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corrects defects in maturation and cytokine secretion  
of peripheral blood dendritic cells from sepsis patients 
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Abstract: Objective: To investigate the expression differences in maturation and cytokine production of dendrit-
ic cells (DCs) from sepsis patients and the effect of oxidized phospholipid 1-palmitoyl-2-arachidonoyl-sn-glycero-
3-phosphorylcholine (OXPAPC) on DCs phenotypes. Methods: Peripheral blood mononuclear cells from 50 sepsis 
patients and 50 controls were cultured in the presence of GM-CSF, IL-4 and TNF-α to induce DCs maturation. DCs 
from sepsis patients were also treated with three different concentrations of OXPAPC. Cells were characterized with 
optical and electron microscopy, FACS analysis for CD1α, HLA-DR and CD86 on cell surface and ELISA analysis of 
IL-12p70 in the supernatant. Results: DCs from sepsis patients had smaller cell bodies and nucleus and had almost 
no surface projection. DCs had similar CD1α expression in sepsis patients (86.37 ± 17.24) and controls (88.58 ± 
10.05). HLA-DR expression was dramatically reduced in sepsis patients (2.74 ± 5.15) compared to controls (198.35 
± 12.04). Similarly, CD86 expression was also drastically lower in sepsis patients (14.72 ± 4.83) than controls 
(154.56 ± 11.56). Furthermore, OXPAPC treatment of DCs from sepsis patients increased cell surface projection, 
HLA-DR and CD86 surface expression and IL-12p70 secretion in a dose-dependent manner. With 40 µg/ml of 
OXPAPC, DCs of sepsis patients have similar phenotypes observed in healthy controls. Conclusion: DCs from sepsis 
patients are defective in maturation and cytokine secretion and these defects can be corrected by OXPAPC treat-
ment.
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Introduction 

Sepsis, a high mortality illness in intensive care 
units (ICU), is a systemic inflammatory response 
syndrome (SIRS) caused by infection. However, 
sepsis is not simply systemic inflammation but 
it also puts the body into an anti-inflammatory 
and immunosuppressive state. Hotchkiss [1] 
found that the immune function of sepsis 
patients was impaired and their peripheral 
blood showed a widespread and progressive 
loss of immune cells including B cells and CD4+ 

T cells. Yao [2] also found that innate immune 
responses in sepsis patients had defects such 
as macrophage malfunction and increased 
apoptosis in lymphoid tissues. Sepsis patients 
often have reduced rejection of foreign matters 
such as pacemakers and reduced allergic reac-
tions to drugs [3].

Dendritic cells (DCs), the most powerful antigen 
presenting cells, are the originator of immune 
response. Only mature DCs can present anti-
gens captured by phagocytes to T helper cells 
and initiate inflammatory responses. Mature 
DCs have dendritic shape and highly express 
MHC class I, MHC class II and costimulatory 
molecules such as CD86, CD80 and CD40 and 
secret cytokines such as IL-12, IL-10, IL-6, TNF-α 
and IFN-γ. Sepsis inhibits DCs maturation and 
their secretion ability in peripheral blood of sep-
sis patients and animals. The recovery of DCs 
function contributes to the improvement of sep-
sis. Previous studies [4, 5] have found that in 
the peripheral blood of sepsis patients the 
expression of DCs surface molecules such as 
HLA-DR, a MHC class II molecule, was decr- 
eased and the secretion of proinflammatory 
cytokine IL-12 was reduced. Previous clinical 
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Chemicals

RPMI-1640 culture medium and fetal calf 
serum were purchased from HyClone (USA). 
GM-CSF and IL-4 were from Peprotech (USA). 
TNF-α was from Sigma (USA); FITC-labeled 
CD86 antibody, HLA-DR antibody and PE lab- 
eled CD1a antibody were from Biolegend (USA); 
PAPC (phospholipid 1-palmitoyl-2-arachidonoyl-
sn-glycero-3-phosphorylcholine) was from San- 
ta Cruz Biotechnology (USA); IL-12 ELISA kit was 
from Dakewei (China) and lymphocyte separa-
tion medium was from Haoyang (China). OX- 
PAPC was obtained through air-dry of PAPC for 
72 hours. 

Separation of mononuclear cells

Peripheral venous blood (20 ml) were obtained 
from each patient and diluted in lymphocyte 
separation medium and then centrifuged at 
1800 rpm for 15 min. The tunica albuginea lay-
ers (mononuclear cells) were absorbed and 
added in RPMI-1640 with 10% fetal calf serum, 
then put in incubator for adherence. 

