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INTERFERON-y: MECHANISM OF ACTION AND THERAPEUTIC 
POTENTIAL 
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Laboratory of Immunobiology, Rega Institute, University of Lcuven, B-3000 Leuven, Belgium 

Interferon-y (IFN-y) is a cytokine originally dis- 
covered by virtue of its ability to inhibit virus rep- 
lication in cells. Although it shares this property with 
the other interferons (LY and p), and it may play a 
role in nonspecific resistance to virus infections, its 
true role in physiology and pathology seems to 
extend far beyond this function as an interferon 
proper. At the cellular level, IFN-y exerts its action 
through a membrane receptor different from that 
used by other interferons [l, 21. Whether binding of 
IFN-y to its receptor is sufficient to transfer its signal 
to the cell, or whether IFN-y also needs to be inter- 
nalized for biological activity, is not fully established 
[3]. Clearly, the presence of a high-affinity mem- 
brane receptor alone is not sufficient to render cells 
sensitive for IFN-y since mouse cells transfected with 
the human IFN-y receptor gene can bind human 
IFN-y but fail to respond to it [4]. This means that 
other, yet to be defined, species-specific factors are 
required which assist the receptor in transduction of 
the IFN-y message. 

Although most cell types seem to possess receptors 
and can respond in some way to IFN-y, the cells 
which have attracted most of the current interests 
as targets for this cytokine are macrophages and 
macrophage-like cells which are part of the immune 
system, e.g. endothelial cells, dendritic cells, Lan- 
gerhans cells, and nursing cells. On such cells IFN- 
yexerts a variety of effects which may be summarized 
under the heading “activation” [5]. Macrophages 
fulfil1 various regulatory and effector functions in the 
immune system. Therefore, an important role can 
be assigned to endogenous IFN-y in the ontogenesis 
and phenomenology of the immune response. In 
addition, macrophage-like cells (sometimes des- 
ignated by specific names) occur in various organs 
(e.g. pancreas, hypophysis, and liver) with specific 
functions other than mounting an immune response. 
It is possible that, by activating these cells, IFN-y 
affects the physiology of these organs. 

Another difference between IFN-y and other 
interferons is the fact that the spectrum of cells which 
produce IFN-y is more narrow, being limited to T- 
lymphocytes and NK-cells [6,7]. Production of IFN- 
yoccurs only when these cells are activated, a process 
which is triggered by exogenous agents (e.g. bacteria, 
viruses, and antigens), and regulated by a large set 
of endogenous factors (see, for example, Refs. t3- 
10). Cytokines other than IFN-yconstitute an impor- 
tant group of factors able to regulate IFN-y produc- 
tion: the other interferons, the interleukins, the lym- 
photoxins [including tumor necrosis factor (TNF)] 

Table 1. Effects of IFN-y on phagocytic and/or antigen- 
presenting cells (APC) 

Induces increased expression of MHC/Class-II antigen 
Induces production by macrophages of 

IL-1 and TNF 
Hz% 
Platelet activating factor 
Proteases (uPA) 
Pterin 

Enhances production of complement factors 
B, C2 and Cl-inhibitor 

Enhances tumoricidal capacity 
Inhibits growth of intracellular bacteria 

(Rickettsia; Legionella; Mycobacterium; Chlamydia) 
Inhibits growth of intracellular parasites (Toxoplasma) 
Inhibits growth of intracellular molds (Histoplasma cap- 
sulatum) 
Protects monocytes against lymphokine-activated killer 
(LAK) cell-mediated lysis 
Induces APC properties in B-cells 

and others. In addition, one aspect of the actions of 
IFN-y on cells is that it directly synergizes with other 
cytokines, in particular TNF. 

It is clear, therefore, that the role of IFN-ycannot 
be comprehensively conceptualized without taking 
into account its many interconnections with other 
cytokines. A classical example is the well-established 
fact that interleukin-2 (IL-2, a T-cell product) pro- 
motes the production of IFN-y [ll]. However, the 
production (as well as action) of IL-2 is itself regu- 
lated by other cytokines, e.g. IL-l and IL-6 [12-141. 
Remarkably, however, these cytokines are them- 
selves products of macrophages and macrophage- 
like cells [15], and their production is regulated by 
exposure of these cells to IFN-y. Thus, feed-back 
loops exist which govern the overall level of pro- 
duction of IFN-y and, in fact, of all cytokines 
involved in the network. 

