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Abstract. This study investigated the effect of interleukin 
(IL)-10 on the expression of OX62, MHC-II and CD86 in bone 
marrow dendritic cells (DCs) in rats with organophosphorus 
poisoning. Sixty adult SD rats were randomly divided into 
normal control group (group A) (20 rats), 20 rats with organo-
phosphorus pesticide poisoning (group  B), 20  rats with 
organophosphorus poisoning, and IL-10 treated (group C). 
Group A was not treated with special treatment. Group B was 
treated with 4% omethoate by gavage to establish the model of 
organophosphate poisoning. Group C was treated with ometh-
oate to establish the model of organophosphate poisoning, then 
the rats were given intraperitoneal injection of IL-10 for 
3 continuous days. Rats were sacrificed after 3 days, bone 
marrow lymphocytes were extracted, DCs were collected and 
cultured for 7 days, the expression of DC surface antigen 
OX62, MHC-II, CD86 and related proteins was detected by 
flow cytometry and western blotting after cell maturation. The 
expression of DC surface antigen and corresponding protein 
increased in group B, and decreased in group C, the difference 
was statistically significant (P<0.05). The results showed that 
the expression of OX62, MHC-II and CD86 in bone marrow 
DCs is enhanced and the cellular immune function is enhanced 
after organophosphate poisoning. IL-10 can down-regulate the 
antigen presenting function of DCs, achieve anti-inflammatory 
effect and assist the treatment of organophosphorus pesticide 
poisoning.

Introduction

Organic phosphorus pesticide is a widely-used insecticide, 
it can enter the body through the respiratory tract, digestive 
tract, skin and mucous membranes, often leading to acute 
poisoning  (1). According to statistics, organophosphate 

poisoning patients globally are as high as 1-3 million each year, 
the mortality rate is 10% (2,3). Severe patients usually have 
poor prognosis, most of the deaths are closely related to the 
combination of multiple organ dysfunction syndrome (MODS) 
in its duration, proinflammatory and anti-inflammatory imbal-
ance is one of the main causes of MODS (4).

Interleukin (IL)-10 is a multifunctional cytokine, it is an 
immunosuppressive factor that regulates the immune response 
of inflammatory responses (5). Studies have shown that, for 
patients with organophosphate poisoning, on the basis of 
detoxification drugs such as pralindoxime and atropine, the 
early use of IL-10 and other immunomodulators can effectively 
inhibit the body's excessive inflammatory response, reduce the 
immune system damage on their own tissue and organ, signifi-
cantly improve patients' prognosis (6,7). Dendritic cells (DCs) 
are the known most powerful antigen-presenting cells, mainly 
distributed in the myeloid tissue, and is closely related to the 
body's immune function (8). OX62, MHC-II, CD86 are closely 
related to DC antigen presentation function. In this study, we 
used recombinant rat IL-10 (rrIL-10) intervention organophos-
phate poisoning model to observe the effect on bone marrow 
DCs, providing theoretical basis for the clinical application 
and treatment of IL-10 in the treatment of organophosphorus 
poisoning.

Materials and methods

Experimental animals and groups. Sixty male adult CL 
Sprague-Dawley rats (Guangdong Provincial Medical 
Laboratory Animal Center) weighing 220-240  g were 
randomly divided into three groups by random number table 
method: 1) Normal control group (group A, n=20), and the 
weight of adult male Sprague-Dawley rats were randomly 
divided into: 2) organophosphate poisoning group (group B, 
n=20), 3) organophosphate poisoning IL-10 treatment group 
(����������������������������������������������������������group ����������������������������������������������������C, n=20). The breeding and final disposal of experi-
mental animals conformed to the Ministry of Science and 
Technology's ‘Guidance on Treat Experimental Animals’. The 
study was approved by the Ethics Committee of Cangzhou 
Central Hospital.

Main reagents and instruments. RPMI-1640 medium (Thermo 
Fisher Scientific, Waltham, MA, USA), fetal bovine serum 
(Thermo Fisher Scientific), rrIL-10 (Boehringer, Ingelheim, 
Germany), rrGM-CSF (Boehringer), mouse anti-rat Alexa 
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Fluor 647-labeled OX62 antibody, mouse anti-rat FITC-labeled 
MHC-II antibody (dilution, 1:100; cat. no. 205305), mouse 
anti‑rat PE-labeled CD86 antibody (1:500; cat. no. 200308) 
all from (Biolegend, San Diego, CA, USA), mouse anti-rat 
OX62 (Sigma, St. Louis, MO, USA), mouse anti-rat MHC-II 
monoclonal antibody (dilution, 1:1,000; cat. no. SAB3500125), 
mouse anti-rat β-actin monoclonal antibody (dilution, 1:1,000; 
A5316) all from (Sigma, St. Louis, MO, USA), goat anti-mouse 
fluorescent  secondary polyclonal antibody (dilution, 1:2,000; 
cat. no. 115-005-072; Jackson ImmunoResearch Inc., West 
Grove, PA, USA), 40% omethoate EC (Chongqing Pesticide 
Chemical Co., Chongqing, China).

