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Introduction tracranial hypertension following head injury (ear-

Traumatic injury is a major cause of death in the
United States. In the 1- to 50-year age group it has
become the leading killer [1]. Over the past few
years several advances have improved the resuscita-
tion of acutely traumatized patients. The develop-
ment of trauma systems has enhanced the trauma
patient’s access to trauma care in a timely fashion.
This is accompanied by a decrease in morbidity and
mortality [2, 3].

Death following trauma has a trimodal distribu-
tion with about 50% of deaths occurring immedi-
ately after the accident. Deaths are caused primari-
ly by lacerations of the brain, brain stem, spinal
cord, aorta, and rupture of the myocardium. The
second peak occurs within hours of injury and is
attributable to lethal head injury (epidural, sub-
dural, and intracerebral hematomas), or bleeding
from the chest or abdomen. Major causes of late
mortality (third peak) are due to uncontrollable in-
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ly, <1 week) and infection and sepsis (late, >1
week postinjury) [4, 5].

The increased rate of infection is partially due to
injury. This has been established by multiple previ-
ous studies. Correlations between (1) injury, (2) in-
flammation, and (3) the generation of inflammato-
ry mediators and (1) immunosuppression, (2) sep-
sis, and (3) multiple organ failure (MOF) are
repeatedly suggested [6, 7]. Despite this associa-
tion, it is unclear why these patients are more sus-
ceptible to infection.

Although there is much literature about the
pathophysiology of trauma, there is a poor under-
standing of why some patients are susceptible and
succumb to sepsis following injury whereas others
tolerate a similar degree of injury without signifi-
cant complications. The chain of causation is poor-
ly understood. One available hypothesis is that def-
icits occur in immunologic defenses in the septic
patient group that allow opportunistic microorgan-
isms to gain a foothold. Similarly, defects to not
occur in patients who have an uneventful recovery

[8].

G. Schlag et al. (eds.), Pathophysiology of Shock, Sepsis, and Organ Failure
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To give validity to this hypothesis a much clearer
association has to be demonstrated between de-
pressed host defense and increased clinical infec-
tion rates or decreased tolerance to a given infec-
tious challenge [9—12]. The demonstration of an
association between immunosuppression and real
clinical septic risk would allow identification of
markers to monitor high-risk patients and would be
useful clinically for intervention or modulation.

Investigations over the past two decades have
characterized the alterations in immune function
which follow severe injury. Many immune func-
tions are depressed as well after elective procedures.
Relationships of specific immune deficits to infec-
tions which frequently occur after injury are slowly
becoming better clarified.

A basic understanding of organizational com-
ponents within the immune system is necessary to
allow a systematic review of what is known about
immunosuppression following injury. This chapter
will review many of the nonspecific humoral com-
ponents of immunity that have been evaluated fol-
lowing injury. The following chapter will identify
many aspects of specific cellular immunosuppres-
sion following injury.

Immune dysfunction following injury is divided
conceptually into four areas. Each of these contri-
bute to the immunosuppressed state.

(1) Abnormalities that occur due to impaired re-
sponses of the normal cellular system. Abnormal
antigen processing and abnormal cellular function
of a specific cell type are examples. These are re-
viewed for each cell type in the following chapter.

(2) Abnormalities caused by excessive or inade-
quate normal humoral neuroendocrine responses,
cytokine responses or other intercellular messen-
gers such as prostaglandin E, (PGE,), interleukin
1, 2, and 6 (IL-1, IL-2, and IL-6) and tumor
necrosis factor (TNF). These lead to deficiencies or
excessive activity either locally or systemically. This
can cause a multitude of abnormalities in cellular
components of non-specific host defense. The
humoral effects of neuroendocrine, cytokine, and
prostaglandin abnormalities as they relate to specif-
ic cellular events will be reviewed.

(3) Abnormalities that occur because of exces-
sive proteolysis of normal plasma and extracellular
proteins leading to immunoreactive proteolytic
fragment production with systemic immunosup-
pressive effects. Suppressive active peptide (SAP),
fibronectin degradation peptide (FNDP), and com-
plement fragments will be discussed as other exam-
ples of humoral mediators of immunosuppression.

These proteolytic fragments (normal byproducts of
complex cellular-extracellular matrix interaction)
can create a pathophysiologic state. It is by under-
standing these interactions that the immunosup-
pressed state can be better characterized and strate-
gies for therapy developed. The mechanism of im-
munosuppression that can occur in response to
these immunosuppressive peptides will be discussed
in detail with the T-cell. This will demonstrate one
example of the multiple levels of interaction which
create immunosuppression.

(4) Abnormalities of malnutrition and substrate
availability on cellular and serum components of
host defense. Many recent reviews exist on the con-
tribution of these entities. This has become the fo-
cus of extensive research in the area of “nutritional
pharmacology” [13, 14].

Immune System Nonspecific Factors:
General Comments

Host defense involves several complex components
which can be classified into specific and nonspecif-
ic factors. The specific immune response, which
primarily involves the monocyte and lymphocyte,
can recognize antigen and generate an amplified
secondary immune response whereas the nonspe-
cific immune response lacks this capability. Most
of the humoral responses leading to immunosup-
pression are nonspecific. Impairment of the
specific immune response and its cellular aspects
are discussed elsewhere.

The nonspecific inflammatory response in-
cludes factors such as serum complement, fibro-
nectin, chemotactic factors, prostaglandins, and
lymphokines. Phagocytes including circulating
neutrophils, monocytes, and fixed alveolar, spleen,
liver, and bone marrow macrophages are also in-
cluded in this classification. Many excellent reviews
of these factors exist [15, 16].

Each of these components work in a nonspecific
fashion as part of host defense. For example, mo-
ments after antigen stimulation, PMNs adhere to
the blood vessel wall and migrate into the adjacent
tissues. This movement, chemotaxis, is facilitated
by complement and subsequently leads to phagocy-
tosis. Phagocytosis is enhanced by opsonization
with either complement, fibronectin or immuno-
globulins. The actual intracellular destruction of
the phagocytized bacteria by PMNs occurs non-
specifically by oxygen-dependent and oxygen-in-
dependent mechanisms leading to bacterial killing
[17].
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During initial activation, the complement sys-
tem functions as a biologically active cascade —
another example of nonspecific activity. The major
split products C3a and C5a are powerful anaphyla-
toxins which cause capillary dilatation, smooth
muscle contraction, and histamine release from
mast cells. C5a is a potent chemoattractant and
causes fusion of neutrophil-specific granules to the
plasma membrane as well as activation of oxidative
metabolism. C3b, another complement compo-
nent, functions as a bacterial opsonin for both the
classical and alternative complement pathways.

