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iologic processes [5]. miRNAs exert profound 
effects on the development, differentiation and 
function of immune cells and play important 
roles in the regulation of innate and acquired 
immune responses [6-8]. Previously, we dem-
onstrated that during the course of RNA virus 
infection, miR-155 can be induced to promote 
host anti-virus response by targeting negative 
regulator of IFN-γ downstream singling [9]. 
Furthermore, our MPSS data mining analysis 
revealed a marked donw-regulation for miR-
155 after DC maturation [10], but its potential 
biological relevant is yet to be clarified. We thus 
in the present study investigated the functional 
relevance for miR-155 in the regulation of 
immune response and allograft survival in the 
setting of organ transplantation. Our studies 
revealed that miR-155 regulates DC phenotype 
and its allostimulatory capability. Knockdown of 
miR-155 inhibited DC secretion of IL-12 and 
expression of CD40/80/86 along with sup-
pressed T cell activation and proliferation. As a 
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Abstract: Previously, we observed that mir-155 is induced during dendritic cell (DC) differentiation. We now demon-
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presentation and induction of alloreactive T cell activation. Interestingly, the induction of miR-155 expression in DCs 
is dependent on the TLR4/Myd88/NF-κB signaling. Our mechanistic studies further revealed that SOCS1 is a direct 
target for mir-155, and by binding to its 3’UTR, mir-155 is likely to affect SOCS1 translation. Suppression of mir-155 
expression in DCs significantly attenuated LPS-induced DC maturation along with reduced capability to stimulate 
allogeneic T cell proliferation. As a result, administration of antagomiR-155 provided protection for cardiac allografts 
from rejection. Together, our data support that suppression of miR-155 in DCs could be a viable therapeutic strategy 
for prevention and treatment of allograft rejection in clinical setting of transplantation.
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Introduction

Dendritic cells (DCs) are the most potent anti-
gen-presenting cells in immune system, whose 
maturation and functional state determine the 
outcome of immune response [1]. DCs initiate 
adaptive immune responses by presenting 
antigen peptide with MHC molecules, as well 
as providing co-stimulatory signals and sup-
porting cytokines. Over the last decade, stud-
ies have shown that immature DCs with low 
levels of expression of MHC and costimulatory 
molecules possess the capability to induce 
antigen-specific T-cell hyporesponsiveness and 
tolerance [2, 3]. Therefore, manipulation of DC 
maturation state appeared to be a promising 
approach for tolerance induction in organ 
transplantation [4].

MicroRNAs (miRNA) are a class of highly con-
served noncoding RNA that regulate the expres-
sion of target genes involved in numerous phys-
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result, administration of antagomiR-155 could 
significantly prolong cardiac allograft survival in 
mice. Our data support that miR-155 could be a 
potential therapeutic target for treatment of 
allograft rejection.

Materials and methods

Mice and reagents

C57BL/6 (H-2b), BALB/C (H-2d) male mice (6 
weeks) were purchased from Joint Ventures 
Sipper BK Experimental Animal Company 
(Shanghai, China). TLR3, TLR4, TLR9, RIG-I and 
MyD88 knockout mice were obtained as 
described previously [9, 11]. All animal experi-
ments were approved by the Institutional 
Animal Care and Use Committee of Second 
Military Medical University. The mice were 
maintained in IVC systems with temperature at 
24°C on a 12-h light/dark cycle. Mice were 
anesthetized by pentobarbital sodium and 
decapitated before collecting bone marrow 
cells. Pyrrolidinecarbodithoic acid (PDTC, an 
inhibitor of NF-κB), SB203580, an inhibitor for 
p38), PD98059, a MEK/ERK inhibitor), and 
SP600125, a JNK inhibitor) were purchased 
from Calbiochem. Lipopolysaccharides (LPS) 
were obtained from Sigma. Ovalbumin (OVA, 
ISQAVHAAHAEINEAGR) was purchased from 
InvivoGen (French) with peptide sequence. 
Antibodies specific for GAPDH and SOCS1 were 
from Cell Signaling Technology (Danvers, MA). 
Murine CD4 magnetic beads for MACS were 
bought from Miltenyi Biotec (Germany). Mus-
CD11c-FITC Ab was purchased from BD 
Biosciences (Franklin Lakes, NJ). 

