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Background: C-X-C motif ligand 13 (CXCL13) and B cell-activating factor (BAFF) are
proven to be involved in inflammatory diseases, but their role in allergic rhinitis (AR)
remains unclear. The aim of this study was to investigate the role of serum CXCL13 and
BAFF in AR and their clinical values as objective biomarkers to predict the efficacy of
subcutaneous immunotherapy (SCIT).

Methods: We prospectively recruited 90 children with AR treated with SCIT and
collected their serum specimens before SCIT. One-year follow-up was conducted for
all patients, and they were categorized into effective and ineffective groups based on
efficacy. The serum concentrations of CXCL13 and BAFF were detected and compared
between the two groups. A validation cohort of 52 responders and 26 non-responders
were further assessed for both cytokines and serum CXCL13 and BAFF levels were
assayed by enzyme-linked immunosorbent assay (ELISA).

Results: Eighty children completed the follow-up schedule, and 56 children were
categorized into the effective group and 24 children into the ineffective group. The serum
levels of CXCL13 in the effective group were clearly higher than those in the ineffective
group (P < 0.05). Receiver operating characteristic (ROC) curves revealed the potential
values of CXCL13 as a biomarker in predicting the response of SCIT. Further, in the
validation cohort, ELISA results demonstrated that serum CXCL13 levels were increased
in responders than non-responders (P < 0.05). ROC curves showed good accuracy of
serum CXCL13 in predicting the efficacy of SCIT.

Conclusion: Our discovery–validation study demonstrated that circulating CXCL13
might serve as a novel biomarker to predict the outcome of SCIT in childhood AR.
The findings indicated that CXCL13 was involved in the pathological mechanisms of AR
and made help to the fundamental therapeutic mechanism of SCIT.
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INTRODUCTION

Allergic rhinitis (AR) is characterized by the symptoms of nasal
itching, nasal congestion, rhinorrhea, and sneezing, which is a
type I allergic disease mediated by immunoglobulin E (IgE) (1,
2). Based on recent epidemiological surveys, AR affects 10–40%
of adults (3) and 2–25% of children (4) all over the world, and
the prevalence increased progressively (5). As a chronic disease,
AR seriously influences the patients’ health and quality of life (6),
especially for children. The impact of AR is more severe as the
immune system of children is not mature, and pediatric AR is
prone to co-existing allergic asthma and allergic conjunctivitis
(7). The pathophysiology of AR is currently not clear, the
production of allergen-specific IgE antibodies by B lymphocytes
has been demonstrated to be the vital component (8). Allergen-
specific immunotherapy (AIT) is the only treatment that induces
allergen tolerance, which has been shown to improve nasal and
ocular symptoms and reduce medication consumption (9). AIT is
correlated with the induction of allergen-specific IgG antibodies,
especially specific IgG4 (sIgG4) antibodies. In previous studies,
IgG was considered to competitively bind allergens with sIgE,
inhibiting the formation of allergen IgE complexes (10) and
degranulation of mast cells and basophil (11, 12). Currently, AIT

could be grouped into two modalities based on the mode of
administration, including subcutaneous immunotherapy (SCIT)
and sublingual immunotherapy (SLIT). However, increasing
evidence showed that SCIT was more effective than SLIT in
reducing allergic symptoms, especially in pediatric AR (13–15).
Although SCIT is more effective and compliant, this treatment
is not successful for every child who has AR, and the outcome
fluctuates among the different users (9, 16). Besides, the treatment
process of SCIT takes over 3 years, but a reliable method or
biomarker to predict the treatment response is absent. Therefore,
it is of great clinical significance to identify objective indicators or
strategies to predict the efficacy before onsetting SCIT.

