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Anti-RAGE antibody ameliorates severe thermal 
injury in rats through regulating cellular immune 
function
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Aim: The receptor of advanced glycation end products (RAGE) participates in a variety of pathophysiological processes and 
inflammatory responses.  The aim of this study was to investigate the therapeutic potential of an anti-RAGE neutralizing antibody for 
severe thermal injury in rats, and to determine whether the treatment worked via modulating cellular immune function.
Methods: Full-thickness scald injury was induced in Wistar rats, which were treated with the anti-RAGE antibody (1 mg/kg, iv) at 6 h 
and 24 h after the injury.  The rats were sacrificed on d 1, 3, 5, and 7.  Blood and spleen samples were harvested to monitor organ 
function and to analyze dendritic cell (DC) and T cell cytokine profiles.  The survival rate was analyzed up to d 7 after the injury.
Results: Administration of the antibody significantly increased the 7 d survival rate in thermally injured rats (6.67% in the model group; 
33.33% in anti-RAGE group).  Treatment with the antibody also attenuated the multiple organ dysfunction syndrome (MODS) following 
the thermal injury, as shown by significant decreases in the organ dysfunction markers, including serum ALT, AST, blood urea nitrogen, 
creatinine and CK-MB.  Moreover, treatment with the antibody significantly promoted DC maturation and T cell activation in the spleens 
of thermally injured rats.
Conclusion: Blockade of the RAGE axis by the antibody effectively ameliorated MODS and improved the survival rate in thermally 
injured rats, which may be due to modulation of cellular immune function.
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Introduction
Sepsis, a systemic inflammatory syndrome that can lead to 
lethal multiple organ dysfunction syndrome (MODS), is a 
challenging problem in surgical intensive care units.  Studies 
of the pathophysiology of organ failure in sepsis have shown 
that a dysregulated immune response, or immune paralysis, 
in which the homeostasis between pro-inflammatory and anti-
inflammatory reaction is lost plays a key role in the develop-
ment of MODS[1].  The receptor of advanced glycation end 
products (RAGE), a pattern-recognition receptor that binds a 
diverse class of ligands — including endogenous molecules 
or alarmins, such as S100/calgranulins, high mobility group 
box-1 protein (HMGB1), and amyloid β-peptide[2–4] — perpetu-
ates the innate immune response and induces the defensive 
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immune response[5, 6].  Inhibiting RAGE decreased the levels 
of multiple pro-inflammatory mediators implicated in the 
pathophysiology of sepsis and improved short-term survival 
in rodent models of sepsis[6, 7].  Clinical trials of interventions 
designed to modulate the immune response to acute insults 
and sepsis have been disappointing[8, 9]; therefore, inhibition of 
the RAGE axis could provide another strategy for improving 
clinical outcome.  However, it is unclear whether blockade of 
RAGE can influence the host immune response and survival 
secondary to severe burns in vivo.  In this study, we assessed 
the effect of an anti-RAGE antibody on MODS and mortal-
ity in rats after severe thermal injury.  We also assessed the 
immune functions of dendritic cells (DCs) and T cells from 
thermally injured rats after treatment with a RAGE-neutraliz-
ing antibody.