The monocyte or macrophage, a nonspecific
component of cell defense, is pivotal in immuno-
logic interactions because it can process antigen
and secrete immunoregulatory cytokines. Activa-
tion of macrophages causes changes in secretory
function. A shift to the production of substances
that regulate both monocyte and lymphocyte popu-
lations occurs following activation. Many patho-
physiological abnormalities are a result of excess
production of these cell-cell (paracrine), cell-self
(autocrine) humoral factors.

For example, the production of PGE, by
macrophages can act as a nonspecific down-regula-
tion mechanism for T-cells. Similarly, secretion of
IL-1 by antigen presenting cells (monocytes) in-
duces some T-lymphocyte subsets to express cell
surface markers and produce lymphokines leading
to T-cell activation and proliferation when antigen
is presented by these cells. IL-1 stimulates T-lym-
phocytes to produce IL-2 which promotes the devel-
opment of specific T-lymphocytes and natural kill-
er cells. This supports the growth of T-cells.

Acquired defects in nonspecific host defense in
general have been noted after severe burns [18—21],
nonburn trauma [9, 22, 23], surgery [24], and infec-
tions [18, 25].

A general understanding of the nonspecific
components and their initial response to injury al-
lows an understanding of the mechanism by which
these humoral factors can cause immunosuppres-
sion when inadequately or excessively secreted.

Neuroendocrine Humoral Mechanisms

More than 60 years ago Sir Thomas Lewis was the
first to investigate the relationship between the ner-
vous system and the peripheral immune function
[26]. Prior to this, anectodal and indirect examples
had suggested a link between the central nervous
and the immune system. Historically, scientific in-
terest shifted towards specific aspects of cellular

mechanisms and molecular biological events of the
immune response. In the last decade an interest in
regulatory communication between both systems
has reappeared, driven by recent discoveries show-
ing that immune cells bear receptors for a wide
spectrum of neuroendocrine hormones and that
cells of the immune system are capable of produc-
ing many of the neuroendocrine hormones them-
selves [27].

Among the factors for which lymphocytes, mo-
nocytes, and other immune cells have specific re-
ceptors are neuroendocrine factors, like adrenocor-
ticotropic hormone (ACTH), corticotropin-releas-
ing hormone, thyroid-releasing hormone, growth
hormone-releasing hormone, growth hormone, ox-
ytocin, vasoactive intestine peptide, substance P,
prolactin, catecholamines, acetylcholine, endor-
phins, and enkephalins. Some of the neuroendo-
crine hormones produced by lymphocytes and
monocytes include ACTH, growth hormone, thy-
roid-stimulating hormone, follicle-stimulating hor-
mone, luteinizing hormone, prolactin, vasoactive
intestinal peptide, somatostatin, chorionic gonado-
tropin, and several endorphins [28].

Further evidence for the intricate interconnec-
tion of the immune system with the central nervous
system was obtained by the discovery that lym-
phoid tissues are autonomically innervated by sym-
pathetic nerve fibers [29, 30] and the observation
that immune responses are enhanced after disrup-
tion of these nerves [31, 32]. An enhanced immune
response is found to correlate with a decrease of
norepinephrine levels in the denervated lymphoid
organs, suggesting that innervation and catechol-
amine release are involved in the regulation of im-
mune cell response [33].

Neuroendocrine hormones released following of
psychological or physical stress can be shown to in-
fluence a variety of immune reactions [34-37],
while cytokines like IL-1, IL-2, and IFN, typical
messenger molecules of the cellular immune sys-
tem, transmit signals not only between cells of the
immune system but also affect neuroendocrine tis-
sues. Taken in the aggregate, these findings demon-
strate clearly the existence of a bidirectional com-
munication system between the immune and cen-
tral nervous systems.

Shock, Trauma,
and Neuroendocrine Factor Release

Physiological stress, from hypoperfusion or tissue
ischemia following trauma, causes adrenocortical
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stimulation and activates the sympathetic nervous
system leading to the release of an array of hor-
mones which regulate the necessary response of
many organs including the immune system. In ad-
dition to corticosteroids, and catecholamines, in-
creased secretion of growth hormone, prolactin, en-
dogenous opiates (enkephalins, endorphins), and
substance P have been demonstrated after physio-
logical stress and trauma in patients [28, 38 —40].
The hormones of the central nervous system, to-
gether with the events described later in this chap-
ter, seem to contribute to the well-documented state
of immunosuppression observed in trauma pa-
tients.

Specific Neuroendocrine Mediators
of Immune Responses

Corticosteroids

The immunosuppressive effects of corticosteroids
(cortisone, hydrocortisone, corticosterone) are well
documented [41]. Among the effects of corti-
costeroids described are reduced mitogen-induced
lymphocyte proliferation of human peripheral lym-
phocytes [42], suppressed antibody production and
natural killer (NK) cell activity, and diminished
cytokine production [43].

Due to the powerful suppressive effects of this
substance class it has long been thought to be one
of the most relevant hormonal mediators of im-
munosuppression following trauma. Adrenalec-
tomized rats, however, still show T- and B-cell ab-
normalities despite the absence of changes in serum
corticosteroid levels [44]; and decreased T-cell pro-
liferation in injured patients does not correlate with
serum corticosteroid levels [45]. This indicates that
immunosuppression following stress and trauma
cannot be ascribed to the action of corticosteroids
alone.

These findings have led to a series of attempts to
find other stress-related factors which play impor-
tant roles in controlling immune events and are in-
volved in suppressing the immune response in
trauma patients. An ever-increasing number of
other neuroendocrine factors has been found,
which exhibit a wide spectrum of effects on the im-
mune response. Catecholamines, f-endorphine, va-
soactive intestinal peptide, sex hormones, ACTH,
and somatostatin have all been shown to suppress
a variety of immune responses ranging from anti-
body formation to the appearance of differentia-
tion markers on lymphocytes [38, 46].

Catecholamines

Besedovsky reported decreased norepinephrine lev-
els in rat spleens following immunization. This de-
crease is correlated with an increased immune re-
sponse, suggesting that catecholamines may control
the response of immune cells in primary lymphoid
organs [33]. Plasma catecholamine concentrations
are significantly increased in traumatic shock, and
may contribute to impaired immune function in
trauma patients. Quantitative and qualitative
changes in blood lymphocytes, monocytes and
granulocytes are negatively correlated with plasma
epinephrine levels following physical and physio-
logical stress in humans [47]. These changes can be
mimicked by epinephrine injections leading to
changes of lymphocyte subpopulations and re-
duced mitogen-induced lymphocyte proliferation in
humans [48, 49]. Norepinephrine and epinephrine
are also found to diminish cytolytic activity of
macrophages [50]. The decreased capability of
macrophages to kill tumor cells is probably mediat-
ed through activation of an a;-adrenoreceptor lo-
cated on the macrophage surface which leads to de-
creased production of reactive oxygen intermedi-
ates [51].

