L))

Check for
updates

Original Article

Expression and clinical significance of VCAM-1, IL-6, and IL-17A
in patients with allergic rhinitis

Simin Gao', Liangcai Yu', Jin Zhang’, Xiaoying Li', Jin Zhou', Ping Zeng', Xiaoqing Zhang'

'Department of Otorhinolaryngology and Sleep Medicine Center, West China School of Public Health and West China Forth Hospital, Sichuan
University, Chengdu, China; “Department of Otorhinolaryngology, First People’s Hospital of Yibin, Yibin, China

Contributions: (I) Conception and design: S Gao, X Zhang; (II) Administrative support: L Yu, X Li; (II) Provision of study materials or patients: S
Gao, L Yu, ] Zhang, X Li, ] Zhou; (IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: S Gao, J Zhang, P Zeng, X
Zhang; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Xiaoging Zhang. Department of Otorhinolaryngology and Sleep Medicine Center, West China School of Public Health and West
China Forth Hospital, Sichuan University, Chengdu 610014, China. Email: gsimin2020@163.com.

Background: Allergic rhinitis is a chronic inflammatory disease with a high incidence, affecting the quality
of life of patients. The aim of the present study was to explore the expression and clinical significance of
vascular endothelial cell adhesion molecule-1 (VCAM-1), interleukin (IL)-6, and IL-17A in patients with
allergic rhinitis.

Methods: A total of 180 patients with allergic rhinitis, who were admitted to our hospital from March
2017 to March 2020, were enrolled as the observation group. Patients were further divided into 3 subgroups
according to the degree of severity of allergic rhinitis as follows: the mild group (n=66), the moderate group
(n=60), and the severe group (n=54). During the same period, 188 people without allergic rhinitis, who
underwent physical examination in our hospital, were enrolled as the control group. VCAM-1, IL-6, and IL-
17A levels were compared between these groups, and the correlation between the 3 levels and allergic rhinitis
was analyzed.

Results: VCAM-1, IL-6, and IL-17A levels in the observation group were significantly higher than those
in the control group, and the difference was statistically significant (P<0.05). Comparison results of VCAM-
1, IL-6 and IL-17A levels among the 3 groups were as follows: mild group < moderate group < severe group,
and the differences between the three groups were significant (P<0.05). Pearson linear correlation showed
that serum levels of VCAM-1, IL-6 and IL-17A were positively correlated with ARIA (P<0.05). Parent
history of allergic rhinitis, living environment pollution, abnormally elevated VCAM-1, abnormally elevated
IL-6 and abnormally elevated IL-6 were the related risk factors for inducing allergic rhinitis (P<0.05).
Conclusions: VCAM-1, IL-6, and IL-17A play important roles in allergic rhinitis, and the concentration
will increase with disease progression. Clinical testing of VCAM-1, IL-6, IL-17A should be increased to

improve the diagnostic rate for early allergic rhinitis and to prevent disease progression.
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Introduction after the atopic body is exposed to allergens. The main
Allergic rhinitis is a non-infectious chronic inflammatory symptoms of the disease include nasal itching, nasal
disease of the nasal mucosa that is mediated by congestion, runny nose, sneezing, and headache, and in
immunoglobulin E and triggered by a variety of cytokines severe cases, hyposmia and other complicated diseases that
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can affect the quality of life of patients (1). The incidence
of allergic rhinitis in China is currently 15-25%, and its
incidence is increasing (2). With the further development
of molecular biology and immunology, some scholars have
found that the onset of allergic rhinitis is closely related
to the immune imbalance of cell adhesion molecules and
cytokines (3). Interleukin (IL)-6 is a lymphokine produced
by activated T cells and fibroblasts, and has become an
important biomarker for the detection of inflammation
and infectious diseases. Related studies have reported that
IL-6 is involved in allergies, and plays an important role in
the process of occurrence and development of allergies (4).
Vascular endothelial cell adhesion molecule-1 (VCAM-1)
is an important cell adhesion molecule that participates in
the onset of hypersensitivity reactions (5). IL-17A, a type
of cytokine, plays an important role in the hematopoietic
system, immune response, and inflammatory response (6).
There are many studies on the relationship between allergic
rhinitis and inflammatory factors. However, the relationship
between indicators (such as VCAM-1 and IL-17A) and the
progression of allergic rhinitis was unclear. In the present
study, we aimed to explore the expression and clinical
significance of VCAM-1, IL-6, and IL-17A in patients
with allergic rhinitis, and provide new ideas for its clinical
diagnosis and treatment. We present the following article
in accordance with the MDAR checklist (available at http://
dx.doi.org/10.21037/apm-21-546).

