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Abstract: A number of patients with diabetes suffer from retinopathy; the pathogenesis is to be further investigated. 
Recent reports indicate that micro RNA (miR) plays critical roles in the development of immune inflammation. This 
study test a hypothesis that miR-17-92 cluster is associated with the pathogenesis of diabetes retinopathy (DR). In 
this study, peripheral blood samples were collected from DR patients and healthy subjects. B cells were isolated 
from the blood samples to be analyzed the expression of interleukin (IL)-10. The results showed that lower levels of 
IL-10 were detected in peripheral B cells of DR patients as compared with healthy subjects. miR-19a was increased 
in B cells of DR patients, which was negatively correlated with the IL-10 expression. Exposure of naive B cells to 
IL-17 increased the expression of miR-19a and suppression of IL-10 expression in the B cells, in which histone 
deacetylase 11 (HDAC 11) played a critical role. In conclusion, the IL-17 suppresses IL-10 expression in peripheral B 
cells via enhancing miR-19a expression and HDAC activity in DR patients. The miR-19a and HDAC 11 may be novel 
therapeutic targets in the treatment of DR. 
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Introduction

Diabetic retinopathy (DR) is when damage 
occurs to the retina due to diabetes. It may lead 
to blindness eventually [1]. About 90% diabetes 
is type 2 diabetes, which is associated with 
impaired insulin excretion by the pancreas and 
insulin resistance of body tissues [2]. Persons 
with obesity are predisposed to suffer diabetes 
[3]. About 10% patients belong to type I diabe-
tes, which results from the pancreas’s failure to 
produce enough insulin [4]. A common compli-
cation of diabetes is the vascular disorders [5]; 
one of which is the retinopathy occurring in 
about 1/3 diabetic patients [6].  

The pathological changes of DR include the 
abnormal growth of new retinal blood vessels, 
and diabetic macular edema, in which there are 
exudation and edema in the central part of the 
retina because of blood vessel leaking [1]. The 
mechanisms of DR include genetic and epigen-
etic factors [7], increased production of free 

radicals [8], advanced glycosylation end prod-
ucts [9], inflammatory factors [10] and vascular 
endothelial growth factor [11]. It is reported 
that IL-10 gene polymorphism is associated 
with DR susceptibility [12]. The underlying 
mechanism remains to be further investigated. 

Inflammatory factors play a critical role in the 
pathogenesis of diabetes [13]. Autoimmunity is 
proposed to underlie the mechanism of diabe-
tes, in which body T cells recognize islet cells to 
differentiate into the islet-specific T cells. The 
islet-specific T cells may be eliminated by the 
thymic negative selection, or evade the thymic 
negative selection somehow leading islet cell 
attacks. On the other hand, the attacks may not 
occur; it may be suppressed by the regulatory T 
cells, or regulatory B cells by releasing inhibitory 
cytokines such as TGF-β or IL-10 [14]. IL-10 can 
suppress the antigen presenting function by 
inhibiting the expression of MHC-II molecules 
on the surface of antigen presenting cells [15]. 
Previous studies show that low levels of IL-10 
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were observed in patients with diabetes [16]. 
Low IL-10 levels may be caused by micro RNA 
(miR) such as miR-19a [17]. Immune deregula-
tion is an important factor in the pathogenesis 
of DR [18]. 

Based on the information above, we hypothe-
size that miR-19a may interfere with the expres-
sion in peripheral B cells of patients with dia-
betic retinopathy. To test the hypothesis, we 
performed this study. We observed that the 
peripheral B cells of DR patients expressed low 
levels of IL-10 and high levels of miR-19a. 
Exposure to IL-17 increased the expression of 
miR-19a and suppressed the IL-10 expression 
in B cells, which could be inhibited by knocking 
down the gene of miR-19a. 