Culture and treatment of DCs 

GM-CSF (1000 U/ml) and IL-4 (500 U/ml) were 
added into mononuclear cells. Half culture 
medium was changed and half amount of cyto-
kines was added in the third and sixth days. 
TNF-α (200 U/ml) was added in the sixth days. 
After eight days of culture DCs were collected. 
Different reagents were added to different 
study groups: 1) the control group: GM-CSF and 
IL-4; 2) sepsis group: GM-CSF and IL-4; 3) sep-
sis OXPAPC 10 group: GM-CSF and IL-4 plus 
OXPAPC (10 µg/ml); 4) sepsis OXPAPC 25 
group: GM-CSF, IL-4 and OXPAPC (25 µg/ml); 5) 
sepsis OXPAPC 40 group: GM-CSF, IL-4 and 
OXPAPC (40 µg/ml).

Determination of surface molecules and cyto-
kines

Cultured DCs were washed with PBS and then 
pelleted at 1000 rpm for 10 min. Cells were 
resuspended to 1x105/ml. FITC- or PE-labeled 
CD86, HLA-DR and CD1a antibodies (10 μL) 
were added into 100 μL cell suspensions and 
incubated at 4°C for 30 min. Cells were ana-
lyzed by flow cytometry for cell surface mole-
cules. Cell culture medium was collected and 
used for IL-12 measurement by ELISA accord-
ing to manufacturer’s recommendation. 

studies [6] also showed that the numbers of 
DCs in patients who died from sepsis were sig-
nificantly lower than in sepsis survivors. DCs 
disappeared in mice which were injected with 
diphtheria toxin, but when bone marrow DCs 
were injected at the same time of diphtheria 
toxin injection, the survival rate of mice was 
greatly increased [7].

Lipopolysaccharide (LPS), an endotoxin, is a 
major component of gram negative bacteria. 
LPS is the main cause of sepsis and septic 
shock. The oxidized phospholipid 1-palmitoyl-
2-arachidonoyl-sn-glycero-3-phosphorylcholine 
(OXPAPC) is an active compound of minimally 
oxidized low-density lipoprotein. OXPAPC can 
competitively inhibits LPS’s effect. OXPAPC 
obstructs the binding of LPS to LBP and CD14. 
It decreases LPS-induced expression of ICAM-
1, VCAM-1, E-selectin and other adhesion mol-
ecules, thereby inhibiting the adverse effect of 
LPS [8-10]. OXPAPC may be a potential drug for 
the treatment of sepsis [11]. However, it is 
unknown whether OXPAPC can reduce LPS-
induced inhibition of DC maturation and secre-
tion of inflammatory molecules. Therefore, we 
investigated the effect of OXPAPC on DC funct- 
ion.

Materials and methods 

Study patients

Study subjects include 38 male and 12 female 
sepsis patients admitted to the ICU of the 
Second Xiangya Hospital between October 
2013 and February 2014. Their ages range 
between 15 and 85 years with a mean of 60.57 
± 16.36. Their APACHEII score was 6-43 with a 
mean of 23.19 ± 9.48. Primary diseases were 
pulmonary infection in 14 cases, diffuse perito-
nitis in 11 cases, intracranial infection in 4 
cases, blood infection in 4 cases and other dis-
ease in 9 cases. All patients had no history of 
autoimmune diseases, no malignancies, no 
use of immunosuppressive drugs.

The control group included 50 subjects (38 
males and 12 females) selected from non-
infectious patients in the same ICU. Their ages 
were 41-77 years (mean = 59.2 ± 12.6). Sepsis 
was defined as SIRS such as fever, tachycardia, 
tacypnoea or leucocytosis in response to a cul-
ture-proven or clinically suspected infection.
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Statistical processing

SPSS18.0 statistical software was used. Data 
were expressed as mean ± SD under the condi-

tion of homogenized variance. Comparisons we- 
re done with one-way analysis of variance amo- 
ng groups, followed by LSD-t test. A value of P < 
0.05 was considered statistically significant.

Figure 1. Morphological characteristics of DCs under an optical microscope. A: Control group; B: Sepsis group; C-E: 
Sepsis treated with 10, 25 and 40 µg/ml of OXPAPC.

Figure 2. Morphological characteristics of DCs under an electric microscope. A: Control group; B: Sepsis group; C-E: 
Sepsis treated with 10, 25 and 40 µg/ml of OXPAPC.
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Results

Morphological characteristics of DCs

DCs in the control group have extensive sur-
face projections and large cell and nucleus 
sizes. In contrast, DCs in the sepsis group have 
smaller cell bodies and smaller nucleus and 
have almost no surface projection. DCs from 
sepsis patients with OXPAPC treatment gained 
more cell surface projections in an OXPAPC 
concentration-dependent manner (Figures 1 & 
2).

