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Abstract: MicroRNA (miRNA, miR)-155 is the most promising pro-inflammatory miRNA molecule. Lipopolysaccharide
(LPS) and oxidized low-density lipoprotein (oxLDL) are the most well-known foreign antigens, initiating immune
responses against infection and the development of atherosclerosis (AS), respectively. To explore whether miR-
155 is involved in regulating LPS- and oxLDL-initiated inflammations, we investigated the level of miR-155 in both
LPS- and oxLDL-treated RAW264.7 cells, assessed whether miR-155 induce morphologic changes of the cells and
how did it regulate the production of surface markers and cytokines. The results showed that the level of miR-155
was significantly increased by LPS and was modestly increased by oxLDL. Moreover, RAW264.7 cells displayed
morphological transformations from macrophage-like cells into DC-like cells when miR-155 was over-expressed.
Furthermore, the gain- and loss-of-function studies demonstrated that miR-155 induced the expression of the sur-
face markers (including MHC-Il, MHC-I, CD86, and CD83) and pro-inflammatory cytokines (including interleukin (IL)-
12, IL-6, and IL-1b) in both LPS- and oxLDL-treated RAW264.7 cells. Additionally, miR-155 induced the expression
of CD36 in oxLDL-treated RAW264.7 cells. In conclusion, up-regulated miR-155 is able to induce morphological and
phenotypic changes, and the expression of pro-inflammatory cytokines in both LPS- and oxLDL-treated RAW264.7
cells. Therefore, our study suggests that miR-155 is one important regulator involved in enhancing both LPS- and
oxLDL-initiated inflammations, which is critical for the progression of immune responses as well as for the develop-
ment of AS.
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Introduction ptive immune responses by presenting anti-
gens to naive T cells [3]. In addition to their criti-

The innate immune system is the first-line of cal roles in immune responses, DCs are also

defense against pathogens and is also the
basis of the adaptive immune system [1].
Dendritic cells (DCs) are critical members of
the innate immune system and function as the
bridge that links innate and adaptive immunity.
In innate immune response, immature DCs
(iDCs) respond to “danger” signals by uptaking
the foreign antigens and generating protective
cytokines and chemokines [2]. During this pro-
cess, iDCs convert to mature DCs (mDCs),
which are characterized by impaired ability to
uptake and process antigens but an enhanced
antigen-presenting capacity [3]. As the key anti-
gen-presenting cells (APCs), mDCs initiate ada-

associated with the development of atheroscle-
rosis (AS). They can present atherosclerotic
plaque specific antigens to lymphocytes, se-
crete cytokines and chemokines to maintain
local inflammation, and also may differentiate
into foam cells during the development of AS
[4].

Monocytes may differentiate to macrophages
or to DCs, counting on the different cytokines
present [5, 6]. And in certain circumstances,
even macrophages may transform to DCs [7].
RAW264.7 cells, initially derived from Abelson
leukemia virus-infected Balb/c mice, constitute
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a murine macrophage cell line [8]. Two recent
studies have demonstrated that both lipopoly-
saccharide (LPS) and oxidized low-density lipo-
protein (oxLDL) were able to induce differentia-
tion of RAW264.7 macrophages to DC-like
cells, which showed dramatic functional chang-
es, including increased surface antigen expres-
sion and pro-inflammatory cytokine production
[9, 10]. But the factors that drive these chang-
es are still unclear.

