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Abstract. Dendritic cells (DCs) have been implicated in the 
pathogenesis of atherosclerosis (AS). Whereas the pathogenic 
role of oxidized low-density lipoprotein (oxLDL) in the devel-
opment and progression of AS has been recognized previously, 
the contribution of microRNA-155 (miR-155) to AS was previ-
ously not fully understood. It had also been noted that miR-155 
levels were upregulated by oxLDL in various cell types under 
different (patho)physiological conditions, but its underlying 
mechanisms had not been examiend in detail. Thus, in the 
present study, we observed that oxLDL treatment increased 
miR-155 expression in DCs, and transfecting DCs with siRNA 
against scavenger receptor A (SRA) revealed that repression of 
SRA attenuated this upregulation. We also noted that miR-155 
negatively regulated SRA expression by suppressing the JNK 
pathway. Furthermore, we noted that Yin Yang 1 (YY1) and 
V-Myb avian myeloblastosis viral oncogene homolog (MYB), 
which were also upregulated by oxLDL, directly bound to 
the cognate sequences of the promoter region of miR-155 
to activate its transcription. In addition, using SP600125, a 
specific inhibitor for c-Jun N-terminal kinase (JNK) signaling, 
we demonstrated that JNK signaling was involved in the 
miR‑155-mediated suppression of SRA expression. Thus, in 
the present study we uncovered the molecular mechanism 
through which miR-155 expression is regulated by oxLDL, 
and we also identified a negative feedback loop, miR‑155-JNK-
SRA-miR-155. Our findings thus provide novel insights into 
the regulatory network underlying the expression and activity 
of miR-155 in DCs.

Introduction

Atherosclerosis (AS) is a disease which affect the arteries and 
causes high mortality and morbidity in industrialized coun-
tries (1). AS was traditionally considered to be triggered by 
hyperlipemia, which causes multiple metabolic disturbances (2). 
However, other research has suggested that the initiation and 
development of AS involves chronic lipid‑related inflammation 
of the vessel wall, mainly caused by activated mononuclear 
cells such as dendritic cells (DCs) which are present in the 
vascular subendothelium. The activation of DCs promoted 
the progression of atherosclerotic plaques by affecting cellular 
recruitment, interaction and secretory products (3). Thus, DCs 
play an important role in triggering development of AS.

MicroRNAs (miRNAs) are single-stranded RNAs and are 
approximately 22 nucleotides in length. In a sequence‑specific 
manner, miRNAs induce the formation of silencing complexes 
that lead to translational repression and/or mRNA decay in target 
genes (4). miRNAs have been shown to be involved in a variety 
of physiological and pathological activities and the development 
of various conditions and diseases, including hypertrophic 
remodeling, heart failure and arrhythmia  (5-10). Previous 
research has shown that a number of miRNAs are involved in 
mediating the functions of DCs and thus play important roles in 
the pathogenesis of AS (11). miR-155 is encoded within an exon 
of a non-coding RNA transcribed from the B-cell integration 
cluster (BIC), which is located on chromosome 21 (12). Previous 
research has indicated that miR-155 is involved in regulating 
various biological processes, including hematopoietic differen-
tiation, viral infection, AS and tumorigenesis (11,13-16). Several 
previous studies have also demonstrated that miR-155 is involved 
in various immune‑mediated inflammatory diseases although 
the exact role of miR-155 in the vasculogenesis, development 
and progression of AS remains a matter of debate. For instance, 
Nazari-Jahantigh et al (17) and other researchers have reported 
that miR-155 promotes the development of AS (18). On the other 
hand, research from our laboratory suggests that miR-155 plays 
a protective role in the development and progression of AS (19). 
In a murine model of hyperlipidemia, miR-155 was found to act 
as an anti-inflammatory and protective factor against AS (20).

