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The content of 27 cytokines was measured in blood plasma from 19 children with severe un-
complicated burns (group 1) and complicated burns (septic toxemia, toxemia, and pneumonia;
group 2). Before surgical treatment (day 4 (£2) after burn), significant differences were found
in the concentrations of interleukin-1 receptor antagonist, interleukin-6, interleukin-8, inter-
leukin-10, tumor necrosis factor-a, interferon-y, MCP-1, and granulocyte colony-stimulating
factor. Cytokine concentration in group 2 patients was much higher than in group 1 patients
and healthy children. The concentrations of interleukin-6, interleukin-8, and MCP-1 in group
1 patients significantly surpassed the normal level. Cytokine concentration in the plasma and
wound exudates and myeloperoxidase activity in wound exudates from 4 patients of group 2
were measured over 18 days after burn. The inflammatory response was characterized by an
increase in the content of interleukin-1p, interleukin-8, MCP-1, tumor necrosis factor-o, MIP-
la, and granulocyte-macrophage colony-stimulating factor in the wound (as compared to that
in the plasma). Activity of myeloperoxidase in all patients was shown to correlate with the
amount of MIP-1a (»=0.47), tumor necrosis factor-a (r=0.47), and granulocyte-macrophage
colony-stimulating factor (+=0.55, p<0.05). Interleukin-8 concentration was beyond the limits
of calibration. No correlation was found between the concentration of any of 27 cytokines
in blood plasma and exudate. Our results indicate that during active surgical treatment, the
wound serves as the source of inflammatory cytokines. Cytokines play a role in the systemic
response and increase the degree of local inflammation, which modulates the number and
activity of wound neutrophils.
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Severe burns induce the inflammatory response,
which is accompanied by the release of various cy-
tokines. This reaction is particularly pronounced
during the development of serious complications
(e.g., sepsis) [5]. Proinflammatory cytokines in-
terleukin-1 (IL-1), IL-2, IL-6, IL-8, tumor necro-
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sis factor-a (TNF-a), and interferon-y (IFN-y) can
potentiate the respiratory burst in neutrophils and
macrophages. The results of previous studies sug-
gest that overproduction of radicals by leukocytes is
accompanied by oxidative tissue damage and poly-
organ failure [10].

The wound is the major source of postburn in-
flammation. Macrophages, lymphocytes, fibroblasts,
keratinocytes, and endothelial cells are involved in
wound healing. Activity of these cells is regulated by
various interleukins and growth factors. IL-1a, IL-1p,
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IL-6, IL-8, EGF, bFGF, and TGF-B were found in the
exudate of burn blisters [9].

The course of severe wounds in patients can be
complicated by secondary necrosis. Activated neutro-
phils generate oxygen radicals and proteases, which
is followed by spontaneous deepening of the wound.
The burnt skin can serve as the source of IL-8. This
cytokine is a potent chemoattractant and stimulator
of neutrophils [6]. Our previous studies showed that
intact neutrophils are present in the wound of burn pa-
tients even 3 weeks after injury [2]. Surgical cleaning
of the burn wound and skin autografting can accelerate
wound healing and prevent secondary necrosis [§].

The regulation of neutrophil activity is an impor-
tant effector component of inflammation and recovery.
Hyperactivation and impairment of neutrophil apopto-
sis in the wound can be followed by deceleration of
wound healing. Hyperactivation of circulating neutro-
phils may cause a variety of systemic complications.
It cannot be excluded that removal of burn scab is
accompanied by the release of wound cytokines into
the circulation [7].

Here we compared the cytokine profile of blood
plasma and wound exudate in children with severe
burns during active surgical treatment.

MATERIALS AND METHODS

We examined 19 children with grade IIIB-IV burn in-
juries. Serious complications (sepsis and pneumonia)
occurred in 9 of 19 patients (group 2) over 2 weeks
after injury. Surgical treatment of burn wounds was
conducted in combination with anti-inflammatory and
antibacterial therapy.

Cytokine content in patients was measured before
surgical treatment (days 2-5 after injury). The concen-
trations of cytokines in blood plasma and wound exu-
date from 4 patients of group 2 were measured over
18 days after admittance to the burn center.

