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ORIGINAL ARTICLE

miR-192 suppresses T follicular helper cell differentiation by targeting CXCR5 in
childhood asthma

Defeng Zhanga, Yuanbo Wub and Gengyun Sunc

aDepartment of Pediatrics, Anhui Provincial Hospital, Anhui Medical University, Hefei, Anhui, China; bDepartment of Neurology,
Anhui Provincial Hospital, Anhui Medical University, Hefei, Anhui, China; cDepartment of Respiration, First Affiliated Hospital of Anhui
Medical University, Hefei, Anhui, China

ABSTRACT
The aim of this study was to investigate the role of miR-192 in differentiation of T follicular helper cells
in childhood asthma. Blood samples were taken from eighteen children with acute asthma attacks and
fifteen healthy children (HC). Quantitative real-time PCR and Western blotting were used to detect the
expression levels of miR-192, C-X-C chemokine receptor type 5 (CXCR5), B-cell lymphoma 6 (BCL-6) and
inducible T-cell costimulator (ICOS). The flow cytometry was performed to detect the proportion of
CD4þCXCR5þ Tfh cells on CD4þ T lymphocytes. The enzyme-linked immunosorbent assay (ELISA) was
carried out to determine the plasma concentrations of total IgE and IL-21. The effect of miR-192 on
the T follicular helper cells differentiation by targeting CXCR5 was determined by dual-luciferase
reporter assay. Children with asthma had lower levels of miR-192 than HC. The proportion of
CD4þCXCRþ Tfh cells was significantly higher in the acute asthma group than HC. Similarly, the
plasma concentration of total IgE and IL-21 in the acute group markedly increased compared with the
HC, and IgE concentration was positively correlated with the proportion of CD4þCXCR5þ Tfh cells.
Furthermore, the expression levels of CXCR5, Bcl-6 and ICOS were significantly higher in the acute
group than in the HC. While the proportion of CD4þCXCR5þ Tfh cells, IL-21, CXCR5, Bcl-6 and ICOS
were obviously lower in the CD4þ T cells transfected with miR-192 plasmid than that in miR-
192þCXCR5 group and control group. In conclusion, miR-192 blocks the activation pathway of Tfh
cells by targeting CXCR5, which is a reasonable cellular target for therapeutic intervention.
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Introduction

Childhood asthma is the most common disease character-
ized by the interactions among the genes, endogenous and
exogenous factors are crucial [1,2], which results from
inflammation in airways, and the effects of inflammatory
cell infiltration reflect the severity of the asthma [3]. The
higher antigen-specific IgE response is an identified patho-
genesis of asthma [4,5]. The number of asthma patients
worldwide is estimated at 334 million [6]. Meanwhile, the
burden of childhood asthma is considerable in worldwide
and its global prevalence has increased in the last 2–3 deca-
des [7]. However, the pathogenesis of this disease remains
poorly understood.

Follicular helper T (Tfh) cells, a specific group of differ-
entiated CD4þ effector T cells subset located within germi-
nal centers (GC), participate in producing antibodies from B
cells [8,9]. And it has been reported that the Tfh is a subset
of peripheral blood memory CD4þT cells to regulate func-
tional effect of memory B-cell by the change of their unique
phenotype that plays a key role in development and function
of Tfh and activation of cytokines [10–12]. Previous studies
have observed that the peripheral Tfh compartment in

multiple autoimmune diseases was changed, such as myas-
thenia gravis, systemic lupus erythematosus, asthma and
rheumatoid arthritis [13–16]. Some research showed that
Tfh cells might contribute to the pathophysiology of asthma
and correlated symptoms by the interaction among the cor-
relative factor, such as IL-21, Bcl-6 and CXCR5, etc. [17,18].