Despite those controversial reports regarding the role of 
miR-155 in AS, it has been reported in a number of studies that 
treatment with oxidized low-density lipoprotein (oxLDL), which 
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plays a well-known pathogenic role in the development and 
progression of AS, induces the expression of miR-155 in various 
cell types under different (patho)physiological conditions (21-23). 
However, exactly how miRNA-155 was regulated in DCs treated 
with oxLDL was not fully understood. The aim of the present 
study was thus to investigate the molecular mechanisms by 
which miR-155 expression is mediated by oxLDL in DCs.

Materials and methods

Cell culture. In the present study, experiments using human 
peripheral blood were undertaken according to the principles 
of the Declaration of Helsinki and were approved by the Ethics 
Committee of Zhejiang University (Hangzhou, China). We 
also obtained appropriate consent from the healthy volunteer 
donors. Human peripheral blood was obtained from healthy 
volunteer adults for subsequent isolation of monocytes using 
a lymphocyte separation liquid system (Sigma-Aldrich, 
St. Louis, MO, USA). Cells were cultured in complete medium 
[RPMI-1640, 10% fetal calf serum and 1,000 U/ml granulo-
cyte-macrophage colony-stimulating factor (GM-CSF)] and 
1,000 U/ml interleukin-4  (IL-4) (all from Peprotech,  Inc., 
Rocky Hill, NJ, USA) for 5  days. Complete medium was 
replaced every other day. oxLDL (40  µg/ml) (Yiyuan 
Biotechnology, Guangzhou, China) was added at day 5, and 
cells were harvested at day 7. All inhibitors, namely SB203580, 
SP600125, UO126, PDTC and AG490 (all purchased from 
Sigma-Aldrich), were added 30 min prior to oxLDL (40 µg/
ml; Yiyuan Biotechnology) treatment for 24  h. Dimethyl 
sulphoxide (DMSO; Sigma‑Aldrich) was used as the control 
of inhibitors since these chemical inhibitors were dissolved in 
DMSO. Finally, the cells were harvested for later experiments.

siRNA transfection. DCs were transfected with siRNA against 
scavenger receptor A (SRA), lectin-like oxidized low-density 
lipoprotein (LDL) receptor-1 (LOX-1), cluster determinant 36 
(CD36), signal transducer and activator of transcription 3 
(STAT3), miR‑155 inhibitor, Yin Yang 1  (YY1) or V-Myb 
avian myeloblastosis viral oncogene homolog (MYB) (50 nM) 
(Baiao Biotech, Inc., Changchun, China) using Lipofectamine 
RNAiMAX reagent (Life Technologies, Grand Island, NY, 
USA) according to the manufacturer's instructions. Control 
siRNA against no significant targets (Baiao Biotech, Inc.) was 
also used as the negative control (NC). Briefly, 2 µl siRNA, at a 
final concentration of 50 nM, and 5 µl transfection reagent were 
mixed and added to DCs in serum-free medium. Cells were 
harvested 24 h post-transfection.

Reverse transcription-quantitative PCR  (RT-qPCR). Total 
RNA was isolated using an miRcute miRNA isolation kit 
(Tiangen Biotech Co., Ltd., Beijing, China). cDNA was generated 
using a PrimeScript miRNA RT reagent kit, and qPCR was 
carried out using SYBR-Green Premix Ex Taq (both from 
Takara Bio, Inc., Otsu, Japan). PCR was performed using an 
ABI PRISM  7500 Sequence Detection system (Applied 
Biosystems Life Technologies, Foster City, CA, USA). U6 was 
used as an endogenous control. The sequences of primers used 
for qPCR are: U6 forward, 5-ACTTGCTCATCAAGGTGT 
CAG-3' and reverse, 5-TGACCAGCGTTTGTTCAATGT-3'; 
miR-155 forward, 5-UUAAUGCUAAUCGUGAGAGGGGU-3' 

and reverse uni-miR qPCR primer, 5-TTTTTTTTTTTTTTT 
TTTTT-3' (Takara Bio, Inc.).

