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Abstract: Background: Allergic rhinitis (AR) is an inflammatory disorder involving immunoglobulin E (IgE)-mediated
immune response. Interleukin (IL)-21 IL-21 can regulate immune cell functions and IgE production. We aimed to
explore the modulation of IL-21 expression before and after sublingual immunotherapy (SLIT) in AR patients and
its correlation with IgE and Th2 cytokines. Methods: Fifty AR patients were enrolled and treated with HDM allergen
extract via SLIT. Serum levels of IL.-21 and Th2 cytokines as well as IgE were determined using enzyme-linked im-
munosorbent assay (ELISA). Statistical analysis was performed to compare changes in cytokine levels and assess
correlations. Results: After 3 years of SLIT, serum levels of I1L-21, Th2 cytokines and IgE were significantly reduced.
Greater decreases were found in the effective treatment group compared to the ineffective group. The expression
of IL-21 was correlated to IL-4 and IgE levels. Conclusion: SLIT downregulates the expression of IL-21 and other Th2
cytokines, with 1L-:21 potentially serving as a biomarker for SLIT efficacy in AR patients.
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Introduction sion, and function of various immune cells [5].

IL-21 exhibits both stimulatory and inhibitory
Allergic rhinitis (AR) is a persistent inflamma- regulatory effect on allergic inflammation. Pre-
tion of the upper airways, characterized with vious studied showed that IL-21 receptor-defi-
an abnormal immune response involving the cient mice had aberrant IgE production, while

immunoglobulin E (IgE) [1]. The main symptoms
included sneezing, pruritus, nasal obstruction,
and rhinorrhea. Allergen specific immunothera-
py (AIT), such as subcutaneous immunotherapy
(SCIT) and sublingual immunotherapy (SLIT),
represents the only disease-modifying treat- Yang et al. [10] confirmed IL-21 as a universal
ments that provide enduring clinical benefits negative regulator of IgE class-switching. Avery
and alter the allergic response [2]. et al. [11] found STAT3 phosphorylation as
indispensable for IL-21-driven IgE secretion
from human naive B cells. Spolski and Leonard

exogenous IL-21 administration suppressed IgE
synthesis [6, 7]. Conversely, experiments using
sorted B cells demonstrated elevated IgE pro-
duction in the presence of IL-21 [8, 9].

Follicular helper T (Tfh) cells, identified within
germinal centers (GCs), are a novel CD4+ T-cell

subset that has a pivotal role in orchestrating [12]'s review showed IL-21 as possessing both
the pathogenesis of B-cell responses [3]. Tfh therapeutic promise and pathogenic potential
cells produce high-levels interleukin (IL)-21 (IL- depending on immunological context.

21), which exerts direct regulatory effects on

immune cell functions [3]. Previous studies had reported Tfh cell altera-

tions following AIT. Schulten et al. [13] found

IL-21 is a cytokine with a 4-helix bundle struc- restored Tfh/Tfr equilibrium, while Yao et al.
ture and shares a common receptor gamma- [14] observed recovered Tfr function post-SCIT.
chain with IL-2 [4]. IL-21 has a diverse func- Zhang [15] implicated Tfh-derived IL-21 pro-
tions, including regulation of activation, expan- duction in asthma pathogenesis. However, the
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changes of serum IL-21 during SLIT is un-
known. Therefore, this study aimed to track
IL-21 concentrations throughout three years of
HDM-SLIT and the difference between respond-
ers and non-responders. Our study may pro-
vide potential predictor of SLIT efficacy.

Methods
Patients and treatment

A cohort of 50 AR adults patients diagnosed
according to the Allergic Rhinitis and its Im-
pact on Asthma Guidelines (ARIA) were recruit-
ed from January 2020 to January 2024. In-
clusion criteria were: (1) typical nasal symp-
toms for at least 2 years; (2) sensitization to
Dermatophagoides farinae (Der f) and/or Der-
matophagoides pteronyssinus (Der p) assess-
ed by positive skin-prick test (SPT) with a wheal
>3 mm in diameter. Patients with coexisting
immune system diseases or systematic diseas-
es were excluded.

House dust mite (HDM) allergen extract were
provided by Wolwo Bio-Pharmaceutical (CHAN-
LLERNGEN, Zhejiang Wolwo Bio-Pharmaceuti-
cal, China). A daily dose of the drugs was given
sublingually for 2 minutes before swallowing,
following the manufacturer’s instructions. Dur-
ing the maintenance phase, patients received
No. 5 (1000 pg/mL) solution after completing
No. 1-4 solution (1-333 pg/mL) during concen-
tration increment phase.

Treatment efficacy

During the whole treatment period, patients
recorded their daily symptom scores. Symptom
were scored using a total nasal symptom score
(TNSS). The TNSS was the sum of score for
nasal rhinorrhea, sneezing, itching, and con-
gestion on a scale of 0-3 (0 = absent, 1 = mild,
2 = moderate, 3 = severe). Patients achieving
>30% SMS reduction relative to baseline were
group as response group.