Functions of IFN-y 

Table 1 summarizes the many effects of IFN-y on 
macrophages and macrophage-like cells. Some of 
these effects may give us a hint for answering the 
question why IFN-y is indispensable in the body. 

IFN-y seems to be the principal if not the only 
cytokine able to induce Class-II antigen expression 
[16]. Since Class-II major histocompatibility complex 
(MHC) antigen expression is considered to be nec- 
essary for antigen-processing cells to be able to 
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present antigenic epitopes to the immune system, we inhibit in uitro proliferation of TH2 cells and imma- 
may conclude that antigen-specific immune ture thymocytes [24,25] but may stimulate growth 
responses would be impossible without IFN-y. of T cells from other origins [26]. 

Besides their antigen presenting function, nec- 
essary for initiation and regulation of the antigen- 
specific immune response, macrophages fulfil1 effec- 
tor functions in host defenses, in particular killing 
of microorganisms (bacteria, viruses, parasites) and 
tumor cells. Some microorganisms enter the macro- 
phage as part of their normal life cycle; other, intrin- 
sically extracellular microorganisms are ingested by 
macrophages only to be killed. The mechanisms of 
intracellular killing are complex; suffice it to say that 
IFN-y enhances the ability of the macrophage to 
ingest and to kill certain (but not all) species of 
microorganisms [5]. Macrophages also have the abil- 
ity to kill other cells (e.g. cancer cells) by entering 
into contact with them or by secreting cytotoxic 
substances [ 171. 

Two-sided effects through macrophage activation. 
Macrophage activation, one of the principal actions 
of IFN-y, may in itself have two-sided repercussions 
on a variety of phenomena. A striking example is 
the outcome of an infectious disease. Failure of 
macrophages to be properly activated will be associ- 
ated with inability of the body to eliminate the infec- 
tious agent. As a result the infectious agent either 
may overwhelm the body by massive multiplication, 
leading to death by anergy, or it may persist in 
relatively low numbers, causing chronic debilitating 
disease. 

While performing these killing functions, or inde- 
pendently from them, IFN-y-activated and duly trig- 
gered macrophages produce an array of substances 
(cytokines, arachidonic acid derivatives, histamine- 
like substances, complement factors) which trigger 
inflammation [18]. Inflammation is a complex, inte- 
grated tissue reaction, comprising vascular pheno- 
mena (vasodilatation, increased permeability, blood 
coagulation), cell movement (in particular leukocyte 
infiltration), tissue destruction (e.g. through pro- 
tease release) and cell multiplication (granuloma 
formation, fibrosis, tissue remodelling and scar for- 
mation) [19]. In all these phenomena, the macro- 
phage is generally considered to be the central 
player. Therefore, the principal activator of macro- 
phages, IFN-y, can also be considered to be the 
master key to inflammation (Fig. 1). 

The other side of the coin is that excess macro- 
phage activation, being the main pathway of 
inflammation, may cause excessive inflammation. In 
these instances, production of IFN-y may be to the 
disadvantage of the host. 

Two-sidedness of IFN- y actions 

It is of relevance to note here that, although IFN-y 
is probably the most complete and the most powerful 
macrophage activator, it is not the only one. Other 
mediators including TNF, colony-stimulating factors 
and certain hormones may trigger certain activities 
of macrophages as effectively as IFN-y or even 
more effectively. For example, it has been found 
that macrophages stimulated in uitro with IFN-y in- 
hibit the replication of Toxoplasma gondii but not 
that of Listeria monocytogenes or Salmonella 
thyphimurium, whereas macrophages activated in 
uivo with bacillus Calmette-Guerin + purified pro- 
tein derivative (BCG + PPD) do kill all named 
microbes [27]. IFN-y may even inhibit antibacterial 
activity of macrophages: TNF-treated macrophages 
have been shown to have an increased capacity to 
kill Mycobacterium avium complex, whereas IFN-y- 
treated macrophages are less effective killers than 
non-treated ones [28]. 

The multiplicity and complexity of activities of 
IFN-y (and of cytokines in general) imply that the 
net result on a particular physiological phenomenon 
or parameter will often go counter to expectation. 
Some of the activities may indeed counteract each 
other, and the net result will depend, therefore, on 
which activity predominates in the particular system 
being considered. Some examples are as follows. 