Plasma samples were obtained by centrifugation
of the peripheral blood, which contained an anticoa-
gulant heparin. The wound exudate was collected by
means of extraction through paper filters.

Cytokine content was measured by enzyme im-
munoassay (Bioplex technology, Bio-Rad Labora-
tories Inc.) according to manufacturer’s recommen-
dations. We studied the expression of the following
27 cytokines: IL-1B, IL-1ra, IL-2, IL-4, IL-5, IL-6,
IL-7, IL-8, IL-9, IL-10, 1L-12, IL-13, IL-15, 1L-17,
eotaxin, FGF-p, granulocyte colony-stimulating factor
(G-CSF), granulocyte-macrophage colony-stimulat-
ing factor (GM-CSF), IFN-y, IP-10, MCP-1, MIP-1aq,
MIP-1B, RANTES, PDGFbb, TNF-a, and VEGF. The
samples of blood plasma and wound exudate were
incubated with anticytokine antibody-labeled micro-

beads for 30 min. After incubation, these samples were
washed. The beads were incubated with a mixture of
peroxidase-labeled antibodies against cytokines. After
washing, the beads were treated with a solution of
streptavidin and phycoerythrin. The concentration of
cytokines was estimated using a laser detector (Bio-
Rad) and expressed in pg/ml. The estimated values
were within the limits of calibration. To compare the
amount of cytokines in blood plasma and exudate,
the concentrations were calculated per protein content
(method of Lowry).

Myeloperoxidase (MPO) activity in wound exu-
date was measured spectrophotometrically [3].

Plasma samples from 8 healthy children were as-
sayed to derive the standard values.

The results were analyzed by Statistica 6.0 soft-
ware and expressed as M+m (M, mean value; m, stan-
dard deviation). The data were analyzed by means of
nonparametric descriptive statistics. The significance
of between-group differences was estimated by Mann—
Whitney test. The significance of differences between
the samples was estimated by Wilcoxon test. The dif-
ferences were significant at p<0.05. The correlation
coefficients were calculated by Pearson’s test (signifi-
cance level p<0.05).

RESULTS

Table 1 shows the comparative characteristics of pa-
tients from two groups. Intergroup differences were
found in the area of deep burns, which required skin
autografting. Toxemia or septic toxemia (6 patients),
pneumonia (2 patients), and combination of these dis-
orders (1 patient) were revealed in group 2 patients
(days 3-11 after injury).

The concentration of 27 cytokines in blood plasma
from burn patients was measured on day 4 (+2) after
injury (before surgical treatment). The content of 8 cy-
tokines in group 2 patients (IL-1ra, IL-6, IL-8, IL-10,
TNF-a, IFN-y, MCP-1, and G-CSF) and 3 cytokines in
group 1 patients (IL-6, IL-8, and MCP-1) significantly
exceeded the normal level (Table 2). It should be em-
phasized that the amount of 1L.-6, IL-8, and MCP-1 in
group 2 patients was higher than in group 1 patients
(statistically significant differences for IL-6 and IL-8).

High concentration of proinflammatory cytokines
in blood plasma from patients with serious compli-
cations probably contributes to an increase in the
radical-producing activity of circulating neutrophils
(estimated from whole-blood chemiluminescence) [1].
All cytokines (except for IL-1ra and IL-10; Table 2)
cause prestimulation of neutrophils and potentiate the
respiratory burst.

Simultaneous study of the plasma and wound exu-
date from 4 patients of group 2 was performed over
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TABLE 1. Characteristics of Patients with Burn Injury
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Group
Parameter

1, 10 patients 2, 9 patients
Age, years 9.8+£3.0 8.3+4.0
Sex, male/female 6/3 5/4
Total burn area, % of body surface 33.0+16.4 46.1+£17.8
Deep burn area, % of body surface 15.0%1.1 40.6+19.9*
Start of surgical treatment, days 4+2 4+2

Note. *p<0.05 compared to group 1.

