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ABSTRACT. The aim of this study was to evaluate the expression
of surface molecules in splenic dendritic cells (DC) in multiple-
organ dysfunction syndrome (MODS) mice and their effects on
the immunosuppression of sepsis and MODS. One hundred thirty
C57BL/6 mice were divided into 7 groups: 6, 12, 24, 48 h, 5-7
days, 10-12 days, and the normal control group. The sepsis-MODS
mouse model was established by zymson injection into the peritoneal
cavity. Histopathological changes in the spleen were evaluated by
hematoxylin and eosin (HE) staining. After enrichment with BD™
IMag, the expressions of PD-1, PD-L1, MHC-II (I-A®), and CD86 in
splenic DCs were examined by flow cytometry, and their relationship
with sepsis development and MODS was analyzed. The histological
structures of the spleen were damaged in the 24-, 48-h, and 10-12-
day groups. PD-L1 expression increased 6 h after zymosan injection,
decreased to normal levels at 24 and 48 h, and increased at 5-7 days,
peaking at 10-12 days. The change in PD-1 expression roughly
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paralleled that of PD-L1. MHC-II and CD86 increased at 6 and 12 h,
and dropped to normal levels at 10-12 days. In the early stage of injury,
splenic DCs were mainly activated, whereas in the later stage, the
expressions of the negative co-stimulatory molecules, PD-L1 and PD-
1, were upregulated, similar to tolerogenic DCs. Splenic DCs might
suppress the stimulation of T lymphocytes in MODS mice through the
PD-L1/PD-1 pathway, which would induce immunosuppression and
the pathogenesis of MODS.

Key words: Multiple organ failure; Dendritic cells; PD-1/PD-L1;
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INTRODUCTION

Pyemia and multiple-organ dysfunction syndrome (MODS) are important causes of
death in surgical intensive care unit patients. Studies have shown that pyemia can induce ap-
parent changes in the body’s inflammation-immune system. Early non-specific inflammatory
cells are activated, and the body manifests excessive inflammatory reactions. Furthermore, T
and B lymphocytes show a high degree of apoptosis, residual lymphocytes present hypofunc-
tion, and the body manifests immune hypofunction and even immunosuppression. Although
the majority of patients with pyemia can withstand early inflammatory reactions, a consider-
able portion of such patients dies of immunosuppression-caused uncontrollable infections.
Therefore, the study of the immune system is very relevant for the prevention and treatment
of pyemia and MODS, especially with respect to the immunosuppression occurrence mecha-
nism (Lyn-Kew and Standiford, 2008). At present, the pyemia immunosuppression occurrence
mechanism is still unclear.

The function of T lymphocytes depends on the activity of antigen-presenting cells,
and dendritic cells (DCs) are a special type of antigen-presenting cell. DCs can specifically
stimulate and regulate the immune response of T cells. They not only induce the immune
response of T cells, but can also induce immunosuppression. Studies have shown that DCs
can induce initial T cell proliferation, inhibit activated T cells, and promote T cell apoptosis
by means of negative co-stimulatory molecules (Selenko-Gebauer et al., 2003; Keir et al.,
2008). Programmed cell death receptor-1 (PD-1) and its ligand (PD-L1) are newly described
negative co-stimulatory signal molecule members of the B7 family (Freeman et al., 2000;
Nishimura and Honjo, 2001; Tseng et al., 2001). The DCs of patients with human immuno-
deficiency virus (HIV), hepatitis B virus (HBV), and tumors were found to inhibit the T cell
immune response via the PD-L1/PD-1 pathway (Xu et al., 2010; Peng et al., 2011; Brahmer
etal., 2012).

We hypothesized that pyemia could cause the increase of PD-L1 and PD-1 expres-
sions in DCs, and that DCs participate in suppression of the body’s T cell immune function
via the PD-L1/PD-1 pathway. This study evaluated changes in the expressions of splenic DC
PD-1 and PD-L1 molecules of MODS mice during the disease course of pyemia-MODS, and
investigated the roles of the PD-1/PD-L1 inhibition pathway in immune tolerance and immu-
nosuppression in the advanced stage of pyemia in order to seek a new regulation target point
for MODS prevention and treatment.
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MATERIAL AND METHODS
Experimental animals and grouping

A total of 130 male C57BL/6 mice, with body weight ranging from 20 to 25 g and age
ranging from 6 to 8 weeks, were purchased from the Experimental Animal Center of the Mili-
tary Medical Science Academy. Mice were randomly divided into the control group (10 mice)
and the test group (120 mice). The test group was further divided into the 6-, 12-, 24-, 48-h,
5-7-day, and 10-12-day subgroups after zymosan-induced trauma (20 mice in each subgroup).

Model preparation

The MODS model was established in mice in the test group in the following manner:
1 g zymosan powder and 40 mL medical liquid paraffin wax were mixed and prepared into a
25 g/L zymosan suspension. The zymosan suspension was sterilized in a 100°C water bath for
80 min and then cooled to room temperature. After the abdominal skin was sterilized, 0.6 mg/g
zymosan suspension was administered by intraperitoneal injection. Sampling was conducted
by killing live mice at corresponding time points. In addition, the mice in the normal control
group were conventionally fed, and sampling was randomly conducted by killing live mice.

