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Abstract— Allergic rhinitis (AR) is an allergic disease characterized as (immunoglobulin, 
IgE)-mediated type I hypersensitivity disorder. Regulatory T cells (Tregs) play a crucial 
role in AR. In the present study, we aimed to investigate the mechanism of how Tregs are 
regulated by long noncoding RNA HCP5 and the regulatory role of HCP5 in IL-13-induced 
inflammatory response in nasal epithelial cells (NECs) from AR patients. Peripheral blood 
mononuclear cells (PBMCs) and NECs were obtained from collected blood samples and 
nasal epithelial tissues. CD4+ T cells and Tregs were purified using certain cell isolation 
kits from PBMCs and Tregs were also differentiated from CD4+ T cells using recombinant 
human IL-2 and TGF-β. The expression levels of HCP5, miR-16, ATXN2L, GM-CSF, 
eotaxin, and MUC5AC were detected by real-time PCR and western blot. The concentra-
tions of inflammatory cytokines were detected by enzyme-linked immunosorbent assay 
(ELISA). The interaction among HCP5, miR-16, and ATXN2L were verified by dual-
luciferase reporter assay. lncRNA HCP5 expression dramatically downregulated in PBMCs, 
CD4+ T cells, Tregs, and nasal tissues of AR patients, as well as in IL-13-treated NECs. 
HCP5 promoted Tregs differentiation and proliferation via targeting miR-16/ATXN2L axis. 
Additionally, HCP5 inhibited IL-13-induced GM-CSF, eotaxin, and MUC5AC produc-
tion in NECs. HCP5 sponged miR-16 and negatively regulated its expression, and miR-16 
targeted ATXN2L and inhibition of miR-16 suppressed IL-13-induced GM-CSF, eotaxin, 
and MUC5AC expression. HCP5/miR-16/ATXN2L axis mediated Tregs proliferation and 
functions in AR. Besides, the regulation of IL-13-induced dysfunction of NECs by lncRNA 
HCP5 depended on miR-16/ATXN2L in the inflammatory response of AR.
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INTRODUCTION

Allergic rhinitis (AR), the most common inflam-
matory disease of the nasal mucosa, is primarily medi-
ated by serum immunoglobulin E (IgE) following con-
tact with allergens and characterized by hypersecretion 
of mucus [1]. AR has traditionally been considered to 
originate from a T helper (Th)1/Th2 immune response 
imbalance, leading to allergic inflammation dominated 
by the Th2 immune response within the nasal mucosa 
[2]. Following further study, the pathogenesis of AR 
has been extended from the Th1/Th2 model to a Th1/
Th2/Th17 and T regulatory cell (Treg) model [3]. How-
ever, as AR is a multi-factor disease induced by gene-
environment interactions, its exact pathogenesis has not 
been elucidated.

The long noncoding RNAs (lncRNAs) are defined 
as a group of single-stranded RNA with lengths longer 
than 200 bp that are not translated into protein [4]. 
lncRNAs reside in the nucleus or cytoplasm and inter-
act with nucleic acids or proteins, and have been shown 
to regulate dosage compensation, genomic imprinting, 
pluripotency, cell differentiation and development, 
immune response, etc. lncRNAs bring about such copi-
ous functions by employing diverse mechanisms such 
as translational inhibition, mRNA degradation, RNA 
decoys, regulation of protein activity, and regulating 
the availability of miRNAs by sponging mechanism 
[5]. Long non-coding RNAs (lncRNAs) have been 
proven to play important roles in a variety of human 
immune diseases. For example, LincRNA GATA3-AS1 
might serve as a specific indicator of Th2 response 
and Th2-associated diseases and might be involved in 
Th2 cell differentiation [6]. The lncRNAs have also 
been implicated in AR. A lncRNA microarray anal-
ysis showed that a total of 2259 lncRNAs including 
1033 up-regulated and 1226 down-regulated were sig-
nificantly differentially expressed in the nasal mucosa 
samples from 4 AR patients as compared to those from 
4 non-allergic subjects [7]. However, their pathologi-
cal effects on the development of allergic rhinitis (AR) 
have not been clearly understood.

In the present study, we previously have utilized 
GEO datasets (including GSE159415, GSE100386, 
GSE50223, and GSE140454) to conduct bioinformat-
ics analysis of the gene expression profiling data, and 
demonstrated that lncRNA HCP5 was lowly expressed 
in AR patients compared with healthy volunteers. His-
tocompatibility leukocyte antigen complex P5 (HCP5), 

initially reported in 1993, is an important lncRNA located 
between the MICA and MICB genes in MHC I region [4]. 
HCP5 is primarily found expressed in immune system 
cells and had a potential role in autoimmunity [8]. Treg 
cells play important roles in the maintenance of immune 
homeostasis [9]. Therefore, in the present study, we 
aimed to investigate the effect of HCP5 in Tregs differ-
entiation and function during AR development. Besides, 
IL-13 is a typical Th2 cytokine that has been shown to be 
the central mediator of physiologic changes induced by 
allergic inflammation, and has been implicated in mucus 
hypersecretion and inflammatory mediator release by 
airway epithelial cells [10]. IL-13-treated NECs, which 
have been shown to play an essential role in the innate 
immune response to AR, is a commonly used cell model 
for AR analysis [11]. Herein, we also explored the func-
tion of HCP5 on IL-13-induced inflammatory cytokine 
and mucus production in NECs from AR patients. Thus, 
our findings would provide the basis for potential clinical 
applications of HCP5 in AR prevention and treatment.