Surface molecules

As shown in Table 1 and Figure 3, the expres-
sion of CD1a was similar in the control group 
and sepsis patent groups with or without OXPAC 
treatment. In contrast, HLA-DR expression was 
dramatically reduced in sepsis patients (2.74 ± 
5.15) compared to controls (198.35 ± 12.04). 
OXPAPC treatment increased HLA-DR levels in 
a concentration-dependent manner (12.57 ± 
7.99, 32.02 ± 5.86 and 169.80 ± 11.11 for 10, 
25 and 40 µg/ml, Table 1). Treatment with 40 
µg/ml of OXPAPC almost normalized HLA-DR 
expression. Similarly, CD86 expression was 
also dramatically reduced in sepsis patients 
(14.72 ± 4.83) compared to controls (154.56 ± 
11.56) and OXPAPC treatment increased CD86 
levels in a concentration-dependent manner 
(Table 1). 

Cytokine secretion

IL-12p70 was measured in the culture medium 
of DCs from controls and sepsis patients with 
or without OXPAPC treatment. IL-12p70 secre-
tion was significantly reduced in the culture 
medium of DCs from sepsis patients without 
OXPAPC treatment (3.78 ± 0.83) compared to 
controls (18.05 ± 1.42) (Table 2 and Figure 4). 
OXPAPC treatment of DCs from sepsis patie- 
nts increased IL-12p70 secretion in a dose-de- 

acteristic expression of surface CD1a are con-
sidered as DCs. In this study, we purified and 
cultured mononuclear cells from peripheral 
blood of 50 sepsis patients and 50 matched 
controls. The CD1a expression levels were simi-
lar in controls and sepsis patients with or with-
out OXPAPC treatment, suggesting that the 
cells are most likely DCs. We also investigated 
the expression of HLA-DR and CD86. HLA-DR is 
a MHC class II molecule and an important anti-
gen presenting molecule [12]. CD86 is a 
costimulatory molecule on DC surface [13]. 
Peripheral blood mononuclear cell surface lev-
els of HLA-DR and CD86 are important for the 
prognosis of sepsis patients. A previous study 
compared 23 severe sepsis patients and 26 
uneventful postoperative patients and found 
that mononuclear cells of sepsis patients could 
differentiate into DCs but HLA-DR levels in 
patients was significantly decreased. The level 
of HLA-DR increased by 70% in 10 days while 
patients were recovering. In contrast, non-sur-
vivors were characterized by a second decrease 
in monocytic HLA-DR expression after day 7 or 
by a permanent suppression [14]. All infected 
patients had a loss of monocyte HLA-DR 
expression and the loss of HLA-DR expression 
on circulating monocytes was associated with 
a poor outcome [15]. Grimaldi [16] isolated and 
cultured DCs of septic shock patients in ICU 
and found that bone marrow DCs and plasma 
DCs from patients expressed lower HLA-DR 
compared with controls. In another study [17], 
peripheral blood DCs of severe sepsis patients 
were found to express lower level of HLA-DR, 
CD86, CD83 and CD11c. In animal experi-
ments, a link also exists between sepsis and 
DCs. Without either increased bacteremia or 
plasma cytokine concentrations, intravenous 
injection of 107 wild-type DCs improved survival 
in sepsis mice [7]. DCs from different sepsis 
mouse models released less IL-12. In mice that 
survived sepsis, IL-12 production was sup-

Table 1. Mean and standard deviation of HLA-DR, CD86 and CD1a levels
Groups Cases CD1a HLA-DR CD86
Control 50 88.58 ± 10.05 198.35 ± 12.04 154.56 ± 11.56 
Sepsis 50 86.37 ± 17.24 2.74 ± 5.15* 14.72 ± 4.83*
Sepsis OXPAPC 10 50 80.32 ± 11.73 12.57 ± 7.99# 23.39 ± 4.87#

Sepsis OXPAPC 25 50 90.05 ± 8.95 32.02 ± 5.86# 41.81 ± 4.37#

Sepsis OXPAPC 40 50 90.67 ± 16.67 169.80 ± 11.11# 109.54 ± 4.92#

*Comparison with the control group, p < 0.0001. #Comparison with the sepsis group, p < 
0.0001.

pendent manner (Table 
2). However, the secre-
tion level did not reach 
the levels observed in 
controls even with 40 
µg/ml of OXPAPC. 