Cell culture and transfection

Murine dendritic cell line DC2.4 was obtained 
from the American Type Culture Collection 
(ATCC) (Manassas, VA) and cultured in DM/F12 
with 10% FBS. THP-1 cell line was obtained 
from ATCC and cultured in RPMI-1640 with 10% 
FBS. Thioglycolate-elicited murine peritoneal 
macrophages were collected from the abdomi-
nal cavity of mice by washing with RPMI-1640 
medium and purified by differential time attach-
ment. Murine DCs were generated from bone 
marrow (BM) cells, cultured and induced as 
previously reported [12]. The cells (5 × 105 cells 
in 0.75 mL) were seeded into each well of a 
24-well plate, or 2 × 106 cells in 3 mL were 
seeded into each well of a 6-well plate. HEK293 

cell line was obtained from ATCC and cultured 
in RPMI-1640 with 10% FBS, and 2 × 104 cells 
were seeded into each well of a 96-well plate. 
Lipofectamine RNAiMax was used for RNA 
transfection and JetSI-ENDO was used for co-
transfecting plasmids with RNAs. To generate 
dendritic cells, monocytes were cultured at 1 × 
106/mL in a 2 mL volume of RPMI-1640 medi-
um containing 50 ng/mL GM-CSF and 10ng/
mL IL-4 for approximately 48 hours at 37°C. 

Bioinformatic analysis

The online software TargetScan (http://www.
targetscan.org) was used to predict miR-155 
target sites in cellular RNA sequences using the 
following settings: maximum number of allowed 
unpaired bases = 0 in 6 nt seed/nucleus 
sequence, minimum number of paired-up 
bases in heteroduplex = 12, and maximum 
folding energy for heteroduplex (Kcal/mol) = 
225. The KEGG enrichment analysis was car-
ried by genecodis (http://genecodis2.dacya.
ucm.es/).

miR-155 mimics, inhibitor and antgomir

The miR-155 mimics and miR-155 inhibitor 
were from GenePharma (Shanghai, China) and 
used to manipulate miR-155 by overexpression 
or inhibition, respectively, in murine dendritic 
cells or cell line. Dendritic cells or cell line 
described above were transfected as described 
previously [9]. Negative control mimics or inhib-
itor (GenePharma) were transfected into cells 
as the respective controls for miR-15 mimics or 
inhibitor. The micrOFFTM mmu-miR-155 an- 
tagomir (Antago miR-155; Ribobio) or negative 
control antagomir (AntagomiR-NC, Ribobio) 
were used for miR-155 in vivo research. 
Antagomir (100 nM) was dissolved in 50 µL 
PBS and then administrated via intravenous in- 
stillation.

Heart transplantation model

The mouse cervical heart transplantation was 
performed by cuff technique as described per-
versely using BALB/c mice as donors and 
C57BL/6 mice as recipients [13, 14]. The time 
of cold ischemia was within 30 minutes and 
operation can be completed within 1 hour. 
Usually, the success rate is over 90%, and the 
mean survival time of allograft is 7 ± 1 days.
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Figure 1. miR-155 expression in dendritic cells depend on TLR4/MyD88/NF-κB pathway. (A) Counting number of 
miR-155 in immature DCs and mature DCs by MPSS. (B) miR-155 expression level was measured by qRT-PCR in 
monocytes, immature DCs and mature DCs, U6 expression were used as internal control. (C) miR-155 expression in 
DC2.4 cell, challenged with 100 ng/mL LPS. (D) miR-155 expression in DC2.4 cell, challenged with TNF-α (100 ng/
mL). (E) miR-155 expression in DC2.4 cell challenged with LPS or TNF-α at different doses for 24 h. (F) Murine mac-
rophages or THP1-cells were stimulated by LPS (100 ng/mL) and miR-155 was measured by qRT-PCR. (G) Murine 
dendritic cells from wild-type-, TLR3-, TLR4-, TLR9-, or MyD88-deficient mice were stimulated with LPS at 100 ng/mL 
for indicated time. Expression of miR-155 was measured as in (A). (H) Murine dendritic cells were pretreated with 
DMSO, SB203580 (10 mM), PD98059 (10 mM), PDTC (100 mM), or SP600125 (10 mM) as indicated for 30 min 
and then stimulated with LPS at 100 ng/mL for indicated time. MiR-155 expression was measured. Data are shown 
as the mean ± s.d. (n = 3) from one representative experiment. Similar results were obtained in three independent 
experiments. **p < 0.01.