Materials and methods
Media and reagents
The anti-murine RAGE neutralizing antibody (anti-RAGE) 
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(Beijing Bioss Biotech Co Ltd, China) is a high-affinity rabbit-
derived polyclonal antibody with a titer greater than 1:20 000 
(as measured by ELISA).  Rabbit albumin was used as a con-
trol.  Collagenase D from Clostridium histolyticum was pur-
chased from Sigma (St Louis, MO, USA).  Ficoll-Paque was 
purchased from Axis-shield Co, Norway.  RPMI-1640, fetal calf 
serum (FCS), glutamine, penicillin, streptomycin, and HEPES 
were purchased from TianRunShanda Biotech Co Ltd (Bei-
jing, China).  Anti-DC (OX62) MicroBeads (IgG1, clone OX62) 
were purchased from Miltenyi Biotec GmbH, Germany.  Con-
canavalin A (Con A), thiazolyl blue (MTT), and Triton X-100 
were purchased from Sigma.  Antibodies used for flow cyto-
metric analysis, including fluorescein isothiocyanate (FITC)-
conjugated anti-rat major histocompatibility complex (MHC)-
II (IgG1, clone HIS19), phycoerythrin (PE)-conjugated mouse 
anti-rat CD80 (IgG1, κ clone 3H5), PE-conjugated mouse anti-
rat CD86 (IgG1, κ clone 24F), PE-conjugated mouse anti-rat 
CD25 (IgG1, κ clone OX-39), FITC-conjugated mouse anti-rat 
CD3 (IgM, κ clone 1F4), and mouse anti-rat CD16/CD32 (Fc 
blocker, Fcγ-β/α-R) (IgG1b, κ clone D34-485) were purchased 
from BD PharMingen (San Diego, CA, USA).  FITC-conjugated 
anti-rat RAGE (IgG) and FITC-conjugated goat anti-mouse IgG 
2A was purchased from Biosynthesis Biotechnology Co, Ltd 
(Beijing, China).  The total RNA isolation system and reverse 
transcription system were purchased from Promega (Madison, 
WI, USA).  The SYBR Green PCR Master Mix was purchased 
from Applied Biosystems (Foster City, CA, USA).  Enzyme-
linked immunosorbent assay (ELISA) kits for interleukin (IL)-
12, tumor necrosis factor (TNF)-α, IL-2, soluble IL-2 receptor 
(sIL-2R), IL-4, and interferon (IFN)-γ were purchased from 
Biosource (Worcester, MA, USA).

Animal model of thermal injury
A common technique for producing full-thickness scald 
injury was used in this study[10].  Wistar rats (weight range 
250–300 g), purchased from the Laboratory Animal Cen-
ter, Beijing, China, were housed in separate cages in a 
temperature-controlled room with 12 h light and 12 h dark-
ness and allowed to acclimatize to laboratory conditions for at 
least 7 d before undergoing experimental procedures.  All ani-
mals had free access to water but were fasted overnight prior 
to the experiment.  The rats were anesthetized, and the dorsal 
and lateral surfaces of the rats were shaved.  The rats were 
then placed on their backs in a protective template exposing 
30% of the total body surface area, and the exposed skin was 
immersed in 99 °C water for 12 s.  The sham operation rats 
were subjected to identical treatment but were exposed to 
room temperature water.  The rats were resuscitated 6 h later 
with 40 mL/kg lactated Ringer’s solution (by intraperitoneal 
injection), followed by an additional 4 mL at 12, 24, 36, and 
48 h after thermal injury.  All experiments were performed 
according to the National Institute of Health Guide for the 
Care and Use of Laboratory Animals and were approved by 
the Scientific Investigation Board of the Chinese PLA General 
Hospital, Beijing, China.

Experimental design
Wistar rats were randomly divided into 3 groups: the sham 
operation group (Sham control), thermal injury group (Burn), 
and anti-RAGE treatment group (Anti-RAGE).  These groups 
were further divided into four subgroups that were sacrificed 
on postburn days (PBD) 1, 3, 5, and 7, respectively (n=6 for 
each group).  Anti-RAGE (1 mg/kg) was administered via 
the dorsal penile vein at 6 and 24 h after thermal injury in the 
anti-RAGE treatment group (the dosage and time points were 
selected based on results from our preliminary experiments).  
The rats in the sham operation group and the thermal injury 
group were injected with the same volume of rabbit albumin.  
Eight untreated rats served as normal controls.  The animals 
were sacrificed on PBD 1, 3, 5, and 7, and blood and spleen 
samples were harvested aseptically to determine the levels of 
various organ function markers and cytokines.  The spleen 
samples were divided into two portions: one was used to iso-
late DC and T cells, and the other was snap-frozen in liquid 
nitrogen, stored at -80 °C, and used to isolate total RNA and 
measure cytokine levels.  

To determine the therapeutic efficacy of the RAGE-
neutralizing antibody for thermally injured rats, 130 Wistar 
rats were randomly divided into a sham operation group 
(n=10), a thermal injury group (n=60), and an anti-RAGE anti-
body treatment group (n=60).  The survival rate was recorded 
up to 7 d after the procedure.

