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Background: Allergic rhinitis (AR) is a common allergic disease, and SLIT has shown effectiveness as a treatment method. This 
study focuses on the evaluation of serum TAM receptor tyrosine kinases (TYRO3, AXL, and MER) levels as potential indicators of 
disease severity and predictive markers for sublingual immunotherapy (SLIT) responsiveness in AR patients.
Methods: A total of 160 AR subjects, including 40 mild AR (MAR) and 120 moderate-severe AR (MSAR) patients, and 40 healthy 
controls (HC) were recruited. Serum concentrations of TYRO3, AXL, and MER were measured and their relationships with disease 
severity were examined. In the MSAR group, 102 patients underwent SLIT, and the early efficacy was evaluated. The correlations 
between the baseline serum concentrations of TYRO3, AXL, and MER and the early responsiveness of SLIT were analyzed.
Results: Serum concentrations of TYRO3, AXL, and MER were significantly reduced in AR patients, particularly in those MSAR 
subjects. Correlation analysis results indicated that serum TYRO3 and MER levels were negatively correlated with the visual analog 
scale (VAS) and the total nasal symptom score (TNSS). After one year of follow-up, 80 AR patients completed the treatment and were 
divided into effective and ineffective groups. Serum baseline levels of TYRO3 and MER were found to be lower in the effective group 
compared to the ineffective group. Additionally, there was a significant increase in serum TYRO3 and MER levels compared to 
baseline levels. Receiver operating characteristic (ROC) analysis revealed that circulating TYRO3 and MER had potential values for 
reflecting AR severity and predicting early SLIT responsiveness.
Conclusion: Serum TYRO3 and MER concentrations were decreased in AR patients and negatively associated with disease severity. 
Circulating TYRO3 and MER seem to be promising indicators for monitoring the efficacy of SLIT in AR patients.
Keywords: allergic rhinitis, sublingual immunotherapy, TAM receptor tyrosine kinases, TYRO3, AXL, MER

Introduction
Allergic rhinitis (AR) is characterized as an inflammatory disorder affecting the upper respiratory tract mediated by 
immunoglobulin E (IgE) upon exposure to allergens.1 The main pathological feature of AR is T helper 2 (Th2)-type 
inflammation with eosinophil infiltration, which was primarily mediated by dendritic cells (DC) and macrophages.2,3 

Previous research has demonstrated that AR exhibits a high degree of clinical heterogeneity, with varying levels of 
disease severity observed among affected individuals, which poses significant challenges for clinical diagnosis, assess-
ment, and treatment.4,5 Despite previous publications finding that several indicators or biomarkers correlated with disease 
severity, their sensitivities and specificities were limited. Therefore, it is important to explore clinically meaningful 
biomarkers to monitor the severity of AR, which may contribute to standardizing diagnosis and evaluation and achieving 
personalized treatment. Furthermore, AR is a prevalent allergic condition that affects approximately one-fifth of the 
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population, causing significant negative impacts on patients’ quality of life and a substantial socioeconomic burden.6 

Allergen-specific immunotherapy (AIT) is a unique treatment approach that targets the underlying cause of the disease, 
effectively modulating its natural progression and providing long-lasting clinical benefits. These benefits can persist for 
several years, even after the completion of treatment.7,8 AIT encompasses subcutaneous immunotherapy (SCIT) and 
sublingual immunotherapy (SLIT), with many patients with AR opting for SLIT due to its proven efficacy and 
simplicity.9,10 However, the effectiveness of SLIT varies among individuals, ranging from 45.0% to 75.0%, and there 
is a lack of consistent definitions for assessing its efficacy.11 Consequently, there is a pressing need to identify objective 
indicators or methods that can predict the early response to SLIT, which would be of great clinical significance.