Mixed lymphocyte reaction (MLR) and assay 
for allogeneic T-cell responsiveness

CD4+ T cells were purified by MACS. For MLR 
assay, CD4+ T-cells (2 × 105/well) were from 
BALB/c mice, and cocultured with DC2.4 cells 
at various ratios. T cell proliferation was as- 
sessed by pulsing with [3H] thymidine (1Ci/well; 
Amersham Pharmacia Biotech) for the final 18 
h of culture, and thymidine incorporation was 
determined using a liquid scintillation counter 
(Wallac, Turku, Finland).

RNA interference

The sequences for SOCS1-specific small inter-
fering RNA (siRNA) used in the experiments 
were designed by GenePharma (Shanghai, 
China). Four siRNAs, si-1 (5’-CAG CCA GUU UAG 
GUA AUA AUU-3’ and 5’-UUG UCG GUC AAA UCC 
AUU AUU-3’), si-2 (5’-GCG CCU UAU UAU UU CUU 
AUU U-3’ and 5’-UUC GCG GAA UAA UAA AGA 
AUA-3’), si-3 (5’-GAA UUC CAC UCC UAC UCU 
UU-3’ and 5’-UUC UUA AGG UGA GGA UGG AGA-
3’), and si-4 (5’-CCC AGU AUC UUU GCA CAA 
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AUU-3’ and 5’-UUG GGU CAU AGA AAC GUG 
UUU-3’) were employed for the study. A scram-
bled siRNA provided by GenePharma was used 
as a control. siRNA duplexes were transfected 
into cells indicated with a final concentration of 
20 nM. 

RNA quantification

Total RNA was extracted by Trizol regent and 
then reverse transcribed for real-time PCR as 
described previously [9, 15]. For miRNA analy-
sis, the reverse transcription primer for miR-
155 was 5’-GTC GTA TCC AGT GCA GGG TCC 
GAG GTA TTC GCA CTG GAT ACG ACC CCC TA-3’. 
Quantitative PCR primers were 5’-CTC GTG GTT 
AAT GCT AAT TGT GA-3’ and 5’-GTG CAG GGT 
CCG AGG T-3’. The relative expression levels for 
miRNA were assessed by GAPDH normalization 
as described previously [16]. Primers for each 
target gene was obtained from PrimerBank 
(pga.mgh.harvard.edu/primerbank/). 

3’-UTR luciferase reporter assays

The luciferase reporter plasmid for SOCS1 
3’-UTR was constructed by PCR amplifying the 
mouse SOCS1 mRNA 3’-UTR sequence contain-
ing miR-155 binding site, and then cloned into 
the pMIR-REPORTTM vector (Invitrogen) using 
the SpeI site. HEK293 cells were transfected 
with 100ng of luciferase reporter and 50ng of 
pRL-TK-Renilla-luciferase plasmid along with an 
indicated miRNA mimic (e.g., si-4) or inhibitor 
(final concentration, 20 nM). After 24 hours, 
the cells were lysed and firefly luciferase activi-
ties were detected in a 96-well plate reader as 
reported [17].

Western blot analysis

The cells were washed twice with cold PBS and 
lysed with cell lysis buffer (Cell Signaling 
Technology) supplemented with protease inhib-
itor mixture (Calbiochem). The total protein con-
centration was measured by BCA assays 
(Pierce, Rockford, IL). Equal amount of proteins 
were loaded onto 10% Polyacrylamide gels for 
Western blot analysis as described previously 
[18]. 

Statistical analysis

Data from multiple groups were analyzed using 
one-way ANOVA with post-hoc Bonferroni’s cor-
rection (GraphPad Prism 5.0, GraphPad Soft- 

ware, San Diego, CA). Data derived from two 
groups were analyzed using an unpaired Stu- 
dent’s t-test. All data are expressed as mean ± 
SD. In all cases, differences achieving values of 
p < 0.05 were considered to be statistically 
significant.

