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Abstract: The pathogenesis of allergen-related inflammation in the intestine is to be further understood. Micro RNA 
(miR) can regulate immune responses. This study aims to investigate the role of miR-17-92 cluster in the induction 
of food allergen-related inflammation in the intestine. In this study, a mouse model of food allergen-related intestinal 
inflammation was developed. Expression of miR-17-92 cluster in B cells of the intestinal mucosa was analyzed by 
real time quantitative RT-PCR. The results showed that the levels of miR-19a, one of the members of the miR-17-92 
cluster, were detected in the B cells of the intestine of mice sensitized to ovalbumin, which was significantly higher 
than that in naïve control mice. The expression of IL-10 by B cells was significantly lower in the sensitized mice as 
compared with naive control mice. Exposure to IL-4 in the culture increased the expression of miR-19a as well as 
suppression the expression of IL-10 in B cells via remolding DNA structure at the IL-10 promoter locus. We conclude 
that B cells from sensitized mice show higher levels of miR-19a, which plays an important role in the suppression 
of IL-10 in the B cells.
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Introduction

Interleukin-10 (IL-10) is an anti-inflammatory 
cytokine. In humans, IL-10 is encoded by the 
IL10 gene [1]. In humans, IL-10 is encoded by 
the IL10 gene, which is located on chromo-
some 1 and is primarily produced by mono-
cytes and other immune cells such as lympho-
cytes, mast cells, regulatory T cells, and acti-
vated B cells [1]. IL-10 has multiple effects in 
immunoregulation and inflammation. It down 
regulates the expression of T helper (Th)1 cyto-
kines, co-stimulatory molecules on dendritic 
cells (DC) and macrophages. It enhances B cell 
survival, proliferation, and antibody production 
[2]. Yet, in terms of the cellular and molecular 
aspect, the regulation of IL-10 expression has 
not been fully understood.

It is reported that IL-10-production B cells have 
immune regulatory function based on that IL-10 
inhibits synthesis of pro-inflammatory cyto-

kines such as IL-4, IFN-γ, IL-2, IL-3, TNFα and 
GM-CSF made by cells such as macrophages 
and CD4 T cells [3]. Thus, IL-10-production B 
cells are proposed as a fraction of immune reg-
ulatory B cells [4]. The compromise of frequen-
cy or function of IL-10-production B cells in 
immune disorder has been reported [5, 6]. 
Cumulative evidence indicates that micro RNA 
(miR) can regulate lymphocyte function [7].

It is suggested that miR-17-92 regulates B cell 
function [8]. miR-17-92 cluster encodes six hair-
pin transcripts carrying six miRNAs (miR-17, 
miR-18a, miR-19a, miR-20a, miR-19b-1, and 
miR-92a), located on human chromosome 13, 
within the third intron of the primary transcript 
C13 or f25 [9]. Elevated expression of miR-17-
92 has been observed in a variety of immune 
disorders, such as cancer [10] and allergic asth-
ma [11]. Whether miR-17-92 cluster regulates 
the IL-10 expression in B cells has not been 
investigated yet.
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In this study, we observed that B cells isolated 
from the intestine of miR-17-92 mediated the 
effect of IL-4 on suppression of IL-10 expres-
sion in B cells.

Materials and methods

Mice

Male C57BL/6 mice (6-8 week old) were pur-
chased from the Guangdong Experimental 
Animal Center. The miR-17-92fl/fl mice (B6 back-
ground) were purchased from the Jackson 
Laboratory. The mice were maintained in a 
pathogen free environment with accessing 
food and water freely. The experimental proce-
dures were approved by the Animal Ethic 
Committee at Shenzhen University. All the 
experiments were carried out in accordance 
with the approved guidelines.

Development of FA mouse model

Following our established procedures, mice 
were gavage-fed with ovalbumin (OVA; 1 mg/
mouse; Sigma Aldrich) and cholera toxin (CT;  
20 μg/mouse; Sigma Aldrich) in 0.3 ml saline 
weekly for 4 weeks. The mice were sacrificed in 
week 5.

