Int J Clin Exp Med 2018;11(8):7800-7810
www.ijcem.com /ISSN:1940-5901/1JCEM0064471

Original Article

Effects of regulatory dendritic cells on graft-versus-host
disease and graft-versus-leukemia in mice after
allogeneic bone marrow transplantation

Xiao-Tong Yue®?*, Xin-Xin Wei'*, Wen-Hua Jia'2, Hui Mao?, Wan-Ru Chen?, Hong-Hong Gu?, Jia-Qing Wu?,
De-Peng Li', Kai-Lin Xu?, Yi-Hong Huang??

1Department of Hematology, The Affiliated Hospital of Xuzhou Medical University, 99 Huaihai Road West, Xuzhou
221002, Jiangsu, P.R. China; ?Department of Hematology, The Third Affiliated Hospital of Xuzhou Medical
University, Xuzhou 221003, Jiangsu, P.R. China. “Equal contributors.

Received March 19, 2017; Accepted June 14, 2018; Epub August 15, 2018; Published August 30, 2018

Abstract: We aimed to investigate the effects of regulatory dendritic cells (DCreg) on acute graft-versus-host disease
(GVHD) and graft-versus-leukemia (GVL) in leukemia mouse model after allogeneic bone marrow transplantation (al-
|0-BMT). DCreg with donor bone marrow cells and splenocytes were subsequently transplanted into myeloablatively
irradiated mice. The mice were divided into the TBI (Total body irradiation), leukemia, allo-BMT (bone marrow and
spleen cells from donors were injected into recipients after TBI), allo-BMT with immature DC (imDC), and allo-BMT
with DCreg (DCreg) groups. DCreg were cultured for longer time than imDC and stimulated by LPS for 1 d. Survival
time in the DCreg and imDC groups was significantly prolonged compared with that of allo-BMT group (P < 0.05).
Moreover, mild histological changes of GVHD or leukemia were observed in mice from DCreg group, with significantly
decreased clinical GVHD scores compared with those in allo-BMT and imDC groups. Serum interferon-y level was
decreased in imDC and DCreg groups compared with that in allo-BMT group with even more significantly reduced
in DCreg (P < 0.01). Additionally, Serum interleukin-10 level was gradually increased in imDC and DCreg groups (P
< 0.01) but decreased in allo-BMT group. In conclusion, DCreg cell infusion reduced the incidence and ameliorated

the severity of GVHD in allo-BMT mouse model, while preserved the effect of GVL.
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Introduction

Allogeneic bone marrow transplantation (allo-
BMT) is a therapeutic approach for the treat-
ment of hematological malignancies, including
leukemia, lymphoma, and myelodysplastic syn-
drome. However, graft-versus-host disease
(GVHD) and leukemia recurrence are critical
factors affecting the survival rate and progno-
sis after transplantation [1, 2]. Immunosupp-
ressive agents and T cell depletion are curr-
ently being used in clinic to prevent GVHD.
Nevertheless, the efficacy is limited by severe
infections and leukemia recurrence. To allevi-
ate the complications and improve the thera-
peutic outcome for patients, it is urgent to
develop new strategies and methods which can
effectively prevent GVHD but also preserve or
even enhance GVL effects simultaneously
[3-5].

Previous studies reported that regulatory den-
dritic cells (DCreg), a subgroup of immature DC
could negatively regulate immune functions
via several low co-stimulatory molecules, such
as CD80, CD86, or MHC-II [6, 7]. Additionally,
DCreg regulates immune response by influenc-
ing inhibitors secretion (such as IL-10) and regu-
latory T cells (Treg) function [6, 7]. Currently,
several studies reported that CD11c¢"°*CD-
45RB"&"DC, a distinct subset of DCreg which
express specifically the CD45RB marker and
secrete IL-10, have effects on the regulation of
negative immune function and are being used
for clinical treatment for several diseases [8, 9].
Our previous studies showed that mouse bone
marrow-derived CD11c°“CD45RB"e"DC had
the capacity to resist lipopolysaccharide (LPS)
stimulation with difficulty in converting to ma-
ture DC. Furthermore, CD11c"°"CD45RB"¢"DC
was associated with preservation of immune
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tolerance and proliferation potential, and could
induce T cell resistance against specific anti-
gens, consistent with the findings of Wakkach
et al. [10]. Additionally, CD11c"°*CD45RB"e"DC
could inhibit mixed lymphocyte reactions (MLR)
and, more importantly, this tolerance could be
transferred to other individuals.

