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Abstract: Hepatic macrophages play pivotal roles in tolerance induction after liver transplantation (LT). However,
macrophages possess functional heterogeneities, and the protective role of M2c macrophages, a macrophage
subtype characterized by the surface marker CD163 that secretes interleukin-10 (IL-10) and transforming growth
factor-B1 (TGF-B1), in acute rejection following LT, has not been addressed. The aim of this study was to determine
whether polarized macrophages of the M2c¢ subtype could improve outcomes after LT for rats, including survival
rate, liver function, and inflammatory infiltration. In our study, the numbers of CD163-positive cells were found to
be increased in tolerant liver grafts. Immediately following the surgery, M2c macrophages induced from rat bone
marrow-derived cells were infused into recipients; this significantly improved survival rate and liver function. The
expression levels of IL-10 and TGF-B1 were markedly increased in these rats compared to those in the control group.
Furthermore, CD8* T-cell infiltration was reduced, whereas the numbers of apoptotic cells increased, in rats treated
with M2c. To explore the mechanisms of the protective role of M2c, the numbers of major histocompatibility com-
plex (MHC) class Il positive cells were found to be decreased and the expression of N-acetylglucosaminyltransferase
V (MGAT5) was up-regulated in M2c infusion groups. Together, these findings demonstrate that polarization of mac-
rophages towards the M2c phenotype ameliorated acute rejection in a rat LT model and may provide a novel and
effective therapeutic approach for AR after transplantation.
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Introduction kin-10 (IL-10) and transforming growth factor-f1

(TGF-B1), can prolong the survival time of liver

Liver transplantation (LT) remains the only
effective treatment for chronic end-stage liver
disease and acute liver failure [1]. Though
traditional immunosuppressive agents greatly
attenuate acute rejection (AR) of the liver
allograft, they also cause a series of complica-
tions including tumor recurrence, severe infec-
tion, metabolic diseases, and drug-induced
liver injury [2, 3]. Therefore, new therapeutic
strategies are essential to achieve both the
therapeutic effect and the minimization or with-
drawal of immunosuppression.

Recently, treatments with immunomodulatory
cells have appeared to be effective strategies
to prolong recipients’ survival time by prevent-
ing AR. For instance, pre-treatment of imma-
ture dendritic cells (imDCs), particularly imDCs
that have been co-transfected with interleu-

allografts for rats [4, 5]. The delayed infusion of
donor bone marrow cells as well as regular
T-cells (Treg) can induce donor-specific toler-
ance following LT [6-8]. Besides, adoptive trans-
fer of bone marrow mesenchymal stem cells
leads to the generation of Treg in liver grafts,
and thereby improves the outcomes of alloge-
neic liver transplantation [9-11].

As important members of the innate immune
systems, hepatic macrophages, also called
Kupffer cells (KCs), are generally thought to
mediate inflammatory responses that lead to
liver injury [12]. However, our understanding of
KCs has been revolutionized with research on
heterogeneous subsets of KCs [13].

Macrophages are generally classified into two
groups: pro-inflammatory M1 macrophages,
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and anti-inflammatory M2 macrophages that
secrete high levels of anti-inflammatory cyto-
kines and participate in the Th2 response [14].
Further studies have demonstrated that toler-
ant liver allografts contain a higher proportion
of M2 macrophages, which secrete a high
level of the immunomodulatory cytokine IL-10
and inhibit the proliferation of T lymphocytes
through the Fas/FasL pathway [15]. In addition,
a switch from the M1 to the M2 phenotype has
been shown to significantly inhibit AR following
liver transplantation in rats [16, 17].

M2 macrophages can be further divided into
several subsets: M2a, characterized by high
expression levels of Fizzl, promotes type Il
immune responses and fibrogenesis; M2b,
induced by immune complexes, secretes both
IL-10 and inflammatory cytokines; and M2c,
identified by the surface marker CD163,
expresses high levels of IL-10 and TGF-B1 [18].
M2c macrophages play protective roles in many
diseases such as in acute lung injury, adriamy-
cin nephrosis, and systemic lupus erythemato-
sus [19-21]. One of the best-characterized
functions of M2c macrophages is to limit the
duration and intensity of immune and inflam-
matory reactions in animal disease models [18,
22]. However, whether M2c macrophages can
alleviate AR in transplantation requires further
elucidation. Thus, the purpose of the present
study is to investigate the protective role of
M2c macrophages in a rat orthotopic LT model,
providing a novel strategy to prevent acute
rejection.