The TAM receptor tyrosine kinases, namely TYRO3, AXL, and MER, are a primary family of receptors that provide 
a pleiotropic anti-inflammatory response, along with their corresponding glycoprotein ligands, growth arrest-specific 6 
(Gas6) and protein S (Pros1), play crucial roles in maintaining tissue homeostasis and regulating inflammatory 
processes.12 A prior study has shown that TAM receptor tyrosine kinases are expressed in various cell types, including 
macrophages, dendritic cells, T cells, endothelial cells, and epithelial cells. Their broad expression implies their 
participation in the initiation and advancement of numerous inflammatory diseases.13 Ekman et al14 reported that the 
circulating levels of Axl and Gas6 were increased in systemic lupus erythematosus patients and varied with disease 
activity, suggesting that AXL and Gas6 might serve as objective biomarkers for reflecting disease activity.14 Additionally, 
previous studies have suggested that decreased expression of TAM receptor tyrosine kinases may contribute to persistent 
airway inflammation, which has been strongly linked to the development of chronic lung disease in the future.15,16 

However, the specific function of TAM receptor tyrosine kinases in AR is not clearly understood. Therefore, the current 
study aims to evaluate the potential of serum TAM receptor tyrosine kinases as a novel biomarker for assessing disease 
severity and predicting the clinical outcome of SLIT in AR patients.

Materials and Methods
Study Design and Participants
This study received approval from the Medical Ethics Committee of the Affiliated Changsha Central Hospital, Hengyang 
Medical School of the University of South China (protocol:2023005). Before their enrollment, all participants provided 
informed consent. One hundred and sixty house dust mite (HDM)-induced AR adults, including 40 mild AR (MAR) 
participants and 120 moderate-severe AR (MSAR) participants treated between October 2021 and March 2022 were 
included in this study. Forty healthy volunteers, matched for age and sex, were recruited as healthy controls (HC). All 
participants diagnosed with AR met the criteria outlined in the Allergic Rhinitis and its Impact on Asthma (ARIA) 
guidelines as previously described.6 The diagnostic criteria for MAR and MSAR were performed based on total nasal 
symptom score (TNSS) as our previous publication described, TNSS≤4 was defined as MAR, and TNSS >4 was regarded 
as MSAR.17 The exclusion criteria for this study were performed as our previous study:18 the presence of concomitant 
immune or inflammatory diseases, severe renal, hepatic, or cardiac dysfunction, age below 18 years, pregnancy or 
potential pregnancy, and history of immunotherapy or systemic steroid or anti-allergy drug use within 1 month before 
enrollment. HCs were excluded if they were currently undergoing immunotherapy or receiving systemic steroid or anti- 
allergy treatment and had severe cardiac or renal dysfunction. Clinical and demographic data, including age, gender, 
body mass index (BMI), asthma, duration of disease, polysensitization, visual analogue scale (VAS), and total nasal 
symptom score (TNSS), were collected from all participants.

Serum Collection and TAM Receptor Tyrosine Kinases Measurement
Serum samples were obtained using a 5-milliliter vacuum tube. For AR patients undergoing SLIT, serum samples were 
collected before the initiation of treatment and one year after undergoing SLIT. The collected blood specimens were 
allowed to clot at room temperature for 1 h to separate the blood cells. Subsequently, the specimens were centrifuged at 
3000 rpm for 15 min at 4°C, and the resulting serum was stored at −80°C for further analysis. The serum levels of 
TYRO3, AXL, and MER were measured using an enzyme-linked immunosorbent assay (ELISA) kit purchased from 
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R&D Systems (Minneapolis, MN, USA), following the manufacturer’s instructions. The operators responsible for 
conducting the assay were blinded to the detailed data of the patients.

Immunotherapy and Clinical Efficacy Evaluation
The standardized Der f drops, supplied by Wolwo Pharma Biotechnology Company (Zhejiang, China), were self- 
administered by the AR patients as previously described.18 The initial administration was supervised by a physician. 
Any adverse reactions that occurred during the therapy period were documented.19 The medication score was determined 
using a pre-existing method, and the combined symptom medication score (SMS) was calculated as the sum of the 
symptom score and medication score.20 The efficacy evaluation was conducted following a previously described method, 
where the term “effective” was defined as a patient achieving a minimum 30% reduction in SMS compared to their 
baseline level. Patients who did not meet the criteria were considered “ineffective” in terms of treatment efficacy.17,18