Discussion

In sepsis patients, mo- 
nonuclear cells with de- 
ndritic shape and char-
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Figure 3. CD1a, HLA-DR and CD86 expression. A-C: Representative FACS profiles. D-F: Mean and standard deviation in each of the five study groups.



OXPAPC corrects DC defects in sepsis

2072 Int J Clin Exp Med 2014;7(8):2067-2073

pressed, providing a likely mechanism for the 
increased risk of secondary infections. Decre- 
ased IL-12 production in vivo was clearly multi-
factorial, involving both loss of CD11c DCs as 
well as alterations in the responsiveness of 
macrophages and remaining splenic DCs [18]. 
Mouse DCs of the cecal ligation and perfora-
tion (CLP) secreted less IL-12 than the control 
group, even though the CLP mice, which were 
injected with antibiotics and survived for up to 
15 days, released high levels of IL-10 [19]. It is 
likely that cytokines like PGE2, IL-10 or TGF-β in 
sepsis affect the ability of DCs to secrete IL-12. 
The reduced production of IL-12 by DCs and 
increased IL-10 production would induce T 
helper cell transformation to a Th2 type, which 
weakens immune response [18].

OXPAPC is a potential drug for the treatment of 
sepsis. In one study [20], OXPAPC was used to 
treat acute lung injury infected with H5N1 avian 
influenza virus or the SARS-coronavirus and it 
was found that OXPAPC could significantly red- 
uce the severity of lung infection. The potential 
mechanism is via inhibition of the LPS signaling 
pathway by blocking MAPKS and IKK signaling 
pathways and down-regulating cellular factors 
and inflammatory mediators. As sepsis often 
appeared secondary to lung infection, these 
results provide theoretical justification for using 
OXPAPC to treat sepsis. In the current study, we 
demonstrated that OXPAPC can reverse defects 
in DC maturation and cytokine secretion often 
observed in sepsis patients. Therefore, our st- 
udy supports the concept that OXPAPC may be 
an excellent drug candidate for treating sepsis.

Disclosure of conflict of interest

None.

Address correspondence to: Jin-Xiu Li, Department 
of Intensive Care Unit, The Second Xiangya Hospital, 

Central South University, Changsha 410011, China. 
E-mail: 1477715255@qq.com

References

[1] Hotchkiss RS, Monneret G and Payen D. 
Immunosuppression in sepsis: a novel under-
standing of the disorder and a new therapeutic 
approach. Lancet Infect Dis 2013; 13: 260-
268.

[2] Yao YM. [Host immunosuppression in patho-
genesis of sepsis and its clinical implication]. 
Zhongguo Wei Zhong Bing Ji Jiu Yi Xue 2007; 
19: 138-141.

[3] Vincent JL, Sun Q and Dubois MJ. Clinical trials 
of immunomodulatory therapies in severe sep-
sis and septic shock. Clin Infect Dis 2002; 34: 
1084-1093.

[4] Pastille E, Didovic S, Brauckmann D, Rani M, 
Agrawal H, Schade FU, Zhang Y and Flohe SB. 
Modulation of dendritic cell differentiation in 
the bone marrow mediates sustained immuno-
suppression after polymicrobial sepsis. J 
Immunol 2011; 186: 977-986.

[5] Sirgo G, Claramonte R, Chanovas M, Esteban 
F, Forcadell I, Luna J, Masdeu G, Ramon 
Vazquez J and Artigas A. [Dendritic cells in sep-
sis: an approach to post-infectious immuno-
suppression]. Med Intensiva 2010; 34: 559-
566.

[6] Guisset O, Dilhuydy MS, Thiebaut R, Lefevre J, 
Camou F, Sarrat A, Gabinski C, Moreau JF and 
Blanco P. Decrease in circulating dendritic 
cells predicts fatal outcome in septic shock. 
Intensive Care Med 2007; 33: 148-152.

[7] Scumpia PO, McAuliffe PF, O’Malley KA, Ungaro 
R, Uchida T, Matsumoto T, Remick DG, Clare-
Salzler MJ, Moldawer LL and Efron PA. CD11c+ 
dendritic cells are required for survival in mu-

Figure 4. IL-12p70 levels in the cell culture medium. 
Data are expressed as mean ± standard deviation. 
*p < 0.0001, sepsis vs. control groups; #p < 0.0001, 
for comparisons between treated sepsis groups and 
untreated sepsis group.

