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Introduction 

The acute respiratory distress syndrome (ARDS), a process of non-hydrostatic pul
monary edema and hypoxemia with a variety of etiologies, consists of diffuse, acute 
parenchymal lung injury that results in increased permeability and mechanical dys
function [1]. In recent years, a large body of research has focused on a key role for 
polymorphonuclear leukocytes (PMN) in the pathogenesis of ARDS. Recently, inter
est has shifted from formed blood elements to both the alveolar macrophage, the 
resident phagocyte of the alveolar space, and cytokines. In this hypothesis, ARDS is 
related to the uncontrolled production and liberation of many substances, including 
cytokines. Cytokines are low-molecular weight proteins, arbitrarily divided into sev
eral classes: interleukins (originally described as messengers between leukocytes), 
interferons (named after their ability to interfere in the life cycle of viruses), growth 
factors, colony-stimulating factors and chemokines. However, most cytokines are 
pleiotropic and have multiple, diverse, biological activities [2], frequently not relat
ed to their original name. 

Although release of inflammatory cytokines is essential for immunologic and 
physiologic homeostasis, an acute exaggerated production or a protractile release can 
have devastating effects on the host. Evidence for the involvement of cytokines and 
cytokine-networks in the pathogenesis of ARDS may arise from the detection of high 
levels of cytokines in plasma or broncho-alveolar lavage (BAL) fluid of ARDS patients 
or patients at risk from ARDS, but also from data obtained after treatment of humans 
with cytokines. Treatment of humans with cytokines may indeed lead to the subse-

Table 1. Cytokines of which high levels have been detected in BAL of patients with ARDS 

Cytokines 

Interleukin-l 
Interleukin -6 
Interleukin-8 
GROa 
Neutrophil-ac;tivating peptide-2 
Interferon-a 
Leukemia inhibitory factor 
Transforming growth factor-~ 
Tumor necrosis factor( -a) 
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quent development of severe and elective pulmonary toxic reactions: the develop
ment of ARDS in patients treated with interleukin-2 or granulocyte macrophage-co
lony stimulating factor (GM-CSF) has been reported [3,4]. Results obtained from pa
tients with ARDS complicating severe pancreatitis indicate also that lymphatics are 
potential vectors of these mediators of inflammation [5]; many cytokines are pro
duced and exert their effects locally within organs and tissues. In view of the complex 
nature of the inflammatory process in patients with ARDS, it is not surprising that the 
search for an early common cytokine may not be successful {Table O. 

Interleukin-l (lL-l) 

IL-l (with two isoforms called IL-la and IL-IP) is a 17-kD pro-inflammatory cyto
kine secreted by macrophages and other cells. It possesses a wide range of biological 
actions including the stimulation of lymphocyte and fibroblast proliferation, endo
genous pyrogen activity, induction of neutrophilia, induction of pro coagulant activ
ity of vascular endothelium, increased adhesion of neutrophils and monocytes, and 
increased synthesis of acute phase reactants. It has many potential target cells, in
cluding alveolar macrophages, neutrophils, epithelial and endothelial cells. It is like
ly that both IL-l and tumor necrosis factor (TNF) are produced very early in re
sponse to the original insult {e.g. in response to bacterial products such as lipopoly
saccharide (LPS». 

ARDS patients and patients at risk for ARDS have increased detectable amounts 
of IL-l antigen in concentrated BAL, correlating with BAL protein concentration [6]. 
Alveolar macrophages recovered from patients with ARDS and cultured in vitro (ex 
vivo) release significantly more total IL-l and IL-l p than alveolar macrophages from 
patients with pneumonia or control subjects [7]. Using a bioassay that measures the 
balance of cytokines with their inhibitors (the amount of upregulation of the inter
cellular adhesion molecule-l (ICAM-l) induced by ARDS BAL in alveolar type-II 
like cells), the net pro-inflammatory bioactivity in ARDS BAL is attributable to IL-l 
and not to TNF [8]. 

Intratracheal administration of IL-l causes a neutrophil influx and a neutrophil
dependent lung leak in rats, which can be blocked by {pre)treatment with the natu
ral IL-l antagonist called IL-l receptor antagonist [9]. 

In severe trauma, TNF or IL-l may be one of the factors that induces disseminat
ed intravqscular coagulation [10]. Patients with higher plasma levels of IL-l p, IL-6, 
TNF and IL-8 and BAL levels of IL-l, TNF and IL-8 on day 1 of ARDS had persistant 
elevation of these inflammatory mediators over time and died. Survivors had lesser 
elevations of plasma inflammatory cytokines on day 1 of ARDS and a rapid reduc
tion over time. Plasma IL-l p and IL-6levels are consistent and efficient predictors of 
outcome [10,11]. 

