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Objective
To determine the effect of insulinlike growth factor I (IGF-I)
in combination with its principal binding protein (IGFBP-3)
on the hepatic acute phase response in severely burned
children.

Summary Background Data
The hepatic acute phase response is a cascade of events
initiated to restore homeostasis after trauma. A prolonged
response, however, may contribute to multiple organ failure,
hypermetabolism, complications, and death.

Methods
Twenty-two children with a mean total body surface area
(TBSA) burn of 57 6 3% were given a continuous infusion of
1 to 4 mg/kg/day IGF-I/BP-3 for 5 days after wound excision
and grafting. Eight children with a TBSA burn of 54 6 4%
were given saline as controls. Before and 5 days after exci-
sion and grafting, blood samples were taken for serum he-
patic constitutive protein, acute phase protein, and proinflam-
matory cytokine analysis.

Results
Serum IGF-I levels in burned children given the IGF-I/BP-3 com-
plex increased from 113 6 15 to 458 6 40 ng/mL and IGFBP-3
levels increased from 1.8 6 0.2 to 3.1 6 0.3 ng/mL. Levels of
serum constitutive hepatic proteins (prealbumin, retinol-binding
protein, and transferrin) increased with IGF-I/BP-3, whereas lev-
els of type I acute phase proteins (C-reactive protein, a1-acid
glycoprotein, and complement C-3) decreased when compared
with controls. The complex had no effect on type II acute phase
proteins. Tumor necrosis factor-alpha (TNF-a) and interleukin-1b
(IL-1b) levels decreased with IGF-I/BP-3 compared with con-
trols, with no effect on interleukin-6.

Conclusion
Severely burned children receiving IGF-I/BP-3 showed a de-
crease in IL-1b and TNF-a followed by a decrease in type I
acute phase proteins that was associated with a concomitant
increase in constitutive hepatic proteins. Attenuating the proin-
flammatory acute phase with IGF-1/BP-3 response may prevent
multiple organ failure and improve clinical outcomes after thermal
injury without any detectable adverse side effects.

The hepatic acute phase response represents a cascade of
events characterized by the upregulation of type I and type
II acute phase proteins and the downregulation of constitu-
tive hepatic proteins.1–3 Proinflammatory cytokines mediate
these events, which are initiated to restore homeostasis after

trauma.1–3 Clinical studies have shown that a sustained or
increased acute phase response can be potentially life-
threatening, with the uncontrolled and prolonged action of
proinflammatory cytokines and acute phase proteins con-
tributing to multiple organ failure, hypermetabolism, com-
plications, and death.4–6The downregulation of constitutive
hepatic proteins may augment these detrimental effects.7–10

Multiple clinical trials have been undertaken in an attempt
to attenuate the overexpression of proinflammatory cyto-
kines and acute phase proteins.4,7,8 These clinical trials,
however, were unsuccessful in controlling a prolonged
acute phase response.
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A decrease in serum tumor necrosis factor-a (TNF-a)
and an increase in serum albumin levels have been demon-
strated in thermally injured pediatric patients given growth
hormone (GH).9,10 GH, however, exerts some of its effects
through insulinlike growth factor I (IGF-I).11,12 The GH/
GF-I axis has been proposed as a major pathway in trauma
for patient recovery.11–13 IGF-I is a 7.7 kD single-chain
polypeptide of 70 amino acids with sequence homology to
proinsulin.14 In the system, 95% to 99% of IGF-I is bound
and transported with one of its six binding proteins.15 IGF-I
has been shown to improve cell recovery, wound healing,
peripheral muscle protein synthesis, and gut and immune
function after thermal injury.11,16–19

To investigate the effect of IGF-I on the hepatic acute
phase response in severely burned pediatric patients, we
administered IGF-I bound to its principal binding protein,
IGFBP-3. Adverse side effects of IGF-I given in physiolog-
ically effective doses include hypoglycemia, electrolyte im-
balance, edema, neuropathies, and cardiac arrest.12,20 The
efficacy of the IGF-I/BP-3 complex was evaluated from its
effect on serum constitutive hepatic proteins, acute phase
proteins, and proinflammatory cytokines.

PATIENTS AND METHODS

Thirty severely thermally injured children were random-
ized to receive recombinant human IGF-I in combination
with BP-3 or normal saline (control). Inclusion criteria were
age younger than 15 years, admission to our hospital within
20 days of injury without evidence of organ failure, and
burns covering more than 40% total body surface area
(TBSA) that required at least three operations for skin
grafting.