Results

miR-155 upregulation is associated with DC 
maturation 

By massively parallel signature sequencing 
(MPSS) analysis we noted that the counting 
number of miR-155 was significantly higher in 
matured DCs as compared with that of imma-
ture DCs (Figure 1A). qRT-PCR further con-
firmed that miR-155 was significantly upregu-
lated in matured DCs as compared that in 
immature DCs and monocytes (Figure 1B). 
Indeed, LPS induced DCs expression of marked 
higher levels of miR-155 12 h after stimulation, 
and peaked at 24 h (Figure 1C). A similar result 
could be obtained when DCs were challenged 
with 100 ng/mL TNF-α (Figure 1D), and dose-
dependent effect was also noted (Figure 1E). 
Consistently, LPS stimulation induced murine 
peritoneal macrophages or human mononucle-
ar cell THP-1 expression of higher levels of miR-
155 (Figure 1F).

Given that TLR signaling has been proved to 
modulate miRNAs expression [9, 15, 16], we 
next examined the impact of TLR signaling on 
LPS induced upregulation of mir-155 in DCs. As 
expected, LPS failed to induce TLR4 or MyD88- 
deficient DCs expression of higher levels of mir-
155 (Figure 1G). To further define the down-
stream signaling, we pretreated DCs before 
LPS challenge with inhibitors for NF-κB (PDTC), 
ERK (PD98059), JNK (SP600125), and P38 
(SB203590), respectively. Interesting, only PD- 
TC attenuated LPS-induced upregulation of 
miR-155 (Figure 1H), indicating that LPS induc-
tion of mir-155 expression in DCs is dependent 
on NF-κB signaling. 

miR-155 regulates DC phenotype and cytokine 
secretion

To determine the functional relevance of miR-
155 in DC phenotype, DCs were transfected 
with a miR-155 mimics or an inhibitor, respec-
tively. Indeed, miR-155 mimics significantly 
upregulated miR-155 expression in DCs (Figure 
2A), and the inhibitor effectively knocked down 
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Figure 2. miR-155 regulate DCs phenotype and cytokine production. (A) A total 
of 0.5 ml 5 × 105 DCs were transfected with control mimics or miR-155 mimics. 
After 48 h, miR-155 level was measured by qRT-PCR and normalized to that of 
U6 in each sample. (B) DCs were transfected with control inhibitor or miR-155 
inhibitor, miR-155 level was measured by qRT-PCR 72 hrs after transfection. 
(C, D) DCs were transfected with miR-155 mimics, inhibitor or ctrl, IL-12p40 
mRNA expression were measured by qRT-PCR. (E) IL-12p70 level was measured 
by ELISA. (F-H) DCs were transfected as in (C, D), after stimulating by LPS for 
indicating time, CD40, CD80 and CD86 mRNA expression was measured by 
qRT-PCR. Data are shown as mean ± SD (n = 3) of one representative experi-
ment. Similar results were obtained in three independent experiments. **p < 
0.01; *p < 0.05.

miR-155 expression (Fi- 
gure 2B). Importantly, 
Upregulation of miR-155 
significantly promoted DCs 
to express IL-12p40 (Figure 
2C), and in contrast, knock-
down of mir-155 signifi-
cantly suppressed IL-12p- 
40 expression (Figure 2D), 
and similar results for the 
production of IL-12 in the 
culture supernatants were 
noted (Figure 2E). Next, 
flow cytometry analysis 
was conducted to examine 
surface marker expres-
sions. In line with IL-12 
results, upregulation of 
miR-155 significantly pro-
moted DC maturation man-
ifested by the significantly 
higher levels of CD40, 
CD80 and CD86 expres-
sions (Figure 3F-H). To- 
gether, our data support 
that mir-155 could be impli-
cated in the regulation of 
DC maturation and cyto-
kine production. 

