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bone-marrow derived macrophage in vitro

Zhibin Chen1, Fan Li1, Wen Yang1, Yanbing Liang1, Hao Tang1, Zhenyu Li1, Jingguo Wu1, Huaping Liang2, 
Zhongfu Ma1

1Department of General Internal Medicine, The 1st Affiliated Hospital of Sun Yet-sen University, Guangzhou 
510080, Guangdong, China; 2The 3rd Military Medical University, Chongqing 400038, China

Received August 12, 2015; Accepted September 22, 2015; Epub October 1, 2015; Published October 15, 2015

Abstract: We investigated that if rTsP53 could be used to activate bone-marrow derived macrophage (BMDM) into 
M2 macrophage and stop M1 macrophage activation. After 72 h incubation in blank culture medium, cells with PE-
CCR7 (-) and FITC-CD206 (-) was extracted and its mean proportion was 92.30 ± 0.22%. With the stimulation of 20 
μg/ml IFN-γ for 72 h, cells with PE-CCR7 (+) was extracted and its mean proportion was 16.24 ± 0.82%. With the 
stimulation of IL-3/IL-14 (both 10 μg/ml) for 72 h, cells with FICT-CD206 (+) was extracted and its mean proportion 
was 87.32 ± 4.29%. Co-incubation with different dose of rTsP53 (0.001 μg/ml, 0.01 μg/ml, 0.1 μg/ml, 1 μg/ml, 2 
μg/ml, 5 μg/ml, 10 μg/ml, respectively) for 72 h, FITC-CD206 (+) macrophage was extracted. The mean proportion 
in each group was 1.09 ± 0.22%, 2.13 ± 0.13%, 4.91 ± 0.07%, 5.48 ± 0.29%, 9.81 ± 0.06%, 12.83 ± 0.55%, 17.87 
± 0.02%, respectively. The dose of rTsP53 was significantly positive correlated to the proportion of FITC-CD206 (+) 
macrophage. Co-incubation with 20 μg/ml IFN-γ and 5 μg/ml rTsP53 for 72 h, cells with PE-CCR7 (+) was extracted 
and its mean proportion was 10.60 ± 0.19%. Compared to that of mere co-incubation with IFN-γ, there was signifi-
cant difference between the two groups. ELISA showed that Th1 cytokines’ (IFN-γ, IL-6 and TNF-α) level decreased 
in the culture medium supernatant of BMDM co-incubated with rTsP53. There was negative correlation between 
the Th1 cytokines’ level and the dose of rTsP53. Both Th2 cytokines (IL-4 and IL-13) and regulatory cytokines in the 
culture medium increased. There was positive correlation between the Th2 cytokines’ level and the dose of rTsP53. 
There was also positive correlation between the regulatory cytokines’ level and the dose of rTsP53. Compared to 
that of BMDM co-incubated with IFN-γ, levels of TNF-α and IL-6 were significant lower than that of BMDM co-incu-
bated with both IFN-γ and rTsP53 (both P < 0.05), while the levels of IL-4 and TGF-β were significant higher (both P 
< 0.05). There was no significant difference in the levels of IL-13 and IL-10 between the two groups.
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Introduction

Sepsis is one of serious complications second-
ary to the strong attack from serious infection, 
trauma, burns, major surgery, etc., from which 
the derived severe sepsis and septic shock are 
the main causes for multiple organ dysfunction 
syndrome (MODS) and it is one common cause 
for the death of critical ill patients in emergency 
department and intensive care unit [1]. 
Hundreds of thousands of global death cases 
are caused by sepsis every year, and the cost of 
treatment is up to tens of billions of dollars [2]. 
However, as the causes of sepsis include many 
factors such as infection, trauma, burns, sur-
gery and so on, and the development process 
itself also involves shock, disseminated intra-
vascular coagulation (DIC), organ dysfunction, 

and other pathophysiologic processes, the clini-
cian work is faced with great challenges, and it 
also becomes an important research hotspot in 
the fields of emergency medicine and critical 
care medicine [3, 4].

Although the pathogenesis of sepsis is still not 
fully understood at present, the theory that 
immune system abnormalities lead to the ex- 
cessive activation of inflammatory/inflammato-
ry reaction and further caused theoretical tis-
sue damage or immune paralysis has become 
an important philosophy in the research area of 
sepsis through the basic and clinical explora-
tion over the years [5, 6]. And therefore a new 
treatment concept, immunomodulation is pro-
posed. The macrophage plays a role of antigen 
presenting (AP) in the body’s immune process, 
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and meanwhile a series of cytokines generated 
by it will further regulate the immune response 
process [7]. So the study of macrophages and 
immune response will further reveal the under-
lying mechanism of sepsis development, and 
may offer a new treatment method.