Interleukin-6 (lL-6) 

IL-6 is a glycoprot~in of 23-30 kD that is produced by a wide variety of cells, includ
ing fibroblasts, monocytes/macrophages, endothelial cells and T and B cells. Its var-



Cytokine-Networks andARDS 85 

ied designations (hybridoma growth factor, plasmacytoma growth factor, hepato
cyte-stimulating factor, B cell stimulating factor 2 and ~2-interferon) attest to the 
wide range of activities associated with this interleukin. High levels of IL-6 are found 
in BAL from ARDS patients, correlating with the levels of a natural antagonist (tissue 
inhibitor) of extracellular matrix proteinases (TIMP). This is compatible with local 
stimulation of TIMP production by IL-6 [13]. BAL levels of both IL-6 and IL-8 and 
serum concentrations of IL-6 are consistently elevated in ARDS and/or severe pneu
monia, discriminating these entities from cardiogenic pulmonary edema [14]. Trau
matized patients exhibit the highest serum IL-6 concentrations directly post-injury 
and 6 h later, supporting the idea that IL-6 production is more closely tied to soft tis
sue trauma than is that of other cytokines [15]. The presence of significantly elevat
ed IL-6 levels from the second day onward the trauma in patients with subsequent 
ARDS/multiple organ failure (MOF) has been reported [15]. The release of IL-6 in 
patients with ARDS/MOF remains abnormally high during several weeks. However, 
alveolar and systemic cytokine profiles do not discriminate between ARDS in the 
absence of lung infection and states of primary or secondary pneumonia (as well as 
among different subgroups of pneumonia). These findings support similarities in 
local and systemic inflammatory processes between ARDS in the absence of lung in
fection and states of severe pneumonia [14]. 

Interleukin-8 (IL-8) 

IL-8 is a 6.5 kD cytokine, which belongs to a supergene family of host defense mole
cules characterized by potent neutrophil-chemotactic properties in vitro and in 
vivo. In animal experiments, intradermal injection of picomolar amounts of IL-8 in
duces neutrophil emigration and neutrophil-dependent plasma protein extravasa
tion. IL-8 can be produced by several cell types in vitro including macrophages, lym
phocytes, neutrophils, fibroblasts and endothelial cells in response to a variety of 
stimuli such as endotoxin, virus and other cytokines such as IL-l and TNF. 

BAL of ARDS patients contains neutrophil chemotactic activity that cannot be at
tributed to the classical neutrophil chemoattractants C5a or leukotriene B4. High 
levels of IL-8 have been found in BAL from patients with ARDS [16-19] or at risk for 
ARDS [16,19]. The levels are generally higher than in control patients or those with 
pneumonia, although Villard et al. [20] observed comparable IL-8 levels in BAL re
covered from ARDS-patients and those with bacterial pneumonia. Its level correlates 
with the number of neutrophils and plasma proteins in the alveolar space and with 
the Pa02/Fi02 ratio [16], or the SAPS as an index of overall clinical severity [18]. 
High levels of IL-8 have been found in BAL from trauma patients, some within 1 h of 
injury [19]. Patients at risk for ARDS who progressed to ARDS had higher BAL IL-8 
levels than patients who did not develop ARDS [19], opposed to no difference in 
plasma IL-8. Patients who ultimately die have higher BAL IL-8 concentrations than 
the survivors [17,18] although others [16] have not confirmed these data. Unfortu
nately, the lavage procedures were not done at any fixed time after the onset of 
ARDS, thus making it difficult to determine if a single IL-8 level could be used as a 
prognostic tool. Baughman et al. [21] have recently shown that in follow-up lavages 
studied in patients with sepsis-associated ARDS, a significant fall in both the num-
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ber of neutrophils and the IL-8level takes place in survivors opposed to non-survi
vors. 

High levels ofIL-8 have also been found in plasma of patients with ARDS [18] and 
may playa role in the recruitment of neutrophils to the lung: IL-8 can increase the 
expression of adhesion molecules, thereby promoting integrin-mediated adhesion 
of neutrophils to endothelium. Severe injury produces rapid, large increases in cir
culating concentrations of both IL-6 and IL-8 [22]. However, serial sampling of plas
ma concentrations of IL-8 is not helpful in predicting the development of ARDS af
ter severe accidental injury [23]. 

Corticosteroids are capable of inhibiting the induction and release of IL-8 by sev
eral pulmonary cells cultured in vitro. However, pretreatment of patients under
going cardiopulmonary bypass surgery with corticosteroids (30 mg/kg of methyl
prednisolone (MP)) does not result in a drop of the number of neutrophils, albumin 
or IL-8level in BAL. When cultured in vitro (ex vivo), alveolar macrophages from pa
tients treated with MP release significantly lower IL-8, indicating that MP pretreat
ment is capable of affecting certain aspects of this microvascular lung injury, but not 
IL-8 mediated neutrophil influx [24]. 

IL-8 belongs to a new family of chemokines. High levels of other neutrophil chem
otactic agents of this family have been demonstrated in BAL from ARDS patients: 
GROu, originally reported as an endogenous growth factor for human melanoma 
cells [20] and neutrophil-activating peptide-2, a cleavage product from the platelet 
basic protein [25]. 

