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allergic rhinitis; Purpose: Research has indicated that individuals with allergic rhinitis exhibit elevated levels
CXCL16; of CXCL16 expression in their serum. This study aims to illustrate the role of CXCL16 and its
inflammation; associated mechanisms in mice suffering from allergic rhinitis.

NF-kB Methods: An allergic rhinitis model was established by injecting ovalbumin (OVA) into mice,

and the expression of CXCL16 mRNA and protein in nasal mucosal tissue was measured. The
frequency of nose rubbing and sneezing in each group of mice was recorded. Serum levels of
IgE and IgG1 were also assessed. Th2 cell-related factors in the bronchoalveolar lavage fluid
(NALF) were analyzed. Histological staining was used to examine pathological changes in the
nasal and lung tissues. The expression levels of p-p65, p65, p-IkBa, and IkBa proteins in nasal
tissues were evaluated using western blot.

Results: CXCL16 expression was elevated in OVA-induced allergic rhinitis mice. CXCL16 knock-
out reduced the frequency of nose wiping and sneezing in OVA-induced mice and suppressed
the levels of IgE and IgG1. Furthermore, CXCL16 knockout led to a decrease in both the num-
ber of inflammatory cells and the levels of inflammatory factors in NALF. Histological staining
revealed that CXCL16 knockout alleviated pathological tissue changes and goblet cell hyper-
plasia. Additionally, CXCL16 knockout suppressed the expression of p-p65/p65 and p-lIkBa in
nasal tissues, while increasing the expression of IkBa.

Conclusion: CXCL16 deficiency alleviates allergic rhinitis.
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Introduction

Allergic rhinitis is a common chronic nasal condition, char-
acterized by persistent mucosal inflammation resulting
from the immune system’s overreaction to environmen-
tal allergens such as dust mites and pollen. The primary
symptoms include nasal congestion, rhinorrhea, and parox-
ysmal sneezing. In clinical practice, immunosuppressants,
steroids, and antihistamines are commonly used to man-
age allergic rhinitis symptoms." However, long-term use
of these medications often leads to adverse side effects.
Therefore, identifying therapeutic targets is essential for
advancing allergic rhinitis research.

When allergens come into contact with the nasal
mucosa of hypersensitive individuals, they bind to allergen-
specific immunoglobulin E (IgE) on mast cells, triggering
early nasal symptoms. Mast cells release histamine and
tumor necrosis factor-alpha (TNF-a), which promote the
expression of adhesion molecules on endothelial cells and
enhance the infiltration of inflammatory cells.? In allergic
rhinitis (AR), nuclear factor kappa B (NF-kB) is activated,
leading to an inflammatory response.3

CXCL16 is a chemokine belonging to the CXC subfamily.*
It is expressed in tissues such as the liver, spleen, kidney,
and lung, especially in macrophages, dendritic cells, and
endothelial cells.5 CXCL16 is regulated by inflammatory fac-
tors and pathogen-associated molecular patterns (PAMPs).
In mice, acetaminophen-induced hepatotoxicity is lessened
by CXCL16 deficiency by lowering inflammation and oxi-
dative stress in the liver.® CXCL16 reduces the expression
of neuroinflammatory factors, enhances anti-inflamma-
tory factors, and alleviates cerebral hemorrhage in mice.”
CXCL16 impairs myocardial function by activating NF-kB
and p38 MAPK signaling pathways.? Research has indicated
that the serum of AR patients has elevated levels of CXCL16
expression.’

There are relatively few studies on the role and related
mechanisms of CXCL16 in allergic rhinitis. According to this
study, CXCL16 is significantly expressed in allergic rhinitis,
and knocking down CXCL16 can alleviate the symptoms in
allergic rhinitis mice, which may be related to CXCL16 regu-
lating the NF-kB pathway.

Methods
Biological analysis

The GSE52804 expression profile was selected from the
GEO dataset and divided into a control group and an OVA
pathogenic group to analyze the differential gene expres-
sion in the nasal mucosal tissues of the two groups.