Methods
General information of patients

Patients with allergic rhinitis, who were admitted to our
hospital from March 2017 to March 2020, were selected as
the research participants of the study. The inclusion criteria
were as follows: (I) patients met the diagnostic criteria in
the “Guidelines for the Diagnosis and Treatment of Allergic
Rhinitis”, formulated by the Chinese Medical Association
Otorhinolaryngology Head and Neck Surgery Branch (7);
(I) patients with clinical symptoms of different degrees of
paroxysmal sneezing, clear watery mucus, nasal congestion,
and nasal itching; (IIT) patients with complete clinical data; and
(IV) patients had not taken drugs that affect VCAM-1, IL-6,
and IL-17A levels, or had not received relevant treatment
before being included in the study. The exclusion criteria
were as follows: (I) patients with previous asthma, rhinitis,
or sinusitis; (II) patients with Alzheimer’s disease; and (III)
patients with poor treatment compliance.

According to the inclusion and exclusion criteria, a total
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of 180 patients with allergic rhinitis were finally included
in the study and comprised the observation group. A total
of 188 patients without allergic rhinitis, who underwent
physical examination in our hospital during the same period,
were comprised the control group. There were 92 males
and 88 females in the observation group, aged 25-73 years
old, with an average age of 48.31+3.21 years. According to
the classification criteria of Allergic Rhinitis and its Impact
on Asthma (ARIA), patients in the observation group were
further divided into 3 groups as follows: the mild group
with mild allergic rhinitis (n=66), the moderate group
(n=60), and the severe group (n=54). The control group
comprised 95 males and 93 females aged 27-76 years,
with an average age of 48.44+3.33 years. There was no
statistically significance difference in general information,
such as sex and age, between the observation and control
groups (P>0.05). All procedures performed in this study
involving human participants were in accordance with the
Declaration of Helsinki (as revised in 2013). The informed
consent was taken from all the patients. All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised
in 2013). The informed consent was taken from all the
patients. The study was approved by West China School
of Public Health and West China Forth Hospital (HXSY-
EC-2021023).

Detection methods of VCAM-1, IL-6, and IL-17A levels

After the study participants were admitted to the hospital,
5 mL of anterior cubital venous blood was collected routinely
with coagulation reaction in a refrigerator at 4 °C for 0.5 h.
After centrifugation at 1,500 x g for 15 min, the upper serum
was extracted and stored in a refrigerator at —80 °C for further
testing. Prior to the experiment, the frozen samples were
transferred to a 4 °C refrigerator in advance to slowly thaw for
12 h, and then placed at room temperature 0.5 h before the
test for temperature equilibrium. VCAM-1, IL-6, and IL-
17A levels were tested using enzyme-linked immunosorbent
assay kits. Every 8 samples were tested in a 96-well plate,
including sample wells, blank wells, and standard wells of
multiple concentration. The gradient dilution of standard
solution was diluted step by step according to the detection
range, keeping the liquid volume of each well consistent.
The plates were covered and incubated in a 37 °C incubator
for 2 h, then the liquid in the well was replaced with
washing solution for 30 s. Washing steps were repeated
3 times and the plate was left to fully dry on filter paper.
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Table 1 Comparison of VCAM-1, IL-6, and IL-17A levels between the observation and control groups

Group No. patients VCAM-1 (ug/L) IL-6 (pg/mL) IL-17A (pg/mL)
Observation 180 15.45+2.23 58.32+5.89 55.45+4.65
Control 188 2.54+0.55 22.67+3.14 30.54+2.36

t - 36.355 37.767 33.778

P value - <0.001 <0.001 <0.001

IL, interleukin; VCAM-1, vascular endothelial cell adhesion molecule-1.

Substrate was then added into each well, the plate was
shaken horizontally, the covered for color reaction avoiding
light in a 37 °C incubator. After about 0.5 h, when colors
in half of the wells with standard solution were visible to
the naked eye, stop solution was added to each well and the
plates were sent to the microplate reader for absorbance
determination.

Comparison of the levels of VCAM-1, IL-6 and IL-17A4
between the three groups

VCAM-1, IL-6, and IL-17A levels were compared between
the all groups, and the correlation between VCAM-1,
1L-6, and IL-17A levels and ARIA classification criteria
was analyzed. The level of VCAM-1 >22.3 g/L was
considered as abnormally elevated (8); IL-6 >30.0 pg/mL
was considered as abnormally elevated (9); and IL-17A
>38.4 pg/mL was considered as abnormally elevated (10).