The rhIGF-I/BP-3 complex was provided by Celtrix
Pharmaceuticals, Inc. (Santa Clara, CA) in a 1:1 molar ratio
of rhIGF-I to rhIGFBP-3. This corresponds to the naturally
occurring protein complex purified by cation exchange col-
umn chromatography. Infusions were prepared from vials
containing 10 mg/mL rhIGF-I/BP-3 in sterile 50 mmol/L
sodium acetate and 105 mmol/L sodium chloride buffered
to pH 5.5.

Study Design

Patients were resuscitated according to the Galveston
formula with 5,000 cc/m2 TBSA burned plus 2,000 cc/m2

TBSA lactated Ringer’s solution given in increments over
the first 24 hours. Within 48 hours of admission, all patients
underwent total burn wound excision, and the wounds were
covered with available autograft skin, with allograft used to
cover any remaining open areas. After the first surgical
procedure, all patients received 0.9% saline for 5 to 10 days
until the donor site was healed. To determine baseline and
changes in the two study groups, blood samples were taken
before surgery and on postoperative day 5. This period was
designated period I.

After the first donor site healed, and just before the
second surgical procedure (period II), a blood sample was
obtained to determine baseline values. All patients were
randomized to receive a continuous intravenous infusion of
either IGF-I/BP-3 (n 5 22) in a dose of 1.0, 2.0, or 4.0
mg/kg/day, or 0.9% NaCl (controls,n 5 8) until the donor
site healed; again, this was approximately 5 to 10 days after
excision and grafting. A blood sample was obtained on the
fifth postoperative day. There were seven or eight children
in each drug group (total5 22) and eight control patients.
No differences in blood concentrations could be shown;
thus, the groups were combined.

Serum IGF-I, IGFBP-3, and Growth
Hormone

Levels of serum human IGF-I, human IGFBP-3, and GH
were determined using a human radioimmunoassay (Endo-
crine Sciences, Calabasas Hills, CA).

Caloric Intake, Calorimetry, and Albumin
Requirements

Intake of proteins, carbohydrates, and fat was measured
and recorded each day. The amount of caloric intake was
calculated for each study period. All patients received na-
soduodenal feedings with Vivonex TEN (Sandoz Nutrition,
Minneapolis, MN), containing 82.3% carbohydrate, 3% fat
(linoleic acid), and 14.7% protein. Caloric intake was given
at a rate calculated to deliver 1,500 kcal/m2 TBSA burned
plus 1,500 kcal/m2 TBSA. This feeding regimen was started
at admission and continued at a constant rate until the
wound was 95% healed. Caloric intake was kept constant
throughout the study period. Resting energy expenditure
and respiratory quotient were calculated from O2 and CO2

in expired gases. A metabolic cart calorimeter (Sensomed-
ics, Yorba Linda, CA) and standard equations were used.

Serum albumin was measured daily. Children with albu-
min concentrations less than 2.5 g/dL received albumin
substitution based on age to maintain colloid osmotic pres-
sure. Children younger than 2 years of age received 6.25
g/day exogenous albumin, those 2 to 9 years old received
12.5 g/day, and those 10 to 18 years old received 25 g/day.
Albumin required during the two study periods was re-
corded, and the total albumin was compared between pa-
tients receiving IGF-I/BP-3 or saline.

Serum Glucose, Electrolytes, and
Hepatic Constitutive and Acute Phase
Proteins

Serum glucose, electrolytes, constitutive hepatic proteins
(prealbumin, retinol-binding protein, and transferrin), type I
acute phase proteins (C-reactive protein, C-3 complement,
anda1-acid glycoprotein) and type II acute phase proteins
(haptoglobin,a2-macroglobulin, anda1-antitrypsin) were
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measured using a Behring nephelometer (Behring, Dear-
field, IL).

Serum Cytokines

Plasma TNF-a levels were determined with a human
specific enzyme-linked immunosorbent assay (ELISA, En-
dogen, Woburn, MA). Standard curves for quantification of
human TNF-a were linear from 0 to 400 pg/mL on a
logarithmic scale. IL-1b levels were determined using
ELISA (Endogen). Standard curves for quantification of
human IL-1b were linear from 0 to 400 pg/mL on a loga-
rithmic scale. Serum levels of IL-6 were determined by
human ELISA (Biosource, Camarillo, CA). Standard curves
for quantification of human IL-6 were linear from 0 to 500
pg/mL on a logarithmic scale.