MATERIALS AND METHODS

Patients and Samples
Total of 30 AR patients and 30 healthy volunteers 

were recruited in the Ruijin Hospital, Shanghai Jiao 
Tong University School of Medicine from January 2019 
to December 2020. Nasal mucosal tissue samples were 
obtained surgically from the inferior turbinate from 30 
patients with perennial AR and 30 healthy volunteers. 
All samples were stored at −20 ℃ until use. All patients 
in the AR group had a positive skin-prick test (SPT) to 
dust mites, animal dander, cockroaches, and/or molds 
and a positive screening of specific IgE. Each AR patient 
was diagnosed based on his/her medical history, nasal 
endoscopic examination, an allergen skin-prick test, 
and a serum specific IgE assay. None of the patients had 
received topical or systemic corticosteroid therapy for 
4 weeks prior to study recruitment. The subjects with 
chronic rhinosinusitis, nasal polyps, and infectious rhi-
nitis; a history of smoking; and/or other immune system 
disorders, such as rheumatoid arthritis, systemic lupus 
erythematosus, and scleroderma, were excluded in this 
study. This study was approved by the Ethic Committee 
of Shanghai Jiao Tong University School of Medicine, 
and written consent was derived from all the participants.
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RNA Extraction and qRT‑PCR Validation

Total RNA was isolated from PBMCs, CD4+ T 
cells, Tregs, NECs, and nasal mucosal tissues using 
TRIzol Reagent following the manufacturer’s protocol. 
Total RNA was reversely transcribed into cDNA using 
PrimeScript RT Master Mix (TaKaRa, Dalian, China) 
following the manufacturer’s instructions. qRT-PCR was 
performed by using SYBR Premix Ex Taq II (TaKaRa) 
on the 7900 HT Sequence Detection System (ABI, USA). 
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
and U6 were used as the endogenous controls of lncRNA 
or mRNAs and microRNA. The comparative threshold 
cycle (2−ΔΔCt) method was used to detect relative expres-
sion levels. Sequences of primers used for qRT-PCR were 
as followed in the Table S1.

Isolated and Purification of PBMCs, Tregs, 
and CD4+ T Cells

Peripheral blood mononuclear cells (PBMCs) were 
isolated from the whole blood samples of healthy volun-
teers and AR patients. Then, Tregs were purified using 
the Tregs-specific cell isolation kits (Miltenyi Biotec) 
according to the manufacturer’s instruction. Tregs were 
then stimulated using the anti-CD3/CD28 beads (Invit-
rogen) at the ratio of 1:1 cell-to-bead coculture for 36 h, 
and then added rhIL-2 and TGF-β for another 4-day incu-
bation in RPMI-1640 medium suppling with 10% fetal 
calf serum, sodium pyruvate, L-glutamine, 100 IU/mL 
penicillin, and 100 μg/mL streptomycin, at 37 °C with 
5% CO2. The whole blood CD4 micro-beads (Miltenyi 
Biotec) were used to isolate CD4+ T cells following the 
manufacturer’s protocol. After isolation, CD4+ T purity 
was > 95%.

Tregs Differentiation

According to the description in the previous study 
[12], the isolated CD4+ T cells (7 × 105 cells/mL) were 
also stimulated using the anti-CD3/CD28 beads (Invitro-
gen) at the ratio of 1:1 cell-to-bead coculture for 36 h, and 
rhIL-2 and TGF-β were then added for additional 4-day 
incubation in RPMI-1640 medium suppling with 10% 
fetal calf serum, sodium pyruvate, L-glutamine, 100 IU/
mL penicillin, and 100 μg/mL streptomycin, at 37 °C with 
5% CO2.

NEC Culture and Treatment

Primary NECs were isolated and cultured as 
described previously [13]. Inferior turbinate NECs were 
collected by nasal scraping under local anesthesia. The 
NECs were then cultured in BEGM medium (Lonza, 
Walkersville, MD, USA) under submerged conditions. 
When reaching 80–90% confluence, the NECs were pas-
saged. Subsequently, the NECs were stimulated with or 
without 50 ng/mL IL-13 for 24 h. Cell supernatant and 
pellets were then harvested for analysis.

Cell Transfections

To knockdown of HCP5, a special small interference 
RNA (siRNA) containing a 19-bp interfering sequence 
against HCP5 transcript was transfected into cells using 
Lipofectamine 3000 (Invitrogen), and pcDNA3.1-HCP5 
or control plasmids from RiboBio were transfected into 
cells to establish the HCP5-overexpression cells. miR-16 
mimic, inhibitor, miRNA control, human recombinant 
ATXN2L (OE-ATXN2L), and negative control (1 μM) 
were purchased from RiboBio Co., Ltd. (Guangzhou, 
China). Sequences of these specific targets were listed in 
the Table S2.