Two-sided effects on the ontogenesis of specific 
immune responses. IFN-y can boost as well as sup- 
press antibody formation. Specifically, it causes a 
strikingly selective induction of IgG2a production by 
lipopolysaccharide (LPS)-stimulated resting B-cells 
in vitro. On the other hand, it inhibits expression of 
other Ig isotypes (IgG2b, IgGl, IgE) [20]. In uioo 
observations confirm this duality [21]. Production of 
IFN-y, therefore, may explain the selective stimu- 
lation of certain Ig isotypes seen in infections with 
viruses or parasites. 

Protective and destructive effects on normal fibro- 
blasts. IFN-y, as its name implies, may interfere with 
viral infections of cells and protect cells against virus- 
induced cytopathic effect. This is also the case for 
normal mouse embryonic and adult tissue fibroblasts. 
However, at doses higher than those required for 
antiviral activity IFN-y induces a suicide reaction in 
these cells [29]. This IFN-y-induced cell death is 
enhanced in the presence of other cytokines (e.g. 
IL-l) or bacterial products. 

IFN-y may also have a net positive or negative 
effect on T lymphocyte proliferation and activity 
depending on the experimental system that is chosen. 
Accordingly, anti-IFN-y antibody may suppress allo- 
graft reactivity by T lymphocytes [22] but may 
remove suppression of normal B and T cells from 
mice with graft-versus-host disease [23]. IFN-y may 

Paracrine and endocrine effects may oppose each 
other. IFN-y, as well as other cytokines, have local 
(so-called paracrine) effects. When released in a 
certain excess, their concentration in the general 
circulation may reach levels, such that they may 
affect the function of distant organs (endocrine 
effect). A generally recognized example is that of 
IL-l which is considered a hormone as much as a 
cytokine. Low levels of IL-l in the blood stream 
cause fever (by its effect on the anterior hypo- 
thalamus [30]), an acute phase response (by its direct 
and indirect effects on hepatocytes [30]), and ACTS 
release (by its direct and indirect effects on the 
anterior hypophysis [31]). Similar situations may 
occur with other cytokines, including IFN-y, and 
local (paracrine) effects may be antagonized by 
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Fig. 1. Schematic representation of the key role of IFN-y in inflammation and immunity. EN-y is 
produced by T lymphocytes after stimulation with antigen. Other cytokines (IL-l, IL-2, IL-6) may be 
required for optimal IFN-y production. IL-4 is another product of T lymphocytes and, together with 
EN-y, this factor guides immunoglobulin isotype switch. B lymphocytes and mononuclear phagocytic 
cells represent a major group of target cells for EN-y. Activation of the latter cells results in more 
efficient killing of microbes and tumor cells, enhanced secretion of inflammatory mediators and 
monokines, and improved capacity to function as antigen presenting cells. Monokines (TNF, IL-l, IL- 
6), in turn, participate in the stimulation of T lymphocytes, thereby regulating IFN-y production. In 
addition, they regulate a large number of processes that determine the onset and severity of inflammatory 

responses. 

effects generated through the endocrine pathway. 
This mechanism has been proposed as one possible 
way to explain paradoxical observations regarding 
the role of IFN-y in inflammation [32]. 

Hyporeactiuity may be a hallmark of hyper- 
stimulation. Early studies on in vivo production of 
interferon have revealed a phenomenon called hypo- 
reactivity [33]. Typically, an experimental animal 
given two injections of LPS or virus within a time 
interval of 24-72 hr produces much less circulating 
interferon after the second than after the first injec- 
tion. Despite many studies, the true mechanism(s) 
of hyporeactivity remains largely unknown (for a 
review see Ref. 34). An interesting suggestion is that 
an interferon controls its own synthesis by a negative 
feed-back loop. Another suggestion based on some 
exprimental support is that another factor, co- 
induced with interferon, causes the inhibition; per- 
haps this so-called “serum hyporeactive factor” [35] 
is to be identified with one of the cytokines that 
have since been fully characterized. One may also 
speculate that similar mechanisms which control pro- 
duction of type cr//I interferons are operational to 
control the synthesis of IFN-y. An implication of this 
may be that one may be misled when having to 
interpret an observed lack of production of IFN-y 
(or other cytokines) in a given clinical entity such 
as a chronic infectious disease. One may easily be 
tempted to attribute failure of the host to overcome 
his disease to his lack of cytokine production, and 
to overlook the possibility that, independently and 

more importantly, this failure may be a hallmark of 
chronic overstimulation of the system. Whichever of 
the two possibilities outweighs the other will deter- 
mine the best therapeutical approach. 

