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Background: Major burn injuries induce inflammatory responses and changes in the lev-
els of various cytokines. This study was conducted to assess early changes in the serum
levels of inflammatory cytokines after burn injury, identify cytokines associated with mor-
tality, and characterize correlations among cytokines.

Methods: Blood samples of 67 burn patients were collected on days 1 and 3 after burn
injury, and the concentrations of 27 cytokines were measured using the Bio-Plex Suspen-
sion Array System (Bio-Rad Laboratories, USA). Blood samples of 25 healthy subjects were
used as controls. We analyzed statistical differences in the concentrations of each cytokine
between the control and patient groups, between day 1 and day 3, and between survival
and nonsurvival groups. Correlations among 27 cytokines were analyzed.

Results: Median concentrations of granulocyte colony-stimulating factor (G-CSF), granulo-
cyte macrophage colony-stimulating factor (GM-CSF), interleukin 1 receptor antagonist (IL-
1RA), interleukin 6 (IL-6), interleukin 8 (IL-8), interleukin 10 (IL-10), interleukin 15 (IL-15),
monocyte chemoattractant protein-1 (MCP-1), macrophage inflammatory protein 1p
(MIP-1B), and vascular endothelial growth factor (VEGF) were significantly higher in burn
patients than in controls. IL-1RA, IL-6, and MCP-1 levels were significantly higher in the
nonsurvival group than in the survival group on day 1 after burn injury. Correlation analysis
of 27 cytokines showed different relationships with one another. Stronger correlations among
interferon y (IFN-y), IL-2, IL-4, IL-7, IL-12p70, and IL-17 were found.

Conclusions: [L-1RA, IL-6, and MCP-1 may be used as prognostic indicators of mortality
in burn patients and the increase in cytokine concentrations is induced by interactions
within a complex network of cytokine-related pathways.
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INTRODUCTION

Major burn injury induces an inflammatory response that is char-
acterized by the activation of inflammatory pathways and the re-
lease of various cytokines [1]. Inflammation is controlled by the
balance between pro- and anti-inflammatory mediators in a com-
plex cytokine network [2]. In this network, one cytokine can in-
fluence multiple cell types (pleiotropy), and multiple cytokines
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can have similar biological effects on the same cell type (redun-
dancy) [3]. Hence, the action of one cytokine can be compen-
sated by another cytokine. The uncontrolled release of pro- and
anti-inflammatory cytokines promotes immunological dysfunc-
tion and significant systemic inflammation, which result in tissue
damage, multiple organ failure, or death in burn patients [11.
Although there have been several studies on various cyto-
kines in burn patients [1, 4-111, the pathogenic and prognostic
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role of each cytokine has not been fully elucidated. The purpose
of the present study was to assess early changes in the serum
levels of inflammatory cytokines after burn injury, identify cyto-
kines associated with mortality, and characterize correlations
among various cytokines.

METHODS

1. Patients and healthy controls

Sixty-seven burn patients and 25 healthy subjects participated
in this prospective study from May 2011 to June 2012. Patients
that were included in the study met the following criteria: individ-
uals aged over 18 yr having arrived at a participating hospital
within 24 hr after the injury with the total burn surface area
(TBSA) greater than 20%. The patients’ clinical data, such as
those pertaining to age, sex, type of burn, TBSA, and hospital
course were collected. The patients had a mean age of 49.3 yr
(range, 22-78 yr) and 57 patients (85.1% of 67 patients) were
men (Table 1). Flame burn was the major type of burn (flame
burn/scalding burn/electrical burn/chemical burn=59/3/6/3).
TBSA ranged from 20% to 100% (mean=+SD: 50.4% +21.5%),
and 22 of 67 patients (32.8%) died. We classified the patients
as survivors or non-survivors according to their mortality at least
3 months later after burn injury. Serum samples from 25 healthy
adults (age: 27-49 yr) were collected as the control. The study
protocols were approved by the Institutional Review Board of
the Hangang Sacred Heart Hospital (IRB no. 2010-104), and
written informed consent was obtained from each patient or a
qualified family member.

