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Abstract

Introduction: Chronic rhinosinusitis (CRS) is a local inflam-
mation of the nasal mucosa and sinus that persists for >12
weeks. As CC chemokineligand (CCL) 19 expression is known
to be elevated in CRS, and CCL 19, CCL21, and CCL25 share
the same atypical chemokine receptor 4, so we focused on
CCL21 and CCL25. Objectives: To investigate the expression
of CCL21 and CCL25 in different types of CRS and their sig-
nificance in CRS development. Methods: A total of 116 pa-
tients participated in the study, and uncinate process mu-
cosa or nasal polyp (NP) specimens were collected during
surgery. Western blotting and immunohistochemistry were
performed to detect the expression of CCL21 and CCL25, re-
spectively, in the nasal mucosa. Immunofluorescence was
used to determine their cellular localization in NPs, whereas
macrophage culture was used to determine their relation-
ships with macrophages. Results: Immunohistochemistry
revealed that the expressions of CCL21 and CCL25 were in-

creased in NPs only. Western blotting revealed that these
expressions were gradually increased in control, CRS with-
out NP and CRS with NP groups and were positively corre-
lated with disease severity. Furthermore, increased expres-
sions of CCL21 and CCL25 in NPs were not related to eosino-
phil infiltration. Immunofluorescence results demonstrated
colocalization of CCL25+ cells and CD68+ macrophages.
CCL25 expression was increased in macrophage culture, es-
pecially in M1 macrophages, while CCL21 expression was
not significantly associated with macrophages. Conclu-
sions: CCL21 and CCL25 were significantly upregulated in
NPs and positively correlated with disease severity. CCL25
upregulation was related to M1 macrophages.
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Introduction
Chronic rhinosinusitis (CRS) is a local inflammation
of the nasal mucosa and sinus that persists for >12

weeks. CRS has a high prevalence worldwide, with a
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multicenter survey in Europe reporting a prevalence as
high as 10.9% [1], while the prevalence in China is cur-
rently 8% [2]. The criteria for diagnosing CRS have
been outlined in the European Position Paper on Rhi-
nosinusitis and Nasal Polyps (NPs) guidelines [3]. CRS
can be divided into 2 types according to the presence of
NPs in the middle meatus: CRS with NP (CRSwNP) and
CRS without NP (CRSsNP). According to the degree of
eosinophil infiltration, CRSWNP can be further divided
into eosinophilic CRSWNP (eos CRSWNP) and non-eos
CRSwNP.

Chemokines are a group of small cytokines or secreted
proteins, approximately 8-10 kDa in size, that collective-
ly possess 4 positionally conserved cysteine residues to
maintain their tertiary structures. CC chemokines are
those with 2 adjacent cysteines near their amino termi-
nus. A total of 27 CC chemokines have been found previ-
ously. CC chemokines mainly induce chemotaxis and ac-
tivate monocytes and some T cell subsets as well as recruit
B cells, eosinophils, dendritic cells, and natural killer cells.
The roles of many CC chemokines in CRS have been re-
ported, for example, MCP-4 (CC chemokine ligand
[CCL] 13), RANTES (CCL5), Eotaxin-1, -2, -3 (CCL11,
CCL24, and CCL26), and CCL18 were reported to be up-
regulated in CRSWNP via CC chemokine receptor (CCR)
3-mediated eosinophil aggregation to promote the devel-
opment of NPs [4-6]. CCL23 expression in eos-CRSWNP
was also reported to be significantly increased, and over-
production of CCL23 may contribute to the pathogenesis
of eos-CRSWNP through the recruitment of CCR1+ in-
flammatory cells (including macrophages and mono-
cytes) and amplifying local inflammation [7]. CCL19,
CCL21, and CCL25 are bound with atypical chemokine
receptor 4 (ACKR4) and then fail to transmit signals
through the classical G protein-coupling pathway [8]. It
has been reported that ACKR4 was expressed in various
tissues such as heart, lung, thymus, liver, lymph node, T
cell, and dendritic cells [9]. As for nasal tissues, it had
been reported to be downregulated in human nasopha-
ryngeal carcinoma tumor tissues compared to adjacent
normal nasal tissue [10]. In our previous study, the ex-
pression of CCL19 in CRS was significantly increased,
and it was mainly expressed by CD68+ macrophages [11].
We inferred that CCL21 and CCL25 might also play roles
in different types of CRS. In this study, we explored
CCL21 and CCL25 expressions in normal human nasal
mucosa and in tissues excised from individuals with dif-
ferent types of CRS to determine the roles of these protein
in CRS.
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Materials and Methods