C-X-C motif ligand 13 (CXCL13), a chemokine for B cell, has
been linked to multiple biological processes, including protective
antibody production in autoimmune disease, and is reported as
a biomarker in many inflammatory conditions such as multiple
sclerosis (MS), systemic lupus erythematosus (SLE), rheumatoid
arthritis (RA), and asthma (17–20). Additionally, Patadia et al.
(21) found the mRNA and protein levels of CXCL13 in patients
with chronic rhinosinusitis with nasal polyp (CRSwNP) were
higher than healthy controls. Meanwhile, Plager et al. (22)
demonstrated by exon array that the transcription of CXCL13
was increased in asthma patients with CRSwNP and atopic

FIGURE 1 | Overview of studies exploring serum predictive biomarkers of SCIT efficacy in patients with HDM-induced AR. (A) Follow-up and efficacy assessment.
(B) The analysis of CXCL13 and BAFF levels in serum was performed by ELISA. (C) Cytokine levels were compared between the effective and ineffective groups,
and their predictive ability was assessed. (D) Serum CXCL13 and BAFF are further validated by ELISA in a validation cohort. HDM, house dust mite; AR, allergic
rhinitis; SCIT, subcutaneous immunotherapy; ELISA, enzyme-linked immunosorbent assay; CXCL13, C-X-C motif ligand 13; BAFF, B cell-activating factor.
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FIGURE 2 | An overview of SCIT administration schedule in pediatric AR patients. The initial treatment size is available in three vials, including concentrations 1, 2,
and 3. Initial treatment should start with the lowest dose at the lowest concentration 1 until the patient’s tolerance limit (individual maximum dose) is reached, with an
injection interval of 7–14 days during this period. After reaching the maximum dose in the initial phase enter the maintenance phase of treatment, during which the
injected dose is the individual maximum dose, with an injection interval of 4–6 weeks. For hypersensitive patients, use the dose shown in the figure for “hypersensitive
patients.” *Note the maximum dose for the individual. Maximum dose concentration 3, 1.0 ml; AR, allergic rhinitis; SCIT, subcutaneous immunotherapy.

dermatitis. B cell-activating factor (BAFF), also known as tumor
necrosis factor superfamily member 13b, is mainly secreted by
monocytes and neutrophils, which is crucial for B cell activation,
differentiation, and survival. Previous publications showed that
soluble BAFF levels were significantly higher in patients with
MS or SLE than in controls. In parallel, the BAFF antibody
belimumab for SLE treatment has been successfully developed
(23). However, few studies have focused on exploring the role
of these two cytokines in AR and evaluating their clinical
values as predictors of SCIT response, particularly in children
with chronic AR.

Hence, the aim of this study was to investigate whether the
serum level of CXCL13 and BAFF can be used as a biomarker to
predict the efficacy of SCIT in pediatric with chronic AR patients
at an early stage and then further verify the results in a validation
cohort. An overview of this study profile was showed in Figure 1.

MATERIALS AND METHODS

Participants and Settings
This study prospectively recruited 90 children with AR treated
with SCIT in our medical center from July 2019 to November

2019. AR was diagnosed according to the diagnostic criteria
in the guidelines for allergic rhinitis and its impact on asthma
(ARIA) (3). Inclusion criteria included the following: (1)
6 ≤ age ≤ 14 years; (2) positive skin test results (at least++)
for Dermatophagoides farina (Der f ) and/or Dermatophagoides
pteronyssinus (Der p) and/or sIgE level >0.35 IU/ml for Der f
or Der p; (3) persistent AR. These subjects are those who have
experienced no significant improvement in clinical symptoms
after standardized pharmacological treatment and who then
voluntarily choose SCIT. They were all consecutive patients
treated in our center. Participants with the following conditions
were excluded: having other nasal or sinus diseases, such
as vasomotor rhinitis; having other inflammatory diseases, or
autoimmune diseases; having active asthma; having a history of
immunotherapy; having received antibiotics, corticosteroids or
anti-allergic drugs within 4 weeks before the study. We collected
demographic and clinical information on subjects and collected
serum samples before SCIT. The exclusion criteria were used
before blood sampling. For patients with dust mite and/or house
dust mite (HDM) allergy who are serum specific IgE positive, we
preferred to treat them with scheduled medications according
to guidelines. If medication is not effective, or if the patient
requests desensitization, we will consider SCIT as a next step.
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The baseline Visual Analog Scale (VAS) and total nasal symptom
scores (TNSSs) were used to assess the severity of disease in AR
patients. This was performed as follows: the VAS ranges from
0 to 10 cm, with a score of 0 corresponding to no symptoms
and 10 corresponding to the worst symptoms. Each symptom
category (including nasal symptoms, nasal leakage, obstruction,
sneezing, and nasal itching) is rated from 0 to 10 (24). The
TNSS assesses four aspects of symptom severity, including
sneezing, runny nose, nasal itching and nasal obstruction. Each
aspect was rated from 0 (no symptoms) to 3 (intolerably severe
symptoms that interfere with daily activities). The total TNSS
score is the sum of all four symptoms, with a maximum score
of 12 (25).