2. Quantification of cytokines
Blood samples were collected from the patients on arrival (day 1)
and on day 3 after the burn injury, and blood samples from 25

Table 1. Demographics and clinical data of burn patients and con-
trols

Patients with burn (n=67) Controls (n=25)

Age (yr)

Mean + SD (range) 49.3+14.5(22-78) 36.2+7.1 (27-49)
Sex (male/female) 57/10 16/9

Type of burn (n)

FB/SB/EB/CB 55/3/6/3

TBSA (%) 50.4+21.5 (20-100)

Death (n) 22

Abbreviations: FB, flame burn; SB, scalding burn; EB, electrical burn; CB,
chemical burn; TBSA, total burn surface area.
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healthy non-burn subjects were used as controls. Blood was
collected in a SST tube (Becton Dickinson, Franklin Lakes, NJ,
USA) and was processed within 30 min of collection. The tubes
were centrifuged at 2,265 g for 10 min, after which the serum
was stored in aliquots at -70°C until analysis. Concentrations of
granulocyte colony-stimulating factor (G-CSF), granulocyte mac-
rophage colony-stimulating factor (GM-CSF), interferon y (IFN-y),
tumor necrosis factor a (TNF-a), interleukin-1p (IL-1B), interleu-
kin 1 receptor antagonist (IL-1RA), interleukin 2 (IL-2), interleu-
kin 4 (IL-4), interleukin 5 (IL-5), interleukin 6 (IL-6), interleukin
7 (IL-7), interleukin 8 (IL-8), interleukin 9 (IL-9), interleukin 10
(IL-10), interleukin-12 (IL-12) p70, interleukin 13 (IL-13), inter-
leukin 15 (IL-15), interleukin 17 (IL-17), IP-10, monocyte che-
moattractant protein-1 (MCP-1), macrophage inflammatory pro-
tein 1o (MIP-1a), macrophage inflammatory protein 1p (MIP-1p),
platelet-derived growth factor (PDGF)-BB, regulated on activa-
tion, normal T cell expressed and secreted (RANTES), vascular
endothelial growth factor (VEGF), basic fibroblast growth factor
(FGF), and eotaxin were measured using the Bio-Plex Pro hu-
man cytokine 27-plex assay (Bio-Rad Laboratories, Hercules,
CA, USA) with the Bio-Plex Suspension Array System (Bio-Rad
Laboratories), according to the manufacturer’s instructions. In
brief, serum samples were thawed, centrifuged at 2,265 g for 5
min, and then incubated with microbeads labeled with antibod-
ies specific to the above-mentioned cytokines for 30 min. After
the wash step, the beads were incubated with the detection an-
tibody cocktail, with each antibody specific to a single cytokine.
After another wash step, the beads were incubated with strepta-
vidin-phycoerythrin for 10 min and washed again, and the con-
centration of each cytokine was then determined by using the
Bio-Plex Suspension Array Reader.

3. Statistical analysis
The data were calculated as mean=+SD or median (range). Data

missing because of a patient’s death were excluded from the
calculations of mean+SD and median (range). Statistical differ-
ences in the concentrations of each cytokine between the con-
trol and the patient group, between day 1 and day 3, and be-
tween the survival and nonsurvival groups were analyzed by us-
ing the Mann-Whitney test. Spearman correlation coefficients (r)
were calculated to evaluate the relationship among cytokine con-
centrations. We used the arbitrary criteria of the value of correla-
tion coefficients (r) to show the level of correlation (r>0.8; 0.6<
r<0.8; 0.4<r<0.6; r<0.4). The differences were considered
statistically significant when P<0.05. The MedCalc version
12.7.4.0 (MedCalc Software, Ostend, Belgium) was used for
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statistical analysis.