Western blot analysis. DCs were lysed and a total of 60 µg 
protein lysates were subjected to electrophoresis on 10% poly-
acrylamide SDS gel, followed by transfer onto PVDF membranes 
(Millipore Corp., Billerica, MA, USA). The membranes were 
subsequently probed using primary antibodies: rabbit anti-
YY1 (1:1,000; #2185), rabbit anti-MYB (1:1,000; #12319) and 
rabbit anti-Janus kinase 1/2 (JAK1/2) (1:1,000; H‑103) (all from 
Cell Signaling Technology, Beverly, MA, USA) or rabbit anti-
GAPDH (1:1,000; CW101M) (Changwei, China). An ECL kit 
(Pierce Biotechnology, Inc., Rockford, IL, USA) was then used 
to detect chemiluminescence.

Dual‑luciferase reporter assay. Genomic DNA was extracted 
from DCs using a Genomic DNA Extraction kit (Kangwei, 
Beijing, China). Promoter regions of miRNA-155, 2,000, 1,500 
or 1,000 bp upstream of the transcription initiation site were 
amplified using PCR. The PCR products were gel-purified and 
then subcloned into a pGL3 luciferase reporter vector 
(Promega Corp., Madison, WI, USA) at HindIII and SacI sites. 
The sequences of the primers used to subclone these 
cis-regulatory elements are shown below: 2k-promoter forward, 
5'-CAAGCACTGCCGACTACAATA-3' and reverse, 5'-CCA 
GGCTGATTCATCCCACTG-3'; 1.5k-promoter forward, 
5'-GCCGACTCAGGCACTACAATA-3' and reverse, 5'-CCA 
GGCTGATTCATCCCACTG-3'; and 1k-promoter forward, 
5'-GACTACAATCACGAACTGCCA-3' and reverse, 5'-CCA 
GGCTGATTCATCCCACTG-3'. The reporter was transfected 
into DCs together with transcription factors (TFs) of interest 
and activity was determined 48 h post‑transfection. Firefly 
luciferase activity was also measured using a dual‑luciferase 
reporter assay system (Promega  Corp.). Relative reporter 
activity was subsequently obtained by normalization to Renilla 
control luciferase activity.

TF filter plate assay. After treatment, DCs were harvested to 
extract nuclear proteins. A TF filter plate assay (Signosis Inc., 
Sunnyvale, CA, USA) was performed according to the manu-
facturer's instructions. In brief, a TF DNA complex was mixed 
and subsequently separated from free probes, prior to elution 
of bound probes. Hybridization of the eluted probe with a 
hybridization plate was then performed and finally detected 
using a luminometer (BioTek, Winooski, VT, USA).

Co-immunoprecipitation (Co-IP) assay. Protein lysates were 
purified from DCs, as mentioned above. One milligram of 
protein lysate was incubated with 5 µg of the appropriate 
antibody [anti‑MYB (#12319) or rabbit  IgG (#14708); Cell 
Signaling Technology] on a rotator (JinDun, Ningbo, China), 
at 4˚C, overnight, followed by further incubation for a 2-4-h 
period with 10 µl protein A-agarose beads (Cell Signaling 
Technology). After being washed three times, the immuno-
complexes were precipitated by centrifugation at 3,000 rpm for 
3 min at 4˚C. The bound proteins were released with 2X SDS 
buffer, boiled for 5 min, and subjected to western blot analysis.

Bioinformatics analysis. For the purposes of the present study, 
the promoter sequence of miR-155 was obtained from the 
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website http://genome.ucsc.edu/cgi-bin/hgNear. Transcription 
factor binding sites were predicted using the website http://www.
cbrc.jp/research/db/TFSEARCH.html by typing the promoter 
sequence of miR-155.