Materials and methods

Study subjects

This study was carried out between January 
2014 and January 2016 at the Department of 
Ophthalmology, Beijing Tongren Hospital. 
Patients with both retinopathy and diabetes 
were diagnosed by ophthalmologists and physi-
cians in the Department of Internal Medicine. 
Healthy controls were recruited who did not 
have systemic diseases or ocular diseases 
(undergone routine ophthalmic examination). 
Patients with retinopathy were undergone full 
ophthalmologic examination. The study was 
carried out in accordance with the Declaration 
of Helsinki. An informed consent was obtained 
from each participant after approval from the 
Institutional Review Board. The study protocol 
was approved by the Human Ethics Committee 
of Capital Medical University. Exclusion criteria: 
Cardiovascular diseases, hypertension, severe 
anemia (hematocrit below 38%), post-stroke or 
chronic organ diseases, such as renal failure. 

Collection of blood samples

Blood samples (20 ml per person) were collect-
ed from each subject by the ulnar vein 
puncture. 

Isolation of B cells

Peripheral blood mononuclear cells (PBMC) 
were isolated from the blood samples by gradi-
ent density centrifugation. CD19+ B cells were 
isolated from the PBMCs by magnetic cell sort-
ing using a B cell isolation kit (Miltenyi Biotech) 

following the manufacturer’s instructions. The 
purity of the isolated cells was 98% as checked 
by flow cytometry. 

Cell culture

The isolated cells were cultured with RPMI1640 
medium. The medium was supplemented with 
10% fetal bovine serum, 100 U/ml penicillin, 
0.1 mg/ml streptomycin and 2 mM L-glutamine. 
The cell viability was greater than 99% before 
using for further experiments as assessed by 
Trypan blue exclusion assay. 

Assessment of miR-17-92 cluster and IL-10 
mRNA by real time RT-PCR

Total RNAs were extracted from B cells using 
Trizol reagent (Invitrogen). The cDNA was syn-
thesized using a reverse transcription Kit 
(Invitrogen). Real-time PCR was performed 
using SYBR Green qPCR Master Mix (Invitro- 
gen) with miR-17-92 cluster primer set (Beijing 
Yijie Biotech; Beijing, China) according to the 
manufacturer’s instructions. All miRs were  
normalized to a small nucleolar RNA, RNU48, 
using the 2-∆∆Ct method, and presented as  
fold change. The sequence primers for PCR  
are, IL-10: gttctttggggagccaacag and gctccctg-
gtttctcttcct; β-actin: cctctatgccaacacagtgc and 
cctgcttgctgatccacatc. 

Detection of IL-10 protein by Western blotting

Total cellular proteins were extracted from  
isolated B cells. The proteins were separated 
on SDS-PAGE (sodium dodecyl sulfate poly-
acrylamide gel electrophoresis) and transfer- 
red onto polyvinylidene fluoride membranes 
(Invitrogen). Immunoblotting was performed for 
IL-10 with antibodies (purchased from Santa 
Cruz Biotech). Immunoreactivity was revealed 
by incubation with peroxidase conjugated  
second antibodies (Santa Cruz Biotech) and  
followed by ECL (enhanced chemilumines-
cence) reaction. The results were photographed 
in an image station (UVI, Cambridge, UK). 

Assessment of serum IL-17 by enzyme-linked 
immunosorbent assay (ELISA)

The sera were isolated from the blood samples 
by centrifugation. The levels of IL-17 in the sera 
were determined by ELISA with a commercial 
reagent kit (R&D Systems) following the manu-
facturer’s instructions. 
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Evaluation of the effects of IL-17 on miR-19a 
expression in B cells

CD19+ B cells were isolated from blood sam-
ples of healthy subjects. The B cells were cul-
tured in the presence of recombinant IL-17 (rIL-
17) at gradient concentrations for 48 h. The 
cells were collected and analyzed by RT-PCR for 
the miR-19a expression (Refer to the above 
procedures of RT-PCR). 