RESULTS

1. Comparison of cytokine concentrations between the groups
Compared to the serum concentrations for the control subjects,
serum concentrations of G-CSF, GM-CSF, IL-1RA, IL-6, IL-8, IL-
10, IL-15, MCP-1, MIP-1B, and VEGF were significantly higher
in burn patients (P<0.05) (Table 2). The median concentrations
of GM-CSF, IFN-y, TNF-a, IL-1RA, IL-2, IL-4, IL-5, IL-7, IL-8, IL-
9, IL-10, IL-12p70, IL-13, IL-17A, IP-10, MIP-1a, MIP-1B, PDGF-
BB, RANTES, VEGF, basic FGF, and eotaxin were significantly
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higher on day 1 than on day 3, whereas the opposite was true
for G-CSF and IL-6 (P<0.05). Serum levels of IL-1RA, IL-6, and
MCP-1 were significantly different between the nonsurvival and
the survival groups on day 1 after burn injury (P<0.05), whereas
for most cytokines, the concentrations were not different be-
tween the two groups, either on day 1 or on day 3 after burn in-
jury (Table 3).

2. Correlation among cytokines in burn patients

Correlation coefficients (r) between cytokine levels in burn pa-
tients are shown in Fig. 1, and only significant coefficients (P<0.05,
Spearman correlation test) are shown. Correlation analysis of 27

Table 2. Serum concentrations of various cytokines in controls and burn patients on days 1 and 3 after burn injury

Cytokines Controls (n=25) Burn patients (n=134, Day 1 and day 3) Burn patients (Day 1, n=67) Burn patients (Day 3, n=67)
G-CSF 90.2 (14.4-139.9) 214.4(35.0-13,484.1)* 139.36 (35.0-559.6)* 420.6 (42.2-13,484.1)**
GM-CSF <08 11.3(<0.8-356.4)* 24.9 (<0.8-356.4)* 5(<0.8-166.0)**
[FN-y 496.04 (389.45-726.8) 398.95 (40.94-3,194.48)" 707.11(72.19-2,514.51) 386.85 (40.94-3,194.48)"*
TNF-o. 44.43 (26.70-76.73) 41.76 (5.21-321.99) 46.57 (5.21-321.99) 35.75 (6.38-279.73)°
IL-1B 7.17 (5.84-8.70) 6.56 (1.93-365.85) 7.58 (1.93-365.85) 6.20 (2.42-33.43)

IL-1RA 297.6 (133.4-435.1) 338.07 (64.79-10,067.65)* 737.0(120.5-10,067.7)* 198.82 (64.79-1,552.53)**
IL-2 24.08 (7.04-35.98) 13.20 (<0.62-97.25)" 19.64 (<0.62-97.25) 5.43 (<0.62-84.84)"
IL-4 12.12 (9.14-15.64) 7.87 (1.26-21.55) 10.64 (1.31-20.95)" 7.11(1.26-21.55)"