In mice, adoptive infusions of CD11c"°*CD45-
RB"e"DC induced OVA-specific immunological
unresponsiveness in T cells and mediated anti-
gen-specific Trl production [6, 11]. Meanwhile,
the survival time of mice receiving allo-BMT
was increased significantly and the inflamma-
tory response was inhibited after infusion of
CD11c*CD45RB"e"DC [11, 12]. According to
Chorny et al. [13], vasoactive intestinal pep-
tides cultured DCreg not only ameliorated
GVHD in mice, but also maintained the GVL
effects. Consistent with this, our previous find-
ing also showed that infusion of immature DC
(imDC) and gene modified imDC into mice could
effectively prevent acute GVHD development
[14]. However, whether the persistent tolerance
of DCreg could improve the transplant graft
tolerance and prevent GVHD still remains
unknown. In this study, we assessed the effects
of CD11c¢°*CD45RB"e"DC on GVHD and GVL in
leukemia mouse model after allo-BMT.

Materials and methods
Materials

RPMI 1640 culture medium, fetal bovine
serum, and IMDM culture medium were pur-
chased from Gibco (Shanghai, China). Tris, boric
acid, osmic acid, L-glutamine, glutaraldehyde,
and HEPES were provided by Sigma (St. Louis,
MO, USA). mouse GM-CSF, IL-4, I1L.-10, and TGF-
B, were bought from PeproTech (Rocky Hill, NJ,
USA). FITC labeled mouse CD11c antibody and
FITC-1-A/I-E antibody, PE labeled CD80, CD86,
and CD45RB antibodies, and isotype control
antibody was purchased from eBioscience (San
Diego, CA, USA). Anti-mouse H-2KP-FITC and
anti-mouse H-2K9-PE were obtained from BD
Biosciences (San Jose, CA, USA). FACS Calibur
flow cytometer was offered by BD Biosciences.

Animals

C57BL/6 (H-2°) mice (SPF grade) were used as
the donors, and BALB/c (H-29) mice (SPF grade)
were used as the recipients. All mice were
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between 8-12 weeks old and purchased from
the Shanghai SLAC Laboratory Animal Co., Ltd.
[SCXK (Hu) 2012-0002]. The mice were kept
in the animal center (SPF grade) of Xuzhou
Medical University. The cages were sterilized by
immersing in 1:10000 of Gaolvjing and were
changed every day. Food, water, and padding
were all sterilized. Erythromycin (250 mg/L)
and gentamicin (320 mg/L) were added into
the drinking water a week before transplanta-
tion. All procedures performed in the experi-
ments were in accordance with animal ethical
standards.

SHI-1 cell thawing and passage

A highly invasive monocytic leukemic cell line
SHI-1, with specific t (6; 11) (q27; q23) chromo-
somal abnormality and MLL/AF6 fusion tran-
script [15], was kindly provided by the Institute
of Hematology of Jiangsu Province. The frozen
SHI-1 cells were taken from liquid nitrogen con-
tainers and put into 37°C water bath to thaw
the cells within 1 min. The SHI-1 cell suspen-
sion was transferred into a sterilized 15 ml cen-
trifuge tube and washed with basal IMDM cul-
ture medium twice. Then, the cells were cul-
tured in culture flasks with 10 ml of 10% IMDM
complete culture medium at 37°C with 5% CO.,,.
When the culture medium became yellow and
the cell number increased distinctly, the cell
suspension was collected and centrifuged at
800 x g, the supernatant was discarded, 2 ml
of IMDM complete culture medium was added,
and the cells were passaged (1:3). The third
cell generation was used for the following
experiments.