MicroRNAs (miRNAs, miRs) are a group of short,
noncoding RNAs, which are post-transcriptional
regulators linked to most physiological and
pathological situations [11]. It has been dem-
onstrated that miR-155 is tightly associated
with the immune system at multiple levels [12].
It is generally believed to be a pro-inflammatory
molecule. During CD4+T cell activation, miR-
155 drives naive CD4+T cells to skew toward
Thl and Th17 cells, which are both pro-inflam-
matory CD4+T cell subsets [13, 14]. While in
the innate immune system, miR-155 can be
induced by toll-like receptor ligands and some
cytokines, like LPS and tumor necrosis factor-a
(TNF-a), for example [15, 16]. Up-regulation of
miR-155 also seems to be a sign of DCs matu-
ration, and it is also essential for their functions
[17]. But we still do not known how miR-155
regulates RAW264.7 cells differentiation and
function. In this study, we observed that miR-
155 was up-regulated in both LPS- and oxLDL-
treated RAW264.7 cells. Moreover, up-regulat-
ed miR-155 induced morphologic and pheno-
typic changes, and the expression of pro-
inflammatory cytokines, which are necessary
for DCs maturation and their ability to activate
T cells. Therefore, our study demonstrated that
miR-155 is able to promote a differentiation of
RAW264.7 cells into DC-like cells.

Materials and methods

Culture, stimulation, transfection, and morpho-
logical observation of RAW264.7 cells

RAW264.7 cells, which were obtained from the
American Type Culture Collection (ATCC, Rock-
ville, Md), were cultured in DMEM medium
+10% fetal bovine serum (FBS) (Gibco, USA), at
37°C, 5% of CO, in a humidified atmosphere
[9]. Cells were seeded into 24-well plates
(Corning, USA) at a density of 4x10* cells per
0.5 ml medium for 24 hours and at the density
of 60% before further treatments.
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For detection the expression of miR-155, cells
were activated with different concentrations of
LPS (Gibco, USA) and oxLDL (Xiesheng Biote-
chnologies, Beijing, China). For the gain- and
loss-of-function study, the Attractene Transfe-
ction Reagent (Qiagen, Valencia, CA) was used
to transfect the oligonucleotides (including pre-
miR-ctrl, pre-miR-155, anti-miR-ctrl, and anti-
miR-155) into RAW264.7 cells. First, 50 pmole
oligonucleotides and 1.5 ul Attractene Trans-
fection Reagent dissolved in 60 ul OMEM medi-
um (Gibco, USA) without serum, proteins, or
antibiotics, which were then mixed gently and
incubated for 13 min at the room temperature.
During this 13 min, 500 ul fresh DMEM medi-
um (containing FBS and antibiotics) was given
to the cells. Then, the transfection complexes
were added to the cells. Six hours after trans-
fection, cells were stimulated with LPS (1 ug/
ml) or oxLDL (10 pg/ml) for indicated times.
Twenty-four hours later, the morphology of
RAW264.7 cells was observed under a micro-
scope (400x).

Flow cytometry

Harvested RAW264.7 cells were incubated with
fluorescein-conjugated antibodies for 30 min,
washed with washing buffer, then resuspended
in 200 pl washing buffer and analyzed by BD
FACSCalibur™ Flow Cytometer (San Jose, CA,
USA). The antibodies were obtained from ebio-
science (San Diego, CA, USA), including PE-cy7-
conjugated anti-mouse MHC-II, APC-conjugated
anti-mouse MHC-I, PE-conjugated anti-mouse
CD86, FITC-conjugated anti-mouse CD80, PE-
cy7-conjugated anti-mouse CD83, and APC-
conjugated anti-mouse CD36.

Quantitative reverse-transcriptase polymerase
chain reaction (QRT-PCR)

Total RNA was extracted from prepared RAW-
264.7 cells with TRIzol reagents (invitrogen,
USA) according to the manufacturer’s protocol.
RNA purity was acceptable when 0D260/
0D280 ratio was between 1.8 and 2.0. Reverse
Transcription System and SYBR Green PCR
Master Mix Kit (#A3500 and #4309155,
Applied Biosystems, Foster City, CA, USA) were
used for RT and PCR, respectively, and the
reagent mixes were prepared following the
manufacturer’s protocol. For detection the
expression of miR-155, the RT reagent mixes
were incubated at 16°C for 30 min, 42°C for 42
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min, and 95°C for 5 min, and for detection the
mMRNA levels of the cytokines (including inter-
leukin (IL)-12p35, IL-6, IL-1b, and TNF-«), the RT
reagent mixes were incubated at 37°C for 15
min and 85°C for 5 s. Then, the cDNA samples
were stored at -20°C until used for qRT-PCR.
QRT-PCR reactions (20 ul) were performed in
the following parameters: 2 min at 95°C, fol-
lowed by 40 cycles of 15 s at 95°C and 60 s at
60°C. All targets were measured in triplicates.
MiR-155 and cytokine levels were normalized
to U6 and B-actin levels, respectively. The prim-
ers for miR-155 and U6 detection assays were
purchased from Ribobio (Guangzhou, China).
The sequences of PCR primers for the cyto-
kines detection assays were as follows:

B-actin F: 5 GAAGGACTCCTATGTGGGTGACG 3’;
R: 5 GATCTTCTCCATGTCGTCCCAGT 3. IL-6 F: 5
CCTTCTTGGGACTGATGCTG 3’; R: 5 AGGTCGG-
TTGGGAGTGGTAT 3'. IL-12p35 F: 5’ CTTGCCCT-
CCTAAACCACCTC 3’; R: 5 TCGGGACTGGCTA-
AGACACC 3. IL-1b F: 5° AGAGCATCCAGCGTC-
AAATC 3’; R: 5 TCATCTCGGAGCCTGTAGTG 3'.
TNF-a F: 5 CACCACGCTCTTCCGTCTACTG 3; R:
5" GGGCTACAGGCTTGTCACTC 3'.

Enzyme-linked immunosorbent assay (ELISA)

Culture supernatant of RAW264.7 cells was col-
lected after proper treatment. IL-12p70, IL-6,
IL-1b, and TNF-a levels were detected by cyto-
kine-specific ELISA kits according to manufac-
turer’s instructions (ebioscience, San Diego,
CA, USA), respectively. The minimal detectable
concentrations were 10 pg/ml for IL-12p70,
0.21 pg/ml for IL-6, 1.2 pg/ml for IL-1b, and 4
pg/ml for TNF-«, respectively. As TNF-a pro-
duced in quite high levels, so samples were
diluted by Sample Diluent for 3 times before
detection the level of TNF-a. All samples were
measured in triplicates. Serial diluted (1:2)
mouse IL-12, IL-6, IL-1b, and TNF-a standards
were used to prepare the standard curves,
respectively.

Statistical analysis

All results are shown as mean + SD. Statistical
significance was determined by performing
ANOVAs for four comparisons and Student’s t
test for two comparisons. While p values <0.05
were considered to be statistically significant
and p values <0.01 were considered to be high-
ly statistically significant.
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Results

miR-155 expression in RAW264.7 cells can be
induced both by LPS and oxLDL

Previous studies demonstrated that miR-155
was greatly up-regulated during the maturation
of immune cells, including macrophages, DCs,
and T cells [16, 18, 19], while both LPS and
oxLDL can induce RAW264.7 cell maturation.
So we first investigated whether miR-155
expression in RAW264.7 cells could be induced
by LPS and oxLDL. We stimulated RAW264.7
cells with LPS and oxLDL with different times
and concentrations, and then the cells were
harvested and the miR-155 levels were detect-
ed by qRT-PCR. The time course study showed
that the expression of miR-155 increased ab-
out 50-fold (P=0.000), 200-fold (P=0.002), and
100-fold (P=0.019) when RAW264.7 cells were
treated with 1 pug/ml LPS for 6, 24, and 48
hours, respectively, which suggested that it
maximally expressed in 24 hours and began to
decline in 48 hours (Figure 1A). MiR-155
expression can also be induced by oxLDL, but
at much lower levels. Its expression increased
about 2-fold (P=0.038 and 0.017, respectively)
after RAW264.7 cells were treated with oxLDL
for 6 and 24 hours, but it declined to almost
normal levels 48 hours later (P>0.05) (Figure
1B). However, a 10-fold up-regulation of the
concentrations of LPS and oxLDL did not induce
much higher levels of miR-155. So our study
shows that both LPS and oxLDL are able to
induce miR-155 expression in RAW264.7 cells,
and the most suitable concentration is 1 pg/
mL and 10 ug/mL, respectively.