Materials and methods
Animals

Inbred male Lewis and Brown Norway (BN) rats
(8 weeks old, body weight 180-220 g) were pur-
chased from Vital River, Inc. (Beijing, China) and
maintained under specific pathogen-free condi-
tions. All experiments were approved by the
Animal Experiment Administration Committee
of the Fourth Military Medical University and in
accordance with the Guide for the Care and
Use of Laboratory Animals prepared by the
National Academy of Sciences and published
by the National Institutes of Health (NIH publi-
cation 86-23, revised 1985).

Rats orthotopic liver transplantation (OLT)
Rats orthotopic liver transplantation was per-

formed according to the modified two-cuff
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method described by Kamada [23, 24]. The AR
model was established using the Lewis rats as
donors and the BN rats as recipients. The toler-
ance model, on the other hand, was estab-
lished using the BN rats as donors and the
Lewis rats as recipients [25]. No immunosup-
pression agent was given to all recipients in
this study.

Adoptive transfer protocol

In the adoptive transfer experiment, macro-
phages (3x10° cells per rat) were transferred
into the recipients of AR model through portal
vein by Braun Omnican Insulin Syringes, imme-
diately following OLT. Recipients were divided
into 4 groups (n = 13 per group) including AR+
phosphate buffered saline (PBS), AR+ MO mac-
rophages, AR+ Lewis-M2c macrophages, and
AR+ BN-M2c macrophages. At day 7, five recipi-
ents of each group were sacrificed for collec-
tions of liver grafts and blood samples. The rest
were monitored for survival.

Macrophage isolation and polarization

Bone marrow derived macrophages (BMDMs)
were isolated and cultured from rats’ bone mar-
row as described preciously [26, 27]. In brief,
whole bone marrow cells were flushed from tib-
ias and femurs of the BN or Lewis rats and dis-
persed mechanically using syringes. After cen-
trifuging for 5 minutes at 300xg, Red Blood Cell
Lysis Buffer (Solarbio) was used to lysis red
blood cells. The remaining cells were resus-
pended and cultured in Dulbecco’s modified
Eagle’'s medium supplemented with 10% fetal
bovine serum. These bone marrow derived
cells were stimulated with macrophage colony-
stimulating factor (MCSF, Bioworld Technology,
Inc) (20 ng/mL) for 7 days to become MO mac-
rophages. To further obtain M2c macrophages,
the MO macrophages were stimulated with
dexamethasone (50 ng/ml) for 24 hours.

RNA extraction and quantitative reverse tran-
scription-polymerase chain reaction (QRT-PCR)

Total RNA of the BMDMs was isolated using
RNAiso Plus reagent (Takara, Japan) and then
reverse-transcribed by PrimScriptTM RT Master
Mix (Takara, Japan). gRT-PCR was carried out
with SYBR Premix EX TaqTM Il kit (Takara,
Japan). All primer sequences were summarized
in Table 1.
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Table 1. Primers used for gRT-PCR
Name Sequence

IL-10 F 5-CACTTCCCAGTCAGCCAGA

R 5-GTCAGCAGTATGTTGTCCAGC
TGF-B1 F 5-TTGCTTCAGCTCCACAGAGA

R 5-TGGTTGTAGAGGGCAAGGAC
CD163 F  5-TGAGCCTGAGACTGGTGGATGG

R 5-CACAGAAGCGTCACGGCGATC
ACTB F 5-TGTCACCAACTGGGACGATA

R 5-GGGGTGTTGAAGGTCTCAAA

Enzyme-linked immunosorbent assay (ELISA)

The rat serum samples were collected 7 days
after liver transplantations from the peripheral
blood. The concentration of IL-10 and TGF-B1 in
serum was examined following the manufac-
turer’s instructions of ELISA Kits (mlbio, China).
All samples were measured in triplicates.

Histological changes

The tissues collected from the recipients were
fixed in 10% paraformaldehyde, embedded in
paraffin wax, sectioned, and stained with
hematoxylin-eosin (HE). Allograft rejection was
evaluated by rejection activity index (RAI)
according to Banff criteria including portal
inflammation, bile duct inflammation damage
and venous endothelial inflammation [28].