Assessment of serum IL-4 and specific IgE: 
Blood samples were collected from each 
mouse at sacrifice. The sera were isolated by 
centrifugation for 10 min at 4°C and analyzed 
by enzyme-linked immunosorbent assay (ELISA) 
with reagent kits of IL-4 and OVA-specific IgE 
(Biomart, Shanghai, China) following the manu-
facturer’s instructions. 

Observation of mast cell and eosinophil infiltra-
tion in the intestinal mucosa: A jejunal segment 
was excised from each mouse at sacrifice. The 
tissue was fixed with 4% formalin overnight and 
processed for paraffin sections. The sections 
were stained with 0.5% toluidine blue (for mast 
cells) and hematoxylin/eosin (for eosinophils) 
respectively. Mast cells and eosinophils in the 
sections were counted on 20 randomly select-
ed fields/mouse. The sections were coded. The 
observers were not aware of the code to avoid 
the observer bias. 

Assessment of allergen-specific CD4+ T cells in 
the intestine: The small intestine was collected 
from each mouse at sacrifice. The lamina pro-
pria mononuclear cells (LPMC) were isolated 
with our established procedures [12]. CD4+ T 

cells and dendritic cells (DC) were isolated from 
the LPMCs with the magnetic cell sorting 
(MACS) with a reagent kit (Miltenyi Biotech) fol-
lowing the manufacturer’s instructions. The cell 
purity was checked by flow cytometry (95%). 
The CD4+ T cells were labeled with CFSE (car-
boxyfluorescein diacetatesuccinimidyl ester) 
and cultured with DCs (DC: T cell = 2 × 104 
cells: 105 cells/well) for 3 days. The cells were 
collected and analyzed by flow cytometry. 

Isolation of B cells

CD19+ B cells were isolated from LPMCs by 
MACS with a reagent kit (Miltenyi Biotech) fol-
lowing the manufacturer’s instructions. The cell 
purity was 95% as assessed by flow cytometry.

Real time quantitative RT-PCR (RT-qPCR)

The isolated B cells were processed with TRIzol 
Reagent (Invitrogen) following the manufactur-
er’s instructions to isolated total RNA, includ- 
ing miRNA. For miR-17-92 cluster detection, 
extracted RNA was reverse transcribed to  
cDNA using the PrimeScript™ RT reagent Kit 
(Invitrogen); the resulting cDNA was subjected 
to real-time PCR using SYBR Green ER qPCR 
Mix (Invitrogen). Reference gene RNA U6B 
(Invitrogen) was analyzed as an internal control. 
The Universal qPCR Primer was provided in  
the VILO kit and the forward primer for miR-17, 
18a, 19a, 19b and 20a were purchasing from 
Qiagen. For mRNA detection, cDNA was synthe-
sized using a reverse transcription reagent kit 
(Invitrogen). PCR was performed using SYBR 
Green Masture Mix (Invitrogen). The results 
were normalized to the β-actin. The sequences 
of IL-10 primers for PCR are ggtgagaagct-
gaagaccct and tgtctaggtcctggagtcca.

RNA interference (RNAi) of miR-19a

The RNAi reagent kit of miR-19a was purchased 
from Beijing Yijie Biotech (Beijing, China). The 
miR-19a RNAi was performed with B cells with 
the reagent kit following the manufacturer’s 
instructions. The RNAi effect on the B cells was 
assessed with RT-qPCR. 

Preparation of cytosolic and nuclear extracts 
from B cells

B cells were isolated and incubated with lysis 
buffer at 4°C for 15 min, and centrifuged at 
500 ×g for 10 min at 4°C. The supernatant was 
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collected as the cytosolic extract. The pellet 
was added with nuclear extract buffer and incu-
bated for 15 min at 4°C, followed by centrifuga-
tion at 13,000 ×g for 10 min at 4°C. The super-
natant was collected as the nuclear extract. 
The protein concentrations were determined by 
the Bradford method.