IL-5 8.80 (3.16-14.12) 8.11(1.01-75.92) 10.87 (1.81-51.97) 5.45(1.01-75.92)°

IL-6 15.82 (9.35-24.58) 157.98 (7.02-19,412.00)* 115.39 (7.02-2,940.81)* 213.7 (43.7-19,412.0)**
IL-7 25.65(23.30-33.11) 22.68 (<0.14-129.26) 25.32 (7.98-129.26) 18.20 (<0.14-102.41)™
IL-8 44.26 (30.06-150.32) 129.89 (19.83-27,965.00)* 138.5(19.8-27,965.0)* 123.01 (27.15-1,078.71)**
IL-9 39.28 (8.09-1391.36) 26.70 (<0.60-638.57) 46.31 (2.15-638.57) 17.32 (<0.60-410.50)"*
IL-10 15.29 (11.06-28.01) 24.29 (5.29-736.75)* 36.32 (8.76-736.75)* 17.55 (5.29-90.68)°
IL-12p70 61.06 (18.29-152.98) 61.75 (7.71-454.14) 75.51 (23.16-454.14) 57.54 (1.71-275.87)°
IL-13 23.40 (19.71-34.76) 21.82 (3.99-135.82) 29.23 (3.99-135.82) 19.73 (6.04-62.04)
IL-15 <0.56 1.24 (<0.56-28.67)* 1.24 (<0.56-22.01)* 1.24 (<0.56-28.67)*
IL-17A 170.60 (80.29-230.53) 72.19 (<1.43-714.31) 107.19 (<1.43-714.31)" 50.64 (< 1.43-343.20)*
IP-10 1,796 (1,202-5,328) 1,328 (422-19,896) 1,609 (496-19,896) 1,065 (422-13,993)*
MCP-1 44.52 (32.65-56.76) 154.00 (22.83-1,576.28)* 143.65 (22.83-1,196.80)* 168.23 (29.38-1,576.28)*
MIP-1a 14.20 (13.44-20.95) 13.91 (< 1.03-1,550.00) 16.00 (3.97-1,550.00) 11.18 (< 1.03-219.36)"*
MIP-1B 117.55 (55.96-344.58) 189.83 (50.28-12,436.11)* 351.06 (60.78-12,436.11)*  133.18 (50.28-2,478.60)°
PDGF-BB 37,632 (16,605-86,395) 11,022 (1,108-861,089) 23,990 (1,350-861,089) 6,995 (1,108-58,741)"*
RANTES 14,722 (11,165-17,882) 16,742 (1,518->7,198,671) 23,572 (3,354->7,198,671)* 12,991 (1,518->7,198,671)°
VEGF 66.87 (23.22-221.55) 175.00 (23.72-37,235.00)* 266.21 (23.72-979.54)* 108.93 (31.29-37,235.00)"*
Basic FGF 48.84 (24.82-61.58) 43,67 (1.20-169.52) 53.15 (1.37-169.52)* 35.54 (1.20-120.00)"*
Eotaxin 149.23 (63.39-215.21) 120.96 (1.74-637.41) 216.17 (1.74-637.41)* 68.89 (1.74-247.89)"

Data were expressed as the median (range) in pg/mL.

*Significant increase in burn patients compared to controls (P<0.05); 'Significant decrease in burn patients compared to controls (P<0.05); *Significant in-
crease on Day 3 compared to Day 1 (P<0.05); Significant decrease on Day 3 compared to Day 1 (P<0.05).
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Table 3. Serum concentrations of various cytokines in burn patients according to postburn time and survival status

