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Background: Rape pollen allergy is a common allergic reaction disorder that affects the health and life of patients seriously. The 
research on ceRNA regulatory network in rape pollen allergy is poor.
Methods: High throughput whole-transcriptome sequencing was conducted on rape pollen allergic samples and non-allergic samples. 
Differentially expressed microRNAs (DEmiRNAs), circRNAs (DEcircRNAs), long non-coding RNA (DElncRNAs), mRNA 
(DEmRNAs) were identified and a ceRNA regulatory network was constructed by Cytoscape. Functional enrichment analyses were 
performed on DEmRNAs in the ceRNA network. Then, the least absolute shrinkage and selection operator (LASSO) regression model 
was used to identify characteristic genes for rape pollen allergy. The receiver operating characteristic (ROC) curve was used to 
evaluate the diagnostic ability of characteristic genes.
Results: A total of 25 DEmiRNAs, 258 DEcircRNAs, 304 DElncRNAs, and 383 DEmRNAs in the allergic group compared with the 
non-allergic group were uncovered, respectively. A ceRNA network containing 21 miRNAs, 57 circRNAs, 28 lncRNAs, and 33 
mRNAs was generated with 139 nodes and 160 edges. The signal transduction-related processes, immune-related processes, the ion, 
inorganic substance, and hormone regulation processes were associated with mRNAs in the ceRNA network. The results of pathway 
enrichment illustrated that mRNAs in the ceRNA were significantly linked to IL-17 signaling pathway, inflammatory mediator 
regulation of trp channels, GMP-PKG signaling pathway, signaling by GPCR, and GPCR downstream signaling pathway. Then, 
five characteristic genes (KCNQ3, CCR5, FOSB, CFAP43, and PRKG1) were defined by the LASSO algorithm. The AUC values of 
these genes indicated that these genes had a powerful discrimination ability in discriminating allergic samples from non-allergic 
samples.
Conclusion: Taken together, we revealed the ceRNA regulatory network in rape pollen allergy and excavated five characteristic genes 
(KCNQ3, CCR5, FOSB, CFAP43, and PRKG1) with the diagnostic value that may be a potential target in diagnosis and treatment.
Keywords: rape pollen allergy, ceRNA, characteristic genes, GO, KEGG, IPA

Introduction
Allergic rhinitis (AR) is a type I allergic reaction caused by allergens entering the nasal mucosa and stimulating the local 
production of corresponding IgE in the nasal cavity.1,2 In the pathological process, a variety of immune cells and immune 
factors are involved, such as mast cells, eosinophils/basophils, T cells, histamine, prostaglandins, and interleukin.1,2 It is 
mainly characterized by nasal itching, sneezing, clear nasal discharge and nasal congestion. AR is divided into perennial 
AR and seasonal AR. Seasonal AR is mainly allergic to inhalation of airborne plant pollen, also known as pollinosis, 
which has obvious seasonality. Rape flower pollen is one of the most common seasonal AR allergenic plant pollen in 
Yunnan Province. People with rape flower pollen allergy have repeated symptoms every spring. In the initial stage, the 
patients mainly have symptoms, such as nasal itching, sneezing, clear nose, nasal congestion, eye itching, tears and so on. 
In severe cases, they can be complicated with bronchial asthma. The diagnosis can be made through the clinical 
manifestations, signs and allergen test results. Currently, immunotherapy is the only cause-related treatment method, 
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but immunotherapy takes 3–5 years, with long treatment times and poor medical adherence by patients. The purpose of 
this study is to mine the characteristic genes of rape flower pollen allergy which can distinguish rape flower allergy from 
non-rape flower allergy through whole-transcriptome sequencing and bioinformatics analysis, so as to provide new ideas 
for the treatment of rape flower pollen allergy patients, and provide a new reference for clinical diagnostic biomarker and 
gene targeted therapy.