Chromatin immunoprecipitation assay (ChIP)

ChIP assay was performed with a reagent kit 
purchased from Sigma Aldrich following the 
manufacturer’s instructions. B cells were fixed 
with 1% formaldehyde for 15 min. The cells 
were then lysed and sonicated to shear the 
chromatin DNA. Cell lysate was precleared with 
protein G-agarose beads for 2 h at 4°C. The 
supernatant was incubated overnight at 4°C 
with 2 μg of specific antibodies (Santa Cruz 
Biotech) or isotype IgG (a negative control). The 
precipitated antibody-chromatin complex was 
collected by incubation with protein G-agarose 
beads for 1 h at 4°C. The beads were collected 
by centrifugation and then washed and eluted 
in elution buffer. DNA was recovered from the 
precipitated samples by reverse crosslinking at 

65°C for 4 h and digested with proteinase K for 
1 h at 45°C to remove proteins, then the immu-
noprecipitated DNA was recovered by phenol/
chloroform extraction and ethanol precipita-
tion. The DNA or input (10%, collected before 
antibody precipitation) was analyzed by qPCR 
with the following miR-19a primers (purchased 
from Beijing Yijie Biotech; Beijing, China). The 
results were presented as folds of input.

Western blotting

The B cell cytosolic extracts were fractioned by 
SDS-PAGE (sodium dodecyl sulfate polyacryl-
amide gel electrophoresis) and transferred 
onto a PVDF membrane. After blocking with 5% 
skim milk for 30 min, the membrane was incu-
bated with the anti-IL-10 antibody overnight at 
4°C and followed by incubating with peroxi-
dase-labeled secondary antibody for 1 h at 
room temperature. The membrane was washed 
between incubation with TBST (Tris-buffered 
saline Tween 20). The membrane was devel-
oped with ECL (enhanced chemiluminescence; 
Invitrogen). The results were photographed 
with an image station (UVI, Cambridge, UK). 

Figure 1. Assessment of allergen-related inflammation in the intestine. (A-D) The bars indicate the levels of serum 
IL-4 (A) and OVA-specific IgE (B, by ELISA), the frequency of mast cell (C) and eosinophil (D) in the intestinal mucosa 
(by histology) in samples collected from control mice (control) and FA mice (FA). (E-G) The gated histograms indicate 
the frequency of proliferating CD4+ T cells isolated from the mouse intestine (by CFSE-dilution assay). (H) The bars 
show the summarized data of (E-G). OVA: OVA (5 µg/ml) in the culture. BSA: BSA (5 µg/ml) in the culture. Data are 
presented as mean ± SD. *p<0.01, compared with the control group. Each group consists of 10 mice. Samples from 
individual mice were analyzed separately. 
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Statistics

Data are presented as mean ± SD. Difference 
between two groups was determined by 
Student t test. P<0.05 was set as the signifi-
cant criterion. 

Results

B cells from FA mouse intestine show higher 
levels of miR-19a

The FA mice showed high serum levels of IL-4 
and OVA-specific IgE, mast cell and eosinophil 
infiltration in the intestinal mucosa, and high 
frequency of OVA-specific CD4+ T cell prolifera-
tion in the culture after stimulated with OVA 
(Figure 1). The data demonstrate that the aller-
gen-related inflammation was induced in the 
intestine.

We also isolated B cells from the intestine. The 
cytosolic extracts of B cells were analyzed by 
RT-qPCR to determine the expression of miR-
17-92 cluster and IL-10. As shown by Figure 
2A-E, the levels of miR-19a, but not the miR-17, 
miR-18a, miR-19b and miR-92a, were signifi-

cantly higher in FA mice than that in naïve mice. 
The levels of IL-10 mRNA were detected in the B 
cells, which were higher in control mice than in 
the FA mice (Figure 2F). The data of miR-19a 
and IL-10 mRNA were analyzed by correlation 
assay. A significant negative correlation (r = 
-0.7156, p<0.01) was identified between miR-
19a and IL-10 in B cells (Figure 2G). The data 
implicate that IL-4 and miR-19a may be associ-
ated with the suppression of IL-10 in B cells of 
the FA mouse intestine.

miR-19a mediates the effect of IL-4 in suppres-
sion of IL-10 in B cells

We next observed the role of IL-4 in miR-19a 
expression in B cells. B cells were isolated  
from the mouse spleen and cultured in the 
presence of IL-4 at graded concentrations for 3 
days. The B cells were analyzed by RT-qPCR. 
The results showed that exposure to IL-4 mark-
edly increased the expression of miR-19a in B 
cells in an IL-4 dose-dependent manner (Figure 
3A).