Chromatin immunoprecipitation  (ChIP) assay. DCs were 
cross-linked with 1% formaldehyde in medium for 10 min at 
25˚C and washed with ice-cold PBS before resuspension in 
1 ml SDS lysis buffer. The cell suspension was sonicated to 
average 300-900-nt length DNA fragments before being pre-
cleared with 20 µl protein A-agarose beads for 30 min at 4˚C. 
After the beads were removed, the chromatin solution was 
immunoprecipitated with an antibody (anti-YY1 or anti-MYB) 
at 4˚C overnight, followed by incubation with protein A-agarose 
beads for an additional 1 h at 4˚C. The immune complex was 
then eluted using 150 µl elution buffer (1% SDS and 0.1 M 
NaHCO3). Formaldehyde cross-linking was reversed by 
heating at 65˚C for 4 h with proteinase K and NaCl (5 M). 
Genomic DNA was purified from the immunoprecipitate 
and analyzed by PCR using specifically designed primers to 
detect target regions of interest. Primers to amplify the region 
of YY1-a were: forward, 5'-GTTCCAACACAAACTCTT-3' 
and reverse, 5'-CTCTAATCAGGCAATTCG-3'; primers 
to amplify the region of ‘YY1-b’ were: forward, 5'-CTT 
ATTATATAAAGGCGC-3' and reverse, 5'-GGTGAC 
CCATCACGAAAGG-3'; primers to amplify the region of 
‘MYB’ were: forward, 5'-GACACAGTCTTACGTTCGA-3' 
and reverse, 5'-CGACCTCACTGTCGTATA-3'.

Statistical analysis. Statistically significant differences 
between groups were calculated using unpaired t-tests. Values 
are expressed as the means ± SD, and a p-value <0.05 was 
considered to indicate a statistically significant difference. 
Every experiment was performed at least 5 times (n≥5).

Results

miR-155 is upregulated by oxLDL through modulation of SRA 
and CD36. miR-155 has been established as an inflamma-
tory‑related miRNA, and its role in AS has been examined; 
consistent with our previous research  (19), we found that 
miR-155 was increased in DCs in response to oxLDL treat-
ment in a dose-dependent manner (Fig. 1A). Subsequently, to 
explore the molecular basis underlying this upregulation, we 
used siRNA to knock down three scavenger receptors, SRA, 
CD36 and LOX-1, all of which are known to mediate endocy-
tosis of oxLDL in macrophages (24), and then tested whether 
any of these scavenger receptors was involved in the upregu-
lation of miR-155 by oxLDL in DCs. As shown in Fig. 1B, 
siRNA knockdown of either CD36 or SRA, but not LOX-1, 
significantly decreased the levels of miR-155 induced by 
oxLDL. Thus, we conclude that CD36 and SRA are involved 
in the oxLDL-mediated miR-155 upregulation in DCs.

miR-155 is upregulated by oXLDL and the JAK1/2 signaling 
pathway is involved. Subsequently, we sought to probe the 
potential pathways by which oxLDL triggers miR-155 tran-

Figure 1. miR-155 expression is upregulated by oxidized low-density lipoprotein (oxLDL) through scavenger receptor A (SRA) and Janus kinase 1/2 (JAK1/2) 
signaling. (A) miR-155 was increased in dendritic cells (DCs) following oxLDL treatment. (B) Knockdown of cluster determinant 36 (CD36) or SRA both 
decreased miR-155 expression induced by oxLDL. (C) p38, c-Jun N-terminal kinase (JNK), extracellular signal-regulated kinase (ERK)1/2 and nuclear 
factor-κB (NF-κB) signaling did not mediate miR-155 activation caused by oxLDL. SB203580, SP600125, UO126 and PDTC, inhibitors of p38, JNK, ERK1/2 
and NF-κB, respectively, were applied before oxLDL treatment. Signal transducer and activator of transcription 3 (STAT3) siRNA also exerted almost no effect 
on miR-155 expression. AG490, the inhibitor of JAK2, significantly decreased oxLDL-induced miR-155 expression. Data are presented as the means ± SD. n=5 
and *p<0.05, compared with control group [negative control (NC) or oxLDL + DMSO].
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scription. Since mitogen‑activated protein kinase (MAPK) 
and nuclear factor-κB (NF-κB) pathways have been estab-
lished as key signaling pathways driving inflammatory 
responses, we pre-treated DCs with specific inhibitors for p38, 
c-Jun N-terminal kinase (JNK), extracellular signal-regulated 
kinase (ERK)1/2 or NF-κB prior to oxLDL treatment. Neither 
MAPK nor NF-κB signaling was directly involved in medi-
ating miR-155 activation caused by oxLDL (Fig. 1C). Since 
previous research has postulated a potential role of JAK and 
STAT3 in miR-155 transcription  (25), we then examined 
whether they were involved in oxLDL-induced miR-155 
upregulation using specific inhibitors for JAK and STAT3. 
The inhibition of JAK2 by AG490 significantly reduced the 
induction of miR-155 in response to oxLDL, but inhibition 
of STAT3 using STAT3 siRNA did not exert any significant 
effect on miR-155 expression induced by oxLDL (Fig. 1C).