Flow Cytometry

The percentage of Tregs among CD4+ T cells was 
detected using flow cytometry. A total of 1 × 106 cells 
(mixed Tregs and CD4+ T) were first stained with sur-
face markers. The intracellular staining was then per-
formed on the cells using the Tregs Staining Kit (eBio-
science) following the manufacturer’s instructions. Flow 
cytometry was conducted using the BD Fortessa (BD 
Bioscience).

ELISA

The concentrations of IL-2, IL-10, IFN-γ, TGF-
β1, IL-4, IL-5, and IL-17 in different cells were detected 
by the commercial ELISA kits from Shanghai Enzyme-
linked Biotechnology Co., Ltd. (Shanghai, China) follow-
ing the manufacturer’s protocol.
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Dual‑Luciferase Reporter Assay

To evaluate the interaction between HCP5 and 
miR-16, or miR-16 and ATXN2L, Tregs or NECs were 
transfected with psiCHECK2-based constructs containing 
HCP5 Wild-Type (HCP5-WT) and HCP5-Mutant (HCP5-
MUT). The mutated 3’-UTR of HCP5 or ATXN2L con-
taining the putative miR-16-binding site were predicted 
by the website, amplified by PCR, and generated using 
the QuikChangeIIsSite-Directed Mutagenesis Kit (Agi-
lent). Cells were seeded in 24-well plates and then co-
transfected with 50-nM miR-16 mimics or miR-NC and 
0.2-μg luciferase reporter plasmid using Lipofectamine 
3000 (Thermo Fisher). After 48 h, firefly and Renilla 
luciferase activity was examined by the Dual-Luciferase 
Reporter Assay System (Promega) and data were normal-
ized against values of co-transfected Renilla luciferase.

Cell Counting Kit‑8

After transfections, Tregs (2 × 103 cells/well) in 
96-well plates containing 200 µL of culture medium was 
cultivated in 37 °C incubator with 5% CO2. Twenty micro-
liters of CCK8 solution (5 mg/mL) was added to each well 
of the plate to measure changes in cell viability. This plate 
was then incubated at 37 °C for an additional 2 h. Absorb-
ance at 450 nm was evaluated under a microreader. The 
experiment was performed with three replicates.

Western Blot Assay

The protein from cells and tissue samples were lysed 
using a RIPA lysis buffer (Beyotime Biotechnology, China) 

with protease inhibitor (Roche, Basel, Switzerland) and 
phosphatase inhibitor cocktails (Bimake, China). Followed 
by ultrasound for 30 s and centrifuged at 12,000 rpm for 
20 min, the concentration of protein was quantified using 
a BCA Protein Assay Kit (Thermo Scientific). The total 
protein (35 μg) was separated by 10% sodium dodecyl 
sulfate–polyacrylamide gel electrophoresis and trans-
ferred onto a PVDF membrane (Millipore). The mem-
brane was blocked in 5% nonfat milk in TBST for 1 h at 
room temperature and then incubated primary antibodies 
overnight at 4 °C. The membranes were washed three 
times and then incubated with corresponding horseradish 
peroxidase-labeled secondary antibodies for 1 h at 37 °C. 
The signal was developed with an ECL Blotting Substrates 
(Bio-Rad). The densitometry was quantified and analyzed 
using ImageJ software.

Statistical Analysis

All data were presented as mean ± standard deviation 
(SD). Data were analyzed by 2-way analysis of variance or 
Student’s t test analysis and one-way ANOVA analysis. All 
data were determined in triplicate and are representative of 
at least two separate experiments. The correlation between 
lncRNA HCP5, miR-16, and ATXN2L were analyzed using 
the Pearson correlation analysis. The statistical difference 
was considered as significant when p value is < 0.05.

RESULTS

LncRNA HCP5 Was Lowly Expressed in AR 
Patients

To explore the effect of HCP5 in AR, we first 
detected the mRNA expression level of HCP5 in the 
PBMCs, CD4+ T cells, and Tregs isolated from the 
peripheral blood of 30 pairs of AR patients (AR) and 
healthy volunteers (Normal), respectively. As shown in 
Fig. 1A, HCP5 expression level was much lower in the 
PBMCs of AR patients than that in normal volunteers. 
Moreover, in the CD4+ T cells, the HCP5 level signifi-
cantly decreased in AR group when compared with nor-
mal group (Fig. 1B). Furthermore, the HCP5 level in 
Tregs of the AR group dramatically downregulated com-
paring to normal (Fig. 1C). These results demonstrated 
the association of lncRNA HCP5 and AR and the poten-
tial role of lncRNA HCP5 in Tregs function.

Fig. 1   Overexpression of lncRNA HCP5 in peripheral blood mono-
nuclear cells (PBMCs), CD4+ T cells, and Tregs cells from AR 
patients. (A) HCP5 expression in PBMCs from 30 AR patients and 
30 healthy volunteers were measured by qRT-PCR. (B and C) qRT-
PCR analysis of the relative mRNA expressions of HCP5 in CD4+ 
T cells and Tregs cells from AR patients or healthy volunteers. 
***p < 0.001, compared to normal. (D) The addition of HCP5 over-
expression upregulated the proportion of Treg cells in CD4+ sub-
sets compared to the PHA-stimulated PBMC group (control group), 
while the knockdown of HCP5 was in contrast. (E–I) The addition 
of HCP5 overexpression led to the downregulation of IL-10, IFN-γ, 
and TGF-β1 levels and the upregulation of IL-4 and IL-17A levels, 
while the knockdown of HCP5 was in contrast. The data represent 
the mean ± SD. Experiments were repeated in triplicate: *p < 0.05, 
**p < 0.01, and ***p < 0.001, compared to the PHA-stimulated 
PBMC vehicle group healthy controls (Control).

