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A severe burn leads to hypermetabolism and catabolism resulting in compromised function and structural changes of essential
organs. The release of cytokines has been implicated in this hypermetabolic response. The severity of the hypermetabolic re-
sponse following burn injury increases with age, as does the mortality rate. Due to the relationship between the hypermetabolic
and inflamsmatory responses, we sought to compare the plasma cytokine profiles following a severe burn in adults and in children.
We enrolled 25 adults and 24 children who survived a flame burn covering more than 20% of total body surface area (TBSA). The
concenfrations of 22 cytokines were measured using the Linco multiplex array system (St. Charles, MO, USA). Large perturbations
in the expression of pro- and anti-inflammatory cytokines were seen following thermal injury. During the first week following burn
injury, IFN-y, IL-10, IL-17, IL-4, IL-6, and IL-8 were detected aft significantly higher levels in adults compared with children, P < 0.05. Sig-
nificant differences were measured during the second week post-burn for IL-1 (higher in children) and IL-5 (higher in adults), P <
0.05. IL-18 was more abundant in children compared with adults during the third week post-burn, P < 0.05. Between post-burn d
21 and d 66, IL-1a. was detected at higher concentrations in pediatric compared with adult patients, P < 0.05. Only GM-CSF ex-
pression was significantly different at all time points; it was detected at lower levels in pediatric patients, P < 0.05. Eotaxin,
G-CSE IL-13, IL-15, IP-10, MCP-1, and MIP-1a were detected at significantly different concentrations in adult compared with pedi-
atric patients at multiple time points, P < 0.05. There were no differences in IL-12, IL-2, IL-7, or TNF levels in adult compared with pe-
diatric burn patients at any of these time points. Following severe flame burns, the cytokine profiles in pediatric patients differ com-
pared with those in adult patients, which may provide insight with respect to the higher morbidity rate in adults. Furthermore, the
dramatic discrepancies observed in plasma cytokine detection between children and adults suggest that these two patient pop-
ulations may benefit from different therapeutic inferventions to achieve attenuation of the post-burn inflalnmatory response.
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INTRODUCTION

The severity of the hypermetabolic re-
sponse following burns correlates with
age and may be a major contributor to
the higher morbidity and mortality rates
observed in adult burn patients com-
pared with pediatric burn patients (1).
We propose that the factor linking age
and morbidity may be the inflammatory

response. The systemic inflammatory

response after a severe burn injury leads
to hypermetabolism and thus to protein
degradation and catabolism. The hyper-
metabolic state is characterized by futile
protein utilization resulting in induction
of a dynamic hypercatabolic state concur-

rent with altered cytokine expression (2,3).

Perturbations in cytokine expression lead
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to altered immune function and protein
metabolism, resulting in compromised
function and structural alterations of
multiple organ systems (2-6). The ex-
pression profile of potential therapeutic
targets such as cytokines, may be crucial
for determining the best time for inter-
vention. Because the changes in cytokine
levels occur prior to the changes in me-
tabolism, it may be possible to modulate
the post-burn hypermetabolic response
by altering cytokine response, potentially
improving morbidity and mortality in
patients of advanced age or with large
burns. We have published data previ-
ously demonstrating that pediatric pa-
tients exhibit a hyper-inflammatory
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response following burn that is charac-
terized by large-scale release of both pro-
and anti-inflammatory cytokines during
the first wk post burn, followed by a re-
turn to normal concentrations over a
five-wk period (7). Given the correlation
between the hypermetabolic response,
inflammatory mediator levels, and the
overall inflammatory response, we
sought to determine and compare the
post-burn plasma cytokine profiles in
adults and children following a severe
burn. To further elucidate the differences
in the pediatric compared with adult re-
sponse to burn, as well as to identify a
potential therapeutic window in adult
patients, the aim of this study was to de-
termine temporal cytokine abundance in
plasma from severely burned adults,
and to compare these profiles to those of
pediatric burn patients.