Growth Hormone (Somatotropin) and Prolactin

The human growth hormone (GH) is a pituitary
hormone which is also produced by leukocytes [52].
GH is in part responsible for the restoration of im-
mune function after inmunosuppression caused by
corticosteroids [53]. Growth hormone can reverse
the immune suppression (leukopenia, decreased an-
tibody synthesis, and delayed skin graft survival)
caused by stress and corticosteroid action [54— 56].
GH plays an important role in regulating the thy-
mus gland, lymphoid, phagocytic, and stem cells
and recently has been found to act as a primer for
macrophage superoxide anion production [57, 58].

GH is related to the hormone prolactin, which
enhances macrophage tumoricidal activity and
IFN-y production and has also been shown to be
depressed following injury [59]. The presence of
prolactin is necessary for lymphocyte proliferation
in vitro and in vivo [60]. When in vivo prolactin re-
lease is diminished or blocked, T-cell and macro-
phage activation is impaired [61].

Endogenous Opiates

The two major prohormones proenkephalin A and
proopiomelanacortin are found in human adrenal
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glands. The immunoregulatory hormones adreno-
corticotropin (ACTH), methionine enkephalin, leu-
cine enkephalin, and B-endorphin are final prod-
ucts of these precursor molecules [62].

Endorphins comprise a group of brain peptide
hormones that have physiologic effects similar to
those of morphine. Endorphin levels are increased
after trauma-related stress and have widespread ef-
fects on the immune system. f~Endorphin is a po-
tent suppressor of antibody production. This effect
on B-cells can be blocked with the morphine-antag-
onist naloxone [63]. Endorphins also cause a reduc-
tion in natural killer cell activity which can be mim-
icked by morphine administration and blocked by
the opiate antagonist naltrexone [64]. The im-
munosuppressive effects of endorphins may be cen-
trally mediated by activation of the hypothalamic-
pituitary axis or via the sympathetic nervous sys-
tem which innervates lymphoid tissues [65], as min-
imal amounts of morphine injected into the brain
cause markedly suppressed natural killer cell activi-
ty [66]. f-Endorphin has also been shown to inhibit
mitogen- and antigen-driven proliferation of hu-
man peripheral T-cells in vitro [67].

Enkephalins [(met)enkephalin, and (leu)enkeph-
alin] are smaller peptides and share major structur-
al elements with endorphins. In contrast to endor-
phins, however, this group of neurohormones is
generally reported to enhance immune activity, sug-
gesting a role in counterregulating immunosuppres-
sive activity [68]. Good clinical studies on injured
patients will be needed to demonstrate the impor-
tance of these as immunoregulators.

Adrenocorticotropin

Adrenocorticotropin (or corticotropin, ACTH) is
another neuropeptide derived from proopiomel-
anacortin. Its secretion is regulated by the hypo-
thalamus via a complex network of factors in-
cluding corticotropin-releasing factor (CRF), cat-
echolamines, a;-adrenoreceptors, vasopressin,
and oxytocin [38], as well as by factors derived
from the immune system (thymic peptides, IL-1)
[69, 70].

ACTH is markedly increased in stress conditions
and acts on the immune system indirectly by stimu-
lation of corticosteroid release from the adrenal
cortex, and by direct influence on events in the im-
mune response. ACTH has been shown to suppress
in vitro antibody formation [63], IFN-y production
by T-cells, and IFN-y-induced macrophage activa-
tion to a tumoricidal state [50, 71].

The immunosuppressive action of neuroendo-
crine factors in severely injured patients most likely
contributes substantially to the depressed immune
status observed in patients. We have only recently
begun to understand basic aspects of the interac-
tion of mediators and receptor molecules on specif-
ic immune cells, such as interleukin-2/interleukin-2
receptor interactions and signal transduction.
Therefore, it is not surprising that many aspects of
the interactions of neuroendocrine factors on the
immune system have not been determined in great-
er detail. Increasing interest in interactions of the
central nervous and the immune systems can be ex-
pected.

Humoral Effects on Polymorphonuclear
Leukocyte Function

Neutrophils  (polymorphonuclear  leukocytes,
PMNss) play an essential role in the nonspecific in-
flammatory system. Because neutrophils serve as a
final pathway for the recognition, ingestion, and
killing of microorganisms, they are considered the
most important defense against infection. Neutro-
phils are able to carry out a series of sequential bio-
logic events involving recognition, chemotaxis,
attachment, engulfment, and intracellular killing.
A defect in any one of these PMN functions can
result in suboptimal neutrophil function.

Humoral Defects of Chemotaxis

A decrease in chemotaxis can be shown following
all forms of trauma. Chemotaxis is measured by
counting the number of cells that migrate toward a
control chemotactic substance. Warden showed
that burn size is related to decreased PMN chemo-
taxis and that a sustained deficit in chemotaxis is
observed in nonsurvivors [72, 73]. Deitch was able
to correlate poor overall prognosis with decreased
chemotaxis but not with an increased risk for the
development of sepsis [74].

Christo and Meakins showed a close correlation
between anergy, decreased PMN function, and
chemotaxis following various types of injury. Cuta-
neous anergy is associated with increased sepsis
and mortality, suggesting a correlation [75, 76].
Abnormal PMN chemotaxis is associated with one
of several serum inhibitory humoral substances
with molecular weights ranging from 8000 to
420000 [77]. Incubation of normal PMNs with
trauma serum inhibits neutrophil chemotaxis, sug-
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gesting that a trauma-induced serum component
inhibits chemotaxis [78]. Hoyt showed decreased
chemotaxis in blunt trauma patients but this did
not correlate specifically with the development of
infection [8].

A chemotactic inactivator factor (CDI) has been
described that directly inactivates chemotactic fac-
tors, particularly C5a. Increased levels of CDI are
demonstrated following trauma and are associated
with cutaneous anergy and chemotactic defects in
neutrophils [79].

There is a consistent finding that inhibition of
chemotaxis occurs following injury and that this is
related to specific factors in trauma serum rather
than to a cellular defect.

Humoral Phagocytosis Defects After Injury

Minor defects in phagocytic ability occur following
all types of trauma. There are, however, no specific
correlations with sepsis, complications, or infection
[74, 80, 81].