18 days after admittance to the hospital. The measure-
ments were conducted at 1-3-day intervals. Significant
variations in study parameters were found during sur-
gical treatment. These data are presented as 25% and
75% percentiles (Table 3). However, significant dif-
ferences between the plasma and wound exudate were
revealed by the analysis of mean values (Table 3).

IL-8 concentration in wound exudate was beyond
the upper limit of calibration, which made it impos-
sible to perform statistical analysis and correlation
analysis. Our findings indicate that IL.-8 concentration
in wound exudate exceeds that in the plasma, which is
consistent with published data [6,8,9].

The concentrations of IL-1p, IL-1ra, IL-8, MCP-1,
MIP-1a, TNF-a, and GM-CSF in the exudate were high-
er than in blood plasma at all periods of the study.

By contrast, the concentrations of 1L-2, IL-6,
IL-10, G-CSF, IFN-y, PDGFbb, and VEGF in blood
plasma were higher than in wound exudate. No cor-
relation was found between the contents of these
cytokines in the plasma and exudate from 4 patients.

Similar results for surgical wounds were obtained pre-
viously [4]. These data illustrate the specific features
of the local inflammatory response.

Our results indicate that during active surgical treat-
ment of patients with severe burns, the wound serves
as the source of proinflammatory (IL-1p, IL-8, MCP-1,
TNF-a, MIP-1a, and GM-CSF) and anti-inflammatory
cytokines (IL-1ra). The majority of these cytokines (IL-
1B, IL-8, MCP-1, TNF-a, MIP-1a, and GM-CSF) are
prestimulatory factors for neutrophils and macrophages.

It should be emphasized that the increase in the
content of IL-8, MCP-1, and TNF-a in blood plasma is
associated with the risk of serious complications (Table
2). These cytokines probably cause hyperstimulation
of radical production by neutrophils, which results in
oxidative damage to various organs and development
of complications.

The influx of cytokines into wounds is probably
related to high concentration of potent chemoattrac-
tants in the exudate (e.g., IL-8, MCP-1, and MIP-
la). This assumption is confirmed by the presence

TABLE 2. Concentration of Some Cytokines (pg/ml) in the Plasma from Burn Patients before the Start of Surgical Treatment

(Day 4 (+2) after Injury)

Cytokines Normal (healthy children) Group 1 Group 2
TNF-a 2.2+0.7 6.6+0.7 13.7+£1.3*
IFN-y 13.7+2.4 17.6+£3.3 44.9+6.8***
IL-6 2.5%0.2 22.4%4.0** 41.3+2.7%**
IL-8 6.7+1.9 21.6+2.2* 143.5+15.9"+
MCP-1 10.3x2.4 1283.1+£11.3** 235.3+21.7**°
G-CSF 25.2+7.7 43.3+4.7 112.8+11.0*"
IL-10 1.2+0.6 1.3+0.1 8.3+x0.7**
IL-1ra 129.7+12.6 124.4+8.6 431.2+37.6*"

Note. *p<0.05 and **p<0.01 compared to normal (healthy children); °p=0.05, *p<0.05, and **p<0.01 compared to group 1.
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TABLE 3. Average Content of Some Cytokines (pg/mg Protein) in the Plasma and Wound Exudate from Burn Patients