MATERIALS AND METHODS

Patients

This study was conducted as part of
the larger federally-funded Inflamma-
tion and the Host Response to Injury
Glue Grant. The study was approved by
the Institutional Review Boards of the
University of Texas Medical Branch
(Galveston, TX, USA), Loyola University
Medical College (Chicago, IL, USA),
University of Texas Southwestern (Dal-
las, TX, USA), University of Washington
Seattle (Seattle, WA, USA), and Massa-
chusetts General Hospital (Boston, MA,
USA). Between 2000 and 2007, 306 pa-
tients were enrolled and met the follow-
ing inclusion criteria: 0-89 years of age,
admitted to a participating hospital
within 96 h after injury, and had burns
covering more than 20% of total body
surface area (TBSA) requiring at least
one surgical intervention. Following
admission, patients were treated accord-
ing to the standard operating procedures
for burn care established by the burn
patient-oriented research core (published
on www.gluegrant.org in September
2004 by the Inflammation and the Host
Response to Injury Glue Grant investi-
gators). Prior to participation, written

informed consent was obtained from
each subject or a family member. Demo-
graphics (age, date of burn, date of ad-
mission, gender, burn size, and depth of
burn) and concomitant injuries (such as
inhalation injury, infection, morbidity,
and mortality) were prospectively re-
corded throughout the hospital course.
Cytokine analysis was performed on
plasma from the first 82 patients enrolled
in the program. To compare the adult
and pediatric inflammatory response, we
selected all surviving patients (25 adults,
24 children) who sustained a flame burn
over 20% of TBSA in adults and over
40% of TBSA in children to eliminate
burn mechanism as a variable. The re-
maining 33 patients were excluded
from the analysis because there were not
enough patients to complete these stud-
ies (16 non-survivors, 6 scald burns, and
11 electrical/flash burns).

Sample Handling

Blood was drawn prior to each opera-
tive intervention for plasma isolation.
Peripheral blood samples were collected
and centrifuged at 22° C for 10 min,
400g, within 1 h of being drawn. Samples
were frozen at —80° C and stored at the
Inflammation and the Host Response to
Injury Sample Collection and Coordina-
tion Site at the University of Florida Col-
lege of Medicine, Gainesville, FL, USA.

Plasma Cytokine Measurement

Blood was collected from the burn pa-
tients prior to each operative interven-
tion. For this analysis, samples were di-
vided into the following time periods in
days post-burn: 0-1d,2d, 3-7d, 8-14 d,
15-21 d, and 21-66 d. The first wk was
divided into multiple time points be-
cause of the dramatic differences seen
within this time period for pediatric burn
patients (7). If a patient had more than
one sample per time period, the values
were averaged together and these num-
bers were used for the analysis. The num-
ber of total samples per time period post
burn was as follows (adult/pediatric):
d 0-1 (19/11),d 2 (17/12), d 3-7 (17/11),
d 8-14 (14/17), d 15-21 (9/13), and

d 22-66 (9/17). More blood was available
for the pediatric patients at later time
points because they were more severely
burned, and, therefore, were in the ICU,
returning to the OR much more fre-
quently. Plasma cytokine concentrations
were measured using the bead array
assay kit from Linco Research (St.
Charles, MO, USA), which measures 22
cytokines in a multiplex format. The con-
centrations of the individual analytes
were determined using the MiraiBio
software package (Hitachi, San Francisco,
CA, USA).

Heart Rate as a Measurement of
Hypermetabolism

Resting heart rates were recorded per
the Inflammation and the Host Response
to Injury protocol.

Statistics

To reduce the impact of biological vari-
ation inherent in human plasma samples,
outliers greater than two standard devia-
tions above or below the average were
removed. For each cytokine/time point,
no more than two samples were re-
moved from the analysis. Unpaired
Student f tests were used to compare dif-
ferences in cytokine expression. Data are
expressed as percentages or means =
standard error of the mean (SEM), where
appropriate. Significance was accepted at
P <0.05.

RESULTS

The demographic data for the two co-
horts are shown in Table 1. The burn size
and time to admission were significantly
greater in the pediatric group compared
with the adult group (Table 1, P < 0.001).
Adult and pediatric heart rates were
markedly elevated, implying that the
patients were stressed and hypermeta-
bolic throughout acute hospitalization
(Figure 1). Although the adults were ad-
mitted within 0.5 d of burn, whereas the
children were admitted within 1.5 d of
the burn to the glue grant clinical sites,
many of the children received fluids
prior to arriving at the burn unit. We
compared resuscitation fluids received
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Table 1. Patient demographics®

Adults Children P
n 25 24
Age (years) 35+ 15 5+4
Gender (F/M) 7/18 11/13
TBSA® (%) 43 19 6219
Inhalation Injury (yes/no) 14/11 13/11
Time to admit (d) 0.1+0.3 1.5+1.0 P < 0.000
Length of hospital stay (d) 56 + 56 43 = 28 P=0.239
Length of hospital stay/TBSA 1.2+0.8 0.7+04 P <0.002

“Data presented as means = standard deviation.