Separation of bone marrow cells and spleen
cells

C57BL/6 mice were sacrificed by cervical dislo-
cation, and bone marrow was obtained from
the thigh and tibia bones under aseptic condi-
tions. The suspension of bone marrow mono-
nuclear cells (MNC) was prepared and the cell
density was adjusted to 5 x 10”/ml using RPMI
culture medium. The spleens from C57BL/6
mice were obtained and used for preparation of
a suspension of spleen cells. Lymphocyte sepa-
ration medium was used to separate MNC, and
the cell density was adjusted to 5 x 107/ml.
Trypan blue cell staining showed that cell viabil-
ity was above 95%.
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Acquisition and identification of DC

Bone marrow-derived MNC was obtained from
C57BL/6 mice under aseptic conditions and
seeded into a 6-well culture plate with RPMI
1640 complete culture medium. Different cyto-
kines were added into corresponding groups to
culture different DC types. For the imDC induc-
tion, we used RPMI 1640 culture medium con-
taining rmGM-CSF (20 ng/mL) and rmlIL-4 (10
ng/mL) to culture the cells for 5 days. To induce
mature DC, we used RPMI 1640 culture medi-
um containing rmGM-CSF (20 ng/mL) and rmIL-
4 (10 ng/mL) to culture the cells for 6 days, and
then stimulated the cells by LPS for 24 h to
allow them to mature. To induce DCreg, we
used RPMI 1640 culture medium containing
rmGM-CSF (20 ng/mL), rmIL-10 (20 ng/mL)
and transforming growth factor-B, (TGF-B,, 20
ng/mL) to culture the cells for 6 days, and then
stimulated the cells by LPS for 24 h to allow
them to mature. The DC morphology was
observed with optical microscope, cell ultra-
structure was observed with electronic micro-
scope, and cell immunophenotype was mea-
sured by flow cytometry.

The ability of DCs in stimulating T lymphocyte
proliferation was measured with a CCK-8 meth-
od, and in vitro chemotactic cell capabilities
were measured with a transwell system. In
brief, DCs were collected from different groups
followed by addition of mitomycin (25 pg/ml)
and incubated for 45 min at 37°C, 5% CO,.
After washing two times, DCs (1 x 10%/well)
were co-cultured with T lymphocytes in 1640
medium in 96-well plate with triplicates for
each group for 120 h at 37°C, 5% CO,. At the
last 16 h, 10 ml CCK-8 reagent was added into
each well and incubated for 4 h followed by
measuring the absorbance at 450 nm using a
microplate reader. Only T lymphocytes were
added for the control group. Proliferation rate
was calculated as the OD value of experimental
group divided by the OD value from the control
group x 100%.

Meanwhile, DC cells migration was measured
by Transwell system. Briefly, cultured DCs were
collected from each group and added into the
upper layer of the transwell (150 ul at 5 x 10%/
ml). At the meantime, 450 ul 10% FBS 1640
medium was added into the lower layer. Then
the transwell system was placed at an incuba-
tor (37°C, 5% CO,) for 72 h followed by collect-
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ing the cells from lower layer and counted the
number of cells. The migration rate was calcu-
lated as number of the cells migrated into the
lower layer divided by the original number of
cells x 100%.

Establishing the mouse leukemia model and
grouping

Total body irradiation of ¢°Co y-ray (total dose:
7.5 Gy, dose rate: 0.66 Gy/min, irradiation time:
682 s) was performed for the BABL/c recipient
mice on the day of transplantation for 4 hours,
and then bone marrow transplantation was
performed. The mice were randomly divided
into 5 groups (TBI, leukemia, allo-BMT, imDC,
and DCreg) using a random number table with
15 mice in each group (not including the mice
that were sacrificed for chimera analysis or
cytokine measurement). For the mice in the TBI
group, 0.3 ml of sterilized normal saline was
injected through the caudal vein; for the mice in
the leukemia group, syngeneic bone marrow
cells (5 x 10°), spleen cells (5 x 10°), and SHI-1
cells (1.2 x 107) were injected through the cau-
dal vein into each mouse after TBI; for the mice
in the allo-BMT group, bone marrow cells (5 x
108) and spleen cells (5 x 10%) from the donors
were injected through the caudal vein into each
recipient after TBI; for the mice in the imDC
group, bone marrow cells (5 x 10°) and spleen
cells (5 x 10°%) from the donors, SHI-1 cells
(1.2 x 107), and imDC (5 x 10°) were injected
through the caudal vein into each recipient
after TBI; and for the mice in the DCreg group,
bone marrow cells (5 x 10°8) and spleen cells (5
x 10°) from the donors, SHI-1 cells (1.2 x 107),
and DCreg (5 x 10°) were injected through the
caudal vein into each recipient after TBI.