Ethics and Statistics

Informed consent approved by the Institutional Review
Board of the University of Texas Medical Branch was
obtained from all patients, parents, or guardians. Statistical
comparisons were made by analysis of variance and the
Studentt test with post-hoc Bonferroni’s correction where
appropriate. Data are expressed as means6 SEM. Signifi-
cance was accepted atP , .05.

RESULTS

No differences between children receiving 1, 2, or 4
mg/kg/day of IGF-I/BP-3 could be shown for the hepatic
acute phase response; therefore, patients were combined and
treated as one group. No difference in IGF-1/BP-3 blood
levels was found between the 1, 2, and 4 mg/kg/day groups;
thus, no valid dose response was established.

Patient Demographics

There were no significant differences in age, sex, size and
depth of burns, or death rate between children treated with
rhIGF-I/BP-3 or saline. No differences could be shown be-

tween groups for time after burn to hospital admission or to the
start and end of study periods I and II. Total body wound
healing showed no significant change during the study period,
and this was not considered to be a major source contributing
to the decrease in proinflammatory factors.

Serum IGF-I, IGFBP-3, and GH

Serum IGF-I levels significantly increased from 1136 15
to 4586 40 mg/mL with IGF-I/BP-3 administration (P ,
.05); serum IGFBP-3 levels increased from 1.86 0.2 to
3.1 6 0.3 mg/mL (P , .05). Serum GH levels decreased
from 3.16 0.5 to 1.16 0.3 mg/mL (P , .05). No changes
in serum IGF-I, IGFBP-3, or GH were found in the control
group (Table 1).

Caloric Intake and Indirect Calorimetry

There were no differences in the caloric intake of protein,
carbohydrate, and fat between the treatment and the control
groups. No differences could be demonstrated between the
groups for oxygen consumption (treatment group: 16256
295 kcal/day vs. control group: 16376 288 kcal/day) or
respiratory quotient (treatment group: 1.06 0.03 vs. con-
trol: 0.97 6 0.03), indicating there were no significant
changes in substrate utilization. Children receiving the IGF-
I/BP-3 complex required significantly less albumin substi-
tution than controls (P , .05, Table 2).

Serum Electrolytes and Hepatic
Constitutive and Acute Phase Proteins

No hypoglycemia or electrolyte imbalance could be
found in the treatment group. There were no differences
between the groups for constitutive hepatic proteins during
study period I. During study period II, children in the
treatment group had increased levels of serum prealbumin,
retinol-binding protein, and transferrin compared with the
control group (P , .05; Fig. 1).

No significant difference between the two groups for type
I and II acute phase proteins could be shown during study

Table 1. SERUM IGF-1, IGFBP-3, AND GH DURING STUDY PERIOD II

Control (n 5 8‡) IGF-1/BP-3 (n 5 22)

OPII D5II D (%) OPII D5II D (%)

IGF-1 (mg/mL) 89 6 9 93 6 9 10 6 7 113 6 15 458 6 40*† 382 6 44*
IGFBP-3 (mg/mL) 1.4 6 0.2 1.3 6 0.1 3 6 8 1.8 6 0.2 3.1 6 0.3*† 88 6 12*
GH (mg/mL) 3.1 6 1.0 3.3 6 0.8 18 6 51 3.1 6 0.5 1.1 6 0.3*† 257 6 7*

IGF-1, insulinlike growth factor I; IGFBP-3, insulinlike growth factor binding protein; GH, growth hormone; OPII, second operation; D5II, day 5 after second operation.
Data presented as means 6 SEM. D is defined as percentage change from OPII to D5II.
* Significant difference IGF-I/BP-3 vs. control (P , .05). †Significant difference D5II vs. OPII (P , .05). ‡GH, n 5 5.
Values for unburned normal children: IGF-I: 365 6 15 mg/mL; IGFBP-3: 2.8 6 0.9 mg/mL; GH: 6.5 6 0.9 mg/mL.
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period I. RhIGF-I/BP-3 treatment decreased the level of
type I acute phase proteins compared with saline treatment
(P , .05; Fig. 2). IGF-I/BP-3 treatment had no effect on the
levels of type II acute phase proteins, haptoglobin,a2-
macroglobulin, anda1-antitrypsin.