Macrophage is an important part of the immune 
system, widely distributed in the body, which 
expresses various receptors, enzymes and bio-
active substances [8]. In sepsis, macrophage 
can directly phagocytose pathogenic microor-
ganisms, directly causing damage to a variety 
of pathogenic microorganisms by enzymes and 
bioactive substances generated itself, and can 
also change and promote the body immune 
responses by a variety of biologically active 
substances and their own AP effect [9]. There- 
fore macrophage can be called as is important 
immune cell in the body with “nexus” role.

The research study has also found from previ-
ous studies that liver fluke and schistosome-
infected animals show obvious resistance to 
the sepsis caused by cecum-ligation-puncture 
(CLP) model and LPS-induced intraperitoneal 
injection, and animal survival rate is significant-
ly higher than control group [10, 11]. Further 
test indicates that obvious M2 macrophage 
activation phenomenon can be seen in the 
macrophages of animals, and cytokine profile 
shows obvious trend of Th2 immune activation 
[12]. The peritoneal macrophages in adoptive 
liver fluke rats or the macrophages activated by 
IL-3/IL-14 in vitro can both play a role in improv-
ing the prognosis of septic animals [13, 14]. 
However, the result of another study shows  
that the pretreatment by the administration of 
recombinant trichinella spiralis-53 kDa protein 
(rTsP53), can promote Th2 type cytokine pro-
duction by activating the M2 macrophages  
in animal gut mucosa, thereby improving the 
symptom induced by trinitro-benzene-sulfonic 
acid (TNBS) [15]. We explored that whether 
rTsP53 could be used to activate bone-marrow 
derived macrophage (BMDM) into M2 macro-
phage and stop M1 macrophage activation.

Materials and methods

Extract positive bacteria to clone and augment 
inducible expression of target proteins

PET-28a (+)-TsP53-E had been prepared in pre-
liminary study. Glycerin bacteria coli BL21 were 
taken out from ultra low temperature refrigera-

tor and were unfrozen. Inoculation of glycerin 
bacteria was conducted in solid medium of  
LB. After that, it was placed in water-Jacket 
thermostatic constant incubator at 37°C for 
one night. Subsequently, it was placed in 3 ml 
LB broth and 3 μl kanamycin solution was 
added. Bacteria distributed alone was picked 
from surface of LB solid medium using 10 μl 
liquid-moving machine. Then, it would be culti-
vated in cultivate oscillator of 37°C at 200 r/m 
for 12 h. Bacterium solution was taken. 30 μl 
kanamycin soluton and 0.3 ml bacterium solu-
tion were added into 30 ml LB broth. Cultivating 
in thermostat oscillator of 37°C at 200 r/m for 
12 h. Remaining bacterial solution was sealed 
and was preserved at 4°C. After 12 h, 30 ml 
bacterium solution was obtained. 3 ml kanamy-
cin solution and 30 ml bacterial solution were 
added into 3000 ml LB broth. Then it would be 
cultivated in cultivate oscillator of 37°C at 200 
r/m for 2.5 h. Then 3 ml inductive agent of 1  
M IPTG was added. Under the conditions of 1 
mM IPTG, it would be cultivated for 5 h and 
3000 ml bacterial solution after induced ex- 
pressions was obtained. 7000 r/m of centri-
fuge at low temperature was conducted at 
10°C. At the bottom of centrifuge tube, white 
residue was formed. All the supernatant was 
discarded and re-suspended by binding buffer. 
Milk-white suspension was formed and 50 ml 
centrifuge tube was placed to preserve at 
-20°C for one night.

Extract, purification, dialysis, endotoxin remov-
al and concentration of protein rTsP53