Measurement of organ function markers
The blood samples were centrifuged (3000 rounds per minute, 
10 min) to separate the serum from the blood cells.  All of the 
serum samples were analyzed within 24 h using a chemistry 
analyzer (Hitachi 7170, Japan).  Liver function was assessed 
by measuring serum levels of alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST).  Renal function was 
assessed by measuring serum levels of blood urea nitrogen 
(BUN) and creatinine (Cr).  Myocardial injury was assessed by 
measuring serum levels of creatine kinase muscle brain isoen-
zyme (CK-MB).

Isolation of splenic DCs
The spleen samples were digested with collagenase D and 
minced, and the mononuclear cells were isolated over a Nyco-
Prep 1.077A density gradient medium, as described previ-
ously.  Splenic DCs were isolated from mononuclear cells by 
positive selection using anti-DC (OX62) MicroBeads and a 
MiniMACSTM Separator with a positive selection MS column 
according to the manufacturer’s instructions.  The DCs were 
pelleted by centrifugation (300×g, 10 min), and the cell pel-
let was resuspended in RPMI-1640 (10% FCS) medium and 
cultured at 37 °C in 5% CO2 in humidified air overnight.  The 
cell culture supernatants were collected to determine cytokine 
levels.

Isolation of splenic T cells
Mononuclear cells were isolated as previously described and 
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then incubated in nylon wool-packed columns for 2 h at 37 °C.  
T cells were obtained by eluting the columns with 30–40 mL 
of RPMI-1640 at a flow rate of one drop per second.  In total, 
90%–95% of the eluted cells were CD3-positive T cells.

FITC-dextran uptake by DCs
The DCs were suspended in RPMI-1640, 10% FCS and 25 
mmol/L HEPES, pH 7.4, and incubated with 0.5 mg/mL of 
FITC-dextran (Mw=40 500; Sigma) for 2 h at 37 °C in darkness.  
The cells were then washed 3 times with ice-cold PBS, 0.1% 
BSA and 0.01% NaN3 and fixed in 10% formaldehyde in PBS 
(pH 7.2–7.4).  The uptake of FITC-dextran by the splenic DCs 
was assessed by flow cytometry using a FACScan system (BD 
Biosciences, Mountain View, CA, USA).

Flow cytometric analysis
DCs (1×105) were incubated for 15 min at 4 °C in 100 μL of 5% 
PBS with 0.1% FCS plus sodium azide (staining buffer) con-
taining PE anti-rat CD80 and PE anti-rat CD86 or FITC anti-rat 
MHC-II and FITC anti-rat RAGE.  FITC-conjugated irrelevant 
isotype controls were included.  T cells (1×105) were blocked 
with 1 μg of Fc blocker for 15 min at 4 °C in 100 μL of 5% PBS 
with 0.1% FCS and then incubated for 20 min in darkness with 
PE-conjugated CD25 (alpha-chain of IL-2 receptor, IL-2Rα) and 
FITC-conjugated CD3.  The cells were then washed twice with 
PBS containing 5% FCS, fixed in PBS containing 10% formal-
dehyde (pH 7.2–7.4), and examined by flow cytometry using a 
FACScan system (BD Biosciences, Mountain View, CA, USA).  

T cell proliferation assay
T cells were suspended to a density of 5×106/mL in RPMI-
1640 culture medium supplemented with 10% FCS, 100 U/mL 
penicillin, and 100 μg/mL streptomycin and plated in 96-well 
round-bottomed plates (each sample was plated in 6 repli-
cates).  The cells were then treated with 5 μg/mL Con A for 
68 h at 37 °C in 5% CO2 in a humidified atmosphere.  Next, 10 
μL of thiazolyl blue (MTT) (5 mg/mL) was added to each well 
and the plates were re-incubated for 4 h.  Finally, 100 μg of 
acid-isopropanol was added to dissolve the MTT crystals, and 
the solution was mixed thoroughly by repeated pipetting.  The 
optical density (OD) was measured at 540 nm using a micro-
plate reader (Spectra MR, Dynex, Chantilly, VA, USA).