Serum Cytokines

There were no differences in serum levels of TNF-a or
IL-1b between groups during study period I. IGF-I/BP-3
administration decreased the level of serum TNF-a and

Table 2. CALORIC INTAKE AND ALBUMIN REQUIREMENT DURING
STUDY PERIODS I AND II

Control (n 5 8) IGF-1/BP-3 (n 5 22)

Study Period I Study Period II D (%) Study Period I Study Period II D (%)

Protein (g/5 days) 612 6 54 651 6 54 22 6 5 642 6 57 613 6 54 22 6 6
Carbohydrates (g/5 days) 2944 6 292 2742 6 273 27 6 6 3013 6 274 2758 6 268 23 6 7
Fat (g/5 days) 108 6 29 138 6 26 25 6 14 140 6 29 175 6 35 9 6 11
Albumin substitution
Albumin (g/5 days) 47 6 14 27 6 10† 222 6 16 62 6 14 17 6 4† 271 6 7*

IGF-1, insulinlike growth factor 1; BP-3, insulinlike growth factor 1 binding protein.
Data presented as means 6 SEM. *Significant difference IGF-I/BP-3 vs. control (P , .05). †Significant difference study period II vs. study period I (P , .05).

Figure 1. Changes in serum constitutive hepatic proteins between the two study periods. (A) Serum
prealbumin changes. (B) Serum retinol-binding protein changes. (C) Serum transferrin changes. For all
proteins, there were no significant changes from the first operation to postoperative day 5 between the
groups, but there were significant changes (*P , .05) between the groups from the second operation to
postoperative day 5. Data are presented as means 6 SEM. Normal serum prealbumin level is 25 to 45
mg/dL. Normal serum retinol-binding protein level is 3 to 6 m/dL. Normal serum transferrin level is 203 to
430 mg/dL.
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serum IL-1b 5 days after the initiation of the drug when
compared with the control group (P , .05; Fig. 3). No
difference between groups could be shown for serum IL-6
levels.

White Blood Cells

The white blood cell count was 12,7106 1,592 for the
control group and 10,5906 917 for the treatment group.
The distribution of monocytes, lymphocytes, and eosino-
phils was not significantly different. Immature to mature
polymorphonuclear cell ratios were 1:4 for the control
group and 1:13 for the treatment group. The polymorpho-
nuclear cells were 456 17% for the control group and 596
11% for the treatment group (P 5 .02); the percentages of
immature polymorphonuclear cells (band cells) were 136
4% for the control group and 56 5% for the treatment
group.

DISCUSSION
A prolonged increased hepatic acute phase response has

been shown to contribute to multiple organ failure and
death.4–6 The overexpression of proinflammatory cyto-
kines, such as IL-1b and TNF-a, has been shown to inhibit
the GH/IGF-I axis, and these studies suggested that this may
be one reason for an increased hypermetabolic response,
with resulting increases in complications and death.13,21,22

Therefore, several clinical trials attempted to downregulate
exaggerated levels of proinflammatory cytokines in an ef-
fort to attenuate this response and improve clinical out-
come.4–6 However, the antiinflammatory agents used failed
to control the exaggerated synthesis of proinflammatory
cytokines and acute phase proteins because they focused on
only one pathway or mediator in the inflammatory cascade,
leading to a compensation through other pathways.4,7,8 In
the present study, we demonstrated that IGF-I in combina-
tion with its principal binding protein decreases the proin-
flammatory cytokines IL-1b and TNF-a, with subsequent

Figure 2. Changes in serum acute phase proteins between the two study periods. (A) Serum C-reactive
protein changes. (B) Serum C-3 complement changes. (C) Serum a1-acid glycoprotein changes. For all
proteins, there were no significant changes from the first operation to postoperative day 5 between the
groups, but there were significant changes (*P , .05) between the groups from the second operation to
postoperative day 5. Data are presented as means 6 SEM. Normal serum C-reactive protein level is less
than 5 mg/dL. Serum reference range for C-3 complement is 50 to 90 mg/dL. Serum reference range for
a1-acid glycoprotein is 55 to 140 mg/dL.
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decreases in the type I acute phase proteins C-reactive
protein, complement C-3, anda1-acid glycoprotein. The
IGF-I/BP-3 and control groups had significantly different
starting points for study periods I and II. We have no
explanation for this phenomenon; however, the change dur-
ing study period II was significantly different between the
treatment and the control groups (P , .02). Because we did
not observe an increase in IL-6 or type II acute phase
proteins, we suggest that IGF-I effectively decreased IL-1b
and TNF-a without a compensatory elevation of IL-6 and
type II acute phase proteins.

The pathway by which IGF-I modulates the hepatic acute
phase response is not entirely defined. However, IGF-I may
exert some of its effects on IL-1b and TNF-a and subse-
quently on type I acute phase proteins through a downregu-
lation of hepatic nuclear factor (NF)-kB activation (unpub-
lished observations). NF-kB controls the transcriptional
regulation of many proinflammatory cytokines, including
IL-1b and TNF-a and type I acute phase proteins.23–25

Many type I acute phase proteins contain NF-kB response
elements in their promoter region. A downregulation of
NF-kB activation may therefore result in decreased levels of
IL-1-like cytokines and type I acute phase proteins. The
relative specificity of NF-kB for IL-1-like cytokines and
type I acute phase proteins may explain why IGF-I had no
effect on IL-6 and type II acute phase proteins.