With an established cell culture model [13], we 
up regulated the expression of IL-10 in B cells 

Figure 2. Assessment of miR-17-92 and IL-10 in B cells from the intestine. (A-F) The bars indicate the levels of miR-
17-92 members (A-E) and IL-10 mRNA in B cells isolated from the mouse intestine (by RT-qPCR). Data are presented 
as mean ± SD. *p<0.01, compared with the control group. Each group consists of 10 mice. Samples from individual 
mice were processed separately. (G) The curves show the individual data of miR-19a and IL-10 mRNA in B cells 
isolated from the intestine. 
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with LPS in the culture. Wild B cells and miR-
deficient B cells were stimulated with LPS in  
the presence or absence of IL-4. The results 
showed that exposure to LPS increased the 

expression of IL-10 by B cells, which was sup-
pressed by the presence of IL-4 in wild B cells, 
but not in miR-19a-deficient B cells (Figure 3B, 
3C). The results suggest that miR-19a medi-

Figure 3. miR-19a mediates the IL-4-suppressed IL-10 expression in B cells. B cells were isolated from the peripheral 
blood samples of healthy subjects. The cells were treated with the conditions as denoted on the X axis for 3 days. 
(A) The bars indicate the miR-19a levels in the B cells (by RT-qPCR). (B) The bars indicate the IL-10 levels in the 
supernatant of B cell culture (by ELISA). (C) The bars indicate the miR-19a RNAi results. Data of bars are presented 
as mean ± SD. *p<0.01, compared with the dose 0 group (A) or the saline group (B). The data are summarized from 
3 independent experiments. 

Figure 4. miR-19a mediates IL-4-induced DNA remolding at IL-10 promoter locus in B cells. B cells were isolated 
from the naive mouse spleen and stimulated with LPS (1 µg/ml) or/and IL-4 (200 pg/ml) in the culture for 48 h. The 
bars indicate the levels of HDAC11 (A), acetylated H3K4 (B), RNA polymerase II (Pol II; C) and c-Maf (D) at the IL-10 
promoter locus. #, miR-19a was knocked down in the B cells. $, B cells were treated with control shRNA. Data are 
presented as mean ± SD. *p<0.01, compared with the saline group. The data were summarized from 3 indepen-
dent experiments. 
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ates the effect of IL-4 in the suppression of 
IL-10 expression in B cells. 

miR-19a mediates the IL-4-induced DNA re-
molding at the promoter locus of IL-10 in B 
cells

Based on published data that HDAC11 is 
involved in the suppression of IL-10 [13], we 
wondered if HDAC11 was involved in the regula-
tion of IL-10 expression in B cells regulated by 
IL4/LPS in the present experimental system. To 
this end, we assessed HDAC11 levels in B cells 
after exposure to LPS or/and IL-4. The results 
showed that, at the locus of IL-10 promoter, we 
detected higher levels of HDAC11 at the IL-10 
promoter locus in B cells (Figure 4A). We fur-
ther observed lower levels of H3K4, RNA poly-
merase II and c-Maf at the promoter locus of 
IL-10 in B cells after stimulated with IL-4 or IL-4/
LPS as compared to LPS alone (Figure 4B-D); 
such a phenomenon did not occur in miR-
19a-deficient B cells (Figure 4A-D). 

Deficiency of miR-19a prevents IL-4-inudced 
IL-10 suppression in B cells in vivo

To further test the role of miR-19a in the medi-
ating the IL-4 induced IL-10 suppression in B 
cells, we treated wild and miR-19a-deficient 
mice with recombinant IL-4 or/and LPS via 
intraperitoneal injection daily for 5 days. B cells 
were isolated from the intestine and analyzed 
for IL-10 expression. The results showed that 
treatment with LPS increased IL-10 expression 

in B cells of both wild and miR-19a-deficient 
mice, which was blocked by IL-4 in wild mice 
but not in miR-19a-deficient mice (Figure 5).