In addition to mRNA, there are many RNAs that do not encode proteins in organisms, called noncoding RNAs 
(ncRNAs), including microRNA, lncRNA and circRNA. These ncRNAs have very important functions in biological 
genetics, of which the core role is regulation.3 CeRNA regulation mechanism means that lncRNA and circRNA can 
regulate gene (mRNA) expression by competitively binding miRNAs. Building a ceRNA network diagram was 
significant to mine key genes and further study the molecular regulation mechanism and disease pathogenesis. More 
and more studies have shown that miRNA plays a key role in skin inflammation and allergic diseases,4 transcriptome 
sequencing is also used in asthma, dermatitis and rhinitis.5 However, the research on the ncRNAs in rape pollen is quite 
limited, and the ceRNA regulatory network in rape pollen allergy remains to be explored.

Hence, in order to investigate the regulation mechanism of ceRNA in rape pollen allergy, we constructed and 
analyzed the ceRNA regulation network based on the whole-transcriptome sequencing data, which is of great signifi-
cance to discover the candidate diagnostic markers, therapeutic targets and molecular mechanism of rape pollen allergy.

Materials and Methods
People and Sample Information
We collected the peripheral blood mononuclear cell (PBMC) samples from 8 people allergic to rape pollen and 8 people 
without rape pollen allergy. The patients and healthy volunteers were collected at The Sixth Affiliated Hospital of 
Kunming Medical University, Yuxi, China. At present, the clinical diagnosis basis of rape pollen allergy is as follows: 
first, patients have symptoms, such as itching, sneezing and runny nose in spring, which can be accompanied by itchy 
eyes, tears and other symptoms. Second, the physical examination shows that the nasal mucosa is pale and swollen. 
Third, rape pollen skin prick test was positive, and wind clusters and erythema appeared in the inner skin prickles of 
20min. Compared with the negative control, the average diameter of wind masses was >3mm, and the other spring pollen 
prick tests were negative. Inclusion criteria: ① adult patients; ② Clearly diagnosed as seasonal AR (diagnosis and 
treatment guidelines for AR (2022, revised version) - AR patients with spring pollen allergy (and rape pollen allergy in 
skin prick test was positive); ③ None of the enrolled samples in the control group has ever been diagnosed with AR, and 
all allergen skin prick tests are negative; Exclusion criteria: ① Subjects whose skin is seriously damaged and cannot 
undergo skin prick test; ② Subjects who have recently taken drugs that affect the results of skin prick test; ③ Subjects 
with immune deficiency or autoimmune diseases; ④ Subjects with a history of severe systemic anaphylaxis (None of the 
above conditions shall be included in the group experiment). After the completion of case enrollment, 5–10mL of whole 
blood was collected from each patient, and PBMC was obtained after centrifugation and treatment of Phosphate Buffered 
Saline (PBS) solution, PBMC was stored in -80 °C refrigerator. The study was approved by the Ethics Committee of the 
Sixth Affiliated Hospital of Kunming Medical University (Approval No: kmykdx6f). All patients and healthy volunteers 
had signed an informed consent form.

Whole-Transcriptome Sequencing
Total RNA from each sample was extracted using a Total RNA Purification Kit (TRK-1001, LC Sciences) according to 
the manufacturer’s instructions. The total RNA quantity, purity, and integrity were analyzed with NanoDrop ND-2000 
(Thermo Scientific) and Bioanalyzer 2100 (Agilent Technologies). μParaflo microRNA microarray assay was performed 
by the service provider (LC Sciences) and conducted at LC Biotech in Hangzhou, China. The construction of the next- 
generation sequencing libraries and sequencing on the Illumina HiSeq 2500 platform were also performed at LC Biotech 
in Hangzhou, China.
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Identification of Differentially Expressed microRNA (DEmiRNAs), circRNA 
(DEcircRNAs), Long Non-Coding RNA (DElncRNAs), mRNA (DEmRNAs)
The microRNA microarray data was analyzed by first subtracting the background, and then normalizing the signals using 
a LOWESS filter (locally weighted regression).6 The DEmiRNAs between the allergic group and non-allergic group 
based on the normalized signal were analyzed via the “limma” R package.7 The transcriptome clean data was obtained 
and aligned against the human genome (hg19) using the HISAT2 software.8 Samtools was used to sort reads in binary 
alignment map (bam) file by chromosome.9 Then, we used the featureCount program to count the reads and quantify 
mRNA and lncRNA.10 To quantify circRNA, we extracted the anchor_sequence from the sequences not matched to the 
human genome by using find_circ software.11 Then we matched the anchor sequence to the human genome (hg19) using 
bowtie2 software.12 Finally, the circRNAs were annotated based on the circbase database. The DEcircRNAs, 
DElncRNAs, and DEmRNAs were determined by using the “DEseq2” R package.13 The |log2 Fold Change (FC)| ≥ 1 
and p-value < 0.05 were regarded as the cut-off criteria. The volcano maps were drawn to visualize the differences in 
gene expression levels between two groups. The heatmaps were plotted to display the expression of the top50 
DEmiRNAs, DEcircRNAs, DElncRNAs, and DEmRNAs.