Patients and Specimens

All total of 116 patients participated in the study, all of whom
were recruited from the Department of Otolaryngology-Head and
Neck Surgery of the Renmin Hospital of Wuhan University (Wu-
han, China) between March 2016 and 2018. Patients diagnosed
with CRS according to the European Position Paper on Rhinosi-
nusitisand NPs guidelines were divided into CRSsNP and CRSWNP
groups according to the presence of NPs. The control group in-
cluded subjects undergoing septoplasty or nasal skull base surgery.
Patients meeting one or more of the following criteria were ex-
cluded: steroids used within 4 weeks, cystic fibrosis, pregnant, se-
vere or unstable complications, or having psychological disorder.
For all subjects, the following information was collected: sex, age,
history of smoking, allergic rhinitis, asthma, sinus surgery, periph-
eral blood eosinophil count and percentage, AllergyScreen® test
for several inhalation allergens, visual analog score (VAS) of total
rhinosinusitis symptoms, Lund-Mackay score, and Lund-Kenne-
dy score. The AllergyScreen® test is an immunoblot assay for the
quantitative determination of circulating allergen-specific immu-
noglobulin E in human serum, and we only focused on those in-
halation allergens such as household dust mite, house dust, cat
dander, and dog dander. All subjects were randomly selected for
each method. Details of the subjects’ characteristics are presented
in Table 1. All tissues were obtained during surgery: NPs were tak-
en from the CRSWNP patients, uncinate mucous membranes were
taken from the CRSsNP patients, and uncinate mucous mem-
branes or inferior turbinate tissue samples were taken from the
control subjects. All patients signed informed consent, and the ex-
perimental procedure was approved by the Ethical Review Com-
mittee of the Renmin Hospital of Wuhan University.

Hematoxylin-Eosin Staining

All tissue samples used for histological analysis were immedi-
ately washed with saline, the surfaces were dried with filter paper,
and the samples were placed in a 4% paraformaldehyde fixative
(Servicebio, Wuhan, China) for at least 24 h. Gradient alcohol de-
hydration and xylene transparent treatment were performed fol-
lowed by paraffin embedding. Serial sections from each specimen
at a thickness of 5 pm were made for Hematoxylin-Eosin (H&E)
and immunological staining. H&E staining reagents were pur-
chased from Wuhan Servicebio Biotechnology Co. Ltd., and all
staining was performed in accordance with the manufacturer’s
protocol.

Immunohistochemistry

Paraffin sections were incubated at 60 °C for 2 h, rehydrated,
further incubated with 3% H,0O, deionized water at room tem-
perature (20°C) for 8 min, and washed for 5 min with phosphate-
buffered saline (PBS) 3 times. The sections were microwaved at
high temperatures in citrate buffer (AR0024, Boster, Wuhan, Chi-
na) for 10 min; after cooling, the sections were then washed with
PBS for 5 min 3 times. Subsequently, a blocking solution contain-
ing 5% bovine serum albumin was added to the sections followed
by incubation at 37 °C for 30 min, and then the solution was dis-
carded. Goat antihuman CCL21 antibody (1:50; Santa Cruz Bio-
technology, Dallas, TX, USA) and Goat anti-human CCL25 anti-
body (1:50; Santa Cruz) were added to the sections separately,
which were then incubated overnight at 4°C. PBS was used instead
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Table 1. Subjects’ characteristics

Control CRSsNP CRSwWNP

Total subjects 23 31 62
Gender, male/female 13/10 16/15 28/34
Age, years, median (range) 44 (22-64) 36 (19-65) 53 (22-83)
Smoke 9 8 24
Allergic rhinitis 0 18 22
Asthma 0 3 8
Allergen screening positive 4 23 37
Sinus surgery 0 0 17
VAS of total rhinosinusitis symptoms 10.6+9.3 17.4%8.0 21+7.8
Blood eosinophils percentage, % 1.8+2.1 3.3+2.3 2.7%2.8
Lund-Mackay score 2.7¢1.5 4.2+1.6 8.4+2.5
Lund-Kennedy score 3.1£2.9 6.7+4.7 15.246.1
Methodologies used