TFs YY1 and MYB participate in miR-155 transcriptional 
regulation. To study the regulatory elements in the promoter 
of miR-155, we constructed a series of luciferase reporter 
plasmids including 1,000, 1,500 and 2,000 bp upstream of the 
transcription initiation site of miR-155 (Fig. 2A), as previously 
described (26). Data from the dual luciferase reporter assays 

showed that the 2,000 bp region exhibited the highest activity in 
response to oxLDL treatment, whereas the 1,000 bp sequence 
showed the lowest, but still significant, activation (Fig 2B). 
Subsequently, we performed TF filter plate assays using the 
2,000 bp sequence of miR-155 promoter. As shown in Fig. 2C, 
YY1 and MYB had more significant bindings to this promoter 
region than other 46 TFs examined.

YY1 and MYB promote miR-155 transcription by directly 
binding to the miR-155 promoter. We next attempted to elucidate 
whether YY1 and/or MYB was involved in oxLDL‑induced 
miR-155 transcription in DCs. By transfecting cells with siRNA 
against YY1 and MYB, we demonstrated that knockdown of 
both YY1 and MYB reduced baseline miR-155 expression both 
on their own and also with oxLDL treatment (Fig. 3A and B), 
suggesting that YY1 and MYB regulated miR-155 expression 
both at basal levels and in response to oxLDL. Bioinformatics 
analysis revealed two potential binding sites for YY1 and one 
for MYB on the miR-155 promoter (Fig. 3C), and we confirmed 
that oxLDL treatment strengthened the binding of YY1 to 
the first binding site (Fig. 3D), and that oxLDL also induced 
binding between MYB and the miR-155 promoter (Fig. 3D). 
Taken together, our results suggest that both YY1 and MYB 

Figure 2. Transcription factors (TFs) Yin Yang 1 (YY1) and V-Myb avian myeloblastosis viral oncogene homolog (MYB) participate in miR-155 tran-
scriptional regulation. (A) Schematic representation of the promoter regions that were subcloned into pGL3-basic luciferase reporter. (B) Activation of the 
promoter-luciferase reporters by oxidized low-density lipoprotein (oxLDL) in dendritic cells (DCs). (C) TF filter plate assay revealed the robust binding of YY1 
and MYB on miR-155 promoter region. Data are presented as the means ± SD. n=5, and *p<0.05 vs. pGL3-basic + oxLDL. 
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mediate miR-155 expression via directly binding to the cis-
regulatory sequence of miR-155.

YY1 and MYB cooperatively induce miR-155 expression 
through JAK1/2 kinase activation. To further examine whether 
YY1 and MYB were also activated by JAK1/2 or other kinases, 
we firstly tested whether the expression of YY1, MYB and 
JAK1/2 was altered by oxLDL treatment. Western blot analysis 
showed that YY1, MYB and JAK1/2 were increased following 
treatment with oxLDL, in a dose-dependent fashion (Fig. 4A). 
Inhibition of JAK1/2 using AG490 abolished oxLDL-induced 
promotion of YY1 and MYB expression (Fig. 4B). Moreover, 
we observed the interaction between YY1 and MYB, which was 
enhanced by oxLDL treatment (Fig. 4C). Thus, we conclude 
that YY1 and MYB cooperatively induce miR-155 expression 
through JAK1/2 kinase.