The Construction of ceRNA Regulatory Network
The lncBaseV2 database14 and circbank15 database were used to predict the miRNAs regulated by DElncRNAs and 
DEcircRNAs. The DElncRNA-DEmiRNA and DEcircRNA-DEmiRNA pairs were identified by taking the intersection of 
predicted miRNAs and DEmiRNAs. Subsequently, the miRDB database in the miRWalk website was used to predict the 
target mRNAs of the above DEmiRNAs.16 The final DEcircRNA-DEmiRNA-DEmRNA and DElncRNA-DEmiRNA- 
DEmRNA pairs were obtained by overlapping the predicted mRNAs and DEmRNAs. In addition, we selected the 
dysregulated target miRNA with a negative correlation of expression with the respective DElncRNA, DEcircRNA, and 
DEmRNA. The ceRNA networks were built with the Cytoscape software.17

Function and Pathway Enrichment
GO, KEGG pathway, and Reactome pathway enrichment analysis were conducted in Metascape software.18 Ingenuity 
canonical pathways and disease and function enrichment analysis were performed in IPA software.19

Screening the Characteristic Genes
The least absolute shrinkage and selection operator (LASSO) is an algorithm that can obtain a more refined model by 
constructing a penalty function.20 We used the LASSO algorithm to screen the characteristic genes in rape pollen allergy 
by the “glmnet” package. The area under the curve (AUC) value of receiver operating characteristic (ROC) curve was 
utilized to determine the diagnostic effectiveness of potential biomarkers in discriminating rape pollen allergic samples 
from normal samples and performed by using the pROC package.21

Results
Expression Profiles of miRNAs, circRNAs, lncRNAs, and mRNAs
DEmiRNAs, DEcircRNAs, DElncRNAs, and DEmRNAs between the allergic group and non-allergic group were shown 
using volcano plot (Figure 1A-D), and the expression of the top50 DEmiRNAs, DEcircRNAs, DElncRNAs, and 
DEmRNAs was displayed by heatmap (Figure 1E-H). The results showed that there were 25 DEmiRNAs (9 up- 
regulation and 16 down-regulation), 258 DEcircRNAs (123 up-regulation and 135 down-regulation), 304 DElncRNAs 
(138 up-regulation and 166 down-regulation), and 383 mRNAs (232 up-regulation and 151 down-regulation) in the 
allergic group compared with the non-allergic group, respectively. The detailed information of DEmiRNAs, 
DEcircRNAs, DElncRNAs, and DEmRNAs was listed in Tables S1-S4.
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Figure 1 Differential expression analysis. The volcano plot (A-D) and heatmap (E-H) of DEmiRNAs (A and E), DEcircRNAs (B and F), DElncRNAs (C and G) and 
DEmRNAs (D and H).
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LncRNA/circRNA-miRNA-mRNA ceRNA Network
Using the method described above, a ceRNA network containing 21 miRNAs, 57 circRNAs, 28 lncRNAs, and 33 
mRNAs was generated with 139 nodes and 160 edges (Figure 2, Table S5). To further explore the function of mRNAs in 
the ceRNA network, the function and pathway enrichment were performed. Forty-five GO terms, including 30 BP terms, 
12 MF terms, 3 CC terms, and 10 pathways, including 6 KEGG pathways and 4 Reactome pathways, were enriched 
(Table S6, Figure 3A and B). The top 10 BP and MF terms are shown in Figure 3A. The signal transduction-related 
processes, such as cell–cell adhesion via plasma-membrane adhesion molecules, second-messenger-mediated signaling, 
and dephosphorylation, immune-related processes, such as leukocyte migration, chemotaxis, and transforming growth 
factor beta receptor signaling pathway were correlated to mRNAs in the ceRNA network. The ion, inorganic substance, 
and hormone regulation processes, such as regulation of body fluid levels, response to corticosteroid, response to steroid 
hormone, response to inorganic substance, and cellular ion homeostasis were also associated with mRNAs in the ceRNA 
network. Concerning MF, the mRNAs in the ceRNA were mainly involved in inorganic cation transmembrane transporter 
activity, metal ion transmembrane transporter activity, inorganic molecular entity transmembrane transporter activity, 
cation channel activity, GTP binding, protein kinase activity, and DNA-binding transcription activator activity. The 
results of pathway enrichment illustrated that mRNAs in the ceRNA were significantly linked to IL-17 signaling pathway, 
inflammatory mediator regulation of trp channels, GMP-PKG signaling pathway, signaling by GPCR, and GPCR 
downstream signaling pathway. In addition, the results of IPA show that one significant canonical pathway, adrenome-
dullin signaling pathway, was enriched with Z-score ≥ 2 (Table S7). Seventy-one disease and function terms were also 
enriched by IPA based on mRNAs in the ceRNA network (Table S7) and the top 20 terms are listed in Figure 3C. As to 
disease and function enrichment result, the cell-to-cell signaling and interaction, nervous system development and 
function, cardiovascular disease, organismal injury and abnormalities, cardiovascular system development and function, 
cell death and survival, gastrointestinal disease, cell signaling, respiratory disease, inflammatory response, 