Using flow cytometry, ingestion of microbes
which have been labeled with a fluorescent probe
has been used to measure phagocytosis of specific
organisms following burn injury [82, 83]. One can
show depressed phagocytic activity of postburn
PMNs against specific bacteria but not against all
organisms. When phagocytic activity is tested using
latex beads, there is no defect. This suggests the re-
quirement for an interaction between the PMN and
a specific microbe may be specific to organisms or
dependent on adequate opsonization.

Neutrophil phagocytosis is minimally affected
by trauma. It is very possible that humoral opsonic
deficiencies following severe injury are the more
likely explanation.

Intracellular Killing Defects

Intracellular killing by PMNs (and the respiratory
burst phenomenon) is the most important aspect of
neutrophil function. The respiratory burst phe-
nomenon causes a marked increase in oxidative me-
tabolism [17] by: (1) an increase in glycolysis; (2) a
drop in pH (increased lactate production); (3) in-
creased O, consumption; (4) increased ATP via the
hexosemonophosphate shunt; (5) increased oxida-
tion of NADPH/NADH; (6) increased hydrogen
peroxide and superoxide formation; and (7) in-
creased myeloperoxidase activity, a catalyst of

H,0,. This leads to the production of potent
bactericidal components such as hypochlorous acid
and each of these components has been demon-
strated to be decreased following injury [84—88].

Alexander demonstrated a direct correlation be-
tween the neutrophil bactericidal index (NBI) and
positive blood cultures in burn patients within 48 h
following its measurement [89]. He showed that pa-
tients with poor neutrophil function (NBI>4) and
a poor opsonic index had an incidence of bactere-
mia of 100%. If NBI was greater than 4 and there
was a normal opsonic index, the incidence of bac-
teremia was 60%. The importance of humoral op-
sonic deficiency in the overall development of sep-
sis and decreased bacterial killing is again suggest-
ed by this study [90].

In summary, humoral defects in chemotaxis
seem to be dependent upon a serum factor either
directly inhibiting chemotaxis or inactivating che-
moattractants. A dysfunction in opsonization has
not been clearly established though it is suggested
by variable results reported for phagocytosis. De-
creased bacterial killing has been clearly shown for
many steps in the respiratory burst as well as by de-
creased killing of bacteria.

Other Nonspecific PMN Humoral Effects

The activation of PMNs can lead to the release of
many byproducts of inflammation which contrib-
ute to the host’s vulnerability though they have not
specifically been related to immunosuppression.
These byproducts include the release of proteolytic
enzymes such as elastase, toxic oxygen radicals, and
specific inflammatory mediators such as platelet
activating factor [91—93]. Each of these contrib-
utes substantially to the pathogenesis of shock,
sepsis, and multiple organ failure through a variety
of mechanisms effecting structural and endothelial
damage. The effects on specific aspects or mecha-
nisms of host defense are not well described and are
beyond the scope of this review.

Fibronectin and Complement Abnormalities
Fibronectin

The relationship of fibronectin to the reticuloen-
dothelial system and its role in clearance of bacteria
and particulate matter makes its investigation fol-
lowing trauma important [94]. Decreased circulat-
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ing fibronectin following injury has been correlated
with decreased reticuloendothelial system (RES)
phagocytosis and increased rates of sepsis and mul-
tiple organ failure [95-97].

Acute depletion of fibronectin occurs within
hours following injury increasing to supernormal
levels by 2 weeks postinjury. A secondary fall oc-
curs maximally during a septic event. As systemic
sepsis resolves, fibronectin again returns to normal.

Although serum fibronectin levels are depressed
postinjury, this does not predict which patients will
become septic [74]. The depletion of plasma
fibronectin is accompanied by decreases in other
acute plasma proteins and suggests a humoral
phenomenon associated with sepsis but not specific
to it. Attempts to restore the depletion following in-
jury and associated decrease in reticuloendothelial
system function have been tried with cryopre-
cipitate. In the presence of severe sepsis, limited op-
sonic activity can be achieved due to ongoing con-
sumption of fibronectin [98]. Cryoprecipitate infu-
sion, while correcting simple hypo-opsonemia,
does not seem to completely restore fibronectin op-
sonic dysfunction. There is no evidence that it in-
fluences outcome. A recent study evaluating the in-
fluence of fibronectin administration on septic
mortality of severely injured patients did not dem-
onstrate any significant effect [99].

Increased granulocyte and elastase activity fol-
lowing injury have been implicated to cause fibro-
nectin degradation. Liberation of fibronectin frag-
ments can coat opsonic targets and prevent opsoni-
zation by intact fibronectin molecules [100].

Complement

During the normal inflammatory response, com-
plement is nonspecifically activated as it is con-
sumed. Levels of C3, properdin, and factor B de-
crease following all types of injury [101]. This oc-
curs from interaction with (1) antigen-antibody
complexes, or (2) precipitated plasma proteins, or
interaction with (3) exposed traumatized soft tissue
[102—104]. A fall in complement is accompanied
by the liberation of chemotactic fragments (C3a
and C5a), and these vasodilatory complement split
split products result in local inflammation. Exces-
sive consumption can lead to excessive fragments
and undesirable systemic inflammation and hypo-
tension.

Total hemolytic complement (CHso) and in-
dividual complement subcomponents in the classic
and alternate pathways are decreased early in the
postinjury period [105—108].

Impairment of C3 conversion to inflammatory
mediators occurs, suggesting that protein con-
sumption and C3 depletion are accompanied by in-
activation of esterase inhibitors, contributing to the
dysfunction [109]. The inhibition can be stopped
with dialysis, which suggests involvement of a
serum inhibitory factor [110].

The acute injury phase is notable for return of
complement levels to normal and even above nor-
mal levels. There is a rapid rise in the total hemolyt-
ic complement by 48 h [108]. Properdin, a compo-
nent of the alternate complement system, does not
return in the same time course. This correlates with
the reduced functional activity of the alternate
pathway [109]. Following sepsis, the classic comple-
ment pathway is again decreased and the alternate
complement pathway deficit is intensified [111].

The release of complement fragments can create
widespread inflammation and damage, following
activation. Complement cleavage products can in-
crease PMN aggregation, aggravate excessive
lysosomal enzyme release, and decrease the respon-
siveness of PMNSs to chemotactic stimuli [112]. The
increase in PMN localization in the lungs following
trauma has been attributed to overactivation of the
complement cascade. This leads to vasodilatation,
pulmonary edema, respiratory failure, and adult re-
spiratory distress syndrome (ARDS) [91].

Both fibronectin and complement, normal non-
specific humoral inflammatory system compo-
nents, undergo profound changes following injury.
Decreases in both substances result in impaired
reticuloendothelial phagocytic activity and abnor-
mal inflammatory cell movement. Neither is limit-
ed in its ability to recover following initial injury,
and neither can be supplemented by exogenous re-
placement therapy with any clinical benefit. Reple-
tion may, in fact, be damaging. In summary, these
two widely important biologic systems are signifi-
cantly overstimulated following major injury and
this can contribute to the immunosuppressed state
postinjury.