Analysis of the correlative factors of inducing allergic
rhinitis

General clinic data of Patients were collected, including
gender, age, body mass index (BMI), parents’ history of
allergic rhinitis, living environment, VCAM-1, IL-6 and
IL-17A levels. And logistic regression model was used to
analyze the related risk factors of allergic rhinitis.

Statistical analysis

Data were analyzed using SPSS version 22.0 (IBM,
Armonk, NY, USA). Measurement data are presented
as the mean = standard deviation; differences between
2 groups were analyzed by #-test, while comparison among
multiple groups was performed by F test. Count data was
expressed as n (%), and analyzed by y’-test. Pearson linear
correlation analysis was used to analyze the correlation
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between VCAM-1, IL-6, and IL-17A and the severity of
patients with allergic rhinitis. Logistic regression model was
used to analyze the risk factors of allergic rhinitis. P<0.05
was considered to be statistically significant.

Results

Comparison of VCAM-1, IL-6, and IL-17A levels in the
different groups

VCAM-1, IL-6, and IL-17A levels in the observation group
were significantly higher than those in the control group
(P<0.05) (Table 1).

Comparison of VCAM-1, IL-6, and IL-17A levels in
patients with different severity of allergic rhinitis

The levels of VCAM-1, IL-6 and IL-17A were compared
among the three groups and the results showed as follows:
mild group<moderate group<severe group, and VCAM-1,
IL-6, and IL-17A levels were significantly different among
these groups (P<0.05) (Table 2).

Correlation between VCAM-1, IL-6 and IL-17A levels
and ARIA classification criteria

The Pearson linear correlation showed the levels of
VCAM-1, IL-6, and IL-17A levels in the serum were
positively correlated with ARIA classification criteria
(P<0.05) (Figure 1 and Tuble 3).

Analysis of visk factors on exacerbation of allergic rhinitis

Factors such as parental history of allergic rhinitis, living
environment pollution, abnormally elevated VCAM-1,
abnormally elevated IL-6, and abnormally elevated IL-17A
were the related risk factors for allergic rhinitis (P<0.05,
Tuble 4).
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Table 2 Comparison of VCAM-1, IL-6, and IL-17A levels in patients with different severity of allergic rhinitis

Group No. patients VCAM-1 (ug/L) IL-6 (pg/mL) IL-17A (pg/mL)
Mild 66 42.33+3.15 48.31+4.39 46.87+4.02
Moderate 60 53.14+4.18° 55.18+5.46% 55.87+4.66"
Severe 54 58.67+5.37% 63.41+6.61% 63.71+5.87%
F 232.220 112.500 180.990

P value <0.001 <0.001 <0.001

2 compared with the mild group, P<0.05; °, compared with the moderate group, P<0.05. IL, interleukin; VCAM-1, vascular endothelial cell
adhesion molecule-1.
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Figure 1 Correlation between vascular endothelial cell adhesion molecule-1 (VCAM-1), interleukin (IL)-6, and IL-17A levels and Allergic
Rhinitis and its Impact on Asthma (ARIA) classification criteria. (A) Correlation between VCAM-1 and ARIA; (B) correlation between IL-6
and ARIA; (C) correlation between I1.-17A and ARIA.
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Table 3 Correlation between VCAM-1, IL.-6, and IL.-17A levels and ARIA classification criteria

VCAM-1

IL-6 IL-17A

Index
r P value

P value r P value

ARIA 0.524 0.028

0.537 0.034 0.508 0.022

ARIA, Allergic Rhinitis and its Impact on Asthma; IL, interleukin; VCAM-1, vascular endothelial cell adhesion molecule-1.

Table 4 Single factor and multiole-factor analysis of influence on exacerbation of allergic rhinitis

Single factor analysis

Multiple-factor analysis

Factor

OR 95% Cl P OR 95% ClI P
Age 1.339 1.113-1.513 0.029 1.541 0.324~1.895 0.857
Gender (male/female) 1.658 0.892-3.081 0.644 - - -
BMI 1.591 0.367-1.625 0.368 - - -
Parental history of allergic rhinitis 1.234 1.209-1.786 0.012 1.325 1.125-1.854 0.025
Living environment pollution 1.342 1.235-1.698 0.020 1.255 1.134-1.689 0.031
Abnormally elevated VCAM-1 1.598 1.354-1.698 0.015 1.332 1.421-1.669 0.023
Abnormally elevated IL-6 1.652 1.425-1.865 0.020 1.269 1.158-1.598 0.036
Abnormally elevated IL-17A 1.364 1.135-1.865 0.024 1.334 1.123-1.668 0.034

BMI, body mass index.