Three cycles of ultrasonic degradation was 
administrated. And each cycle was performed 
for 10 min and interval for each cycle was 5 
min. Degradation product was centrifuged for 
15 min at 12000 r/m. Supernatant was dis-
carded and subside remained. 15 ml prelimi-
nary purified A liquid was added into sediment 
to eliminate impure proteins. After re-suspend-
ing, centrifuge of 4°C was conducted for 15 
min at 12000 r/m. Supernatant was discarded 
and subside remained. 30 ml urea solution liq-
uid of 8 M was added into subside and resus-
pended. Then it would be placed on shaking 
tables and vibrated to clarify the liquid. After 
4°C of centrifuge for 15 min at 13000 r/m, 
supernatant was obtained. After filtration with 
0.45 μm microporous membrane, it was regard-
ed as metal-chelatinmetal-chelatingchromato-
graphic column of Ni-NTA-HIS. 3 ml deionized 
water, buffer solution of 5 ml 1 × nickel ioniza-
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tion, 1 ml 2 M urea-bind buffer, 1 ml urea- 
bind buffer and 1 ml 6 M Tris-NaCl basic liquid 
were added to accomplish pre-treatment of 
metal-chelatin chromatographic column. Metal- 
chelatin chromatographic column was added 
into supernatant samples processed by 8 M 
urea solution liquid to accomplish the combina-
tion of protein samples under action of gravity. 
After washing chromatographic column, 3 ml 1 
× stripper with urea, 5 ml deionized water, 5 ml 
1 × stripper without urea were preserved at 
4°C. 8 μl 4 × SDS pre-dye solution and 2 μl DTT 
solution were added into 30 μl protein concen-
tration and heated in boiling water for 8 min-
utes to complete pre-treatment of samples. 
12% separation gel of SDS-PAGE and spacer 
gel were made and placed into electrophoresis 
tank. Electrophoretic buffer solution of 1 × 
SDS-PAGE was added. Subsequently, separa-
tion gel was taken out and dyed with Coomassie 
blue solution for 20 min. After stewing of semi-
permeable membrane in boiling water for 30 
min, semipermeable membrane was clipped to 
bag-like shape. Eluant of target protein was 
added to manufacture eluant of 4 M urea-Tris-
EDTA. Semipermeable membrane containing 
target protein eluant was placed in it. With dial-
ysis of magnetic stirring apparatus at 4°C, ade-
quate dialyzated liquid was poured out every 3 
h and equivalent Tris-EDTA buffer solution with-
out urea was added to decrease concentration 
of urea in dialyzated liquid. When concentration 
of urea in dialyzate was decreased to 0.5 M, all 
the dialyzate was replaced by PBS. By repeat-
ing this process for 12 h, Tris, EDTA, imidazole 
and urea were eliminated. Endotoxin of 
ToxinEraserTM was added into protein samples 
after dialysis to wipe out resin and chelated for 
1 hour. Elution was conducted according to 
instruction book to get protein samples whose 
endotoxin had been eliminated. Limulus 
reagent method was used to test whether 
endotoxin had been removed. After removal of 
endotoxin, protein samples were added into 
centrifuge tube to centrifuge at 3800 r/m 10°C 
for 10 min. This process was repeated to con-
centrate the samples of protein rTsP53. Based 
on requirements on instruction books, stan-
dard protein samples of concentration gradient 
were made up. BCA was employed to measure 
concentration of proteins. Tested by spectro-
photometer, concentration gradient curve and 
concentration of rTsP53 were counted. Purity of 
rTsP53 was again appraised by SDS-PAGE.

The preparation of anti-rTsP53 protein poly-
clonal antibody and tittering

After emulsification in Freund’s complete adju-
vant, SD rats were injected subcutaneously. On 
the 3rd and 5th weeks, after emulsification of 
rTsP53 in Freund’s incomplete adjuvant, SD 
rats were subcutaneously injected. On 3rd and 
5th weeks, tail blood collection was used to get 
peripheral blood. Samples were placed for 1 
hour in normal temperature and then placed at 
4°C for one night. On the next day, centrifuge of 
4°C at 5000 r/m was conducted for 10 min to 
get serum specimen.

ELISA was employed to test titer of protein 
rTsP53

Antigen coating buffer was used to adjusted 
protein rTsP53 to be 5 μg/ml. 100 μl was added 
into each hole of 96 pore plates. 0.5% PBS-T 
solution was used for 5 times. After processing 
by oscillator, PBS-T containing 1% of skim milk 
powder was added and placed in constant tem-
perature incubator at 37°C for 2 h. Board wash-
ing with 0.5% PBS-T solution for 5 times. Each 
hole was 200 μl and processed on the oscilla-
tor. After that, peripheral blood serum attenu-
ated with 0.1% BSA-PBS-T was added to the 
first row of plates with 96 holes. Subsequently, 
each hole of each row was attenuated with  
dilutability of 1:800, 1:1600, 1:3200, 1:6400, 
1:12800, 1:25600, 1:51200, 1:102400, 1: 
204800 and 1:409600. Each hole was 100 μl 
and placed in constant temperature incubator 
of 37°C for 2 h. 0.5% PBS-T solution was used 
to wash plates and processed on oscillator. 
Each time sustained for 1 min. After that, each 
hole was added by IgG second antibody attenu-
ated by antibody dilution buffer of 1:2000. 
Each hole was 100 μl and placed in constant 
temperature incubator at 37°C for 1 h. Plates 
were washing with 0.5% PBS-T solution for 5 
times and processed on oscillator. Each hole 
was added by 100 μl TMB substrate and placed 
at normal temperature avoiding light for 20 
min. Then 2 M sulfuric acid terminated liquid 
was added to stop the reactions.