SOCS1 is a target for miR-
155 in DCs

Bioinformatics analyses 
were next conducted by 
using the TargetScan and 
KEGG Pathway software, 
and SOCS1 was identified 
to be a potential target for 
miR-155 (Figure 3A). To 
validate this prediction, a 
dual-luciferase report plas-
mid with SOCS1 3’UTR was 
constructed and then co-
transfected a miR-155 
mimic or an inhibitor into 
HEK293 cells. Indeed, the 
miR-155 mimic significant-
ly inhibited the expression 
of SOCS1 as defined by the 
luciferase activity (Figure 
3B), while the miR-155 
inhibitor significantly en- 
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Figure 3. miR-155 targets SOCS1. (A) Mouse SOCS1 might be the molecular target of miR-155. Shown is a sequence 
alignment of miR-155 and its target sites in 3’-UTR of SOCS1, which was downloaded from TargetScan (www.tar-
getscan.org). (B, C) HEK293 cells (1 × 104) were cotransfected with 80 ng of pMIR-SOCS1 3’-UTR luciferase reporter 
plasmids, 40 ng of pTK-Renilla-luciferase plasmids, together with control mimics or miR-155 mimics (C), control 
inhibitor or miR-155 inhibitor (D) at 20 nM. After 24 h, firefly luciferase activity was measured and normalized by Re-
nilla luciferase activity. (D, E) DC2.4 cells were transfected as described in (A). After 48 h, SOCS1 mRNA and protein 
level were detected by qRT-PCR (D) and western blot (E) respectively. (F, G) Murine dendritic cells were stimulated by 
100 ng/mL LPS for indicated times, SOCS1 mRNA and protein level was detected by qRT-PCR (F) and western blot 
(G) respectively. (H) DC2.4 cells were transfected with control RNA, four separate SOCS1 siRNAs as indicated. After 
24 h, SOCS1 mRNA expression was measured by qRT-PCR and protein level was measured by western-blot. (I) DC2.4 
cells were transfected with siCtrl, siSOCS1, miR-155 inhibitor combined with siCtrl, or miR-155 inhibitor combined 
with SOCS1 siRNA, respectively, as indicated. After 48 h, DCs were treated, stimulated, and detected as in Figure 
2C, 2D. For (B-D, F, H), data are shown as mean ± SD (n = 3) of one representative experiment. Similar results were 
obtained in three independent experiments. **p < 0.01; *p < 0.05. For western blot in (E, G, H), data shown are 
representative of three separate experiments.

hanced the fluorescence intensity (Fig- 
ure 3C). Surprisingly, the miR-155 mimic, did 
not affect SOCS1 mRNA levels in DCs signifi-
cantly (Figure 3D), but the protein levels for 
SOCS1 were downregulated (Figure 3E), sug-
gesting that miR-155 may play a role for inhibi-
tion of SOCS1 protein translation. Studies in 
BMDCs with LPS stimulation further confirmed 
that SOCS1 mRNA was not significantly ch- 
anged over time (Figure 3F), while SOCS1 pro-
tein levels were downregulated gradually (Fi- 
gure 3G). Together, these data suggested that 
miR-155 directly regulates SOCS1 expression.

To demonstrate that miR-155 promotes DC 
maturation by targeting SOCS1, we next exam-
ined the role of SOCS1 in DC function by SOCS1 
siRNAs, in which four SOCS1 siRNAs were 
designed as described, and siSOCS-4 mani-
fested the highest efficiency for knockdown of 
SOCS1 expression (Figure 3H). DC2.4 cells 
were transfected with si-4, siCtrl+miR-155 
inhibitor, si-4+miR-155 inhibitor, respectively. It 
was found that si-4 significantly upregulated 
LPS-induced production of IL-12p40 in DC2.4 
cells, and an opposite effect was noted in DCs 
transfected with siCtrl+miR-155 inhibitor. 
Particularly, miR-155 inhibitor attenuated the 
effect of si-4 on SOCS1 expression (Figure 3I). 
Collectively, these results suggest that miR-
155 regulates DC maturation at least in part by 
targeting SOCS1.

miR-155 regulates the capacity of DCs for anti-
gen presentation and allostimulation 