Table 2. Mean and standard deviation IL-
12p70 level
Groups Cases IL-12p70 (pg/ml)
Control 50 18.05 ± 1.42
Sepsis 50 3.78 ± 0.83*
Sepsis OXPAPC 10 50 5.18 ± 1.00＃

Sepsis OXPAPC 25 50 6.98 ± 0.99＃

Sepsis OXPAPC 40 50 9.27 ± 0.86＃

*Comparison with the control group, p < 0.0001. #Com-
parison with sepsis group, p < 0.0001.

http://www.ncbi.nlm.nih.gov/pubmed/11914997


OXPAPC corrects DC defects in sepsis

2073 Int J Clin Exp Med 2014;7(8):2067-2073

rine polymicrobial sepsis. J Immunol 2005; 
175: 3282-3286.

[8] Bochkov VN, Oskolkova OV, Birukov KG, 
Levonen AL, Binder CJ and Stockl J. Generation 
and biological activities of oxidized phospho-
lipids. Antioxid Redox Signal 2010; 12: 1009-
1059.

[9] Bochkov VN, Kadl A, Huber J, Gruber F, Binder 
BR and Leitinger N. Protective role of phospho-
lipid oxidation products in endotoxin-induced 
tissue damage. Nature 2002; 419: 77-81.

[10] Riedemann NC and Ward PA. Oxidized lipid 
protects against sepsis. Nat Med 2002; 8: 
1084-1085.

[11] Knapp S, Matt U, Leitinger N and van der Poll 
T. Oxidized phospholipids inhibit phagocytosis 
and impair outcome in gram-negative sepsis in 
vivo. J Immunol 2007; 178: 993-1001.

[12] van Haren SD, Herczenik E, ten Brinke A, 
Mertens K, Voorberg J and Meijer AB. HLA-DR-
presented peptide repertoires derived from 
human monocyte-derived dendritic cells 
pulsed with blood coagulation factor VIII. Mol 
Cell Proteomics 2011; 10: M110. 002246.

[13] Teng GS, Fu R, Liu H, Wang HL, Wang YH, Ruan 
EB, Qu W, Liang Y, Wang GJ, Wang XM, Wu YH, 
Song J, Wang HQ, Xing LM, Guan J, Wang J, Li 
LJ and Shao ZH. [Expression of CD80 and 
CD86 on dendritic cells of patients with im-
mune related pancytopenia and its clinical sig-
nificance]. Zhonghua Xue Ye Xue Za Zhi 2012; 
33: 865-868.

[14] Tschaikowsky K, Hedwig-Geissing M, Schiele A, 
Bremer F, Schywalsky M and Schuttler J. 
Coincidence of pro- and anti-inflammatory re-
sponses in the early phase of severe sepsis: 
Longitudinal study of mononuclear histocom-
patibility leukocyte antigen-DR expression, pro-
calcitonin, C-reactive protein, and changes in 
T-cell subsets in septic and postoperative pa-
tients. Crit Care Med 2002; 30: 1015-1023.

[15] Le Tulzo Y, Pangault C, Amiot L, Guilloux V, 
Tribut O, Arvieux C, Camus C, Fauchet R, 
Thomas R and Drenou B. Monocyte human 
leukocyte antigen-DR transcriptional downreg-
ulation by cortisol during septic shock. Am J 
Respir Crit Care Med 2004; 169: 1144-1151.

[16] Grimaldi D, Louis S, Pene F, Sirgo G, Rousseau 
C, Claessens YE, Vimeux L, Cariou A, Mira JP, 
Hosmalin A and Chiche JD. Profound and per-
sistent decrease of circulating dendritic cells is 
associated with ICU-acquired infection in pa-
tients with septic shock. Intensive Care Med 
2011; 37: 1438-1446.

[17] Riccardi F, Della Porta MG, Rovati B, Casazza 
A, Radolovich D, De Amici M, Danova M and 
Langer M. Flow cytometric analysis of periph-
eral blood dendritic cells in patients with se-
vere sepsis. Cytometry B Clin Cytom 2011; 80: 
14-21.

[18] Wysocka M, Robertson S, Riemann H, 
Caamano J, Hunter C, Mackiewicz A, Montaner 
LJ, Trinchieri G and Karp CL. IL-12 suppression 
during experimental endotoxin tolerance: den-
dritic cell loss and macrophage hyporespon-
siveness. J Immunol 2001; 166: 7504-7513.

[19] Flohe SB, Agrawal H, Schmitz D, Gertz M, Flohe 
S and Schade FU. Dendritic cells during poly-
microbial sepsis rapidly mature but fail to initi-
ate a protective Th1-type immune response. J 
Leukoc Biol 2006; 79: 473-481.

[20] Martin TR and Wurfel MM. A TRIFfic perspec-
tive on acute lung injury. Cell 2008; 133: 208-
210.