Histological analysis 11 18 37

Western blot 12 15 30

CRSsNP, CRS without NP; CRSWNP, CRS with NP; VAS, visual analog score.

of primary antibodies as a negative control. After primary anti-
body incubation, the sections were rewarmed for 30 min, washed
with PBS for 5 min 3 times, incubated with horseradish peroxi-
dase-conjugated anti-goat IgG (SV0003, Boster) at 37 °C for 30
min, and washed again with PBS for 5 min 3 times. A 3,3’-diami-
nobenzidine color development kit (AR1022, Boster) was used for
staining, the reaction time was controlled by observation under a
microscope, and the reaction was stopped by adding tap water.
Hematoxylin (AR0005, Boster) was incubated on the sections for
1 min for counterstaining. Images observed on an upright Olym-
pus BX51 fluorescence microscope (Olympus Corporation, To-
kyo, Japan) were obtained.

Western Blotting

All tissue specimens used for protein analysis were immedi-
ately washed with saline, dried with filter paper, and immediately
stored at —-80°C. All tissue samples were treated with liquid nitro-
gen and ground to a powder by an MM400 oscillating mill (Retsch
GmbH, Haan-Griiten, Germany). Next, 4 pL of RIPA lysis buffer
(Beyotime, Shanghai, China) was added per 1 mg of tissue in an
Eppendorf tube. The supernatant was collected after centrifuging
the Eppendorf tube at 4°C and 12,000 g for 15 min. Subsequently,
the protein concentration in the sample was determined with a
Pierce™ BCA Protein Assay Kit (23225, Thermo Fisher, Waltham,
MA, USA). To detect CCL21 and CCL25, 50 pg of protein per well
was resolved on a 10% NuPAGE Bis-Tris Gel (Invitrogen, Carls-
bad, CA, USA) and then run in an MES buffer system at 200 V for
40 min. The proteins were transferred to a polyvinylidene fluoride
membrane (Millipore, Billerica, MA, USA) at 200 mA for 40 min.
The membrane was blocked in 5% skim milk (Google Biological,
Wuhan, China) for 120 min and then incubated with goat antihu-
man CCL21 antibody (1:200; Santa Cruz Biotechnology), goat an-
tihuman CCL25 antibody (1:200; Santa Cruz Biotechnology), and
rabbit antihuman B-actin antibody (1:1,000; GB11001; Servicebio)

Increased Expressions of CCL21 and
CCL25 in NPs

at 4 °C overnight. After primary antibody incubation, the mem-
brane was washed with PBS/0.1% Tween-20 for 10 min 3 times,
and the IRDye 800-conjugated donkey antigoat IgG (1:15,000, Li-
Cor Biosciences, Lincoln, NE, USA) and Alexa Fluor® 680 goat
antirabbit IgG (H+L; 1:10,000, A21076, Life Technologies, Carls-
bad, CA, USA) were used incubated with the membrane for 45 min
at room temperature. Finally, the membrane was washed with
PBS/0.1% Tween-20 for 10 min 3 times, and protein bands were
detected with an Odyssey Infrared Imaging System (Li-Cor Biosci-
ences).

Immunofluorescence

The paraffin sections were rehydrated and processed as de-
scribed above, after which they were blocked in normal goat serum
(AR1009, Boster) at room temperature for 30 min and then incu-
bated with rabbit antthuman CD68 antibody (1:100, 25747-1-AP,
Proteintech, Wuhan, China) in a wet box at 4 °C overnight. After
the sections were washed with PBS for 5 min 3 times, they were
incubated with Cy3-conjugated goat antirabbit IgG (H+L) second-
ary antibody (1:100, BA1032, Boster) in wet box at 37°C for 1 h
and washed with PBS for 5 min 4 times. After the sections were
dried and blocked in normal rabbit serum at room temperature for
30 min, they were incubated with goat antihuman CCL21 antibody
(1:50; Santa Cruz) and goat antihuman CCL25 antibody (1:50;
Santa Cruz) separately in a wet box at 4°C overnight. The sections
were washed with PBS for 5 min 3 times, incubated with fluores-
cein isothiocyanate-conjugated rabbit antigoat IgG (H+L) second-
ary antibody (1:100, BA1110, Boster) in a wet box at 37°C for 1 h,
and washed with PBS for 5 min 4 times. Finally, counterstaining
was conducted with 4,6-diamidino-2-phenylindole in the dark for
5 min. Images observed on an upright Olympus BX51 fluorescence
microscope were obtained.
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Fig. 1. H&E staining of different groups. a H&E staining in control,
CRSsNP, non-eos CRSWNP, and eos CRSWNP groups. b Eosino-
phils count per HPF in different groups, eosinophils count in eos
CRSwNP group were obviously higher than other groups. In the