To further define the role of miR-155 in DC func-
tionality, we assessed the capacity fo DCs for 
antigen presentation and allostimulation. It 
was noted that the miR-155 mimic significantly 

promoted OVA specific T cell proliferation, while 
the miR-155 inhibitor executed an opposite role 
(Figure 4B), indicating that miR-155 regulates 
the capability of DCs for antigen presentation. 
Similarly, DCs transfected with a miR-155 
mimic manifested significantly higher capacity 
to stimulate allogeneic T cell proliferation 
(Figure 4C), while allogenic T cell proliferation 
was significantly attenuated once DCs treated 
with a miR-155 inhibitor (Figure 4D). In consis-
tent with these results, the production of IL-2 
(Figure 4E) and IFN-γ (Figure 4F) was signifi-
cantly higher in MLR supernatants of DCs treat-
ed with a miR-155 mimic. Taken together, these 
data support that miR-155 also regulates the 
capability of DCs to stimulate allogenic T cell 
responses. 

Inhibition of miR-155 prolonges cardiac al-
lograft survival 

The above data prompted us to examine the 
impact of miR-155 on allograft rejection, in 
which a murine cardiac transplantation model 
was employed for the study. For this purpose, 
we first treated mice with a miR-155 antagomir 
or a Ctrl antagomir at 100 nM by intravenous 
injection. A time-dependent attenuation of mir-
155 expression was characterized with the 
observation of lowest expressions at day 7 of 
injection in the heart, peripheral blood mono-
nuclear cells (PBMCs), and spleen (Figure 5A). 
Recipient mice after cervical heterotopic heart 
transplantion were next treated with 100 nM 
antagomiR-155 or Ctrl antagomir followed by 
monitoring allograft survival. Administration of 
antagomiR-155 markedly protected allografts 
from rejection as manifested the significantly 
prolonged mean allograft survival time (MST) 
(Figure 5B). Analysis of DCs originated from 
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Figure 4. miR-155 promotes DC function mainly through targeting SOCS1. (A, B) DCs obtained from C57BL/6 mice 
were transfected with miR-155 mimics or inhibitor then pretreated with OVA (1 μg/mL), next co-cultured with CD4+ 
T-cells from OT-2 mice for 5 days at indicated radio. T cell proliferation was measured by pulsing with [3H]-thymidine. 
(C, D) DCs from C57BL/6 mice were transfected as in (A, B), then co-cultured with BALB/c splenic CD4+ T cells for 
5 days. T cell proliferation was measured by pulsing with [3H]-thymidine. (E, F) IL-2 and IFN-γ in supernatant of (C, 
D) was measured by ELISA. Data are shown as mean ± SD (n = 3) of one representative experiment. Similar results 
were obtained in three independent experiments. 
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Figure 5. miR-155 protected grafts from rejection in vivo by impacting DCs maturation. (A) Mice i.v injected with 
AantagomiR-155 (100 nM) or its negative ctrl (NC). After indicated time, mice were sacrificed, and heart, PBMC and 
spleen were harvested to measure miR-93 expression. (B) Mice were treated as in (A), grafts (BALBc to C57BL/6) 
survival was evaluated for 12 days (Mann-Whitney test, n = 10). (C, D) Mice were treated as in (A), after four days 
PBMC, spleens and lymph nodes were harvested, then CD11c cells were sorted from PBMC or tissue suspension. 
SOCS1 protein expression was measured by western blot and CD40, CD80, CD86 mRNA level was detected by 
RT-PCR. Data are shown as the mean ± SD. (n = 3) (A, D) or representative of three separate experiments (C) with 
similar results. **p < 0.01.

recipient mice 4 days after antagomiR-155 
administration revealed that antagomiR-155 
significantly enhanced SOCS1 expression 
(Figure 5C) along with attenuated surface 
markers such as CD40, CD80 and CD86 
expressions (Figure 5D). All together, our data 
suggest that suppression of miR-155 in DCs 
provides protection for recipient mice against 
allograft rejection. 