Another possible pathway by which IGF-I decreases acute
phase proteins and proinflammatory cytokines may be through
the C-enhancer binding protein family (C/EBP).26–29 The
C/EBPb subtype increases after trauma and regulates acute
phase proteins and proinflammatory cytokine synthesis.26,27

IGF-I decreases C/EBPb and therefore may subsequently de-
crease acute phase protein and cytokine synthesis.

A decreased concentration of acute phase protein and proin-

flammatory cytokines was associated with increased synthesis
of constitutive hepatic proteins, such as prealbumin, retinol-
binding protein, and transferrin. After thermal injury, consti-
tutive hepatic proteins have been shown to decrease by 50% to
70% below normal levels because of the reprioritization of
liver protein synthesis.2 Constitutive hepatic proteins, how-
ever, have important physiologic functions, and their down-
regulation after trauma has been described as potentially harm-
ful. Synthesis of these proteins has been used to predict death
and to serve as clinical markers for nutritional status, severity
of stress, and improved recovery.3,30,31

The exact mechanisms by which IGF-I exerts the bene-
ficial effect of stimulating constitutive hepatic proteins are
not defined. We suggest that one possible mechanism is that
decreased acute phase proteins redirect the liver synthesis
toward the physiologic status, with subsequently increased
constitutive hepatic protein synthesis. Another possible
mechanism may be that IGF-I affects the signal transduction
pathway. Recent studies demonstrated that IGF-I can mod-
ulate the C/EBP family.26–29,32C/EBPa is a transcription
factor for constitutive hepatic proteins, such as prealbu-
min.26,27 Unlike C/EBPb, C/EBPa levels decrease after
trauma and thus it can be considered a negative regula-
tor.26,27 IGF-I stimulates C/EBPa and thus may upregulate
constitutive hepatic protein synthesis.32

Increased expression of proinflammatory cytokines has been
associated with increased weight loss and hypermetabolism.
We found that children treated with the IGF-I/BP-3 complex
who demonstrated decreased proinflammatory cytokine levels
showed an increase in peripheral muscle fractional synthetic
rates compared with controls. These findings suggest that an
attenuation of proinflammatory cytokines and acute phase pro-
teins is associated with increased systemic protein synthesis or
decreased protein catabolism.

Figure 3. Changes in serum proinflammatory cytokines between the two study periods. (A) Changes in
serum tumor necrosis factor-alpha (TNF-a). (B) Changes in serum interleukin-1b *IL-1b. For both cytokines,
there were no significant changes from the first operation to postoperative day 5 between the groups, but
there were significant changes (*P , .05) between the groups from the second operation to postoperative
day 5. Data are presented as means 6 SEM. Serum reference range for TNF-a is 0 to 4.9 pg/mL. Serum
reference range for IL-1b is 0.1 to 0.8 pg/mL.
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It has been recently shown that GH attenuates the hepatic
acute phase response and stimulates albumin synthesis in
pediatric burn patients.10 However, a side effect of GH that
has been delineated is an increase in the hepatic triglyceride
concentration and development of a fatty liver.33,34 In
burned rats, GH given for 7 days increased the hepatic
triglyceride concentration by nearly 50% (unpublished ob-
servations). The mechanisms have been discussed in clini-
cal studies; it has been proposed that GH increases periph-
eral lipolysis, and because of a lack of transporter proteins
(low- and high-density lipoprotein), triglycerides accumu-
late in the liver. GH, given after thermal injury, acutely
increased free fatty acid concentrations compared with pla-
cebo, indicating that GH stimulates peripheral lipolysis and
subsequently the free fatty acid concentration.33,34 In the
present study, IGF-I/BP-3 did not cause an increase in free
fatty acids and triglycerides; rather, it decreased free fatty
acids 5 days after the initiation of the treatment.

From our data, we conclude that attenuating the hepatic
acute phase response with IGF-I/BP-3 modulates the hyper-
metabolic response. This may prevent multiple organ failure
and improve clinical outcome after a thermal injury without
any detectable adverse side effects. The benefit of the ame-
lioration of the hepatic acute phase response may also help
reduce the incidence of multiple organ failure and mortality
often observed in other forms of severe trauma.
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