Cell Culture

THP-1 cell line was used as a macrophage model to detect the
relationship between the 2 CC chemokines and macrophages [12,
13]. THP-1 cells were kindly provided by Stem Cell Bank, Chinese
Academy of Sciences, and cultured in RPMI 1640 medium
(GNM31800, Genom, Hangzhou, China) with 10% fetal bovine
serum (Gibco, Invitrogen, Carlsbad, CA, USA) at 37°C and 5%
CO,. THP-1 cells without stimulation were selected as a control
and we supposed that they were grown in suspension in the form
of monocytes. After culturing with 100 ng/mL phorbol 12-my-
ristate 13-acetate (PMA; HY-18739, MedChem Express, USA) for
48 h, THP-1 cells were differentiated to macrophages and grew
adherently as described previously [12, 13]. Then macrophages
were washed with PBS and then cultured with several cytokines,
such as interleukin (IL)-4, IL-13, tumor necrosis factor (TNF)-aq,
and interferon (IFN)-y at 10 ng/mL for 24, 48, and 72 h, respec-
tively. All cytokines mentioned above were purchased from Pep-
roTech.

Real-Time Quantitative Polymerase Chain Reaction

The cells were harvested after stimulation. Total RNA of the
cultured cells was extracted with Trizol reagent (Invitrogen, Pais-
ley, UK) and then reverse transcribed to cDNA by using a reverse

4 Int Arch Allergy Immunol
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figure, the arrows denote eosinophils and * indicates p < 0.05. Mag-
nification: 400x. CRSWNP, CRS with NP; CRSsNP, CRS without
NP; eos CRSWNP, eosinophilic CRSWNP.

transcription reagent Kit (RR047a, Takara, Syuzou, Shiga, Japan).
Primer for CCL21 (forward, 5-GTTGCCTCAAGTACAGC-
CAAA-3"; reverse, 5-AGAACAGGATAGCTGGGATGG-3'),
CCL25 (forward, 5-GGCCCTCATGCTGTAAAGAAG-3'; re-
verse, 5'-TGCTGATGGGATTGCTAAACTT-3'), and GAPDH
(forward, 5'-GACAGTCAGCCGCATCTTCT-3'; reverse, 5'-GC-
GCCCAATACGACCAAATC-3') were purchased from Gene Co-
poeia (Guangzhou, China). Real-time quantitative polymerase
chain reaction was conducted with SYBR® Premix Ex TaqTM
(RR820a, Takara), and all steps were performed according to the
manufacturer’s instructions. Relative gene expression was calcu-
lated using the 2(-AACT) method.

Statistics

The enumeration data were represented by the number of cas-
es, and measurement data were expressed as the mean + SD. All
data were statistically analyzed using SPSS 20.0 software (SPSS,
Inc., Chicago, IL, USA). Analysis of variance was used to compare
the differences among the groups, and Tukey’s multiple compari-
sons test was performed after analysis of variance. A p value of
<0.05 was considered statistically significant.
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Fig. 2. Immunohistochemistry of CCL21/CCL25 was performed
with an antihuman CCL21/CCL25 antibody. a Statistical counts of
CCL21+ cells per HPF for each group, and the negative controls
were NP tissues from a patient with CRSWNP. b Statistical counts
of CCL25+ cells per HPF for each group. CCL21 and CCL25 ex-
pressions in the CRSWNP group were higher than those in the con-

Results

He&E Staining of Each Group and Grouping of

CRSwNP Subgroups

To observe the histological features of the samples in
different groups, we performed H&E staining on the
specimens. The staining pattern of paraffin sections was
observed under a microscope. Nuclei were stained dark
blue while eosinophils in the cytoplasm and fibrous tissue
were red (Fig. 1). Furthermore, according to the degree of
eosinophil infiltration in the NPs, we divided the CRSWNP
samples into 2 subgroups: eos CRSWNP and non-eos
CRSwNP. The classification criteria were as follows [14]:
if eosinophils accounted for >10% of the total inflamma-
tory cell on average after randomly selecting 10 high-
power fields (HPF), the patients were assigned to the eos
CRSWNP subgroup (n = 13), while all others were placed
in the non-eos CRSWNP subgroup (n = 24). We found
that the eosinophils count per HPF in eos CRSWNP group