Enzyme-linked immunosorbent assay (ELISA)
for cytokines

Peripheral venous blood samples (5 mL) were
collected at baseline (prior to SLIT initiation)
and at the three-year treatment endpoint.
Samples were processed within 2 hours of
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collection. Serum was separated by centri-
fugation (3000 rpm, 10 minutes), aliquoted,
and stored at -80°C until analysis. All samples
from individual patients were analyzed simul-
taneously in a single batch to minimize inter-
assay variability.

Serum concentrations of I1L-21, IL-4, IL-5, IL-13,
and total IgE were quantified using commercial
enzyme-linked immunosorbent assay (ELISA)
kits (R&D Systems, Minneapolis, MN, USA) per
manufacturer protocols. All samples were ana-
lyzed in duplicate, with mean values used for
statistical analysis.

Data analysis

SPSS 16.0 (SPSS Inc., USA) was conducted for
statistical analysis. The results were reported
in terms of mean * standard deviation (SD) or
median accompanied by its range. For quan-
titative variables, non-parametric statistical
tests were employed for comparisons, hamely
the Mann-Whitney U test for unpaired samples
and the Kruskal-Wallis test for multiple inde-
pendent groups. Comparisons involving pai-
red data at two different time points were
analyzed using the Wilcoxon signed-rank test.
Associations between IL-21 and other biomark-
ers were assessed using Spearman rank cor-
relation coefficients, as serum cytokine levels
did not follow normal distribution. Statistical
significance was established at a p-value thre-
shold of 0.05.

Results
Baseline characteristics and SLIT efficacy

Fifty adult patients (23 males, 27 females;
mean age 25.31+5.6 years) were enrolled be-
tween January 2020 and January 2021 (Table
1). Among these, 42 patients (84%) completed
the three-year study protocol. Eight patients
discontinued treatment: six (12%) due to per-
ceived therapeutic ineffectiveness, one (2%)
due to mild gastrointestinal adverse events,
and one (2%) lost to follow-up due to reloca-
tion. The final efficacy analysis included 42
patients: 31 (73.8%) classified as responders
and 11 (26.2%) as non-responders. Baseline
demographic and clinical characteristics are
summarized in Table 2.
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Table 1. Demographic characteristic of study
patients

Characteristics

Cases 50
Sex (Male:Female) 23:27
Age 25.3+5.6

Duration of symptoms (years) 4.5+1.6
Serum slgE level to Der p (IU/mL) 24.8 (3.2-113.7)
Serum slgE level to Der f (IU/mL) 12.5 (2.1-89.1)
Total IgE (IU/mL) 354.7 (212-943.1)

slgE, specific immunoglobulin E, Der p, Dermatophagoides
pteronyssinus, Der f, Dermatophagoides farinae.

Table 2. Clinical efficacy after 3 years’ SLIT

Effective group Ineffective group

Cases 31 (73.4%) 11 (26.6%)

Baseline TNSS 8.7+2.6 7.9+2.7
Endpoint TNSS 2.1+£1.3% 5.7+3.4
Change of TNSS 5.9+2.2*% 1.6+0.8

*Compared with ineffective group, P<0.05. TNSS, total nasal
symptom score, SLIT, sublingual immunotherapy.

Changes in cytokine and IgE levels after 3
years of SLIT

Following SLIT, serum levels of 1L.-21, IL-4, IL-5,
IL-13, and IgE were significantly decreased
compared to baseline (Table 3). Moreover, the
effective treatment group exhibited greater
decreases in these biomarkers compared to
the ineffective group (Table 4).

Correlation analysis

A significant positive correlation was noted
between the expression levels of IL-21 protein
and those of IL-4, as well as IgE. Conversely, no
statistically significant correlation was detect-
ed between IL-21 and either IL-5 or IL-13 (Table
5).

Discussion

Numerous studies have sought to identify bio-
markers that can predict the suitability for AIT
or forecast its outcomes. These biomarkers
have the potential to greatly improve patient
management during AIT treatments and bols-
ter the effectiveness of clinical trials aimed at
developing new AIT products [16-18].

IL-21, predominantly secreted by Tfh cells,
plays a critical effect in B-cell proliferation and
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isotype switching, and modulates diverse im-
mune cell functions. IL-21 stimulates high-level
secretion of IgM, IgE, and IgA by mature B-cells
[19]. IL-21 are reported to play different roles
in allergic diseases. Wang’s findings indicated
significantly elevated expression of both IL-21
mMRNA in peripheral blood mononuclear cells
(PBMCs) and IL-21 protein in serum of AR
patients. Additionally, the increase in IL-21 cor-
related with increases in Bcl-6 and total se-
rum IgE [20]. Wood et al. reported that IL-21
augmented IgE production by unfractionated
PBMCs or B cells stimulated with anti-CD40
plus IL-4 or IL-13 [9]. Magari’s study also dem-
onstrated that IL-21, in combination with pros-
taglandin E2, induced B-cell apoptosis, where-
as IL-21 alone maintained the viability of B
cells [21]. On the contrary, Sharif's results
showed that IL-4 facilitated GCs reactions and
class switch recombination (CSR), whereas IL-
21 exerted an inhibitory effect on these pro-
cesses [22]. Nevertheless, IL-21 demonstrat-
ed a cooperative interaction with IL-4 in sti-
mulating the differentiation of plasmablasts,
IgE-positive cells, and the production of total
IgE (tIgE), which plays a pivotal role in potentiat-
ing IgE-mediated allergic reactions [23]. Suto
and colleagues demonstrated that IL-21 nega-
tively regulated IgE production by B cells, with-
out exerting any influence on the differentiation
of T helper 2 (Th2) cells [6]. In contrast, Caven
found that IL-21 suppressed IgE production
in vitro at elevated cell densities, whereas it
exhibited only a minor stimulatory effect when
employing lower cell numbers in culture sys-
tems. Collectively, these seemingly contradic-
tory findings suggest that IL-21 exerts context-
dependent effects on allergic inflammation,
with its net impact likely determined by the
local cytokine milieu, cellular density, and sta-
ge of immune activation. Within the framework
of SLIT-induced immune modulation, which is
characterized by a shift from Th2-dominant
responses toward regulatory T cell (Treg) activ-
ity and immune tolerance, the role of IL-21
remains to be fully integrated.