Statistical Analysis
Variables with normal distribution were shown as mean and standard deviation (SD), while non-normally distributed 
variables were reported as median and interquartile range. One-way analysis of variance (ANOVA) or the Mann– 
Whitney U-test was used to compare among three groups, followed by the student-Newman-Keuls method for subse-
quent pairwise comparisons. Student’s t-test or Kruskal–Wallis H-test was used for comparison between the two groups. 
Multivariate logistic regression analysis was performed to explore independent factors associated with the early 
effectiveness of SLIT. Receiver operating characteristic (ROC) curves were generated. A P-value < 0.05 was regarded 
as statistically significant. The statistical analyses were conducted on SPSS and GraphPad Prism.

Results
Characteristics of All Subjects
The clinical and demographic characteristics of all participants in this study are displayed in Table 1. The number of 
patients with asthma, TNSS scores and VAS scores were significantly higher in the MSAR group than in the HC group 
and MAR (P<0.05). No significant differences were found in gender, age, BMI, duration of disease, and polysensitization 
among the three groups (P>0.05).

Serum TAM Receptor Tyrosine Kinase Levels Were Decreased in AR Patients and 
Correlated with Disease Severity
The baseline concentrations of serum TAM receptor tyrosine kinases tyrosine kinases (AXL, TYRO3, MER) were 
lower in the AR group compared to the HC group (P<0.05). Notably, the MSAR group showed significantly lower 
serum levels of TYRO3 and MER compared to both the HC and MAR groups (P<0.05) (Figure 1). The correlation 
analysis presented a negative association between serum levels of TYRO3 and MER with TNSS score and VAS 

Table 1 Clinical Characteristics of Recruited Individuals Among the Three Groups

Variables HC Group MAR Group MSAR P value

Number 40 40 120

Male/ female 21/19 24/16 64/56
Age, years 29.0 (25.0, 33.0) 28.0 (24.0, 32.0) 31.0 (26.0, 35.0) 0.734

BMI, kg/m2 23.7 (22.5, 24.5) 24.1 (22.8, 24.7) 23.9 (22.7, 24.7) 0.834

Asthma, n (%) 0 (0) 12 (30.0) 32 (26.7) 0.001
Duration of disease, years 4.0 (2.0, 5.0) 3.0 (2.0, 4.0) 0.802

Polysensitization, n (%) 10 (25.0) 46 (38.3) 0.180

TNSS 3.0 (2.0, 4.0) 9.0 (7.0, 1.0) <0.001
VAS 2.0 (1.0, 3.0) 7.0 (5.0, 8.0) <0.001

Abbreviations: HC, health control; MAR, mild allergic rhinitis; MSAR, moderate-severe allergic rhinitis; BMI, body 
mass index; VAS, visual analogue scales; TNSS, total nasal symptoms score.
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score, while serum AXL levels did not show a significant correlation with TNSS score and VAS score in AR 
patients (Figure 2). To further explore the value of TAM receptors tyrosine kinases in predicting disease severity, 
ROC curves were applied. The results showed that serum TYRO3 and MER levels had more powerfully predictive 
values in assessing disease severity in AR patients in comparison with serum AXL (Figure 3).

Serum TAM Receptors Tyrosine Kinases Levels Correlated with Early Effectiveness of 
SLIT
After one-year of follow-up, a total of 80 patients completed the treatment and provided follow-up data. Among these 
patients, 49 were divided into the effective group, while 31 were categorized into the ineffective group. Table 2 presents the 
demographic and clinical data for both groups. The baseline levels of serum TYRO3 and MER were significantly lower in the 
effective group in comparison with the ineffective group (P<0.05), while serum AXL levels were not significantly different 
(P>0.05) (Figure 4A-C). Furthermore, the ROC analysis results suggested that serum TYRO3 and MER had the potential to 
predict the early efficacy of SLIT (Figure 4D-F). Interestingly, we also found a significant increase in serum TYRO3 and 
MER levels between baseline and 1-year post-SLIT (P<0.05), but serum AXL levels did not change significantly (P>0.05) 
(Figure 5A-C). Moreover, compared to AXL, serum TYRO3, and MER levels were substantially elevated between pre-SLIT 
and 1 year after SLIT in the effective group (P<0.05) (Figure 5D-F). However, in the ineffective group, no significant changes 
were observed in the levels of TAM receptor tyrosine kinases between the pre-and post-SLIT periods (P>0.05) (Figure 5G-I).