Figure 2 The ceRNA network. The size of the point indicates the connectivity. The greater the point is, the greater the connectivity is. Circular nodes represent miRNA, 
triangular nodes represent circRNA, square nodes represent mRNA, and diamond nodes represent lncRNA.
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immunological disease, immune cell trafficking, cell-mediated immune response, metabolic disease, cellular compro-
mise, protein synthesis, DNA replication, recombination, and repair, post-translational modification, respiratory system 
development, and function may play an important role in the process of rape pollen allergy.

Figure 3 The enrichment analysis results of mRNA in the ceRNA network. (A) The CC terms and, top 10 BP and MF terms. (B) The enriched KEGG pathways and 
Reactome pathways. (C) The top 20 disease and function terms enriched by mRNA in the ceRNA network.
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Identification of Characteristic Genes
To screen characteristic genes from the mRNA in the ceRNA network, we adopted the LASSO algorithm. Five 
characteristic genes (KCNQ3, CCR5, FOSB, CFAP43, and PRKG1) were discerned using the LASSO algorithm 
(Figure 4A). The ROC curve of the LASSO regression model was plotted and the AUC value = 1, indicating the 
model based on the five characteristic genes was able to predict sample grouping effectively (Figure 4B). Finally, we 
evaluated the diagnostic value of each characteristic gene by ROC analysis. The AUC values of these genes were all 