Micro RNA (miR) is a class of small non-coding RNA
chain with a regulatory function on multiple genes, immune
responses and metabolic homeostasis [19]. The study had
shown that change in miR-192 level was associated with
asthma mechanisms, which proved the expression of miR-
192 in peripheral blood and peripheral blood mononuclear
cells (PBMCs) was significantly lower than that in the
healthy control group [20,21]. Given this evidence of
the effects of miR-192 on Tfh cells and asthma, we propose
the following question: whether effects of miR-192 on
asthma may not only be secondary to the effects of Tfh cells
on asthma but also result from a direct target of the miR-
192 to Tfh cells to influence on asthma. In this report, we
showed that miR-192 exerts direct effects on CXCR5 in
childhood asthma, suggesting that childhood asthma is not
only a consequence of reduced Tfh cells. Furthermore, we
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show that miR-192 is relevant with expression of IL-21, Bcl-
6 and ICOS, which are from Tfh cells. This study showed
that effects of miR-192 on differentiation of Tfh cells by tar-
geting CXCR5 in childhood asthma.

Materials and methods

Sampling

A total of eighteen children with acute asthma (11 males
and 7 females, with an average age of 3.8 ± 2.6 years) and fif-
teen healthy children (8 males and 7 females, with an aver-
age age of 4.6 ± 3.1 years) were selected for the study. An
informed consent was signed voluntarily by all participants.
Blood samples were drawn from children with acute asthma
before treatment and health control (HCs) during physical
examination to collect peripheral blood CD4þT cells and
plasma to detect expression level of miR-192, CD4þ
CXCR5þTfh cells frequencies, plasma concentration of
IL-21 and IgE, respectively.

Cell sorting and transfection

Mononuclear cells (MNC) were isolated from the peripheral
blood of children in our study by lymphocyte isolation
liquid (Tianjin Hao Yang Biological Manufacture Co., Ltd,
Tianjin, China). Circulating CD4þT cells were isolated
from PBMCs using a CD4þT-cell isolation kit (Miltenyi
Biotec, Bergisch, Germany) and cultured in 1640 medium
supplemented with 10% serum (JRH Biosciences, Len- exa,
KS) and penicillin–streptomycin liquid (Invitrogen; Thermo
Fisher Scientific, MA) in a 5% CO2 incubator at 37 �C for
24 h. The miR-192 plasmid, CXCR5 plasmid, miR-
192þCXCR5 plasmid and empty plasmid as control
(Cyagen Biosciences Inc. Suzhou, China) were transfected
into CD4þT cells using Lipofectamine 2000 according to
the manufacturer specifications.

RNA isolation and real-time PCR

Total RNA from CD4þT cells and plasma was extracted
with Trizol (Invitrogen, CA) and miRNeasy Serum/Plasma
kit (Qiagen, Germany) according to the manufacturer’s
protocol. cDNA was synthesized from 1 ml RNA of plasma
and cells sample with Super Script IITM reverse transcriptase
with oligo (dT) and random primers (Invitrogen, CA). The
primers used in the study were as follows: 50-TTAG
TTCTCAGAA TTCCAGAGGC-30 (forward) and 50-GGAC
GTCTACCTCGTACAACA-30 (reverse) for BCL-6; 50-GC
CTCTGGTATTTCTTTCTCTTCTG-30 (forward) and 50-
TAGGGTCACATCTGTGAGTCTA-30 (reverse) for ICOS; 5-
CTCCTCTCCATCCACATCACCT-3 (forward) and 5-CGTT
TCTGCTTGGTTCTCTTGG-3 (reverse) for CXCR5; 50-CA
CAGACTAACATGCCCTTCAT-30 (forward) and 50-GAAT
CTTCACTTCCGTGTGTTCT-30 (reverse) for IL-21; 50-
CTGACCTATGAATTGACA-30 (forward) and reverse pri-
mer was provided in the kit for miR-192; 50-GAAA