Interferon-a (lFN-a) 

IFN -u - one of the 3 subtypes of IFN - is a glycoprotein mainly produced by leuko
cytes and monocytes: it has antiproliferative, immunomodulating and antiviral ef
fects. It was found to be elevated in bronchial aspiration fluid from patients with 
ARDS and a significant correlation was found between the IFN-u level and the level 
of free neutrophil elastase. This is consistent with the release of both IFN -u and elas
tase by activated polymorphonuclear leukocytes (PMN) in ARDS [26]. 

Leukemia Inhibitory Factor (LlF) 

LIF, a recently described growth factor, has recently been recognized as a polyfunc
tional cytokine and its transcripts have been detected in vitro in many cell types 
including fibroblasts, activated T-lymphocytes and monocytes/macrophages. It is 
integrated in cytokine-networks through its induction of other cytokines, such as 
IL-l, IL-6, IL-8 and TNF. 

High and detectable levels of LIF have been found in the unconcentrated BAL of 
10 out of 12 patients with full-blown ARDS [27], but not in control patients and in 
only lout of 25 patients at risk for ARDS. The significance of this finding is further 
supported by the fact that there was a good correlation between the level of LIF in 
the lavage fluid and a number of markers of inflammation such as the number of 
neutrophils/mL and the albumin level. 
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Transforming Growth Factor-p (TGF-P) 

TGF-~ is a member of a family of proteins that modulate embryonic development, T 
and B cell function, repair an injury following tissue injury, and increase transcrip
tion of fibronectin and collagen in fibroblasts. Many cell types, including neutro
phils, platelets, macro phages and fibroblasts are capable of producing TGF-~. TGF-~ 
increases mononuclear cell expression of pro-inflammatory cytokines, such as IL-1 
and TNF. The concentration of both active and total TGF-~ is increased in premature 
infants with the respiratory distress syndrome who subsequently develop fibrosis 
and chronic lung disease of prematurity [28]. Immunocytochemistry studies local
ized TGF-~ to alveolar macrophages obtained by BAL. Anti-TGF-~ monoclonal anti
bodies, administered after blood loss, prevent lung injury in hemorrhaged mice [29]. 

Tumor Necrosis Factor (TN F) 

TNF( -ex) is a pleiotropic cytokine released mainly by cells of the macrophage/mono
cyte lineage, causing the induction of production of other cytokines such as IL-1 and 
IL-8 and leading to pulmonary capillary permeability and interstitial edema. The 
hypothesis that TNF could be involved in the pathogenesis of ARDS in humans is 
supported by several observations that, as well TNF levels [26,30,31] as those of its 
natural soluble inhibitors (sTNF-receptors I and II) [26], are elevated in the BAL or 
bronchial aspiration fluid of patients with ARDS. Plasma levels of TNF-ex are fre
quently not elevated in ARDS-patients: plasma TNF is believed to be a marker of 
sepsis, more than of ARDS [31]. However, patients with sepsis and with detectable 
TNF in plasma have a higher incidence and severity of ARDS and a higher mortality 
than do patients with sepsis without detectable ARDS [32]. 

TNF usually remains compartmentalized in the area of the body where it is pro
duced. This compartmentalization of alveolar TNF is lost during alveolo-capillary 
injury: TNF produced by alveolar macrophages leaks into the vascular compart
ment. This suggests that the injured lung may contribute to a subsequent inflamma
tory response and subsequent MOF [33]. Sepsis (in humans) and endotoxin injec
tion (in mice) result in a rapid decrease in the ability of pulmonary macrophages 
cultured ex vivo to produce and secrete TNF in response to LPS. These results sug
gest that sustained TNF production by macro phages is not required for lung injury 
in sepsis [34]. 

Cytokines used as Guidance for Treatment 

In addition to its action on arterial blood oxygenation in patients with ARDS, nitric 
oxide (NO)-inhalation may also have beneficial effects by attenuating the PMN oxi
dative burst and adhesion, as well as cytokine release in the lung, as measured by de
creased levels of BAL IL-6 and IL-8 levels [35]. Response to corticosteroid rescue 
therapy in persistent late ARDS is associated with a reduction in plasma and BAL cy
to kine (especially IL-6) levels and parallel improvements in indices of endothelial 
permeability and lung injury scores [36]. 
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Conclusion 

Once early response-cytokines (such as IL-l and TNF) have been secreted, they can 
in turn induce the secretion of other cytokines and immunomodulating agents by 
many different cells, thereby creating a strong local inflammatory response, capable 
of damaging the lungs. The secretion of these pro-inflammatory cytokines is also 
rapidly followed by the secretion of specific cytokine inhibitors, including soluble 
receptors, receptor antagonists and proteases which may also impair cytokine func
tion. However, the exact time sequence of cytokine secretion, the cellular origin of 
each of these mediators as well as their respective pathogenic importance remain to 
be elucidated. Moreover, the failure to consistently identify increased cytokine con
centrations in intensive care patients in general, ARDS-patients in particular, has 
been one of the major factors limiting acceptance of the ultimate macrophage hy
pothesis of ARDS. 
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