Figure 1 The baseline serum concentrations of TAM receptor tyrosine kinases in AR patients. In comparison to the HC group, the serum levels of AXL (A), TYRO3 (B), 
and MER (C) were decreased in the AR group. Similarly, the circulating levels of AXL (D), TYRO3 (E), and MER (F) were considerably reduced in the MAR group as 
compared to the HC group, with the most significant decline observed in the MSAR subgroup. *P<0.05,**P<0.01,***P<0.001. 
Abbreviations: AR, allergic rhinitis; HC, healthy control; MAR, mild allergic rhinitis; MSAR, moderate-severe allergic rhinitis; ns, no significance.
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Discussion
In the present study, TAM receptor tyrosine kinase levels were found to be decreased in the serum samples of AR 
patients, particularly in MRAR cases, and were negatively associated with symptom scores. Furthermore, our findings 
revealed a significant association between the early effectiveness of SLIT and the serum levels of TYRO3 and MER. 
Specifically, the effective group exhibited significantly lower levels of TYRO3 and MER compared to the ineffective 

Figure 2 Correlation of baseline serum TAM receptor tyrosine kinases levels with disease severity in AR patients. Serum TYRO3 and MER levels showed a negative 
correlation with TNSS (A-C) and VAS (D-F) scores. 
Abbreviations: AR, allergic rhinitis; TNSS, total nasal symptom score; VAS, visual analog scale.

Figure 3 ROC curve analysis of serum AXL (A), TYRO3 (B), and MER (C) as biomarkers to reflect disease severity in AR patients. 
Abbreviations: ROC, receiver operating characteristic; AUC, the area under the curve.
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group. Furthermore, we observed that the concentrations of TYRO3 and MER significantly increased 1 year after SLIT. 
ROC curves showed that TYRO3 and MER had good accuracy in reflecting disease severity and predicting the clinical 
effectiveness of SLIT in AR patients. Taken together, our findings suggested that the imbalanced levels of circulating 
TAM receptor tyrosine kinases were closely involved in the pathological mechanism of AR, and circulating TYRO3 and 
MER might serve as objective biomarkers in reflecting disease severity and monitoring the clinical responsiveness of 
SLIT in AR patients.

Table 2 Comparisons of Baseline Clinical Characteristics Between the Two 
Groups

Variables Effective Group Ineffective Group P value

Number 49 31

Male/ female 29/20 17/14 0.817

Age, years 29.0 (24.0, 33.0) 31.0 (26.0, 34.0) 0.302
BMI, kg/m2 24.1 (23.2, 25.1) 23.6 (22.9, 24.8) 0.518

Asthma, n (%) 9 (18.4) 12 (38.7) 0.067

Duration of disease, years 4.0 (2.0, 5.0) 4.0 (3.0, 5.0) 0.894
Polysensitization, n (%) 17 (34.7) 12 (38.7) 0.813

VAS 9.0 (7.0, 10.0) 8.0 (7.0, 10.0) 0.486
TNSS 7.0 (5.0, 8.0) 7.0 (6.0, 8.0) 0.823

Abbreviations: BMI, body mass index; VAS, visual analogue scales; TNSS, total nasal symptoms score.