◂
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LncRNA HCP5 Promoted Tregs Differentiation

We further detected the role of lncRNA HCP5 
in Tregs differentiation. Tregs proportion significantly 
increased after HCP5 overexpression treatment, while 
dramatically decreased after HCP5 knockdown (Fig. 1D) 
compared with the negative control (NC), suggesting that 
HCP5 could promote Tregs differentiation. The effect of 
HCP5 on Tregs-regulated inflammatory cytokines was 
further detected. The concentrations of IL-10, IFN-γ, 
and TGF-β1 were significantly increased after trans-
fection with pcDNA3.1-HCP5 while decreased after 
HCP5 siRNA administration compared with NC group 
(Fig. 1E–G). In contrast, some other related cytokines 
such as IL-4 and IL-17 obviously decreased upon the 
HCP5 treatment, while increased after HCP5 silencing 
(Fig. 1 H and I). The results from ELISA suggested that 
lncRNA HCP5 impacted the immune imbalance in vitro.

miR‑16 Was Highly Expressed in AR Patients 
and Inhibited Tregs Differentiation

First, the target of lncRNA HCP5 was further pre-
dicted online and we found that miR-16 was predicted 
to bind to HCP5. To validate whether miR-16 was a 
functional target of lncRNA HCP5, we utilized the 
dual-luciferase reporter system. As shown in Fig. 2A, 
the HCP5-WT or MUT was cloned into the luciferase 
reporter vector and co-transfected with miR-16 mimics 
or miR-NC into Tregs. Luciferase assay results showed 
that miR-16 mimics significantly decreased the luciferase 
activity of the reporter gene with WT but not HCP5-MUT 
construct, suggesting that miR-16 may be the functional 
target of lncRNA HCP5. Therefore, we next detected 
the expression levels of miR-16 in 30 AR patients. As 
shown in Fig. 2B–D, miR-16 expression level signifi-
cantly increased both in the PBMCs, CD4+ T cells, and 
Tregs of AR patients when compared with control healthy 
volunteers.

To test whether HCP5 regulated miR-16, we over-
expressed HCP5 in Tregs and then monitored the miR-16 
level. As shown in Fig. 2E, transfecting siRNA against 
HCP5 significantly decreased the level of HCP5. Mean-
while, knockdown of HCP5 resulted in significantly 
increased level of miR-16 (Fig. 2F). In contrast, over-
expression of HCP5 by transfecting pcDNA3.1-HCP5 
resulted in significantly increased HCP5 level while sig-
nificantly decreased the miR-16 level (Fig. 2E, F). These 

results demonstrated that HCP5 negatively regulated 
miR-16 expression in Tregs.

HCP5/miR‑16 Regulated Tregs Differentiation 
and Proliferation

To further explore the effect of miR-16 in AR and 
Tregs differentiation, we transfected Tregs with miR-16 
inhibitor. As shown in Fig. 2G, miR-16 inhibitor dramati-
cally enhanced Tregs percentage in CD4+ T cells, which 
is opposite to the effect of HCP5 knockdown. However, 
additional miR-16 inhibitor administration based on 
HCP5 knockdown significantly promoted Tregs differ-
entiation in vitro. Additionally, miR-16 inhibitor dramati-
cally enhanced the concentrations of IFN-γ, IL-10, and 
TGF-β1, while inhibited the concentrations of IL-4 and 
IL-17A, which is opposite to the role of HCP5 knock-
down (Fig. 2H–L). Expectedly, additional miR-16 inhib-
itor administration significantly attenuated the HCP5 
effect in Tregs-associated cytokine production. These 
findings indicated that HCP5 influenced the immune 
imbalance and promoted Tregs differentiation by spong-
ing miR-16 in vitro.

To further investigate the effect of HCP5/miR-16 on 
the proliferation of Tregs, we isolated Tregs from human 
PBMCs and treated with control, NC, pcDNA3.1-HCP5, 
siHCP5, miR-16 inhibitor, and siHCP5 + miR-16 inhibi-
tor. As presented in Fig. 3A, HCP5 overexpression and 
miR-16 inhibitor significantly enhanced Tregs prolifera-
tion, while HCP5 knockdown reduced Tregs proliferation. 
Interestingly, based on HCP5 silence, additional miR-16 
inhibitor administration remarkably promoted Tregs 
proliferation.

