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STRESSES ASSOCIATED WITH TRAUMA, infection, and burns
have a common denominator. There occurs with the
onset of these stresses a set of temporally phased and
coordinated responses that involve innate assessment
of the magnitude of the “event,” redirection of metab-
olism, coordinated homeostatic rebalancing of the in-
ternal milieu, and, finally, if all goes well, recovery.
Interestingly, what might appear to be a quite localized
site of trauma can force systemic responses that se-
verely affect the prognosis for recovery. Beisel (1)
stated that the severity of the host response was
largely proportional to the severity of the threat. Sim-
ilarly, Sir John Hammond (7, 8) was the first to crys-
tallize the theory of metabolic rate-dependant priori-
tizing of nutrient partitioning between tissues and it is
applicable to stress scenarios. Our lab expanded this
vision with the superimposition of what we termed the
“endocrine-immune gradient” on Hammond’s model,
wherein the coordinated push and pull of growth fac-
tors and cytokines, driven by the response to stress,
served to limit the use of nutrients for growth and to
make available those same nutrients for immune de-
fense and tissue stabilizing events. This was especially
important when food intake was low because of stress-
induced hypophagia and cachexia (5). What is so inter-
esting in all of this is that at the core of these host
responses lie perhaps only a few key regulators critical
to these physiological mechanisms by having the ca-
pacity to “morph” in functionality from one phase into
another and insulin-like growth factor-I (IGF-I) ap-
pears to be one of these key morphing effectors.
Large numbers of investigations have made statis-
tical correlations between some aspect of IGF-I (con-
tent or mRNA level) and a given state of pathology
for the purpose of implying some cause and effect
relationship between IGF-I and the studied condi-
tion. However, far fewer investigations have dealt
with a structured dissection of biochemical pathways
involving IGF-I to explain just how IGF-I plays its
regulatory role. Considering IGF-I’s rather ubiqui-
tous distribution among various tissues and cells, as
well as differing concentrations throughout a variety
of normal and pathological situations, this can be a
daunting task. Where this can be delineated, a far
greater appreciation and understanding of how a
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once thought of generalized growth factor can have
specific multiple signaling capabilities can be real-
ized. In one instance the key to its participation may
be its decreased expression and concentration,
whereas in another situation, the effect may reside
in the increased expression and additional presence
of this “growth factor.” Again, regarding stress and
the endocrine-immune gradient, several functions of
IGF-I are often observed within the context of mak-
ing nutrients more or less available to tissues and in
turn increasing or decreasing the anabolic character
of metabolism. Collectively, IGF-I (along with its
binding protein milieu and signal transduction path-
way) plays a strong leading role in setting the prior-
ity through which tissues are impacted by the onset
and recovery from and in particular with degrees of
fine tuning existing in the intricate interplay be-
tween signal transduction elements. For example,
maintenance of systemic anabolic metabolism via
liver-derived circulating IGF-I and its binding pro-
teins (2) becomes a secondary concern to a young
animal where site-specific increases in IGF-I may be
a primary focus to establish the healing process
(9, 10).

Recent data suggest that many aspects of recovery
from stress may be facilitated, hastened, and improved
with a timely action imparted by a temporally precise
delivery of IGF-I to a site-specific location (9, 10).
However, in taking the basic science from the labora-
tory setting to the clinic, we are certainly challenged
with regard to how to accomplish this delivery of IGF-I
to a target and not further complicate matters because
of what are termed negative side effects of IGF-I.
Systemic administration by injection, implant, or mi-
croencapsulation has limitations associated with the
development of hypoglycemia and pharmacokinetic
distribution to the target (6, 13, 14). Similarly, because
of the associations with feedback on growth hormone
secretion, systemic delivery can impact somatotropic
axis compromising actions of growth hormone that also
participate in homeostatic balance (4). Several of these
issues complicating the use of IGF-I as a burn healing
effector are surmounted in the results of research re-
ported in this issue of the American Journal of Physi-
ology-Regulatory, Integrative and Comparative Physi-
ology (3), where a novel delivery of IGF-I to tissues is
summarized and discussed in terms of how IGF-I reg-
ulates tissue healing through its effects on specific
signal transduction elements that participate in reduc-
ing apoptosis, modulating (downregulating) the in-
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flammatory phase of burn trauma, and increasing tis-
sue regeneration capacity.

In a series of papers from this laboratory authored
by Jeschke et al. (11, 12), reports demonstrated suc-
cesses in the delivery of IGF-I to the site of thermal
injury using liposome-mediated IGF-I gene transfer
protocol (11, 12). This nonviral vectored approach
has advantages over other delivery techniques, not
the least of which are the capacity for site-specific
application and the transient nature of the trans-
genic overly expressed product. Although still in a
rather infant stage of development, liposome-medi-
ated gene transfer overcomes additional apparent
stumbling blocks associated with the potential for
downregulation of expression over time, overexpres-
sion resulting in systemic increases in this metabol-
ically active peptide, and problems associated with
undesirable clonal expansion of unwanted or unnec-
essary cell types and functions.