Negative feedback and the induction of miR-155 by oxLDL. We 
observed that oxLDL promoted miR-155 expression partially 
through binding to SRA. Our previous research had shown that 

miR-155 inhibited SRA expression and the JNK pathway (24), 
and JNK signaling has been demonstrated to control SRA 
expression in macrophages. Thus, we questioned whether 
miR-155 inhibited SRA expression through suppressing the 
JNK pathway. Western blot analysis showed that miR-155 
inhibition upregulated SRA whereas SP600125, a specific JNK 
inhibitor, abrogated the promoting effect caused by miR-155 
inhibitor on SRA expression  (Fig.  4D). Thus, a negative 
feedback loop exists between miR-155-SRA-JNK-miR-155 in 
response to oxLDL, as is illustrated in Fig. 5.

Discussion

Previous research has demonstrated that miR-155 is involved 
in numerous biological processes, including haematopoi-
etic lineage commitment and tumor formation  (13,27,28). 
BIC/miR-155 expression is greatly increased in activated 
B and T cells and DCs (29). Previous research has revealed 
that miR‑155‑deficient mice exhibited impaired antigen-
presenting capacities (27). Furthermore, increased expression 

Figure 3. Yin Yang 1 (YY1) and V-Myb avian myeloblastosis viral oncogene homolog (MYB) promote miR-155 transcription by directly binding to miR-155 
promoter. (A) miR-155 expression was decreased by transfection with siRNA specifically against YY1 or MYB. (B) The oxidized low-density lipopro-
tein (oxLDL)‑induced increase in miR-155 expression was attenuated by transfection with siRNA against YY1 or MYB. (C) Schematic depiction of potential 
binding sites in the miR-155 promoter for YY1 and MYB. Two binding sites of YY1 and one binding site of MYB are shown (underlined). (D) OxLDL treat-
ment strengthened the binding of YY1 to the first YY1 binding site, and the binding of MYB to its cognate site in the miR-155 promoter. Data are presented 
as the means ± SD. n=5/group. *p<0.05 vs. control [blank control or negative control (NC)].
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Figure 5. Schematic representation of a negative feedback loop miR‑155-SRA-JNK-miR-155 involved in mediating miR‑155 expression by oxidized low-
density lipoprotein (oxLDL). YY1, Yin Yang 1; MYB, V-Myb avian myeloblastosis viral oncogene homolog; SRA, scavenger receptor A; JAK1, Janus kinase 1; 
JNK, -Jun N-terminal kinase.

Figure 4. Janus kinase 1/2 (JAK1/2) signaling is involved in mediating miR‑155 expression through Yin Yang 1 (YY1) and V-Myb avian myeloblastosis viral 
oncogene homolog (MYB). (A) Expression levels of YY1, MYB and JAK1/2 were increased following oxidized low‑density lipoprotein (oxLDL) treatment. 
(B) Inhibiting JAK1/2 signaling by AG490 reduced the expression levels of MYB and YY1. (C) Physical association between MYB and YY1 was potenti-
ated by oxLDL treatment as revealed by co-immunoprecipitation assay. (D) miR-155 inhibition upregulated scavenger receptor A (SRA) expression, while 
SP600125 treatment abolished the miR‑155 inhibition-induced SRA expression. Data are presented as the means ± SD. n=5. *p<0.05.
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of BIC/miR-155 was observed in patients with Hodgkin's 
lymphoma (30) and miR-155 was found to be overexpressed 
in the bone marrow of patients with certain subtypes of acute 
myeloid leukemia  (AML)  (13), suggesting that miR-155 is 
linked to human diseases. Indeed, miRNA-155 has been shown 
to play specific roles in regulating various diseases and may 
thus be a good candidate for predicting clinical prognosis and 
generating potential therapeutic treatments for a number of 
diseases, including renal cell carcinoma (15), and breast (16) 
and colon cancer  (28). Moreover, miR-155 appears to be 
involved in biochemical mechanisms associated with viral 
infections. For example, miR-155 contributes to Epstein-Barr 
virus (EBV) immortalization by regulating NF-κB signaling 
and suppressing the host innate immunity to latent viral infec-
tion  (14). Therefore, miR-155 exhibits a wide spectrum of 
physiological and pathological function.