Plasma (39 measurements) Wound exudate (39 measurements)
Cytokines percentiles percentiles p
median median
25 75 25 75
IL-1B 4.2 12.3 6.3 107.2 972.9 276.3 *x
IL-1ra 462.6 1367.4 904.7 2506.8 37,266.0 11,266.8 *x
IL-2 9.5 73.5 15.5 0.4 7.9 3.4 o
IL-4 1.2 2.9 1.9 1.6 4.7 2.2 0.067
IL-6 101.0 477.4 163.9 5.7 55.6 21.6 o
IL-7 4.6 28.2 14.3 2.8 15.7 6.3 0.118
IL-8 224.6 674.9 371.0 >2000 >2000 >2000
IL-9 34.3 119.3 54.3 26.1 61.8 39.3 0.051
IL-10 10.9 32.3 15.5 1.3 2.8 1.9 *x
IL-12 0.00 10.5 2.2 1.7 10.1 3.1 0.133
IL-13 0.00 2.07 0.07 0.00 4.21 0.55 0.101
IL-15 0.00 24.9 0.00 13.2 91.7 30.2 o
IL-17 31.3 106.4 52.0 52.6 117.7 84.6 0.095
Eotaxin 11.4 67.0 30.1 0.00 22.3 9.1 o
G-CSF 149.1 757.6 362.5 82.5 256.3 125.5 *x
GM-CSF 28.0 62.0 a7 51.0 102.8 71.6 *x
IFN-y 67.2 126.5 103.8 41.2 101.5 571 ol
IP-10 113.7 371.4 223.5 25.5 730.2 97.1 0.708
MCP-1 344.7 2125.1 848.6 693.2 11 495.0 3036.1 o
MIP-1a 14.5 40.4 27.3 26.7 103.0 49.9 *
MIP-1p 216.3 486.2 295.7 161.6 707.5 334.7 0.857
PDGFbb 647.8 2544.6 1507.9 35.6 91.0 50.3 *
RANTES OOR> OOR> OOR> 102.0 1145.0 716.9
TNF-a 9.8 42.8 247 36.7 101.5 50.8 o
VEGF 102.0 229.6 135.8 60.1 173.8 73.5 o

Note. **p<0.01 compared to the exudate. OOR (out-of-range), beyond the limits of calibration.

of intact neutrophils in wound tissue even 3 weeks
after injury [1].

A positive correlation was found between activ-
ity of MPO (marker enzyme for polymorphonuclear
leukocytes) and concentrations of MIP-la (=0.47),
MIP-1f (r=0.49), TNF-a (=0.47), and GM-CSF (r=
0.55) in wound exudate (p<0.05). Infiltration of wound
tissue with neutrophils and high content of IL-8 are
associated with the risk of secondary necrosis in burn
wounds [9]. The results of our study indicate that
burns wounds are characterized by high concentration

of MCP-1, MIP-1a, TNF-a, and GM-CSF (in addition
to the elevated level of IL-8). These compounds can
modulate the number and function of neutrophils.

The dynamics of MPO activity and cytokine con-
centration in the plasma and exudate from patient B.
of group 2 is shown in Figs. 1 and 2 (GM-CSF and
TNF-a, respectively).

We conclude that the systemic inflammatory re-
sponse after severe burns is characterized by a sig-
nificant increase in the concentrations of IL-6, IL-8,
and MCP-1. The development of serious complica-
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Fig. 1. GM-CSF concentration in the exudate and plasma (mg/g
protein) and MPO activity in the exudate (U/g protein) of patient
B. Total burn area, 35% of the body surface; deep burn area, 15%
of the body surface. Tangential excision was performed on days 2
and 11 (extent of operation up to 15% of the body surface). The
correlation coefficient between GM-CSF concentration and MPO
activity in the exudate, r=0.85 (p<0.05). The correlation coefficient
between GM-CSF concentrations in the exudate and plasma, r=0.28
(p>0.05). Plasma GM-CSF (7); exudate GM-CSF (2); exudate MPO
(8). Here and in Fig. 2: abscissa, period after injury (days).

tions is associated with an increase in the content of
IL-ra, IL-6, IL-8, IL-10, TNF-a, IFN-y, MCP-1, and
G-CSF in blood plasma. The concentrations of IL-1f,
IL-8, MCP-1, TNF-a, MIP-1a, and GM-CSF in burn
wound of patients with systemic complications are
much higher than in the plasma. These differences
occur for at least 18 days after injury (period of active
surgical treatment).
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Fig. 2. TNF-a concentration in the exudate and plasma (mg/g
protein) and MPO activity in the exudate (U/g protein) of patient B.
Total burn area, 35% of the body surface; deep burn area, 15% of
the body surface. Tangential excision was performed on days 2 and
11 (extent of operation up to 15% of the body surface). The cor-
relation coefficient between TNF-o concentration and MPO activity
in the exudate, r=0.71 (p<0.05). The correlation coefficient between
TNF-o concentrations in the exudate and plasma, r=-0.17 (p>0.05).
Plasma TNF-a (7); exudate TNF-o (2); exudate MPO (3).
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