Extracting cytosolic and nuclear proteins from 
B cells

B cells were treated with lysis buffer and centri-
fuged at 13000×g for 5 min at 4°C. The super-
natant was collected as the cytosolic proteins. 
The nuclear extract buffer was added to the 
pellet and incubated for 10 min at 4°C, fol-
lowed by centrifugation at 13,000×g for 5 min 
at 4°C. The supernatant was collected as the 
nuclear proteins. The protein concentrations 
were determined by the BCA method.

Chromatin immunoprecipitation assay (ChIP)

A commercial reagent kit (Sigma Aldrich) was 
used for ChIP following the manufacturer’s 
instructions. B cells were fixed with 1% formalin 
for 15 min, lysed with lysis buffer and sonicat-
ed to shear the DNA to 100-500 bp. The lysates 
were precleared by protein G-agarose beads for 
2 h at 4°C. The supernatant was isolated by 
centrifugation and incubated with 2 μg of anti-
bodies of interest or isotype IgG (Santa Cruz 
Biotech) overnight at 4°C. The antibody-chro-
matin complex was precipitated by protein 
G-agarose beads for 2 h at 4°C, and then 
washed and eluted in elution buffer. DNA was 

recovered from the precipitated samples by 
reverse crosslinking procedures at 65°C for 2 h 
and digested by proteinase K for 1 h at 45°C to 
remove proteins. The DNA was recovered by 
the phenol/chloroform extraction and ethanol 
precipitation. The DNA or input was analyzed by 
PCR. The primers of miR-19a promoter used in 
the present study are gcttacagtgcaggtagtga 
and ggagcacttagggcagtaga. The results were 
normalized to folds of input. 

RNA interference (RNAi) of miR-19a

B cells were treated with a shRNA miR-19a 
reagent kit (GeneChem; Shanghai, China)  
following the manufacturer’s instructions. The 
sequence of miR-19a shRNA was AGTTGC- 
ACTACAAGAAGAATG. The RNAi effect on B cells 
was assessed by RT-PCR. 

Statistical analysis

Data were presented as mean ± SD. Differences 
between two groups were evaluated with the 
Student t test or using one-way ANOVA in more 
than two groups. Bonferroni test was used as a 
post hoc test after one-way ANOVA. The criteri-
on of significance was set at P<0.05.

Results

Low IL-10 levels are detected in peripheral B 
cells of DR patients 

We collected peripheral blood samples from 20 
DR patients (10 male and 10 female; age: 
36.44 ± 6.73 years old) and 20 healthy sub-
jects (10 male and 10 female; age: 35.84 ± 
6.14 years old). B cells were isolated from the 

Figure 1. IL-10 levels in peripheral B cells. A. The bars indicate the IL-10 mRNA levels in peripheral B cells. B. The 
immune blots indicate the IL-10 protein levels in peripheral B cells. C. The bars indicate the image density of the 
immune blots of B. Healthy group = 20 subjects. DR group = 20 patients. Samples from individual subjects were 
analyzed separately. The data represent 20 independent experiments. Data of bars are presented as mean ± SD. 
*, P<0.01, compared with the healthy group. 
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blood samples and analyzed. The results 
showed the IL-10 levels were significantly lower 
in the DR group than in the healthy group at 
both mRNA levels and protein levels (Figure 1). 

miR-19a levels are negatively correlated with 
IL-10 levels in peripheral B cells of DR patients

It is reported that miR-17-92 cluster is associ-
ated with the pathogenesis of retinopathy [19]. 
We wondered if miR-17-92 was involved in the 
IL-10 expression in peripheral B cells of DR 
patients. To test this, we analyzed IL-10 expres-
sion in the B cells collected from DR patients 
and healthy subjects. The results showed that 
in the 6 subtypes of miR-17-92 cluster, the miR-
19a levels were significantly higher in the DR 
group than that in healthy group (Figure 2). A 
correlation assay was performed with the data 
of miR-19a and IL-10 mRNA in the B cells. A 
negative correlation was identified between 
miR-19a and IL-10 (r = -0.7739, P<0.01). 