Measurement of Serum C-X-C Motif
Ligand 13 and B Cell-Activating Factor
We collected 5 ml of fresh venous blood from all participants
and stored the collected blood samples at room temperature
for 1 h. Blood samples were then centrifuged at 3000 × g for
10 min at 4◦C to obtain supernatants and stored at −80◦C for
subsequent experiments. Thawed and centrifuged serum samples
before use. According to the manufacturer’s instructions, serum
CXCL13 and BAFF levels were measured by enzyme-linked
immunosorbent assay (ELISA) kit commercial (Multisciences,
Hangzhou, China, 70-EK1105-96). All samples were taken in
duplicate to improve testing accuracy.

Immunotherapy
Subcutaneous immunotherapy was conducted as described
previously. All pediatric AR patients received allergen extracts
of Der p and Der f from Novo-Helisen-Depot (NHD)
in a 1:1 ratio (Allergopharma, Reinbek, Germany). By the
manufacturer’s instructions, SCIT includes two stages: initial
treatment and maintenance treatment. The whole course of SCIT
was recommended to last for 3–5 years to achieve long-term
clinical benefits. The specific administration schedule of SCIT is
shown in Figure 2.

Clinical Outcome Assessment
We followed all patients for at least 1 year and recorded
their symptoms and medication use throughout treatment. As
described in previous studies, the clinical efficacy of SCIT
was assessed based on improvement in clinical symptoms and
reduction in medication consumption (26, 27). In brief, the nasal
symptom and medication score (SMS) was defined as the sum
of the TNSS and the final medication score. SMS reduction of at
least 30% compared with baseline was considered to be effective;
otherwise, SCIT was deemed to be ineffective.

Validation Cohort Recruitment and
Cytokine Validation
At the same time, we recruited 78 AR children treated with
SCIT for more than 1 year, forming another independent cohort
to confirm further the discovery of potential biomarkers in the
discovery cohort. After 1 year of treatment, the early efficacy
evaluation showed that 52 cases were effective and 26 cases were

ineffective. Serum samples were collected from all patients to
measure CXCL13 and BAFF levels using the same commercial
ELISA kit (Multisciences, Hangzhou, China, 70-EK1105-96)
following the manufacturer’s instructions.

Statistical Analysis
Numerical variables were expressed as median and interquartile
range. For variables with normal distribution, Student’s t-test was
conducted. Otherwise, Mann–Whitney U-test was performed.
Frequencies and percentages were used to describe categorical
data, and Chi-square tests were applied to compare the
differences. The predictive efficacy value of serum CXCL13 and
BAFF was assessed using logistic regression analysis and receiver
operating characteristic (ROC) curves. SPSS statistical software
version 26.0 (IBM, Chicago, IL, United States) was utilized

TABLE 1 | Demographics and clinical characteristics of patients in
discovery cohort.

Variables Effective group
(n = 56)

Ineffective group
(n = 24)

P-value

Sex 0.961

Male 33 (58.9%) 14 (58.3%)

Female 23 (41.1%) 10 (41.7%)

Age, years 10.0 (4.0) 9.7 ± 2.3 0.996

BMI, kg/m2 17.3 (4.1) 18.3 ± 3.1 0.698

Multiple allergies 0.345

Yes 7 (12.5%) 5 (20.8%)

No 49 (87.5%) 19 (79.2%)

Concomitant diseases

Allergic asthma 15 (26.8%) 8 (33.3%) 0.559

Allergic conjunctivitis 10 (17.9%) 7 (29.2%) 0.301

Baseline VAS 6.0 (3.0) 5.9 ± 1.6 0.704

Baseline TNSS 8.0 (2.0) 8.3 ± 1.6 0.540

BMI, body mass index; TNSS, total nasal symptom score; VAS,
Visual Analog Scale.

TABLE 2 | Demographics and clinical characteristics of patients in
validation cohort.