Observation index after transplantation

1) Mice survival: recipient food intake and men-
tal status were observed every day after trans-
plantation; mice survival time was also record-
ed to calculate survival rate. 2) Hematopoiesis
reconstruction: peripheral blood cell count and
blood smear examinations were performed on
days 7, 14, and 21 after transplantation to eval-
uate hematopoiesis reconstruction. A white
blood cell count of < 0.5 x 10°/L represented
transplantation failure, whereas acount of >
1.0 x 10%/L represented hematopoietic recov-
ery. 3) Diagnosis of acute GVHD: WBC > 1 x
10%/L, and with symptoms including tireness,
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Table 1. Analysis of GVHD severity by a scoring system

Criteria Grade O Grade 1 Grade 2

Weight loss ~10% > 10% to < 25% > 25%

Posture Normal Hunching noted only at rest Severe hunching impairs movement
Activity Normal Mild to moderately decreased Stationary unless stimulated

Fur texture Normal Mild to moderate ruffling Severe ruffling poor grooming

Skin integrity Normal Scaling of pawskail denuded Obvious areas of skin

poor appetite, poor mobility, reduced body
weight, roachback, ruffled fur, and diarrhea.
GVHD severity was evaluated by a scoring sys-
tem (Table 1) reported by Cooke et al. [16], and
scores were evaluated from 5 aspects includ-
ing weight loss, posture, activity, fur texture,
and skin integrity with the highest score of 10.
4) Development of leukemia: WBC > 20 x
10%/L, hepatomegaly, splenomegaly, and a
large amount of leukemia cells in peripheral
blood; and histopathology showed a large num-
ber of acute monocytic leukemia cell infiltration
in liver, spleen, lung, and other tissues. 5)
Transplantation-related death: deaths caused
by bleeding or infection induced by hematopoi-
etic inhibition within 2 weeks after transplanta-
tion (except deaths caused by leukemia or
GVHD) were defined as transplantation-related
death.

Pathological examination

The liver, small intestine, lung, and spleen were
collected from the moribund recipients with
GVHD or recipients sacrificed on +30 d in each
group. The tissues were then sliced, fixed with
100 g/L of formaldehyde, paraffin-embedded,
HE stained, and observed with optical micro-
scope to detect pathological GVHD changes
and leukemia cell infiltration. A pathological
scoring system developed by Blazar and Kaplan
et al. [17, 18] was used to evaluate the patho-
logical changes of the target organs in mice
with acute GVHD.

Detection of bone marrow cell chimeras

Bone marrow cells of 1 x 10° were randomly
selected from recipients at +18 d or from the
ones that survived more than 30 d. After cells
were treated with FITC-anti-H-2K" and PE-anti-
H-2K?, flow cytometer was used to evaluate the
percentage of lymphocytes that expressed
donor-derived H-2KP".
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Detection MLL-AF6 fusion gene with nested
RT-PCR

Total RNA was extracted from liver and spleen
tissues from the mice using TRIzol one-step
method, then reverse RNA transcription was
performed using M-MLV (2 ug) reverse tran-
scriptase to obtain cDNA. PCR was performed
according to the methods reported in previous
studies [19]. Agarose gel electrophoresis (1.5%)
was undertaken to analyze the PCR products. A
gel imaging system was used to observe and
photograph the images under ultraviolet.

ELISA detection of the peripheral blood cyto-
kine

Peripheral blood from the recipient mice (1.5
mL) was collected via the fossa orbitalis vein on
days O, 5, 10, 15, 20, and 30 post-BMT and
centrifuged to obtain serum, which was pre-
served at -80°C until use. The levels of IFN-y
and IL-10 in peripheral blood serum were
detected with ELISA kits according to the
instructions by the manufacturer.

Statistical analysis

SPSS 16.0 software (SPSS Inc, Chicago, IL,
USA) was used for statistical analysis. Data
were described as means + standard divisions
(SD), and comparison of the differences be-
tween different groups was assessed by one-
way analysis of variance (one-way ANOVA).
g-test was used for the pairwise comparison,
and the Kaplan-Meier test was applied for sur-
vival rate comparison. P < 0.05 was considered
statistically significant.