Discussion

Allergic rhinitis not only affects the nasal cavity but
may also induce headaches, sleep disorders, cognitive
dysfunction, and other function disorders, affecting the
quality of life of patients. Some scholars believe that
allergic inflammation is not limited to the site where it
initially occurs, and can be secondary to non-allergic
reactions throughout the body (11). A number of reports
have indicated that if not treated in time, allergic rhinitis
can be complicated with asthma, sinusitis, otitis media,
pharyngitis, conjunctivitis, and other diseases (12-14).
According to previous reports, more than 50% of asthma
patients have a history of allergic rhinitis, which indicates
that the early diagnosis and treatment of allergic rhinitis
is of significance for preventing the progression of related
diseases (15).

At present, the mechanism of local allergic
inflammation leading to allergic inflammation in distant
organs is not yet clear, but some researchers have found
that the relationship between the VCAM system and
allergic reactions is intricate. The expression level
of VCAM-1 could be upregulated when induced by
stimulating factors (8). It has been reported in the
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literature that VCAM-1 is overexpressed in patients with
airway inflammatory diseases, such as allergic asthma (16).
Nosulya ez al. found that the expression of VCAM-1 in the
lung tissues of anaphylactic shock rats increased with the
progression of anaphylactic shock, indicating that VCAM-
1 is a key molecular involved in allergic reactions (17). The
findings of the present study indicated that the level of
VCAM-1 in the observation group was significantly higher
than that in the control group, which is consistent with the
results reported in the previously published studies (18).

A number of researchers believe that a variety of
inflammatory mediators may play important roles in the
pathogenesis of allergic rhinitis (19), such as IL-17A and
IL-6. As an important member of the IL-17 family, IL-
17A could induce the activation of T cells, activate protein
kinases, regulate the activity of kinases, play an important
role in signaling pathways (such as P38-mitogen-activated
protein kinase), and stimulate the release of various
inflammatory factors, such as IL-6 and IL-8, thereby
triggering a series of inflammatory airway response (9).
IL-6 is an inflammatory factor released by monocytes
and macrophages, which can directly activate vascular
endothelial and inflammatory cells, induce the synthesis of
acute-phase proteins, aggravate inflammatory reactions, and
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damage tissues and cells. Ciprandi ez /. found that IL-6 can
induce the release of specific allergic mediators and further
aggravate allergic rhinitis with the coordination of other
inflammatory factors (20).

In the present study, enzyme-linked immunosorbent
assay was used to detect the levels of serum VCAM-1,
IL-6, and IL-17A in patients with different severity of
allergic rhinitis. We found that as the disease worsened,
serum VCAM-1, IL-6, and IL-17A levels gradually
increased, suggesting that the 3 indicators have a significant
correlation with the progression of allergic rhinitis. A high
level of IL-17A can inhibit the synthesis of eosinophilic
chemokines and the infiltration of eosinophilic granulocytes.
Patients with allergic rhinitis have increased IL-17A level,
which is easy to be recruited into the inflammatory foci,
thus changing the local inflammatory cell population and
enhancing the inflammatory response. When the nasal
mucosa of patients with allergic rhinitis is attacked by
bacteria or viruses, the level of secreted immunoglobulin
A in the local mucosa decreases, and the antiviral ability of
the local nasal mucosa decreases. However, the cytokines
are secreted and transferred to various parts of the body
through the blood, which ultimately leads to the significant
increase of serum IL-6 concentration. This phenomenon is
mainly related to the damage of nasal mucosal cells caused
by inflammation (10). The findings of the present study
indicated that the VCAM-1, IL-6, and IL-17A levels in
patients with allergic rhinitis were significantly higher than
those in healthy people, demonstrating that indicators,
such as VCAM-1, IL-6, and IL-17A, could be used as
biochemical indicators for the diagnosis of allergic rhinitis
at an early stage. In addition, this study also found that the
abnormally elevated levels of VCAM-1, IL-6 and IL-17A
were related risk factors for inducing allergic rhinitis, which
suggests that the clinical symptoms of allergic rhinitis can
be alleviated and the disease can be controlled by inhibiting
the levels of VCAM-1, IL-6 and IL-17A.

In summary, VCAM-1, IL-6, and IL-17A play important
roles in allergic rhinitis, and the concentration of the 3
indicators increase with disease progression. The findings of
the present study indicate that clinical testing of VCAM-1,
IL-6, IL-17A should be increased to improve the diagnostic
rate for early allergic rhinitis, prevent disease progression,
and improve patient prognosis. However, there are still
some limitations of this study. Since the mechanism that
determines the upregulation of adhesion molecules in the
nasal mucosa has not yet been clarified, the in vitro effects
of VCAM-1, IL-6 and IL-17A on nasal mucosa cells need
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to be further studied in the future
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