CGGCTTTCAGTTGAGC-30 (forward) and 50-CTGG
CCATATCCACCAGAGT-30 (reverse) for b-actin; 50-CTCG
CTTCGGCAGCACA-30 (forward) and 50-AACGCT
TCACGAATTTGCGT-30 (reverse) for U6.qRT-PCR was
performed in a 10 ml final volume containing 0.4 ml cDNA
sample, 0.2 ml primer pairs and 5 ml SYBR-Green PCR
Master mix. All PCR assays were run in duplicate on an
ABI PRISM 7000 (Applied Biosystems; Thermo Fisher
Scientific, Inc.) system, applying 40 PCR cycles. The quanti-
tation determinated amplified PCR products using Ct values.
Expression level of miR-192 was normalized against U6, and
expression level of Bcl-6, CXCR5 and ICOS mRNA was nor-
malized against b-actin, as determined by the 2�DDCT
method.

Flow cytometry

Density gradient centrifugation was performed to isolate
peripheral blood mononuclear cells (PBMCs) as already
described. After washing three times with phosphate-buf-
fered saline (PBS), PBMCs (5� 106 cells/100 ml) were stained
with the following fluorochrome-conjugated monoclonal
Abs: FITC-CD4 and PE-CXCR5 and relevant isotype con-
trols (Biolegend, San Diego, CA) at 4 �C for 30min away
from light. PBMCs were washed three times with PBS and
then measured on a FACSAria II (BD Biosciences). Tfh cells
were defined as CD4þCXCR5. Data were analyzed using
FACSDiVa (BD Biosciences) and FlowJo 7.6 (Tree Star,
Ashland, OR) software.

ELISA

Plasma levels of IL-21 and IgE were determined with ELISA
(Biolegend for IL-21, BioLegend for IgE) using commercial
ELISA kits according to the manufacturers’ instructions.
Concentrations of IL-21 and IgE were determined using
standard curves of standard proteins.

Western blot analysis
The CXCR5, Bcl-6 and ICOS levels of cultured CD4þT cells
and CD4þT cells transfected with miR-192 plasmid, miR-
192þCXCR5 plasmid and empty plasmid were detected by
western blot analysis. Different groups of cell were lysed by
RIPA lysis buffer (Teknova, Hollister, CA), and BCA protein
estimation kit (Beyotime, China) was used to determine the
protein concentrations. Then equal protein samples were sep-
arated by 12% SDS-PAGE, transferred onto PVDF mem-
branes. After blocked with 5% skim milk powder at room
temperature for 1 h, the membranes were incubated with pri-
mary antibodies as follows: rabbit monoclonal anti- CXCR5
antibody (1:2000, Abcam), rabbit polyclonal anti-BCL-6 anti-
body (1:500, CST), rabbit polyclonal anti-ICOS antibody
(1:1000, Abcam), rabbit monoclonal anti-GAPDH antibody
(1:5000 Epitomics, U.S.A.) at 4 �C overnight and secondary
antibodies (Goat anti-rabbit IgG 1:10,000H&L) at room tem-
perature for 1 h. The results were quantified with the
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Enhanced Chemiluminescence-Plus Western Blotting
Detection System (Amersham, Cambridge, UK).

MicroRNA target prediction

miRNA databases and target prediction tools miRBase
(http://microrna.sanger.ac.uk/). PicTar (http://pictar.mdc-
berlin.de/), and TargetScan (http://www.targetscan.org/index.
html) were used for identification of the potential targets of
miR-192. We focused on targets predicted by at least two
prediction databases and containing a miR-192-CXCR5 seed
matching the respective 30-UTR region.

Luciferase assay
The full length CXCR5 30-UTR was cloned into a pGL3-
Control Vector (Genechem; Shanghai, China) to create the
luciferase reporter. Mutations were introduced into the cor-
responding position using the QuickChange Lightning Kit
(Agilent Technologies, Santa Clara, CA). HEK293T cells
were cotransfected with the pGL3 vectors containing the
wild type or mutated 30-UTR luciferase reporter of CXCR5
and miR-192 plasmid or the control using Lipofectamine
2000, and with Renilla luciferase (pRL-TK Vector, Promega,
Madison, WI, USA) as a transfection efficiency control.
After 36 h, Luciferase signal was analyzed using the Dual-
Luciferase Reporter Assay kit (Promega, Madison, WI)
according to the manufacturer’s instructions. All experi-
ments were repeated three times.