ATXN2L Expression Decreased in AR Patients

We continued to explore the underlying functional 
mechanism of miR-16 and used starBase to predict the 
target of miR-16. We also performed dual-luciferase 
reporter system to further confirm the functional inter-
action between miR-16 and ATXN2L. Luciferase assay 
results showed that expression of miR-16 mimics signifi-
cantly decreased the luciferase activity of the reporter 
gene with WT but not MUT of ATXN2L 3′UTR con-
struct in Tregs (Fig. 3B). Besides, ATXN2L protein 
expression in miR-16 mimics transfected Tregs sig-
nificantly decreased while increased in miR-16 inhibi-
tor group (Fig. 3C), indicating that ATXN2L might be 
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Fig. 2   LncRNA HCP5 negatively regulated miR-16 as an RNA sponge. (A) The luciferase activities in Treg cells co-transfected with miR-16 or 
miR-NC mimics and luciferase reporters containing HCP5-wt or HCP5-mt. Data are presented as the relative ratio of hRluc luciferase activity to 
hluc + luciferase activity. (B–D) qRT-PCR analysis of the relative mRNA levels of miR-16 in PBMC cells, CD4+ T cells, and Treg cells from AR 
patients or healthy volunteers. (E and F) The expressions of HCP5 and miR-16 in the sorted Tregs transfected with pcDNA3.1-HCP5 or shHCP5 
were detected by RT-qPCR. (G) The addition of miR-16 inhibitor upregulated the proportion of Treg cells in CD4+ subsets, while the addition of 
shHCP5 weakened the effect of miR-16 inhibitor. (H–L) The addition of miR-16 inhibitor led to the upregulation of IFN-γ, IL-10, and TGF-β1 lev-
els and the downregulation of IL-4 and IL-17A levels, while the addition of shHCP5 weakened the effect of miR-16 inhibitor. The data represent the 
mean ± SD. Experiments were repeated in triplicate: *p < 0.05, **p < 0.01, and ***p < 0.001 vs. Control. #p < 0.05, ##p < 0.01, and ###p < 0.001 vs. 
shHCP5.

1287



	 Yang, Shangguan, Cai, Xu and Qian

Fig. 3   miR-16/ATXN2L regulated function in Tregs. (A) The proliferation of Tregs after treated by PHA (Control), miR-NC, pcDNA3.1-HCP5, 
shHCP5, miR-16 inhibitor, and shHCP5 + miR-16 inhibitor. (B) The luciferase activities in Treg cells co-transfected with miR-16 or miR-NC 
mimics and luciferase reporters containing ATXN2L-wt or ATXN2L-mt. Data are presented as the relative ratio of hRluc luciferase activity to 
hluc + luciferase activity. (C and D) The expressions of ATXN2L in the sorted Tregs transfected with miR-16 inhibitor or miR-16 mimics were 
detected by western blot and RT-qPCR. (E) Western blot analysis of the relative expression of ATXN2L in PBMCs, CD4+ T cells, and Tregs cells 
from AR patients or healthy controls. The data represent the mean ± SD. Experiments were repeated in triplicate: **p < 0.01 and ***p < 0.001, com-
pared to Control group.
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the downstream target underlying miR-16. Recognizing 
the results above, we next detected the expression lev-
els of ATXN2L in AR patients. As shown in Fig. 3E, 
ATXN2L protein expression level significantly decreased 
in PBMCs, CD4+ T cells, and Tregs from AR patients 
when compared with control healthy volunteers. All the 
results demonstrated that ATXN2L expression levels 
decreased in AR patients.

ATXN2L Promoted Tregs Differentiation 
and Proliferation

We transfected Tregs with miR-16 inhibitor or mim-
ics and found that the miR-16 expression was significantly 
decreased or increased in Tregs (Fig. 3D). To further 
explore the effect of ATXN2L in Tregs differentiation, we 
first added OE-ATXN2L (1 μM) in CD4+ T cells in vitro 
for 1 h at 37 °C. Flow cytometry showed that ATXN2L 
overexpression dramatically enhanced Tregs percentage 
in CD4+ T cells, which is opposite to the effect of miR-16. 
However, additional miR-16 mimics administration based 
on ATXN2L significantly suppressed Tregs differentia-
tion (Fig. 4A). Besides, ATXN2L dramatically enhanced 
the concentrations of IFN-γ, IL-10, and TGF-β1, while it 
inhibited the concentrations of IL-4 and IL-17A, which 
is opposite to the role of miR-16 mimics (Fig. 4B–F). In 
addition, additional miR-16 mimics administration signif-
icantly attenuated the miR-16 effect on Tregs-associated  
cytokine production (Fig.  4B–F). Importantly, miR-
16 mimics significantly suppressed Tregs proliferation 
while ATXN2L obviously enhanced Tregs proliferation. 
However, based on the ATXN2L treatment, additional 
miR-16 administration obviously inhibited proliferating 
Tregs (Fig. 4G). These data demonstrated that ATXN2L 
impacted the immune imbalance and promoted the dif-
ferentiation of Treg cells in vitro, and MiR-16/ATXN2L 
seems to be involved in the regulation of Tregs prolifera-
tion and function.