miR-19a mediates the effect of IL-17 on sup-
pression of IL-10 in B cells

Published data indicate that IL-17 is involved in 
the pathogenesis of diabetes [20]. We won-
dered if there was a link between serum IL-17, 
miR-19a and IL-10 in peripheral B cells in DR 
patients. Thus, we measured the serum levels 

of IL-17 in DR patients. The results showed that 
significantly higher IL-17 levels in the sera of DR 
patients than that in healthy subjects. We then 
performed a correlation assay with the data of 
serum IL-17 and miR-19a in peripheral B cells 
(Figure 3A). A positive correlation was identi-
fied between serum IL-17 and miR-19a in 
peripheral B cells (r = 0.8332, P<0.01). The 
results implicate that IL-17 may be able to up 
regulate the expression of miR-19a in B cells. 
To test this, we stimulated B cells (from healthy 
subjects) with IL-17 in the culture for 48 h. 
Indeed, the exposure to IL-17 increased the 
expression of miR-19a in B cells in an IL-17 
dose-dependent manner (Figure 3B). The 
results implicate that IL-17 may inhibit IL-10 
expression in B cells via up regulating expres-
sion of miR-19a. To test this, we stimulated B 
cells with LPS, which markedly increased the 
expression of miR-19a in B cells. The LPS-
induced IL-10 expression was abolished by the 
presence of IL-17 in the culture, which was 
inhibited by the knockdown of miR-19a in B 
cells. 

miR-19a enhances HDAC11 to repress IL-10 
gene transcription

Since HDAC11 suppress IL-10 expression [17], 
we wondered if HDAC11 was involved in the 
IL-17-suppressed IL-10 expression in B cells. To 

Figure 2. Levels of miR-17-92 cluster in peripheral B cells of DR patients. The bars indicate the 6 members of 
miR-17-92 cluster family in peripheral B cells of 20 DR patients and 20 healthy subjects. Samples from individual 
subjects were analyzed separately. The data represent 20 independent experiments. Data of bars are presented as 
mean ± SD. *, P<0.01, compared with the healthy group. 



miR-19a suppresses in B cells

1414 Am J Transl Res 2017;9(3):1410-1417

test this, we stimulated LPS-primed B cells  
with both LPS and IL-17 for 48 h. The B  
cells were analyzed by ChIP. The results showed 
that the levels of HDAC11 were markedly 
increased (Figure 4A), and the levels of the 
IL-10 transcription factor, c-Maf, were markedly 
decreased (Figure 4B) at the IL-10 promoter 
locus. The results implicate that HDAC11 may 
play an important role in the IL-17-suppressed 
IL-10 expression in B cells. To test this, we treat-
ed B cells with LPS to increase the expression 
of IL-10; the expression of IL-10 could be sup-
pressed by the presence of IL-17, which was 
abolished by adding Trichostatin A, a HDAC11 
inhibitor, to the culture (Figure 4C, 4D). 

Discussion

DR is one of the important causative factors in 
vision loss. Current therapeutic remedies for 

the DR-related vision loss are not satisfactory 
[21]. Thus, to identify the pathogenesis of DR is 
of significance. The present study reveals a pre-
viously unknown phenomenon that the periph-
eral B cells of DR patients express low levels of 
IL-10 and high levels of miR-19a; the latter 
mediates the effects of IL-17 on suppression of 
IL-10 in B cells, which can be blocked by knock-
ing down the expression of miR-19. HDAC11 is 
involved in mediating the repression of IL-10 in 
B cells. The data contribute to the further 
understanding of the pathogenesis of diabetic 
retinopathy. 