Cell cultivation

After processing of L929 cell, it was injected 
into 50 ml cell culture medium with fetal calf 
serum of 10% and P/S of 1% and cultivated in 
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this solution for 7 days. On 7th day, all the cul-
ture mediums were filtrated with 0.2 μm micro-
porous membrane and placed into other cul-
ture bottles to cryopreserve at temperature  
of -20°C. High concentration of Macrophage 
Clone Stimulating Factor (M-CSF) on superna-
tant of this culture medium was used to induce 
differentiation of macrophage lineage in future 
experiment.

Remaining muscles and Achilles’s tendon tis-
sues were wiped off and thigh bones and hip 
bones were reserved. Both ends of bones were 
cut open. 2.5 ml DMEM without sodium pyru-
vate were taken up by injection syringe of 2.5 
ml to inject into one end of the bone. 
Subsequently, bone marrow was driven by 
medium liquid to centrifuge tubes of 15 ml. It 
continued until marrow cavity was white. Then 
the wash-out solution containing bone-marrow 
cells was cultivated in cell culture medium with 
fetal calf serum of 10%, DMEM with sodium 
pyruvate and P/S of 1%. Centrifuge 1000 r/min 
was conducted for 5 min. Supernatant was dis-
carded. Then it was injected into DMEM with 
sodium pyruvate. This process was repeated 
twice. 30% L929 of supernatant was added 
into culture hole and cells were planted into it. 
Then it was placed in environment of 5% CO2 at 
37°C for 96 h. Medium changes were conduct-
ed and growth ingredients which were not 
adherent to walls were discarded. Then BMDMs 
which was myeloid origin was obtained.

Induced macrophage differentiation, ELISA 
and FCM study and further statistical analysis

After filtration of rTsP53 protein samples by 
microporous membrane of 0.2 μm, it would be 
used in cellular trial. After repetitive scrubbing, 
IFN-γ of 20 ng/ml, IL-3/IL-14 of 10 ng/ml and 
10 ng/ml, respectively were added into BMDMs 
to induce the differentiation. After subculture 
for 72 h, macrophage M0, M1 and M2 were 

Figure 1. 12% SDS-PAGE for Urea-Imidazole Wash Buffer with rTsP53 in Differ-
ent Concentration.

Figure 2. 12% SDS-PAGE for the Evaluation of rTsP53 
Purity after Purification.

Extraction and induced 
differentiation of bone mar-
row derived macrophage 
(BMDM)

10 mice were killed through 
cervical dislocation method 
and were placed into medic-
inal alcohol of 75% for 10 
minutes to have surface 
sterilization. Subsequently, 
they were placed into ultra-
clean environment. An annu-
lar notch was cut along 
hypogastrium and low limb 
skins were separated by 
blunt dissection. Knee joints 
were cut and joints of 
haunch bone and spine 
were searched. After careful 
separation, thigh bones and 
hip bones were unveiled. 
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obtained. FCM was employed to test the per-
centages of surface marker of PE-CCR7 and 
surface marker of FITC-CD206 in porocytes of 
cell cultured plate. Then it would be presented 
by percentage of the proportion ± standard 
deviation (x ± s)%. Above-mentioned data was 
used to do comparative study. After repetitive 
scrubbing of BMDMs by PBS, protein rTsP53 of 
0.001 μg/ml, 0.01 μg/ml, 0.1 μg/ml, 1 μg/ml, 
2 μg/ml, 5 μg/ml and 10 μg/ml were added. 
After cultivation for 72 h, proportions of surface 
markers of PE-CCR7 and FITC-CD206 were 
tested by FCM. Then it would be presented by 
percentage of the proportion ± standard devia-
tion (x ± s)%. SPSS was employed to conduct 
linear-regression analysis and curve fitting 
between protein concentration of rTsP53 and 

proportional numbers of positive cells of FITC-
206. After repetitive cleaning of BMDMs 
obtained from step 2, IFN-γ of 20 ng/ml and 
rTsP53 of 5 μg/ml were added to co-culture for 
72 h. FCM was repeated to test the proportions 
of surface marker of PE-CCR7 of M1 and sur-
face marker of positive cells of FITC-CD206 of 
M2. It would be presented by percentage of the 
proportion ± standard deviation (x ± s)%. 
Related proportions of cell percentages were 
documented. SPSS independent sample T test 
was employed to test differences. Differences 
were considered significant when P < 0.05. 
Related proportions of cell percentages were 
documented. Supernatant of cell culture were 
preserved. ELISA was used to test IFN-γ, IL-6, 
TNF-α, IL-4, IL-13 and IL-10.