Figure 4 Identification of characteristic genes. (A) The characteristic genes were screened by LASSO regression analysis. Left image: The horizontal axis represents log 
(Lambda), and the vertical axis represents the coefficient of genes (left); Right image: The horizontal axis represents log (Lambda), while the vertical axis represents the error 
of cross validation (right). In practical analysis, we hope to find the location with the smallest cross validation error. In the right graph, the left dashed line position is the 
location with the smallest cross validation error. Based on this position (lambda. min), the corresponding horizontal coordinate log (Lambda) is determined. The number of 
feature genes is displayed on the top, and the optimal log (Lambda) value is found. The corresponding gene and its coefficient are found in the left graph. (B) The ROC curve 
of LASSO regression model. (C) The single gene ROC curve of characteristic gene.
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greater than 0.9, indicated that these genes had a powerful discrimination ability in discriminating allergic samples from 
non-allergic samples (Figure 4C). The sub-network related to the characteristic genes was extracted from the ceRNA 
network and shown in (Figure 5). In the ceRNA sub-network, the expression of FOSB were regulated by hsa-miR-30c- 
2-3p which may be sponged by hsa_circ_0062426, hsa_circ_0031569, hsa_circ_0000126, hsa_circ_0007161, hsa_-
circ_0007539 hsa_circ_0043428, HIPK1-AS1, LINC00051, or LINC00271. The hsa-miR-27a-5p targeted CCR5 and 
was regulated by IL21-AS1. The hsa-miR-618 regulated the expression of PRKG1 and was competed by hsa_-
circ_0057684, hsa_circ_0056560, IL21-AS1, or LINC00664. The expression of CFAP43 were regulated by hsa-miR 
-3120-3p which may be sponged by hsa_circ_0007161, hsa_circ_0000996, hsa_circ_0069606, hsa_circ_0027707, 
hsa_circ_0003677, hsa_circ_0028190, hsa_circ_0052575, hsa_circ_0001513, LINC00504, USP2-AS1, LINC00535, 
LINC00271, AP000708.1, or DNAJC27-AS1. Two miRNAs, hsa-miR-3157-5p and hsa-miR-1284, targeted KCNQ3. 
The hsa-miR-3157-5p was competed by hsa_circ_0057252, hsa_circ_0056560, hsa_circ_0007631, AC064874.1, or 
LINC00664. The hsa-miR-1284 was sponged by hsa_circ_0004511, hsa_circ_0057684, LINC00664, or LINC00943. 
Then, we used the TRRUST database to predict the potential transcription factor regulating the characteristic genes.22 As 
shown in Table 1, five transcription factors, namely RELA, YY1, NFKB1, KLF2, and NR3C2, regulated CCR5. Two 
transcription factors, REST and SP1, regulated KCNQ3. STAT6 regulated FOSB.

The Gene Interaction Network of the Characteristic Genes
We further predicted the gene interaction network of the characteristic genes by IPA and presented in Figure 6A and B. 
Red indicated the up-regulated DEmRNA, green indicated the down-regulated DEmRNA, and colorless indicated the 
predicted component. The five characteristic genes were marked with red boxes. As shown in Figure 6A, CCR5 
interacted with immunoglobulin and FOSB may interact with immunoglobulin. PRKG1 interacted with ERK1/2, 
GUCY1B1, and Tgf beta possibly. The result of Figure 6B indicated that KCNQ3 interacted with KCNQ5 and REST. 
TGFB1 may interact with KCNQ3. CFAP43 interacted with KPNA2.

Discussion
Rape flower is one of the most representative ornamental flowers in Yunnan Province. It is planted in most areas of 
Yunnan Province. Therefore, there are not a few patients with rape flower pollen allergy in Yunnan Province. In order to 
provide more accurate diagnosis and treatment for patients with rape pollen allergy, we constructed a ceRNA regulatory 

Figure 5 The ceRNA network for characteristic genes. The size of the point indicates the connectivity. The greater the point is, the greater the connectivity is. Circular 
nodes represent miRNA, triangular nodes represent circRNA, square nodes represent mRNA, and diamond nodes represent lncRNA.
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network based on high-throughput whole-transcriptome sequencing data. The ceRNA mechanism provides effective 
information for the molecular regulatory mechanism of rape pollen allergy, and may provide candidate genes for 
revealing the pathogenesis, diagnostic biomarkers or mining potential therapeutic targets.

Through functional and pathway enrichment analysis, we found that the genes encoding proteins in the ceRNA 
network were mainly involved in some signal transduction processes, immune related processes, ion transport and 
steady-state processes. IL-17 signal pathway, the regulation of tryptophan channel by inflammatory mediators, and GMP- 
PKG signal pathway were also enriched. IL-17 cytokine, produced by Th17 cells, plays a pivotal role in host defense 
reactions, inflammatory diseases and allergic responses.23 Studies have found that IL-17 plays a role in allergic diseases, 
such as allergic asthma, asthma airway hyperresponsiveness, atopic dermatitis and allergic conjunctivitis. Ciprandi et al24 