Variables Effective group
(n = 52)

Ineffective group
(n = 26)

P-value

Sex 0.627

Male 31 (59.6%) 14 (53.8%)

Female 21 (40.4%) 12 (46.2%)

Age, years 10.0 (4.0) 10.4 ± 2.4 0.919

BMI, kg/m2 17.9 ± 4.6 17.7 (4.0) 0.687

Multiple allergies 0.357

Yes 6 (11.5%) 5 (19.2%)

No 46 (88.5%) 21 (80.8%)

Concomitant diseases

Allergic asthma 15 7 0.859

Allergic conjunctivitis 10 5 1.000

Baseline VAS 6.0 (3.0) 5.0 (2.0) 0.837

Baseline TNSS 8.0 (2.0) 7.8 ± 1.4 0.738

Frontiers in Pediatrics | www.frontiersin.org 4 May 2022 | Volume 10 | Article 872152

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/
https://www.frontiersin.org/journals/pediatrics#articles


fped-10-872152 April 28, 2022 Time: 16:41 # 5

Cheng et al. CXCL13 Predict Efficacy of SCIT

FIGURE 3 | Serum cytokines levels of CXCL13 and BAFF between the effective and ineffective groups. (A) The serum CXCL13 levels are significantly up-regulated in
the effective group than the ineffective group (P < 0.01). (B) No statistical difference is observed in serum BAFF levels between the two groups (P > 0.05). CXCL13,
C-X-C motif ligand 13; BAFF, B cell-activating factor; AR, allergic rhinitis; SCIT, subcutaneous immunotherapy.

TABLE 3 | Binary logistic regression exploring factors associated with SCIT efficacy.

Variables Unadjusted Adjusted

OR (95% CI) P-value OR (95% CI) P-value

Sex 0.976 (0.370–2.575) 0.960 0.781 (0.223–2.740) 0.699

Age, years 0.994 (0.808–1.223) 0.958 1.010 (0.795–1.284) 0.932

BMI, kg/m2 1.022 (0.883–1.183) 0.770 1.041 (0.875–1.238) 0.653

Multiple allergies 0.543 (0.153–1.921) 0.343 0.536 (0.112–2.564) 0.435

Allergic asthma 0.732 (0.260–2.059) 0.554 0.692 (0.210–2.279) 0.545

Allergic conjunctivitis 0.528 (0.173–1.609) 0.261 0.832 (0.236–2.931) 0.775

Baseline VAS 1.076 (0.802–1.444) 0.624 1.381 (0.602–3.167) 0.446

Baseline TNSS 1.112 (0.830–1.490) 0.477 0.793 (0.350–1.797) 0.579

CXCL13 0.996 (0.991–1.000) 0.039 0.995 (0.990–1.000) 0.031

BAFF 1.000 (0.999–1.001) 0.472 1.000 (0.999–1.001) 0.564

FIGURE 4 | ROC analysis of serum CXCL13 level (A) and BAFF level (B) in predicting the clinical outcome of SCIT in pediatric AR patients. CXCL13, C-X-C motif
ligand 13; SCIT, subcutaneous immunotherapy; ROC, receiver operating characteristics; AUC, area under the curve; AR, allergic rhinitis; BAFF, B cell-activating
factor.
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TABLE 4 | Receiver operating characteristic analysis results of different predictors
for SCIT efficacy.

Variables AUC (95% CI) P-value Cutoff value Sensitivity Specificity

CXCL-13 0.706 (0.596–0.817) 0.004 244.2554 0.571 0.875

BAFF 0.423 (0.290–0.556) 0.277 1355.266 0.196 0.917

for all statistical analyses. In all tests, P < 0.05 was deemed
statistically significant.

RESULTS

Baseline Characteristics of Study
Participants
A total of 80 patients in this study completed the 1-year follow-
up program and provided full information. Of these had been
included, 56 were categorized as the effective group, and 24

patients were enrolled in the ineffective group. The distribution
of clinical variables for all subjects is summarized in Table 1.
Statistical differences were not found in gender, age, body
mass index (BMI), multiple allergies, concomitant diseases rate,
baseline VAS, and TNSSs (all P > 0.05). In validation cohort,
statistical differences were not found in the distribution of clinical
variables for all patients in Table 2 (all P > 0.05).