Results

Mature DC and DCreg enhanced proliferation
of allogeneic lymphocytes

DC morphology and immunophenotype after in
vitro induction were published in our previous
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died (average survival time
(AST) of 8.13 + 1.51 d). For
mice in leukemia group, the
first death was found on +9 d,
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and all mice died within +24 d,
with an AST of 17.27 + 3.41 d.
Using Blood smear and patho-
logical organ examinations,
we found that leukemia cells
were infiltrated in the leuke-
mia group mice. The first
death in the allo-BMT group
was found on +10 d, and all
mice died within 25 d, with an
AST of 18.93 + 3.33 d. How-

Days after transplantation(d)

Figure 1. Post-BMT survival curves of mice in different. transplantation
groups. imDC group versus allo-BMT group, P < 0.05; DCreg group versus

imDC and allo-BMT group, P < 0.05.

study [12]. The regulatory DC subgroup was
featured as CD11c°*CD45RB"e" DCreg. MLR
results showed that imDC only mildly stimulat-
ed T lymphocyte proliferation (cell proliferation
rate: 270.76 + 12.25%), while mature DC effec-
tively stimulated T lymphocyte proliferation (cell
proliferation rate: 348.94 + 14.45%, P < 0.01).
Conversely, the T lymphocyte proliferation was
significantly lower after stimulation with DCreg
(cell proliferation rate: 237.05 + 7.60%) com-
pared with imDC (P < 0.01) and mature DC
stimulation (P < 0.01).

The mature DC, imDC and DCreg possessed
strong capability of migration

To understand the DC capability of migration,
we investigated the migration of three DC
groups by chemotactic assay. The migration
rate of mature DC, imDC, and DCreg were 8.13
+ 0.97%, 15.94 + 0.87% and 26.81 + 0.43%,
respectively, suggesting that the migration
capability of DCreg was the strongest in the
three DC group.

The imDC and DCreg potently prolonged mice
survival after transplantation

In order to investigate the effect of different DC
on mice survival, mice survival time was com-
pared. In the TBI group the first death was
found on +6 d, and then the mice gradually
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ever, in the imDC group, there
were still 20% mice alive on
30 d, with an AST of 24.47 +
7.91 d, which was significantly
longer than that in the allo-
BMT group (P < 0.05). Surpri-
singly, in the DCreg-treated
mice, the first death was found
on +19 d, with 46.7% mice alive on +30 d, and
13.3% alive on +60 d, with an AST of 36.00 +
13.76 d. Taken together, these results indicat-
ed that DCreg significantly prolonged the sur-
vival time in allo-BMT model mice (P < 0.05)
(Figure 1).

60 70

DCreg infusion significantly prevented the de-
velopment of GVHD

To identify the effect of Dcreg on GVHD, we
evaluated clinical acute GVHD phenotypes in-
cluding tiredness, poor mobility, reduced body
weight, roachback, ruffled fur, hair loss, diar-
rhea, and even bloody stool in allo-BMT, imDC,
and DCreg groups. The most severe symptoms
were found in allo-BMT group, while the least
severe symptoms were found in DCreg group.
The GVHD clinical score was 7.60 + 0.99, 4.93
+ 0.96, and 3.8 + 0.68 in the allo-BMT, imDC,
and DCreg groups, respectively. This result
showed that DCreg infusion significantly pre-
vented the development of GVHD compared
with other two groups (P < 0.05).

The imDC and DCreg reduced the pathological
GVHD score compared with allo-BMT

In order to assess the effect of imDC, DCreg,
and allo-BMT on GVHD score, the pathological
changes of liver, small intestine, and lung were
investigated in accordance with the clinical

Int J Clin Exp Med 2018;11(8):7800-7810
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Figure 2. Histopathological changes of liver, small intestine, and lung in mice (HE, x 400). A: Liver; B: Small intes-
tine; C: Lung; al, b1, cl: Liver, small intestine, and lung in mice which showed no evidence of GVHD; a2, b2, c2:
Liver, small intestine, and lung in mice with mild GVHD; a3, b3, ¢3: Liver, small intestine, and lung in mice with
moderate GVHD; a4, b4, c4: Liver, small intestine, and lung in mice with severe GVHD. A pathological scoring system
developed by Blazar and Kaplan et al. [17, 18] was used as the criteria for mild, moderate and severe GVHD.