Macrophage Abnormalities
Following Trauma

Cytokines and prostaglandins produced by macro-
phages participate in all aspects of cellular and
humoral immunity. This makes them important
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humoral mediators of the host immune response.
The central role of the macrophage in antigen pro-
cessing has emerged as a key deficiency in immune
function following trauma. Overstimulation, unre-
strained activity, or impairment of these cells as
mediators can have widespread effects. Several
classes of macrophages exist, and functional differ-
ences in antigen processing ability can be demon-
strated by different subsets [113, 114]. PGE, pro-
duction can be predicted by subset selection. Injury
is characterized by a population shift to FcR* cells
and FcR™ cells produce higher levels of immuno-
suppressive prostaglandins. These macrophages do
not express the HLA-DR antigen as well and dem-
onstrate diminished antigen-processing function
[115].

PGE, and Macrophage Function

Release of PGE, by activated (FcR ") macrophages
plays a major role in post-traumatic immunosup-
pression. PGE, production by these cells inhibits
other cytokines such as IL-1 and IL-2 — important
for proper T-lymphocyte responsiveness during an-
tigen processing. PGE, also augments T-suppres-
sor-cell proliferation and inhibits T-helper cell and
B-cell proliferation [115—117]. Inhibition of pro-
staglandin synthesis with ibuprofen has been dem-
onstrated to increase survival in animals following
injury [118, 119]. It has been investigated in hu-
mans with some decrease in infectious complica-
tions [116, 120].

IL-1 and Antigen Processing

Antigen processing and presentation by the macro-
phage to helper T-cells is generally suppressed fol-
lowing injury and shock [121, 122] and IL-1 pro-
duction following activation of the macrophage is
an essential event [123, 124]. In general, IL-1 en-
hances mobilization of PMNs and chemotaxis,
triggers the acute-phase response, and increases he-
patic synthesis of acute-phase proteins. The ability
of IL-1 to activate lymphocytes and promote lym-
phocyte secretion of IL-2 with subsequent lympho-
cyte proliferation is required for specific antibody
production. All of these aspects increase immune
responsiveness [125].

The production of IL-1 is significantly de-
creased in the first five days postinjury, subsequent-
ly returning to normal. Early inhibition of this is
accompanied by decreased antigen processing

[126]. Browder showed that the return of delayed
hypersensitivity response correlates with IL-1 levels
returning to normal following trauma. Stimulation
of macrophage function using glucan therapy has
shown recovery of IL-1 secretion following injury
compared to control [127]. Although not accompa-
nied by improved survival this suggests a vital
paracrine (cell-cell) function that may be success-
fully manipulated in the future.

Other Humoral Cytokine Mediators

Other key mediators released by macrophages fol-
lowing injury include TNF and granulocyte-
monocyte colony-stimulating factor (GM-CSF)
[128]. GM-CSF secretion has been shown to be de-
pressed following injury. Enhanced TNF has been
shown to be an advantage in protection from infec-
tion when used with antibiotics [129]. TNF levels
have been shown to be increased concomitantly
with elevated PGE, in patients following trauma,
but this also correlates with sepsis [130]. Many of
the serum factors have an indirect effect by enhanc-
ing production of other common immunoregulato-
ry substances. For example, TNF can mediate im-
munoregulation not only through its direct effect
on T-cells but also indirectly by enhancing biosyn-
thesis of PGE and IL-1 from macrophages.

Interferon-y has been shown to be depressed
following injury [126]. It is a cytokine capable of
activating human macrophages, oxidative metabo-
lism, and antimicrobial activity [131]. Because of
depressed levels following injury, adjuvant treat-
ment following injury has been proposed and is
under investigation.

In summary, presentation of antigen by the
macrophage following interferon-y stimulation and
subsequent cytokine release of IL-1, TNF, and GM-
CSF is essential for normal immune function. Inju-
ry-induced abnormalities affect these cell-cell hu-
moral systems widely.

The Activated Macrophage:
Cytokines and Shock

The previous discussion examined the effects of
trauma on the cytokine and prostaglandin abnor-
malities of immune responsiveness.

Increasing evidence proposes that activated
macrophages release many biologically active cyto-
kines in excess in response to complement activa-
tion (C5a fragments) or endotoxin following injury
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and sepsis which may contribute to the “shock
state” and may represent an example of normal
autocrine or paracrine function achieving a patho-
physiological endocrine or humoral state. These in-
clude IL-1, IL-6, and tumor necrosis factor [132,
133]. With the onset of sepsis and macrophage
overstimulation, a different pathophysiologic state
may OccCur.

Tumor necrosis factor (TNF) is being increasing-
ly recognized as the principal complement-mediat-
ed response [134] and has also been documented to
have profound immunoregulatory function [135,
136]. Endotoxin administration in normal humans
has resulted in an increase in the TNF levels associ-
ated with elevations in temperature, heart rate,
ACTH, and epinephrine release [137, 138]. TNF
can be implicated in the cardiovascular response
[140] and decreased cardiovascular function can be
demonstrated long after TNF levels are no longer
detectable, suggesting a delayed effect of TNF or
generation of other factors [139, 140].

The macrophage cytokine IL-1 has been shown
to induce a shock state when injected into animals
in small doses. It can act synergistically with TNF
and replace endotoxin in causing generation of the
Schwartzmann reaction. The combination of IL-1
and TNF in producing shock sequelae produces
more damage than either alone, and experiments
blocking TNF with antibody and blocking the IL-1
receptor suggest that sustained attenuation of these
humoral mediators prevents mortality [141].

There are clear parallels between IL-1 and IL-6
as cytokines of great importance in modulating in-
flammation and effecting hematopoietic prolifera-
tion. IL-6 has been correlated with the amount of
injury and inflammation following burn injury
[142]. IL-6 can induce IL-2 expression in T-cells de-
pleted of antigen-presenting cells, suggesting that
IL-6 is the “first signal” causing T-cell receptor ac-
tivation [143]. Following injury, excessive IL-6 can
cause proliferation of B-cells with nonspecific se-
cretion of p-globulin. Excessive gamma globulins
can then further stimulate macrophage FcR* cells
and create a positive feedback loop leading to ex-
cessive macrophage stimulation, PGE, secretion
and immunosuppression following injury [144].