PTBSA = total body surface area.

0-24 h and 2448 h following the burn
injury. The amounts of resuscitation flu-
ids, as well as transfusions from the first
48 h following the burn injury for chil-
dren and adults, were adjusted both for
burn size and weight. Within the first 24 h
of burn injury, there was no significant
difference in the amount of fluids given
per kg weight per percent burn for chil-
dren compared with adults. From 2448 h
following the injury, however, the
adults received more fluids than did
the children, P < 0.05. The children,
however, received more transfusions
than did adults during the first 48 h
post burn, P < 0.05. When you combine
total fluids and transfusions for the
first 48 h, however, there is no differ-
ence between the amounts that adults
and children received.

To determine whether cytokine ex-
pression was related to burn size, we
matched 11 pediatric and 11 adult pa-
tients from within the larger patient pool
based on burn size. Comparison of cy-
tokine abundance between these groups
revealed that the matched patients exhib-
ited similar patterns to those seen in the
larger group, so here we present only the
expression values for the larger cohort.

Over the study period, significant in-
creases were measured in plasma GM-
CSF at each time point (Figure 2A, P <
0.05). During the first wk post-burn, six
cytokines were detected at significantly
greater amounts in adult compared with
pediatric plasma. When comparing adult
with pediatric cytokine levels, IFN-y,
IL-17, and IL-4 were elevated 0-1 d post-
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burn (Figure 2B-2D, P < 0.05), IL-10 was
elevated 0-1 and 2 d post burn (Figure 2E,
P < 0.05), and IL-8 was elevated 3-7 d
post burn (Figure 2F, P < 0.05). IL-6 was
the only cytokine elevated in adult pa-
tients at every time point during the
first wk (0-1, 2, and 3-7 d post burn)
(Figure 2G, P < 0.05). The picture
changed after post-burn wk one. IL-1f
was increased significantly in pediatric
patients during the second post-burn wk
(Figure 2H, P < 0.05). Alternatively, IL-5
was expressed at higher levels in adult
burn patient plasma during this same pe-
riod (Figure 2I, P < 0.05). Higher levels of
IL-18 were detected in pediatric patients
during the third wk post burn (Figure 2J,
P <0.05). IL-1a. was higher in the pedi-
atric patients during the 22-66 d post-
burn period (Figure 2K, P < 0.05). Eotaxin,
G-CSF, IL-13, IL-15, IP-10, MCP-1, and
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Figure 1. Heart rates in adult and pediatric
burn patients. Data presented as mean =
SEM. *Significant difference between adult
and pediatric values (P < 0.001 by Student
ttest).
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MIP-1a. were elevated significantly at spe-
cific intervals across the six time periods
(Figure 2L-2R, P < 0.05). No differences
between pediatric and adult patients were
detected in plasma IL-12, IL-2, IL-7, or
TNF concentrations (Figure 25-2V). Cy-
tokine expression in pediatric burn pa-
tients as compared with adult burn pa-
tients is summarized in Table 2. The data
indicate that burned children have a dif-
ferent cytokine profile as compared with
adult burn patients.

DISCUSSION

Following a severe burn injury, pro-
tein degradation and catabolism charac-
teristic of hypermetabolism are exacer-
bated by the systemic inflammatory
response (8,9), resulting in compro-
mised structure and function of muscle,
skin, heart, liver, and immune system.
These occurrences typically increase the
incidence of infection and sepsis, leav-
ing the burn patient vulnerable to
multi-organ failure and death (10,11).
This circulus vitiosus is difficult to break
and current therapies often fall short of
adequately reducing inflammation, hy-
permetabolism, or mortality. Confound-
ers in identifying appropriate therapies
are patient age and burn size. Children
are better able to survive and to recover
from a large burn injury than are adults
(1,12). The primary determinants of sur-
vival for the adult burn patient are age
and burn size. The older the patient
and the larger the burn, the greater the
risk of dying. We hypothesize that the
inflammatory response triggers hyper-
metabolism resulting in multi-organ
failure and subsequent death. Why
adults experience higher mortality,
however, is unknown. The first step to-
ward elucidating the cause of differen-
tial outcomes in pediatric compared
with adult patients is to determine
whether the inflammatory response dif-
fers between these populations. There-
fore the aim of the present study was to
compare the inflammatory response as
measured by plasma cytokine expres-
sion profiles in severely burned pedi-
atric and adult patients.
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Figure 2. Cytokine expression (pg/mL) in adult compared with pediatric burn patients. (A) GM-CSF, (B) IFN-y, (C) IL-17, (D) IL-4, (E) IL-10,
(F) IL-8, (G) IL-6, (H) IL-1B, (1) IL-5, (J) IL-18, (K) IL-Tar, (L) eotaxin, (M) G-CSF, (N) IL-13, (O) IL-15, (P) IP-10, () MCP-1, (R) MIP-1q, (S) IL-12, (T) IL-2,
) IL-7, and (V) TNF. Data presented as mean = SEM. *Significant difference between adult and pediatric values (P < 0.05 by Student f fest).
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Table 2. Cytokine expression in children as compared with adult burn patients.