Expression of lncRNA HCP5/miR‑16/ATXN2L 
in AR Patients and IL‑13‑Treated NECs

To further investigate the potential role of lncRNA 
HCP5/miR-16/ATXN2L in AR, we evaluated their 
expression levels in the nasal mucosal tissues from 
AR patients. As shown in Fig. 5 A and C, HCP5 and 
ATXN2L were significantly downregulated in the nasal 

mucosal tissue samples from AR patients when compared 
to samples from healthy people. However, miR-16 was 
obviously increased in the nasal tissues of AR patients 
when compared with normal (Fig. 5B). We performed 
Pearson correlation analysis to evaluate the expression 
relationship between lncRNA HCP5 and miR-16, as well 
as lncRNA HCP5 and ATXN2L. We found that HCP5 
expression level was significantly negatively correlated 
with miR-16 expression level while HCP5 was signifi-
cantly positively correlated with ATXN2L (Fig. 5 D and 
E).

Based on the evidence that IL-13 was so much 
related to the pathogenesis of AR, the model of IL-13 
induction was widely accepted in the study of AR [14], 
so in this study, we treated NECs with IL-13. After NEC 
isolation, we also detected significantly decreased HCP5 
and ATXN2L while increased miR-16 in IL-13-treated 
NECs when compared to untreated cells (Fig. 5F–H).

LncRNA HCP5 Negatively Regulated miR‑16, 
Which Directly Targeting ATXN2L in NECs

The bind sites of miR-16 on HCP5 and ATXN2L 
have been predicted through the online software starBase 
and miRcode before. The wild-type or mutant of HCP5 
or ATXN2L were cloned into the luciferase reporter vec-
tor and co-transfected with miR-16 mimics or miRNA-
NC into the NECs. Luciferase assay results showed that 
expression of miR-16 mimics significantly decreased the 
luciferase activity of the reporter gene with wild type but 
not mutated HCP5 or ATXN2L construct (Fig. 5 I and J). 
These findings demonstrated that HCP5 could regulate 
NEC function by targeting miR-16/ATXN2L.

LncRNA HCP5 Suppressed Inflammatory 
Response in NECs

GM-CSF and eotaxin are pro-inf lammatory 
cytokines in airway epithelial cells during allergic 
airway inflammation. MUC5AC is a glycoprotein 
belonging to the superfamily of mucins and mucus 
hypersecretion (particularly MUC5AC expression) is 
a common feature of allergic airway disorders [14]. 
To overexpress HCP5, we transfected NECs with the 
plasmid pcDNA3.1-HCP5, which encoded the HCP5 
expression. We detected significantly increased HCP5 
levels in NECs when compared to NECs transfected 
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with NC vector (Fig. 6A). The mRNA levels of GM-
CSF (Fig. 6B) and eotaxin (Fig. 6C) were significantly 
increased in NECs treated with 50 ng/mL IL-13 for 
24 h. In contrast, GM-CSF and eotaxin mRNA levels 
were significantly decreased in HCP5 overexpressing 
NECs when compared to NC transfected cells (Fig. 6B, 

C). Similarly, MUC5AC mRNA level was significantly 
increased in NECs treated with IL-13 and overexpres-
sion of HCP5 significantly decreased MUC5AC mRNA  
level (Fig. 6D). Collectively, our data indicated that 
HCP5 inhibited IL-13-induced GM-CSF, eotaxin, and 
MUC5AC expression in NECs.

Fig. 4   miR-16/ATXN2L impacted the immune imbalance and promoted the differentiation of Treg cells in vitro. (A) The addition of ATXN2L 
upregulated the proportion of Treg cells in CD4+ subsets, while the addition of miR-16 weakened the effect of ATXN2L. (B–F) The addition of 
ATXN2L led to the upregulation of IFN-γ, IL-10, and TGF-β1 levels and the downregulation of IL-4 and IL-17A levels, while the addition of miR-
16 weakened the effect of ATXN2L. The data represent the mean ± SD. Experiments were repeated in triplicate: **p < 0.01, compared to the PHA-
stimulated PBMC vehicle group (Control group); #p < 0.05 and ##p < 0.01 vs. miR-16 mimics. (G) The proliferation of Tregs after treated by PHA 
(Control), miR-NC, miR-16 mimics, OE-ATXN2L, and OE-ATXN2L + miR-16 mimics.
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Fig. 5   lncRNAHCP5/miR-16/ATXN2L level in the nasal epithelial cells (NECs). (A–C) The expression levels of HCP5, miR-16, and ATXN2L in 
NECs from AR patients or healthy volunteers were measured by qRT-PCR. (D and E) Correlation analysis between HCP5 and ATXN2L, or HCP5 
and miR-16 in NECs from 30 AR patients. (F–H) The expression levels of HCP5, miR-16, and ATXN2L in NECs after IL-13 stimulation (50 ng/
mL) for 24 h were measured by qRT-PCR. *p < 0.05, **p < 0.01, and ***p < 0.001. (I and J) The luciferase activities in Treg cells co-transfected 
with miR-16 or miR-NC mimics and luciferase reporters containing ATXN2L-wt or ATXN2L-mt, and HCP5-wt or HCP5-mt. Data are presented as 
the relative ratio of hRluc luciferase activity to hluc + luciferase activity.
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Inhibition of miR‑16 Prevented IL‑13‑Induced 
GM‑CSF, Eotaxin, and MUC5AC Expression 
in NECs

We next evaluated the potential roles of miR-16 in 
AR using the IL-13-treated NEC model. We transfected 
NECs with miR-16 inhibitor and found that the miR-16 
expression was significantly decreased in IL-induced NECs 
(Fig. 6E). The inhibition of miR-16 significantly prevented 
IL-13-induced mRNA levels of GM-CSF (Fig. 6F), eotaxin 
(Fig. 6G), and MUC5AC (Fig. 6H). In conclusion, our 
results indicated that miR-16 regulated the expressions of 
GM-CSF, eotaxin, and MUC5AC in NECs, suggesting the 
potential roles of miR-16 in AR.