Increased Expressions of CCL21 and
CCL25 in NPs

trol group and the CRSsNP group. In the figure, the arrows indi-
cate CCL21+/CCL25+ cells and * indicates p < 0.05. Magnification:
400x. CRSWNP, CRS with NP; CRSsNP, CRS without NP; eos
CRSWNP, eosinophilic CRSWNP; CCL, CC chemokine ligand;
HPF, high-power field.

was remarkably higher compared to the other groups (all
p < 0.05). This also shows that the proportion of eos
CRSwNP in China is not as high as in Western countries.

Increased Expressions of CCL21 and CCL25 in

CRSwNP and Their Locations in Nasal Mucosa

First, we compared the expression of 2 CC chemokines
in the nasal mucosa by immunohistochemistry. As was
shown in Figure 2, the average number of CCL21+ cells
per HPF in each group was 1.45 + 1.28 in the control
group, 5.50 £ 2.17 in the CRSsNP group, 42.28 + 14.76 in
the non-eos CRSWNP groups, and 26.67 + 11.02/HPF in
the eos CRSWNP groups. CCL21 expression in the non-
eos and eos CRSWNP groups was all higher compared to
the control (p < 0.05) and CRSsNP group (p < 0.05). But
there was no significant difference between the control
group and the CRSsNP group (p = 0.23) as well as no sig-
nificant difference between the non-eos and eos CRSWNP
groups (p = 0.14). Moreover, CCL21+ cells were mainly
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Fig. 3. Expression levels of CCL21 and CCL25 proteins in the nasal
mucosa. a Expression levels of CCL21 and CCL25 proteins were
detected by western blotting. b, ¢ Semiquantitative analysis re-
vealed significantly increased CCL21 and CCL25 levels in patients
with CRSsNP and CRSWNP compared to the control subjects, but

expressed on the mucosal and glandular epithelium. As
for CCL25, the average number of CCL25+ cells per HPF
in each group was 1.37 + 1.45 in the control, 3.90 + 2.07
in the CRSsNP, 16.42 + 6.24 in the CRSWNP groups, and
19.00 + 3.00 in the eos CRSWNP groups. CCL25 expres-
sion in the non-eos and eos CRSWNP groups were all
higher than that in the control group (p < 0.05) and the
CRSsNP group (p < 0.05), but there was no significant
difference between the control group and the CRSsNP
group (p = 0.15), and no significant difference between
the non-eos and eos CRSWNP group (p = 0.53). Further-
more, although a few CCL25+ cells were expressed on the
mucosal and glandular epithelium, CCL25 was mainly
expressed in submucosal inflammatory cells. We focused
on inflammatory cells in this study to determine the role
of CCL25 in the pathogenesis of CRS.

CCL21 and CCL25 Protein Levels Were Elevated in

CRSwNP

The western blotting results were a little different from
those observed by immunohistochemistry, as shown in
Figure 3. CCL21 expression in CRSsNP group was in-
creased compared to the control group (p < 0.05), but
CCL21 level in eos CRSWNP and non-eos CRSwWNP
groups were all significantly upregulated compared to the
CRSsNP (p < 0.05) and control groups (p < 0.05). Regard-
less, there was no significant difference in CCL21 expres-
sion between the eos CRSWNP and non-eos CRSWNP
groups (p = 0.291). Similarly, for CCL25 expression,
CRSsNP group was slightly upregulated (p < 0.05) com-
pared to the control but still less than eos CRSWNP (p <

6 Int Arch Allergy Immunol
DOI: 10.1159/000504476

there were no significant differences in the expressions of CCL21/
CCL25between the eos-CRSWNP subgroup and non-eos CRSWNP
subgroup. * Indicates p < 0.05. CRSWNP, CRS with NP; CRSsNP,
CRS without NP; eos CRSWNP, eosinophilic CRSWNP; CCL, CC
chemokine ligand.

0.05) and non-eos CRSWNP groups (p < 0.05). Moreover,
the 2 CRSWNP subgroups showed no significant differ-
ence (p = 0.778).