found that in persistent pollen AR, the expression level of serum IL-17 was positively correlated with the severity of 
rhinitis. Nasal congestion is thought to be caused by the expansion of cavernous plexus, while the process of vasodilation 
is mediated by NO, which is considered to be related to endothelium-dependent vascular smooth muscle response. By 
activating soluble guanylate cyclase (SGC) to release NO and increase the level of cyclic guanosine monophosphate- 
dependent protein (cGMP), the activity of cGMP-dependent protein kinase (PKG) is enhanced, resulting in the regulation 
(phosphorylation) of various intracellular proteins and vasodilation.25 Studies have shown that antigen-elicited upregula-
tion of SGC and PKG plays a key role in non-induced nasal mucosal venous dilatation, which may be related to the 
occurrence of AR nasal obstruction.26 IPA enrichment analysis showed that the genes encoding proteins in ceRNA 
network were related to the functions of body injury and abnormality, inflammatory response, immune cell transport and 
respiratory diseases. AR was a slow inflammatory process of upper airway in which inflammatory mediators, immune 
cells and cytokines interacted.

Based on the genes encoding proteins in ceRNA network, five characteristic genes KCNQ3, CCR5, FOSB, CFAP43 
and PRKG were screened by machine learning method. The five characteristic genes had good diagnostic ability and 
could distinguish between rape flower pollen allergy and non-rape flower pollen allergy samples. KCNQ potassium 
channel is a kind of voltage-gated potassium channel. There are five subtypes of KCNQ1 ~ KCNQ5, which jointly 
encode KV7 (KV channels) family (KV7.1-KV7.5).27 The effect of KV7 encoded by KCNQ gene on airway smooth 
muscle has been confirmed. In human and guinea pig airways, application of KV7 activators and blockers increased and 
decreased airway diameter, respectively.28 Therefore, KV7 can be regarded as a potential therapeutic target for asthma, 
but KCNQ3 is involved in coding Kv7, whether it can be speculated that KCNQ3 is also involved in the pathogenesis of 
asthma.

According to the hypothesis that AR and asthma are “the same airway, the same disease”, it can also be speculated 
that KCNQ also plays a role in AR, but further research is needed. As a receptor of chemokine, CCR5 is expressed on the 
cell membrane of T cells, monocytes and dendritic cells. It plays a key role in the infiltration and activation of immune 
cells in the immune response, regulates the proliferation and migration of T cells, promotes the migration of different 
subtypes of Th cells in the immune response, and acts as a pro-inflammatory agent.29 In previous studies, the role of 
CCR5 in Henoch Schonlein purpura and allergic contact dermatitis has been confirmed.30 Of course, its role in AR 

Table 1 The List of Transcription Factors 
Regulating the Characteristic Genes

Gene Transcription Factor

CCR5 RELA

CCR5 YY1

CCR5 NFKB1
CCR5 KLF2

CCR5 NR3C2

KCNQ3 REST
KCNQ3 SP1

FOSB STAT6
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Figure 6 The gene interaction network of the characteristic genes predicted by IPA. (A) The gene interaction network of CCR5, FOSB and PRKG1. (B) The gene 
interaction network of CFAP43 and KCNQ3. Red indicated the up-regulated DEmRNA, green indicated the down-regulated DEmRNA, and colorless indicated the 
predicted component. The five characteristic genes were marked with red boxes.
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cannot be ignored. Research findings31 manifested that a large number of Th2 chemokines and their receptors played an 
important role in the pathogenesis of AR and participated in the induction of inflammation, inflammatory cell aggrega-
tion, sensitizing cell degranulation and other processes in allergic reaction. As an important member of AP-1 family, 
FOSB participates in the proliferation, apoptosis and migration of tumor cells and plays an important role in the 
occurrence and development of tumor,32 but its role in allergic diseases is not clear. CFAP43 is a highly conserved 
motor ciliary axon protein, which is closely related to motor cilia and participates in the regulation of the beating 
frequency of tracheal cilia. The lack of CFAP43 will lead to severe mucus accumulation in the nasal cavity.33 Whether 
this performance is related to the clinical manifestation of a large amount of clear water like nose in AR needs further 
research. The role of PRKG1 in AR is expected to be further studied. AR is a process involving goblet cells, 
T lymphocytes, eosinophils, plasma cells, mast cells and other cells. The miRNA and lncRNA almost participate in 
the whole process of AR pathogenesis and persistence, including the injury reaction of nasal epithelial cells, antigen 
presentation of dendritic cells, differentiation and activation of T helper cells, development and recruitment of eosino-
phils, and degranulation of mast cells in the early stage.34 Studies have shown that35 miR-126 may be involved in the 
pathogenesis of AR by positively regulating the expression of Treg cytokines and negatively regulating the expression of 
the Th1 and Th2 cytokines. It can be inferred that these miRNAs also play a key role in AR. LncRNA can regulate 
immune cell differentiation by interacting with transcription factors, participate in the expression of inflammatory factors 
in immune response and control inflammatory response.34 At present, the role of circRNA in the pathogenesis of AR has 
not been clearly reported.