Animals

Male, 6-8-week-old C57BL/6J wild-type (WT) and CXCL16
KO mice with a C57BL/6J genetic background were
obtained from Cyagen (Suzhou, China) (n=8). On days O,
7, and 14, the mouse model was induced with ovalbumin
(OVA) via intraperitoneal injection of 100 pL saline contain-
ing 50 ug OVA and 2 mg Al(OH),. From day 21 to 28, 20 pL

of saline containing 400 pg OVA was administered intra-
nasally. Following the final intranasal administration, the
number of sneezes and nose wipes was recorded over a
fifteen-minute period. All animal experiments were con-
ducted in accordance with international and national stan-
dards for animal care and ethics, with approval from the
Animal Ethics Committee.

Detection of specific immunoglobulins in serum

Blood samples were collected from the orbital sinus, and
the blood was allowed to stand at 4°C for 30 minutes. The
samples were then centrifuged at 3000 rpm for 10 minutes,
and the supernatant was collected as serum. Anti-IgG1 or
IgE antibody was diluted and added to a 96-well plate,
followed by incubation at 37°C for 2 hours. The plate was
washed three times with washing buffer. Blocking solution
was then added and incubated at 37°C for 1 hour. Diluted
serum samples were added and incubated at 37°C for
another hour. HRP-labeled secondary antibody was added
and incubated at 37°C for 1 hour. After washing the plate,
TMB substrate was added and allowed to react at room
temperature in the dark for 10-15 minutes. Stop solution
was then added, and absorbance was read at 450 nm using
an enzyme reader. The concentrations of 1gG1 or IgE were
calculated based on the standard curve formula.

Cell counting

The nasal lavage fluid (NALF) of mice was collected and
centrifuged to remove the supernatant. The cell pellet
was resuspended in PBS, and the total number of cells was
counted using the trypan blue method. Diff-Quik staining
was used to identify and count different cell types.

Detection of IL-4, IL-5, IL-13, and IL-6 in NALF

Dilute the capture antibody to the concentration specified
in the instructions using coating buffer, add 100 pL to each
well of a 96-well plate, and incubate at 37°C for 2 hours.
Discard the coating solution, fill each well with 200 pL of
blocking solution, and incubate at 37°C for 1 hour. Add the
standard and the supernatant of the nasal lavage fluid, and
incubate at 37°C for 2 hours. Add the biotinylated detec-
tion antibody and enzyme conjugate, then add the colo-
rimetric solution followed by the stop solution. Finally,
measure the OD value using a microplate reader, and cal-
culate the concentration corresponding to the sample OD
value based on the standard curve equation. IL-6 (MlBio,
MI098430), IL-5 (MIBio, MI063157), IL-4 (MLBio, MI064310),
IL-13 (MIBio, MI106729).

H&E and PAS staining

The nasal and lung tissue samples were embedded in
paraffin and sectioned at a thickness of 4 ym. The sec-
tions were stained according to the H&E staining proto-
col. In addition, goblet cells, which are the primary cell
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type responsible for mucus secretion, are closely associ-
ated with respiratory inflammation, infection, and allergic
diseases. Therefore, the sections were also stained using
the periodic acid Schiff (PAS) staining protocol to evaluate
goblet cell proliferation.

PCR

Frozen tissue samples were ground into powder in lig-
uid nitrogen and then homogenized using RNA extraction
reagent (TRIzol). RNA samples were treated with DNase | to
eliminate potential genomic DNA contamination. The RNA
was reverse transcribed into cDNA using reverse transcrip-
tase and random primers. PCR amplification was performed
according to the cycling conditions required for CXCL16
primers and the specifications of the PCR instrument.
Quantification was carried out using the 2"-AACt method.
Forward primer (5-TCGCTGGAAGTTGTTCTTGTGA-3’);

Reverse primer (5’-GACCAGTTCCACACTCTTTGCG-3’).

Western-blot

Nasal mucosa tissue was ground into a powder using lig-
uid nitrogen, followed by homogenization with RIPA lysis
buffer, centrifugation, and collection of the supernatant
for protein concentration analysis using a BCA kit. The
samples were loaded into electrophoresis-ready gel wells,
and the separated protein bands were transferred to a
PVDF membrane and blocked with 5% skim milk powder.
The membrane was incubated with the primary antibody
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overnight at 4°C, followed by incubation with the second-
ary antibody at room temperature. Protein bands were
visualized using an ECL luminescence kit and a gel imag-
ing device. CXCL16 (GeneTex, GTX116706, 1:1000). p-p65
(Abcam, ab76302, 1:1000). P65 (Abcam, ab32536, 1:1000).
IkBa (Affinity, AF5002, 1:1000). p - IkBa (Affinity, AF2002,
1:1000). B-actin (Affinity, AF7018, 1:1000).