Statistical analyses

All the analyses were carried out by SPSS19.0 software
(IBM, Armonk, NY). Differences among groups were tested
by a one-way ANOVA for normally distributed data and
comparison among groups by SNK test with Kruskal–Wallis
H non-parametric test for non-normally distributed data.
Statistical analyses between two groups were evaluated based
on the independent-samples T test for normally distributed
data and Mann–Whitney U test for non-normally distributed
data. Pearson’s correlation test for normally distributed data
and Spearman’s rank correlation test for non-normally dis-
tributed data was used to measure the possible relationship
between IgE and Tfh cells count. Differences were consid-
ered statistically significant when the p value was under .05.

Results

miR-192 expression and frequencies of Tfh cells in
childhood asthma

Previous researches have revealed that miRNAs may play a
causative role in the acute asthma of experimental mouse
models and chronic human asthma, for example, it has been
proven the change in miR-192 expression levels may be
related to asthma mechanisms [21,22]. In order to investi-
gate the mechanism of miR-192 in the childhood asthma,
we detected that expression levels of miR-192 in plasma of
children with acute asthma and HC by qRT-PCR found that

miR-192 are significantly decreased compared with the con-
trol group (p< .001) (Figure 1(A)). Furthermore, miR-192
expression in CD4þT cells presented a similar tendency
with expression in plasma (p< .001) (Figure 1(B)), indicat-
ing expression level of miR-192 is closely related to child-
hood asthma. It was reported that the change in proportion
of CD4þCXCR5þTfh cells was involved in the immuno-
logical pathogenesis of children with acute asthma [23]. Our
flow cytometry analysis showed that the percentage of blood
CD4þCXCR5þTfh cells was significantly higher in the
childhood asthma than that in the HCs (p< .001) (Figure
1(C)). In addition, a negative correlation was found between
miR-192 and frequencies of CD4þCXCR5þTfh cells
(Figure 1(D)). These investigations suggest that miR-192 not
only down-regulated in the plasma of children with
acute asthma and CD4þT cells but also miR-192 and fre-
quencies of CD4þCXCR5þTfh cells exert negative
correlation.

Alteration of concentration of IgE and the
CD41CXCR51 T cell-associated molecules in children
with acute asthma

IgE, a marker for chronic and relapsing allergy disease, has
been universally acknowledged as a risk factor for asthma
onset, severity and worse prognosis in children's asthma
[24,25]. We detected plasma IgE levels in all participants
and analyzed its correlation with circulating
CD4þCXCR5þTfh cells. The results showed that plasma
concentration of IgE was significantly higher in the child-
hood asthma patients than that in the HCs (p< .001)
(Figure 2(A)), and a positive correlation was found between
frequencies of circulating CD4þCXCR5þTfh cells and
plasma IgE level in all enrolled patients with acute asthma
and control (Figure 2(B)).

The CD4þCXCR5þTfh cell-associated molecules
(CXCR5, Bcl-6, ICOS and IL-21) are crucial for the patho-
logical progression of acute asthma in children [23]. To
more fully characterize the mutual function of related mole-
cules from CD4þCXCR5þTfh cells, our subsequent ana-
lysis showed protein expression of cytokines IL-21 were
significantly higher in plasma from the asthma group than
the control group (p< .001) (Figure 2(C)). The mRNA and
protein expression levels of Bcl-6, ICOS and CXCR5 from
the CD4þT cells isolated from asthma blood were signifi-
cantly increased compared with the control group (p< .001)
(Figure 2(D–G)).