CCL21 and CCL25 Expressions Positively Correlated

with Disease Severity

We further studied the relationship between the 2 che-
mokines and the severity of CRS. We studied the correla-
tions between the expression levels of CCL21 and CCL25
and the VAS of total rhinosinusitis symptoms, sinus CT
Lund-Mackay score, and nasal endoscopy Lund-Kenne-
dy score in patients with CRS. The results are shown in
Figure 4; we can observe that both CCL21 and CCL25
levels were positively correlated with CRS severity (shown
in VAS, Lund-Mackay score, and Lund-Kennedy score).
This might suggest that the levels of the 2 chemokines
could be used as indicators of CRS severity.

Cellular Localizations of CCL21 and CCL25 in NPs

The above results suggest that the expressions of
CCL21 and CCL25 in the nasal mucosa of CRSWNP
group were significantly upregulated, but there was no
significant correlation with the degree of infiltration of
eosinophils in the NPs. As our previous study found that
CCL19 was mainly expressed by CD68+ macrophages in
NPs, we predicted that CCL21 and CCL25 might also be
associated with macrophages. We got different results of
their cellular localization by immunofluorescence. For
CCL21, we could see in Figure 5 that CCL21+ cells were
not colocalized with CD68+ macrophages at all, which
suggest that it might not be related to macrophages. How-
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a CD68 DAPI

Color version a

CD68 DAPI

Fig. 5. Cellular localizations of CCL21 and CCL25 in NPs. Immunofluorescence was used to detect the colocal-
ization of CCL21/CCL25 (green fluorescence), the macrophage marker CD68 (red fluorescence), and nuclear
4,6-diamidino-2-phenylindole (blue fluorescence) in patients with CRSWNP. a Cellular localization of CCL21,
CCL21+ cells, and CD68+ macrophages were not colocalized. b Cellular localization of CCL25, CCL25+ cells,
and CD68+ macrophages colocalized. In the figure, the arrows denote positive cells. Magnification: 400x. CCL,
CC chemokine ligand; DAPI, 4,6-diamidino-2-phenylindole.
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Fig. 6. CCL21 and CCL25 mRNA expression in macrophages.
THP-1 cells were stimulated by PMA and differentiated to macro-
phages, then the macrophages were incubated with 10 ng/mL IL-4,
IL-13, TNF-a, IFN-y for 48 h. The mRNA levels of CCL25 were
analyzed by quantitative polymerase chain reaction (n = 3).
a CCL21 mRNA level was not upregulated in macrophages, (b)
CCL25 mRNA level was remarkably upregulated in macrophages,

ever, as shown in Figure 5, CCL25+ cells and CD68+ mac-
rophages were colocalized, with CCL25+CD68+ cells ac-
counting for approximately 83.0% of the total CCL25+
cells. Thus, only CCL25 is mainly expressed on CD68+
macrophages.

Different Relationships of CCL21 and CCL25 with

Macrophages

A macrophage inflammation model (THP-1 cell line)
was used to further confirm the relationship between
CCL21/25 and macrophages, and their relationships are
shown in Figure 6. After culturing with PMA for 48 h, we
found that THP-1 cells which acted like monocytes had
differentiated to macrophages. We chose the untreated
THP-1 cells as a control, cells in PMA group were con-
sider as macrophages, and IL-4, IL-13, TNF-a, IFN-y
groups were macrophages stimulated with correspond-
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(c) dynamic observed the CCL25 mRNA expression, the upregula-
tion was most remarkable when the macrophages were cocultured
with IFN-y and reached the peak after 48 h culturing. * Indicates
p < 0.05. PMA, phorbol 12-myristate 13-acetate; IL, interleukin;
TNF-a, tumor necrosis factor-o; IFN-y, interferon-y; CCL, CC
chemokine ligand.

ing cytokines. We found that CCL21 mRNA level was
downregulated after differentiated to macrophages (p <
0.05) and was even lower after stimulated with different
cytokines (all p < 0.05). While CCL25 mRNA level was
remarkably upregulated compared to control (p < 0.05).
The upregulation of CCL25 was most remarkable when
the macrophages were cocultured with IFN-y (p < 0.05).
When cocultured with IL-4, IL-13, or TNF-a, CCL25
mRNA expression was downregulated compared to PMA
stimulation only (all p < 0.05), but still be higher than the
control (all p < 0.05). Then we dynamically observed the
CCL25 mRNA expression when the macrophages were
stimulated by different cytokines, and we found that
CCL25 mRNA level reached a peak after 48 h stimulating
with IFN-y. Thus, we can speculate that CCL25 might be
produced by macrophages, especially cocultured with
IFN-y and differentiated into M1 macrophages.
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Discussion