Interestingly, miR-155 has also been found to be involved 
in cardiovascular disease: overexpression of this miRNA‑155 
was accompanied by impaired angiotensin  II type  1 
receptor (AT1R) activity and low blood pressure (31). Our 
previous research has shown that miR-155 contributed to the 
prevention of AS development and progression (19). Although 
previous research has demonstrated the role of miR-155 
in multiple diseases, relatively little is known about how its 
expression is mediated in a disease setting, particularly in an 
immuno-inflammatory context.

Several studies have shown that the increase in miR-155 
expression is related to the ERK and JNK signaling path-
ways (32). For example, B-cell receptor activation induced 
BIC/miR-155 expression via a conserved AP-1 element (32). 
miR-155 expression was also induced in response to LPS, 
resulting in a decrease in Src homology domain 2 (SH2)-
containing inositol phosphatase (SHIP1) expression and 
allowing PI3K activation of NF-κB and MAPK to proceed 
and promote the pro-inflammatory response (33). However, in 
the presence of interleukin (IL)-10, miR-155 expression was 
inhibited through the STAT3 signaling pathway, which led to 
the recovery of SHIP1 expression and the conversion of phos-
phatidylinositol (3,4,5)-trisphosphate (PIP3) back to its inactive 
phosphatidylinositol (4,5)-bisphosphate (PIP2) state (25). As 
a result, pro-inflammatory responses were switched off (25). 
Indeed, previous data from our laboratory showed that miR-155 
contributed to the prevention of inflammation and its progres-
sion by regulating the MAPK pathway via specifically targeting 
mitogen-activated protein kinase kinase kinase 10 (19).

In the present study, neither MAPK, NF-κB nor STAT3 
pathways were found to be involved in mediating the expres-
sion of miR-155, which was upregulated in response to 
oxLDL. On the contrary, we demonstrated that oxLDL 
promoted miR-155 expression through the SRA receptor and 
JAK2 signaling pathway, as the inhibition of SRA or JAK1/2 
signaling significantly decreased the miR-155 levels which had 
risen in response to oxLDL. Moreover, miR-155 negatively 
regulated SRA expression by suppressing the JNK pathway. 
Furthermore, we identified response elements present in the 
miR-155 promoter region that mediated the activity of the cis-
regulatory sequence of miR-155. These response elements were 
recognized by the transcription factors YY1 and MYB, both of 
which exhibited physical interaction which was potentiated by 
oxLDL stimulation. Interestingly, YY1 and MYB participated 

in mediating miR-155 transcription by binding to the miR-155 
promoter through JAK1/2 kinase. Taken together, the results of 
our present study demonstrated the molecular mechanisms by 
which miR-155 was regulated upon oxLDL treatment. Given 
that oxLDL is an important promoter of the development of 
AS, and DCs are also critically involved in the inflammatory 
reaction that occurs during AS initiation and progression, our 
findings provide novel insights into how miR-155 expression 
and activity is mediated in DCs during the course of AS, in 
which YY1 and MYB may also play an important regulatory 
role. Consistent with these findings, YY1 was previously shown 
to be induced by vascular cell injury (34), whereas MYB was 
also involved in AS (35). However, we do not rule out the 
possibility that other TFs also play a role in mediating miR-155 
transcription. It will also be interesting to further explore more 
roles of miR-155 in DC functions, and clarify the exact role of 
miR-155 in the development of AS.

In conclusion, our study revealed that oxLDL promotes 
miR-155 expression partially through the SRA receptor and the 
JAK2 signaling pathway in human peripheral blood‑derived 
DCs. oxLDL induces the expression of TFs MYB and YY1, 
which subsequently bind to the regulatory sequence of 
miRNA‑155 to activate its transcription. Furthermore,  in 
the present study we uncovered a negative feedback loop 
miR‑155‑SRA‑JNK‑miR-155 involved in the activation of 
miR-155 by oxLDL. Therefore, our findings provide novel 
insights into the mechanisms underlying the increased expres-
sion of miR-155 by oxLDL in DCs.
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