The central role of the macrophage in antigen
processing, antigen presentation, and subsequent
cytokine and prostanoid release makes understand-
ing its abnormalities following injury essential to
the understanding of humoral aspects of post-trau-
matic immunosuppression. Enhanced production
of PGE, with its immunosuppressive properties,
increased TNF and IL-6, decreased y-interferon

and IL-1 all contribute to the early humoral
changes seen following injury that interact with
macrophage deficiencies. The contribution of ex-
cessive cytokine release following injury is funda-
mental to an understanding of the systemic out-
comes such as shock and multiple organ failure.

Lymphocyte Abnormalities After Injury

Alterations in lymphocyte function occur following
all forms of trauma. The increased frequency of
opportunistic gram-negative infections, fungi, and
viral infection supports the role of the lymphocyte
in host defense after injury [145].

T-Celis

Depressed T-cell function following trauma was ob-
served as early as the 1950s when it was recognized
that skin allografts could survive for long periods
following extensive burns [146, 147]. The anamnes-
tic response to tetanus toxoid is also diminished af-
ter severe trauma [148, 149]. Other defects in T-cell
function which have been reported to occur follow-
ing trauma include decreases in lymphocyte
blastogenesis (PHA and MLR), decreased lym-
phokine biosynthesis (IL-2), and altered membrane
receptor expression [150—153].

Studies from the early 1970s showed that lym-
phocytes from normal healthy volunteers were
markedly suppressed following incubation in serum
obtained from trauma patients. This suggests that
immunosuppressive prostanoids, cytokines and cir-
culating serum factors affect lymphocytes follow-
ing injury. The mechanisms of action of these fac-
tors are still being elucidated.

Lymphocyte subset analysis suggests that post-
injury immune response can be explained by an in-
crease in the ratio of T-suppressor to T-helper cells.
Antonacci described the T-cell deficit to be a de-
crease in T-helper cell numbers and helper cell func-
tion. The significant increase in suppressor-to-help-
er ratio previously noted by other investigators was
ascribed to the decrease in T-helper cells and not to
an increase in suppressor cells [154].

All agree that T-cell proliferation is dysfunc-
tional following injury. It is poorly understood pre-
cisely where normal T-cell proliferation is affected.
T-cell blastogenesis assays using thymidine incor-
poration following mitogen stimulation do not al-
low for precise dissection of the failure. It is clear,
however, that, before proliferation can occur, the T-
lymphocyte has to be activated.



120 D.B. Hoyt et al.

T-Cell Activation Sequence

Activation from the resting state must occur prior
to lymphocyte proliferation and helper T-cells must
express specific membrane receptors or “activation
antigens” in an orderly fashion to function nor-
mally.

A number of cellular as well as molecular events
associated with activation of T-cells have been elu-
cidated and are essential for the proliferative re-
sponse to occur.

Resting T-cells (designated as Gg), when stimu-
lated, activate (G;) and express new surface anti-
gens including these early antigens: transferrin re-
ceptor (TF-R) [155, 156], IL-2 receptor [157], and
the late antigen 1a or HLA-DR [158]. During the
early (G,) phase, biosynthesis of the lymphokine
IL-2 is also required. The interaction of IL-2 with
its receptor (IL-2R) is required for the expression of
the TF-R [159]. Transferrin receptor expression is
essential to trap and deliver serum iron to key Fe-
dependent intracellular enzymes needed for DNA
synthesis [160]. The early antigens are expressed
within hours of mitogen-induced activation while
Ia or HLA-DR antigen is probably expressed later,
during or after DNA synthesis [161].

The binding of iron to its receptor is required for
cellular transition from G; to S or the synthesis
phase. This results in subsequent expression of the
Ia or HLA-DR antigen and DNA synthesis. Cellu-
lar proliferation then follows the S phase and oc-
curs during the mitotic or M phase [160].

Activation Deficit Following Injury

Study of the T-cell activation sequence following
injury has shown diminished expression of early ac-
tivation antigens (IL-2R and TF-R) as well as the
late antigens Ia or HLA-DR on helper (CD4-posi-
tive) cells [162]. The defect can be demonstrated for
up to 2 weeks postinjury. This suggests one specific
mechanisms from which the inability to process
new antigen and participate with the macrophage
in the immune response can be understood.

The mechanism of diminished expression of
humoral mechanism including activation antigens
in general is not well understood. Excessive PGE,
and IL-t production following macrophage stimu-
lation can be implicated. PGE, has been suggested
to be involved in IL-2 receptor down regulation
[163, 164].

In summary, T-cell activation is required for
adequate proliferation and is depressed within sev-
eral hours following injury. Many investigators

have attributed this defect to depressed T-helper cell
function. Recent evidence suggests that a block in
T-cell activation occurs and excessive humoral stim-
ulation by PGE, or IL-1 can be implicated.

Circulating Suppressors

Early studies show that immunosuppressive activi-
ty of immune cells can be partially reversed by re-
moving them from the trauma serum environment
leading to the conclusion that serum from trauma
patients contains substances capable of modulating
immune function. There are several candidate sup-
pressors which have been considered. These include
prostaglandins, inhibitory lymphokines (already
discussed) and proteolytic fragments of cytokine,
their receptors, or other proteins.

Of the described, biologically active, cytokine
fragments associated with trauma, one of the best
characterized is the IL-1 fragment, given the acro-
nym PIF, which has been found to enhance PGE,
biosynthesis [165—168].

Another type of suppressor has been described
by Theodorczyk-Injeyan et al. [152]. They have
demonstrated shedding of IL-2R from lymphocytes
after injury. These shed receptors retain their abili-
ty to bind and inactivate circulating IL-2. This re-
ceptor substrate binding inactivation is another
source of circulating suppressor activity following
injury.

Of other circulating mediators following trau-
ma, two groups of immunosuppressive peptides
emerge which deserve review. These include frag-
ments of known peptides or glycoproteins, and
fragments of unknown peptides or glycopeptides.

Many of these factors are degradation products
of serum or tissue proteins generated after injury.
These factors can be produced secondary to in-
creased proteolytic activity from PMN elastase,
cathepsin, and other metalloproteinases resulting
from the marked inflammatory response associated
with trauma [92].

The biologic and immunologic functions of these
substances are varied. Many of these circulating se-
rum peptides have been identified and characterized
but none are as well characterized or understood as
cytokines such as IL-1, IL-2, IL-6, or TNF. There-
fore such caution must be maintained when empha-
sizing their importance. It is likely that these pep-
tides are derived from larger molecular weight serum
or interstitial extracellular matrix proteins. Our un-
derstanding of the extracellular matrix in regulation
of immunity is still very undeveloped [169].
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Fragments of Known Peptides

Among circulating peptides with immunologic ac-
tivity is fibrinogen. Krzystyniez found a sup-
pressive effect of low-molecular-weight fibrinogen
degradation products [170]. Studies by Edgington
and colleagues localized the suppressive peptides
generated from fibrinogen to the a-A chain [171,
172). These peptides are capable of suppressing
both T- and B-lymphocyte blastogenesis. The local-
ization of fibrinogen, conversion to fibrin, and
subsequent proteolytic degradation represent a
prominent event in the delayed-type hypersensitivi-
ty reaction. It is hypothesized that the role of these
peptides is to serve to down regulate the localized
reaction and promote resolution of the lesion.