Cytokines Survival (Day 1, n=45) Non-survival (Day 1, n=22) Survival (Day 3, n=45) Non-survival (Day 3, n=22)
G-CSF 137.8 (35.0-517.6) 146.9 (39.8-559.6) 493.5 (42.2-4,074.6) 367.5(105.8-13,484.1)
GM-CSF 22.15 (< 0.82-356.37) 36.81 (<0.82-251.75) 2.54 (<0.82-165.95) 2.27 (<0.82-125.32)
[FN-y 779.95 (95.00-2,514.51) 368.52 (27.19-2,417.78) 391.23 (75.95-1,149.03) 241.03 (40.94-3,194.48)
TNF-a. 46.6 (5.2-322.0) 52.2 (22.0-194.5) 35.8 (6.4-214.9) 35.8(22.0-279.7)
IL-1B 7.58 (1.93-134.44) 7.86 (3.11-365.85) 6.30 (3.18-33.43) 5.12 (2.42-17.63)
IL-1RA 661.8 (120.5-4,539.7) 777.2 (235.4-10,067.7)* 211.5 (48.6-626.2) 191.3 (9.6-1,552.5)
IL-2 23.20 (< 0.62-97.25) 19.20 (<0.62-62.40) 9.57 (<0.62-41.97) <0.62 (<0.62-84.84)
IL-4 11.90 (2.03-20.95) 5.45(1.31-18.28) 8.16 (1.47-17.13) 3.97 (1.26-21.55)
IL-5 12.01 (3.00-26.39) 9.23(1.81-51.97) 8.34 (1.12-22.91) 4.72 (1.01-75.92)
IL-6 90.6 (7.0-1,389.0) 211.8(32.7-2,940.8)* 213.7 (73.3-1,402.6) 214.9 (43.7-19,412.0)
IL-7 23.71(8.02-88.79) 26.66 (7.98-129.26) 18.69 (<0.14-57.15) 17.54 (5.04-102.41)
IL-8 130.0 (19.8-8,883.4) 175.8 (25.7-27,965.0) 140.99 (27.15-1,020.76) 111.50 (34.96-1,078.71)
IL-9 46.80 (7.33-638.57) 40.87 (2.15-245.60) 21.75 (< 0.60-184.47) 13.70 (2.95-410.50)
IL-10 32.05(8.76-178.35) 38.14 (12.82-736.75) 17.94 (5.29-33.77) 17.31 (8.15-90.68)
IL-12p70 76.63 (25.41-276.66) 75.44 (23.16-454.14) 59.81 (19.42-176.17) 44.41 (7.71-275.87)
IL-13 26.96 (3.99-73.44) 34.77 (6.45-135.82) 20.96 (6.04-35.89) 14.25 (6.07-62.04)
IL-15 1.24 (<0.56-22.01) 1.24 (<0.56-18.05) 1.24 (<0.56-9.13) 1.24 (<0.56-28.67)
IL-17A 132.13 (< 1.43-714.31) 41.77 (<1.43-284.19) 70.6 (<1.43-343.20) 18.3 (<1.43-282.50)
IP-10 1,482.3 (496.5-19,896.1) 1,753.3 (826.0-4,979.2) 1,086.2 (422.1-13,984.4) 986.0 (544.7-13,993.1)
MCP-1 134.7 (22.8-965.7) 221.0(71.8-1,196.8)* 154.6 (29.4-462.6) 198.4 (47.2-1,576.3)
MIP-1a 15.1 (4.0-1,550.0) 17.8 (5.0-750.0) 11.3(2.8-219.4) 10.5 (1.0-41.3)
MIP-1p8 357.6 (60.8-12,436.1) 309.7 (87.4-7,902.6) 133.2 (50.3-2,478.6) 140.8 (78.3-587.5)
PDGF-BB 27,938 (6,237-861,089) 19,864 (1,350-210,179) 7,847 (1,328-58,741) 4,996 (1,108-11,939)
RANTES 23,572.0 (3,787.6-7,198,670) 23,572.0 (3,354.3-7,198,670.8) 13,227.9(1,518.1-7,198,670.8) 11,440.2 (2,882.8-84,042.3)
VEGF 280.0 (29.4-979.5) 262.3 (23.7-851.5) 108.9 (31.3-406.3) 112.3 (42.4-37,235.0)
Basic FGF 52.9 (11.6-159.5) 55.4 (1.4-169.5) 38.4(1.2-120.0) 28.2(1.4-92.2)
Eotaxin 170.7 (15.2-496.3) 263.0 (1.7-637.4) 68.9 (1.7-247.9) 69.1(1.7-178.9)

Data were expressed median (range) pg/mL.

*Significant increase in non-survival group compared to survival group (P<0.05); 'Significant decrease in non-survival group compared to survival group

(P<0.05).

cytokines revealed different levels of correlation with one an-
other. Stronger correlations among IFN-y, IL-2, IL-4, IL-7, IL-
12p70, and IL-17 cytokines were observed.

DISCUSSION

In this study, the serum concentrations of G-CSF, GM-CSF, IL-
1RA, IL-6, IL-8, IL-10, IL-15, MCP-1, MIP-1B, and VEGF were
significantly higher in burn patients than in healthy subjects.
Several studies have been published on the changes in cytokine
levels in burn patients. The common finding in these previous
studies and in our study is that serum levels of IL-6, IL-8, MCP-

108

1, and G-CSF are significantly increased in burn patients [1, 4-6].
However, the concentrations of GM-CSF, IFN-y, TNF-a, IL-1B, IL-
1RA, IL-2, IL-4, IL-5, IL-7, IL-10, IL-12, IL-13, IL-15, IL-17,
MIP-1B, and VEGF were found to be increased in some studies
but not in others [1, 4-6]. This discrepancy could be explained as
follows: cytokine concentrations fluctuate in seriously ill patients
and are influenced by multiple factors, such as age, burn size,
time after burn injury, comorbidities or complications, and the
white blood cell count. The upregulated cytokines could be me-
diators induced directly by the burn, secondary mediators, or
merely the markers of systemic inflammation or other concomi-
tant problems. It is currently difficult to distinguish among these
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Fig. 1.