Changes of Serum C-X-C Motif Ligand
13 and B Cell-Activating Factor and
Associated With Subcutaneous
Immunotherapy Efficacy
Figure 3 presented that the peripheral concentrations of CXCL13
were increased in the effective group compared to the ineffective
group (P < 0.05), but the serum levels of BAFF were not
statistically different between the two groups (P > 0.05).
Unadjusted and adjusted multivariate analysis results showed
that circulating levels of CXCL13 are strongly linked to the

FIGURE 5 | The serum levels of (A) CXCL13 (B) BAFF between valid and invalid groups in the validation queue. The CXCL13 level is significantly increased in the
effective group in comparison with the ineffective group (P < 0.01). The BAFF level is no statistical difference between the two groups (P > 0.05). CXCL13, C-X-C
motif ligand 13; BAFF, B cell-activating factor.

TABLE 5 | Binary logistic regression exploring factors associated with SCIT efficacy in validation cohort.

Variables Unadjusted Adjusted

OR (95% CI) P-value OR (95% CI) P-value

Sex 0.790 (0.306–2.042) 0.627 0.720 (0.229–2.259) 0.573

Age, years 1.003 (0.829–1.214) 0.974 1.024 (0.808–1.296) 0.846

BMI, kg/m2 1.016 (0.905–1.140) 0.791 1.123 (0.949–1.330) 0.178

Multiple allergies 1.825 (0.500–6.659) 0.362 0.467 (0.092–2.379) 0.360

Allergic asthma 1.100 (0.384–3.157) 0.859 0.905 (0.244–3.355) 0.882

Allergic conjunctivitis 1.000 (0.303–3.302) 1.000 0.858 (0.211–3.489) 0.831

Baseline VAS 0.971 (0.725–1.300 0.842 1.410 (0.538–3.697) 0.485

Baseline TNSS 0.957 (0.716–1.280) 0.767 0.810 (0.0.316–2.076) 0.660

CXCL13 0.996 (0.992–0.999) 0.013 0.995 (0.992–0.999) 0.008

BAFF 1.000 (0.999–1.001) 0.857 0.999 (0.998–1.001) 0.329
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FIGURE 6 | ROC analysis of serum CXCL13 level (A) and BAFF level (B) in predicting the clinical outcome of SCIT in a validation cohort. CXCL13, C-X-C motif ligand
13; SCIT, subcutaneous immunotherapy; ROC, receiver operating characteristics; AUC, area under the curve; AR, allergic rhinitis; BAFF, B cell-activating factor.

efficacy in pediatric AR with SCIT (Table 3). ROC curves
result showed that the circulating CXCL13 area under the curve
(AUC = 0.706, P = 0.004) showed potential application in the
prediction of the efficacy of SCIT (Figure 4). Detailed parameters
were presented in Table 4.

Serum Levels of C-X-C Motif Ligand 13
and B Cell-Activating Factor in the
Validation Cohort
The serum concentrations of CXCL13 and BAFF were detected
in a validation cohort of 52 responders and 26 non-responders
who completed 1 year of SCIT for further confirmation of the
findings above. In terms of demographic and clinical data, no
statistical differences were observed between the two groups.
Compared to the invalid group, serum CXCL13 levels were
markedly higher in the valid group (P < 0.05, Figure 5). Serum
BAFF expression levels in both groups were not statistically
different. Besides, binary logistic regression analysis showed that
CXCL13 expression levels were intimately related to the efficacy
of SCIT in the validation cohort (Table 5). The ROC curve
indicated that serum CXCL13 (AUC = 0.733, P = 0.001) displayed
a promising application in predicting the outcome of SCIT in
Figure 6, and the detailed parameters were shown in Table 6.

DISCUSSION

Previous studies have shown that in southern China, HDM
was the most widespread allergen in patients with AR (28).

TABLE 6 | Receiver operating characteristic analysis results of different predictors
for SCIT efficacy in validation cohort.