Statistical analysis

The data were analyzed using SPSS software. Comparisons
between two groups were performed using the Student’s
t-test, while comparisons among multiple groups were con-
ducted using one-way analysis of variance. Tukey’s HSD
method was used for post hoc testing following ANOVA.

Results

CXCL16 is highly expressed in the nasal mucosa of
AR mice

The analysis of the GSE52804 expression profile revealed
that CXCL16 expression was elevated in the nasal mucosa
of allergic rhinitis (AR) mice (Figure 1A). The expression of
CXCL16 in the nasal mucosa tissues of wild-type mice and
OVA-induced allergic rhinitis mice was assessed through
PCR and western blot. The nasal mucosa of allergic rhinitis
mice exhibited higher mRNA levels of CXCL16 (Figure 1B)
and protein expression (Figure 1C), as indicated by the
results.
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CXCL16 is highly expressed in the nasal mucosa of AR mice. (A) Expression of CXCL16 in the GSE52804 expression profile

in the nasal mucosal tissues of mice with OVA-induced allergic rhinitis. (B) Detection of CXCL16 mRNA expression in the nasal
mucosa of mice with OVA-induced allergic rhinitis by PCR. (C) Detection of CXCL16 protein expression in the nasal mucosa of mice
with OVA-induced allergic rhinitis by western blot vs .control, ***P <0.001. vs .WT, ***P <0.001.
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CXCL16 deficiency improves symptoms and OVA-
specific immunoglobulins in serum of AR mice

OVA-induced wild-type (WT) mice showed increased fre-
quencies of nose wiping and sneezing, whereas CXCL16
knockout (KO) mice exhibited reduced frequencies of rub-
bing and sneezing induced by OVA (Figure 2A). Additionally,
mouse serum levels of IgE and IgG increased as a result
of OVA exposure, while CXCL16 KO mice demonstrated a
reduction in the levels of both IgE and IgG (Figure 2B).

CXCL16 deficiency reduces inflammatory cell
infiltration in NALF

The total number of cells, including epithelial cells, eosin-
ophils, macrophages, neutrophils, and lymphocytes, in
the NALF of OVA-induced wild-type (WT) mice increased,
whereas CXCL16 knockout (KO) mice exhibited a reduction
in the number of these cells (Figure 3A). Additionally, the
levels of IL-4, IL-5, IL-13, and IL-6 in the NALF of mice were
measured using kits. The results showed that OVA elevated
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the levels of the aforementioned inflammatory factors,
while CXCL16 KO reduced the levels of these inflammatory
factors (Figure 3B).

CXCL16 deficiency alleviates pathological changes
in nasal mucosal tissues of AR mice

Mice in the OVA group exhibited significantly thicker
mucosa and a higher aggregation of inflammatory cells,
as shown by H&E staining of their lung and nasal tissues
(Figure 4A). PAS staining revealed that the goblet cells in
the OVA group were hyperplastic (Figure 4B). The patholog-
ical alterations induced by OVA were alleviated in CXCL16
knockout (KO) mice.

CXCL16 deficiency inhibits the NF-kB pathway
Western blotting was used to assess the expression of

p-p65, p65, p-IkBa, and IkBa in nasal mucosal tissue. The
results showed that OVA injection increased the levels of
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Figure 2 CXCL16 deficiency improves symptoms and OVA-specific immunoglobulins in serum of AR mice. (A) Observe and record
the number of times the mouse wipes its nose and sneezes within a 15-minute period. (B) Kit for detecting the levels of IgE and

I1gG1 in mouse serum. ***P <0.001.
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eosinophils, macrophages, neutrophils, and lymphocytes in the NALF using a cell counter. (B) Kit for detecting IL-4, IL-5, IL-13, and

Figure 3 CXCL16 deficiency reduces inflammatory cell infiltration in NALF. (A) Count the total number of cells, epithelial cells,
IL-6 in mouse NALF. ***P <0.001.
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Figure 4 (CXCL16 deficiency alleviates pathological changes in nasal mucosal tissues of AR mice. (A) H&E staining to examine the
pathological changes in the lung and nasal tissues of mice. (B) PAS staining to assess goblet cell proliferation in mouse lung and

nasal tissues.

p-p65/p65 and p-lkBa, while decreasing the expression
of IkBa. In contrast, CXCL16 knockout (KO) reduced the
expression of p-p65/p65 and p-lIkBa in nasal mucosal tis-
sue induced by OVA and increased the expression of IkBa
(Figure 5). These findings suggest that CXCL16 KO sup-
presses the NF-kB pathway.