Liver functions

The serum samples of recipients were obtained
through posterior orbital vein on day 3, 7, and
10 after liver transplantations. The level of
alanine transaminase (ALT), aspartate amino-
transferase (AST), and total bilirubin (TBIL) was
detected using an automatic biochemical ana-
lyzer (Chemray 240, Rayto) according to the
manufacturers’ instructions.

Tissue immunohistochemistry (IHC)

Immunohistochemistry of CD163 and major
histocompatibility complex (MHC) class Il was
carried out as described. Primary anti-rat
CD163 antibody (NBP2-39099, Novus Biolo-
gicals Europe) was used at a dilution of 1:100;
primary anti-rat MHC-Il antibody (ab23990,
Abcam) was used at a dilution of 1:300, where-
as the PBS was used as a negative control. The
results of immunohistochemistry were ana-
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lyzed independently by two pathologists blind-
ed to the samples. The CD163-positive cells
were counted under x400 magnification in 5
different portal areas. The MHC-II positive cells
were counted under x200 magnification in 5
different portal areas.

Immunofluorescence (IF)

The immunofluorescence of CD68 and CD8
was performed as described. Primary antibod-
ies were diluted at 1:400 for CD68 proteins
(@b125212, Abcam) and 1:300 for CD8 pro-
teins (@b33786, Abcam). Secondary antibody
was applied at a 1:400 dilution for both. Nuclei
of all cells was counter-stained with EasyPro-
bes™ DAPI Fixed Cell Stain (GeneCopoeia). All
photographs were taken under a fluorescence
microscope (U-TVO.5XC-3, Olympus, Japan).
The CD68 or CDS8 positive cells from 5 random
fields of each slide were counted.

Terminal deoxynucleotidyl transferase dUTP
nick end labeling (TUNEL) assay

Liver allografts were examined 7 days after
transplantation for apoptosis using TUNEL
Assay Kit (C1088, Beyotime) according to the
manufacturer’s instructions. Results were ana-
lyzed independently by two pathologists blind-
ed to the samples. The TUNEL-positive cells
were counted under x400 magnification in 5
different portal areas.

Western blot analysis

The protein lysate was isolated in the lysis buf-
fer (50 mM of Tris pH 7.4, 150 mM of NaCl, 1%
sodium deoxycholate, 1% TritonX-100, 0.1%
SDS, 1 mM EDTA and 2 mM of sodium pyro-
phosphate; Beyotime, China) and then sepa-
rated using sodium dodecyl sulfate (SDS)-
polyacrylamide gel electrophoresis (PAGE) onto
the 10% gels. Proteins were then transferred
onto polyvinylidene difluoride membranes
(Millipore, Billerica, MA, USA). After blocked for
1 hour at room temperature, these membranes
were incubated with anti-B-actin monoclonal
antibody and anti-N-acetylglucosaminyltrans-
ferase V (MGAT5) monoclonal antibody at 4°C
overnight and with secondary antibody for 2
hours at room temperature. Signals were
detected by the chemiluminescent reaction
using a gel imaging system (ChemiDoc MP, BIO-
RAD, China). The antibodies are presented as
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following: B-actin (1:1,000; cat. no. 3700; Cell
Signaling Technology, Inc.), MGAT5 (1:1000;
cat. no. bs-5841R; Bioss).

Statistical analysis

SPSS version 12 (IBM, Chicago, IL) Analytical
Software was used for statistical analysis.
Results are presented as mean * standard
deviation (SD). Unpaired student t test was
used to determine differences between two
groups. Differences among multiple groups
were analyzed by one-way analysis of variance
(ANOVA) post hoc test of Tukey’s. Survival rate
was examined using the Breslow-Gehan-
Wilcoxon test. Differences of at least P < 0.05
were considered significant.

Results

The Infiltration of CD163-positive cells in-
creased in the tolerant liver grafts

Rats orthotopic liver transplantation model was
successfully established. The mean of anhe-
patic phase was 17.2 + 3.2 minutes; the mean
time of recipient surgeries was 58.4 + 7.1 min-
utes; the ratio of successful surgeries was
91.3% (95/104).