In order to further understand the action mechanism of characteristic genes, we analyzed the proteins interacting with 
characteristic gene through IPA. DCAF1 is a highly up-regulated factor in activated T cells and plays a key role in 
controlling T cell function and T cell-mediated antiviral and autoimmune response.36 However, the specific potential 
mechanism and how DCAF1 regulate T cell-mediated immune response need to be further studied. ERK1/2, as 
a downstream effector molecule of IL-33, is involved in inducing the inflammatory response of Th2 cells, mast cells, 
eosinophils, macrophages and dendritic cells.37 Some research results show that38 nasal mucosal epithelial cells in AR 
model promote the release of cytokines through ERK1/2 pathway. Lnc-PVT1 is a biomarker and its abnormal expression 
is related to disease severity and Th1/Th2 imbalance. Studies have shown that its overexpression is related to Th1/Th2 
imbalance and increased disease severity in AR children.39 TGF-b1 can be either pro-inflammatory or anti-inflammatory 
in the pathophysiology of allergic diseases. It is important in chemotaxis for inflammatory cells.40 As an inflammatory 
mucosal disorder of the nose, AR is characterized by the accumulation of mast cells.2 In a preliminary study, we found 
that TGFB1 gene promoter polymorphism–509C/T is associated with the susceptibility and the severity of persistent AR 
of Han Chinese.41 Ouyang et al demonstrated that TGF-β1 was activated and mast cells were accumulated during AR 
progression in mice.42 Salib et al found that epithelial immune response mediated by TGF-β1 was enhanced, intrae-
pithelial mast cells increased, and TGF-β1 receptor co-located in AR patients, suggesting that there was an interaction 
between TGF-β1 expression and mast cells in AR.43 The relationship between other interacting proteins and AR needs to 
be further studied.

To sum up, the five characteristic genes screened and the interaction network of related proteins predicted by five 
genes, combined with the reported related proteins, all play an important role in the pathogenesis of allergic diseases and 
allergic rhinitis. So far, there is no research on these five genes in rape pollen allergy. Seasonal allergic rhinitis caused by 
rape pollen allergy is a kind of allergic rhinitis, and it can be boldly speculated that these five genes play a key role in the 
mechanism of rape pollen allergy. However, this is the first time that we have found the characteristic gene of rape pollen 
allergy, and its specific pathogenesis needs to be further studied.

Through high-throughput whole-transcriptome sequencing data, we revealed the ceRNA regulatory network of rape 
pollen allergy, and mined five characteristic genes with diagnostic value, which may become potential targets for 
diagnosis and treatment. But at the same time, our research also has shortcomings. First, our sample size is small; 
Secondly, although key genes have been screened, further experiments and clinical verification are needed; Additionally, 
we will continue to pay attention to the role of these genes.
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Abbreviation
AR, allergic rhinitis; ncRNAs, noncoding RNAs; DEmiRNAs, differentially expressed microRNAs; DEcircRNAs, 
differentially expressed circRNAs; DElncRNAs, differentially expressed long non-coding; DEmRNAs, differentially 
expressed mRNAs; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; LASSO, least absolute 
shrinkage and selection operator; ROC, receiver operating characteristic; PBMC, peripheral blood mononuclear cell; 
PBS, Phosphate Buffered Saline; ceRNA, competing endogenous RNA; AUC, area under the curve; sGC, soluble 
guanylate cyclase; cGMP, cyclic guanosine monophosphate-dependent protein.
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