Figure 4 Baseline serum levels of TAM receptor tyrosine kinases in the two groups and predictive values of early efficacy of SLIT. Serum AXL9 (A) levels were no significant 
difference between the two groups. Serum TYRO3 (B) and (C) MER expression levels were significantly decreased in the effective group than in the ineffective group. ROC 
demonstrated the ability of serum AXL (D), TYRO3 (E), and MER (F) to predict early efficacy in SLIT. *P<0.05,***P<0.001. 
Abbreviations: SLIT, sublingual immunotherapy; ns, no significance.
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The TAM receptor tyrosine kinases, which include TYRO3, AXL, and MER, are a subclass of phosphatidylinositol 
3-kinases (PI3K)-related kinases. Together with their ligands GAS6 and PROS1, they play a crucial role in the regulation 
of immune and inflammatory responses.13 Recent studies have highlighted the involvement of TAM receptor tyrosine 
kinases in the development of various diseases through their regulatory role in immune cell development and function.21 

Prior evidence highlighted that TAM receptor tyrosine kinases were important negative regulators of the immune system, 
and their binding to ligands effectively reduces the secretion of downstream inflammatory cytokines by interfering with 
DC activation and macrophage polarization.22 Chan et al23 reported that TYRO3-deficient mice sensitized to HDM 
exhibited a stronger type 2 response, characterized by increased leukocytes and eosinophils in both bronchoalveolar 

Figure 5 Serum TAM receptor tyrosine kinases concentrations in the effective and ineffective groups 1 year post-SLIT. Serum AXL (A) levels did not change significantly 
before and after treatment. Circulating TYRO3 (B) and MER (C) levels were increased after 1 year of SLIT than pre-SLIT levels. (D) In the effective group, serum AXL levels 
did not change significantly in pre-SLIT, but serum TYRO3 and MER (F) concentrations were significantly increased post-SLIT 1 year than pre-SLIT. Serum AXL, TYRO3, and 
MER levels were not significantly changed between post-SLIT 1 year and pre-SLIT (G–I). *P<0.05,***P<0.001. 
Abbreviations: SLIT, sublingual immunotherapy; ns, no significance.
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lavage fluid and lungs. Previous studies suggested that DC and eosinophils played important roles in the pathogenesis 
and development of AR.3,24 An increase in the number and activity of DC has been observed in patients with AR, 
especially in those with moderate-to-severe symptoms, which suggests an overactive immune response.25 In addition, it 
has been demonstrated that DC can facilitate the differentiation of Th2 cells and stimulate the production of IgE, as well 
as facilitate the infiltration of eosinophils into nasal mucosal tissue.26 Furthermore, the elevated levels of eosinophils can 
further aggravate tissue inflammation by releasing various inflammatory mediators and factors that cause tissue 
damage.27 Furthermore, previous studies have indicated that high levels of TAM receptor tyrosine kinases can hinder 
the differentiation of M1-type macrophages, which may contribute to disease progression by producing pro-inflammatory 
mediators.28 Notably, a recent publication demonstrated that the number of M1-type macrophages was elevated in 
a mouse model of allergic asthma, which subsequently led to the production of multiple inflammatory mediators,29 These 
mediators have the potential to activate an inflammatory response in the airway mucosa, thereby exacerbating and 
prolonging the manifestation of symptoms.30,31 Moreover, M1-type macrophages could crosstalk with other immune 
cells and contribute to the inflammatory response, thereby intensifying the severity of allergic disorders.32,33 In the 
present study, we revealed that the concentrations of serum TYRO3, AXL, and MER were decreased in AR patients, and 
serum TYRO3 and MER levels were negatively associated with disease severity. Thus, we hypothesized that the 
reduction in TAM receptor tyrosine kinase levels in AR patients could weaken their regulatory functions, thereby 
promoting the activation of DC cells and polarization of M1-type macrophages, the infiltration of eosinophils, and the 
production of inflammatory mediators, ultimately worsening the allergic symptoms in AR patients. However, the 
underlying mechanisms are poorly discovered and further investigations are needed to better understand their roles in 
the pathogenesis of AR.