Perspectives for therapy 

Diseases characterized by defects in production of 
IFN-y have been looked for; it is probably fair to say 
that diminished production of IFN-y occurs in some 
rather common diseases, e.g. multiple sclerosis [36] 
or acquired immune deficiency syndrome (AIDS) 
(for review see Ref. 37), but that it does not con- 
stitute an essential pathogenetic element in these 
diseases. A similar situation has occurred in the case 
of IFN-(Y; nevertheless, at least one disease, hairy 
cell leukemia, has been identified in which this IFN 
has a therapeutical effect so distinctive that it sug- 
gests a specific defect in either production of, or 
sensitivity to, the cytokine. Therefore, we should not 
exclude the possibility that indiscriminate therapeu- 
tic trials will one day reveal the existence of one or 
more diseases that are essentially due to a lack of 
IFN-y production. 

Meanwhile, speculation and experimentation 
aimed at developing an IFN-y-based therapy capi- 
tahze on the idea that a supplement of IFN-y may 
afford benefit to patients with diseases in which the 
immune response is somehow involved. However, 
from the considerations outlined above, it should be 
clear that there is ample space for speculation that 
blocking IFN-y may also help to control diseases, 
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Table 2. EN-y: Possible therapeutic perspectives 

IF%-y therapy 
-Recovery from chronic infections (e.g. leishmaniasis) 
-Adjuvant to vaccination 
-Control of IgE allergy 
-Adjuvant to TNF for cancer therapy 
-Prevention of delayed type hypersensitivity (DTH) 

reactions 
-Auto-immunity (lupus? arthritis? multiple sclerosis?) 
-AIDS? 

IFN-y antagonists 
-Septic shock 
--Organ transplantation 
-Inflammatory complications of acute infection 
-Auto-immunity (lupus? arthritis? multiple sclerosis?) 
-AIDS? 

especially those with a strong inflammatory com- 
ponent (Table 2). 

IFN-y as an adjuvant to immunization. It has been 
shown that administration of IFN-y during an immu- 
nization procedure can result in higher antibody 
titers [38]. This is a ~tentially important obser- 
vation, as it is well recognized that certain vaccines, 
when administered without adjuvants, provide inad- 
equate protection. Also, many adjuvants that are 
currently in use, have pharmacological disadvantages 
making them unsuitable for use in humans, so that 
their application remains confined to veterinary 
medicine. 

Another potential field of application is desen- 
sitization of patients with allergy. Recently, cyto- 
kines, especially IFN-y, have been recognized to 
steer Ig isotype switches, a process of paramount 
importance in the pathogenesis of &E-mediated 
allergy 1211. It is probably naive to think that adminis- 
tration of IFN-y will be helpful as such to desensitize 
allergic patients to particular antigens. However, the 
implication of the cytokine in allergy certainly merits 
further investigation. 

IFN-y as a panacea in cancer therapy? Clinical 
trials with classical ((r//l) interferons and with TNF 
have taught that cytokines are not panaceas for can- 
cer therapy. Nevertheless, efforts to insert IFN-y 
into therapeutical trials are being continued. By itself 
it does not seem to exert much of an antitumor effect. 
However, when combined with other cytokines, in 
particular TNF, it enhances the in vitro anticellular 
effectiveness of these cytokines 139,401. A severe 
problem en~untered in trials with TNF seems to be 
the generalized toxicity. The pervading idea is that 
one may succeed in designing combined-cytokine 
regimens which have limited toxicity, but are never- 
theless effective [41]. 

An aspect of cytokine involvement in cancer that 
is often overlooked is the fact that certain tumors 
may continuously stimulate in vivo production of 
cytokines. These may be responsible for fever, mal- 
aise and cachexia. One cytokine, in particular, is 
held responsible for this effect, i.e. TNF 1421. How- 
ever, IFN-)I, by itself or by synergizing with TNF, 
may also be instrumental in bringing about the gen- 
eral deterioration seen in cancer patients 1431. 

An IFN-y-based therapeutic approach for auto- 
immunity? IF’N-y may be involved in auto-immune 
diseases in two possible ways. First, it may affect the 
specific immune responses to the auto-antigen(s) 
concerned; its net effect may be positive or negative, 
depending on which cells (suppressors, helpers, etc.) 
are predominantly involved. Second, by its activating 
potential for macrophages and other leukocytes, 
IFN-y may regulate the aspecific inflammatory reac- 
tion resulting from auto-immunization. 