Discussion

After exposure to allergens, IgE primarily mediates the
chronic immunological inflammatory condition known as
allergic rhinitis. By facilitating the activation of mast cells
and basophils, IgE induces the production of inflammatory
components, including histamine, leukotrienes, and Th2
cytokines, which lead to allergy symptoms such as sneez-
ing, itching, rubbing, and increased secretion in the nasal
cavity.”” Inflammation of the upper respiratory tract can
spread to the lower respiratory tract, potentially trigger-
ing asthma." CXCL16’s ability to bind and internalize mod-
ified forms of oxidized low-density lipoprotein, acting as a

scavenger receptor, is crucial for clearing apoptotic cells
and facilitating the uptake of various pathogens. Under
proteolytic cleavage by the metalloproteinase ADAM10,
the chemokine domain in its extracellular region gener-
ates the soluble chemokine sCXCL16, which exerts chemo-
kine activity.” Elevated levels of CXCL16 expression have
been observed in both the lung tissues of asthma mice and
patients. In the case of Aspergillus-induced asthma, treat-
ment with CXCL16 deletion resulted in reduced airway
inflammation, mucus production, and airway hyperrespon-
siveness." Since both asthma and allergic rhinitis are primar-
ily triggered by allergens and involve airway inflammation,
it is hypothesized that CXCL16 may play a role in allergic
rhinitis. This study demonstrated that the nasal mucosa of
mice with OVA-induced allergic rhinitis exhibited significant
CXCL16 expression. CXCL16 knockout mice showed reduced
rubbing and sneezing, along with suppressed levels of IgE
and IgG.

IL-4, IL-5, and IL-13 are Th2 cytokines. IL-4 promotes B
cell production of IgE, facilitates Th2 cell differentiation,
increases IgE levels, and triggers allergic reactions. IL-5
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Figure 5 CXCL16 deficiency inhibits the NF-kB pathway. Protein expressions of p-p65, p65, p-IkBa, and IkBa in mouse nasal

tissues were assessed by western blot. ***P <0.001.

activates eosinophils, leading to nasal mucosal inflamma-
tion and tissue damage. IL-13 promotes mucus secretion
and airway hyperresponsiveness, participates in IgE pro-
duction, and contributes to nasal congestion and mucus
production.” IL-6 exacerbates the inflammatory response
and contributes to tissue damage. In this study, OVA expo-
sure led to increased levels of Th2 cytokines and IL-6 in
mice, while CXCL16 knockout reduced the levels of these
cytokines and IL-6.

The NF-kB pathway plays a crucial role in the inflamma-
tory response of allergic rhinitis. Allergens, cytokines (such
as TNF-a and IL-1B8), and pathogen-associated molecular
patterns (PAMPs) trigger NF-kB activation. The IkB kinase
(IKK) complex phosphorylates the IkB protein, leading to its
degradation, which releases NF-kB dimers. These dimers
then enter the cell nucleus, bind to DNA, and initiate gene
transcription. NF-kB promotes the expression of cytokines
such as IL-18, IL-6, and TNF-a, thereby exacerbating inflam-
mation. It also enhances the production of Th2 cytokines,
such as IL-4, IL-5, and IL-13, which drive Th2-type immune
responses. NF-kB plays a role in the activation and survival
of eosinophils, further aggravating inflammation and tissue
damage. Additionally, NF-kB indirectly promotes B cells
to produce IgE by upregulating the expression of IL-4 and
IL-13.% In this study, OVA exposure led to increased expres-
sion of p-p65/p65 and p-IkBa, along with decreased expres-
sion of IkBa in the nasal mucosal tissue of mice, while
CXCL16 knockout inhibited the NF-kB pathway.

The study concluded that CXCL16 was highly expressed
in the nasal mucosa of mice with OVA-induced allergic rhi-
nitis. CXCL16 knockout reduced allergic rhinitis symptoms
and inhibited Th2 cytokines, which may be linked to the
inhibition of the NF-kB pathway by CXCL16 knockout.
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