Figure 3. Flow cytometry of BMDM with 
Induced Differentiation after 72 h. Flow 
cytometry of BMDM with induced IFN-γ 
(A), IL-3 (B) and IL-14 (C) after 72 h.
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Results

12% SDS-PAGE for urea-imidazole wash buffer 
with rTsP53 in different concentration

The rTsP53 protein concentrate containing ur- 
ea-imidazole eluent of different concentrations 
was tested by 12% SDS-PAGE, and the results 
showed that rTsP53 protein presented the high-
est concentration in 50 mM and 100 mM elu-
ent containing urea-imidazole (Figure 1).

12% SDS-PAGE for the evaluation of rTsP53 
purity after purification

The rTsP53 protein solution after dialysis, 
removal of toxins and ultrafiltration to remove 
impurity protein was tested by BCA assay and 
the results showed the concentration fluctu-
ates between 650 μg/ml and 1.2 mg/ml. 12% 
SDS-PAGE was applied again to assess the 
purity of the purified protein (Figure 2).

Flow cytometry of BMDM with induced differ-
entiation after 72 h

After the culture in blank culture medium for 72 
h, PE-CCR7 (-) and FITC-CD206 (-) macrophages 
were obtained, with the mean proportion 92.30 
± 0.22% of the total cells. Through the stimula-
tion by IFN-γ 20 ng/ml for 72 h, PE-CCR7 (+) 
macrophages were obtained, with the mean 

proportion 16.24 ± 0.82% of the total cells.
After the stimulation for 72 h by 10 ng/ml IL-3 
and 10 ng/ml IL-14 respectively, FITC-CD206 
(+) macrophages were obtained, accounting for 
87.32 ± 4.29% of the total cells on average 
(Figure 3).

Flow cytometry of BMDM with induced differ-
entiation after 72 h

After the co-culture with different concentra-
tions of rTsP53 protein (0.001 μg/ml, 0.01 μg/
ml, 0.1 μg/ml, 1 μg/ml, 2 μg/ml, 5 μg/ml and 
10 μg/ml) for 72 h, FITC-CD206 (+) macro-
phages were obtained, accounting for respec-
tively 1.09 ± 0.22%, 2.13 ± 0.13%, 4.91 ± 
0.07%, 5.48 ± 0.29%, 9.81 ± 0.06%, 12.83 ± 
0.55% and 17.87 ± 0.02% of the total cells on 
average (Figure 4A-G). The ratios of rTsP53 pro-
tein and FITC-206 (+) macrophages were posi-
tively correlated with a correlation coefficient of 
1.510, non-standardized regression equation 
FCM% = 3.997 + 1.510 rTsP53, and the corre-
lation was statistically significant (Figure 4H).

Flow cytometry of BMDM coincubated with 
IFN-γ or IFN-γ + rTsP53 for 72 h

After the co-culture of 20 ng/ml IFN-γ and 
BMDM for 72 h, the obtained PE-CCR7 (+) cells 
accounted for 16.24 ± 0.82% of the total cells  
on average, and FITC-206 (+) cells accounted 

Figure 4. Flow cytometry of BMDM with Induced Differentiation after 72 h. Flow cytometry of BMDM with induced 
0.001 μg/ml (A), 0.01 μg/ml (B), 0.1 μg/ml (C), 1 μg/ml (D), 2 μg/ml (E), 5 μg/ml (F) and 10 μg/ml (G) after 72 h. 
The ratios of rTsP53 protein and FITC-206 (+) macrophages (H).
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for 1.04 ± 0.05 % of the total cells on average. 
After the co-culture of 20 ng/ml IFN-γ and 5 μg/
ml rTsP53 for 72 h, the obtained PE-CCR7 (+) 
cells accounted for 10.60 ± 0.19% of the total 
cells on average, and FITC-206 (+) cells 
accounted for 0.96 ± 0.09% of the total cells on 
average. Comparing the two conditions, the 
resulted difference in mean ratio of PE-CCR7 
(+) cells was statistically significant (Figure 5).