The complexity of both disease pathogenesis and 
biological activities of IFN-y precludes one from 
making educated predictions as to whether the 
disease will respond favorably to IFN-y or, alterna- 
tively, to blocking of IFN- y, Therefore, only experi- 
mentation can tell. However, such experimental 
evaluation is hampered by the lack of representative 
models in standard laboratory animals. In addition, 
most auto-immune diseases encountered in the clinic 
have a protracted, progressive course with many ups 
and downs; this unpredictability severely compounds 
the interpretation of clinical trials. 

One model of acute auto-immunity is acute exper- 
imental allergic encephalomyelitis, which is elicited 
in rodents by injecting spinal cord homogenate or 
myelin basic protein (MBP). The pathogenesis of 
this disease is only partly understood, one aspect of 
it being that it is mediated by T-cells [44,45]. One 
of the ways in which T cells may intervene in the 
pathogenesis is by secreting cytokines such as IFN- 
y. In experiments with this model, administration of 
IFN-y by systemic route had a mitigating effect on 
the course of the disease; treatment with antibody 
against IFN-y, as a contrast, rendered the disease 
more severe [46]. These observations indicate that 
IFN-y is produced in the course of the disease and 
exerts a mitigating effect, the mechanism of which 
remains merely a subject of speculation. 

Another model of auto-immunity in which the 
effect of IFN- y has been investigated to some degree 
is the spontaneous nephritis of NZB/NZW-FI mice, 
a model for lupus erythematosus in humans [47]. In 
this case, the administration of antibody to IFN- 
y alleviated the symptoms and delayed the fatal 
outcome. Obviousiy, IFN-yis produced more or less 
continuously and is inst~mental in bringing about 
the symptoms and organ destruction. 

ZFN- y in infection. Endogenous IFN-yis necessary 
for an efficient host response to infection with certain 
bacteria, parasites or viruses. The general idea is 
that macrophage activation by IFN-y is necessary for 
effective ingestion and killing of organisms. 
However, in certain cases (e.g. in experimental 
listeriosis), augmentation of the killing potential by 
macrophages does not seem to be the mechanism 
whereby IFN-y provides protection of the host 
[27,48]. 

The potential of IFN-y to augment host resistance 
to in~acellular agents is already finding its way into 
medical practice, notably in the cases of therapy- 
resistant leishmaniasis [49]. Another related example 
of successful application of IFN-y in the clinic is the 
favorable response of patients with X-linked chronic 
granulomatous disease, a disorder of host defense 
characterized by an impairment in the killing of 
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microbes that results from defective production of 
superoxide anion by phagocytes [50]. 

Organic and functional damage to organs during 
infections is often due to the inflammatory reaction 
rather than to direct destruction of cells or supra- 
cellular structures by the infectious agent. Therefore, 
one way in which IFN-y may influence the course of 
infectious disease is by modulating inflammation. An 
illustrative example is the beneficial effect of anti- 
IFN-y in experimental cerebral malaria (ECM). This 
disease is a model for the homonymous condition 
occurring in humans as a complication of natural 
plasmodium infection. The basic lesion of ECM con- 
sists of an occlusion of small brain vessels by infected 
macrophages and red cells. The pathogenesis of this 
lesion comprises stimulation of leukopoiesis in the 
bone marrow, alterations in the endothelia of certain 
blood vessels, activation of macrophages and 
secretion of TNF. Treatment of the animals with 
anti-IFN- y antibody was found to prevent occurrence 
of the complication [Sl]. This is another dem- 
onstration of the fact that endogenous IFN-y may 
not always be a favorable factor in the course of a 
disease. 