SYBR Green Real-time RT-PCR
Total RNA was extracted from T cells by acid guanidinium 
thiocyanate-phenol-chloroform extraction according to the 
manufacturer’s instructions.  The concentration of the puri-
fied total RNA was determined by measuring the absorbance 
at 260 nm.  The IL-2, IL-2Ra, and glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) mRNA levels were quantified by 
SYBR Green 2-step, real-time RT-PCR (all of the samples 
were quantified in duplicate).  After treating with DNase I to 
remove any potential contaminating DNA, 1 μg of total RNA 
from each sample was reverse transcribed using an oligo-dT 
primer and Superscript II to generate first-strand cDNA.  A 
PCR mixture was then prepared using the SYBR Green PCR 

Master Mix and the primers shown in Table 1.  The thermal 
cycling conditions were: 10 min at 95 °C followed by 40 cycles 
of 95 °C for 15 s and 60 °C for 1 min on a Sequence Detection 
System (ABI PRISM 7500, USA).  The expression of each gene 
was normalized to GAPDH mRNA.

Measuring cytokine levels ELISA
Levels of HMGB1, IL-12, TNF-α, IL-2, sIL-2R, IL-4, and IFN-γ 
in serum or cell culture medium were determined by ELISA, 
according to the manufacturers’ instructions.  The color reac-
tion was terminated by adding 100 μL of ortho-phosphoric 
acid.  Plates were read in a microplate reader (Spectra MR, 
Dynex, Chantilly, VA, USA).  The concentrations of cytokines 
in the samples were calculated based on standard curves 
generated using purified recombinant cytokines.  All samples 
were serially diluted twofold in duplicate for analysis.

Statistical analysis
The primary endpoint in each experiment was survival.  Data 
are expressed as the mean±standard deviation (SD).  Differ-
ences in survival rate were analyzed using a Kaplan-Meier 
survival plot and the log-rank test.  A one-way ANOVA and 
an unpaired Student’s t-test were used to determine signifi-
cant differences between the groups.  A P value of 0.05 or less 
was considered statistically significant.

Results
Treatment with an anti-RAGE antibody protected rats from severe 
thermal injury
The survival rate of thermally injured rats was monitored over 
7 d.  Administering the anti-RAGE antibody at 6 h and 24 h 
after thermal injury provided significant protection, as these 
rats showed improved survival compared with the thermal 
injury group (Figure 1).  At PBD 7, the survival rate of rats in 
the thermal injury group was 6.67%, but treatment with the 
anti-RAGE antibody after thermal injury increased the sur-
vival rate to 33.33% at the same time point (P<0.01).  

The level of organ damage after thermal injury was assessed 
by measuring the levels of serum markers organ function.  
As shown in Figure 2, thermal injury induced a significant 
increase in serum levels of ALT and AST over PBD 1–7 (all 
P<0.05), indicating damage to liver function.  Over the same 
period, we detected elevated serum levels of BUN and Cr, 

Table 1.  Sequences of rat primers for SYBR Green PCR. 

Target gene             Oligonucleotide primers (5′–3′)        Size
 
IL-2 Sense CCATGATGCTCACGTTTAAATTTT  75 bp
 Antisense TTGCCCAAGCAGGCCACAGAATTG 
IL-2Rα Sense GAATTTATCATTTCGTGGTGGGGCA  98 bp
 Antisense TCTTCTACTCTTCCTCTGTCTCCG 
GAPDH Sense TGCACCACCAACTGCTTA 177 bp
 Antisense GGATGCAGGGATGATGTT
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indicating kidney dysfunction, and increased levels of CK-MB 
in the serum, indicating heart tissue damage (Figure 2) (all 
P<0.05).  However, rats treated with the anti-RAGE antibody 
exhibited less organ damage than thermally injured animals.  
Treatment with the anti-RAGE antibody at 6 h and 24 h after 
thermal injury significantly decreased the serum levels of 
ALT, AST, BUN, Cr, and CK-MB, especially on PBD 3 (P<0.01) 
and PBD 5 (P<0.05), reflecting a reduced level of damage to 

the liver, kidney and heart (Figure 2).  