Main method
Animal model establishment. The omethoate EC was formu-
lated into 0.4% gavage solution with 0.9% sodium chloride 
injection. Group B and group C were treated with gavage at 
median lethal dose (45 mg/kg), the occurrence of salivation, 
muscle fibrillation, dyspnea, standing instability and other 
neurological symptoms were the standards for the establish-
ment of organic phosphorus poisoning model. Group A was 
given equal volume of saline gavage. After the establishment, 
group B was given intraperitoneal injection of rrIL-10 once a 
day at 2 µg/kg for 3 consecutive days. Group A and group C 
were given intraperitoneal injection of equal volume of saline.

DC collection and culture. Rats in each group were sacri-
ficed after 3 days of establishment of the organophosphorus 
poisoning model. Animals were sacrificed by decapitation 
after anesthesia with intraperitoneal injection of 10% chloral 
hydrate. The bilateral lower limb femur and tibia were 
removed under strictly sterile conditions, the attached muscles 
were removed, the bones were soaked in 75% ethanol for two 
minutes. RPMI-1640 medium were used to rinse the bone 
marrow cavity until the liquid become colorless. The rinse 
solution was collected and centrifuged for 5 min at 1,200 x g. 
The precipitated cells were collected and added with red cell 
lysate, stirred well, centrifuged for 5 min at 1,200 x g again. 
The supernatant was removed and RPMI-1640 whole medium 
was added for re-suspension, then added to the 6-well plate, 
cytokine rrGM-CSF (40 ng/ml, 0.5 ml) and rrIL-4 (50 ng/ml, 
0.2 m) were added, incubated under 5% CO2 volume fraction, 
37˚C. The whole medium was replaced after 24 h, after that, 
the solution was changed every half a day, supplemented with 
cytokines, cultured for 7 days.

Main observation indicators
Flow cytometry detection of DCs. The plate cells were digested 
by trypsin, washed twice with PBS and centrifuged for 5 min 
at 1,200 x g. The supernatant was discarded and the cells were 
resuspended by PBS, added with fluorescently labeled MHC-II 
antibody, CD86 antibody and OX6 antibody, then incubated at 
4˚C in the dark for 30 min, the excess antibody was washed 
away by PBS. The expression of OX62, MHC-Ⅱ and CD86 in 
DCs was detected by flow cytometry.

Western blot detection of related protein expression. Cultured 
to the 7th day, cells were scraped from the 6-well plate using 
a cell spatula. The protein lysate was added for collecting 
and extracting protein. BCA method was used to detect the 
concentration of each group. SDS polyacrylamide gel (12.5%) 
was prepared, 40 µg of total protein were taken as sample. 
β-actin was set as internal reference, after transferring, 
the membrane was closed for 2 h using 5% skim milk at 
room temperature, OX 62 (1:800), MHC-II (1:1,500), CD86 
(1:1,200), β-actin (1:100) antibodies were incubated at 4˚C 
overnight, shaken and rinsed with TBST for 3 times, 2 h after 
incubation with se condary antibody, chemiluminescence 
reaction was performed, images were collected and analyzed 
after development.

Statistical analysis. Statistical analysis was performed using 
SPSS 17.0 software (IBM, Armonk, NY, USA). All data were 
expressed as mean ± standard deviation. Comparison between 
multiple samples was analyzed by one-way ANOVA. LSD 
t-test was used for multiple comparison. P<0.05 was considered 
to indicate a statistically significant difference.

Results

The basic condition of rats after the establishment of the 
organophosphorus poisoning model. A total of 40 organo-
phosphate poisoning models were established in group B 
and group  C, and the symptoms of organophosphorus 
poisoning such as salivation, muscle tremor, dyspnea and 
standing instability occurred at 10  min after omethoate 
gavage, peaked at 6 h and some rats died, then the symptoms 
are gradually reduced. Till drawing materials, 11 rats died 
in group B and 4 rats died in group C. The difference of 
mortality between the two groups was statistically significant 
(χ2=5.23, P=0.022 <0.05).

Figure 1. (A) Group A, (B) group B, (C) group C.
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Morphological observation of DCs. Observed under inverted 
microscope, cells started adherent growth on the second day, 
clusters of cells gathered, arranged closely. On the 7th day, 
the cells showed typical DC morphological characteristics, 
suspension increased, a large number of irregular follicular 
protrusions appeared on the cell surface, some adherent cells 
could be gently blown off. Cell morphology and the number of 
cells in group A, B and C did not show significant difference 
(Fig. 1).

On the 7th day of DC culture, the suspension increased, 
showing clustered aggregation. There were no significant 
differences in the morphology and number of cells in each 
group.

Flow cytometry results. The surface antigen of OX62, 
MHC-II and CD86 in group B was significantly higher than 
that in group A by flow cytometry (P<0.05). The levels of 
OX62, MHC-II and CD86 in group C were lower than those 
in group B, but still higher than that in group A (P<0.05) 
(Table I).

Western blot results. The expression of OX62, MHC-II and 
CD86 protein in group B was significantly higher than that in 
group A (P<0.05). The expression of OX62, MHC-II and CD86 
in group C was lower than that in group B, but still higher than 
that in group A (P<0.05) (Fig. 2 and Table II).