Discussion

Given the role of miRNAs played in the regula-
tion of gene expression, they have been recog-
nized to be important in the setting of allograft 
rejection [5, 20, 21]. In 2009, Anglicheau group 
reported the changes of miRNA expression pro-
files of subjects undergone acute rejection 
after kidney transplantation [22]. By analysis of 
miRNA expression profiles with renal biopsy 
specimens after transplantation, they conclud-
ed that miRNAs can be used as biomarkers for 
acute rejection. Follow up studies by Asaoka 
and colleagues further suggested that miRNAs 
have the potential to serve as biomarkers for 
diagnosis of graft rejection and prognosis of 

anti-rejection therapy in small intestine trans-
plantation [23]. Together, these studies demon-
strate that miRNAs are likely to be involved in 
allograft rejection, but the exact mechanisms, 
particular how miRNAs affect antigen-present-
ing cells such as DCs during the course of rejec-
tion, are yet to be elucidated. 

Antigen presenting cells (APCs), especially DCs, 
have long been recognized to play an essential 
role in the process of allograft rejection [24]. 
During transplantion related surgical process, 
ischemic insult would lead to the release of 
massive danger signals [25], while complement 
and sugar chains on heterologous cell surface 
would trigger a cascade of reactions, which 
would result in the production of cleaved frag-
ments and compounds. Both of which would 
act on APCs through the pattern recognition 
receptors. Indeed, APCs are responsible for the 
uptake and presentation of antigens, and 
secrete large amounts of cytokines upon acti-
vation. The activation of APCs would strength-
en acquired immune response by promoting 
both humoral rejection [26] and T cell-mediat-
ed rejection [27]. Particularly, DCs act as the 
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most powerful antigen-presenting cells are 
implicated in antigen presentation and identifi-
cation, initiation of immune responses and 
induction of graft rejection. DCs not only auto-
secret TNF-α to promote their maturation and 
antigen presentation, but also produce cyto-
kines such as IL-1β, IL-12, IL-23 to regulate T 
cell differentiation and activation [24, 28]. As a 
result, DCs could be a viable target for preven-
tion and treatment of allograft rejection in the 
setting of transplantation. 

As a famous star miRNA, miR-155 has been 
identified to be a necessary molecule in the 
regulation of immune response. Mice deficient 
in miR-155 manifest poor resistance to infec-
tion featured by dysfunctional T, B and DC 
development [29]. Several genes have been 
reported to be miR-155 target relevant to 
immune pathways such as IKK, TNF, and FADD 
[30-32]. Studies in macrophages and DCs 
revealed that miR-155 can promote innate 
immune response by regulating NF-KB and 
MAPK pathway [33]. In line with these observa-
tion, abnormal miR-155 expression has been 
noted in mice with EAE and IBD mice [34, 35]. 
Previously, we demonstrated evidence indicat-
ing that miRNA-155 upregulation promotes DC 
and several other APCs activation. We now 
obtained convincing data supporting that mir-
155 regulates DC maturation by targeting 
SOCS1. Inhibition of miR-155 in DCs significant-
ly impaired their capacity for antigen presenta-
tion and induction of alloreactive T cell prolifer-
ation along with suppressed production of IL-12 
and IFN-γ. The results greatly prompted us to 
further determine the role of miR-155 in the re- 
gulation of allograft rejection. An antagomiR-155 
complementary to the specific mir-155 targets 
was thus synthesized which blocks mir-155 
from binding to the 3’UTR of its targeting genes 
[36]. The antagomiR-155 was then adminis-
tered into recipient mice after cardiac allograft 
transplantation. Remarkably, administration of 
miR-155 antagomir significantly prevented car-
diac allografts from rejection as manifested by 
the prolonged graft survival time. Therefore, 
miR-155 could be an important regulator in the 
setting of allograft rejection and suppression of 
miR-155 expression in DCs could be a viable 
strategy for prevention and treatment of graft 
rejection in clinical transplantation.

In conclusion, miR-155 is upregulated during 
DC maturation, which is dependent on the 
TLR4/Myd88/NF-κB signaling. miR-155 regula-

tion of DC phenotype and its allostimulatory 
capability by inhibiting the expression of SO- 
CS1. As a result, administration of an- 
tagomiR-155 provides protection for cardiac 
allografts from rejection. Together, our data 
support that miR-155 possesses the potential 
to be a therapeutic target for prevention and 
treatment of allograft rejection in the setting of 
organ transplantation.
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