miR-155 promotes morphologic changes in
both LPS- and oxLDL-treated RAW264.7 cells

To assess whether miR-155 may cause mor-
phological changes in RAW264.7 cells, naive
cells were transfected with pre-miR-ctrl or pre-
miR-155, and then cells were either treated
with 1 pyg/ml LPS or 10 ug/ml oxLDL, or they
were not treated. First, after 24 hours of treat-
ment, we found that LPS- and oxLDL-treated
RAW264.7 cells displayed a morphological
transformation from macrophage-like cells into
DC-like cells, which acquired a larger cell size,
nuclear indentation, and relatively obvious
cytoplasm with increased granularity, especial-
ly in LPS-treated cells. Moreover, when miR-
155 was overexpressed in LPS- and oxLDL-
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Figure 1. Both LPS and oxLDL can induce the expression of miR-155 in RAW264.7 cells. A. The expression of miR-
155 was detected by qRT-PCR, after RAW264.7 cells were treated with 1 pyg/mL or 10 pg/mL LPS for 6, 24, and 48
hours, respectively. B. The expression of miR-155 was detected by qRT-PCR, after RAW264.7 cells were treated with
10 pg/mL or 100 pg/mL oxLDL for 6, 24, and 48 hours, respectively. Data represent six independent experiments.

All results are shown as mean + SD. *P<0.05, *P<0.01.

treated RAW264.7 cells, a DC-like morphology
was further induced. We observed that both
the degree of morphological transformation of
the cell (Figure 2A) and the number of cells
with transformed morphology (Figure 2B) were
enhanced by pre-miR-155. However, no mor-
phological changes were observed in naive
RAW264.7 cells when miR-155 was overex-
pressed (Figure 2). So we conclude that miR-
155 is critical for LPS- and oxLDL-mediated
morphological transformation of macrophage-
like cells into DC-like cells.

miR-155 induces phenotypic changes in both
LPS- and oxLDL-treated RAW264.7 cells

According to previous studies, both LPS and
oxLDL could significantly induce phenotypic
changes in RAW264.7 cells, including MHC
molecules, costimulatory molecules, and adhe-
sion molecules[9, 10], this was also confirmed
in our study (data are not shown). In order to
clarify whether miR-155 regulates the expres-
sion of these molecules, miR-155 was overex-
pressed and inhibited in RAW264.7 cells, which
were then treated with 1 yg/ml LPS or 10 pg/
ml oxLDL for indicated times, and the levels of
these molecules were detected by flow cytom-
etry. Twenty-four hours after treatment with
LPS, we observed that the proportions of MHC-
[I+, MHC-1+, CD86+, and CD83+RAW264.7 cells
were significantly higher in the pre-miR-155
group than in the pre-miR-ctrl group. In con-
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trast, their proportions were much lower in the
anti-miR-155 group than in the anti-miR-ctrl
group (Figure 3). Furthermore, when we treated
RAW264.7 cells with oxLDL for 24 hours, their
proportions were also obviously up-regulated
by pre-miR-155, while they were substantially
reduced by anti-miR-155, compared with the
controls (Figure 3). However, no significant
changes in their proportions were observed
when the cells were treated for 6 or 48 hours,
either in LPS- or oxLDL-treated RAW264.7 cells.

We also analyzed changes in the mean fluores-
cence intensities (MFIs) of these surface mole-
cules, and the results were completely consis-
tent with the changes in their positive cell frac-
tions, except for the expression of CD36 in
oxLDL-treated RAW264.7 cells. The proportions
of CD36+ cells were almost 100% in all oxLDL-
treated groups. But the MFIs of CD36 were 1.5-
and 1.3-fold higher (P=0.000 and P=0.001,
respectively) in the pre-miR-155 group than in
pre-miR-ctrl group, while they were 29% and
26% lower (P=0.002 and P=0.007, respective-
ly) in the anti-miR-155 group than in the anti-
miR-ctrl group, when the RAW264.7 cells were
treated with oxLDL for 24 and 48 hours, respec-
tively (Figure 4). However, the level of CD80
showed no significant differences among the 4
groups in the whole study.