In the AR group, portal inflammatory cell infiltra-
tion, bile duct damage and endothelial inflam-
mation were more severe than those in the tol-
erance group (Figure 1A). Besides, the expre-
ssion level of ALT and AST in the AR group
increased compared with the tolerance group
(Figure 1B). In addition, the concentration of
anti-inflammatory cytokines, I1L-10 and TGF-$1,
was 10.8 + 2.3 ng/ml and 22.8 + 4.7 pg/ml in
the AR group; however, the concentration of
IL-10 and TGF-B1 in tolerance group was 17.1 +
4.0 ng/ml and 41.0 £ 5.7 pg/ml, which signifi-
cantly increased when compared with the AR
group (Figure 1C, 1D). Then the surface marker
of M2c macrophages, CD163, was examined
by IHC (Figure 1E). The numbers of CD163-
positive cells increased in tolerant liver grafts
compared with that in the AR group (20.2 + 2.6
versus 6.0 + 1.2, P < 0.01), which indicated
that M2c macrophages might play important
roles in immune tolerance after rats liver trans-
plantation (Figure 1F).

Macrophages of M2c¢ subtype were induced
and identified in vitro

To study the effects of M2c macrophages in
acute rejection, the total bone marrow cells
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were stimulated with MCSF for 7 days to induce
mature macrophages. The BMDMs were tested
by immunofluorescence staining with FITC-
labeled anti-CD68 antibody (Figure 2A). Nearly
all of the BMDMs were CD68-positive. The
BMDMs were then stimulated with PBS or
dexamethasone for 24 hours to become MO
macrophages or M2c macrophages (Figure
2B). The polarized phenotypes of BMDMs were
assessed using qRT-PCR. In comparison with
MO macrophages, M2c macrophages expre-
ssed higher levels of CD163, IL-10 and TGF-B1
(Figure 2C).

Infusion of the M2¢c BMDM s alleviated rat liver
acute rejection

The expression levels of ALT, AST, and TBIL
were 31.3 + 2.2 U/L, 65.2 £+ 5.1 U/L and 13.0
+ 2.3 umol/L, respectively, in the normal rats.
The expression levels of ALT, AST, and TBIL on
day 3 after liver transplantations were slightly
increased compared with the normal rats.
However, no significant differences were
observed among the four groups. On day 7 and
day 10 following OLT, the expression levels of
serum ALT, AST, and TBIL significantly increased
compared with those on day 3. Besides, serum
ALT, AST, and TBIL improved in the recipients
with the transfusions of the M2c macrophages
compared with those of the recipients received
transfusions of the MO macrophages and PBS.
Furthermore, the M2c from BN rats showed no
differences of improving liver function com-
pared with the M2c from Lewis rats (Figure 3C).

The recipient rats in four groups were executed
7 days after liver transplantations for histologi-
cal assessment of donor liver grafts (Figure
3A). The portal inflammatory cell infiltration,
bile duct damage and endothelial inflammation
all reduced in the recipients of M2c infusion
groups compared with recipients of the MO or
the PBS infusion group. The data indicated that
RAI values were higher in the groups of PBS
and MO infusion compared with those of M2c¢
infusion groups. Besides, no differences of RAI
values were observed between the BN-M2c
group and the Lewis-M2c group (Table 2).

The mean values of survival time of the BN-M2c¢
group and the Lewis-M2c¢ group were 25.0 £
12.2 days and 26.0 + 12.4 days, which were
significantly increased compared with the MO
group (13.9 + 5.3 days) and the PBS group
(16.6 £ 2.3 days). No statistical significance
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Figure 1. The infiltration of the CD163-positive cells increased in the tolerant liver grafts. A. Representative im-
ages of HE staining of liver allografts in the tolerance and the AR group 7 days following transplantation with
original magnifications of x100. Characteristics like portal inflammatory cell infiltration, bile duct damage and
endothelial inflammation significantly reduced in the tolerance group. Scale bar in right lower corner represents
100 ym. B. Liver functions were assessed on day 7 after transplantation. Both ALT and AST were significantly
lowered in tolerance group. C, D. ELISA was used to detect serum IL-10 and TGF-B1 levels of the recipients in
both groups. Both anti-inflammatory cytokines were significantly increased in the tolerant recipients. E.
lllustrating IHC microscopic finding for identification of CD163 positive cells (brown color) with original magnifica-
tions of x400. Scale bar in right lower corner represents 25 um. F. Analytical results of the numbers of CD163
positive cells. The numbers of CD163 positive cells in the AR group were less than that in the tolerance group. All
statistical analyses were performed by an unpaired t-test. Data are presented as the mean + SD. (n =5, *P < 0.05,
**P < 0.01, ***P < 0.001).
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Figure 2. M2c BMDMs were successfully induced in vitro. A. The bone marrow derived cells were examined by
immunofluorescence staining with anti-CD68 antibody after being stimulated by MCSF for 7 days. Nearly all cells
expressed CD68, the specific rat macrophage marker (Magnification, 200). Scale bars in right lower corner repre-
sents 50 um. These cells were then stimulated by PBS or dexamethasone for 24 h for MO or M2c polarization. B.
Representative images of the MO and the M2c with original magnifications of x400. Scale bar in right lower corner
represents 25 uym. C. M2c polarization markers expression determined by qRT-PCR. The expression levels of CD163,
IL-10, TGF-B1 in the M2c macrophages were significantly higher than those of the MO macrophages. The statistical
analyses were performed by an unpaired t-test. Data are presented as the mean + SD. (n = 3, **P < 0.01).