Effect of anti-RAGE treatment on inflammation and immune 
status in thermally injured rats
We next assessed the levels of inflammatory mediators such 
as IL-12, HMGB1, and sIL-2R in serum from thermally injured 
rats.  As show in Figure 3, anti-RAGE treatment resulted in a 
significant increase in IL-12, a cytokine that plays a key role 
in the development of cell-mediated immunity.  In contrast, 
relatively low levels of IL-12 were detected in serum from 
thermally injured rats over PBD 1-7 (all P<0.05).  The level 
of sIL-2R (a biomarker reflecting T cell expansion) in serum 
from thermally injured rats increased over PBD 3–7.  Treat-
ment with the anti-RAGE antibody after thermal injury sig-
nificantly decreased serum sIL-2R (all P<0.05).  However, the 
level of HMGB1, an important late inflammatory cytokine that 
increases after thermal injury, was not markedly affected by 
administration of the anti-RAGE antibody (all P>0.20).

The effect of anti-RAGE treatment on RAGE expression on the 
surface of DCs
DCs, the most important potent antigen-presenting cells, 
induce and coordinate the host immune response.  We there-
fore determined the expression of RAGE on the surface of DCs 
isolated from the spleens of thermally injured rats with or 
without anti-RAGE treatment.  As shown in Figure 4, the level 

Figure 1.  Treatment with the anti-RAGE antibody protected rats from 
severe thermal injury.  The Kaplan-Meier analysis showed a significant 
difference in the 7-d survival rate between the anti-RAGE antibody 
treatment group (n=60, 33.33%) and the thermal injury group (n=60, 
6.67%, P<0.01).

Figure 2.  Treatment with the anti-RAGE antibody reduced multiple organ 
dysfunction caused by thermal injury.  Serum was separated from blood 
samples from rats in the normal control, sham control, thermal injury, 
and anti-RAGE treatment groups by centrifugation (3000 rounds per 
minute, 10 min).  The levels of ALT, AST, BUN, Cr, and CK-MB in each 
serum sample were determined using a chemical analyzer.  The results 
are shown as the mean±SD (n=6).  bP<0.05 vs the sham control group.  
eP<0.05 vs the thermal injury group.
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of RAGE expression on the surface of the DCs was signifi-
cantly higher in thermally injured rats compared to the normal 
or sham rats.  Treatment with the anti-RAGE antibody after 
thermal injury resulted in a down-regulation of RAGE (Figure 
4).

Phenotypic and functional changes in DCs in thermally injured 
rats following anti-RAGE treatment
We next evaluated the function of DCs from thermally injured 
rats with or without anti-RAGE treatment.  We analyzed the 
expression of costimulatory molecules including CD80, CD86, 
and MHC-II, on the surface of DCs and the presence of cyto-
kines, including IL-12 and TNF-α, in cell culture supernatants, 
as well as the capacity for antigen uptake to assess DC matura-
tion and activation.  

As shown in Figure 5, splenic DCs expressed high levels 
of CD86 over PBD 1–7 compared to DCs from sham control 
rats.  However, these DCs expressed only slightly higher lev-
els of MHC class II on PBD 1 and expressed similar levels of 
CD80 compared to the control, indicating that the splenic DCs 
induced by thermal injury matured abnormally.  Blockade 
of RAGE significantly enhanced the expression of CD80 and 
MHC class II on DCs, particularly on PBD 1–3 (P<0.01).  CD86 

was expressed at high levels over the entire 7 day period, sug-
gesting that treatment with anti-RAGE could contribute to DC 
activation following severe thermal injury.  

We also assessed DC functionality by evaluating uptake of 
FITC-dextran (Figure 6).  While DCs isolated from the normal 
control and sham rats exhibited normal levels of FITC dextran 
uptake, the ability of the DCs isolated from thermally injured 
to take up FITC dextran decreased gradually, suggesting that 
these DCs had undergone maturation.  Treatment with the 
anti-RAGE antibody further reduced the ability of the DCs iso-
lated from thermally injured rats to take up antigen, especially 
on PBD 1 (P<0.05).  