0-1 2 3-7 8-14 156-21 22-66

Cytokine dpb® dpb dpb dpb dpb dpb
GM-CSF — - - - - -
IFN-y - ND® ND ND ND ND
IL-17 - ND ND ND ND ND
IL-4 - ND ND ND ND ND
IL-10 - - ND ND ND ND
IL-8 ND ND - ND ND ND
IL-6 - - - ND ND ND
IL-1B8 ND ND ND - ND ND
IL-5 ND ND ND - ND ND
IL-18 ND ND ND ND + ND
IL-Ta ND ND ND ND ND +
eotaxin - ND ND - - ND
G-CSF ND ND - ND ND +

“dpb = d post burn.
b

°ND = no difference compared with adults.
94 = up-regulated compared with adults.

The profiles presented here are repre-
sentative of the cytokine changes attrib-
uted to flame burn injuries in pediatric
and adult patients. We found that the
concentrations of pro-inflammatory cy-
tokines such as IL-6, IL-8, IL-1a, IL-18,
MCP-1, MIP-1a, IL-15, IL-5, IL-17, IL-18,
IP-10, eotaxin, and GM-CSF are signifi-
cantly different following a severe
burn in pediatric compared with adult
patients. The same was true for anti-
inflammatory cytokines such as IL-10,
G-CSF, IL-13, IFN-y, and IL-4. A small
subset of cytokines (TNF, IL-2, IL-7, and
IL-12) did not differ between pediatric
and adult patients. Although the number
of patients in this study is small, the re-
sults may indicate that adult patients
experience a different post-burn inflam-
matory response than do the children.
Dramatic elevations of GM-CSF, IL-10,
and IL-6 in the adult patients during the
first wk following burn indicate that the
patients are undergoing a large inflam-
matory response that is not indicative of
the carefully orchestrated balance of pro-
and anti-inflammatory cytokine expres-
sion that counterregulate each other that
we typically associate with activation of
the inflammatory system. Instead, the si-
multaneous expression of both pro- and
anti-inflammatory cytokines indicates

558 | FINNERTY ET AL.

- = down-regulated compared with adults.

that the body may be overcompensating
to the burn injury. Concurrent elevation
of GM-CSF and IL-10 lends support to
this hypothesis as GM-CSF induces the
expression of pro-inflammatory cy-
tokines such as TNF, IL-1, and IL-6,
while IL-10 inhibits the expression of
pro-inflammatory cytokines such as IFN,
TNF-f, and IL-2. Many of the cytokines
that are modulated in response to burn
are involved with activation, or expan-
sion, of sub-populations of immune cells.
Differential expression of these cytokines
in children and adults may indicate that
there is differential activation of the im-
mune response to burn.

Although marked hyperinflammation
following a burn injury has been re-
ported (7,8,13), the differences in the
magnitude and temporal occurrence of
fluctuations of so many plasma cytokine
levels between children and adults have
not been previously described. Although
we wanted to address the hypothesis
that hypermetabolism is related to the
inflammatory response, the only parame-
ter measured as part of this multi-center
trial that gives a rough indication of a
patient’s metabolic state is heart rate.
Elevated heart rates did persist in these
patients throughout the 2-month period
of this study, but again this is a crude