Discussion

Organophosphorus poisoning is a common critical acute 
condition, the disease progresses quickly, without timely treat-
ment it can deteriorate in a short time with high mortality (9). 
The poison combine with the cholinesterase after entering into 
the body, leading to cholinergic neurotransmitter mass accu-
mulation at the neuromuscular junction, resulting in severe 
neurological disorders (6,10). Most of these critical patients 
have combined MODS, and the prognosis is poor. The mecha-
nism of secondary MODS after organophosphorus poisoning 
is usually considered to have cholinergic mechanism and 
non‑cholinergic mechanism, some scholars have pointed out 
that non-cholinergic mechanism has a more obvious role in the 
process of causing damage to the body (11).

Dendritic cells (DCs) play a key role in cellular immu-
nity as the only antigen-presenting cells that activate the 
‘initial’ T lymphocytes in vivo (12,13). DCs originate from 
lymphocytes and bone marrow cells, the former is related 
to B  lymphocyte humoral immune function, the latter is 
associated with T lymphocyte immune function (14). In this 
study, we investigated the antigen-presenting function of DCs 
under the intervention of organic phosphorus and interleukin 
(IL)-10, so we selected myeloid DCs as the research object. 
OX62, MHC-II, CD86 and DCs are closely related to antigen 
presentation function. OX62 is a kind of adhesion molecules, 
which is essential for the determination of the subtype of 
DCs (15). MHC-II can effectively ingest and treat antigens 
to form peptide-MHC molecular complexes and then present 
antigen to helper T lymphocytes, so that T lymphocytes can 
obtain antigen stimulation signal to promote cell immu-
nity, the level of MHC-II expression can reflect the antigen 
presenting function of DCs (16). CD86 can bind to CD28 
on the surface of T cells, inducing T lymphocyte immune 
function activation, promoting immune response, its degree 
of expression can reflect the activation level of T lymphocyte 
immune function and can determine the ability of DCs to 
regulate the immune response  (12,17). Our experimental 
results showed that the expression of surface antigen and 
protein in bone marrow DCs of organophosphate poisoning 
rats was significantly increased, suggesting that in the patho-
physiological process of organophosphate poisoning, the body 
may enhance the antigen presenting function of DCs through 
autoimmune regulation, thereby promoting T  lymphocyte 
activation and differentiation, and enhance immune func-
tion. The imbalance of cellular immunomodulatory function 

Table I. Flow cytometry detection of DC surface antigen (n=8).

Group	 OX62 (%)	 MHC-Ⅱ (%)	C D86 (%)

A	 23.25±1.54	 31.24±2.31	 35.21±2.41
B	 45.31±2.17a	 44.69±1.94a	 41.31±2.12a

C	 36.12±1.96a,b	 39.30±1.97a,b	 39.53±1.94a,b

aSignificant difference compared with group A; bsignificant difference 
compared with group B.

Figure 2. Western blot detection of protein expression results. The expression 
of OX62, MHC-II and CD86 protein in group B was significantly higher than 
that in group A, and the expression of OX62, MHC-II and CD86 in group C 
was lower than that in group B, but still higher than that in group A.

Table II. Western blot detection of relative protein expression 
(n=8).

Group	 OX62 (%)	 MHC-Ⅱ (%)	C D86 (%)

A	 27.34±1.63	 35.26±1.52	 33.31±2.01
B	 46.32±1.34a	 44.27±1.63a	 44.62±1.28a

C	 37.37±1.37a,b	 38.25±1.46a,b	 37.28±1.52a,b

aSignificant difference compared with group A; bsignificant difference 
compared with group B.
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after organophosphate poisoning is closely related to the 
occurrence and development of MODS. Due to imbalance 
in immune regulation function, abnormal amplification of 
inflammation occurs, a large number of inflammatory media-
tors are released, resulting in ‘waterfall effect’, the immune 
system attacks the body's own tissue, leading to organ 
dysfunction (18-20).

IL-10 is a kind of multi-functional negative immuno
regulatory factor produced by the body. It is widely involved 
in the regulation of immune function in the body, can down 
regulating inflammatory response. It plays an important role 
in autoimmune diseases, severe infectious diseases, cancer 
and transplantation immune and other diseases by antago-
nizing the inflammatory mediators (21,22). In the process 
of immune response, IL-10 can interfere with T lymphocyte 
activation by inhibiting the antigen presentation, reducing 
the body's inflammatory response (23,24). For patients with 
severe organophosphate poisoning, early use of IL-10 and 
other immunomodulators can reduce the immune system 
damage to their own tissue  (12,25). We found that IL-10 
intervention can reduce the expression of OX62, MHC-II and 
CD86 in bone marrow DCs of organophosphate poisoning 
rats. Therefore, we speculate that the use of IL-10 to reduce 
the immune system attack after organophosphate poisoning 
may be related to its ability to downregulate the immune 
response of DCs. We observed the effect of IL-10 on bone 
marrow DCs in organophosphate poisoning rats, but the 
molecular mechanism and signal pathway are not completely 
clear and needed further study.
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