, respectively.

molecular levels for AR patients. As shown in Fig. 4, Each value in the
box with its x-axis label and y-axis label was the R? correlation value of
Spearman rank correlation. The R? value of more than 0.25 was con-
sidered to present a significant association between the x-axis label and
y-axis label. A high positive relationship was found between any two ILs
of IL-4, IL-5, IL-13, and IL-17A and between IgE and any one of the ILs
mentioned above, whereas IL-10 was found to negatively correlate with
any of the above-mentioned ILs or IgE.

Moreover, a high positive correlation of HMGB1 was found with IL-
4, IL-5, IL-13, IL-17A or IgE, the negative correlation was also observed
between HMGB1 and IL-10. Interestingly, the association of HMGB1
receptors was not found as high as which of HMGB1 with any one of the
ILs mentioned above. In particular, RAGE did not correlate with any of

ILs, with HMGBI, or with any one of the three TLRs. The correlation of
TLR2 was significant with IL-4, whereas not significant with other ILs.
However, an association of TLR4 was found positively with IL-4, IL-5,
IL-13, IL-17A or IgE, or negatively with IL-10. It also positively corre-
lated with HMGBL1. Also, age, weight or hight was not found to sig-
nificantly correlate with anyone of above-mentioned laboratory factors.
Of course, the negative control TLR, TLR3, neither associated with
factors above.

Additionally, linear regression was performed to quantitatively
analyze the dependence of AR-associated inflammatory factors on
HMGBI1 (Fig. 5A-F) or on TLR4 (Fig. 6A-F). There was no linear re-
gression between HMGB1 and IgE level (p = 0.4505, Fig. 5A), or be-
tween HMGB1 and IL-5 (p = 0.1089, Fig. 5C). Fig. 5B indicated a
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significant dependence of IL-4 on HMGB1 (Y = 1.391 *X + 2.416,
p < 0.001). The dependence on HMGB1 was observed for the increase
of IL-13 (p = 0.0079, Fig. 5D) and IL-17A (p = 0.0079, Fig. 5D), or for
the decrease of IL-10 (p < 0.001, Fig. 5F). The dependence on TLR4
was also found for IL-4, IL-13, IL-17A and IL-10 (Fig. 6B, 6D, 6E and
6F), moreover, for IL-5 (P = 0.0122, Fig. 6C).

4. Discussion

High mobility group box 1 (HMGB1) acts as an initiator of in-
flammatory factors [13], via interacting with its receptors, including
the receptor for advanced glycation end products (RAGE) and toll-like
receptor (TLR) 2/4, to trigger cytokine production [16]. A significantly
higher nasal secretion has been found in AR patients [17]. Nasal
brushing has been adopted to collect the nasal inflammatory cells, in a
variety of inflammatory diseases in the upper respiratory tract, in-
cluding AR [20,23]. In the present study, we examined the mRNA level
of HMGB1 and its receptors in the nasal brushing samples, and we
found HMGBI1 and its receptors, TLR 2 and TLR4, were also markedly
higher at mRNA level in the nasal brushing samples from AR patients.
Thus, both protein and mRNA levels of HMGB1 were confirmed to
overexpress in nasal samples in AR patient.

The inhibition by GLT to HMGB1 has shown to reduce AR intensity
[18,19]. However, the specific signaling pathways have not been
identified. Here, we investigated the expression of HMGB1 receptors of
RAGE, TLR2, and TLR4 in the nasal brushing samples. We found that
the relative mRNA level of Nasal HMGB1 was significantly higher in the
AR group, in addition to the higher mRNA levels of TLR2 and TLR4.
However, the RAGE and TLR3 (as a TLR control) mRNA levels were not
different between the AR and control groups.

Interestingly, dust mite allergies AR mice model indicated that the
HMGB1-RAGE axis mediates allergic airway sensitization and airway
inflammation [18]. TLR4 signaling has been suggested to participate in
allergic diseases. TLR4 expression at both the mRNA and protein levels
were significantly upregulated in the nasal mucosa of the patients, with
allergic rhinitis [24]. The polymorphisms of TLR2 and TLR4 were sig-
nificantly associated with the disease severity of asthma and allergic
rhinitis [25]. Therefore, we speculated the HMGB1-RAGE axis and the
HMGB1-TLR4 axis might be alternatively activated in mice and in-
human.

It is not well recognized about the detailed regulation by HMGB1/
TLRs on AR-related proinflammatory ILs. Sporadic reports imply that
the upregulated TLR4 mediates the augmentation of nasal cytokine
release in allergic rhinitis [26]. The TLR4 dependence was also ob-
served in the Short Ragweed (SRW) pollen-induced allergic rhinitis and
in the increased production of Th2 cytokine [27]. Our further results
demonstrated the positive correlation between ILs and HMGB1/TLRs.
Firstly, The R value for clinical characteristics, such as age, weight or
height, and ILs/HMGB1 signaling biomarkers were less than the
threshold of 0.25. A high correlation of HMGB1 was found positively
with IL-4, IL-5, IL-13, or IL-17A, whereas negatively with IL-10. Inter-
estingly, the correlation of HMGB1 receptors was not seen as high as
which of HMGB1 with any one of the ILs mentioned above. In parti-
cular, RAGE did not correlate with any of ILs, with HMGB1. However, a
correlation of TLR4 was found positively with IL-4, IL-5, IL-13, IL-17A
or IgE, or negatively with IL-10, also undoubtedly with HMGB1. Also,
the linear regression model also demonstrated a significant association
of nasal ILs with the nasal brushing HMGB1/TLR4 axis. Therefore, our
study confirmed the involvement of HMGB1/TLR4 pathway in the IL
upregulation in AR patients. However, the detailed mechanism under-
lining such process needs further identification.

In conclusion, high mRNA levels of HMGB1 and TLR4 in the nasal
brushing samples, correlate positively with IL-4, —5, —13 or —17A,
whereas negatively with IL-10 in the nasal lavage fluid samples in AR
patients. HMGB1/TLR4 signaling pathway might be well responsive
targets as immunotherapy for allergic rhinitis.
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