Pathological examination

For all mice, the spleen was fixed with 4% formaldehyde, paraffin wax sections were
conventionally prepared, and observations were conducted under a light microscope.

Cell suspension preparation

After 500 pL collagenase D was injected into the spleen, the spleen tissue was shorn
and incubated at 37°C for 25 min. Subsequently, 10 mM ethylenediaminetetraacetic acid
(EDTA) was added, and the spleen tissue was incubated again for 5 min and ground in a 400-
mesh metal sieve with a grinding rod to collect the cell suspension. Next, the cell suspension
was centrifuged at 1000 rpm for 10 min. The collected cells were suspended in 2 mL phos-
phate-buffered saline (PBS), and diamine blue staining was conducted. The resultant solution
was then smeared onto blood cell counting plates to observe the viable cell count (it should be
over 95%) under a light microscope; the cell concentration was adjusted to 1 x 10° cells/mL.

DC enrichment

Five microliters biotinylated DC-enrichment “cocktail” (CD2, CD3e, CD45R,
CD49b, CD147, LY-6G, TER-119) was added to 10° cells and incubated for 15 min on ice.
Next, the resultant mixture was washed with 10 time volumes 1X BD magnetic bead buffer
and centrifuged at 1000 rpm for 7 min to remove the supernatant. Subsequently, 5 pL. magnetic
beads/10° cells was added into the deposition and mixed well. The mixture was incubated at
6°-12°C for 30 min, and the cells were transferred into a round-bottom detection tube (the
maximum volume was 1 mL). The detection tube was placed on the magnet frame for 6-8
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min, and the supernatant was drawn into a new tube for detection. Flow cytometry was used
to evaluate the separating effect.

Flow cytometry

For flow cytometry, 0.5 pL antibodies FITC-CD11c+PE-PD-1, FITC-CD11¢+PE-PD-
L1, FITC-CD11c¢c+PE-CD86, and PE-CD11c+FITC-I-A® were respectively added into four
detection tubes and mixed well. For each detection tube, the mixture was placed at 4°C for 30
min, washed with 0.1 M PBS three times, and detected with a flow cytometer. In addition, the
negative control and the mono-antibody control were established for each time of detection.

Statistical analysis

The SPSS 10 statistical analysis software was used. Experimental data are reported as
means + standard deviation (means £ SD), and the Student #-test was used for the statistical
analysis of data. P < 0.05 was considered to be a significant difference.

RESULTS

Pathological morphology observations

In the 6- and 12-h groups, white pulp lymphocytes were dense and plentiful, the acini
lienalis proliferated, and the sinus lienis was dilated and congested. In the 24- and 48-h groups,
the white pulp area was reduced, the acini lienalis number was reduced, periarterial lymphatic
sheath lymphocytes were reduced, and the boundary of the red and white pulp was unclear.
In addition, neutrophilic granulocyte infiltration was visible. In the 5-7-day group, the white
pulp was reduced, lymphocytes were sparse, and the acini lienalis was reduced. In the 10-
12-day group, the white pulp was obviously reduced, and the periarterial lymphatic sheath
disappeared and was accompanied by more neutrophilic granulocyte infiltration. Furthermore,
hemorrhage was visible in a few cases (Figure 1).

A. B. low power; C. D. middle power).
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DC immunophenotype analysis

Contents of the negative co-stimulatory molecules CD11¢'PD-L1* DC and CD11c*
PD-1* DC significantly increased in the early disease course (6 and 12 h) (P < 0.05), and then
rapidly decreased. At 24 h and 48 h, their levels were restored to control group levels. After 5
days, they increased again, and continued to increase to the final stage of MODS (10-12 days)
to reach the peak values (P < 0.01). In addition, the CD11¢I-A* DC and CD11¢*CD86* DC
contents significantly increased in the early disease course (6 and 12 h) (P < 0.05) and then be-
gan to reduce at 24 h. At 10-12 days, the levels approached those of the control group (Table 1).

Table 1. Expressions of PD-L1, PD-1, I-Ab, and CD86 in splenic dendritic cells (%).

Item Control group 6-h group 12-h group 24-h group 48-h group 5-7-day group 10-12-day group
PD-L1 54.5+20.1 78.4 +24.5" 69.0 + 23.9* 57.4+173 56.0 +18.7 62.6+£21.2 81.7+21.8*
PD-1 0.6+0.2 8.2 +3.8% 6.1 +£3.3* 45+24° 1.9+0.8 52+2.18% 9.9 +4.2%
I-A® 27.2+59 48.0 £12.9% 62.6 +£25.2% 56.3 +25.6" 39.5+11.4 40.8+15.3 27.6 £14.7
CD86 24.4+12.1 69.3 £ 28.6% 53.8+17.4* 51.6+17.9% 46.2 +15.3% 359+11.7 27.5+9.8

vs the control group; *P < 0.01, “P < 0.05.