In the same time, we detected the expression
of these surface markers in naive RAW264.7

Int J Clin Exp Pathol 2015;8(11):14050-14062
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Figure 2. MiR-155 enhances morphologic changes in both LPS- and oxLDL-treated RAW264.7 cells. Pre-miR-ctrl,
pre-miR-155, anti-miR-ctrl, and anti-miR-155 were transfected into RAW264.7 cells, which were not treated or treat-
ed with 1 yg/ml LPS or 10 pg/ml oxLDL for 24 hours, respectively. A. Cells were observed under a microscope and
pictures were taken with a camera at 400x%. B. Cells with dendritic morphology in the view field were calculated.
Data represent six independent experiments. All results are shown as mean + SD. *P<0.05, “P<0.01.

cells when miR-155 was overexpressed or
inhibited. However, no significant changes in
their expression were observed, which indicat-
ed that miR-155 alone could not induce the
phenotypic changes in naive RAW264.7 cells
(data are not shown).

In summary, our study showed that miR-155
induced MHC-Il, MHC-I, CD86, and CD83
expression in LPS-treated RAW264.7 cells and
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induced MHC-II, MHC-I, CD86, CD83, and CD36
expression in oxLDL-treated RAW264.7 cells.

miR-155 accelerates pro-inflammatory cyto-
kine expression in both LPS- and oxLDL-treat-
ed RAW264.7 cells

IL-12, IL-6, IL-1b, and TNF-a are important pro-

inflammatory cytokines of the innate immune
system. The levels of these cytokines indicate

Int J Clin Exp Pathol 2015;8(11):14050-14062
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Figure 3. MiR-155 induces the expression of surface molecules in both LPS- and in oxLDL-treated RAW264.7 cells.
Pre-miR-ctrl, pre-miR-155, anti-miR-ctrl, and anti-miR-155 were transfected into RAW264.7 cells, which were then
activated by 1 ug/ml LPS and 10 pg/ml oxLDL for 24 hours, respectively. Then cells were harvested, the proportions
of MHC-II+ (A), MHC-I+ (B), CD86+ (C), and CD83+ (D) cells were determined by flow cytometry. Representative
FACS pictures from a single case are shown in the left, and the collective results of six independent experiments are

shown in the right as histograms. All results are shown as mean * SD. *P<0.05, #P<0.01.
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Figure 4. MiR-155 induces the expression of CD36 in oxLDL-treated RAW264.7 cells. Pre-miR-ctrl, pre-miR-155,
anti-miR-ctrl, and anti-miR-155 were transfected into RAW264.7 cells, which were then activated by 10 yg/ml oxLDL
for 24 (A) or 48 (B) hours. Then cells were harvested, the MFI of CD36 expressed in cell surface was determined by
flow cytometry. Representative FACS pictures from a single case are shown in the left, and the collective results of
six independent experiments are shown in the right as histograms. All results are shown as mean * SD. #P<0.01.

the directions of immune responses. So next,
we analyzed how miR-155 regulates the pro-
duction of these cytokines in LPS- and oxLDL-
activated RAW264.7 cells. We cultured RAW-
264.7 cells with 1 yg/ml LPS or 10 pg/ml oxLDL
for indicated times after the oligonucleotides
were transfected, and then the mRNA levels of
these cytokines and their protein levels in a cell
culture supernatant were detected by qRT-PCR
and ELISA, respectively. As shown in Figure 4A
and 4B, 24 hours after the RAW264.7 cells
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were treated with LPS, both the mRNA and pro-
tein levels of IL-12 and IL-6 dramatically
increased in the pre-miR-155 group compared
with those in the pre-miR-ctrl group, and they
significantly decreased in the anti-miR-155
group compared with those in the anti-miR-ctrl
group. Forty-eight hours later, IL-1b production
was also induced by miR-155. The results indi-
cated that both the mRNA expression and pro-
tein production of IL-1b were obviously higher in
the pre-miR-155 group than in the pre-miR-ctrl