CRSisalocal inflammation of the sinus, and nasal mu-
cosa that persists for >12 weeks. Although its pathogen-
esis remains unclear, CRS may be related to respiratory
infections, respiratory allergies, the nasal cavity, and si-
nus anatomical abnormalities. In CRSWNP, the Th2-type
inflammatory reaction is predominant, as the cytokines
IL-4, IL-5, and IL-13 secreted by Th2 cells play a major
role in this process [15-18]. Traditionally, CRSsNP is
thought to exhibit a predominantly type 1 inflammatory
environment, which is characterized by increased IFN-y
and reduced IL-5 expression, compared to the environ-
ment elicited in CRSWNP [19, 20]. However, in the Asian
population, NPs are rarely observed with high eosinophil
infiltration [14]. Among our study population, only 13
cases (35.1%) of CRSWNP were eos-CRSWNP, while the
number of non eos-CRSWNP cases was 24 (64.9%).

CCL21, also known as 6Ckine and secondary lym-
phoid-tissue chemokine, has 6 conserved cysteine resi-
dues instead of the 4 cysteines typical to chemokines.
CCL21 acts as a chemoattractant for T cells, B cells, ma-
ture dendritic cells, and natural killer cells as well as par-
ticipates in T cell immune response. As with CCL19,
CCL21 elicits its effects by binding to CCR7. Studies have
shown that the CCL19/CCL21/CCR?7 axis is associated
with many inflammatory and allergic diseases [21-24].
Our previous study showed that in the nasal mucosa,
CCL19 expression was increased in both CRSsNP and
CRSwWNP group, although, the upregulation was more
pronounced in eos-CRSWNP group [11]. Similarly, in the
present study, we found that CCL21 was elevated in
CRSsNP and CRSwNP group, but the enhancement
showed no obvious association with eosinophilia. More-
over, unlike CCL19, CCL21 was not related to macro-
phages as it was not colocated with CD68+ macrophages,
and it had no remarkable upregulation in macrophages
culture. Thus, we can conclude that while there similari-
ties between CCL19 and CCL21 expression in CRS and
many other diseases, they might play different roles in the
pathogenesis and elicit their effects via acting on different
cells. For CCL19 also called macrophage inflammatory
protein-3-beta, its relationships with macrophages were
closer than CCL21, while many studies pointed out that
CCL21 might act with dendritic cells [25, 26], we inferred
that dendritic cells might be involved in the pathogenesis,
but this requires further confirmation in future studies.

CCL25, also known as thymus-expressed chemokine,
consists of 150 amino acids, 23 of which are signal pep-
tides at the N-terminus. It is associated with thymocytes,