Ehrlich demonstrated immunologic activity in a
low-molecular-weight plasma digest of fibronectin
[173], including inhibition of phagocytosis and de-
layed clearance of ingested test particles.

Fibronectin degradation peptides (FNDP) with
immunologic activity have also been reported by
Hoyt and co-workers [174, 175]. Fibronectin pep-
tides derived from the gelatin-binding domain of
the molecule were demonstrated to suppress both,
T-cell blastogenesis and neutrophil migration. It
was hypothesized that the fibronectin peptide may
compete with the intact fibronectin molecule by
binding to receptor sites on the cell membrane. This
would inhibit cellular activity. Fibronectin forms
part of the provisional matrix following injury and
postinjury PMN-mediated proteolysis could gener-
ate immunologic fragments in this way.

Another structural protein possessing immuno-
logic activity is collagen. Dayer and colleagues
found that heat or protease digests of types 2 and
3 collagen readily stimulated the biosynthesis of
mononuclear cell factor and PGE, from human
monocytes. Ozkan showed that low-molecular-
weight collagen peptides inhibited chemotaxis. No
immunologic activity on T-cell function was noted
[177]. Intact collagen matrix enhances monocyte
FcR expression and phagocytosis. Degraded ex-
tracellular matrix might impair normal function
[169].

Fragments of Unknown Peptides

Following traumatic injury, several, as yet unidenti-
fied, peptide mediators have been reported to be
generated which might profoundly effect the im-
mune status of the traumatized patient. Constan-
tian reported the isolation of a low-molecular-

weight peptide from the serum of operative pa-
tients and patients with accidental trauma. This
peptide (found in the serum of trauma patients) at
levels five to ten times higher than that found in
controls has activity in suppressing T-cell
blastogenesis, inhibiting phagocytosis, prolonging
skin allografts, and inhibiting the delayed-type
hypersensitivity response [178].

The origin of this peptide has not been fully de-
termined. It has been suggested by the investigators
that the peptide may be a feedback regulator or
lymphokine of T-cell-mediated immunity and may
be produced by inflammatory cells following in-
jury.

Hakim isolated and characterized a low-molecu-
lar-weight factor from the albumin-rich fraction of
serum from anergic patients. This noncytotoxic
peptide is capable of (1) inhibiting the migration of
guinea pig peritoneal macrophages and peripheral
blood leukocytes, and suppressing the mitogenic re-
sponse of normal lymphocytes activated with PHA
is also suppressed [179].

Christou and Meakins reported on a similar fac-
tor [180], estimated to be 8000 daltons. The immu-
nosuppressive effects of this peptide could be re-
versed through heat treatment of the serum or by
the addition of levamisole. It was suggested that
surgery or trauma would lead to the release of high
concentrations of the inhibitor into serum and lead
to episodes of immunosuppression.

Ozkan and co-workers reported the isolation
and partial characterization of a low-molecular-
weight immunosuppressive peptide found both in
burn and trauma patient plasma. This factor, given
the acronym “SAP” (suppressor active peptide), is
capable of suppressing both T- and B-cell blasto-
genesis, inhibiting neutrophil migration, producing
lysis of human erythrocytes, and being significantly
elevated in patients at risk for sepsis following inju-
ry [8, 181—185]. The peptide is heat resistant at
56 °C for 30 min but sensitive to boiling, has a mo-
lecular weight of approximately 10000, and con-
tains high levels of sialic acid. Its activity is resis-
tant to RNase, DNase, and trypsin, but sensitive to
pronase. SAP inhibits delayed-type hypersensitivity
response in vivo as measured by sensitivity to dini-
trofluorobenzene.

The origin of the molecule has not been clearly
determined. Based on preliminary studies using an
anti-SAP monoclonal antibody, it has been sug-
gested that the peptide is a degradation product of
a larger molecular weight serum or extracellular
matrix protein.
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Suppressor Peptide: Mechanism of Action

Mechanisms of action for circulating peptide medi-
ators produced following injury are numerous and
complex. The following discussion concerns mech-
anisms of SAP and FNDP. The molecular and
cellular mechanisms are of importance to consider
therapeutic steps to counteract immunosuppression
caused by these factors.

To investigate the effects observed in trauma pa-
tients, enriched SAP or FNDP have been incubated
with T-cells. By doing this one could duplicate
some of the observations seen in T-lymphocyte sub-
set analysis in injured patients, suggesting the rele-
vance of these peptides in contributing to im-
munosuppression following injury [11]. Patient
cells which express IL-2 receptors (IL-2R) are sup-
pressed at a lower concentration of SAP [186] indi-
cating that partially activated cells are more easily
suppressed.

Early observations involving SAP were with its
ability to enhance the production of PGE, by mo-
nocytes [187]. The peptide was found to stimulate
PGE, biosynthesis by 400% compared to controls.
The increased biosynthesis was not caused by en-
dotoxin but by direct peptide effect on monocytes.

To determine whether SAP-induced suppression
of T-cell blastogenesis was due entirely to the en-
hanced production of PGE,, indomethacin or an-
ti-PGE, antiserum was added to mixed lympho-
cyte cultures exposed to the peptide. The suppres-
sive effects of the peptide could only be partially re-
duced, suggesting the existence of additional non-
prostaglandin-mediated pathways.

Interleukin 2 (IL-2) biosynthesis has been docu-
mented to be suppressed or inhibited following
traumatic injury. Factors responsible for this de-
pression have not been fully identified. SAP mark-
edly inhibits the biosynthesis of IL-2 by mitogen-
stimulated peripheral blood mononuclear cells,
suggesting a possible contribution to suppressed
IL-2 biosynthesis in trauma patients [188].

This inhibition cannot be reduced by addition of
indomethacin or anti-PGE, antibody and it is not
endotoxin mediated. It is partially reduced by the
addition of anti-SAP monoclonal antibody or the
calcium ionophore A,357. This suggests that SAP-
induced inhibition of T-cell blastogenesis is in part
caused by reduced IL-2 biosynthesis. However, the
addition of exogenous IL-2 to mixed lymphocyte
cultures exposed to SAP results in only limited res-
toration of blastogenic activity, which indicates
that T-cell suppression by SAP is not caused by a
lack of the IL-2 signal alone [189, 190].