Int J Clin Exp Pathol 2015;8(11):14050-14062
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Figure 5. MiR-155 induces the expression of IL-12, IL-6, and IL-1b in both LPS- and oxLDL-treated RAW264.7 cells.
Pre-miR-ctrl, pre-miR-155, anti-miR-ctrl, and anti-miR-155 were transfected into RAW264.7 cells. A. The mRNA lev-
els of IL12, IL-6, and IL-1b in the cells were detected by qRT-PCR after the cells were activated by 1 ug/ml LPS for 24
or 48 hours. B. The protein levels of these cytokines in the cell culture supernatant were detected by ELISA after the
cells were activated by 1 pug/ml LPS for 24 or 48 hours. C. The mRNA levels of IL.-12, IL-6, and IL-1b in the cells were
detected by qRT-PCR after the cells were activated by 10 pg/ml oxLDL for 24 hours. D. The protein levels of these
cytokines in the cell culture supernatant were detected by ELISA after the cells were activated by 10 ug/ml oxLDL
for 24 hours. Data represent six independent experiments. All results are shown as mean * SD. *P<0.05, #P<0.01.

group, and they were much lower in the anti-
miR-155 group than in the anti-miR-ctrl group
(Figure 5A and 5B). Moreover, miR-155 also
induced the expression of IL-12, IL-6, and IL-1b
in oxLDL-activated RAW264.7 cells. Twenty-four
hours after the RAW264.7 cells were treated
with oxLDL, both the mRNA and protein levels
of IL-12, IL-6, and IL-1b were induced by pre-
miR-155 and were inhibited by anti-miR-155
(Figure 5C and 5D). However, miR-155 did not
regulate the expression of TNF-a in either LPS-
or oxLDL-treated RAW264.7 cells (data are not
shown). To evaluate whether miR-155 regulates
the expression of these cytokines in naive
RAW264.7 cells, we detected the mRNA levels
of these cytokines in RAW264.7 cells when
miR-155 was overexpressed or inhibited. The
results demonstrated that none of these cyto-
kines were regulated by miR-155. In conclu-
sion, our study suggested that miR-155 could
enhance the production of IL-12, IL-6, and IL-1b
in LPS- and oxLDL-treated RAW264.7 cells, but
not in naive RAW264.7 cells.

Discussion

LPS and oxLDL are two factors that can induce
the differentiation of monocytes to DCs as well
as the differentiation of RAW264.7 cells to
DC-like cells [5, 6, 20, 21]. DCs stimulated by
LPS in vitro mimic they exerting immunostimu-
latory capacity after encountering antigens in
vivo, while oxLDL-pulsed DCs show up-regula-
tion of scavenger-receptors, the induction of
maturation, and differentiation, as well as the
capacity to activate a specific T cell response,
which is involved in stimulating atherosclerotic
plaque development [22, 23]. We observed
that both LPS and oxLDL could induce the
expression of miR-155 in RAW264.7 cells, and
up-regulated miR-155 is able to enhance mor-
phological changes, the production of surface
molecules and pro-inflammatory cytokines in
the cells, which suggests that miR-155 induc-
tion is associated with DC maturation and also
might be involved in AS development. However,
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our study illustrated that miR-155 was expre-
ssed in naive RAW264.7 cells at quite a low
level, and it could not induce morphological
and phenotypic changes or cytokine expression
in these cells. This indicates that miR-155 is
involved in inducing macrophage differentia-
tion into DC-like cells when a “danger” signal
shows up, but it does not regulate macrophage
function in the normal surroundings.