Our data suggested that SLIT reduced the level
of serum IL-21 as well as IL-4 or IgE levels,
especially in effective group, suggesting that
IL-21 may be used as a potential biomarker for
SLIT treatment. Despite IL-5 and IL-13 expres-
sion were downregulated after SLIT, no relation
was found between the expression of IL-21 and
IL-5 or IL-13. Similarly, Sharif’s study showed
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Table 3. Altered cytokine levels after 3 years’
SLIT

Baseline Three years’ SLIT

IL-21 (pg/mL)  235.7+85.6 57.1+12.3*%
-4 (pg/mL) 95.7+11.6 41.3+9.8*
IL-5 (pg/mL) 21.319.2 8.5+3.3*%
I-13 (pg/mL)  368.1+137.5  177.3+50.4*

TIgE (pg/mL)  467.8+212.3 156.3+48.2*

*Compared with baseline, P<0.05. SLIT, sublingual im-
munotherapy. TIgE, total immunoglobulin E.

Table 4. Comparison cytokine levels between
responsive and unresponsive group after 3
years’ SLIT

Responsive Unresponsive
group group
IL-21 (pg/mL) 36.2+10.1* 69.4+22.1
IL-4 (pg/mL) 22.6+7.3% 57.2+19.4
IL-5 (pg/mL) 6.6£2.9% 12.4+4.1
IL-13 (pg/mL) 119.4421.6%* 257.5+108.3
TIgE (pg/mL) 135.8426.5* 211.8+53.8

*Compared with responsive group, P<0.05. SLIT, sublin-
gual immunotherapy, TIgE, total immunoglobulin E.

that intranasal allergen challenge induced IL-4,
IL-21, and IL-6 expression, while SCIT or SLIT
inhibited the expression of these cytokines.
These results are consistent with the emerg-
ing model that SLIT exerts its immunomodu-
latory effects not only through direct suppres-
sion of Th2 cytokines but also via modulation of
Tfh cell activity, as reflected by decreased IL-21
levels. The dissociation between IL-21 and the
Th2-associated cytokines IL-5/1L-13 in our
study suggests that IL-21 may have a distinct
regulatory role during SLIT. Moreover, the down-
regulation of IL-21 may indicate reduced Tfh-
mediated B-cell help, contributing to the down-
regulation in IgE production - a hallmark of su-
ccessful SLIT. Future studies examining the
relationship between 1L-21, Tfh cell frequen-
cies, and regulatory immune populations would
further elucidate the precise pathways by which
IL-21 contributes to clinical outcomes following
SLIT.

Our study had several limitations. First, while
we observed an association between reduc-
ed IL-21 levels and effective SLIT, we did not
assess the predictive value of IL-21 prior
to treatment initiation. Therefore, we cannot
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Table 5. Relationship between IL-21 and
other cytokines after 3 years’ SLIT

IL-21
r P
IL-4 (pg/mL) 0.61 0.03
IL-5 (pg/mL) 0.27 0.28
IL-13 (pg/mL) 0.43 0.23
TIgE (pg/mL) 0.58 0.04

SLIT, sublingual immunotherapy, TIgE, total immuno-
globulin E.

determine whether pre-treatment IL-21 levels
could serve as a predictor of therapeutic re-
sponse. Secondly, the observed correlations
between IL-21, IL-4, and IgE indicate associa-
tions rather than causal relationships or pre-
dictive utility. Third, the lack of association
between IL-21 and type 2 cytokines (IL-5, IL-13)
suggests that IL-21 may operate through dis-
tinct immunological pathways.

In summary, this study demonstrates that SLIT
is associated with reduced serum IL-21 levels,
particularly in patients showing clinical impro-
vement, and that these changes correlate with
modifications in IL-4 and IgE. However, the
current design establishes association rather
than predictive value. Future prospective stud-
ies incorporating baseline biomarker measure-
ments and placebo-controlled designs are war-
ranted to determine whether IL-21 could serve
as a clinically useful predictor of SLIT efficacy.
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