Increased Expressions of CCL21 and
CCL25 in NPs

macrophages, and dendritic cells as well as with T cell
development and is the only ligand that binds CCR9 [27].
Studies have shown that the CCL25/CCR9 axis is associ-
ated with inflammatory diseases such as gastroduodeni-
tis [28] and colitis [29, 30]. CCL25 is also related to al-
lergic diseases such as allergic rhinitis [31], asthma [32],
and atopic dermatitis [33]. Our present study showed
that in the nasal mucosa, CCL25 expression was slightly
increased in the CRSsNP group but was significantly el-
evated in the CRSWNP group, regardless of eosinophil.
In contrast to the CC chemokines mentioned above [4-
6], CCL25 may not act via eosinophils despite its upregu-
lation in CRSWNP. Both CCL25 and CCR9 are mainly
expressed in thymocytes, macrophages, and dendritic
cells [27]. Although dendritic cells are also expressed in
CRSwWNP, their numbers are lower than macrophages
[14], thus the role of CCL25 in CRSWNP may be mainly
related to macrophages. This was confirmed in our im-
munofluorescence results. There was colocalization be-
tween CCL25+ cells and CD68+ macrophages in
CRSwNP suggesting that their roles in NPs may be main-
ly related to macrophages rather than to eosinophils and
dendritic cells. Studies have shown that macrophages in
different microenvironments can differentiate into vari-
ous cell types: under IFN-y and lipopolysaccharide stim-
ulation, they can differentiate into typical M1 macro-
phages to resist microbial infections and secrete IFN-y;
however, in the microenvironments containing Th2 cy-
tokines such as IL-4 and IL-13, macrophages selectively
differentiate into M2 macrophages that secrete Th2 cy-
tokines and promote allergic inflammation [6]. Thus, we
used the THP-1 cell line to confirm the relationship be-
tween CCL25 and macrophages. THP-1 cells were used
as a model to examine some macrophage-related physi-
ological processes [12]. After stimulating with 100 ng/
mL PMA for 48 h, THP-1 cells were differentiated to
macrophages as described previously [13]. As we found
that the differentiated macrophages expressed high
CCL25 mRNA level compared to unstimulated THP-1
cells, concluded that macrophages can produce CCL25.
To further reveal which type of macrophages are associ-
ated with CCL25, we used different cytokines to further
differentiate macrophages. As mentioned above [6],
when cocultured with IL-4 and IL-13, macrophages se-
lectively differentiated into M2 macrophages, and CCL25
mRNA expression was lower than PMA stimulated THP-
1 cells, was seen as MO macrophages, but was still be
higher than the control (unstimulated THP-1 cells). On
the other hand, when cocultured with IFN-y and differ-
entiated into M1 macrophages, CCL25 mRNA level was
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remarkably elevated and was even higher than the M0
macrophages; thus, we can infer that M1 macrophages
was closely related to CCL25 expression. When cocul-
tured with TNF-a, which was a cytokine released by mac-
rophages [34], CCL25 mRNA expression was lower than
the MO macrophages and gradually decreased with time,
so we can conclude that TNF-a was not related to CCL25
expression. Hence, overall, THP-1 cells culture further
confirmed the correlation between CCL25 and macro-
phages, especially M1 macrophages. Similarly, some
studies have shown that during the culture of macro-
phagesisolated from the peripheral blood, the expression
of CCL25/CCR9 in M1 macrophages was gradually and
significantly upregulated, while that in M2 macrophages
were not significantly increased [35]. Combined with our
results, the data suggest that CCL25 is upregulated in
CRSwWNP, which may be mainly related to the role of M1
macrophages. It seems contradictory that CRSsNP is
thought to exhibit a predominantly type 1 inflammatory
environment, but the CCL25 expression was still lower
than that in CRSWNP. We speculate that this might due
to the following 2 reasons: first, the amount of macro-
phages in CRSWNP were larger than that in CRSsNP
[14], and second, Asian patients with CRSWNP had more
Thl inflammatory reactions which is different from
western countries [18].

Despite the differences in association with macro-
phages, the 3 CC chemokines (CCL19, CCL21, and
CCL25) showed similar differences between CRSsNP and
CRSwWNP. To examine their similarities, we found that
although CCL19/CCL21 is bound to CCR7, while CCL25
is bound to CCR9Y, they all can interact with ACKR4 to
exert their effects [8]. ACKR4, also known as CC chemo-
kine receptor-like 1 (CCRL1), was previously recognized
as CCR11 due to its ability to bind several CC chemokines
(e.g., CCL19, CCL21, and CCL25), but as it was found to
be a scavenger receptor for chemokines and not a bona
fide chemokine receptor, it is no longer regarded as
CCR11 [36].In human hepatocellular carcinoma, ACKR4
was downregulated in tumor tissue compared with paired
normal liver tissue. As ACKR4 can reduce the binding of
CCL19 and CCL21 to CCR7, so downregulation of
ACKR4 leads to a high expression of CCL19/CCL21/
CCR7 in human hepatocellular carcinoma [37]. Similar-
ly, in breast, cervical, and colorectal cancer, low expres-
sion of ACKR4 was reported which correlated with poor
prognosis [38-41]. Especially in NPC, loss of ACKR4 was
prevalent and might promote NPC development via ac-
cumulating CCL21 in tumor tissue [10]. Hence, we infer
that high expression of CCL19, CCL21, and CCL25 in

10 Int Arch Allergy Immunol
DOI: 10.1159/000504476

CRSwWNP might be related to the downregulation of
ACKR4, but this requires further confirmation.

In conclusion, the present study showed that the ex-
pressions of CCL21 and CCL25 in CRS, particularly in
NPs, were significantly upregulated, and these effects
were unrelated to the degree of eosinophil infiltration in
NPs. The upregulation of CCL25 was related to macro-
phages especially M1.
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