was observed between the MO group and the
PBS group. In other word, the data indicated
that the M2c macrophages from both BN and
Lewis rats, rather than MO macrophages, could
prolong recipients’ survival time (Figure 3B).

The expression levels of serum anti-inflamma-
tory cytokines (IL-10, TGF-B1) on day 7 after OLT
were chosen for assessment of tolerance after
liver transplantations. In accordance with liver
functions, the expression levels of serum IL-10
and TGF-B1 significantly increased in the M2c
groups compared with the PBS group and the
MO group (Figure 3D, 3E). The results indicated
that M2c macrophages can alleviate acute
rejection and induce tolerance after OLT.
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The M2c BMDM reduced the number of CD8*
T cell and promoted apoptosis of lymphocytes

To study the effects of the M2c BMDMs on lym-
phocytes after liver transplantations, the num-
bers of CD8-positive T-cells in four groups were
counted. The infiltration of CD8" T-cells in the
M2c infusion groups significantly reduced in
comparison with the PBS group and the MO
group (Figure 4A and 4B). However, the infu-
sion of the MO macrophages did not reduce the
infiltration of CD8* T cells in liver grafts. Then
TUNEL assay was used to assess the apoptosis
of lymphocytes around the portal area (Figure
5A). The numbers of apoptic lymphocytes were
significantly increased in the M2c infusion
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Figure 3. Infusion of the M2c BMDM s alleviated acute rejection in rat liver transplantation. The MO, Lewis-M2c,
BN-M2c macrophages (3%x10° cells per rat) or PBS were infused into recipients through portal vain immediately
following OLT. A. Representative images of HE staining of liver allografts 7 days after liver transplantation with
original magnifications of x100 (upper panel) and x400 (lower panel). The lymphocytes infiltration, bile duct
damage and endothelial inflammation significantly reduced in recipients received the M2¢c macrophages, while
no significant differences were observed between the MO group and the PBS group. The black arrows show endo-
thelial inflammation. Scale bar in right lower corner represents 25 um. B. The survival analysis of the recipients
was monitored and performed by the Breslow-Gehan-Wilcoxon test. The survival time of the recipients was
significantly prolonged in the M2c infusion groups compared with that in the MO and the PBS infusion group. C.
Liver functions on day 3, 7, and 10 following liver transplantation. In comparison with the MO and the PBS infusion
group, ALT, AST, and TBIL in the M2c¢ infusion groups were significantly improved. D, E. Serum IL-10 and TGF-31 lev-
els were quantified by ELISA and were significantly reduced in the M2c infusion groups compared with those in the
MO and the PBS infusion groups. No significant differences were observed between the MO and the PBS infusion
groups. All statistical analyses except survival rate were performed by one-way ANOVA, followed by post hoc test of
Tukey’s (n = 5 for each group). Data are presented as the mean + SD. *P < 0.05, **P < 0.01, ***P < 0.001 vs MO
group.
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Table 2. Assessment of rejection activity index after liver trans-
plantation

Group PBS MO Lewis-M2c BN-M2c

RAIl value 6.9+1.0 7.4 +£0.5 4.8 +0.92 4.1 +1.3°

Values are means + SD. P < 0.01 versus MO group.
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Figure 4. The numbers of CD8* T cells were reduced in the M2c infusion
groups. (A) Immunofluorescence microscopic analysis for identification of
CD8 positive T cells 7 days following liver transplantation with original
maghnifications of x400. CD8 was immunostained with Cy3 (left graph)
and nucleus were stained with DAPI (middle graph). The right graph
shows the merge of the Cy3 and the DAPI. Scale bar in right lower cor-
ner represents 25 um. (B) The numbers of the CD8* T cells in (A) were
counted and quantitatively compared. The CD8* T cells were significantly
reduced in the M2c infusion groups. No significant differences were ob-
served between the MO and the PBS group. Data were analyzed by one-
way ANOVA, followed by post hoc test of Tukey’s (n = 5 for each group).