The ability to stimulate T cell proliferation and
differentiation is a major DC function [3].
Studies showed that miR-155 deficiency in DCs
impaired their ability to induce T cell prolifera-
tion and differentiation [24]. But the mecha-
nisms involved in this are still unclear. We
observed that miR-155 enhanced the expres-
sion of phenotypic molecules, including MHC-II,
MHC-I, CD86, and CD83, and also the expres-
sion of pro-inflammatory cytokines, including
IL-12, IL-6, and IL-1b. These data might explain
how miR-155 regulates DC maturation and
DCs’ ability to induce T cell activation and dif-
ferentiation. CD83 is the most specific cell sur-
face marker for mDCs. Our data showed that
miR-155 induced the expression of CD83 in
RAW264.7 cells, which suggests that miR-155
can induce RAW264.7 cells to convert to mDCs.
MDCs are the professional APCs, which initiate
T cells to activate and differentiate by present-
ing antigens to them. This procedure requires
at least two signals: MHC-II and MHC-I provide
the peptide antigens to TCR, while CD80 and
CD86 provide costimulatory signals to their
receptors in T cells [25]. We observed that miR-
155 up-regulated the expression of MHC-II,
MHC-I, and CD86 in LPS-treated RAW264.7
cells, which indicated that miR-155 expression
is highly associated with the antigen-present-
ing ability of DCs and the activation of T cells.
Cytokine production is one important way that
immune cells exert their functions. IL-12 is a
key cytokine responsible for DC maturation and
for polarizing naive CD4+T cells toward the Th1l
phenotype, while IL-6 and IL-1b secreted by
DCs promote Th17 differentiation and mainte-
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nance [26]. So up-regulation of the expression
of IL-12, IL-6, and IL-1b in DCs by miR-155 not
only indicates the important role of miR-155 in
inducing DC maturation, but it also might be an
indirect way of inducing the differentiation of
Th1l and Thl7 cells. In conclusion, LPS can
induce the expression of miR-155 in RAW264.7
cells, and up-regulated miR-155 not only can
promote RAW264.7 cells showing a DC-like
phenotype but also might enhance their ability
to stimulate T cell activation and differenti-
ation.

AS is a chronic inflammatory disease. It initi-
ates from the response of cells such as DCs,
macrophages, T cells, and endothelial cells in
the arterial wall to modified lipoproteins (e.g.,
oxLDL) [27]. Nazari-Jahantigh et al. [28] demon-
strated that miR-155 was up-regulated in
advanced stenotic plaques and that miR-155
deficiency reduced plaque size. Here we found
that miR-155 enhanced the production of phe-
notypic molecules and pro-inflammatory cyto-
kines in oxLDL-pulsed RAW264.7 cells, which
provides more evidence for the important role
of miR-155 in regulating the development of
AS. MiR-155 enhanced the ability of oxLDL to
induce the production of DC phenotypic mole-
cules, including CD36, MHC-II, MHC-I, CD86,
and CD83. CD83 and CD36 are mature mark-
ers of DCs. CD36 levels also reflect the oxLDL
uptake capacity of DCs. Through binding to
CD36, oxLDL is able to activate DCs and
enhance cytokine production [4], whereas the
expression of MHC-Il, CD86, and CD83 in DCs
is necessary for efficient T cell stimulation in
local atherosclerotic lesions [29, 30]. IL-12,
IL-6, and IL-1b are all pro-inflammatory cyto-
kines as well as pro-atherosclerotic cytokines.
IL-12 is important for recruiting T cells into the
plague and differentiating them toward Thil
[31]. It is also able to enhance LDL oxidation by
activating monocytes and modifying the pro-
duction of chemokines by vascular smooth
muscle cells [32]. IL-6 is locally produced by
plaque-infiltrating macrophages and DCs. It
can trigger the release of chemokine lig and 2
(CCL2) by endothelial cells, which exacerbates
artery wall inflammation and induces athero-
sclerotic plaque development by recruiting
more immune cells [33, 34]. IL-1b also plays
important roles in improving atheroma forma-
tion and stability. Bhaskar et al. [35] demon-
strated that the antibody targeting IL-1b could

14059

inhibit the secretion of pro-atherogenic cyto-
kines and matrix metalloproteinases (MMPs),
including IL-6, IL-8, CCL2, TNF-a, MMP-3, and
MMP-9. So up-regulation the release of IL-12,
IL-6, and IL-1b by miR-155 in oxLDL-treated
RAW264.7 cells indicates the pro-atheroscle-
rotic character of miR-155. Therefore, miR-155
must be one of the most essential factors
involved in regulating the development of AS.