Next, we assessed the ability of DCs to produce IL-12 and 
TNF-α, which are markers of mature DC function and key 

Figure 3.  Effect of anti-RAGE antibody treatment on inflammation and the 
immune status of rats after thermal injury.  The serum levels of HMGB1, 
IL-12, and sIL-2R on PBD 1, 3, 5, and 7 were determined by ELISA.  The 
results are shown as the mean±SD (n=6).  bP<0.05 vs the sham control 
group.  eP<0.05 vs the thermal injury group.

Figure 4.  The effect of anti-RAGE treatment on the level of RAGE 
expression on the surface of DCs.  The level of RAGE expression on the 
surface of DCs isolated from rat spleens on PBD 1 and 3 was assessed by 
flow cytometry.  The results are shown as the mean±SD (n=6).  bP<0.05 vs 
the sham control group.  eP<0.05 vs the thermal injury group.
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mediators for Th1 cell polarization.  As shown in Figure 7, 
compared to the sham control group, DCs isolated from rats 
in the burn injury group secreted slightly higher levels of 
IL-12 secretion and decreased levels of TNF-α over PBD 1–7.  
DCs isolated from rats that were treated with the anti-RAGE 
antibody after thermal injury secreted significantly increased 
levels of IL-12 and TNF-α over PBD 1–7 (all P<0.01), indicating 
that DC maturation and function in thermally injured rats was 

improved by treatment with the RAGE-neutralizing antibody.

Effect of anti-RAGE treatment on T cell activation after burn 
injury
To understand the potential effect of anti-RAGE antibody 
treatment on T cell-mediated immunity, we analyzed T 
cell proliferation and cytokine production.  Proliferation in 
response to Con A was significantly decreased in T cells iso-

Figure 5.  Treatment with anti-RAGE antibody enhanced phenotypic maturation of DCs after burn injury.  The phenotypic maturation of DCs was 
assessed by flow cytometry.  DCs were isolated from the rat spleens on PBD 1, 3, 5, and 7 and stained with PE anti-rat CD80 and PE anti-rat CD86 or 
with FITC anti-rat MHC-II.  Representative data plots are shown.  The results are shown as the mean±SD (n=6).  bP<0.05 vs the sham control group.  
eP<0.05 vs the thermal injury group.
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lated from thermally injured rats over PBD 1–7 compared to T 
cells isolated from the sham operation group  (Figure 8).  And 
as shown in Figure 9, IL-2 mRNA and protein expression, 
IL-2Rα mRNA expression by T cells, and IL-2Rα expression 
on the surface of T cells were somewhat suppressed following 
thermal injury, and treatment with the anti-RAGE antibody 

restored normal expression levels (all P<0.05).  Conversely, the 
level of serum sIL-2R expression decreased initially on PBD 1 
and then rapidly increased over PBD 3–7, peaking on PBD 3.  
Treatment with the anti-RAGE antibody markedly decreased 
the level of serum sIL-2R levels induced by thermal injury (all 
P<0.05).  These data suggest that blocking RAGE could restore 
T cell activation secondary to acute insults.

Effect of anti-RAGE treatment on T cell polarization after thermal 
injury
Th1 cells produce IFN-γ, and Th2 cells produce IL-4.  We 
analyzed the level of these cytokines in T cell supernatants 
by ELISA to determine the polarization of naive T cells after 
thermal injury.  As shown in Figure 10, following thermal 
injury, the level of IL-4 produced by T cells in response to Con 
A increased noticeably over PBD 1–7 (all P<0.05), whereas 
the level of IFN-γ decreased markedly over the same period 
(all P<0.01), indicating that naive T cells had developed into 
Th2 cells.  Treatment with the anti-RAGE antibody, however, 
significantly inhibited IL-4 secretion by T cells, particularly on 
PBD 1 and 3 (all P<0.05), and increased the release of IFN-γ 
(all P<0.01) after thermal injury.  These results suggest that 
blocking RAGE may influence T cell polarization in animals 
that have undergone thermal injury, inducing the shift to a 
Th1 phenotype.