DISCUSSION

Recent research on the pyemia-MODS prevention mechanism has revealed the in-
volvement of immune imbalance and immunosuppression. DCs have become a research
hotspot in immunology in recent years. They not only induce the body’s immune response,
but also participate in the induction of the body’s immune tolerance system. Our previous
studies showed that splenic DC overactivity in the early stage of pyemia promoted an ex-
cessive inflammatory reaction, and massive apoptosis and regression of splenic DCs and
lymphocytes in the advanced stage of MODS, which was accompanied by reduced expres-
sions of the co-stimulatory molecules CD86, CD80, and MHC-II. In addition, the number of
T lymphocytes and interleukin (IL)-12 expression were obviously reduced. These findings
indicated that immunosuppression in the advanced stage of pyemia was related to a decrease
in DC activity (Li et al., 2003; Lu et al., 2006, 2007). In recent years, research on the nega-
tive immune regulation mechanism of DC has indicated that the body’s immunosuppression
mechanism is possibly related to the generation of a number of tolerant DC cells (Lu et al.,
2006; Poehlmann et al., 2009).

DC regulation of the T cell immune response is achieved by the signal transmission
between DC and T cells. MHC-Ag on the DC surface binds to the T cell receptor (TCR) on
the T cell surface to transmit the first signal, and the co-stimulatory molecules expressed by
DC bind to the corresponding receptors on the T cell surface to generate the second signal.
In addition, the MHC-II molecule expression level can reflect the functional status of DCs.
The B7 family is the most important of all co-stimulatory molecules. B7-1 (CD80) and B7-2
(CD86) provide positive stimulus signals for the cell immune response (Greenwald et al.,
2005). PD-1 (CD279) is expressed on the T cell surface, and mainly induces the inactivation
CD4" T cells, CD8'T cells, natural killer (NK) T cells, B cells, monocytes, and DCs (Keir
etal., 2007). PD-L1 (B7-H1, CD274) is a newly identified member of the B7 family, which
is a ligand of PD-1, mainly expressing in DCs, macrophages, B cells, and partial T cells.
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PD-L1 and PD-1 act as negative co-stimulatory signal molecules to provide negative co-
stimulatory signals for cellular immunity (del Rio et al., 2008; Riley, 2009). Some studies
suggest that the PD-1/PD-L1 inhibition pathway participates in the body’s immune toler-
ance caused by tumors and infection of viruses such as HBV, HCV, and HIV, and also plays
an important role in implant immune tolerance (Dong and Chen, 2006; Okazaki and Honjo,
2007; Parekh et al., 2009). However, there is no report on its roles in pyemia and MODS
immunosuppression.

In this study, excessive zymosan was administered by intraperitoneal injection to
establish aseptic peritonitis and pyemia mouse models. At the advanced stage of the disease
course (10-12 days), MODS was formed. The spleen tissue structures of test mice in the
24-,48-h, and 10-12-day groups were obviously damaged. In addition, the contents of nega-
tive co-stimulatory molecules in DCs presented a trend of increasing-reducing-increasing
throughout the MODS disease course. The PD-L1 expression of splenic DCs significantly
increased in the early disease course (6 h) (78.4 + 34.5%, P < 0.05) and then rapidly reduced
and restored to the normal level at 24 and 48 h. After 5 days, PD-L1 increased again and
continued to increase to the advanced stage of MODS (10-12 days) to reach the peak value
(81.7 £31.8%, P <0.01). The PD-1 expression level in splenic DCs was lower, but showed
the same pattern of change as observed for PD-L1. The DC contents of the MHC-II mol-
ecule and the co-stimulatory molecule CD86 first increased and then reduced continuously
in the disease course of MODS. The expressions of I-A® and CD86, reflecting DC activity,
significantly increased in the early trauma phase (6 h), and then began to reduce at 24 h,
reaching the normal level at 10-12 days.

In the early stage of the disease course, after splenic DCs were stimulated by an-
tigens, [-A®and CD86 expressions rapidly increased, and splenic DCs matured to activate
lymphocytes to generate the immune response; the immune activation of active DCs was
predominant at this stage. At the same time, negative co-stimulatory molecules were highly
expressed, indicating that while DCs are playing an immune activation role, they have a neg-
ative regulatory effect to inhibit the overexpression of immune activity. With disease prog-
ress, excessive injected zymosan caused the inflammatory reaction to continuously spread
and the downregulation of I-A® and CD86. Therefore, the DC immune activation function
decreased. In addition, the PD-L1 and PD-1 expressions continuously increased, indicating
that early active DCs had converted into tolerant DCs. In the MODS stage, the immune tol-
erance caused by the DCs’ highly negative co-stimulatory molecules was predominant. The
results of this study preliminarily suggest that DCs can regulate T cell function by means
of different co-stimulatory molecules. In the early disease course, active DC proliferation is
predominant in the spleen, whereas in the MODS stage, tolerant DCs are predominant. The
expressions of co-stimulatory molecules of tolerant DCs and MHC-II molecules reduced,
while negative co-stimulatory molecule expression was upregulated. DCs can inhibit T cell
function by means of PD-L1 and PD-1 molecules to play a negative immune regulation role
to induce immunosuppression formation resulting in MODS occurrence.
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