LncRNA HCP5 Mediated IL‑13‑Induced 
Dysfunction of NECs via Regulating miR‑16/
ATXN2L Expression

Due to HCP5 negatively regulated miR-16, we 
further explored whether the inhibitory effect of HCP5 
on IL-13-induced dysfunction and positive regulation 
on ATXN2L depended on miR-16. We overexpressed 
both HCP5 and miR-16 in NECs. We found that miR-
16 significantly inhibited HCP5-induced ATXN2L 
overexpression at protein level (Fig. 7A). In addition, 
miR-16 rescued the protein expressions of GM-CSF, 
eotaxin, and MUC5AC (Fig. 7B), which were inhibited 
by HCP5 in IL-13-treated NECs. Therefore, our results 
demonstrated that HCP5 mediated IL-13-induced dys-
function of NECs via regulating miR-16/ATXN2L 
expression.

DISCUSSION

The prevalence of allergic rhinitis (AR) has 
increased worldwide in recent decades [15]. In the present 
study, we found that the lowly expressed lncRNA HCP5 
in PBMCs, CD4+ T cells, and Tregs from AR patients 
regulates the differentiation and function of Tregs via 
regulating miR-16/ATXN2L. Moreover, the concentra-
tions of Tregs-related cytokines altered after HCP5 over-
expression or knockdown treatment, as well as after the 
alteration of miR-16 and ATXN2L in Tregs. Furthermore, 
our study also indicated that HCP5 and ATXN2L were 
strongly downregulated in nasal mucosal tissues from 
AR patient while miR-16 was notably upregulated. Addi-
tionally, it had shown that HCP5 targeted miR-16 and 
negatively regulated miR-16 expression while positively 
regulated ATXN2L expression in Tregs and primary 
NECs from AR patients. Interestingly, HCP5 suppressed 
the expressions of GM-CSF, eotaxin, and MUC5AC in 
IL-13-treated NECs while miR-16 promoted these gene 
expressions. Besides, miR-16 targeted ATXN2L and 
inhibited ATXN2L expression. More importantly, over-
expression of miR-16 abolished the inhibitory effects of 
HCP5 on IL-13-induced expression of GM-CSF, eotaxin, 
and MUC5AC. Therefore, our findings demonstrated the 
regulatory role of lncRNA HCP5/miR-16/ATXN2L axis 
in inflammatory response of IL-13-induced NECs in AR.

LncRNA dysregulation underlies certain human 
diseases caused by chromosome deletion and transloca-
tion [16]. Numbers of specific lncRNAs have been iden-
tified in Th1 and Th2 cells [6, 17, 18] and in the nasal 
mucosa of mice with AR [15], for instance, Linc00632 in 
IL-13-induced inflammatory cytokine and mucus produc-
tion in NECs from AR patients [13]. However, to the best 
of our knowledge, no published studies on the mechanism 
associated with lncRNAHCP5 function in AR are cur-
rently available. LncRNA HCP5 is mainly expressed in 
the immune system and often considered to be associated 
with herpes zoster and other serious skin reactions [8]. 
Recent studies have reported differential expression of 
HCP5 in multiple cancers [4, 19, 20]. Herein, HCP5 was 
obviously downregulated in AR patients, and promoted 
Tregs percentage in CD4+ T cells and the concentrations 
of Tregs-associated cytokines such as IFN-γ, IL-10, and 
TGF-β1, while enhanced the expression of Th2 cytokines, 
IL-4 and IL-17A. As expected, HCP5 knockdown 
showed the opposite effect of Tregs differentiation and 
proliferation, as well as the cytokine levels. We further 

Fig. 6   Effects of HCP5/miR-16 on IL-13-induced GM-CSF, eotaxin, 
and MUC5AC expression in NECs. (A) The knockdown efficiency of 
pcDNA3.1-HCP5 in NECs was measured by qRT-PCR. (B–D) Effects 
of HCP5 overexpression on IL-13-induced inflammatory cytokine 
and mucin mRNA expression in cultured NECs. The mRNA expres-
sion levels of GM-CSF, eotaxin, and MUC5AC were measured by 
qRT-PCR. (E) The knockdown efficiency of miR-16 inhibitor in NECs 
was measured by qRT-PCR. (F–H) Effects of miR-16 inhibitor on IL-
13-induced inflammatory cytokine and mucin mRNA expression in 
cultured NECs. The mRNA expression levels of GM-CSF, eotaxin, 
and MUC5AC were measured by qRT-PCR. The data represent 
the mean ± SD. Experiments were repeated in triplicate: *p < 0.05, 
**p < 0.01, and ***p < 0.001 vs. Control; #p < 0.05 and ##p < 0.01 vs. 
IL-13.