| MOL MED 14(9-10)553-560, SEPTEMBER-OCTOBER

determinant of hypermetabolism. Many
studies have reported the hypermeta-
bolic response to burn; here we show
that the response may be different in
children as evidenced by their elevated
heart rates. Furthermore, we unexpect-
edly found that although the pediatric
patients had larger burns, the adults were
in a more hyper-inflammatory state. Even
when the patients were matched for burn
size, the adult patients still experienced
greater inflammation. This finding sug-
gests that adults may be more appropri-
ate candidates for anti-inflammatory
therapies following a major burn injury.
These results build upon previous re-
ports that cytokines are elevated early in
response to a severe burn and decrease
over time. Elevations of IL-6, IL-8, IL-1f,
IL-18, and IL-10 were most pro-
nounced during the first wk post burn
(3,5,8,13-17). Post-burn TNF expression
is somewhat controversial as to whether
or not it is temporal (3,5,14) (8,13). We pre-
viously published a time course compar-
ing cytokine levels in pediatric burn pa-
tients to normal, non-burned children (7).
The data that we present here are similar,
but not identical, to those findings. We
attribute the disparity in detection to use
of different multiplex platforms and
patient population differences. The spe-
cific nature of the antibodies used in the
Bio-Rad compared with Linco multiplex
platforms are considered proprietary in-
formation, and we are therefore unable
to determine whether the same epitope,
soluble cytokine, or soluble plus bound
cytokine are being measured. The cur-
rent study was limited to patients who
experienced a flame burn, whereas the
previous study included patients with
flame, scald, and electrical injuries.
Because adult patients were admitted
to the burn unit on average 1 d sooner
than pediatric patients, we were con-
cerned that the adult patients may have
been resuscitated more aggressively.
Resuscitation volumes were corrected
for burn size and body weight. There
was no difference in fluids administered
per kilogram body weight per percent
burn 0-24 h post burn. However, adults
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received more fluids per kilogram body
weight per percent burn than did chil-
dren 24-48 h post burn. When transfu-
sions during these same time periods
were included in the analysis, there was
no significant difference between adults
and children for volume of fluids and
transfusions received during the first 48 h
following the injury. If the cytokine pro-
file differences were due to differences
in resuscitation parameters, we would
expect these differences to resolve within
the first wk. We see instead that the dif-
ferences in cytokine expression continue
through 66 d post burn.

How post-burn cytokine expression
profiles differ from non-burned cytokine
profiles is beyond the scope of this study.
While the levels of the measured cy-
tokines vary greatly between adults and
children, due to the pleiotropic nature of
cytokines, it is not known which media-
tors are induced directly by the burn in-
jury and which are secondary mediators
indicative only of systemic inflammation.
Furthermore, it is unknown if these dis-
tinctions have significance. Future stud-
ies with tightly defined sampling time
points as well as with larger numbers of
patients allowing for further stratification
by age (infants, toddlers, pre-pubertal
and pubertal teenagers, young adults,
middle aged adults, and the elderly)
would allow determination of the bio-
logical significance of differences in the
cytokine profiles. Caveats aside, here we
demonstrate for the first time that adult
and pediatric burn patients have signifi-
cantly different expression patterns of
18 cytokines.

The data presented here indicate that
the most effective therapeutic interven-
tions may vary between pediatric and
adult burn patients. There is a dearth of
effective therapies that modulate post-
burn inflammation. Oxandrolone, a pop-
ular anti-catabolic agent, has no effect on
inflammation (18). Propranolol, used to
decrease heart rate and hypermetabolism
following burn, has only small effects on
the alteration of specific cytokines (19).
Growth hormone is an effective agent in
children for decreasing post-burn catabo-

lism and also decreases TNF and IL-1f,
but not IL-1a, IL-10, or IL-6 (20). The use
of growth hormone, however, is con-
traindicated for use in adult patients be-
cause critically ill adult patients had an
increased mortality following adminis-
tration in the ICU (21). Insulin has an
anti-inflammatory effect following burn
in pediatric patients (22), indicating that
further studies in adults may be war-
ranted. Other therapies that have been
tried in critically ill patients but failed
include specific anti-cytokine therapies
including neutralizing monoclonal anti-
bodies, receptors, or antagonists de-
signed to reduce circulating levels of
specific cytokines (23). High affinity
cytokine traps, first described by
Economides et al. (24), are in clinical
trials for various cancers and auto-
inflammatory diseases, but these have
not been tested in critically ill, trauma,
or burn patients (www.clinicaltrials.gov).
Given the current state of burn thera-
pies, we suggest that further studies
with anti-inflammatory agents, such as
insulin, given soon after admission to
the ICU in both pediatric and adult burn
patients should be pursued.

In summary, here we present for the
first time in a multi-center trial the differ-
ential expression profiles of 18 cytokines
in adult compared with pediatric pa-
tients. These findings underscore the
importance of supporting the notion that
children are not just small adults and
that therapeutic interventions need to be
tested in both populations prior to im-
plementation as standardized protocols.
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