Data are presented as the mean + SD. ***P < 0.001 vs MO group.

groups compared with the MO
and the PBS group (Figure 5B),
while no significant differences
were observed between the MO
and the PBS group. Our results
indicated that adoptive transfer
of M2c macrophages might in-
duce tolerance by reducing lym-
phocytes infiltration and promot-
ing lymphocytes apoptosis.

The M2c¢ BMDM change the ex-
pression of MHC-Il and MGAT5

The potential mechanisms un-
derlying the protective role M2c
macrophages against liver acute
rejection were explored. MHC-II,
which plays a critical role in the
events leading to the rejection or
acceptance of allografts, was
detected by IHC [29] (Figure 6A).
The numbers of MHC-II positive
cells in M2c infusion groups
significantly reduced compared
with the MO infusion group.
However, no statistical signifi-
cance was observed between
PBS and MO infusion group
(Figure 6B). Previous researches
reported that IL-10 can directly
restrict CD8* T cell activation by
upregulating MGAT5 [30, 31].
The expression of MGAT5 in liver
grafts was detected by western
blot analysis, revealing the high-
expression of MGAT5 in M2c in-
fusion groups (Figure 6C). There-
fore, our data indicated that M2c
might protect liver grafts from AR
by inhibiting MHC-II and upregu-
lating the expression MGATb.

Discussion

Liver grafts from BN rats are
spontaneously accepted when
transplanted into Lewis rats;
this is referred to as tolerance
combination, in which the recipi-
ent has extended survival time
and mild inflammatory infiltra-
tion. However, in the reverse
direction, BN rats exhibit severe
rejection of grafts from Lewis
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Figure 5. The M2c BMDMs promote apoptosis of lymphocytes. A. Repre-
sentative images of TUNEL staining of liver allografts in four groups 7 days
following transplantation with original magnifications of x400. TUNEL posi-
tive cells are in brown color. Scale bar in right lower corner represents 25
um. B. The numbers of the apoptic cells in recipients with the transfusion
of the M2¢c macrophages were significantly increased compared with the
recipients received the MO macrophages. Statistical analysis was per-
formed by one-way ANOVA, followed by post hoc test of Tukey’s (n = 5 for
each group). Data are presented as the mean + SD. ***P < 0.001 vs MO
group.

This rejection/tolerance pheno-
type of a particular strain is due
to genetically determined levels
of immune responses against
alloantigens from different do-
nors; however, the mechanisms
behind spontaneous tolerance
induction in specific rat combi-
nations remain to be further
elucidated [25].

Recently, the protective role of
hepatic macrophages in LT has
been demonstrated in several
studies. For example, Kupffer
cells induce T-cell apoptosis in
spontaneous acceptance allo-
grafts in rats via the Fas/FasL
pathway [33]. KC also promote
the timely and effective removal
of apoptotic cells, which subse-
quently suppress immune res-
ponses by up-regulating anti-
inflammatory factors and down-
regulating pro-inflammatory fac-
tors [34, 35]. More specifically,
IL-10, which can be highly ex-
pressed by the anti-inflammato-
ry M2 subtype, exhibits anti-
inflammatory properties, includ-
ing down-regulating the expre-
ssion of MHC-Il and co-stimula-
tory molecules, raising the anti-
genic threshold required for T
cell activation, transforming
naive lymphocytes into regula-
tory T-cells, and suppressing
the proliferation of various in-
flammatory cells, such as CD4*
T-cells, CD8* T-cells, NKT cells,
and dendritic cells [13, 36].
Though M2 macrophages are
further divided into several sub-
sets, which of these dominate
the anti-rejection function in LT
remains unknown. CD163, the
M2c surface marker, was large-
ly increased in tolerant allo-
grafts, especially in the portal
inflammatory infiltration area,
with the simultaneous elevation
of serum IL-10 and TGF-B1 in