Th1 cytokines from the medium supernatant 
of BMDM with different concentration of 
rTsP53

In the co-culture of different concentrations  
of rTsP53 protein, supernatant IFN-γ, IL-6 and 
TNF-α levels in BMDM culture medium were 
compared. The supernatant IFN-γ and IL-6 lev-
els in culture medium in M0 + IL-4/IL-13 and 
the BMDM in which different concentrations of 
rTsP53 protein were added were significantly 
lower than those in M0 cells. TNF-α level in 
supernatant culture medium in which 0.001 
μg/ml rTsP53 protein was co-cultured showed 
no significant difference from that in M0 cells.
In the M0 + IL-4/IL-13 group and the BMDM 
groups with different concentrations (except at 
the concentration of 0.001 μg/ml) of rTsP53 
protein, TNF-α level was significantly lower than 
that of M0 cells. Compared with M0 + IL-4/
IL-13 group, supernatant IFN-γ, IL-6 and TNF-α 
levels were significantly reduced in the BMDM 
culture with the rTsP53 protein of 0.1 μg/ml 

and above. rTsP53 protein concentration and 
IFN-γ, IL-6 and TNF-α level curves were fit, of 
which the results showed that rTsP53 protein 
concentration and IFN-γ, IL-6 and TNF-α levels 
were significantly negatively correlated, and the 
coefficients were -0.783, -0.812 and -0.928 
respectively (Figure 6).

Th2 cytokines from the medium supernatant 
of BMDM with different concentration of 
rTsP53

Supernatant IL-4 and IL-13 levels in BMDM cul-
ture under the co-culture of different concen-
trations of rTsP53 protein were compared, in 
which M0 + IL-4/IL-13 group is not included in 
the statistical analysis due to the induction by 
adding exogenous IL-4/IL-13. In the BMDM cul-
ture with the rTsP53 protein of 0.1 μg/ml and 
above, supernatant IL-4 and IL-13 levels were 
significantly higher than those of M0 cells. 
rTsP53 protein concentration and IL-4 and IL-13 
level curves were fit, of which the results 
showed that rTsP53 protein concentration and 
IL-4 and IL13 levels were significantly positively 
correlated, and the coefficients were 0.865 
and 0.872 (Figure 7).

Regulatory cytokines from the medium super-
natant of BMDM with different concentration 
of rTsP53

In the co-culture of different concentrations  
of rTsP53 protein, supernatant IL-10 and TGF-β 

Figure 5. Flow cytometry of BMDM Coincubated with IFN-γ or IFN-γ + rTsP53 for 72 h. Flow cytometry of BMDM 
Coincubated with 20 ng/ml IFN-γ (A) and 20 ng/ml IFN-γ and 5 μg/ml rTsP53 (B) for 72 h.
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Figure 6. Th1 cytokines from the Medium Supernatant of BMDM with Different Concentration of rTsP53. The expression of IFN-γ (A), TNF-α (B) and IL-6 (C) from the 
Medium Supernatant of BMDM with Different Concentration of rTsP53; the coefficients of IFN-γ (D), TNF-α (E) and IL-6 (F) expressions.
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levels in BMDM culture medium were com-
pared. The supernatant IL-10 and TGF-β levels 
in culture medium in M0 + IL-4/IL-13 and the 
BMDM in which different concentrations of 
rTsP53 protein were added were significantly 
higher than those in M0 cells; IL-10 level in 
supernatant culture medium in which 0.001 
μg/ml rTsP53 protein was co-cultured was sig-
nificantly lower than that in M0 + IL-4/IL-13; 
IL-10 level was significantly higher than that of 
M0 + IL-4/IL-13 in the BMDM groups with differ-
ent concentrations of rTsP53 protein. IL-10 
level was significantly higher in the BMDM cul-
ture with the rTsP53 protein of 0.01 μg/ml and 
above than that in M0 + IL-4/IL-13; TGF-β level 
was significantly lower in the BMDM culture 
with the rTsP53 protein of 0.001 μg/ml and 
above than that in M0 + IL-4/IL-13, and TGF-β 
level was significantly higher in the BMDM cul-
ture with the rTsP53 protein of 1 μg/ml and 
above than that in M0 + IL-4/IL-13. rTsP53 pro-
tein concentration and IL-10 and TGF-β level 
curves were fit, and the results showed that 
rTsP53 protein concentration and IL-10 and 
TGF-β levels were significantly positively corre-
lated, and the coefficients were 0.871 and 
0.899 respectively (Figure 8).