Discussion
Activation of RAGE causes sustained activation of multiple 
inflammatory pathways that participate in a wide variety of 
physiological and pathological processes.  Recently, RAGE 
has been recognized as fundamentally important in sepsis 
due to its role in perpetuating inflammation and its diverse 
range of ligands[8, 11].  There is a growing body of evidence 
from several septic models using genetically modified mice, 
RAGE neutralizing antibodies, or soluble RAGE suggests the 
inhibition of RAGE alleviates the inflammatory response and 
improves survival[7, 12–14].  In this study, we showed that treat-
ment with an anti-RAGE antibody significantly increased the 

Figure 6.  The effect of RAGE-neutralizing antibody treatment on antigen 
uptake by DCs isolated from thermally injured rats.  Splenic DCs isolated 
from the rat spleens on PBD 1, 3, 5, and 7 were incubated with FITC-
dextran (0.5 mg/mL) for 2 h at 37 °C in darkness, and the uptake of FITC-
dextran was assessed by flow cytometry.  The results are shown as the 
mean±SD (n=6).  bP<0.05 vs the sham control group.  eP<0.05 vs the 
thermal injury group.

Figure 7.  Cytokine secretion by DCs isolated from rats treated with the 
anti-RAGE antibody after thermal injury.  Splenic DCs isolated from rats on 
PBD 1, 3, 5, and 7 were cultured in RPMI-1640 medium containing 10% 
FCS at 37 °C in 5% CO2 in a humidified atmosphere overnight.  The levels 
of IL-12 and TNF-α in the DC supernatants were measured by ELISA.  The 
results are shown as the mean±SD (n=6).  bP<0.05 vs the sham control 
group.  eP<0.05 vs the thermal injury group.

Figure 8.  Effect of anti-RAGE treatment on T cell proliferation after 
thermal injury.  T cells isolated from rat spleens on PBD 1, 3, 5, and 
7 were cultured with Con A for 18 h at 37 °C.  T cell proliferation was 
assessed by an MTT cell proliferation assay.  The results are shown as 
the mean±SD (n=6).  bP<0.05 vs the sham control group.  eP<0.05 vs the 
thermal injury group.
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survival rate of rats with severe burns.  MODS caused by ther-
mal injury was also dramatically decreased by the blockade 
of RAGE.  These results demonstrate that inhibition of RAGE 
protected rats from the lethal effects of severe burn-induced 
sepsis, similar to previous reports.  The precise mechanism by 
which RAGE blockade could reduce the risk of sepsis remains 
unclear.  However, the pathogenesis of sepsis is known to 
involve countless disturbances of the host immune system.  In 
this study, we focused on the modulation of immune effects 
by treatment with an anti-RAGE antibody.

Sepsis causes marked immune suppression.  We and oth-
ers have previously shown that dysfunction in DC antigen 
presentation is a highly significant part of this process[15, 16].  A 
previous report demonstrated that RAGE expression can be 
induced in the presence of its ligands[17], and we show in this 
study that RAGE is up-regulated on surface of DCs after ther-

mal injury.  However, treatment with an anti-RAGE antibody 
resulted in a low level of RAGE expression on the surface of 
DCs, which correlates well with the effects observed when an 
anti-RAGE antibody was administered in vivo.  

A number of reports have indicated that the RAGE axis 
plays an important role in DC activation[18].  Our data indi-
cate that anti-RAGE treatment had a beneficial effect on DC 
maturation.  We previously showed that severe thermal injury 
significantly impairs the function of DCs and this effect is 
related to high levels of HMGB1 in the peripheral blood and 
spleen[16].  HMGB1 is a known RAGE ligand and is involved in 
sepsis.  It is likely that the protective effect of RAGE inhibition 
in thermally injured rats is due, at least in part, to inhibition 
of HMGB1.  While several in vitro studies have shown that 
the HMGB1-RAGE interaction modulates DC maturation and 
activation[19–21], the administration of an anti-RAGE antibody 

Figure 9.  Effect of anti-RAGE treatment on T cell activation after thermal injury.  T cells isolated from rat spleens on PBD 1, 3, 5, and 7 were cultured 
with Con A for 18 h at 37 °C.  The level of IL-2 in the cell culture supernatants was measured by ELISA.  IL-2 and IL-2Rα mRNA levels were measured by 
real-time PCR.  IL-2Rα expression on surface of T was also measured by flow cytometry after incubation with PE anti-rat CD25 and FITC anti-rat CD3.  
The results are shown as the mean±SD (n=6).  bP<0.05 vs the sham control group.  eP<0.05 vs the thermal injury group.