rats, due to intensive lymphocytic infiltration; the tolerance group. We therefore focused on
this is referred to as rejection combination [32]. the role of M2c macrophages in AR.
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Figure 6. The expression of MHC-Il and MGAT5 in liver grafts. (A) Representative images of IHC staining of MHC-II
positive cells in liver grafts 7 days following liver transplantation with original magnifications of x200. The MHC-II
positive cells are in brown color. Scale bar in right lower corner represents 50 um. (B) The numbers of the MHC-II
positive cells in (A) were counted and quantitatively compared. MHC-II positive cells significantly reduced in the M2c
infusion groups. No significant differences were observed between the MO and the PBS group. Data were analyzed
by one-way ANOVA, followed by post hoc test of Tukey’s (n = 5 for each group). Data are presented as the mean *
SD. ***P < 0.001 vs MO group. (C) MGAT5 and B-actin protein expression in liver grafts were detected by western
blot analysis. The expression of MGAT5 was significantly upregulated in the M2c infusion groups. No significant dif-
ferences were observed between the MO and the PBS group. Data are presented as means + SD. ***P < 0.001.

Although adoptive transfer of KC isolated from
tolerance allografts induces tolerance, due to
their higher proportion of M2 macrophages, the
precise roles of different macrophage subsets
have not been thoroughly evaluated [15]. To
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further demonstrate the protective role of M2c
in AR, ex vivo cultured M2c macrophages were
infused into recipients. Our results showed a
significantly prolonged survival rate and
improvement of liver functions in M2c treat-
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ment groups, hinting that M2c macrophages
can alleviate AR in rat liver transplantation.

M2c are believed to inhibit the proliferation of
CD4* T-cells but induce regulatory T-cells [20].
However, the numbers of CD4* T-cells and Tregs
in this study remained constant after M2c¢ infu-
sion (data not shown). Interestingly, CD8*
T-cells, which are considered to be predomi-
nant in acute cellular rejection, were decreased
in the M2c treatment groups [37]. Furthermore,
an increased number of apoptotic cells was
observed in infiltrating cells around the portal
area, indicating that the therapeutic effects of
M2c¢ macrophages included preventing CD8*
T-cell infiltration and induction of inflammatory
cell apoptosis [38].

Several studies have revealed that M2c macro-
phages alleviate inflammatory infiltration by
expressing high level of IL-10 [19, 36, 39]. The
elevation of IL-10 in the M2c groups was
observed, which was consistent with previous
studies. Series of proteins act as the targets of
IL-10, including MHC-Il and MGAT5. MGAT5 is a
glycosyl-transferase that enhance branched
N-glycans on T-cell receptor, which raise T-cell
activation thresholds by limiting the capacity of
TCR to interact with MHC peptide-loading com-
plex [40]. MGAT5 deficient mice showed spon-
taneous Kkidney autoimmune disease and
increased susceptibility to experimental auto-
immune encephalomyelitis [30, 41]. Besides,
IL-10 can directly restrict CD8* T cell activation
by upregulating MGAT5 in CD8* T cells thus pro-
moted establishment of chronic viral infections
[31]. In this study, adoptive transfer of M2c
macrophages up-regulated the expression of
MGAT5 within acute rejected liver graft, hinting
that the M2¢c macrophages may inhibit the acti-
vation of CD8* T cell through IL-10/MGAT5/TCR
pathway.

Moreover, MHC-II plays pivotal roles in mediat-
ing the priming of naive T cells to develop strong
responses leading to graft rejection [42, 43].
Previous research indicated that IL-10 can stim-
ulate the expression of E3 ubiquitin ligase in
activated macrophages, thereby down-regulat-
ing the MHC-Il and inhibiting the antigen pre-
sentation ability of macrophages [44]. Besides,
marked reduction of MHC-II molecules could
alleviate immune responses against the
allograft [29]. In this study, M2c macrophages
infusion significantly reduced the expression of
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MHC-II, indicating that M2c macrophages might
exhibit their protective functions through IL-10-
mediated down-regulation of MHC-II mole-
cules.

Interestingly, M2c macrophages from both the
hosts and donors alleviated AR in our results.
We speculate that the underlying mechanism
of this phenomenon may be that M2c macro-
phages exhibit anti-inflammatory effects
through IL-10 secretion rather than by inducing
donor-specific tolerance. Overall, our approach
is the first to examine the use of bone marrow-
derived M2c macrophages in alleviating AR fol-
lowing rat LT. Polarization of macrophages
towards the M2c phenotype may serve as a
novel and effective therapeutic approach for
AR after transplantation.
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