Comparison of medium supernatant’s cyto-
kines between M0 + IFN-γ and M0 + IFN-γ + 
rTsP53 BMDM

Supernatant IL-6, TNF-α, IL-4, IL-13, IL-10 and 
TGF-β levels in M0 + IFN-γ group and M0 + 
IFN-γ + rTsP53 protein group were compared, 
and the results showed that IL-6 and TNF-α lev-
els in M0 + IFN-γ + rTsP53 protein group were 
significantly lower than those in M0 + IFN-γ 
group, whereas IL-4 and TGF-β levels were sig-
nificantly higher than those in M0 + IFN-γ group 
(Table 1).

Discussion

A variety of risk factors can cause sepsis. 
Preliminary study shows several possible types 
of sepsis pathogenesis, including intestinal 
endotoxemia caused by intestinal mucosal bar-
rier dysfunction, two-hit theory, etc. [3]. But one 
thing is relatively clear among various hypothe-
ses, namely, it is found that a large number  

of inflammatory cytokines are released in the 
body of systemic inflammatory response syn-
drome (SIRS) patient according to the early 
research of sepsis, including tumor necrotic 
factor (TNF), various interleukin (IL), etc. [16]. 
Therefore, the immune system abnormality has 
become an important research direction of 
sepsis in the early stage. Our study prepared, 
purified and identified HIS·Tag fusion rTsP53 
protein. Endotoxin was removed and the pro-
tein was finally concentrated. Rat’s polycolonal 
antibody of rTsP53 was also prepared for fur-
ther immunological exploration.

In various inflammatory diseases of the body, 
M1/M2 macrophages often reflect the balance 
of the body inflammatory/anti-inflammatory 
response; M1 macrophage and inflammation 
response clear pathogenic microorganisms 
away by producing a variety of biologically 
active substances; M2 macrophage and anti-
inflammatory response promote tissue repair 
and control the inflammation in a certain extent 
to avoid excessive damage, which might cause 
compensatory anti-inflammation response syn-
drome (CARS) if the process was out of control 
[17]. As the reaction of SIRS and CARS, the 
excessive activation of either side is not condu-
cive to the prognosis of the host [18].

After 72 h incubation in blank culture medium, 
cells with PE-CCR7 (-) and FITC-CD206 (-) were 
extracted and its mean proportion was 92.30 ± 
0.22%, which were considered as M0 macro-
phages. With the stimulation of 20 μg/ml IFN-γ 
for 72 h, cells with PE-CCR7 (+) were extracted 
and its mean proportion was 16.24 ± 0.82%, 
which were considered as M1 macrophages. 
With the stimulation of IL-3/IL-14 (both 10 μg/
ml) for 72 h, cells with FICT-CD206 (+) were 
extracted and its mean proportion was 87.32 ± 
4.29%, which were considered as M2 macro-
phages. The above characteristics were regard-
ed as one of the classification methods for 
macrophages.

M1 macrophage is activated mainly by type I 
inflammatory cytokines such as Interferon-γ 
(IFN-γ) and TNF-α or the products of pathogenic 
microorganisms such as lipopolysaccharides 
(LPS), etc., to generate large amounts of cyto-

Figure 7. Th2 Cytokines from the Medium Supernatant of BMDM with Different Concentration of rTsP53. The expres-
sion of IL-4 (A) and IL-13 (B) from the Medium Supernatant of BMDM with Different Concentration of rTsP53; the 
coefficients of IL-4 (C) and IL-13 (D) expression.
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kines promoting Th1 immune response such as 
IL-1/IL-6, IL-23 and other ones [19]. In this 
study, co-incubation with different dose of 
rTsP53 (0.001 μg/ml, 0.01 μg/ml, 0.1 μg/ml, 1 
μg/ml, 2 μg/ml, 5 μg/ml, 10 μg/ml, respective-
ly) for 72 h, FITC-CD206 (+) macrophage was 
extracted. The mean proportion in each group 
was 1.09 ± 0.22%, 2.13 ± 0.13%, 4.91 ± 
0.07%, 5.48 ± 0.29%, 9.81 ± 0.06%, 12.83 ± 
0.55%, 17.87 ± 0.02%, respectively. The dose 
of rTsP53 was significantly positive correlated 
to the proportion of FITC-CD206 (+) macro-
phage (P < 0.05). The dose-dependent incre- 
ased proportion indicated that rTsP53 protein 
could promote the M2 macrophage activation.