DCreg group, we found only mild or even
no GVHD presentations in the target

Table 2. GVHD pathologic scoring of liver, small intes-
tine, and lung in mice after transplantation (n = 3,

mean + SD) organs (Figure 2). The pathological GVHD
Groups Liver Small intestine Lung score was significantly lower in imDC and
AloBMT 6.33+058  7.00+1.00  6.67 +0.58 DCreg groups than that in allo-BMT group
imDC 4.67 +0.58" 4.67+0.58  2.33+1.16° (P < 0.05). Also, the pathological GVHD

score was also significantly lower in DCreg

DCreg 3.00 £ 1.00"* 2.67 £0.58"* 2.00 + 1.00"*

“P < 0.05 vs. allo-BMT group; #*P < 0.05 vs. imDC group.

phenotypes in each group after transplanta-
tion. In allo-BMT and imDC groups, there were
obvious derangement of liver cells, focal necro-
sis, lymphocyte infiltration in the periportal
area, destruction and collapse of the small bile
duct in liver tissues, intestinal epithelial cells
necrosis and partial defect excalation with sig-
nificant inflammatory cells infiltration in the
underlayer, intestinal villous atrophy degenera-
tion, and even severe structural damage to
the small intestine. Furthermore, inflammatory
cells infiltration and lung structure damages
were observed in 25% pulmonary vessels.
Meanwhile, inflammatory cells were infiltrated
into 2-3 parenchymal cell layers. However, in

7805

group than that in imDC group (P < 0.05)
(Table 2).

The incidence of leukemia in allo-BMT, imDC
and DCreg groups was similar

To study the effect of allo-BMT, imDC and DCreg
on the occurrence of leukemia, mice in each
group were observed. Leukemia cells infiltra-
tion in eyes was found on +18 d in mice from
leukemia group, and all mice in this group died
of leukemia within 24 d. Significantly enlarged
liver, spleen and leukemia cell infiltrated dif-
fused lesions were detected (Figure 3A). In his-
topathological examinations, higher numbers
of leukemia cells were infiltrated in the liver and
spleen (Figure 3B). The WBC count in the
peripheral blood was 19~34 x 10°%/L, and 28%-
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Table 3. Incidence of Leukemia

Figure 3. Analysis of leukemia
cell infiltration into Liver. In mice
with injection of SHI-1 cells,
liver was isolated for analysis
of leukemia cells infiltration (A)
and liver pathology (x 400) (B).

Control

Groups Leukemia incidence (%)
Leukemia 100

Allo-BMT 13.3(2/15)
imDC 20 (3/15)
DCreg 13.3 (2/15)

DCreg group vs. imDC and allo-BMT group, P > 0.05.

MLL/AF6

300 bp
200 bp

100 bp

GAPDH

Figure 4. RT-PCR analysis of MLL/AF6 fusion gene.
1: 100 bp Marker; 2: Mouse liver; 3: Mouse spleen;
4: Healthy mouse liver; 5: ddH,0, blank control.

43% white blood cells were leukemia cells.
Leukemia incidence was 13.3%, 20%, and
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13.3% in allo-BMT, imDC, and
DCreg groups, respectively,
with no statistically significant
among groups (P > 0.05)
(Table 3).

MLL/AF6 expression was
observed in liver and spleen
tissues of leukemia group

To evaluate the mRNA expres-
sion of MLL/AF6 fusion gene,
liver and spleen tissues were
collected from moribund leu-
kemia mice and nested PCR
was performed. The results
showed that MLL/AF6 fusion
gene was detected in liver and
spleen tissues except control,
and the earliest MLL/AF6
fusion gene was detected on
day 20 (Figure 4).

Complete bone marrow chimeras pointed to
successful allo-BMT

Bone marrow cells were harvested from mice
that lived more than 30 d in imDC and DCreg
groups, and flow cytometer was used to detect
bone marrow cell chimeras. The results showed
that 95-100% of the cells were positive for
H-2KP, which suggested complete cell chime-
rism and demonstrated that the allo-BMT per-
formed in the present study was successful
(Figure 5). In addition, significantly increased
numbers of white blood cells were observed on
d 14 (1.54 + 0.50 x 10°/L) in mice than those
ond 7 (0.34 + 0.27 x 10°%/L) after allo-BMT (P
< 0.05), suggesting hematopoiesis recovery
after transplantation.