Figure 10.  Effect of anti-RAGE treatment on T cell polarization after thermal injury.  T cells isolated from rat spleens on PBD 1, 3, 5, and 7 were cultured 
with Con A for 18 h at 37 °C.  The levels of IFN-γ and IL-4 in the culture medium were determined by ELISA to evaluate Th1 and Th2 polarization, 
respectively.  The results are shown as the mean±SD (n=6).  bP<0.05 vs the sham control group.  eP<0.05 vs the thermal injury group.
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in vivo restored DC function after severe burns.  These results 
could be explained by the dual regulatory effect of HMGB1 
on DC immune function, which is concentration- and time-
dependent[22].  These results also reflect the intricate regulatory 
mechanisms operating within host immune cells.  Further 
investigation is needed to elucidate the mechanism by which 
the RAGE axis modulates the immune response to acute insult 
followed by sepsis and MODS.

An imbalance in the helper T cell (Th)1/Th2 or cytokine 
profile has been proposed as a mechanism for septic immu-
nosuppression[23].  We previously showed that severe thermal 
injury decreased T cell function and induced a shift to the Th1 
phenotype[10, 16].  In this study, we further investigated T cell 
proliferation and differentiation in thermally injured rats that 
were treated with an anti-RAGE antibody.  T cells differentiate 
into effector Th1 or Th2 cells after priming, and the two sub-
sets can be identified by their intracellular cytokine profiles[24].  
Interestingly, our results show that inhibition of RAGE signal-
ing results in a shift toward the Th1 phenotype compared to 
rats that suffered thermal injury but received only albumin, as 
demonstrated by the elevated IFN-γ levels and decreased IL-4 
levels.  Moreover, treatment with a RAGE-neutralizing anti-
body significantly enhanced T cell proliferation in response 
to T cell mitogen.  Treatment with the anti-RAGE antibody 
significantly restored expression of IL-2 and IL-2Rα.  These 
results indicate that inhibiting RAGE signaling dramatically 
enhances T cell proliferation and differentiation.  Thus, our 
findings suggest that RAGE signaling may have a direct effect 
on T cell activation or the maturation of DCs that are capable 
of presenting antigen and stimulating T cells.

RAGE is a multiligand member of the Ig superfamily of cell 
surface molecules.  RAGE plays a nonredundant role in matu-
ration and immune function of DCs[19].  This study shows that 
the beneficial effects of treatment with an anti-RAGE antibody 
in thermally injured rats is associated with the restoration of 
DC function.  The precise mechanism of this effect is under 
investigation.

The finding that treatment with the anti-RAGE antibody 
resulted in increased levels of IL-12 and HMGB1 was con-
trary to the outcome we expected.  Unfortunately, speculation 
regarding the reason for this inflammatory state is hampered 
by the lack of a thorough understanding of cytokine interac-
tions during sepsis.  The serum sIL-2R concentration is com-
monly used as an index for in vivo immune system activation 
and as a biomarker for identifying patients with severe injury 
and sepsis who are at risk for developing septic shock[25–27].  In 
our study, treatment with the anti-RAGE antibody decreased 
the level of sIL-2R, as expected.  However, further research is 
needed to determine the mechanism by which RAGE modu-
lates the host immune response and how anti-RAGE treatment 
alleviates these effects.

In conclusion, our data show that inhibiting the RAGE axis 
effectively improves survival in an experimental model of 
severe thermal injury.  The beneficial effects of RAGE block-
ade on DC maturation and T cell activation that we observed 
could open up entirely new avenues for modulating host 

immune function.  Further pre-clinical and clinical investiga-
tions will be necessary to evaluate the feasibility of anti-RAGE 
administration as a therapeutic strategy in humans with life-
threatening sepsis or MODS.
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