◂
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demonstrated that HCP5 inhibited IL-13-induced GM-
CSF, eotaxin, and MUC5AC production, indicating a 
protective role of HCP5 in AR.

The target-mimetic, sponge/decoy function of 
lncRNA on miRNAs has been recently uncovered 
[21]. Though there were many reports about HCP5 act 

as miRNA sponge [19, 20, 22], it was the first time to 
explore the precise role of HCP5 as the miRNA sponge 
in AR. Our findings identified that HCP5 targeted miR-16 
and negatively its expression. Panganiban et al. identi-
fied 30 miRNAs that were differentially expressed among 
healthy, AR, and asthmatic subjects, and found that 

Fig. 7   Effects of HCP5/miR-16/ATXN2L on IL-13-induced GM-CSF, eotaxin, and MUC5AC protein expression in NECs. (A) The protein levels of 
ATXN2L in NECs co-transfected with pcDNA3.1-HCP5 and pcDNA3.1-HCP5 + miR-16 mimics. (B) miR-16 reverted the decreased IL-13-induced 
inflammatory cytokine and mucin mRNA expression in cultured NECs due to HCP5 overexpression. The protein expression levels of GM-CSF, eotaxin, 
and MUC5AC were measured by western blot. The data represent the mean ± SD. Experiments were repeated in triplicate: **p < 0.01 and ***p < 0.001 
vs. NC + IL-13; ##p < 0.01 and ###p < 0.001 vs. pcDNA-HCP5 + IL-13.

1294



LncRNA HCP5 Participates in the Tregs Functions in Allergic Rhinitis and Drives Airway Mucosal…

miR-16 was upregulated in AR and asthmatic patients 
versus healthy volunteers [23]. Circulatory miR-16 levels 
are also one of the most predictive signs of allergy and 
asthma status [24], which was consistent with our find-
ings that miR-16 was upregulated in AR patients when 
compared with normal people. Recently, the functions 
of miR-16 that have been reported are mainly in cancer 
field. For example, highly expressed miR-16 represses the 
viability and proliferation, and promotes their apoptosis 
in cervical cancer cells [25]. Serum miR-16 level was sig-
nificantly decreased in hepatocellular carcinoma patients 
and exists anticancer activity [26]. Moreover, miR-16 
plays an important role in shifting macrophage polari-
zation from M2 to M1 status, and functionally activat-
ing CD4( +) T cells [27]. In our study, miR-16 inhibitor 
administration dramatically enhanced Tregs percentage in 
CD4+ T cells and the concentrations of Tregs-associated  
cytokines. Moreover, miR-16 inhibitor attenuated the 
inhibiting role of HCP5 deletion in Tregs proliferation 
and function. What is more, we demonstrated that the 
regulation of IL-13-induced GM-CSF, eotaxin, and 
MUC5AC production by HCP5 depended on miR-16. 
This is the first description of miR-16 function in AR. 
LncRNA HCP5 may sponge miR-16 to regulate the 
immune inflammation in the nasal mucosa to prevent AR.

The main role of miRNAs is to regulate mRNA 
expression levels of target genes through directing the 
degradation or modulating transcriptional repression of 
target mRNA [28]. The biological function of ATXN2L, 
a gene known to be directly related to allergic diseases, 
was found to be associated with decreased allergy risk in 
a genome-wide association study (GWAS) [29]. Besides, 
the cellular ATXN2 concentration was important for the 
assembly of stress granules and P-bodies, which are main 
compartments for regulating and controlling mRNA 
degradation, stability, and translation [30]. In addition, 
ATXN2L promotes cell invasiveness and oxaliplatin 
resistance and can be upregulated by EGF via PI3K/
Akt signaling in gastric cancer [31]. However, no study 
reported the effect of ATXN2L in AR before. We further 
identified that miR-16 targeted ATXN2L and the cur-
rent study demonstrated that ATXN2L expression levels 
decreased in PBMCs, CD4+ T cells, and Tregs of AR 
patients. ATXN2L administration dramatically enhanced 
Tregs percentage in CD4+ T cells and the concentrations 
of Tregs-associated cytokines. Moreover, ATXN2L atten-
uated the inhibiting role of miR-16 in Tregs proliferation 
and function. Besides, HCP5 negatively regulated IL-
13-induced GM-CSF, eotaxin, and MUC5AC production 

via miR-16/ATXN2L axis in human NECs. Therefore, 
targeting ATXN2L and its downstream factors could be 
a promising strategy to treat AR.

It is important to note the limitations of this study. 
All data in our study were from an in vitro study. The 
mouse model of AR should be used to further mimic the 
AR progress and detect the biological role of HCP5/miR-
16/ATXN2L in AR development.

CONCLUSION

Collectively, we explored the biological role of 
HCP5/miR-16/ATXN2L in Tregs differentiation  and 
function in AR. We provided evidence that lncRNA 
HCP5 expression dramatically downregulated in PBMCs, 
CD4+ T cells, Tregs, and IL-13-treated NECs of AR 
patients. HCP5/miR-16/ATXN2L are associated with 
regulatory T-cell differentiation and function, and regu-
lated IL-13-induced inflammatory cytokine and mucus 
production in allergic rhinitis.
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