Discussion

The present data show that the expression of 
IL-10 was lower in B cells from intestine of FA 
mice. The expression of IL-10 was negatively 
correlated with the miR-19a levels in the B 
cells. We also found that the serum levels of 
IL-4 were positively correlated with the miR-19a 
levels of B cells. Exposure of B cells to IL-4 in 
the culture markedly suppressed the expres-
sion of IL-10, which was mediated by miR-19a. 
This study has identified a previously unknown 
phenomenon that miR-19a interferes with the 
expression of IL-10 in B cells. 

Cumulative reports indicate that miR-17-92 
cluster is a group of important molecules in the 
immune regulation. They are involved in a large 
number of immune activities, such as in allergy 
[11], Cancer [14] and inflammatory disorders 
[15]. There are 6 members in the miR-17-92 
cluster. Our data show that the miR-19a, one  
of the members of miR-17-92 cluster, was up 
regulated in FA mice. This is in line with the data 
reported by Simpson et al, in which miR-19a 
was found higher in asthma patients as com-
pared with healthy subjects [11]. Both of our 
data indicate that miR-19a plays a role in the 
promotion of Th2 polarization. Simpson’s data 
indicate the increase in miR-19a was in CD4+ T 
cells, which facilitated the production of Th2 

Figure 5. Assessment of miR-19a in mediating the role of IL-4 in suppressing IL-10 expression in B cells in vivo. 
C57BL/6 mice and miR-19a-deficient mice (#) were i.p. injected with LPS (10 mg/kg) or/and IL-4 (4 mg/kg) daily for 
5 days. B cells were isolated from the intestine and analyzed by RT-qPCR and Western blotting. A. The bars indicate 
the mRNA levels of IL-10 in B cells. B. The immune blots indicate the protein levels of IL-10 in B cells. Each group 
consists of 6 mice. Samples from individual mice were processed separately. 



miR-17-92 and B cell IL-10 expression

2323 Am J Transl Res 2016;8(5):2317-2324

cytokines, while our data indicate that miR-19a 
was increased in B cells in the intestine to sup-
press the production of IL-10 in B cells. 

The expression of IL-10 by B cells is of signifi-
cance in immune regulation. Cumulative evi-
dence indicates that IL-10+ B cells have immune 
regulatory function. Our previous studies show 
that IL-10+ B cells of the intestine are less in FA 
mice than in naive control mice [16, 17]. Lee  
et al indicate that peripheral IL-10+ B cells are 
less in patients with food allergy than healthy 
subjects [5]. Liao et al found that in asthma 
patients, the peripheral IL-10+ B cells were also 
less as compared with healthy controls [18]. 
Therefore, to identify the causative factors in 
the suppression of IL-10 expression in B cells is 
beneficial for innovating novel therapeutic rem-
edies for allergic disorders. The present data 
indicate that miR-19a is one of the factors that 
repress the expression of IL-10 in B cells, indi-
cating that miR-19a may be a novel target to 
regulate the development of IL-10+ B cells. 

The data show that exposure of B cells to IL-4 
represses the expression of IL-10. IL-4 is the 
signature cytokine of Th2 response. It is well 
documented that IL-4 is increased in allergic 
diseases [19]. It is also observed that IL-10+ B 
cells are less frequent in the subjects with aller-
gic disorders [18]. These two phenomena are in 
parallel in subjects with allergic diseases. The 
present data identified a negative correlation 
between serum IL-4 levels and the expression 
of IL-10 in B cells, indicating high levels of IL-4 
are one of the factors to compromise the 
expression of IL-10 in B cells. 

In summary, the present data indicate that miR-
19a plays a critical role in the suppression of 
IL-10 in B cells; the data suggest that to regu-
late the expression of miR-19 may be novel 
approach in the improvement of regulatory B 
cell development. 
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