M2 macrophages can be divided into a, b and c 
three types according to their function mecha-
nism, in which M2a macrophage is primarily 
activated by IL-4 and IL-13, playing a role of 
facilitating tissue trauma healing by generating 
the extracellular matrix, and IL-4 and IL-13  
are important characteristic cytokines of Th2 
immune response [20]. The function of M2a 
macrophages in killing pathogens is significant-
ly lower than that of M1 macrophages. The M2b 
macrophages have immune regulation func-
tion, which can inhibit the generation of inflam-
matory cytokines by generating IL-10; M2c mac-
rophages can generate transforming growth 
factor-β (TGF-β) after the phagocytosis of apop-
totic cells, also playing a role of inhibiting 
inflammatory factors [21]. Therefore, M2 mac-
rophage is an important cell involved in the pro-
cesses of anti-inflammatory reactions. At pres-
ent, co-incubation with 20 μg/ml IFN-γ and 5 

μg/ml rTsP53 for 72 h, cells with PE-CCR7 (+) 
were extracted and its mean proportion was 
10.60 ± 0.19%. Compared to that of mere co-
incubation with IFN-γ, there was significant dif-
ference between the two groups (P < 0.05), 
which suggested that rTsP53 protein could sup-
press the M1 activation effect induced by 
IFN-γ.

The activation of M2 macrophages in vivo is 
likely to play a role in the prevention and treat-
ment of sepsis. However, the parasite infection 
has serious adverse effects for the host, so the 
parasitic infection model cannot be simply 
applied for subsequent studies [22]. As men-
tioned earlier, the animal model of Trichinella 
infection shows enhanced Th2 response, and 
the secreted proteins of Trichinella can have 
immunosuppression effect in vitro [23]. rTsP53 
protein is one kind of secretory protein of 
Trichinella spiralis, and we have made it clear 
rTsP53 protein can promote Th2 response of 
the body by activating M2 macrophages inside 
the tissue so as to improve inflammatory bowel 
disease [21]. According to the above studies, 
we hypothesize rTsP53 protein can also improve 
the prognosis of sepsis by activating M2 macro-
phages in vivo, which needs support of further 
experimental results. And the subcutaneous 
injection of rTsP53 protein in advance adopted 
in the early study is not clinically practical, only 
suggesting the presence of prophylactic effect, 
and this intervention may lead to the genera-
tion of antibody in animals so that it may result 
in a decline in the intervention effect of protein. 
In addition, previous studies on rTsP53 protein 
only direct at animal bodies. Out study showed 
that Th1 cytokines’ (IFN-γ, IL-6 and TNF-α) level 
decreased in the culture medium supernatant 
of BMDM co-incubated with rTsP53. There was 
negative correlation between the Th1 cyto-
kines’ level and the dose of rTsP53. Both Th2 
cytokines (IL-4 and IL-13) and regulatory cyto-
kines in the culture medium increased. There 
was positive correlation between the Th2 cyto-
kines’ level and the dose of rTsP53. There was 
also positive correlation between the regulato-
ry cytokines’ level and the dose of rTsP53. 
Compared to that of BMDM co-incubated with 
IFN-γ, levels of TNF-α and IL-6 were significant 

Figure 8. Regulatory cytokines from the medium supernatant of BMDM with different concentration of rTsP53. The 
expression of IL-10 (A) and TGF-β (B) from the medium supernatant of BMDM with Different Concentration of rTsP53; 
the coefficients of IL-10 (A) and TGF-β (B) expression.

Table 1. The Comparison of Medium Superna-
tant’s Cytokines between M0 + IFN-γ and M0 + 
IFN-γ + rTsP53 BMDM

Index M0 + IFN-γ 
group

M0 + IFN-γ + rTsP53 
BMDM group

IL-6 (pg/ml) 62.45 ± 9.79 43.74 ± 3.24*

TNF-α (ng/L) 302.08 ± 8.21 278.94 ± 6.84*

IL-4 (pg/ml) 108.19 ± 2.53 117.31 ± 3.61*

IL-13 (ng/L) 18.96 ± 1.21 21.67 ± 2.20
IL-10 (pg/ml) 233.59 ± 10.89 223.18 ± 7.07
TGF-β (ng/L) 82.43 ± 2.40 99.19 ± 2.87*

*P < 0.01 compared with M0 + IFN-γ group.
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lower than that of BMDM co-incubated with 
both IFN-γ and rTsP53 (both P < 0.05), while the 
levels of IL-4 and TGF-β were significant higher 
(both P < 0.05). There was no significant differ-
ence in the levels of IL-13 and IL-10 between 
the two groups. The cytokines’ profile was con-
sistent with the tendency showed in FCM study. 
Finally, it is expected that rTsP53 could be used 
to activate BMDM into M2 macrophage and 
stop M1 macrophage activation, and it is rea-
sonable to infer that rTsP53 protein might be 
applied in the treatment for early stage sepsis.
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