IL-10-producing B cells are one of the immune 
regulatory cells. The major function of immune 
regulatory cells is to suppress the abnormal 
immune response by other immune cells. 
Inflammation is one of the pathological chang-
es in the DR. Deregulation of immune regula-

Figure 3. IL-17 up regulates miR-19a to suppress IL-10 expression in B cells. A. The bars indicate serum IL-17 levels 
of DR patients (n = 20) and healthy subjects (n = 20). B. The bars indicate the miR-19a levels in B cells after expo-
sure to rIL-17 in the culture for 24 h (the concentrations of rIL-17 are denoted on the X axis). C. The bars indicate 
the IL-10 mRNA levels in the B cells after treatment with the conditions on the X axis in the culture for 24 h. LPS = 
1 µg/ml. IL-17 = 200 ng/ml. #, miR-19a-deficient B cells. $, B cells were treated with controls shRNA. D. The bars 
indicate the miR-19a levels in B cells after treating with the conditions denoted on the X axis. Saline: B cells were 
treated with saline. RNAi: B cells were treated with miR-19a shRNA. cRNAi: B cells were treated with control shRNA. 
Data in B and C were summarized from 3 independent experiments. 
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tion is recognized in DR [22]. The present data 
add new information to this pathogenic spot by 
showing that the peripheral B cells of DR 
patients have low IL-10 expression. Although 
this datum is new to the DR study, it has been 
observed in other diseases; such as low fre-
quency of IL-10-producing regulatory B cell was 
found in patients with food allergy [23]. Animal 
studies of intestinal allergy also found that low 
frequency of IL-10-producing B cells in the 
intestinal mucosa of food allergy mice [24]. Our 
data are in line with these reports.

The present data expand the previous finding 
by showing that peripheral B cells have low lev-
els of IL-10 in DR patients, implicating that 
these B cells are incompetent to produce IL-10. 
A possible explanation of this phenomenon 
may be because the miR-19a levels also 
increase in the B cells. A negative correlation 
was identified between the expression of IL-10 
and miR-19a in the B cells, which is supported 
by previous studies; Simpson et al also found 
that miR-19a inhibited the expression of IL-10 
in asthma patients [17]. This phenomenon also 

exists in other environment; Akhtar et al in- 
dicate that endothelial HIF-1α promoted ath-
erosclerosis by triggering miR-19a-mediated 
CXCL1 expression and monocyte adhesion. The 
investigators propose that inhibition of the 
endothelial HIF-1α/miR-19a pathway may be a 
therapeutic option against atherosclerosis 
[25].

HDAC11 is involved in the IL-10 expression in B 
cells [26]. The present study also found that 
HDAC11 was increased at the IL-10 promoter 
locus, together with low levels of c-Maf, the 
gene transcription factor of IL-10. The data sug-
gest that HDAC11 mediates the effects of IL-17 
on repressing IL-10 gene transcription. The 
inference is supported by subsequent data that 
showed that inhibiting HDAC11 by an inhibitor 
abolished the IL-17-suppressed IL-10 expres-
sion in B cells. 

In summary, the present data show that periph-
eral B cells from DR patients show low levels of 
IL-10 and high levels of miR-19a. miR-19a and 
HDAC11 mediate the IL-17-suppressed IL-10 

Figure 4. Evaluation of the effect of HDAC11 on IL-17-suppressed IL-10 expression in B cells. A, B. The bars indicate 
the levels of HDAC11 and c-Maf at the IL-10 promoter locus. C. The bars indicate the IL-10 mRNA levels in the B cells. 
D. The immune blots indicate the IL-10 protein levels in the B cells. The treatments of B cells in the culture are de-
noted on the X axis. LPS: 1 µg/ml. IL-17: 200 ng/ml. TSA: Trichostatin A, 1 μM. Data of bars are presented as mean 
± SD. *, P<0.01, compared with the saline group. The data are representatives of 3 independent experiments. 
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expression in B cells. Inhibition of miR-19a and 
HDAC11 may be a new target in the treatment 
of DR. 
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