Using TargetScan and miRBase prediction algo-
rithms, we obtained several targets of miR-155
that contribute to regulating the innate immune
response, including suppressors of cytokine
signaling (SOCS1), Src homology 2 domain-con-
taining inositol-5-phosphatase 1 (SHIP1), c-
FOS, transforming growth factor-B-activated
kinase-1-binding protein 2 (TAB2), Fas-asso-
ciated death domain protein (FADD), mothers
against decapentaplegic homolog 2 (SMAD2),
and PU.1. Among them, SOCS1, SHIP1, and
c-FOS are potential transcriptional factors
involved in governing RAW264.7 cells differen-
tiating into DC-like cells. SOCS1 is a feedback
inhibitor of TLR4 signaling. Knockout of SOCS1
in DCs instructs the expression of MHC-Il and
costimulatory molecules and the secretion of
pro-inflammatory cytokines, including IFN-y,
IL-6, IL-12, and TNF-a [36]. Zhang et al. [37]
demonstrated that let-7i, another mIiRNA,
induces DC maturation (increased expression
of the surface costimulatory molecules and
pro-inflammatory cytokines) via directly inhibit-
ing the expression of SOCS1. SOCS1 also is a
confirmed target of miR-155 involved in regulat-
ing immune response. So it is probable that
both miR-155 and let-7i can regulate DC matu-
ration through targeting SOCS1. SHIP1 is
another important negative regulator that regu-
lates innate immune cell proliferation, differen-
tiation, and function. It negatively regulates the
combination of TLR4 and MyD88 and inhibits
the activation of NF-kB and MAPK [38]. SHIP1
knockout of DCs shows an up-regulated expres-
sion of pro-inflammatory cytokines such as IL-6
and TNF-a [38]. However, Antignano et al. [39]
found that SHIP1-/- DCs display increased
expression of MHC-II and IL-12, enhanced abil-
ity to induce T cell expansion and differentia-
tion to Tha. c-FOS is a component of the activa-
tor protein-1 signaling pathway. Koga et al. [40]
demonstrated that over-expression of c-Fos
suppressed LPS-induced production of IL-6,
IL-12, and TNF-a. Dunand-Sauthier et al. [41]
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validated that c-Fos is the direct target of miR-
155 and that miR-155 regulates DC maturation
through inhibiting the expression of c-Fos.
Therefore, SOCS1, SHIP1, or ¢-FOS might be
the direct targets of miR-155 involved in induc-
ing LPS- and oxLDL-treated RAW264.7 cell dif-
ferentiation into DC-like cells. However, it is
possible that other potential targets of miR-155
may govern this process, as this process was
controlled by multiple signalling pathways, and
a single miRNA is known to target multiple
mMRNAs [42]. So, further studies are necessary
to reveal the entire “targetome” of miR-155
involved in this process.

Besides miR-155 and let-7i, miR-221, miR-142-
3p, and miR-148 family (miR-148a, miR-148b,
and miR-152) are other potential miRNAs that
involve in regulating DC maturation [43-45].
MiR-221 contributed to iDC homeostasis, while
its expression decreased during DC maturation
[43]. MiR-142-3p was able to induce IL-6
expression in both iDCs and mDCs, but it could
not improve the ability of DCs to stimulate T
cells [44]. MiR-148 family suppressed DC func-
tion by inhibiting the expression of MHC-II and
the secretion of pro-inflammatory cytokines,
although they were up-regulated upon DC acti-
vation by LPS [45]. Collectively, these miRNAs
play different roles in DC maturation and
function.

In summary, our study showed that both LPS
and oxLDL induced the expression of miR-155
in RAW264.7 cells. And up-regulated miR-155
facilitated the ability of LPS and oxLDL in trans-
forming RAW264.7 cells into DC-like cells by
inducing morphological and phenotypic chang-
es and pro-inflammatory cytokine expression.
These results indicate that miR-155 is a pro-
inflammatory as well as a pro-atherosclerotic
factor.
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