IFN-y in septic shock. Septic shock is a special 
example of functional and organic organ damage 
occurring as a result of infection. Although Gram- 
positive bacteria can cause shock (toxic shock syn- 
drome due to Staphylococcus aureus is an example), 
classical septic shock is due to overwhelming mul- 
tiplication in the body of any of a number of Gram- 
negative bacterial species. Fatal outcome of this con- 
dition is due to a lowering of blood pressure. Associ- 
ated symptoms are diverse, including disseminated 
intravascular coagulation, endothelial damage, 
bleedings and renal involvement. The primum 
mavens of Gram-negative septic shock is LPS 
released by disintegrating bacteria. Experimental 
models for septic shock (e.g. the generalized 
Shwartzman reaction) often rely on the use of LPS 
rather than live bacteria. LPS stimulates various leu- 
kocytes to produce mediators responsible for the 
dramatic inflammatory and vasomotoric changes. 
Virtually all categories of mediators have been found 
to be implicated (histamines, prostaglandins, comp- 
lement factors, etc.), the most recently recognized 
category being the cytokines. A condition resembling 
septic shock can be elicited in mice by the adminis- 
tration of TNF, and LPS-induced shock can be pre- 
vented by anti-TNF antisera [52-541. However, aside 
from TNF, other cytokines may be involved as 
demonstrated by studies focused on IFN-a/@ and 
IFN-y. In mice, treatment with mon~ion~ anti- 
bodies against &N-y was found to be effective in 
blocking LPS-induced shock [55]. 

These observations open a new perspective for the 
clinical management of septic shock. 

IFN-y in AIDS. A current hypothesis on AIDS 
holds that the virus (HIV) persists in a latent state 
in some cells and that it is occasionally activated to 
replicate when these cells are activated by cytokines 
[37]. One of the candidate cells in which the virus 
persists is the monocyte/macrophage [56,57]. The 
(unproven) implication is that IFN-y, being the macr- 
ophage-activating cytokine by excellence, may in 
certain instances activate virus replication [37]. Since 

IFN-y is by definition an anti- rather than a pro-viral 
factor, this may seem a rather unconventional view. 
Nevertheless, for a variety of reasons it may prove 
a useful view to be considered. First, there are 
reasons to believe that in AIDS patients the pro- 
duction of IFN-y is being stimulated continuously 
[58]. While it is correct that mononuclear cells from 
AIDS patients produce less IFN-y than those of 
controls, this may be interpreted as hyporeactivity 
due to over-stimulation (see above). More impor- 
tantly, spontaneous IFN-y production has been 
found to occur in a mouse model of AIDS 1.591. 

Second, activation of latently infected monocytes/ 
macrophages to produce the virus has been proposed 
to lead to massive presentation of the viral envelope 
antigen to all CD4+ cells (irrespective of their idio- 
type specificity) [37,60]. Such presentation may, in 
fact, be responsible for continuous stimulation of 
IFN-y production, but also for polyclonal pro- 
liferation of lymphocytes characteristic of the early 
stages of AIDS. Hence, endogenous IFN-y may be 
involved in the pathogenesis of AIDS in a rather 
unexpected way, such that anti-IFN-y intervention 
may be more desirable than the administration of 
IFN-y itself. 

Conclusion and perspective 

IFN-y, being a master key in the immune system 
and in inflammation, holds many perspectives for 
the design of novel therapeutic strategies. A salient 
point is the fact that there may turn out to be as 
many applications for antagonists of IFN-y as for 
IFN-y itself. A severe problem is that the effects of 
therapy, one way or the other, are almost unpre- 
dictable; only experiment can tell. This makes clini- 
cal evaluation rather difficult, especially in diseases 
with a protracted and capricious course. 

Perhaps the most immediate results for IFN-y 
therapy are to be expected as a confirmation of 
observations in infections that resist conventional 
therapy (e.g. leishmaniasis) or in chronic granu- 
lomatous disease. Application in chronic auto- 
immune disease (rheumatoid arthritis, multiple scler- 
osis, lupus) will probably have to be held in abeyance 
until more info~ation is available from animal 
model systems. It is quite possible that in some of 
these diseases antagonization of IFN-y may be more 
desirable than its activation, 

Antagonization of IFN-y, e.g. by the adminis- 
tration of humanized monoclonal antibodies to the 
cytokine, holds great promise as a possible procedure 
for treatment or prevention of septic shock. The 
incidence of this condition is increasing, as the num- 
ber of patients in intensive care units increases. Anti- 
biotic treatment, while quite effective in arresting 
bacterial proliferation, has proven to be inefficient 
to prevent shock. In fact, by killing bacteria already 
present, antibiotic treatment may precipitate LPS 
release and septic shock. In these conditions, antag- 
onization of IFN-y may add a valuable tool to our 
therapeutic arsenal. In fact, it may bridge the gap 
between antibacterial intervention and palliative 
measures directed only at the terminal stages of the 
condition. 
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