Serum interleukin-10 level was gradually
increased in imDC and DCreg groups but de-
creased in allo-BMT group

The cytokine changes in mice after transplan-
tation were shown in Figure 6. Plasma IFN-y
level was increased gradually in allo-BMT group
and peaked on +10 d, followed by a decrease
gradually. In imDC and DCreg groups, the plas-
ma |FN-y level was decreased gradually and
reached a lowest level on +10 d, followed by an
increase gradually. The decreased plasma IFN-
y level was more pronounced in DCreg group
than that in imDC group (P < 0.01). The IL-10
level was decreased gradually in allo-BMT
group but increased gradually in imDC and

Int J Clin Exp Med 2018;11(8):7800-7810
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BMT Discussion

The therapeutic efficacy of
allo-HSCT for high-risk hema-
tologic malignancies relies on
the GVL effects to eliminate
residual leukemic cells. How-

ever, GVL effects are often
intertwined with GVHD, a life-
threatening complication po-

Control
& )
- 1 A 4 1
1 73 < 73
L & 3
o @
X Qe
o 29 o =3
I 3 T ]
3 Q1 |Q2 a g
o |
LLJ TTTTITH T T T TTTTTm T rrmr T - LLLLL TITITm T TTTTITm T TTTIT T T TTIm T
Io” mJ? 133 n;' |=5 U P w[ 12‘ lés
“2 H2KD FITC-A -3 H2KD FITC-A

Figure 5. Chimeric rate of recipient mice who survived 30 days after trans-
plantation in imDC and DCreg group. Flow cytometric analysis of bone mar-
row cells from mice surviving for > 30 d revealed that 96.8% of cells were
H-2 d positive. Bone marrow cells were dualfluorescence stained with FITC-
labelled anti-H-2 Kb monoclonal antibody and PE-labelled anti-H-2 Kd mono-
clonal antibody. FITC, fluorescein isothiocyanate; PE, phycoerythrin; Mice

without BMT was served as a negative control.

350 - —e— Allo-BMT Group
—o— imDC Group

300 1 —v— DCreg Group

250 -
200 1

150 ¥

IFN-y (pg/mL)

100 1

50 1

*

0 5 10 15 20 25 30 38
Days after transplantation (d)

300
—e— Allo-BMT Group
—o— imDC Group

*
250 —v— DCreg Group

200

150

IL-10 (pg/mL)

100

50

0 5 10 15 20 25 30 35
Days after transplantation (d)

Figure 6. Post-BMT plasma interferon-y and IL-10
levels in different transplantation groups. Peripheral
blood from the recipient mice was collected at indi-
cated time points post-BMT and centrifuged to ob-
tain serum for analysis of the levels of IFN-y and IL-10
by ELISA. "P < 0.01 vs. group allo-BMT and imDC.

DCreg groups, reaching a peak on +15 d, and
then decreased gradually. The increased IL-10
level was more pronounced in DCreg group
than that in imDC group (P < 0.01).

7807

st-transplantation. GVHD and
GVL are two independent and
interdependent phenomeno-
ns that are overlapped but
can also be separated from
each other [20, 21]. Identifying
the equilibrium point betwe-
en GVHD and GVLUs effects
could keep GVHD at an accept-
able degree while maintaining
GVLl's effects. Recent immunological findings
show that acquiring graft-specific immune tol-
erance could be an optimal approach to resolve
this problem, and inducing immune tolerance
with immune competent cells has become a
research hotspot [22-24].

DC is known to be the most powerful APC in the
body and the only one that could activate naive
T lymphocytes. It could not only initiate immune
tolerance but also regulate immune response.
As DCreg plays an important role in initiating
and maintaining immune tolerance, it has been
gained increasing attention in the immune
tolerance field [25-27]. During hematopoietic
stem cell differentiation into DC, different cyto-
kines could substantially influence the differen-
tiation. In our previous studies [12], mice bone
marrow cells were stimulated with cytokines
including GM-CSF, IL.-10, and TGF—Bl, followed
by differentiation into DCreg. The high CD45RB
and low CD11c, CD80, CD86, and MHC-II (IA/
IE) are expressed in DCreg cells and are defined
as immature DC cells. This novel DC subgroup,
namely CD11c“CD45RB"e"DC, has high ability
on chemotaxis migration, low ability on stimu-
lating allogeneic T lymphocyte proliferation,
and shows immuno-hypo-responsiveness in
mixed lymphocyte reactions, offering a new
method for inducing graft tolerance. In the
present study, leukemia allo-BMT mouse model
was induced to investigate the effects of
infusing CD11c¢"°"CD45RB"¢"DC on GVHD and
GVls effects in mice after bone marrow
transplantation.