Continued studies on the mechanisms of action
of SAP have demonstrated that the peptide is capa-
ble of interfering with calcium mobilization or in-
flux in the cell. Recent observations have shown
that SAP is capable of interfering with calcium-
calmodulin interactions and other key events in-
volved in early signaling. Further work needs to be
done to determine the exact site(s) affected at a mo-
lecular level.

Inhibition of T-Lymphocyte Activation:
A Model for Circulating Immunosuppressors

Resting T cells in the G, have two prerequisites
which occur during the early activation: (1) the bio-
synthesis of the lymphokine IL-2 and (2) the ex-
pression of receptors (IL-2R) for this cytokine.

Sites which are affected by immunosuppressive
agents during T-cell activation involve intracellular
events on a molecular level. Many have recently
been determined. When lymphocytes are stimulat-
ed with lectin, a wide variety of intracellular
changes occur: (1) rapid but transitory increase in
intracellular calcium, (2) activation of Na*/H™
exchange, (3) Na"/K* ATPase pump activity
(changes in membrane potential), (4) phosphoino-
sitol turnover (formation of inositol phosphates
and diacylglycerol (DAG)), (5) protein phosphory-
lation (activation of protein kinase C (PK-C) and
cAMP/cGMP-dependent protein kinases), and (6)
gene activation and regulation (increased protoon-
cogene and mRNA biosynthesis).

The activation events can be divided into early
and late activation sites. Early events are described
as those occurring prior to protein kinase C (PK-C)
activation, and late events as those occurring after
PK-C activation.

Several methods have been developed to distin-
guish between the effects of an immunosuppressive
agent on early or late events in the T-cell activation
cascade. Reed and Nowell described the most widely
used method [159]. To “bypass” the early sites of ac-
tivation, that is, formation of DAG (the allosteric
activator of PK-C) and inositol triphosphate, IP; (a
regulator of cytosolic calcium), phorbol esters and
calcium ionophores can be used. The phorbol esters
structurally mimic DAG which, together with in-
creased cytosolic free calcium induced by the calci-
um ionophore, directly activate PK-C, thereby avoid-
ing the need of early activation steps. This technique
allows one to distinguish early from late events and
the sites of action of several immunosuppressive
agents have been determined using this method.
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Effects of SAP on Early Activation Sites

A number of early activation events in T-cell
blastogenesis are known to be altered after expo-
sure of cells to SAP. Following lymphocyte stimula-
tion, a slight and transitory rise in cCAMP levels oc-
curs [191]. This second messenger, in turn, acti-
vates CAMP-dependent protein kinase. If cAMP in-
crease to supraoptimal concentrations, they act as
a very potent immunosuppressant [192]. Changes
among the sites affected include: (1) decreased
CcAMP hydrolysis, and (2) decreased inositol phos-
phate turnover with altered calcium mobilization.

Following exposure of peripheral blood mono-
nuclear cells to SAP, cyclic adenosine monophos-
phate levels are found to increase by an average of
249% compared to control cells. SAP has been
shown to inhibit cAMP hydrolysis. Two systems are
involved in the regulation of cAMP: (1) adenylate
cyclase (formation of cAMP) and (2) cAMP phos-
phodiesterase (hydrolysis of cAMP). This observed
rise may be caused by the enhanced biosynthesis of
PGE, induced by action of SAP on monocytes, as
PGE, is a (very) potent stimulator of adenylate cy-
clase [193]. The enzyme which hydrolyzes cAMP,
cAMP phosphodiesterase, a calcium/calmodulin-
dependent enzyme is also markedly inhibited by
SAP. This inhibition is likely due to the interference
observed in calcium-calmodulin interactions in-
duced by SAP [194].

Inositol turnover leads to formation of IP;, a
regulator of cytosolic calcium. Inositol, together
with DAG, an allosteric activator of PK-C, acts to
vitally affect this enzyme. The enzyme system in-
volved with inositol turnover is phospholipase C.
In the presence of SAP, the formation of IP; is
less than 40% of control IP; levels after 15 min of
mitogen stimulation [195]. The inhibition of the
early activation steps is likely to be due to the abili-
ty of SAP to interfere with Ca**-regulation ef-
fecting systems and calcium-dependent enzyme.
Similar to SAP, FNDP, a proteolytic fragment of
fibronectin could also be demonstrated to exhibit
profound effects on intracellular calcium homeo-
stasis, which may lead to early activation failure
[196].

Effects of SAP on Late Activation Sites

The effect of SAP on late activation events has
been assessed using the “bypass” assay described
above. SAP or buffer-exposed peripheral blood
mononuclear cells were stimulated with the phor-

bol ester: phorbol 12-myristate 13-acetate (PMA),
and/or the calcium ionophore A,;57. At low SAP
concentrations, the primary effect of the peptide
was found to act on early activation sites. Less sup-
pression was noted in cells stimulated with PMA
and/or Ay g7, thereby “bypassing” early activa-
tion events, which are essential for PHA stimula-
tion, requiring both early and late events. At high
SAP concentrations, little to no difference is ob-
served between the PMA/A,;3,g;-stimulated and the
mitogen-stimulated cells, indicating additional sup-
pression of late events [195].

Extensive immunosuppression may be in part
due to high concentrations of peptides like SAP, re-
sulting from the extensive inflammation associated
with severe trauma. It should always be remem-
bered, however, that immunosuppression probably
serves an important function in cases of limited in-
jury and inflammation. It might cause down regu-
lation of inflammatory cell function which would
lead to resolution of the inflammatory response at
the site of injury in a timely manner.

Summary

A number of humoral immunologic changes occur
following trauma with a wide range of action. The
early studies conducted in this area demonstrated
suppression in all branches of the immune re-
sponse, from inhibition of granulocytes and
monocyte migration to depressed antigen presenta-
tion, and T-cell blastogenesis. With the demonstra-
tion that immune function can be restored when
immune cells from trauma patients were cultured in
control serum, the isolation and characterization of
circulating humoral factors present in plasma from
these patients has been attempted. Many of these
factors have been well characterized, like specific
neuroendocrine, eicosanoid, cytokine mediators, or
fragments of nonspecific inflammatory proteins
(fibronectin and complement). Several, as yet un-
identified, circulating factors have been described
and partially analyzed. The majority of these sub-
stances appear to be of low molecular weight and
are possibly degradation products of tissue or se-
rum constituents. These peptides may be a result of
increased protease activity associated with
traumatic injury. Several of the humoral compo-
nents of host defense are affected simultaneously,
and a future understanding of immunosuppression
as a whole will require understanding of the relative
importance of each of these classes separatively
and the interactions of the factors involved.
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