Variables AUC (95% CI) P-value Cutoff value Sensitivity Specificity

CXCL-13 0.733 (0.623–0.842) 0.001 261.9004 0.558 0.962

BAFF 0.505 (0.368–0.642) 0.945 769.0156 0.557 0.500

The SCIT was recommended as the preferred treatment for AR
patients caused by HDM, especially in pediatric with chronic
AR, and its efficacy has been proved and widely used in clinical
practice (13, 29, 30). Although SCIT can effectively alleviate
clinical symptoms and improve the quality of life for AR patients,
only certain subsets of patients benefit from this therapy (31,
32). Therefore, exploring an appropriate method or biomarker
is urgently needed to predict SCIT efficacy, which contributes
to early screening out those patients who are most likely to
benefit from SCIT. While some parameters were thought to be
possible indicators for predicting the efficacy of SCIT, such as
T cell modulation/regulatory T cells (Tregs) appearance (33),
specific IgE/total-IgE ratio (34), their predictive value was still
under debate. To address this issue, we conducted a discover–
validation study to explore potential biomarkers that could be
used to predict the efficacy of SCIT in pediatric with chronic
AR patients. In this study, these results demonstrated that serum
CXCL13 expression levels were up-regulated in the effective
group compared with the ineffective group, and displayed reliable
accuracy in the prediction of the SCIT efficacy. Moreover, the
predictive ability of CXCL13 was confirmed in a validation
cohort. The above results indicated that circulating CXCL13
was participating in the response to SCIT and its potential
therapeutic mechanisms.

Previous publications have highlighted that B cells were
involved in the pathological of AR through differentiation into
plasma cells and secreted specific IgE (8, 35). During AIT,
conversion of allergen-specific IgE B cells to isotypes that produce
blocking antibodies with the same antigenic specificity (36,
37). CXCL13, as B cell chemokine, can attract B cells into
the lesion tissue and produce specific antibodies, such as IgG4
and IgA, when AIT is responsive (38). Moreover, an increase
in serum levels of IgG and IgG4 antibodies against allergens
has been a crucial indicator regarded in successful AIT (39–
41). Interestingly, a classic study found that beekeepers were
frequently exposed to bee venom, the number of regulatory B
cells (Bregs) were increased and the IgG4 production by the Bregs
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was enhanced (42). Furthermore, a prior study confirmed that
Bregs had been shown to suppress Th2 cells and induce Treg
cells, then inhibited the Th2 allergic inflammatory responses (43).
As is well known, Th2 inflammation dominates the pathogenesis
of AR and underlies the mechanism of SCIT treatment (30,
32). Immunotherapy has been proved to modulate the balance
of Th1/Th2 responses, and up-regulation of Th1, regulatory
B, and T cells were thought to improve prognosis (44). In
this study, we demonstrated that the levels of serum CXCL13
were higher in the effective group than the ineffective group,
and circulating CXCL13 before SCIT was positively correlated
with the efficacy of SCIT. These findings imply that serum
CXCL13 may be a reliable biomarker for the prediction of
SCIT efficacy and is involved in the therapeutic mechanism
of SCLT. Lee et al. found that the mean CXCL13 levels were
markedly greater in patients suffering from lupus nephritis or in
the presence of autoantibodies, suggesting that CXCL13 may be
involved in the pathophysiological processes of lupus nephritis
(18). Similarly, Al-Kufaidy et al. demonstrated that enhancement
of B-cell migration by IL-17 during asthma induces CXCL13
chemokine secretion that is present in structural lung cells (45).
Given that, we were reasonably confident that increased levels of
circulating CXCL13 facilitated the evolution of immune tolerance
in the period of SCIT.

The present study has some limitations. Firstly, this study
was confined to a relatively small sample with only one medical
center, which might increase the potential hazard of selection
bias. Secondly, the standards for assessing the efficacy of SCIT
have not been developed by international consensus. Finally, this
might undermine the conclusions given the rather limited follow-
up period. Continuing to monitor all participants and conducting
further studies to confirm our findings is our next step.

In summary, this study is the first discovered–validation study
to explore the potential role of CXCL13 and BAFF in pediatric
with chronic AR patients and their clinical values as objective
biomarkers for predicting the efficacy of SCIT. Our results
revealed that pediatric AR patients who responded to SCIT were

characterized by higher baseline circulating CXCL13 levels. Thus,
CXCL13 may potentially be used as a biomarker to predict the
efficacy of SCIT in Chinese children with HDM-induced AR. In
addition, the research further reinforces the proof that serum
chemokines are closely related to SCIT response and facilitates
the understanding of potential mechanisms of treatment.
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