The current study unravels some of the mystery of
how IGF-I discriminates among biochemical processes
to arrive at a situation that facilitates the repair of
tissues injured in thermal trauma. Specifically, these
researchers have shown that the expression of IGF-I at
the burn injury site works through two principal bio-
chemical pathway adjustments. First, the IGF-I ap-
pears to select against proapoptotic processes normally
associated with the inflammatory cascade. In this re-
gard nuclear factor (NF)-xkB components consistent
with anti-apoptotic stabilization processes mediated by
the expression of DNA binding factors such as activa-
tion protein (AP)-1 are favored along with the suppres-
sion of death domain effectors in the Bax and caspase-3
pathways.

Extrapolating just a bit, it appears that this lipo-
some-mediated process may be more of a facilitator of
normalization than a pharmacological driver of homeo-
static restoration. As these authors point out, a signif-
icant feature of this gene process is not that it can just
increase a localized production of IGF-I; it more appro-
priately extends the time period for restoration by
expanding the window of opportunity for the positive
NF-kB processes to unfold and assist in tissue rebuild-
ing. So, here we come full circle again, and with the
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stress of these traumatic biochemical events amelio-
rated, native IGF-I once again returns to its the role
as. . .a traffic control device?

REFERENCES

1. Beisel W. The effects of infection on growth. In: The Eltsville
Symposium XII: Regulating Growth and Development, edited by
Rumsey TS. New York: Kluwer, 1988, p. 395—-408.

2. Clemmons DR. Insulin-like growth factor-1 as an anabolic
agent in catabolic states. Ann Intern Med 20: 596—596, 1994.

3. Dasu MRK, Herndon DN, Nesic N, and Perez-Polo JR.
IGF-1 gene transfer effects on inflammatory elements present
after thermal injury. Am J Physiol Regul Integr Comp Physiol
285: R741-R746, 2003.

4. Davis SL. Environmental modulation of the immune system via
the endocrine system. Domest Anim Endocrinol 15: 283-289,
1998.

5. Elsasser TH, Klasing KC, Filipov N, and Thompson F. The
metabolic consequences of stress: targets for stress and priorities
for nutrient use. In: The Biology of Animal Stress, edited by
Moberg G and Mench J. New York: CAB International, 2000, p.
77-110.

6. Frystyk J, Hussain M, Skjaerbaek C, Porksen N, Froesch
ER, and Orskov H. The pharmacokinetics of free insulin-like
growth factor-I in healthy subjects. Growth Horm IGF Res 9:
150-156, 1999.

7. Hammond J. Physiological factors affecting birth weight. Proc
Nutr Soc: 8—12, 1944.

8. Hammond J. Physiological limits to intensive production in
animals. Br Agric Bull 4: 222-225, 1953.

9. Huang KF, Chung DH, and Herndon DN. Insulin-like growth
factor 1 (IGF-1) reduces gut atrophy and bacterial translocation
after severe burn 2 injury. Arch Surg 128: 47-54, 1993.

10. Jeschke MG. Non-viral gene therapy to improve wound heal-
ing. Eur Tiss Repair Soc Bull 6: 113-115, 1999.

11. Jeschke MG, Barrow RE, Hawkins HK, Tao Z, Perez-Polo
JR, and Herndon DN. Biodistribution and feasibility of non-
viral IGF-1 gene transfers in thermally injured skin. Lab Invest
80: 151-158, 2000.

12. Jeschke MG, Barrow RE, Hawkins HK, Yang K, Hayes RL,
Lichtenbelt BJ, Perex-Polo JR, and Herndon DN. IGF1
gene transfer in thermally injured rats. Gene Ther 6: 1015-1020,
1999.

13. Kong W, Koldovsky O, Lake M, Anderson GG, and Phil-
ipps AF. Organ distribution and biliary excretion of intrave-
nously injected insulin-like growth factor-I in suckling rats. Biol
Neonate 71: 239-250, 1997.

14. Pell JM, Flick-Smith HC, Dye S, and Hill RA. Further
characterization of an IGF-I enhancing antibody: actions on
IGF-I-induced hypoglycemia, and interaction with the analogue
LR3IGF-I. Prog Growth Factor Res 6: 367-375, 1995.

AdJP-Regul Integr Comp Physiol « VOL 285 « OCTOBER 2003 « www.ajpregu.org

/T0Z ‘T 1890100 U0 T'€£°022 0T Aq /Bi10°ABojoisAyd-nbaidle//:dny woly papeojumoq



http://ajpregu.physiology.org/