Int J Clin Exp Med 2018;11(8):7800-7810
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In our previous studies, SHI-1, a human mono-
cytic leukemia cell line with high infiltration and
invasion, was used to induce humanized leuke-
mia mouse model [15, 28, 29]. In this study,
more SHI-1 cells were infused and leukemia
incidence increased accordingly. All mice in leu-
kemia group developed leukemia after infusion
of SHI-1 cells in the present study. Extensive
leukemia cell infiltration was found in the liver,
spleen, and eyes of the leukemic mice with all
mice died of monocytic leukemia. Spleen tis-
sues from moribund mice were collected to
detect the MLL/AF6 fusion gene by nested
RT-PCR, and the first transcripts were identified
on day 20 after transplantation, in accordance
with previous findings [30, 31]. We compared
the anti-leukemia effects among imDC, DCreg,
and allo-BMT groups, and found that only a
small proportion of mice that received alloge-
neic transplantation developed leukemia. The
survival rate and AST were significantly higher
in imDC and DCreg groups than those in allo-
BMT group, which were more pronounced in
DCreg group than those in imDC group. Also, no
leukemia-related complications were found in
recipients that lived for a long time. These find-
ings showed that infusion of imDC or DCreg into
allo-BMT mice could preserve GVLs effects to
a certain degree as demonstrated by signifi-
cantly higher GVL effects in DCreg group than
imDC group. With regard to GVHD development,
GVHD severity was significantly ameliorated in
imDC group than allo-BMT group, while the
severity was even lower in the DCreg group, in
which the survival time was significantly longer.
These findings suggested that infusion of imDC
could reduce GVHD severity, but these effects
were limited by several factors. After infusion,
antigen stimulation increased the potential of
mature imDC. Costimulatory molecule expres-
sions were up-regulated with increased capa-
bility of presenting antigens and this reduced
immune tolerance gradually decreased the
GVHD-alleviating effects. However, DCreg could
preserve imDC features and effectively de-
creased GVHD severity and increased the sur-
vival rate.

GVHD is an immune response induced by the
activated donor T cells recognizing the recipi-
ents’ incompatible antigens. Recent studies
suggested that GVHD is caused by a “cytokine
storm” [32, 33]. Most recent studies suggest
that Tha cells could release pro-inflammatory
cytokines including IL-2, IFN-y, and TNF, which

7808

could aggravate GVHD. Th2 cells could release
Th2-type cytokines including IL-4, IL-5, and IL-
10 to antagonize the pro-inflammatory effects
of Thl cells and prevent GVHD [34, 35]. In the
present study, we found that both imDC and
DCreg reduced IFN-y levels and increased IL-
10 release, further confirming that imDC and
DCreg could induce the donor CD4* T cells
which are activated by the recipients’ antigens
to develop into immune tolerance cells. DCreg
could also produce IL-10, promote the CD4* T
cells to be differentiated into Treg cells (which
could release IL-10), and induce the naive T
cells to develop into CD4*CD25*Foxp3* Treg
cells [36, 37] and thus increase mice survival
time after transplantation. However, DCreg’s
GVHD-alleviating effects are also limited, and
most mice died of GVHD. We speculated that
the followings might be involved: 1) after infu-
sion, the in vitro-induced DCreg could be stimu-
lated by exogenous antigens and inflammations
and mature gradually, thus finally losing the
ability to induce immune tolerance; and 2) APC
in the recipients could also play a role in GVHD
development. The APC from donors was selec-
tively intervened, while APC activation in the
recipients could not be sufficiently inhibited.
Therefore, in future studies, we plan to optimize
the experimental conditions, perform multiple
infusions at different time points as well as in-
crease the infusion dose gradually. Additionally,
genetically modified DCreg could also be used
to induce stable immune tolerance.

In summary, donor-derived DCreg infusion
could effectively reduce GVHD incidence and
severity in leukemia allo-BMT mouse model,
while the GVL effects could be preserved sig-
nificantly. These findings provide an effective
alternative approach for applying DCreg during
allo-HSCT.
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