Mounting evidence suggests that SLIT can significantly alleviate allergic symptoms in AR patients and improve their 
quality of life.34,35 An increasing amount of real-world data indicates that a significant proportion of patients still do not 
benefit from SLIT despite receiving standard and long-term treatment.11,36 Hence, there is a particular significance in 
investigating objective biomarkers that can predict the effectiveness of SLIT. Here, we first observed that serum TYRO3 
and MER baseline levels were lower in the effective group than in the ineffective group, and their concentrations 
progressively increased with the duration of SLIT treatment. Additionally, using ROC curve analysis, we observed that 
circulating TYRO3 and MER levels were reliable and precise biomarkers for predicting the early efficacy of SLIT. DCs, 
as primary antigen-presenting cells, have a crucial role in AR by promoting the differentiation of Th2 cells and type 2 
responses. The tolerance of DCs is regarded as a vital indicator of the effectiveness of AIT.37,38 TAM receptor tyrosine 
kinases are expressed in DCs and play important roles in regulating immune responses. They exert their function by 
inhibiting the activation of DCs.13 In addition, TAM receptor tyrosine kinases were proven to regulate immune responses 
by promoting macrophage M2 polarization.28,39 Previous studies indicated that M2 macrophages were involved in the 
tissue immune microenvironment of AR, and the secretions of relevant cytokines by M2 macrophages participated in 
anti-inflammatory and tissue repair processes.40,41 Importantly, the induction of tolerance of DC and polarization of M2 
macrophages are pivotal in the development of immune tolerance and exert significant impacts on the therapeutic 
effectiveness of AIT.42 TYRO3 and MER, as important anti-inflammatory cytokines, exhibit weaker inhibitory effects on 
DC activation and weaker promotion of M2 polarization when their concentrations are lower. Activated DCs and M1- 
polarized macrophages are more prevalent in this scenario.43,44 Conversely, effective SLIT promotes the reshaping of 
DCs and macrophages in AR patients, facilitating immune tolerance in DCs and M2 polarization in macrophages.45 

Therefore, we have reason to believe that lower concentrations of TYRO3 and MER are associated with better efficacy of 
SLIT. Furthermore, we hypothesized that the upregulation of TYRO3 and MER during SLIT might have dual effects. On 
one hand, they can induce DC dysfunction, consequently impairing the initiation of the immune response and resulting in 
a decrease in the number of circulating allergen-specific Th2 cells. On the other hand, TAM receptors may promote the 
polarization of M2 macrophages, leading to the production of anti-inflammatory cytokines. This, in turn, reduces mucosal 
inflammation and attenuates the allergic response. Based on our findings, it can be suggested that soluble TYRO3 and 
MER exhibited the values to serve as reliable biomarkers to predict the efficacy of SLIT in AR patients and monitor 
therapeutic effects. However, further research is required to gain a better understanding of the underlying mechanisms by 
which TYRO3 and MER influence the response to SLIT in AR patients.
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We acknowledge several limitations. Firstly, the sample size is relatively small, and there is a lack of validation cohort 
with a large sample size to strengthen the findings. Secondly, TNSS and VAS are subjective scoring methods and may not 
accurately reflect the disease severity. Additionally, due to the relatively small sample size included, this study concludes 
a relatively weak correlation between TAM receptor tyrosine kinases and disease severity. Thirdly, all patients were from 
a single medical center, and only HDM-induced AR patients were recruited, which might limit its generalization. Lastly, 
the recruited AR patients only followed up for one year, and the predictive values of serum TAM receptor tyrosine 
kinases for long-term efficacy were not evaluated. We will continue to follow up with these patients and collect serum 
samples to comparatively assess the values of TAM receptor tyrosine kinases in the long-term efficacy of SLIT. 
Moreover, further support and expansion of our current findings require additional multicenter studies with larger sample 
sizes and functional research.

Conclusion
We measured systematically for the first time and indicated that the serum TAM receptor tyrosine kinase concentrations 
were decreased in the AR patients and negatively correlated with disease severity. Additionally, our study demonstrated 
that serum TYRO3 and MER levels showed promise in differentiating patients who respond positively to SLIT. These 
findings indicate that serum TYRO3 and MER have the potential to be valuable and objective biomarkers for assessing 
the severity of AR and predicting the clinical effectiveness of SLIT.
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