CXCR5 influence on differentiation of
CD41CXCR51 Tfh cells by miR-192-targeting function

To further detect whether altered miR-192 and CXCR5 lev-
els associate with asthma patient outcomes, we found
CXCR5 which were significantly altered and predicted as
target genes for miR-192 by databases miRanda and
TargetScan. To clarify the biological mechanisms, interaction
between miR-192 and 3’UTR of CXCR5 was predicted using
TargetScan and Luciferase activity was assessed by luciferase
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assay (Figure 3(A)). Next, we detected miR-192 transfection
efficiency (Figure 3(B)). mRNA level of Tfh cell-associated
molecules (Bcl-6, ICOS and CXCR5) in CD4þT cells trans-
fected with miR-192 plasmid was markedly decreased
(Figure 3(C–E)), and in CD4þT cells transfected with
CXCR5 plasmid was showed significantly increased than
Null vector (Figure 3(C–E)). In addition, in CD4þT cells
transfected with miR-192þCXCR5 plasmid was observably
decreased compared with CXCR5 plasmid group (Figure
3(C–E)). Expressive trends of Bcl-6, ICOS, CXCR5 and
IL-21 protein and frequency of CD4þCXCR5þTfh were in
consistent with mRNA levels in various comparative groups
(Figures 3(F–J) and 4).

Discussion

Approximately 300 million people worldwide currently suf-
fer from asthma, and its prevalence has increased steadily
over the past few decades, particularly among children [26].
Childhood asthma is a common pediatric diseases mediated
by immunoglobulin IgE [27,28]. microRNAs help control
gene expression to regulate various biological processes of
disease, such as proliferation, differentiation, maturation and
apoptosis of several cellular [29]. Many studies have shown
that the role of miRNAs in asthma, which proved profiles
significantly changed in the lung tissue of the mice model
mimicking and human asthma [30,31], and previous studies

Figure 1. Expression level of miR-192 and frequency of Tfh cells in childhood asthma. (A) Comparing the levels of miR-192 in plasma from the control (n¼ 15) and
asthma groups (n¼ 18). (B) Cell-specific miR-192 expression in CD4þ T cells comparing healthy control (HC) and asthmatics. (C) The ratio of CD4þ CXCR5þ T cells
in peripheral blood from childhood with acute asthma (n¼ 18) and HC (n¼ 15) by flow cytometry, quantitative analysis of CD4þ CXCR5þ Thf cells is displayed in
the right. (D) Correlations between miR-192 and the frequency of CXCR5þ CD4þ Tfh cells. ���p< .001 vs. control. All data are presented as the mean ± SD.
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have reported that miR-192 play a critical part in asthma
[32]. However, the mechanism by miR-192 targeting to con-
trol the disease has remained unclear. Herein, we found that
expression levels of miR-192 were significantly decreased in
children with acute asthma whether in peripheral circulation
or in CD4þT cells using qRT-PCR, the results suggest that
miR-192 level is closely related to children with acute
asthma.

Follicular helper T (Tfh) cells, a subsets of CD4þT cells
act a critical for activation of B cells, antibody levels and GC
formation, are an important factor in the pathogenesis of

allergic inflammation for Childhood asthma [33,34]. The
activation of B cells normally depends on T cells, particu-
larly Tfh cells, which located in germinal centers (GCs) [35].
Frequency of circulating CD4þCXCR5þTfh cells were
found in certain patients with autoimmune diseases includ-
ing systemic lupus erythematosus, rheumatoid arthritis and
asthma and Tfh cells is correlated with severity of disease
[36,37]. High expression of chemokine (C-X-C motif) recep-
tor 5 (CXCR5), a prominent feature of Tfh cells, can
induce ICOS, BCL-6 and IL-21 to effect on phenotype and
function for distinct subsets of CD4þT cells [33,38–40].

Figure 2. Alteration of Tfh cells differentiation-related molecular (A) The plasma concentration of IgE measured by ELISA. (B) Correlation between IgE and frequency
of CD4þ CXCR5þ Thf cells, IgE and CD4þ CXCR5þ Thf cells from acute asthma and HC. (C) Comparison of plasma IL-21 level by ELISA. (D–F) Comparison of mRNA
levels of BCL-6, ICOS and CXCR5 in CD4þ T cells from the control and asthma groups by qRT-PCR. (G) Western blot analysis of proteins expression levels of (BCL-6,
ICOS and CXCR5) in the control and asthma groups, with b-actin as the control. Data are presented as the mean ± standard error of the mean. ���p< .01 vs.
control.