Correlations among 27 cytokines in the serum samples of burn patients (n=134). Correlation coefficients (r) corresponding to sig-

nificant correlations (P<0.05) are presented. Upper line number in each box indicates correlation coefficient (r) and lower line number in-
dicates P value. Red color indicates the strongest correlation (r>0.8) and green color (0.6<r<0.8) and yellow color (0.4<r<0.6) indicates

stronger correlation.
Abbreviation: NS, not-significant.

possibilities. Of the upregulated cytokines, IL-6 and IL-8 are well-
known proinflammatory cytokines, whereas IL-10 and IL-1RA
are anti-inflammatory (immunomodulatory) cytokines. These
data suggest that both proinflammatory and anti-inflammatory
activities are involved in early burn injury. Our finding that not all
proinflammatory cytokines are upregulated in burn patients sug-
gests that some kinds of a system of checks and balances in the
cytokine network is maintained in these patients.

In the correlation analysis among the cytokines, we could
identify that the levels of many cytokines had a different relation-
ship with one another and stronger correlations were observed
among IFN-y, IL-2, IL-4, IL-7, IL-12p70, and IL-17 (r>0.8,
P<0.0001) (Fig. 1). Although the exact mechanism of those rela-
tionships is currently unknown, IFN-y, IL-2, IL-4, IL-7, IL-12p70,
and IL-17 are often secreted by T helper cells. It is likely that af-
ter a burn injury, the increase in cytokine concentrations in the
blood is induced by interactions within a complex network of cy-
tokine-related pathways rather than by a single factor.

Most cytokines in this study were upregulated more on day 1

http://dx.doi.org/10.3343/alm.2015.35.1.105

than on day 3 after the burn injury, except for G-CSF and IL-6.
Previous studies showed varying results for the change in cyto-
kine levels, depending on the postburn time [1, 5, 8-111; the
time to peak concentration of each cytokine varies among indi-
viduals and among studies. These divergent results may be ex-
plained as follows: gene expression of cytokines is influenced by
multiple factors, including age, burn size, comorbidities or com-
plications, and the white blood cell count. The different behavior
of cytokines is suggestive of the distinct and different roles of
each cytokine in modulating immune (including inflammatory)
responses after severe burns.

Regarding mortality, there were significantly different levels of
IL-1RA, IL-6, and MCP-1 between the nonsurvival and the sur-
vival groups on day 1 after burn injury. Our results are in line
with a recent study [6], where IL-1RA was most predictive of
mortality, and IL-6, IL-8, MCP-1, IL-15, and eotaxin were also
related to mortality. In other studies, IL-6 and IL-10 were related
to mortality [7, 8]. These results suggest that some cytokines
may be used as a prognostic marker in burn injury.
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In summary, the serum levels of G-CSF, GM-CSF, IL-1B, IL-
1RA, IL-5, IL-6, IL-8, IL-10, IL-12p70, IL-13, MCP-1, MIP-1aq,
MIP-1B, and VEGF increase after burn injury, and most cyto-
kines, except for G-CSF and IL-6, are upregulated more on day
1 than on day 3. The concentrations of IL-1RA, IL-6, and MCP-1
were higher in the nonsurvival group than in the survival group
on day 1 after burn injury. Strong correlations among IFN-y, IL-
2, 1L-4, IL-7, I1L-12p70, and IL-17 cytokines were found; these
data suggest that IL-1RA, IL-6, and MCP-1 may serve as a prog-
nostic indicator in patients with burn injury, and the increase in
cytokine concentrations is induced by interactions within a
complex network of cytokine-related pathways rather than by a
single factor.
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