Figure 3. miR-192 suppresses T follicular helper cells differentiation by targeting CXCR5. (A) Interaction between miR-192 and 30-UTR of CXCR5 was predicted using
TargetScan and luciferase activity was assessed by luciferase assay. (B) Detection of miR-192 transfection efficiency. (C–E) Comparison of the BCL-6, ICOS and CXCR5
mRNA level. (F–I) Comparison of the BCL-6, ICOS and CXCR5 protein level. (J) Comparison of plasma IL-21 level. ���p< .001 vs. control, ��p< .01 vs. control,�p< .05 vs. control. #p< .05 vs. CXCR5 group, ## p< .01 vs. CXCR5 group, ###p< .001 vs. CXCR5 group.
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To investigate further the pathological process of childhood
asthma, we examined the frequency of CD4þT cells in per-
ipheral blood and the plasma levels of IgE and their correl-
ation, the molecular and protein level of Tfh cells
differentiation-related molecular markers including CXCR5,
ICOS, BCL-6 and IL-21 and found that the percentage of
blood CD4þCXCR5þTfh cells and plasma IgE levels were
significantly higher in the childhood asthma than that in the
HCs, meanwhile there was a positive correlation between
frequency of CD4þCXCR5þTfh cells and plasma IgE con-
centrations. Taken together, these findings clarified that the
elevated proportion of CD4þCXCR5þTfh cells plays a key
role in the immunological pathogenesis of acute childhood
asthma. The alterations of BCL-6, plasma total IgE and
cytokines IL-21 were associated with abnormality of
CD4þCXCR5þTfh cells of acute asthma in children.
Combined our results with previous studies, we hypothesize
that there is a certain connection between the level of miR-
192 and proportion of CD4þCXCR5þTfh cells by regulat-
ing Tfh cells differentiation-related molecular (CXCR5,
ICOS, BCL-6 and IL-21).

A single miRNA can regulate a number of target genes
and several miR-192 targets have been identified in different
cells and organs [41]. Such as miR-192 promote cell prolif-
eration and migration ability of NB cells by directly target
Dicer1,which has already been confirmed by Galina et al.
[42]. Lagos-Quintana et al and Zhang et al. indicated that
miR-192 inhibits nucleotide excision repair by targeting
ERCC3 and ERCC4 in HepG2.2.15 cells [43,44]. In addition,
the study found that miR-192 mediates the growth-promot-
ing effects of miR-192 in PDAC by directly target SIP1 [45].
Our previous study has showed that miR-192 level was
closely associated with asthma of child. However, whether
miR-192 is involved in the pathophysiological process of
childhood asthma by targeting a specific gene remains

unknown. For discovering disease-specific biomarkers which
take part in the pathogenesis of Childhood asthma, the bio-
informatics analysis was performed to predict miR-192 tar-
get genes. Our present data suggest CXCR5 as a functional
target of miR-192 by luciferase reporter gene assays, RT-
PCR and Western blot analysis method, respectively. In add-
ition, the results showed that the frequency of circulating
CD4þCXCR5þT cells and its molecular markers (IL-21,
BCL-6, ICOS and CXCR5) were significantly correlated with
interactions between of miR-192 and CXCR5. The results
illustrated that miR-192 directly combined with 30-UTR of
CXCR5 to inhibit mRNA expression to impact on disease
progression.

In conclusion, our study confirmed the hypothesis that
the frequency of circulating CD4þCXCR5þT cells and
Allergen-specific IgE levels are altered in children with acute
asthma and luciferase reporter showed that CXCR5 is the
major target of miR-192 in childhood asthma.
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